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Abstract 

The Swedish housing market has been subject to extensive attention in the media re-

cently, and the existence of a housing bubble has been questioned. The purpose of 

this thesis is to analyse the Swedish housing market to investigate if there are reasons 

to believe that the market is overvalued. The current situation in the housing market 

will be compared to the United States market prior to the crash of 2007. The models 

that are used in the paper is the house price-to-income, price-to-rent and imputed 

rent-to-rent. Other fundamental factors such as rent control, household debt, interest 

rates, and other policies effecting the housing market will be discussed. 

The main findings indicate that the Swedish housing market in 2010 is overvalued, 

however one has to consider that there are limitations to these models such as the 

extra benefits of owning a house compared to renting. 
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1 Introduction 

 

The housing market has always been a popular subject and the price development has been 

closely followed by the media. Lately though, the question of a housing bubble has been a 

hot topic. The Swedish housing market has since the crash in the 1990s been in a strong 

upward trend, during which prices has increased by an astonishing 290 percent (Statistics 

Sweden, 2010). The question that has been debated in the media is whether strong growth 

in house prices has been driven by fundamentals1, or whether it has been due to a bubble 

in the market (Dagens Nyheter, 2010).  

The recent global financial crisis has affected most of the worlds markets, with a decline in 

house prices. In the United States (US) the housing market crashed in 2007, and prices 

went down substantially (Wall Street Journal, 2008).  During the year 2007 the house prices 

fell with more than 8% on a national level (MacroMarkets, 2010). One would think that the 

small Swedish market would follow a similar pattern, but on the contrary the Swedish 

housing market was not significantly affected by the downturn. The housing prices experi-

enced a moderate decrease of 1% from the last quarter of 2007 to the first quarter of 2008, 

then the prices started increasing again, reaching higher levels then prior to the crisis (Sta-

tistics Sweden, 2008). Sweden is now in a situation with historically low interest rates and 

with government subsidies affecting the housing market. This situation is similar to the one 

the US faced before the crisis, with low interest rates and government subsidies aimed at 

increasing home ownership rates (Holt, 2009). This raises the question as to whether the 

Swedish housing market is facing a similar fate to what the US market experienced. 

The purpose of this thesis is to analyse the Swedish housing market to investigate if there 

are any signs of the market being in a bubble. This will be done by using the imputed rent 

model, price-to-income, and price-to-rent ratios. The imputed rent model measures the re-

lation between the cost of owning a house and renting. The other two ratios compare the 

house price to rent and income, which can give a good indicator on how the market is cur-

rently valued. The results will then be compared to the situation prior to the US housing 

crash. This is as an interesting topic due to the fact that buying a house is a big decision to 

make, and normally is the biggest form of capital investment a person makes during his or 

her life. Also, a house is often the only form of substantial wealth the average person has 

hence, making the economy sensitive to larger reductions in housing prices (Muellbauer, 

2007). The lack of studies on the Swedish housing market is another reason why this is an 

interesting topic for the paper.  

This paper examines only the part of the housing market which consists of one- or two-

dwelling houses in Sweden, during the time period from 1984 to 2009. The results of the 

models are based on national data, which means that the models used do not take into ac-

count different local factors and there are no adjustments for quality improvements of 

houses. 

                                                 
1
 Fundamentals being the underlying factors that affect the supply and demand of housing. 
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The topic of valuating housing markets has been studied many times, Case and Shiller 

(2003) and Hott and Monnin (2008) have in their papers examined different models to 

evaluate the housing markets in the following countries: US, UK, Netherlands, Japan, and 

Switzerland. The model used in this paper is the imputed rent model proposed by 

Himmelberg, Mayer and Sinai (2005), which is an model that examines the cost of owning 

a house compared to renting a similar dwelling. The Swedish housing market has not been 

studied to the same extent, but there are some papers that focuses on the Swedish market. 

There are two studies of particular interest, Jaffee (1994) discusses the Swedish real estate 

crisis of the early 1990’s and a study by  Björklund and Söderberg (1999) which focused 

more on property cycles in Sweden in general. 

The first part of the paper, section 2, will go through past work on housing bubbles, and 

give a background of the Swedish and American housing markets. In section 3 different 

models regarding the housing market will be discussed. In section 4 of the paper the 

method used will be explained and the variables will be defined. In section 5 the results will 

be presented which will be followed with an analysis in section 6. In section 7 the conclu-

sion will be presented. 
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2 Background 
 

This chapter will go through previous work that has been done on the housing market.  To 

be able to draw a conclusion whether the Swedish housing market is facing a similar crash 

as the US market experienced in 2007, one has to look at the causes behind the crash in the 

US and look at the current situation in the Swedish market. For the same reason, the Swed-

ish housing crash in 1991 will also be discussed. 

2.1 Definition of a bubble on the housing market 
 

There exist many definitions explaining what a bubble is and how it comes about. One of 

the most used definitions is the one by Stiglitz (1990, p.13). 

 "If the reason that the price is high today is only because investors believe that the selling price is high to-

morrow-when 'fundamental' factors do not seem to justify such a price-then a bubble exists. At least in the 

short run, the high price of the asset is merited, because it yields a return (capital gain plus dividend) equal 

to that on alternative assets." 

What Stiglitz refers to as fundamental factors are the underlying factors that affects the 

price movements, namely the supply and demand of housing. Factors that affect the supply 

and demand includes household incomes, construction permits, vacancy rates, number of 

households etc. (Quigley, 1999). 

Another well cited definition of a bubble is the one by Case and Shiller (2003, p.299).  

 

“...a situation in which excessive public expectations of future price increases cause prices to be 

temporarily elevated”.  

 

Case and Shiller (2003) explain how homebuyers, under a bubble, can consider housing 

that normally would be too expensive because the future increase of the house value will 

make up for the high price, making saving not as necessary since the price increase of the 

house will save for them. Since prices increase rapidly under a bubble, first time homebuy-

ers try to get into the market as quickly as possible since is it believed that prices will be 

higher tomorrow. Himmelberg et al (2005) explains speculation as the situation where in-

vestors expect that house prices will be higher tomorrow than today. A housing bubble is 

being driven by homebuyers that are willing to pay a premium because they expect a unre-

alistic increase in housing prices.   

 

There are different opinions about the existence of bubbles in the housing market, Levin 

and Wright (1997) agree with the conventional definition of speculation, however the au-

thors argue that speculation in the housing market is unlikely. The reasons being that there 

are high transaction costs such as conveyance, real-estate agent, and lawyer fees. Addition-

ally there could also be high search costs to find a suitable property, hence it is believed 
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that in the short run the expected gains from real-estate speculation will be reduced or, 

possibly eliminated.  

