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Abstract 

In recent years, the Norwegian housing market has received widespread attention in both 

national and international media. With a two-folded growth in real housing prices during 

the last 25 years, several institutions and practitioners have singled out the Norwegian 

housing market as especially worrying. Moreover, as the majority of residentials are 

owner-occupied, the housing market has great implications for households’ wealth and 

the overall economy of the country. The object of this master thesis has been to examine 

the development of housing prices in Norway and investigate the relationship between 

macroeconomic factors and the housing market. 

 

When studying the dynamics of the Norwegian housing market, well-established 

economic and econometric models have been applied to analyze the relationship between 

housing prices and macroeconomic factors. The purpose of the economic models is to 

investigate whether the growth in housing prices is sustainable, while the econometric 

model examines and identifies which macroeconomic factors have the greatest influence 

on housing prices. Both the Hodrick-Prescott filter and the price-to-rent ratio find 

evidence of sustainable growth for the entire country. The increase in Oslo is, however, 

found to be unsustainable. The econometric study reveals that the interest rate, 

unemployment, income, housing stock and public expectations are all significant factors 

that determine the development of housing prices in Norway.  

 

Finally, the development in housing prices is to some extent supported by the movements 

in the fundamental factors included in the empirical analyses. The concern for the 

Norwegian housing market is mainly related to Oslo, as the growth in housing prices has 

not been in line with macroeconomic factors. Conclusively, the price development of the 

country is expected to be more moderate in the years to come. 
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1.0 Introduction  

The close relationship between housing prices and the general economy makes the 

housing market a subject of interest. In Norway, the housing market has been particularly 

interesting, with the accelerated growth in housing prices compared to the development 

in the rest of the economy. Furthermore, the Norwegian housing market has received 

widespread media coverage in recent years, which has raised awareness around the 

current development. Our motivation is further enhanced by our present situation as first-

time buyers, searching for an opportunity to enter the housing market. In pursuit of 

obtaining a better understanding of the historical and current development, we have 

conducted a comprehensive analysis of the dynamics of the housing market.  

 

1.1 Outline  

This thesis has been constructed in a way that provides the reader a thorough 

understanding of the historical price development of housing prices in the Norwegian 

housing market. The analyses performed in this thesis are conducted on national, and city 

level from 1865 to 2016. In addition to the development of housing prices, we have also 

investigated the dynamics between macroeconomic factors and the housing market. The 

thesis is focused on a theoretical and empirical analysis, combined with a discussion of 

findings in respect of the historical and current housing market in Norway. In the 

following, we will review the structure of the thesis in further detail.  

 

The first part of the thesis provides a review of previous literature on the housing market. 

A collection of earlier findings and discussions is presented to serve as an overview of 

the topic. The second section exhibits a revision of the historical development of the 

Norwegian housing market. We focus on a number of events we believe are important in 

order to obtain a solid understanding of how the housing market has evolved during the 

last centuries.  In the next section, a theoretical analysis of demand and supply is given to 

provide a basic interpretation of the mechanisms that determine the housing prices in the 

real estate market.   

 

The fourth part of the thesis incorporates the empirical analysis, which consists of three 

sub-analyses. Two of the sub-analyses are well-established economic house price models, 
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the Hodrick-Prescott filter (HP-filter) and the price-to-rent ratio (P/R ratio), which 

examine the historical and current price development. The third sub-analysis is an 

econometric replication study of the Norwegian housing model by Jacobsen and Naug, 

which investigates the relationship between fundamental factors and residential prices. 

The results and implications of the three sub-analyses are discussed in the final subsection 

of each analysis. Finally, a discussion and conclusion of the findings and limitations of 

the thesis are consolidated and presented in the last section.         

 

1.2 Delimitations  

The overall housing market in Norway is substantial and intricate. It is characterized by 

heterogeneous residentials, where features such as location, size, and different necessities 

are decisive for the households’ willingness to pay. These aspects complicate the analysis 

of the development in the housing market, and we have, therefore, focused on freeholder 

housings. The terms dwelling, housing, residential and house, therefore, refer to 

freeholder housings in the market throughout the thesis. Though the real conditions of the 

housing market are more complex, it is plausible to assume that findings and conclusions 

will be reliable, despite the limitation. 

 

The time horizon and estimated period of the three sub-analyses vary greatly. This 

variation is due to the limitations of available data material for country level and city 

specific data. The analyses are therefore somewhat biased by the restricted collection of 

historical data, which is used as input in the economic and econometric models. The 

collection of data was completed on April 6th, 2017. Additional data released afterwards 

is, therefore, not included in the assessment of the three sub-analyses. However, it is 

considered and commented upon in the discussion and conclusion section of this thesis. 

Furthermore, the data material used in this thesis is in nominal values, unless otherwise 

stated.  

 

The three sub-analyses of the thesis are restricted to investigating the housing market on 

country level and city level for only four cities in Norway. The city-level analyses are 

restricted to Oslo, Stavanger, Bergen, and Trondheim, due to our aspiration to examine 
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regional differences in the four largest cities in Norway, and the limitation of available 

data relating to city-specific material.  

 

Finally, the economic models employed in this thesis are well-established frameworks, 

and the econometric regression analysis is based on a replication study of the already 

developed housing model of Jacobsen and Naug. We have limited the regression analysis 

to investigating the significance of the macroeconomic factors already included in the 

housing model of Jacobsen and Naug. Hence, we do not include any new fundamental 

factors in the regression. The purpose of this thesis is to provide a detailed presentation 

of the housing market, and macroeconomic factors based on existing economic theories 

and econometric models. Therefore, we will not attempt to derive a new model for 

housing prices.  

 

2.0  Literature review 

Economists and monetary policymakers have in recent years devoted considerable 

attention and research to the development of housing markets, where housing prices have 

been emphasized. Schneider and Wagner (2015) suggest that the significant role of 

housing assets in the long-term economic development of a country is the reason for this 

profound international awareness. Christophe (2010) equivalently mentions how housing 

markets since the 1970s have had a remarkable role in macroeconomic developments, 

and progressive housing markets have supported a prolonged economic activity in the 

majority of the OECD1 countries. His studies related to the dynamics of housing markets 

and the wider economy also examines the aspect of psychological expectations.  

 

Christophe (2010) suggests that expectations of future capital gains on housing 

investments have become fortified, and that these proceedings highlight the importance 

of re-assessing the policies related to residentials. This notion is further supported by 

Shiller (2007), where he argues that the possible cause of the financial crisis, and the 

declining house prices in the US during 2007, were mainly due to speculation among 

investors. Shiller (2007) emphasizes that the emergence of behavioral economics only 

                                                           
1 OECD refers to the Organization for Economic Cooperation and Development. The organization 

consists of 34 countries working to promote economic growth and trade between the member countries.  
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recently, specifically during the two last decades, has received extensive recognition as a 

fundamental factor explaining the dynamics of the housing market. His findings also 

suggest that public expectations, relating to increase in future housing prices, are widely 

influenced by national media relatively to the local evidence for most people. This is 

especially prominent during booms and busts in the housing market.  

 

Furthermore, Shiller (2007) postulates that traditional economists have accentuated 

construction costs as the main factor behind the development of housing prices. This was 

originally proposed by Grebler, Blank, and Winnick (1956). Similar to the findings of 

Grebler, Blank, and Winnick, the economists Girouard and Blöndal (2001) identify a 

similar relationship between house prices and construction costs in OECD countries. 

Furthermore, they suggest that house prices largely affect private consumption through 

wealth effects, which is also supported by the European Central Bank report regarding 

the Structural Factors in the EU Housing Markets, from 2003.  

 

Further literature on the development of the housing market draws attention to identifying 

housing bubbles. Case and Shiller (2003) define the term bubble as a situation where 

increasing housing prices are not supported by fundamental factors. They suggest bubbles 

are a result of public expectations of future growth in prices, where the market reaction 

is a transitory effect with inflated housing prices. Housing bubbles have been studied 

from numerous perspectives. Christophe (2010) argues how inelastic supply might lead 

to demand shocks and development of bubbles, which is also studied by Glaeser et al. 

(2008) in order to understand the cycles of booms and busts in the housing economy.  

 

Brueckner, Calem, and Nakamura (2011) study the relationship between housing price 

expectations of mortgage and the quantity of subprime lending. They argue that situations 

resembling bubble conditions in the housing market have a high probability of emerging 

from subprime lending. As a result of positive price expectations, the concern for 

defaulting borrowers declines among lenders, urging financial institutions to extend loans 

to risky customers. Brueckner, Calem, and Nakamura (2011) suggest that loose credit 

restrictions of subprime loans fuel the demand for residentials, causing housing prices to 

increase, and thereby laying the groundwork for a potential housing bubble to emerge. 
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The theory is supported by empirical analysis and research. Glaeser, Gottlieb, and 

Gyourko (2010), Coleman, LaCour-Little, and Vandell (2008), Wheaton and Nechayev 

(2008), and Pavlov and Wachter (2011) also find evidence of a relationship between 

increasing housing prices and reduced mortgage credit regulations.  

 

Several other studies, such as Case & Shiller (1988), Case & Shiller (1994), and more 

recent Case & Shiller (2003), research US house prices and bubbles during the 1980s. 

However, a weakness of these studies is that they utilize economic tools, such as price-

to-rent ratio and price-to-income ratio, without further supplementing with econometric 

analysis. Christophe (2010) also suggests that a steep incline in housing prices does not 

automatically imply a housing bubble, and refers to the study of Girouard et al. (2006), 

where they identify several booms, without any bubbles in 37 OECD countries. They find 

that the increasing housing prices in various countries are explained by the development 

of fundamental factors. However, the purpose of this thesis is not to identify housing 

bubbles in the Norwegian housing market. Nevertheless, the subject has been given 

considerable attention, and is, therefore, noteworthy when discussing the housing market.  

 

Other literature has researched real estate valuations by employing economic tools in 

order to obtain a better understanding of broader macroeconomic trends. Girouard and 

Blöndal (2001) find that in several OECD countries, the development in real house prices 

shows a close relationship with the business cycle, where they observe that during 

downturns in the economy, housing prices have followed the same movement. Cronin 

and McQuinn (2016) suggest that an analysis of the price-to-rent ratio (P/R ratio) yields 

useful information when assessing households’ decision of buying or renting. They 

establish the popularity of this economic principle and how the equilibrium of the ratio is 

related to the real user cost of capital. Other researchers have also demonstrated that this 

ratio can be extended to include other fundamental factors, such as restricted credit 

conditions related to the loan-to-value ratio (LTV ratio) (Cronin & McQuinn, 2016).  

 

Kim (2009) finds that a higher loan-to-value ratio is positively related to the price-to-rent 

ratio in the long-run. These results are further supported by Duca, Muellbauer, and 

Murphy (2011). Case and Shiller (1988) and Clayton (1996) also find advantages of using 
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approaches that are similar to those used in financial analysis, i.e. price-to-rent ratio, 

which is comparable to the price-to-dividend ratio. However, they use present value 

models, which has the advantage of not depending on the specification of the user cost of 

housing or the market price of housing services. Ayuso and Restoy (2006) also used the 

asset pricing model to measure the valuation of housing prices in relation to rent in Spain, 

the UK, and the US, where they found that P/R ratios were above equilibrium by mid-

2003. The authors suggest that this overvaluation may be traced back to the slow 

responsiveness of supply in the event of large demand shocks or the passive development 

in observed rents. However, Ayuso and Restoy (2006) conclude that one of the drawbacks 

when using this economic ratio, is that the collection of data related to rent often includes 

noise, which means that the data might be imperfect. Furthermore, they find that the link 

between prices and rents is often afflicted by supply constraints, which is commonly 

neglected by the conventional asset pricing model. Similarly, Himmelberg, Mayer, and 

Sinai (2005) argue that these models fail to capture the magnitude of housing expenditures 

precisely.  

 

Many academic papers in the housing market literature examine the dynamic between 

macroeconomic factors and the housing market. Christophe (2010) establishes 

fundamental factors as primary drivers of house price appreciation in most OECD 

countries from the mid-1990s. Égert and Mihaljek (2007) find similar results in Central 

and Eastern Europe. Grum and Govekar (2016) study several observed macroeconomic 

factors, such as the unemployment rate, the current account of the country, stock index, 

gross domestic product, and industrial production to determine which of the factors 

influence housing prices in different countries. In their analysis of the countries France, 

Greece, and Norway, they find that the unemployment rate has a significant effect on 

housing prices in all capitals. For the remaining variables, they cannot prove any 

significant relationship to the housing prices.  

 

Other researchers, such as Hon-Chung (2009), Ludwig and Sløk (2004), Case et al. 

(2005), Bardhan et al. (2007), and Goodhard and Hofmann (2007) observe countries such 

as Malaysia, the US, and several OECD countries. They discover that among various 

macroeconomic factors, the most important drivers of housing prices where gross 
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domestic product (GDP), unemployment, stock index, the current account of a country, 

demographic factors, household income, interest rate, industrial production, and 

consumption of households. Reichert (1990) examined the relationship between interest 

rates, household income, employment, migration, and house prices, both on a national 

and regional magnitude in the US. His studies revealed that interest rates had the largest 

effect on housing prices on a national level, whereas on a local level, employment, 

migration, and household income affected housing prices the most.  

 

Yue and Hongyu (2004) analyzed 14 Chinese cities during the period 1995 to 2002, and 

were able to prove that population growth, unemployment rate, consumer price index, 

household income, construction costs, and the existing housing stock were all factors 

which affected real estate prices. Other researchers, such as Greiber and Setzer (2007), 

demonstrate that monetary policy is statistically significantly related to the movements in 

the real estate market through the interest rate and liquidity in the US, and the European 

market. These findings are further supported by Ahearne et al. (2005) who researched 

housing prices in 18 industrialized countries. On the contrary, findings of Dokko et al. 

(2010) and Glaeser et al. (2010) propose that the role of interest rate is much smaller than 

what is conventionally assumed. Furthermore, Calza et al. (2009) document that the 

connection between monetary policy and housing prices is significantly more prominent 

in countries with more flexible and developed mortgage markets.  

 

In terms of the relationship between real estate prices and bank loans, Gerlach and Peng 

(2005) establish a positive connection. They report that the direction of influence derives 

from housing prices to financial credit rather than conversely. As a result of increasing 

housing prices in Sweden, Demani et al. (2016) analyze the development from 1990 to 

2016, and connects it to the movements in prices in other countries. Their study reveals 

that the appreciation in housing prices during this period is supported by fundamental 

factors, and that the same applies for Norway, Denmark, Finland, Germany, and the UK. 

In contrast to Gerlach and Peng (2005), they find evidence that appreciated housing prices 

are explained by increased household indebtedness in countries such as Denmark, 

Norway, and the UK.  
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Holly and Jones (1997) investigate the cointegrating relationships of housing prices and 

real income, housing stock, demography, and interest rates in the UK over the last 60 

years. They find that real income is the key determinant of house price behavior. Their 

findings also suggest that the adjustment back to steady state is more efficient when 

housing prices are above this long-run equilibrium than when they are below. Other 

academic papers investigating the dynamics of fundamental factors and housing prices 

also examine whether real estate markets in different countries are interconnected. 

Renigier-Bilizor and Wiśniewski (2012) demonstrate that the housing market in European 

countries is connected regardless of their demographic location, and that the economic 

and financial situation of each country is significant for the real estate market.  

 

Among Norwegian literature, Jacobsen and Naug (2004) constructed an econometric 

housing price model in their search of the key factors of the development in the 

Norwegian housing market. Their research covers quarterly data from the period 1990 to 

2004, and reveals that housing prices more than tripled since 1992, and had a growth rate 

that exceeded 20% between 2003 and 2004. In line with other researchers, such as Yue 

and Hongyu (2004), Grum and Govekar (2016), and Holly and Jones (1997), the 

empirical model proposes that the fundamental factors, interest rate, new constructions, 

unemployment, and income are the most important drivers behind the movements in 

housing prices. Furthermore, the model indicates that housing prices rapidly respond to 

changes in interest rate, and that the excessive growth from 2003 to 2004 can be explained 

by the declining interest rate. However, there are no indications of an overvalued market 

compared with the fundamentals; interest rate, unemployment, or new constructions. 

Jacobsen and Naug (2004) emphasize the importance of housing prices in the Norwegian 

economy, as it stimulates the activity of the construction industry and household 

consumption. In the event of increasing housing prices, households tend to remortgage 

and increase their indebtedness in order to consume more. Furthermore, loans with a 

property as collateral represent more than 80% of financial institutions’ lending to 

households. This implies a higher liability for the banks if households are not able to 

service their mortgages, which again might result in stricter lending regulations and 

spillover to housing prices. In addition to the variables mentioned above, they also test 

for population growth, household debt, consumer price index, rent, migration, the amount 
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of people in the establishing phase, and the expectations of the public. However, none of 

the variables were found to be significant, with the exception of public expectations. 

Other researchers, such as Stiglitz (2011), Shiller and Case (1988), and Shiller et al. 

(2012), acknowledge that expectations of households are the leading fundamental factor 

explaining the development of housing prices. This evidence is further supported by 

Selim (2009).  

 

Feng et al. (2010) conducted a similar research as Jacobsen and Naug (2004) for the 

period 1995-2008 in China, using national and city-level data and applying the same 

econometric method. However, they found that GDP, disposable income, and fixed asset 

investment have a larger effect on housing prices than the other explanatory variables 

included in their research. The average construction cost of completed housing units and 

housing stock has a lower impact on housing prices. Their study also demonstrates that 

housing prices are determined by the current and lagged macroeconomic variables, and 

the cointegrating relationship reveals a stable long-run equilibrium between 

macroeconomic factors and real estate prices. Furthermore, the influence of fundamental 

factors on the movements of real estate prices differs between regions. In Beijing and 

Chongqing, evidence suggests that income has a significant effect on house prices where 

the elasticity is greater than 1, whereas in Shanghai and Guangzhou the impact is lower. 

Moreover, the coefficients of the variables, CPI and loans of financial institutions, have 

contrasting signs in different cities. Leinberger (2007) also finds that housing prices differ 

between regions, and that the increasing demand for “walkable urban centers” contribute 

to the elevation in housing prices in urban areas. The short-term inelastic supply, 

reinforced by zoning restrictions, additionally stimulates escalated prices, which Glaeser 

and Gyourko (2002) also find evidence for.  

 

The literature examining fundamental determinants of housing prices related to 

macroeconomic factors and monetary policy implications is vast, and the findings and 

results vary along with the specific countries that are under scrutiny. Researchers employ 

numerous methods in their empirical analysis of the housing market, and there is no broad 

consensus on which method is the best. Econometric approach and the choice of 

explanatory variables are diverse, and there are disagreements on whether to apply 
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nominal or real values. Despite the variation of methods and selection of variables, there 

seems to be conformity among the results of which fundamental factors are determinants 

of housing prices. The macroeconomic factors, interest rate, income, and unemployment 

rate are broadly considered to be significant drivers in the real estate market.  

 

3.0 Historical development of the housing market 

The Norwegian housing market has encountered a number of upturns and downturns 

throughout history. In this section, we will focus on some historical highlights to obtain 

a better understanding of how the housing market has evolved during the last centuries.  

 

3.1 Market crash of Christiania 1895-1899 

In 1894, the government decided to resume the railway construction as a result of an 

international economic upturn, after a prolonged period of stagnation. This commitment 

was the beginning of a period characterized by real estate speculations. The housing and 

commercial property market experienced an increase in demand due to the growth in 

population and industrialization. However, the expansion of commercial property slowly 

declined, while the increase in residential construction continued, and reached a level 

where it was ten times higher than the building of commercial real estates in 1895. The 

establishment of new banks facilitated greater credit availability, making loans more 

accessible to the general public. With escalating property prices and stock prices, 

speculations of continuous growth were reinforced2. 

 

The Norwegian economy took a turn in 1898 when a contractive monetary policy was 

conducted due to an increase in the foreign policy rates. Higher interest rates led to a 

monetary shortage for the financial institutions, which made them more cautious about 

their lending practice. This was intensified when the Norwegian Central Bank raised their 

lending rate to other banks. The market crash of Christiania was evoked when one of the 

largest companies, Christophersens, had to suspend their debt payments due to their 

illiquidity. As Christophersens debt was tied to one of the largest banks in Christiania, 

Diskontobanken, a downfall for the company would also mean a downfall for the bank. 

                                                           
2 This section, and the following is mainly based on the article by Hanisch (1993) 
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Eventually, other banks also suffered from the illiquidity in the market, as speculators 

could no longer service their loans. In order to avoid a complete breakdown of the 

economy and a spillover to the rest of the country, the central bank provided the financial 

institutions with funds necessary to prevent bankruptcy.  

 

High unemployment rate and general pessimism in the economy led to emigration from 

Christiania, leaving up to 10% of the apartments in the city vacant. The real estate market 

entered a lasting recession, and the nominal price fall from 1898 to 1902 was estimated 

to lie somewhere between 40%-57%. In 1910, the market finally started to recover 

(Hanisch, 1993).  

 

3.2 Interwar and postwar period 1914-1980 

During the period 1914-1920, the international and Norwegian government conducted an 

expansive monetary policy, which led to an overheated economy. The implications of the 

expansive monetary policy were over-investments, high inflation, and negative real 

interest rates, resulting in a 197% increase in the consumer price index3. Despite the fact 

that the nominal aggregated house price index4 rose by 72%, the real house prices 

declined in the same period. In 1920, the government introduced a contractive monetary 

policy, and the transition to higher nominal rates caused the real interest rate to increase 

significantly, making a bank and commercial crisis inevitable. In the following years, 

both the investments and housing prices fell considerably and did not recover before the 

1930s5.  

 

The economic upturn followed by lower real interest rates and extensive credit 

availability between 1931 and 1939, accounted for residential construction that more than 

doubled over this period (Hodne & Grytten, 2002). A low activity in housing 

developments in the 1920s combined with improved investment terms and demand for 

housing, created a residential construction boom in 1932. As a result of favorable 

                                                           
3 The numbers and percentages presented in this subsection and the following subsections are based on 

collected data material. 
4 The nominal aggregated house index is based on a sample from Bergen and Oslo in the respective time 

period (Eitrheim & Erlandsen, 2004). 

5This section is based on the books by Hodne & Grytten (2002) and Eitrheim & Erlandsen (2004) 
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economic prospects and expectations, the house prices increased continuously up until 

World War II (WWII). During the period from 1940 to 1969, there were strict regulations 

on the housing market, causing the price levels to remain relatively stable in 1940-1954 

(Eitrheim & Erlandsen, 2004). In 1954, the price freeze was lifted. Although regulations 

were still intact, the housing market experienced a boost in prices from 1954 to 1955, and 

they continued to climb throughout the postwar period.  

 

3.3 The Norwegian banking crisis 1988-1993 

In 1984, strict regulations of the bank’s lending practices were dissolved and marked the 

beginning of a competitive market between the financial institutions (Aamo, 2011). The 

aggressive competition induced the banks to take advantage of the liberalized credit 

regulations by issuing large extensive loans in an effort to attract private and commercial 

customers. Clients with unsatisfying credit rates and lack of collateral were granted loans, 

making the whole economy vulnerable to interest rate fluctuations. This created a spiral 

where housing prices and credit increased in turn (Anundsen & Jansen, 2013).  

 

A great initiation of commercial construction from 1989 to 1992, generated an 

overcapacity of commercial buildings, and the demand did not meet the supply (Aamo, 

2011). At the same time, an increase in real interest rates gradually led to declining 

demand that eventually caused the market to take a turn and prices fell considerably. As 

borrowers were no longer capable of meeting their debt obligations, the banks were forced 

to sell mortgaged houses (Aamo, 2011). The banks were suffering huge losses, and in 

1991, the crisis reached its most critical point when two of the four largest banks in 

Norway lost all of their capital (Vale, 2004). The price fall between 1987-1992 was at a 

historically high level of 43%, making this the largest crash in the housing market 

measured in real prices (Grytten, 2009). After the crisis ended in 1993, the house price 

indices recovered rapidly.  

 

The period between 1993 and 2007 was characterized by a substantial growth in nominal 

housing prices of 334%, whereas the increase in the consumer price index was only 31%. 

During this period the Norwegian economy thrived, and the increased purchase power of 
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households was reflected in high housing prices. Purchasing a house was considered to 

be a good investment, as the economic growth offered opportunities of real capital gains.      

 

3.4 Financial crisis 2007-2009 

The international financial crisis from 2007 to 2009 was evoked by diminishing housing 

prices in the USA, where subprime loans issued to borrowers who were inadequate to 

meet the lending criteria, defaulted6. The problems associated with subprime loans were 

initially limited to the housing market. However, they eventually spread to the rest of the 

financial market in the US. Increased skepticism made it difficult to lend money to 

financial institutions in the money market, and the international financial crisis escalated 

in December 2008, when the investment bank Lehman Brothers collapsed (Hippe et al., 

2011).  

 

In Norway, housing prices peaked in 2007, before quickly diminishing during the 

financial crisis. From 2007, up until late 2008, the fall in real house prices amounted to 

18%. The development in housing prices largely deviated in the big cities. The strongest 

decline was recorded in Tromsø and Bergen with a fall of 14.7% and 13.5% respectively. 

As the petroleum sector was hardly affected by the financial crisis, Stavanger and 

Kristiansand experienced the lowest fall in housing prices with respectively 5.8% and 

4.3%. Trondheim and Oslo were found in the mid-range with a registered price drop of 

10.4% and 8.4%.  

 

The downfall of the international financial markets in late 2008 posed challenges 

associated with the liquidity of Norwegian banks. Economic prospects were weakened, 

and the banks’ restrictive lending policy, along with high interest rates, amplified the 

decline in the real estate market and the households’ demand. The economic setback in 

Norway was, however, moderate due to previous experience in the 1990s, enabling the 

banks and the government to adapt quickly and regulate the money market (Hippe et al., 

2011). At the same time, there were specific aspects of the Norwegian economy, which 

dampened the effects of the financial crisis. A combination of a healthy petroleum sector, 

strong welfare system, well state-funded securities, and an export business that was 

                                                           
6 The section related to the financial crisis is mainly based on Hippe et al. (2011).  
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slightly affected by the decline in demand, kept the economy afloat. Furthermore, the 

majority of the households had private ownership of their residential and their loans were 

subject to floating interest rates, making monetary policy highly efficient. In late 2008, 

the Norwegian Central Bank decided to gradually reduce the interest rates, while at the 

same time implementing an expansive fiscal policy (Hippe et al., 2011). The fiscal and 

monetary policy stabilized the development in Norway, and the lower interest rates 

instantly improved the real estate market. The tendency of low turnover rates and falling 

housing prices shifted in late 2009, and the financial crisis was officially over. 

 

3.5 Price development in the housing market from 2010 up until today  

Households’ finances have in recent years been characterized by increased debt-to-value 

ratio and an extensive use of interest-only payments7. This development has been driven 

by low interest rates and expectations of continuing growth in income and housing prices. 

From 2009 to 2010, the nominal housing prices increased by 6.8%, and from 2010 to 

2011 the prices rose by 7.8%. Observations show however, that there are deviations in 

the price levels in the different big cities, partly due to workforce immigration and 

urbanization. The growth in housing prices during these years may reflect the low interest 

rates of the period and the increase in nominal income of 4.6% and 5.1%. In comparison, 

the growth in CPI was 2.4% and 1.3%. In the course of 2012, housing prices continued 

to grow by 6% before the growth slightly diminished to 3.8% in 2013. This was likely 

caused by an increase in the equity requirements making it more difficult to obtain debt 

financing8. During 2014, housing prices increased by 5.3% and the growth has escalated 

since.  

 

By 2015, the petroleum sector suffered from declining oil prices, causing the activity in 

the industry to drop significantly. As the Norwegian economy is highly dependent on the 

petroleum sector, a heavy downsizing of the industry resulted in an increasing 

unemployment rate of 24.8%. In response, expansive fiscal policy and a lower interest 

rate were implemented in order to stimulate the Norwegian economy. Naturally, as certain 

regions, such as Stavanger, rely heavily on this industry, the fall in oil prices affected 

                                                           
7 Interest-only payments refer to repayments consisting of interest without installments in a limited period 

granted by the bank.     
8 This notion is supported by the published report of Handelsbanken (2016). 
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these areas to a greater degree than other parts of the country. In Stavanger, housing prices 

fell by 4.1% and 4.4% in 2015 and 2016 respectively. For the overall country, housing 

prices were at this point historically high. However, the market was divided, with prices 

in Oslo growing with a high pace, whereas Stavanger had a negative development. The 

annual growth for the country was on average 6.1% in 2015, whereas the city-specific 

growth was respectively 10.4% in Oslo, -4.1% in Stavanger, 7.6% in Bergen and 5.7% in 

Trondheim. Regional differences have also been observed in the average turnover time9, 

as the time has ranged from 18 days in Oslo, to over 50 days in Stavanger (Financial 

Supervisory Authority, 2016). The diminishing turnover time demonstrates that buyers 

are afraid of missing out on a good investment opportunity. This is reflected in the higher 

bidding price of the purchaser, than the offer price of the seller. In essence, this 

phenomenon indicates a price development purely driven by expectations of real capital 

gain. During 2015, the number of new residential constructions increased compared to 

2014, yet the increased activity has not been sufficient to accommodate the rising demand. 

At the same time, the low unemployment rate, high income growth, beneficial taxation 

of property, and low interest rate have contributed to the inflated housing prices, 

especially in Oslo. Immigration and urbanization combined with the relatively low supply 

of housing have further intensified the development of housing prices.  

 

Throughout 2016, the oil prices remained low causing the unemployment rate to rise 

towards higher levels and the recruitment rate to stagnate. Despite the slow growth in the 

Norwegian economy, housing prices and households’ debt have reached historically high 

levels, making the development unsustainable. The annual increase in housing prices for 

the country was on average 7% in 2016, whereas city-specific growth was 15.5% in Oslo, 

-5.9% in Stavanger, 0.9% in Bergen, and 6.9% in Trondheim. In December 2016, the 

country-level house prices were observed to be 12.8% higher than in December previous 

year, where amongst Oslo experienced a two-folded increase of 23.3%, up from 9.2%. At 

the same time, the average turnover time varied significantly, from an average of 69 days 

in Stavanger, 33 days in Bergen, 29 days in Trondheim, to 15 days in Oslo (Krogsveen, 

2016). The growth throughout 2016 was mainly driven by lower interest rates followed 

                                                           
9 Turnover time is here referred to as the duration from the day the house is advertised for sale until the 

day it is sold. 
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by expectations of declining interest rates. These assumptions have contributed to the 

general public expecting to be able to serve a higher debt, both in short-term and long-

term perspective. Furthermore, expectations of real capital gain on housing investment 

have stimulated the growth in housing prices. Despite these expectations, the steady 

unemployment rate of 4.8%, and modest changes in real income growth of 1.44%, are not 

able to support the price development present in the housing market.   

 

Disproportionately inflated housing prices in Oslo have been explained by higher demand 

than supply, driven by urbanization, and an inefficient municipality failing to organize 

licenses and properties available for construction. However, recent observations suggest 

that the price development is driven by self-reinforcing speculations of further growth in 

the housing market. The increasing number of buyers of secondary homes, purely as an 

investment object, supports this argument. This indicates that the housing prices in the 

Norwegian market are highly driven by expectations.  

 

In the next section, we will investigate the dynamics of demand and supply in the housing 

market.  

 

4.0 The determination of prices in the housing market  

The housing market has a significant place in the economy of a country as the 

development of housing prices affects all participants involved in the market. Unlike 

other markets, the housing market is unique as housing goods have multiple functions. It 

serves the need of housing services for the consumer while at the same time being an 

investment asset, which holds a large part of the household’s net worth (Kenny, 1998). 

For the majority of the population, the investment in housing is the greatest purchase 

during a lifetime and often constitutes a milestone.  

 

In this section, we will give a brief introduction of the drivers that affect the demand and 

supply of the housing market, and define how the equilibrium is determined. The theories 

applied in this section are mainly retrieved from the model by Jacobsen and Naug (2004), 

Geoff Kenny (1998), and the Norwegian public report from the government (NOU, 

2002).  
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4.1 Demand  

Consumers in the housing market represent all individuals requiring housing conditional 

on affordable prices. Potential buyers are arranged by their willingness to pay, where 

those with the highest willingness to pay come first in line (NOU, 2002). The demand for 

housing is a downward sloping curve demonstrating the different levels of demand for a 

given price.  

 

 

Consumers’ willingness to pay is primarily determined by their ability to pay, which 

depends on households’ income and wealth. Naturally, households with high income and 

wealth have higher willingness to pay than those with low income. Prices that are 

affordable for different households is determined by the interest rate and other aspects 

affecting the total expenses for the average household. However, the willingness to pay 

does not only depend on consumers' ability to pay. As housings are heterogeneous goods, 

consumers’ preferences will largely impact their willingness to pay (NOU, 2002). 

