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Abstract 

This thesis explores the Danish real estate market to determine its condition in 2020. Since the rebound in 

real estate prices after the financial crisis, the market has outperformed itself several times. Each year 

Denmark saw record high real estate prices. My motivation for writing this thesis is based on this 

development. I want to investigate whether the real estate market is healthy today. Are real estate prices 

sustainable in the long-run and backed by their fundamentals or is the real estate market in the early stage 

of a bubble? In order to answer these questions, the following research question was prepared:  

“Is the Danish real estate market in 2020 fairly priced based on its underlying fundamentals?” 

Three different analyses were carried out in order to conclude on the research question. First of all, the 

fundamentals that influence the real estate market were analyzed individually, so that their behavior could 

be compared with the behavior of real estate prices. Secondly, a regression analysis was conducted to test 

which of the fundamentals could explain the real estate prices. Lastly, Case and Shiller’s seven criteria for a 

bubble in the real estate market were discussed in relation to the 2020 real estate market in Denmark.  

As the existence of a bubble is highly difficult to determine before it has burst, I was aware of the risk of not 

being able to find concrete answers to the research question. However, the results of these three analyses 

showed that the Danish real estate market in 2020 is fairly priced on a national level. Most of the 

fundamentals supported the increased real estate prices. But there may be a bubble tendency in 

Copenhagen as the apartment market prices there are much higher than in the rest of the Danish real 

estate market. 
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Chapter 1 – Introduction 

1.1 Introduction 

The real estate market is one of the most discussed financial markets that exists. It is the playground of 

both investment professionals, who seek financial opportunities, and ordinary people, who need a home. 

The purchase of a home is considered the single biggest investment decision for most people and therefore 

is very interesting to look at. Historically, real estate market prices in Denmark saw a steady increase over 

the years, but the market crashed after the financial crisis in 2007. After an uncertain period lasting until 

2011, the real estate market found traction once again and prices have increased rapidly since.  

Experts have always disagreed on the outlook of the real estate market and today is no exception. In the 

summer of 2019, the Danish Central Bank, Nationalbanken, estimated that there was a 50% chance that the 

world would experience an economic decline within the next two years, which would harm the Danish real 

estate market in terms of the amount of deals and realized prices (Nationalbanken.dk, 2019). 

Nationalbanken’s assumption is in line with Michael Svarer’s thoughts about the real estate market as he 

also saw a changing environment in the next couple of years: “The record low interest rate level could be 

very dangerous for the Danish Economy. It could be a part of the creation of a bubble in the real estate 

market” (Berlingske.dk, 2019). 

However, other experts are not completely convinced about this. Despite the fact that real prices are at the 

highest point ever many experts do not believe that the market is facing a critical period (Information.dk, 

2019a). One argument against a sensitive real estate market is that prices have stagnated at the moment. 

However, the same thing happened leading up to the financial crisis in 2007, which was followed by a  

major crash in prices. 

Another argument is that the new loan and tax regulations implemented after the financial crisis decrease 

the risk of a new financial crisis significantly. Hence, experts have stated that the market is more stable 

today than it was back in 2007.  Arbejdsbevægelsens Erhvervsråd argues that the market is fairly priced 

when comparing it to the time leading up to the crash in 2007: “The price development on the real estate 

market is following the long-term trend” (Ejendomswatch.dk, 2019).  

As seen above, the market is heavily discussed and difficult to predict, which drives my motivation to 

investigate this topic. One could argue that the market, on the surface, looks as if it has rebuilt itself. But 

has it? I will try to navigate the historical development of the real estate market in order to see if it is fairly 

priced in Denmark right now. The approach in this thesis is based on three different methods. First of all, I 

will look into the development of the underlying fundamentals to see if they support the price 
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development. Secondly, I will discuss whether the Danish real estate market is affected by a real estate 

bubble by looking into the seven criteria that need to be fulfilled in order to categorize the period as a real 

estate bubble. Lastly, I will use the data from the fundamental analysis to predict real estate prices using a 

linear regression model. 

1.2 Problem Statement 

The purpose of this report is to determine the fairness of the value of the Danish real estate market based 

on its fundamentals. Currently, the market is at an all-time high when looking at real values and I want to 

see if this price level is sustainable or if it is too high. To investigate this, the following research question 

was developed: 

“Is the Danish real estate market in 2020 fairly priced based on its underlying fundamentals?” 

To answer this research question, the following sub-questions will also be answered: 

Table 1: Sub-Research Questions 

REAL ESTATE MARKET BUBBLE ANALYSIS 

- How is the Danish real estate market defined? 

- What is the historical development of the 

Danish real estate market? 

- Which regulations are the Danish real estate 

market influenced by? 

- Which fundamental factors drive the Danish real 

estate market? 

- How is a real estate bubble defined? 

- What economic bubbles has the world seen 

before? 

- How does a real estate bubble influence the 

market? 

- Are Case and Shiller’s seven indicators fulfilled 

in the Danish real estate market in 2020? 

 

1.3 Delimitation 

In general, the delimitation serves the purpose of acknowledging that certain topics are excluded from the 

thesis. I will briefly present which delimitations were made, so that it is easier for the reader to understand 

the content of this thesis. 

Firstly, as the focus is directed towards the Danish real estate market all other markets are excluded from 

this thesis. This includes the Danish cooperative homes market as well. The cooperative homes market will 

be briefly described but is not included in the analysis. Further, the focus will solely be on the private real 

estate market. No rental or business real estates are analyzed in this thesis.  
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Secondly, the data will describe the markets on a national level most of the time. However, where it makes 

sense the developments in Copenhagen are presented as well. All other regional developments will be 

excluded from the thesis. 

Thirdly, all data used in this thesis was published no later than 01/09/2020 and the time frame is strictly cut 

off after 30/06/2020. Hence, the time period goes from the first quarter of 1992 until the end of the second 

quarter of 2020. All news, law changes and other information that relates to the real estate market with 

effect after 30/06/2020 is excluded from this thesis. Further, everything published after 01/09/2020 with 

effect before 30/06/2020 is also excluded. 

Lastly, several synonyms for the real estate market are used throughout the thesis. The real estate market 

will be a description of the entire private Danish market. This includes both the housing market and the 

apartment market. When one of these terms is used, it will solely be this market that will be analyzed. 

1.4 The Structure of the Thesis 

The structure of the rest of this thesis is as follows.  

Figure 1: The Structure of the Thesis 

 

In chapter 2, the methodology is presented in order to set the scientific foundation. In chapter 3, the real 

estate market is presented in several sub-sections. A theoretical background is provided in order to help 

understand the analyses. In chapter 4, a broad range of fundamentals will be analyzed in order to 

determine their behavior. In chapter 5,  the fundamentals will be used in a regression model to explain the 

real estate prices. In chapter 6, a discussion about a potential bubble will be conducted based on Case and 

Shiller’s approach. Lastly, in chapter 7, the conclusion will be presented. 
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Chapter 2 – Methodology 

In this chapter, the research approach, the data collection and the literature review will be described. In the 

research approach section I describe the scientific reflections I undertook during this thesis. In the data 

collection section, the data sources are described in order to evaluate their validity and trustworthiness. 

Lastly, in the literature review, the reader will get a brief overview of previous studies that relate to this 

thesis in order to get a sense of the topic. 

2.1 Research Approach 

Research can be defined as a systematic gathering and interpretation of information with the purpose of 

obtaining valuable findings (Sauders et al., 2009). This thesis uses quantitative methods and the research 

approach is categorized as both explanatory and deductive. The main purpose of an explanatory study is to 

discuss a problem in order to predict the relationships between variables (Sauders et al., 2009). This is well 

aligned with the chosen deductive approach as it involves testing a theoretical hypothesis. 

The world of philosophy of science has two dominant paradigms, the constructivist and the positivist 

paradigm (Bryman & Bell, 2015). Positivism is categorized as a paradigm that shows reality objectively and 

in a way that is independent of human interpretation. In contrast, the paradigm of constructivism shows 

the world differently from person to person. The definitions of the paradigms are especially related to data 

collection processes. As this thesis is based on the real price development of the Danish real estate market 

it can be argued that the collected data is objective. Thus, it cannot be argued that the numbers can be 

interpreted differently from person to person. Real numbers only have one truth. However, the discussion 

of what developments will occur in the future will be subjective and can vary from person to person. 

Therefore, the research approach of this thesis mainly follows the positivist paradigm but also involves 

some constructivist interpretations. 

2.2 Data Collection 

The data collection for this thesis is separated into primary and secondary sources. Most data comes from 

official statistical databases like Danmarks Statistik, Nationalbanken.dk and Finansdanmark.dk. Data from 

these places are assumed to be objective and correct. All databases are highly respected and trustworthy 

as they collect their data through their own registrations and recordings. Two of the fundamentals (the 

unemployment rate and the consumer trust index) are affected by trustworthiness issues as they are 

collected via random inquiry forms. However, I assume that they are still reliable. All this data is considered 

to be my main source of data.  

The secondary data are collected from news articles, industry reports, university research reports, official 
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reports from financial institutions, scientific literature and, as a last resort, internet news articles. When 

using the secondary data sources, one needs to be a bit more careful in terms of interpretations and 

conclusions as they might be biased rather than stating the objective truth. However, once again I do not 

see this as a problem in this thesis as most of the data used in this study is backed by several sources and 

by acknowledged authors or institutions.  

2.3 Literature Review 

In this section, I will briefly outline some of the most important studies and published reports that relate to 

the Danish real estate market. I will present their main focus area, estimation model and their results. 

2.3.1 ADAM – Model from Danmarks Statistik 

In 1972, the first edition of the Annual Danish Aggregate Model, ADAM was published. It is a 

macroeconomic model that describes the Danish socio-economic state where the real estate market is a 

part of this as well. In the ADAM model, Danmark’s Statistik estimates the needed supply of housing and 

the price level of homes in Denmark (DST.dk, 2012). 

The models are estimated as a log-log model because real estate prices and the supply of housing have 

increased fairly significantly from 1972 until the end of the dataset. When they transform the data into the 

natural logarithm the derivations will be smaller, and it is better to estimate on. 

The model concludes that the real estate market is driven by two factors: consumption and the interest 

rate. When consumption increases real estate prices will increase in the short-term perspective. In the 

long-term perspective, the supply of housing will increase instead. This is due to the fact that when 

consumption is increased people tend to have a higher disposable income and therefore can afford to buy 

more expensive houses in the short run. As people are buying more expensive properties entrepreneurs 

are interested in building more houses as they can smell a quick profit. This explains why the supply is 

increased in the long run. 

An interest rate increase will affect prices negatively in the short-term perspective and in the long term it 

will decrease the supply of housing. When the interest rate increases it gets more expensive to borrow 

money and the natural consequence will be that housing prices will decrease in the short run. When 

housing prices decrease entrepreneurs will wait to build new houses and the supply of houses will decrease 

in the long run.  

Further, the estimated real estate price equation is almost fully explained by private consumption, which 

means that real estate prices are highly sensitive to seasonality and volatile periods in the economy.  
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2.3.2 Groes and Møller 

In 1977, Nils Groes and Michael Møller conducted a study in order to see how inflation affected the general 

level of prices on building sites and of owner-occupied houses between 1951 and 1975 (Groes & Møller, 

1977). At that time, the real estate market was seeing large increases in nominal real estate prices, which 

overperformed the general price development in the Danish society.  

The study was conducted based on a simple regression model where they tested the short-term effects in 

the real estate market. The overall model was a log-linear regression model where disposable real income 

and the inflation rate were the variables that could explain most of the price development. Further, they 

concluded that the real income increase had more to say than the inflation rate between 1951 and 1975. 

2.3.3 MONA – Model from the Central Bank, Nationalbanken 

In the last part of the 80’ies the model MONA was published and has been updated a few times since then. 

MONA is short for ”Model” and “Nationalbanken”. MONA is a forecast of how the Danish economy will 

develop over time, where a forecast of the real estate market is implemented as well (Nationalbanken.dk, 

2003). This model looks similar to the ADAM model that Danmarks Statistik publishes. 

MONA is based on quarterly observations of historical data and its forecasts the price level and investment 

level in the real estate market. The price level is determined by the interest rate, income and number of 

available homes, while the investment level is determined by the Tobin’s Q-ratio (the ratio between 

housing prices and the building costs). These two forecasts are combined into one housing model that is 

estimated as a VAR-model. 

MONA concludes that shocks to the interest rate and the level of income only affect the price of the real 

estate market in the short term. In the long run everything will get back to a state of equilibrium again once 

it has adjusted itself. However, the price of investments does change the real estate price in the long run as 

building costs can push the horizontal supply curve upwards. 

2.3.4 Skaarup and Bødker – Report from the Ministry of Finance 

In 2010, Skaarup and Bødker from the Ministry of Finance published a classical demand-supply study about 

the housing price development in Denmark from 1975 until 2009.  

This study was based on the general fundamentals and used a VAR model to explain the development in 

real estate prices in the late part of the 2000s. At that time, Denmark saw a huge increase in nominal real 

estate prices, just before the financial crisis. Hence, they wanted to test whether the price level in 2010 was 

back at a fair and natural level (Skaarup & Bødker, 2010). 
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Like many other studies Skaarup and Bødker’s study indicated that lower interest rates, lower 

unemployment rate, higher disposable income and increasing consumer trust were the main reasons for 

the increase in real estate prices up until 2004. Further, the prices were, in their mind, well explained by 

the underlying fundamentals. From 2004 until 2007 the prices increased too much compared with the 

fundamentals and based on the decrease in real estate price development from 2007 until 2010, the 

authors argued that the state of equilibrium was first achieved in 2010 again. One notable thing is the fact 

that the unexplainable pattern in the period between 2007 and 2010 happened mostly in Copenhagen. 

2.3.5 Report from the Ministry of Economy and Industry, Business and Financial Affairs 

The former Ministry of Economy and Industry, Business and Financial Affairs estimated a model of real 

estate prices in Denmark for the first time in 2005. Since then, it has been updated several times and the 

latest model was estimated in 2010.  

The model is a VAR-model which was based on the underlying fundamentals and tried to explain the price 

development over time based on the long-term supply and long-term demand (Ft.dk, 2010). 

Like several other models, this one concluded that up until 2004 everything could be explained by 

fundamentals but when we look at the period from 2004 until 2009 we encounter difficulties in explaining 

the huge increase in real estate prices. Hence, it is thought that the market was overheated in this period as 

the market was not fairly priced compared to the underlying fundamentals. However, they concluded that 

the introduction of repayment freedom and the immediate halting of increases in the property value tax 

were dominant factors in the development of the increased prices in the real estate market from 2002 and 

onwards. 

Once again, this model is a log-log model where an increase in the disposable income is the biggest cause of 

increased real estate prices. Further, increased user cost has the largest opposite effect, causing the most 

significant decreases in real estate prices.  

2.3.6 Dam et al. – Report from the Central Bank, Nationalbanken 

In 2011, the Danish Central Bank, Nationalbanken, published a report in order to explain whether the real 

estate prices in the market were back at a fair price after the financial crisis. They wrote a report about this 

topic because the market was very volatile in the period between 2003 and 2009. The report tried to 

quantify whether the market was still overheated in 2010.  

They used several different models to explain this. Firstly, they compared real estate prices with rent prices.  

Secondly, they tried to estimate whether the 2010-prices of existing real estate were long-lasting compared 

to the building costs of newly built real estate.  
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Thirdly, they tried to compare the housing burden, which is all the taxes and financial expenses in relation 

to a real estate acquisition, with the average disposable income that a household has.  

Lastly, they estimated the real estate price level from a cash-price relation (Dam et al., 2011). 

They concluded that real estate prices in 2010 were still somehow overheated based on the first two 

models. However, they also stated that it was very difficult to define a fairly long-term price, which 

influenced the conclusion somewhat. Further, the housing burden was not assumed to be too high 

compared to the historical level. This indicates that the real estate prices were back at a fair level in 2010. 

This conclusion, however, is different in the bigger cities where the housing burden was higher than before 

the crisis.  

Lastly, they concluded that the cash-price relation was cheaper in 2010 than the historical average, which 

again indicated that the market was back at a fairly priced level.  

Overall, they came to the conclusion that the market was fairly priced again.  
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Chapter 3 –The Real Estate Market 

In this chapter, an outline of the most important topics relating to the real estate market are presented. 

This is a broad chapter that sets the foundation for the thesis.  

Firstly, I will present a brief historical structure of the Danish real estate market before digging into the 

financing of real estates, discussing and outlining finance options. Thirdly, the regulations that were 

implemented in the housing sector after the financial crisis will be outlined. This is done in order to see how 

the market changed in response to these regulations. After this, market efficiency in the real estate market 

will be briefly discussed. Further, a definition and historical overview of previous market bubbles will be 

presented. Lastly, a discussion of supply and demand in the real estate market is given. 

3.1 The Structure of the Market 

The structure of the Danish real estate market is different from many other countries as it is divided into 

three different categories. Like other countries, the most popular options are to rent a home or buy one. 

However, in Denmark, there are also “andelsboliger”. In this thesis, they are defined as cooperative homes. 

The cooperative home separates itself from the two other types of housing for one significant reason. 

