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Executive summary   

Housing is one of the largest contributors to GDP, especially during the recent years of housing 

boom. Movements in house-prices, on the other hand, have different effects. There exists wide 

disagreement about how moving house-prices affect the economy and the household. Based on a 

theoretical framework, presented by Modigliani, but having its root back to Keynes, answers have 

been sought on the effect of notably increasing house prices. Empirical testing covering the periods 

of 1973 to 2009 and 1980 to 2009 confirmed the assumption that house-prices have a real effect on 

the economy. The real effects of house-prices means than on average for the period 1980-2009, 

consumption would increase by 0.02 % if house-prices increased 1 %.      

Examination of the movements in the balance-sheet as a consequence of rising house-prices 

revealed that it is especially through patterns of borrowing, where the effects show up. This is 

because both equity withdrawal for consumption and equity withdrawal used to buy a more 

expensive house, increases the amount of liabilities. 

The crucial role of credit availability in order to extract equity from the house-value was thus 

confirmed. The lower elasticity obtained (0.01%), when empirically testing a period including a 

period prior to 1980, where innovation and products scope within the mortgage market was much 

less pronounced, reflected the important role of credit via the empirical model.  

The investigation of determinants of house-prices for the Danish market, revealed that interest rates, 

housing stock supply, demography and an affordability ratio (represented by interest payments), are 

the current and especially future determinants of house-prices in Denmark. If was found that there is 

reason to believe that the momentarily  rather healthy financial positions currently describing the 

status of the Danish households, despite two years of falling prices, could easily change to worse in 

the near future.  This prediction relates to a currently very low interest rate, and an effect of the 

number of first-time buyers being on a downward slope, potentially depressing future house-prices.              
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1 PART 1: Introduction 

1.1 Motivation  

 

During the last decade, economies - and in particularly developed economies - have experienced 

great changes within the housing market, resulting in a strong debate regarding the effect that 

housing has on the general economy. The present thesis is inspired by this discussion.  

Housing represents one of the most important components of the Gross Domestic Product (GDP) 

and for the house-hold it weighs heavily on both the asset side and the liability side of the balance-

sheets. 

The recent house-price increases notably in Denmark, has given fuel to the discussion regarding the 

effect of housing sector on the business cycles and the channels through which this has happened. 

One of the channels of which it has been discussed that the business cycle has been affected, is 

through consumption as a result of increasing housing wealth.  

Disagreement regarding upon the subject has grown stronger in pace with rising house-price. Some 

academics believe that house-prices rising can have an isolated individual effect on consumption, 

but not an aggregate (Lunde, Miller), other believe that conditions such as credit availability must 

be fulfilled for consumption to take place (Muellbauer). Lastly some advocates for a direct 

connection, not distinguishing between the different types of wealth and income (Case et al)   
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2 Problem statement  

Economic growth attributable to rising house-prices and its effect on household economies.   

The thesis will be limited to the Danish housing market and the main parts will embrace: 

 The determination of the special role of housing; determinants of house prices (theoretical 

housing models and empirically tested models for economically developed countries in 

general and for Denmark in particular) 

 The modeling of the effect of rising house-prices on the economy of household and the  

investigation of the effect of household behavior on the wider economy  

 The examination of earlier and, in particular, recent rising in house-prices and their effect on 

the wider economy. 

 Comment on the determinants of expected housing price development   

Accordingly, this thesis aims to answer the following question: 

In respect to household, what has been the true impact of rising house prices on the business cycle 

in Denmark?  
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3 Method/Structure  

The thesis is structured in three different parts. These consist of a part concerned with the financial 

positioning of households; a part examining house-price determinants and a part empirically testing 

the effect of house-prices on the business cycle through consumption.  

For each of the parts, different research methods have been used in order to analyse the subjects and 

at last conclude on the findings. The methods used, the general structure and the interaction 

between the parts are depicted in Figure 1 below. 

The theoretical foundation of the econometric model, where house-price effect on consumption is 

tested empirically, is based on a modern version of the lifecycle hypothesis, having its root back to 

the Keynes but presented in its current version by Modigliani. 

The application of the theory allowing total resources of household to be separated into income, 

financial wealth and capital wealth, enable to empirically deal with the data. A part from certain 

detrending techniques of the data, such as correcting the variables for inflation, data variables are 

tested for stationarity and other conditions, necessary when dealing with time series data in a multi-

regression environment. Both the effectuation of the regression by means of OLS (ordinary least 

square), the transformation of variable to test for unit root  and the further testing of cointegration 

are done using statistical software, mostly SAS but also SPSS.  

Comparative analysis of the outcome is effectuated, both to validate the results but also for the 

purpose of interpretation. 