 

2.2 Previous studies 
 

In the paper by Case and Shiller (2003), the purpose was to look at the US housing market 

and determine if the market was overheated or in other words, if there was a housing bub-

ble. The authors emphasize that there are many different ways to describe a bubble and 

among economists the presence of bubbles is sometimes refuted. According to a investiga-

tion by Case and Shiller (2003), the term bubble was something rarely used in media before 

2002, when the word all of a sudden started to appear more frequently. The authors ques-

tioned if media’s use of words like “housing bubbles” and “housing boom” could affect 

the way homeowners and potential homebuyers think about housing prices. It is argued in 

the paper that the growth in income explains the increase in house prices for most states. 

Additionally the appreciation in housing values  can be explained by the decline in interest 

rates. To investigate if there was a housing bubble the authors used the two ratios price-to-

rent and price-to-income and analysed US state-level data from 1985 to 2002. In addition, 

they also performed a survey in 2003, asking people who had bought houses in 2002 differ-

ent questions like if they regarded their house as an investment and how they did perceive 

the riskiness of purchasing a home. The authors concluded that the general price increase 

in the US from 1995 was driven by fundamentals and that a nationwide drop in real house 

prices is not very likely. On the other hand, their analysis showed that there existed specu-

lative bubbles in some of the cities.  

Himmelberg et al (2005) argue that the previous studies using the price-to-rent and price-

to-income ratios is not suitable methods to assess whether there is a speculative housing 

bubble or not. These conventional methods of analysing the housing market are not suffi-

cient because they do not take into account the annual cost of ownership. To account for 

the additional cost of house ownership they are using a formula referred to in the housing 

literature as the imputed rent. The authors computes the imputed rent by calculating the 

costs and benefits of owning a house. There are six components which are used in the 

formula: housing price times the risk free interest rate, property tax times the housing price, 

tax deductibility of mortgage interest and property taxes, maintenance costs as a fraction of 

home value,  expected capital gains or loss and depreciation rate. In their paper they apply 

this formula to 25 years of real estate data and then compare the annual cost of ownership 

to the price of actual rents on the market. The paper concludes that house prices are a very 

local phenomenon and that when one looks at national-level data it is easy to overlook the 

economic differences among the cities. The authors argued that there was no proof that the 

house prices were systematically deviating from the fundamental prices, although the au-

thors still argued that if underlying fundamental factors like the interest rate increase the 

housing prices could experience a significant fall in value.  

Hott and Monnin (2008) used a two step approach in their analysis of the housing markets 

in the US, UK, Japan, Switzerland, and the Netherlands, with the objective to see if the 



 

 
5 

valuation is according to the fundamentals. The first step in their model is the imputed rent 

where the expected capital gain variable is derived from expected fundamentals. In contrast 

to previous papers where imputed rent is used, the authors do not consider the possibility 

of tax deductibility of mortgage payments. The second part of their analysis looks at market 

equilibrium costs between demand and supply of housing. The authors define the aggregate 

demand for housing as being dependant on the aggregate income and imputed rent. The 

supply of housing is determined by the depreciation rate, the initial housing stock and the 

previous construction of housing. Both models provided very similar results and the con-

clusion drawn by the authors were that the house prices in the UK, US, and the Nether-

lands were overvalued at the time of the study. 

Jaffee (1994) looked at the Swedish housing crisis of the early 1990s, with the aim to ex-

plain what the cause behind the crash was and whether the rapid increase in housing prices 

during the 1980s and early 90s could be justified by economic fundamentals. To analyse the 

housing market Jaffee (1994) uses a stock/flow model structure which incorporated stock 

supply and stock demand. When the housing supply and demand are in equilibrium it is re-

ferred to as an asset price equilibrium. The author also applies Tobin’s q model to test for a 

speculative bubble, more specifically by looking at the price of assets and comparing it to 

the price of new constructions. It is concluded in this study that the rapid increase during 

the 1980s and fall in prices that followed in the beginning of the 1990s could be explained 

solely by fluctuations in the underlying fundamentals.  

The conclusions drawn by Jaffe (1994) has been questioned by other studies of the Swedish 

housing market. The study by Björklund and Söderberg (1999) raises doubt whether the 

rapid increase in housing prices could be explained by fluctuations in fundamentals. Using 

a Gross Income Multiplier (GIM) model they measure the different stages of the property 

cycle and tracked if there are imbalances between the prices of housing and the fundamen-

tals. If there exists a significant difference the market may be subject to speculation. They 

argued that their findings suggests that the rapid price increase during 1980s was partly 

driven by a speculative boom. 

Even though the price-to-income and the price-to-rent has been criticized because they do 

not take into account the annual cost of ownership, they are still indicators for how the 

current market is valued. Due to this fact we will use these two ratios accompanied with the 

imputed rent. 
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2.3 The US Housing Market  

 

Figure 2-1 shows the growth in the nominal housing prices compared to the increase in 

consumer price index (CPI). The CPI will work as a proxy for inflation and one can ob-

serve that the CPI increased steadily from 1980 to 2009. Between the years 1980 and 1997, 

the nominal house price increased at approximately the same pace as the CPI. After this 

period the nominal house price started to increase rapidly until 2005. From 1997 to 2005 

the nominal house prices increased by roughly 121 percent. 

 

Figure 2-1 Housing Prices and CPI 1980-2009 Data: Cleveland FED, Federal Housing Finance 

Agency and Macro Markets. 

2.3.1 Government Policies 
 

The United States government has been keen to increase homeownership and has imple-

mented a number of policies to achieve that goal. The Community Reinvestment Act was 

changed in 1995 to make banks enlarge their mortgage lending to low-income borrowers 

(FFIEC, 2010). In 1996 the Department of Housing and Urban Development changed the 

number of percentage of mortgages to low-income borrowers the two government spon-

sored institutions Fannie Mae and Freddie Mac must have in their portfolios. In order to 

meet these new requirements the banks had to relax their mortgage lending standards 

(Holt, 2009). Another policy with the goal of increasing the homeownership rate was the 

American Dream Down-payment Assistance Act which was made law in December 2003. 

This act authorized up to $200 million annually between 2004 and 2007, to help Americans 

with down-payments and other costs associated with purchasing a house (US department 

of Housing, 2010). These grants were only available for first time homebuyers. The act en-

abled people who could not afford to buy a house to actually buy a house, which increased 

the demand for houses. From 1995 to 2007 the homeownership rate increased from 64.2% 

to 67.8% (Bureau of the Census, 2010).  
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2.3.2 The Federal Reserve 
 

The Federal Reserve (FED) sets the discount rate (sometimes referred to as the marginal 

lending rate) which is the rate that the banks pay to borrow money from the Federal Re-

serve. Determining this rate is a powerful tool to control the economy and since the inter-

est rate that the banks require to lend out money is directly affected by the discount rate, 

the FED determines the cost of borrowing (Federal Reserve, 2010). A low interest rate 

would mean a lower cost for the person taking on a mortgage. After the 2001 recession the 

FED started lowering the interest rate, and  did so eleven times from 6.50%  down to 1% 

in 2003. In 2004 FED started to increase the interest rate but it stayed at a low 2% (Federal 

Reserve Bank Of NY, 2010). Holt (2009) argued that the low interest rate contributed to 

the housing bubble.  

