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Abstract 

This thesis aims to enlighten monetary policy’s impact on the historical housing price development in 

Denmark, with a particular focus on the official bank rate. The official bank rate constitutes the basis for 

other interest rates in a country, which make the central bank’s motivation for its determination a natural 

subject of investigation. In this regard, it is especially interesting to consider Denmark, as the Danish 

central bank conducts a fixed-exchange-rate regime against the euro.  

 

The analysis is conducted through a comparison approach with the application of quarterly input data for 

the estimation period reaching from the 1st quarter of 1973 to the 2nd quarter of 2017. The selected 

approach is executed through the determination of a proxy for the official bank rate to work as a 

benchmark for the market observed rate. The proxy rate is generated from the well-recognised Taylor 

rule, which should not be interpreted as a monetary rule in the economic theory sense, but rather a 

backward-looking method to evaluate previous interest rate behaviour. As the Taylor rule suggests that 

the official bank rate should be revised to stabilise inflation and output around their target values, it is 

implied that the estimated Taylor rate is a reflection of business cycles in Denmark. Although substantial 

deviations between the true official bank rate and the Taylor rate were detected, the Danish fixed-

exchange-rate policy is not considered threatened. This conclusion was reached mainly on the basis of 

improved alignment of the two interest rates after 1999, in addition to the benefits a fixed-exchange-rate 

policy brings to a small economy like Denmark. 

 

The applied housing price model does not include the official bank rate directly. Hence, constant 

relationships between the official bank rate and short- and long-term lending rates are assumed. This 

enables estimations of two housing price models that act identical except from a change in two isolated 

parameters, namely the short- and long-term lending rates. Deviations between the housing price 

developments predicted respectively by the proxy rate and the true official bank rate can thus exclusively 

be related to the indirect implementation of the Taylor rule.  

 

The estimation results evidenced minor differences between the two models. This underlines the fact that 

other factors work highly determinative in housing price approximations and that interest rates alone are 

not necessarily decisive for the outcome. The most significant findings revealed that the model that 

comprised housing price predictions based on the Taylor rule appeared more volatile and performed on 

an overall higher level than what was projected by the original housing price model. This behaviour was 

directly caused by the employment of the Taylor rule, which predicted a consistently lower official bank 

rate, especially prior to 1999. 
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1 Introduction 

 

1.1 Context and Motivation  

The housing market has always been a prevalent topic in media due to its essential role in the 

macroeconomic environment. A stable housing market facilitates a predictable and even economic 

development in a country (Dam et al., 2014, p. 43). The foundation of this role stems from the fact 

that housing is a fundamental need. To purchase a house as a way to cover this need is one of the 

most significant investments individuals can do. The costs of such an investment comprise equity 

financing, interest rate payments and property tax. Compared to lending, homeowners face a risk of 

economic loss related to a decrease in house value, which are expressed through housing prices. 

The decrease is often associated with stagnating macroeconomic conditions. Contrariwise, there are 

also possible gains of housing investments. In times of cyclical upturns in the economy, the value of 

the house might instead increase, leading to economic profit. This establishes the acknowledgement 

that housing prices to a large extent reflect general economic market situations. Economic theory 

suggests that the optimal price is reached when supply meets demand. However, an examination of 

the historical housing price development in Denmark over the last decades proves that supply has 

not succeeded in meeting the demand. Skaarup and Bødker (2010) for instance present findings of 

a 177 % increase in countrywide housing prices from 1993 to 2006. Looking at Copenhagen 

separately, the increase amounted to 400 % (Skaarup and Bødker, 2010). The significant rise can 

fundamentally be explained by the fact that changes to supply adjust slower than changes to 

demand. Nevertheless, going back to the argument of the signalling value of housing prices, the true 

topic of interest is the determinants of housing demand, hereunder the role of monetary policy. In 

light of recent years with an exceptionally low interest rate, it has never been cheaper to finance a 

house purchase despite the soaring housing prices. This opens up demand for a profound 

understanding of housing market dynamics and its interaction with monetary policy decision-making. 

 

Housing price relations comprise numerous elements, and there are various approaches for their 

determinations. Nonetheless, common to them is that they have to take interest rate levels into 

consideration as they express the homeowners’ ability to finance a potential purchase. The official 

bank rate constitutes the basis for lending rates’ levels, which make the central bank’s motivation for 

its determination a natural subject to examination. In this regard, it is particularly interesting to 

consider Denmark, as Danmarks Nationalbank conducts a fixed-exchange-rate policy. This means 

that the principal monetary policy goal is to keep the Danish krone constant against the euro, which 
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ensures an explicit reliance on the euro area’s policy for the monetary market. With the large 

contrasts between the euro-member states in mind, the foundation of a curious discussion is laid. 

Particularly interesting queries relate to the appropriateness of the European Central Bank’s 

monetary policy on Denmark’s economy, and moreover, how this transpires on the Danish housing 

market. 

 

This thesis seeks to enlighten the official bank rate’s impact on the historical housing price 

development through a comparison approach. This is executed through the determination of a 

synthetic official bank rate to work as a benchmark for the actual rate. The synthetic rate is generated 

on the basis of the well-recognised Taylor rule, which should not be interpreted as a monetary rule 

in the economic theory sense, but a backward-looking approach to evaluating previous interest rate 

behaviour (Taylor, 1993, p. 321). In light of the aforementioned fixed-exchange-rate policy, it could 

be argued that it seems sensible to estimate a Taylor rate for Denmark based on data for the euro 

area. Nevertheless, the primary purpose of the analysis is to examine how the description of the 

historical development in housing prices would differ from the actual development when prescribed 

by a Taylor rate as a proxy for the official bank rate. As the Taylor rule suggests that the official bank 

rate should be revised to stabilise inflation and output around their target values, it is implied that the 

Taylor rate is a reflection of the business cycles in Denmark. Thus, it is highly interesting to compare 

the actual official bank rate and the Taylor rate to scrutinise monetary market dynamics and thereby 

be enabled to heighten insights of interest rates’ impact on housing prices.  

 

In conclusion, evaluating one fundamental factor’s exclusive impact on housing prices is vastly 

relevant in light of recent years’ market situation. Furthermore, the approach of determining a proxy 

for the official bank rate to use as a benchmark is initiated as a creative way to discuss the 

relationship between interest rates and housing prices. The approach is original in comparison with 

prior economic theory within the field, and it is therefore argued that it contributes with innovative 

insights to academia. 
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1.2 Problem Statement 

To specify and clearly define the thesis’ purpose and focus area, the following problem statement 

was formulated: 

 

How has monetary policy affected the development of housing prices in Denmark? 

 

To be able to give a comprehensive yet exhaustive and rightful answer to the problem statement, 

several aspects were investigated. To methodically and thoroughly look into all aspects, four sub-

questions were compiled. The sub-questions are listed below and sought to be replied throughout 

the thesis. 

 

• In what way is Danmarks Nationalbank’s housing price model the most preferable in order 

to answer the problem statement? 

• Why is the official bank rate considered the most important instrument for conducting 

monetary policy? 

• How can the Taylor rule be seen as a proxy for the official bank rate? 

• What role does lending rates play in the determination of housing prices? 

 

There are several approaches to utilise when determining housing prices in a country. The decision 

on which to choose is dependent on the analysis objective. Hence, the explanation for this thesis’ 

model application specified by Danmarks Nationalbank is therefore deliberated on. Choice of which 

approach to decide on is also relevant when examining monetary policy conduction. This thesis 

claims that the official bank rate is the principal monetary policy tool because it is widely embraced, 

efficient in its purpose, and less expensive than its alternatives, making the approach manageable 

even for small countries. These arguments are further elaborate on in the thesis.  

 

In order to substantiate the role of the official bank rate on housing prices, an alternative official bank 

rate is introduced for comparison reasons. The alternative rate is represented by the Taylor rate, 

which is derived from the well-recognised Taylor rule. The idea behind the implementation of this 

rate is not to determine how the actual outcome would have been in Denmark if the country had 

conducted Taylor-inspired monetary policy. Contrariwise, the Taylor rate is included to work as a 

benchmark for the actual outcome. Its suitability to serve this purpose is therefore discussed. 
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The official bank rate is not directly included in the presented housing price model but is 

determinative through lending rates with both short and long maturities. Hence, a computation of 

synthetic lending rates based on the estimated Taylor rate is required. This demands an elaboration 

of the relationship between short- and long-term interest rates. The interest rate debate forms the 

basis of how the Taylor rule is implemented as a proxy in connection with housing prices. In this 

context, it is considered expedient to describe the lending rates’ methodically impact on pricing of 

houses.   

 

 

1.3 Methodology 

1.3.1 Assumptions and Limitations 

To be equipped to satisfactorily and accurately answer the problem statement, it was found 

necessary to undertake certain assumptions and limitations. 

 

The aim of the thesis is not to present evidence of alternative housing market developments or to 

provide an ideal framework for monetary policy decision-making. Contrariwise, the thesis intends to 

advance insights of macroeconomic dynamics in Denmark through an original description of 

historical events against a reputable benchmark, with this focusing on the relationship between 

Danish housing market and the official bank rate. 

 

The thesis assumes that the reader possesses a profound understanding of macroeconomics and 

is capable of interpreting econometric processes and results. Introductory explanations are 

nevertheless provided where this is considered required.  

 

The analysis was conducted from a Danish perspective, with a focus on domestic market 

developments. This, however, indirectly included involvement of the euro area as a consequence of 

the country’s fixed exchange rate policy. Hence, performances of European markets were also 

considered, and a short comparison of selected countries was undertaken to scrutinise regional 

differences. Furthermore, as the thesis seeks to describe historical events, the analysis concentrated 

on the estimation period limited to the 1st quarter 1973 to the 2nd quarter 2017. The thesis exclusively 

ignores events prior to this, but a brief argumentation of expectations to future market developments 

is presented in a separate discussion. This is included as future macroeconomic events often evolve 



Monetary Policy and Housing Prices                                                        Cathrine Kaalstad and Maja Fornebo 

 

8 
 

from former market developments. Moreover, it is argued that the economy is in an atypical state at 

the end of the considered estimation period (Dengsøe, 2018), hereby making anticipations of the 

future highly intriguing to highlight. 

 

In this thesis, the conduction of monetary policy exclusively comprises a central bank’s determination 

of the official bank rate level. Other monetary policy instruments are disregarded motivated by the 

aim of a noncomplex but easily comprehensible analysis. The official bank rate expresses the signal 

interest rate in which all other interest rates in a country are based on. During the estimation period, 

there was a formal shift in the underlying interest rate that represents the official bank rate. Because 

of this, in combination with data availability issues, the official bank rate is represented by two 

different interest rates in this thesis. The possible bias that might transpire from this dual 

representation is overlooked, as it is not considered to have severe impacts.  

 

References to “the housing market” is limited to the demand for single-family houses, whereas other 

housing types are ignored. Nevertheless, single-family houses constitute the majority of dwellings in 

terms of quantity, and test results based on this input variable are thereby assumed representative 

for the entire housing market (Hansen et al., 2018). 

 

It is also underlined that the demand-side of the housing market is the principal focus of the analysis. 

Although housing market supply is taken into account in the determination of housing prices, its 

dynamics are not elaborated on. This implies that there is not conducted any estimations of housing 

investment through Tobin’s Q or alike. Moreover, the housing market is defined to cover Denmark 

as a whole and regional differences are not accounted for.  

 

The term “lending rates” refer to the interest rates on mortgage bonds with respectively one-and-two 

and 30 years maturity. These are included as input variables in the housing price model. It is 

important to notice that the only input factors that are changed when estimating the modified housing 

price model are the interest rates. Implications of tax on interest rates have been taken into 

consideration in the conducted estimations, but the effect is not seen as crucial to the outcome and 

is therefore not discussed. 
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1.3.2 Data Collection and Literature Review 

The underlining data this thesis is mainly based on, is academic literature and other secondary data 

sources, including journals, reports, and newspaper articles. An academic approach is considered a 

strength and ensures that the quality of the outcome and conclusions are reliable. All data sources 

were carefully reviewed and assessed to ensure that the information and results were aligned with 

academic literature and up to date. The authors concluded that there was no need for obtaining 

primary data related to the topic as it exists countless research on the housing market, housing price 

models, and fundamentals of monetary policy. Also, collecting data ourselves would be a difficult 

and exhausting process with a risk of creating biased data. Thus, has the fact that the problem 

statement is related to a deeply researched area increased the reliability of the information. 

 

To discuss the housing price development, the report "Udviklingen på ejerboligmarkedet i de senere 

år – Kan boligprisene forklares?” by Dam et al. (2011) was used. The applied housing price model 

was included in this report. The majority of the assumptions and arguments in the thesis are based 

on this report and the MONA model from 2003. However, the possibility of bias in the thesis is 

considered low due to the use of numerous articles and journals strengthening and supporting the 

arguments. Also, the likelihood of the authors being biased is considered low, as none of the authors 

are participants in the housing market.  

 

In relation to the Taylor rule and the official bank rate, the focal part of the information is based on 

John B. Taylor’s published articles from 1993 and 1999. Academics and ECB reports also 

strengthened conclusions and discussion within this topic. 

 

Due to the thesis’ aim of explaining historical housing prices, the data collection was not limited to a 

particular date. However, the figures and statistics used for estimation have a cut-off point as of 2nd 

quarter of 2017. As the thesis looks at historical figures, it is a chance that the statistics consist of 

revised numbers as opposed to real numbers. This may cause different results than applying real 

numbers, which is used when predicting future movements. 

 

The majority of the statistical data was received from Danmarks Nationalbank, which is the official 

name of the central bank in Denmark. The time range of the statistics spans from the 1st quarter of 

1973 to the 2nd quarter of 2017. As MONA is a model based on quarterly data, all of the statistics 

were conducted in quarterly terms. In those cases where data was in monthly terms, as with the 
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official bank rate, these were converted to quarterly data. Additionally, the data was based on 

national accounts and figures, which made it challenging to apply regional housing price models. 

 

Figures used for comparing different countries were obtained through OECD’s database to make 

sure that the basis for comparison was identical. The statistic of the official bank rate was drawn 

from Danmarks Nationalbank’s statistical bank. A consequence of using different statistical sources 

is a risk of mismatch in data. Still, this risk is considered low since both the official bank rate and the 

statistics used in the housing price model originate from the same database. In the case of comparing 

housing price development in different countries, the decision of using OECD with a standard index 

was assessed to be a better alternative than using the respective countries' own databases.  

 

For estimating the housing price model and Taylor rate, R studio was considered the most 

appropriate statistical software. Foremost due to the authors' experiences with R studio, but also 

due to its flexibility and popularity among scientists and economists. 

 

The authors are confident that the theory and analysis based on the collected data and literature, 

provide a comprehensive understanding of the housing market’s fundamentals and development. 

Further, the authors believe that the data collection is contributing to a thorough argumentation to 

answer the problem statement in the thesis. 

 

1.3.3 Scientific Research Approach 

Defining the research approach is vital in order to let the reader know the authors' understanding of 

the world in relation to the problem statement. There are different views on how the world is 

conceived and these views can be classified into groups or paradigms. 

 

Guba and Lincoln (1994) refer to paradigms as worldviews or belief systems that guide researchers. 

Essential proponents of paradigms are ontology, epistemology, and methodology. Odontology is 

referred to as the “nature of reality”, epistemology concerns the relationship between the knower and 

the known, and methodology defines the research approach towards knowledge (Guba, 1990, p. 

18). 
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Based on Guba (1990)’s definition and separation of paradigms into positivism, post-positivism, 

critical theory and constructivism, this thesis’ approach can be placed within the post-positivist 

paradigm. A post-positivistic paradigmatic approach has a critical realistic ontology, meaning that 

although “a real world driven by real natural causes exists, it is impossible for humans truly to 

perceive it with their imperfect sensory and intellective mechanisms” (Guba, 1990, p. 20). In relation 

to the topic of the thesis and the problem statement, this critical realistic ontology means that the 

authors know that they will not be able to get a complete picture of the housing price development 

and the impact of interest rates. It is not possible to collect all relevant information out there, which 

makes the reality of this thesis restricted.  

 

The epistemology of the post-positivistic paradigm supports a modified objective relationship 

between the knower and the known. The modified objective relationship indicates that the authors 

as researchers are not able to be fully objective when conducting information. The authors need to 

make choices based on economic intuition and logical reasoning when applying the model to data. 

Additionally, the thesis emphasis “Udviklingen på ejerboligmarkedet i de senere år – Kan 

boligprisene forklares?” when debating the development of housing prices, which might cause a bias 

towards Danmarks Nationalbank’s apprehensions of the housing market in Denmark.  

 

Furthermore, a post-positivistic paradigm has a modified experimental and manipulative 

methodology. In the case of this thesis, the data is examined in natural settings. The Taylor rule and 

the determination of interest rates are discussed in relation to housing prices and the observed rates 

on the market. Instead of isolating the different aspects of the thesis, the link between them is 

examined to reach a conclusion (Guba, 1990, p. 23). 

 

The approach throughout the thesis can be classified as deductive. A deductive approach implies 

that the decision-making is based on theory and fundamental principles in order to explain the 

consequences and draw conclusions (Gabriel, 2013). Well-recognised articles by economists such 

as John B. Taylor, Egon E. Guba, Robert J. Hodrick, and Edward C. Prescott, in addition to reports 

from influential banks and statistical agencies are used to analyse the housing market and answer 

the problem statement.   
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1.3.4 Structure of the Thesis 

The thesis seeks to present the material in the most ideal and well-founded way. Thus, a thoughtful 

organisation of the topics is developed to obtain the optimal structure. 

 

The thesis is divided into five main sections. Section one represents the introduction, which is 

intended as a rationalisation for the topic and further provides a thesis overview. The second section 

makes up the theory segment and gives an introductory overview of the housing market in Denmark 

and the dynamics of the country’s monetary policy. This section is developed to provide a profound 

context of the analysis. In section three, the results from the empirical analysis are enlightened, 

which include a preliminary discussion of the findings. Section four entails the actual discussion and 

serves as an argumentative part that gathers all loose ends and reflects upon methods applied. 

Moreover, the discussion section briefly considers expectations to the future housing market and the 

official bank rate’s role in that. Additionally, an analysis of the housing market developments in 

comparative countries is included in this section. Finally, all findings and deliberations are concluded 

upon in the conclusion section. 
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2 Theory 

 

The theory section is intended to provide the reader with introductory background knowledge of the 

dynamics of the housing market as well as monetary policy, in addition to an outline of the Taylor 

rule. This will confidently create the required foundation for a thorough comprehension of the thesis 

analysis. 

 

First sub-section stipulates a general presentation of the housing market, hereunder a demonstration 

of Danish market conditions and different housing price models. Sub-section 2.1.4 furthermore 

specifies the model applied in the pricing of housing in the thesis. The second theory sub-section, 

2.2, works explanatory for general monetary policy dynamics and concentrates mainly on policy 

decision-making in Denmark, which depends fundamentally on the European Central Bank’s 

conduction. Sections 2.2.4 and 2.2.5 introduce the Taylor rule, and the rule’s application in relation 

to the housing price model is rationalised in a separate theory sub-section. This requires a 

consideration of the indefinable relationship between short- and long-term interest rates, which is 

included in the section’s last paragraphs. A brief conclusion is incorporated to provide an overall 

overview of the topics dealt with within the section.  

 

 

2.1 The Housing Market 

2.1.1 The Dynamics of the Housing Market  

Defining the correct value of a house is difficult. On one hand, you have the technical price reflecting 

the costs of building the house everything included and on the other hand, you have the more 

subjective value: the value the buyer is willing to pay for the house. The latter is better known as the 

market value (Larsen and Sommervoll, 2004). The market value is affected by demand and supply 

of houses. According to macroeconomic theory, the price of a good increases if demand relative to 

the supply of the good is high. Conversely, the price of a good decreases if supply is higher than 

demand. 

 

Quantities and prices have a tendency of moving in the same direction in the short run.  Households’ 

desire to purchase a house increases the demand and has a positive effect on housing price 

appreciation. When the market is lucrative, it induces real estate investors to enter the market and 
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the quantity of houses increases in order to meet the demand (Arestis and González, 2014). When 

the market experiences sudden increases in housing prices, it is likely a result of a change in 

demand. Changing the short-term housing supply is limited because building new houses involves 

approvals and high costs, which makes the process time-consuming. Thus, an unexpected shock in 

demand will create a short-term price increase, as the supply-side is not able to match the sudden 

increase in demand. 

 

To evaluate how the housing prices fluctuate, it is important to discuss the different drivers affecting 

the demand and supply side.  

 

Drivers of Demand 

Housing market demand can be defined as the aggregate demand of all potential house buyers. 

Nevertheless, potential house buyers may differ in their willingness to pay and have different motives 

for buying a house. One reasonable way to separate such purchasing preferences is to differentiate 

individuals who buy for investment purposes from those who buy for consumption purposes. This 

thesis finds the latter most relevant, as this group is perceived the largest one. Consequently, the 

following parts will focus on the most influential drivers of the housing market demand that is 

motivated by consumption reasons. 

 

The main drivers of demand are in this thesis defined as disposable income, interest rates and cost 

of debt, in addition to rental prices, expectations of the future, urbanisation, hereunder population 

growth and unemployment, and tax on houses. 

 

Disposable income is highly relevant for the progression in housing prices. As seen in figure 19 found 

in appendix A, the disposable income of an average employee has increased throughout the 

estimation period. Financials to buy a house stem, in most cases, from loans calculated on the basis 

of disposable income. A steady increase in disposable income thus raises the maximum amount of 

mortgage loan the borrower can get approved. Consequently, a higher amount means a 

strengthened purchasing power, which in turn puts a greater pressure on housing prices. However, 

a higher mortgage also comes with higher costs of debt.  

 

Interest rates can in connection with loans be explained as the cost of borrowing money and work 

determinative for people’s consumption and behaviour. The official bank rate is the interest rate set 
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by a country’s central bank and other banks determine their offered interest rates in accordance to 

this. This will be further elaborated on in section 2.2. Low interest rates initiate individuals to raise 

loans and thereby strengthen their purchasing power. Additionally, an easing in credit standards 

induces additional buyers to enter the market as they now have the financial resources needed to 

purchase a house (Arestis and González, 2014). In periods of low interest rates, a loan with a floating 

interest rate is often more beneficial than a loan that offers a fixed interest rate. This is because 

floating interest rates are lower on average. Hence, as a consequence of the long-lasting low interest 

rates in recent years, most Danes choose nowadays to finance their house purchase through a loan 

with floating interest rates (Kjeldsen, 2014). This reflects an expectation of continued low rates 

(Jørgensen, 2016). 

 

The expectation of the future is another important driver for the housing market demand. The price 

level on the market is to a large extent influenced by stakeholders’ anticipations of the future. When 

issuing debt, banks expect individuals to be able to pay the mortgage back. Beliefs of long-lasting 

low interest rates and increases in disposable income motivate banks to be more amenable when it 

comes to mortgage loan requirements. This, in turn, increases housing demand. When investors 

and private people speculate on housing projects with resale and profit in mind on the basis of their 

expectations to future market developments, there is an enlarged risk for rising housing prices 

(Fernstrøm et al., 2017B). Likewise, anticipations of continuous growth in housing prices might 

encourage house owners to postpone sales and increase the price and thereby demand even 

further. 

 

Urbanisation also has an impact on total housing market demand, especially in larger cities. 

According to The Danish Construction Association, differences in market demand across the 

country, expressed through housing prices, are driven by urbanisation. There is an increasing market 

trend that people move to cities to work, study or alike, and it is estimated that by 2050, two-thirds 

of the world's population will live in major cities (Damsgaard, 2016). An analysis made by Statistics 

Denmark concludes that Denmark is among the less urbanised countries in EU. Still, the amount of 

the population living in rural areas has fallen since the 1900s (Andersen and Christiansen, 2016). 

Also, the demographic trend of people choosing to stay longer in one house, along with increased 

life expectancy cause pressure on the housing prices. Especially in the cities, where demand was 

high from the beginning (Fernstrøm et al., 2017B). Technological development might help to release 

some of the housing market demand pressure, as it fosters systems that make it easier for people 

to live in more rural areas and work from home.  
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To be able to retain a high demand for houses, it is essential with a growth in potential house buyers. 

A larger population reflects a larger amount of potential house buyers and hence contributes to a 

higher demand. In Denmark, as in other EU countries and Norway, the main driver of population 

growth is immigration. Historically, the number of births relative to deaths per 1000 citizens in 

Denmark, increased from 0.3 in 1980 to 1.5 in 2016. Compared to the net immigration, referred to 

as immigration relative to emigration per 1000 citizens, this ratio increased from 0.1 to 5.8 during the 

same period (Olsen, Frølander and Østberg, 2017, p. 15). This development is expected to continue, 

and it is estimated that the immigration from developing countries will contribute with 82 % of the 

population growth in advanced economy countries by 2050 (Thiemann and Jensen, 2015).  

 

A possible result of an enlarged population is an increase in unemployment. A rise in the 

unemployment rate leads to lower income levels, as the bargaining power of employees weakens. 

In the presence of unemployment, some people might choose to postpone their investments until 

the economic situation stabilise. Likewise, a high unemployment rate may cause banks to be more 

reluctant to issue new mortgages as their perception of risk is enhanced (Arestis and González, 

2014). In Denmark, the general unemployment rate has fallen from 6.1 % in 2010 to 4.5 in 2015 

(Statistics Denmark, 2018A). This positive trend is also observed among non-native Danes. The 

percentage of unemployed immigrants from third-world countries relative to the labour force has 

fallen from 13.4 % in 2010 to 10.2 % in 2015 (Statistics Denmark, 2018B). 

 

One way to assess housing price levels over a specific time period is to look at rental prices. This is 

another driver of housing market demand and high rental prices reflect high housing demand, as 

increasing housing prices force people to rent instead of buying. In 2015, a requirement of 5 % equity 

of the total house purchase financing was implemented. As a result of this requirement, the number 

of first-time buyers fell. This has led to positive impacts on payment risk in the housing market, but 

it has also contributed to a tougher competition on the rental market (Fernstrøm et al., 2017B). As a 

consequence, the rental market has become highly regulated, and rents may not fully reflect market 

prices (Skaarup and Bødker, 2010).  

 

The last driver of demand to be discussed in this thesis is taxes on property value. In Denmark, the 

tax on property value has been kept fixed since 2001. This implies that since the tax on houses was 

one per cent in 2001, a buyer would pay 20,000 DKK in property tax on a house worth 2,000,000 

DKK. Due to the nominal fixed tax system, the same buyer would be required to pay the exact same 
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amount in DKK today (Frederiksen, 2011). The effect of this regulation only partially increased the 

total demand of houses, and this increase mostly affected the largest cities, where the growth in 

housing prices historically had been highest. The effect of the nominal freeze of property value taxes 

in these areas consequently increased demand due to reduced property tax costs. An analysis made 

by Danmarks Nationalbank showed that frozen taxation had resulted in a tax relief of approximately 

25,000 DKK yearly in 2007 for an average household in Copenhagen. On the other hand, the effect 

of the frozen taxation on a typical house in Northern Jutland was only 5,000 DKK a year (Dam et al., 

2011). 

 

In May 2017, new rules regarding a permanent tax relief to people buying a house before 2021 was 

applied. As the rules are fairly new, it is difficult to assess the effect on the housing market demand. 

A likely effect is an increase in demand resulting in an even larger pressure on housing prices 

(Fernstrøm et al., 2017B). 

 

Drivers of Supply 

The supply of houses is defined as the total housing stock. The supply is assumed fixed in the short 

run, as building new houses is highly time-consuming. Thus, if the housing stock is suddenly 

expanded, it is likely a reflection of the finalisation of a period with intensified construction activity. 

The main drivers of the housing market's supply-side are identified as the number of buildings under 

construction, costs of construction, availability of land and regulations. 

 

An increase in the number of buildings under construction and recently completed houses help to 

reduce the demand pressure on the already existing houses by increasing the supply. In the case of 

Denmark, the historically increase in construction of houses is mostly observed in urban areas and 

larger cities (Fernstrøm et al., 2017A). One can say that the increase in construction of houses and 

the level of housing prices is mutually impacting each other and are highly correlated. 

 

Costs of construction are relevant for production of new houses and consequently the supply of 

houses. Lower costs trigger construction of new houses while high costs of construction reduce 

profitability and hence the motivation to start building. The costs of construction in the Danish 

housing market have experienced a steady increase in recent years. The main reason behind this is 

a development in the cost of labour, especially within concrete workers. Additionally, it has been 

observed an increase in the cost of raw materials (Statistics Denmark, 2018B). Another important 
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factor that impacts the cost level is the inelastic supply of land. Especially in larger cities where most 

of the land is developed, the availability of potential new construction sites for houses is naturally 

limited. A scarcity of ground will increase the cost of the land available (Dam et al., 2011). To tackle 

the shortage of land, it requires new ways of developing. Countries and cities experiencing inelastic 

supply of land for constructing new houses need to grow inwards instead of outwards. The 

development of Nordhavn is an example of how Denmark utilised existing infrastructure and 

buildings to meet the increasing housing demand in Copenhagen. However, utilising rural areas for 

construction purposes may lead to unexpected problems related to stakeholder influence, as was 

the case with Amager Fælled (Brandt, 2017). In other words, the supply is not only being restricted 

by the scarcity of land, but also by stakeholders' reluctance towards the construction of houses. 

 

The last important driver for housing market supply identified in this thesis is regulations. 

Governmental regulations entail concerns regarding construction location, the sustainability of 

buildings and the building process itself, among other things. Regulations may obstruct an increase 

in housing supply to ensure a sustainable expansion of the city and the housing market. However, 

according to one of the directors in The Danish Construction Association, Michael H. Nielsen, 

governmental regulations and market demand, on the other hand, do not necessarily have to draw 

in opposite directions. He claims that a requirement to obtain a successful development within an 

area is that regulations and demand act as premises to guide the process in the right political 

direction (Nielsen, 2016). 

 

Concluding Remarks – Market Drivers 

It is a complex process to reasonably conclude on the impact of the different drivers behind housing 

price developments. In the short run, housing prices follow market demand as supply is fixed. Any 

increase in households' income makes it more affordable to purchase a house, which in turn induces 

an increase in housing prices (Arestis and González, 2014). In the long run, where supply is no 

longer fixed, prices need to adjust to the costs of building a house, implying that the value should 

reflect a more technical value of a house (Dam et al., 2011). The most important drivers on the 

demand-side are disposable income and cost of debt. On the supply-side, the amount of buildings 

under construction is the most important driver as it mirrors the next couple of years' supply of new 

houses. 
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2.1.2 The Housing Market in Denmark 

In order to understand the development in housing prices, it is essential to look at the historical trend 

of the housing market. The housing market has a large impact on the financial and macroeconomic 

stability in a country. A more stable housing market contributes to a more stable economy in the 

future (Dam et al., 2014, p.1). 

 

The housing market in Denmark consists of different kinds of dwelling types that might not follow the 

same trend in price development. This thesis will primarily discuss the housing price development of 

single-family houses. However, as mentioned in the limitation section, since this dwelling type 

constitutes the largest share of the housing market in Denmark, conclusions drawn on the basis of 

single-family houses estimations is assumed transferrable to the whole housing market. 

Consequently, the distinction between housing price development of other kinds of dwellings, such 

as student houses, housing cooperatives, and apartments, is disregarded. 

 

Housing prices have a tendency of increasing over time, and Denmark is not an exception to the 

rule. The housing market in Denmark has experienced a growth in prices since 1938, with only three 

periods of falling nominal prices. These periods occurred from 1979 to 1982, from 1986 to 1993, as 

well as from 2008 to 2011 (Heinig, 2012). The periods of downfall are observed in figure 1, which 

illustrates the development of housing prices on single-family houses from 1974 to 20171. In the 

following, time-separated paragraphs are provided in order to distinguish important historical events 

in the development of the Danish housing market from 1973 to today.  

 

1973 to 1978 

The housing market in Denmark experienced a steady increase in prices of single-family houses 

from 1973 until 1979. The 1970s in Denmark was characterised by high inflation and an excessive 

value of mortgage tax relief, which made it inexpensive in real terms to take out a loan and hence 

buy a house. This caused an increase in housing prices. However, even though it was cheap to buy 

the house itself, the current loan expenses were high. The consequence was that households 

restricted their consumption in order to pay the expenses on the loan (Dam et al., 2011, p. 75).   

 

The considered time period is also characterised by a high unemployment rate, in addition to 

                                                   
1 Data range from 1974 to 2017 due to the omission effect when estimating variables.  
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increasing energy costs, which primarily were driven by high oil prices (Andersen, 2016). Most 

houses in Denmark used oil as their sole heating source during the 1970s. Hence, the undesirable 

increase in oil prices, which led to the first oil crisis, made a significant impact on Danish consumption 

in this period (Kureer, 2010). The first oil crisis from 1973 to 1974 resulted in a rising unemployment 

rate. This was driven mainly by two factors, namely an increase in wages and a decline in 

international economic activity. During this time period, the public sector in Denmark was growing at 

a rapid speed, and in combination with the increase in disposable income, this led to an inflation of 

12 %. This level was sustained by the government's decision not to increase taxes. As a result of 

the high inflation, the unemployment rate kept growing even faster. Danish companies could no 

longer keep up the competition with international companies and had to close down. However, even 

though the economic situation in Denmark was unstable during this time period, the impact on 

housing prices did not cause vital effects on the housing market (Andersen, 2016). 

 

1979 to 1981 

The first period of decreasing housing prices in nominal terms was motivated by the second oil crisis. 

The second oil crisis occurred in 1979 and resulted in a further aggravation of the economic situation 

in Denmark. The trade deficit became even worse, and the value of the Danish krone was weakened. 

The unemployment rate doubled from 1979 to 1983, causing a decrease in demand. Along with an 

increase in the interest rate on long-term government bonds, the effect on housing prices was a 

decrease of 11 % (Kureer, 2010). Nevertheless, the drop in this period was not as crucial as the 

downfalls that followed in later times. 

 

1982 to 1985 

The Danish economy slowly went back to normal and people adopted more optimistic views on the 

future after 1982, which quickly showed an effect in the housing market. Interest rates fell from 22 

% in September 1982 to 14 % by the spring of 1983 (see figure 2), and the international economic 

activity improved. The unemployment rate decreased, and the general consumption picked up (Fink, 

2018). One of the explanations for the improvement of the economy was a new political initiative2. 