The analysis of the balance-sheet is done slightly different. Though sharing some of the theoretical 

foundations with the empirical model, separation of constrained and unconstrained house-owner is 

underlined in this part.  To investigate how house-price increases and other variables are affecting 

the financial position of the households, methods of financial accounting principles are applied.  

Examination of conditions for the balance-sheet to be affected is supported by looking into 

prevailing conditions in the mortgage market and related lending opportunities but also the general 

economic environment during the depicted period is used.  

An extensive number of graphical illustrations, depicting the examined situations and effects have 

been constructed to ease the understanding for the reader. The supported data have been retrieved 
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mostly from three main sources, notably Danish Statistics, Danish National Bank and 

Realkreditrådet.    

The determination of house-prices is sought analyzed quite differently. The basis has been founded 

by examination of general housing models depicting the long and short run dynamics. The 

fundamentals specific for the Danish housing market is done by comparative analysis. The 

determinants for a wide range of ECM models (error corrective models) is deducted and gathered, 

and the most commonly used variables are investigated together with their elasticities. These 

findings are then compared with finding of recognised Danish model such as MONA and ADAM 

enabling to predict some of the future determinants of house-prices.        

 

 

 

Figure 1, Thesis structure  
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4 Delimitation  

The focus of the thesis is concerned the effect that house-prices have on the business-cycle and 

households in Denmark. As the thesis is also concerned with the effect that house-prices have on 

household, it has been natural to investigate the effect on the business-cycle through the 

consumption of households. However, house-prices can also affect the business-cycle through other 

channels, notably the investments in building. Investigation of this link simultaneously would 

require yet another thesis and this thesis have therefore been limited to the consumption channel.  

Despite the fact that some elements such as the analysis of the balance-sheet are also investigated 

through the short run effects, the empirical model is only tested in the long run. This is done 

because the long run relation is sufficient in order to determine any effect. Furthermore econometric 

testing has been applied over two different periods, in order to examine the effect of credit 

liberalization and it would not make sense to seek for differences of this factor in the short run. 

However, as a consequence of focusing on the long run, short-run variables like taxes, 

unemployment and such have also been disregarded. 

In the analysis of how the balance-sheet is affected, the measure of transaction cost has not been 

included when deducting the factors that affect total liabilities negatively. Transaction cost would 

have a negative effect on consumption. However due to the small proportion that transaction costs 

represent out of a house deal and because it would only be possible to calculate an approximate of 

the amount, they have been excluded. 

In the thesis households are represented by the house-owners, but there are also other groups such 

as renters. However, because the empirical analysis would not have been done and could not have 

been done differently, regarding separation of segments, this segment’s effect has not been included 

in the analysis. Also it is reasonable to assume that they would have no further effect regarding the 

deducted elasticity.      

.  
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5 Source criticism 

The basis of the thesis is to a large extent based on well-founded theory by authors cited and used in 

numerous works, such as Keynes, Milton, Modigliani and Miller. This implies that the theory has 

been used and examined extensively speaking in favor of the correctness of using the assumptions 

of the theory. However, as economical circumstances and preferences change over time, it is crucial 

to use sources critically. Throughout the thesis, the hypotheses have constantly been sought 

contested by comparing the different opinions within the subject. This has been done in order to 

keep the level of objectiveness as high as possible   

The use of econometrical models, testing economic circumstances, constitutes an important part of 

this paper both in relation to own testing as to testing pursued by others. However multi-regression 

testing, often implies, that there are certain assumptions explaining how one variable is affecting 

another variable. Unfortunately, it is not uncommon, that statistical testing can show a positive 

relationship between variables, where no real relation exists  Therefore, when using econometrical 

models, it is important to be careful when interpreting the results, as they are only valid to the extent 

that the theory allows.  

Even though most of the data used, cover a rather long period (mostly 25 years), the length of time 

still poses some limitations, because economies change over time and temporarily effect can extent 

over several decades. The short period covered could potentially compromise the robustness of the 

statistical test. Furthermore, much of the data is based on national accounts measures. Just as the 

income statements and balance-sheet of companies are calculated by certain rules and definitions, 

national accounts are also governed by rules and definitions and may not correspond to the exact 

reality of economy. 
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6 PART 2: House-prices and the business cycle 

There are two main channels in which house-prices could possibly affects the business cycle; either 

through the construction sector or through the household by changes in consumption. As the focus 

of the thesis is the household a theoretical foundation for examining the relationship between 

consumption and house-prices is the first step. Such theoretical foundation is based upon a an 

extended version of life-cycle theory and permanent income theory as presented by Friedman 

(Friedman 1957) and Modigliani (Modigliani 1986) respectively.  