2.3.3 Subprime-mortgages 
 

A subprime mortgage is a loan made to borrowers who are considered as high credit risk, 

this can be due to bad credit history or relatively large personal debts. These types of loans 

demand a higher rate of interest due to the higher risk of defaulting (Laderman, 2001). 

These kind of mortgages normally are adjustable-rate mortgages which gives the borrower 

a low interest rate the first two years and after that a market rate is used (Nyberg, 2007). 

Historically most mortgage loans were issued by financial institutions and were hold until 

maturity. This has changed and instead of holding the mortgages banks pack them into se-

curities and sell them off to other institutions and investors. Securitization was originally 

used on prime borrowers and mortgages with government guarantees. This has changed 

over the past decade due to increased demand for mortgage securities with  higher returns 

(Rosengren, 2007). Prior to 2005 subprime loans represented around 10% of all mortgage 

loans, but at the end 2006 subprime loans had increased to represent 20% of all out-

standing mortgage loans (Krinsman, 2007).  

2.3.4 Credit agencies 

 

Credit agencies such as Standards & Poor’s and Moody's rate companies and financial 

products on how risky they are. Krugman (2010) argues that these credit agencies bear 

some responsibility in the financial and housing crisis, due to the fact that these agencies 

gave top credit rating to many of the mortgages that were sold and later defaulted. Holt 

(2009) writes that investors had the belief that the mortgage securities were safe invest-

ments due to the high credit rating they were receiving at the time. Brunnermeier (2009) ar-

gues that investors and credit agencies were too optimistic in their recommendations re-

garding financial products because their statistical models were based on low default rates 

on mortgages. 
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2.4 The Swedish Housing market 

 

Figure 2-2 shows that the increase in nominal house prices has been far more volatile than 

the increase in inflation, from 1980 until 1998 the percentage increase in the Swedish hous-

ing market was below the increase in inflation, but as of 1999 and onwards housing prices 

has increased at a faster pace than inflation. Since the crash in the housing market in the 

early 1990s the Swedish house prices has risen by 290 percent in nominal terms. The Swed-

ish market has been in a very strong upward trend and even the financial crisis of 2008 

which affected most housing markets around the world negatively with falling house prices, 

did not have a significant effect on the Swedish market. 

 

 Figure 2-2 Housing prices and CPI 1980-2009 Data: SCB 

 

2.4.1 Interest-rate 
 

Himmelberg et al (2005) explain that asset prices like housing are very sensitive to changes 

in the interest rate that is paid on mortgages, making it an important variable to examine. 

The interest rate is the cost of borrowing, hence the lower the interest rate the less costly it 

is to borrow. At the same time holding money is less profitable due to the low saving rates. 

This creates an incentive to accumulate debt, which is normally used to acquire housing 

(Stiglitz and Weiss, 1981). From 1994 to 2010 the average interest rate has been 4.899%. In 

September 2008 the Swedish Central Bank started lowering the interest rate, and did so 

four times from 4.75% down to 0.25% which is the current rate, and a historically low in-

terest rate (Riksbanken, 2010). 
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2.4.2 Household debt 
 

Borio, Kennedy and Prowse (1994) argued that credit is an important variable to take into 

account when looking at asset prices, and since debt is normally used to finance purchases 

of housing it is an important variable to consider when investigating a housing market. The 

proportion of the housing values that is represented by debt has from year 2000 increased 

from levels around 25–30% to 35–45%. Housing prices have increased vastly during the 

same time period, the growth in the proportion of debt has increased at a faster pace ( Till-

gångar, skulder och Kapitalvinster, 2010). 

Fisher (1933) argues that too high levels of debt will lead to households trying to reduce 

their debt. This can lead to distress selling to raise capital to be able to decrease their debt 

levels, hence leading to a decrease in house prices. High levels of household debt in a situa-

tion with falling house prices increases the risk of a banking crisis, since the households 

might struggle with their payments on their debt, and default on their loans, which will lead 

to losses for the banks. 

2.4.3 Tax deductibility of home improvements 
 

This is a new policy, which came into place in 2009 in Sweden. This policy gives home-

owners the possibility to get tax deductions on renovations on their houses. The owner of 

the house can get a 50% tax deduction on a maximum 50,000 SEK renovation cost. If 

there are two persons owning the house, they can apply for a maximum of 100,000 SEK 

(Regeringskansliet, 2010). This makes it cheaper for homeowners to renovate and give their 

houses a better standard, hence increasing the value of the house. 

2.4.4 Construction costs 
 

The cost of constructing a house is a important variable as well. If the cost of building has 

increased this could explain the much higher housing prices we have today. Hort (1997) 

found that construction costs has a significant effect of the movements of the real housing 

prices. Looking at figure 3-2 one can see that housing prices have increased more than the 

actual cost of building the houses. 

        

 

Figure 2-3 Construction cost 1998-2008 Data: SCB 
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2.4.5 Rent control  
 

Laws or ordinances that restricts how landlords set their rents is commonly referred to as 

rent controls. The purpose of rent control laws is to control the price that landlords can 

demand for renting out their properties, these laws can be implemented to work as either a 

price ceiling or a price floor. A price ceiling refers to the maximum price the landlord is al-

lowed to charge while the price floor regulates the minimum price that can be charged, 

these prices varies depending on variables like location and size of the dwellings. In Swe-

den, the rent is determined by negotiations between the owner of the property and a local 

tenant’s association. The law also states that the cost of renting a apartment must be rea-

sonable, which means that the rent cannot be significantly higher than the rent for apart-

ments of equivalent value (Sveriges Domstolar, 2010). These rent control laws became 

popular during the World War II when rents were frozen in North America and Europe. 

Today, there is still price ceilings in affect in cities in the US, New York being the most fa-

mous example. However, the American housing market is not nearly as regulated as the 

markets in Scandinavia, where rent controls are imposed an a national level (Arnott, 1995).  

The effectiveness of rent control has been questioned widely by economists. Alston, Kearl 

and Vaughan (1992) performed a survey on a stratified random sample of American 

economists which consisted of questions about economist’s opinions about rent controls. 

The question that most economists agreed upon was the statement “A ceiling on rents re-

duces the quantity and quality of housing available.” This is hardly any evidence against the 

possibility that price ceilings can be beneficial but it shows what the general consensus of 

economists was at that time. The theory behind this statement is that by keeping the prices 

artificially low the price ceilings will cause excess demand and the supply will not be able to 

keep up with this increase in demand.  