When you buy a cooperative home, you become a member of an association which gives you the right to 

live in one of the association’s houses or apartments. In reality, you do not buy the property but rather the 

right to live in the property that the association owns. Besides this, the owner of the cooperative home 

needs to pay a monthly fee to the association, which covers the common costs, banking loans and interests 

for the whole association (Housingpeople.dk, 2020). 

In a historical perspective, the extent of residential properties increased quite significantly during the 

period where Denmark developed itself from an agricultural nation into an industrial nation 

(Danmarkshistorien.dk, 2009). In the 1960s Denmark went through a rapid transformation where people 

moved from the country to the cities. Due to this, a large increase in new housing was seen. In 1960, there 

were 1,462,610 rented and owned residential homes in Denmark. Ten years later, in 1970, this number 

increased to 1,742,774, an increase of 19.2%. This tendency continued over the years and in 2019 there 

were 2,687,660 different residential houses in Denmark (DST.dk, 2020b). 

From Figure 2, one can see that most of the properties used for homes today are owner-occupied, making 

up approximately 69% of all housing. However, as Figure 2 also shows, some of the owner-occupied 

housing is used as rentals for others, so in reality more people are renting their homes compared to what 

Figure 2 shows. Hence, when looking at the accumulated numbers approximately 50 percent of the 

properties that are used as residences are rented and the other 50 percent are owned by the people who 
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live in them (DST.dk, 2020b). The statistics in Figure 2 also show that the structure has not changed that 

much over the last ten years.  

Owner-occupied housing has a market share of 68.1% which remained stable for the whole period. The 

amount of cooperative housing decreased a little during this period. It accounts for 8.5% for the period and 

rented public housing has increased a bit though out the period as well. It counts for 23.5% of the market in 

2019. 

Figure 2: Mix of the Real Estate Market in Denmark 

Note: Own presentation based on Danmarks Statistik’s database BOL101 

3.2 Financing 

Before buying a home, one needs to consider how to finance it. In Denmark, the rule-of-thumb is that the 

buyer needs to have a self-payment of at least 5% before they are allowed to loan the rest of the amount. 

Besides this, one can loan up to 80% from a mortgage credit institution, which in Denmark are called 

realkreditinstitutter. The rest of the amount needs to be borrowed from the borrower’s own bank 

(Raadtilpenge.dk, 2016). 
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3.2.1 The Danish Mortgage Model 

The Danish mortgage credit institution system is one of the oldest and biggest in the world with a bond 

value of DKK 2,800-3,000 bn. It is also considered one of the safest systems in the world. During the 

financial crisis, the Danish mortgage system was better off than those in the rest of the world as no 

mortgage banks went bankrupt or had any government bailouts. The system is also acknowledged for its 

transparency and flexibility for both the lender and borrower. The borrower can at any time modify their 

loans if it is beneficial for them (Finansdanmark.dk, 2016). The foundation of the system relies on the 

balance principle as there is a one-to-one-link with mortgage bonds. This principle means that when 

someone borrows from the realkreditinstitut to finance a property, they will not borrow the money directly 

from the realkreditinstitut but from an independent investor who bought the mortgage bonds from the 

realkreditinstitut.  

A mortgage bond is a financial instrument of debt secured against mortgages on real estate. It is a 

negotiable security and the price of the bond is determined in the open market. The realkreditinstitut will 

issue the mortgage bonds with the exact same face value, repayment structure and interest schedule as the 

loan, which an investor will buy. Almost all risk besides the credit risk are carried by the independent 

investor who bought the mortgage bond, instead of the realkreditinstitut. The interesting part is that the 

interest rate is not negotiated between the mortgage bank and the borrower. Instead it is determined by 

the supply and demand in the bond market, which makes the Danish system unique compared to 

international standards (Finansdanmark.dk, 2016). 

There are two main types of mortgage loans in the Danish mortgage model, fixed mortgages and adjustable 

rate mortgages. As a compromise, one can choose to select a part of the mortgage which has a repayment-

free period. This means that the borrower only pays the interests on the mortgage and not the principal 

payment for up to 10 years if they choose repayment freedom (Realkreditrådet, 2016).   

3.2.1.1 Fixed Mortgages 

The most used fixed mortgage in Denmark is a 30-year convertible mortgage bond. This mortgage bond is 

financed with an underlying 30-year bond that is issued to the open market. As this bond is issued to the 

open market, the borrower will know the interest and principal payment throughout the 30 years the bond 

lasts for.  

As the mortgage is convertible, the borrower will be able to purchase all the remaining bonds of the 

mortgage and sell it back to the mortgage credit institution at the current market price. If the market value 

of the bond decreases, it trades below par. If this happens, the borrower can gain a profit by performing 

the above-mentioned operation. For example, a bond can trade below par if the interest rate increases in 
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the market. Thus, the mortgage bond will decrease in value as the coupon interest rate will be lower than 

the market value of the interest rate. However, if the mortgage bond is trading above par the borrower is 

secured against the opposite. The borrower can still pay back the remaining part of the mortgage at par 

because they locked the mortgage from the beginning (Møller & Nielsen, 2015). This prevents borrowers 

from reaching insolvency. 

3.2.1.2 Adjustable Rates Mortgages 

In 1993 a new product was introduced into the mortgage market, the adjustable rate mortgage. The 

adjustable rate mortgage differs from the fixed mortgage as the borrower does not know the interest rate 

or the principal payment as it changes every 1-5 years. The interest rate changes because the underlying 

mortgage bonds expires and in principle a new loan is obtained. The next period’s interest rate is then 

settled by the market interest rate which the new mortgage bond has. This operation continues in the 

agreed loan period; hence, until the whole mortgage is paid back. The main advantage of the adjustable 

mortgage is that the interest rate is lower compared to the interest rate in the fixed mortgage. The lower 

interest rate is due to the fact that more risk exists as the interest rate is not fixed. If the interest rate 

increases, the principal payment will increase as well.  

Unlike the fixed rate mortgage, the adjustable rate mortgage cannot be paid back during the mortgage 

period. One can pay the mortgage back at par but only when the bonds have expired. The adjustable rate 

mortgage is then considered to be inconvertible. Besides this, the borrower can buy all the remaining 

mortgage bonds and return to the realkreditinstitut as for the fixed rate mortgages (Møller & Nielsen, 

2015).  

3.2.1.3 Repayment Freedom 

Repayment freedom is a way for the borrower to adjust their mortgage. Repayment freedom can be 

obtained for both fixed rate mortgages and adjustable rate mortgages for up to 10 years. If a borrower uses 

repayment freedom in their mortgage, they simply stop paying the regular principal payment and only pay 

the interests. The introduction of repayment freedom has been criticized for being one of the main reasons 

for the large increase in housing prices from 2003 to 2007. However, the reason why politicians introduced 

the repayment freedom was because it gave the borrower flexibility in terms of savings (Møller & Nielsen, 

2015). 

Starting in October 2003, repayment freedom was permitted in Denmark. It quickly became popular and it 

gained traction from the start. In Figure 3, one can see the development of the amount of borrowings with 

and without repayment freedom from January 2005 until September 2020. At the beginning of 2005, 19% 

of all outstanding mortgages had repayment freedom. At the end of 2005, it was 32% and by the end of 
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2006 it was 39%. Its popularity spiked in September 2013, due to the repercussions of the financial crisis, at 

which point 56% of outstanding mortgages had repayment freedom. From that point in time, its popularity 

decreased. Today the percentage of mortgages with repayment freedom is around 44%. Hence, more 

people today want to pay off their mortgage instead of having repayment freedom.  

Figure 3: Structure of Finance 

 

Note: Own creation based on Nationalbanken’s database DNRUDDKS 

The decrease in mortgages with repayment freedom is due to several factors. Firstly, the price of 

repayment freedom increased from 2011 as the realkreditinstitutter increased their contribution rate on 

these types of mortgages.  

Secondly, general access to repayment freedom was restricted by the Danish Financial Supervisory 

Authority, Finanstilsynet. They changed it so that one needs to be available to pay the principal payments 

even if they choose repayment freedom in order to be approved for the mortgage. Hence, people cannot 

obtain a repayment freedom mortgage anymore if they can only pay the interest and not the principal 

payment as well. This change took place in 2013.  

Thirdly, one cannot rule out that the decrease in repayment freedom mortgages was due to a wave of 

mortgage conversions. As we can see in Figure 11 from section 4.2, the interest rate decreased significantly 

in 2012, which motivated some borrowers with adjustable rate mortgages to convert their loans into a 

fixed rate mortgage instead (Nationalbanken.dk, 2020d). 
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People have different reasons for choosing a mortgage with repayment freedom. However, most people 

use the flexible period to benefit themselves in one way or another. Often, people use it to get some 

economic breathing space to start a family or change their job/education situations with the extra liquidity 

they got from the repayment freedom. Others use the period to invest in their house and make 

improvements or pay off old expensive debts. Hence, they use this period of flexibility to pay for materials 

or craftsman hours instead of paying the principal payment of the mortgage.  

However, it can also be argued that some people speculate on their living standards or simply increase their 

consumption patterns, which is of course riskier. Before the change of rules in 2013, people could take a 

mortgage with repayment freedom for 10 years and then hope that they would have a higher salary later 

on. In this way, they wagered that they would be able to afford the principal payments after the repayment 

freedom period expired.  

The Danish Central Bank, Nationalbanken pointed out that most people started to pay off their mortgage 

no later than 10 years after the repayment freedom was started. Further, 66% kept the loan for the full 10 

years and then started to pay off the mortgage. 16% got another repayment freedom mortgage and 13% 

converted the mortgage into another mortgage with payment. The last 5% paid out all of the existing 

principal at once (Nationalbanken.dk, 2020b). This indicates that not many people speculated in these 

mortgage scenarios in later years. 

3.3 Regulation Changes 

Since the financial crisis, Finanstilsynet has implemented several restrictions and regulations regarding 

mortgages in Denmark, all of which were introduced to secure stability and reduce risk from the system.  

The first new regulation Finanstilsynet introduced was in 2013. They announced that if a borrower has 

chosen a mortgage that has an adjustable rate, the borrower needs to be available to pay both the principal 

payment and interest on a fixed rate mortgage in order to be approved for the adjustable rate mortgage. 

This was a way to stress-test the borrower if the interest rate increased.  

One year later, in 2014, Finanstilsynet announced their program, “Tilsynsdiamanten”. It was a list of 

indicators that could define whether a financial institution had taken on too much risk (Finanstilsynet.dk, 

2014). This was Finanstilsynet’s way of trying to protect financial institutions from being too exposed in 

terms of risky mortgages.  

In 2015, it was announced that borrowers were no longer able to borrow the whole amount of the 

mortgage from the realkreditinstitut or from a bank. Hence, a self-payment of 5% was introduced in order 

to reduce risk for both the financial institutions and borrowers.  

In 2016, the Vækstvejledning was published. It advised financial institutions to be extra careful in terms of 

lending out to people that would invest in ‘growth-areas’ in Copenhagen and Aarhus. It was stated that 
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most of financial institutions’ risky lending was happening in these areas and the Finanstilsynet would like 

to reduce this.  

In 2018, the “god- skik-bekendtgørelse” was approved. It defined that if a borrower has a Loan-To-Income- 

ratio (LTI) above 4 and they borrowed more than 60 percent of the value of the property they needed to 

finance the investment with a fixed rate mortgage instead of an adjustable rate mortgage 

(Nationalbanken.dk, 2020c). 

In recent times, the coronavirus outbreak has increased the instability of the real estate market. To adapt 

to this development, Realkredit Danmark, one of the leading realkreditinstitutter in Denmark, has increased 

their demand for self-payment. Currently one needs to have 10% self-payment before one can borrow 80% 

of the amount from the realkreditinstitut (Berlingske.dk, 2020). 

The regulations, that have been implemented have been a success according to an analysis by 

Nationalbanken. The restrictions and implemented initiatives have made borrowers more robust. 

Nonetheless, the restrictions have been criticized for potentially harming first-time buyers and senior 

citizens as it is now more difficult for them to borrow money. However, the analysis also showed that credit 

institutions have increased their new lending since the restrictions were introduced (Nationalbanken.dk, 

2020c).  

3.4 Market Efficiency 

In the financial world, people often talk about an efficient market as a market that cannot be beaten. This is 

due to the assumption that the market will reflect all meaningful information. Hence, the information 

available for investors is already priced into the asset. There are simply no overvalued or undervalued 

assets available in the market (Berk & DeMarzo, 2016). 

In 1989, Karl E. Case and Robert J. Shiller researched the market for single-family homes in several 

American cities from 1970-1986. They concluded that the market had some inefficiencies such as 

transaction costs, carrying costs and tax considerations, which is different from other financial markets. Bull 

and bear markets will frequently appear, and this situation can be profited from (K. E. Case & Shiller, 1988). 

They argued that there is a high degree of autocorrelation in the real estate market. Hence, the prices 

today will affect the prices tomorrow significantly. Likewise, Case and Shiller argued that the pricing of real 

estate does not reflect the development in the real interest rate.  

This indicates that the market is not efficient because otherwise this would not be true. Most research 

about real estate market efficiency also concludes that the high degree of autocorrelation in the market is 



16 

 

the biggest indication of inefficiency. This includes several studies conducted by Gatzlaff (1994) and Clayton 

(1998). 

Compared with other financial markets, the real estate market differs in several ways. Firstly, the 

investment in a home is, for most people, the single biggest decision of their lives. Hence, a great deal of 

time elapses between the beginning of the process and the time when the real estate is purchased. In 

addition, the real estate market can be defined as less liquid and has significantly higher transactions costs 

compared with a regular financial market. The real estate market is also unique as it does not have 

standardized products as most other financial markets do. It is therefore more difficult for investors to 

know the real value of the assets.  

3.5 Bubbles 

In the financial world, a bubble is defined as a period where the price of an asset irrationally exceeds the 

intrinsic value of the asset. This can be stocks, bonds or assets in the real estate market (Berk & DeMarzo, 

2016). However, it can only be categorized as an economic bubble if the irrationality lasts for an extended 

period of time and if prices quickly plummet afterwards.  

In the real estate market context, it can further be argued that a bubble can appear if people are 

speculating too much on the prices instead of buying real estate for its primary purpose – to live in it. When 

people expect prices to increase, one sees more people investing in real estate. This can potentially create 

a bubble (Politiken.dk, 2009). If people speculate in prices, the acquisition of an apartment or a house can 

be irrational in the sense that people are hunting a quick profit instead of a home. This is the reason why 

prices in the real estate market, in some cases, cannot be explained by its fundamentals (Shiller, 2005). 

Shiller argues that the media can encourage people’s expectations about future prices and affect the 

market. This can increase the number of speculative investors in the market ,which leads to a higher 

probability of a bubble forming. This is something that will be addressed chapter 6. 

Obviously, the difficult thing is to identify whether the asset value is too high before the market collapses. 

This is very problematic as economic bubbles are something that are identified after a crash (Lunde, 2007). 

3.5.1 Historical Bubbles 

One of the first notable economic bubbles was the Tulip mania, which lasted from 1634 to 1637 in the 

Netherlands (Garber, 1989). The tulip came to Europe in the early part of the 16th century and quickly 

became a luxury good. In the winter of 1636, the price of the flower increased dramatically as people began 

to speculate in ‘futures’ on tulip bulbs. However, in February 1637, the market for tulips in the Netherlands 

collapsed and plunged by 99% compared with the price in November 1636.  
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Over time, the world has seen quite a few economic bubbles. The most significant bubbles have been the 

South Sea Bubble in 1720, the Great Depression in 1929, the Japanese real estate and stock market bubble 

in the 1980s and the U.S. Subprime crisis of 2007. 

3.6 Supply and Demand 

The prices in the real estate market depend on the law of supply and demand, just like every other financial 

market that involves a buyer and a seller. However, the real estate market is different from other markets 

as mentioned in section 3.4. One key difference is that the prices do not change right away when there is a 

change in supply or demand. Price changes will be lagged due to the fundamental structure of the real 

estate market as it takes time to increase or decrease supply.  

3.6.1 Supply 

In the real estate market, supply is defined by the number of available assets for sale at a given time. This 

also means that the supply is fixed in the short term as seen in Figure 4. Hence, the short-term price will be 

determined by the demand for properties instead of the supply. If demand increases, it takes time to 

increase supply as the only way to do this is to build more real estate. This also means that prices will 

increase in the short-term perspective if demand increases (Dam et al., 2011). 

Figure 4: The Real Estate Market in the Short-Term and Long-Term Perspective 

 

Note: Own creation 

 

In case of higher demand than supply, a contractor will start to develop new real estate if the prices in the 

real estate market are higher than the building costs as there will be an incentive to increase the supply. An 
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increase in newly built buildings was seen in the period 2003-2007 and again from 2015 to 2019. When the 

supply increases, the prices of the houses will derivate. This means that the skewness between demand 

and supply will vanished in order for the state of equilibrium to be fulfilled again. Hence, the building costs 

will be equal to market price in the real estate market when equilibrium is obtained again.  

 

Another thing to consider regarding supply is building sites. There is no endless supply of building sites in 

the places where the demand is. Generally, most demand is within the biggest cities, like Copenhagen and 

Aarhus. However, the available building sites within these cities are limited. Therefore, in the last 10 years 

more and more building projects have been taking place in areas that hadn’t been used for building 

projects before. This includes Nordhavn and Sydhavn in Copenhagen and Aarhus Ø in Aarhus.  