Once limited to the lifecycle theory, the framework will attempt to exam the increase in 

consumption as a function of the wealth components. The examination is going to reveal that there 

are certain criteria to be addressed, such as segments and financial positioning, in order for 

households to extract housing wealth and spend it on consumption. Consequently; the different 

householder segments and the effect of moving house-prices on their financial positioning will be 

exemplified. 

6.1 The theoretical foundation 

The theoretical foundation that suggests a positive connection between house-prices and 

consumption is based on the common framework of lifecycle theory (LCH) (Modigliani 1986) 

which has its roots in Keynes’ theory. In the aftermath of the great depression, thrift and savings 

were regarded as a threat to aggregate welfare. The idea was that the savings of household reduced 

the demand (induced by reduced consumption) without increasing investments proportionally 

(Keynes 1936). The belief in cyclical fluctuations and long-run stagnation due to over-saving was in 

many aspects a response to the fear of a possible repetition of the years of great depression and 

paved the way for expressing consumption as a linear function of income. Friedman developed this 

idea further by illustrating consumption could be explained not only by current income but by 

current income relative to overall income, thereby making current consumption dependent on 

current and futures expected gains. (Friedman, Brady 1947). The last contribution was presented by 

Magaret Reid, who illustrated how the association between income and saving could be explained 

by consumption being controlled by permanent rather than current income; her theory profoundly 

inspired the lifecycle theory but also the Permanent Income Hypothesis as conducted by Milton 

Friedman (Friedman 1957). Together with Richard Brumberg, Modigliani developed a strong 

analytical framework for analyzing consumer behavior (Modigliani, Brumberg 1979), which fitted 
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well into the context of lifecycle theory. They argued that empirical consumption behavior could be 

explained of rational utility maximization, implying that consumers allocate optimally their 

resources to consumption over lifetime (Modigliani 1986).  

When testing the relationship between consumption and housing wealth, the combination of 

theoretical foundation of lifecycle theory and permanent income theory becomes interesting as it 

implies that the resources allocated to consumption depend on the consumer’s resources over a 

lifetime rather than only on current income. Assuming that human resources cannot be measured, 

the whole of the consumer resources – as mentioned before and the empirical model - will include 

income and wealth accumulation, where wealth is divided into capital and housing wealth.  

A second foundation, implied by the hypothesis, is that the size of savings, and thereby the amount 

of consumption, depends on the extent current income departs from average income. Within an 

empirical model, the income that departs from average income can very well be represented by 

growths in the housing wealth (or net housing wealth). The combination of LCH rational consumer 

theory and permanent income theory therefore lays the ground for testing the relationship between 

consumption on one hand and income and the two wealth components on the other hand.  

The above framework accounts for the empirical settings in which consumption is a function of 

income and wealth components, though there are still some elements that have not yet been 

discussed. To a certain extent this framework assumes that acquired housing wealth can be 

transformed directly into spendable consumption. This is not always true for housing wealth as such 

wealth is much less liquid than for instance capital wealth1, naturally assuming that bricks are less 

liquid than stock and bonds. 

Another issue concerns the rise of house-prices, which makes the house-owner better off in first 

instance, but at the same time, it makes the good of housing more expensive relative to other 

measures. These effects are often referred to as income effect as well as substitution effect and, 

together with lack of liquidity, they will be discussed further. However; before examining this 

subject, the literature concerning the relation of house-prices and consumption will be reviewed.  

  

                                                 

1 This being said, in most of the measures and calculation below pension is also included in the capital wealth and can 

be less liquid than for example housing wealth. 
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6.1.1 Literature review  

The literature concerning the connection between the house-prices on one side and consumption on 

the other is basically dominated by three different streams. The ones that affirm a direct linking 

(Case, Quigley & Shiller 2005), the ones opposing - distinguishing between cause and effect – 

(Attanasio et al. 2009) and the ones advocating that the increase in house-prices reduces the credit 

constraint and thereby the availability of consumption (MuelBauer 2008). 

6.1.2 Housing wealth increases consumption 

Case et al. conclude, basing on the analysis of 14 developed countries and one of the United States, 

that there is a direct connection between consumption and housing wealth ranging between 0.11 and 

0.14 for a sample of developed countries and ranging between 0.04 and 0.06 within the different 

states of the US (Case, Quigley & Shiller 2005). The idea of the separation of capital and housing 

wealth, they argue, is based on the different way wealth housing should be treated considering, 

among other factors, that its elasticity is lower than capital wealth. This is due to a number of 

reasons; such as its temporary and uncertain character, the possibility of people having bequest 

motives for investing in housing, the fact that housing wealth is difficult to measure - as no regular 

updated account on increases is carried out - and, finally; the eventuality that housing wealth is 

pursued as a hedge against uncertainties in life (Case, Quigley & Shiller 2005). Nevertheless; Case 

et al. base their findings on the assumption that there is a direct connection and that increases in 

house-prices should be treated like other wealth components such as income and increases in capital 

wealth, though with different elasticises2. 