Hirshleifer and Glazer (2005) shows that since the prices of renting are kept lower than the 

equilibrium levels, investments in building new apartments might be cancelled because it is 

simply not profitable for the landlords to rent out at the prices regulated by the price con-

trols. The figure 2-3 shows the effects of a price ceiling under the classical assumption that 

goods will be allocated efficiently if there is a shortage.  
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Figure 2-4 Rent control – The classical case 

The free market equilibrium is at point b but due to the price ceiling the equilibrium is 

pushed down to c, where we have situation with excess demand which leads to shortages 

of apartments at that price. The lost PS (Producer Surplus) and lost CS (Consumer Surplus) 

is the deadweight loss due to the price ceiling. Another argument is that the apartments will 

not be allocated to the people who value them most and hence even though they are pre-

pared to pay a higher amount for renting there will be no apartment available.   

 

2.5 The Swedish Housing Crash of 1991 
 

During the period 1985 to 1991 there was a rapid growth in the prices of houses in Swe-

den. There were many causes for this increase in prices; increasing disposable income, in-

flation, and government policies played an important role. The government intervention in 

the credit market is one of the causes that are believed to have had a major impact on the 

housing market. The regulations in the banking sector loosened up and this made it possi-

ble for a vast majority of the population to borrow to pay for a large proportion of their 

houses (Jaffee, 1994). 

This period of rapid growth ended during the aftermath of a major banking crisis which led 

to financial distress in countries all over the world. In the United States 206 banks failed in 

1989, which was the largest bank failure the US had experienced up until 2006 (FDIC, 

2005). In Sweden, this banking crisis meant higher vacancy rates and the rate of default 

loans skyrocketed. The price of houses plummeted together with the production of new 

housing projects; because of the financial turmoil there was a lack of new investments. As 

the value of houses fell and the vacancy rates increased, homeowners and real estate inves-

tors suffered massive losses. The banks turned to the government and asked them to guar-
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antee people’s savings and to help the banks financially so that they would avoid the risk of 

total collapse. The failing housing market affected the aggregate demand in Sweden and 

made the recession that the bank crisis started even more severe (Jaffee, 1994).  

The gross domestic product which had grown rapidly in previous years turned into a nega-

tive growth for a short period of time (Statistics Sweden (SCB), 2007). Following the crash 

the Swedish economy experienced high unemployment, low growth and soaring interest 

rates. Prior to the crash, the unemployment rate was as low as 1,5 percent. By 1990 the un-

employment rate started to increase and after the financial crisis in 1991, the unemploy-

ment rate reached levels around 10 percent (Eurostat, 2010). The question remains, 

whether the boom in the housing market during the 1980s was supported by “fundamen-

tals” or was it caused by speculation? This question has been debated among scholars and 

there are several different views on what caused the rapid price increase. Jaffee (1994) ar-

gues that the changes in fundamentals alone explained the increase in house prices. Björk-

lund and Söderberg (1999) have another point of view; they raise doubt to Jaffe’s conclu-

sion. Using GIM (Gross Income Multiplier) they showed that there are imbalances be-

tween the housing prices and fundamentals, which theoretically suggests that the market 

was affected by a speculation. 
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3 Discussion of Models for Assessing the Housing 
Market  
 

There are many different ways to analyse a housing market, each model has its strengths 

and weaknesses. There is currently no universal model that is recognized as the most accu-

rate to evaluate deviations in housing prices from their fundamental values. In this section 

three different models that have been used in previous research will be discussed. These 

models were chosen because they are the most conventional methods used to analyse the 

housing market. 

3.1 Price-to-income Ratios 
 

Case and Shiller (2003) looked at the US housing market on both a local and a national 

level, and by using a ratio analysis and a questionnaire tried to determine if prices was devi-

ating from the fundamental values. They argued that rapid price increases or decreases does 

not necessarily indicate that there is a housing bubble, one has to compare increases in 

housing prices to underlying fundamentals like income and rental costs. The first ratio used 

is the price-to-income ratio which measures the relation between the housing prices and 

the income levels. The home prices that Case and Shiller (2003) used were constructed 

from a repeat-sales price index they had developed for previous studies they made in 1987 

and 1989. In some cases where the Case-Shiller index was not possible to use they used 

data available from the Office of Federal Housing Enterprise Oversight (OFHEO). These 

house prices were compared to the personal income per capita which were collected from 

the Bureau of Economic Analysis. The price-to-income approach has been used by other 

studies such as Poterba (1991), Lamont and  Stein (1999) and Himmelberg et al (2005). 

However, Himmelberg et al (2005) argued that this ratio alone cannot be used to evaluate if 

there exists a housing bubble or not since it does not take into account the actual costs of 

owning a house.  

3.2 Price-to-rent Ratios 
 

Case and Shiller (2003) also mention the price-to-rent ratio which measures the relation be-

tween house prices and the rental costs on a similar house. The price-to-rent ratio is not 

widely used but studies like Ayuso and Restoy (2006) compare house prices to rents with 

their equilibrium asset pricing approach. Himmelberg et al (2005) also uses the price-to-

rent ratio partly but they consider it too incomplete because the house prices used do not 

take into account the annual cost of house ownership. Due to this fact they use a concept 

referred to in real estate jargon as the imputed rent. 
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3.3 Imputed Rent 
 

Imputed rent is a formula that consists of six different components which corresponds to 

both costs and offsetting benefits of owning a house. The six components consists of: the 

housing price times the risk-free interest rate, the property tax rate times the house price, 

the tax deductibility of mortgage interest and property taxes, maintenance cost as a fraction 

of home value, expected capital gain or loss, and finally the additional risk premium to 

compensate for the additional risk of owning a house compared to renting. The annual cost 

of ownership is calculated by Himmelberg et al (2005) with the following formula: 

Annual Cost of Ownership (ACO):  

 

         
  

              
                       

 

   = House price,   
  

= Risk free rate,   = Property tax,   
 = Mortgage rate,   = Mar-

ginal tax rate,   = Depreciation rate,     = Appreciation rate,   = Risk premium. 

 

This formula has also been used in previous studies like Hendershott and Slemrod (1983) 

and Poterba (1984). When the user cost or imputed rent of owning a house has been com-

puted, Himmelberg et al (2005) then compare it to the rents of similar housing to evaluate 

if the housing market seems to be in equilibrium or not. If the ratio is significantly higher 

than one it is an indicator of a overvalued housing market since it implies that the cost of 

owning a house is more expensive than renting a similar dwelling. 
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4 Method 

4.1 Price-to-income  

 

The price-to-income ratio is derived by dividing house prices by disposable income, which 

shows how house prices have developed against income. A high ratio would mean that 

house prices have increased more than income and hence a bigger part of the households 

disposable income is allocated to owning a house.  

PI =         

Where PI = Price-to-disposable income,    = House price,    = Disposable income. 

4.2 Price-to-rent 

 

The price-to-rent ratio shows how house prices have developed against rents, derived by 

dividing house price by rent. A high ratio is due to a faster increase in house prices com-

pared to the increase in rents, hence a high ratio means that it is more costly to buy a house 

then renting one. 

PR =         

Where PR = Price-to-rent,   = House price,   = Rent. 