Features such as location, size, and different necessities are some examples. In addition, 

the investment in housing relative to investment in other assets will enter the equation of 

consumers’ willingness to pay.  

 

Due to the complexity of demand, with respect to the relationship between the interest 

rates, income, and expected capital gains, this thesis has used the model of Jacobsen and 

Price 

Number of houses  

Total demand  

Source: NOU, 2002 

Figure 4.1 Demand 
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Naug (2004). In this model, the demand consists of the two components; households’ 

demand for real estates for residential purpose or real estates purely intended as 

investment objects. The model is based on the demand for owner-occupied dwellings, 

including apartments in condominiums, and it is assumed that this demand is proportional 

to the total demand in the market (Jacobsen & Naug, 2004). The aggregated demand 

function used in the analysis is as follows:  

 

 𝐻𝐷  =  𝑓(
𝑉

𝑃
,
𝑉

𝐻𝐿
, 𝑌, 𝑋),  𝑓1  < 0, 𝑓2  < 0, 𝑓3 > 0 

 

Where the various parameters are 

 

𝐻𝐷 = Housing demand  

𝑉  =Total expenses for the average owner 

𝑃  = Price index for other consumer goods and services 

𝐻𝐿  = Total expenses for the average tenant  

𝑌  = Real income for the average household 

𝑋  = Vector of other fundamental factors affecting the housing demand 

𝑓𝑖 = The derivative of f (•) with respect to the argument, i  

 

As the demand is dependent on the real total expenses for the average owner, the real 

income for the average household and other fundamental factors, we will elaborate on 

these parameters.  

 

4.1.1 Real total expenses for the average owner  

The real total expenses measure the opportunity cost of capital of owning and utilizing a 

residential (Jacobsen & Naug, 2004). This parameter is composed of interest expenses, 

maintenance costs, tax benefits related to ownership, and capital appreciation of property 

(NOU, 2002). An increase in the real total expenses will result in a decrease in demand, 

hence lowering the housing price and vice versa.  

 

 (4.1) 



24 

 

4.1.2 Interest rates 

Households characterized neither by interest-bearing assets or liabilities will be 

indifferent to interest rate fluctuations in relation to the total housing costs. If housing 

prices are determined by these types of households, shifts in the interest rate would be 

irrelevant for housing expenses (NOU, 2002). However, most households use debt as a 

way of financing investments in housing, and interest rate movements are therefore a 

significant part of the total expenses of owning private housing (Larsen & Sommervoll, 

2004). Consequently, higher interest rates, adjusted for inflation, will increase the total 

expenses, hence lowering housing prices. On the contrary, lower interest rates, adjusted 

for inflation, will reduce these costs, resulting in higher housing prices. The interest 

expenses do not only include the interest related to mortgage but also the forgone interest 

income by having capital invested in property (Jacobsen & Naug, 2004). Thus, the 

opportunity cost of capital will also rise when the real interest rate increases.  

 

4.1.3 Tax benefits 

The taxation on housing is more beneficial than tax on other assets, hence owning a 

property is favorable compared to other investment opportunities (NOU, 2002). This 

derives from the tax assessment of the property, which states that only 25% of the house 

value constitutes the tax value of residential properties (Skatteetaten, 2017). This tax 

relief gives incentives to invest in housing. Furthermore, there are tax benefits associated 

with the tax shield derived from the interest on mortgage. If the tax rate decreases, it will 

reduce the tax advantage and accordingly increase the costs of consuming housing 

services (Kenny, 1998). Ceteris paribus, this will result in a declining demand, thus 

lowering housing prices.  

 

4.1.4 Maintenance costs  

The operating costs associated with the residence consist of expenses related to energy 

and maintenance, as well as municipal fees, taxes, and insurance costs (NOU, 2002). In 

practice, there can be large variations in each type of housing, such as differences in 

maintenance requirements, and the ability to execute the necessary work without help 

from professionals. Municipal fees and taxes related to the property constitute roughly 

about one quarter of the operating costs (NOU, 2002). Naturally, high operating costs will 
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increase the total expenses for the average owner, and thereby reduce the demand and 

house prices accordingly. On the contrary, low operating costs will reduce the total 

expenditures, leading to higher demand and, therefore, higher housing prices.  

 

4.1.5 Increase in value  

The appreciation of property value is a dominant component of the total expenses for the 

average owner during times of strong growth in housing prices. In some cases, an 

excessive increase in house prices can yield negative total expenditures for the 

household10. Expectations of increasing house prices in the future will, therefore, 

reinforce the demand for housing, causing the house prices to jump instantly. Various 

reasons for expecting higher housing prices might be a rise in costs associated with 

construction of dwellings. This means that construction costs in practice are likely to 

affect housing prices in short-term through the channel of expectations. Prospects of 

higher housing prices in the future are exposed to abrupt changes, and can contribute to 

powerful, short-term fluctuations in households’ willingness to pay. However, 

households’ expectations are not necessarily subject to a fundamental understanding of 

the housing market, but rather on observable trends, such as an enduring low interest rate. 

As a result, increasing housing prices, combined with expectations of future growth in 

prices, creates a self-reinforcing mechanism in the market. This section is based on the 

government’s publication about the housing market in NOU, 2002.  

 

4.1.6 Income 

Current and future income is positively correlated with the demand (Kenny, 1998). An 

increase in income will have an enhancing effect on the overall economy of a household. 

Hence, they will be able to invest more in property while at the same time maintaining 

the rate of consumption of other goods and services (NOU, 2002). Due to their positive 

correlation, an increase in the households’ willingness to pay will be synonymous with a 

rise in the housing prices. 

 

                                                           
10 During the 1990s, the growth in housing priced resulted in many households having negative total 

expenses of housing (NOU, 2002).  
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4.1.7 Credit availability  

The majority of housing purchases are financed by credit (Anundsen & Jansen, 2013). 

The lending policies of the banks will, therefore, be of great importance for the 

development in housing prices. These policies depend on the profitability of the banks, 

government regulations, the customer’s ability to meet payment obligations, and 

collateral values (Jacobsen & Naug, 2004). The credit availability will, therefore, decline 

if the profitability of the banks is weakened, if stricter government regulations are 

imposed, or if clients anticipated income or collateral values decreases. Furthermore, an 

increase in the unemployment rate will result in expectations of lower income growth, 

and uncertainties of future solvency, and thereby a lower credit supply to households. On 

the contrary, higher housing prices result in higher credit supply due to the collateral 

effect. The collateral effect can be explained as follows; higher housing prices increase 

the amount of credit necessary to finance a house purchase. As most loans are secured by 

the property itself, rising housing prices result in a higher value of the property, therefore 

increasing the borrowing capacity of the average household (Anundsen & Jansen, 2013). 

Housing prices and credit, therefore, reinforce each other, resulting in a price-credit spiral. 

 

4.1.8 Demography (population growth) 

Naturally, the total demand will largely depend on the population size and the growth, 

and to some extent immigration, and the proportion of individuals in the establishment 

phase (Jacobsen & Naug, 2004). The demand for housing in different regions will also 

depend on the migration patterns of the population. The net migration in central areas has 

the last couple of years been positive, and today more than three quarters of the population 

are living in big cities and suburban areas. Due to the shortage of available land in central 

areas, the urbanization results in a long-term increase in marginal costs of residential 

construction. Hence, housing prices will increase over time for the supply to meet the 

demand (Jacobsen et al., 2006). 

 

4.1.9 Unemployment rate  

As mentioned in section 4.1.7, the level of unemployment affects the expectations of 

future income growth and uncertainty of solvency. During times of increasing 

unemployment rates, uncertainties related to reduction in workforce arise. This may lead 
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to postponements in investments, which endures until the economy improves again. As a 

result, a large fraction of the demand for housing disappears, affecting the housing prices 

in the short-run. On the contrary, fluctuations in the unemployment rate are not significant 

for the long-term price level.  

 

4.1.10 Summary  

In conclusion, the composition of demand is complex and dependent on many different 

variables. A reduction in the interest rate, maintenance costs, and unemployment rate will, 

holding everything else equal, increase the demand and force the housing prices to rise. 

On the other hand, an increase in the tax benefits, house value, income, credit availability 

and population will, ceteris paribus, give an overall greater demand for housing.  

 

4.2 Supply  

The suppliers in the housing market are all the participants who own a house, and in the 

short-term, the supply of housing consists of the existing housing stock (NOU, 2002). 

The stable supply in the short-term is a result of the time-consuming construction process, 

and the number of new developments per year is relatively low compared to the total 

housing stock (NOU, 2002). The demand is typically higher than the supply of housing, 

and in the short-term house prices will therefore largely fluctuate with changes in demand. 

The overall housing supply in the short-term is inelastic as shown in figure 4.2 below.  

 

 

 

Number of houses 

Price Short-term total supply of housing  

Source: NOU, 2002 S 

Figure 4.2 Supply 
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In the medium- to long-term, housing stock will adapt to demand, and housing prices 

should contain explanatory factors for the development of housing stock. These factors 

consist of costs related to construction, land development, governmental regulations, and 

the prices of new dwellings (NOU, 2002). In the long-term, the housing supply will, 

therefore, be elastic and an upward sloping curve as illustrated in figure 4.3 below.  

 

 

 

In the very long-term, there would potentially be no constraints on the explanatory factors 

for the supply. The labor market will adapt to the need of additional construction workers, 

and it is possible to imagine that the housing market will have unrestricted access to land 

(Kenny, 1998). This would result in a perfectly elastic supply curve, as illustrated in figure 

4.4. However, whether this is realistic in practice is difficult to establish. Some 

households may prefer to live in central areas where the scarcity of land limits the supply 

of housing. These properties are inimitable, and cannot be replaced by properties 

elsewhere (Larsen & Sommervoll, 2004). Though investors in the housing market may 

have sufficient access to land indefinitely, it does not imply that the real supply is 

unlimited. The assumption of unlimited access to land implicates that the households 

would be indifferent when considering location. This is not completely unlikely, as the 

increasing prices in central areas make it challenging and expensive to find housing in 

these locations, and thereby modifying households’ preferences.  

Medium to long-term total supply  

Price 

Number of houses 
Source: Kenny, 1998 

Figure 4.3 Medium to long-term supply 
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The supply is based on the model of Geoff Kenny (1998) where the development of the 

housing stock is demonstrated by using the following perpetual inventory equation: 

 

𝐻𝑡  =  (1 −  𝛿) ×𝐻𝑡−1 + 𝐴𝑡 

 

Where the various parameters are: 

 

𝐻𝑡  = The current housing stock 

𝐻𝑡−1  = Last periods housing stock 

𝛿×𝐻𝑡−1 = Depreciation of dwellings  

𝐴𝑡  = The number of new housing completions 

 

In the following, we will elaborate on factors, which affect the number of new housing 

completions, such as construction costs, the cost of land, governmental regulations, and 

housing prices.  

 

Very long-term total supply  

Price 

Number of houses 
Source: Kenny, 1998 

Figure 4.4 Very long-term total supply 

(4.2) 
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4.2.1 Housing constructions  

The construction costs of new dwellings are affected by prices related to materials, tools, 

machinery and labor, as well as governmental regulations (NOU, 2002). The productivity 

of the construction industry and the interest rate related to financing the developments are 

also significant factors when evaluating the construction costs. In the short-term, 

construction costs might deviate significantly from the standard level of costs. The initial 

level of construction activity affects the costs of developments, where a higher level will 

result in higher corresponding costs. The outcome of a higher activity is a utilization of 

inexperienced labor force, and extensive use of overtime hours. It also takes more time to 

acquire additional equipment, machinery, and expertise. Therefore, a higher activity in 

the construction industry leads to higher profit for those who possess these resources, 

hence higher construction costs. The higher profit attracts more providers of these 

resources over time, resulting in higher capacity, and construction costs gradually 

approaching the standard level of costs again. Thus, construction costs are expected to be 

above normal in periods where the activity has strongly increased. Conversely, the 

construction costs are expected to be below the normal level when the construction 

activity declines, until the capacity is adjusted accordingly.  

 

4.2.2 Cost of land  

The costs of land are composed of the cost of the property, and the expense related to the 

development of the property. However, it is also determined by the opportunity cost of 

capital. The construction often requires involvement from the municipality in terms of 

regulations and development of infrastructure (NOU, 2002). There are costs related to 

fees incurred by acquisition of land, expenses for demolition of buildings for new 

dwellings to take place, expenditures related to roads and water/sewerage, and other 

expenses for the work on site (Takstsenteret, 2017). The price of the property might be 

significantly affected by the municipal regulation of land exploitation, as well as the 

distribution of the infrastructure costs between the municipality and the developer. 

Furthermore, due to space limitations in central and suburban areas, the cost of land is 

observed to be higher in these parts of the country. The limitations related to available 

land for construction in central areas implicate that housing prices are to a greater degree 

determined by land costs rather than construction costs (NOU, 2002).  
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4.2.3 Governmental regulations  

Governmental regulations aim to ensure sustainable housing, however, these regulations 

also affect the productivity of the construction industry (NOU, 2002). Statutory quality 

requirements, such as energy, availability, and size are both reasonable and essential in 

order to construct residentials that are of high quality as well as environmentally friendly 

(Kvinge et al., 2012). For the industry, however, these types of requirements may stall 

the construction activity, and increase the costs related to new developments, while at the 

same time reducing the marginal revenue for smaller apartments. The housing and 

construction industry accounts for 40% of the total usage of energy and materials. It is, 

therefore, essential to promote environmental and climate friendly solutions and measures 

in order to lower the energy consumption (Regjeringen, 2015). The main premise for 

reducing energy usage is to locate new dwellings close to public transport hubs, and 

facilitate sustainable transportation by providing well-developed foot- and cycle-paths. 

Construction regulations imposed on developers include among others, thermal insulation 

in walls, floors and ceilings, and stricter requirements for density in order to minimize air 

leakage. Furthermore, requirements related to accessibility such as elevators, and other 

facilities are imposed to satisfy the functionality and quality standards (Kvinge et al., 

2012).  

 

Most constructions require building permits (NOU, 2002). In order to obtain 

governmental approval, the construction project has to fulfill a number of requirements 

set by the Planning and Building Act. As the process time of such permits affects the 

construction costs and productivity of the construction activity, it is essential that this 

process is efficient. However, the time of a proper procedure, which maintains the 

purposes set by the law, varies from case to case. It is, therefore, challenging to measure 

the ideal processing time. The project planning and engineering of new developments are 

devoted significant resources from the beginning. A delay in the time of realization 

increases the cost of capital, causing the construction costs to rise accordingly. Therefore, 

inefficiency in governmental proceedings harms the housing supply (NOU, 2002). 

However, due to the municipalities’ different priorities and unequal distribution of 

resources, the processing time varies considerably between different parts of the country.  
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In sum, the governmental regulations ensure the development of sustainable housing and 

surroundings, which reduce the environmental impact and improves the life quality for 

future generations. However, these regulations are time-consuming and increase the total 

costs of construction, causing the housing prices to increase accordingly.  

 

4.2.4 Housing prices  

Housing supply is also determined by current and future housing prices. It is generally 

observed that higher prices in the existing housing market result in higher construction 

activity due to the profit potential of higher, future housing prices (Kenny, 1998). 

However, the construction of dwellings takes time, and the price level upon completion 

is unknown during commencement. Due to the uncertainty, the developers demand a risk 

premium on top of the total construction costs in order to hedge themselves. The risk 

related to the fluctuations in housing prices might also encourage the developers to 

postpone constructions, and reevaluate the project at a later point in time. Therefore, the 

proportion of dwellings that are pre-sold and the probability of pre-sales also affect the 

construction activity, as it reduces the risk of the contractors (Kenny, 1998). Nevertheless, 

this risk is only transferred from the developers to the purchasers of the new dwellings. 

Furthermore, interest rates are also important as they affect the housing prices through 

demand, and indirectly affect the supply as well. Overall, a rise in housing prices would 

result in an increase in supply, holding other factors constant.  

 

4.2.5 Summary  

In sum, the current housing prices of the existing housing stock are the primary signal 

from the market to developers of new dwellings, as they indicate the potential profit from 

future prices. High housing prices in the current market, therefore, results in high 

construction activity and a higher supply in the long-term. Construction costs and costs 

of land are also fundamental factors affecting the housing supply in the market, as a 

reduction in these costs will increase the supply. Governmental regulations intend to 

improve standards and life quality for consumers. However, the time devoted to the 

processes of permits delays the construction activity and has a negative outcome on 

supply. 
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4.3 Short-term equilibrium 

In the short-run, the supply is constant due to the time of construction. In cases with low 

housing prices (P1), the demand will be higher than the supply, causing the demand curve 

to shift upwards (NOU, 2002). This results in significantly higher prices (P2), inducing 

the requesters to withdraw from the market, and enable the demand curve and supply 

curve to intersect at the new short-term equilibrium (P2, S). The point of intersection 

determines the new market price, and consumers with willingness to pay above this point 

are able to purchase housing, whereas the remaining are kept out of the market. The 

consumer purchasing the last housing in the market is defined as the marginal requester. 

In practice, the market price is determined by the willingness to pay of the marginal 

requester. The short-term equilibrium is illustrated in figure 4.5 below.   

 

 

 

Within a period of a year, the changes in the number of potential requesters are 

insignificant, meaning that urbanization and net migration are not able to affect the 

housing prices in the short-term (NOU, 2002). The needs and priorities of the general 

public are relatively stable. Therefore, major changes in housing prices in the short-run 

must emerge from changes in consumers’ willingness to pay. Remarkable changes in 

consumers’ willingness to pay arise from modifications in their ability to pay, such as an 

increase in income or lower interest rate. Changes can also derive from assessments of 

Number of houses 

Price Short-term total supply of housing  

Source: Kenny, 1998 

P2 

P1 

Demand at P2 

Demand at P1 

New short-term equilibrium 

S 

Figure 4.5 Short-term equilibrium 
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housing as an investment object. In sum, only shifts in the demand curve will affect the 

short-term equilibrium.  

 

4.4 Long-term equilibrium  

In the long-run, the supply of housing is determined by new constructions and 

demolitions. In a period of rising current or expected future income, falling interest rate, 

or rising expectations of real capital gains from investment in housing, the demand curve 

will shift upwards. In the short-run, the supply will be constant due to its slow response. 

Therefore, a change in these factors will reflect in an immediate rise in current house 

prices to P2 in figure 4.6 below. The shift in the demand curve will change the point of 

equilibrium to a new temporary equilibrium in P2, S2. In the long-term, housing supply 

will respond gradually to the increased profit potential. Hence, new constructions will 

generate an outwards shift in the supply curve (S3). As a result, the number of new 

constructions will weaken the housing prices to P3. The new long-term equilibrium will, 

therefore, be found in S3, P3.  

 

 

 

In sum, both the supply curve and the demand curve might shift in different directions. 

This is due to changes in constructions or costs on the supply side or changes on the 

demand side in terms of income or interest rates. In the long-term, the shifts in supply and 

Number of houses 

Price 

Source: Kenny, 1998 

P2 

P1 

Demand 2 

Demand 1 

New long-term equilibrium 

S3 S1 

P3 

S2 

Figure 4.6 Long-term equilibrium 

Supply 2 
Supply 1 
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demand will, however, counterbalance and reach a new long-term equilibrium (NOU, 

2002).  

 

5.0  Data material  

In this section, the data material used in the regression analysis and partly in the Hodrick-

Prescott filter and price-to-rent ratio will be described. Data for interest rates, housing 

prices, consumer price index, income, expectations, housing stock, unemployment, 

population growth, and debt has been collected for various time periods, both on national 

and city level. The cities examined in the analysis are the four largest cities in Norway; 

Oslo, Bergen, Stavanger, and Trondheim. For some of the variables, the observation 

period is relatively short due to limited availability of data. Therefore, the estimated 

period of the regression model for housing prices on the country level relies on the period 

1991q1 to 2016q4, and the city level is based on the period 2000q1-2016q4. The data 

material is used for estimating seven separate models, where the development of house 

prices for the entire country is analyzed first, before further investigating regional 

differences in the real estate market.  

 

5.1 Housing prices  

The data for annual average housing prices per square meter is collected from the 

Norwegian Central Bank (NCB) for the period 1819 to 2016, for the entire country. 

Moreover, quarterly data from 1991q1 to 2016q4 for the country and from 2000q1 to 

2016q4 for cities are retrieved from Statistics Norway (SN), table 03737 and 05963. The 

data is expressed in nominal Norwegian Kroner (NOK) and is not seasonally adjusted. A 

descriptive presentation of the quarterly average housing prices per square meter for 

country- and city level is given in graph 5.1. The annual average housing prices per square 

meter from 1819 to 2016 is presented in Appendix A1. 
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On a country level, the nominal housing prices are six times larger in the last quarter of 

2016 than they were in the first quarter in 1991. From an isolated perspective, this 

development constitutes a great increase in housing prices within a period of 25 years. 

On a city level, Oslo clearly has the most expensive real estate market, with prices twice 

as high than the overall country average. The development in the other cities is more in 

line with the development of the country. As expected from the literature review, the large 

cities have a higher average price per square meter than the country average. However, 

Stavanger has had a decline the latest period, which we will explain in section 6.1.2. The 

repercussions of the financial crisis during 2007 to 2009 can be observed for all cities and 

the country. The effects of the Norwegian banking crisis can be seen in Appendix A1.  

 

5.2 Consumer price index  

The consumer price index (CPI) from 1865 to 2016 is collected from Statistics Norway, 

table 08184. A graphic representation of the consumer price index together with the 

housing price index of the country is given in figure 5.2. 
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The development in housing prices has followed the CPI for over 100 years, and only 

started to deviate in the buildup of the Norwegian banking crisis in the late 1980s. Since 

1992, the growth in housing prices has escalated relatively to the CPI, and the deviation 

observed in 2016 is large.  

 

5.3 Income  

The aggregate nominal quarterly income data has also been retrieved from Statistics 

Norway, table 10799 and 09175 for the national level, and table 03068 for the city level. 

For the quarters 1991q1 to 1994q4, the time series has been constructed, as the available 

data is based on annual figures rather than quarterly. The quarterly figures have been 

calculated by first dividing the annual income by four quarters, and then multiplying each 

quarter with the calculated quarterly growth rate. Hence, there is some variation in the 

quarterly data from 1991q1 to 1994q4. Moreover, similar to the quarterly housing prices, 

the data for the entire observation period is not seasonally adjusted. The development of 

the aggregate quarterly income, relative to the quarterly housing prices is illustrated in 

figure 5.3.  
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The development in income and housing prices has followed each other closely up until 

2001q1. From 2001q1 until the last observation in 2016, the difference in the development 

of income and housing prices has increased. The income level of all four cities from 

2000q1 to 2016q4 is presented in Appendix A2. Stavanger has had the steepest growth in 

income and the highest income level since 2005, followed by Oslo, Bergen, and 

Trondheim.  

 

5.4 Interest rate  

The data for interest rates has also been collected from Statistics Norway, and is based on 

the quarterly average lending rates of all Norwegian banks. These figures are given in 

percentage terms and apply for the entire country. Accordingly, there are no regional 

variations. The quarterly average lending rates are naturally implemented, as this is the 

interest rate each borrower is offered by the bank when mortgages are granted. This is 

also the interest rate employed by banks, when assessing borrowers’ ability to service 

their mortgage. It can be argued that long-term interest rates in general, such as ten-year 

bonds, are better indicators of consumers’ behavior related to mortgages, as these types 

of loans are traditionally characterized by long-term repayment periods. However, the 
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average lending rates are applied in the analyses, as these are the rates that most 

consumers are familiar with or have a relationship to in terms of mortgages. Furthermore, 

Jacobsen and Naug (2004) found that market rates, such as bond rates, were not 

significantly related to housing prices when estimating the housing model. Additionally, 

only a minor percentage of Norwegian mortgages have fixed rates, whereas the majority 

has floating interest rates. Consequently, the average lending rates are more appropriate 

when estimating the housing model. Furthermore, the Norwegian marginal tax rate on 

capital income and capital expenditures have to be taken into account when applying the 

average lending rates. For the estimation period, the marginal tax rate has been 28% from 

1991 up until 2014, thereafter it was reduced to 27% in 2014 and 2015, and 25% in 2016. 

A graphical depiction of the quarterly average lending rates from 1991q1 to 2016q4 can 

be found in figure 5.4 below. Data on interest rates back to 1819 are graphically illustrated 

in Appendix A3. 

  

 

 

 

 

The interest rate has after the financial crisis been very low, and in 2016 it was at an all-

time low level. As earlier literature has highlighted, the interest rate is one of the key 

drivers of housing prices. Thereby, it is reasonable to believe that the steep increase in 

housing prices is related to the low interest rate and the reduced cost of borrowing.  
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5.5 Unemployment rate  

The unemployment rate is based on data retrieved from Statistics Norway, table 10540 

for the city level, and table 08518 for the country level. Due to inadequate data from 

Statistics Norway, further data is collected from Kommuneprofilen and Ny Arbeids- og 

Velferdsforvaltning (NAV). Some of the available data from these sources were monthly-

based percentages. In order to obtain quarterly data, the 3-month average has been 

calculated for each quarter. In line with data for income and house prices, the 

unemployment rate is also not seasonally adjusted.   

 

 

 

 

 

On country level, the unemployment rate has been rather stable after the financial crisis, 

before it increased somewhat between 2014 and 2015, as seen in figure 5.5 above. 

However, in 2016, the unemployment rate seems to be declining again. On city-level, 

Stavanger is observed to have the largest fluctuations of all cities, followed by Bergen 

and Trondheim. Oslo, on the other hand, has been more stable. In 2015 and 2016, 

Stavanger had the highest unemployment rate, which we will return to later in section 

6.1.2, whereas the other cities where on a lower level.   
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5.6 Housing stock 

The quarterly data for housing stock was supplied through correspondence with Eilev 

Jansen from Statistics Norway, see Appendix A4 for a copy of email correspondence. 

This data was not officially published in the database of Statistics Norway. The housing 

stock is measured in millions in 2015-prices and is not seasonally adjusted.  

 

 

 

 

 

The total housing stock represents the supply in the housing market. The graph illustrates 

a persistent growth in the aggregated housing stock, with a minor stagnation during the 

financial crisis. After 2009, the housing stock was characterized by a steeper growth, 

reflecting the increased demand and higher housing prices. Data for the cities is based on 

quarterly new constructions from Statistics Norway, table 05889, as the housing stock 

data received from Eilev Jansen does not contain any regional- or city-specifications.  

 

5.7 Expectations 

Consumers’ expectation to their own and Norway’s economy will potentially play a large 

role in the demand for residentials, and is also considered as an important fundamental 

factor in several academic papers. The unadjusted data is supplied from Alexander 
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Staubert from TNS Gallup, a copy of the e-mail correspondence can be found in Appendix 

A5. TNS Gallup constructs a trend indicator, which is used as raw data in order to estimate 

the expectation barometer. This is further employed in the estimation of housing prices. 

The trend indicator is conducted through a survey where 1,000 randomly chosen 

individuals give feedback on five questions. These questions are related to expectations 

to their own and the entire country’s economy. The answers are added to a numeric value 

and further constructed to a quarterly common trend indicator for Norway. Positive values 

indicate positive expectations, and the higher the value, the higher the expectations for 

the economy. A descriptive presentation of TNS Gallup’s trend indicator is given in figure 

5.7 below.  

 

  

 

 

 

Judging by this indicator, the expectations to the economy have mostly been positive for 

the observed period. The end of the Norwegian banking crisis, the financial crisis, and 

the downturn in the oil industry, are all reflected in negative expectations to the economy. 

A potential problem with the indicator is that expectations are highly correlated with the 

development of unemployment and interest rates, which can cause multicollinearity 
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issues when used in regression models. This problem is further elaborated on in the 

empirical analysis, in section 6.2.  

 

5.8 Other factors 

In addition to the variables included in the housing model, there are also other factors that 

might be determinants of housing prices. Population growth and debt are also seen as 

relevant macroeconomic factors by some scholars. We, therefore, include these factors in 

the regression analysis. However, it is important to bear in mind that the relationship 

between these variables might suffer from simultaneous causality, which again can result 

in the rise of endogeneity problems. Population growth and debt are based on data 

gathered from Statistics Norway, table 01222, 06913, and 07477. Debt is based on 

quarterly figures, whereas the data for population growth are given annually from 1991q1 

to 1997q3. The quarterly figures have been calculated by first dividing the annual 

population growth by four quarters, and then multiplying each quarter with the calculated 

quarterly growth rate. The development of these variables is graphically presented in 

Appendix A6 and A7.  

 

5.9 Limitations  

There are some limitations related to the data material. Quarterly data for housing prices 

per square meter only go back to 1991q1, and TNS Gallup first started the collection of 

the public’s expectation of the economy in 1992q3. These are our main bottlenecks for 

the replication of Jacobsen and Naug’s house price model for the country-based 

regression. Besides that, the lack of sufficient quarterly data for the consumer price index, 

income, and unemployment, may result in somewhat inaccurate data material. The data 

used for housing stock on a national level is not available at city level. Therefore, another 

variable is used in the city-based regressions. However, as the data describes the same 

development of the housing stock, the economic interpretation should be similar for both 

variables. Lastly, economic time series are often affected by events that repeat themselves 

around the same time each year, and are referred to as seasonality. The data material is 

not seasonally adjusted, which may lead to noise in the data content, and difficulties with 

interpretations and analysis of the statistics (SN, w, 2017). However, to minimize the 
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issue with seasonality, dummy variables are included in the regression to extract the 

effects of this.  

 

6.0  Empirical analysis  

The empirical analysis consists of two analyses, where one of them looks at the 

sustainability of the price growth in the housing market, while the other investigates 

which fundamental factors are the key drivers of the development in housing prices. The 

development of the real estate market is studied on a national level and city level, where 

the four largest cities in Norway; Oslo, Stavanger, Bergen, and Trondheim have been 

analyzed.  

 

6.1 Analysis of the housing market’s sustainability  

The object of this section is to study the development in the housing prices against the 

trend and the user cost of housing. The development will be analyzed by applying two 

economic models; the Hodrick-Prescott filter and the price-to-rent ratio.  

 

6.1.1 Housing prices and trend, applying the Hodrick-Prescott Filter  

In order to investigate whether the development in housing prices is sustainable, it might 

be appropriate to remove the cyclical components of the time series to see whether the 

movements in housing prices are in line with a long-run trend. The Hodrick-Prescott filter 

is applied for this purpose.    

 

Theoretical framework  

The Hodrick-Prescott filter is a macroeconomic tool with a history of use that dates back 

to 192311. The tool was initially utilized in the actuarial sciences, where it was named the 

Whittaker-Henderson Type A method (Hodrick & Prescott, 1997). In 1981, the HP-filter 

was further developed by the economists Hodrick and Prescott to facilitate the analysis 

of fluctuations in economic activity (Gerdrup, Kvinlog, & Schaanning, 2013). The 

objective of the algorithm is to detect trends in a time series by separating an observed 

                                                           
11 The theoretical framework of the HP-filter is mainly based on papers by Grytten (2011) and Hodrick & 

Prescott (1997).  
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time series, 𝑦𝑡, into a smoothed or a trend component, 𝑡𝑡, and a cyclical component, 𝑐𝑡 

(Grytten, 2011). The relationship can be summarized in the following equation:  

 

𝑦𝑡 = 𝑡𝑡  +  𝑐𝑡 

 

The purpose of the HP-filter is to mathematically identify the trend series, which 

minimizes the sum for a given value of the parameter, 𝜆. The minimization problem is as 

follows:  

 

𝑚𝑖𝑛∑ (𝑦𝑡 − 𝑡𝑡)
2𝑚

𝑡=1 + 𝜆∑ ((𝑡𝑡+1 − 𝑡𝑡) − (𝑡𝑡 − 𝑡𝑡−1))
2𝑚−1

𝑡=2   𝑡 = 1,2,3, . . . , 𝑇 

 

The parameter, 𝑚, is the number of samples and 𝜆 is the smoothing parameter, defining 

the smoothness of the trend. This multiplier is modified to adjust the sensitivity of the 

trend so that it is more sensitive to long-term rather than short-term fluctuations, thereby 

revealing the long-term trends. In general, 𝜆- values are set to be 100 for annual data, 

1,600 for quarterly data, and 14,400 for monthly data (Grytten, 2011). The first bracket 

is the squared value of the difference between the real observations and the trend. This is 

identical to the squared cyclical component, 𝑐𝑡
2, by rearranging equation (6.1.1.2). The 

bracket is squared to capture both positive and negative cyclical effects in the time series. 