During this time period, Denmark experienced a significant growth in the establishment of companies 

and in constructions of new houses (Jensen, 2007). From 1982 to 1986 the prices of single-family 

houses increased by 84 %. Adjusted for inflation, the real increase in housing prices was 50 % in 

total (Dam et al., 2011, p. 5). 

                                                   
2 See section 2.2.3 Monetary Policy in Denmark. 
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1986 to 1993 

The second period of decreasing nominal housing prices came as a consequence of two political 

initiatives, which is defined as the "Potato cure" in 1986 and the new tax reform in 1987. These 

initiatives made it more expensive to raise loans for consumption and purchasing of houses. 

Consequently, the demand for more expensive consumer goods such as cars and houses 

decreased. This, in turn, led to a de-escalation in the construction of new houses. The total 

percentage fall in housing prices during this period was 19 % (Heinig, 2012). Furthermore, the 

political initiatives impacted households' capability to pay down their mortgages. At the beginning of 

the 1990s, the number of houses on enforced auction was around 20,000 a year (“Boligmarkedet og 

boligejernes økonomi”, 2010, p. 18). This was the highest number of enforced auction seen in 

Denmark, taking the total time period between 1972 and 2017 into consideration. 

 

Following the long period of decreasing housing prices, the economy started improving throughout 

the summer of 1993, when the new government took over and the Potato cure came to an end 

(Jensen, 2007). During the second half of 1993 and 1994, Danish consumption started to increase 

as a consequence of falling interest rates and tax reliefs. The inflation no longer fluctuated as it had 

done in similar situations in previous years and the unemployment rate stabilised at 5-6 %. It became 

cheaper to raise loans, and the demand for houses intensified. The outcome was, among other 

things, a significant increase in the housing price level (Kureer, 2010). 

 

1994 to 2007 

As seen in figure 1, the housing prices experienced a steady increase in the time period between 

the second half of 1993 until the beginning of 2004. The combination of falling real interest rates, a 

nominal freeze of property value taxes, sharply falling unemployment rates, steady disposable 

income growth, favourable fiscal and monetary policies, in addition to stock market gains enhanced 

the financial situation and the sense of security for households (Skaarup and Bødker, 2010). 

Additionally, the introduction of interest-only and adjustable-rate mortgages boosted the demand 

and housing price appreciation even further (“2008 - Finanskrise og sikring af finansiel stabilitet”, 

2015). 

 

Dam et al. (2011) claim that the average housing prices increased by 71 % in real terms from the 4th 

quarter of 1999 to the 1st quarter of 2007. According to Dam et al. (2011), 46 % of this increase was 

a consequence of the aforementioned introduction of interest-only and adjustable-rate mortgages. 
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Another large contributor to the price increase was the major reduction in the unemployment rate. 

The unemployment rate in Denmark declined from 12 % at the beginning of the 1990s to below 2 % 

in 2008. This reduction led to less risk-aversion among households and financial institutions as a 

result of a stronger feeling of job-security (Skaarup and Bødker, 2010). The feeling of being 

financially secured caused people to raise larger loans, which in turn pressured the housing prices 

upwards as a consequence of higher purchasing power. The profitability of the housing market and 

the ever-lasting price increases during the mid-2000s led to a boom in housing construction and a 

so-called "housing bubble". Real estate investors looking for profit saw the potential and geared up 

the investment (Dam et al., 2011, p. 3).  

 

 

Figure 1: Housing prices in from 1974Q4 to 2017Q2 (Danmarks Nationalbank and authors’ own creation). 

 

 

2008 to 2011 

Following the “housing bubble” observed between 2004 and 2006, where prices were driven by 

expectations of continuously increasing prices instead of underlying economic dynamics, Denmark, 

and also the rest of the world, experienced the biggest fall in housing prices ever documented (Dam 

et al., 2011). The 2008 financial crisis was a result of a subprime mortgage crisis in the US, causing 

ripple effects all over the world. This, in turn, led to the largest recession seen in newer times (The 

Economist, 2013). The golden period between 2004 and 2006 had motivated individuals to raise 

larger loans and enter the housing market, as high housing prices improved homeowners’ 
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opportunities to raise loans by using their houses as collateral. Raising such large loans had become 

possible due to a falling user costs. When the market collapsed and the user costs increased, 

borrowers could no longer afford the repayments of their mortgage loans (Andersen et al., 2014). 

The ruthless consequence of the financial crisis on the Danish housing market was reflected by a 

price decrease of 21.5 % in nominal terms from 2008 until 2011 (Heinig, 2012).  

 

The increase in user costs, falling housing prices and other factors affecting the households’ 

disposable income led to an increase in houses on enforced auction. In 2009 the number of houses 

on enforced auction was 4,000. However, this number could have been significantly higher if it was 

not for the low interest rate level and the adjustable-rate mortgages (“Boligmarkedet og boligejernes 

økonomi”, 2010, p. 18).  

 

As a consequence of the repercussions of the financial crisis, the government implemented several 

initiatives to help the Danish economy back on its feet. Some of the initiatives included injections of 

capital from the government to credit institutions, a guaranteed security for investors and creditors 

with large investments in banks, besides reductions of the official bank rate. The result of the latter 

initiative was one of the main drivers behind the recent development seen in the housing prices. 

 

2012 to 2017 

In 2012 the official bank rate was reduced to -0.20 %, see section 2.2. The official bank rate in 

Denmark has been kept negative from 2012 until 2017, with only one exception in 2014. The negative 

rates helped to stabilise the housing market in the years following 2012. However, observing the 

development and the relationship between housing prices and user costs in appendix B over the 

recent years, it was argued that similar tendencies to those seen prior to the financial crisis were 

present. In 2005 and 2006 the housing prices increased by 17 % and 22 %, respectively. In 2017 

the increase amounted to 4.3 %, and the increase is expected to be 3.8 % in 2018 (Berlingske 

Business, 2017).  

 

The recent years' increase in housing prices may be explained by the improvement in disposable 

income, which was caused by better conditions on the labour market, in addition to the low interest 

rate level. The price level today is in many areas in Denmark, similar to pre-financial crisis levels 

when adjusted for inflation (Fernstrøm et al., 2017B).  
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Figure 2: Housing prices in Denmark plotted against the long-term interest rate from 1973Q1 to 2017Q2 
(Statistics Denmark and authors’ own creation). 

 

Regional Differences 

Although this thesis does not distinguish different geographical areas in Denmark, it is worth 

mentioning that price fluctuations have not been the same in all regions. This is evident from figure 

3, where housing prices from 1992 to 2017 across regions are illustrated. 

 

Large cities, such as Copenhagen, Aarhus and Aalborg, exhibited more variation in price levels 

compared to smaller cities. The price variance in Copenhagen was observed particularly strong 

compared to other areas and to the total national level. Owner-occupied housing and single-family 

houses constitutes only a small share of the total housing stock in Copenhagen and Frederiksberg. 

Owner-occupied housing are dwellings that can be sold freely in the market and thus are crucially 

determinative for the housing prices. Due to strict public regulation, it is problematic to meet housing 

demand through other types of housing, such as cooperatives, rental and social housing. This is 

reflected in owner-occupied housing prices because the regulations make it more attractive to own 

a dwelling as opposed to the aforementioned alternatives (Hviid et al., 2016). This is further 

intensified by the limited supply of owner-occupied housing. As a result, the demand for owner-

occupied housing increases, as observed in Copenhagen (see figure 3). Hviid et al. (2016) further 

explain: “Copenhagen sets the course for the overall Danish housing market, and thus price growth 

driven by self-fulfilling expectations may ripple out to the rest of the country” (Hviid et al., 2016, p. 
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54). From 1993 until 2006, the real price increase for apartments in Copenhagen was 400 %, while 

the country-wide increase was 177 %. Afterwards, the real price fell by 40 % over the years from 

2006 to 2009 in Copenhagen, while it only decreased by 22 % country-wide (Skaarup and Bødker, 

2010). One explanation for the differences is the development of urbanisation. Urbanisation might 

also be a reasonable explanation for why housing prices in some areas have fallen in real terms. 

This can be outlined through an example. In Lolland, a house purchased for 1 million DKK in 1992 

had a real value of 710,000 DKK in 2017, adjusted for inflation. If the same house, bought for 1 

million DKK in 1992 was placed in Copenhagen, the real value would amount to 5.2 million DKK in 

2017 (Christensen, 2017). Concludingly, some areas have become less popular due to the market 

trend of living in a city and this is reflected in a lower demand and hence price. 

 

One last explanation for why the housing prices differ across regions is the elasticity of housing 

supply. The housing supply is likely to be less elastic in metropolises such as Copenhagen, where 

most land is developed (Hviid, 2017).  

 

 

Figure 3: Housing prices in Denmark across different regions from 1992Q1 to 2017Q2 (Statistics Denmark 
and authors’ own creation). 
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(Plovsing and Olsen, 2012, p. 69). 

2.1.3 Relevant Housing Price Models  

There are several methods and models for calculating and predicting housing prices. Xiao (2017) 

divides the different methods into two groups: traditional and advanced methods. Among the 

traditional ones, you will find valuation methods such as comparison models, cost models, 

development/residual models, profits/accounts methods and capitalisation-to-income methods. 

Advanced methods include hedonic price modelling, artificial neural networks (ANN), case-based 

reasoning and spatial analysis methods. Institutions and economists have for many years, built 

models based on previously mentioned methods, and the most commonly applied model is the 

hedonic price model. A hedonic price model is used to estimate the extent to which each factor 

affects the price. The model relies on actual market prices and is flexible in its formation (Xiao, 2017). 

The methods in all the following housing models are classified as advanced methods. 

 

Next section seeks to briefly explain some of the relevant models for the Danish housing market 

developed by Statistics Denmark, Danmarks Nationalbank, OECD, and Nykredit. A list explaining 

the included variables is found in appendix C.  

 

ADAM 

The housing price model in ADAM was developed by Statistics Denmark. ADAM is a macroeconomic 

model that was first introduced in 1972 and is mainly used to assess the impact of economic policy 

regulations and short- and long-term financial projections (Statistics Denmark, 2013). 

 

The model introduced in this section is the version from 2009 and is based on statistics from 1972 

to 2006. The housing market model in ADAM includes housing prices as an endogenous variable, 

making the desired volume of housing equal to the actual volume. The model implies that prices 

respond faster than the supply (Plovsing and Olsen, 2012, p. 58). Additionally, the model suggests 

that housing prices are more responsive than volumes when the demand for houses differs from the 

actual housing stock. This is an effect of the fact that supply is fixed in the short term. The equation 

is presented below: 

 

Dlog(𝑃) = 𝛼0 + 𝛼1𝐷𝑙𝑜𝑔(𝑃𝐶𝑃) + 𝛼2𝐷𝑙𝑜𝑔(𝑓𝐶𝑝𝑢𝑥ℎ) + 𝛼3𝐷𝑖𝑓(𝑢) + 𝛼4𝑑06 − 𝛾 log (
𝐴𝐼𝐻−1

𝐴𝐼𝐻𝑤−1
) + 𝜀 
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Housing prices are determined by an error-correction equation, where the change in prices are 

determined by the lagged difference between wanted and actual housing stock, accompanied by 

changes in consumption and user cost (Plovsing and Olsen, 2012, p. 69). The supply of housing 

stock in the ADAM model is based on the Tobin’s Q relation. Tobin’s Q compares the development 

in housing prices to the development in construction costs and therefore works as an indicator of 

whether or not the housing market is over- or undervalued. Tobin’s Q is not directly included in the 

housing price model but is implemented in the equation through consumption. ADAM divides total 

private consumption into eight components, one of which reflects the housing stock (Plovsing and 

Olsen, 2012, p. 75). The model finds that housing prices are cyclical due to cyclical development in 

consumption. It also concludes that modelling the housing price in the 1970s was more 

comprehensive because it was more challenging to finance the sale of an existing dwelling than a 

newly built (Plovsing and Olsen, 2012, p. 60). Additionally, the model confirms a positive correlation 

between the level of Tobin’s Q and the change in housing stock. One of the model’s shortcomings 

was its inability to determine the housing prices in the 1970s due to explanation issues in regards to 

housing volume. Plovsing and Olsen (2012) recognise that the housing volume expanded rapidly in 

the early 1970s without causing large effects on housing prices (Plovsing and Olsen, 2012, p. 61). 

 

ADAM was not chosen in this thesis as the authors argue that annual data, compared to quarterly, 

provides less precise results. An example is the period between 2007 and 2010 where it was 

significant price movements almost daily. Consequently, quarterly data would better capture the 

fluctuations within the year. 

 

Hviid and Danmarks Nationalbank 

Danmarks Nationalbank has throughout the years built numerous models for explaining the 

fundamentals of the Danish housing market. The newest addition to the assortment is a model 

developed by Simon Juul Hviid in November 2017. Hviid includes factors with both short- and long-

term prospects. Additionally, he takes into consideration the regional differences by involving 

variables on demographics. What makes Hviid's model distinct from the other models is that the 

model is estimated on a panel of local prices, income, housing stock, user costs, supply elasticity 

and demographic compositions. Hviid's model explains the price development of each area by 

having all the explanatory variables varying from location to location. By doing so, he is able to 

explain some of the cross-sectional variations between the regions and finds, for instance, significant 

ripple effects from Copenhagen to other areas. 
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(Hviid, 2017, p. 6). 

Hviid’s motivation for developing this model was to find a model that compromises the idea that 

increasing housing prices in one geographic area will shift demand to other areas (Hviid, 2017, p. 

2).  

 

The development in housing prices as expressed by the Hviid's model builds on a standard Vector 

Autoregressive (VAR) model, which is clarified in the following. 

 

∆𝑃𝑖𝑡 = 𝑎𝑖+∝ 𝛽’𝑋𝑖𝑡 + ∑ 𝛾𝑗∆𝑃𝑖,𝑡−𝑗

𝐽

𝑗=1

+ ∑ 𝑌𝑗
∗∆𝑃𝑖,𝑡−𝑗

∗

𝐽

𝑗=1

+ ∑ Ψ𝑗�̃�𝑖,𝑡−𝑗

𝐽

𝑗=0

+ 𝜀𝑖𝑡  

 

The different variables express the price, disposable income, housing stock, user costs and minimum 

first-year payments. All variables are specific to each location and thereby resulting in different 

housing prices across the country. Price is the only channel in Hviid's housing price equation 

where the different regions are interconnected. 

 

Hviid found significant evidence of a ripple effect in both the short and the long run. This effect was 

strongest from Copenhagen to other regions compared to the other way around. Additionally, he 

identified that the sensitivity towards changes in fundamental factors such as housing stock, income, 

and user costs is higher in the Copenhagen area (Hviid, 2017). 

 

Hviid’s empirical model is comprehensive and provides significant results of regional price 

differences across geographic areas. Also, Hviid’s model is the newest addition to Danmark 

Nationalbank’s portfolio of housing models, which made it relevant to discuss the fundamentals of 

the model and its applicability.  However, the model was not applied in this thesis due to the decision 

of ignoring regional differences, as clarified in section 1.3.1. 

 

Arestis and González Housing Price Model for OECD Countries 

The housing price model developed by Philip Arestis and Ana Rosa González in 2013 tries to predict 

and explain the overall housing market by comparing and evaluating the development in the housing 

market in selected OECD countries. They have focused on a sample consisting of 18 OECD 

countries that allows them to conduct a comparative analysis amongst the most developed countries. 

The selection of countries was carefully chosen and differed in terms of the banking sector, taxation 

system, income and demographic factors. Denmark, Norway, the US, Italy, and Spain were included 
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(Arestis and González, 2013, p. 9). 

in the sample, among other countries (Arestis and González, 2013, p. 9). The fact that this model 

has an international scope distinguishes the model from the other models elaborated on in this 

section, including the applied housing price model. 

 

The fundamentals comprised in the model are disposable income, real residential investment, 

mortgage rates and demographics. The model also accounts for the behaviour of monetary 

authorities by including credit standards and taxation. 

 

Arestis and González built a vector error-correction model (VECM) to explain the housing prices. 

This is also an aspect of which this model distinguishes itself from the Dam et al. (2011) model. The 

model applied in the thesis is an error-correction model (ECM), which is a single equation. VECM 

consists of several ECMs, which implies that it either has more than two dependent variables (a 

multiple equation) or uses matrix notation (Magee, 2013). 

The model is specified in the equation below. 

 

∆𝑃𝐻 = 𝛽0 + ∑ 𝜑11∆𝑃𝐻𝑡−𝑖
+

𝑛

𝑖=1

∑ 𝜑12∆𝑋𝑡−𝑖 +

𝑛

𝑖=1

𝛼0𝐸𝑡−1 + 𝜀𝑡 

 

𝑃𝐻 expresses the real housing price, and 𝑋 is a vector that includes real disposable income, real 

residential investment, the volume of banking credit, mortgage rate, the ratio of tax on property, the 

rate of unemployment and the population. 

 

The result of Arestis and González’s model shows how the public authorities can influence the 

housing market, hereunder the importance of fiscal policy and its influence on demand. By altering 

income through taxation, they found that the public authority can steer the direction of demand. 

Personal taxes and subsidies, such as mortgage interest deductibility and public expenditures, along 

with taxes on properties, cannot be ignored as factors affecting the household's demand. In 

particular, a high level of personal and property taxes would discourage people from purchasing, 

and renting becomes more attractive. Another significant finding was the ineffectiveness of monetary 

policy in the form of interest rate manipulation. Consequently, the interest rates should be set as low 
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(Kyhl and Pedersen, 2009, p. 6). 

and stable as possible since the banking sector has to provide the liquidity needed to increase the 

supply without creating distortions (Arestis and González, 2013, p. 20). 

 

Even though the model might be well suited for explaining the impact of interest rates, which this 

thesis wants to examine, it is only to a small extent focusing on the differences between the OECD 

countries. It is argued that the development of the housing market in Denmark compared to Italy or 

Spain, for example, is very different from each other. Hence, drawing conclusions based on the 

average between these and other OECD countries included might not be the best estimation of the 

situation in Denmark. Additionally, the model puts a lot of attention on the collapse of the US housing 

market in 2007, which only explains the housing price development in Denmark to a certain extent. 

 

NORAH 

NORAH is an official regional housing price model developed by Nykredit Denmark in 2009. The 

model is an econometric model based on data from 1982 to 1998. It focuses on several fundamental 

economic factors and regional differences. The model aims to measure how changes in economic 

factors impact local housing prices. NORAH is applicable for explaining whether or not regional 

housing markets are unbalanced, meaning that prices have increased or decreased more than 

economic fundamentals can explain (Kyhl and Pedersen, 2009). 

 

The model is an equilibrium model with supply and demand. Variables included in the demand 

equation are real housing price, user costs, income, unemployment rate, demographics and housing 

stock. The supply side is based on Tobin's Q, which imply the relationship between the cost of 

building a new house and buying an existing house (P/C). The two equations are presented below. 

 

𝐷𝑒𝑚𝑎𝑛𝑑:       𝑃 = 𝑓(𝑈𝐶, 𝑌, 𝑈, 𝐷, 𝐻) 

𝑆𝑢𝑝𝑝𝑙𝑦:       𝐻 = 𝑔(𝑞) = 𝑔(𝑃/𝐶) 

 

 

The model’s test result showed that the housing market in Copenhagen in 2007 did not correspond 

to the model’s prediction. The housing prices in that time period increased more than the model 

could explain, and this unbalance led to downward pressure on the housing prices, according to the 
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findings. The model illustrates how identical shocks in interest rates have different effects in different 

regions, hereunder a ripple effect (Kyhl and Pedersen, 2009). The relevant time period applied in 

the model ranged from 1982 to 1998. This indicates that the effects on the housing market in the 

1970s and 2000s were not taken into consideration.  

 

Following the argumentation for deselecting Hviid’s housing price model, the NORAH model also 

focuses on how changes in economic factors impact regional housing prices, which is why it will not 

be applied. Additionally, NORAH's absence of explaining the price boom between 2004 and 2006 

makes it less appropriate in answering the problem statement.    

 

 

2.1.4 Danmarks Nationalbank’s Housing Price Model 

The housing price model applied in this thesis was developed in 2011 and is an extension of 

Danmarks Nationalbank’s housing price model, MONA, from 2003. MONA is a macroeconomic 

model that seeks to explain the fundamentals and relationships between several factors of demand, 

production, employment and wages and general price levels (Danmarks Nationalbank, 2003). 

Compared to the MONA model from 2003, the applied model from 2011 is better at accounting for 

shocks in the economy, such as the financial crisis in 2008. When the model from 2003 was created, 

the housing market in Denmark had only experienced shocks of a less severe degree than what it 

faced in subsequent years. Hence, the 2003 model was not created in a way that made it able to 

capture major upheavals. Conversely, when creating the MONA model in 2011, the impact of global 

financial shocks to the economy was better implemented in the model formation. Additionally, the 

introduction of interest-only loans in October 2003 impacted the housing market demand later on, 

which is also taken into consideration in the model from 2011. 

 

This specific housing model was chosen as it was developed for the Danish housing market, and 

hence would be the most appropriate and applicable out of the previously discussed models. One of 

the shortcomings of the model is that it only captures some of the extraordinary fluctuations in the 

housing prices in the period between 2004 and 2009. The model also has difficulties explaining the 

sudden “building boom” in the middle of 2000 (Dam et al., 2011). One last shortcoming is that the 

model does not include regional difference. However, the latter is disregarded in this thesis, thus, it 

does not impact the applicability of the model. 
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The housing price relation for single-family houses developed by Danmarks Nationalbank in 2011 is 

an error-correction model based on quarterly data. The expression “error-correction” originates from 

the fact that last-periods deviations, errors, in the long-run equilibrium impact the short-run dynamics 

(Stock and Watson, 2012, p. 693).  

The model takes into consideration both short-term effects on housing prices due to shocks in 

demand, and long-term impacts of changes in supply. According to Dam et al. (2003) and the MONA 

model, housing prices are defined by interest rates, disposable income and the housing stock (Dam 

et al., 2003, p. 41).  

 

The first two are reflected in the demand relation. The latter, housing stock, express the supply side 

and the long-term effect on housing prices. Housing stock also mirrors the investment in construction 

of houses, as the current housing stock is a result of the housing prices relative to the costs of 

construction. The relationship housing prices divided by costs are the primary influencer of the 

investment in housing. This relationship is also called Tobin's Q. The higher this ratio is, the more 

advantageous it is to build houses (Plovsing and Olsen, 2012, p. 69). An estimation for housing 

investment is not included in light of the thesis’ limitations. However, housing investment is reflected 

in the long-run relation between real income and housing stock in the housing price equation.  
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(Dam et al., 2011, p. 70). 

The long-term market demand depends on the disposable income, user cost, and first-year payment, 

in addition to the real housing price of single-family houses. The relation is presented in the following 

equation. 

 

𝐾𝐷 = 𝐹(𝑌, 𝑢, 𝑦, 𝑝ℎ) 

 

where 

 𝐾𝐷 reflects the demand  

𝑌 is the disposable income 

𝑢 is user cost, specified as 𝑢 = [(1 − 𝑡)𝑟30 − 𝜋] + 𝑠 + 𝑑 

 𝑟30 is the 30-year bond yield 

𝜋 captures inflation  

𝑠 is total housing taxes as a ratio of the entire housing stock calculated at market price 

𝑑 is repairs and depreciation, equal to 0 in the model  

𝑦 is first-year payment expressed by 𝑦 = (1 − 𝑡)𝑟𝑚𝑖𝑛 + 𝑠 + 𝑎𝑓𝑑𝑟𝑎𝑔  

𝑟𝑚𝑖𝑛 is the lowest possible bond yield 

𝑎𝑓𝑑𝑟𝑎𝑔 is the lowest possible repayments on a fully leveraged home purchase 

𝑝ℎ is the real housing prices 

 

First-year payment expresses the lowest amount that can be paid on a fully leveraged home 

purchase. Hence, in accordance with the equation, changes in interest rates and mortgage 

instalments will impact demand. This variable was not included in the old MONA model from 2003 

as the introduction of interest-only loans and importance of loans with adjustable rates originated 

after the finalisation of the model. The inclusion of this variable may be interpreted as Danmarks 

Nationalbank’s concern regarding these new initiatives introduced by the government. The first-year 

payment is adjusted for the introduction of short-term interest rates in the 4th quarter of 1999. The 

short-term interest rate is a weighted average of the rate of mortgage bonds with one- and two-years 

maturity. Prior to the 4th quarter of 1999, the interest rate applied in the equation for first-year 

payment is the rate of a 30-year mortgage bond.  
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(Dam et al., 2011, p. 72). 

The long-term housing price relation is formed by rewriting the equation for demand. By the use of 

logarithms, the housing price relation is explained by the linear equation presented below. 

 

𝑙𝑜𝑔 𝑝ℎ = 𝑎1𝑢 + 𝑎2𝑦 + 𝑎3𝜋ℎ + 𝑎4log (𝑌/𝐾) + 𝑎5 

 

In line with economic theory, the variables 𝑎1 and 𝑎2 are expected to be negative, while 𝑎3 and 𝑎4 

are expected to impact housing prices positively. To capture the short-term effect on market demand, 

the model was extended to include the lagged change in real housing price and the total change in 

interest rate after tax and property tax. The change in interest rate after tax and property tax was 

only relevant until the end of the 1990s. This is taken into account by including a dummy variable.  

 

Danmarks Nationalbank’s housing price model is not unique in the sense that it does not include 

numerous new variables or has a significantly higher explanation ratio compared to the other 

considered models. In fact, there are several similarities between the beforementioned models and 

the applied model. One of the similarities between ADAM and the applied model is that most of the 

data are estimated on national accounts data, and not separated into regions (Statistics Denmark, 

2013). The main difference between the applied model and the housing price model in ADAM is the 

fact that the applied model is based on quarterly data, while ADAM is based on annually. This makes 

MONA a better model when it comes to short-term dynamics. Additionally, the ADAM model is very 

comprehensive and detailed, which would make it more difficult to manipulate and hence achieve 

the objective of this thesis.  

 

When comparing Hviid’s model to the applied one, a similarity between them was the inclusion of 

minimum first-year payment as an explanatory variable. However, the inclusion of this variable might 

be reasoned by the fact that Hviid's model is formed on the basis of Danmarks Nationalbank.    

 

Nevertheless, for the purpose of this thesis, the housing price model from 2011 was the best fit as it 

was developed for Danish housing market and was easily adjustable. 
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2.2 Monetary Policy and the Official Bank Rate  

2.2.1 Monetary Policy and the Official Bank Rate as its Instrument  

The main goal of conducting monetary policy is to ensure price stability, which requires a low level 

of inflation (Olney, 2011, p. 221). Monetary policy is regulated through money supply and official 

bank interest rates set by central banks. A central bank cannot control both money stock and interest 

rate at the same time (Burda and Wyplosz, 2009, p. 217). In the case where the derived market 

demand for money increases, the central bank has two choices in order to obtain market equilibrium. 

Either altering the interest rate and keep an unchanged monetary base or sustaining the interest rate 

level and provide a higher quantity of money. If the derived money demand decreases, the opposite 

is true. It is most common among modern central banks to control the interest rate (Olney, 2011, p. 

219). One of the explanations for this is that controlling the money stock is vastly resource consuming 

and is therefore not highly applicable for most small-sized countries.  

 

The level of the official bank rate is a result of interbank movements and not a direct consequence 

of central bank directives. A central bank announces which target official bank rate it desires and 

subsequently provides its interbank market the exact required amount of liquidity needed to obtain 

this rate (Burda and Wyplosz, 2009, p. 218). This is administered through open market operations. 

For instance, if Danmarks Nationalbank wants to increase the official bank rate, it must enforce a 

reduction of the money reserves volume. This can be done by ceasing a renewal of the loans 

commercial banks have outstanding in the bank. These loans are of short duration and are issued 

with no guarantee of renewal, permitting flexibility to the monetary policy (Burda and Wyplosz, 2009, 

p. 218-219). Additionally, these loans are only redeemed in exchange for high-quality collateral, 

which evidently leaves the central bank with minimum risk of losing money and enables them to lend 

out to the lowest risk in the country (Burda and Wyplosz, 2009, p. 219). When commercial banks are 

prevented from taking up central bank loans, their reserves get limited, which in turn constraints their 

ability to accommodate the public’s demand for money. Supply of money becomes lower than 

demand for money, pushing the price for money – the interest rate – upwards. A higher interest rate 

and lower money stock represent a contractionary monetary policy. This type of policy is applied 

when the central bank wants to counter too high levels of inflation. In the opposite case, when the 

central bank wants to take action against too low levels of inflation, an expansionary monetary policy 

is applied (“The ECB`s negative interest rate”, 2014). 
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The central bank strives to attain stable prices as its primary objective, however, macroeconomic 

theory suggests that money is not neutral in the short run, as it is assumed in the long run (Burda 

and Wyplosz, 2009, p. 220). This implies that the change in money stock enforced through monetary 

policy affects real variables, such as factors related to production and labour, and not just nominal 

variables, such as price levels, wages and exchange rates. In a narrow time period of one to two 

years, an expansionary monetary policy will lead to an increase in output and employment. 

Contrariwise, a contractionary monetary policy will cause output to slow down and employment to 

decrease. This fact indicates that central banks must concern themselves with economic activity in 

addition to price stability. To conclude, it can be argued that monetary policy works through affecting 

the interest rate in the short run, which mainly impacts economic activity. Over the long run, however, 

monetary policy works through influencing the growth of money, which mainly affects inflation (Burda 

and Wyplosz, 2009, p. 221). 

  

Historically, central banks have applied several instruments and targets in order to conduct an 

appropriate monetary policy. In the 1950s and 1960s, the main goal was to keep a low and steady 

interest rate, as this was perceived as the foundation of economic growth (Burda and Wyplosz, 2009, 

p. 221). Some economists claim that this conduct was guilty of the evolvement of the high inflation 

rates that appeared in the following decade. Others argue that this occurred because central banks 

were ignorant regarding the impact of inflation at this point in time. The reactionary trend that followed 

was targeting money growth, which implies that central banks influence the money stock through 

both direct and indirect regulations. Direct regulation entails regulation of the circulation of currency 

in the market, whereas indirect regulation means regulation of bank deposits through deciding the 

volume of commercial bank reserves (Burda and Wyplosz, 2009, p. 221). Targeting money growth 

enables central banks to decide on a money growth rate that is consistent with the long-term goal of 

inflation rate. This reactionary strategy is argued to be the reason behind the successful disinflation 

in the 1980s. Nevertheless, it was forsaken few years after for the benefit of an inflation targeting 

strategy. The reasoning behind the inflation targeting strategy is for central banks to determine the 

best, future inflation rate of their ability and move the interest rate to achieve the wanted inflation 

rate (Olney, 2011, p. 222). This strategy is widely used today, yet some of the world’s largest central 

banks, including the European Central Bank (ECB), do not swear to it, or at least do not publicly 

acknowledge it (Burda and Wyplosz, 2009, p. 223).  

 

History reveals that it is hard to find an expedient long-term strategy for the central banks to follow. 

One aspect to this is the fact that central banks are independent institutions that do not face 
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democratic sanctions if they make mistakes, as opposed to governments in relation to conducting 

fiscal policy (Burda and Wyplosz, 2009, p. 223). Hence, central banks can easily become too 

complacent in their position and mismanagement may occur without greater consequences.  

 

 

2.2.2 Targeting Interest Rates and the Taylor Rule 

In order to conduct an inflation-target strategy, the interest rate is the central bank’s most important 

tool. When the central bank observes rising inflation, it will set actions in motion to raise the interest 

rate. Financial markets will react to this news, inducing the currency to rise somewhat, thereby 

lowering the net exports after a while and constraining investment. Consequently, business 

equipment, construction industries, in addition to businesses and workers in export will experience 

lower revenues that eventually affect the consumer sector. As a result, GDP decreases and the 

economy will experience a pressure on prices. However, this pressure is somewhat eased by the 

reduced pressure on the labour market and wages (Olney, 2011, p. 276). The central bank will lower 

the inflation level, though at the cost of a diminished growth in GDP and employment than what 

otherwise would have been without its actions. 

 

When the central bank comes to the conclusion that the economy is slowing down or is in a recession 

while also experiencing a low inflation rate, it will reduce the interest rate level. The reverse events 

will take place when the central bank raises the official bank rate to fight inflation. The currency gets 

weakened and net exports increase. Investment spending will increase, causing consumption to 

increase as well. More output is produced, improving income and demand for workers. The 

unemployment rate fall and the pressure on wages and prices expands. The central bank will have 

alleviated the slowdown, though through allowing inflation to increase and unemployment to fall 

(Olney, 2011, p. 276-277).  

 

It could be argued that the central bank has a neutral interest rate in the sense of a base value it 

tends to return back to. After fighting rising inflation levels through altering the interest rate and the 

goal of stabilising the economy is achieved, the central bank will lower the interest rate back to this 

neutral level. Likewise, when the central bank has introduced a lower interest rate to ease a 

recession, it will subsequently raise it to the neutral rate after the slowdown officially has passed. 

Thus, to properly interpret an interest rate move imposed by the central bank, the analyst must take 
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the whole macroeconomic situation into consideration, as he or she cannot conclude directly from 

an increase or decline of the interest level itself. 

 

The American economist at Stanford University, John B. Taylor, has delved into the thematic of the 

optimal strategy of monetary policy and published well-recognised reflections dealing with 

observations of actual central bank behaviour (Burda and Wyplosz, 2009, p. 223). He proposed the 

relationship rule for determination of the official bank rate stated in the following.  

 

𝐼𝑛𝑡𝑒𝑟𝑒𝑠𝑡 𝑅𝑎𝑡𝑒 𝑇𝑎𝑟𝑔𝑒𝑡 =  𝑁𝑒𝑢𝑡𝑟𝑎𝑙 𝐼𝑛𝑡𝑒𝑟𝑒𝑠𝑡 𝑅𝑎𝑡𝑒 + 𝛼(𝐴𝑐𝑡𝑢𝑎𝑙 − 𝐺𝑜𝑎𝑙 𝐼𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛 𝑅𝑎𝑡𝑒) + 

𝛽(𝐴𝑐𝑡𝑢𝑎𝑙 − 𝐺𝑜𝑎𝑙 𝐺𝐷𝑃 𝐺𝑟𝑜𝑤𝑡ℎ 𝑅𝑎𝑡𝑒) 

(Olney, 2011, p. 277). 