4.3 Imputed Rent 
 

The main method that will be used to analyse the Swedish housing market is the formula 

imputed rent. This formula represents the annual cost of owning a house and the results 

from the calculations can then be compared to the prices of renting a similar dwelling. 

(1.1 ) IR1       
  

              
                       

(1.2) IR2      
  

              
                   

(1.3) IR3       
  

                   
                   

   = House price,   
  

= Risk free rate,   = Property tax,   
 = Mortgage rate,   = Mar-

ginal tax rate,   = Depreciation rate,     = Appreciation rate,   = Risk premium,  

TV = Taxable value. 

Formula (1.1) represents the imputed rent formula that Poterba (1984) and Himmelberg et 

al (2005) used for the US housing market. Since the tax laws in Sweden are different from 

the US laws the imputed rent formula has been modified to suit the Swedish housing mar-

ket. There are two differences between the formula used for the US market and the one 

modified for Sweden’s market. In Sweden the property tax is not paid on the full value of 

the house and the property tax payments are not deductible like in the case of the US. Dur-
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ing the period 1991 to 2009 property tax was paid on the total assessed value of a house. 

However, it is important to note that as the property tax changed in 2008, the tax de-

creased from 1% of the assessed value to 0.75% and there was also a maximum tax that 

could be paid as property tax. In 2008 this maximum tax was 6000 SEK and in 2009 it was 

6362 SEK (The Swedish Tax Authorities 2010), this is taken into account when using the 

calculations in formula (1.2). Formula (1.3) is to be applied for the period 1984-1991 when 

the property tax was only paid on one third of the assessed value.  

 

4.4 Data sources  
 

In this section the data used in the analysis is described. 

Risk-free rate: (  
  
  

The first component of the imputed rent formula consists of the house prices times the 

risk-free rate, the risk free rate is the minimum return that an investor should be willing to 

accept for an investment. However, this is only theoretical since in practice there is no such 

thing as a risk free rate. In economics there are several different rates that are used as risk 

free rates but the norm in economics and finance is to use short government treasury bill as 

the risk free rate, usually the t-bills that has a maturity of 3 to 12 months. However, for this 

formula the risk free rate that will be used is the 10 year government t-bills, this data was 

gathered from Riksbanken (The Swedish central bank). The reason for choosing t-bills with 

such a long time to maturity is that interest rates fluctuates so much in the short-run and 

this make the imputed rent formula very volatile. Himmelberg et al (2005) also used the 10 

year government t-bill rate, the authors argued that in a low real interest rate environment a 

decrease in real rates will bring about a large potential increase in house prices. 

Property tax (      and           ) 

The second component in the formula represent the yearly cost of the property tax, calcu-

lated as the property tax times the assessed value of the house. Between 1984 and 1991 the 

tax was paid on one third of the assessed value and between 1991-2008 the tax has been 

paid on 75% of the value. The average assessed value of one or two-dwelling houses has 

been gathered from SCB. The property tax rates have in general been 1% for this type of 

housing until 2008 when the tax rate changed to 0.75% on the assessed value and this is the 

rate that will be used for the years 2008 and 2009. (Swedish Tax Authorities 2010).  

Mortgage Rate and Marginal tax rate (      
   

The third component represents the tax deductibility of the interest payments on the mort-

gage. The marginal tax rate is the additional tax paid on each extra SEK earned. The mort-

gage rate that will be used is the 2 year fixed rate except for the period 1984-1988, when 

the 5 year mortgage rates were used because there was no data available for the 2 years 

fixed rate. The rates used are the ones offered from Swedbank Hypotek, which is one of 

the leading credit institutions in Sweden.  
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Depreciation rate (      

The fourth component represents the cost of wear and tear, commonly referred to as dep-

recation. Finding an appropriate depreciation rate that will be accurate for the average one 

or two-dwelling houses in Sweden is not an easy task, the best proxy available is arguably 

an approximation made by Englund (1999). This approximation is based on a econometric 

analysis on the Swedish housing market, covering a 12 year period between 1983 and 1993 

by looking at eight metropolitan regions in Sweden. The mean value of depreciation in this 

region was found to be 2.5 percent. A study on the US housing market made by McCarthy 

and Peach (2004) also used a depreciation rate of 2.5 percent in their calculations. How-

ever, this deprecation rate can be a bit misguided since there are many factors affecting the 

deprecation rate of houses, for example location and how old the houses are. Still, this dep-

recation rate will have to suffice as a proxy since it is not feasible to analyse all the houses 

in Sweden at a unique level. 

Appreciation rate (        

The fifth component represents the average long run appreciation of the house value. Po-

terba (1992) argues that the average appreciation rate should equal to the long run expected 

inflation rate, which is assumed to be 2 percent. Himmelberg et al (2005) approach is a bit 

different as the authors argue that the appreciation rate should be equal to the long run ex-

pected inflation rate plus real expected appreciation rate. However, this expected apprecia-

tion is based on the average appreciation rate from the sample and since the Swedish hous-

ing market has been extremely volatile during the period of interest, trying to estimate an 

accurate appreciation rate is not feasible. 

Risk premium (    )   

The sixth component consists of a risk premium required to compensate for the additional 

risk for owning a house compared to renting a similar dwelling. There are not too many 

studies that aims at explaining the additional risk premium needed to make it worth buying 

a house instead of renting, however Flavin and Yamashita (2002) estimates that a risk pre-

mium of 2% is required to offset the risks, this is the same risk premium used by Himmel-

berg et al (2005).  

House prices (  ) 

The house prices used in this formula refers to the prices of one- or two-dwelling houses in 

Sweden. The numbers for the house prices and the assessed values of housing is referring 

to the average purchase prices for sold houses, the data required has been gathered from 

Swedish Statistics (SCB). 
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4.4.1 Income 

 

The income that is used in the formula represents the average yearly disposable income of 

a family, which is defined as a married cohabiting couple with two children (Statistics Swe-

den). 

4.4.2 Rental cost of housing 
 

When the imputed rent is calculated, the annual cost of ownership is then compared to 

renting similar dwellings. The yearly rental cost of a comparable home used is the price to 

rent a three room and kitchen apartment. This data was gathered by looking through statis-

tical yearbooks of Sweden available at SCB’s webpage. 

 

Figure 4-1 Rents between 1984-2009 Data: SCB 

 

When the imputed rents were calculated, the annual cost of ownership was then compared 

to the cost of renting similar dwellings. The yearly rental cost of a comparable home used is 

the price to rent a three room apartment. Figure 4-1 shows how the rental costs have 

changed during the last 25 years, the index starting at 100 in 1984. From looking at figure 

4-1, one can see that the prices of renting apartments have increased quite steadily over the 

years, an exception is the steep increase between 1990 and 1992. It is important to note 

that the line representing rent prices are stated in nominal terms, hence the cost of renting 

is assumed to increase as CPI increases, not necessarily to the same extent considering 

there are many other factors involved like the possibility of excess supply in the rent mar-

kets. 
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5 Empirical Results 
 

In this section of the paper, the results from our models will be presented and discussed. 
 