When 𝑐𝑡 ≠ 0, it indicates that the actual observation deviates from the trend, 𝑦𝑡 ≠ 𝑡𝑡, 

hence, suggesting a possible overvalued or undervalued housing market. The second 

bracket is the squared change in the pattern between two periods, which is multiplied with 

the smoothing parameter, 𝜆, that determines to what degree changes in trend are 

emphasized (Grytten, 2011). In theory, the smoothing parameter can take on any value 

between zero and infinity. When 𝜆 = 0, the second term will clear out, and the 

minimization problem will solely be based on the squared cyclical component 

(Benedictow and Johansen, 2005). This would result in 𝑦𝑡 = 𝑡𝑡 and the deviation would 

be equal to zero at all times. When 𝜆 approaches infinity, the situation would be the 

opposite, leaving only the squared changes in trends to be minimized, which would result 

in a constant trend growth and a linear trend line.  

 

(6.1.1.1)

) 

(6.1.1.2) 
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Criticism  

The HP-filter is a well-known macroeconomic instrument, which is commonly applied 

due to its simple and easy technique. However, the model has a number of shortcomings 

that should be addressed when implementing the method in economic analyses.  

 

The value of lambda  

One of the drawbacks of the model is that the value of 𝜆 is based on a discretionary 

assessment. A publication from NCB describes how different economists suggest 

different values of lambda (Bjørnland, Brubakk, & Jore, 2004). Kydland and Prescott 

(1990) suggested a value of 𝜆 = 1,600 for quarterly data for the USA. This provided a 

trend that was reasonable compared to other observations, and has in time become the 

standard value for 𝜆 in the literature. Marcet and Ravn (2004) studies data for several 

OECD countries, and finds support for a value of 𝜆 = 1,600 for most of the countries, 

with the exception of Italy, Japan, and Spain. SN have come to a conclusion for Norway 

that a high value of 𝜆 = 40,000 gives the most precise description of the cyclical 

developments for the latest 30 years (Johansen & Eika, 2000). These variations of the 

value and the infinite potential values make it possible to manipulate the analysis, as the 

results will differ from the chosen value of lambda. In addition, a high 𝜆 will make 

endpoint problems enlarged. 

 

Endpoint problems  

Another drawback with this model is endpoint problems. The trend level is more affected 

in the beginning and at the end of the period, as the filter consistently utilizes values 

forwards and backwards in time to estimate the trend (Benedictow & Johansen, 2005). At 

the beginning of the period, the trend estimate will entirely be based on values forward in 

time, and at the end of the period, the estimate will be based on values backward in time. 

Consequently, the filter gradually adapts from being two-sided to be one-sided when 

approaching the endpoints in the period. As earlier mentioned, combined with a high 

value of lambda, the endpoint problems will be enhanced. A common way to reduce this 

issue is to use a prolonged period into the future with forecasts, and start the analysis 

period later than the start period of the time series (Benedictow & Johansen. 2005). 
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Cycle length  

The length of a business cycle can be difficult to determine. In early papers on cyclical 

analysis, the authors have utilized the development between one and a half, and eight 

years as the cycle length of relevance. However, there are arguments in more up-to-date 

papers that modern economic cycles might endure for a longer period, and that cyclical 

fluctuations might be smaller (Nilsson & Gyomai). An issue with the undetermined length 

of business cycles is when an increasing development exists over a longer period, such as 

in the cities we are studying, the filter will adjust the trend up instead of measuring the 

deviation or the cycle (Vale, Kutluay, & Yildiz, 2015). This can result in misleading 

conclusions based on the HP- filter.  

 

Data material  

The analysis in the following section is based on data material for average nominal 

housing prices per square meter from the NCB and SN for the entire country, and the 

cities. For Stavanger however, the data material is based on Stavanger-Statistics and SN. 

The observation period of the analysis is 1865 to 2016 for the country, Bergen, and Oslo, 

1897 to 2016 for Trondheim, and 1985 to 2016 for Stavanger. The nominal house prices 

per square meter are adjusted for inflation based on CPI data from SN to identify the 

average real house prices per square meter. The analysis is performed in Excel, where the 

Hodrick-Prescott Excel Add-In has been used to solve the minimization problem. 

Following the footsteps of Grytten (2011), a lambda value of 100 has been used as a basis 

for annual data. In order to attain a smoother trend, a higher value of lambda has been 

implemented to adjust the sensitivity of the trend. This adjustment makes it more sensitive 

to long-term rather than short-term fluctuations, thereby revealing the long-term trend. 

Originally, Hodrick and Prescott (1997) sat the smoothing parameter value for quarterly 

data at 1,600. However, Grytten (2011) suggests that a quarterly value of 40,000 is more 

appropriate in analyses of Norwegian business cycles. By applying the same method as 

Grytten (2011), the annual value of the smoothing parameter is set at 2,50012. The 

smoothing parameter will, therefore, be calculated twice. Firstly, based on the standard 

annual value of 100, and secondly, based on the calculated value of 2,500.  

 

                                                           
12Calculation of the smoothing parameter: 40,000/16,000 = 25  100 x 25 = 2,500  
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Findings 

In the following sections, the development of the real house price index and the trend 

component, with respective lambda values of 100 and 2,500, are depicted for different 

time periods for the country and the four cities.  

 

Norway 

On the country level, the development in real house prices has been relatively stable, with 

only minor fluctuations throughout history. The minor deviations from both trend lines 

with 𝜆 = 100 and 𝜆 = 2,500 occur during the Norwegian banking crisis and before the 

financial crisis. The interwar period also has some minor deviations from the smoother 

trend with 𝜆 = 2,500. However, the difference between the real house index and the trend 

with 𝜆 = 100 can barely be noticed. These observations are based on figure 6.1.1.1 below.  

 

 

 

 

 

The growth since 1993 exceeds anything seen before, and the housing prices observed in 

2016 are at a historically high level. In the next subsections, the different regions will be 

examined. 
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Oslo 

The development in the house price index and the trend components, with 𝜆 = 100 and 

𝜆 = 2,500, for the period 1865 to 2016 are portrayed in figure 6.1.1.2 below. With a 

smoothing parameter value of 100, the trend follows the real house price index closely 

with minor deviations. The gaps occur in expected periods, such as between 1896 and 

1910, which marks the falling housing prices of the Christiania market crash. The next 

significant deviation between the trend and the real house price index is identified 

between 1983 and 1997, which is the result of the Norwegian banking crisis. The graph 

illustrates that housing prices reached a peak right before the banking crisis hit the market, 

and then fell considerably over several years. As expected, the next gap is during the 

financial crisis from 2007 to 2009, where housing prices were overpriced prior to the 

crisis before they hit bottom in 2009, resulting in an underpriced housing market 

relatively to the trend. In general, the trend with a smoothing parameter of 100 and the 

real house price index jointly move in the same direction without any deviations after 

2009. Hence, the growth in recent years does not indicate an overvalued housing market. 
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The trend line with 𝜆 =  2,500 is, as expected, smoother than the trend line with 𝜆 =

 100. As illustrated above, a higher lambda reveals a larger deviation between the real 

housing prices and the trend line. Furthermore, the trend component of 2,500 estimates 

that the housing market has systematically been overpriced since 2014. The gap between 

the real house prices and the trend lines are graphically illustrated in Appendix B1-B5 for 

all regions. Consistent with these findings, it is fair to conclude that Oslo is showing 

tendencies of a growing overvalued housing market with a trend component of 2,500. 

However, it is important to bear in mind that a higher lambda enhances the endpoint 

problems, which means that the trend at the end of the period might bias the values 

backward in time. Therefore, the results may be overestimated.  

 

Bergen 

For Bergen, the same period as Oslo is depicted in figure 6.1.1.3 below. Nevertheless, 

both the trend lines with 𝜆 = 100 and 𝜆 = 2,500 seem to be smoother than those of Oslo. 

There are only minor deviations from the trend lines, where the Norwegian banking crisis 

and the financial crisis are the most prominent outliers. In both cases, the housing market 

seems to have been overvalued prior to the crisis, followed by an underpriced market after 

the crisis, before developing more in line with the trend again.  
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The gap between real house prices and the trend is higher with 𝜆 = 2,500, and the 

deviations are largest around the time of the Norwegian banking crisis and the financial 

crisis. However, there is no gap between the real house prices and the trend with 𝜆 =

2,500 in 2016, and only a minor gap of -0.08 with 𝜆 = 100. This suggests that the house 

prices in Bergen are correctly valued with 𝜆 = 2,500, and slightly underpriced with 𝜆 =

100. Similar to Oslo these results may be insufficient as there might be endpoint 

problems.  

 

Stavanger 

The analysis of Stavanger is only based on the period of 1985 to 2016, which constitutes 

a relatively shorter period than the other cities. Therefore, the deviations between the real 

house price index and the trend components appear to be larger than they would in a 

longer time perspective. Similar to Oslo and Bergen, the Norwegian banking crisis and 

financial crisis can be identified by the overvalued housing prices prior to the crisis, and 

the undervalued housing market during the crisis.  
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Between 2001 and 2005, Stavanger shows an undervalued housing market relatively to 

the trends. Some articles explain the declining growth these years by referring to the 

dot.com crisis in 2000. However, evidence that supports this development exclusively in 

Stavanger has not been found. Nevertheless, in Stavanger Statistics, it was registered a 

negative net migration to the city in 2000, and a somewhat lower population growth 

during this period, which might explain this development. From 2009 to 2013, the 

housing price index had an overall increase of 31%. However, in 2014, the housing prices 

fell along with the international oil prices and have declined ever since. During the same 

period, the trend component with 𝜆 = 100 was found below the real housing price index, 

indicating an overpriced housing market. In general, the trend component with 𝜆 = 2,500 

is above the real housing price index from 1989 to 2005, which indicates that the housing 

market has been undervalued during this period. The higher lambda value also reveals 

that the real housing price index was consistently overvalued between 2005 and 2015, 

which is largely supported by the trend component with 𝜆 = 100. After 2015, both trend 

components of 𝜆 = 100 and 𝜆 = 2,500 indicate an undervaluation of the housing market. 

However, these estimates and results might not be precise due to the short time horizon 

of the analysis. The lack of sufficient data material for Stavanger might overestimate the 

housing prices due to the high growth before and after the financial crisis. It might, 

therefore, be difficult to draw definitive conclusions based on the findings of the HP-filter 

for Stavanger.  

 

Trondheim 

The real house price index and both trend components with 𝜆 = 100 and 𝜆 = 2,500 follow 

each other closely from 1897 and up until 1980, which indicates that the housing market 

was neither overvalued nor undervalued during this period. However, this pattern breaks 

up for both trend components from 1981 to 2002, as they switch back and forth between 

periods of lying beneath and above the real housing price index. This indicates that the 

housing prices fluctuated significantly during the same period, and were at times both 

overvalued and undervalued in Trondheim.  
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As the deviations show, the Norwegian banking crisis and the financial crisis had the 

largest impact on the development of housing prices in Trondheim. Otherwise, there have 

been merely small deviations from the trend with both lambda values. From 2014 and 

onwards, the real housing price index and trend components grow at approximately the 

same rate, suggesting that housing prices are in line with the long-term trend. However, 

similar to the other cities, the results need to be interpreted carefully as higher lambdas 

enhance end-point problems. Furthermore, in cases of long cycles with an increasing 

development, the filter tends to adjust the trend up instead of measuring the deviation or 

the cycle. Therefore, the results may be somewhat biased.  

 

Summary 

Similar for the country and all cities, the major deviations from the real house price index 

and trends, with both lambda values, are remarkable during the Norwegian banking crisis, 

and to some degree the financial crisis. The house price indices of the entire country and 

the four cities have an exponential growth after the Norwegian banking crisis, resulting 

in an upward sloping trend. For Oslo, the market might be interpreted as overvalued, due 

to the house price index being above both trend lines. The housing market in Bergen, 
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Trondheim, and the entire country appears to be more in line with the trends, indicating 

a somewhat more correctly priced market. Stavanger, however, seems to have 

undervalued housing prices as the house price index is located below both trend lines. 

Nevertheless, the shortcomings of the HP-filter make the results inconclusive due to 

endpoint problems and issues with long cycles. To further analyze the development in the 

housing market, several factors will be addressed in the following models in pursuance 

of more reliable results and solid conclusions.  

 

6.1.2 Housing prices and user costs, applying the Price-to-Rent ratio 

Sustainability in the development of the housing prices is studied by also applying the 

price-to-rent ratio. This method gives an impression of the state of the housing market, 

compared to the rental market and the fundamental factors related to the user cost of 

housing.  

 

Theoretical framework of the price-to-rent ratio 

In the finance literature, Gordon and Shapiro (1956) established that an asset has a 

fundamental value equivalent to its future payoffs, discounted back to the present by using 

different required rate of returns of investors (Krainer & Wei, 2004). In the stock market, 

these discounted payoffs are also known as dividends. This theory can be extended to the 

housing market, where the fundamental value of the house is the present value of future 

housing service flows, provided to the marginal investor (Krainer & Wei, 2004). The 

analogy with the stock market is that the price-dividend ratio corresponds to the price-

rent ratio for houses. This means that the value of housing services in a well-functioning 

market should be adjacent to the rental value of the house. Assuming that the owner uses 

the house as his primary resident himself, Poterba (1992) calculated an imputed rental 

value, which is known as the cost of owner-occupied housing. The simplified user cost 

of housing calculated by the method proposed by Poterba is as follows:  

 

𝑃(𝑖𝑎 + 𝜏 + 𝑓 − 𝜋) 

 

The imputed rental value takes into account the after-tax nominal mortgage interest rate, 

𝑖𝑎, which is also the cost of foregone interest on an alternative investment. This parameter 

(6.1.2.1) 
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is adjusted for interest tax shields. The bracket also includes the property tax rate on 

owner-occupied houses, 𝜏, the recurring holding costs, 𝑓, consisting of depreciation, 

maintenance costs and the risk premium on residential property, and 𝜋, which is the 

expected capital gains or loss. 𝑃 is the house price index (Girouard et al., 2006). The sum 

of these components gives the total annual cost of home ownership. 

 

In many cases, properties for sale and rentals are likely to vary in characteristics such as 

location, size, and other attributes. However, it is not given that it is impossible to rent a 

house with a large yard, or to buy a small condominium that distributes the services 

available to most renters. In this sense, rentals and properties for sale are often considered 

as substitutes, as there exist attainable alternatives (Smith & Smith, 2006). As a result, 

the rental price and the housing prices are positively correlated, and households will 

demand one or the other, depending on the price differences (Kivedal, 2012). An increase 

in housing prices will contribute to higher demand for rentals, eventually causing a rise 

in rental prices. This process will adjust the prices of housings and rentals back to their 

fundamental value, reducing the spread between the two alternatives (Kivedal, 2012).  

 

In equilibrium, the total annual user cost of owning a house should equal the cost of 

renting. The cost of renting is expressed by the parameter, 𝑅. Therefore, in equilibrium, 

we have the following relationship between renting and owning:  

 

𝑅 =  𝑃(𝑖𝑎 + 𝜏 + 𝑓 − 𝜋) 

 

This equilibrium suggests that the expected annual cost of owning a house should not 

surpass the annual cost of renting, hence there does not exist an arbitrage opportunity in 

the market (Himmelberg, Mayer, & Sinai, 2005). If, however, the price multiplied by the 

user costs exceeds the market rent, housing is relatively costly (Himmelberg, Mayer, & 

Sinai, 2005).  

 

By reorganizing this equation, we get:  

(6.1.2.2) 
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𝑃

𝑅
=  

1

(𝑖𝑎 + 𝜏 + 𝑓 − 𝜋)
 

 

The user cost of housing can further be defined as:  

 

𝑢𝑡 = 𝑖𝑎 + 𝜏 + 𝑓 − 𝜋 

 

The expression above is a restatement of the total annual user cost. However, it states the 

costs in terms of the cost per dollar of house value (Himmelberg, Mayer, & Sinai, 2005). 

This rephrasing enables us to identify that the equilibrium price-to-rent ratio should equal 

the inverse of the user cost:  

 

𝑃𝑡

𝑅𝑡
 =  

1

𝑢𝑡
 

 

On the left-hand side, we have the real price-to-rent ratio, which is computed by dividing 

the average market price of housings, P, to average annual rental rates, R. The real P/R 

ratio is seen in light of historical levels to assess whether the current relationship between 

housing prices and rental prices is relatively high, or in line with the average development. 

If the ratio between these two parameters increases significantly over time and surpasses 

the long-run trend, it may signal that the housing market is overheated (Grytten, 2009). 

Whereas on the right-hand side, we have the inverse user cost of ownership, which is also 

called the fundamental price-to-rent ratio. The equation provides a relationship between 

the actual price-to-rent ratio and the features of the user cost, such as the interest rates, 

depreciation, taxes, and capital gain (Girouard et al., 2006). It also indicates that the price 

is calculated by multiplying the inverse user cost of capital with the rental price in the 

market (Himmelberg, Mayer, & Sinai, 2005). Situations where housing prices increase 

significantly more than rental prices, signals that the demand for owning a property as an 

asset has increased more than the underlying demand for shelter (Mathews, 2014). In the 

long-term, however, the price-to-rent ratio will approach the long-term average, to bring 

housing prices back into alignment with fundamentals (Navellier & Associates Inc., 

2008). A hypothetical scenario can illustrate the relationship between the user cost of 

(6.1.2.3) 

(6.1.2.4) 

 

(6.1.2.5) 
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owning, rental prices, and the purchase price. If the total annual user cost is 10%, given 

that there are no differences between renting and owning, households should be willing 

to pay up to ten times ( 1

0.1
) the market rent in order to purchase a house. Hence, if a single-

bedroom condominium rents out for 5,000 a month, and 60,000 a year, then it should sell 

for maximum 600,000.  

 

The key determinant of the user cost of housing is the real interest rate (Himmelberg, 

Mayer, & Sinai, 2005). A higher (lower) interest rate increases (reduces) the user cost of 

owning due to the higher (lower) cost of debt and opportunity cost of investing in housing. 

Hence, making renting relatively more expensive compared to buying a house. 

Furthermore, a low real interest rate makes homeownership relatively appealing as it 

reduces mortgage payments and returns on alternative investments. With a high interest 

rate, it is natural to expect the opposite. Taxes are also affected by changes in interest rate 

through the tax shield on mortgage interest, and taxable return on equity from alternative 

investments. Therefore, a marginal reduction in the real interest rate decreases the user 

cost by (1 − 𝜏) (Himmelberg, Mayer, & Sinai, 2005). When looking at house price 

appreciation, studies show that the expected rates may differ across markets and cities. 

House price appreciation is incorporated in capital gain, 𝜏, which is subtracted from the 

user cost of owning. Therefore, in metropolitan areas where the expected house price 

appreciation is high, the user cost of capital is lower than areas with lower expected 

appreciation.  

 

Criticism 

Despite that the price-to-rent ratio is considered to be a well-established economic metric, 

widely used in many real estate valuations, there are some shortcomings to the model. 

Among these, misconceptions related to the user cost of ownership are prevalent. One 

pitfall is that housing prices do not necessarily correspond to the annual user costs. Hence, 

an increase in housing prices is not automatically consistent with higher user costs. 

Furthermore, it is not given that a rapid price growth is coherent with an overpriced 

housing market, as some areas can exceed the national average price growth for an 

extended period. Another drawback is that households’ expectations related to 

appreciation and tax rates might result in differences in the price-to-rent ratios across 
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areas. Lastly, when the long-term, real interest rates are low and expected price growth is 

high, the relationship between the housing prices and fundamental factors is more 

prominent. Therefore, circumstances of abnormally high house prices and price growth 

do not implicitly indicate irregularities in the market.  

Other shortcomings are the assumption of low-cost arbitrage between owning and renting. 

In practice, this is unrealistic as mortgage fees, broker commissions, stamp duties, and 

costs related to moving, increase the barrier to alternate between owning and renting. In 

the short-run, these expenses generate an inconsistency between imputed rents and the 

real rental rates. However, this gap is eliminated in the long-run by the natural activity in 

the market.  

 

There are many forces at play in the housing and rental market making the price-to-rent 

ratio insufficient in some aspects. In addition to the drawbacks mentioned above, the 

dynamics of the housing market are observed to be locally determined. Therefore, they 

might vary between different regions, making comparisons between cities unreliable. 

When using national data to analyze house dynamics, essential economic differences 

between cities are neglected. Therefore, price-to-rent ratios that are viewed as high for 

some cities may be normal for others. Furthermore, cities can react differently to shifts in 

underlying fundamentals. This is especially prominent in areas with relatively inelastic 

housing supply, where the price-to-rent metric is high, and sensitive to changes in interest 

rates. The criticism of the price-to-rent model is mainly based on the theory of 

Himmelberg, Mayer, and Sinai (2005).  

 

Assumptions 

The assumptions behind the price-to-rent ratio model are according to Bremnes and 

Bertelsen (2007, p. 21-22) as follows: 

 

“Housings are assumed to be homogenous, and there exists a corresponding rental rate 

for each of these.”  

Therefore, a price-to-rent analysis is simplified, and calculations are based on aggregated 

data, which applies for numerous types of housings and rentals. However, this assumption 
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contradicts with reality, as housings are heterogeneous goods with respect to factors, such 

as location, construction, and size. 

 

“Owner-occupied and rental housings are assumed to be perfect substitutes.”  

This assumption rests on the expectation that an increase in housing prices will result in 

an increase in demand for rentals, and vice versa. However, as most households have 

strong preferences for owning rather than renting, the assumption of perfect substitutes 

contradicts with how the market works in the real world.  

  

“Zero transaction costs.”  

The price-to-rent model assumes zero transaction costs when purchasing and selling a 

house. The costs of house searching are also assumed to be irrelevant. In practice, these 

assumptions do not hold, as costs such as stamp duties and broker commissions 

constitutes significant sums. 

 

Data material 

Due to inadequate access to qualified and comparable time series data for housing and 

rental rates, a construction of two time series data of housing and rental prices has been 

conducted for the different cities. This method is inspired by the price-level analysis 

performed by the Norwegian Central Bank in Finansiell Stabilitet (2003).  

 

Housing price index 

The house price index for the different cities is based on the available data for yearly 

average house prices per square meter, from NCB for the period 1819-2015. Due to 

limited availability of data, the housing price analyses of the entire country, Oslo, and 

Bergen are based on the period 1865-2016. Trondheim is based on the period 1897-2016. 

The price index for Stavanger is based on Stavanger Statistics for the period 1985-2013 

and Statistics Norway for the period 2014-2016, as the price index for this city is not 

included in the data from NCB. The price statistics are measured in nominal, annual 

average price per square meter in the different cities. In Stavanger, the housing prices are 

an average based on two housing sizes of 150m2 and 80m2 (Stavanger Statistikken, 2017). 

For Oslo, Bergen, Trondheim, and the entire country, the data are based on an average 
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housing of approximately 100m2. Both existing housing and new constructions are 

included in the statistics. However, the existing housing stock dominates the data 

material.  

 

Rental rate index   

The rental prices are based on data from the Living Condition Survey of 2015 from SN, 

as this survey is officially published every third year13. The survey provides precise 

information about the composition of the rental market and the change in average rental 

prices over time. It was first published as official statistics in 2001, and has since been 

published every third year. It provides thorough information nationwide, however, the 

survey lacks specifics about certain cities and rural areas in the country. The geographic 

level of detail is given by publishing the average rents for the areas Oslo and Akershus, 

Østlandet, Agder and Rogaland, Vestlandet, Trøndelag, and Nord-Norge. In addition to 

the Living Condition Survey, SN also publishes a yearly edition of the Rental Market 

Survey. This survey also provides information about the structure of the rental market and 

the average rental prices. However, the Rental Market Survey only presents a snapshot of 

the rental market, hence, it is not able to capture the changes in rental prices over time. 

Moreover, the Norwegian Central Bank has also used the Living Conditions Survey from 

SN in their analysis of the P/R ratio, as it provides precise estimates of rent changes over 

time (Finansiell Stabilitet, 2003).  

 

Due to the limited historical data on rental rates, the annual rent per square meter is 

calculated by using the average annual rents of 2015. The average annual rents are 

adjusted for the CPI index to calculate what the cost of rent per square meter was back in 

1865, and up until 2016. Due to limited data on CPI, related to rental prices, this index is 

constructed of both the general CPI index from 1865 to 1979, and the more specific index 

of house rental prices from 1979 to 2016. The logic behind using the consumer price 

index to calculate the average annual rent back to 1865 is related to regulations in the 

rental market. The regulations of rental prices in Norway prohibits landlords to increase 

the rent above the overall price level given by the consumer price index 

(Leieboerforeningen, 2017). Furthermore, this method is inspired by the Norwegian 

                                                           
13 The following section is based on SN, b, 2017.  
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Central Bank's calculations of the P/R ratio. The calculations of the real P/R ratio are 

presented in Appendix C1.   

 

Fundamental factors 

The parameters included in the user cost of housing are based on a various set of data, 

and the methods used in this section follow the approach of the OECD rapport, where 

they calculate fundamental P/R-ratios for a number of countries (Girouard et al., 2006). 

The mortgage interest rate is based on yearly data on interest rates in banks and mortgage 

companies from SN for the period 1985-2016. The tax rate is based on information from 

The Norwegian Tax Administration. The after-tax nominal mortgage rate, 𝑖𝑎, is calculated 

as follows: (nominal mortgage rate) x (1- tax rate), and therefore neutralizes the benefit 

from the tax deduction. Property tax on owner-occupied houses, 𝜏, varies for the different 

municipalities in the country, as it is locally determined. The input in the calculations of 

this parameter is based on data from SN and email correspondence with the municipalities 

(Appendix C2-C4). Following the method of the OECD report, the parameter value for 

the recurring costs is set constant at 4% (Girouard et al., 2006). Finally, the estimation of 

the capital gain or loss on housing, 𝜋, is computed by using the consumer price index as 

a proxy for capital gain or loss from 1985-2016. The calculations of the fundamental P/R 

ratio are presented in Appendix C5.  

 

Findings 

In the following section, the development in the Norwegian housing market is analyzed 

by examining the changes in the real price-to-rent ratio, while at the same time comparing 

this ratio with the fundamental price-to-rent ratio. Similar to the HP-filter analysis, this 

analysis covers the development of the entire country, and the four largest cities.  

 

Development in the real P/R ratios 

The development in the real price-to-rent ratio in Norway and the four largest cities is 

presented in figure 6.1.2.1.  
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The ratio for the country and the cities has fluctuated greatly during the observed period, 

with an overall increasing trend. In Oslo, the ratio shows the effects on house prices 

relative to rental rates of the market crash of Christiania, during the period from 1895 to 

1910. For the other cities and the overall country, the effects of this market crash went 

unnoticed. In the interwar and postwar period 1914 to 1980, the ratio fluctuated, mostly 

in Oslo, but remained relatively stable. In 1988, the figure shows a significant fall in the 

ratio, denoting the Norwegian banking crisis where housing prices dropped substantially, 

leaving a smaller gap between purchasing prices and rental prices up until 1993. 

Thereafter, the ratio increased as housing prices rose rapidly relative to rental prices, set 

aside from a minor setback from the financial crisis in 2007. From 2010 and up until 

today, the ratio has reached historically high levels with housing prices outperforming 

rental prices significantly. When comparing Stavanger to the other cities and the country, 

the P/R ratio has been higher from 2007. However, from 2014, the city had a different 

development where the ratio declined, which was caused by falling oil prices in the 

international economy. As Stavanger is known for its heavy oil-related industry, it is not 

surprising that the housing prices fell along with the oil prices, causing the P/R metric to 
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fall significantly during the same period. The development in the real P/R ratio during 

this period can also be illustrated by looking at the changes in the housing prices, relative 

to the rental prices and consumer price index, see Appendix C6. In the years before 1979, 

the rental prices are adjusted for the overall CPI, and the developments of the two factors 

are indistinguishable. As illustrated in Appendix C6, the development of housing price 

index and rental price index were almost identical in the period before 1988. Between 

1989 and 1998 the housing prices had a slower development than rental prices, which can 

be explained by the Norwegian banking crisis that caused housing prices to drop. 

However, the deviation between the housing prices and rental rates might appear to be 

larger than it was in reality. This is due to the fact that the rental prices are just estimates 

due to lack of data on the actual rental rates. The rental rates and CPI are almost identical 

throughout 1985 to 2000, which means that rental rates have risen accordingly to the 

increase in the consumer price index. From 2000 and up until today, the rental prices have 

increased somewhat more than the overall CPI. During the same period, the housing 

prices have had an accelerated development compared to the other factors and continue 

to develop at a high pace. The large difference in the development of housing prices and 

rental prices is also due to the restricted development in rental prices. As previously stated 

in section 6.1.2, the real P/R ratio is seen in light of historical levels in order to assess 

whether the current relationship between housing prices and rental prices is relatively 

high or in line with the average development (Grytten, 2009). The P/R ratio in 2016 is 

historically high for all regions and the country, with the exception of Stavanger. Hence, 

it is prominent that the ratio between the two parameters has surpassed the long-term 

trend.  

 

Summary  

In sum, the P/R ratios of the four cities and the overall country show an overall increasing 

trend during the period of the analysis. The graphs follow the same pattern during the 

Norwegian banking crisis and the financial crisis. Historically, the rental prices and 

housing prices have had a more similar development, and housing prices do not diverge 

substantially before the period after the Norwegian banking crisis. This is also illustrated 

in the figures related to the development of housing prices, CPI, and rental prices for the 

different cities and the country in Appendix C6. When comparing the P/R ratios of the 
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four cities, the patterns reveal that Bergen and Trondheim have had a similar development 

in the ratio. Oslo seems to generally be developing on a somewhat higher level. Therefore, 

a higher P/R ratio is expected in Oslo in comparison to Bergen and Trondheim. Stavanger 

has had the overall highest P/R ratio during the period, however, this development and 

other outlying fluctuations can be explained by differences in fundamental factors, which 

will be discussed later in this section.  

 

In 2016, the real P/R ratio for the different cities was measured to be 26.4 for the country, 

25.48 in Oslo, 18.58 in Bergen, 21.89 in Stavanger, and 18.96 in Trondheim. Obviously, 

Oslo currently has a higher P/R level than the other cities. However, as mentioned in the 

section of theory, a high P/R ratio for one city can be normal for another, as there are 

regional differences in the housing market. Therefore, comparing P/R ratios of different 

cities requires cautious interpretation and understanding of underlying fundamental 

factors. If the development in housing prices were equal to the development in rental 

prices, the P/R ratio would remain constant and would thereby be illustrated as a 

horizontal straight trend line. According to Grytten (2009), a constant relationship 

between housing prices and rental prices would imply that the market is correctly priced. 

In order to obtain a profound understanding of the development of the P/R ratio, an 

analysis of the fundamental P/R ratio has been conducted. This analysis reveals the 

optimal real P/R ratio, where housing prices are in equilibrium with their fundamental 

value in the market.  

 

Fundamental P/R ratios 

This section will conduct a comparison of the development in the real P/R ratio and the 

fundamental P/R ratio, in order to provide a stronger understanding of the macroeconomic 

factors affecting the Norwegian housing market. The calculations of the fundamental P/R 

ratio apply for the time span 1985 to 2016, as this is the period where housing prices 

began to differ significantly from rental prices in the market.   
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Norway 

Property taxes are determined by municipalities. Hence, there does not exist an overall 

property tax that applies to the entire country. In the calculation of the fundamental ratio, 

the property tax is therefore ignored. 

 

  

 

 

 

The movement in the fundamental and the real P/R ratio is depicted in figure 6.1.1.2 

above. Some fluctuations can be observed, however, the development in the real P/R ratio 

has generally followed the same pattern as the fundamental P/R ratio. The graph shows 

that from 1985 to 2000, the fundamental P/R metric was on an overall higher level than 

the real P/R ratio. This means that during this period, the relationship between housing 

prices and rental prices was driven by fundamental factors in the economy. The increasing 

real interest rates during this period gradually led to declining demand, that eventually 

caused the housing prices, and thus the real P/R ratio, to fall considerably. At the same 

time, the high interest rates also resulted in a lower fundamental P/R ratio. However, the 

fundamental P/R ratio still surpassed the real P/R ratio. In the aftermath of the Norwegian 

banking crisis, housing prices were low. However, after 1993, the house price indices 

recovered rapidly as seen by the upwards sloping curve of the real P/R ratio. Between 
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2000 and 2006, the fundamental P/R ratio fluctuated significantly as it switched back and 

forth between periods where it lay below and slightly above the real P/R ratio. The real 

P/R ratio, on the other hand, has had an overall increasing trend. From 2007 and up until 

2015, the real P/R ratio has consistently remained above the fundamental P/R metric. 

During this period, real interest rates have generally been low and decreasing over time. 

The low interest rates have caused the fundamental ratio to increase over time, however, 

they have also accelerated the increasing housing prices greatly due to the low mortgage 

payments. The higher real P/R ratio relative to the fundamental P/R metric shows that the 

low interest rates have had a greater effect on housing prices, as fundamental factors are 

not able to fully explain the divergence between housing prices and rental prices. 