 

The equation explains the interest rate target as a result of the deviations of the actual inflation rate 

in the economy from a targeted inflation rate (the inflation gap), the actual output growth rate from a 

targeted output growth rate (the output gap), and the value of the neutral interest rate. Both the 

inflation rate goal and the goal of output growth rate are measures set by the central bank with the 

motivation of retaining stable prices. The central bank undertakes monetary policy to realise these 

goals. The inflation gap is a measure that directly tells something about the price level whereas the 

output gap is included as an expression for the pressure the economy is under, thereby revealing 

information about future growth in prices and expenditures (Lønning and Olsen, 2000, p. 107). The 

equation indicates that the interest rate target increases as long as inflation is higher than its goal or 

as long as real output, in terms of real GDP, exceeds the target output level. The constants 𝛼 and 𝛽 

represent the weight that is put on fighting respectively inflation and slow GDP growth. On one 

extreme, there can be a heavy weight on the importance of fighting inflation and little on output 

growth, as the cost of low GDP growth is of little concern to the central bank. This extreme would be 

expressed through a large value of 𝛼 relative to that of 𝛽, which implies that deviations of inflation 

from its goal will cause bigger changes in the interest rate than a large output gap (Olney, 2011, p. 

278). Conversely, another extreme includes a higher willingness to accept great levels of inflation if 

the alternative is a deterioration of unemployment. In this case, 𝛽 will be larger relative to 𝛼, causing 

deviations of inflation from its goal to generate smaller alterations in the interest rate than deviations 

of GDP growth from its goal (Olney, 2011, p. 278).  
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The equation has been named the Taylor rule and is defined as an instrument rule. Instrument rules 

stand in contrast to targeting rules where the central bank considers a given monetary policy target, 

often expressed as a loss function, and then establishes the official bank rate as the value that 

minimises this loss (Lønning and Olsen, 2000, p. 107). An instrument rule, on the other hand, 

expresses the official bank rate (or another monetary policy instrument) as an explicit function of a 

limited amount of information available at the time of the decision. In other words, it specifies a direct 

relationship between the monetary policy instrument and the variables the central bank wants to 

influence. As it only depends on a small number of variables, instrument rules are defined as simple 

rules, as opposed to targeting rules, which are defined as optimum rules (Lønning and Olsen, 2000, 

p. 108).  

 

The simplicity makes the Taylor rule easy to interpret and might be evidence of its great popularity. 

Although Taylor in 1993 developed the equation on the basis of American monetary policy, it has 

gained broad adoption worldwide due to its ability to accurately describe the contexts of other 

countries’ monetary policies as well (Lønning and Olsen, 2000, p. 109). The rule can be applied as 

an instrument when making interest rate decisions or as a guide when determining the rate. 

Moreover, it can be used for performance or comparison reasons (Lønning and Olsen, 2000, p. 113). 

Nonetheless, it is important to remember that the Taylor rule is a backward-looking equation by 

definition, which thereby stands in contrast to the forward-looking approaches utilised by central 

banks when determining the interest rate level. Hence, moderations are needed in order to directly 

apply the rule for policy decision-making in real-time (Taylor, 1999, p. 320). The simplicity of the rule 

can also be categorised as its greatest weakness, as it ignores several factors that might impact the 

interest rate level. This aspect underlines the fact that interpretations of Taylor rates should be 

treated with this in mind, ensuring that the analyst understands the complexity of the macroeconomic 

contexts involved. 

 

In the traditional debate covering rules versus discretion in economic theory, rules are often 

associated with a passive monetary policy that does not try to ease economic shocks, while 

discretionary policy attempts to ease shocks through an active monetary policy (Lønning and Olsen, 

2000, p. 107). Taylor (1993) claims that there are several examples of strategies on how the interest 

rate systematically should react to different economic shocks in modern literature. Furthermore, 

theory on monetary policy rules bases its fundament on the perception that it is highly desirable with 

a systematic reaction pattern in order to create credibility among all economic agents. Taylor (1993) 

supports this view but points out that it is important that the rules are applied with discretion. The 
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Taylor rule was initially not intended as a classic monetary policy rule for central banks to follow but 

rather a method to evaluate past interest rate performance and monetary policy execution. 

 

 

2.2.3 Monetary Policy in Denmark  

 

Danmarks Nationalbank, the central bank of Denmark, is responsible for conducting the country’s 

monetary policy. As most other central banks, it states that its main objective is to ensure stable 

prices in the meaning of low inflation (Danmarks Nationalbank, 2009, p. 1). This is done through a 

fixed-exchange-rate policy where the purpose is to keep the Danish krone constant against the euro. 

Danmarks Nationalbank is part of the European Exchange Rate Mechanism agreement, which 

entitles the bank to set the central rate at 746.038 kroner per 100 euro with a fluctuation that does 

not range more than 2.25 percentage points up or down ("Monetary And Exchange-Rate Policy", 

2017). In contrast to countries that make use of fluctuating-exchange-rates and hereby use monetary 

policy to manage business cycles, the monetary policy in a fixed-exchange-rate system, like in 

Denmark, is alone reserved to keep a steady exchange rate relative to the foreign currency. This 

denotes that all other requirements that must be satisfied in order to achieve a stable economic 

development rest with the fiscal policy exercised by the government (Danmarks Nationalbank, 2009, 

p. 3). 

 

In practice, the fixed-exchange-rate policy means that Danmarks Nationalbank is strained to change 

its interest rates relative to those of ECB, which in turn impacts the exchange rate between the krone 

and the euro. Smaller fluctuations in the krone exchange rate are corrected with interventions, where 

Denmark’s central bank purchases and sells foreign currency in exchange for kroner (Danmarks 

Nationalbank, 2009, p. 10). When the central bank makes purchases of this kind, the krone has a 

tendency to weaken and when it sells foreign currency, the krone has a tendency to strengthen. 

More permanent tendencies to strengthen or weaken the krone are handled through a one-sided 

change in the interest rate level. If the value of the krone drops, Danmarks Nationalbank can 

compensate by increasing its interest rate relative to ECB’s interest rate, as it is more favourable to 

invest in kroner when the interest rate is higher (“Monetary And Exchange-Rate Policy”, 2017). 

Contrariwise, an appreciation of the krone can be mitigated with lower interest rates. The primary 

reasoning for a little economy as Denmark to peg its currency to the euro is to ensure that the country 

over time has the same current inflation level and expectations of future inflation levels as the euro 

area (Danmarks Nationalbank, 2009, p. 8). If the Danish inflation rate is higher than in the euro area, 
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Denmark’s competitiveness towards other countries will be impaired, all other things being equal. As 

a consequence, employment in sectors trading with foreign markets gets restricted, which decrease 

growth in wages and price levels. Eventually, this will lead the inflation to gradually reach the euro 

area level again. On the other hand, a lower Danish inflation relative to the rest of the countries in 

the EU will improve employment in these sectors, leading to an upward pressure on Danish inflation 

until the euro area level once again is reached. The fixed-exchange-rate policy requires a stable 

currency area in which forms the foundation for the domestic currency to be held constant against 

the foreign currency. It is a prerequisite that ECB’s monetary policy is focused on price stability, in 

line with the Danish orientation (Danmarks Nationalbank, 2009, p. 10). Due to the strong dependency 

on the euro area interest rate, Denmark’s monetary policy is indirectly influenced by the financial and 

economic conditions in the EU. However, despite the fact that Denmark is not a member of the euro 

area, Danmarks Nationalbank has a voice through the European System of Central Banks (ESCB) 

on equal footing with other non-euro EU member states. ESCB has a voice on certain, selected 

topics regarding the objective of price stability in EU, and hence has somewhat influence on the 

Eurosystem’s decisions, which is the monetary policy authority of the euro area (“Danmarks 

Nationalbank's Role in the ECB and in the EU's Economic and Financial Cooperation”, 2015). 

 

Danmarks Nationalbank provides four official monetary policy interest rates, which are the current-

account rate, the certificates of deposit rate, the lending rate and the discount rate (“Official Bank 

Rates”, 2016). These are the interest rates at which the central bank’s lending and placement 

facilities to financial institutions are offered to. The term “the official bank rate” is in this thesis used 

as a collective concept to represent the key interest rate the central bank applies to signal or 

implement its monetary policy standpoint, as outlined in the limitation section 1.3.1. The discount 

rate is officially defined as a signal rate for all the monetary policy interest rates (Danmarks 

Nationalbank, 2009, p. 22). However, being a signal rate means that the discount rate is not an 

actual, but just a symbolic interest rate intended to give a sense of the monetary policy stance. 

Additionally, this rate was last updated in 2012, as the certificates of deposit rate serves just as well 

in its service (“Official Bank Rates”, 2016). The certificates of deposit rate and the lending rate were 

identical prior to 2009, before Danmarks Nationalbank introduced a small marginal between the two 

rates. It was since this point in time the certificates of deposit rate became the actual governing 

interest rate (Spange and Toftdahl, 2014, p. 49). Data on the certificates of deposit rate (and the 

lending rate) were obtained only back to the 2nd quarter in 1992. Consequently, the denomination 

“the official bank rate” is in this thesis represented by the certificates of deposit rate in the period 

from the 2nd quarter in 1992 to 2nd quarter in 2017, while it is represented by the discount rate in the 
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period between 1st quarter in 1973 and 1st quarter 1992. The official bank rate over the estimation 

period is plotted in figure 4. 

 

 

Figure 4: Denmark’s official bank rate from 1973Q1 to 2017Q2 (Statistics Denmark and authors’ own 
creation). 

 

The fluctuations in the official bank rate are indications of significant events in Denmark’s financial 

and economic history that have had an impact on the country’s monetary policy 3 . Denmark 

participated in the Bretton Woods fixed-exchange-rate system for 25 years before it broke down in 

1971 (Abildgren, 2005, p. 9). Bretton Woods was an international monetary system with the US dollar 

as reserve currency, and its collapse destabilised many European markets, including the Danish. 

This became evident through unusually high levels of inflation and interest rates. After the 

breakdown, Denmark became a member of the European exchange-rate-cooperation through the 

Currency Snake and later the European Exchange Rate Mechanism (ERM) (Abildgren, 2005, p. 10). 

The cooperation was carried out with the main purpose of moderating exchange rate fluctuations 

and obtaining monetary stability within European countries. This was conducted through a semi-

pegged exchange rate system, where the domestic currencies only were allowed to fluctuate within 

a certain band of margins against a basket of European currencies named the European Currency 

Unit (ECU). However, as the Deutsche mark operated as the anchor currency for the ECU, there 

                                                   
3 It is underlined that the clear level difference in the period before the mid-1990s and after might be 

enhanced by the fact that the official bank rate is created as a combination of two different interest rates. 
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was no real difference between pegging a currency against the one or the other. In the last period 

of the 1970s and the beginning of the 1980s, the economic situation in Denmark became highly 

undesirable. Oil price shocks and devaluations of the krone caused a continuously growing trend in 

inflation, in addition to an increasing gap in long-term interest rates between the country and its most 

central trading partners (Abildgren, 2005, p. 10). The unemployment rate and the inflation rate both 

reached levels of 10 %, and the growth in wages was unable to follow the growth in price levels 

(Danmarks Nationalbank, 2009, p. 11). This led to a fall in real wages. Government debt got enlarged 

rapidly and the interest rate on long-term government bonds exceeded 20 % and thus bypassed the 

interest rate on long-term mortgage bonds for the first time since World War I (Abildgren, 2005, p. 

10). The situation spread fear of state bankruptcy. From 1979 to 1981 the krone had devaluated by 

20 % against the Deutsche mark, and in 1982 the incoming government proclaimed that Denmark 

would no longer exercise adjustment of the exchange rate as an economic policy instrument 

(Danmarks Nationalbank, 2009, p. 11). Other restrictive political initiatives were also introduced. In 

1987, the last realignments of the central parity for the krone against the Deutsche mark took place, 

before a pure hard-pegged exchange rate between the currencies was adopted4. The credibility of 

the monetary policy grew among the public, despite the fact that it early faced resistance from 

devaluations of essential trading partners and the ERM breakdown in 1992. The collapse of the ERM 

caused tensions on European markets and entailed severe consequences for all involved member 

states. The fixed-exchange-rate system, a gradual improvement in the government budget, and 

diminishing inflation rates on an international level contributed to lower inflation and interest rates in 

Denmark from mid-1990s (Abildgren, 2005, p. 10). However, there was a slow growth in the 

economy, several crises in the bank world, and significant fluctuations in the krone, particular 

between 1993 and 1995 (Danmarks Nationalbank, 2009, p. 11). Nevertheless, the central bank and 

Denmark managed to keep the krone steady through the currency crises happening in the 1990s. In 

1999, Denmark joined the new European Exchange Rate Mechanism (ERM II) as a non-euro country 

and the euro was introduced as a replacement of the Deutsche mark in the fixed-exchange-rate 

system (“Foreign-Exchange-Rate Policy and ERM 2”, 2015).  

 

With the invention of Internet followed the establishment of thousands of so-called dotcom-firms, in 

which became vastly popular investment objects. Many of the start-ups proved to have little real 

value and the increasing prices were mostly based on expectations, leading to an IT-bubble burst in 

early 2000 ("Dot Com-Boblen”, 2015). Numerous firms went bankrupt and investors lost large sums, 

                                                   
4 Despite the political announcement of a fixed-exchange-rate policy in 1982, the exchange rate between the 

Danish krone and the Deutsche mark was altered 3 % in early 1987 (Danmarks Nationalbank, 1987, p. 2).  
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which caused instability on the financial markets throughout 2002. In the years after, the Danish 

economy experienced a healthy development with modest unemployment rates, declining inflation, 

growing disposable income for households, and a low interest rate. This was true for many countries 

and in the US, the banks began to provide more lenient and riskier lending policies. When housing 

prices started falling from 2007, house owners lost values and opportunities for repayment of loans 

(Praet, 2017). This led to massive bankruptcies, which spread to financial institutions before the 

whole global financial system panicked and froze. The world economy was in a severe recession 

until 2010, affecting Denmark with closures of banks, generally dwindling economic activity, high 

unemployment, and low consumption. The rising price levels were tried encountered by increased 

interest levels. Within EU, the financial crisis evolved into the European sovereign debt crisis. 

Collapse of financial institutions, high government debts, and rapidly growing bond yields spreads in 

government securities, impacted ECB’s monetary policy significantly and indirectly affected the 

Danish monetary policy (Acharyaa et al., 2017, p. 1). Loss of confidence in European businesses 

and economies arose, causing grave problems for the financial system and central banks. A 

continuously declining inflation with price levels below 1 % was fought with continuously lowered 

interest rates, however now met with less efficient effect due to complex market dynamics (Praet, 

2017). In mid-2016, the United Kingdom voted to leave EU and later that year, the Italian banking 

sector broke down. Both circumstances fuelled the instabilities on the European markets. ECB 

reduced the interest rate to a historically low level in order to motivate and stabilise the economy 

further. Besides, they resorted to the use of unconventional policy measures (Acharyaa et al., 2017, 

p. 5). This evidently led to exceptionally low interest rate levels in Denmark throughout 2017.   

 

 

2.2.4 The Taylor Rule’s Application in Denmark  

This thesis wants to enlighten the difference in housing prices in Denmark when the official bank 

rate is changed. This is exemplified through the application of an official bank rate that is determined 

on the basis of the Taylor rule, referred to as the Taylor rate. The reasoning behind choosing this 

rule is that it is argued to be a good approximation of an interest rate that fits business cycles well. 

In countries where this rule-based policy is conducted, Taylor rate levels are estimated based on 

historical data. Denmark has not conducted a monetary policy that can be argued to have followed 

a rule-based approach. Consequently, Ravn (2012) claims that in theory, it is not rational to estimate 

the parameters included in a Taylor rate approximation for Denmark using historical records. He 

suggests an alternative approach where the Taylor rate is estimated for the euro area but applied 

for Denmark, as the country has conducted a monetary policy where the Danish krone has been 



Monetary Policy and Housing Prices                                                        Cathrine Kaalstad and Maja Fornebo 

 

45 
 

depended on different European currencies for decades (Ravn, 2012, p. 26). Nevertheless, the main 

purpose of the thesis is to study the specific impact on historical data by the application of an 

approach that is capable of describing the Danish business cycle and not just the actual 

development. Two different methods based on historical data for Denmark are therefore applied to 

determine the best-suited Taylor rate. However, this is done using strictly selected parameters based 

on reflected arguments in order for the estimation to best fit Danish circumstances. It is important to 

keep in mind that a Taylor rule-based monetary policy would likely have led to significantly different 

effects in most economic factors in Denmark, which are hard to approximate with maximum 

accuracy. Nonetheless, on the basis of this knowledge, this thesis will attempt to point out the main 

properties that would have been present if Denmark conducted such a monetary policy.  

 

 

2.2.5 Estimation of the Taylor Rule 

The Taylor rule equation from section 2.2.2 can be rewritten in mathematical terms as stated in the 

following.   

 

𝑖𝑡 = 𝑟∗ + 𝑝𝑡 + 𝛼(𝑝𝑡 − 𝑝∗) + 𝛽(𝑌 − 𝑌∗) 

(Taylor, 1993, p. 323). 

 

where 

𝑖𝑡 is the short-term nominal interest rate 

𝑟∗ is the neutral real interest rate 

𝑝𝑡 is the actual inflation rate  

(𝑝𝑡 − 𝑝∗) is the inflation gap 

(𝑌 − 𝑌∗) is the output gap  

𝛼 and 𝛽 are the response coefficients expressing the weight on the inflation gap and output 
gap, respectively. 𝛼 is equal to (1 + ℎ). 

 

The equation implies that when the inflation rate is equal to its specified target and the level of output 

is equal to its target value, the Taylor rate is equal to the neutral nominal interest rate, which includes 

the neutral real interest rate plus the inflation rate (Lønning and Olsen, 2000, p. 109). However, as 

long as either inflation or output level deviates either positively or negatively from their target values 
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set by the central bank, these factors will affect the short-term interest rate set by the central bank, 

according to the Taylor rule. The degree of impact from inflation and output depends on the values 

of alpha and beta. Alpha represents the expression (1 + ℎ). Assuming an output gap of zero, a 

response coefficient on the inflation gap above one ensures that an increase in inflation will lead to 

a rise in the real interest rate, which enables a stabilising monetary policy. Conversely, a response 

coefficient less than one will lead to a perpetually growing inflation, which facilitates an inefficient 

policy. This is due to the fact that a response coefficient below one will bring about a reduction in the 

real interest rate, which in turn activates demand and henceforth put upward pressure on inflation 

(Taylor, 1999, p. 331). This is a central condition to the Taylor rule and is called “the Taylor principle”. 

For the Taylor principle to hold, ℎ has to be greater than zero.  

 

In his first article regarding central banks’ most optimal determination of official bank rates published 

in 1993, Taylor claimed that it was preferable to allocate some weight on real output in addition to 

the price level. This was because his studies demonstrated that a simple price rule proved insufficient 

for the purpose of steering monetary markets (Taylor, 1993, p. 202). However, there was no 

consensus regarding the value of one weight relative to the other, except the fact that they would 

expect to differ in different policy regimes but in most of the regimes the weights would both be 

positive (Taylor, 1999, p. 323). He set alpha to 0.5 and beta to 0.5 on the basis of the argument that 

these coefficients “are round numbers made for easy discussion” (Taylor, 1993, p. 202). Somewhat 

surprisingly, the rule equation describes the actual, historical policy performance in the US 

extraordinarily well. Nonetheless, Brayton et al. (1997), Ball (1997), and other theorists argued that 

the response coefficient on the output gap should be larger and suggested a value closer to one. 

This led Taylor (1999) to publish a revised article of the Taylor rule, where beta was altered to 1, 

keeping all other factors at their original 1993-levels5. In practice, the two different approaches share 

many characteristics and have provided usable results to use for monetary policy purposes. 

Nevertheless, the revised Taylor rule equation from 1999 has proven to better soothe output and 

inflation in several macroeconomic models other than the Taylor rule from 1993 (Kahn, 2012, p. 10).  

In this thesis, the Taylor rate was estimated on the basis of equations from both 1993 and 1999 in 

order to find the one that best suited the Danish actual data. This means that a regression including 

constant alpha and beta values of respectively 0.5 and 0.5 was first run, and then a regression with 

alpha unchanged at 0.5 and beta equal to 1 was run. Taylor’s original suggestions set aside, it is 

also possible to estimate the values of alpha and beta. Despite Ravn’s (2012) argument concerning 

                                                   
5 Taylor expressed in his article from 1999 that this was not his preferred rule as he refers to it as being 

“suggested by others” (Taylor, 1999, p. 325). This thesis will regardless denote the equation as the Taylor 
rule of 1999. 
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inefficient outcomes when estimating Taylor rates on historical data for Denmark and not the euro 

area, this thesis provides results from econometric analyses where alpha and beta are estimated on 

the basis of such data. The reasoning for this is to thoroughly study the Taylor rule’s application 

opportunities and its best fit for Danish circumstances.   

 

The Neutral Real Interest Rate 

In a working paper published by Danmarks Nationalbank, the neutral real interest rate is defined as 

an expression for the steady state of the natural real interest rate, indicating that the natural rate 

settles to the neutral rate when temporary shocks in the economy have died out (Pedersen, 2015, 

p. 4). The neutral real interest rate can, therefore, be characterised as the interest rate that yields 

price stability, as it does not contribute with an increase or a decrease in the growth of price and 

expenditure levels in the economy (Lønning and Olsen, 200, p. 109).  

 

As the Taylor rule implies, the neutral real interest rate affects the Taylor rate in a one-to-one 

relationship, and its value is thereby crucial to the outcome of the Taylor rate approximation. The 

downside to this is that neutral real interest rate is unobservable and changes over time, which 

makes it hard to determine accurately (Lønning and Olsen, 2000, p. 109). 

 

Due to the high uncertainty associated with determining the neutral real interest rate, economists 

have resorted two methods that include estimations of floating rates. One way to do this is to derive 

a trend level for the real rate of interest by applying a Hodrick-Prescott filtering technique6. The trend 

level is obtained to work as a synthetic neutral real interest rate under the assumption that the true 

value of real interest fluctuates around its long-run neutral level (Belke and Klose, 2009, p. 4). 

Although it may contribute to superior results compared to a constant rate, this approach is evaluated 

as highly simplistic and somewhat unreliable. Thus, floating-rate estimation is not considered worth 

the time or resources in this thesis.  

 

Conversely, the thesis will assume a constant real neutral interest rate estimate over the considered 

estimation period. Lønning and Olsen (2000) portray the determination of the input variable as 

virtually arbitrary and they, therefore, claim to only present “illustrative” variables in their Taylor 

                                                   
6 See the paragraph denoted The Output Gap. 
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estimations7. Taylor (1993) applied 2 % in his original estimations intended for the US, which Ravn 

(2012) supports in the case of Denmark. Hence, in light of the estimate’s associated uncertainty and 

the lack of weighty sources, an illustrative level of 2 % seems reasonable in this thesis' Taylor rate 

estimations. 

 

The Inflation Gap  

In the estimation of the Taylor rate, the inflation gap denotes the percentage deviation of actual 

inflation from a target value. The measure of inflation to include in the Taylor rate equation may vary 

and the choice should be carefully considered. Taylor (1993) made use of the GDP deflator in this 

regard. GDP deflators rely on national accounts data and these data are often revised substantially 

(Ravn, 2012, p. 27). This weakens the suitability of the measure. The standard Consumer Price 

Index (CPI) might be applied. However, some American economists swear to the Personal 

Consumption Expenditures (PCE) index over the CPI, as PCE indices are less affected by the 

imputed rent of owner-occupied housing (Ravn, 2012, p. 27). In a Danish context, the PCE index 

might be translated into the EU-harmonised consumer price index (HICP). Unfortunately, data from 

this index is only accessible for a limited time period, which does not cover the scope of the 

estimation period applied in this thesis.  As a replacement, the deflator for total private consumption 

(PCP) is applied as the measure of inflation. This price index includes five subcomponents; car-

purchase deflator, housing, travel expenditures, travel receipts, and finally other consumption, where 

the latter is by far the greatest. Danmarks Nationalbank employs PCP as their primary estimate for 

inflation, which makes it reasonable to apply PCP in this thesis (Dam et al., 2011, 73).  

 

In his published articles Taylor points out a critique concerning the technicality of policy rules as an 

obstacle for the rules’ widespread application. A quarterly time period, which is traditionally used in 

policy evaluations, is probably too short to average out brief fluctuations because of elements such 

as changes in commodity prices and alike. However, a quarter is too long to hold the official bank 

rate constant between adjustments. This is true, for instance, in situations where the economy is 

entering a recession, and rapid interest rate reductions are required. In this regard, Taylor suggests 

utilising a moving average over the price level for a number of quarters to smooth out temporary 

price fluctuations and mitigate this issue (Taylor, 1993, p. 196). Nevertheless, he further argued that 

such modifications to the model would make the policy rule more complex and more difficult to 

                                                   
7 Lønning and Olsen (2000) apply values of 3 % and 4 %, however these are not viewed as directly 

applicable for Denmark and are thus not emphasised.  
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understand and did not apply them himself as he wanted a model that was as straightforward as 

possible.  

 

The inflation target is set by the central bank and is the inflation rate that is anticipated to assure a 

stable price level. Taylor (1993) suggested a constant inflation target of 2 % for the American 

economy. Norges Bank in Norway states that they aim at an inflation level “close to 2.5 %” (Norges 

Bank, 2006). ECB conducts a monetary policy for the euro area that includes an inflation target of 

below, but close to 2 % in the medium run, which implies that an estimate of 2 % seems reasonable 

to assume for Denmark (“Monetary Policy”, 2018). In light of the Taylor rate equation, this indicates 

that an increase in inflation above this target of 2 % will lead to a rise in the official bank rate. In the 

opposite case, it will lead to a decline in the official bank rate.  

 

Some economists would claim that a constant inflation target for the estimation period that this thesis 

covers is unrealistic and would suggest including a floating inflation target instead (Crowder, 1996). 

This argument is supported when evaluating the development of actual inflation in Denmark in the 

period 1973 to 2017 illustrated in figure 21 in appendix D. It is, for instance, difficult to defend an 

inflation target of 2 % in the 1970s and the 1980s where inflation was exceptionally volatile but 

reached levels of around 12 %. However, an inflation target is not an actual value that can be 

estimated back in time and there are few records of historic target values, which lead this to be 

speculations. Using a floating inflation target might, in theory, enhance accuracy. This could be 

estimated through the use of different filtering techniques. Nevertheless, there are few recognised 

and precise methods on how to do this. Hence, this thesis will rely on the application of a constant 

rate.  
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The Output Gap 

The output gap designates the percentage deviation of the output level from a potential output value, 

also referred to as the natural output level (Ravn, 2012, p. 26). Thus, the output gap is an expression 

for the economy’s ability to exploit maximum capacity in regards to production. Deviations from the 

potential occur due to natural and institutional limitations in the economy. An increased pressure on 

demand may, for instance, translate into higher production in the short run, which initiates the actual 

output level to exceed the potential output level, thus leading to a positive output gap. The output 

gap is calculated as stated in the following formula. 

 

𝑂𝑢𝑡𝑝𝑢𝑡𝐴𝑐𝑡𝑢𝑎𝑙 − 𝑂𝑢𝑡𝑝𝑢𝑡𝑃𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙

𝑂𝑢𝑡𝑝𝑢𝑡𝑃𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙
 

(Taylor, 1993, p. 202). 

Potential output is a non-observable value and is challenging to estimate. Different estimation 

techniques can provide distinctive results, which can be crucial for the final outcome of the Taylor 

rule (Frøyland and Nymoen, 2000, p. 22).  

 

GDP is the market value of the sum of all produced products and services and is a natural estimate 

to apply in order to analyse output. The long-term trend in GDP is often used as the expression for 

potential output. Taylor (1993) anticipated a constant growth rate over the estimation period and was 

then able to compute potential output as a linear trend in GDP. This method is however not 

extensively accepted among economists due to its strict and simplistic assumption.  

 

A more recognised approach is to calculate trend GDP on the basis of historical records of GDP 

through the use of a Hodrick-Prescott (HP) filter (Lønning and Olsen, 2000, p. 110). This technique 

deducts actual GDP from its underlying trend over the estimation period. In contrast to a constant 

growth rate, this approach will, therefore, provide a trend growth rate for GDP that is closer to its true 

value as potential GDP is affected by fundamental factors in the economy in which varies over time. 

The HP filtering technique is based on the assumption that actual GDP fluctuates around potential 

GDP in the long run. The method further presumes a decomposition of time series, 𝑌𝑡, into a trend 

component, 𝑈𝑡, and a cyclical component, 𝐶𝑡 (Frøyland and Nymoen, 2000, p. 23). 

𝑌𝑡 = 𝑈𝑡 + 𝐶𝑡 
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Henceforth, the method enables a distinction between temporal and permanent components in a 

times series. More technically, trend GDP is calculated through the minimisation of the equation 

stated in the following, where all variables are given in logarithmic terms.  

𝑀𝑖𝑛{𝑦𝑡
∗}𝑡=−1

𝑇  [∑(𝑦𝑡 − 𝑦𝑡
∗)2 + 𝜆 ∑[(𝑦𝑡

∗ − 𝑦𝑡−1
∗ ) − (𝑦𝑡−1

∗ − 𝑦𝑡−2
∗ )]2

𝑇

𝑡=1

𝑇

𝑡=1

] 

(Frøyland and Nymoen, 2000, p. 23). 

 

where 

𝑦𝑡 is actual GDP 

𝑦𝑡
∗ is trend GDP  

𝜆  is the smoothening parameter 

 

The first part of the equation minimises the quadratic deviation of actual and trend GDP. This can 

only be done under the restriction of GDP that constitutes the second part, limiting the variation 

range of potential production. Lambda, 𝜆, is a positive parameter that determines the scale of trend 

GDP, also denoted the smoothening parameter (Frøyland and Nymoen, 2000, p. 23). If this 

parameter is equal to zero, all adjustments in actual GDP can be interpreted as adjustments in the 

production potential. Contrariwise, if this parameter approaches eternity it will lead the trend to grow 

towards the average for the estimation period, i.e. trend GDP becomes a linear trend.  

 

The HP filtering technique is the preferred method of this thesis, despite its recognised weaknesses. 

As the HP filter is calculated on the basis of one single time series, namely the actual GDP, the 

method is criticised for disregarding other factors that possibly impact potential output. This might 

be factors such as inflation and unemployment rates. Additionally, the use of HP filters requires the 

analyst to choose a value of the smoothing parameter in advance and this determination has been 

criticised for having little foundation in economic theory (Ravn, 2012, p. 28). There are, however, 

different suggestions on how to determine lambda. One of them is to decide a lambda parameter 

that provides a desired value of the relationship between the variance of trend GDP and actual GDP 

(Frøyland and Nymoen, 2000, p. 23). Another approach is to decide a lambda parameter that 

provides the same variance in trend GDP in several countries. A third possibility is for the analyst to 

determine lambda so that trend GDP stands in line with his or her intuition regarding cyclical 

movements. Hodrick and Prescott (1997) themselves proposed a lambda of 1,600 for quarterly data, 

which seem to have become an international standard. The HP method also has a weakness in the 
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fact that economic fluctuations in the last part of the calculation may be granted too large weight in 

the computation of trend GDP compared to prior fluctuations (Frøyland and Nymoen, 2000, p. 23). 

 

Instead of estimating potential output through the use of a HP filtering technique, it can be expressed 

through a function that consists of variables representing underlying conditions in the economy 

(Lønning and Olsen, 2000, p. 110). The trend levels of employment, capital, and accessible 

technology are included in a specified product function. Potential output thereby represents the 

economy’s demand side, which gets determined by these mentioned input factors (Frøyland and 

Nymoen, 2000, p. 24). One of the benefits of the product function method is that it spreads the total 

effect on potential production on each of the input factors. On the other hand, determination of the 

input factors carries excessive uncertainties and the method is highly data-intensive, which make 

this approach less applicable in the case of this thesis (Frøyland and Nymoen, 2000, p. 24). 

 

Real-time versus Revised Data 

The decision of whether to use real-time or revised data may cause significant effects on estimation 

results. National accounts data and inflation are often subject to revisions. Applying revised data is 

common when the researcher wants to understand how the situation is today, based on historical 

data. Using revised data helps reducing uncertainty in relation to forecasting future values, as revised 

data does not rely on forecasting (Ravn, 2012, p. 37-38). If the objective were to investigate what 

would have happened in the future if Denmark had implemented a Taylor rule, the use of real-time 

data would be most accurate. In relation to this thesis’ aim, revised data is preferred and used to 

answer the problem statement. This is because the authors want to examine how the description of 

the historical development in housing prices would differ from the actual development when 

prescribed by a Taylor rate. 

 

 

2.3 The Taylor Rule in the Housing Price Model 

In the housing price model, both short-term and long-term lending rates are included, as they are 

factors that directly influence the level of housing prices. These are the average rates that are offered 

by banks in Denmark to the public in order to meet its demand for holding loans to finance their 

house purchases. Accordingly, the official bank rate set by Danmarks Nationalbank influences on 

the level of these interest rates, which in turn is decisive for the housing prices. This can be referred 
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to as the penetration effect of the official bank rate on interest rates. This thesis seeks to implement 

the Taylor rate as a proxy for the actual official bank rate in order to examine the reaction in housing 

prices. However, as the official bank rate is not directly included in the housing price model but only 

indirectly through the lending rates, the relationship between these rates must be determined.   

 

The reason other interest rates deviate from the official bank rate in nature is owed to costs 

associated with financing loans to the public for banks, in addition to their risk of doing so (Mandsberg 

et al., 2016, p. 51). However, the deviation is not constant over time, which suggest that the 

difference between the rates is further explained by other dynamics. There is no clear theoretical 

verification on the official bank rate’s influence on lending rates offered by banks, i.e. there is not 

one current perception of the relationship between short- and long-term interest rates. However, 

there are three main observable facts in regards to this (Rømer, 2011). The first fact states that 

short- and long-term interest rates tend to follow each other, suggesting that the short-term rate is 

high if the long-term rate is high and vice versa. The second observable fact is that short-term rates 

fluctuate more than long-term rates. Lastly, financial instruments with long maturities do in general 

lie at a higher level than those with shorter maturities. This constitutes the third fact. In the attempt 

to explain the three observable facts, several economic theories have emerged. In the following, 

three of these will be elaborated on.  