Engelhart (Engelhardt 1994) and Campbel (Campbel, Cocco 2007) confirm this view to a certain 

extend. Engelhart, based on an analysis in the United Kingdom, accredits the marginal propensity to 

consume out of real capital gains (0.03) to arise from temporarily circumstances, presuming  that 

household experiencing real gains did not change their saving and consumption behaviour 

considerably, yet; those experiencing losses due to depreciation of capital reduce their consumption 

level considerably (Engelhardt 1994). In a more recent study, Campbel finds a significant effect 

                                                 

2 As explained by the permanent income theory above, housing wealth should be considered as part of total resources 

and thereby a components increasing consumption. Meanwhile the different wealth components could still contain 

different coefficients and reach different consumptions (Case, Quigley & Shiller 2005).   
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also for the United Kingdom, but underlines that the finding only applies to consumption among the 

older generation and that for younger generation there is no statistically significant effect on 

consumption. This view aligns with the argument that it is especially the younger generation that is 

liquidity constrained and that the burden of rising house prices lies onto the segment of the ones 

trading up, often the youngest (Campbel, Cocco 2007). 

6.1.3 Housing wealth and consumption are influenced by common causes   

Alternatively Attanasio and Weber argue against the hypothesis of housing wealth causing an 

increase in consumption which benefits mostly the older generation by raising its total wealth and 

therefore its consumption (Attanasio et al. 2009). Based on a study, pursued in 1994, it is confirmed 

that to a different behaviour corresponds a different type of household. However, conversely to 

what Muellbauer and Case (see above) claim, Attanasio argue that rises in consumption are caused 

predominantly by the younger generation in accordance with the productivity explanation. Under 

the productivity explanation it is the younger generation that is expected to benefit the most because 

a permanent upward revision of all future gains would lead to a higher consumption. Attanasio and 

Weber show a positive connection between increases in consumption and changes in the 

distribution of the population. They explain that the correlation between increases in house prices 

and consumption by increased productivity raising demand for housing and consumption 

simultaneously. The views expressed so far can also be found in an earlier article by King (King 

1990), which maintains that the strong correlation between aggregate house-prices and consumption 

did not necessarily imply causation and argued that an upward revision to future income 

simultaneously increased the level of consumption and the demand for housing3.  

Miles (Miles 1994) and Lunde (Lunde 1998b) also dismiss the explanation that there should be a 

direct connection between consumption and housing wealth. Miles explains that those house-

owners who is “trading down”4,  after a net capital gain as a result of increases in the house-price 

would be able to transform a part of their capital gain into consumption. In the contrary those 

                                                 

3 The demand for housing would then increase the price of housing due to the stickiness nature of housing supply (King 

1990)  

4 Trading down refers to the situation where a house-owner buys a new house that is less expensive than the one he/she 

is currently living in, or going from status of house-owner to renter.  
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“trading up”5 would have to pay more for their newly acquired house and would thereby naturally 

have to cut their expenses of consumption. So even though the individual effect would be different, 

he argues that gains and losses would be neutralised in the aggregation of total consumption effects.   

(Miles 1994). 

6.1.4 Household wealth reduces credit constraint 

A last hypothesis that explains the observed correlation between consumption and house-prices 

refers to credit liberalization. In a study based on the United Kingdom, Muelbauer recognises an 

effect on consumption as a result of a permanent increase in the house-prices, only to the extent 

where credit availabilities exist (MuelBauer 2008). Muelbauer argues that as soon as credit enters 

the picture, the potentially negative effects that house-prices have on consumption, are overtaken by 

positive effects, resulting in net increases in consumption due to housing wealth. The net result of 

general house-price increase in countries with developed credit market (such as Denmark and 

Holland6) would therefore be positive. Just as this thesis, the theoretical foundation is based on a 

modern version of Friedman-Ando-Modigliani consumption function, by building on the main 

elements of the credit channel (MuelBauer 2008). The argumentation goes that increases in the 

house-prices would have substantial negative effect on the purchasing power of especially the 

younger generation, but accounting for credit liberalization would encompass the negative effects. 

Credit liberalization has been common during the 80’s and especially the 90’s throughout most of 

the economically developed countries (Case, Quigley & Shiller 2005) and could explain why most 

of the old examinations made before 1990 often disconfirms the housing wealth consumption 

relation. In an analysis of the effect of house-price and capital gains on consumption for 16 OECD 

countries, Ludwig and Slock also investigate this relation. Specifically, they differentiate between 

two periods, one during the 80’ies and one during the 90’ies and find a higher sensitiveness of 

house-prices towards consumption during the period of the 90’ies compared to the 80’ies (Ludwig, 

Slock 2004). They further ascribe the differences in the elasticity to the greater liberalization of 

credit during the latter period and thereby agree to the conclusions of Carl and Muellbauer. 