 

Figure 5: Finished Real Estate Constructions 

 

Note: Own creation based on Danmarks Statistik’s BYGV05A 

 

Figure 5 shows the development of newly constructed housing from 1917 to 2019. The first thing to notice 

is the huge increase in new housing from 1964 until 1974, when most of the classical Danish 

‘parcelhuskvarter’ were built. In addition, a great deal of rented public housing was built in this period 

(Cembrit.dk, 2019). In the period lasting from 1960 to 1979, more than 800,000 properties in Denmark 

were built due to increased urbanization. From the start of the Second Oil Crisis until the start of the new 

millennium there was a relatively low frequency of newly constructed housing projects. Nevertheless, in 
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2003 it picked up speed once again with a dramatic ending at the start of the financial crisis. After a low 

period from 2009 until 2015, new buildings were once again being built from 2015 onwards. 

3.6.1.1 Tobin’s Q 

In 1969, James Tobin defined a ratio which allowed corporations to compare their assets’ market value to 

their replacement value (Tobin, 1969). Tobin’s Q has broadly been used to analyze stocks to see if they 

were over- or undervalued. If the Q-factor is low in the model, the cost of replacing the firm’s assets is 

greater than the value of the stock. Hence, the stock is assumed to be overvalued (Corgel, 1997). 

Equation 1: Tobin’s Q 

𝑇𝑜𝑏𝑖𝑛′𝑠 𝑄 =
𝐸𝑞𝑢𝑖𝑡𝑦 𝑀𝑎𝑟𝑘𝑒𝑡 𝑉𝑎𝑙𝑢𝑒 + 𝐿𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑖𝑒𝑠 𝑀𝑎𝑟𝑘𝑒𝑡 𝑉𝑎𝑙𝑢𝑒

𝐸𝑞𝑢𝑖𝑡𝑦 𝐵𝑜𝑜𝑘 𝑉𝑎𝑙𝑢𝑒 + 𝐿𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑖𝑒𝑠 𝐵𝑜𝑜𝑘 𝑉𝑎𝑙𝑢𝑒
 

As a replacement price is rather difficult to define one used the book value instead in equation 1. 

In the early 1990s, researchers started to use the Tobin’s Q theory in the real estate market to define 

whether the building costs were higher than the real estate market prices. Thus, the Tobin’s Q ratio used on 

the real estate market will be the actual transaction prices compared to the building costs. In the long-term 

perspective the real estate prices should be equal to the building costs. This assumes, of course, that the 

building sites are available, and the market is competitive. In that case any deviation from Q = 1 would 

result in either building more housing or not building more housing. 

Equation 2: Tobin’s Q for Real Estate 

𝑇𝑜𝑏𝑖𝑛′𝑠 𝑄𝑅𝑒𝑎𝑙 𝐸𝑠𝑡𝑎𝑡𝑒 =
𝐴𝑐𝑡𝑢𝑎𝑙 𝑀𝑎𝑟𝑘𝑒𝑡 𝑃𝑟𝑖𝑐𝑒𝑠

𝐷𝑒𝑣𝑒𝑙𝑜𝑝𝑚𝑒𝑛𝑡 𝑃𝑟𝑖𝑐𝑒𝑠
  

𝑤ℎ𝑒𝑟𝑒: 

𝑄 > 1 = 𝐴𝑐𝑡𝑢𝑟𝑎𝑙 𝑀𝑎𝑟𝑘𝑒𝑡 𝑃𝑟𝑖𝑐𝑒𝑠 >  𝐷𝑒𝑣𝑒𝑙𝑜𝑝𝑖𝑛𝑔 𝑃𝑟𝑖𝑐𝑒𝑠 

𝑄 = 1 = 𝐴𝑐𝑡𝑢𝑟𝑎𝑙 𝑀𝑎𝑟𝑘𝑒𝑡 𝑃𝑟𝑖𝑐𝑒𝑠 =  𝐷𝑒𝑣𝑒𝑙𝑜𝑝𝑖𝑛𝑔 𝑃𝑟𝑖𝑐𝑒𝑠 

𝑄 < 1 = 𝐴𝑐𝑡𝑢𝑟𝑎𝑙 𝑀𝑎𝑟𝑘𝑒𝑡 𝑃𝑟𝑖𝑐𝑒𝑠 <  𝐷𝑒𝑣𝑒𝑙𝑜𝑝𝑖𝑛𝑔 𝑃𝑟𝑖𝑐𝑒𝑠 

In 2009, Christian Deichmann Haagerup studied Danish single-family houses and did an analysis based on 

the Tobin’s Q ratio. He looked at housing prices compared to developing prices from 1963 until 2008 and 

found that the Tobin’s Q ratio explained most of the construction of new housing in Denmark for the whole 

period, with the exception of two distinct intervals. From 1998 to 2001 there was less building activity than 

expected and in 2004-2007 the market prices were too high, with an all-time high ratio of 1.51. Shortly 

afterwards the prices fell and the ratio went down to the equilibrium again (Haagerup, 2009).  

This is in line with the conclusion that was drawn by Nationalbanken in 2011. They researched the Danish 
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real estate market after the financial crisis and found out that the Tobin’s Q ratio in 2011 was back at the 

structural long-term level from before the building boom in 2003 (Dam et al., 2011).  

However, it can be argued that it is difficult to use the Tobin’s Q ratio in reality as you are comparing a new 

house to an existing house. In theory, this can be done but two houses are very rarely identical in terms of 

quality, materials, and location.  

3.6.2 Demand 

The demand for the real estate market is determined by several different factors. The most important 

factors are the household’s real disposable income, user costs and the interest rate. However, restrictions 

regarding the amount the household can loan to buy real estate, the type of mortgages that are available 

to the individual and location also play significant roles (André, 2010). As well as economic factors, one can 

argue that several psychological aspects and human behavioral tendencies can interact with demand as 

well. People’s expectations are affected by other people’s or the media’s expectations about the future. 

Hence, if people start to believe that real estate prices will continue to increase the demand will be 

expected to increase as well.  

Demand is also indirectly controlled by the government. Real disposable income is affected by the tax rate 

and a lower tax rate on income will increase a household’s real income. The government and the 

Finanstilsynet also determine the restrictions in terms of obtaining a mortgage. The restrictions mentioned 

in section 3.3 affect this. For example, if people are allowed to have a higher LTI-ratio, the household will 

be able to take on a bigger mortgage. If this happens, the demand for more expensive houses will increase.  

One proxy for demand in the real estate market is the time it takes to sell a house or an apartment. In 

Figure 6, the selling time based on quarterly accumulated data is shown for both houses and apartments in 

the period from 2004 to 2019. From this, we can see that the selling time went down from 2004 until 2006, 

which makes perfect sense as this was the time just before the financial crisis kicked in. From 2006 until 

2013 the selling time increases and thus the demand is lower than before the financial crisis started. From 

2013 until now, the selling time has slowly decreased for both markets and therefore demand has 

increased.  
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Figure 6: Selling Time  

 

Note: Own creation based on Finans Danmark’s database UDB030 

 

One interesting thing to point out is the fact that the gap between the selling times for houses and 

apartments was substantially smaller before the financial crisis. In 2011, there seemed to be a shift in the 

pattern for the apartment market, where apartments started to be sold faster than houses were.  
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Chapter 4 – Fundamental analysis 

In this chapter, the underlying fundamentals of the real estate market will be described and analyzed. The 

main purpose is to discuss how the fundamentals behave over time and look for periods where the real 

estate prices are not backed by the underlying fundamentals.  

It is important to emphasize that an increase in real estate prices alone is not a valid argument for a bubble 

(Girouard & Kennedy, 2006). The market needs to come down before the rise can be categorized as a 

bubble. Girouard looked into all OECD-countries between 1970 and 1995 and he identified 37 significant 

increases of real house prices during this period. In only 24 cases did the prices decrease afterwards and 

can thus be categorized as bubbles. This indicates that an increase in real estate prices can sometimes also 

be explained by their underlying fundamentals rather than by bubble tendencies.  

The selected period ranges from January 1992 until December 2019. This time period was chosen as all the 

data needed is available for this time interval. The data is presented based on quarterly observations. Some 

of the datasets are measured in monthly or weekly observations. Where this was the case, an average was 

chosen to sum up the quarter. Lastly, some of the data was also modified so it can be compared more 

easily. This means that some of the data was converted into an index or a time period was extended based 

on a chained approach. 

4.1 Real Estate Prices 

In Figure 7, one can see the development in the housing and apartment prices from 1992 until 2020 

measured in real terms. The data series is based on EJEN77 from Danmarks Statistik and the original data 

series is in nominal terms. In order to compare it with the rest of the fundamentals it was adjusted for 

inflation by using the consumer price index.  

Equation 3: From nominal prices to real prices 

𝑅𝑒𝑎𝑙 𝑝𝑟𝑖𝑐𝑒𝐻𝑜𝑢𝑠𝑒 𝑄1 𝑖𝑛 1992 =
𝑁𝑜𝑚𝑖𝑛𝑎𝑙 𝑝𝑟𝑖𝑐𝑒1992 𝑄1 ∗ 2019𝑖𝑛𝑑𝑒𝑥 𝑝𝑟𝑖𝑐𝑒

1992𝑖𝑛𝑑𝑒𝑥 𝑝𝑟𝑖𝑐𝑒
 

𝑅𝑒𝑎𝑙 𝑝𝑟𝑖𝑐𝑒𝐻𝑜𝑢𝑠𝑒 𝑄1 𝑖𝑛 1992 =
560,000 ∗ 7,098

4,445
= 894,236 

Note: Where index 100 is from the year 1900 (DST.dk, 2020c). 

One can see that the average price of one house or one apartment increased significantly from 1992 until 

today. The average price of a house in Denmark in 1992 Q1 was 894,236 DKK (in 2019 prices) and 2,270,000 

DKK in 2020 Q2 (in 2019 prices); a real increase of 153.9%. If we look at the apartment market, the average 



23 

 

apartment price back in 1992 Q1 was 689,839 DKK (in 2019 prices). In 2020 Q2 the average apartment was 

traded at 2,483,000 DKK (in 2019 prices); a real increase of 260.0%.   

Figure 7: Real Estate Prices from 1992 until 2020 

 

Note: Own creation based on Danmark Statistik’s database EJEN77 

The increase is somehow linear. However, before the financial crisis, we saw a large increase in both 

housing and apartment prices and a decrease for both after the crash. This is explained by several studies 

which estimate that housing prices were 5 to 10% above their equilibrium value by mid-2009 (Skaarup & 

Bødker, 2010).  

An interesting thing to acknowledge is the fact that apartment prices were lower than housing prices from 

1992 until 2017. However, from 2017 onwards, the apartment market outperformed the real estate market 

in terms of the highest average price. An explanation for this could be that apartments are more 

represented in bigger cities, which have experienced increased population growth compared to the country 

districts. 

In Figure 8, a comparison between the average Danish apartment market and the apartment market in 

Copenhagen is presented. The data was converted into real values as above and then converted into an 

index with a base year of 2010. In 1992, an apartment in Copenhagen cost just as much as an average 

apartment in the rest of Denmark when looking at real values. However, the development has been 
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exponential from the year 2000 and onwards. The real prices in Copenhagen increased even more before 

the financial crisis compared to the rest of Denmark. Further, the development again outperformed the 

development in the rest of Denmark from 2017 onwards. 

Figure 8: Apartment Prices from 1992 until 2020 

 

Note: Own creation based on Danmark Statistik’s database EJEN77 

The effect of Covid-19 on price developments 

The coronavirus has affected real estate prices by causing lower prices in both the housing and apartment 

market. This was most significant in the second quarter of 2020, when the housing market dropped 5.6 

index points and the apartment market dropped 8.0 index points compared to the first quarter of 2020. 

However, experts were much more pessimistic about the Danish real estate market at the beginning of the 

pandemic. Hence, this is a relatively small decrease in my eyes. The Danish government recently 

announced: “It is expected that real estate prices will fall by 1.5% in 2020 and we expect that the market 

will increase by 1.9% in 2021” (Fm.dk, 2020). 
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4.2 Inflation 

Inflation is defined as the rate at which the average price level of goods and services in a country increases 

over time (Møller & Nielsen, 2015). This means that money is worth more today than tomorrow, as long as 

there is inflation. In Figure 9, the inflation rate based on quarterly observations is plotted from 1992 until 

2020. The data series is based on PRIS113 from Danmarks Statistik. The inflation rate is calculated as the 

net difference between the consumer price index (CPI) in the previous year compared to this year’s 

observed CPI. This method was chosen because the CPI is the best proxy for the general inflation rate 

(Nationalbanken.dk, 2020a). 

The development is quite volatile over the years with an average inflation rate of 1.4%. In the second 

quarter of 2008, Denmark saw the highest inflation rate for the period 3.6% compared to the same month 

the year before. This was of course due to the financial crisis which inflated everything. In the first and 

second quarters of 2016, the lowest inflation rates were seen, only 0.1% and 0.2% compared to the same 

months the year before. After this turning point in 2016, the inflation rate increased a small amount but 

was still quite low compared to the time before the financial crisis.  

Figure 9: The Inflation Rate from 1992 until 2020 

 

Note: Own creation based on Danmark Statistik’s database PRIS113 
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The inflation rate in Denmark has been relatively low since the late 1980s as the Danish krone has been 

pegged to the Euro (and before that the German Mark) (Nationalbanken.dk, 2020a). The average Danish 

inflation rate of 1.4% is below the European inflation target of “close to 2% but below 2%”, which can be 

attributed to the Euro pegging of the Danish krone. However, in 2019 the Danish inflation rate was far 

below the European average as some Eastern European countries had a significantly higher inflation rate 

than Denmark (DST.dk, 2020e). In my opinion, the average inflation rate in Denmark is healthy when seen 

from a historical perspective. 

The effect of Covid-19 on inflation 

The coronavirus has affected the national inflation rate by reducing it from 0.6% in the first quarter of 2020 

to 0.1% in the second quarter of 2020. This decrease is due to the fact that people are holding on to their 

money rather than spending it. It is a significant decrease in the inflation rate. However, we have not seen 

deflation, which is a positive thing. The inflation level for the second quarter of 2020 looks a lot like the 

second quarter of 2016, when the average inflation rate in Denmark was 0.1%. Overall, I do not see 

anything dramatic in the development throughout the coronavirus period. 

4.3 Gross Domestic Product 

The Gross Domestic Product (GDP) is defined as the total value of Denmark’s private and public output. This 

includes the production of all final goods and the carrying out of services (DST.dk, 2019a). For example, 

when Vestas finishes producing a windmill, the GDP increases because a good has been finished. Or when a 

child is cared for in daycare, GDP also increases because a service is performed by the daycare employee. 

GDP also includes private and public consumption, investments, imports and exports. It is calculated as: 

𝑌 = 𝐶 + 𝐺 + 𝐼 + 𝑁𝑋 

Where: 

Y = Gross Domestic Product 

C = Private Consumption 

G = Public Consumption 

I = Investments 

NX = Net Export 

GDP is a widely used measure and indicator of how a country’s economy is performing. The United Nations 

published guidelines about how GDP must be measured in order to be able to compare the economic state 

of different countries (UN.org, 2001). In order to compare GDP with developments in housing and 

apartment prices, one needs to use the real GDP values instead of nominal values.  
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In Q1 1992 the GDP in Denmark was 365.2 DKK bn (2019 prices). By 2019 it had grown to 588 bn. This is an 

increase of 61.0%. It is noticeable that GDP varies from quarter to quarter as there is a seasonal effect on it. 

The only real derivation in the GDP occurred during the financial crisis, which makes perfect sense. 

In 2019, Denmark had a real GDP growth of 2.2%, which is healthy from an international perspective. The 

whole world saw an increase of 3.1% in real GDP growth in this year (Worldbank.org, 2019). Since this 

percentage is based on all the countries in the world, it includes many third world countries that had 

significantly higher GDP rates compared to the western world. In the European Union there was a 2.0% 

increase in GDP over the last year (Worldbank.org, 2019). Hence, the Danish GDP growth rate seems 

healthy. 

In Figure 10, one can see an index of the real GDP growth compared to the real increase in apartment and 

housing prices with a base year of 2010. The data series is based on NKN1 from Danmarks Statistik. In the 

original dataset the GDP is presented in nominal terms. In the graph this has been converted into real 

terms. 

Figure 10: The GDP Growth Rate from 1992 until 2020 

 

Note: Own creation based on Danmark Statistik’s database NKN1 & EJEJ77 
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Overall, the correlation between the real GDP growth and the development in real housing and apartment 

prices is clearly positive. Nevertheless, it is interesting to see that prices of houses and apartments have 

had a much faster growth rate compared to the real GDP growth rate. It seems that the market for houses 

had a higher correlation with the real GDP growth rate than the market for apartments had since the 

financial crisis. Housing prices have followed more or less the same pattern as the real GDP growth rate, 

whereas apartment prices have increased quite a lot compared to the real GDP.  

The use of GDP has also experienced critique in the way it is measuring the economic wealth.  

Firstly, the intangible value of technological developments has increased a huge amount over the years and 

the GDP measure does not capture this correctly.  