 

The expectations theory suggests that investors have no preferences when it comes to maturity as 

long as his or her return on the financial instrument is the same (Rømer, 2011). Consequently, it is 

the expectations of future short-term rates that determine the long-term rates. This explains the fact 

that interest rates follow each other, as a change in the expectation of the short-term rate directly 

changes the long-term interest rate. Further, the expectations theory also justifies the frequent 

fluctuations in interest rates for financial instruments with short maturities relative to those with long 

ones. This is because short-term rates are weighted averages of fewer future rates than what long-

term rates are (Rømer, 2011). The expectations theory still fails to fully explain the last observable 

fact about the relationship between short- and long-term rates. It complies with the observable fact 

when the investor expects a rising interest rate in the future relative to the current. Yet, it is not 

reasonable to assume that this is always the case, as an investor would expect a declining future 

interest rate just as often as the opposite.  
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The theory of the divided market stands in contrast to the expectations theory, as it only justifies the 

latter of the observed facts. According to this theory, financial instruments with different maturities 

are defined as total opposites that cannot substitute one another (Rømer, 2011). Interest rates are 

therefore the results of supply and demand for the individual financial instruments. Short-term rates 

are preferable due to lower risk levels. This increases the price of their associated financial 

instruments and leads to a decline in the interest rate. Thus, short-term interest rates are in nature 

lower than long-term interest rates. Nevertheless, the theory of the divided market suggests that 

interest rates do not move together in light of the fact that it assumes financial instruments are not 

substitutes. This same reason disproves that short-term rates fluctuate more than long-term ones, 

as rates are independent of each other and should be able to move equally much up and down. This 

contradicts observable evidence. 

 

The theory of the liquidity premium explains interest rate behaviour as a matter of premiums, where 

it assumes that investors prefer secure liquidity (Rømer, 2011). Since long-term financial instruments 

carry more risks, investors require higher premiums in order to invest in these. Thus, with longer 

maturities follows higher compensations, which rationalise why long-term interest rates generally are 

higher than short-term rates. This theory fails to explain both the common movement and fluctuation 

of interest rates.  

 

All three theories contribute to a justification of the three observable facts about interest rate 

behaviour. However, as the expectations theory is the most intuitive and analytical of them, this 

thesis will emphasise this hypothesis.  

 

Mandsberg, Autrup and Risbjerg (2016) have published some findings regarding the penetration 

effect of the official bank rate on lending rates on behalf of Danmarks Nationalbank. These findings 

act as a supplement to the three aforementioned observable facts. The findings reveal that long-

term rates do not fall as much as short-term rates under economic recessions, in line with the 

expectations theory (Mandsberg et al., 2016, p. 53). The deviating performance is described as a 

consequence of an overall heightening of risk. An increase in risk leads financial institutions to 

require higher compensations. These compensations are presented in terms of an additional 

interest, which is imposed on borrowers on top of the “normal” interest rate level at non-recession 

states. The findings do not present evidence that lending rates necessarily rise less than the official 

bank rate in cyclical upturns. Nonetheless, Mandsberg, Autrup and Risbjerg (2016) provide results 
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of a more tenacious behaviour of the long-term rate compared to the short-term rate. When banks 

perceive Danmarks Nationalbank’s alterations of the official bank rate as temporary, it is less likely 

that they transfer them to the lending rates they offer. Banks await action until it is clear that the 

modification is more permanent. For instance, confirmed when the central bank declares a further 

alteration in the same direction. The awaiting is partially explained by high adaptions costs and 

incomplete competition on the market for financial institutions (Mandsberg et al., 2016, p. 53). 

Another finding Mandsberg, Autrup and Risbjerg (2016) provide is that a negative official bank rate 

does not in itself initiate a lower penetration effect on lending rates (Mandsberg et al., 2016, p. 56). 

 

2.3.2 The Taylor Rule as a Proxy of the Official Bank Rate in the Housing Price Model 

 

This thesis examines interest rate behaviour through replacing actual lending rates with proxies that 

are calculated on the basis of a Taylor rate-estimation, in order to say something about interest rates’ 

effect on the housing market. As the Taylor rate is not directly included in the housing price model, 

a determination of the relationship between the Taylor rate and interest rates intended as proxies is 

required. It can be concluded based on the argumentation in section 2.3.1 that this relationship is 

complex in nature and depends upon compound dynamics in the economy. Thus, it is not easy to 

calculate accurate proxies and such a process would probably cause more error than correctness. 

In order to mitigate this problem but still stipulate a sensible proxy for the official bank rate, constant 

spreads between the official bank rate and interest rates are assumed. The aim of this thesis is not 

to provide precise figures for the difference between the Taylor rate and the utilised lending rates, 

nevertheless to provide an overall understanding of how the historical development in housing prices 

could be described by a Taylor rule. Thus, it seems reasonable to introduce a fixed relationship 

rather than an adjusted one. Even though the relationship is considerably more complex than what 

a fixed difference would allow to represent, this assumption enables a practical and feasible 

approach to apply as a tool to answer the thesis’ problem statement.  

 

The constant introduced in the estimation to determine the synthetic long-term lending rate is 

calculated as the average difference between the actual official bank rate and the actual long-term 

lending rate. This average value is added to the estimated Taylor rate and appears in that way as 

the interest rate for long-term mortgage bonds offered by banks on average. The same procedure is 

repeated for the synthetic short-term interest rate. However, in light of the fact that the relevant short-

term interest rate affected the market first in 2000, the average for this interest rate is calculated from 

2000 to mid-2017. This short-term average is hence only applicable in this restrictive time period, 
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which is why the synthetic short-term interest rate in principle solely accounts for these years. Prior 

to that, it will equal the long-term interest rate, corresponding to the actual observable data. This is 

in line with the procedure conducted in the original housing price model. 

 

 

2.4 Section Conclusion 

In order to provide the reader with essential theory relevant for the following sections, an analysis of 

the housing market in Denmark and its dynamics as well as monetary policy, hereunder the official 

bank rate and the Taylor rule, was presented.   

 

The theory section established that the historical housing market in Denmark to a large extent was 

affected by both the national and world economy. The housing prices tended to reflect market trends 

and events, such as oil crises, and the financial crisis. Disposable income, total housing stock, and 

user cost were identified as important drivers for the housing market, and fluctuations in these 

variables were largely mirrored in the direction of the housing prices. Furthermore, the most 

appropriate housing price model was argued to be Danmarks Nationalbank’s housing price model 

from 2011, denoted the modified MONA model. This model was considered the most suitable due 

to its straightforwardness and aim to describe the national prices as opposed to regional prices. 

Additionally, the model was adjustable in terms of inputs, which was important for the thesis’ aim of 

implementing new and synthetic interest rates based on a Taylor approximation of the official bank 

rate.  

 

In relation to monetary policy, it was elaborated on the fact that Denmark has pegged its currency to 

the euro, meaning that the central bank of Denmark changes its official bank rate in line with changes 

under the auspices of ECB. The Danish krone is required to change within a certain fluctuation band 

from the euro, and this is ensured through intervention and interest rate adjustment conducted by 

Danmarks Nationalbank.  

 

The relationship between the short- and long-term interest rates of mortgage bonds was discussed 

in relation to three different theories. The thesis concluded that the most appropriate theory in terms 

of implementing synthetic interest rates to a housing price model was the expectations theory. This 

theory suggests that it is the expectations of future short-term interest rates that determine the long 



Monetary Policy and Housing Prices                                                        Cathrine Kaalstad and Maja Fornebo 

 

57 
 

interest rates. The theory section emphasised that the thesis examines interest rate behaviour 

through replacing actual lending rates with proxies that are calculated on the basis of a Taylor rate-

estimation, in order to say something about interest rates’ effect on the housing market. It stressed 

that the aim was not to present evidence of how the development in housing prices would have been 

if the monetary policy followed a Taylor rule-inspired strategy at the time of conduction. 
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3 Empirical Analysis 

 

The empirical analysis entails several estimations and discussions of their results. The first 

estimation was conducted for the actual housing price relation, after that, the Taylor rate was 

estimated. The Taylor rate estimation included determination of statistically estimated reaction 

coefficients, in addition to computations of both the Taylor 1993 and 1999 rates, which are 

determined with fixed reaction coefficients in accordance with the Taylor rule. The empirical analysis 

furthermore comprises an elaboration of the determination of synthetic interest rates that enabled 

the Taylor rule to be included in the housing price model. This combined estimation is denoted the 

modified housing price model and is the last estimation that is discussed in this section. 

 

3.1 Introduction to Statistical Approaches  

The estimation regressions and computations used quarterly input data from 1st quarter 1973 to 2nd 

quarter 2017 retrieved from Danmarks Nationalbank’s database. The data was given in seasonally 

adjusted terms, which is applied to avoid bias from repetitive time specific fluctuations. All 

regressions were run as ordinary least squares (OLS) models. The OLS approach assumes that the 

regression model is linear in parameters and that the observation results from random sampling, 

hereunder the unlikeness of large outliers. Moreover, the use of OLS requires that condition of no 

multicollinearity is met and that the conditional mean equals zero (Stock and Watson, 2012, p. 169).  

 

Issues in relation to spurious correlation were taken into account when the regressions were run. A 

stationary time series ensures that statistical properties such as mean, variance and autocorrelation 

structures are held constant over time and hence removes these issues (Stock and Watson, 2012, 

p. 597). Performing an Augmented Dickey-Fuller (ADF) test is one way to identify spurious 

correlation. This test is one of the most commonly used tests to detect unit roots and the credibility 

of the test result increase with the number of observations in most cases (Arltová and Fedorová, 

2016). The null hypothesis of an ADF test claims that the variable has a unit root, meaning that the 

time series exhibit a stochastic trend. This indicates that the time series shows an unpredictable 

systematic pattern and can, therefore, be described as a “random walk with drift” (“Trend-Stationary 

vs. Difference-Stationary Processes”, 2018). The alternative hypothesis is that the time series has 

no stochastic trend and is stationary. In relation to trend, it is essential to distinguish between 

deterministic trend and stochastic trend (Nielsen, 2005). A time series with a deterministic trend 

always return to the trend in the long run and may be linear in time, implying that the effect of a shock 
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is eventually eliminated. Contrariwise, a time series with a stochastic trend will never revert to the 

trend, indicating that the impact of the shock has a permanent effect on the time series. The 

distinction between deterministic and stochastic trends is outlined in appendix E, along with an 

explanation of how the ADF tests were executed.  

 

ADF tests were conducted to check for unit roots in each of the variables included in the estimations 

presented in this thesis. In the testing, it was taken into account whether or not the variable contained 

a deterministic trend. Nevertheless, the ADF test results were only considered an indication of the 

status of stationarity. This is because the test is disputed and criticised because of its low power, 

which implies that the test tends to reject the null hypothesis (Stock and Watson, 2012, p. 598). 

Consequently, perceptions of the presence of stochastic trends were supported by economic 

intuitions for each of the input variables. For instance, if a causal relationship is considered 

compelling, it is not reasonable to reject the null hypothesis even though the ADF test results state 

the opposite. In cases where stochastic trends were deemed to be present, the variable was 

detrended by differencing the time series until it became stationary. 

 

Some of the treated input variables can with a foundation in economic theory reasonably be argued 

to work more explanatory of the depended variable when lags are included in the model (Stock and 

Watson, 2012, p. 594). This is due to the fact that including historical observations can help explain 

the impending development of the variable. However, integrating lags of a variable can cause 

residuals to be serially correlated, which violates one of the OLS assumptions. Hence, this has to be 

investigated and taken into account when inclusion of lagged variables is found reasonable.  An 

automatic ARIMA modelling was applied to support the choice of lag lengths. Additionally, 

observations of the variables' Autocorrelation function (ACF) and Partial autocorrelation function 

(PACF) plots were assessed. The automatic ARIMA combines unit root tests and minimizes the 

Akaike's information criterion (AIC) to determine the best-suited ARIMA model for the time series 

(Hyndman and Athanasopoulos, 2013).  

 

The Variance Inflation Factor (VIF) is a measure of multicollinearity in multiple regressions. 

Multicollinearity can cause problems as variables influence each other and do not appear 

independently. Consequently, having multicollinearity makes it difficult to assess how much each 

variable impacts the dependent variable. Severe multicollinearity can make the variable highly 

sensitive to minor changes, which in turn gives unstable coefficient estimates. VIF indicates to what 
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extent multicollinearity is present in a regression. A value of five or above implies multicollinearity 

(Frost, 2013). 

 

Durbin-Watson tests were applied to detect autocorrelation in regression estimation residuals. The 

statistical results are always between null and four, where a value around two indicates no 

autocorrelation. Autocorrelated residuals suggest that error terms contain predictive content for the 

model. Hence, the estimated model’s explanatory power is deteriorated in the presence of 

autocorrelation as the information is caught up in the residuals (Frost, 2012). It should be mentioned 

that the authors are aware that this is a low power test, like the previously described ADF test. 

 

To determine whether or not the included time series are useful in predicting the housing prices and 

interest rates, a Granger causality test was performed on all input variables. Granger causality 

statistic provides evidence for or against a rejection of a null hypothesis that claims that the 

investigated independent variable has no predictable content for the dependent variable (Stock and 

Watson, 2012, p. 580). Accordingly, Granger causality tests are conducted separately for all 

independent variables against a dependent variable. It is important to note that although test results 

may not exhibit signs of predictive content, the variable can entail valuable information for the full 

model specification. It is important to notify that the Granger causality test does not explain a cause-

and-effect relationship. The test enables a justification of the impact of the historical observations of 

the dependent variable on the independent variable and also the other way around (Leamer, 1985).  

 

The last test, Cook’s Distance (Cook’s D), was applied to identify influential outliers. Influential 

outliers can distort the outcome and accuracy of the model. An observation with a Cook’s D value 

greater than three times the mean might be an outlier. A Cook's D test measures, in reality, the effect 

of deleting an observation (Cook, 1977, p. 16). A higher value indicates a more substantial impact 

on the model outcome when this observation is deleted.  

 

Explanations of the most important test results, in addition to elaborations on estimation processes 

and findings, are presented in the following sub-sections. 
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3.2 Results 

3.2.1 The Actual Housing Price Model 

The variables included in the actual housing price model were selected in accordance with the 

original model described in section 2.1.4. These variables were subsequently included in the 

regression equation stated in the following. 

 

 

𝑙𝑜𝑔𝑃𝐻 =  𝛼0 + 𝛼1𝐷𝑙𝑜𝑔 (
𝐾𝑃

𝑃𝐶𝑃
) + 𝛼2(𝑅𝐸𝑁𝑇𝐸𝑀𝐼𝑁 + 𝑆𝑆𝐴𝑇𝑆 + 𝐴𝐹𝐷𝑅)

+ 𝛼3𝐷(𝑅𝐸𝑁𝑇𝐸30 + 𝑆𝑆𝐴𝑇𝑆)𝐷𝐵98𝐾4 + 𝛼4(𝑅𝐸𝑁𝑇𝐸30 + 𝑆𝑆𝐴𝑇𝑆 − 𝐷𝑃𝐶𝑃𝐸 − 𝐷𝑅𝐾𝑃𝐸)

+ 𝛼5 (log (
𝑌𝐷𝐻

𝑃𝐶𝑃
) − log (𝐴𝐼𝐻)) + 𝜀  

(Dam et al., 2011, p. 72). 

where 

𝑃𝐻 is the change in real housing prices  

𝐾𝑃 is the price of single-family houses 

 𝑃𝐶𝑃 is a deflator of private consumption 

 𝑅𝐸𝑁𝑇𝐸𝑀𝐼𝑁 is the lowest possible bond yield 

 𝑆𝑆𝐴𝑇𝑆 is total housing taxes  

 𝐴𝐹𝐷𝑅 is the lowest possible repayments 

 𝑅𝐸𝑁𝑇𝐸30 is the 30-year bond yield 

 𝐷𝐵98𝐾4 is a dummy variable that is 1 until 3rd quarter 1998 and 0 afterwards 

 𝐷𝑃𝐶𝑃𝐸 is the expected inflation 

 𝐷𝑅𝐾𝑃𝐸 is the expected change in housing prices 

 𝑌𝐷𝐻 is the households’ disposable income 

 𝐴𝐼𝐻 is housing stock 

𝜀 is the error term 

 

The OLS regression was run on stationary input variables. The test results are stated in the table 

below.  
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 Figure 5: Housing price model with actual interest rates (authors’ own creation). 

 

To further explain the dynamics of the actual housing price model, the creation of all included 

variables are elaborated on one by one in the following sub-sections, in addition to their individual 

coefficient estimate value.  

 

Lagged Change in Real Housing Price  

The variable lagged change in real housing price consisted of the 2004-indexed price of sold single-

family houses relative to the private consumption deflator lagged one quarter. The regressor was 

given in logarithmic terms. The variable was expected to work explanatory for the depended variable, 

as historical changes in real housing prices is assumed determinative for future real housing prices. 

The ADF test on the differentiated variable revealed no signs of a unit root. However, economic 

theory would claim that there is a significant trend in the change in housing prices, as outlined in 

2.1.2. Observing housing prices on the market would clearly show signs of trend mirroring economic 

conditions. The coefficient estimate was highly significant even at a 1 % level. This result could be 

said to be expected according to the argument that next the previous period's price is the best guess 

for the next period’s price. Increasing the lagged change in real housing prices by 1 % would cause 

a rise in the depended variable by approximately 0.56 %.  

 

First-year Payment  

First-year payment has had an impact on the housing prices as it reflects the household's costs the 

first year. The effect of short-term interest rates, the introduction of adjustable-rate mortgages and 

the mortgage instalment relief combined have impacted the housing demand. Property tax was also 

included in the equation for first-year payment. It is worth repeating that the impact of frozen property 

taxation has had a larger impact on the first-year payment and user cost in the larger cities than on 

a national level (Dam et al., 2011, p. 2). Reducing the first-year payment through adjustable-rate 

Variable Name Coefficient Std.Error t-value p-value

Lagged change in real housing price Dlog(KP/PCP)- 1 0.55750 0.05280 10.559 <2E-16 ***

First-year payment RENTEMIN+SSATS+AFDR -1.88565 0.38895 -4.848 2.86E-06 ***

Change in interest and property taxation rate D(RENTE30+SSATS)*DB98K4 -1.17290 0.32556 -3.603 0.000416 ***

User cost (RENTE30+SSATS-DPCPE-DRKPE)- 4 -0.19675 0.09376 -2.098 0.037393 *

Disposable income relative to housing stock (log(YDH/PCP)-log(AIH))- 6 0.04542 0.02563 1.772 0.07826 .

Constant 0.04788 0.02706 1.769 0.078723 .

Signif. Codes:    0.001 '***'       0.01 '**'       0.05 '*'        0.1 '.'

Estimation period: 1973Q1-2017Q2             R-squared: 0.5805             Adjusted R-squared: 0.5677                      

Change in Real Housing Prices - Actual Housing Price Model
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mortgages and instalment reliefs have made it possible for more people to raise loans and hence, 

the demand for houses has amplified. According to Danmarks Nationalbank, the effect of reducing 

the first-year payment helped explain 60 % of housing demand from the beginning of 2000 to the 

2008 financial crisis (Dam et al., 2011, p. 14).  

 

The importance and effect of the inclusion of the first-year payment variable in a housing price model 

is a topic for discussion. The variable was not included in the MONA model from 2003, but the model 

as of 2011 emphasises first-year payment as an important component in housing price development. 

The time period in which the housing price model was constructed can be argued to be characterised 

with a liberalisation of the financial market. The liberalisation helped to increase the flexibility in 

relation to financing home purchases, hereunder, an option of reducing the first-year payment (Dam 

et al., 2011, p. 6). In later times, the central bank of Denmark's prominent focus on this variable has 

led to a discussion about the importance of first-year payment in relation to housing prices. Still, the 

variable exhibited a significant and negative effect on housing prices based on the estimation output. 

 

Both economic intuition and statistic tests support an assumption of a stochastic trend. This was 

justified by the fact that the reduction of first-year payment in the beginning of 2000 clearly led to a 

subsequently lower variable level from this point in time, among other things. The unit root was 

therefore adjusted for. As mentioned in the paragraph above, the variable was highly significant, 

even at a 99 % confidence level. The negative impact on housing prices was expected as an increase 

in the first-year payment involve a higher expense for the buyers and likely a reduction in demand. 

If first-year payment were to rise by 1 %, it would cause a negative effect on real housing prices by 

1.89 %. 

 

The Granger causality test of first-year payment was conducted by using only one lag. The number 

of lags is usually decided through information criteria such as AIC (Grosche, 2014, p. 287). The 

result of the Granger causality test displayed a F-value of 0.15 and a probability of 0.7. This means 

according to the test, that first-year payment was not a useful predictor of housing prices. For 

variables with a short-term effect on housing prices, the result of no Granger causality is a typical 

result. Granger tests are sensitive to the specification and estimation of the time series and may 

display wrong conclusions in relation to the null hypothesis in cases where the dependent variable 

is highly volatile. Additionally, the Granger causality test has proved to fail when the relationship 

between the regressors in the simple regression is non-linear (Grosche, 2014, p. 293). All of these 
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factors may be argued to be present in the relationship between first-year payment and housing 

prices, and hence, the result that first-year payment did not Granger-cause housing prices was not 

surprising.  

 

Change in Interest and Property Tax Rate  

The combined interest rate and property tax rate variable was an expression for the total difference 

in the bond yield after tax and the imputed rate of property tax (Dam et al., 2011, p. 75). This variable 

had short-term impacts on the housing prices in several periods from 1972 until late 1990’s. 

However, the impact of this variable was proved to be insignificant after the 4th quarter of 1998, and 

the variable's influence was therefore eliminated after that point in time through a dummy variable.  

 

A unit root test showed no signs of stochastic trend. The coefficient was significant at a 1 % level 

and had a negative impact on real housing prices. If the variable increased by 1 %, the change real 

housing prices would decrease by -1.17 %. As substantiated in the previous paragraph, the effect of 

this variable was only visible until the end of 1998. The real housing prices in the following time 

periods were not affected by the interest and property tax rate variable. 

 

The result of the Granger causality test showed no signs of predictability. Based on the theory 

section, this conclusion appears to be incorrect. Both literature and observations of historical 

development show that the housing prices decrease in time periods of high interest rates due to a 

lower demand caused by a higher cost of debt. The test results were therefore disregarded, which 

is justified by the weakness argument of this type of test. 

 

User Cost  

The user cost variable in the original housing price model includes the interest rate of a mortgage 

bond with 30 years of maturity, the property tax rate, and the expected inflation. However, 

constructing the user cost variable in accordance with this did not result in statistical significance. 

This was true even though the variable was adjusted with correct differentiation and lags based on 

statistical evaluations. 
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To make user cost statistically significant, the variable for the expected change in housing prices 

(DRKPE) was included. This decision was made in accordance with the argumentation that the user 

cost variable should take future price expectations into account (Dam et al., 2003, p. 15). The 

expected change in housing prices was implemented in addition to the expected change in inflation, 

as predictions related to future housing price changes can be perceived as a determinant for 

households’ user cost. The user cost equation is presented in figure 5. 

 

The variable displayed signs of a unit root and time trend. In order to make the variable a better fit 

to the model and solve the unit root problem, the time series was lagged and de-trended through 

taking its first difference. The variable was eventually significant at a 95 % confidence level with a 

coefficient of approximately -0.20. The negative sign of user cost was expected as an increase in 

the cost of investing and keeping a house decrease the price people would be willing or able to pay. 

 

The Granger causality test of the relationship between user cost and housing prices showed that 

user cost had no predictive content for housing prices even when including several periods. Though, 

in the case of the user cost variable, the argument of how the variable was constructed can be an 

influencer of why the variable is not Granger-causing housing prices. This is because complex 

combinations of variables can be a source of insignificant Granger test result. 

 

Disposable Income Relative to Housing Stock  

The disposable income in relation to housing stock variable reflected the long-term effect on real 

housing prices. The variable consisted of two parts, where the first part represented households’ 

disposable income relative to private consumption, while the second part was the relevant housing 

stock, expressed as accumulated net housing investment. 

 

Disposable income relative to housing stock comprised the error-correction term of the error-

correction model that made up the applied housing price model. One of the features of the error term 

is that it involves two or more time series with stochastic trends that move together so closely over 

the long run that they appear to have a common trend (Stock and Watson, 2012, p. 691). Hence, it 

was vital to investigate whether or not the variables disposable income relative to private 

consumption and housing stock were co-integrated. The error-correction model proposes that if the 

two time series are co-integrated, the trend can be removed by subtracting one of the terms, or parts 
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of the term, from the other. By doing so, the trend in both terms should be eliminated, and the result 

is a spread exhibiting no trend (Stock and Watson, 2012, p. 691).  

 

To assess whether or not disposable income relative to private consumption and housing stock had 

a common stochastic trend, it was conducted an Engle-Granger Augmented Dickey-Fuller test (EG-

ADF test). The procedure of an EG-ADF test is a Dickey-Fuller t-test on the residuals with an 

intercept and no time trend. The residuals were based on a model where disposable income relative 

to consumption acted as the dependent variable and housing stock as the independent variable. 

Even though the test result displayed an absence of a common stochastic trend in the two time 

series8, economic intuition and visible interpretation revealed a different result. It is reasonable to 

expect that a similar increasing trend would be observed in housing stock when disposable income 

relative to consumption increase. This is due to the fact that if the ratio of disposable income relative 

to consumption rises, it implies that people have a more substantial purchasing power. An improved 

purchasing power induces higher demand and consequently higher prices. Higher prices make it 

more profitable for investors to construct new houses, which increase the future housing stock. A 

graph illustrating the development of disposable income relative to private consumption against 

housing stock is presented below. 

 

Figure 6: The variable describing the long-term relation in the housing price model (1973Q1-2017Q2). 

                                                   
8 This finding is aligned with the results of ADF tests conducted on the individual time series, where it was 

only detected a unit root in disposable income and not in housing stock.  
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The estimated coefficient for disposable income relative to housing stock was significant at a 10 % 

level. Comparing the outcome to the original housing price estimates found by Dam et al. (2011), 

the identical coefficient was only significant at a 10 % as well. Consequently, this indicates that the 

obtained estimate for the long-term relation coefficient was acceptable. The coefficient had a positive 

sign, which means that an increase in the variable would lead to a growth in housing prices. In other 

words, if the ratio of disposable income relative to private consumption is greater than the 

accumulated net housing investment, it causes an increase in housing prices. This is in line with 

economic intuition, as an improvement in income level will induce more people to enter the housing 

market and thereby put pressure on prices. The coefficient of the long-term variable was 0.05, 

indicating that an increase in this variable of 1 % would cause an increase in the change of real 

housing prices of 0.05 %. It is sensible to expect a lower percentage change in the long-term variable 

compared to the short-term variables, as stated in section 2.1.4.  

 

A Granger causality test of the long-term was expected to indicate a rejection of the null hypothesis. 

The reasoning for this argument is based on the content of the variable. The variable reflects the 

long-term effect on real housing prices and is the error-correction term in the model. Clearly, past 

values of this variable should contain information that is useful for forecasting changes in housing 

prices. However, the Granger causality test presented a p-value above 50 % when including six 

periods back in time, indicating that the null hypothesis of no predictability was true. 

 

The Constant 

If all independent variables were zero at the same time, the intercept would be the expected mean 

value of the change in real housing prices. However, it is highly unlikely that all the variables are 

zero simultaneously, so the intercept in the model is argued to have no real intrinsic power. The 

constant term of the housing model had a positive sign and was significant at a 10 % level.  

 

Concluding Remarks 

ADF tests were applied as indicators for unit roots in variables. Although test results in several cases 

proved contradictory, the perception of the existence of stochastic trends, and hence decisions to 

handle such issues, were based mainly on economic sense and visual interpretation due to the low 
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power argument. Results of ADF tests and automatic ARIMA modelling were carefully analysed and 

adjusted for, leading to justifiable and satisfying results.  

 

Additional tests were also conducted on the final model to ensure that the model did not suffer from 

multicollinearity between regressors, influential outliers, or that it contained autocorrelation in 

residuals. As stated in section 3.1, a VIF test-value of five or above indicates multicollinearity. The 

result of this test showed no signs of multicollinearity as all the estimation results had a value of 

around one. The test results are attached in appendix G. A Cook’s D plot of the estimated housing 

model displayed only one significant outlier (see appendix H). This outlier occurred in the 4th quarter 

of 1998. However, this outlier was caused by the dummy that changed from 1 to 0 in that exact time 

period (see sub-section 2.1.4). The respectable dummy was implemented to the model to eliminate 

the short-term effect of more flexible financing. There were also some other influential outliers close 

to the boundary. These were detected in the 2nd quarter and 3rd quarter of 1983, and 1st quarter of 

1987. As mentioned in 2.1.2, in 1982 to 1983 the Danish economy was slowly recovering from the 

recession caused by the second oil crisis in 1979. Hence, the outliers in 1983 might reflect an 

improvement in the general economy. The outlier in 1987 can be caused by the impact of 

implementing new political initiatives, hereunder the Potato cure and the new tax reform introduced 

respectively in 1986 and 1987. In regards to autocorrelation, Durbin-Watson test results evidenced 

no such occurrences in residuals. In other words, the independent variables covered all explanatory 

information in the model. The test results are attached in appendix I.  

 

The authors believe that a general debate on the Granger causality test results is necessary for 

further discussion. The fact that none of the model variables contained predictive content for the 

estimation of housing prices seemed dubious (see appendix J). The most likely explanation for failing 

to reject the null hypothesis of no predictive content can be attributed to the dependent variable's 

volatility. As elaborated on in the theory section, housing prices have been vastly volatile throughout 

the estimation period, with fluctuations ranging several percentage points from one period to another 

during the years of most economic instability.  

 

The estimated housing price model is argued to overall be a reasonable predictor for housing price 

levels in Denmark from the 1st quarter of 1973 to the 2nd quarter of 2017. The model required some 

adjustments to variables in comparison to the original model specified by Dam et al. (2011). 

However, all coefficients estimates proved significant and had reasonable signs in relation to intuitive 
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expectations. R2 amounted to 0.5805, which indicates a satisfying explanatory power of above 50%. 

This seems reasonable in light of the aforementioned volatile phases in the first part of the estimation 

period, among other things. It is difficult to obtain a model that is capable of explaining the 

development to a significantly larger extent than the presented model did.  

 

The graphical interpretation of the estimation results plotted against the true housing prices is 

displayed in figure 7. The results of the housing price development of the actual housing price model 

are further deliberated on in section 4.1. 

 

 

Figure 7: Actual model compared with true housing prices from 1974Q4 to 2017Q2 (Statistics Denmark and 

authors’ own creation). 

 

 

3.2.2 The Taylor Rule with Estimated Coefficients 

The following sub-section elaborates on the estimation of the Taylor rate for Denmark as a proxy for 

the official bank rate. In order to determine this rate in the period from the 1st quarter 1973 to the 2nd 

quarter 2017, a regression based on the Taylor rate equation in section 2.2.5 was established. In 

light of the aforementioned caveats and diverging results in relation to Taylor rate approximations, it 

is emphasised that the aim of the estimation process is not to analyse detailed differences, rather 

enhance general insights by evaluating broader tendencies.  
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The estimation was determined under the assumption that target inflation equals 2 %. In this way, 

the intercept denoted an estimate for the neutral real interest rate. The derivation from the previously 

specified Taylor rate-equation is given step-by-step in the following.  

 

𝑖𝑡 = 𝑟∗ + 𝑝𝑡 + 𝛼(𝑝𝑡 − 0.02) + 𝛽(𝑌 − 𝑌∗) + 𝜀 

𝑖𝑡 − 0.02 = 𝑟∗ + 𝛼(𝑝𝑡 − 0.02) + 𝛽(𝑌 − 𝑌∗) + 𝜀 

(Kahn, 2012, p. 16). 

 

Actual inflation, 𝑝𝑡, and output gap, (𝑌 − 𝑌∗), included in the estimation equation were determined 

by observational time series data collected by Danmarks Nationalbank over the estimation period. 

The deflator for total private consumption represents the inflation variable for reasons outlined in 

section 2.2.5. The variable was applied in logarithmic terms and stationarity was ensured by taking 

its first difference.  

 

Actual output, 𝑌, was expressed through a variable for total GDP in DKK billions for Denmark in 

2010-index numbers. The HP filter was applied in order to deduct the trend from GDP as a measure 

of potential output. This required a decision in regards to the value of the smoothing parameter, 

lambda. Hodrick and Prescott’s international standard of a lambda of 1,600 for quarterly data has in 

some cases proven to be unfit to serve its cause. Higher values have then been utilised in numerous 

publications when deducting a trend from a time series of actual observations, such as 40,000 and 

even 400,000 (Hægeland et al., 2014, p. 23 and “Denmark: Financial Sector Assessment Program, 

Macroprudential Policies – Technical Note”, 2014, p. 43) 9. In comparison, high lambda values will 

cause cycles in actual GDP to appear larger than with the use of the international standard value 

because the volatility in the data will have a smaller influence on the estimated trend. Moreover, high 

lambda values lead to such a rigid trend that will cause temporary, yet long-term changes in the 

economy’s production capacity to have a larger effect on the output gap than on the trend level. In 

economic downturns, as those examplified in 1979 to 1980 and during the early 1990s, this will lead 

                                                   
9 Statistics Norway suggests the use a lambda value of 40,000 and the central bank in Norway applies it in 
their output gap estimations (Hægeland et al., 2014, p. 23). International Monetary Fund applies the lambda 
400,000 for estimations on data for Denmark (IMF, 2014, p. 43). Harmsen (2010) supports the use of this 
lambda in his publication ”Basel III: Makroprudentiel regulering ved hjælp af modcykliske kapitalbuffere”. 
These are only a few examples.  
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to an output gap that often makes a better fit for the development in housing prices and 

unemployment (Hægeland et al., 2014, p. 23). The choice of a high lambda level will thus indicate a 

belief that economic fluctuations are parts of longer business cycles. Contrariwise, a lower lambda 

value will indicate that such fluctuations result in permanently lower potential growth and reduce 

negative output gaps, as the trend moves more rapidly towards the actual output.   

 

The output gap and the unemployment rate are closely related to each other in terms of monetary 

policy. In most economic theory, the level of output increases proportionally with input, which is 

typically represented by capital and labour.  Hence, a rise in unemployment will in most cases lead 

to a decline in output gap and visa versa, as confirmed by Okun’s law10. In order to scrutinise which 

lambda value to choose in the estimation of trend GDP, a comparison was made with the 

unemployment rate for Denmark. Comparing output gaps with different lambda values with the 

unemployment rate gave an indication of the most correct value to choose, as movements of cycles 

should be similar, only opposite, for the two variables. Figure 8 and figure 9 illustrate such plots, 

where the output gaps include lambda values for trend GDP calculations of 1,600 and 400,000, 

respectively11.  