Furthermore, low interest rates have increased the demand for purchasing housings, due 

to the profitability of owning rather than renting. In 2016, the fundamental ratio is well 

above the real P/R ratio, with values of 32.98 and 26.24 respectively, which indicates that 

the housing prices in 2016 can be explained by fundamental factors.   

 

Oslo  

Tax on property was implemented in 2016 and was set at 0.2% (Oslo Kommune, 2016). 

The development in Oslo is very similar to the development throughout the country. 

However, the fundamental P/R ratio was in 2016 registered to be 30.94, whereas the real 

P/R ratio was recorded to be 33.66. This indicates that the deviating relationship between 

housing prices and rental prices are not supported by the development in fundamental 

factors. 
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Oslo has at the same time had a communal council that has been slow in its progress 

towards establishing property taxes. The delayed property taxes have further reinforced 

the demand towards purchasing, as the lack of taxes has made it even more profitable to 

own a property due to the low user costs of housing services. 

 

Bergen 

The development of the fundamental P/R ratio and the real P/R ratio for the period 1985 

until 2016 is illustrated in figure 6.1.2.4 below. Properties in Bergen have been taxed 

since 2007, and the tax rate was initially set at 0.6% in 2007 and 2008, before it was 

reduced to 0.3% from 2003 to 2012. In 2013, the tax was raised to 0.5% and has remained 

at this rate ever since.  
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The fundamental P/R ratio shows the same pattern in Bergen as in Oslo. It was generally 

above the real P/R ratio from 1990 to 1998. From 2001 and forwards, the fundamental 

P/R ratio fell and remained at a lower level than the real P/R ratio. In 2003, however, the 

ratios were almost equal. After 2003, the ratios drifted further apart. In 2007, following 

the financial crisis and the introduction of property tax, the deviation between the two 

metrics reached its highest level, with a registered gap of 19.48. The higher interest rates 

from the crisis resulted in lower fundamental and real P/R ratio due to falling housing 

prices. After 2007, the real P/R ratio increased rapidly as housing prices reached new 

levels, whereas the fundamental P/R ratio increased before it fell again in 2011. 

Equivalent to Oslo, the development in the fundamental P/R ratio and real P/R ratio is 

related to changes in real interest rates, and to some degree the tax on property. However, 

the large deviation between the two ratios bears witness that there might be other factors 

at play that are driving the development of the underlying factors. Furthermore, in contrast 

to Oslo, the deviation between the two metrics is much larger in Bergen, where it is 

registered to be 18.42, as opposed to Oslo where the deviation is measured to lie at 2.73 

in 2016. This means that the development in the housing market in Oslo is relatively 
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closer related to the development in fundamental factors in the economy than it is in 

Bergen.  

 

Stavanger 

Tax on property was implemented in 2007 and was set at 0.2%. In 2015, the tax rate was 

raised from 0.2% to 0.4% and has remained at this level since. Similarly to Oslo and 

Bergen, the fundamental P/R ratio in Stavanger shows a somewhat similar pattern, where 

it has been above the real P/R ratio from 1991 until 1997. Since 1998, the fundamental 

P/R ratio has fluctuated significantly, but it has remained on an overall lower level than 

the real P/R ratio. The divergence between the two metrics becomes particularly 

prominent after 2006, where the real P/R ratio has an overall steady growth, whereas the 

fundamental P/R ratio falls considerably from 21.01 to 10.68. Similarly to Oslo and 

Bergen, this development is connected to the financial crisis, enhanced by the 

introduction of property tax, and the low interest rates present in the market from 2008 

and onwards. The reduction of the interest rate together with the implementation of an 

expansive fiscal policy improved the real estate market, driving housing prices and the 

real P/R ratio to higher levels. At the same time, the low interest rates increased the 

fundamental P/R ratio after 2008, however the introduction of property taxes more than 

offset the benefits of the lower interest rates. Therefore, as seen in figure 6.1.2.5, the 

fundamental P/R ratio plunges down in 2007 and does not recover before late 2008.  
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The declining real P/R ratio in 2014 and up to 2016 is explained by the development of 

the international oil industry. The intensive oil industry in Stavanger suffered greatly from 

the falling oil prices, leaving several individuals unemployed. The increasing 

unemployment forced households to sell their homes to acquire new jobs in other cities. 

Furthermore, the weak economic outlook for the city quickly spilled over to the housing 

market, causing house prices to decline rapidly relative to the rental prices. In effect, the 

real P/R ratio dropped heavily, whereas the fundamental P/R ratio climbed upwards, 

causing the gap between the two ratios to close to some extent.  

 

Trondheim 

Property taxes in Trondheim are dated back to the 1870s, however, due to unavailable 

data, the property taxes are only registered from 1985 and onwards. In 1986, they were 

originally set at a rate of 0.7%, and they remained so up until 2004. The calculations have 

been simplified by assuming a property tax of 0.7% in 1985 as well. In 2004 and 2007, 

they were reduced respectively to 0.44% and 0.37%, before they were raised to 0.42% in 

2008. Between 2009 and 2016, they were raised on several occasions to respectively 

0.52% in 2009, 0.53% in 2011, 0.55% in 2015, and lastly to 0.57% in 2016. Contrary to 
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the other cities, Trondheim has had a different pattern in the development of the 

fundamental P/R ratio and the real P/R ratio. The fundamental P/R ratio has throughout 

the entire period remained below the real P/R ratio. This indicates that the development 

of the real P/R ratio is not supported by the development in the fundamental P/R ratio.  

 

 

 

 

 

The divergence between the fundamental and the real P/R ratio was at its lowest between 

1991 and 1995. This means that the development of the real P/R ratio during this period 

was closely connected to the development in the fundamental factors. Thereafter, the 

deviation between the two ratios has increased significantly. The real P/R ratio has had 

an overall increasing trend, apart from 2007 where the ratio dropped as a result of the 

falling housing prices during the financial crisis. During the same period, the fundamental 

ratio experienced some minor fluctuations, and has remained rather stable ever since. 

Similar to Bergen and Stavanger, the gap between the two ratios is large. 

 

Summary 

The investigation of the real and fundamental P/R ratio reveals that the development of 

the real P/R ratio for the country and the four cities has on an overall level escalated since 
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the 1990s. This development is to some degree explained by the expansive monetary and 

fiscal policy. However, the deviation between the two ratios is of such size, that it cannot 

be supported by the underlying fundamental factors in the P/R ratio. Oslo is the city where 

the deviation between the two ratios is the smallest with an average of 1.04 throughout 

the entire period, whereas Stavanger has the overall largest average deviation of 6.99 

during the same period. However, the analysis that has been conducted has some 

shortcomings. The most important being the limited access to data resulting in necessary 

assumptions and estimations to calculate the rental rates. Furthermore, the CPI related to 

rent has been constructed by two different statistics, where the period after 1979 is 

expected to be more accurate. Additionally, the recurring costs and capital gain/loss are 

based on estimations from the OECD report and the CPI, which might not reflect the 

actual costs or gains. These restrictions and modifications consequently imply less precise 

estimates and results of the analysis. Findings based on the analysis should, therefore, be 

carefully interpreted. 

 

6.1.3 Conclusion of housing market’s sustainability  

The economic measures, Hodrick-Prescott filter and the price-to-rent ratio, are well-

established but simplified metrics. In sum, the HP-filter shows an exponential growth in 

the house price indices after the Norwegian banking crisis. Accordingly, the market in 

Oslo is potentially overvalued, while Bergen, Trondheim, and the overall country appear 

to be correctly valued. Stavanger is potentially undervalued. On the contrary, the P/R 

ratios might indicate overheated housing prices for all cities, compared to the fundamental 

P/R ratios. Both measures imply low sustainability in the growth in Oslo and Stavanger, 

however, they have contradicting results for the other cities. As reported by the HP-filter, 

Stavanger might be undervalued, whereas the P/R ratio portrays an overvalued market. 

The growth in Bergen, Trondheim, and the country in general, is sustainable according to 

the HP-filter, while the P/R ratio shows an unsustainable growth for the cities, but not for 

the country. However, these measures are imperfect as they fail to measure whether high 

P/R ratios are caused by housing bubbles, or by the development in other fundamental 

factors in the economy. Income, unemployment, demographics, new constructions and 

bank’s lending policies are factors that should be considered when evaluating the housing 

market. Despite these shortcomings, the analysis provides valuable information about the 
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present condition. However, in order to obtain a broader and better understanding of the 

situation in the housing market, the fundamental factors mentioned above will be tested 

in an econometric analysis.   

 

6.2 Econometric analysis 

In the literature review, we discovered weaknesses in several studies of the housing 

market. Many of the studies solely applied economic tools such as the price-to-income 

and price-to-rent ratio without also including an econometric analysis. In the following, 

we will, therefore, supplement our empirical analysis with an econometric analysis 

consisting of a replication study of the Norwegian housing model of Jacobsen and Naug 

(2004). In the next sections, the methodology of the econometric analysis is given 

together with the regression models and results.  

 

6.2.1 Methodology  

The following section describes the econometric theory and methodology behind classical 

linear regression models and time series regressions. The econometric concepts of 

correlation, stationarity, and autocorrelation are emphasized as they have significant 

implications for statistical inference when working with macroeconomic data and time 

series analysis. Furthermore, cointegration, spurious regressions and error correction 

models are devoted particular attention due to their essential role when modeling both 

short-run and long-run relationships in the economy. The methodology of the 

econometric analysis is mainly based on the books by Brooks (2008), Pedace (2013), 

Stock and Watson (2011), and Wooldridge (2009). 

 

Time-series regression 

Multiple regression analysis is an econometric technique employed to determine the 

causality between one dependent variable and multiple independent variables 

(Wooldridge, 2009). When modeling the macroeconomic relationship between housing 

prices and economic fundamental factors, the data consist of observations at several 

successive periods in time, for every variable included in the model. With this type of 

data, time series regression is the most appropriate tool, as it accounts for the time 

dimension in the model. In time series regressions, quarterly data are typically applied as 
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they manage to capture the seasonal fluctuations or changes in activity throughout the 

year (Wooldridge, 2009). The advantage when operating with time series regression is 

the opportunity to distinguish between short-term and long-term relationships between 

macroeconomic variables. When modeling the relationship between housing prices and 

fundamental factors, observing short-term and long-term effects and causality is crucial 

for understanding the dynamics of the housing market and the overall economy of a 

country. The regression analysis conducted in this thesis has therefore been constructed 

to explain both the short- and long-term relationship between housing prices and income, 

interest rate, unemployment, and new constructions.  

 

Ordinary Least Square (OLS) assumptions   

A linear regression model estimates the parameters for the dependent and independent 

variables. The purpose of OLS is to obtain the best possible fit between the actual value 

and the predicted values of the dependent variable (Janssens et al., 2010). A simple linear 

model can be stated as follows:  

 

𝑌𝑡 = 𝛽0 + 𝛽1𝑋𝑡 + 휀 

 

The parameter 𝛽0 is the constant of the model, 𝛽1 represents the slope coefficient, and 휀 

is the error term of the model. The variable 𝑌𝑡 is the dependent variable, and 𝑋𝑡 is the 

explanatory variable. The coefficients of the variables are commonly determined by 

applying the Ordinary Least Squares method, which yields parameters that provide the 

smallest deviation between the actual value and the predicted values. In order to employ 

the OLS method, a number of underlying properties have to be satisfied for the analysis 

to be valid and reliable, and for the outcome to be unbiased (Wooldridge, 2009). The 

underlying assumptions are as follows (Wooldridge, 2009, p. 345-351): 

 

I. Linearity in parameters. This articulates that the time series process follows a 

model that is linear in its parameters: 𝑦𝑡 = 𝛽0 + 𝛽1𝑥𝑡1+. . . . +𝛽𝑘𝑥𝑡𝑘 + 𝑢𝑡 

II. No perfect collinearity in the sample. No independent variable is constant nor a 

perfect linear combination of the other independent variables. This assumption 

(6.2.1.1) 
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allows the explanatory variables to be correlated, but it rules out perfect 

correlation in the sample.  

III. Zero conditional mean, which simply implies that the expected value of the error 

term, given the explanatory variables for all time periods, is zero. This is a crucial 

assumption, and in practice, this means that the error term cannot be correlated 

with any of the explanatory variables at any time period. If 𝑢𝑡 is independent of 

𝑋, and 𝐸(𝑢𝑡) = 0, then this assumption automatically holds. We can state this 

assumption as follows: 𝐸(𝑢𝑡| 𝑋) = 0, 𝑡 = 1,2, . . . , 𝑛. 

IV. Homoscedasticity. This assumption means that the variance of the error term 

cannot depend on X. It is sufficient that the error term and X are independent and 

that the variance of the error term is the same for all time periods, i.e. it must be 

constant over time. This assumption can be stated as follows: Conditional on 𝑋, 

the variance of 𝑢𝑡 is the same for all 𝑡: 𝑉𝑎𝑟 (𝑢𝑡| 𝑋)  =  𝑉𝑎𝑟(𝑢𝑡)  = 𝜎2, 𝑡 =

1,2, . . . . , 𝑛.  

V. No serial correlation: conditional on the independent variable X, the errors in two 

different time periods are uncorrelated: 𝐶𝑜𝑟𝑟(𝑢𝑡, 𝑢𝑖|𝑋)  = 0, 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑡 ≠ 𝑖. 

VI. Normality. The error term, 𝑢𝑡, is independent of the explanatory variables, 𝑋, and 

is normally distributed with zero mean and variance: 𝑢 ∼ 𝑁 (0, 𝜎2).   

 

These properties are also called the Gauss-Markov assumptions for time series regression 

applications. When these assumptions are satisfied the OLS estimators are the best linear 

unbiased estimators (BLUE), and standard errors are independently and identically 

distributed. This means that the usual t statistics can be used for testing statistical 

significance of individual explanatory variables. The observed t-values are calculated as 

follows:  

𝑂𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑡 − 𝑣𝑎𝑙𝑢𝑒 =  
�̂�𝑖

𝑠𝑒(�̂�𝑖)
   

 

The strict exogeneity and no serial correlation assumptions in time series regressions can 

be unrealistic, however, the framework is a good starting point (Wooldridge, 2009).  

    

(6.2.1.2) 
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Spurious regression 

In regression analysis, trending time series are characterized by independent data series 

moving in the same direction, where both are either increasing or decreasing. Usually, 

these series have a time trend, which is common in economic time series (Wooldridge, 

2009). The hazards of trending time series are that they can provide incorrect causal 

inference, leading statisticians to believe that changes in one variable are genuinely 

caused by shifts in another variable. In reality, the relationship between trending variables 

is simply because they are independently growing or declining over time (Wooldridge, 

2009). This phenomenon is known as the spurious regression problem, and it provides 

incorrect statistical evidence of causal relationship between the dependent and 

independent variables. Common signals of spurious regressions are high R-squared 

values, which indicate the proportion of the changes in the dependent variable that is 

explained by changes in the independent variables. Hence, spurious regressions overstate 

the explanatory power of the independent variables (Pedace, 2013). The issue of spurious 

regression results is usually related to non-stationarity of variables, and the problem is 

not solved by increasing the sample size. On the contrary, the problem is only enlarged 

with the size of the sample. Traditionally, the approach of eliminating the spurious 

regression problem has been to detrend the series by directly including a time trend 

component that accounts for the non-stationary presence in the regression model 

(Wooldridge, 2009). In practice, the time trend component captures the co-movements of 

the variables, and allows the statistician to draw conclusions about causal relationship in 

the regression model (Pedace, 2013). Another way to deal with spurious regressions is by 

differencing the time series before using them in a regression analysis, thereby removing 

any stochastic or deterministic time trend. Therefore, rather than including a time trend 

in the model, we can difference the specific variables that display noticeable trends 

(Wooldridge, 2009). We will review differencing of time series later in the following 

section, where stationarity is discussed in more details.   

   

Stationarity and non-stationarity  

Stationarity in time series is explained as a stochastic process whose probability 

distributions are constant over time (Wooldridge, 2009). In practice, this means that if we 

take a number of random variables and move them 𝑖 time periods ahead in time, the joint 
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probability distribution of the random variables must remain constant across time 

(Wooldridge, 2009). Stationarity of a time series also requires that the following 

properties are satisfied: 

 

𝐸(𝑥𝑡) =  𝑢𝑡 , 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑡𝑖𝑚𝑒 𝑝𝑒𝑟𝑖𝑜𝑑𝑠, 𝑡 

𝑉𝑎𝑟(𝑥𝑡) = 𝜎2 , 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑡𝑖𝑚𝑒 𝑝𝑒𝑟𝑖𝑜𝑑𝑠, 𝑡  

𝐶𝑜𝑣(𝑥𝑡, 𝑥𝑡+𝑖)  =  𝜌 , 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑡𝑖𝑚𝑒 𝑝𝑒𝑟𝑖𝑜𝑑𝑠 𝑡 𝑎𝑛𝑑 𝑎𝑙𝑙 𝑖 ≠ 0 

 

In other words, a stationary time series has a constant mean distribution, variance, and 

covariance that is equal for all time periods. Stationary time series that satisfy all three 

properties are defined as strictly stationary processes. Weakly stationary processes are 

time series where only the property of constant mean and variance for all time periods are 

fulfilled. In theory, strictly stationary processes are commonly used to define a stationary 

variable. In practice, however, statisticians often apply weakly stationary processes, as 

the assumption of strictly stationary processes is rarely fulfilled with economic time 

series.  Violation of these properties implies that the time series is non-stationary and that 

the mean, variance, and covariance of the series changes over time (Wooldridge, 2009). 

If the series are non-stationary, then traditional hypothesis test, confidence intervals, and 

forecasts can be unreliable (Stock & Watson, 2011). Stationarity is, therefore, important 

because if we want to understand the relationship between housing prices and 

fundamental factors using regression analysis, we need to assume some sort of stability 

over time.  

 

The most common cause of violation of stationarity are trends in mean, which can either 

be due to the presence of a stochastic or a deterministic trend (Wooldridge, 2009). A 

deterministic trend is a non-random function of time, whereas a stochastic trend is random 

and various over time (Stock, Watson, 2011). For example, a linear deterministic trend in 

the interest rate could be that the interest rate increased by 0.2 percentage points per 

quarter. The trend could then be written as 0.2t, where t denotes quarters. On the contrary, 

a stochastic trend in the interest rate could display an extended duration of an increase, 

followed by an extended duration of decrease (Stock, Watson, 2011). In the case of a 

stochastic trend, shocks have permanent effects, and the process is not mean-reverting, 

(6.2.1.3) 

(6.2.1.4) 

 (6.2.1.5) 

 



78 

 

meaning that the series does not return to its equilibrium. With deterministic trend, shocks 

only have transitory effects, and the series returns to its long-term average, which adjusts 

deterministically over time, in line with the trend. As mentioned above, time series can 

be transformed into a stationary series by differencing (Wooldridge, 2009). 

Differentiation of random variables, 𝑥𝑡, can be defined as follows: 𝛥𝑥𝑡  = 𝑥𝑡 − 𝑥𝑡−1, 

where 𝑥𝑡−1 is a lagged variable of 𝑥𝑡. In other words, we subtract last period's value from 

the present period and end up with the first-differentiated variable, 𝛥𝑥𝑡. If 𝑥𝑡 is 

transformed into a stationary series after first-differencing, then 𝛥𝑥𝑡 is integrated by first 

order I(1). In general, we can define a time series to be integrated of order I(d), where d 

denotes the number of times the time series must be differenced to be transformed into a 

stationary process. In cases where a random variable, 𝑥𝑡, is stationary without 

differencing, the variable is defined as integrated of order zero, I(0) (Wooldridge, 2009). 

Stationarity is conventionally tested by performing a Dickey-Fuller (DF) test or an 

Augmented Dickey-Fuller (ADF) test accounting for autocorrelation. If we observe the 

following dynamic model:  

 

𝐻𝑜𝑢𝑠𝑖𝑛𝑔 𝑝𝑟𝑖𝑐𝑒𝑠𝑡 = 𝛼 +  𝜌𝐻𝑜𝑢𝑠𝑖𝑛𝑔 𝑝𝑟𝑖𝑐𝑒𝑠𝑡−1 + 휀𝑡,           𝑡 =  1,2, . . . , 𝑇 

 

Where 휀𝑡 is independent and identically distributed with mean equal to zero and constant 

variance. The process of the dynamic model has a unit root, meaning that it has a 

stochastic trend if the parameter 𝜌 = 1. If 𝛼 = 0 and 𝜌 = 1, then we can conclude that 

the dynamic model follows a random walk14. If 𝛼 ≠ 0 and 𝜌 = 1, the time series has a 

random walk with a drift, where the drift measures the trend in the process. In essence, 

the Dickey-Fuller and Augmented Dickey-Fuller tests investigate whether a time series 

has a unit root or not and accordingly the null hypothesis and alternative hypothesis are:  

 

𝐻0: 𝜌 = 1 𝑡𝑖𝑚𝑒 𝑠𝑒𝑟𝑖𝑒𝑠 ℎ𝑎𝑠 𝑎 𝑢𝑛𝑖𝑡 𝑟𝑜𝑜𝑡 

𝐻1: 𝜌 < 0 𝑡𝑖𝑚𝑒 𝑠𝑒𝑟𝑖𝑒𝑠 𝑖𝑠 𝑠𝑡𝑎𝑡𝑖𝑜𝑛𝑎𝑟𝑦 

       

                                                           
14 Random walk is defined as a time series where the present value of a random variable is composed of 

the value from the past period and an error term with white noise. White noise process is a process with a 

mean zero and no correlation between its values at different times 

(6.2.1.7) 

(6.2.1.6) 

(6.2.1.8) 
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A conventional method when implementing the DF test is to subtract 𝐻𝑜𝑢𝑠𝑖𝑛𝑔 𝑝𝑟𝑖𝑐𝑒𝑠𝑡−1 

from both sides of the following dynamic model:  

 

𝐻𝑜𝑢𝑠𝑖𝑛𝑔 𝑝𝑟𝑖𝑐𝑒𝑠𝑡  − 𝐻𝑜𝑢𝑠𝑖𝑛𝑔 𝑝𝑟𝑖𝑐𝑒𝑠𝑡−1  

= 𝜌𝐻𝑜𝑢𝑠𝑖𝑛𝑔 𝑝𝑟𝑖𝑐𝑒𝑠𝑡−1 − 𝐻𝑜𝑢𝑠𝑖𝑛𝑔 𝑝𝑟𝑖𝑐𝑒𝑠𝑡−1 + 휀𝑡  

𝛥 𝐻𝑜𝑢𝑠𝑖𝑛𝑔 𝑝𝑟𝑖𝑐𝑒𝑠𝑡 = (𝑝 − 1)𝐻𝑜𝑢𝑠𝑖𝑛𝑔 𝑝𝑟𝑖𝑐𝑒𝑠
𝑡−1

+ 휀𝑡 

 

Thus, the test-statistics of the Dickey-Fuller test for a unit root is defined as follows: 

 

𝐷𝑖𝑐𝑘𝑒𝑦 − 𝐹𝑢𝑙𝑙𝑒𝑟 =
�̂� − 1

𝑠𝑒(�̂�)
 

 

Where 𝑠𝑒(�̂�) is the standard deviation of �̂�. If the test-statistics of the DF test is larger 

than the critical value given by the Dickey-Fuller distribution, we can reject the null 

hypothesis. This means that the time series does not have a unit root, hence, the series is 

stationary (Wooldridge, 2009).  An important assumption of the Dickey-Fuller test is that 

the error term does not have autocorrelation, meaning that there is no relationship between 

the values of the error term in different periods. Therefore, in circumstances where the 

error term suffers from serial correlation, the Augmented Dickey-Fuller test is employed. 

The intuition behind the Augmented Dickey-Fuller test is to incorporate as many elements 

in the dynamic model as it takes to make the error term white noise, which means that 

there is no autocorrelation. More specifically, the ADF test incorporates a constant term, 

𝛼, a trend element, 𝜂𝑡, and lagged values of 𝛥𝐻𝑜𝑢𝑠𝑖𝑛𝑔 𝑝𝑟𝑖𝑐𝑒𝑠𝑡 in the dynamic model. 

This leaves us with the following model: 

 

𝛥𝐻𝑜𝑢𝑠𝑖𝑛𝑔 𝑝𝑟𝑖𝑐𝑒𝑠𝑡

= 𝛼 + 𝜂𝑡  + (𝜌 − 1)×𝐻𝑜𝑢𝑠𝑖𝑛𝑔 𝑝𝑟𝑖𝑐𝑒𝑠𝑡−1

+ ∑𝛥𝐻𝑜𝑢𝑠𝑖𝑛𝑔 𝑝𝑟𝑖𝑐𝑒𝑠𝑡−𝑖 + 휀𝑡

𝑛

𝑖=1

 

 

The number of lags of 𝛥𝐻𝑜𝑢𝑠𝑖𝑛𝑔 𝑝𝑟𝑖𝑐𝑒𝑠𝑡 included in the dynamic model can be 

determined by using various information criteria (IC), some of them being the Akaike's 

(6.2.1.11) 

(6.2.1.9) 

(6.2.1.10) 
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IC and Schwarz's Bayesian IC. One can also look at the t-values of the coefficients of the 

lagged 𝛥𝐻𝑜𝑢𝑠𝑖𝑛𝑔 𝑝𝑟𝑖𝑐𝑒𝑠𝑡−𝑖 and only include the significant parameters in the dynamic 

model (Wooldridge, 2009). Whether a trend element or a constant term is incorporated in 

the model depends on the nature of the time series we are testing. If a graphical 

representation of the time series clearly shows the appearance of a time trend, then a trend 

element or differencing should be applied in the regression. The test itself is conducted 

in the same manner as the original Dickey-Fuller test. However, the critical values of the 

t-statistics are modified depending on whether we incorporate a trend term or not 

(Wooldridge, 2009). It is important to keep in mind though, that the Dickey-Fuller test 

has its weaknesses as the strength of the test is relatively low. Thus, there is a high 

probability of rejecting the null hypothesis of non-stationary time series, and we can 

falsely conclude that our time series model is stationary. Another problem that might 

occur when estimating time series models is autocorrelation, which will be further 

discussed in the next section.       

 

Autocorrelation 

Autocorrelation is one of the main issues when working with time series regressions. In 

the presence of autocorrelation, the assumption of no correlation between the error terms 

in different time periods is violated. This violation is also referred to as serial correlation 

(Wooldridge, 2009). In the event of autocorrelation, the coefficient estimates will still be 

unbiased, but they will be inefficient meaning that they will no longer be BLUE. The 

standard error estimates of the coefficient could potentially be underestimated relative to 

the true standard errors. This results in the possibility that wrong inferences could be 

made about whether a variable is a significant determinant of variations in the dependent 

variable (Brooks, 2008). Autocorrelation may also exist when the regression model is 

misspecified, where variables are defined differently, some in quadratic form and others 

in logarithmic form. It is, therefore, important to transform the variables before running 

a regression. Seasonality can also contribute to autocorrelation, as the cyclical pattern is 

not captured. For time series with quarterly data, it is conventional to include dummy 

variables to adjust for seasonality. When including dummies, it is critical to not include 

dummy variables for all seasons, as this would lead to the Dummy Variable Trap and 

multicollinearity, resulting in biased estimates (Wooldridge, 2009).  
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Autocorrelation can be both positive and negative. Positive autocorrelation is most 

common and can be characterized as an error of a given sign, followed by an error of the 

same sign. On the contrary, in negative autocorrelation, the error term will be followed 

by an error term of the opposite sign. Positive or negative autocorrelation can be corrected 

by applying serial correlation robust standard errors, also referred to as Newey-West 

standard errors. These standard errors are larger than normal, hence, it is reasonable to 

test for autocorrelation before implementing this method. Autocorrelation is 

conventionally tested by inspecting the residuals of the regression. The Durbin-Watson 

(DW) statistics is the most popular test for autocorrelation. The test uses the estimated 

correlation between the error term at time t and at time t-1 to check for serial correlation 

(Wooldridge, 2009). The test statistic can be defined as follows:  

 

𝑢𝑡 = 𝜌𝑢𝑡−1 + 𝜐𝑡 

 

Where 𝑢𝑡 ∼ 𝑁(0, 𝜎𝜐
2). The null and alternative hypothesis are as follows:  

 

𝐻0: 𝜌 = 0 

 𝐻1: 𝜌 ≠ 0 

 

Where the null hypothesis suggests no relationship between errors at time t-1 and t, 

therefore rejecting the null hypothesis would imply that the residuals suffer from 

autocorrelation. The DW test is defined as:  

  

𝐷𝑊 =
∑ (û𝑡 − û𝑡−1)

2𝑇
𝑡=2

∑ û𝑡
2𝑇

𝑡=2

 

 

There is no specific critical value in the test which defines when to reject the null 

hypothesis of no serial correlation. However, different intervals indicate evidence of 

autocorrelation. Specifically, a value close to 2, suggests no autocorrelation, whereas 

values closer to 0 or 4 imply positive or negative autocorrelation respectively. 

Nevertheless, the Durbin-Watson test is inadequate for dynamic models as these models 

often include lags of the dependent variable in the regression. This violates one of the 

(6.2.1.12) 

(6.2.1.13) 

(6.2.1.14) 

 

(6.2.1.15) 
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conditions of the Durbin-Watson test in order to provide valid test results (Brooks, 2008). 

In the presence of lags, the null hypothesis of no autocorrelation would not be rejected in 

cases when it should be (Brooks, 2008). The Breusch-Godfrey test is more suitable for 

dynamic models, as it checks for autocorrelation up to the ith order (Brooks, 2008). The 

model for the error terms under this test is defined as: 

 

𝑢𝑡 = 𝜌𝑢𝑡−1 + 𝜌𝑢𝑡−2 + 𝜌𝑢𝑡−3+. . . . +𝜌𝑟𝑢𝑡−𝑖 + 𝑣𝑡   

 

Where 𝑣𝑡 ∼  𝑁 (0, 𝜎𝑣
2). When applying the Breusch-Godfrey test, the null and 

alternative hypothesis are as follows:  

 

𝐻0: 𝜌1 = 0 , 𝜌2 = 0 , . . . . , 𝜌𝑖  = 0 

𝐻1: 𝜌1 ≠ 0, 𝜌2 ≠ 0 , . . . . , 𝜌𝑖 ≠ 0 

 

The null hypothesis of the test states that the current residual is not related to any of the 

previous residuals. Rejecting the null hypothesis corresponds to having autocorrelation in 

the residuals. The Breusch-Godfrey test is based on the Chi-squared statistical table. If 

the observed test statistic exceeds the critical value from this table, or the p-value is above 

0.05, the null hypothesis is rejected (Brooks, 2008).  

 

Cointegration 

A model with differentiated variables, given that the variables are I(1) processes before 

differentiation, is appropriate when analyzing short-run dynamics in the housing market. 

However, in situations where it is desirable to investigate a long-run relationship, we need 

to include undifferentiated variables. This is possible with an error correction model given 

that the variables are cointegrated.  

 

Two non-stationary time series are cointegrated if they tend to move together through 

time, and therefore hold some long-run relationship with one another. This is formally 

defined as follows: if 𝑦𝑡; [𝑡 = 0, 1, 2, . . . ] and 𝑥𝑡; [𝑡 = 0, 1 ,2, . . . ] are two non-stationary 

variables I(1), then 𝑢𝑡  = 𝑦𝑡 − 𝛽𝑥𝑡 is a non-stationary variable I(1) for any given number 

of 𝛽 (Wooldridge, 2009). However if 𝛽 ≠ 0, then 𝑢𝑡 = 𝑦𝑡 − 𝛽𝑥𝑡  is a stationary process 

(6.2.1.17) 

(6.2.1.18) 

(6.2.1.16) 
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I(0) with constant mean, variance, and autocorrelation that relies solely on the time 

distance between any two variables in the series, and is asymptotically uncorrelated. This 

means that the correlation between two random variables at two points in time approaches 

zero as the time interval between them increases (Wooldridge, 2009). These properties of 

the residuals are necessary to obtain unbiased and efficient OLS estimates. In time series 

regressions where we can identify such a value of 𝛽, we say that the two non-stationary 

time series, 𝑦𝑡 and 𝑥𝑡, are cointegrated and the variable, 𝛽, becomes the cointegrating 

parameter. Cointegration of time series can be tested by using the Augmented Dickey-

Fuller approach to check whether the residuals are non-stationary or stationary. However, 

the critical values of the t-statistics are modified as the test is performed on the residuals 

of the estimated model rather than the raw data of the series. As Engle and Granger (1987) 

tabulated a different set of critical values customized for this application, the test for 

cointegration is also referred to as the Engle-Granger test. These critical values are larger 

in absolute values than the original Dickey-Fuller critical values, which indicates that the 

null hypothesis of the test is harder to reject (Brooks, 2009). The null and alternative 

hypothesis for the unit root test applied to the residuals are as follows:  

 

𝐻0: �̂�𝑡 ∼ 𝐼(1) 

𝐻1: �̂�𝑡 ∼ 𝐼(0) 

 

Accordingly, under the null hypothesis, there is a unit root, and the residuals are therefore 

a non-stationary process, which means that there does not exist a cointegrating 

relationship between the variables. Under the alternative, the residuals are stationary, and 

the variables have a long-run relationship (Brooks, 2008). Hence, if the null hypothesis 

is rejected, the variables are classified as cointegrated, and the convenient strategy for 

econometric modeling would be to construct and estimate an error correction model 

(Brooks, 2008).     