5.1.1 Price-to-Income 

 

The ratio for the years 1984 – 2009 are depicted in figure 4-1 below.  From 1984 to 1992, 

there were first a period of rapid increase in the ratio, which could be explained by the de-

regulations of the markets in Sweden at that time. There was also a period of a sharp de-

cline, which would be the aftermath of the 1990s crisis, when house prices fell sharply. 

 

Figure 5-1 Price-to-Disposable income Ratio 1984-2009 Data: SCB 

 

As seen in figure 4-1, after 1994 the price-to-income ratio has increased vastly, and at the 

end of 2009 was at record levels. This means that house prices have increased at a faster 

pace than disposable income, and this could point towards an overvalued housing market.  
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5.1.2 Price-to-Rent 

 

As depicted in figure 4-1, the ratio increased until 1989 when it started decreasing due to 

the current housing crisis in Sweden at the time. The price-to-rent ratio continued to fall 

until 1995 when it started increasing, the ratio continued to increase until 2007 when the 

financial crisis hit Sweden and the ratio decreased. The decline of the ratio was not very 

significant and the price-to-rent ratio in 2009 is still near the all time high levels. 

  

Figure 5-2 Price-to-Rent Ratio 1984-2009 Data: SCB 
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5.1.3 Imputed rent–to actual rent 
 

This imputed rent-to-actual-rent ratio is depicted in figure 5-3 as a time series, from 1984 

till 2009. The theory behind this model is that equilibrium between rental market and own-

ership exists when the ratio is equal to 1. If the ratio is considerably above 1 the ownership 

cost is higher than the rental cost which Himmelberg et al (2005) concludes would be an 

indication of an overvalued housing market, although the authors at the same time state 

that small deviations from 1 will always occur and are not significant signs of an overvalued 

market. 

 

Figure 5-3 Imputed rent-to-Actual rent 10 year Data: SCB 

 

After the deregulations in the markets in 1984, the ratio increased vastly and peaked in 

1991. The financial distress in the early 1990s led to a crash in the housing market, this can 

be seen in Figure 5-3 quite clearly with the ratio falling from 1,80 down to 1,30 in one year. 

The only time in our time series data except for the year 1984 that the ratio was below 1, 

was the years 1998 and 1999. The ratio then increases quite steadily for many years until 

2009 where one can see a small dip, although still being on quite high levels, and quite close 

to the same levels that we saw in 1991. 

In Figure 5-4 one can observe how different the result becomes when calculating the im-

puted rent-to-actual rent when using the 12 month risk-free interest rate. 
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Figure 5-4 Imputed rent-to-Actual rent 12M Data: SCB  

 

Both figures follows a similar pattern during the first half of the sample measured, the im-

puted rent ratio is significantly higher before the 1992 crash than during the rest of the 

sample. However, after that there are staggering differences between the two figures, one 

can observe that while there is only two periods where the ratio is below 1 in figure 5-3, 

there are three periods where the house market is assumed to be undervalued according to 

the figure 5-4. The most significant change is that by looking at figure 5-3 one can draw the 

conclusion that the housing market might be overvalued while 5-4 suggests that the hous-

ing market is undervalued. 

5.1.4 Testing for Stationarity Augmented Dickey-Fuller Test 

 

Since the imputed rent model assumes that there exists an equilibrium between the housing 

prices and the rental cost, the ratio should through time return to 1 which is the equilib-

rium level between the two. To test if there exists a tendency for the imputed rent-to-actual 

rent ratio to move towards 1, the augmented Dickey-fuller test has been used. The test is 

commonly used to test for unit roots. A unit root means that there is a tendency for 

changes in a system to continue forever. If the total of unit roots are less than 1, the system 

will eventually converge to the equilibrium level. The null hypothesis is that there is an 

autoregressive integrated moving average process and it is tested against the alternative hy-

pothesis that there is stationary alternative (Cheung, Lai, 1995).  

The formula for the Augmented Dickey Fuller Test without a constant and trend is:  
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H0: Ratio has a unit root  H1: Ratio does not have a unit root 

Exogenous: None   

Lag Length: 0 (Automatic based on SIC, MAXLAG=5) 
     
     
   t-Statistic   Prob.* 

     
     Augmented Dickey-Fuller test statistic  0.236564  0.7467 

Test critical values: 1% level  -2.660720  

 5% level  -1.955020  

 10% level  -1.609070  
     
     

*MacKinnon (1996) one-sided p-values.  

     

     

Augmented Dickey-Fuller Test Equation  

Dependent Variable: D(RATIO)   

Method: Least Squares   

Date: 05/17/10   Time: 08:33   

Sample (adjusted): 2 26   

Included observations: 25 after adjustments  
     
     

Variable Coefficient Std. Error t-Statistic Prob.   
     
     

RATIO(-1) 0.007002 0.029597 0.236564 0.8150 
     
     

R-squared -0.015587     Mean dependent var 0.025980 

Adjusted R-squared -0.015587     S.D. dependent var 0.197878 

S.E. of regression 0.199414     Akaike info criterion -0.347689 

Sum squared resid 0.954383     Schwarz criterion -0.298934 

Log likelihood 5.346110     Durbin-Watson stat 1.984548 
     
     

Table 5-1 Augmented Dickey-Fuller Test - Imputed rent-to-actual rent  

 

The t-statistic from the test is 0.236564, hence the null hypothesis is accepted at all of the 

different critical value levels. This means that the ratio variable has a unit root and thus, the 

process is non-stationary. Since it is a non-stationary process, the imputed rent-to-actual 

rent ratio does not seem to move towards the equilibrium level over time. This means that 

people seem willing to pay more for owning a house compared to renting a similar dwell-

ing. Since the process is non-stationary and the model assumes that the ratio should return 

to equilibrium, we performed a similar test on the variable rent and the imputed rent. The 

results from the tests was that both variables was non-stationary. This confirms that the 

imputed rent does not tend to move towards the equilibrium level. These tests are shown 

in the Appendix, Figure 1-4. 
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6  Discussion of Results 
 

This section will analyse the results retrieved from the ratios and models used. These re-

sults will then be discussed and compared to the situations in the US before the crash to 

see if our hypothesis that the Swedish market is overvalued and might be facing a similar 

fate to what the US market experienced, can be accepted.   

The price-to-rent ratio was the first ratio calculated and examined. The findings were quite 

clear. Since 1996 there has been an apparent upward trend, and the current price-to-rent 

level is close to the all time high level in 2007.  This shows that renting has become increas-

ingly more affordable compared to ownership which could be an indication of a possible 

overvalued housing market. Looking at the results from the ratio, we can clearly see how 

the ratio during and after the housing crash of 1992 fell significantly, this suggests that the 

house prices were overvalued when the ratio was at a level of 20. The current ratio is 29 

which is significantly higher than the one in before the last crash.  