Secondly, GDP does not look at the quality of the economic growth but only at the quantity of growth. A 

bizarre example would be if a country was suffering from a natural disaster, like a hurricane or an 

earthquake. The rebuilding of the country will increase the country’s GDP because all of the investments 

that are put into the rebuilding count as economic growth. However, GDP does not measure all of the 

destruction cause by the natural disaster in the first place (Information.dk, 2019b). 

The effect of Covid-19 on GDP 

The coronavirus has affected GDP in the same way it has affected real estate prices. From the first quarter 

of 2020 to the second quarter of 2020 GDP growth decreased by 7.6 index points. As most of the world 

locked down, exports to other countries were reduced significantly. Further, we saw a long period where 

many industries were running at a very low level. As of 01/09 we still see restrictions affecting GDP. For 

example, bars and the nightlife industry are still not up and running. It must be assumed that this will 

continue into the third quarter of 2020. However, the Ministry of Finance has published their expectations 

of the future, where they state that GDP growth is expected to return in the third quarter of 2020 and 

Denmark will experience an increase of 4.2% GDP growth in 2021 (Fm.dk, 2020). 

From a global perspective, the Danish GDP decrease has been lower than in some other countries. For 

example, in the USA, the second quarter of 2020 was the worst quarter in terms of GDP in over 70 years, 

with a decrease of 32.9% (Pgfp.org, 2020). 

4.4 Interest Rate 

The interest rate is a percentage of the principal the borrower needs to pay in exchange for the borrowed 

amount. One can say that the interest rate is an expression of how much it costs to borrow money in 

today’s value. As most real estate transactions are financed by borrowed money, one can say that the 

interest rate is one of the most important fundamentals. For example, if the nominal interest rate 
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decreases it becomes cheaper for people to borrow money, which will lead to increased demand as more 

people will be able to afford real estate. Likewise, if the nominal interest rate increases demand will fall as 

it will get more expensive to borrow the money to finance the transaction (André, 2010). Changes in the 

interest rate are not only interesting for people who are entering the real estate market. If an individual has 

chosen a mortgage that has an adjustable interest rate an increased interest rate can affect them very 

much as well. If the interest rate increases too much, some people will be forced to sell their homes and 

the supply of houses will increase. When supply goes up and demand is kept stable, the price of the overall 

real estate market will fall in the short run. From a historical perspective, the interest rate is also interesting 

as low interest rates levels had a major impact on the outcome of the financial crisis (Rangvid, 2013). 

The long-term interest rate is based on mortgage bonds with a maturity above 10 years while the short-

term interest rate is based on mortgage bonds with a maturity of only one year. I chose to analyze two 

different interest rates because the long-term interest rate is a proxy for fixed interest rate mortgages, 

while the short-term interest rate is a proxy for adjustable interest rate mortgages.  

In Figure 11, one can see the real effective interest rates based on quarterly observations for long-term 

mortgage bonds and short-term mortgage bonds since 1992. The data series is based on data from two 

different datasets where the data prior to 1997 is somewhat different from the data after 1997. This is due 

to the introduction of adjustable interest rate mortgages in 1996 by Realkredit Danmark (Finanstilsynet.dk, 

1996). Before this point, a mortgage was solely based on a long-term mortgage. The data series from 1992 

until 1997 was calculated from the working paper “Danish Economy; Monetary Conditions; Inflation, Wages 

and Prices; the Money and Currency Market” (Nationalbanken.dk, 2016) as an average of the author’s 

three defined ‘short-term’ interest rates. These are the official interest rate, the private bank’s average 

deposit rate and the market rate of discounts. This data series is based on yearly data and I was forced to 

assume that the effective interest rate was the same during all four quarters of the year. 

The data from 1997 and onwards is based on Finans Danmark’s official publications about short-term and 

long-term interest rates. It was published as weekly observations and I converted it into quarterly data as a 

simple average of the period. Lastly, the effective interest rate was converted into the real effective 

interest rate. 

Equation 4: The Real Effective Interest Rate from 1992 until 2020 

𝑅𝑒𝑎𝑙 𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝐼𝑛𝑡𝑒𝑟𝑒𝑠𝑡 𝑅𝑎𝑡𝑒 =
1 + 𝑁𝑜𝑚𝑖𝑛𝑎𝑙 𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝐼𝑛𝑡𝑒𝑟𝑒𝑠𝑡 𝑅𝑎𝑡𝑒

1 + 𝐼𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛 𝑅𝑎𝑡𝑒
− 1 

Where the inflation rate is the same as that defined in section 4.2 
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When looking at Figure 11, there is clearly a correlation between the two interest rates. This makes 

intuitive sense, as if there were no correlation there would be arbitrage to make. In a theoretical example 

where the long-term interest rate is lower than the short-term interest rate, one can assume that this is a 

sign of an upcoming recession (Berk & DeMarzo, 2016). This statement is very interesting as the spread 

between the two interest rates decreased in magnitude in the years before the financial crisis and peaked 

in the middle of 2008 when the recession began. Today, the spread between the short-term and long-term 

interest rates looks better than before the financial crisis. However, it has decreased in magnitude in the 

last couple of years.  

Figure 11: The Real Effective Interest Rates from 1992 until 2020 

 

Note: Own creation based on Finans Danmark’s database Obligationsrenter 

 

Another thing to notice is the decreasing trend over the years in the interest rate levels. They started rather 

high and then slowly converged downwards until 2005. For a few years, the interest rate increased until it 

peaked in 2009 as a consequence of the worldwide financial crisis. Since then, the interest rate has gone in 

only one direction, down. Currently, we see very low interest rates, where the long-term interest rate is 

below 2% and the short-term interest rate is below 0% (Finansdanmark.dk, 2020). The reason why the 

short-term interest rate is lower than the long-term interest rate is simple. A spread between the two 
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interest rates is required because investors take a higher risk when borrowing money with a fixed rate over 

30 years than they do if they borrow it over a shorter period.  

The short-term interest rate is also affected by the monetary policy that Denmark has. As Denmark has a 

fixed exchange rate that has to be pegged to the Euro, their monetary policy is completely determined by 

what the European Central Bank is doing (Nationalbanken.dk, 2018). Denmark has one goal and that is to 

keep the exchange rate fixed so that one Euro is equivalent to 7.46 krone with an allowed derivation of +/- 

2.25%. Hence, the krone must be within the range of [7.30;7.63] krone per Euro. As Denmark has pegged 

their currency to the Euro an increase in the short-term European interest rate will affect the Danish short-

term interest rate as well.  

The effect of Covid-19 on Interest Rate 

It is quite interesting how the coronavirus has affected Danish interest rates. In theory, when the economic 

world becomes volatile investors tend to buy bonds and sell stocks (Berk & DeMarzo, 2016). However, 

when the coronavirus began to impact the Danish economy significantly investors started to sell both 

stocks and bonds instead of selling stocks and buying bonds. This development was counterintuitive 

according to theory. This can clearly be seen in Figure 12 where four different mortgage bond rates are 

shown. In the period between 02/03/2020 and 02/04/2020 investors panicked and sold off their bonds for 

the mortgages, which made the average mortgage rate drop significantly. However, as quickly as the rate 

came down, it acquired traction once again and regained its strength.  

Figure 12: The Change in Bond Rates During the Coronavirus Pandemic 

 

Note: Nordea’s Interest and Rate Estimates (Nordea.dk, 2020) 
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This same trend can be seen when looking at the weekly nominal interest rate updates from Finans 

Danmark. In week 11 of 2020 the long-term nominal interest rate was at 1.14%, in week 12 it was 1.46%, 

and in week 13 it was at 1.56%. It increased more in just three weeks than it decreased in over a year. 

However, from week 14 onwards it has decreased slowly once again. The interest rate has clearly been 

affected by the COVID-19 virus. However, it was affected by COVID-19 for only a short period of time and 

by the end of the second quarter of 2020 the interest rate was back at the same level as before the virus 

started. 

4.5 Unemployment 

The unemployment rate is a measure of the proportion of Denmark’s labor force that is not currently 

employed. In Denmark, there are two different ways of determining the unemployment rate. Firstly, you 

can look at how many people are registered as unemployed. Secondly, quarterly unemployment studies are 

conducted based on random samples. 

Since 1979, there has been regular registration of unemployment in Denmark. The registration is divided 

into gross unemployment and net unemployment. Net unemployment is defined as people who are 

receiving social security benefits or unemployment benefits, and who are estimated to be available for the 

labor market and are not currently employed. Gross unemployment is defined as the amount of net 

unemployment and the persons that are currently in job activation (DST.dk, 2020a).  

AKU unemployment is an unemployment study where 89,000 persons between 15-74 years of age are 

randomly selected and asked about their job situation (DST.dk, 2020a). AKU unemployment has been 

conducted since 1996 and improved its definition of unemployment in 2008. The definition since 2008 has 

been “people who are currently unemployed but have actively tried to get a job within the last four weeks”. 

Besides this, a criterion is that they can start working in a new job within 14 days. The AKU unemployment 

study is based on the international standard and is therefore selected as the best estimate of the 

unemployment rate in Denmark (DST.dk, 2020a). 

In Figure 13, one can see the index of the AKU unemployment compared to the real development in the 

prices of houses and apartments from 1992 until 2020, with a base year of 2010. As the AKU 

unemployment studies only began in 1996, the unemployment data series is based on several datasets. For 

the years prior to 1996 AB611X data from Danmarks Statistik was used. It provides net unemployment 

rather than AKU unemployment. Hence, the data is very different from the data in the rest of this time 

series. From 1996 until 2006 the data series is based on AKU100 from Danmarks Statistik, which measures 

the AKU unemployment. For the rest of the time series the dataset AKU100M from Danmarks Statistik was 

used, as it is an improved measure of AKU unemployment. The original datasets were published as the 
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number of unemployed people, which I converted into an index in order to compare it with the real estate 

prices. 

Figure 13: The Unemployment Rate vs. Real Estate Prices from 1992 until 2020 

 

Note: Own creation based on Danmarks Statistik’s databases AB611X, AKU100, AKU100m & EJEN77 

The trend from 1996 until 2000 was a decreasing rate, with a slight increase in unemployment around the 

time of the IT-bubble in the early years of the new millennium. From 2003, when housing and apartment 

prices really started to kick off, unemployment was reduced significantly. Also, when the prices started to 

fall in the market in 2008 unemployment started to increase. People are more willing to decrease their 

demand for real estate when they are not participating in the job market. Thus, there exists a negative 

correlation between the unemployment rate and real estate prices (Rangvid, 2013).  

The effect of Covid-19 on Unemployment 

In the second quarter of 2020 the number of unemployed people increased from 146,000 to 159,000 

people due to the impact of the coronavirus. This is a very low amount as the government in Denmark has 

been very proactive in terms of providing financial support packages to businesses. Business owners were 

given financial support if they avoided dismissing their employees, instead keeping them at home until 

demand returned. This is the reason why the unemployment numbers have not skyrocketed during the 
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pandemic in Denmark. From a global perspective, this is a highly satisfactory unemployment rate as many 

countries have seen far higher increases in unemployment due to the pandemic. In the USA, the 

unemployment rate increased from 3.5% to 14.7% in just two months because of the pandemic. The 

situation has since improved, but the USA is still very much affected by unemployment. By the end of the 

second quarter their unemployment rate was 11.1% (Pgfp.org, 2020). 

4.6 Disposable Income 

Disposable income is defined as personal income minus personal taxes. Hence, it is the amount a person 

can use to pay for their housing expenses and use for consumption or savings.   

Figure 14: The Disposable Income vs. Real Estate Prices from 1992 until 2020 

 

Note: Own creation based on Danmarks Statistik’s databases NKN2 & EJEN77 

Figure 14 shows the national real disposable income from 1992 until 2020 based on quarterly observations. 

The dataset is the NKN2 from Danmarks Statistik. It only shows real disposable income on a national level 

as private disposable income does not get published on a quarterly level. Thus, it is assumed to be the best 

proxy for private disposable income. The nominal values from the data series were converted into real 

values and further into an index with a base year of 2010.  
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One can see that real disposable income shows a positive trend over the years. It mirrors the trend of many 

of the other fundamentals quite nicely. From 1992 until 2003 it increased and from 2003 until 2007 this 

increase became steeper. Shortly afterwards it deviates for a few years and then picks up once again in 

2009. This occurred at around the same time as the initial stabilization of the economy after the financial 

crisis. Since then it has had a steady increasing trend. It is also clear that there is a positive correlation with 

prices in the real estate market. However, the increase in real disposable income was much lower 

compared to the increase in housing prices prior to the financial crisis.  

The effect of Covid-19 on Disposable Income 

As this variable is calculated based on national disposable income and not on private disposable income it 

looks a lot like the decrease in GDP growth. 

4.7 The Consumer Trust Index 

The consumer trust index indicates whether the population has a negative, neutral or positive outlook on 

their own economy and the economy as a whole. If the index is negative it means that consumers are 

spending less money and are focusing on saving instead. Likewise, if the index is positive, people are willing 

to spend more money as they have a more positive view of the economy in the future. This will lead to 

economic growth, but it also has a downside as it can potentially lead to an overheated economy if people 

have too high expectations about the future (Rangvid, 2013).  

In Figure 15, consumer trust is plotted based on quarterly observations from 1992 until 2020. It is based on 

the dataset FORV1 from Danmarks Statistik. They conduct a survey once a month to assess consumers’ 

faith in the Danish economy. The consumer trust index has been published since 1974 and it is based on the 

same 12 questions every month. It is sent out to a representative part of the Danish population between 

the age of 16 and 74 years (DST.dk, 2020d). The questions relate to expectations about the next 12 months 

compared to the previous 12 months. Respondents are asked about how they would rate their own family’s 

economy, their expectations about their family’s spending and their general expectations about the Danish 

economy for the coming year.  

The consumer trust index is much more unstable than other fundamentals as it goes up and down 

frequently. Nonetheless, it is significant that the highest consumer trust level was measured in January 

2006. This is interesting as this was just before the financial crisis started, at which point people believed 

very much in the health of the economy. They overestimated how it would perform over the next 12 

months because of their bias caused by the economic boom. Consumer trust slowly converged downwards 

until the collapse of the economy in 2007. The lowest consumer trust index level was seen in October 2008. 
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This makes sense as it was about the same time that housing prices started to increase again. Consumer 

trust has been increasing since then but with volatility.  

Figure 15: The Consumer Trust Index from 1992 until 2020 

 

Note: Own creation based on Danmarks Statistik’s database FORV1 

The effect of Covid-19 on the Consumer Trust Index 

The coronavirus has also affected the consumer trust index as people have become more pessimistic about 

the future. In April 2020, the biggest derivation from one month to another was seen since 20 years 

previously. In April consumers were very pessimistic about the next 12 months. This was published around 

the same time as the interest rates increased heavily and must be assumed to correlated. The human 

behavior in this is affected by actions from other humans. People were simply afraid of what the future 

would bring.  

This trend is not only the case in Denmark. Consumer trust in the European Union and in the USA also 

crashed in April. In America, the quickest fall in consumer trust since 1973 was also measured in April 2020 

(Sydinvest.dk, 2020). 

In May consumer trust was still very low in Denmark with a reported estimate of -8.8 and in June it was at        

-3.1. Expectations about the future have slowly improved and are not as pessimistic as at the start of the 
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pandemic. The huge fall in consumer trust also indicates that the market is not perfect as human behavior 

can be influenced easily. Trust is extremely important in the real estate market. If consumer trust is not 

high it can affect real estate prices in the long run. 

4.8 Building Costs 

When someone is in the market for real estate, one can buy an already build house/apartment or one can 

buy a newly constructed house/apartment. In theory, one will always choose the cheapest option but as 

discussed previously it is very difficult to see the assets in the real estate market as similar. Often locations 

and building materials are unique which does not make real estate a commodity. Buyers are therefore 

forced to buy what is available in the market instead.  

As mentioned in section 3.6.1, in the short run the supply is fixed as it takes time to develop and build new 

real estate. This is not true in the long run. In the long-term perspective one can use the ratio of building 

costs relative to the prices in the market to determine whether the market looks overheated for some 

periods. 

Figure 16: The Building Costs vs. the Real Estate Prices from 1992 until 2020 

 

Note: Own creation based on Danmarks Statistik’s databases BYG4, BYG42 & EJEN77 
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In Figure 16, building costs are presented based on quarterly observations from 1992 until 2019. The 

dataset is constructed as a chained dataset based on two different datasets. The first dataset is BYG4 from 

Danmarks Statistik which had observations from 1992 until 2015. The second dataset is BYG42 which has 

observations from 2003-2019. These two datasets were merged into one dataset going from 1992 until 

2019 with a base year of 2010.  

The building costs pattern looks a lot like the GDP growth and the disposable income development. They 

increased throughout the whole period with the biggest increase around the years of the financial crisis. 

This was followed by a minor decrease in prices shortly after the financial crisis. From 2010 and onwards 

the price has shown a steady upwards trend with no major fluctuations. 

Interestingly, the graph also shows that before the financial crisis it was beneficial to buy an already 

constructed house or apartment compared to the building costs. They were significantly higher than an 

equivalent house or apartment. However, from 2004 and until the start of the crisis the picture was the 

opposite. In that period, the prices of new homes were significantly cheaper compared to the market 

prices. This pattern is exactly the same as mentioned in section 3.6.1, where many more homes were built 

from 2004 until 2008 compared to the period from 1992 until 2004.  