    

Error correction models 

The error correction model (ECM) is a class of models consisting of combinations of 

differenced and lagged levels of cointegrated variables (Brooks, 2009). These models are 

also known as equilibrium correction models and are often used to estimate the short-

(6.2.1.19) 

(6.2.1.20) 
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term and long-term dynamic between cointegrated variables. It can also be used to 

analyze how the dependent variable will be adjusted back to a long-run equilibrium 

(Brooks, 2009). When examining the price development in the housing market, such 

model is relevant and provides information of both short-run dynamics, as well as 

possible long-run equilibrium adjustments. Let us assume that 𝐻𝑜𝑢𝑠𝑖𝑛𝑔 𝑝𝑟𝑖𝑐𝑒𝑡 and a 

vector of macroeconomic variables, 𝑋𝑡, is cointegrated, and that 𝛽 is the cointegrating 

parameter. This enables us to construct more complex dynamic models than the simple 

dynamic model with first differences. There are several ways to construct an error 

correction model, the most common and simplest of them is the Engle-Granger (1987) 

approach (Davidson, MacKinnon 1993). The Johansen method is also applied in some 

cases, however, the complexity of the procedure is outside the scope of this thesis.    

 

Engle-Granger two-step model  

We can start by deriving a simple dynamic model:  

 

𝛥𝐻𝑜𝑢𝑠𝑖𝑛𝑔 𝑝𝑟𝑖𝑐𝑒𝑡 = 𝛼0 + 𝛼1𝛥𝐻𝑜𝑢𝑠𝑖𝑛𝑔 𝑝𝑟𝑖𝑐𝑒𝑡−1 + 𝛾𝑜𝛥𝑋𝑡 + 휀𝑡 

 

The first step in the Engle-Granger two-step method is to check whether the variables are 

cointegrated in the following model: 

  

𝐻𝑜𝑢𝑠𝑖𝑛𝑔 𝑝𝑟𝑖𝑐𝑒𝑡 = �̂�𝑋𝑡 + 𝑠𝑡 

 

Housing prices and fundamental factors, X, are cointegrated if the residual is an I(0) 

process. Estimates of 𝑠𝑡 can be calculated by deriving:  

 

�̂�𝑡 = 𝐻𝑜𝑢𝑠𝑖𝑛𝑔 𝑝𝑟𝑖𝑐𝑒𝑡 − �̂�𝑋𝑡 

.  

Given that the estimated error term from this simple cointegrated regression, �̂�𝑡, is 

stationary, Engle and Granger (1987) finds that implementing this estimate, �̂�𝑡, directly 

in the error correction model, will provide efficient and consistent results. In the second 

step, we can derive the error correction model by including the estimated �̂�𝑡 from step 1 

in the simple dynamic model: 

(6.2.1.21) 

(6.2.1.22) 

(6.2.1.23) 
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𝛥𝐻𝑜𝑢𝑠𝑖𝑛𝑔 𝑝𝑟𝑖𝑐𝑒𝑡 = 𝛼𝑜 + 𝛼1𝛥𝐻𝑜𝑢𝑠𝑖𝑛𝑔 𝑝𝑟𝑖𝑐𝑒𝑡−1 + 𝛾0𝛥𝑋𝑡 + 𝛿�̂�𝑡−1 + 휀𝑡 

 

The parameter, 𝛿, is called the error correction mechanism. This parameter measures the 

duration before housing prices adjust back to their long-run equilibrium after deviations 

from temporarily shocks in fundamental factors. Bernhardsen and Røiseland (2000) 

applies the following equation to estimate the half-time of the error correction model:  

 

𝐻𝑎𝑙𝑓 − 𝑡𝑖𝑚𝑒 =
𝑙𝑛(0.5)

𝑙𝑛(1 − 𝛿)
 

 

The half-time indicates the time it takes before half of any deviation from the long-run 

equilibrium is adjusted back. Furthermore, the long-run effects of the fundamental factors 

are calculated by using the following formula given by Bårdsen (1998):   

 

𝑙𝑜𝑛𝑔 𝑟𝑢𝑛 𝑚𝑢𝑙𝑡𝑖𝑝𝑙𝑖𝑒𝑟 =
𝛽

−𝛿
 

 

The two-step model by Engle and Granger has a few empirical shortcomings. An issue 

with the method is the weakness of the Dickey-Fuller test when checking for stationarity 

and cointegration. The lack of strength in the unit root test suggests that the first-step 

regression might be biased, inefficient, and inconsistent. As the second step relies on the 

first step estimates, the results from the first-stage cointegrating regression affect the 

validity of the second-step estimates (De Bouf, 2000).  

 

Engle-Granger one-step model  

Contrary to the two-step method, statisticians using the dynamic single equation error 

correction model, simultaneously estimate the long-run relationship, the error correction 

mechanism, and the short-run dynamics in one step. The cointegration of the variables 

can simply be determined by a statistically significant error correction parameter, 𝛿, as 𝛿 

is non-zero if, and only if, the residuals are stationary (Banerjee, Dolado, Galbraith, & 

Hendry, 1993). The one-step model can then be estimated as:  

(6.2.1.26) 

(6.2.1.24) 

(6.2.1.25) 
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𝛥𝐻𝑜𝑢𝑠𝑖𝑛𝑔 𝑝𝑟𝑖𝑐𝑒𝑡 = 𝛼0 + 𝛾0𝛥𝑋𝑡 + 𝛿(𝐻𝑜𝑢𝑠𝑖𝑛𝑔 𝑝𝑟𝑖𝑐𝑒𝑡−1 − 𝛽𝑋𝑡−1) + 휀𝑡 

 

Theoretically, the one-step method and the two-step method should arrive at the same 

cointegrating vector. However, statisticians should be aware that even though the two 

methods are algebraically the same, the one-step model is statistically superior to the two-

step model (University of Lund, 2012; De Boef, 2000). Although one can make inferences 

about the individual coefficients by conventionally comparing the observed and critical 

t-values, one must be cautious when conducting other inference tests. For instance, a joint 

test of two coefficients would not have the usual Chi-squared distribution (Davidson & 

MacKinnon, 1993).  

 

6.2.2 Regressions  

The econometric analysis of this thesis is a replication of the Norwegian housing model 

of Jacobsen and Naug (2004). However, the analysis is extended with 12 years, providing 

an extended estimation period of 25 years, from 1991q1 to 2016q4. Jacobsen and Naug 

tested for both nominal and real values and found that the model with nominal values 

resulted in the best fit. When replicating the model, we have conducted the regression 

with nominal and real values as well, to investigate whether their findings correspond to 

the results of the extended model. In addition to the original regression analysis conducted 

by Jacobsen and Naug, we have also extended the analysis by studying the four largest 

cities in Norway. However, the estimation period is shorter, from 2000q1 to 2016q4, due 

to limited city-specific data. Moreover, an estimation of macroeconomic factors’ 

significance to housing prices has been performed for periods further back in time, 

nevertheless with fewer variables due to lack of data. We have conducted a series of tests 

with different macroeconomic variables and their effect on the housing prices. The 

variables tested for are aggregated income, housing stock, unemployment, interest rates, 

debt, population growth, and the constructed expectations of the public.  

 

The methodology of Jacobsen and Naug is broadly exercised by other practitioners, such 

as Girouard and Blöndal (2001), Malpezzi (1999), and Feng et al. (2010) to mention a 

few. The regression is an error correction model for the logarithmic values of housing 

(6.2.1.27) 
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prices, and the Engle-Granger one-step procedure has been applied, with the object of 

estimating the long-run and short-run dynamics of housing prices. The data is converted 

into logarithmic values to eliminate problems related to heteroscedasticity and large 

outliers, and to interpret the coefficients as elasticities (Feng et al., 2010). The logarithmic 

values are denoted by small letters, whereas data in non-logarithmic value is denoted by 

capital letters. Prior to estimating the housing price model, a number of econometric tests 

are run in order to assure that the ordinary least square regression model is BLUE, and 

that statistical inference can be made based on t-statistics. The statistical test and 

regression analysis have been conducted using the statistical software Eviews 7.  

 

Our expectations to the results are that income and public expectations have a positive 

relationship with housing prices. This is based on the intuition that higher income results 

in higher affordability and debt capacity, and that optimistic expectations result in 

increasing consumer spending and higher investments. Interest rates, unemployment, and 

housing stock are expected to have a negative relationship with housing prices, as these 

factors increase the cost of mortgages, creates uncertainties of future income, and 

increases the supply of residentials.  

 

Correlation matrix 

A correlation matrix serves to rule out multicollinearity problems in the regression 

analysis. A natural measure of the association between two random variables is the 

correlation coefficient. The correlation coefficient measures the linear association 

between any two independent variables, 𝑋𝑘 𝑎𝑛𝑑 𝑋𝑗, and the value of the correlation 

always lies between [-1, 1]. A correlation value equal to 1 is equivalent to perfect positive 

correlation, whereas a value equal to -1 is equivalent to perfect negative correlation. 

Usually, a correlation coefficient of 0.8 or above may signal that the regression analysis 

suffers from multicollinearity problems (Pedace, 2013). When two independent variables 

are perfectly positively correlated, then an increase in one of the variables results in an 

increase in the other. In the case of perfect negative correlation, an increase in one of the 

variables results in a reduction in the other. A correlation coefficient equivalent to zero 

indicates that there is no existent linear relationship between the independent variables. 
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The correlation matrix below contains the correlation coefficients for each pair of the 

independent variables.  

 

Independentent variables Income Unemployment Interest rate Housing stock Expectations

Income 1.00           -0.23                -0.75               1.00                 -0.14             

Unemployment -0.23          1.00                 0.34                 -0.22                -0.04             

Interest rate -0.75          0.34                 1.00                 -0.73                0.03              

Housing stock 1.00           -0.22                -0.73               1.00                 -0.14             

Expectations -0.14          -0.04                0.03                 -0.14                1.00              

Correlation matrix

 

 

Among the independent variables, apart from housing stock and income, there are no 

correlations that are above the rule of thumb value of 0.8. As such, the assumption of no 

multicollinearity is satisfied. Similar to Jacobsen and Naug, we find that income and 

housing stock are perfectly positively correlated, which would lead to imprecise 

coefficient estimates if both variables are included with separate coefficients. In order to 

resolve this issue, Jacobsen and Naug imposed that income and housing stock should have 

the same long-run effect with opposite signs. The restriction is imposed by constructing 

the variable (income - housing stock), where both income and housing stock are in 

logarithmic form. From the correlation matrix, we can conclude that the regression model 

does not violate the Gauss-Markov assumption of no multicollinearity.  

 

Testing for stationarity 

In order to rule out the spurious regression problem, we will use both graphical- and 

statistical methods to determine whether our time series data are stationary or non-

stationary. Graphical representations of the different time series are given in figure 6.2.1. 

Based on these figures we can instantly identify that housing prices, income, and (income 

- housing stock) are non-stationary variables as we can observe an upward sloping trend 

for these variables. On the contrary, unemployment and the constructed expectations 

barometer do not seem to have a trend, and based on these graphical presentations we 

believe that these variables are stationary. The interest rate may have a negative trend, 

however, it is difficult to determine based on the graph. We will, therefore, provide further 

evidence by performing statistical tests.  

Table 6.2.1 Correlation matrix 
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To support our findings above, we have conducted an Augmented Dickey-Fuller unit root 

test to determine whether the time series are stationary or non-stationary. The number of 

lags is automatically chosen by the statistical software, Eviews 7. The tests are run with 

and without a trend, and the results can be found in table 6.2.2.  

 

 

 

 

Figure 6.2.1 Development of macroeconomic factors 
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Variable Intercept Trend and intercept

housing price 0.09 3.01

income 1.07 2.23

INTEREST RATE 2.65* 3.38*

unemployment 3.01 2.77

(income - housing stock) 2.3 1.91

EXPECTATIONS 9.96*** 10.05***

*significant at 10%-level, **significant at 5%-level, ***significant at 1%-level 

Augmented Dickey-Fuller Unit Root Test 

 

 

The Augmented Dickey-Fuller test provides evidence that expectations are stationary on 

1% significance level, whereas the interest rate is stationary on 10% significance level, 

both with and without trend. Contrary to our beliefs based on the graphical representation, 

the Augmented Dickey-Fuller reveals that unemployment is non-stationary along with 

housing prices, income, and (income-housing stock). These variables are therefore first-

differenced to obtain stationary time series and are characterized as integrated by order 

one. The results from the Augmented Dickey-Fuller test on the transformed variables are 

available in Appendix D1, where all first-differenced variables are found to be stationary.    

 

Testing for cointegration 

Cointegration is conventionally tested by applying the Augmented Dickey-Fuller test on 

the residuals of the regression model to check whether they are stationary or non-

stationary. If the residuals are stationary, the variables are cointegrated, and the null 

hypothesis is rejected. The observed t-statistics of the Augmented Dickey-Fuller test is 

equivalent to 3.38. By comparing with the critical values, we find evidence that the 

residual is stationary on 5% significance level. In essence, we can reject the null 

hypothesis and conclude that the variables are cointegrated. We can, therefore, construct 

an error correction model to estimate the short-term and long-term dynamic between 

cointegrated variables. The result from the Augmented Dickey-Fuller test for the residual 

is depicted in table 6.2.3.  

 

 

 

Table 6.2.2 ADF-test  
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Variable Intercept Trend and intercept

Residuals at level 3.38** 3.42*

*significant at 10%-level, **significant at 5%-level, ***significant at 1%-level 

Augmented Dickey-Fuller Unit Root Test 

 

 

Testing for autocorrelation  

Autocorrelation in regression analysis may result in wrong statistical inferences about the 

deterministic power of a variable, related to variations in the dependent variable (Brooks, 

2008). Autocorrelation in housing prices is interesting as housing prices today naturally 

are correlated with housing prices from the previous quarter. In order to obtain unbiased 

results when running the regression, it is important to rule out autocorrelation to interpret 

the effects of fundamental factors on house prices. Autocorrelation can be detected by 

using both graphical methods and statistical tests. Graphical representation of the 

residuals can reveal whether autocorrelation is present and whether this autocorrelation 

is positive or negative. Figure 6.2.2 below illustrates the residuals of the regression over 

time. Based on the graphs of the residuals, it is difficult to determine whether our time 

series residuals suffer from autocorrelation.  

 

 

  

 

On that account, we have conducted a statistical test for autocorrelation. Our regression 

model includes lagged variables, which makes the Durbin-Watson test inapplicable due 

to the violation of assumptions. We, therefore, apply the Breusch-Godfrey test where the 

null hypothesis states that there is no autocorrelation in the residuals. As our time series 

Table 6.2.3 ADF-test on residuals 

Figure 6.2.2 Residual graph 
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consists of quarterly data, we have used four lags when running the Breusch-Godfrey 

test15. The test yields a p-value of 0.23, which is more than 5%. In conclusion, we cannot 

reject the null hypothesis, meaning that our residuals are not serially correlated. The 

results from the Breusch-Godfrey test together with the regression model are available in 

sections 6.2.4 for the country and 6.2.5 for cities.   

 

Normally distributed residuals  

The normality assumption represents one of the assumptions that are needed for the 

Gauss-Markov theorem. The assumption does not affect the unbiasedness of OLS or the 

assertion that OLS estimators are the best linear unbiased estimators. However, violation 

of the normality assumption causes inaccurate inferential statements. Therefore, inference 

based on t- and F-statistics requires that the normality assumption is satisfied 

(Wooldridge, 2009).  

 

 

 

 

An approach of testing for normality is to compare a histogram of the data with a normal 

probability curve. The distribution of the data should be bell-shaped and resemble the 

normal distribution curve to satisfy the assumption of normality. Furthermore, a normally 

distributed random variable is symmetrically distributed about zero (Wooldridge, 2009). 

Figure 6.2.3 above illustrates the distribution of the data. The pattern of the data features 

                                                           
15 Pedace (2013) 

Figure 6.2.3 Residual distribution 
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a bell-shaped distribution, and the graph also appears to be symmetrically distributed 

about zero. Based on this graphical presentation of the data, we can conclude that the 

residuals are normally distributed. The standard errors and the t-statistics can, therefore, 

be used for inference testing. 

 

Modeling expectations 

In the modeling of expectations, Jacobsen and Naug (2004) constructed an expectations 

indicator to capture the effects of interest rates and unemployment. In the regression 

analysis, the expectations indicator for the country and the cities has been constructed and 

estimated following the footsteps of Jacobsen and Naug (2004). The constructed 

expectations indicator differs between cities and at the national level, as both region-

specific and country-specific data has been applied when running the regression. The 

modeling gives us an expectations indicator in the following term:  

 

𝛥𝐸𝑥𝑝𝑒𝑐𝑡𝑎𝑡𝑖𝑜𝑛𝑠 

= 𝛽0 + 𝛽1(𝐼𝑁𝑇𝐸𝑅𝐸𝑆𝑇 𝑅𝐴𝑇𝐸 ×(1 − 𝜄)
𝑡) − 𝛽2𝑢𝑛𝑒𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡 𝑡

− 𝛽3𝐸𝑋𝑃𝐸𝐶𝑇𝐴𝑇𝐼𝑂𝑁𝑆𝑡−1  − 𝛽4𝐼𝑁𝑇𝐸𝑅𝐸𝑆𝑇 𝑅𝐴𝑇𝐸×(1 − 𝜄)
𝑡−1

− 𝛽5𝑢𝑛𝑒𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡𝑡−1 + 𝛽6𝑆1 + 𝛽7𝑆2 + 𝛽8𝑆3 + 휀𝑡 

 

The error term of the regression is the part of the expectations indicator that cannot be 

explained by changes in interest rates or unemployment rate. The term is, therefore, a 

measure of national and local expectations to the economy adjusted for the effects of 

interest rates and unemployment rate. The error term from the model is further inserted 

in a self-composed formula by Jacobsen and Naug (2004), and the indicator for 

expectations is defined as follows: 

 

𝐸𝑥𝑝𝑒𝑐𝑡𝑎𝑡𝑖𝑜𝑛𝑠 = 𝐸 − 𝐹 + 100(𝐸 − 𝐹)3 

 

Where E is the original expectations indicator collected from the survey conducted by 

TNS Gallup, and F is the estimated expectations indicator from the regression in equation 

(6.2.2.2). The term (E-F) is the residual from the regression, which is also defined as the 

portion of E that cannot be explained by interest rates and unemployment rates. Jacobsen 

(6.2.2.1) 

(6.2.2.2) 
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and Naug (2004) do not describe their choice of formula, specifically the inclusion of the 

last term from equation (6.2.2.2). However, one possible explanation might be that the 

variable should be three times differentiable to capture the curvature of the expectation 

indicator. Another reason for the chosen formula might be the desire to smooth out 

differences. The results from this formula represents the expectations variable in the final 

housing model. In table 6.2.4, the results from the regression for the country are presented 

alongside the results of Jacobsen and Naug. The results from the regression for the cities 

are found in Appendix D2. 

 

 

Variable Coefficient t-value Coefficient t-value Coefficient t-value

-12.96*** (6.68) -12.41*** (6.55) -12.21***  (6.26)

-0.43** (2.47) -0.45** (2.56) -0.56***  (4.19)

-0.11 (1.06) -0.16 (1.63) -0.14***  (2.61)

-0.40 (0.42) -1.03 (1.11) -0.45  (1.11)

-0.03 (0.82) -0.01 (0.40) 0.00  (0.08)

0.21*** (4.57) 0.22*** (4.74) 0.22***  (6.65)

0.10*** (4.49) 0.09*** (4.38) 0.07***  (4.26)

0.22*** (5.61) 0.22*** (5.59) 0.20***  (7.00)

-0.07 (0.39) -0.10 (0.58) -0.08  (0.68)

*significant at 10%-level, **significant at 5%-level, ***significant at 1%-level 

2.03 1.86 1.87

0.049 0.050 0.060

N/A 18.37 15.99

0.8000 0.7989 0.5924

N/A 0.7555 0.5554

Model for household's expectation to their's and the country's economy 
Jacobsen and Naug's Reestimation with Reestimation extended 

46 46 97

𝛥(𝐼𝑁𝑇𝐸𝑅𝐸𝑆𝑇 𝑅𝐴𝑇𝐸 1 −  )𝑡

𝛥𝐸𝑋𝑃𝑡−1

(𝐼𝑁𝑇𝐸𝑅𝐸𝑆𝑇 𝑅𝐴𝑇𝐸 1−  )𝑡−1

𝛥𝑢𝑛𝑒𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡𝑡

𝑆1

𝑆2

𝑆3

𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑜𝑏𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛𝑠

𝑅2

𝐴𝑑 𝑢𝑠𝑡𝑒𝑑 𝑅2

𝑆. 𝐸. 𝑜𝑓 𝑟𝑒𝑔𝑟𝑒𝑠𝑠𝑖𝑜𝑛

𝐹 − 𝑣𝑎𝑙𝑢𝑒

𝐷𝑊

𝛥𝐸𝑡

𝑢𝑛𝑒𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡𝑡−1

 

 

The results from our reestimation and extended model are similar to the results of 

Jacobsen and Naug (2004). Discrepancies from their original result may arise from the 

different dataset, as we do not have access to the original data used in the housing model 

of Jacobsen and Naug (2004). Furthermore, the dataset has been extended with 12 years, 

which naturally results in different estimates.  

 

Table 6.2.4 Model for expectations 
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6.2.3 Country based regression 

In the following sections, we have estimated three regression models for house prices 

with respectively different time periods. They will be presented in chronological order, 

where country regression III is our primary and best-fitted model for housing prices in 

Norway.   

 

Country based regression I (1865-2016) 

The first regression model for housing prices has been estimated for the period 1865-

2016. Both nominal and real values have been employed separately in the estimation of 

the housing model. The limited availability of data has imposed several restrictions on 

our regression analysis. First, the data that has been collected is based on yearly 

observations. Second, observations for macroeconomic factors dating back to 1865 are 

only available for interest rates and income. The regression analysis is, therefore, run with 

only two independent variables. The output from the regression is presented in table 6.2.5. 

As we can see, both income and interest rate are statistically significant on 1% and 5% 

level respectively in the nominal model. In the model with real values, the real income 

and real interest rate are significant at 10% and 1% level respectively. This means that 

these macroeconomic factors are determinants of changes in housing prices. Specifically, 

the nominal model implies that one percentage increase in income would result in a 0.37% 

increase in housing prices16. However, the interest rates have the wrong sign in both 

models than what is expected. The model suggests that one percentage point increase in 

interest rate would result in a 2.17% increase in housing prices. The model with real 

values, however, implies that one percentage increase in income would result in a 0.39% 

increase in housing prices. Simultaneously, one percentage point increase in interest rate 

would result in a 0.27% increase in housing prices. This relationship between interest 

rates and housing prices are not what we expect, as the dynamic in practice is that an 

increase in interest rates would result in decreasing housing prices, as discussed earlier in 

this thesis. The difference between the nominal and real model is minimal, therefore, it is 

difficult to determine whether one of them is better than the other. The results from the 

housing price model with real values can be found in Appendix D7.  

 

                                                           
16 All percentage changes in the econometric analysis are interpreted holding other factors constant. 
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Variable Coefficient t-value

0.37*** (3.66)

2.17** (2.21)

0.03*** (3.31)

*significant at 10%-level, **significant at 5%-level, ***significant at 1%-level 

11.48

2.12

Housing price model 1865-2016

151

0.1343

0.1226

0.073772

𝛥𝑖𝑛𝑐𝑜𝑚𝑒𝑡

𝛥𝐼𝑁𝑇𝐸𝑅𝐸𝑆𝑇 𝑅𝐴𝑇𝐸𝑡

𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑜𝑏𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛𝑠

𝑅2

𝐴𝑑 𝑢𝑠𝑡𝑒𝑑 𝑅2

𝑆. 𝐸. 𝑜𝑓 𝑟𝑒𝑔𝑟𝑒𝑠𝑠𝑖𝑜𝑛

𝐹 − 𝑣𝑎𝑙𝑢𝑒

𝐷𝑊

𝛥ℎ𝑜𝑢𝑠𝑖𝑛𝑔 𝑝𝑟𝑖𝑐𝑒𝑡

 

 

The restricted models suffer from omitted variables problem, which means that we 

exclude relevant variables such as unemployment rate, housing stock, debt, and 

population growth. These variables are believed to have some effect on housing prices. 

However, they are simply excluded from the models because the necessary data material 

is unavailable. The omitted variables problem causes the OLS estimators to be biased, in 

which case the coefficient can either overestimate or underestimate the effect of real and 

nominal interest rate and income, on housing prices. Furthermore, the annual data fails to 

capture the seasonal fluctuations or changes in activity throughout a year, which again 

may bias the estimation of the coefficients. Consequently, related to the omitted variables 

problem, we can observe that the R-squared value of the model, amounts to 13.43% for 

the nominal and 13.47% for the real model. This means that only 13.43% and 13.47% of 

the variations in housing prices is explained by changes in the independent variables, 

hence the explanatory power is very low. Furthermore, to investigate both short-run and 

long-run relationships between macroeconomic factors and the housing market, the 

variables need to be cointegrated. As the null hypothesis of non-stationary residuals is not 

rejected, the variables are not cointegrated, and we cannot construct an error correction 

model. The tests related to stationarity, cointegration, and normality of residuals can be 

found in Appendix D3-D6, together with the correlation matrix for interest rates and 

Table 6.2.5 House price model 1865-2016 
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income. In conclusion, this model suffers from several drawbacks, and we move on to the 

next model, that might be a better fit and provide more precise estimates.  

 

Country based regression II (1948-2016)  

The second regression model for the country has a shorter estimation period from 1948-

2016, which again is due to restricted data of unemployment rate. The data is again based 

on annual observations. Similar to the first regression, we have applied both nominal and 

real values, separately, in order to observe which data provides the best goodness of fit. 

The results from the real regression model are given in table 6.2.6 below. Results from 

the regression model with nominal values can be found in Appendix D8. 

 

 

Variable Coefficient t-value

-0.08 (0.17)

0.59* (1.72)

-6.88*** (3.83)

0.03** (2.00)

*significant at 10%-level, **significant at 5%-level, ***significant at 1%-level 

6.15

1.92

Housing price model 1948-2016 (real values)

68

0.2238

0.1875

0.071227

𝛥𝑟𝑒𝑎𝑙 𝑖𝑛𝑐𝑜𝑚𝑒𝑡

𝛥𝑅𝐸𝐴𝐿 𝐼𝑁𝑇𝐸𝑅𝐸𝑆𝑇 𝑅𝐴𝑇𝐸𝑡

𝛥 𝑁𝐸 𝑃𝐿𝑂𝑌 𝐸𝑁𝑇𝑡

𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑜𝑏𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛𝑠

𝑅2

𝐴𝑑 𝑢𝑠𝑡𝑒𝑑 𝑅2

𝑆. 𝐸. 𝑜𝑓 𝑟𝑒𝑔𝑟𝑒𝑠𝑠𝑖𝑜𝑛

𝐹 − 𝑣𝑎𝑙𝑢𝑒

𝐷𝑊

𝛥ℎ𝑜𝑢𝑠𝑖𝑛𝑔 𝑝𝑟𝑖𝑐𝑒𝑡

 

 

When comparing the results of the nominal and real value regressions, the model 

consisting of real values appears to be a better fit. This observation is first of all based on 

the R-squared of the regressions, where the model with nominal values has an explanatory 

power of 17.61%, whereas the real model has a higher value of 22.38%. In essence, this 

means that a larger part of the variation in housing prices is explained by real fundamental 

factors than nominal fundamental factors. Furthermore, the direction of coefficients is 

Table 6.2.6 House price model 1948-2016  
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different in the two models. In the real model, the coefficient of income enters the 

equation with a negative sign. This is the opposite of what is expected according to 

economic theory, where an increase in income would correspond to an increase in housing 

prices. Furthermore, similar to the first regression, the coefficient of interest rate has a 

positive sign, which again does not correspond to economic theory about the dynamics 

of interest rate and housing prices. Unemployment, however, has a negative sign, which 

is in line with our expectations, as an increase in unemployment should result in declining 

housing prices. Of the three variables, only unemployment and interest rate are significant 

at 1% and 10% respectively. The elasticities of the model are as follows: one percentage 

increase in real income leads to 0.08% decline in housing prices. One percentage point 

increase in interest rate results in 0.59% percentage increase in housing price. Lastly, a 

percentage point increase in unemployment is followed by 6.88% decrease in housing 

prices. Results from the model with nominal values can be interpreted similarly. The 

drawbacks of the first regression model are present in the second regression model as 

well, with the lack of cointegration, and the incapability of estimating any long-run or 

short-run relationships. However, the more severe issues arise from the omitted variables 

bias, resulting in inaccurate estimation of coefficients. In the next subsection, we will 

include several variables in an attempt to resolve this problem.  

 

Country based regression III (1990q1 - 2016q4) 

The third and last country based regression is our main model, which is the extended 

replication of the housing model of Jacobsen and Naug. This model consists of quarterly 

data, and the collected dataset is expected to be as similar as possible to the original 

dataset of Jacobsen and Naug. The regression analysis is conducted with both nominal 

and real values in order to observe the best goodness of fit. As the econometric tests for 

stationarity, autocorrelation, cointegration and normality of residuals are satisfying, we 

can run the regression without further adjustments. In table 6.2.7, we have included the 

results of Jacobsen and Naug, our replication of their model for the same period, and our 

replication of their model for an extended period.  
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𝛥ℎ𝑜𝑢𝑠𝑖𝑛𝑔 𝑝𝑟𝑖𝑐𝑒𝑡

= 0,06𝛥𝑖𝑛𝑐𝑜𝑚𝑒𝑡 − 2,76𝛥(𝐼𝑁𝑇𝐸𝑅𝐸𝑆𝑇 𝑅𝐴𝑇𝐸(1 − 𝜏))
𝑡

− 1,30𝛥(𝐼𝑁𝑇𝐸𝑅𝐸𝑆𝑇 𝑅𝐴𝑇𝐸(1 − 𝜏)𝑡−1 + 0,04𝐸𝑋𝑃𝑡

− 0,09 [ℎ𝑜𝑢𝑠𝑖𝑛𝑔 𝑝𝑟𝑖𝑐𝑒𝑡−1 + 1,05(𝐼𝑁𝑇𝐸𝑅𝐸𝑆𝑇 𝑅𝐴𝑇𝐸(1 − 𝜏))
𝑡−1

+ 0,04 𝑢𝑛𝑒𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡𝑡 − 0,12(𝑖𝑛𝑐𝑜𝑚𝑒 − ℎ𝑜𝑢𝑠𝑖𝑛𝑔 𝑠𝑡𝑜𝑐𝑘)𝑡−1]

+ 1,09 + 0,04 𝑆1 + 0,03 𝑆2 + 0,01 𝑆3 

Table 6.2.7 House price model 1990q1-2016q4 

(6.2.3.1) 

Variable Coefficient t-value Coefficient t-value Coefficient t-value Coefficient t-value

0.12* (1.94) 0.61 (1.98) 0,06  (0.59) 0,14  (1.28)

-3.16*** (7.04) -2.95*** (4.96) -2.76***  (3.06) -1.20**  (2.33)

-1.47*** (3.27) -2.04*** (3.42) -1,30  (1.47) -0,37  (0.73)

0.04*** (3.09) 0.06* (1.88) 0.04*  (1.89) 0.03*  (1.79)

-0.12*** (5.69) -0.08*** (2.77) -0.09***  (2.94) -0.11***  (2.82)

4.47** (2.54) 0.54*** (2.87) 1.05***  (3.83) 1.05***  (3.34)

0.45*** (3.48) 0.05*** (3.57) 0.04***  (2.92) 0.04**  (2.09)

-1.66*** (8.63) -0.13* (1.65) -0.12*  (1.65) -0,07  (1.24)

0.04*** (3.35) 0.04*** (6.06) 0.04***  (3.95) 0.04***  (3.71)

0.02* (1.80) 0.00 (0.11) 0.03***  (3.20) 0.03***  (3.04)

0.01 (0.73) -0.02* (1.71) 0,01  (1.03) 0.02*  (1.93)

0.56*** (3.42) 0.34 (1.32) 1.09**  (2.41) 1.13**  (2.39)

*significant at 10%-level, **significant at 5%-level, ***significant at 1%-level 

56 55 102 102

Housing price model

Jacobsen and 

Naug's results 

1990q2 - 2004q1

Reestimation with 

almost same data 

1991q1 - 2004q1

Reestimation 

extended 1991q1-

2016q4

Reestimation 

extended 1991q1-

2016q4 - real 

values

0.8773 0.8404 0.5058 0,3719

N/A 0.7996 0.4454 0,2951

0.014166 0.015823 0.028156 0,032311

N/A 20.58 8.37 4,84

2.57 2.59 1.75 1,64

0.2324 0,1131

𝛥𝑖𝑛𝑐𝑜𝑚𝑒𝑡

𝛥(𝐼𝑁𝑇𝐸𝑅𝐸𝑆𝑇 𝑅𝐴𝑇𝐸 1 −  )𝑡

𝛥(𝐼𝑁𝑇𝐸𝑅𝐸𝑆𝑇 𝑅𝐴𝑇𝐸 1 −  )𝑡−1

𝛥𝐸𝑋𝑃𝑡

ℎ𝑜𝑢𝑠𝑖𝑛𝑔 𝑝𝑟𝑖𝑐𝑒𝑡−1

(𝐼𝑁𝑇𝐸𝑅𝐸𝑆𝑇 𝑅𝐴𝑇𝐸 1 −  )𝑡−1

𝑢𝑛𝑒𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡𝑡

𝑖𝑛𝑐𝑜𝑚𝑒 − ℎ𝑜𝑢𝑠𝑖𝑛𝑔 𝑠𝑡𝑜𝑐𝑘 𝑡−1

𝑆1

𝑆2

𝑆3

𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑜𝑏𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛𝑠

𝑅2

𝐴𝑑 𝑢𝑠𝑡𝑒𝑑 𝑅2

𝑆. 𝐸. 𝑜𝑓 𝑟𝑒𝑔𝑟𝑒𝑠𝑠𝑖𝑜𝑛

𝐹 − 𝑣𝑎𝑙𝑢𝑒

𝐷𝑊

𝛥ℎ𝑜𝑢𝑠𝑖𝑛𝑔 𝑝𝑟𝑖𝑐𝑒𝑡

 𝑟𝑒𝑢𝑠𝑐ℎ  𝑜𝑑𝑓𝑟𝑒𝑦 𝑃 − 𝑣𝑎𝑙𝑢𝑒
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The model of housing prices is presented in equation (6.2.3.1). Variables within the 

bracket represent the long-run effects of interest rates, unemployment, income, and 

housing stock, on housing prices, whereas the other variables denote the short-run effects. 