Furthermore, Aoki (Aoki, Proudman & Vlieghe 2001) and Lustig (Lustig, Van Neiuwerburgh 2005) 

confirm the crucial role of credit availability, for housing wealth to affect consumption. Though 

                                                 

5 Buying a house more expensive than the one currently living in. 
6 See chapter about the Danish mortgage market (page 37).  
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wheras Lusting focuses more on a theoretical model in which housing is used as collateral in risk 

sharing agreement, Aoki gets more technical and stresses out a strong relationship between net 

housing equity and mortgage withdrawal.          

The latter can - in many cases – be seen as the most appealing due to two facts: most of the  

empirical testing on the subject expands not longer than 20-30 years back in time (Cheng 1980 -

2002, Case 1975-1999,  Campbel 1988-2000, Attanasio 1975-2001) often due to the limited 

availability of reliable data concerning the financial position of the household7 (Attanasio et al. 

2009), (Case, Quigley & Shiller 2005, Campbel, Cocco 2007, Chen, Tsai & Chang 2007). The 

housing market in general and the Danish market specifically has experienced unusual trends over 

the last 20 years characterized both by an extended period with continuous increases in house-prices 

(Figure 8 page 41) a by a constant evolving liberalization of credit possibilities for house-owners 

(Table 2 page 46. The Danish housing market is also recognized for having a strong and rather 

reliable mortgage loan market. This is due -among other reasons- to a wide scope product range and 

a credit-system where independent mortgage loans are rather safely securitized8 (Frankel et al. 

2004). These characteristics set the ideal preconditions, condition for taking the important role of 

credit availability in the analysis of the relation between consumption and housing-prices into 

account.  

6.2 Household possibilities to increase consumption  

The theoretical framework of household possibilities to increase consumption, and thereby alter the 

business cycle, is based on a model made by Ludwig and Sløk (Ludwig, Slock 2004).  There is a 

number of ways in which changes in home-equity can be realized and spend for consumption. 

Ludwig and Sløk distinguish between constrained owners and unconstrained owners, identifying 

three different channels, through which consumption can increase.  

The unconstrained house-owners are segments, which are not dependent on how equity can be 

transformed in spendable consumption. In principle they can increase consumption by means of 

other resources, than the usual credit channels. 

                                                 

7 E.g. for the Danish market the data availability only goes back around 1973, the date of the macroeconomic model of  
Mona and some of the quarterly data in the model has been constructed by method of interpolation. 
8 See chapter about the Danish mortgage market.  
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The process of realization of the capital game, on the other hand, is not as straight forward 

especially when house-owners are economically constrained and their possibility of realizing gains 

remain limited. The other segment represented by the constrained house-owners, are dependent on 

how the increases in housing wealth can be realised. For this group the credit channel is crucial.  

The different types of segments and their possibilities of increasing consumption and the likely 

result of change in consumption are depicted below in Figure 2. 

 

 

Figure 2, Household possibilities to increases consumption. 

 Unconstrained owners  

o In theory economically unconstrained owners do not have hindering of liquidity and 

can in principle increase spending, disregarded the source of income  

 Constrained owners via refinancing  

o Constrained owners have the possibility to transform the increase of the value of the 

house into to liquid assets by means of refinancing of the loans 

 Constrained owners via trading  

o Another way of change illiquid assets into liquid assets is by buying a new house. 

Though in order to get the extra value, the house the owners are selling must be less 

than the value of the house that they are buying 
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6.2.1.1 Unconstrained owners  

Economically unconstrained owners of a house are the only group of people that have the 

possibility to increase consumption without taking further steps because they do not need to worry 

about the source of income. Unlike constrained owners, unconstrained owners have unlimited 

possibility to increase spending independently from the source of wealth increase and they can 

disregard the fact that the source of increased income comes in the form of a higher house-equity.  

Assuming that increase in house-prices and thereby increases in housing wealth income have a 

positive effect on the behavior of consumption, the unconstrained owners are the group of people 

with the highest potential of increasing consumption. By logically putting forward the hypothesis 

that an increase in the home-equity of the house-owner should affect his consumption or spending 

patterns in a negative way, it leaves us back with only two possibilities; either a neutral effects or a 

positive effect. Furthermore; assuming that at least a percentage of the unconstrained house-owners 

would increase consumption as a result of higher wealth, it can theoretically be expected the net 

effect on the level of consumption to be positive.  

6.2.1.2 Constrained owners via trading   

For the constrained owners the possibilities for realizing housing equity are quite different.  