The second ratio used was the price-to-income ratio which had similar results to the price-

to-rent ratio. One can immediately see, that after the housing crash of 1992 the ratio fell 

significantly which indicates that when the ratio was 2.6 the housing market was overval-

ued. After the crash the ratio stayed at low levels for several years compared to the levels of 

the 1980s. The ratio did not stay at the these low levels for long, from 1995 and onwards 

the ratio increased rapidly and currently the ratio is at significantly higher levels than before 

the last housing crash. The results of this ratio analysis is similar to the results of the price-

to-rent ratio and also suggests that the housing market is overvalued. 

Although these two models suggests that there is a possibility that the market is overvalued, 

there are certain limitations that have to be taken into consideration. Most importantly, nei-

ther of these ratios take into account the annual cost of ownership. 

The cornerstones of this study are the findings from the imputed rent formula. These find-

ings give the reader a good overview how the annual cost of ownership has increased over 

time compared to the cost of renting a similar dwelling. One can see from the calculations 

depicted in the figure 5-3 that the annual cost of ownership has been higher than the rental 

cost for the most part of the time period examined except for the period between 1997 to 

1999 where the imputed to rent ratio actually was below 1, which indicated that the rental 

cost was less than the cost of ownership. The movements during the aftermath of the 

housing crash of 1992 follows a similar pattern to the results that were observed from the 

previous ratios. The current imputed-to-rent ratio is 1,55, this value is significantly higher 

than the equilibrium level between imputed rent and actual rent, which is 1. Contrary to the 

price-to-income and price-to-rent ratios observed, the 2009 value of the imputed rent ratio 

is not higher than the ratio observed before the crash of 1992. This finding is interesting 

because even if the ratio is at a high level the prices may not be at a sufficiently high level 

to support the argument that the housing market in Sweden is going to experience a new 

housing crash. 
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If there is a significant difference between the cost of home ownership and renting similar 

dwellings, people will tend to move to the cheapest alternative until the difference in prices 

has disappeared and the situation reaches an equilibrium. To see if our imputed rent-to-

actual rent is moving towards equilibrium the augmented Dickey-Fuller test was imple-

mented to test if the process was stationary in the times series. The results from the test did 

not support the hypothesis that the data is moving towards equilibrium over time. We can-

not draw any liable conclusions due to a small sample used. Since there was only 25 years 

of data available the sample only consists of 25 observations which is regarded as a quite 

small sample. According to Sanso and Montanes (2001) the power of Dickey-Fuller test 

decreases as the sample size becomes smaller. 

One explanation for the fact that the ratio has been above the equilibrium level for most of 

the time period examined, could be due to the extra benefits that comes with owning a 

house which the model does not take into account. The comparison made is between one- 

or two-dwelling houses and a three room and kitchen apartment and there are several dif-

ferences to take into consideration. Some of the benefits are the possibility to renovate and 

change the appearance of the house which is normally not allowed when renting. Other 

factors like having an garage and a garden are things that people might regard as reasons to 

pay the additional cost of owning a house compared to renting. There are several other dif-

ficulties when one tries to compare the imputed rent to the actual rents, there is no easy 

way to account for the quality differences between apartments and houses. It is also impor-

tant to take into account that there may be considerable differences in the sizes between 

houses and three room apartments. Another important issue with the rental cost is that 

there are policies implemented to control the rents, which can lead to artificially low prices 

of rent (Hirshleifer et al, 2005). 

Looking at the situation in the US prior to the housing crash, one could see many policies 

implemented to increase homeownership, and making it easier for the general public to ac-

quire mortgages. At the same time as these policies were implemented, the Federal Reserve 

had kept a very low interest rate for quite a long time. In Sweden, there have also been new 

polices implemented that favours homeowners, such as “Rotavdraget” which allows 

homeowners to make tax deductions on renovation costs. However, the effects of these 

policies has not had the same impact as the policies that the US government have imple-

mented. The interest rate is currently on historically low levels in Sweden, which is similar 

to the US before the crash, although this is not a strong enough factor to justify that Swe-

den is facing a similar fate.  
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7 Conclusion 

 

We have discussed different methods of examining if there are reasons to believe that the 

Swedish housing market is likely to face a similar crash like the US market experienced in 

2007. Three different models were used to evaluate the market, namely: the price-to-rent, 

price-to-income, and the imputed rent ratio. All of the models indicated that the housing 

market is currently overvalued, however the conclusions that can be drawn from the first 

two models are quite inconclusive due to limitations of the models. The biggest problem is 

that neither of the models takes into account the annual cost of ownership, this dilemma 

was solved by adding the imputed rent model which includes the cost of ownership. 

Himmelberg et al (2005) and Poterba (1984) also use this approach due to the limitations 

of the first two models. It is also important to note that increasing house prices over time 

does not necessarily mean that the housing market is overvalued, there are underlying fun-

damental factors that have to be taken into account. These factors include interest rate, 

household debt, taxes, construction costs and supply of housing. We can conclude that the 

increase in construction cost cannot explain the increase in housing prices since the growth 

in prices increased significantly more than the cost of construction. However, increasing 

household debts means that the people have to take on higher mortgages to afford hous-

ing, which may also indicate that the housing market is overvalued. 

We applied 25 years of data to the imputed rent model and then compared it to the rent of 

similar dwellings, due to the limited amount of observations one cannot draw definite con-

clusions about the state of the housing market. The results from the imputed rent model 

indicate that the housing market is currently overvalued. However, when the 12 month 

risk-free rate was used instead of the 10year rate, one could observe a vast difference in the 

ratio. Due to the fact that housing is normally considered a long-term investment, it is 

more appropriate to use the 10 year risk-free to avoid the short term fluctuations that the 

12 month risk-free rate experiences. Himmelberg et al (2005) also uses the 10-year risk-free 

rates in their calculations. We performed a Augmented Dickey Fuller test to see if the 

process of the time series was stationary, meaning that the ratio would return to the equi-

librium level. The result was that the ratio was non-stationary, however there were too few 

observations to draw a definite conclusion. Although, the fact that the ratio was above 1 

for most of the observed time period could be explained by the extra benefits that comes 

with home ownership that the model does not take into account.  

The current situation in Sweden has some similarities to the situation in the US before the 

crisis, mostly the low interest rate environment and a rapid increase in housing prices dur-

ing the last couple of years. Although Sweden has implemented policies that favours 

homeownership, like the tax deductibility of home ownership and subsidies for building 

new housing complex, the policies that the American government implemented had bigger 

impacts on the housing market than the Swedish ones.  

The result by the models used, indicates that the Swedish housing market is currently over-

valued, still due to the numerous limitations mentioned we cannot definitely conclude that 

the housing market is neither overvalued nor is facing a similar crash as the US housing 
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market experienced in 2007. However, the interest rate cannot stay at these low levels for-

ever and as interest rates increases this will likely lead to a fall in house prices in the future. 