According to Banerjee et al. (1993) practitioners can freely choose which variables to 

include in the short-run relationship between fundamental factors and housing prices. 

Consequently, we have chosen to exclude the short-run variable of housing stock, as 

supply is nearly inelastic in the short-run. As a result, housing stock will not affect 

housing prices in the short-run. The coefficients in the short-run relationships can be 

economically interpreted directly, whereas the long-run coefficients must be calculated 

for interpretation.  

 

The coefficient of 𝐻𝑜𝑢𝑠𝑖𝑛𝑔 𝑝𝑟𝑖𝑐𝑒𝑡−1 is the error correction parameter and is significant 

at the 1% level. This parameter measures the duration before housing prices adjust back 

to their long-run equilibrium, after deviations from temporarily shocks in fundamental 

factors. Following the approach of Bernhardsen and Røiseland (2000), we estimate the 

half-time adjustment of housing prices. According to this method, we find that it takes 

approximately seven quarters, thus 21 months, before half of the deviations from the long-

run equilibrium in housing prices are corrected. The error correction parameter is also 

used to calculate the long-run effects of interest rates, unemployment, income, and 

housing stock. Short-run effects on housing prices are presented in table 6.2.8 below. 

 

  

Short-run effects Coefficient 

0.06

-2.76

0.04

-1.3

𝛥𝑖𝑛𝑐𝑜𝑚𝑒𝑡

𝛥𝐸𝑋𝑃𝑡

𝛥(𝐼𝑁𝑇𝐸𝑅𝐸𝑆𝑇 𝑅𝐴𝑇𝐸 1−  )𝑡−1

𝛥(𝐼𝑁𝑇𝐸𝑅𝐸𝑆𝑇 𝑅𝐴𝑇𝐸 1−  )𝑡

 

 

The coefficient of 𝛥𝐼𝑛𝑐𝑜𝑚𝑒𝑡 is reduced from 0.12 in the original model to 0.06 in the 

extended model. In essence, housing prices will increase by 0.06% in the event of 1% 

increase in income, in quarter 𝑡. In contrast to Jacobsen and Naug, 𝛥𝐼𝑛𝑐𝑜𝑚𝑒𝑡 is not 

significant on any level, indicating that an increase in income does not have an effect on 

housing prices in the short-run. Although it is natural to expect that an increase in income 

Table 6.2.8 Short-run effects 
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should indicate an increase in housing prices, it is reasonable that the effect of changes in 

income is more decisive for housing prices in the long-run. The intuition behind this is 

that income is essential for the financing of housing purchasing, and income- and wealth 

statements are calculated for a whole year and not quarterly. Interest rates appear to affect 

housing prices the most, as they have the largest coefficient estimate and are statistically 

significant at 1% level17. In the reestimated model, a percentage point change in the short-

run interest rate would cause housing prices to fall by 2.76%. In the original model, an 

equivalent change in interest rates would reduce housing prices by 3.16 %. The lagged 

variables of the interest rate, 𝛥𝐼𝑛𝑡𝑒𝑟𝑒𝑠𝑡 𝑅𝑎𝑡𝑒𝑡−1, indicates that a percentage point 

increase in interest at quarter (t − 1) reduces housing prices at time 𝑡 by 1.3%. However, 

the lagged interest rate is not significant at any level, which indicates that the interest rate 

from the previous quarter does not affect housing prices today. This result is unexpected, 

as it is natural to assume that there exists a relationship between past values of interest 

rates and housing prices. The expectation variable, 𝛥𝐸𝑋𝑃𝑡, indicates that a percentage 

point change in expectations results in a change of 0.04% in housing prices. The 

coefficient of this variable is identical in the original model and the extended model, 

however, the statistical significance level has been reduced from 1% to 10%. Expectations 

of the public is a fundamental factor when explaining the dynamics of the housing market. 

In many cases, expectations may be self-reinforcing due to the speculative thinking 

among investors. Our findings of the significance of expectations related to housing 

prices are supported by Shiller (2007), Christophe (2010), Stiglitz (2011), Shiller and 

Case (1988), and Selim (2009).  

 

  

Long-run effects

-11.67        

-0.44          

1.33           

(𝐼𝑁𝑇𝐸𝑅𝐸𝑆𝑇 𝑅𝐴𝑇𝐸 1−  )𝑡−1

𝑢𝑛𝑒𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡𝑡
𝑖𝑛𝑐𝑜𝑚𝑒− ℎ𝑜𝑢𝑠𝑖𝑛𝑔 𝑠𝑡𝑜𝑐𝑘 𝑡−1  

 

The long-run effects of the fundamental factors are presented in table 6.2.9 above. In the 

long-run, a permanent percentage point increase in the interest rate would result in a 

                                                           
17 This is also supported by the findings of Jacobsen and Naug (2004), Holly and Jones (1997), Reichert 

(1990), and Greiber and Setzer (2007). 

Table 6.2.9 Long-run effects 
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decrease of 11.67% in housing prices over time. This change in interest rate is significant 

at 1% level. The unemployment variable is included without lags in the error correction 

term, as this resulted in a better fit for Jacobsen and Naug (2004). In earlier literature by 

Malpezzi (1999), Wooldridge (2009), and Feng et al., (2010), the variables included in 

the error correction term are all lagged, therefore there is some uncertainty related to the 

interpretation of this variable. However, if we choose to interpret it similar to the other 

variables, then a 1% permanent increase in unemployment would reduce housing prices 

by 0.44% over time.  

 

In essence, our model states that if unemployment rate changes permanently from 4% to 

5%, then this change would isolated result in an increase in unemployment of  
(5% − 4%)

4%
=

25%. The total effect of this increase in unemployment would reduce housing prices by 

25% × 0.44% = 0.11%. The effect of unemployment on housing prices is significant at 

1% level, and is further supported in previous literature by Yue and Hongyu (2004), 

Goodhard and Hofmann (2007), and Grum and Govekar (2016). Unemployment has a 

larger effect on housing prices in the model of Jacobsen and Naug than in our extended 

model. They found that 1% permanent increase in unemployment would result in 11% 

decrease in housing prices over time. When observing the results from the reestimated 

model, for the same period as Jacobsen and Naug, we also find that the coefficient for 

unemployment is lower than the original coefficient. This variation may arise from 

different datasets, seasonal adjustments or other data specifics that might bias the results 

from the regression. A possible explanation for the low coefficient estimate of 

unemployment on housing prices might be that the variable is not lagged in the error 

correction term. Therefore, in the event of an increase in unemployment rate, the effect 

of unemployment would probably not result in reduced housing prices in the same period, 

but rather be apparent in the near future. Nevertheless, we tested models where 

unemployment is included both in the short-run model and as a lagged variable in the 

long-run model, without resulting in any significant differences than the estimated model. 

The results from this test can be found in Appendix D9. 

 

Another possible explanation of the low coefficient estimates might be the co-

development of housing prices and unemployment. Since 2007, Norway has experienced 
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an increasing unemployment rate, together with an intense development of housing 

prices. This development may indicate that the effect of unemployment on housing prices 

may be weaker than earlier expected, and that other factors may have a stronger effect on 

housing prices. Similar to the unemployment variable, the constructed variable 

(𝑖𝑛𝑐𝑜𝑚𝑒 − ℎ𝑜𝑢𝑠𝑖𝑛𝑔 𝑠𝑡𝑜𝑐𝑘)𝑡−1 has lower coefficient values in the reestimated and 

extended model than the original model of Jacobsen and Naug (2004). If the housing 

stock increases with 1%, housing prices would decrease by 1.33% in the long-run, holding 

other factors constant. Income has the opposite effect, where a 1% increase in income 

would result in 1.33% increase in housing prices in the long-run, holding other factors 

constant. The variable is significant, however on a 10% level compared to a 1% level in 

the original model.  

 

In evaluating the extended model, we observe a lower explanatory power of 50.58%, 

compared to the original model and the reestimated model with respectively 87.73% and 

84.04 %. This means that 49,42% of the variation in housing prices remains unexplained. 

Thus, housing prices depend on several factors that are not included in this model, and 

that might bias the estimations of the coefficients. However, a high explanatory power 

may be an indication of spurious relationships in the regression. Therefore, an R-squared 

value of 50.58% may reflect that the model does not suffer from any bias or 

misspecification.  

 

When extending the reestimated model, we have also tested for the effects of population 

growth and debt on housing prices. However, these variables were not significant and are 

therefore excluded from the model. Population growth changes slowly over time. 

Quarterly changes in this variable would be small and, therefore, not significant for the 

development of housing prices. The insignificance of debt, however, is not as expected. 

Among several practitioners, Aanundsen and Eilev (2013) found self-reinforcing effects 

between housing prices and credit. This is in line with the present development in the 

Norwegian economy where the indebtedness of the average household has increased 

together with the development of housing prices. In addition to including population 

growth and debt, we have estimated the extended model with real values to investigate 

whether this model is a better fit for explaining the dynamics between housing prices and 
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fundamental factors. There are several observations related to the extended model with 

real values. First, the explanatory power of the model has been reduced from 50.58% to 

37.18%. Second, several fundamental factors have lower coefficient estimates and 

significance level. Third, the variable (𝑖𝑛𝑐𝑜𝑚𝑒 − ℎ𝑜𝑢𝑠𝑖𝑛𝑔 𝑠𝑡𝑜𝑐𝑘)𝑡−1 is statistically 

insignificant at all levels. In line with Jacobsen and Naug, we find the model with nominal 

values to be a better fit when explaining the dynamics of housing prices and fundamental 

factors than the model with real values.  

 

6.2.4 City-based regressions (2000q1 – 2016q4) 

A regression analysis of the price development and fundamental factors in the four largest 

cities has been conducted to further examine which macroeconomic factors affect housing 

prices the most in the different cities. We have estimated four models, one for each city, 

with regional-specific data related to housing prices, income, unemployment, housing 

stock, and expectations. The econometric tests for stationarity, autocorrelation, 

cointegration, and normality of residuals have all been performed with satisfying results, 

and we can, therefore, estimate the models without further adjustments. The results of the 

regression analysis for all cities are summarized in table 6.2.10.  
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The regression model is somewhat different for the cities than the country. The 

explanation for the divergence between the models is to some degree related to the 

restriction in data material. The data for housing stock used in the country-level regression 

is based on the K83 housing wealth component, which covers the whole country. These 

figures cannot be divided into city-level, therefore, we have rather applied data for new 

constructions as a proxy for housing stock. As this component is not perfectly correlated 

Table 6.2.10 House price model for cities, 2000q1-2016q4 

Variable Coefficient t-value Coefficient t-value Coefficient t-value Coefficient t-value

0,20 (0.65) 0,44 (1.00) 0.82**  (2.37) 0,03  (0.07)

-1,67 (0.80) -1,52 (0.78) 1,25  (0.94) -0,14  (0.08)

-0,17 (0.09) -0,38 (0.19) -1,53  (1.18) -1,49  (0.89)

0,00 (0.04) 0.02* (1.81) 0.03**  (2.30) 0.03**  (2.23)

-0,09 (1.47) -0.10* (1.89) -0,13  (1.56) -0.13**  (2.37)

1.57** (2.22) 1.29** (1.99) 1.15***  (2.80) 0,86  (1.47)

0,04 (1.27) 0,00 (0.09) 0,03  (1.54) 0,01  (0.15)

-0,09 (0.69) -0,04 (0.48) -0,10  (0.86) -0,14  (1.43)

0,00 (0.28) 0,01 (1.25) 0.02***  (3.58) 0,01  (1.00)

0.06*** (5.06) 0.08*** (6.72) 0.03***  (3.70) 0.07***  (6.82)

0.04*** (3.20) 0.04*** (3.21) -0.00  (0.50) 0.04***  (4.24)

0.03** (2.31) 0.03*** (2.60) -0,01  (0.68) 0.02**  (2.06)

-0,20 (0.20) 0,39 (0.65) -0,20  (0.30) -0,33  (0.50)

*significant at 10%-level, **significant at 5%-level, ***significant at 1%-level 

66 66 66 66

Housing price model

Oslo, 2000q1-

2016q4

Bergen, 2000q1-

2016q4

Stavanger, 2000q1-

2016q4

Trondheim, 2000q1-

2016q4

0,4277 0,6220 0,6824 0,6489

0,2982 0,5364 0,6105 0,5694

0,033141 0,031971 0,022472 0,028317

3,3 7,27 9,49 8,16

1,62 1,98 1,71 1,91

0,4947 0,5694 0,2388 0,6910

𝛥𝑖𝑛𝑐𝑜𝑚𝑒𝑡

ℎ𝑜𝑢𝑠𝑖𝑛𝑔 𝑝𝑟𝑖𝑐𝑒𝑡−1

ℎ𝑜𝑢𝑠𝑖𝑛𝑔 𝑠𝑡𝑜𝑐𝑘𝑡−1

𝑆1

𝑆2

𝑆3

𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑜𝑏𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛𝑠

𝑅2

𝐴𝑑 𝑢𝑠𝑡𝑒𝑑 𝑅2

𝑆. 𝐸. 𝑜𝑓 𝑟𝑒𝑔𝑟𝑒𝑠𝑠𝑖𝑜𝑛

𝐹 − 𝑣𝑎𝑙𝑢𝑒

𝐷𝑊

𝛥ℎ𝑜𝑢𝑠𝑖𝑛𝑔 𝑝𝑟𝑖𝑐𝑒𝑡

𝑢𝑛𝑒𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡

𝛥(𝐼𝑁𝑇𝐸𝑅𝐸𝑆𝑇 𝑅𝐴𝑇𝐸 1 −  )𝑡

𝛥𝐸𝑋𝑃𝑡

𝛥(𝐼𝑁𝑇𝐸𝑅𝐸𝑆𝑇 𝑅𝐴𝑇𝐸 1 −  )𝑡−1

(𝐼𝑁𝑇𝐸𝑅𝐸𝑆𝑇 𝑅𝐴𝑇𝐸 1 −  )𝑡−1

𝑖𝑛𝑐𝑜𝑚𝑒𝑡−1

 𝑟𝑒𝑢𝑠𝑐ℎ  𝑜𝑑𝑓𝑟𝑒𝑦 𝑃− 𝑣𝑎𝑙𝑢𝑒
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with the income variable, we can include both variables separately in the model without 

imposing restrictions. The overall impression of the results of the regression is that there 

are very few significant fundamental factors. In Oslo, the only significant variable is the 

lagged interest rate, which is the opposite of what we find in the country regression model. 

The explanatory power of the model is also quite low, where only 42.77% of the 

variations in housing prices are explained by variations in the fundamental factors. The 

low explanatory power of the model might indicate that the model is not a good fit for 

explaining housing prices in Oslo. Bergen has a few more significant variables, where 

expectations, lagged housing prices, and lagged interest rate are found to be significant at 

10%, 10%, and 5% respectively. Furthermore, it has a higher explanatory power of 

62.2%, which is better than both the country and Oslo. For Stavanger, the model appears 

to be a good fit. First, several factors are significant. We find that the short-run effect of 

income and expectations are both significant at 5% level. Furthermore, the lagged interest 

rate and housing stock are found significant at 1% level. Second, the explanatory power 

of the model is the highest one of all four, including the country, where 68.24% of housing 

prices is explained by movements in macroeconomic factors. In Trondheim, only short-

run expectations and lagged housing prices are found to be significant at 5 % level. 

However, the model still has a higher explanatory power than both Oslo and Bergen, with 

an R-squared of 64.89%. In the following, we will look at the short-run and long-run 

effects of the fundamental factor on housing prices, and we will only comment on the 

significant variables.   

 

Short-run effects Oslo Bergen Stavanger Trondheim

0.2 0.44 0.82 0.03

-1.69 -1.52 1.25 -0.14

-0.17 -0.38 -1.53 -1.49

0 0.02 0.03 0.03

𝛥𝑖𝑛𝑐𝑜𝑚𝑒𝑡

𝛥(𝐼𝑁𝑇𝐸𝑅𝐸𝑆𝑇 𝑅𝐴𝑇𝐸 1−  )𝑡

𝛥𝐸𝑋𝑃𝑡

𝛥(𝐼𝑁𝑇𝐸𝑅𝐸𝑆𝑇 𝑅𝐴𝑇𝐸 1−  )𝑡−1

 

 

In Oslo, none of the short-run effects are significant at any level. For Bergen, expectations 

are significantly related to housing prices. In practice, this means that a percentage point 

increase in expectations causes housing prices to increase by 0.02% in the short-run. 

Income and expectations are both related to housing prices in Stavanger. In essence, one 

percentage point increase in expectations results in 0.03% increase in housing prices. 

Table 6.2.11 Short-run effects, cities 
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Furthermore, 1% raise in income causes housing prices to increase by 0.82% in the short-

run. For Trondheim, expectations have the same effect as in Stavanger, where one 

percentage point increase in expectations results in 0.03% increase in housing prices.  

 

 

Long-run effects Oslo Bergen Stavanger Trondheim

-17.44 -12.90 -8.85 -6.62

-0.44 0.00 -0.23 -0.08

1.00 0.40 0.77 1.08

0.00 -0.10 -0.15 -0.08

(𝐼𝑁𝑇𝐸𝑅𝐸𝑆𝑇 𝑅𝐴𝑇𝐸 1−  )𝑡−1

𝑢𝑛𝑒𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡𝑡
𝑖𝑛𝑐𝑜𝑚𝑒𝑡−1

ℎ𝑜𝑢𝑠𝑖𝑛𝑔 𝑠𝑡𝑜𝑐𝑘𝑡−1  

 

In Oslo, Bergen, Stavanger, and Trondheim, the long-run lagged interest rate has a large 

effect on housing prices. One percentage point permanent increase in the interest rate 

causes housing prices to decline by 17.44%, 12.90%, 8.85%, and 6.62% respectively in 

the four cities. The long-run effect of housing stock is prominent in Stavanger, where 1% 

percentage permanent increase in housing stock results in 0.15% decrease in housing 

prices over time. The long-run effects of income and unemployment are not statistically 

significant in any city, which is unexpected. It is highly unlikely that a permanent change 

in income or unemployment is not related to the development in housing prices over time. 

This notion is also supported by established economic theory, stating that income and 

unemployment are determinants of investments and the overall activity of an economy.  

 

The half-time adjustment of housing prices of the cities has also been calculated, and the 

results are given in table 6.2.13 below. 

 

 

Half-time adjustment Oslo Bergen Stavanger Trondheim

Number of quarters 7.35           6.58         4.98          4.98            

 

The half-time adjustment in Oslo is similar to the country. Hence, it takes approximately 

seven quarters, or 22 months, before half of the deviation from the long-run equilibrium 

in house prices are corrected. For Bergen, the half-time adjustment is equivalent to over 

six quarters, or 20 months, hence it adjusts quicker than Oslo. Stavanger and Trondheim 

Table 6.2.12 Long-run effects, cities 

Table 6.2.13 Half-time adjustment, cities 
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have the lowest half-time adjustment of five quarters, thus 15 months, which means that 

the market responds more rapidly to deviations of housing prices in these cities.  

 

Similar to the country-level regression, the effects of population growth and debt have 

been included in the city-level regression. In line with the findings of the country-level 

regression, the effects of population growth and debt are not statistically significant on 

any level. These factors are therefore excluded from the housing models. In general, the 

overall impression of the housing model for the cities is unsatisfactory. Failure to capture 

the effects of income, housing stock, and unemployment is apparent when comparing the 

regression analysis of the cities with the analysis of the price-to-rent ratio. The situation 

in Stavanger, the last couple of years, has proven that there is a prominent relationship 

between housing prices and the unemployment rate, as the increasing unemployment rate 

in the city has driven housing prices down significantly. Furthermore, the development 

of income and unemployment rate is highly related to the expectations of the general 

public, which in turn affects their demand. The poor estimation of the important effects 

of unemployment, income, and housing stock may derive from the short observation 

period, where housing prices have for several years had a steeper growth than in periods 

before 2000q1. In search of a better model, we have performed several regressions and 

tests, and the results of these tests are given in the Appendix D10. In the following section, 

we will discuss the shortcomings of the housing model of Jacobsen and Naug. 

 

6.2.5 Discussion of the model  

The housing price model of Jacobsen and Naug is considered to be a good explanation 

model among practitioners. However, there exists disagreement of whether the model is 

appropriate for predicting future development of housing prices, as the model is only 

based on data material from 1990q1 to 2004q1. The observation period of Jacobsen and 

Naug is characterized by economic stability, where the effects of the Norwegian banking 

crisis and the financial crisis are not included. The model, therefore, fails to capture the 

downturns in the housing market and the effects of shocks on housing prices. In essence, 

the limited observation period poses difficulties in determining whether the growth in 

housing prices is related to the factors included in their regression, or whether they are all 

determined by some underlying factor that stimulates the overall Norwegian economy. 
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Furthermore, the model does not distinguish between regional differences, and therefore 

fails to capture that the price development has been more prominent in urban than rural 

areas. Thus, the effects of urbanization on housing prices are neglected.  

 

According to reviewed literature on error correction models, all variables included in the 

error correction term are in lagged form to explain the long-run relationship between 

housing prices and macroeconomic variables. We find it curious that Jacobsen and Naug 

include unemployment at time t when modeling the long-term relationship, justifying this 

decision by emphasizing the goodness of fit of the model. However, when testing the 

extended model with lagged unemployment, we find similar results. The econometric 

intuition behind this result is difficult to interpret. We are also puzzled by their method in 

constructing the expectation variable, where they use the sum of expectations of two 

quarters in their formula, when TNS Gallup only reports the quarterly expectation 

indicator. Our reestimations are based on quarterly expectations, as we do not find any 

references that the indicator is given as a sum of two quarters. Another noteworthy aspect 

is that nominal values have a better fit than real values. In practice, we would expect that 

real values are more closely related to the general economy and the housing market than 

nominal values. Furthermore, it could be relevant to include several error correction terms 

in the model. In which case the error correction parameters would adjust deviations that 

have occurred further back in time than just the previous quarter. Moreover, when dealing 

with quarterly data, it can be appropriate to include several lags in an error correction 

model, especially considering that variables included in the long-term housing model may 

have a slow development.  

 

Another shortcoming of the housing model is that problems related to simultaneous 

causality have not been taken into account in the regression models. Simultaneous 

causality arises when fundamental factors determining housing prices, are in turn 

determined by housing prices. An example could be that housing stock is an endogenous 

variable, which is affected by housing prices, where increasing housing prices stimulate 

new constructions, and new constructions, in turn, reduces housing prices. In which case, 

housing stock would be correlated to the error term and violate the assumptions of OLS. 

The implications of simultaneous causality are biased and inconsistent estimates. In 
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addition to housing stock, it is conceivable that the interest rate might not be completely 

exogenous. For example, in a situation where the housing market is under extensive 

pressure, the interest rate might be used as a tool to mitigate further growth in housing 

prices. A possible solution to the endogeneity problem is using instrument variables 

instead. When implementing instrument variables in the regression, it is important to 

reassure that there is a strong correlation between the instrument variable, and the original 

variable that is to be replaced. In addition, the instrument variable cannot be correlated 

with the error term. The first condition can be tested, whereas the second condition has 

to be based on economic theory. Given that an appropriate instrument variable is 

identified, the two-stage least square method can be applied in order to construct a new 

variable, which replaces the original endogenous variable in the regression. However, the 

pursuit of a suitable instrument is difficult, time-consuming, and can prove to be an entire 

research area in itself. For these reasons, instrumental variables have not been included 

in our models, and we have assumed that our regression analysis does not suffer from 

simultaneous causality problems. However, an instrumental variable regression would be 

an interesting and natural area of study to follow up in further research. In addition, panel 

data regression would also be appropriate for comparing purposes between cities. 

 

6.2.6 Conclusion of the econometric analysis  

The econometric analysis with the various regression models, produces several important 

findings and implications for the housing market. When reviewing the first models dating 

back to 1865 and 1948, we observe that the models with real and nominal values both 

have a low explanatory power. Moreover, the effects of several factors are estimated with 

the opposite sign than what we would expect, especially the interest rates. When including 

unemployment rate in the model from 1948, we observe that the factor has the largest 

effect on housing prices, both in the model with nominal and real values. However, the 

explanatory power remains relatively low. It is difficult to assess the reasons behind these 

inadequate results. Nevertheless, a possible explanation is that these models may suffer 

from omitted variable bias problem, and the coefficient estimates are inconsistent and 

biased. This makes the interpretation of the model ambiguous.   
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In the country-based regression with quarterly data from 1991q1, we find that the interest 

rate has the largest effect in the short- and long-run. Income is not found to be significant 

in the short-run. However, it is significant in the long-run, which might be assigned to the 

slow effect of income shock to housing purchases on a quarterly basis. (Income - housing 

stock) is also found to be significant in the long-term. A shortcoming with this variable 

is that housing stock is measured in 2015-prices, contrary to the other variables, which 

are measured in nominal values. This might affect the regression, however, it is difficult 

to know in which direction. Unemployment and expectations have a lower coefficient 

estimate than expected. This might be explained by the co-development of unemployment 

and housing prices, and that the expectation survey does not include specific expectations 

related to the housing market. Due to the development of increasing housing prices the 

last two decades, the expectations of the housing market may differ from the expectations 

of the overall economy. The city-level regressions demonstrate that interest rates are 

significant for all cities, with the exception of Trondheim. Stavanger seems to have the 

best goodness of fit of all cities, with most significant coefficients and the highest R-

squared. In contrast, Oslo has the worst fit with only interest rates in the long-run as a 

significant factor. In total, the housing model of Jacobsen and Naug does not appear to 

be a good explanation model on city level.  

 

In conclusion, the model of Jacobsen and Naug has a few shortcomings that we have 

attempted to address and control for in our regression model. Despite the weaknesses of 

the model, the analysis provides a good framework for explaining the dynamics between 

the housing market and the overall economy. 

 

7.0  Economic implications   

Housing wealth constitutes an extensive share of households’ fortune. In Norway, 84% 

of households live in an owner-occupied house. As a result, fluctuations in house prices 

considerably affects households’ economy and consumption. Accordingly, the house 

prices significantly affect aggregate consumption and the overall economy. Housing 

prices also affect the construction activity, banks’ lending policy, and governmental 

regulations. In the following section, we will elaborate on the implications of house prices 

in the macroeconomic perspective.  
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In the case of rising housing prices, house owners believe that their equity increases. In 

practice, an increase in housing prices enables households to remortgage as their collateral 

value increases. The result of this indebtedness is an increase in consumer spending, 

where for example households might increase their mortgage in order to purchase a new 

car. In essence, households are less concerned about their economy, and more reckless in 

their spending and borrowing, as they rely on expectations of future, increasing housing 

prices. Expectations of future growth in housing prices encourage households to consume 

more today and save less for tomorrow. This mindset stimulates the overall investments 

and activity in the economy, and triggers economic growth. However, if the economy is 

nearly at its full capacity, while still growing, an increase in consumption due to elevated 

housing prices may lead to inflationary stress. In the case of high inflation in the economy, 

the central bank may increase the interest rate in an attempt to cool down the economy.  

 

House prices also affect the lending practices of financial institutions and the construction 

activity of dwellings. Higher housing prices result in higher credit supply due to the 

collateral effect. As explained in section 4.1.7, the majority of loans are secured by the 

property itself. Banks, therefore, view increasing housing prices as enhanced value of 

their assets. As a result of the collateral effect, they are willing to grant larger loans to 

households. The construction activity is also determined by current and future housing 

prices. Increasing housing prices naturally results in higher construction activity due to 

the profit potential of high housing prices. A higher activity in the construction industry 

naturally results in higher economic growth, as more workforce and construction material 

is required to complete the project. This, in turn, increases employment and the private 

economy of these households. An increase in the private economy of these households 

enables them to increase their consumption. As we can see, higher housing prices create 

a spiral effect in the economy, where increased consumption stimulates the activity and 

investment, which results in economic growth. However, it is important to bear in mind 

that the spiral of increasing housing prices and economic growth can generate inflationary 

stress, which might encourage the government to take necessary measures through 

monetary and fiscal policy. In most cases, the governmental intervention causes growth 

in housing prices to stabilize and in the worst case to fall. As a result, the economy may 

shift from an overheated housing market to a recession.   
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 A fall in housing prices has a negative effect on consumption, investment and the overall 

activity in the economy. For the average household, declining housing prices reduce the 

wealth. This results in higher concern for their own economy, and households are more 

cautious with their consumer spending. In a worst-case scenario, households can be 

cornered in a negative equity situation, where their residential is of less value than 

outstanding mortgage. This was a real situation for the population in Stavanger when the 

oil prices collapsed. People were forced to sell their homes in order to relocate to another 

work location and sell their house with a loss of equity. A more serious situation is when 

the market becomes illiquid. When house prices decline significantly, the equity of the 

household will disappear along with the price fall, hence only leaving them left with debt. 

This makes it difficult for households to sell their houses and buy another house, in 

situations where they wish to expand their family and move to a bigger house. Therefore, 

they are stuck with the house that they own, without the possibility of selling. Without 

people selling their houses, there are no properties to buy. The market, therefore, becomes 

illiquid, which is a critical situation for the housing market.  

 

A drop in housing prices also has implications for financial institutions. As a response, 

financial institutions tighten their lending practices by introducing stricter regulations. 

Accordingly, fewer borrowers are granted mortgages, making it impossible for 

households to purchase a property. This further weakens the demand for housing, causing 

prices to fall even more. Furthermore, in the case where households suffer from debt 

overhang, the risk of loss moves on to the financial institutions and can lead the banks 

into financial distress. The construction activity naturally also declines, as the demand 

diminishes and the profit opportunities are no longer conceivable. Contrary to rising 

housing prices, declining housing prices create a downwards spiral in the economy, where 

lower consumption spills over to lower investment and activity, causing the economic 

growth to fall. The lower investment and activity rate may also result in higher 

unemployment as the profitability of businesses declines.  

 

The current situation in Norway is characterized by increasing housing prices and debt 

ratios, which poses great uncertainty in case of an economic turn, caused by external 

shocks to the housing market. Geving (2017) articulates that the housing market is highly 
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vulnerable to changes in interest rates, where a slight change of one percentage would 

have major implications for the housing market and the overall economy. In the 

Norwegian situation, the risk of default for financial institutions is relatively low. 