The price of buying an apartment today is significantly higher than the costs of building one. However, the 

price of an already constructed house compared to the building costs of a new house is relatively cheaper 

today. This indicates that the price of already built apartments is potentially too high. The shift in prices 

between building costs and market prices changed in 2015. This explains the increase in finished building 

projects that has increased every year from 2015 until 2019 as also were mentioned in section 3.6.1. 

4.8.1 Tobin’s Q-Ratio 

Tobin’s Q was presented and defined in section 3.6.1.1. It is useful to elaborate on it further as the supply 

in the real estate market is inelastic in the short run. The Tobin’s Q ratio is therefore a useful tool in order 

to take the temperature of the real estate market over a longer period. If the Tobin’s Q-ratio increases it 

indicates that demand is increasing in such a way that the supply cannot keep up. This can potentially lead 

to a bubble, which makes it interesting to outline. 

In Figure 17, the Tobin’s Q-ratio is presented for the housing market and the apartment market in Denmark 

and Copenhagen. The ratios are calculated from the index data that was already presented in sections 4.8 

and 4.1 with a base year of 2010.   

One can see that the Tobin’s Q follows the overall pattern for most of the fundamentals quite nicely. It 

peaks around the financial crisis and when the bubble started to collapse in the financial crisis years, the 
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Tobin’s Q ratio converged down towards the structural level again. Since 2010, the ratio has increased 

again for all three defined markets. 

Figure 17: Tobin’s Q Ratio from 1992 until 2020 

 

Note: Own creation based on Danmarks Statistik’s databases BYG4, BYG42 & EJEN77 

I have added two extra trend lines in Figure 17. They show the average growth rate of the housing market 

and the apartment market from 1992 until 2004. The trend lines help us to see the structural differences 

between the “normal” level and the times when the market was out of equality. The period from 1992-

2004 was chosen as it had a fairly stable increase over the whole period with no significant fluctuation. 

Hence, it serves as my proxy for a “normal market scenario”. However, it is very difficult to define such a 

scenario. Another time period could have been chosen as well. 

It is interesting to see that the trend line estimates a higher ratio in 2019 than what actually happened. If 

the predicted trend line had turned out to be correct, there would have been a clear mismatch between 

prices and building costs. As this is not the case, we can assume that the market is working well as it can 

regulate itself. For example, if housing prices were too high, entrepreneurs would begin to build new real 

estate as it is relatively cheaper to do this compared to buying an existing property.   
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4.9 Population 

Figure 18 shows the development of the population in Denmark and Copenhagen. It is plotted as an index 

with a base year of 2010. The dataset is based on several datasets. Firstly, the development for Denmark 

from 1992 until 2008 is based on BEV21 and from 2008 until 2020 it is based on FOLK1A. Meanwhile the 

regional data from 1992 until 2007 is based on BEV2 and from 2007 until 2020 it is based on BEV22. All the 

datasets are from Danmarks Statistik. The original data series shows the development in numerical terms 

and I was therefore forced to convert it into an index to compare the data. There is a rather large gap in the 

Copenhagen data from 2003 to 2004. This is due to the way Danmarks Statistik defined the Copenhagen 

Area. 

Figure 18: Population Development from 1992 until 2020 

 

Note: Own creation based on Danmarks Statistik’s databases BEV21, BEV2, BEV22 & FOLK1A 

Since 1992, there has been a steady increase in the population of Denmark. However, this growth has been 

greatly outperformed by the growth rate in Copenhagen. The increase in the Copenhagen population can 

be seen as an argument for why apartment prices have increased more than housing prices over the years. 

People are more willing to live in the biggest cities and if the supply of apartments does not follow the 

growth rate the prices of apartments must be driven up.  
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4.10 User Cost 

The user cost is an expression of the real costs of living in an apartment or a house (Poterba, 1984). It is 

relevant both to owners and renters, but I will only include the version for owners. The user cost includes 

administration, maintenance and other fixed costs in relation to living in a house. Besides this, it also 

includes the tax burden and capital expenses. Lastly, a changed value estimate is included in the 

calculations as well (Lunde, 2013) 

Equation 5: User cost for an owner-occupied home 

𝑈𝑠𝑒𝑟 𝐶𝑜𝑠𝑡𝑡 = 𝐾𝑡(𝑑𝑡 + 𝑞𝑡 + 𝑎 ∗𝑔 𝑇𝑡 + 𝑒𝑡 + 𝑖𝑡 ∗ (1 − 𝑇𝑡) − 𝑃𝑒𝑗,𝑡) 

Where: 

𝐾𝑡 is the average market value of the property 

𝑑𝑡 is the administration, drift and maintenance expenses 

𝑞𝑡 is the depreciation  

𝑎 ∗𝑔 𝑇𝑡  is the land taxation 

𝑒𝑡 is the property value tax 

𝑖𝑡 ∗ (1 − 𝑇𝑡) is the alternative return one could have had if they invested in another asset after tax 

𝑇𝑡 is the tax rate on capital gains 

𝑃𝑒𝑗,𝑡 is the expected value increase of the property if it is properly maintained 

When using Equation 5 for the user cost, it was found that the user cost follows the interest rate. If the 

interest rate decreases, the user cost will decrease as well. On the other hand, if the interest rate increases, 

higher taxes make the user cost more expensive.  

If the inflation rate decreases over a period, the user cost will increase because property owners expect a 

lower capital gain from their real estate.  

If we split the capital costs into own equity costs and financed costs equation 5 can be rewritten as the 

following equation: 

Equation 6: User cost for an owner-occupied home with equity and finance costs included 

𝑈𝑠𝑒𝑟 𝐶𝑜𝑠𝑡𝑡 = 𝐸𝑡 ∗ 𝑖𝐸,𝑡 ∗ (1 − 𝑇𝐸,𝑡) + 𝐹𝑡 ∗ 𝑖𝐹,𝑡 ∗ (1 − 𝑇𝐹,𝑡) + 𝐾𝑡(𝑑𝑡 + 𝑞𝑡 + 𝑎 ∗𝑔 𝑇𝑡 + 𝑒𝑡 − 𝑃𝑒𝑗,𝑡) 

Where:  

𝐸𝑡 is the equity percentage out of 𝐾𝑡 

𝐹𝑡 is the financed percentage out of 𝐾𝑡 
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𝑖𝐸,𝑡 is the equity costs interest rate 

𝑖𝐹,𝑡 is the financed costs interest rate 

𝑇𝐸,𝑡 is the alternative tax rate for a geared investment if one did not invest in real estate 

𝑇𝐹,𝑡 is the alternative tax deduction on a loan if one did not invest in real estate 

 

In Figure 19 one can see the development of the user cost from 1992 until 2020. User cost is expressed as a 

percentage of the market value of the real estate.  

Figure 19: User cost from 1992 until 2020 

 

Note: Own creation 

Overall, user cost has decreased over the years but has remained rather stable as it has been between 8.1% 

and 5.1% each year. The decreasing trend is a result of falling interest rates and the low inflation rate.  

In order to calculate user cost, I used a great many assumptions, which I elaborate below: 

- 𝑑𝑡 is assumed to be stable with a fixed percentage of 1.45%. This is an estimate that was found in a 

working paper from Boligøkonomisk Videnscenter from 2013 (Andersen, 2013). This percentage 

cost does not include ordinary expenses such as the electricity bill. One could have used an 

estimate from another study, but this is the most recent estimate that I was able to find. 
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- 𝑞𝑡 is difficult to measure but it has been assumed to be fixed at 1%. This was chosen as it is the 

same estimate that Lunde (2013) used in his example. 

- 𝑎 ∗𝑔 𝑇𝑡 is calculated based on two different datasets from Danmarks Statistik. a is from PSKAT and 

PSKATX where the average permille across Denmark is published.𝑎𝑔𝑇𝑡 is calculated from ESKAT and 

ESKATX as the difference between the market value of the properties and the value of the building 

sites. 

- 𝑒𝑡 was difficult to estimate as it changed properties after 2000. Today, it is a fixed fee of 1% of the 

value of the house and 3% of the value that is above 3,040,000 DKK. In this thesis, it is assumed for 

simplicity’s sake that 𝑒𝑡 was fixed at 1%, which means that I ignored the 3% for values above 

3,040,000 DKK. I also ignore the old way of calculating 𝑒𝑡.  

- 𝑃𝑒𝑗,𝑡 is assumed to be the inflation rate, which was discussed in section 4.2. 

- 𝐸𝑡 is assumed to be 20% based on the fact that one cannot finance more than 80% of the mortgage 

from the realkreditinstitut.  

- 𝐹𝑡 is assumed to be the remaining 80%. 

- 𝑖𝐸,𝑡 is calculated in the same manner as in Lunde (2013), where  𝑖𝑡 is assumed to be 2% larger than 

𝑖𝐹,𝑡 and the value of 𝑖𝐸,𝑡 is therefore isolated. 

- 𝑖𝐹,𝑡 is assumed to be the long-term interest rate discussed in section 4.4. One can argue that it 

should have been a weighted average of the short-term and long-term interest rates, but for 

simplicity’s sake it was calculated based solely on the long-term interest rate. 

- 𝑇𝐸,𝑡 are the actual rates from the Ministry of Taxation’s own webpage of the tax rate of the highest 

positive net capital income. It differs from year to year based on the current regulation in those 

years (Skm.dk, 2020). 

- 𝑇𝐹,𝑡 are the actual rates from the Ministry of Taxation’s own webpage of the tax deduction rate of 

the lowest negative net capital income. The rate differs from year to year based on the current 

regulation in those years (Skm.dk, 2020). 

-  

4.11 Results 

Finally, I want to wrap the fundamental section up with a brief overview of the findings for all 

fundamentals. 

The overall real estate market has increased quite a lot in real terms since 1992 and the apartment market 

has outperformed the housing market for the last 10 years. This is due to an increased price pressure on 

apartments in the bigger cities of Denmark. The real price level in the real estate market was at an all-time 
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high in 2020 but I do not see this as a sign of danger. However, the apartment market in Copenhagen has 

increased more than in the rest of Denmark, which could potentially become an issue in the future.  

Inflation was quite volatile from 1992 until 2020, with the highest inflation rates just before the financial 

crisis and an all-time low inflation rate in 2016. Denmark has seen an average inflation rate of 1.4% from 

1992 until 2020. The inflation rate influences the nominal real estate prices but not the real prices as they 

were adjusted for inflation. In terms of risk signs, I do not see anything dangerous in the inflation rates at 

the moment. 

The real GDP development from 1992 until today has been positive with only a minor decrease during the 

financial crisis. The real estate market prices are positively correlated with real GDP growth rate. As with 

the inflation rate, I do not see any clear danger signs in terms of bubble tendencies in the GDP growth.  

The real interest rate has shown a decreasing trend from 1992 until 2020 with a small increase around the 

financial crisis. Both the short-term and long-term interest rates have converged slowly downwards. The 

gap between them was narrowest around the financial crisis, which was a sign of recession. Today, this gap 

is larger in size compared to the years between 2007 and 2010.  

The development in the real estate prices is negatively correlated with the interest rates because when the 

interest rates decrease it becomes cheaper for people to borrow money, which leads to falling real estate 

prices. Both the short-term and long-term interest rates are at an all-time low level, which supports a 

healthy real estate market. Hence, I do not see any danger signs here, either. 

Unemployment has been volatile over the years. From 1992 until 2008 there was a healthy decreasing 

trend until the financial crisis ended this. From 2008 until 2013 unemployment increased and shortly 

afterwards it started to decrease again. The development of the unemployment rate is negatively 

correlated with real estate prices. The low unemployment rate which is seen in 2020 is a sign of a healthy 

society that supports the real estate prices. Hence there is no sign of a bubble here.  

Real disposable income has shown a constant and positive trend from 1992 until 2020. Only a minor 

decrease occurred when the financial crisis began. Hence, this variable looks a lot like the real GDP growth. 

Real disposable income is also positively correlated with the real estate prices and I do not see any signs of 

danger in this fundamental at the moment. 

The consumer trust index is the most volatile variable from the fundamental analysis. It went up and down 

from 1992 up until 2020. However, most of the variation is as expected. This variable is positively 

correlated with real estate prices. The effect of the coronavirus on consumer expectations has been 

dramatic. People were very afraid at the beginning as they expected a slow economy. However, 
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expectations went up again in the last part of the second quarter of 2020. It is clearly one of the 

fundamentals that does not back up the real estate market at the current moment. However, if the positive 

development continues, it will in the future. 

Building costs is the third variable that looks like the real GDP growth. It has increased throughout the 

whole period with only a small drop shortly after the financial crisis. Hence, it is positively correlated with 

the prices in the real estate market.  

In relation to the building costs, the Tobin’s Q evaluation showed that there was a spike in the ratio in 

recent years in the apartment market. This was especially the case in Copenhagen, where the prices are 

outperforming building costs significantly. These spikes are something that people need to be careful about 

as a too-high Tobin’s Q ratio can indicate a potential bubble in the future. This was what we saw during the 

last financial crisis. 

The population development shows that there has been a stable increase in Denmark from 1992 until 2020. 

Most interesting was the fact that Copenhagen has had larger population growth compared to the average 

growth in Denmark. This is assumed to be an indication of why apartment prices have increased more than 

housing prices in the last ten years. The increasing population has a positive correlation with the real estate 

prices. The development has been healthy, and I do not have any worries about it in terms of a potential 

bubble. 

The user cost showed a minor decrease over the years as it was affected by the lower interest rate. Hence, 

it is negatively correlated with real estate prices.  

On a national level, most of the fundamentals support the positive development the real estate market has 

experienced for several years. However, one must pay close attention to the development in Copenhagen 

as some of the fundamentals are in favor of an overheated apartment market right now. The development 

in building costs relative to the real development in apartment prices is especially interesting. At present, it 

is highly favorable to keep on building apartments. However, if the market becomes oversupplied at some 

point this will affect the prices in the long run. In addition, the consumer trust index is very pessimistic at 

the moment which of course is due to the global pandemic. If this pandemic continues for a long period, it 

will most likely affect the prices in the real estate market as well.  

Nevertheless, at the moment, the market seems to be healthy and is supported by the historical 

development of its fundamentals.  
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Chapter 5 – Regression analysis 

In this chapter, a regression model will be estimated based on the fundamentals from chapter 4. The 

overall goal of this chapter is to explore whether the fundamentals can explain the price level of the real 

estate market in Denmark.  

First of all, the assumptions for the regression model will be presented. Secondly, the general model and 

the variables used in the model will be defined. Thirdly, a correlation analysis will be conducted in order to 

see which variables affect each other the most. Fourthly, the model will be estimated and reduced in order 

to get into the true model. Lastly, the results and implications will be presented.  

5.1 Definition 

The regression is an Ordinary Least Squares (OLS) regression written as (Wooldridge, 2016): 

Equation 7: OLS regression line 

𝑦 = 𝛽0 + 𝛽1𝑥1 + 𝛽2𝑥2 + ⋯ + 𝛽𝑘𝑥𝑘 + 𝜀 

Where 

- 𝛽0 is the intercept 

- 𝛽𝑘 is the parameter associated with 𝑥𝑘 

- 𝜀 is the error term associated with the regression 

Y is the dependent variable and 𝑥𝑘 are the independent variables which are used to explain y. In this case, 

we are looking into which fundamentals (𝑥𝑘) can explain the developments in the real estate market in 

Denmark (y). This is done by estimating several beta values that minimize the sum of the squared residuals 

Equation 8: Beta calculations 

𝛽𝑘 = ∑(𝑦𝑖 − 𝛽0̂ − 𝛽1̂𝑥𝑖1
− 𝛽2̂𝑥𝑖2

)

𝑛

𝑖=1

2

 

5.2 Assumptions 

There are a number of assumptions that are related to linear models. They make sure that the model can 

predict the most accurate values. The assumptions are: 

- Assumption 1: Linear parameters 

- Assumption 2: Random sampling of observations 

- Assumption 3: No perfect collinearity 

- Assumption 4: Zero condition mean of the error term 
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- Assumption 5: Homoskedasticity of the error term 

- Assumption 6: Normality of the error term 

Assumptions 1-4 are important in order to know whether the OLS estimators are in fact unbiased 

estimators of the real population’s parameters. If all four assumptions are fulfilled, one must assume that 

the estimates are correct as the procedure for obtaining OLS estimates is unbiased (Wooldridge, 2016). 

Assumptions 5-6 are important in ensuring trust in the calculated p-values and inferences of the model. If 

these assumptions are violated the foundation of the conclusions can be wrong (Wooldridge, 2016). 

5.3 Variables 

In order to estimate the regression in the best way, I chose to deduct some of the fundamentals from 

chapter 4. This is due to the fact that they are codependent as some of the variables were calculated based 

on other fundamentals. Including them would bias the regression results, which I want to avoid doing. 

Further, some of the variables were transformed in order to present the linear model in the best possible 

way. 

I have excluded the following variables: inflation rate, GDP growth, population growth and the user cost. 

The inflation rate variable was excluded because it was used to calculate real values from nominal values. 

Hence, its pattern is already present in multiple other variables. The GDP growth rate variable was excluded 

due to the fact that it looks a lot like the disposable income and the building costs. The correlation between 

these three variables is around 96%, which makes them unusable. The same goes for the population 

growth variable as it had a very high correlation with many other variables. Lastly, the user cost was 

excluded as it is codependent on the interest rate, which is already included in the model. 