“Constrained” is referring to the economical limits that the house-owner has, which makes the 

possibilities of spending dependent on the realization of illiquid assets. One option that a 

constrained house-owner has is to trade his house. If the value of the house that the owner is buying 

is lower than the value of the new house or if the house-owner change status and become renter 

instead, then he might be able to realize the appreciation in the value of the house. Though there are 

two necessary conditions for the house-owner in order to realize gains if trading to new house. First 

of all the value of the new house needs to be lower than the value of his old house. The second 

condition concerns the cost of transaction, as it is not costless to sell a house and the cost of 

transaction, including cost for the house agency, cost of changing the loan and other administrative 

costs. Furthermore, there is also the cost of moving from one house to another (this is also valid for 

house-owner that buys a new house). Therefore in order to realize a gain, the value of both the new 

house and the value of transaction must be lower than the value of the new house assuming the 

value of the loan stay unchanged. Another option of trade is that the house-owner becomes a renter. 

This would imply that the gain amount to the difference between what he gets for the house (the 

value of the house) and the value of the loan. However, if this was true, a tendency of fewer people 
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becoming home owners could be expected, not supported by the tendencies of the Danish market, 

revealed later sections.  

6.2.1.3 Constrained owners via MEW (Mortgage Equity Withdrawal)  

Another way of realizing house equity for constrained owners is by pursuing mortgage equity 

withdrawal. MEW can be proceeded either by changing existing loans9 into another loan, for-

example increasing the existing amount of debt in the house, or it can be done by taking on a second 

loan with the newly gained housing wealth as collateral. The extraction of wealth, by means of 

refinancing is, by many academics and experts, considered the most likely way in which increases 

in house-prices could affect consumption positively(Chamberlin 2009). However, extraction of 

credit is highly dependent on the lending opportunities in the market. Long maturities, innovation in 

mortgage products and high loan to value is therefore enhancing factors for consumption to be 

realized.   

6.3 Part conclusion 

This theoretical section exemplifies how the examination of increases in house-price is theoretically 

based on a modern combination of lifecycle permanent income theory where the level of 

consumption is explained by relative income, consumption is controlled permanently rather than 

current income and the rational utility maximization  of the consumer is assumed. The combination 

of these implies that     

 Resources allocated to consumption depends on consumers resources over a lifetime rather 

than current income 

 The amount of consumption depends on how much current income departs from average 

income 

The literature review exemplifies three theories why an observed correlation between housing 

prices and consumption has appeared: 

 Housing wealth increases consumption, because people get richer and can spend more 

                                                 

9 Changing the type of loans is often done in connection with interest rate decrease, assuming that the new interest rate 

is lower than the interest rate of current loans. Especially these days with extremely low interest rates, many house-

owners pursue this option.    
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 Housing wealth and consumption are influenced by common causes 

 Housing wealth increases consumption because of a reduction in credit constraints   

Based on the theory it was decided to investigate the hypothesis that housing wealth increases 

consumption because of the reduction in credit constraints, because earlier empirical results have 

been conducted during shorter periods, and that Denmark has a well developed mortgage market 

largely receivable to enhanced credit availability as stated by the literature. In connection with the 

literature review three possible ways were identified in which consumption possibilities could arise 

as the result of house-price increases.  

 Direct increases for unconstrained owners  

 Constrained owners via refinancing  

 Constrained owners via trading  

It was concluded that theoretically unconstrained owners and constrained owners via refinancing 

were the groups most likely to increase consumption. For the purpose of the later balance-sheet 

analysis it was found that consumption effects for the constrained owners would be the ones the 

most likely to be traced in the balance-sheet accounts whereas increases in consumption for all of 

the groups should be reflected in the empirical testing.  
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7 PART 3: Determinants of house prices  

The main purpose of this thesis is to investigate the relationship between consumption and housing 

wealth; in order to understand their interaction, it is necessary to determine what causes the 

movements in house-prices. Having in mind that if house-prices in real terms were not moving there 

could be no real effect on consumption, the study of house-prices determinants becomes crucial. In 

particular, the Danish housing market has been recognized by increasing house-prices during most 

of the investigated period (see Figure 8). The importance of housing- in terms of household as such, 

but also for the general economy - will be examined. The determinants of house-prices serve to give 

an idea of the factors that have affected recent house-price increases, but also the factors that are 

going to affect in a future perspective. Understanding the role of each of the selected factors (and 

especially the unexplained factors) will lay the foundation for the later analysis. Lastly; in order to 

examine the extent of liberalization within mortgage products, the peculiarities of the Danish 

mortgage market and the evolution of the house-prices in a wider economic context will be 

investigated10.  