 

  

                                                   
10 Okun’s law proposes a strong correlation between unemployment and output (Lancaster and Tulip, 2015, 
p. 1). 
11 A lambda value of 40,000 was also employed. The obtained results were however perceived as less 
adequate than those reached with lambda 400,000.  
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Figure 8: Unemployment rate and estimated Taylor rate with lambda 1,600 from 1983Q1 12  to 2017Q2 
(Statistics Denmark and authors’ own creation). 

 

Figure 9: Unemployment rate and estimated Taylor rate with lambda 400,000 from 1983Q1 to 2017Q2 
(Statistics Denmark and authors’ own creation). 

 

The timing of most cyclical turnarounds is observed to be similar throughout the estimation period 

regardless of lambda value, however, the cycles are clearly larger in size with the high lambda value. 

This matches the movements in the unemployment rate better, as more synced tendencies in the 

                                                   
12 Official data on unemployment was available only back to 1983. 
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two rates can be seen. The output gap determined with a lambda value of 400,000 shows a 

somewhat more volatile trend than the unemployment rate, however, not as critical as with lambda 

1,600. The output gap with a lambda of 400,000 was therefore applied throughout the estimation 

process. 

 

The OLS regression was run with input data for the entire estimation period and the actual official 

bank rate as a depended variable, 𝑖𝑡. Newey-West (HAC) standard errors were applied to combat 

issues in regards to heteroskedasticity and autocorrelation in error terms, which were detected by a 

Durbin-Watson test. These standard errors were determined with five lags, in accordance with the 

recommended calculation by Newey and West (1987)13. 

 

The estimation results appeared incomprehensible as they provided insignificant coefficient 

estimates with unreasonable values (see appendix K). To enhance the results, an adjustment was 

made to the inflation variable by applying a four-quarter moving average, as recommended by Taylor 

(1993). This was because a plot of the predicted results revealed that the estimated Taylor rate 

developed consistently in front of the official bank rate (see appendix L). Nonetheless, this 

modification did not improve the outcome of the regression (see appendix M). However, the graphs 

suggested a better fit of the data for the latter years of the considered period. Accordingly, the 

regression was run with input variables for a constrained estimation period. For comparability 

purposes, it seemed practical to choose an estimation period starting the 2nd quarter of 1992, as this 

marks the transition point where the official bank rate was solely represented by the certificates of 

deposit rate. Furthermore, this appeared reasonable considering that the predicted data provided a 

better fit to the actual rate just a few periods after 1992 (see appendix M). 

 

The regression based on the restricted estimation period with a four-quarter lagged inflation variable 

provided the following results for the coefficient values. The Newey-West robust standard errors are 

given in the “Std.Error” column. 

 

                                                   

13 Newey and West (1987) determine the number of lags as the integer part of 4 (
𝑛

100
)

2
9⁄

 . The dataset 

includes 178 observations. 4 (
178

100
)

2
9⁄

= 4.547 ≈ 5 lags. 
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Figure 10: Table of best test results for the Taylor rate regression with estimated coefficients in a restricted 
estimation period reaching from 1992Q2 to 2017Q2 (authors’ own creation). 

 

Based on the significance of the coefficients, it is suggested that the Taylor rule is better suited for 

the last part of the estimation period. In Taylor’s original publications from 1993 and 1999, he 

suggests fixed reaction coefficients in his estimations of the Taylor rule. An alpha value on the 

inflation gap close to one, 1.00760, and a beta value on the output gap of merely 0.27393 are 

somewhat inconsistent to these propositions of 1.5 and 0.5 (adjusted to 1.0 for the output gap in his 

latest publication of the Taylor rule in 1999). According to these results, Danmarks Nationalbank has 

delegated minimal weight on inflation and a small fraction on the output gap in the determination of 

the official bank rate from 1992 to 2017. The Taylor principle holds as ℎ is greater than zero in the 

𝛼 = (1 + ℎ) relation, however, the value is quite small, indicating that a 1 % increase in the inflation 

rate demands the central bank to raise the official bank rate with 1.00760 %. Taylor (1993) claimed 

in his article that there is no consensus in regards to the size of the reaction coefficients or whether 

the reaction coefficient on the output gap should be greater or smaller than the weight put on the 

inflation gap. Nevertheless, he proposed himself 0.5 and was later convinced to suggest a higher 

value on the basis of other economists’ proposals. The estimate of the output gap is therefore 

considered somewhat low, however not contradictory in comparison to Taylor’s recommendation. 

Sizes of the coefficients differ depending on how the monetary policy is run, and 0.27393 may, 

therefore, be reasonable in terms of Danish policy compared to other countries. The estimate for the 

neutral real interest rate is 4 %, which indicates that the original assumption of 2 % included in 

previous Taylor rate-calculations is underrated for this period, according to the estimation results. A 

neutral real interest rate of 4 % suggests a higher benchmark for the monetary policy rate to ensure 

price stability. This includes that if both the inflation gap and the output gap are zero, the official bank 

rate is determined at 4 %.  

 

Variable Name Coefficient Std.Error t-value p-value

Inflation gap DlogPCP- 4 1.00760 0.50029 2.01400 0.04693 *

Output gap OP 0.27393 0.11835 2.31440 0.02287 *

Constant 0.04020 0.00966 4.16280 <7.071E-05***

Signif. Codes:    0.001 '***'       0.01 '**'       0.05 '*'        0.1 '.'

Estimation period: 1992Q2-2017Q2             R- squared: 0.1650             Adjusted R-squared: 0.1468                      

Estimated Taylor Rate
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Figure 11: The actual official bank rate and the best estimated Taylor rate from 1992Q2 to 2017Q2 (Statistics 
Denmark and authors’ own creation). 

 

The best estimated Taylor rate for the restricted period is plotted against the actual official bank rate 

in figure 11. There is observed a clear alignment between the rates from 1999 to 2010. Besides this, 

the rates clearly deviate in behaviour. The explanations behind these interest rate developments are 

outlined in next sub-section.  

 

It is hard to obtain meaningful estimates for the reaction coefficients in a Taylor rate approximation, 

which is why this method is not the most preferred in economic literature on the topic. This is 

supported by Ravn’s (2012) argument on the unfitness of estimations of Taylor rate coefficients for 

Denmark as a consequence of the fact that the country has not conducted a Taylor-motivated 

monetary policy. Taylor’s predetermined coefficients from the original publications from 1993 and 

1999 have proven to provide good results when evaluating historical rates for several countries. 

Hence, applying these in Taylor rate estimations is considered the most practical and reasonable 

approach. Consequently, regression results from estimations of Taylor 1993 and 1999 rates are 

presented in the following sub-section. 
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3.2.3 The Taylor Rule with Fixed Coefficients 

This sub-section comprises an amplification of the determination of Taylor rates that include the 

originally suggested reaction coefficients for alpha and beta in Taylor’s articles from 1993 and 1999. 

 

The regression equation for the Taylor 1993 rule is presented below. 

 

𝑖𝑡 = 0.03 + 𝑝𝑡 + 1.5(𝑝𝑡 − 0.02) + 0.5(𝑌 − 𝑌∗) + 𝜀 

 

As the reaction coefficient on the inflation gap, alpha, is equal to (1 + ℎ), it is given as 1.5 in the 

determination of the Taylor rule. 

 

In 1999, Taylor came up with a modified version of the 1993 rule. This is referred to as “Taylor 1999” 

and distinguishes from the 1993 rule as it includes a higher weight on the output gap. The output 

gap increases in Taylor 1999 from 0.5 to 1. The remaining variables were equal to the previously 

specified regression equation in section 3.2.2. The Taylor 1999 rule is identified in the following.  

 

𝑖𝑡 = 0.03 + 𝑝𝑡 + 1.5(𝑝𝑡 − 0.02) + 1(𝑌 − 𝑌∗) + 𝜀 

 

The actual inflation rate, 𝑝𝑡, was still represented by the private consumption deflator and the output 

gap, (𝑌 − 𝑌∗), was calculated as explained in section 2.2.5, with total GDP in Denmark as main 

input.  

 

The two regressions with fixed reaction coefficients were run as OLS models with the actual official 

bank rate as a dependent variable, 𝑖𝑡 , and stationary variables of log-transformed inflation, in 

addition to the output gap, as regressors. 

 

Granger tests identified that the model variables significantly Granger-cause changes in housing 

prices. The test results can be reviewed in appendix O. 
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A plot of the estimated Taylor 1993 rate and Taylor 1999 rate against the true official bank rate can 

be seen in figure 12.  

 
Figure 12: Denmark’s official bank rate from 1974Q2 to 2017Q2, and estimated Taylor 1993 and 1999 rates 
(Statistics Denmark and authors’ own creation). 

 

The plot reveals somewhat large deviations between estimated Taylor rates and the actual official 

bank rate in Denmark over the estimation period. In his article on the topic, Ravn (2012) underlines 

that there are several issues with interpretations of actual and synthetic interest rates and that 

comparing them in levels must be undertaken with great prudence. He advocated that robust results 

could instead be collected by comparing the changes in the interest rates from one quarter to another 

(Ravn, 2012, p. 29). Hence, the following analysis was conducted on the basis of this statement.  

 

It is observed in figure 12 that the Taylor rates are overall more volatile than the actual official bank 

rate. This might be perceived as an indication of the Taylor rate’s relation to output gap fluctuations 

detected in figure 9. The most striking observations are though owed to the fact that the Taylor rates 

deviate largely relative to the actual rate in the period from 1974 to 1999, whereas there seems to 

be a good fit between the rates in the consequent time period. These findings are in line with the 

results from the estimated Taylor rate in section 3.2.2.  Accordingly, the analysis is divided into two 

parts, which are denoted “Before 1999” and “After 1999”. 

 

 



Monetary Policy and Housing Prices                                                        Cathrine Kaalstad and Maja Fornebo 

 

78 
 

Before 1999 

The two most noteworthy results in this period are the opposing movements around 1980 and 1992. 

The minimal focus on inflation as a monetary policy obligation in addition to the collapse of the 

Bretton Woods system led to high and fluctuating inflation levels throughout the 1970s, which 

translates into a high trend in the computed 1993 and 1999 Taylor rates. The rates are at their 

highest levels in this phase relative to remaining years of the estimation period. Besides, the 

differences from cycle peaks to minimum levels of the Taylor rates are at their greatest and appear 

more frequently. The downfalls of the Taylor rates in the late 1970s and the early 1980s are due to 

the severe downturn in Danish economy in the transition of the decades. The Taylor rates exceed 

the level of the official bank rate in mid-1979. The official bank rate also rises this year and continues 

to increase until mid-1980, where it slowly, but steady, experiences a decreasing trend that stops in 

1983. The Taylor rates quickly fall back to pre-1979 levels and suggest a more fluctuating and rapid 

decline over these years. This might be an indication of a decrease in GDP growth, in which Taylor 

rates are sensitive towards. The higher level of the official bank rate relative to the Taylor rates might 

also be an expression for the country-specific shock Denmark experienced in this time frame, 

including oil price crises and devaluations of currency.  

 

The central bank in Denmark kept the interest rate fixed at 7 % over five years until this trend was 

interrupted in 1990. The estimated Taylor rates suggest a different policy, with decreasing rates until 

end 1986. At this point in time, the Taylor rates peak substantially before it rapidly declines the 

following quarter. The peaking can be understood as a direct consequence of mainly a surplus in 

Danish trade balance after a long period of deficits, which led to increased total GDP this quarter 

(Henriksen, 2018.). The trade surplus was induced by the newly introduced tax reform in 1987. 

Restrictions on private lending in Denmark, however, led to a hard landing to the economy, as the 

housing market broke down, providing evidence for the drop of the Taylor rates. This was further 

intensified by the introduction of the Potato cure in 1986. 

 

From 1990 to 1999 opposing tendencies are seen in the official bank rate and the counterfactual 

interest rates. Where the central bank in Denmark conducted a monetary policy that resulted in an 

interest rate of above 12 %, a Taylor rule-inspired policy would propose a rather steep decrease, 

even suggesting negative levels. This is especially prominent in 1992, where the deviation of the 

official bank rate from the Taylor 1993 rate approximate 15 % and from Taylor 1999 rate 18 %, 

according to the plot. The large deviation is highly influenced by the EMS crisis and its consequences 

that occurred in 1992. The official bank rate reached its highest level over the entire estimation period 
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prior to the breakdown, which thereafter initiated the drastic fall in the official bank rate. The Danish 

economy, on the other hand, had experienced a bad period prior to this as a consequence of the 

Potato cure and the tax reform. The economy recovered quite slowly as it also experienced several 

bank crises and fluctuations in the krone during this period. Inflation was diminishing on an 

international scale, including in Denmark during these years. This, in combination with the downturn 

in the Danish economy, rationalises the drastic drop in the proposed Taylor rates. In 1993, the Potato 

cure terminated, leading to an upswing in the economic environment in Denmark. This is evidenced 

in the upward trend of the Taylor rate in the plot. Subsequently, a rapidly growing GDP enabled a 

reduction of the deviance between the actual official bank rate and the Taylor rates. This effect was 

enlarged by a stabilisation of inflation levels.  

 

The fact that the actual official bank rate is consistently at a higher level than the Taylor rates over 

the considered period before 1999 has a lot to do with the assumed inflation target. This target is 

determined at a constant rate of 2 % from the 1st quarter in 1973 to the 2nd quarter in 2017, which for 

obvious reasons constitutes a great simplification. Economies were mostly focused on keeping low 

levels of interest rates in the first phases of the estimation period. It is argued that they were not 

heavily concerned about inflation, thus probably much less about inflation targets. Nonetheless, it is 

not sensible to reason that this unobservable size would have been as low as 2 % when taking actual 

inflation into consideration. The application of a too low inflation target causes an upward bias in the 

Taylor rates. This can be seen as an underlining of the argument of a non-fit of the Taylor rule on 

data for Denmark. However, it is also an illustration of one of the criticisms of the rule, which states 

that even though the Taylor rule replicated the economic situation in the US from 1987 to 1992 

adequately, it is not necessarily a good fit for other periods, particularly not for those backwards in 

time. Taylor denotes the era prior to 1987 as a period where “mistakes in monetary policy” were 

made, in which he refers to the pronounced deviations from his estimated interest rate to the actual 

one (Taylor, 1999, p. 319). He further states that this was a time where monetary policy was not 

conducted ideally. This statement can be helpful in regards to another element that impacts the 

Taylor rate’s deviation from the official bank rate, namely the determination of the neutral real interest 

rate, which is essential to the Taylor rule equation. It is reasonable to assume that this variable would 

be greater in value during the period prior to 1987. Implementing a constant rate of 2 % is a 

simplification in the same way as it was for the inflation target.  
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After 1999 

In the period from 1999 to 2017, the plot reveals a relatively good fit between the Taylor rates and 

the official bank rates, except some deviations during the financial crises and in the last part of the 

estimation period. This is mainly due to the inflation target assumption. After the introduction of the 

euro area and the euro in 1999, ECB proclaimed that it would conduct a monetary policy that included 

a target inflation close to 2 %. This monetary policy was executed throughout the period under 

consideration. This fact ensures that the estimated Taylor rates will not be biased upwards as this 

value equals the assumed constant inflation target included in the Taylor rule equation. The 

increasing rates suddenly turn in 2000 impacted by the burst of the IT-bubble. The Taylor 1993 rate 

would suggest a lower interest rate level, though the 1999 rate follows the official bank rate closely 

during this fall. As the Taylor 1999 rate distributes more weight on GDP, this can indicate that a 

decline in output growth was the main driver of the actual official bank rate. In 2002, the economy 

was in balance, however, in 2003, Denmark experienced a shock in economic conditions with 

diminishing export volumes and high unemployment rates (“OECD Economic Surveys – Denmark”, 

2015, p. 28). As observed in figure 12, this is expressed as a drop in the Taylor rate and not in the 

market observed rate. The reduced and stabilised inflation level in the global markets accompanied 

by blooming GDP improvements, led to an upswing in the rates after 2003, which is more 

pronounced in the Taylor rates than in the official bank rate. The Taylor rates suggest a more 

dramatic drop during the financial crisis and a more volatile behaviour in the subsequent years 

compared to the official bank rate, which in reality kept a more steadily downward trend. This can 

mainly be rationalised with the unstable market conditions in Denmark and critical low GDP growth 

in the years of the crisis. This explanation is also relevant for the European sovereign debt crisis that 

followed, where central banks worldwide struggled with a tenacious growth in GDP. ECB introduced 

a historically low official bank rate, and the Taylor rates also seem to suggest a negative 

development, however at an even lower average level in the period in question. This progress turns 

around 2014, where the Taylor 1993 rate exceeds the official bank rate. The Taylor 1999 rate 

exceeds the official bank rate in 2016. This tendency can though be questioned, having the 

estimation error caused by the HP filter in mind that presents less reliable outcomes at the end-

period of a time-series.  
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Concluding Remarks  

As indicated, the primary reason the alignment between the Taylor rule and the actual official bank 

rate is observed enhanced after 1999 is due to the introduction of the euro, which brought with it a 

pronounced goal for desired inflation levels. This underlines the effect of a specified inflation target 

and a predictable policy. The results from the regression model that estimated Taylor reaction 

coefficients also support these findings. It is, however, important to remember that an effective 

monetary policy is also depended on other factors. The strong alignment is consistent with results 

provided by Dam (2008). He suggests that Denmark’s covariance with five core countries in Europe 

intensified in mid-1990s, which stands in contrast to the large divergences detected in previous years 

(Dam, 2008, p. 14). The strong covariance was initially a global phenomenon, but while it became 

less prominent in other countries over the years, it is still a fact for Denmark. This implies that it is 

reasonable to expect a correspondence of the actual official bank rate and the Taylor-estimated rate, 

at least for years after 1999, to the extent that it can be claimed that ECB's monetary policy can be 

described by a Taylor rule. The latter statement is well documented by Hansen (2012) and other 

professionals in the area. 

 

Although the Taylor 1993 and 1999 rates follow each other rather closely, it seems like the former 

fits the official bank rate the best. The Taylor 1999 rate shows tendencies of even larger fluctuations 

than the Taylor 1993 rate, which can be understood as a consequence of its greater weight on the 

output gap. Contrariwise, the development of the official bank rate is significantly less fluctuating 

over the considered period. It becomes especially clear that the Taylor 1993 rate is a better proxy in 

the years after 1999. This might be an indication that ECB in reality aimed at distributing equal 

weighting on respectively an inflation gap and an output gap, at least for the latter years of the 

estimation period. Another aspect is that the Taylor 1999 rate puts more weight on a variable that 

cannot be observed and is hard to estimate, thus it can be argued that it is connected more certainty 

to the Taylor 1993 rate (Kahn, 2012, p. 10). 

 

This thesis will apply the approximation results from the Taylor 1993 rule henceforth in the analysis. 

The rate will be applied as a proxy for the official bank rate, in order to estimate the synthetic lending 

rates that afterwards are implemented in the housing price model. The estimation of reaction 

coefficients presented in section 3.2.2 was only reasonable for a restricted estimation period, making 

it problematic to utilise this as a base for synthetic lending rate estimations in further analysis. 

Another element to this is that it is challenging to obtain reasonable estimations for Taylor reaction 

coefficients. 
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3.2.4 Determination of Synthetic Lending Rates  

To enable an implementation of the Taylor rule in the housing price model, a determination of 

synthetic lending rates is required. This is, therefore, the topic of this sub-section. 

 

When plotting the actual official bank rate up against the actual lending rates with both the long and 

the short maturity, as seen in figure 12, it becomes clear that there are greater deviations prior to 

2000 than the remaining years.  

 

 

Figure 13: Denmark’s official bank rate from 1973Q1 to 2017Q2, plotted against the one-and-two years 
mortgage bond rate and the 30 years mortgage bond rate (Statistics Denmark). 

 

The deviations can be due to several factors and among them, conduction of monetary policy, which 

has already been established to have been rather different in the first half of the estimation period 

than in more present years. This observation can be further supported by the fact that the actual 

data of the official bank rate consists of two different rates. This is nevertheless assigned less focus 

in this analysis as its composition is considered the best solution in regards to attaining an adequate 

variable over the entire estimation period. As a consequence of the obvious divergent distances 

between the actual official bank rate and the lending rates over the estimation period, an assumption 

was made of a split time series.  
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The average spread between the actual official bank rate and the actual long-term interest rate from 

the 1st quarter of 1973 and the 4th quarter of 1999 was calculated to be 0.050714. From the 1st quarter 

of 2000 to the 2nd quarter of 2017, this estimate was 0.029715. For the actual short-term interest rate, 

the deviation from the actual official bank rate equalled 0.0042 on average from the 1st quarter of 

2000 to the 2nd quarter of 2017. Prior to that, it was assumed to be identical to the long-term lending 

rate, thus the average spread was 0.0507. The three different averages were added manually to the 

estimated Taylor 1993 rate for the respective time periods. The Taylor 1993 rate and the two proxies 

for interest rates are graphed below.  

 

 

Figure 14: The estimated Taylor 1993 rate, plotted against the synthetic one-and-two years mortgage bond 
rate and the synthetic 30 years mortgage bond rate, 1973Q1 to 2017Q2 (authors’ own creation). 

 

The choice of utilising a split estimation period was made as an attempt to relax the assumption of 

constant spread and thereby create a more realistic approximation. Furthermore, it was aligned with 

the transition of the short-term interest rate, which prior to 2000 was identical to the long-term interest 

rate. Nevertheless, the determination of synthetic interest rates is merely an illustrative example and 

its approximation method should, in any case, be granted marginal attention. 

                                                   
14 The spread values given in this section are calculated with lending rates denoted prior to tax as input 
variables. Spread values based on calculations with lending rates after tax are also determined, as they 
become useful in relation to the implementation in the housing price model. 
15 This seems reasonable when comparing it with identical computation results for Norway and Sweden, 
which are respectively 0.0232 (1983-2016) and 0.0256 (2012-2017) (Statistics Norway and Statistics 
Sweden).  
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3.2.5 The Modified Housing Price Model 

In this section, the results of the housing price model regression with implemented synthetic lending 

rates will be discussed. 

 

The Taylor rule was indirectly implemented in the housing equation through the lending rates. Thus, 

the lending rates were the main distinguisher between the modified housing price model and the 

actual housing price model. Lending rates were included in the housing price model through the 

variables user cost, interest rate and property tax rate, in addition to first-year payment. Hence, the 

process of creating the new housing price model was similar to the method of the previously 

estimated one, in which the variables that did not include either a short- or long-term lending rate 

were kept unchanged. However, the variables user cost, interest rate and property tax rate and first-

year payment were altered.   

 

To approximate the modified housing price model, the regression equation specified below was 

stated. 

 

𝑙𝑜𝑔𝑃𝐻 =  𝛼0 + 𝛼1𝐷𝑙𝑜𝑔 (
𝐾𝑃

𝑃𝐶𝑃
) + 𝛼2(𝑆𝑦𝑛𝑡ℎ𝑅𝐸𝑁𝑇𝐸𝑀𝐼𝑁 + 𝑆𝑆𝐴𝑇𝑆 + 𝐴𝐹𝐷𝑅) 

+𝛼3𝐷(𝑆𝑦𝑛𝑡ℎ𝑅𝐸𝑁𝑇𝐸30 + 𝑆𝑆𝐴𝑇𝑆)𝐷𝐵98𝐾4 

+𝛼4(𝑆𝑦𝑛𝑡ℎ𝑅𝐸𝑁𝑇𝐸30 + 𝑆𝑆𝐴𝑇𝑆 − 𝐷𝑃𝐶𝑃𝐸 − 𝐷𝑅𝐾𝑃𝐸) + 𝛼5 (log (
𝑌𝐷𝐻

𝑃𝐶𝑃
) − log (𝐴𝐼𝐻)) + 𝜀 

 

(Dam et al., 2011, p. 72). 

 

All regression terms were kept unaffected except user cost ((𝑆𝑦𝑛𝑡ℎ𝑅𝐸𝑁𝑇𝐸30 + 𝑆𝑆𝐴𝑇𝑆 − 𝐷𝑃𝐶𝑃𝐸 −

𝐷𝑅𝐾𝑃𝐸)), interest rate and property tax rate ((𝑆𝑦𝑛𝑡ℎ𝑅𝐸𝑁𝑇𝐸30 + 𝑆𝑆𝐴𝑇𝑆)𝐷𝐵98𝐾4) and first-year 

payment ((𝑆𝑦𝑛𝑡ℎ𝑅𝐸𝑁𝑇𝐸𝑀𝐼𝑁 + 𝑆𝑆𝐴𝑇𝑆 + 𝐴𝐹𝐷𝑅)). 

 

The OLS regression resulted in the estimate outcomes presented in the table in figure 14. Alterations 

in the individual variable coefficients and test results are outlined one by one in the following.  
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Figure 15: Housing price model with synthetic interest rates (authors’ own creation). 

 

Lagged Change in Real Housing Price  

The lagged change in the real housing price-variable was not revised after applying the synthetic 

interest rates to the model. Hence, the difference between the variable in the actual and the modified 

model was the coefficient value and the t-value caused by the renewed variable composition.  

 

Identical to the results found for the actual model, the variable was highly significant at a 1 % level. 

The coefficient changed from 0.558 to 0.615, and its t-value decreased slightly from 10.559 to 

10.360. Concluding on the result, a change in interest rates had no substantial effect on the 

coefficient of the variable. As the imposed change did not affect this variable, the result of a similar 

estimation outcome was expected as this is in line with the OLS assumption of independent 

variables. 

 

First-year Payment  

The first-year payment variable described previously includes a short-term interest rate. Thus, this 

variable had to be modified in order to capture the effect of implementing the Taylor rate. A synthetic 

short-term interest rate replaced the original short-term interest rate, which led to a change in the 

coefficient value. The Taylor rate was on average below the market observed official bank rate 

throughout the entire estimation period, which led to a lower level of the synthetic short-term interest 

rate. Based on the result, a change in the short-term interest rate caused a less negative coefficient. 

The coefficient in the new model changed from -1.886 to -0.255. Moreover, the t-value changed from 

-4.848 to -3.703. A lower interest rate induces a reduction in first-year payment. This, in turn, makes 

it cheaper to raise a loan and purchase a house. The impact on housing prices is, therefore, an 

upward trend, which is identical to a less negative change in the dependent variable. The result was 

therefore in line with fundamentals and economic instincts. Including a lower interest rate in the 

Variable Name Coefficient Std.Error t-value p-value

Lagged change in real housing price Dlog(KP/PCP)- 1 0.61499 0.05936 10.360 <2E-16 ***

First-year payment (SynthRENTEMIN+SSATS+AFDR)- 1 -0.25476 0.0688 -3.703 0.00029 ***

Change in interest and property taxation rate (D(SynthRENTE30+SSATS)*DB98K4)- 1 -0.15372 0.07312 -2.102 0.03706 *

User cost (SynthRENTE30+SSATS-DPCPE-DRKPE)- 3 -0.17690 0.05483 -3.227 0.00151 **

Disposable income relative to housing stock (log(YDH/PCP)-log(AIH))- 6 0.04776 0.02921 1.635 0.10392

Constant 0.05196 0.03084 1.685 0.09392 .

Signif. Codes:    0.001 '***'       0.01 '**'       0.05 '*'        0.1 '.'

Estimation period: 1973Q1-2017Q2             R-squared: 0.4555             Adjusted R-squared: 0.4390          

Change in Real Housing Prices - Modified Housing Price Model
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model equation was expected to have a less negative influence on the housing prices than in the 

actual model. This becomes evident when reviewing the equation for first-year payment 

(𝑅𝐸𝑁𝑇𝐸𝑀𝐼𝑁 + 𝑆𝑆𝐴𝑇𝑆 + 𝐴𝐹𝐷𝑅).  

 

The outcome of the Granger causality test displayed with a 5 % significance level that first-year 

payment Granger-causes changes is housing prices (see appendix S). This suggests that historical 

development in the level of first-year payment has important information in the explanation for the 

development in housing prices. The deviation in the Granger test outcome for this variable from the 

one in the actual housing price model might be explained by the implementation of the synthetic 

lending rate as the test is sensitive to changes in variable compositions. Nevertheless, the low power 

argument associated with this test is once again underlined. 

 

Change in Interest and Property Tax Rate  

The construction of the interest rate and property tax rate variable was similar to the construction in 

the actual model, but it was modified to include the synthetic long-term interest rate as a replacement 

of the actual rate.  

 

The coefficient changed from -1.173 to -0.154 after implementing the synthetic long-term interest 

rate, and it appeared significant at a 5 % level. The modified variable induced a less negative effect 

on the housing prices compared to the pre-modified variable. When a lower lending rate is included 

as a consequence of the implementation of the Taylor-approximated official bank rate, the change 

in interest and property tax rate is reduced. This can be drawn from the equation specified for the 

variable, which is (𝑅𝐸𝑁𝑇𝐸30 + 𝑆𝑆𝐴𝑇𝑆)𝐷𝐵98𝐾4. A reduced interest rate level directly increases 

housing prices. This thereby explains the less negative variable coefficient. The comprised dummy 

implies that the variable is insignificant after the 4th quarter of 1998. Hence, some of the explanation 

for the large difference between the coefficient values in the two models may reasoned by the great 

deviations between the actual official bank rate and the Taylor rate prior to 1998. This is observable 

in figure 12.  

 

A Granger causality test on the variable when including one lag, showed a p-value of 0.18. By 

including yet one lag, the null hypothesis was rejected at a 1 % significance level. This result 

illustrated how sensitive the Granger causality test can be. It is reasonable to assume that past 
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values of interest and property tax rate would include predictable content for explaining changes in 

housing prices. Periods of low interest rates affected the housing demand and consequently the 

housing prices positively, as discussed in the theory section. The effect of changing the interest and 

property tax rate today will affect future periods of housing demand and prices, according to the test 

results. 

 

User Cost  

The user cost variable is the last variable in the model to be affected by the implementation of 

synthetic lending rates. The coefficient changed from -0.20 in the actual model to -0.18 in the 

modified model. The result indicated that the effect of changing the long-term interest rate to a 

synthetic lending rate only to a certain extent changed the variable’s explanatory influence on 

housing prices. The alteration led the user cost to induce a less negative effect on housing prices. 

This can be explained by the fact that a reduction in lending rates in accordance to the development 

the Taylor rule predicted, provokes a lower cost of owning a house, implying that more people are 

in the position of being a homeowner. This, in turn, stimulates an upward trend in housing prices, 

which is the same as a less negative effect. 

 

In the evaluation of the relationship between user cost and housing prices, a Granger causality test 

substantiated economic foundation, as outlined previously, by proving that past values of user cost 

do contain useful information in predicting changes in housing prices.  

 

Disposable Income Relative to Housing Stock  

The last independent variable included in the housing price model specified by Dam et al. (2011) is 

the variable explaining the long-term effect on housing prices. The variable does not contain either 

the short- or long-term lending rate and was kept identical in the modified model.  

 

To reach a statistically significant coefficient proved difficult in the estimation of the long-term variable 

in the modified housing price model. The variable was manipulated by adding lags in order to 

investigate if previous quarter’s values could increase the regressor’s explanation of housing prices. 

This nonetheless did not lead to more feasible results. The variable had an identical coefficient as 

the estimate attained in the actual model of 0.05, as expected considering the independence 

condition in OLS estimations. Furthermore, the variable provided a p-value of 0.104, which indicated 
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that it was close to becoming significant within a 90 % confidence interval. For comparison reasons, 

it is worth mentioning that the coefficient value obtained in the actual model barely showed signs of 

significance at a 10 % level. Hence, it is argued that the long-term variable for disposable income 

relative to housing stock is not among the most predictive variables for housing prices, according to 

this thesis’ chosen model. 

 

An insignificant disposable income relative to housing stock variable theoretically indicates that 

variable has no effect on housing prices, as the null hypothesis that the coefficient is equal to zero 

fails to be rejected. In practice, such a result often motivates omission of the variable. However, this 

thesis disregarded the fact that the variable was insignificant and chose to retain it in the model. This 

decision was justified by the fact that the variable was close to reaching an acceptable significance 

level. Besides, there exist conflicting arguments in the literature regarding whether to leave 

insignificant variables in the model or neglect them. According to Grace-Martin (2018), insignificant 

variables should be kept in the model if they serve a purpose. The disposable income in relation to 

housing stock variable is argued to serve a purpose as it explains the long-term relation and the 

supply of housing. Grace-Martin finalises the article by suggesting that the p-value provide one 

individual information measure and that a removal of insignificant variables solely based on this 

criterion may lead to a loss of important information (Grace-Martin, 2018). 

 

Testing for Granger causality evidenced that disposable income relative to housing stock variable 

did not Granger-cause changes in housing prices. The reliability of this result can be discussed as 

past values of the long-term relation is most likely useful for forecasting changes in housing prices. 

Historical supply of houses and disposable income is expected to influence the prices, based on 

economic reasoning. It can be argued that some of the explanation for the outcome can be supported 

by the insignificance of the variable.  

 

The Constant 

The result of the constant term in the modified housing price model had the same practical, yet 

inconsequential application as in the actual housing price model. Furthermore, it was not affected by 

the introduction of synthetic rates. The intercept’s coefficient estimate changed from 0.049 in the old 

model to 0.052 in the new. Besides, there was no change in its significance level. 
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Concluding Remarks 

The result of implementing synthetic lending rates did not have a substantial effect on the coefficients 

or the significance of the variables. All coefficients retained their expected signs and the resemblance 

of the estimate values was striking. The increase in the coefficient of the interest and property tax 

rate variable yields the most distinctive change in coefficient value between the modified and the 

actual model.  

 

The Granger tests conducted on the modified model indicated the presence of Granger causality 

between dependent and independent variables. The test also showed evidence of being highly 

sensitive to changes in lags in the new variables. 

 

The process of conducting tests on the complete model was also carried out for the modified housing 

price model. A VIF test was applied to detect potential multicollinearity between regressors, whereas 

the Durbin-Watson was intended to detect autocorrelation in residuals. The result of these tests 

showed no signs of either case. The estimation results are attached in appendix P and R.  