Previous experience with the Norwegian banking crisis and the financial crisis has 

enabled financial institutions to have an adequate solvency and exercising good lending 

practice. However, even if financial institutions are well prepared, the aggregate 

consumption, investment, and the general economy will suffer in the case of falling 

housing prices. The lower growth in the economy will result in higher unemployment 

rate, and as seen in the case of Stavanger, housing prices are driven further down. It is, 

therefore, important that the government exercise great caution and considers all aspects 

of the economy and housing market when implementing regulations, monetary, and fiscal 

policies. As discussed in the regression analysis, interest rates and housing stock are 

adequate instruments the government can use in order to influence the housing market.  

 

8.0  Final discussion and conclusion  

Historically, the development in housing prices in Norway has been characterized by 

minor and medium sized fluctuations. However, since 1992, the intense growth in 

housing prices has received widespread attention, especially in Oslo where housing prices 

in recent years have escalated dramatically. Apart from the overall country, Oslo has, 

experienced an increase of 23.3% the last year, almost 58% increase the last five years, 

and up to 90% increase the last ten years. Such a development can be defined as a strong 

growth in housing prices in the short-term, and a moderate growth in the medium- and 

long-term, especially when comparing with other capitals in Europe (Valebrokk, Geving 

& Mamre, 2017).  

 

According to Geving (2017), the growth has mainly been driven by the low interest rate, 

the high income level, and relatively low housing supply, which is also supported by our 

analysis. Many economists and speculators have emphasized the low interest rates and 

the expectations of further low interest rates as the primary source of increasing housing 

prices. Although the same interest rate applies for the entire country, regional differences 

have in recent years increased significantly. The explanation behind this development is 

that the low interest rates have acted as fuel in overheated markets, where the imbalance 
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between supply and demand have caused housing prices to escalate. Others have 

explained the regional differences by emphasizing the unequal distribution in population 

growth and economic development. Oslo, in specific, has experienced a higher rate of 

migration from Stavanger due to higher unemployment rate caused by the recent oil price 

fall. 

 

The development of housing prices has been closely related to the development of the 

overall debt-level of households. However, this is not supported by our regression 

analysis, as the debt variable is not found to be statistically significant. Nevertheless, 

household finances have in recent years been characterized by an increasing debt-to-value 

ratio and an extensive use of interest-only payments, which has caused the total debt of 

households to double within ten years. The low interest rates and higher income levels 

have fueled this development as low borrowing costs have provided households with 

good finances, despite their loans and expenses. Moreover, economists have lately 

emphasized the effect of the equity generator in a situation with increasing housing prices. 

The equity generator affects the amount of debt each household is granted positively, as 

an increase in housing prices is viewed as an equivalent increase in the equity of the 

average household. This psychological intuition of households encourages them to 

borrow a larger amount of money, as they believe that they are wealthier and that they 

can service a higher debt. However, this situation poses a great risk for the average 

household and the overall economy. It leaves the economy exposed and vulnerable to 

changes or external shocks, such as higher unemployment, loss of income, or increases 

in interest rates. In which case, the expectations of speculators and the public take a turn, 

leaving the housing market battered.  

 

Psychological factors, such as expectations, have repeatedly been identified as an 

important driver of the increasing housing prices, especially in Oslo. This notion is 

supported by Valebrokk & Co (2017), credit analyst Ringholm (Lorch-Falch, 2017), and 

our regression analysis, where the expectation variable is found to be statistically 

significant. The diminishing turnover time also demonstrates that buyers are afraid of 

missing out on a good investment opportunity, as discussed earlier. Several economists 

and real estate agents have further validated this assertion by pointing out the obvious 
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increase in buyers of secondary homes, seeking to make a profit. There is hardly any 

secondary housing purchase in Oslo today which can be recalculated with profit, only 

based on the achieved rental level. This means that secondary purchasers are buying 

houses based on speculations of further increasing housing prices and real capital gains. 

These speculative investors increase the entrance barrier for first-time buyers who want 

to enter the market, as they drive the bidding rounds to higher levels, making it impossible 

for young people to match their offers.  

 

In response to the explosive housing prices, especially in Oslo, the finance minister of 

Norway introduced new requirements and regulations, which were implemented January 

1st, 2017. The first regulation targeted buyers of secondary homes and imposed that they 

had to provide 40% equity in Oslo, against 15% for the rest of the country (Vedeler, 

Hovland, & Nordstrøm, 2016). The finance minister justified the stricter requirements to 

equity, in the case of secondary purchasers, by emphasizing that the regulations may limit 

the number of speculating investors in the market. This provides less pressure to the 

bidding process for first-time buyers and families in the establishing phase. In addition to 

the equity requirements, a stricter lending policy was enforced on banks, implicating that 

households may only obtain loans up to five times their gross income. Policies related to 

interest-only payments have also been tightened, where borrowers with less than 40% 

equity are obligated to repay at least 2.5% of their total debt, each year. This requirement 

was previously only imposed on borrowers with less than 30% equity (Vedeler, Hovland, 

& Nordstrøm, 2016). The results of these restrictions have been prevalent at the beginning 

of the second quarter of 2017, and the implications appear to be larger than assumed. 

Statistics reveal that a greater number of mortgage applications have been rejected, and 

the effects of these are already prominent in the housing price statistics.  

 

Despite the measures taken by the finance minister, a noteworthy observation is that the 

municipality of Oslo is one of the most aggressive participants in Oslo’s housing market. 

Their purchase of residentials amounts to an average price of 100,000 NOK per square 

meter, which is 12% above the average price in the area of interest. This indicates that the 

municipality of Oslo is the winner in most of the bidding rounds they participate in 

(Halstensen, 2017).  
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When looking for possible solutions that might balance the housing market, Geving 

(2017) emphasizes the role of sufficient residential construction throughout the country. 

The number of new dwellings has been too low to meet the increasing demand, and the 

municipality of Oslo, in particular, has been criticized for their slow administrative 

procedure and poor housing planning. In response to this criticism, the municipality has 

established a fast track department to ensure a faster procedure and approval of building 

permits, and speed up the number of new constructions in the capital. With the upcoming 

constructions, it is important to consider the infrastructure. This means that new dwellings 

also require an accommodating infrastructure that meets the needs of the residents in the 

form of public transportation, road construction, grocery shops, and other necessities.  

 

The development of the overall country appears to be in line with most fundamental 

factors in our analysis. It is mainly Oslo that is of concern, as the development in housing 

prices is difficult to explain with those macroeconomic factors included in our analysis. 

However, when comparing housing prices in Oslo to other capitals in Europe, residentials 

do not seem to be overvalued. Other cities have prices of 114,000 NOK, 150,000 NOK, 

and 280,000 NOK per square meter in Paris, New York, and London respectively. The 

market for owning dwellings in Norway is democratic compared to other European 

countries. For example, in Norway, 84% of the population possess their own residential, 

compared to 60% in Denmark, below 60% in Sweden, 40% in Germany, and 50% in the 

Netherlands. The elevated housing prices in Oslo are argued by some experts to be the 

“new normal”, especially if Oslo is developing to be a metropolitan with high population 

growth, innovative businesses, and attracting more international capital. However, it is 

difficult to imagine that an increase of 5.1% in nominal income compared to 23.3% in 

housing prices in 2016 is normal in any way.  

 

The housing prices in the first quarter of 2017 have had a more moderate development 

than what has been the case for most of 2016. Updated figures reveal that housing prices 

of resale dwellings, from the housing construction company OBOS, fell by 1.2% from 

February to March in Oslo (Dalen, 2017). Furthermore, the real estate agency, 

Privatmegleren, reported a fall in sales of housing in March by 23%, whereas their 

competitor, Krogsveen, experienced a fall of 30% in the same month compared to the 
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previous year. The CEO of Krogsveen states that we have to return to the aftermath of 

the financial crisis in 2008 to find equally weak turnover figures for resale houses in Oslo 

(Moe, 2017). Moreover, statistics reveal that sales of new houses fell by 35% in Oslo the 

first quarter of 2017, compared to the same quarter the previous year. On country level, 

the sales of new houses increased by 3%. At the same time, the construction of new 

residentials has increased by 37% in the first quarter of 2017. This is the highest level of 

new constructions since the 80’s (Moe, 2017).  

 

In sum, figures from the first quarter of 2017 indicate an increased uncertainty among the 

public, and a weakening of turnover rates. There might appear to be a change of mood in 

the housing market related to greater uncertainty on the buyer and seller side. The CEO 

of OBOS conveys that the downturn in March may indicate that the housing market is 

approaching a more stable level (Dalen 2017). Furthermore, the new regulations and 

restrictions imposed by the finance minister have affected the demand in housing market, 

especially in Oslo. It is also prevalent that the high rate of new constructions in the 

housing market has contributed to a more sufficient balance between supply and demand. 

Though it is too early to draw conclusions of whether we are witnessing a trend shift in 

the Norwegian housing market, we can assume that the price development in the housing 

market will be somewhat more moderate in the future.         

 

The object of this thesis has been to analyze the price development of the Norwegian 

housing market through theoretical and empirical analysis. Our interpretation of the price 

development is that it has been characterized by a high growth rate after the Norwegian 

banking crisis, with some minor fluctuation during the financial crisis. In line with 

previous literature and more recent statements of economists and experts within the field, 

we find that the low interest rate, high income level, and the overall slow pace of new 

constructions have driven the accelerated price development over the years. 

Unemployment rate and expectations are both found to be significant in the main 

regression analysis, however with lower effect than expected. The overall development 

in housing prices is found to be sustainable, with the exception of Oslo. When interpreting 

the results, it is important to bear in mind the limitations of the analysis in this thesis. 

Conclusions based on findings can therefore not be drawn with complete certainty, as 
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limited data material may produce ambiguous results. In sum, the general findings of this 

analysis provide a good foundation for understanding the development in housing prices, 

and the dynamics between fundamental factors and the housing market.  
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Appendix A1: Annual average housing prices per square meter 1819-
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Appendix A3: Interest rates 1819-2016 
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Appendix A5: E-mail correspondence with Alexander Staubert 
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Appendix A6: Debt 
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Appendix A7: Population 

 

 

 

Appendix B1: HP-filter, Norway – Gap 
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Appendix B2: HP-filter, Oslo – Gap 

 

 

 

Appendix B3: HP-filter, Bergen – Gap 
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Appendix B4: HP-filter, Stavanger – Gap 

 

 

 

Appendix B5: HP-filter, Trondheim – Gap 
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Appendix C1: Calculation of real P/R-ratio  
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Calculated 
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LMU SSB

Real P/R 

ratio 

1865 68.18          16.25            4.19 1891 135.36          16.25            8.33 1917        263.09          37.15            7.08 

1866 69.08          16.25            4.25 1892 139.81          16.25            8.60 1918        300.93          52.25            5.76 

1867 84.75          17.42            4.87 1893 156.20          16.25            9.61 1919        322.28          55.73            5.78 

1868 71.78          17.42            4.12 1894 147.38          16.25            9.07 1920        355.57          63.86            5.57 

1869 78.72          16.25            4.84 1895 156.65          16.25            9.64 1921        298.07          59.21            5.03 

1870 81.60          16.25            5.02 1896 168.00          16.25          10.34 1922        311.48          49.92            6.24 

1871 85.68          16.25            5.27 1897 171.12          16.25          10.53 1923        318.56          46.44            6.86 

1872 96.20          18.58            5.18 1898 188.51          17.42          10.82 1924        306.82          51.08            6.01 

1873 98.46          19.74            4.99 1899 194.87          17.42          11.19 1925        321.68          52.25            6.16 

1874 116.91          20.90            5.59 1900 171.38          18.58            9.23 1926        297.06          44.12            6.73 

1875 120.10          19.74            6.08 1901 165.67          18.58            8.92 1927        290.41          40.64            7.15 

1876 131.88          19.74            6.68 1902 170.68          17.42            9.80 1928        299.68          37.15            8.07 

1877 130.34          19.74            6.60 1903 168.99          17.42            9.70 1929        306.39          35.99            8.51 

1878 141.40          17.42            8.12 1904 156.40          16.25            9.62 1930        289.78          34.83            8.32 

1879 123.21          16.25            7.58 1905 145.22          17.42            8.34 1931        296.40          32.51            9.12 

1880 116.01          17.42            6.66 1906 162.92          17.42            9.35 1932        296.54          32.51            9.12 

1881 121.92          18.58            6.56 1907 155.58          18.58            8.38 1933        301.07          31.35            9.60 

1882 126.12          18.58            6.79 1908 158.83          18.58            8.55 1934        283.46          32.51            8.72 

1883 123.03          17.42            7.06 1909 158.29          18.58            8.52 1935        282.86          32.51            8.70 

1884 112.08          17.42            6.44 1910 171.53          18.58            9.23 1936        309.43          33.67            9.19 

1885 127.68          16.25            7.86 1911 174.40          19.74            8.84 1937        323.14          35.99            8.98 

1886 116.19          16.25            7.15 1912 183.41          20.90            8.78 1938        312.94          37.15            8.42 

1887 123.68          15.09            8.19 1913 193.06          22.06            8.75 1939        338.54          37.15            9.11 

1888 119.08          16.25            7.33 1914 206.71          22.06            9.37 1940        339.81          42.96            7.91 

1889 116.55          16.25            7.17 1915 201.23          24.38            8.25 1941        361.68          51.08            7.08 

1890 125.22          16.25            7.70 1916 232.56          30.19            7.70 1942        339.25          54.57            6.22 

Norway, Price-to-Rent ratio 
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1943 334.24          55.73            6.00 1969 966.35        134.68            7.18 1995     7,244.04        778.66            9.30 

1944 337.55          56.89            5.93 1970 1094.37        148.61            7.36 1996     8,010.94        791.94          10.12 

1945 371.22          56.89            6.53 1971 1149.37        159.06            7.23 1997     8,712.75        811.04          10.74 

1946 360.86          59.21            6.09 1972 1295.25        169.51            7.64 1998     9,966.02        830.13          12.01 

1947 374.91          59.21            6.33 1973 1359.65        182.28            7.46 1999   11,270.72        853.37          13.21 

1948 370.48          59.21            6.26 1974 1411.83        199.70            7.07 2000   12,977.60        889.07          14.60 

1949 392.35          59.21            6.63 1975 1572.67        222.92            7.05 2001   13,976.63        925.60          15.10 

1950 401.13          61.53            6.52 1976 1625.49        243.81            6.67 2002   14,911.04        969.59          15.38 

1951 388.07          71.98            5.39 1977 1949.35        265.87            7.33 2003   15,186.77     1,008.61          15.06 

1952 402.34          77.79            5.17 1978 2175.36        286.77            7.59 2004   17,057.10     1,028.53          16.58 

1953 441.43          80.11            5.51 1979 2332.00        303.00            7.70 2005   18,612.63     1,049.28          17.74 

1954 390.69          82.43            4.74 1980 2547.20        323.75            7.87 2006   21,450.43     1,072.53          20.00 

1955 505.66          83.59            6.05 1981 3311.78        359.45            9.21 2007   23,857.86     1,089.96          21.89 

1956 514.33          87.08            5.91 1982 4049.23        404.27          10.02 2008   22,853.86     1,119.85          20.41 

1957 518.77          89.40            5.80 1983 4272.70        440.80            9.69 2009   23,469.01     1,157.20          20.28 

1958 551.81          94.04            5.87 1984 4626.11        474.00            9.76 2010   25,414.49     1,190.41          21.35 

1959 532.21          96.36            5.52 1985 4958.11        496.42            9.99 2011   27,708.63     1,214.48          22.82 

1960 569.29          96.36            5.91 1986 6443.18        520.49          12.38 2012   29,834.38     1,236.06          24.14 

1961 581.57          98.69            5.89 1987 7929.44        552.04          14.36 2013   31,301.52     1,272.59          24.60 

1962 619.29        103.33            5.99 1988 7898.86        595.20          13.27 2014   31,309.00     1,307.46          23.95 

1963 667.88        106.81            6.25 1989 6820.40        640.86          10.64 2015   33,060.00     1,339.00          24.69 

1964 702.06        112.62            6.23 1990 6551.43        682.37            9.60 2016   36,399.06     1,387.20          26.24 

1965 778.88        117.26            6.64 1991 6040.79        716.40            8.43 

1966 817.05        120.75            6.77 1992 5543.04        742.97            7.46 

1967 855.38        126.55            6.76 1993 5893.90        763.72            7.72 

1968 899.37        131.20            6.86 1994 6731.70        768.70            8.76 

Norway, Price-to-Rent ratio 
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1865 187.33          22.85            8.20 1891 288.06          22.85          12.61 1917        419.00          52.22            8.02 

1866 180.72          22.85            7.91 1892 283.26          22.85          12.40 1918        482.44          73.43            6.57 

1867 129.20          24.48            5.28 1893 272.21          22.85          11.91 1919        519.97          78.33            6.64 

1868 168.82          24.48            6.90 1894 302.01          22.85          13.22 1920        555.89          89.75            6.19 

1869 179.80          22.85            7.87 1895 293.92          22.85          12.87 1921        501.87          83.22            6.03 

1870 163.53          22.85            7.16 1896 340.36          22.85          14.90 1922        494.62          70.17            7.05 

1871 184.87          22.85            8.09 1897 359.78          22.85          15.75 1923        547.37          65.27            8.39 

1872 170.56          26.11            6.53 1898 406.36          24.48          16.60 1924        502.46          71.80            7.00 

1873 178.21          27.74            6.42 1899 506.44          24.48          20.69 1925        544.15          73.43            7.41 

1874 237.35          29.37            8.08 1900 371.30          26.11          14.22 1926        538.10          62.01            8.68 

1875 254.00          27.74            9.16 1901 364.09          26.11          13.94 1927        542.02          57.11            9.49 

1876 293.53          27.74          10.58 1902 396.91          24.48          16.22 1928        514.20          52.22            9.85 

1877 259.02          27.74            9.34 1903 304.12          24.48          12.42 1929        527.03          50.59          10.42 

1878 250.54          24.48          10.24 1904 206.14          22.85            9.02 1930        475.51          48.96            9.71 

1879 238.45          22.85          10.44 1905 243.92          24.48            9.96 1931        584.42          45.69          12.79 

1880 271.37          24.48          11.09 1906 246.16          24.48          10.06 1932        568.79          45.69          12.45 

1881 220.74          26.11            8.45 1907 237.01          26.11            9.08 1933        564.31          44.06          12.81 

1882 272.69          26.11          10.44 1908 223.67          26.11            8.57 1934        545.53          45.69          11.94 

1883 311.57          24.48          12.73 1909 213.42          26.11            8.17 1935        581.34          45.69          12.72 

1884 208.99          24.48            8.54 1910 299.06          26.11          11.45 1936        658.98          47.32          13.93 

1885 230.00          22.85          10.07 1911 289.41          27.74          10.43 1937        618.36          50.59          12.22 

1886 216.55          22.85            9.48 1912 324.63          29.37          11.05 1938        619.24          52.22          11.86 

1887 225.38          21.21          10.62 1913 311.49          31.01          10.05 1939        674.14          52.22          12.91 

1888 230.74          22.85          10.10 1914 333.90          31.01          10.77 1940        661.72          60.38          10.96 

1889 233.11          22.85          10.20 1915 316.53          34.27            9.24 1941        696.99          71.80            9.71 

1890 271.79          22.85          11.90 1916 388.03          42.43            9.15 1942        803.42          76.70          10.48 

Oslo, Price-to-Rent ratio 
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house rent, 

LMU SSB

Real P/R 
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1943 486.37          78.33            6.21 1969 1886.94        189.29            9.97 1995     8,958.36     1,094.43            8.19 

1944 640.02          79.96            8.00 1970 1876.46        208.88            8.98 1996   10,024.58     1,113.10            9.01 

1945 953.03          79.96          11.92 1971 1947.17        223.56            8.71 1997   11,871.77     1,139.93          10.41 

1946 741.51          83.22            8.91 1972 2355.18        238.25            9.89 1998   13,992.25     1,166.77          11.99 

1947 737.63          83.22            8.86 1973 2291.43        256.20            8.94 1999   16,246.12     1,199.44          13.54 

1948 726.80          83.22            8.73 1974 2452.18        280.68            8.74 2000   18,688.08     1,249.61          14.96 

1949 698.57          83.22            8.39 1975 2340.55        313.31            7.47 2001   19,632.18     1,300.95          15.09 

1950 706.96          86.49            8.17 1976 2457.95        342.69            7.17 2002   21,777.15     1,362.79          15.98 

1951 735.65        101.17            7.27 1977 3141.49        373.69            8.41 2003   22,076.33     1,417.63          15.57 

1952 728.16        109.33            6.66 1978 3066.04        403.07            7.61 2004   24,180.44     1,445.63          16.73 

1953 916.88        112.60            8.14 1979 3269.30        425.87            7.68 2005   26,708.72     1,474.80          18.11 

1954 696.50        115.86            6.01 1980 3621.31        455.04            7.96 2006   30,756.73     1,507.47          20.40 

1955 920.72        117.49            7.84 1981 4807.30        505.21            9.52 2007   34,424.31     1,531.97          22.47 

1956 879.83        122.39            7.19 1982 5346.68        568.22            9.41 2008   33,223.95     1,573.97          21.11 

1957 950.38        125.65            7.56 1983 6284.19        619.55          10.14 2009   33,318.60     1,626.48          20.49 

1958 1023.93        132.18            7.75 1984 7182.28        666.23          10.78 2010   36,170.86     1,673.15          21.62 

1959 904.53        135.44            6.68 1985 7617.26        697.73          10.92 2011   39,738.88     1,706.98          23.28 

1960 1053.32        135.44            7.78 1986 9158.01        731.56          12.52 2012   43,003.72     1,737.32          24.75 

1961 1026.55        138.71            7.40 1987 10699.31        775.90          13.79 2013   44,799.04     1,788.66          25.05 

1962 1132.13        145.23            7.80 1988 10670.83        836.57          12.76 2014   50,864.00     1,837.66          27.68 

1963 1159.96        150.13            7.73 1989 9552.82        900.75          10.61 2015   56,821.00     1,882.00          30.19 

1964 1269.19        158.29            8.02 1990 8314.83        959.08            8.67 2016   65,631.38     1,949.75          33.66 

1965 1353.82        164.82            8.21 1991 7805.82     1,006.92            7.75 

1966 1496.60        169.71            8.82 1992 7343.13     1,044.26            7.03 

1967 1712.69        177.87            9.63 1993 7495.63     1,073.43            6.98 

1968 1815.20        184.40            9.84 1994 8274.98     1,080.43            7.66 

Oslo, Price-to-Rent ratio 
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LMU SSB

Real P/R 

ratio 

House prices 

per square 

meter, NCB

Calculated 

house rent, 

LMU SSB

Real P/R 

ratio 

House prices 

per square 

meter, NCB

Calculated 

house rent, 

LMU SSB

Real P/R 

ratio 

1865 43.23          15.47            2.80 1891 103.40          15.47            6.69 1917        225.19          35.35            6.37 

1866 47.37          15.47            3.06 1892 108.38          15.47            7.01 1918        252.69          49.71            5.08 

1867 63.14          16.57            3.81 1893 132.36          15.47            8.56 1919        260.61          53.02            4.91 

1868 46.56          16.57            2.81 1894 106.28          15.47            6.87 1920        310.51          60.76            5.11 

1869 55.34          15.47            3.58 1895 114.03          15.47            7.37 1921        268.05          56.34            4.76 

1870 58.98          15.47            3.81 1896 126.06          15.47            8.15 1922        248.41          47.50            5.23 

1871 57.61          15.47            3.72 1897 129.79          15.47            8.39 1923        266.25          44.19            6.03 

1872 71.92          17.67            4.07 1898 148.50          16.57            8.96 1924        264.71          48.61            5.45 

1873 78.97          18.78            4.21 1899 144.52          16.57            8.72 1925        270.76          49.71            5.45 

1874 86.57          19.88            4.35 1900 109.81          17.67            6.21 1926        253.16          41.98            6.03 

1875 85.90          18.78            4.57 1901 101.56          17.67            5.75 1927        246.38          38.66            6.37 

1876 84.70          18.78            4.51 1902 103.16          16.57            6.23 1928        234.40          35.35            6.63 

1877 87.78          18.78            4.67 1903 111.20          16.57            6.71 1929        257.40          34.24            7.52 

1878 108.23          16.57            6.53 1904 113.52          15.47            7.34 1930        253.67          33.14            7.65 

1879 86.11          15.47            5.57 1905 84.30          16.57            5.09 1931        246.05          30.93            7.95 

1880 70.70          16.57            4.27 1906 106.48          16.57            6.43 1932        255.83          30.93            8.27 

1881 90.74          17.67            5.13 1907 118.27          17.67            6.69 1933        246.94          29.83            8.28 

1882 87.83          17.67            4.97 1908 114.34          17.67            6.47 1934        219.54          30.93            7.10 

1883 85.39          16.57            5.15 1909 118.96          17.67            6.73 1935        212.44          30.93            6.87 

1884 86.11          16.57            5.20 1910 139.45          17.67            7.89 1936        235.27          32.04            7.34 

1885 94.10          15.47            6.08 1911 131.82          18.78            7.02 1937        249.99          34.24            7.30 

1886 75.17          15.47            4.86 1912 126.56          19.88            6.36 1938        244.75          35.35            6.92 

1887 93.93          14.36            6.54 1913 147.11          20.99            7.01 1939        270.27          35.35            7.65 

1888 86.12          15.47            5.57 1914 171.46          20.99            8.17 1940        279.09          40.87            6.83 

1889 86.05          15.47            5.56 1915 169.15          23.20            7.29 1941        293.88          48.61            6.05 

1890 96.87          15.47            6.26 1916 199.35          28.72            6.94 1942        244.70          51.92            4.71 

Bergen, Price-to-Rent ratio 
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1 

House prices 

per square 

meter, NCB

Calculated 

house rent, 

LMU SSB

Real P/R 

ratio 

House prices 

per square 

meter, NCB

Calculated 

house rent, 

LMU SSB

Real P/R 

ratio 

House prices 

per square 

meter, NCB

Calculated 

house rent, 

LMU SSB

Real P/R 

ratio 

1943 288.58          53.02            5.44 1969 765.75        128.14            5.98 1995     6,851.47        740.86            9.25 

1944 268.00          54.13            4.95 1970 785.14        141.40            5.55 1996     7,785.48        753.50          10.33 

1945 306.20          54.13            5.66 1971 964.68        151.34            6.37 1997     8,952.45        771.67          11.60 

1946 297.67          56.34            5.28 1972 952.06        161.28            5.90 1998     9,731.94        789.83          12.32 

1947 312.48          56.34            5.55 1973 961.76        173.43            5.55 1999   10,634.16        811.95          13.10 

1948 317.31          56.34            5.63 1974 1014.53        190.00            5.34 2000   12,432.73        845.91          14.70 

1949 323.99          56.34            5.75 1975 1229.10        212.09            5.80 2001   13,306.95        880.66          15.11 

1950 350.62          58.55            5.99 1976 1315.52        231.98            5.67 2002   14,863.48        922.52          16.11 

1951 327.81          68.49            4.79 1977 1454.39        252.97            5.75 2003   15,833.07        959.65          16.50 

1952 325.31          74.01            4.40 1978 1711.90        272.85            6.27 2004   18,597.82        978.60          19.00 

1953 319.04          76.22            4.19 1979 1919.31        288.29            6.66 2005   21,361.66        998.35          21.40 

1954 329.46          78.43            4.20 1980 2083.28        308.03            6.76 2006   25,163.62     1,020.46          24.66 

1955 398.82          79.54            5.01 1981 2470.71        342.00            7.22 2007   27,962.59     1,037.05          26.96 

1956 415.05          82.85            5.01 1982 2978.16        384.65            7.74 2008   25,446.39     1,065.48          23.88 

1957 426.32          85.06            5.01 1983 3378.17        419.40            8.05 2009   25,165.39     1,101.03          22.86 

1958 417.06          89.48            4.66 1984 3805.76        450.99            8.44 2010   27,604.42     1,132.62          24.37 

1959 455.06          91.69            4.96 1985 4052.70        472.32            8.58 2011   30,241.31     1,155.53          26.17 

1960 443.18          91.69            4.83 1986 5607.55        495.23          11.32 2012   32,431.81     1,176.06          27.58 

1961 441.57          93.90            4.70 1987 7163.76        525.24          13.64 2013   34,717.86     1,210.81          28.67 

1962 507.87          98.31            5.17 1988 7134.18        566.31          12.60 2014   37,605.00     1,243.99          30.23 

1963 497.97        101.63            4.90 1989 6005.39        609.75            9.85 2015   40,386.00     1,274.00          31.70 

1964 541.74        107.15            5.06 1990 5794.23        649.24            8.92 2016   40,739.88     1,319.86          30.87 

1965 620.41        111.57            5.56 1991 5280.78        681.63            7.75 

1966 693.62        114.88            6.04 1992 4813.29        706.90            6.81 

1967 644.36        120.41            5.35 1993 5276.45        726.65            7.26 

1968 618.34        124.83            4.95 1994 6207.29        731.38            8.49 

Bergen, Price-to-Rent ratio 
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House prices

House price 

index, SS 

(1998=100)

House prices 

per square 

meter, NCB

Rental 

prices

Consumer 

price index 

SSB 

(1998=100)

Calculated 

house rent, 

LMU SSB

Real P/R 

ratio 

1985 45.07     4,800.00 1985          59.80        430.80          11.14 

1986 59.15     6,300.00 1986          62.70        451.69          13.95 

1987 73.71     7,850.00 1987          66.50        479.06          16.39 

1988 73.24     7,800.00 1988          71.70        516.52          15.10 

1989 62.44     6,650.00 1989          77.20        556.15          11.96 

1990 58.69     6,250.00 1990          82.20        592.17          10.55 

1991 53.52     5,700.00 1991          86.30        621.70            9.17 

1992 49.30     5,250.00 1992          89.50        644.76            8.14 

1993 54.93     5,850.00 1993          92.00        662.77            8.83 

1994 65.73     7,000.00 1994          92.60        667.09          10.49 

1995 72.77     7,750.00 1995          93.80        675.73          11.47 

1996 78.87     8,400.00 1996          95.40        687.26          12.22 

1997 86.85     9,250.00 1997          97.70        703.83          13.14 

1998 100.00   10,650.00 1998        100.00        720.40          14.78 

1999 117.84   12,550.00 1999        102.80        740.57          16.95 

2000 130.52   13,900.00 2000        107.10        771.54          18.02 

2001 127.23   13,550.00 2001        111.50        803.24          16.87 

2002 132.86   14,150.00 2002        116.80        841.42          16.82 

2003 139.91   14,900.00 2003        121.50        875.28          17.02 

2004 161.03   17,150.00 2004        123.90        892.57          19.21 

2005 180.28   19,200.00 2005        126.40        910.58          21.09 

2006 218.78   23,300.00 2006        129.20        930.75          25.03 

2007 265.26   28,250.00 2007        131.30        945.88          29.87 

2008 273.71   29,150.00 2008        134.90        971.82          30.00 

2009 275.59   29,350.00 2009        139.40     1,004.23          29.23 

2010 306.57   32,650.00 2010        143.40     1,033.05          31.61 

2011 342.72   36,500.00 2011        146.30     1,053.94          34.63 

2012 370.42   39,450.00 2012        148.90     1,072.67          36.78 

2013 384.04   40,900.00 2013        153.30     1,104.37          37.03 

2014 376.77   40,126.11 2014        157.50     1,134.62          35.37 

2015 362.42   38,597.68 2015        161.30     1,162.00          33.22 

2016 341.16   36,334.06 2016 167.11     1,203.83          30.18 

Stavanger, Price-to-Rent ratio 
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House prices 

per square 

meter, NCB

Calculated 

house rent, 

LMU SSB

Real P/R 

ratio 

House prices 

per square 

meter, NCB

Calculated 

house rent, 

LMU SSB

Real P/R 

ratio 

1897 102,52          18,56            5,52 1927 232,62          46,40            5,01 

1898 109,72          19,89            5,52 1928 240,90          42,42            5,68 

1899 124,24          19,89            6,25 1929 246,90          41,10            6,01 

1900 126,77          21,21            5,98 1930 228,19          39,77            5,74 

1901 126,94          21,21            5,98 1931 220,85          37,12            5,95 

1902 131,55          19,89            6,61 1932 217,37          37,12            5,86 

1903 136,10          19,89            6,84 1933 216,33          35,80            6,04 

1904 130,63          18,56            7,04 1934 205,16          37,12            5,53 

1905 127,95          19,89            6,43 1935 192,34          37,12            5,18 

1906 132,32          19,89            6,65 1936 213,60          38,45            5,56 

1907 125,70          21,21            5,93 1937 237,27          41,10            5,77 

1908 129,11          21,21            6,09 1938 238,61          42,42            5,62 

1909 134,22          21,21            6,33 1939 239,76          42,42            5,65 

1910 140,11          21,21            6,61 1940 239,55          49,05            4,88 

1911 150,31          22,54            6,67 1941 281,92          58,33            4,83 

1912 158,77          23,86            6,65 1942 277,74          62,31            4,46 