The real estate prices (RES) were calculated as an average of the housing and apartment prices for each 

quarter. Further, some of the variables were transformed in order to make the data more stationary. A 

time series is defined as stationarity if a shift in time does not lead to a change in the shape of the 

distribution. For example, real estate prices that increase over time are not stationary. Therefore, real 

estate prices were changed into the natural logarithm of the original variable. This made the development 

over time much smaller, which meant that the linear model could predict it better. The unemployment rate 

(UR), disposable income (DI) and the building costs (BC) were also transformed. The unemployment rate 

and building costs variables were transformed into the natural logarithm and the disposable income 

variable was transformed into the first difference. 

The short-term interest rate (STIR), long-term interest rate (LTIR) and consumer trust index (CTI) were not 

transformed as they were already stationary in their behavior. 
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The transformation method is presented in Table 2 below. 

Table 2: Included Variables 

VARIABLE Transformation 

Real Estate Prices (RES) Natural Logarithm 

Short-Term Interest Rate (STIR) No Transformation 

Long-Term Interest Rate (LTIR) No Transformation 

Unemployment Rate (UR) Natural Logarithm 

Disposable Income (DI) Natural Logarithm 

The Consumer Trust Index (CTI) No Transformation 

Building Costs (BC) Natural Logarithm 

 

Equation 9: First Regression Line 

log(𝑅𝐸𝑃) = 𝛽0 + 𝛽1 ∗ 𝑆𝑇𝐼𝑅 + 𝛽2 ∗ 𝐿𝑇𝐼𝑅 + 𝛽3 ∗ log(𝑈𝑁) + 𝛽4 ∗ Δ(DI) + 𝛽5 ∗ 𝐶𝑇𝐼 + 𝛽6 ∗ log(𝐵𝐶) + 𝜀𝑡 

5.4 Correlation Analysis 

Table 3 shows the correlation between the identified variables from the initiated regression model. 

Table 3: Correlation analysis 

VARIABLE L.REP STIR LTIR L.UN D.DI CTI L.BC 

L.REP 1.00 -0.80 -0.91 -0.53 0.00 0.10 0.97 

STIR -0.80 1.00 0.91 0.30 -0.06 -0.18 -0.85 

LTIR -0.91 0.91 1.00 0.38 -0.02 -0.08 -0.93 

L.UN -0.53 0.30 0.38 1.00 -0.02 -0.08 -0.38 

D.DI 0.00 -0.06 -0.02 -0.02 1.00 0.28 -0.03 

CTI 0.10 -0.18 -0.08 -0.08 0.28 1.00 0.02 

L.BC 0.97 -0.85 -0.93 -0.38 -0.03 0.02 1.00 

Note: Own Calculations Made in R  

The main issue with the real estate market is the correlation between the fundamental variables. If we look 

at the correlation between the real estate prices (RES) and all the other variables, we see a large negative 

correlation with the interest rates (STIR & LTIR). Further, there exists a large positive correlation with the 

building costs (BC) as well. All this makes a great deal of intuitive sense but it is not optimal in a linear 

model and it can impact the overall results.  
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5.5 Estimating the Regression 

The overall regression model is calculated based on the F-statistic, which is defined as (Wooldridge, 2016): 

Equation 10: F-statistic 

𝐹𝑆𝑡𝑎𝑡𝑖𝑠𝑡𝑖𝑐 =
(

𝑆𝑆𝑅𝑟 − 𝑆𝑆𝑅𝑢𝑟
𝑞 )

𝑆𝑆𝑅𝑢𝑟

(𝑛 − 𝑘 − 1)

 

Where: 

- 𝑆𝑆𝑅𝑟 is the sum of squared residuals from the restricted model 

- 𝑆𝑆𝑅𝑢𝑟 is the sum of squared residuals from the unrestricted model 

- 𝑞 is the difference between the degrees of freedom in the restricted model and the unrestricted 

model 

𝐻0: 𝛽1 = 𝛽2, … , = 𝛽𝑘 = 0                  𝐻1: 𝐴𝑡 𝑙𝑒𝑎𝑠𝑡 𝑜𝑛𝑒 𝑜𝑓 𝛽𝑘 ≠ 0 

The null states that none of the explanatory variables have an effect on the real estate prices. The goal of 

the regression is therefore to reject 𝐻0. A p-value below the 5% significance level will reject the null and 

conclude that at least one of the variables will have a significant influence in predicting 𝑦𝑖. 

In order to define how much the regression model can explain the real estate prices 𝑅2 will be used.  

Equation 11: 𝑅2  

𝑅2 =
𝑆𝑆𝐸

𝑆𝑆𝑇
  

Where 

- SSE is the explained sum of squares 

- SST is the total sum of squares 

Put into words, 𝑅2 compares the variance in the dependent variable against the independent variable and 

defines how much this varies from each other. 

Each explanatory variable will be tested in order to find the true model based on a T-statistic test. This is 

used to define whether the individual variable can explain the real estate prices. It is calculated as follows: 
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Equation 12: T-statistic 

𝑇𝑠𝑡𝑎𝑡𝑖𝑠𝑡𝑖𝑐 =
𝛽�̂� − 𝛽𝑗

𝑆�̂�𝑗

 

Where 

- �̂� is the estimated regression coefficient 

- 𝛽𝑗 is the hypothesized value 

- 𝑆𝛽�̂�
 is the standard error of  𝛽𝑗 

𝐻0: 𝛽𝑗 = 0           𝐻1: 𝛽𝑗 ≠ 0 

The null hypothesis is accepted if the tested variable does not have any statistically significant effect on the 

real estate prices. If this is true, the P-value will be above 0.05 and the variable must be removed from the 

regression. This pattern continues until all the variables are statistically significant. 

In the first regression run, all of the variables that were defined from the correlation analysis were used. 

The F-statistic was 688.1 and was highly statistically significant with a p-value of 0.00. This meant that at 

least one of the explanatory variables can used to predict the real estate prices. Below we see the output of 

the regression for each of the six explanatory variables.  

Table 4: Output from the First Regression 

VARIABLE Estimate Std. Error T-value Pr(>|t|) 

Intercept 11.12 0.40 27.68 0.00* 

Short-Term Interest Rate 2.95 0.61 4.86 0.00* 

Long-Term Interest Rate -3.68 1.04 -3.53 0.00* 

L.Unemployment -0.20 0.02 -9.99 0.00* 

D.Disposable Income  0.00 0.00 0.88 0.38* 

Consumer Trust 5.14 0.00 4.66 0.00* 

L.Building Costs 1.26 0.06 20.50 0.00* 

Note: Own Calculations Made in R  

 

Table 4 shows that all but one variable were statistically significant when testing with a significance level of 

0.05. The disposable income cannot be used in order to predict the real estate prices. I believe that this is 

due to the fact that the variable used was national disposable income instead of private disposable income. 

Nevertheless, disposable income will be removed from the regression model and the process will begin 

again.  
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Table 5: Output from the Second Regression 

VARIABLE Estimate Std. Error T-value Pr(>|t|) 

Intercept 11.15 0.40 27.91 0.00* 

Short-Term Interest Rate 2.92 0.61 4.83 0.00* 

Long-Term Interest Rate -3.71 1.04 -3.57 0.00* 

L.Unemployment -0.20 0.02 -10.02 0.00* 

Consumer Trust 0.01 0.00 5.03 0.00* 

L.Building Costs 1.25 0.06 20.53 0.00* 

Note: Own Calculations Made in R  

 

The second regression model has an F-statistic of 827.3 and is still highly statistically significant with a p-

value of 0.00. Table 5 sums up the results of the regression. All the variables were actually statistically 

significant in this regression. However, not all of the operational signs make sense. The model predicts that 

when real estate prices increase the short-term interest rate will increase as well. This does not match 

common sense and based on this the variable must be removed. All other operational signs make sense at 

this point.  

Table 6: Output from the Third Regression 

VARIABLE Estimate Std. Error T-value Pr(>|t|) 

Intercept 11.31 0.44 25.88 0.00* 

Long-Term Interest Rate -0.56 0.88 -0.63 0.53* 

L.Unemployment -0.22 0.02 -9.95 0.00* 

Consumer Trust 0.00 0.00 3.46 0.00* 

L.Building Costs 1.24 0.07 18.52 0.00* 

Note: Own Calculations Made in R  

 

In Table 6, the third regression model is still highly statistically significant with an F-statistic of 852.1 and a 

p-value of 0.00. When the short-term interest rate was removed from the model the long-term interest 

rate changed and became non-significant. This means that it cannot be used to explain the real estate 

prices anymore.  

 

The final regression has an F-statistic of 1142, a p-value of 0.00 and an adjusted-𝑅2 value of 0.97. In Table 

7, all of the remaining variables can be seen. They are all statistically significant and have a meaningful 

operational sign. All three variables are assumed to be able to explain the real estate prices.  
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Table 7: Output from the Final Regression 

VARIABLE Estimate Std. Error T-value Pr(>|t|) 

Intercept 11.13 0.32 34.33 0.00* 

L.Unemployment -0.22 0.02 -10.04 0.00* 

Consumer Trust 0.00 0.00 3.60 0.00* 

L.Building Costs 1.28 0.03 49.25 0.00* 

Note: Own Calculations Made in R  

 

Equation 13: Final Regression Line 

log(𝑅𝐸𝑃) = 11.13 − 0.22 ∗ log(𝑈𝑁) + 0.00 ∗ 𝐶𝑈 + 1.28 ∗ log (𝐵𝑈) + 𝜀𝑡 

 

As our real estate prices, building costs and the unemployment rate were transformed into a natural 

logarithm, the interpretation is straight forward. For the above model, a 1% increase in the unemployment 

rate is associated with a 0.22% decrease in real estate prices. The same can be said for building costs. If 

building costs increase by 1% real estate prices are assumed to increase by 1.28%. The interpretation 

concerning the consumer trust index is a bit different as this value was not converted into a natural 

logarithm. The exact estimated value of the consumer trust index is 0.003992, so this number must be 

converted with the exponential function in order to find the percentage increase. Hence, if the consumer 

trust index increases by 1 index point the increase in the real estate prices is 𝐸𝑥𝑝(0.003992) = 0.40%. All 

three variables make intuitive sense as well, which supports the conclusion.  

5.6 Diagnostic testing 

As mentioned in section 5.2 a linear model needs to fulfill several assumptions in order to be valid. In this 

section, these assumptions will be discussed.  

- Assumption 1: Linear parameters and errors 

Figure 20 shows the linearity in the predicted values vs. the actual values after the regression was 

conducted. In theory, the red line should follow 0.0 all time, but in reality, this is very unlikely. 

Nevertheless, the residuals are centered somewhere around a mean of zero, which indicates that the 

assumption is fulfilled.  

The residual values are largest between 2003 and 2010, where the model had difficulties in predicting the 

real values. This makes sense as this was the period with a rapid increase in prices before the financial crisis 
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and a rapid decrease in prices shortly afterwards. From 1992 until 2003 the model predicts it nicely and the 

same goes from 2010 until 2020. 

Figure 20: Residuals vs. Fitted Values Plot 

 

Note: Own Calculations Made in R 

 

- Assumption 2: Random sampling of observations 

This is assumed to be fulfilled.  

- Assumption 3: No perfect collinearity 

There should be no perfect collinearity in the sample and therefore in the population as there cannot be 

any linear relationship between the independent variables. If collinearity exists between two or more 

independent variables, they cannot be used to estimate the OLS properly.  

This assumption may potentially have been violated as the fundamentals in the real estate market are 

somewhat correlated with each other. I need to accept a high degree of correlation between the variables 

in this thesis in order to get a meaningful result.  

However, most of the potential multicollinearity damage was reduced when the GDP growth rate, the 

population growth rate, the inflation rate and the user cost variables were excluded in section 5.3. 

Assumption 4: Zero Condition Mean 

The expected value of the error term 𝜀 needs to be zero. So, any combination of the independent variables 

is 𝐸[𝜀|𝑥1, 𝑥2 … , 𝑥𝑘] = 0. This assumption restricts the relationship between the unobserved factors in the 
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error term and the explanatory variables as the OLS regression needs to have exogenous explanatory 

variables (Wooldridge, 2016). 

In order to test for 𝐸[𝜀|𝑥1, 𝑥2 … , 𝑥𝑘] = 0 the Durbin Watson test was used. It tests for autocorrelation 

between the residuals in the regressed model. It is calculated as (Wooldridge, 2016): 

𝐷𝑢𝑟𝑏𝑖𝑛 𝑊𝑎𝑡𝑠𝑜𝑛 =
∑ (𝑒𝑡 − 𝑒𝑡−1)2𝑇

𝑡=1

∑ 𝑒𝑡
2𝑇

𝑡=1

 

𝐻0 = 𝑛𝑜 𝑓𝑖𝑟𝑠𝑡 𝑜𝑟𝑑𝑒𝑟 𝑎𝑢𝑡𝑜𝑐𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 

𝐻1 = 𝑓𝑖𝑟𝑠𝑡 𝑜𝑟𝑑𝑒𝑟 𝑎𝑢𝑡𝑜𝑐𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 

From the Durbin Watson test, our regression model has a p-value of 0.01 and a Durbin Watson coefficient 

of 0.22, which means that we reject the null. The residuals of the estimated model seem to have an issue 

with autocorrelation. This also indicates that the error term is not expected to be zero at all times. This is a 

clear violation of assumption 4 in the linear model, which also means that the overall conclusion may be 

wrong. 

Assumption 5: Homoskedasticity 

The error term, 𝜀 needs to have the same variance regardless of the value of the explanatory variable. 

Hence, 𝑉𝑎𝑟(𝜀|𝑥1, … , 𝑥𝑘) = 𝜎2. This means that the variance of the unobserved error term is not affected 

by any of the 𝑥𝑘 values (Wooldridge, 2016). 

Figure 21: Scale-Location Plot 

 
Note: Own Calculations Made in R 

 

If homoscedasticity is present it will impact the OLS regression as we will have less precise estimators, 

larger confidence intervals and less correct hypotheses (Wooldridge, 2016). 
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In Figure 21, the squared residuals are shown along with the predicted values. In theory, the red line should 

have been horizontal around 1.0 if the variance was constant over time. As Figure 21 shows, the red line is 

not completely straight. For most of the data the line is linear around 1, which to me indicates that the data 

is somehow homoscedastic. However,  this cannot be said about all the data. This also means that this 

assumption is not completely fulfilled. 

Assumption 6: Normality 

The population of the error term 𝜀𝑘 needs to be independent of the explanatory variable 𝑥𝑘 and the 

distribution of it needs to be normal with a zero mean and variance of 𝜎2. Hence, 𝜀 ≈ 𝑁𝑜𝑟𝑚𝑎𝑙(0, 𝜎2) 

(Wooldridge, 2016). 

In Figure 22, one can see the residuals plotted against the theoretical quantiles. They follow the 

expectation for most of the data and we conclude that 𝜀𝑘 is independent of the explanatory 𝑥𝑘. However, it 

can potentially be a bit off as the tails of the data are different from the theoretical quantiles.  

Figure 22: Normal Q-Q Plot 

 

Note: Own Calculations Made in R 
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5.7 Results 

The final regression model indicated that three variables could be used in order to predict real estate 

prices. These were the unemployment rate, the building costs and the consumer trust index. The model 

had an F-statistic of 1142, a p-value of 0.00 and an adjusted-R^2 value of 0.97. By this, it indicated that 

these three variables could explain around 97% of the variation in the real estate prices. The variables 

individual results were: 

- A 1% increase in the unemployment rate decreased the real estate prices by 0.22% 

- A 1% increase in the building costs increased the real estate prices by 1.28% 

- A 1 index point increase in the consumer trust index increased the real estate prices by 0.40%. 

Based on this, the building costs were the most influential variable in terms of predicting real estate prices. 

This makes intuitive sense as building costs are very important in the mechanism of the real estate market. 

An increase in the consumer trust index was the second biggest determinant in the real estate market and 

a lower unemployment rate was the third biggest determinant.  

However, by running diagnostic tests it was proven that some of the assumptions in the linear model were 

not fulfilled completely. This means that the estimated coefficients and P-values might be wrong. My 

biggest concern regards assumption 4 and assumption 5.  The test for the zero condition mean showed that 

the error term was not centered around zero, which indicates that autocorrelation exists. Further, there 

may be a violation of the homoscedasticity assumption as the squared residuals were not centered around 

1.  

These two violations make the overall conclusion of the regression model weaker. It can be argued that at 

least in theory the interest rate must be very significant in predicting the real estate prices. This was not the 

case in this regression, and I suspect the violations of the assumptions to be the reason for this.  