 

The number of influential outliers in the Cook’s D plot was greater than in the old model. However, 

the difference between the outliers’ values and the boundary was smaller compared to the actual 

model. The dummy-variable of 4th quarter of 1998 did not stand out as an influential outlier in the 

modified model as it did in the first estimated model. Based on observations of the plot, the largest 

outlier of the model occurred in the 4th quarter of 1974. This is the first observation in the dataset 

where the Taylor rate is implemented through the synthetic interest rates. One might argue that the 

effect of the first oil crisis in 1973 and 1974 may be reflected in the observation. Additionally, the 

economy was in the period from 1972 to 1979 vastly unstable. Volatile market condition for a longer 

time period makes the outlier as of the 4th quarter 1974 even less justifiable. Another significant 

outlier occurred in the 2nd quarter of 1987. One explanation for this observation’s Cook’s D value 

might be the new political initiatives, which was also identified in the actual model in section 3.2.1. 

The new tax reform was implemented in 1987 and an introduction to a Potato cure in 1986 (“1987-

skattereformen”, 2018). The ripple effect of the Potato cure in combination with the new tax reform 

may have resulted in making the observation as of 2nd quarter of 1987 more influential than others. 

A Cook’s D plot for the modified model is found in appendix Q. Influential outliers may be tackled by 

omitting them from the model. However, as most of them are rationally reasoned in established 
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dataset specifications, the outliers were kept in the model. Consequently, the output result of the 

model was carefully assessed with this in mind.  

 

 

Figure 16: Modified model compared with true housing prices from 1974Q4 to 2017Q2 (Statistics Denmark 
and authors’ own creation). 

 

 

3.2.6 Similarities and Differences in Estimation Results 

The resemblance between the actual and the modified housing price models is striking. As pointed 

out in the empirical analysis, the estimation coefficients remained almost identical after implementing 

new interest rates. For regressors that were unaffected by the introduction of synthetic rates in 

construction, the coefficient outputs provided more or less equal values and hence impacts on 

housing prices as those obtained in the actual model. The significance levels did nevertheless 

change after the modification. Especially the long-term relation between disposable income and 

housing stock met some significance issues after implementing synthetic interest rate in the model 

specification. The variable was significant at a 10 % significance level in the actual model, but it was 

never significant in the modified model. Nonetheless, the p-value was compellingly close to 

approving significance.  

 

It is concluded that the other variables included in the housing price model are highly influential for 

the outcome in addition to those that comprise lending rates. As recognised in 2.1.1, disposable 
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income was identified as the strongest driver of housing demand. A change in disposable income 

would likely cause a larger effect on housing demand and correspondingly housing prices, as the 

variable affect the amount of loan individuals are eligible to take out. Disposable income also reflects 

the general purchasing power and the amount of means for consumption. A decrease in disposable 

income would cause people to tighten their belts and cut back on consumption. That, in turn, would 

impact housing prices negatively as less people would prioritise a home purchase when they have 

limited means. Disposable income is included in the long-term relation along with housing stock. The 

effect of changing the housing stock is likely to not cause a change in the housing prices on short-

term. In the theory section, it was explained that a change in housing stock from one period to 

another was caused by a finalisation of the construction of a new house. Consequently, an effect on 

the housing stock is likely to cause a change in demand and not the housing prices directly. It is the 

combination of each variable's contribution to the model that makes the housing prices develop the 

way they do. Changing one element in a variable does not impact the model output significantly.   

 

The absence of significantly noticeable changes in housing prices after the implementation of the 

synthetic lending rates is to some extent supported by the results of the Granger tests in the actual 

model. None of the variables in the actual model showed signs of Granger-causing changes in 

housing prices with the AIC-decided number of lags. For most of the variables, it was necessary to 

increase the number of lags by one or two. In the case of the interest and property tax rate variable, 

the authors were never able to find evidence that the variable was Granger-causing changes in 

housing prices, even when including ten lags. Reasoned by the fact that none of the variables had 

predictive content for the dependent variable, it was not rational to expect a substantial alteration in 

the effect on housing prices when making small replacements of input variables. In the modified 

model, all variables showed signs of containing predictive content for the housing price development, 

after adjusting the number of lags. The consequent contradictive test results of the Granger tests 

between the two models are striking. One explanation can be the test’s sensitivity to changes to 

input variables. However, it is argued that it does not seem reasonable to obtain such deviating 

results from the small model modification as a change of lending rates. Hence, the trustworthiness 

of the test is questionable.   

 

The difference in Cook’s D outcomes between the two models was significant. It was assumed that 

some of the identified influential outliers would be present in both models. However, only one of the 

outliers was detected in the equivalent models. It is important to enlighten that the mean in which 

form the boundary value in the Cook’s D plot differed substantially.  
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Commenting on the different models’ fit to data, a comparison of the R2 of the two models showed 

that the actual housing price model without synthetic interest rates was a better fit to the data than 

the modified one. By implementing the synthetic interest rate, the R2 decreased from 0.5805 to 

0.4555, meaning that the modified model is able to explain 45.55 % of the variation in housing prices 

compared to 58.05 % in the actual model. The lower R2-value does not mean that the model is weak. 

However, one of the reasons behind the small reduction in the criterion may be due to the dubious 

assumption of constant relationships between the lending rates and the official bank rate, which does 

not constitute a natural market development. Furthermore, as the housing price model was intended 

to explain the development in true Danish housing prices over the estimation period, it is rationale to 

obtain a lower explanatory power when utilising a Taylor-approximated official bank rate as opposed 

to the ECB-directed rate. 

 

In regards to the graphical interpretation, it can be argued that although both models seem to follow 

the same trend in housing price development as observed in the actual market, they are not able to 

capture the full fluctuation, neither in downfalls nor upturns (see figure 7 and 16). Both models tend 

to be one or two periods ahead of the market observed housing prices in some phases. In the period 

between 1978 and 1995, the modified model shows a tendency of identifying market changes later 

than the development in the true housing prices. This is also the case for the actual model after the 

2008 financial crisis. However, the actual model matches the timing of the fluctuation well up until 

this point in time. It could be deliberated on whether the models should be lagged one or two periods 

to better fit data in the identified displaced periods. Nevertheless, as the models mainly follow the 

true market observed trends adequately, no adjustments were made in order to avoid intensifying 

the risk of a less suitable fit of date. 
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3.3 Section Conclusion 

The empirical analysis presented estimation results from the actual housing price model, the 

modified housing price model, in addition to estimations of Taylor rates with fixed and estimated 

coefficients.  

 

In order to determine the reliability of the estimation results, it was conducted several tests on both 

the input variables and the models. The test results showed signs of a unit root in many of the input 

variables of the estimated models. However, the test results from Granger causality tests and ADF 

tests were somewhat contradicting relative to economic intuition. It was presented in the introduction 

that these tests were of low power, which may help to explain the contradictive conclusions. Tests 

on the models, hereunder Durbin-Watson and Variance Inflation Factor, displayed no signs of either 

multicollinearity or autocorrelation in residuals in relation to the housing price model. However, when 

estimating the Taylor rule, the test of autocorrelation in residuals turned out significant, hence, 

Newey-West standard error was implemented in the final model estimation. Cook’s D showed that 

there were some influential outliers, but most of these had natural explanations, as described in the 

analysis. 

 

Taylor 1993 was considered the best fit to data and most applicable in order to create synthetic 

interest rates. The implementation of the synthetic interest rates to the housing price model caused 

the long-term relation variable disposable income relative to housing stock to turn out insignificant. 

Besides, the implementation of new and synthetic interest rates to the housing price model did not 

induce large changes in regressor coefficients. This result was also observable when visually 

interpreting the graphs of the actual and the modified housing price model in relation to the market 

observed housing price model. In fact, during some periods, the modified housing price model was 

better than the actual model when it came to catching market fluctuations.  

 

The following section will provide the reader with more in-depth discussions and conclusions to the 

findings presented in the empirical analysis. 
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4 Discussion 

This thesis aims to enlighten monetary policy’s impact on the historical housing price development 

in Denmark, with a particular focus on the official bank rate. This indicates investigating the extent 

to which the official bank rate is directly determinative of housing price levels. Accordingly, the 

monetary policy decision-making and the motivation behind setting the official bank rate are topics 

of certain interest. This section provides a discussion of the above. It is built up starting with a 

description of the housing price development in light of the two estimated models, in order to examine 

the Taylor rate prediction’s impact. This is interesting as the Taylor rate reflects Danish business 

cycles to a greater extent than the actual, ECB-dependent interest rate. Subsequently, a reflection 

of the chosen estimation models and the analysis process is presented. A discussion of monetary 

policy is also included.  

 

 
4.1 Development in Housing Prices 

By comparing the performance of the estimated actual housing price model and the modified housing 

price model where synthetic interest rates are included, the official bank rate’s effect on housing 

prices can be detected. Graphs displaying the housing price development of the actual and the 

modified housing price models are seen in figure 17. The graphs illustrating the respectable models 

compared to the true housing prices were presented in section 3.2.1, namely, figure 7, and figure 16 

in section 3.2.5.  
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Figure 17: Development in Danish housing prices as predicted by the actual housing price model and the 
modified housing price model between the 1974Q4 and the 2017Q2 (Statistics Denmark and authors’ own 
creation). 

 

There is a clear resemblance in the graphical interpretation of the two models. Both models follow 

the true housing price development relatively well, particularly in periods with low volatility in housing 

prices. Nonetheless, there are some significant deviations. The estimations of the two models are 

close to identical except from the change in two isolated parameters, namely the short- and long-

term lending rates, these deviations can be associated exclusively with the indirect implementation 

of the Taylor rule. First and foremost, it can be drawn that the modified model appears more volatile 

with a higher frequency in shifts compared to the actual model. However, the range of the fluctuations 

is not as wide as seen in the actual model. This pattern is recognisable from the development in the 

Taylor rate and the synthetic lending rates observed in figure 12 and 14 in the empirical analysis. 

However, the most substantial finding is that the housing prices explained by the modified model 

materialise on a consistently higher level than the actual model. This is directly imposed by the Taylor 

rule’s predication of a lower official bank rate over the estimation period. In analysing more 

thoroughly, there are identified some time periods of particular interest. As acknowledged in sub-

sections 2.1.2 and 3.2.3, the second oil crisis from 1979 to 1982 caused great instability in the Danish 

economy, which led to a lower Taylor rate in comparison to the market observed official bank rate. 

A lower Taylor rate predicts a less negative trend in housing prices in the modified model relative to 

the trend observed in the actual housing price model.  

 



Monetary Policy and Housing Prices                                                        Cathrine Kaalstad and Maja Fornebo 

 

96 
 

By observing figure 17, it is detected that the period from the 4th quarter of 1992 to the 3rd quarter of 

1993 is a time span where the two models predict contradictive movements. While the housing prices 

in the actual model increase, the prices estimated by the modified model decrease. As identified in 

section 2.1.2, the general market conditions in Denmark from 1986 to 1993 were highly constrained 

with the Potato cure and the tax reform affecting households’ consumption. Particularly around the 

peak of this era in 1992 were there observed strikingly opposing tendencies between the estimated 

official bank rate and the Taylor rate, as outlined in section 3.2.2. The actual official bank rate was 

seen peaking in 3rd quarter of 1992 before it decreased in the following years. The decrease was 

also supported by the collapse of the ERM system in 1992, which contributed to a further reduction 

of the rate. For the housing prices in Denmark, a falling official bank rate induced lower lending rates 

and hence, an increase in housing prices due to an improvement in demand. The Taylor-

approximated official bank rate, where the Danish market situation forms the basis for the level of 

the rate, did not predict this fall. The ERM breakdown affected Europe and ECB's monetary policy 

to a much larger extent than the Danish economy alone. Consequently, the modified housing price 

model does not experience a fall in synthetic interest rates and thus, not an increase in housing 

prices but a further decrease, as opposed to the actual model. This decrease lasted until the ceasing 

of the Potato cure in the second half of 1993. The increase in the Taylor-approximated official bank 

rate from the 1st quarter of 1993 was most likely motivated by the preceding negative rate, which 

encouraged the Danish economy in the right direction.  

 

In the period between 1994 and 2008, the modified model seems to be the best model for explaining 

the true housing prices based on figure 7 and 16. The actual model has, unlike the modified one, 

some unusual spikes in 1998 and 2003. The actual official bank rate increased from the second half 

of 1997 until 2nd quarter of 1998, likely due to a response to the acceleration in real GDP growth in 

Europe (European Commission, 1998, p. 1). The Taylor rate predicted a more stable development 

around the same time. This might reflect the lower GDP growth in Denmark compared to the EU 

average. The EU average GDP growth was 3 % in 1998, while the Danish GDP growth was 2.2 % 

(“GDP growth (annual %)”, 2018). Nonetheless, the spike in housing prices detected in the actual 

model in 1998 is not evident in the true housing prices (see figure 7). Hence, the most likely 

explanation for the spike is of a technical matter. It was revealed in previous sections that a dummy 

eliminated the short-term effect of changes in bond yields and tax, as well as the imputed rate of 

property tax from the 4th quarter of 1998. The Cook’s distance test also captured this finding, where 

a significant Cook’s D value indicated that this 1998 observation was highly influential.  
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In the beginning of 2000, the IT-bubble burst, which caused a decrease in both the Taylor-

approximated official bank rate and the actual rate until 2003. However, the Taylor rate was argued 

to have a less steep downfall than the actual rate. The reason for that is likely due to the fact that 

the burst of the IT-bubble caused larger damages in the euro area in general than in Denmark on an 

individual level. Following the IT-bubble burst, a period of a more stable actual official bank rate was 

observed. This was impacted by the introduction of a new ECB strategy as of 2003. Observations 

made of figure 14 show no signs of significant movements in the actual official bank rate in 2003, 

which make the spike in housing prices in 2003 noteworthy. This spike can partly be attributed to the 

introduction of interest-only loans in October 2003. Based on figure 14, the Taylor-approximated 

official bank rate predicted an increase from a severe downfall at this point in time. This might be an 

expression for the positive effect of the easing in relation to the cost of mortgage on the Danish 

market, which was not expressed in the constant ECB-directed rate at this point in time. The ECB 

rate was however not reduced as much as predicted by the Taylor rate prior to this event. 

Nevertheless, the upward trend in the estimated Taylor rate indicates a lower prediction of housing 

prices. When evaluating figure 16 and 17, it can be concluded that both the true housing prices and 

the actual model represent higher housing price levels. The spike as of the 4th quarter of 2003 is 

claimed to be unobservable in the modified housing price model's estimation results as the interest 

rate and mortgage effect were adjusted for when using the Danish market as a base. There is, 

however, some speculation associated with the extreme reaction in the actual housing price model 

compared to the market observed development.   

 

It can be speculated whether the aforementioned spikes are reflections of the estimated actual 

housing price model’s tendency to emphasise interest rate’s impact on housing prices to a larger 

extent than what appears evident in the true market prices and the modified model. Seemingly, there 

are some trends the actual housing price model does not take into account, as it does not manage 

to follow all movements in market observed housing prices. For some events, such as the highlighted 

spikes in 1998 and 2003, explanations are improved in the modified model, despite this model’s 

lower R2 relative to the actual model.  

 

In conclusion, it can be argued that the outcome of the actual housing price model and the modified 

housing price model describe more or less the same development, despite certain deviations. Both 

models provide significant coefficient estimates, except from the long-term variable in the modified 

model, which is close to reaching the 10 % significance level. Nevertheless, as the models with and 

without the impact of a Taylor rate do not differ substantially from each other, it can be argued that 
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the official bank rate’s influence on housing price determinations is somewhat limited. It is outlined 

throughout the analysis that there is dissimilarity between the actual official bank rate and the Taylor-

predicted official bank rate, particularly in the years prior to 1999. Hence, a more extensive deviation 

in the housing price models would be expected if the official bank rate’s impact were more prominent 

than what is concluded in this thesis. This underlines the fact that other factors work highly 

determinative in housing price estimations and that interest rates alone are not necessarily decisive 

for the outcome, at least according to the chosen housing price model. However, both models seem 

to follow the market observed housing prices improving after 1999, which is in line with the Taylor 

rates' fit to the official bank rate displayed in figure 14. Additionally, the Taylor rate based on 

estimated coefficients also exhibits statistical significant estimation output from 1992 and throughout 

the estimation period. The estimated Taylor rate's graphical fit to data supports this conclusion, 

especially in the time period from 1999 to 2009. After 2014, the HP filtering effect is to some extent 

the factor to blame for the divergence between the estimated Taylor rate and the actual official bank 

rate (see figure 12). As explained in section 2.2.5, the latest economic fluctuations in the estimation 

period may be granted too large weight compared to earlier ones, which impacts the value of the 

output gap and hence the Taylor rate. 

 

Finally, it is highly important to recognise that some of the effects of a predicted change in the 

official bank rate on housing prices may be compromised by the static transformation from official 

bank rate to lending rates. This pinpoints only one out of several uncertainties connected to the 

estimation process. 

 

 

4.2 Model Specifications and Estimation Process Reflections 

It is challenging to estimate synthetic interest rates accurately and even more challenging to 

implement them in a housing price relation. Some might claim this is neither manageable nor 

reasonable. Ravn (2012) argues that it is possible to determine a rule-based interest rate at any 

specific point in time and compare it to the actual interest rate. What is problematic though, is to 

make this comparison over time. The reason for this lies in the uncertainty of knowing the precise 

course of economic incidents if the monetary policy had been following a different track. This includes 

reactions in housing markets. Ravn (2012) further states that this fact does not render investigations 

of this kind but emphasises that interpretations of their results need to be treated carefully.  
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The Taylor rule was applied to carry out the thesis’ analysis because it is a simple instrument rule 

that is easily interpretable. One of its greatest weaknesses is that it does not capture the complexity 

of monetary market dynamics. Taylor claimed himself that the rule should not be the only determinant 

in the evaluation of the official bank rate's performance, however, it should be perceived as an 

indicator among several. The Taylor rule is backward-looking in nature and modifications must be 

enforced to reasonably apply it for interest rate determination purposes. One modification is to make 

it more forward-looking by replacing the current inflation level with the expected level. Taylor (2010) 

however, rejects this approach for numerous reasons, where the most pronounced is that central 

banks might have expectations of future inflation that deviates from those of private agents. 

Furthermore, the Taylor rule has been criticised for its ignorance related to the fact that central banks 

react to other macroeconomic variables than inflation and output (Ravn, 2012, p. 38-39). The 

inclusion of such variables would increase the speculative factor of the estimation and deteriorate 

the understanding of how an official bank rate determined to fit the Danish business cycle appears. 

Hence, this possibility is disregarded. The choice of utilising the Taylor rule is thereby in line with the 

principle of a wider perspective rather than a detailed analysis.  

 

The Taylor rule can be customised in several ways, and it is sensitive to choices of input variables. 

This indicates that if other inflation or output gap measures were implemented in the Taylor rate 

estimation, the thesis could have been provided with different results and different perspectives. It 

is, nevertheless, not assumed that overall conclusions would differ substantially. The perception of 

the neutral real interest level and the inflation target is ambiguous as these measures are 

unobservable and the assumption of constant rates is unrealistic. As previously claimed, there was 

little to no focus on inflation in the first part of the estimation period. It is therefore argued that the 

existence of a specific inflation target was less likely, and hence including an inflation target for this 

period might be perceived illogical. As the neutral real interest rate impacts the Taylor rate in a one-

to-one relationship, this variable is consequently vastly influential. If a higher value than 2 % was 

determined for the neutral real interest rate, it means that the Taylor rate would increase accordingly, 

which implies that the benchmark interest rate would be at a higher level. Furthermore, the 

determination of the output gap is also highly arbitrary, as potential output cannot be measured. In 

light of a central bank’s dual mandate to ensure stable prices and full-capacity employment, the 

unemployment rate could be applied as an alternative to represent the economic slack over the 

output gap. Another element that could have been revised was the weighting of the inflation gap 

versus the output gap. All these factors could have been examined through a robustness check, 

where core coefficients are changed, and the reaction in outcome is studied. The elements could 

have been evaluated on based on the correlation with the actual interest rate. This was, however, 
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limited to a control of the size of the reaction coefficients, as time and resources were delegated to 

an investigation of the housing market, which is the primary focus of the thesis. All these discussed 

factors are elements of uncertainty, which decreases the reliability of estimation results.   

 

Also, choices made in connection to the housing price model are accountable for increasing the 

estimation process’ uncertainty. The model specified by Danmarks Nationalbank and hence this 

thesis’ applied model, estimate housing prices based solely on input for single-family houses. 

Despite the assumption of single-family houses being representative for the entire housing market, 

it should be stated that this neglects parts of reality. For instance, although single-family houses 

constitute the majority within dwelling types on a country basis, this is not true for Denmark’s largest 

cities. Hence, the chosen model does only to a certain extent provide reasonable estimates for these 

sub-markets. In the extension of this, the model’s lack of accountability for regional differences could 

also be criticised. Other models could theoretically relieve this and potentially additional aspects. 

Applying a regional housing price model like Hviid’s model would probably yield improved results for 

sub-markets. Dam et al. (2011) argued that the effect of frozen property tax rate had a larger impact 

in Copenhagen compared to other regions (Dam et al., 2011, p. 2). Both the user cost variable and 

the first-year payment variable have property tax included in their equation, and these variables are 

also two out of the total three variables that are depended on interest rates. It is, therefore, 

reasonable to assume that by applying regional housing prices, the effect of implementing the 

synthetic interest rates would be more prominent, especially in the largest cities. Contrariwise, the 

authors do not believe that the results of the model estimations would be significantly different if the 

ADAM housing price model was applied instead as the most prominent difference between ADAM 

and MONA is the frequency of observation. ADAM uses annual data while MONA uses quarterly. 

Implementation of synthetic rates in a model where most of the characteristics, variables and 

fundamentals are the same would most likely yield approximately same results. Consequently, it is 

argued that applying the ADAM model would probably not fit the data better than MONA.  

 
 

4.3 Discussion of Denmark’s Monetary Policy and Future Market 
Speculations 

Despite model weaknesses and unlimited modification possibilities, the empirical analysis reached 

some key conclusions. In the comparison of the actual official bank rate and the Taylor 1993 rate, it 

became clear that Denmark’s monetary policy has gone through different phases and been 

advanced over the years, most likely due to enhanced insights of important dynamics. Most 
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interesting was the observation of how the alignment between the rates differed. At certain periods, 

there were detected significant deviations, which were also identified in the estimated housing price 

models. These periods are argued to be reflections of country-specific shocks, as the Taylor rate 

can be defined as an interest rate that expresses the Danish business cycle. Hence, it provides 

evidence of how the rate could have developed if its determination was based solely on Danish 

circumstances, though perceived through a backward-looking perspective. Due to the fixed-

exchange-rate system, the actual official bank rate is indirectly an expression for the ECB's official 

bank rate and thus the euro area's market conditions. Significant and prolonged deviations between 

these rates can, therefore, be seen as arguments against Denmark's commitment to the fixed-

exchange-rate model. Stated simply, when ECB and thereby the central bank in Denmark, 

pronounce a higher interest rate level than the actual Danish economic conditions request, the 

economy forcedly slows down and growth is restrained. In relation to the housing market, this would 

imply in simple terms that it becomes more expensive to finance mortgage loans than the actual 

Danish economy would suggest, which in turn pushes the prices for housing down. This was evident 

in 1992 when the market observed interest rate reached its maximum, whereas the Taylor predicted 

bank rate was negative. This caused an unnatural downward sloping trend in housing prices, as 

seen in the modified housing price model in figure 17. Conversely, when a lower interest rate than 

the economy needs is imposed forcedly, the effect can be described as adding fuel to the fire, where 

economic factors are continuously pushed towards their breaking points. This can lead to an 

unnatural rise in housing prices. It can be speculated, whether this is where today’s economic 

situation is headed.  

 

At the end of this thesis’ considered period, the official bank rate was reported at -0.65 %. Throughout 

2015 it was even lower at -0.75 %, which denotes the minimum-level observed over the entire period. 

This is a direct consequence of the financial crisis and the ongoing European sovereign debt crisis. 

A review of figure 4 in section 2.2.4 reveals that a significant gap between the official bank rate and 

the long-term lending rate appeared in late 2008, which has sustained throughout the estimation 

period. This provides evidence to the argument that long-term interest rates react more slowly to 

market changes and do not fall as much under recessions. Although the short-term interest rate 

consistently follows the official bank rate closely, an enlarged deviation is observed also between 

these rates from 2008. As a negative official bank rate does not in itself initiate a lower penetration 

effect on interest rates, the one- and two-years mortgage bond rate is also below zero, starting in 

2015. This means that when investors are willing to buy mortgage bonds with negative interest, this 

money is directly transferred to homeowners holding mortgage loans. The transfer transpires either 

as a reduced payment obligation or a greater loan instalment. Individuals may thus save money in 
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times of negative interest rates, which makes it attractive to hold loans that include such rates. As 

these loans have short maturities, many choose a loan with a fixed interest rate over a longer period, 

as this may be more beneficial in the long run (Nielsen, 2017).   

 

High indebtedness in several euro-member states indicates continuously low growth and inflation 

going forward. Despite the turning trend in the official bank rate seen in the plot as of 2016, a low 

interest rate level is expected to continue for an extensive period. Nevertheless, it seems like the 

most critical point has been passed as an upward trend is observed in GDP-related factors in Europe 

and the overall improvement is on hold primarily due to a stagnant inflation rate ("Interest Rate in 

Eurozone", 2018). In Denmark, economists claimed in the transitional months between 2017 and 

2018 that the country was in the beginning phase of an economic upswing, only withheld a restricted 

labour force (Batchelor, 2017 and Juel, 2018). A prolonged period of low interest level in Europe can 

become problematic for Denmark if this develops into a substantial cyclical upturn in the shorter run, 

in light of the fixed-exchange-rate policy. This matter is reflected in the predictions of the Taylor rule, 

where the situation at the end of the estimation period is described somewhat contradictory to that 

of the actual rates. This is impacted by the bias that stems from the application of the HP filtering 

method. Nevertheless, it seems reasonable to assume that an interest rate that was solely 

determined by Denmark’s business cycle would suggest a faster upswing when taking into 

consideration the country’s economic situation relative to the majority of euro-member states. If the 

future deviation between the performance of the actual official bank rate and the Taylor-predicted 

rate gets severe, it can be seen as an argument against Denmark’s fixed-exchange-rate system as 

an unnaturally low interest rate will lead to unsustainable pressure on the domestic economy. 

Besides, pegging a currency to another can be expensive, and the currency might become a target 

for speculators (Amadeo, 2018). On the other side, there are several positive sides of a fixed-

exchange-rate system for a small economy like Denmark. One of the positive effects is that Denmark 

indirectly secures stable prices through ECB’s low inflation goal and the fixed-exchange-rate system 

additionally ensures currency stability, which makes Denmark’s businesses more attractive to 

foreign investors. Furthermore, although there were predicted significant deviations between the 

Taylor rate and the actual rate prior to 1999, this thesis does not perceive the Danish arrangement 

of a fixed currency as critically threatened. The deviations are considered partly related to other 

factors not specific for Denmark, and they might suggest that during the estimation period, the 

concern of asymmetric shocks was not of high relevance for Denmark (Ravn, 2012, p. 23). 

Additionally, the alignment has proved well after the euro was introduced. This conclusion, however, 

depends on the development of today’s market tensions. 
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Expectations of a continuously low official bank rate in the forthcoming future have significant 

implications for the housing market. Low interest rates and hence loans, motivate rising housing 

prices. The historically minimum-level for interest rates that have been present the last years 

indicates that it has never been cheaper for individuals to finance one square meter despite the high 

housing prices. The expected future price increase will probably not reach 2015- and 2016-growth 

levels but will be noticeable. In addition to low interest rate, the increase will possibly be impacted 

by improvement in employment, which will lead to higher incomes and enhanced purchasing power 

(Dengsøe, 2016). The Ministry for Economic Affairs and the Interior has predicted that the 

development in interest rates and disposable income will increase the housing prices in Denmark by 

2-2.5 % yearly until 2020 (OIM, 2013). This statement is also supported by the Danish Construction 

Association. Additionally, high housing optimism in relation to consumer confidence is expected to 

contribute to the upsurge. In light of the predicted Taylor rate, the housing price increase would 

possibly have become less prominent, and the market would most likely have turned at an earlier 

point than what is anticipated for the actual market situation. However, market trends and particularly 

interest rates are hard to predict. Both the short-term interest rate and the long-term rate have for 

several years, been forecasted to increase (Berlingske Business, 2017). However, the rates are still 

at an ever-lasting low level, implicating that these allegations should be viewed as speculations 

rather than factual conclusions.   

 

An important aspect to enlighten in the discussion of monetary market dynamics is that central banks 

conduct their monetary policy using other instruments in addition to interest rates. The impact of 

such instruments is, however, disregarded in this thesis, with the aim of supplying an easily 

interpretable analysis with clear conclusions. This can arguably be said to contribute to a somewhat 

simplified representation of monetary market dynamics. For instance, in light of recent years’ 

economic conditions with exceptionally low interest rates, unconventional monetary policy tools have 

been adopted by central banks to mitigate the extraordinary market situations. One such tool is 

Quantitative easing (QE) methods, where central banks create more money by purchasing securities 

in the market. The money supply is enlarged by overflowing financial institutions with capital, with 

the aim of encouraging increased liquidity and lending (Spange et al., 2017, p. 2). However, QE does 

not involve the printing of new banknotes. ECB has introduced the QE policy strategy. Taking this, 

and the impact of other monetary policy instruments than the interest rate into consideration, the 

interpretation of today’s market conditions become more complex but possibly also more reasonable. 

This statement additionally accounts for the housing market. Nevertheless, this complexity is out of 
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scope for this thesis, which is why the implications of the assumption affecting this are mentioned 

but not elaborated on further.  

 

 

4.4 Comparison of Housing Prices in Different Countries  

The thesis has provided estimation results based on conditions accurate for Denmark. In order to 

put this analysis in perspective, a comparison to other countries has been established. This section 

seeks to assess differences and similarities between Denmark and countries that conduct Taylor-

inspired monetary policy. The countries chosen for this purpose were Norway and the US. The 

reasoning for this is that Norway’s economy has similarities to the Danish structure, whereas the US 

is the country the Taylor rule was intended on.  

 

In the National Accounts at Glance published by OECD in 2015, housing expenditures as a share of 

adjusted disposable income were presented for the period 2000 to 2013 for a range of countries. 

Housing costs are critical determinants of the living conditions, and the ratio shows how much of the 

income that is spent on housing services. The ratio helps to explain the development in the costs of 

having a house and allows a comparison of housing expenditures across countries. The indicator 

evidenced that the household’s final expenditure on housing in relation to disposable income has 

kept a stable level since 2000. As a percentage of disposable income, the amount spent on housing 

consumption in Denmark was 22.4 % in 2013. In the year 2000, the amount was 20.8 % (OECD, 

2015).  

 

A common factor for the respective countries was the fact that the expenditures remained at the 

same level even during the 2008 financial crisis. It would be reasonable to expect that the disposable 

income fell during the financial crisis leading to an increase in the percentage housing expenditure. 

However, in response to reductions in income, household’s consumption decreased. Consequently, 

the amount of housing expenditure relative to disposable income stayed almost the same 

(“Consumer spending and U.S. employment from the 2007-2009 recession through 2022”, 2014).  

 

Compared to Norway and the US, households in Denmark spent more on housing consumption 

throughout the considered period. In Norway, the percentage amount of housing consumption 

relative to disposable income was 14.4 % in 2013. Nevertheless, during the financial crises, the 
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expenditures on housing in Norway was even higher. The situation in the US was quite similar to the 

one in Norway. In 2000, the expenditure on housing was 15.7 % of disposable income, while it was 

15.9 % in 2013 (OECD, 2015).  

 

Following paragraphs will elaborate on the development in real housing prices in the US and Norway. 

The development is shown graphically in figure 18. The statics are extracted from OECD and display 

the change in real housing prices from 1973 to 2017.  

 

Figure 18: Development in real housing prices for Denmark, Norway and the US from 1973 to 2017 (OECD 
and authors’ own creation). 

 

The US 

The period from the end of World War II to the early 1970s is known as the golden era of American 

capitalism. During this period, the middle class was expanded along with a general improvement in 

productivity and economic output. The growth in the economy was seen across economic classes 

and led to high employment, low inflation and high profits. A boom in the housing market also 

reflected this improvement in the economy. The period of high growth and economic upturn was 

followed by a period of high inflation and high unemployment in the early to mid-1970s. The change 

in economic conditions was also mirrored in the housing prices, which decreased during that period. 

Like Denmark, the US was also affected by the oil crisis in the 1970s. An expansive fiscal policy was 

introduced along with a cut of the federal tax rate by 25 %. These incentives helped the economy 

recover, but the effect on housing prices was not prominent, as observed in figure 18. The housing 
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market in the US experienced a steady increase in prices from the 1990s to the early 2000s. During 

this period, the GDP increased by 40.6 % (“PESTLE Country Analysis Report: United States”, 2018, 

p. 57).  

 

The steep curve in housing prices in Denmark between 2004 and 2006, was not observed in the US. 

However, the US experienced a slowdown in the housing market between 2006 and 2007. When 

the subprime crisis hit, and the recession started in 2008, the housing prices fell by a slightly lower 

pace compared to Denmark.  

 

In recent years, the inefficient taxation system has impacted the demand for housing in the US. The 

government allows people to deduct interest rate on mortgage from their taxable income, which 

makes it more beneficial to be a homeowner than a renter. The effect of the taxation system was a 

higher effective tax rate for middle-class earners compared to high-income earners (“PESTLE 

Country Analysis Report: United States”, 2018, p. 42). 

 

Norway 

The development of the Norwegian housing market reflects the transition from being a relatively poor 

country to becoming one of the richest in the world. In the 1960s, prior to the first oil discovery, the 

economic situation of households was miserable. Most households were financed by one income 

and the effect of the post-war baby boom resulted in lack of housing. In addition to that, the housing 

market was also highly regulated. People had to apply for purchasing a house, and it was common 

to be on a waiting list for several years. The regulation of the housing market lasted until September 

1st, 1982, and the effect of the deregulation significantly affected the housing prices. The prices 

increased by a factor of three from one day to the other (Iversen, 2016). The upward trend in prices 

is illustrated in figure 18. Though, the sharp price increase was followed by a drastic decrease from 

1988 due to a national banking crisis. The banking crisis was caused by an ending of post-war 

regulations on loans and consumption. This deregulation triggered people to raise large loans and 

caused massive losses and breakdowns for banks. The government's decision of deregulation and 

their effort to solve the problem were criticised. It was claimed that this was the cause of the 

widespread banking crisis (Gram, 2017). Subsequently, the effect transmitted to the housing market. 