 

7.1 Suggestion for further studies

 

For further studies it could be interesting to adjust for the quality improvements of house-

holds over time, since this could explain some part of the increase in house prices. Hwang 

and Quigley (2004) brings this issue to attention and discusses the fact that there are sig-

nificant investments made in renovations and repairs of housing. 

Another ratio that could be interesting to look at is the house price-to-credit ratio, Black, 

de Meza and Jeffreys (1996) focuses more on the relation between house prices and credit 

and this could also be interesting to do for the Swedish housing market. 

An interesting issue to look further into could be the problems when comparing the im-

puted rent to actual rent, considering there are several differences between houses and 

apartments. If data is available, comparing the rental costs of apartments to the annual cost 

of ownership for a flat might be more suitable because a flat does not include a garden, a 

backyard and other differences that exists between a house and a rental apartment.  
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Appendix 1 Dickey-Fuller Tests 

Null Hypothesis: IMPUTEDRENT has a unit root  

Exogenous: None   

Lag Length: 0 (Automatic based on SIC, MAXLAG=5) 
     
     
   t-Statistic   Prob.* 
     
     

Augmented Dickey-Fuller test statistic  1.570134  0.9677 

Test critical values: 1% level  -2.660720  

 5% level  -1.955020  

 10% level  -1.609070  
     
     

*MacKinnon (1996) one-sided p-values.  

     

     

Augmented Dickey-Fuller Test Equation  

Dependent Variable: D(IMPUTEDRENT)  

Method: Least Squares   

Date: 05/31/10   Time: 09:46   

Sample (adjusted): 2 26   

Included observations: 25 after adjustments  
     
     

Variable Coefficient Std. Error t-Statistic Prob.   
     
     

IMPUTEDRENT(-1) 0.040175 0.025587 1.570134 0.1295 
     
     

R-squared -0.076185     Mean dependent var 3281.459 

Adjusted R-squared -0.076185     S.D. dependent var 7750.355 

S.E. of regression 8040.166     Akaike info criterion 20.86147 

Sum squared resid 1.55E+09     Schwarz criterion 20.91022 

Log likelihood -259.7683     Durbin-Watson stat 1.942238 
     
     

Figure 1 Dickey-Fuller test – Imputed Rent 

 
Null Hypothesis: IMPUTEDRENT has a unit root  

Exogenous: Constant, Linear Trend  

Lag Length: 0 (Automatic based on SIC, MAXLAG=5) 
     
     
   t-Statistic   Prob.* 
     
     

Augmented Dickey-Fuller test statistic -2.379874  0.3800 

Test critical values: 1% level  -4.374307  

 5% level  -3.603202  

 10% level  -3.238054  
     
     

*MacKinnon (1996) one-sided p-values.  
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Augmented Dickey-Fuller Test Equation 

Dependent Variable: D(IMPUTEDRENT)  

Method: Least Squares   

Date: 05/31/10   Time: 09:46   

Sample (adjusted): 2 26   

Included observations: 25 after adjustments  
     
     

Variable Coefficient Std. Error t-Statistic Prob.   
     
     

IMPUTEDRENT(-1) -0.384555 0.161587 -2.379874 0.0264 

C 14180.84 5253.979 2.699066 0.0131 

@TREND(1) 921.8404 453.0063 2.034939 0.0541 
     
     

R-squared 0.206219     Mean dependent var 3281.459 

Adjusted R-squared 0.134057     S.D. dependent var 7750.355 

S.E. of regression 7212.174     Akaike info criterion 20.71710 

Sum squared resid 1.14E+09     Schwarz criterion 20.86336 

Log likelihood -255.9637     F-statistic 2.857727 

Durbin-Watson stat 1.730588     Prob(F-statistic) 0.078833 
     
     

Figure 2 Dickey-Fuller test – Imputed Rent with Trend and Intercept 

 
Null Hypothesis: RENT has a unit root  

Exogenous: None   

Lag Length: 1 (Automatic based on SIC, MAXLAG=5) 
     
     
   t-Statistic   Prob.* 
     
     

Augmented Dickey-Fuller test statistic  1.141418  0.9294 

Test critical values: 1% level  -2.664853  

 5% level  -1.955681  

 10% level  -1.608793  
     
     

*MacKinnon (1996) one-sided p-values.  

     

     

Augmented Dickey-Fuller Test Equation  

Dependent Variable: D(RENT)   

Method: Least Squares   

Date: 05/31/10   Time: 09:50   

Sample (adjusted): 3 26   

Included observations: 24 after adjustments  
     
     

Variable Coefficient Std. Error t-Statistic Prob.   
     
     

RENT(-1) 0.009489 0.008313 1.141418 0.2660 

D(RENT(-1)) 0.687644 0.163382 4.208805 0.0004 
     
     

R-squared 0.275628     Mean dependent var 1799.874 

Adjusted R-squared 0.242702     S.D. dependent var 1697.198 
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S.E. of regression 1476.950     Akaike info criterion 17.51300 

Sum squared resid 47990419     Schwarz criterion 17.61117 

Log likelihood -208.1560     Durbin-Watson stat 2.051401 
     
     

Figure 3 Dickey-Fuller test – Rent 

 
Null Hypothesis: RENT has a unit root  

Exogenous: Constant, Linear Trend  

Lag Length: 1 (Automatic based on SIC, MAXLAG=5) 
     
     
   t-Statistic   Prob.* 
     
     

Augmented Dickey-Fuller test statistic -1.913378  0.6165 

Test critical values: 1% level  -4.394309  

 5% level  -3.612199  

 10% level  -3.243079  
     
     

*MacKinnon (1996) one-sided p-values.  

     

     

Augmented Dickey-Fuller Test Equation  

Dependent Variable: D(RENT)   

Method: Least Squares   

Date: 05/31/10   Time: 09:50   

Sample (adjusted): 3 26   

Included observations: 24 after adjustments  
     
     

Variable Coefficient Std. Error t-Statistic Prob.   
     
     

RENT(-1) -0.124612 0.065127 -1.913378 0.0701 

D(RENT(-1)) 0.583652 0.179424 3.252925 0.0040 

C 4017.111 1546.664 2.597275 0.0172 

@TREND(1) 183.8757 126.0001 1.459329 0.1600 
     
     

R-squared 0.460821     Mean dependent var 1799.874 

Adjusted R-squared 0.379944     S.D. dependent var 1697.198 

S.E. of regression 1336.435     Akaike info criterion 17.38441 

Sum squared resid 35721177     Schwarz criterion 17.58075 

Log likelihood -204.6129     F-statistic 5.697813 

Durbin-Watson stat 2.181609     Prob(F-statistic) 0.005481 
     
     

Figure 4 Dickey-Fuller test – Rent with Trend and Intercept 

 