With that said, the three variables that can predict the real estate prices do make sense. When we look at 

the studies mentioned in section 2.3, one can see that these three variables are some of the most 

frequently used variables to predict real estate prices with.   
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Chapter 6 – Bubble analysis 

The purpose of this chapter is to analyze whether the Danish real estate market can be categorized as being 

in a bubble state. In order to do this, Case and Shiller’s seven criteria are used. They defined them in their 

article from 2003, “Is There a Bubble in the Real Estate Market”. The same seven criteria were reused in 

Lunde’s paper from 2007 as well. The criteria are:  

1. Widespread expectations of an increase in the domestic real estate prices 

2. Widespread belief that it is profitable to own real estate 

3. Real estate prices receive much attention in the media and in private conversations 

4. The pressure to be a homeowner 

5. Real estate prices increase more than private income 

6. Simplified opinion regarding the mechanics of the real estate market dominates 

7. Limited understanding of the risk attached to the investment 

6.1 Widespread expectations of an increase in the domestic real estate prices 

The first bubble criterion that Case and Shiller (2003) identified was widespread expectations of an increase 

in domestic real estate prices. If investors have too high expectations about the future it can damage the 

market. A bubble is categorized as a period where the market is trading at a higher price than the fair 

market price. If widespread expectations exist, these can be one of the main drivers of a bubble. In order to 

discuss this criterion, I will present two arguments, one argument for why the market heads towards a 

bubble period and one argument that goes in the other direction.  

In Figure 16, which was presented in section 4.8, we saw that the construction costs of new real estate 

were lower than the price of the already constructed apartments. This has been the case since 2016, which 

to me indicates that apartment owners are expecting the market price to increase more as the growth in 

apartment prices is greater than the growth in building costs. Historically, one notices that before the last 

financial crisis the picture was the same. The growth in both the housing and apartment prices increased 

quite a lot compared to the building costs. From 2005 until 2008 the increase in building costs could not 

explain the larger increase in housing and apartment prices. Hence, I believe this is a clear signal of 

widespread expectations of increase in at least the apartment market in 2020.  

On the other hand, one could look at the consumer trust index and compare it with the real estate prices. 

In Figure 23, one can see some kind of correlation between the consumer trust index and the real estate 

prices. Real estate transactions are different from other financial investments and are highly driven by 

psychological behavior in the short run. People have a tendency to assume that tomorrow will be like today 
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in terms of value. Hence, there will always be some autocorrelation between the consumer trust index and 

the price behavior in the market. The consumer trust index was relatively high in the years leading up to 

the financial crisis and at a record low in the years following the crisis. In the last couple of years, the 

consumer trust index has been very unstable. In 2015, it was almost at the same level as post financial 

crisis. This picture should also be looked at with the coronavirus pandemic in mind. The consumer trust 

index is affected by the higher unemployment rate and uncertainty in society in general. 

Figure 23: Consumer Trust Index vs. Real Estate Prices 

 

Note: Own Calculations Based on Danmarks Statistik’s databases FORV1 & EJEN77 

 

As there are several arguments for and against this criterion, I will not assume that it is satisfied completely.  

6.2 Widespread belief that it is profitable to own real estate 

The second bubble criterion is the existence of a belief that it is profitable to own real estate. This criterion 

originates from the first criterion, i.e. widespread expectations of an increase in real estate prices. This is 

because a real estate transaction can be categorized as an investment but also a way to acquire a home to 

live in. However, problems arise when expectations of value-increase overshadow the original purpose of 

the house. In this case, the investor is driven by the profit they can gain by selling the house later rather 

than the opportunity to acquire a home to live in. This can increase real estate prices and affect the market 

behavior. Lunde (2007) argues that this criterion is very difficult to discuss as there is a lack of empirical 
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evidence in this scientific area. Based on this and the fact that it looks a lot like the first criterion, I will not 

dig deeper into this criterion.  

6.3 Real estate prices receive much attention in the media and in private conversations 

The third bubble criterion concerns how much attention real estate prices are getting from the media and 

in private discussions.  

In order to figure out how much media attention the real estate market received in a given period, the 

number of news articles about the real estate market that were registered on Infomedia from 2005 until 

2020 was plotted. Infomedia is a database that compiles most of the news articles published in Denmark. It 

is therefore a useful tool to use to analyze this criterion.  

Figure 24: Consumer Trust Index vs. Real Estate Prices 

 

Note: Own Calculations Based on Infomedia Data 

 

The development is shown in Figure 24. In the years leading up to the financial crisis the number of news 

articles including the word “boligmarkedet” increased quite a lot. This makes sense as it was the main focus 

during the financial crisis. However, from 2009 onwards the pattern changed, and the topic was discussed 

less in the media. The 2020 numbers are an estimate based on the first eight month of 2020. I have 

assumed that the number will be 1/3 higher than it is by the first of September. An interesting thing is that 

in 2019, the real estate market was mentioned in 10,620 articles and for the first eight months of 2020 it 
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was mentioned 10,164 times. Hence, if we add the last four months to this, the pattern changes compared 

to recent years. This indicates that interest in the real estate market is increasing at the moment.   

This criterion is divided into media attention and private conversations. However, this is very difficult to 

measure properly. It must be assumed that there is some kind of correlation between media attention and 

private conversations as the real estate market is a ‘hot topic’ in general.  

During the coronavirus pandemic people are talking about the real estate market more often as nobody 

knows how it will develop. Once again, we can draw a parallel to the consumer trust index as people lack 

confidence in the general economy and hence the real estate market as well. This could be the explanation 

for the increased media attention.  

Based on this argument, I will assume that this criterion is fulfilled. 

6.4 The pressure to be a homeowner 

The fourth bubble criterion is the general level of pressure from one’s peers and society to be a 

homeowner.  

This criterion is difficult to quantify and measure empirically, but it is well aligned with some of the other 

criteria. If one assumes that real estate prices will increase on a widespread level, one will automatically 

fear missing out on these increases. This could potentially lead some people to invest in real estate solely 

based on this fear instead of staying in their rented apartment. Further, as mentioned for the last criterion, 

the real estate market often gets a great deal of media attention. This attention can create a natural 

pressure from society, which once again can tempt some people to become homeowners instead of 

renters. In cases where an individual’s close relatives and friends are investing, individuals have a tendency 

to do the same because people with close relationships influence each other.  

Danmarks Statistik published a paper about first-time buyers in the Danish real estate market. This paper 

goes though the development from 2007 until 2018 in terms of the age of first-time buyers. They 

concluded that most people focus on becoming a homeowner at the time when they are ready to start a 

family. The age of a first-time homeowner in 2007 was 33.9 years old and in 2018 it increased to 35.3 years 

old (DST.dk, 2019b). Further, in 2018 there were 62,500 first-time buyers, which is the highest number 

since the measuring began in 2007. Naturally, this creates pressure for young people to buy a home once 

other young people have invested in a home.  

This indicates to me, that this criterion is arguably fulfilled.  
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6.5 Real estate prices increase more than private income 

The fifth bubble criterion that is discussed by Case and Shiller (2003) is the real estate price/income ratio. If 

this ratio increases over a period, it may indicate a bubble. This analysis was conducted based on private 

disposable income instead of national disposable income, which was used in section 4.6. This was done due 

to the differentiation between Copenhagen and the rest of Denmark. However, this also means that we do 

not have up-to-date data after 2018. 

Figure 25: Housing Prices to Disposable Income Ratios 

 

Note: Own Calculations Based on Danmarks Statistik’s Databases INDKP102 & EJEN77 

 

When looking at Figure 25, one can see that there was an increase in real estate prices to disposable family 

income from 2003 until 2006. After 2006, the ratio fell again. This was of course due to the financial crisis 

around that time, which caused the ratio to fall back to the normal level again. From 2007 until 2015 the 

ratio has been stable around 3.0 but in the last couple of years apartment prices have increased 

significantly. Notably, the calculated ratio in Copenhagen has increased more than the general level in 

Denmark. This is interesting as residents in Copenhagen also tend to have a higher disposable income 

compared to residents in the rest of Denmark. However, this was also the case in the years leading up to 

the financial crisis, as the ratio increased much more in Copenhagen compared to the general apartment 

level in Denmark.  



62 

 

It must be assumed that the falling interest rate will affect this ratio quite significantly as fewer expenses 

related to lending money for real estate investments correlate with higher prices in the market.  

Overall, the ratio analysis indicates that the apartment market in Copenhagen may potentially be an issue 

relating to bubble activity but on a more national level it is not.  

6.6 Simplified opinion regarding the mechanics of the real estate market dominates 

The sixth criterion is the simplified opinions regarding the mechanics of the real estate market. There are 

several ways to determine this and one of the most common ways is to look at forced auction sales in 

Denmark. If many forced auction sales have taken place, people must have underestimated their own 

economy or simply do not understand how the real estate market works.  

Figure 26: Forced Auction Sales 

 

Note: Own Calculations Based on Danmarks Statistik’s Database TVANG1 

 

In Figure 26, one can see the number of forced auction sales from 1997 until 2019. The amount was stable 

from 1997-2004. It fell in the years leading up to the financial crisis and when the market crashed in 2008 

the number of forced auction sales increased again. This pattern continued until 2010, when the number 

stabilized for a few years. Since 2012, there have been fewer and fewer forced auction sales each year.  

This indicates that this criterion has not been fulfilled as in recent years people have been able to stay in 

their homes instead of being forced to sell them. 
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One other thing that could be discussed is how the average person understands the real estate market. A 

real estate investment is, for most people, the biggest investment in their lifetime. Hence, most people do 

their research in terms of how much they are willing to pay and get a fairly good understanding of how 

much they are able to pay for a home. This is also strongly supported by the fact that banks advise their 

customers to act in a way that will ensure the borrower can pay back their debt to the bank. This also 

indicates that most people have a good sense of how the real estate market works.  

From the above discussion, I will assume that this criterion is not fulfilled.  

6.7 Limited understanding of risk attached to the investment 

The last criterion that needs to be discussed in relation to a potential bubble is the limited understanding of 

risk attached to the real estate market. If investors do not understand the risk attached to a real estate 

investment it can have fatal consequences. In the years after the financial crisis many people ended up 

being forced to sell their homes as they could not pay off their mortgages. This was often the unfortunate 

consequence of their lack of understanding of the risk they had put on their own economy.  

As discussed in section 3.2.1.3, the percentage of people choosing a mortgage with repayment freedom has 

decreased since its peak in 2013. This indicates that people are more willing to pay off their debt, which 

mitigates the risk attached to the investment. Further, the number of people choosing a fixed mortgage 

instead of an adjustable mortgage has also increased. Once again, this decreases the risk related to the 

interest rate. These two things signal that people are more risk averse compared to in previous years when 

they chose repayment freedom and adjustable mortgages. Also, as mentioned in the sixth criterion, most 

people get good advice from their bank, which also reduces the risk. 

Overall, this criterion is not assumed to be fulfilled for the Danish real estate market. 
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6.8 Results 
Table 8 sums up the conclusions. Only three criteria are assumed to be fulfilled, which indicates that the 

market is not in a bubble stage at the moment. 

There are mixed signals about whether widespread expectations exist about an increase in domestic real 

estate prices. On the one hand, the prices in the apartment market have increased more than the building 

costs, which could indicate this. On the other hand, the consumer trust index follows the increase in real 

estate prices quite nicely. If the consumer trust index had outperformed the prices significantly, the picture 

would look different.  

Table 8: Fulfillment of Criteria 

Criteria Fulfilled 

Widespread expectations of an increase in domestic real estate prices No 

Widespread belief that it is profitable to own real estate No 

Real estate prices receive much attention in the media and in private conversations Yes 

The pressure to be a homeowner Yes 

Real estate prices increase more than private income Yes 

Simplified opinions regarding the mechanics of the real estate market dominate No 

Limited understanding of the risk attached to investment No 

 

The same goes for the expectations about how profitable it is to own real estate. I was unable to find any 

real evidence of such expectations, which makes me assume that this criterion is not fulfilled.  

When looking at media attention, there is evidence to support the claim that real estate prices are 

receiving a lot of attention. Currently, the media has increased their coverage of the real estate market 

quite a lot due to the coronavirus pandemic. Of course, the real estate market is being discussed more in 

this period because economic uncertainty has increased.  

The pressure to be a homeowner is also assumed to be fulfilled as in the current period we have seen more 

first-time buyers compared to previous years.  

The same can be said about the criterion which requires real estate prices to have increased more than the 

disposable private family income. Evidence shows that this is true and in the apartment market in 

Copenhagen this picture is even more extreme. The prices are outperforming the disposable income by a 

significant amount compared to previous years, even though the disposable income in Copenhagen is 

higher than the national average.  

The last two criteria are not assumed to be fulfilled as good advice from Danish banks has educated the 

Danish population in such a way that they are less exposed to risk compared to previous years. This is 
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supported by evidence that shows people are more risk averse. Fewer people are choosing adjustable 

mortgages and are choosing to pay off their mortgage instead of using repayment freedom. Further, fewer 

forced sales show that people are wary of the risk of real estate investment at the moment. 
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Chapter 7 – Conclusion 

The purpose of this thesis was to determine whether the real estate market in Denmark was supported by 

its fundamentals. In order to investigate this, multiple sub-questions were constructed together with one 

research question. As the real estate market is a highly discussed topic in society it was an interesting case 

to look at.  

The real estate market was assessed using three different approaches.  

First of all, a complete analysis of the behavior of the fundamentals was conducted. This was used to 

determine how the fundamentals have behaved historically compared to real estate prices.  

Secondly, a regression analysis was carried out based on the fundamentals in order to test which of the 

fundamentals could explain the historical real estate prices.  

Lastly, Case and Shiller’s seven criteria for a real estate bubble were used in order to define whether 2020 

looks like an overheated real estate market. 

In the fundamental analysis in chapter 4, it was concluded that most of the fundamentals did in fact 

support the growth in real estate prices. The most important fundamentals showed to be the low interest 

rate level, the low unemployment rate, the high disposable income level and a positive consumer trust 

index. All these fundamentals are in favor of growth in real estate prices, especially as national 

fundamentals, like the GDP and the population, are growing as well.  

However, there was some concern about the apartment market in Copenhagen. The rapid growth in this 

area has easily outperformed the apartment market in Denmark and the housing market. When one looks 

back to just before the financial crisis the behavior was the same. The apartment market in Copenhagen 

outperformed the apartment market in Denmark and took off compared to the housing market as well. 

This is not the same as saying that a bubble currently exists in the Copenhagen apartment market, but 

there is reason to be concerned. This is further backed by the Tobin’s Q-ratio result, which showed a higher 

ratio in Copenhagen compared to the rest of Denmark. This was also the case during the financial crisis  

In the regression analysis in chapter 5, it was concluded that the unemployment rate, building costs and the 

consumer trust index had a statistically significant effect on real estate prices. It was estimated that: 

- A 1% increase in the unemployment rate decreased the real estate prices by 0.22% 

- A 1% increase in the building costs increased the real estate prices by 1.28% 

- A 1 index point increase in the consumer trust index increased the real estate prices by 0.40%. 

However, as discussed in section 5.6, not all of the assumptions for the linear model were satisfied, which 

blurred the results somewhat. This means that the expected coefficients and P-values could be wrong. As 
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the statistically significant variables all have meaningful operational signs and are in line with other reports 

discussed in section 2.3, they are assumed to be sufficiently accurate. Nevertheless, one cannot argue 

about the missing interest rate, which in theory is important in order to predict real estate prices. I assume 

that this variable is missing due to the misbehavior in the assumptions. 

In the bubble discussion in chapter 6, only three out of the seven criteria were fulfilled. There is clear 

evidence suggesting that real estate prices are getting a great deal of attention in the media, that there 

exists a pressure to be a homeowner and that real estate prices have increased more than private income 

has. Nevertheless, this is not enough to conclude that the Danish real estate market in 2020 is moving 

towards a bubble. 