7.1 The importance of housing  

Housing is an important commodity. What happens in housing market has far reaching 

consequences not only for the individual house-owner, but also in the wider macroeconomic 

perspective (Goodhart, Hofmann 2007). In a macro-economic perspective some of the important 

aspects include the facts that: the stock of housing and building constitutes a great part of the total 

national wealth, the investments on construction make up an important part of the GDP11 and that 

changes in the price of housing have a significant effect on the value, the distribution and the 

composition of national wealth (Miles 1994).   

In most developed countries the value of housing constitutes a factor several times the annual 

output of the economy (Miles 1994). This is also the case for Denmark, where the ratio of private 

housing to GDP was 2.3 in the year 200812, making the stock of housing the single most tangible 

                                                 

10 See page 41 for details 
11 Gross domestic product 
12 Ratio has been swinging between 2.0 and 2.4 since 1966 and up to 2008. The ratio of value of all building to GDP is 
many times higher (Danish statistics, 2009)    
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asset of the economy (DST, 2009).  Also investment in residential building is an important factor of 

GDP and even in 2008, when the real estate market was strongly affected by the downward going 

house prices (see Figure 8 page 41), investment in housing constituted more than 6 percent of 

GDP13 (DST, 2009)- (see appendix 2 for further details). In terms of money-value this makes 

investment in residential property the third most important tangible investment in Denmark after 

investment in machinery/furniture and general investment in building (DST, 2009). Therefore, 

when the price of houses changes, it does not only effect the total value of national wealth, but it 

alters its distribution and composition. There are a number of factors making housing different from 

many other assets, the most important ones are listed below (Miles 1994). 

 Durability, in contrast to many other goods, houses last over generations 

 Uniqueness, that is no such thing as an exact copy and every single house is unique 

 Inelasticity of supply, there is a large gap between the demand of a house and supply of 

housing. 

 Collateral, compared with other goods the ability for household to raise capital using the 

house as collateral is greater. 

 Well developed secondary market, this is part of the reason for the possibility of collateral. 

However, there is considerably transaction costs related to change of ownership. 

 Price volatility 

 Tax treatment of house owners  

 Financial intermediaries, lending practices have huge impact upon demand of housing      

Even though each of these factors are an integrated part of the housing market as a whole, the stress 

of the present analysis will be given to inelasticity of supply and the collateral effects of houses, 

since they play a very important role in determining house-prices14.  

7.2 Housing models 

Housing models in general describe the demand of housing in the long run. In most of these models, 

the price is taken as an exogenous variable. The ADAM model from Danish statistics is an example 

                                                 

13 Investment in property is pursued both by the private and public sector, in times of distress and the private sector 
limits construction, the public sector is often compensating by investing more. This fact might explain why total 
residential investment has decreased only relatively. 
14 See section about housing models for more details (page 19).  
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of this (Danmarks statistik 1996). However, in order to explain house-price movements and their 

determinants, it is important to include the dynamics behind. In the following, the short and long 

term dynamics will be examined, as well the role of house-prices in this relation.  

7.2.1 The dynamics of housing models  

Different opinions exist about the way in which the demand of housing is governed. However, in 

terms of the dynamics, there is wide agreement that demand of housing is generally governed by 

short and long-terms dynamics (Miles 1994, Danmarks statistik 1996, DiPasquale, Weaton 1996). 

The housing model can be described as an equilibrium that combines the short run and the long run 

in which different mechanisms and driving forces explain the movements in the model. In general 

the model works as a demand and supply equilibrium function in accordance with general 

demand/supply mechanism (Frank 2003). This implies that when supply is low and demand is high, 

construction of new houses and building will prevail until the supply of housing equals the demand. 

On the contrary when supply is high and demand is low (or at least lower than supply), construction 

will be slow and the depreciation of housing will assure that new construction will not be initiated 

until equilibrium has been reached. If prices are in equilibrium, it is the cost of construction15 that 

determines how much is going to be built (Danmarks statistik 1996). The price of the house in the 

long run is therefore taken for given, resulting in a perfect state of equilibrium. On the contrary to 

for example financial products, the supply of housing is very sticky, reflecting the fact that it takes a 

long time from the period when rise in the demand of house is registered and initiated until the 

actual building is ready. The time lag between the demand and supply reflects the difference 

between the long run and the short run. Equilibrium therefore gives rise to the possibility of price 

increase until the demand is temporarily satisfied given the new price level. This is one of the main 

explanations of rising house-prices. 

The Dipasquale-Wheaton model describes the mechanism at work connecting the short and the long 

run (DiPasquale, Weaton 1996).  