1913 169,15          25,19            6,71 1943 258,95          63,64            4,07 

1914 175,88          25,19            6,98 1944 236,65          64,96            3,64 

1915 181,90          27,84            6,53 1945 261,10          64,96            4,02 

1916 190,09          34,47            5,51 1946 258,81          67,61            3,83 

1917 219,67          42,42            5,18 1947 261,11          67,61            3,86 

1918 241,12          59,66            4,04 1948 256,07          67,61            3,79 

1919 266,47          63,64            4,19 1949 271,57          67,61            4,02 

1920 284,23          72,92            3,90 1950 265,79          70,27            3,78 

1921 242,65          67,61            3,59 1951 271,50          82,20            3,30 

1922 264,51          57,01            4,64 1952 278,57          88,83            3,14 

1923 271,47          53,03            5,12 1953 298,45          91,48            3,26 

1924 251,93          58,33            4,32 1954 266,79          94,13            2,83 

1925 263,52          59,66            4,42 1955 377,82          95,46            3,96 

1926 239,33          50,38            4,75 1956 386,76          99,43            3,89 

Trondheim, Price-to-Rent ratio
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House prices 

per square 

meter, NCB

Calculated 

house rent, 

LMU SSB

Real P/R 

ratio 

House prices 

per square 

meter, NCB

Calculated 

house rent, 

LMU SSB

Real P/R 

ratio 

1957        356,07        102,08            3,49 1987     8 442,25        630,37          13,39 

1958        395,13        107,39            3,68 1988     8 413,13        679,66          12,38 

1959        366,62        110,04            3,33 1989     7 287,56        731,80            9,96 

1960        386,41        110,04            3,51 1990     6 301,34        779,19            8,09 

1961        491,56        112,69            4,36 1991     5 788,31        818,06            7,08 

1962        378,19        117,99            3,21 1992     5 322,81        848,39            6,27 

1963        528,35        121,97            4,33 1993     5 653,44        872,09            6,48 

1964        447,58        128,60            3,48 1994     6 592,92        877,78            7,51 

1965        518,11        133,90            3,87 1995     7 160,18        889,15            8,05 

1966        494,13        137,88            3,58 1996     7 982,81        904,32            8,83 

1967        569,56        144,51            3,94 1997     8 958,60        926,12            9,67 

1968        692,35        149,81            4,62 1998     9 826,18        947,92          10,37 

1969        658,04        153,79            4,28 1999   10 708,07        974,46          10,99 

1970        904,23        169,70            5,33 2000   12 271,09     1 015,23          12,09 

1971        902,63        181,63            4,97 2001   13 725,58     1 056,93          12,99 

1972        983,12        193,56            5,08 2002   15 266,02     1 107,17          13,79 

1973     1 038,70        208,15            4,99 2003   16 214,80     1 151,73          14,08 

1974     1 159,42        228,03            5,08 2004   18 853,37     1 174,48          16,05 

1975     1 259,54        254,55            4,95 2005   20 776,19     1 198,17          17,34 

1976     1 441,81        278,41            5,18 2006   23 510,09     1 224,72          19,20 

1977     1 629,77        303,60            5,37 2007   25 179,97     1 244,62          20,23 

1978     1 716,93        327,46            5,24 2008   23 608,55     1 278,75          18,46 

1979     2 197,81        345,99            6,35 2009   24 306,94     1 321,40          18,39 

1980     2 353,25        369,69            6,37 2010   26 724,13     1 359,32          19,66 

1981     3 516,62        410,45            8,57 2011   29 612,97     1 386,81          21,35 

1982     4 465,05        461,64            9,67 2012   32 243,63     1 411,46          22,84 

1983     4 592,66        503,35            9,12 2013   34 481,19     1 453,17          23,73 

1984     4 928,52        541,26            9,11 2014   38 746,00     1 492,98          25,95 

1985     5 339,43        566,86            9,42 2015   39 255,00     1 529,00          25,67 

1986     6 890,70        594,35          11,59 2016   41 973,31     1 584,04          26,50 

Trondheim, Price-to-Rent ratio
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Appendix C2: E-mail correspondence with Bergen municipality  
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Appendix C3: E-mail correspondence with Stavanger municipality 
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Appendix C4: E-mail correspondence with Trondheim municipality 
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Appendix C5: Calculation of fundamental P/R-ratio  

 

Mortgage 

rate 

After-tax 

nominal 

mortgage 

rate 

Property 

tax 

Recurring 

costs 

Capital gain 

or loss 

Fundamental 

P/R ratio

Real P/R 

ratio
Deviation 

1985          13.30            9.58                -              4.00            5.49          12.37            9.99           -2.38 

1986          14.65          10.55                -              4.00            7.24          13.68          12.38           -1.30 

1987          16.35          11.77                -              4.00            8.86          14.47          14.36           -0.11 

1988          16.65          11.99                -              4.00            6.59          10.64          13.27            2.63 

1989          15.13          10.89                -              4.00            4.55            9.66          10.64            0.98 

1990          14.29          10.29                -              4.00            4.17            9.89            9.60           -0.29 

1991          13.91          10.02                -              4.00            3.34            9.37            8.43           -0.93 

1992          13.38            9.63                -              4.00            2.42            8.92            7.46           -1.46 

1993          11.22            8.08                -              4.00            2.21          10.13            7.72           -2.41 

1994            8.27            5.95                -              4.00            1.39          11.67            8.76           -2.92 

1995            7.74            5.57                -              4.00            2.44          14.01            9.30           -4.71 

1996            7.12            5.13                -              4.00            1.34          12.84          10.12           -2.72 

1997            5.99            4.31                -              4.00            2.49          17.18          10.74           -6.44 

1998            7.39            5.32                -              4.00            2.29          14.22          12.01           -2.22 

1999            8.39            6.04                -              4.00            2.38          13.05          13.21            0.16 

2000            8.03            5.78                -              4.00            3.14          15.06          14.60           -0.46 

2001            8.84            6.36                -              4.00            2.91          13.42          15.10            1.68 

2002            8.45            6.08                -              4.00            1.29          11.37          15.38            4.01 

2003            6.53            4.70                -              4.00            2.54          16.23          15.06           -1.18 

2004            4.19            3.02                -              4.00            0.37          15.05          16.58            1.54 

2005            3.92            2.82                -              4.00            1.60          19.17          17.74           -1.43 

2006            4.26            3.07                -              4.00            2.31          21.01          20.00           -1.01 

2007            5.66            4.08                -              4.00            0.71          13.58          21.89            8.31 

2008            7.29            5.25                -              4.00            3.77          18.26          20.41            2.14 

2009            4.91            3.54                -              4.00            2.16          18.60          20.28            1.68 

2010            4.52            3.25                -              4.00            2.45          20.80          21.35            0.55 

2011            4.75            3.42                -              4.00            1.30          16.35          22.82            6.47 

2012            4.84            3.48                -              4.00            0.64          14.62          24.14            9.52 

2013            4.75            3.42                -              4.00            2.13          18.90          24.60            5.69 

2014            4.61            3.37                -              4.00            2.09          18.94          23.95            5.01 

2015            3.93            2.87                -              4.00            2.15          21.17          24.69            3.52 

2016            3.51            2.63                -              4.00            3.60          32.98          26.24           -6.74 

Norway, Fundamental P/R ratio

𝑖𝑎
𝑖

𝜏 𝑓 𝜋
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Mortgage 

rate 

After-tax 

nominal 

mortgage 

rate 

Property 

tax 

Recurring 

costs 

Capital gain 

or loss 

Fundamental 

P/R ratio

Real P/R 

ratio
Deviation 

1985          13,30            9,58                -              4,00            5,49          12,37          10,92           -1,45 

1986          14,65          10,55                -              4,00            7,24          13,68          12,52           -1,16 

1987          16,35          11,77                -              4,00            8,86          14,47          13,79           -0,68 

1988          16,65          11,99                -              4,00            6,59          10,64          12,76            2,12 

1989          15,13          10,89                -              4,00            4,55            9,66          10,61            0,94 

1990          14,29          10,29                -              4,00            4,17            9,89            8,67           -1,22 

1991          13,91          10,02                -              4,00            3,34            9,37            7,75           -1,61 

1992          13,38            9,63                -              4,00            2,42            8,92            7,03           -1,89 

1993          11,22            8,08                -              4,00            2,21          10,13            6,98           -3,15 

1994            8,27            5,95                -              4,00            1,39          11,67            7,66           -4,02 

1995            7,74            5,57                -              4,00            2,44          14,01            8,19           -5,83 

1996            7,12            5,13                -              4,00            1,34          12,84            9,01           -3,83 

1997            5,99            4,31                -              4,00            2,49          17,18          10,41           -6,77 

1998            7,39            5,32                -              4,00            2,29          14,22          11,99           -2,23 

1999            8,39            6,04                -              4,00            2,38          13,05          13,54            0,50 

2000            8,03            5,78                -              4,00            3,14          15,06          14,96           -0,11 

2001            8,84            6,36                -              4,00            2,91          13,42          15,09            1,67 

2002            8,45            6,08                -              4,00            1,29          11,37          15,98            4,61 

2003            6,53            4,70                -              4,00            2,54          16,23          15,57           -0,66 

2004            4,19            3,02                -              4,00            0,37          15,05          16,73            1,68 

2005            3,92            2,82                -              4,00            1,60          19,17          18,11           -1,06 

2006            4,26            3,07                -              4,00            2,31          21,01          20,40           -0,61 

2007            5,66            4,08                -              4,00            0,71          13,58          22,47            8,89 

2008            7,29            5,25                -              4,00            3,77          18,26          21,11            2,84 

2009            4,91            3,54                -              4,00            2,16          18,60          20,49            1,88 

2010            4,52            3,25                -              4,00            2,45          20,80          21,62            0,82 

2011            4,75            3,42                -              4,00            1,30          16,35          23,28            6,93 

2012            4,84            3,48                -              4,00            0,64          14,62          24,75          10,14 

2013            4,75            3,42                -              4,00            2,13          18,90          25,05            6,14 

2014            4,61            3,37                -              4,00            2,09          18,94          27,68            8,74 

2015            3,93            2,87                -              4,00            2,15          21,17          30,19            9,02 

2016            3,51            2,63            0,20            4,00            3,60          30,94          33,66            2,73 

Oslo, Fundamental P/R ratio

𝑖𝑎
𝑖

𝜏 𝑓 𝜋
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Mortgage 

rate 

After-tax 

nominal 

mortgage 

rate 

Property 

tax 

Recurring 

costs 

Capital gain 

or loss 

Fundamental 

P/R ratio

Real P/R 

ratio
Deviation 

1985          13,30            9,58                -              4,00            5,49          12,37            8,58           -3,79 

1986          14,65          10,55                -              4,00            7,24          13,68          11,32           -2,36 

1987          16,35          11,77                -              4,00            8,86          14,47          13,64           -0,83 

1988          16,65          11,99                -              4,00            6,59          10,64          12,60            1,96 

1989          15,13          10,89                -              4,00            4,55            9,66            9,85            0,19 

1990          14,29          10,29                -              4,00            4,17            9,89            8,92           -0,96 

1991          13,91          10,02                -              4,00            3,34            9,37            7,75           -1,62 

1992          13,38            9,63                -              4,00            2,42            8,92            6,81           -2,11 

1993          11,22            8,08                -              4,00            2,21          10,13            7,26           -2,87 

1994            8,27            5,95                -              4,00            1,39          11,67            8,49           -3,19 

1995            7,74            5,57                -              4,00            2,44          14,01            9,25           -4,76 

1996            7,12            5,13                -              4,00            1,34          12,84          10,33           -2,51 

1997            5,99            4,31                -              4,00            2,49          17,18          11,60           -5,58 

1998            7,39            5,32                -              4,00            2,29          14,22          12,32           -1,90 

1999            8,39            6,04                -              4,00            2,38          13,05          13,10            0,05 

2000            8,03            5,78                -              4,00            3,14          15,06          14,70           -0,36 

2001            8,84            6,36                -              4,00            2,91          13,42          15,11            1,69 

2002            8,45            6,08                -              4,00            1,29          11,37          16,11            4,74 

2003            6,53            4,70                -              4,00            2,54          16,23          16,50            0,27 

2004            4,19            3,02                -              4,00            0,37          15,05          19,00            3,96 

2005            3,92            2,82                -              4,00            1,60          19,17          21,40            2,23 

2006            4,26            3,07                -              4,00            2,31          21,01          24,66            3,64 

2007            5,66            4,08            6,00            4,00            0,71            7,48          26,96          19,48 

2008            7,29            5,25            6,00            4,00            3,77            8,71          23,88          15,17 

2009            4,91            3,54            3,00            4,00            2,16          11,94          22,86          10,92 

2010            4,52            3,25            3,00            4,00            2,45          12,81          24,37          11,56 

2011            4,75            3,42            3,00            4,00            1,30          10,97          26,17          15,20 

2012            4,84            3,48            3,00            4,00            0,64          10,16          27,58          17,42 

2013            4,75            3,42            5,00            4,00            2,13            9,72          28,67          18,96 

2014            4,61            3,37            5,00            4,00            2,09            9,73          30,23          20,50 

2015            3,93            2,87            5,00            4,00            2,15          10,28          31,70          21,42 

2016            3,51            2,63            5,00            4,00            3,60          12,45          30,87          18,42 

Bergen, Fundamental P/R ratio

𝑖𝑎
𝑖

𝜏 𝑓 𝜋
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Mortgage 

rate 

After-tax 

nominal 

mortgage 

rate 

Property 

tax 

Recurring 

costs 

Capital gain 

or loss 

Fundamental 

P/R ratio

Real P/R 

ratio
Deviation 

1985          13,30            9,58                -              4,00            5,49          12,37          11,14           -1,22 

1986          14,65          10,55                -              4,00            7,24          13,68          13,95            0,26 

1987          16,35          11,77                -              4,00            8,86          14,47          16,39            1,92 

1988          16,65          11,99                -              4,00            6,59          10,64          15,10            4,46 

1989          15,13          10,89                -              4,00            4,55            9,66          11,96            2,29 

1990          14,29          10,29                -              4,00            4,17            9,89          10,55            0,67 

1991          13,91          10,02                -              4,00            3,34            9,37            9,17           -0,20 

1992          13,38            9,63                -              4,00            2,42            8,92            8,14           -0,78 

1993          11,22            8,08                -              4,00            2,21          10,13            8,83           -1,30 

1994            8,27            5,95                -              4,00            1,39          11,67          10,49           -1,18 

1995            7,74            5,57                -              4,00            2,44          14,01          11,47           -2,54 

1996            7,12            5,13                -              4,00            1,34          12,84          12,22           -0,62 

1997            5,99            4,31                -              4,00            2,49          17,18          13,14           -4,04 

1998            7,39            5,32                -              4,00            2,29          14,22          14,78            0,56 

1999            8,39            6,04                -              4,00            2,38          13,05          16,95            3,90 

2000            8,03            5,78                -              4,00            3,14          15,06          18,02            2,95 

2001            8,84            6,36                -              4,00            2,91          13,42          16,87            3,45 

2002            8,45            6,08                -              4,00            1,29          11,37          16,82            5,45 

2003            6,53            4,70                -              4,00            2,54          16,23          17,02            0,79 

2004            4,19            3,02                -              4,00            0,37          15,05          19,21            4,17 

2005            3,92            2,82                -              4,00            1,60          19,17          21,09            1,92 

2006            4,26            3,07                -              4,00            2,31          21,01          25,03            4,02 

2007            5,66            4,08            2,00            4,00            0,71          10,68          29,87          19,19 

2008            7,29            5,25            2,00            4,00            3,77          13,38          30,00          16,62 

2009            4,91            3,54            2,00            4,00            2,16          13,56          29,23          15,67 

2010            4,52            3,25            2,00            4,00            2,45          14,69          31,61          16,92 

2011            4,75            3,42            2,00            4,00            1,30          12,32          34,63          22,31 

2012            4,84            3,48            2,00            4,00            0,64          11,31          36,78          25,47 

2013            4,75            3,42            2,00            4,00            2,13          13,72          37,03          23,32 

2014            4,61            3,37            2,00            4,00            2,09          13,74          35,37          21,63 

2015            3,93            2,87            4,00            4,00            2,15          11,46          33,22          21,75 

2016            3,51            2,63            4,00            4,00            3,60          14,22          30,18          15,96 

Stavanger, Fundamental P/R ratio

𝑖𝑎
𝑖

𝜏 𝑓 𝜋
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Mortgage 

rate 

After-tax 

nominal 

mortgage 

rate 

Property 

tax 

Recurring 

costs 

Capital gain 

or loss 

Fundamental 

P/R ratio

Real P/R 

ratio
Deviation 

1985          13,30            9,58            7,00            4,00            5,49            6,63            9,42            2,79 

1986          14,65          10,55            7,00            4,00            7,24            6,99          11,59            4,60 

1987          16,35          11,77            7,00            4,00            8,86            7,19          13,39            6,20 

1988          16,65          11,99            7,00            4,00            6,59            6,10          12,38            6,28 

1989          15,13          10,89            7,00            4,00            4,55            5,76            9,96            4,19 

1990          14,29          10,29            7,00            4,00            4,17            5,84            8,09            2,24 

1991          13,91          10,02            7,00            4,00            3,34            5,66            7,08            1,42 

1992          13,38            9,63            7,00            4,00            2,42            5,49            6,27            0,78 

1993          11,22            8,08            7,00            4,00            2,21            5,93            6,48            0,56 

1994            8,27            5,95            7,00            4,00            1,39            6,42            7,51            1,09 

1995            7,74            5,57            7,00            4,00            2,44            7,07            8,05            0,98 

1996            7,12            5,13            7,00            4,00            1,34            6,76            8,83            2,07 

1997            5,99            4,31            7,00            4,00            2,49            7,80            9,67            1,87 

1998            7,39            5,32            7,00            4,00            2,29            7,13          10,37            3,24 

1999            8,39            6,04            7,00            4,00            2,38            6,82          10,99            4,17 

2000            8,03            5,78            7,00            4,00            3,14            7,33          12,09            4,76 

2001            8,84            6,36            7,00            4,00            2,91            6,92          12,99            6,07 

2002            8,45            6,08            7,00            4,00            1,29            6,33          13,79            7,46 

2003            6,53            4,70            7,00            4,00            2,54            7,60          14,08            6,48 

2004            4,19            3,02            4,38            4,00            0,37            9,07          16,05            6,98 

2005            3,92            2,82            4,38            4,00            1,60          10,42          17,34            6,92 

2006            4,26            3,07            4,38            4,00            2,31          10,95          19,20            8,25 

2007            5,66            4,08            3,70            4,00            0,71            9,04          20,23          11,19 

2008            7,29            5,25            4,20            4,00            3,77          10,34          18,46            8,13 

2009            4,91            3,54            5,20            4,00            2,16            9,46          18,39            8,94 

2010            4,52            3,25            5,20            4,00            2,45            9,99          19,66            9,67 

2011            4,75            3,42            5,30            4,00            1,30            8,76          21,35          12,59 

2012            4,84            3,48            5,30            4,00            0,64            8,24          22,84          14,61 

2013            4,75            3,42            5,50            4,00            2,13            9,27          23,73          14,46 

2014            4,61            3,37            5,30            4,00            2,09            9,45          25,95          16,50 

2015            3,93            2,87            5,45            4,00            2,15            9,83          25,67          15,84 

2016            3,51            2,63            5,65            4,00            3,60          11,52          26,50          14,98 

Trondheim, Fundamental P/R ratio

𝑖𝑎
𝑖

𝜏 𝑓 𝜋
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Appendix C6: Housing prices relative to consumer price index and 

rental price index 
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Appendix D1: Augmented Dickey-Fuller unit root tests on transformed 

variables, country   

 

Variable Intercept Trend and intercept

Δhousing price 7.72*** 7.74***

Δincome 10.83*** 10.87***

ΔINTEREST RATE 6.04*** 6.07***

Δunemployment 3.12** 3.28*

Δ(income - housing stock) 10.31*** 10.66***

EXPECTATIONS 9.96*** 10.05***

*significant at 10%-level, **significant at 5%-level, ***significant at 1%-level 

Augmented Dickey-Fuller Unit Root Test 
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Appendix D2: Model for expectations for cities  

 

Variable Coefficient t-value Coefficient t-value Coefficient t-value Coefficientt-value

-9.44** (2.12) -8.86** (2.46) -8.90***  (2.76) -9.50**  (2.34)

-0.40* (1.86) -0.43** (2.43) -0.39***  (3.75) -0.51**  (2.30)

-0.13 (1.50) -0.16* (1.88) -0.21**  (2.49) -0.13  (1.54)

-0.25 (0.21) -0.93 (1.30) -1.04  (1.57) -0.59  (0.78)

0.01 (0.22) -0.02 (0.58) 0.01  (0.33) 0.03  (0.49)

0.15*** (3.79) 0.18*** (4.36) 0.02***  (5.15) 0.23***  (3.83)

0.07** (2.57) 0.06** (2.54) 0.02*  (1.72) 0.08***  (2.97)

0.16*** (3.66) 0.17*** (4.35) 0.02***  (5.21) 0.19***  (3.93)

-0.18 (0.33) -0.24 (0.70) -0.04  (0.31) -0.30  (0.71)

*significant at 10%-level, **significant at 5%-level, ***significant at 1%-level 

1,72 1,90 1,76 1,86

0,071099 0,069066 0,065281 0,069116

4,75 5,70 6,99 5,45

0,3959 0,4230 0,4907 0,4292

0,3126 0,3514 0,4205 0,3504

Model for household's expectation to their's and the country's economy 
Oslo, 2000q1-2016q4 Bergen, 2000q1- Stavanger, 2000q1- Trondheim, 2000q1-

67 67 67 67

𝛥(𝐼𝑁𝑇𝐸𝑅𝐸𝑆𝑇 𝑅𝐴𝑇𝐸 1 −  )𝑡

𝛥𝐸𝑋𝑃𝑡−1

(𝐼𝑁𝑇𝐸𝑅𝐸𝑆𝑇 𝑅𝐴𝑇𝐸 1−  )𝑡−1

𝛥𝑢𝑛𝑒𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡𝑡

𝑆1

𝑆2

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑜𝑏𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛𝑠

𝑅2

𝐴𝑑 𝑢𝑠𝑡𝑒𝑑 𝑅2

𝑆. 𝐸. 𝑜𝑓 𝑟𝑒𝑔𝑟𝑒𝑠𝑠𝑖𝑜𝑛

𝐹 − 𝑣𝑎𝑙𝑢𝑒

𝐷𝑊

𝛥𝐸𝑡

𝑢𝑛𝑒𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡𝑡−1

𝑆3

𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡

 

 

Tests for housing model 1865-2016 and 1948-2016 
 

Appendix D3: Correlation matrix 

 

1865-2016 

Independentent variables Income Interest rate

Income 1.00           -0.02                

Interest rate -0.02          1.00                 

Correlation matrix, 1865-2016
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1948-2016 

Independentent variables Income Interest rate Unemployment 

Income 1.00           -0.21                -0.56               

Interest rate -0.21          1.00                 0.15                 

Unemployment -0.56          0.15                 1.00                 

Correlation matrix, 1948-2016

 

Appendix D4: Stationarity (ADF) 

 

1865-2016  

Variable Intercept Trend and intercept

housing price 2.89** 0,02

income 0,91 2,05

INTEREST RATE 1,53 1,4

*significant at 10%-level, **significant at 5%-level, ***significant at 1%-level 

Augmented Dickey-Fuller Unit Root Test 

 

 

1948-2016 

Variable Intercept Trend and intercept

housing price 0,17 2,75

income 2,57 0,06

INTEREST RATE 0,96 0,83

UNEMPLOYMENT 1,93 3.49**

*significant at 10%-level, **significant at 5%-level, ***significant at 1%-level 

Augmented Dickey-Fuller Unit Root Test 

 

 

Appendix D5: Cointegration (ADF of residuals) 

 

1865-2016 

Variable Intercept Trend and intercept

Residuals at level 1,47 1,09

*significant at 10%-level, **significant at 5%-level, ***significant at 1%-level 

Augmented Dickey-Fuller Unit Root Test 
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1948-2016 

Variable Intercept Trend and intercept

Residuals at level 1,81 0,43

*significant at 10%-level, **significant at 5%-level, ***significant at 1%-level 

Augmented Dickey-Fuller Unit Root Test 

 

 

Appendix D6: Normality of residuals 

 

1865-2016 and 1948-2016 

 

 

Appendix D7: Housing price model with real values 1865-2016 

 

Variable Coefficient t-value

0.39* (1.87)

0.27** (2.05)

0.01 (0.83)

*significant at 10%-level, **significant at 5%-level, ***significant at 1%-level 

11.44

1.87

Housing price model 1865-2016 (real values)

150

0.1347

0.1229

0.0812699

𝛥𝑟𝑒𝑎𝑙 𝑖𝑛𝑐𝑜𝑚𝑒𝑡

𝛥𝑅𝐸𝐴𝐿 𝐼𝑁𝑇𝐸𝑅𝐸𝑆𝑇 𝑅𝐴𝑇𝐸𝑡

𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑜𝑏𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛𝑠

𝑅2

𝐴𝑑 𝑢𝑠𝑡𝑒𝑑 𝑅2

𝑆. 𝐸. 𝑜𝑓 𝑟𝑒𝑔𝑟𝑒𝑠𝑠𝑖𝑜𝑛

𝐹 − 𝑣𝑎𝑙𝑢𝑒

𝐷𝑊

𝛥ℎ𝑜𝑢𝑠𝑖𝑛𝑔 𝑝𝑟𝑖𝑐𝑒𝑡
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Appendix D8: Housing price model with nominal values 1948-2016 

 

Variable Coefficient t-value

0.39 (1.19)

1.38 (1.10)

-4.83** (2.49)

0.04* (1.87)

*significant at 10%-level, **significant at 5%-level, ***significant at 1%-level 

4.56

1.85

Housing price model 1948-2016

68

0.1761

0.1375

0.072288

𝛥𝑖𝑛𝑐𝑜𝑚𝑒𝑡

𝛥𝐼𝑁𝑇𝐸𝑅𝐸𝑆𝑇 𝑅𝐴𝑇𝐸𝑡

𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑜𝑏𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛𝑠

𝑅2

𝐴𝑑 𝑢𝑠𝑡𝑒𝑑 𝑅2

𝑆. 𝐸. 𝑜𝑓 𝑟𝑒𝑔𝑟𝑒𝑠𝑠𝑖𝑜𝑛

𝐹 − 𝑣𝑎𝑙𝑢𝑒

𝐷𝑊

𝛥ℎ𝑜𝑢𝑠𝑖𝑛𝑔 𝑝𝑟𝑖𝑐𝑒𝑡

𝛥 𝑁𝐸 𝑃𝐿𝑂𝑌 𝐸𝑁𝑇𝑡
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Appendix D9: Housing price model with lagged unemployment  

 

Variable Coefficient t-value

0.05 (0.54)

-2.78*** (3.02)

-1.05 (1.19)

0.04** (1.98)

-0.08** (2.57)

-1.17*** (4.21)

-0.03** (2.26)

0.09 (1.27)

0.03*** (3.00)

0.02*** (2.92)

0 (0.43)

0.97** (2.10)

Breusch Godfrey P-value 

*significant at 10%-level, **significant at 5%-level, ***significant at 1%-level 

7.8

1.75

0.2674

Housing price model

Reestimation extended 1991q1-

2016q4 - with unemployment 

lagged

102

0.4882

0.4257

0.028653

𝛥𝑖𝑛𝑐𝑜𝑚𝑒𝑡

𝛥(𝐼𝑁𝑇𝐸𝑅𝐸𝑆𝑇 𝑅𝐴𝑇𝐸 1−  )𝑡
𝛥(𝐼𝑁𝑇𝐸𝑅𝐸𝑆𝑇 𝑅𝐴𝑇𝐸 1−  )𝑡−1

𝛥𝐸𝑋𝑃𝑡

ℎ𝑜𝑢𝑠𝑖𝑛𝑔 𝑝𝑟𝑖𝑐𝑒𝑡−1

(𝐼𝑁𝑇𝐸𝑅𝐸𝑆𝑇 𝑅𝐴𝑇𝐸 1−  )𝑡−1

𝑢𝑛𝑒𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡𝑡−1

𝑖𝑛𝑐𝑜𝑚𝑒− ℎ𝑜𝑢𝑠𝑖𝑛𝑔 𝑠𝑡𝑜𝑐𝑘 𝑡−1

𝑆1

𝑆2

𝑆3

𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑜𝑏𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛𝑠

𝑅2

𝐴𝑑 𝑢𝑠𝑡𝑒𝑑 𝑅2

𝑆. 𝐸. 𝑜𝑓 𝑟𝑒𝑔𝑟𝑒𝑠𝑠𝑖𝑜𝑛

𝐹 − 𝑣𝑎𝑙𝑢𝑒

𝐷𝑊

𝛥ℎ𝑜𝑢𝑠𝑖𝑛𝑔 𝑝𝑟𝑖𝑐𝑒𝑡
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Appendix D10: House price model 2000q1-2016q4, best fit  

 

Variable Coefficient t-value Coefficient t-value Coefficient t-value Coefficient t-value

0.15 (0.50) 0.34 (0.75) 0.82**  (2.44) -0.23  (0.49)

-6.72** (2.39) -0.41 (0.13) -2.22*  (1.65) 0.02  (0.01)

0.03* (1.67) 0.04* (1.86) 0.06***  (3.60) 0.06***  (3.57)

-5.22*** (2.99) -3.04* (1.69) -0.93  (0.90) -3.15  (2.17)

0.01 (0.60) 0.01  (1.62)

-0.13** (2.18) -0.10** (2.04) 0.07  (2.27) -0.10  (2.00)

0.19 (1.54) 0.04 (0.46) 0.20*  (1.71) 0.09  (0.87)

0.07** (2.21) 0.03 (0.97) 0.06**  (2.22) 0.08***  (2.65)

-2.03** (2.18) -0.35 (0.38) -1.05  (1.89) -0.56  (0.54)

-1.23* (1.81) -1.23** (2.00) -0.83  (2.14) -0.81  (1.49)

0.00 (0.56) 0.02 (1.35) 0.03***  (3.44) 0.01  (1.10)

0.08** (4.69) 0.08*** (3.88) 0.03***  (3.76) 0.07***  (3.23)

0.05*** (3.94) 0.04*** (3.31) -0.00  (0.06) 0.04***  (3.63)

0.06** (2.96) 0.03* (1.67) -0.01  (0.64) 0.02  (1.08)

-0.77 (0.87) 0.32 (0.43) -0.72  (1.06) 0.02  (0.02)

Breusch Godfrey P-value 

*significant at 10%-level, **significant at 5%-level, ***significant at 1%-level 

1.84 1.99 1.90 1.85

0.4012 0.6921 0.0686 0.5469

0.030357 0.03188 0.025319 0.026990

4.41 6.52 8.73 8.72

0.5251 0.6369 0.7014 0.6815

0.4086 0.5391 0.6210 0.6033

Housing price model
Oslo, 2000q1-2016q4 Bergen, 2000q1-2016q4 Stavanger, 2000q1- Trondheim, 2000q1-

67 67 67 67

𝛥𝑖𝑛𝑐𝑜𝑚𝑒𝑡

ℎ𝑜𝑢𝑠𝑖𝑛𝑔 𝑝𝑟𝑖𝑐𝑒𝑡−1

ℎ𝑜𝑢𝑠𝑖𝑛𝑔 𝑠𝑡𝑜𝑐𝑘𝑡−1

𝑆1

𝑆2

𝑆3

𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑜𝑏𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛𝑠

𝑅2

𝐴𝑑 𝑢𝑠𝑡𝑒𝑑 𝑅2

𝑆. 𝐸. 𝑜𝑓 𝑟𝑒𝑔𝑟𝑒𝑠𝑠𝑖𝑜𝑛

𝐹 − 𝑣𝑎𝑙𝑢𝑒

𝐷𝑊

𝛥ℎ𝑜𝑢𝑠𝑖𝑛𝑔 𝑝𝑟𝑖𝑐𝑒𝑡

𝛥𝑢𝑛𝑒𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡𝑡
𝛥𝐸𝑋𝑃𝑡

𝛥(𝐼𝑁𝑇𝐸𝑅𝐸𝑆𝑇 𝑅𝐴𝑇𝐸 1−  )𝑡

𝑖𝑛𝑐𝑜𝑚𝑒𝑡−1

𝐸𝑋𝑃𝑡−1

𝑢𝑛𝑒𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡𝑡−1

(𝐼𝑁𝑇𝐸𝑅𝐸𝑆𝑇 𝑅𝐴𝑇𝐸 1−  )𝑡−1

𝛥ℎ𝑜𝑢𝑠𝑖𝑛𝑔 𝑠𝑡𝑜𝑐𝑘𝑡

 

 