In total, the housing prices decreased by 40 % from 1988 to 1993 (Jansen, 2011).  
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The general economic situation for households in Norway during the 1990s was comfortable after 

the repercussion of the banking crisis ended. The real income was ten times higher in the 1990s 

than the 1960 level, and it was normal that both of the cohabitants were employed. However, the 

effect on housing prices would have been intensified if it had not been for the high mortgage rate of 

15 %. In the 1990s, people paid approximately 60,000 NOK annually for a mortgage loan of 375,000 

NOK. That is roughly the same amount a home buyer paid for a mortgage loan of 2,000,000 NOK in 

2016 (Iversen, 2016). 

 

Like Denmark, the housing prices in Norway have increased since 1993 with only two small 

exceptions in 2002, as well as between 2008 and 2009. Unlike Denmark and the US, the impact of 

the financial crisis on housing prices was not as vital in Norway (Jansen, 2011). In fact, the effect 

was not highly noticeable on the real housing prices, as illustrated in figure 18. In total, the Norwegian 

housing prices increased by 75 % after adjusting for inflation from 2000 to 2011. This trend was 

mainly caused by the growth in real income, increase in housing supply, and improved interest rates 

for consumers. To tackle the increasing price level, the government has implemented regulations on 

the amount of equity needed to raise a loan. Today, people need 15 % of the total amount of equity. 

These regulations have made it more difficult for first-time home buyers to enter the market and have 

reduced some of the demand pressure (Iversen, 2016). 

 

Concluding remarks 

The fact that Danes on average spend higher amounts on housing consumption than Norway and 

the US is interesting. This may be argued to indicate that changes in housing prices are of greater 

importance for individuals’ economy in Denmark compared to the two aforementioned countries. 

 

Based on the graph of the observed housing prices, it is not easy to distinguish the effect of following 

a Taylor-inspired monetary policy. The developments in the three countries are quite similar, which 

can be explained by the fundamentals of the housing market. The housing market is highly correlated 

to the general economic condition of the country. Denmark, the US and Norway are highly developed 

with advanced economies and a significant percentage of educated people (“General assessment 

of the macroeconomic situation”, 2017). However, the resemblance between the housing prices on 

the Danish and the Norwegian markets is more prominent, compared to the US market. In general, 

the housing prices in Denmark and Norway followed each other closely between 1992 until 2017, 

except in the recession from 2008 to 2010. As mentioned in the previous paragraph, the financial 

crisis' effect on housing prices in Norway was not as crucial as in Denmark. So, while the Danish 
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economy experienced a shock to the housing market, the housing prices in Norway continued to 

increase. Furthermore, it can be argued that the historical housing prices in Denmark have been 

more volatile than in Norway and the US over the considered time period. Whether this is a cause 

of not conducting Taylor-inspired monetary policy is difficult to assess. 

   

The observed country-specific developments in housing prices may indicate that the countries are 

highly influenced by general market conditions in the world. This, in turn, suggests that one country's 

monetary policy is vastly affected by the global economy. The domestic monetary policy may help 

reduce the largest fluctuations, but as identified previously in the thesis, the housing prices are 

determined by demand and supply in the free market. The similarities in the housing price 

development are, therefore, one reasonable argument for why the effect of implementing synthetic 

interest rates does not cause massive changes in the historical housing prices in Denmark. 

 

 

4.5 Further Research 

In the pursuit of evaluating monetary policy’s effect on housing prices, several approaches other 

than this thesis’s preferred one could have contributed to reasonable analyses and conclusions. 

Besides, the prepared thesis forms the basis for open and unanswered questions. In the extension 

of this, some suggestions on further research will be presented in the following sub-sections. 

 

Considering the aforementioned anticipations of opposing market trends in Denmark and the euro 

area, it could have been interesting to generate official bank rate forecasts for the related future. This 

could be achieved by utilising the Taylor rule for projecting purposes by adjusting the original rule to 

include expected inflation. Alternatively, instead of applying a backward-looking approach as the 

Taylor rule, a purely forward-looking approach could have been relevant to use. Despite its simplicity, 

the inflation forecast-based rule has a number of desirable features in this regard. Expected inflation 

is, in most cases, the indicator that is closest related to the future value of the variable of interest. 

Inflation forecast-based rules are information-encompassing, which is not a feature of backward-

looking policy rules (Haldane and Batini, 1998, p. 7).  

 

The thesis elaborated on efficient monetary policy conduction but restricted the topic to the official 

bank rate and the Taylor rule. Another highly relevant suggestion to further research could, therefore, 
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be to carry out a comparative analysis between the effects of different monetary policy approaches. 

In this case, one possible strategy would be to estimate several official bank rates based on distinct 

monetary policy rule approaches and compare them, preferably by implementing them in a housing 

price model.  

 

A topic of discussion that was pointed out in the thesis was the chosen housing model’s applicability 

in relation to regional markets. As it was concluded that the model did not take local differences into 

account, it could have been interesting to employ a model that distinguished between such 

differences to assess whether monetary policy impact regions differently.  

 

 

4.6 Section Conclusion 

 

The purpose of the discussion section was to evaluate the official bank rate’s effect on historical 

housing prices in Denmark. Section 4.1 included a graph displaying the difference in housing prices 

prescribed by the actual and the modified model. The change in housing prices in the two models 

clearly expressed an alignment of developments. Nevertheless, the modified model appeared to 

exhibit more fluctuating movements than the actual model, although the range of the fluctuations 

was not as broad as in the actual model. The key learning from this sub-section was, however, that 

the modified model prescribed consistently higher housing price levels over the estimation period. 

This observation was in line with the Taylor rule’s prediction of a lower official bank rate. The 

significance of other factors’ impact on housing price determinations was also mentioned.  

 

Sub-section 4.2 emphasised the thesis’ level of uncertainty and the challenge of reasonably 

approximate interest rates. It is especially complicated to estimate a Taylor rule on data for a country 

that has no tradition of conducting a monetary policy that is directly in line with its proposals. Other 

perspectives of the model specifications were also presented. The unobservable inflation target and 

neutral real interest rate level, in addition to the arbitrary determination of the output gap, led to a 

discussion of the Taylor rate’s applicability to work as a proxy for the official bank rate in Denmark. 

Additionally, suitability of Danmarks Nationalbank’s model in regards to explaining the housing price 

development for all types of dwellings was enlightened.  
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Sub-section 4.3 highlighted future market speculations and Denmark’s approach to monetary policy 

execution. It was deemed that Denmark’s fixed-exchange-rate system was an appropriate approach 

to ensure financial stability in the country. The identified divergences between the Taylor rate and 

the true official bank rate were not considered to threaten the fixed-exchange-rate policy, although 

there are recognised indications of opposing market trends in Denmark and the euro area today. 

The suggested projection for the future was a further increase in housing prices due to expectations 

of a continuously low interest rate level and high level of disposable income. However, there are 

contradictive analyses regarding the low interest rate’s future development, which implies that these 

allegations should be interpreted as speculations rather than facts.   

 

In the comparison of Denmark, the US, and Norway’s housing price development over the estimation 

period, it became evident that Denmark and Norway followed each other more closely than the US. 

The main argument for this trend was the fact that both Norway and Denmark are small economies 

with similar market characteristics. Even though Norway conducts a Taylor-inspired monetary policy, 

the effect of this policy was not easy to identify in the comparison of housing price levels to Denmark. 

It was concluded that housing markets are highly correlated to general economic conditions in a 

country, which supports the resemblance between the housing price developments.  

 

The section was finalised with suggestions for further research, hereunder advising investigations of 

future macroeconomic developments in Denmark compared to the euro area, in addition to 

assessment of the effect of different monetary policy rules other than Taylor. The last suggestion for 

further research implied the use of other housing price models in order to take regional differences 

into account.  
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5 Conclusion 

 

The thesis’ objective was to explain the monetary policy’s influence on housing price development 

in Denmark, with the official bank rate as the main topic of discussion. The analysis sought to explain 

how the description of the historical development in housing prices would differ from the actual 

development when a proxy for the official bank rate was introduced. 

 

In order to understand the dynamics of housing pricing and macroeconomic conditions, an 

assessment of both the housing market and monetary policy in Denmark was carried out. It was 

concluded that the main drivers of housing demand were disposable income and cost of debt, while 

the most important driver for supply was identified as buildings under construction. Recognising 

these drivers was vital in the understanding of the determinatives for housing pricing. In relation to 

monetary policy, it was established that the Danish central bank’s principle goal in recent years was 

to ensure stable prices in the meaning of low inflation. This was done through a fixed-exchange-rate 

policy where the purpose was to keep the Danish krone constant against the euro. Consequently, 

monetary policy in Denmark was reserved to comply with this strategy. This indicated that Denmark 

was directly depended on the ECB’s monetary policy and thus indirectly on the market conditions in 

the euro area. 

 

The thesis examined housing prices and monetary policy conduction in Denmark over the period 

from the 1st quarter of 1973 to the 2nd quarter of 2017. There were identified numerous historical 

events with prominence for the macroeconomic development. In the 1970s, the Danish economy 

was characterised with high inflation and an excessive value of mortgage relief, which made it less 

expensive to raise loans. Prices increased and so did the user costs due to high interest rates. Two 

oil crises led to a reduction in consumption, higher unemployment and decreasing housing prices 

until 1983. This evidence that housing prices during this period were vastly influenced by global 

market conditions. After the passage of the second crisis, the market conditions were in a highly 

unsatisfactory state, which evidently transmitted to the housing market. Interest rates fell drastically 

from 22 % to 14 % within half a year, and housing prices once again experienced an upswing. The 

economy later picked up and in 1986 and 1987 the government implemented two political initiatives, 

the Potato cure and a new tax reform, to restrain the current boom in Danish economy. These 

initiatives helped ease the demand pressure on the housing market by making it more expensive to 

take out loans and reducing household consumption. Nevertheless, this gravely affected other 
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macroeconomic factors, leading to a radical downturn in the economic environment until the Potato 

cure’s termination. This was further influenced by the collapse of the ERM system, which trigged 

market instability across Europe. The economy subsequently recovered slowly and the housing 

prices stabilised. Except from the burst of the IT-bubble in 2000, the positive trend in the 

macroeconomy proceeded in the following years. Falling real interest rates, a nominal freeze of 

property value taxes, sharply falling unemployment rates, steady disposable income growth, and 

favourable fiscal and monetary policies led to higher housing price levels. The popularity of 

adjustable-rate mortgages had increased since the beginning of 2000 and when interest-only loans 

were introduced in 2003, the demand for housing intensified. These golden ages were nevertheless 

not sustainable in the long run, and in 2008 the financial crisis officially originated as a reaction to 

the aforementioned market tendencies. The consequences were a severe drop in interest rates and 

a nominal decrease in housing prices of 21.5 % from 2008 to 2011. The 2008 financial crisis 

transmitted into the European sovereign debt crisis, which was still a fact at the end of the thesis’ 

estimation period in 2017. In order to mitigate the negative market trends arising from the economical 

crises, the official bank rate was reduced rigorously over this time period. The official bank rate was 

kept at a negative level from 2012 throughout the considered estimation period, except from a brief 

upturn in 2014. This brought stability to the housing market and housing prices increased by almost 

22 % from the introduction of the negative rate until the 2nd quarter of 2017.  

 

Reviewing Norway and the US compared to Denmark, it was drawn that historical developments in 

housing prices between the three countries follow similar tendencies. These countries were 

considered interesting benchmarks in the purpose of this thesis due to Norway’s position as a 

neighbouring country that exhibits an analogous economy as Denmark and the US represents the 

country the Taylor rule was intended on. Denmark and Norway expectedly expressed higher 

alignment in housing price trends than what was evident for the US over the considered time period. 

Nevertheless, the resemblance between all three countries was obvious, which partly can be 

reasoned by similarities in country characteristics, hereunder degree of technological and 

demographic development. Furthermore, the comparison can be seen as an expression of the 

correlation between the world economy and domestic macroeconomic reactions. Another interesting 

finding was that Denmark on a general basis spends a significantly higher amount on housing 

consumption than the two comparable countries. It can hence be argued that alterations to housing 

prices are of greater importance for individuals’ economy in Denmark than in the respective 

comparable countries.  
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To understand the market observed development in Danish housing prices throughout history in light 

of the country’s operative monetary policy, an empirical analysis was conducted. The analysis 

comprised a comparison approach, which was carried out through the approximation of a proxy for 

the official bank rate. The proxy was utilised to replace the official bank rate and thereafter introduced 

in a housing price estimation. This enabled a comparison of reactions in historical housing prices 

between those obtained on the basis of the true official bank rate and those obtained on the basis 

of a counterfactual rate.  

 

The estimations were based on the housing price model specified by Danmarks Nationalbank from 

2011, which approximate the change in real housing prices on the basis of previous year’s housing 

prices, the first-year payment, changes in interest and property tax rates, user cost of owning a 

house and disposable income relative to housing stock. This model is a modification of the MONA 

model from 2003 and was claimed to be the most suitable in relation to answering the problem 

statement. The advantages of applying this model were its simplicity and adaptability when it comes 

to changing input variables, consistent with the aim of the analysis. The proxy for the official bank 

rate was determined on the basis of the reputable Taylor rule. The Taylor rule’s role was not to 

describe what would have happened in the market if the rule had been applied in the determination 

of the official bank rate in previous years but to use the Taylor rate as a benchmark for comparison 

of the true rate. This argument is supported by the fact that the Taylor rule is backward-looking in 

nature and was not originally intended as a policy rule in the economic theory sense that opposes 

from a discretion-conducted monetary policy. Taylor claimed himself that applying the rule with the 

purpose of evaluating past official bank rate behaviour requires a broader perspective and 

comprehension of macroeconomic dynamics.  

 

The Taylor rule suggests that the official bank rate should be revised to stabilise inflation and output 

around their target values, taking the neutral interest rate into consideration. Hence, the estimation 

regression of the Taylor rate consists of reaction coefficients for the country’s respective inflation 

and output gap, in addition to a constant representing the neutral nominal interest rate. The empirical 

analysis illustrated that estimating reasonable Taylor rate reaction coefficients is challenging. The 

results appeared somewhat ambiguous and not directly in accordance with the Taylor rule theory, 

which is the same conclusion as found for previous attempts within the field. Taylor proposed in his 

original publication of the Taylor rule from 1993, an equal weighting of the inflation and output gaps, 

under the assumption of compliance of the Taylor principle. The principle suggests that a one per 

cent increase in inflation should bring about an increase in the official bank rate of more than one 



Monetary Policy and Housing Prices                                                        Cathrine Kaalstad and Maja Fornebo 

 

114 
 

per cent. A revision of the rule was presented in 1999, which advised a higher weight of the output 

gap. The reaction coefficients suggested by Taylor provided rational results for Denmark over the 

estimation period stretching from 1st quarter 1973 to 2nd quarter 2017. The best fit with the actual 

official bank rate was the Taylor 1993 rate. This suggests that an equal focus on inflation and output 

over increased weight for the latter variable seems preferable in the determination of official bank 

rates. The process of estimating a Taylor rate also revealed a better fit to data of the rule for years 

after 1999. This is heavily reasoned by the introduction of the euro and a pronounced inflation target, 

which underline the prominent role of inflation in macroeconomic dynamics.  

 

The official bank rate was expressed through short- and long-term lending rates in the housing price 

model. It is seemingly impossible to create synthetic interest rates that would meaningfully reflect 

true interest rates’ natural responses to different economic events correctly. This is justified by the 

complexity in the relationship between short- and long-term interest rates. Nonetheless, it is 

assumed possible to determine an approximation that can outline the most important reaction 

patterns. Hence, constant spreads were applied in the calculation of the lending rates, despite 

knowing that this was a substantial simplification. This made it manageable to implement the 

synthetic interest rates into the housing price model and in this way, ensure that the reflections 

embedded in the estimated hypothetical bank rate were transferred over to the analysis of the 

housing market. 

 

The resemblance in outcomes of the housing price model based on the actual official bank rate and 

the modified model based on the proxy rate was evident. This underlines the fact that other factors 

work highly determinative in housing price estimations and that interest rates alone are not 

necessarily decisive for the outcome, at least according to the chosen housing price model. 

Nevertheless, there were detected deviances, which were directly associated with the 

implementation of the synthetic lending rates. The modified model prescribed more volatile and 

higher-levelled housing prices over the estimation period than the actual model. This was imposed 

by the Taylor rule’s postulation of a lower official bank rate and highly fluctuating changes. A 

reduction in lending rates led to lower first-year payment and user cost, suggesting a less negative 

effect on housing prices, according to the model. In the comparison of the actual official bank rate 

and the Taylor rate, there were identified several deviations, which became evident in the evaluation 

of the historical housing prices. This was particularly true for the consequences of the Danish political 

initiatives, the Potato cure and a tax reform, in the late 1980s and early 1990s. Especially in 

combination with opposable events on the European market, such as the EMS collapse in 1992, the 
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housing prices exhibit contradicting developments. The developments are however observed 

aligned after 1999, initiated by the introduction of euro and a stronger correlation between monetary 

markets in Europe. 

 

The deviations between the actual official bank rate and the Taylor-approximated rate can be viewed 

as an indication of the difference between conducting a fixed- and a non-fixed exchange rate policy, 

viewed through a backward-looking perspective. The ground for this statement is explained in the 

nature of Taylor rule construction. The Taylor rate is argued to reflect Danish business cycles to a 

large extent as opposed to the ECB-dependent, actual official bank rate. Great deviations between 

the two interest rates can be understood as insinuations of an unsuitability of Denmark’s current 

fixed-exchange-rate policy. A forced high official bank rate relative to what the economy requires 

leads to a slowdown of growth and unnaturally low housing prices in a country. Contrariwise, a forced 

low official bank rate leads to a pressured economy and unnaturally high housing prices. It is 

speculated whether market conditions move in the direction of the latter situation as of the end of 

the estimation period. Nonetheless, it was not assumed that Denmark’s fixed exchange rate policy 

is particularly threatened due to the predominantly positive aspects of small economies like Denmark 

conducting fixed-exchange-rate policies. Despite the detection of severe deviations in the first part 

of the estimation period, this argument was further justified by the improved resemblance of the 

actual official bank rate and the Taylor rate after 1999. Moreover, some of the deviations were partly 

considered related to other factors not specific for Denmark and might suggest that the concern of 

asymmetric shocks was not of high relevance for Denmark during the estimation period.  

 

It is concluded that despite strict assumptions and a pronounced level of model uncertainty, the 

thesis’ analysis evidenced a significant correlation between monetary policy and housing price 

determination in Denmark. The thesis has overall contributed to academia by examining economic 

factors in relation to market dynamics through the conduction of apt approaches. 

 

  



Monetary Policy and Housing Prices                                                        Cathrine Kaalstad and Maja Fornebo 

 

116 
 

6 Reference List  

 

6.1 Books  

Burda, M. and Wyplosz, C. (2009). Macroeconomics – A European Text (5th ed.). New York,  
USA: Oxford University Press Inc. 

 
Olney, M. L. (2011). Macroeconomics as a Second Language (1st ed.). Berkley, USA:  

John Wiley and Sons, Inc.  
 
Stock, J. H. and Watson, M. (2012). Introduction to Econometrics: Global Edition. Pearson Education  

Limited, third edition 
 
 
 

6.2 Databases  

 
Statistics Denmark. (2018). Table AULP01 – Full-time unemployed persons in per cent of the  

labour force by sex, age, region and time. Retrieved March, 24, 2018, from 
https://www.statistikbanken.dk/10316  

 
Statistics Denmark. (2018). Table AULP03 – Full-time unemployed persons in per cent of the  

labour force by sex, country of origin, region and time. Retrieved March, 24, 2018, from 
https://www.statistikbanken.dk/10316 

 
Statistics Norway. (2018). Utvalgte Norske renter. Prosent. 1954-2016 (XLS). Retrieved March, 24,  

2018 from https://www.ssb.no/renter  
 
Statistics Sweden. (2018). Lending rates to households and non-financial corporations,  

breakdown by maturitity. Month 1987M01-2018M03. Retrieved March, 24, 2018, from  
http://www.statistikdatabasen.scb.se/pxweb/en/ssd/START__FM__FM5001__FM5001C/RantaT
01/?rxid=5aa87a5a-efb2-4d89-93a6-f5b77ca8bc68 

 
 
 

6.3 Journal and Newspaper Articles 

 
Abildgren, K. (2005). A historical perspective on interest rates in Denmark 1875-2003.  

Danmarks Nationalbank Working Papers 2005, 24, 1-68. Retrieved from 
http://www.nationalbanken.dk/en/publications/Documents/2005/02/WP_24.pdf 
 

Acharyaa, V., Pierret, D. and Steffen S. (2017). Lender of Last Resort versus Buyer of Last  
Resort — Evidence from the European Sovereign Debt Crisis. ZEW - Centre for European 
Economic Research Discussion Paper, 16 (019), 1-61. Retrieved from 
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2762265 

 
 
 



Monetary Policy and Housing Prices                                                        Cathrine Kaalstad and Maja Fornebo 

 

117 
 

Andersen, A. K. and Christiansen, H.(2016). Danmark er mindre urbaniseret end EU som  
helhed. Danmarks Statistik, DST Analyse, August 11, 2016. Retrieved from 
https://www.dst.dk/Site/Dst/Udgivelser/nyt/GetAnalyse.aspx?cid=27322 

 
Andersen, A. L., Duus, C. and Jensen, T. L. (2014). Household debt and consumption during  

the financial crisis. Nationalbanken, Monetary Review 1st Quarter, 2014. Retrieved from 
http://www.nationalbanken.dk/en/publications/Documents/2014/03/Household_MON1_2014.pdf 

 
Arestis, P. and González A. R. (2013). Modeling the Housing Market in OECD Countries. Levy  

Economics Institute, working paper no.764, May 2013. Retrieved from
 http://www.levyinstitute.org/pubs/wp_764.pdf  
 
Arltová, M. and Fedorová, D. (2016). Selection of Unit Root Test on the Basis of Length of the  

Time Series and Value of AR(1) Parameter. Statistika, Czech Science Foundation. Retrieved 
from  
https://www.czso.cz/documents/10180/32912822/32019716q3047.pdf/09710b90-e1d0-4bb1-
816e-5b83faad686b?version=1.0  

 
Ball, L. (1997). Effcient Rules for Monetary Policy. NBER Working Paper No. 5952, 2 (1),  

63-83. Retrieved from http://www.nber.org/papers/w5952.pdf 
 
Belke, A. and Klose, J. (2009). Does the ECB rely on a Taylor rule during the financial crisis?  

Comparing ex-post and real time data with real time forecasts. Discussion Papers of DIW 
Berlin, 917, 1-35. Retrieved from 
http://www.diw.de/documents/publikationen/73/diw_02.c.298981.de/dp917.pdf 

 
Boligmarkedet og boligejernes økonomi. (2010). The Ministry of Industry, Business and Financial  

Affairs, Økonomisk Tema nr.9, April, 2010, 1-126. Retrieved from  
http://www.ft.dk/samling/20091/almdel/eru/bilag/180/832616.pdf 
 

Boligpriser og normaliseringen af renterne frem mod 2020. (2013). The Ministry of Economic  
Affairs and the Interior (OIM). Økonomisk Analyse, December 18, 2013 1-14. Retrieved from 
https://oim.dk/media/18551/14-oekonomisk-analyse-boligpriser-og-normaliseringen-af-renterne-
frem-mod-2020.pdf 

 
Brayton, F., Levin, A., Tryon, R. and Williams, J. (1997). The Evolution of Macro Models at  

the Federal Reserve Board. Carnegie-Rochester Conference Series on Public Policy, 47 (1), 
43-81. Retrieved from https://www.federalreserve.gov/pubs/feds/1997/199729/199729pap.pdf 

 
Cook, D. R. (1977). Detection of Influential Observation in Linear Regression.  

American Statistical Association, Technometrics, 19 (1), 15-18. Retrieved from  
http://www.stat.ucla.edu/~nchristo/statistics100C/1268249.pdf 

 
Crowder, W. J. (1996). The international convergence of inflation rates during fixed and floating  

exchange rate regimes. Journal of International Money and Finance, Volume 15, Issue 4, 
August 1996, 551-575. Retrieved from https://ac.els-cdn.com/0261560696000216/1-s2.0-
0261560696000216-main.pdf?_tid=9ad2fc67-bbb5-4727-b1a1-
b5d76c32dcb7&acdnat=1525934557_45e977be1fcf06527af7638e38d61050 

 
Dam, N. A. (2008). Konjunkturcykler i Danmark og Europa. Danmarks Nationalbank  

Working Papers, 56, 1-20. Retrieved from 
http://www.nationalbanken.dk/en/publications/Documents/2008/09/wp-56.pdf 

 
 
 



Monetary Policy and Housing Prices                                                        Cathrine Kaalstad and Maja Fornebo 

 

118 
 

Dam, N. A., Hvolbøl, T. S., Pedersen, E. H., Sørensen, P. B. and Thamsborg, S. H. (2011). Udviklingen  
på ejerboligmarkedet i de senere år – Kan boligpriserne forklares?.Danmarks Nationalbank, 
Kvartalsoversigt – 1. kvartal 2011 – Del 2. 

 
Dam, N. A., Hvolbøl, T. S. and Rasmussen, M. H. (2014). Boligmarked i flere hastigheder. Danmarks  

Nationalbank, Kvartalsoversigt – 3. kvartal 2014. 
 
Danmarks Nationalbank. (1987). Danmarks Nationalbank – Kvartalsoversigt, Februar 1987. Danmarks  

Nationalbank – Kvartalsoversigt, Februar 1987, 25 (4), 1-31. Retrieved from 
http://www.nationalbanken.dk/da/publikationer/Documents/1987/02/KVO%20feb%201987_ok.p
df 

 
Danmarks Nationalbank. (2003). MONA – en kvartalsmodel af dansk økonomi. Retrieved from   

https://www.nationalbanken.dk/da/publikationer/Documents/2003/11/mona_web.pdf 
 
Danmarks Nationalbank. (2007). Monetary Review 2nd Quarter 2007. Monetary Review 2nd  

Quarter 2007, 2, 1-105. Retrieved from 
https://www.nationalbanken.dk/en/publications/Documents/2007/06/mon_2qtr_07_web.pdf 

 
Danmarks Nationalbank. (2009). Pengepolitik i Danmark. Pengepolitik i Danmark, 3,  

1-130. Retrieved from 
https://www.nationalbanken.dk/da/publikationer/Documents/2009/10/pengepol_3udg_dk_web.p
df 

 
Denmark: Financial Sector Assessment Program, Macroprudential Policies –  

Technical Note. (2014). IMF Country Report, 347 (14), 1-49. Retrieved from 
https://books.google.dk/books?id=Uc7FBgAAQBAJandpg=PA43andlpg=PA43anddq=lambda+v
alues+smoothing+parameter+denmark+400+000andsource=blandots=Dvs0mm7CKPandsig=S
NPg0uNMHLrBtwPm-
0RXsk1xLKkandhl=enandsa=Xandved=0ahUKEwjksqGN4bHaAhXiNpoKHVyvDggQ6AEIKTAA
#v=onepageandq=lambda%20values%20smoothing%20parameter%20denmark%20400%2000
0andf=false 

 
Fernstrøm, A., Sandberg, B., Berntsen, M. S. and Deveci, N. N. (2017A). Konjunkturanalyse marts  

2017.Dansk Byggeri. Retrieved from https://www.danskbyggeri.dk/media/25100/dansk-
byggeris-konjunkturanalyse-marts-2017.pdf  

 
Fernstrøm, A., Sandberg, B., Hangaard, J. and Holt, M. (2017B). Konjunkturanalyse oktober 2017.  

Dansk Byggeri. Retrieved from https://www.danskbyggeri.dk/media/30278/dansk-byggeris-
konjunkturanalyse-oktober-2017.pdf 

 
Frøyland, E. and Nymoen, R. (2000). Produksjonsgapet i norsk økonomi – ulike metoder,  

samme svar? Penger og Kreditt, 1, 22-28. Retrived from 
https://brage.bibsys.no/xmlui/bitstream/handle/11250/2480464/produksjonsgapet.pdf?sequence
=1andisAllowed=y 

 
General assessment of the macroeconomic situation. (2017). OECD Economic Outlook, Volume  

2017 Issue 2. 11-53. Retrieved from https://www.oecd.org/eco/outlook/general-assessment-of-
the-macroeconomic-situation-november-2017-OECD-economic-outlook.pdf  

 
Grosche, S-C. (2014). What Does Granger Causality Prove? A Critical Examination of the
 Interpretation of Granger Causality Results on Price Effects of Index Trading in
 Agricultural Commodity Markets. Journal of Agriculture Economics, vol. 65, no. 2,  

2014. Retrieved from https://onlinelibrary.wiley.com/doi/pdf/10.1111/1477-9552.12058  
 

https://brage.bibsys.no/xmlui/bitstream/handle/11250/2480464/produksjonsgapet.pdf?sequence=1&isAllowed=y
https://brage.bibsys.no/xmlui/bitstream/handle/11250/2480464/produksjonsgapet.pdf?sequence=1&isAllowed=y


Monetary Policy and Housing Prices                                                        Cathrine Kaalstad and Maja Fornebo 

 

119 
 

Guba, E. E. (1990). The Paradigm Dialog. SAGE Publications (p.17-27). Retrieved from    
https://uk.sagepub.com/en-gb/eur/the-paradigm-dialog/book3220 

 
Guba, E. and Lincoln, Y. (1994). Competing paradigms in qualitative research. In N. Denzin  

and Lincoln (ed), Handbook of Qualitative (p.105-177), Thousand Oaks,CA: Sage 
 
Haldane, A. G. and Batini, N. (1998). Forward-looking rules for monetary policy. National Bureau  

of Economic Research, Working Paper 6543. 2-44. Retrieved from  

http://www.nber.org/papers/w6543.pdf  

 
Hansen, J. Z., Iversen, A. Ø., and Stephensen, P. (2018). Ejerboliger i det 21.  

århundrede – En husstandsbaseret undersøgelse af boligkapitalgevinst og ejerboligbeskatning i 
perioden 2000-15. DREAM, Boligøkonomisk Videncenter. Retrieved from 
http://www.dreammodel.dk/pdf/R2018_01.pdf 

 
Hansen, N.-J. H. (2012). Does the Common Monetary Policy Contribute to Asymmetric  

Credit Growth in the Euro Area? Retrieved from 
http://web.econ.ku.dk/NF/Årsmøder/Årsmøde%202012/Papers/Niels_Jakob_Harbo_Hansen_K
oldingfjord.pdf 

 
Harmsen, M. P. P. (2010). Basel III: Makroprudentiel regulering ved hjælp af modcykliske  

kapitalbuffere. Kvartaloversigt - 4. kvartal 2010, 1, 93-109. Retrieved from 
http://www.nationalbanken.dk/da/publikationer/Documents/2010/12/Basel_kvo4_2010_2.pdf 

 
Heinig, C. H. (2012). Boligmarkedet fortsat sendt til tælling – men det er ikke første gang i
 historien.Realkredit Danmark Analyse, March 5, 2012. Retrieved from
 https://www.rd.dk/PDF/Om%20os/Analyser/2012/stoerste-prisfald-i-70-aar_.pdf 
 
Hviid, S. J. (2017). A regional model of the Danish housing market. Danmarks Nationalbank, working  

paper no.121, November 9, 2017. Retrieved from 
https://www.nationalbanken.dk/da/publikationer/Documents/2017/11/WorkingPaper_nr121.pdf  

 
Hviid, S. J., Hvolbøl, T. S. and Pedersen, E. H. (2016) Regional aspect of the housing market.  

Danmarks Nationalbank Monetary Review, 4th quarter, 47-61. Retrieved from 
http://www.nationalbanken.dk/en/publications/Documents/2016/12/monetary%20review%204th
%20quarter%202016.pdf 

 
Hodrick, R. J. and Prescott, E. J. (1997). Post-war U.S business cycles: An empirical  

investigation. Journal of Money, Credit, and Banking, 29 (1), 1-16. Retrieved from 
https://www0.gsb.columbia.edu/faculty/rhodrick/prescott-hodrick1997.pdf 

 
Hægeland, T., Eika, T., Fæhn, T., Halvorsen, E., Langsrud, Ø., Larsen, B. M., Modalsli, J.  

H., Storeng, K. and Sørensen, K. (2014). Konjunkturtendensene. Økonomiske analyser, 33 (4), 
1-48. Retrieved from https://www.ssb.no/nasjonalregnskap-og-
konjunkturer/oa/_attachment/194982?_ts=14869603da0 

 
Jansen, E. S. (2011). Hva driver utviklingen i boligprisene?. Statistisk sentralbyrå. Retrieved  

April 21, 2018 from https://www.ssb.no/priser-og-prisindekser/artikler-og-publikasjoner/hva-
driverutviklingen-i-boligprisene  

 
Jensen, J. R., Spange, M. and Mikkelsen, J. G. 2017. The ECB's unconventional monetary  

policy and the role of exchange rate regimes in cross-country spillovers. Danmarks  
Nationalbanks Working Papers, 119 (1), 1-37. Retrieved from  
https://www.nationalbanken.dk/en/publications/Documents/2017/10/DNWP_119.pdf 

 

http://www.dreammodel.dk/pdf/R2018_01.pdf


Monetary Policy and Housing Prices                                                        Cathrine Kaalstad and Maja Fornebo 

 

120 
 

Kahn, G. A. (2012). Estimated Rules for Monetary Policy. Economic Review, Fourth  
Quarter 2012, 1, 5-29. Retrieved from 
https://www.kansascityfed.org/publicat/econrev/pdf/12q4Kahn.pdf 

 
Kyhl, T. and Pedersen, J. L. (2009). NORAH – en regional model for huspriserne. Nykredit, November  

2009. Retrieved from 
https://mitnykredit.dk/omnykredit/ressourcer/dokumenter/pdf/markedskommentarer_2009/progn
ose-271109.pdf 

 
Lancaster, D. and Tulip, P. (2015). Okun’s Law and Potential Output. Research Discussion Paper  

2015-14, Economic Research Department, Reserve Bank of Australia, 1, 1-29. Retrieved from 
https://www.rba.gov.au/publications/rdp/2015/pdf/rdp2015-14.pdf 

 
Leamer, E. E. (1985). Vector Autoregressions for Causal Inference?. Carnegie-Rochester
 Conference Series on Public Policy 22, 255-304 North Holland.Retrieved from   

http://pages.stern.nyu.edu/~dbackus/Identification/id/Leamer_CR_85.pdf 
 
Lønning, I. and Olsen, K. (2000). Pengepolitiske regler. Penger og Kreditt, 2, 107-114.  