Overall, this thesis concludes that the Danish real estate market is supported by its underlying 

fundamentals in 2020 when looking at the market from a national level. However, when looking into the 

Copenhagen apartment market, although it might potentially be moving towards a bubble situation, it 

cannot be argued that a bubble already exists. Lastly, there is still some concern about the corona virus. As 

nobody knows how this will affect the real estate market in the long run, there exists some uncertainty in 

the market still. 
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Appendix 

Appendix A: Combined Data to the Regression Analysis: 

 

Year Quarter Apartment Prices Housing Prices Housing Prices Real Short-term Interest Rate Long-term Interest Rate Unemployment Disposable Income Consumer Trust Building Costs Demography

01-01-1992 Q1 689,839                   894,236             792,038                        7.73% 7.95% 311,500                219,500                       1.00-                                 54.13                     5,162,126         

01-04-1992 Q2 701,017                   907,011             804,014                        7.70% 7.92% 314,067                218,918                       0.33-                                 54.33                     5,164,774         

01-07-1992 Q3 657,902                   857,509             757,706                        7.91% 8.13% 318,833                224,025                       1.50-                                 54.63                     5,170,270         

01-10-1992 Q4 635,546                   847,928             741,737                        8.30% 8.52% 328,733                216,611                       8.33-                                 54.83                     5,177,770         

01-01-1993 Q1 624,624                   829,677             727,151                        7.67% 6.87% 339,100                220,598                       6.33-                                 55.43                     5,180,614         

01-04-1993 Q2 643,552                   856,492             750,022                        7.85% 7.04% 348,367                220,178                       4.67-                                 55.23                     5,183,298         

01-07-1993 Q3 660,903                   900,657             780,780                        7.71% 6.90% 350,533                220,243                       4.00-                                 55.33                     5,189,378         

01-10-1993 Q4 697,181                   954,287             825,734                        7.53% 6.72% 357,267                224,679                       3.33-                                 55.83                     5,195,998         

01-01-1994 Q1 720,625                   972,689             846,657                        3.70% 6.84% 357,733                235,247                       4.67                                 56.83                     5,196,642         

01-04-1994 Q2 717,532                   969,596             843,564                        3.64% 6.77% 354,967                235,350                       10.33                              57.13                     5,198,861         

01-07-1994 Q3 683,511                   951,039             817,275                        3.53% 6.66% 339,167                235,032                       9.50                                 57.43                     5,204,994         

01-10-1994 Q4 678,872                   952,586             815,729                        3.50% 6.63% 321,867                243,918                       6.67                                 58.43                     5,212,416         

01-01-1995 Q1 693,744                   954,277             824,010                        3.56% 7.07% 306,000                253,340                       9.00                                 60.03                     5,215,718         

01-04-1995 Q2 722,524                   1,001,233         861,878                        3.52% 7.04% 292,800                245,494                       9.33                                 60.53                     5,219,287         

01-07-1995 Q3 719,494                   981,542             850,518                        3.83% 7.36% 284,600                244,175                       11.00                              60.93                     5,227,862         

01-10-1995 Q4 734,641                   1,040,616         887,629                        3.79% 7.32% 270,133                252,377                       7.67                                 61.33                     5,240,860         

01-01-1996 Q1 737,243                   1,066,554         901,898                        2.08% 6.18% 196,000                257,475                       6.00                                 61.93                     5,251,027         

01-04-1996 Q2 771,361                   1,103,639         937,500                        1.98% 6.07% 211,000                260,255                       4.33                                 62.53                     5,254,407         

01-07-1996 Q3 762,460                   1,119,956         941,208                        1.75% 5.83% 189,000                258,009                       4.33                                 62.83                     5,261,503         

01-10-1996 Q4 778,777                   1,176,325         977,551                        1.72% 5.79% 182,000                264,597                       4.67                                 63.53                     5,270,839         

01-01-1997 Q1 756,249                   1,149,615         952,932                        1.73% 5.19% 189,000                273,986                       9.00                                 64.13                     5,275,121         

01-04-1997 Q2 789,634                   1,165,582         977,608                        1.76% 5.22% 168,000                272,626                       9.33                                 64.83                     5,277,989         

01-07-1997 Q3 775,119                   1,169,936         972,528                        1.53% 4.98% 174,000                276,678                       10.67                              65.23                     5,284,220         

01-10-1997 Q4 793,989                   1,194,612         994,301                        1.70% 5.15% 167,000                280,275                       7.00                                 65.83                     5,292,452         

01-01-1998 Q1 875,135                   1,240,012         1,057,573                    2.66% 5.24% 162,000                282,718                       10.00                              66.33                     5,294,860         

01-04-1998 Q2 903,641                   1,282,771         1,093,206                    2.92% 5.01% 155,000                281,164                       6.33                                 67.13                     5,296,665         

01-07-1998 Q3 892,239                   1,238,587         1,065,413                    3.24% 5.17% 167,000                289,619                       1.67-                                 68.33                     5,301,304         

01-10-1998 Q4 932,147                   1,278,495         1,105,321                    3.14% 5.23% 143,000                287,780                       5.67-                                 68.83                     5,310,730         

01-01-1999 Q1 970,690                   1,297,499         1,134,095                    2.17% 4.58% 150,000                294,157                       5.33-                                 70.53                     5,313,577         

01-04-1999 Q2 1,008,239                1,347,563         1,177,901                    1.66% 4.55% 159,000                295,769                       2.33-                                 70.63                     5,313,798         

01-07-1999 Q3 997,113                   1,316,968         1,157,041                    1.74% 5.63% 161,000                297,622                       0.67                                 71.13                     5,319,111         

01-10-1999 Q4 1,009,629                1,346,172         1,177,901                    2.04% 5.29% 169,000                306,971                       2.33-                                 70.23                     5,327,358         

01-01-2000 Q1 1,051,255                1,380,955         1,216,105                    2.27% 5.01% 143,000                307,111                       0.67-                                 70.83                     5,330,020         

01-04-2000 Q2 1,095,846                1,410,682         1,253,264                    2.98% 4.95% 134,000                310,964                       4.33                                 72.63                     5,331,835         

01-07-2000 Q3 1,095,846                1,429,599         1,262,722                    4.11% 5.87% 124,000                314,547                       3.00                                 73.43                     5,337,344         

01-10-2000 Q4 1,135,031                1,440,409         1,287,720                    3.69% 5.44% 123,000                327,083                       2.00                                 74.63                     5,345,168         

01-01-2001 Q1 1,165,619                1,463,954         1,314,787                    3.22% 5.13% 139,000                323,541                       1.33                                 75.43                     5,349,212         

01-04-2001 Q2 1,197,301                1,483,755         1,340,528                    3.04% 4.92% 131,000                328,748                       -                                   75.93                     5,351,558         

01-07-2001 Q3 1,206,541                1,440,193         1,323,367                    2.79% 4.86% 135,000                331,905                       0.33-                                 76.13                     5,355,081         

01-10-2001 Q4 1,228,982                1,440,193         1,334,588                    2.24% 4.57% 145,000                333,497                       1.67-                                 76.53                     5,363,718         

01-01-2002 Q1 1,237,349                1,462,907         1,350,128                    2.02% 4.43% 129,000                334,856                       1.67                                 77.53                     5,368,354         

01-04-2002 Q2 1,266,994                1,492,552         1,379,773                    2.26% 4.68% 135,000                339,825                       2.33                                 78.03                     5,370,446         

01-07-2002 Q3 1,266,994                1,473,218         1,370,106                    1.91% 4.29% 138,000                339,653                       1.00                                 78.23                     5,374,255         

01-10-2002 Q4 1,306,950                1,466,774         1,386,862                    1.23% 3.85% 138,000                341,837                       -                                   78.83                     5,381,668         

01-01-2003 Q1 1,276,428                1,459,496         1,367,962                    0.56% 3.19% 144,000                345,107                       0.33-                                 79.53                     5,383,507         

01-04-2003 Q2 1,311,779                1,521,361         1,416,570                    0.52% 3.44% 164,000                342,786                       -                                   80.75                     5,384,137         

01-07-2003 Q3 1,331,980                1,531,461         1,431,720                    0.76% 3.96% 158,000                346,728                       0.67                                 80.73                     5,387,174         

01-10-2003 Q4 1,395,107                1,539,036         1,467,072                    1.33% 4.31% 166,000                355,189                       1.67                                 80.73                     5,396,198         

01-01-2004 Q1 1,445,311                1,601,325         1,523,318                    1.49% 4.45% 168,000                363,966                       3.33                                 81.10                     5,397,640         

01-04-2004 Q2 1,497,732                1,681,204         1,589,468                    1.40% 4.46% 158,000                361,833                       7.67                                 81.98                     5,397,745         

01-07-2004 Q3 1,486,499                1,659,986         1,573,242                    1.38% 4.32% 165,000                366,624                       8.33                                 82.74                     5,401,177         

01-10-2004 Q4 1,585,099                1,704,918         1,645,009                    1.26% 3.96% 157,000                376,006                       7.33                                 83.91                     5,408,716         

01-01-2005 Q1 1,659,878                1,749,369         1,704,623                    1.35% 3.45% 158,000                379,395                       8.23                                 83.56                     5,411,405         

01-04-2005 Q2 1,738,336                1,826,601         1,782,468                    0.80% 2.84% 145,000                389,202                       6.90                                 84.54                     5,413,404         

01-07-2005 Q3 1,816,794                1,865,830         1,841,312                    0.35% 2.34% 138,000                395,680                       9.90                                 85.38                     5,415,978         

01-10-2005 Q4 1,945,514                1,976,162         1,960,838                    0.91% 2.67% 130,000                400,896                       10.23                              85.97                     5,425,420         

01-01-2006 Q1 2,146,243                2,066,841         2,106,542                    1.26% 2.87% 122,000                409,824                       12.57                              87.15                     5,427,459         

01-04-2006 Q2 2,165,492                2,142,634         2,154,063                    1.60% 3.57% 124,000                419,686                       10.70                              89.30                     5,430,984         

01-07-2006 Q3 2,094,512                2,102,933         2,098,722                    1.88% 3.65% 111,000                424,081                       9.43                                 90.58                     5,434,567         

01-10-2006 Q4 2,048,796                2,094,512         2,071,654                    2.47% 3.71% 114,000                415,742                       9.13                                 92.09                     5,444,203         

01-01-2007 Q1 1,997,754                2,123,131         2,060,443                    2.53% 3.58% 116,000                422,640                       9.93                                 94.20                     5,447,084         

01-04-2007 Q2 2,008,399                2,177,540         2,092,970                    2.97% 4.09% 105,000                424,279                       8.60                                 96.54                     5,451,341         

01-07-2007 Q3 2,006,034                2,169,260         2,087,647                    3.51% 5.14% 115,000                427,225                       6.47                                 98.16                     5,456,485         

01-10-2007 Q4 1,899,581                2,124,314         2,011,948                    2.61% 3.90% 102,000                439,482                       4.80                                 98.40                     5,469,994         

01-01-2008 Q1 2,097,942                2,117,389         2,107,666                    1.62% 3.07% 93,000                   447,387                       1.63-                                 99.11                     5,475,791         

01-04-2008 Q2 1,992,702                2,178,016         2,085,359                    1.81% 3.16% 101,333                448,851                       4.40-                                 99.98                     5,482,266         

01-07-2008 Q3 1,845,137                2,031,595         1,938,366                    1.46% 3.13% 112,000                454,851                       11.00-                              100.98                  5,489,022         

01-10-2008 Q4 1,749,048                1,940,082         1,844,565                    2.46% 4.34% 126,667                439,460                       13.87-                              100.66                  5,505,995         

01-01-2009 Q1 1,677,689                1,909,133         1,793,411                    2.05% 4.48% 151,333                430,717                       10.70-                              99.64                     5,511,451         

01-04-2009 Q2 1,678,818                1,982,518         1,830,668                    1.55% 4.35% 182,333                420,502                       4.87-                                 100.14                  5,515,287         

01-07-2009 Q3 1,740,912                1,998,324         1,869,618                    1.21% 4.35% 199,000                425,661                       2.30-                                 99.62                     5,519,441         
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Appendix B: Regression Output 1: 

 

01-10-2009 Q4 1,858,328                2,052,515         1,955,422                    0.63% 4.04% 211,333                427,496                       2.30-                                 99.76                     5,532,531         

01-01-2010 Q1 1,841,816                2,020,590         1,931,203                    -0.43% 3.02% 219,333                443,091                       0.63                                 100.00                  5,534,738         

01-04-2010 Q2 1,893,683                2,066,939         1,980,311                    -0.90% 2.48% 224,667                447,750                       1.90                                 100.71                  5,540,241         

01-07-2010 Q3 1,856,162                2,012,866         1,934,514                    -0.92% 2.05% 223,333                454,585                       3.60                                 101.41                  5,543,819         

01-10-2010 Q4 1,920,168                2,054,800         1,987,484                    -0.94% 1.98% 227,667                458,563                       1.17                                 102.24                  5,557,709         

01-01-2011 Q1 1,878,409                1,941,774         1,910,091                    -1.03% 2.30% 225,667                463,162                       0.67                                 103.55                  5,560,628         

01-04-2011 Q2 1,895,592                1,949,292         1,922,442                    -1.05% 2.24% 217,667                462,228                       2.53                                 105.46                  5,564,219         

01-07-2011 Q3 1,675,424                1,847,263         1,761,344                    -1.12% 2.16% 223,667                460,032                       2.13-                                 106.48                  5,566,856         

01-10-2011 Q4 1,750,604                1,855,855         1,803,229                    -1.27% 1.81% 227,000                464,962                       8.53-                                 106.70                  5,579,204         

01-01-2012 Q1 1,773,451                1,862,596         1,818,023                    -1.72% 1.37% 224,000                467,651                       4.07-                                 107.44                  5,580,516         

01-04-2012 Q2 1,755,622                1,868,888         1,812,255                    -1.51% 1.60% 233,333                477,095                       0.80-                                 108.85                  5,584,758         

01-07-2012 Q3 1,773,451                1,882,522         1,827,987                    -2.09% 1.14% 222,667                476,531                       0.70-                                 109.00                  5,587,085         

01-10-2012 Q4 1,834,279                1,936,009         1,885,144                    -1.85% 1.26% 215,000                478,680                       3.83-                                 109.84                  5,599,665         

01-01-2013 Q1 1,881,423                1,931,372         1,906,397                    -0.84% 2.24% 216,667                484,269                       2.27-                                 109.19                  5,602,628         

01-04-2013 Q2 1,923,047                1,970,915         1,946,981                    -0.64% 2.37% 211,667                484,656                       0.67-                                 110.59                  5,605,836         

01-07-2013 Q3 1,924,088                1,955,306         1,939,697                    -0.27% 3.14% 207,333                489,486                       4.77                                 111.41                  5,608,784         

01-10-2013 Q4 1,949,062                1,976,118         1,962,590                    -0.40% 2.98% 204,667                493,485                       3.83                                 111.23                  5,623,501         

01-01-2014 Q1 1,982,473                2,000,063         1,991,268                    -0.40% 2.87% 198,667                497,307                       5.17                                 111.74                  5,627,235         

01-04-2014 Q2 2,066,284                2,063,180         2,064,732                    -0.38% 2.55% 193,333                498,635                       7.53                                 112.41                  5,634,437         

01-07-2014 Q3 1,984,543                2,008,341         1,996,442                    -0.40% 2.39% 199,000                508,964                       9.70                                 113.11                  5,639,719         

01-10-2014 Q4 2,017,653                2,015,584         2,016,618                    -0.30% 2.24% 195,000                515,130                       6.83                                 113.67                  5,655,750         

01-01-2015 Q1 2,103,340                2,154,842         2,129,091                    -0.42% 2.06% 187,333                516,236                       10.67                              113.36                  5,659,715         

01-04-2015 Q2 2,159,992                2,201,194         2,180,593                    -0.80% 2.03% 184,667                509,243                       12.17                              115.64                  5,668,743         

01-07-2015 Q3 2,114,670                2,093,040         2,103,855                    -0.77% 2.54% 179,000                521,397                       7.90                                 115.49                  5,678,348         

01-10-2015 Q4 2,117,761                2,121,881         2,119,821                    -0.42% 2.61% 177,333                519,148                       4.90                                 116.58                  5,699,220         

01-01-2016 Q1 2,202,650                2,154,365         2,178,508                    -0.39% 2.56% 175,667                522,709                       4.07                                 116.94                  5,707,251         

01-04-2016 Q2 2,263,264                2,203,678         2,233,471                    -0.41% 2.53% 177,667                529,968                       4.37                                 117.44                  5,717,014         

01-07-2016 Q3 2,172,857                2,176,967         2,174,912                    -0.60% 2.18% 178,000                531,086                       3.23                                 117.34                  5,724,456         

01-10-2016 Q4 2,220,116                2,180,049         2,200,082                    -0.78% 1.98% 175,000                546,999                       0.60                                 117.84                  5,745,526         

01-01-2017 Q1 2,377,850                2,216,347         2,297,099                    -1.47% 1.40% 179,333                547,246                       5.17                                 118.04                  5,748,769         

01-04-2017 Q2 2,394,102                2,283,386         2,338,744                    -1.36% 1.48% 173,000                550,265                       6.77                                 118.04                  5,756,170         

01-07-2017 Q3 2,418,480                2,240,725         2,329,603                    -2.08% 0.71% 174,667                542,186                       8.47                                 118.14                  5,760,694         

01-10-2017 Q4 2,440,826                2,226,505         2,333,666                    -1.83% 0.81% 161,667                551,896                       7.07                                 118.34                  5,778,570         

01-01-2018 Q1 2,502,687                2,246,776         2,374,732                    -1.13% 1.59% 152,667                558,335                       8.40                                 119.04                  5,781,190         

01-04-2018 Q2 2,514,778                2,317,303         2,416,040                    -1.50% 1.11% 155,667                564,301                       9.00                                 120.14                  5,785,864         

01-07-2018 Q3 2,473,469                2,280,025         2,376,747                    -1.39% 1.16% 149,333                571,329                       8.13                                 120.14                  5,789,957         

01-10-2018 Q4 2,459,364                2,241,739         2,350,551                    -1.28% 1.28% 152,000                574,044                       4.10                                 120.54                  5,806,015         

01-01-2019 Q1 2,479,000                2,253,000         2,366,000                    -1.66% 0.73% 158,000                573,343                       3.67                                 120.44                  5,806,081         

01-04-2019 Q2 2,531,000                2,346,000         2,438,500                    -1.34% 0.94% 148,667                587,702                       5.13                                 120.94                  5,811,413         

01-07-2019 Q3 2,614,000                2,345,000         2,479,500                    -1.14% 1.02% 151,000                588,990                       4.50                                 120.54                  5,814,461         

01-10-2019 Q4 2,646,000                2,383,000         2,514,500                    -1.32% 0.62% 154,000                591,875                       1.87                                 121.14                  5,827,463         

01-01-2020 Q1 2,630,000                2,383,000         2,506,500                    -1.20% 0.60% 146,000                583,668                       2.73                                 121.84                  5,822,763         

01-04-2020 Q2 2,483,000                2,270,000         2,376,500                    -0.34% 1.33% 159,000                551,491                       7.93-                                 121.74                  5,824,857         
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Appendix C: Regression Output 2: 

 

Appendix D: Regression Output 3: 
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Appendix E: Regression Output 4: 

 

 

 