Retrieved from 
https://jmaurit.github.io/anvendt_macro/artikler/Lønning%20og%20Olsen%20(2000).pdf 

 
Mandsberg, R. K., Autrup, S. L. and Risbjerg, L. (2016). Gennemslag fra Nationalbankens  

renter til pengeinstitutternes renter. Danmarks Nationalbank, Kvartalsoversigt, 2. Kvartal, 2016, 
1, 51-64. Retrieved from 
https://www.nationalbanken.dk/da/publikationer/Documents/2016/06/Gennemslag_fra_nationalb
ankens_renter_til_pengeinstitutternes_renter_KVO2_16.pdf 

 
MarketLine. (2018). PESTLE Country Analysis Report: United States. Retrieved April 20, 2018 from  

www.marketline.com  
 
Newey, W. K. and West, K. D. (1987). A Simple, Positive Semi-Definite, Heteroskedasticity  

and Autocorrelation Consistent Covariance Matrix. Econometrica, 55 (3), 703-708. Retrieved 
from https://www.jstor.org/stable/1913610?seq=1#page_scan_tab_contents 

 
Nielsen, M. H. (2016). Dansk byggeri: Stil grønne krav til byggebranchen. Debat, Altinget.dk,  

October 5,2016. Retrieved from https://www.altinget.dk/by/artikel/dansk-byggeri-marked-og-
regulering-kan-traekke-i-samme-retning 

 
OECD Economic Surveys - Denmark. (2005). OECD Economic Surveys – Denmark,1, 1-154.  

Retrieved from 
https://books.google.dk/books?id=46y9mkOnTY4C&pg=PA28&lpg=PA28&dq=denmark+20
03+economy&source=bl&ots=z-
pQVMR6ch&sig=Zf0iJ0D_pTJRsbozwwyV3IAdq2o&hl=en&sa=X&ved=0ahUKEwj7hr-
ogf7aAhVEEywKHQkRA2YQ6AEIajAH#v=onepage&q=denmark%202003%20economy&f=
false 

 
OECD. (2015). National Accounts at a Glance. OECD Publishing. Retrieved April 20, 2018 from  

http://dx.doi.org/10.1787/na_glance-2015-en 
 
Pedersen, J. (2015). The Danish Natural Real Rate of Interest and the Secular Stagnation.  

Danmarks Nationalbank Working Papers, 94, 1-38. Retrieved from 
http://www.nationalbanken.dk/da/publikationer/Documents/2015/03/DNWP_94.pdf 

 
 

http://www.marketline.com/
http://dx.doi.org/10.1787/na_glance-2015-en


Monetary Policy and Housing Prices                                                        Cathrine Kaalstad and Maja Fornebo 

 

121 
 

Plovsing, J. and Olsen. A. (2012). ADAM – A model of the Danish Economy. Statistics Denmark.  
Retrieved from https://www.dst.dk/Site/Dst/Udgivelser/GetPubFile.aspx?id=18836&sid=adam 

 
Ravn, S. H. (2012). Rules versus Dictation: A Taylor Rule for Denmark.  

Nationaløkonomisk Tidsskrift 150, 1, 21-41. Retrieved from https://www.djoef-
forlag.dk/sites/nt/files/2012/2012_2.pdf 

 
Skaarup, M. and Bødker, S. (2010). House prices in Denmark: are they far from equilibrium?.  

Ministry of Finance, working paper no 21/2010. Retrieved from 
https://www.fm.dk/publikationer/arbejdspapirer/2010/house-prices-in-denmark 

 
Spange, M. and Toftdahl, M. W. (2014). Fastkurspolitik i Danmark. Danmarks Nationalbank  

Kvartalsoversigt, 1. Kvartal, 2014, 1, 49-59. Retrieved from 
https://www.nationalbanken.dk/da/publikationer/Documents/2014/03/Fastkurspolitik_KVO1_201
4.pdf 

 
Stadnitski, T. (2010). Deterministic or Stochastic Trend: Decision on the Basis of the Augmented  

Dickey-Fuller Test. Methodology European Journal of Research Methods for the Behavioral and 
Social Sciences, January 2010. Retrieved from 
https://www.researchgate.net/publication/235922660_Deterministic_or_Stochastic_Trend_Deci
sion_on_the_Basis_of_the_Augmented_Dickey-Fuller_Test  

 
Statistics Denmark. (2018A). Byggeaktiviteten steg igennem 2017. NYT fra Danmarks Statistik,  

Nr. 57,February 16, 2018. Retrieved from 
https://www.dst.dk/da/Statistik/nyt/NytHtml?cid=25254  

 
Statistics Denmark. (2018B). Stigende arbejdsomkostninger gør byggeri dyrere. NYT fra Danmarks  

Statistik, Nr. 83, March 6, 2018. Retrieved from 
https://www.dst.dk/da/Statistik/nyt/NytHtml?cid=22721  

Olsen, A. L., Frølander, A. and Østberg, C. (2017). Befolkningens udvikling 2016. Statistics  
Denmark, 5-116. Retrieved from 
https://www.dst.dk/Site/Dst/Udgivelser/GetPubFile.aspx?id=20714&sid=befudv2016 

 
Statistics Denmark. (2013). Størst befolkningsvækst i Københavns Kommune. NYT, nr.219,  

April, 29. 2013, Retrieved from https://www.dst.dk/pukora/epub/Nyt/2013/NR219_1.pdf 
 
Taylor, J. B. (1993). Discretion versus policy rules in practice.  

Carnegie-Rochester Conference Series on Public Policy, 39, 195-214. Retrieved from 
https://web.stanford.edu/~johntayl/Onlinepaperscombinedbyyear/1993/Discretion_versus_Polic
y_Rules_in_Practice.pdf 

 
Taylor, J. B. (1999). A Historical Analysis of Monetary Policy Rules. University of Chicago  

Press, 319-348. Retrieved from http://www.nber.org/books/tayl99-1 
 
Xiao, Y. (2017). Urban Morphology and Housing Market. Tonghi University Press and Springer Nature  

Singapore Pte Ltd. 2017. Retrieved from  
https://www.springer.com/cda/content/document/cda_downloaddocument/9789811027611-
c2.pdf?SGWID=0-0-45-1595653-p180300891 

 
Zivot, E. and Wang J. (2002). Modeling Financial Time Series with S-PLUS. Springer Verlag.  

Retrieved from https://faculty.washington.edu/ezivot/econ584/notes/unitroot.pdf 
 



Monetary Policy and Housing Prices                                                        Cathrine Kaalstad and Maja Fornebo 

 

122 
 

6.4 Web Documents and Sites 

2008 - Finanskrise og sikring af finansiel stabilitet. (2015). Danmarks Nationalbank. Retrieved 
April 3, 2018 from http://www.nationalbanken.dk/da/om_nationalbanken/historie/Sider/2008---
Finanskrise-og-sikring-af-finansiel-stabilitet.aspx 

 
1987-skattereformen.(2018). Skattemyndighederne. Retrieved April 14, 2018 from  

http://www.skm.dk/aktuelt/temaer/1987-skattereformen  
 
 
Amadeo, K. (2018). Fixed Exchange Rates, Their Pros and Cons With Examples.  

Retrieved April 20, 2018, from https://www.thebalance.com/fixed-exchange-rate-definition-pros-
cons-examples-3306257 

 
Andersen, A. A. (2016). 1970’erne. iBureauet/Dagbladet Information. Retrieved March 29, 2018 from  

https://faktalink.dk/titelliste/19702019erne  
 
Bangslund, L. and Juulsager, J. J. (2017). Amager Fælled: Politikere wil ophæve 25 år gammel  

fredning. Retrieved March 23, 2018 from https://www.tv2lorry.dk/artikel/amager-faelled-
politikere-vil-ophaeve-25-aar-gammel-fredning  

 
Batchelor, O. (2017). Danmark på vej ind i en højkonjunktur. Retrieved April 18, 2018,  

from https://www.dr.dk/nyheder/penge/danmark-paa-vej-ind-i-en-hoejkonjunktur 
 
Berlingske Business. (2017). De danske boligpriser fortsætter med at stige. Retrieved April 4,  

2018 from, https://www.business.dk/bolig/de-danske-boligpriser-fortsaetter-med-at-stige  
 
Brandsen, M. (2017). By and Havn under beskydning: Ødelægger dyreliv på Amager Fælled. Retrieved  

March 23, 2018 from  
https://www.tv2lorry.dk/artikel/havn-under-beskydning-oedelaegger-dyreliv-paa-amager-faelled  

 
Christensen, M. A. (2017). Så meget er huspriserne steget siden 1965. Bolius, May 7, 2017. Retrieved  

April 3, 2018 from  
https://www.bolius.dk/saa-meget-er-huspriserne-steget-siden-1965-40843/  

 
Bureau of Labor Statistics. (2014). Consumer spending and U.S. employment from the 2007-2009  

recession through 2022. Retrieved April 21, 2018 from  
https://www.bls.gov/opub/mlr/2014/article/consumer-spending-and-us-employment-from-the-
recession-through-2022.htm 

 
Cook’s Distance. (n.d.). Retrieved April 14, 2018 from  
 https://se.mathworks.com/help/stats/cooks-distance.html 
 
CPH City and Port Development. (2009). Nordhavnen Urban Strategy. Retrieved March 21,  

2018, from http://www.nordhavnen.dk/english/uk-nh-vision/uk-nh-strategy.aspx  
 
CPH City and Port Development. (n.d). Why have urban development in Nordhavn. Retrieved  

March 21, 2018, from http://www.nordhavnen.dk/english/uk-nh-vision/uk-nh-
whyhaveurbandevelopment.aspx 

 
Damsgaard, P. M. (2016). Urbanisering: I 2050 wil to ud aft re bo I byer. Videnskab.dk, July  

25, 2016. Retrieved March 24, 2018 from, https://videnskab.dk/kultur-samfund/urbanisering-i-
2050-vil-to-ud-af-tre-bo-i-byer 

 
 



Monetary Policy and Housing Prices                                                        Cathrine Kaalstad and Maja Fornebo 

 

123 
 

Danmarks Nationalbank's Role in the ECB and in the EU's Economic and Financial  
Cooperation. (2015). Danmarks Nationalbank. Retrieved March 27, 2018, from 
http://www.nationalbanken.dk/en/monetarypolicy/Denmark_and_the_euro/Pages/default.aspx 
 

Dengsøe, P. (2016). Boligpriserne og renterne rører på sig - se hvor de går hen i 2017.  
Retrieved April 18, 2018, from https://www.business.dk/bolig/boligpriserne-og-renterne-roerer-
paa-sig-se-hvor-de-gaar-hen-i-2017 

 
Dot Com-Boblen. (2015). Retrieved March 28, 2018, from http://www.daytrader.dk/dot-com-boblen/ 
 
 
Fink, J. (2018). Genopretningspolitikken. Danmarkshistorien. Retrieved April 10, 2018 from  

http://danmarkshistorien.dk/perioder/ef-og-krisetider-1973-1989/genopretningspolitikken/ 
 
Foreign-Exchange-Rate Policy and ERM 2. (2015). Retrieved March 28, 2018, from  

http://www.nationalbanken.dk/en/monetarypolicy/fixed_exchange_rate_and_ERM2/Pages/Defa
ult.aspx 

 
Frederiksen, L. C. (2011). Forstå fastfrysningen af boligskatten. DR.dk, April 13, 2011.  

Retrieved March 24, 2018 from https://www.dr.dk/nyheder/indland/forstaa-fastfrysningen-af-
boligskatten  

 
Frost, J. (2017). How To Interpret R-squared in Regression Analysis. Retrieved April 18,2018 from  

http://statisticsbyjim.com/regression/interpret-r-squared-regression/  
 
Frost, J. (2013). What Are the Effects of Multicollinearity and When Can I Ignore Them?.  

Retrieved April 14, 2018 from http://blog.minitab.com/blog/adventures-in-statistics-2/what-are-
the-effects-of-multicollinearity-and-when-can-i-ignore-them 

 
Gabriel, D. (2013). Inductive and deductive approaches to research. Retrieved April  

28, 2018, from http://deborahgabriel.com/2013/03/17/inductive-and-deductive-approaches-to-
research/  

 
GDP growth (annual %), The World Bank national accounts data. Retrieved May 10, 2018 from   

https://data.worldbank.org/indicator/NY.GDP.MKTP.KD.ZG?end=1999&locations=EU&start=19
98  

 
Grace-Martin, K. (2018). When to leave insignificant effects in a model. The Analysis Factor.  

Retrieved April 14, 2018 from https://www.theanalysisfactor.com/insignificant-effects-in-model/  
 
Gram, T. (2017). Bankkriser i Norge. Store norske leksikon. Retrieved April 21, 2018 from
 https://snl.no/Bankkriser_i_Norge  
 
Habermann, N. (2017). Nordhavnsdrømmen på budget. Magasinet KBH, October 2, 2017.  

Retrieved March 22, 2018 from https://www.magasinetkbh.dk/indhold/orienten-nordhavn 
 
Henriksen, I. (2018). An Economic History of Denmark. Retrieved April 14, 2018, from  

https://eh.net/encyclopedia/an-economic-history-of-denmark/ 
 
Hyndman, R. J. and Athanasopoulos, G. (2013). Forecasting: Principles and practice. Retrieved  

April 6, 2018 from https://www.otexts.org/fpp/8/7  
 
Interest Rate in Eurozone. (2018). Retrieved April 18, 2018, from  

https://www.focus-economics.com/country-indicator/eurozone/interest-rate 
 

http://statisticsbyjim.com/regression/interpret-r-squared-regression/
http://deborahgabriel.com/2013/03/17/inductive-and-deductive-approaches-to-research/
http://deborahgabriel.com/2013/03/17/inductive-and-deductive-approaches-to-research/
https://snl.no/Bankkriser_i_Norge


Monetary Policy and Housing Prices                                                        Cathrine Kaalstad and Maja Fornebo 

 

124 
 

Iversen, K. O. (2016). En toroms til bare 50.000 kroner!?. DnB Eiendom, Alt om bolig.  
Retrieved April 21, 2018 from http://www.dnbeiendom.no/altombolig/kjop-og-
salg/boligpriser1/boligpriser-da-og-na/ 

 
Jensen, S. (2007). Kuren der rystede Danmark.Berlingske, December 4, 2007. Retrieved April  

3, 2018 from https://www.b.dk/nationalt/kuren-der-rystede-danmark  
 
Juel, F. M. (2018). Dansk økonomi rammer muren i 2018, men danskerne får det bedre.  

Retrieved April 18, 2018, from https://www.business.dk/oekonomi/dansk-oekonomi-rammer-
muren-i-2018-men-danskerne-faar-det-bedre 

 
Jørgensen, K. P. (2016). Fast vs variabel rente. Nyhedsbrev May 2016, LånandSpar. Retrieved  

March 23, 2018 from 
https://www.lsb.dk/lsb/content/nyhedsbrev/nyhedsbrev_maj_2016/fast_variabel/Artikel?_np_c=e
%2Cnyhedsbrev%2C2016_05%2Cfastvsvariabel  

 
Kehlet, M. (2017). Lave renter får danskernes boligomkostninger til at dykke. Finans,  

privatøkonomi. Retrieved April 28, 2018 from https://finans.dk/privatokonomi/ECE9913977/lave-
renter-faar-danskernes-boligomkostninger-til-at-dykke/?ctxref=ext 

 
Kjeldsen, U. L. (2014). Sådan hænger boligprisen sammen med renten. Privatøkonomi,
 Politiken.dk, March 31, 2014. Retrieved March 23, 2018 from  

https://politiken.dk/oekonomi/privatoekonomi/art5508959/S%C3%A5dan-h%C3%A6nger-
boligprisen-sammen-med-renten 

 
Kureer, H. (2010). International økonomi – A-niveau. Systeme. Retrieved April 3, 2018 from  

https://ioa1.systime.dk/index.php?id=180 
 
Larsen, E. R. and Sommervoll, D. E. (2004). Hva bestemmer boligprisene?. Retrieved March  

21, 2018, from https://www.ssb.no/priser-og-prisindekser/artikler-og-publikasjoner/hva-
bestemmer-boligprisene 

 
Magee, L. (2013). Unit Roots, Cointegration, VARs and VECMs. Retrieved April 11, 2018  

from https://socialsciences.mcmaster.ca/magee/761_762/02-Time%20series%20models%20B-
notes.pdf 

 
Monetary And Exchange-Rate Policy. (2017). Retrieved March 26, 2018 from  

http://www.nationalbanken.dk/en/monetarypolicy/implementation/Pages/default.aspx 
 
Monetary Policy. (n.d.). Retrieved April 05, 2018 from  

https://www.nationalbanken.dk/en/monetarypolicy/Pages/default.aspx 
 
Monetary policy. (2018). Sveriges Riksbank. Retrieved May 13, 2018, from  

https://www.riksbank.se/en-gb/monetary-policy/  
 
Nielsen, L. (2017). Renterekord slået: Nu er selv F5-renten negativ. Retrieved April 18,  

2018, from https://finans.dk/privatokonomi/ECE10027315/renterekord-slaaet-nu-er-selv-
f5renten-negativ/?ctxref=ext 

 
Norges Bank. (2006). Inflation. Retrieved May 12, 2018, from https://www.norges- 

bank.no/en/Statistics/Inflation/ 
 
Official Interest Rates. (2016). Retrieved March 27, 2018, from  

https://www.nationalbanken.dk/en/marketinfo/official_interestrates/Pages/default.aspx 
 

http://www.dnbeiendom.no/altombolig/kjop-og-salg/boligpriser1/boligpriser-da-og-na/
http://www.dnbeiendom.no/altombolig/kjop-og-salg/boligpriser1/boligpriser-da-og-na/


Monetary Policy and Housing Prices                                                        Cathrine Kaalstad and Maja Fornebo 

 

125 
 

Praet, P. (2017). Europe’s economic recovery and implications for monetary policy.  
Retrieved March 28, 2018, from 
https://www.ecb.europa.eu/press/key/date/2017/html/ecb.sp170706.en.html 

 
Rømer, R. (2011). Renteskolen - Lektion 1. Retrieved April 8, 2018, from  

https://formuepleje.dk/videnscenter/nyheder/2011/renteskolen-lektion-1/ 
 
Sørensen, S. M. (2017). Stopper boligmarkedets fremgang samtidig med seddelpressen?.Indblik I  

boligmarkedet, Bolignyheder, August 21, 2017. Retrieved March 22, from  
https://bolignyheder.boligsiden.dk/2017/08/stopper-boligmarkedets-fremgang-samtidig-med-
seddelpressen/  

 
Taylor, B. (2010). The Fed and the Crisis: A Reply to Ben Bernanke. Retrieved April 19,  

2018, from https://www.wsj.com/articles/SB10001424052748703481004574646100272016422 
 
The ECB`s negative interest rate. (2014). Retrieved March 23, 2018, from  

https://www.ecb.europa.eu/explainers/tell-me-more/html/why-negative-interest-rate.en.html 
 

The Economist. (2013). Crash course – The origins of the financial crisis. Retrieved April 3,  
2018 from, https://www.economist.com/news/schoolsbrief/21584534-effects-financial-crisis-are-
still-being-felt-five-years-article 

 
Thiemann, P. and Jensen, K. (2015). Europa: Befolkningsvækst skyldes indvandrere. Politiken.dk, 

July 29, 2015. Retrieved March 24, 2018 from https://politiken.dk/udland/art5584019/Europa-
Befolkningsv%C3%A6kst-skyldes-indvandrere  

 
Trend-Stationary vs. Difference-Stationary Processes. (2018). Retrieved April 6, 2018 from  

https://se.mathworks.com/help/econ/trend-stationary-vs-difference-
stationary.html?s_tid=gn_loc_drop 

 

6.5 Presentation Slides 

 
Nielsen, H. B. (2005). Non-Stationary Time Series and Unit Root Tests. University of Copenhagen,  

Econometrics 2 – Fall 2005. [PowerPoint slides]. Retrieved April 6, 2018 from 
http://www.econ.ku.dk/metrics/econometrics2_05_ii/slides/08_unitroottests_2pp.pdf  

 

  

https://se.mathworks.com/help/econ/trend-stationary-vs-difference-stationary.html?s_tid=gn_loc_drop
https://se.mathworks.com/help/econ/trend-stationary-vs-difference-stationary.html?s_tid=gn_loc_drop


Monetary Policy and Housing Prices                                                        Cathrine Kaalstad and Maja Fornebo 

 

126 
 

7 Appendices  

 

 

 

 

 

Appendix A .................................................................................................................................... 2 

Appendix B .................................................................................................................................... 2 

Appendix C .................................................................................................................................... 3 

Appendix D .................................................................................................................................... 4 

Appendix E .................................................................................................................................... 5 

Appendix F .................................................................................................................................... 6 

Appendix G .................................................................................................................................... 6 

Appendix H .................................................................................................................................... 7 

Appendix I ..................................................................................................................................... 8 

Appendix J..................................................................................................................................... 8 

Appendix K .................................................................................................................................... 9 

Appendix L .................................................................................................................................... 9 

Appendix M .................................................................................................................................. 10 

Appendix N .................................................................................................................................. 10 

Appendix O .................................................................................................................................. 10 

Appendix P .................................................................................................................................. 11 

Appendix Q .................................................................................................................................. 11 

Appendix R .................................................................................................................................. 12 

Appendix S .................................................................................................................................. 12 

 

 
 



2 

Appendix A 
 

 

Figure 19: Disposable income 1973Q1-2017Q2 (Danmark’s Nationalbank) 

 

Appendix B 
 

 

Figure 20 Change in housing prices and user cost 1974Q4-2017Q2 (Danmark’s Nationalbank and own 

estimations) 

  



3 

Appendix C 
 

Estimation variables overview 

 

𝐾𝑑 = 𝑑𝑒𝑚𝑎𝑛𝑑 

𝑃𝐶𝑃 = 𝑝𝑟𝑖𝑐𝑒 𝑜𝑓 𝑝𝑟𝑖𝑣𝑎𝑡𝑒 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛, 𝑑𝑒𝑓𝑙𝑎𝑡𝑜𝑟 

𝑓𝐶𝑝𝑢𝑥ℎ = 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑒𝑥𝑐𝑙. ℎ𝑜𝑢𝑠𝑖𝑛𝑔 

𝑢 = 𝑢𝑠𝑒𝑟 𝑐𝑜𝑠𝑡 

𝑦 = 𝑓𝑖𝑟𝑠𝑡 − 𝑦𝑒𝑎𝑟 𝑝𝑎𝑦𝑚𝑒𝑛𝑡 

𝐴𝐼𝐻 = ℎ𝑜𝑢𝑠𝑖𝑛𝑔 𝑠𝑡𝑜𝑐𝑘 

𝐴𝐼𝐻𝑤 = ℎ𝑜𝑢𝑠𝑖𝑛𝑔 𝑠𝑡𝑜𝑐𝑘 𝑤𝑎𝑛𝑡𝑒𝑑 

휀 = 𝑒𝑟𝑟𝑜𝑟 𝑡𝑒𝑟𝑚/𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙𝑠 

𝑐𝑡 = 𝑢𝑡𝑖𝑙𝑖𝑡𝑦 𝑓𝑟𝑜𝑚 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑜𝑓 𝑎 𝑐𝑜𝑚𝑝𝑜𝑠𝑖𝑡𝑒 𝑔𝑜𝑜𝑑 

𝐼 = 𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 

𝑃0 = 𝑛𝑒𝑡 𝑝𝑟𝑒𝑠𝑒𝑛𝑡 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑝𝑟𝑖𝑐𝑒 

Π = 𝑝𝑟𝑜𝑓𝑖𝑡 

𝑖𝑡 = 𝑠ℎ𝑜𝑟𝑡 − 𝑡𝑒𝑟𝑚 𝑛𝑜𝑚𝑖𝑛𝑎𝑙 𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡 𝑟𝑎𝑡𝑒 

𝑟∗ = 𝑛𝑒𝑢𝑡𝑟𝑎𝑙 𝑟𝑒𝑎𝑙 𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡 𝑟𝑎𝑡𝑒 

𝑝𝑡 = 𝑎𝑐𝑡𝑢𝑎𝑙 𝑖𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛 

𝑝∗ = 𝑖𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛 𝑡𝑎𝑟𝑔𝑒𝑡 

𝑌 = 𝑎𝑐𝑡𝑢𝑎𝑙 𝑜𝑢𝑡𝑝𝑢𝑡 

𝑌∗ = 𝑜𝑢𝑡𝑝𝑢𝑡 𝑡𝑎𝑟𝑔𝑒𝑡 

𝑂𝑃 = 𝑜𝑢𝑡𝑝𝑢𝑡 𝑔𝑎𝑝 

𝑀𝑃𝑂𝐿𝑅𝐸𝑁𝑇 = 𝑎𝑐𝑡𝑢𝑎𝑙 𝑜𝑓𝑓𝑖𝑐𝑖𝑎𝑙 𝑏𝑎𝑛𝑘 𝑟𝑎𝑡𝑒 
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Appendix D 
 

 

Figure 21: Inflation rate Denmark 1973Q1-2017Q2 (Danmark’s Nationalbank) 
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Appendix E 
 

Many time series are trending, and it is important to distinguish between deterministic (time) trend and 

stochastic trend (Nielsen, 2005). The equations for the two types of trends are presented in the following: 

𝑆𝑡𝑜𝑐ℎ𝑎𝑠𝑡𝑖𝑐 𝑡𝑟𝑒𝑛𝑑:      ∆𝑌𝑡 = 𝛼 + 𝛿𝑌𝑡−1 + 𝑢𝑡 

𝑆𝑡𝑜𝑐ℎ𝑎𝑠𝑡𝑖𝑐 𝑎𝑛𝑑 𝑑𝑒𝑡𝑒𝑟𝑚𝑖𝑛𝑖𝑠𝑡𝑖𝑐 𝑡𝑟𝑒𝑛𝑑:       ∆𝑌𝑡 = 𝛼 + 𝛽𝑡 + 𝛿𝑌𝑡−1 + 𝑢𝑡 

(Stadnytska, 2010). 

where  

𝛼 is a constant 𝛿 is the autoregression parameter  

𝑢𝑡 is the non-systematic component 

 𝛽𝑡 is the deterministic time trend variable 

 

The distinction between the two types of trend is vital for the understanding of long-term behaviour of 

time series. To determine whether or not the time series was exhibiting a time trend, the term “trend” was 

applied when conducting the unit root test in R. The time trend coefficient was kept if it came out 

significant, indicating that the time series had a time trend. If the coefficient was not significant, it was 

disregarded and the unit root test was instead performed using “drift”.  
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Appendix F 
 

 

Figure 22: Illustration of a unit root (authors’ own creation). 

 

 

Appendix G 
 

 

Figure 23: Variance Inflation Factor test results: Housing price model without synthetic interest rates 

(authors’ own creation). 

 

  

Variable Name Result

Lagged change in real housing price Dlog(KP/PCP) 1.107806

First-year payment RENTEMIN+SSATS+AFDR 1.475738

Change in interest and property taxation rate D(RENTE30+SSATS)*DB98K4 1.467093

User cost RENTE30+SSATS-DPCPE-DRKPE 1.107514

Disposable income relative to housing stock log(YD_H/PCP)-log(AIH) 1.031336

Variance Inflation Factor (VIF) - Actual Housing Price Model
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Appendix H 
 

  

Figure 24: Cook’s D plot: Housing price model without synthetic interest rates (authors’ own creation). 
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Appendix I 
 

 

Figure 25: Durbin-Watson test results: Housing price model without synthetic interest rates (authors’ own 

creation). 

 

Appendix J 
 

 

Figure 26: Granger causality test results: Housing price model without synthetic interest rates (authors’ own 

creation). 

 
 

Lag Autocorrelation D-W Statistic p-value

1 -0.024867 2.045156 0.934

2 0.060122 1.866853 0.336

3 0.108356 1.768210 0.134

4 -0.032429 2.044869 0.624

5 0.119163 1.732171 0.134

Durbin-Watson - Actual Housing Price Model

First-year payment

Model 1: KP - Lags(KP, 1:1) + Lags(fypayment, 1:1)

Model 2: KP - Lags(KP, 1:1)

Res.Df Df F-value p-value

167

168 -1 0.1478 0.7011

Change in interest and property taxation rate

Model 1: KP - Lags(KP, 1:1) + Lags(inttax, 1:1)

Model 2: KP - Lags(KP, 1:1)

Res.Df Df F-value p-value

167

168 -1 0.1019 0.7499

User cost

Model 1: KP - Lags(KP, 1:4) + Lags(usercost, 1:4)

Model 2: KP - Lags(KP, 1:4)

Res.Df Df F-value p-value

158

162 -4 0.5128 0.7264

Disposable income relative to housing stock

Model 1: KP - Lags(KP, 1:6) + Lags(realincstock, 1:6)

Model 2: KP - Lags(KP, 1:6)

Res.Df Df F-value p-value

152

158 -6 0.6467 0.6927

Granger Causality Test - Actual Housing Price Model
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Appendix K 
 

 

Figure 27: Table of best test results for the Taylor rate regression with estimated coefficients in the full 
estimation period (authors’ own creation). Variable for inflation is not lagged any periods back. The Newey-
West robust standard errors are given in the “Std.Error” column. 

 

 

Appendix L 
 

 

Figure 28: The actual official bank rate and the estimated insignificant and unlagged Taylor rate for the full 
period (Statistics Denmark and authors’ own creation). 

 
 

  

Variable Name Coefficient Std.Error t-value p-value

Inflation gap DlogPCP 1.93491 0.39692 4.8748 <2.442E-06 ***

Output gap OP -0.20603 0.22362 -0.9213 0.3582

Constant 0.07367 0.00466 15.8105 <2.2E-16 ***

Signif. Codes:    0.001 '***'       0.01 '**'       0.05 '*'        0.1 '.'

Estimation period: 1973Q1-2017Q2             R-squared: 0.3241            Adjusted R-squared: 0.3160          

Estimated Taylor Rate
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Appendix M 

  

 

Figure 29: Table of test results for the Taylor rate regression with estimated coefficients in the full estimation 
period (authors’ own creation). Inflation is lagged four quarters back in time.  

 

 

Appendix N 
 

 

Figure 30: Durbin-Watson test results: Taylor rate (authors’own creation). 

 

 

Appendix O 
 

 

Figure 31: Variance Inflation Factor test results: Taylor rate (authors’ own creation). 

Variable Name Coefficient Std.Error t-value p-value

Inflation gap DlogPCP- 4 1.88604 0.45831 4.1152 <6.034E-05 ***

Output gap OP -0.11425 0.24113 -0.4738 0.6362

Constant 0.07197 0.00468 15.3763 <2.2E-16 ***

Signif. Codes:    0.001 '***'       0.01 '**'       0.05 '*'        0.1 '.'

Estimation period: 1973Q1-2017Q2             R-squared: 0.3344             Adjusted R-squared: 0.3262          

Estimated Taylor Rate

Lag Autocorrelation D-W Statistic p-value

1 0.923428 0.109882 0

2 0.834597 0.247033 0

3 0.749016 0.394424 0

4 0.647926 0.566896 0

5 0.567644 0.793171 0

Durbin-Watson - Taylor Rate

Inflation

Model 1: MPOLRENT - Lags(MPOLRENT, 1:4) + Lags(logPCP, 1:4)

Model 2: MPOLRENT - Lags(MPOLRENT, 1:4)

Res.Df Df F-value p-value

159

163 -4 2.4155 0.051 .

Output gap

Model 1: MPOLRENT - Lags(MPOLRENT, 1:1) + Lags(OP, 1:1)

Model 2: MPOLRENT - Lags(MPOLRENT, 1:1)

Res.Df Df F-value p-value

168

169 -1 6.4748 0.01184 *

Granger Causality Test - Taylor Rate
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Appendix P 
 

 

Figure 32: Variance Inflation Factor test results: Modified housing price model with synthetic interest rates 

(authors’ own creation). 

 

 

Appendix Q 

 

Figure 33: Cook’s D plot: Modified housing price model with synthetic interest rates (authors’ own creation). 

Variable Name Result

Lagged change in real housing price Dlog(KP/PCP) 1.079103

First-year payment RENTEMIN+SSATS+AFDR 1.142134

Change in interest and property taxation rate D(RENTE30+SSATS)*DB98K4 1.153672

User cost RENTE30+SSATS-DPCPE-DRKPE 1.045852

Disposable income relative to housing stock log(YD_H/PCP)-log(AIH) 1.031954

Variance Inflation Factor (VIF) - Modified Housing Price Model
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Appendix R 
 

 

Figure 34: Durbin-Watson test results: Modified housing price model with synthetic interest rates (authors’ 

own creation). 

 

Appendix S 
 

 

Figure 35: Granger causality test results: Modified housing price model with synthetic interest rates (authors’ 

own creation). 

 

 

Lag Autocorrelation D-W Statistic p-value

1 -0.027121 2.008941 0.990

2 0.096603 1.758905 0.084

3 0.065727 1.815627 0.246

4 -0.209616 2.364342 0.006

5 0.128306 1.664306 0.042

Durbin-Watson - Modified Housing Price Model

First-year payment

Model 1: KP - Lags(KP, 1:1) + Lags(fypayment, 1:1)

Model 2: KP - Lags(KP, 1:1)

Res.Df Df F-value p-value

167

168 -1 0.3586 0.5501

Change in interest and property taxation rate

Model 1: KP - Lags(KP, 1:1) + Lags(inttax, 1:1)

Model 2: KP - Lags(KP, 1:1)

Res.Df Df F-value p-value

167

168 -1 1.8057 0.1808

User cost

Model 1: KP - Lags(KP, 1:3) + Lags(usercost, 1:3)

Model 2: KP - Lags(KP, 1:3)

Res.Df Df F-value p-value

161

164 -3 3.5555 0.01574

Disposable income relative to housing stock

Model 1: KP - Lags(KP, 1:6) + Lags(realincstock, 1:6)

Model 2: KP - Lags(KP, 1:6)

Res.Df Df F-value p-value

152

158 -6 0.6467 0.6927

Granger Causality Test - Modified Housing Price Model



 

 