                                                 

15 i.e. the profitability of constructing a new house 
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Figure 3, The Dipasquale-Wheaton housing model 

Source (DiPasquale, Weaton 1996) 

As showed, Dipasquale-Wheaton split their model into two markets; the property market 

concerning the use of space (the two right hand quadrants) and the asset market dealing with the 

ownership of real estate (the two left hand quadrants). In the upper-right quadrant, rents are 

determined in the short run. Movements along the curve illustrate how much space would be 

demanded given a particular rent level. The curve also illustrate the state of the economy, if the 

economy has a boost, due for example to a boost in production, the curve would be parallel offset in 

the upper-right direction and a higher rent would be possible given a steady stock. Other factors that 

can boost demand, include increase in the real disposable income level and decrease in the interest 

rate (Danmarks statistik 1996). Moving to the upper-left quadrants, which are the most important in 

relation to house-prices, the rent to price ratio is shown. This ratio is determined by a semi 

exogenous slope factor referred to as the capitalization rate. The rate is best described as a sort of 

risk rate. A higher cap rate would, ceteris paribus, imply a higher price to rent ratio. Then going to 

the lower-left, the relation between house-price and change in stock is depicted. The change in the 

stock of dwellings is here determined by the rate of construction, which again is decided by the 

price of houses. A higher price implies a greater positive change in the stock, as it is more profitable 

to construct. The steepness of the construction slope is, among others, determined by the cost of 

construction such as labor cost. Finally, the total new stock in the lower-right quadrant is affected 

by net change in stock and the rate of depreciation of existing stock. If the net-change in stock is 
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greater than the depreciation, it will result in a higher total stock, and then again in a lower demand 

of housing, assuming a steady demand level.  

The model shows that changes at one point in the quadrants imply a change for all the variables as 

such, while the steepness of the slopes decides the degree of importance that a factor may have and 

illustrates how a small movement, in for example the interest rate, affects the market as a whole.    

The Dipasquale-Wheaton has often been appraised for its good intuition; yet, where it gains in 

understanding, it lacks in depth. For example, keeping the risk rate as an exogenous variable has 

been criticized by academics and is one of the weaker points in the model (Colwell 2002). 

7.2.2 Literature review; determinants of house-prices  

Most literature on house-price models suggest that the price of house is decided by short-run 

demand orientated variables and a long-run equilibrium (Vries, Boelhouwer 2009). In order to 

incorporate the volatile nature of house-prices(Hvolboel, Olsen & Høegh 2006) 

, most models include a deviation from equilibrium as a corrective variable16, when the long-run 

relationship is sought to be explained (Vries, Boelhouwer 2009, Malpezzi 1999, Gallin 2003). The 

corrective variable helps to focus on the permanents factors of the model. 

There are three main components commonly used to explain the fundamental of house-prices often 

expressed as a long run ECM model17 (Girouard et al. 2006). Measured against their elasticity 

towards real house prices, the three main components consist of real disposable income, house stock 

supply and real interest rate (see Table 1 on page 30). Other explanatory variables include 

demographics, affordability, credit supply and unemployment.  In particular, the explanation of the 

house-prices, as a function of general income is commonly used (Malpezzi 1999, Abraham, 

HenderShott 1996, Hort 1998). This is often supported by testing the co-integration between house-

prices and income, with income being the explanatory variable (Boelhouwer et al. 2004). However; 

the continuous rise in house-prices, especially within developed economies (OECD 2006) encounter 

                                                 

16 These models are often described as error correction model, because they continuously seek to adjust for the “error” 
implied from the short-run dynamics (Engle, R. F. and Granger C. W. J. 1987)     
17 An ECM is a type of multi-regression model mostly with several explaining factors. The special thing about ECM 
model is that they are often used to calculate a so-called equilibrium allowing to estimate how far current prices are 
from the equilibrium. In relation to house-prices it can be used to estimate if prices are over or undervalued. (Girouard 
et al. 2006)     
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limitations when explaining house-prices as a function of income and many models have fail to find 

any co-integration relationship in the empirical results (Chen, Tsai & Chang 2007, Gallin 2003).  

Vries recognized that income in many instances fail to explain the totality of the movements in the 

long run. Instead of taking house-prices as the integrator, he used net interest payments and obtaines 

good statistical results when analyzing the last decade‘s house-prices and comparing to other 

models based on the income house-prices relationship (Vries, Boelhouwer 2009). Vries’s findings 

are based on the empirical study of the Netherlands and assume a long-run relationship between net 

interest payment and income, making affordability the key elements in the long run equilibrium of 

house-prices. By taking the net interest payments/income ratio as the equilibrium factor, it 

automatically takes into consideration low nominal housing debt which has prevailed in many 

markets the last decade (Vries, Boelhouwer 2009).   

7.3 Fundamentals of house-prices  

When house-prices increase considerably, which has been the case for Denmark during the period 

2000 to 2007 (see Figure 8 page 41), it is not necessarily because house-prices are overvalued. If, 

for example, house-prices follow the disposable income and the disposable income has been rising 

at the same pace at the same time, then income18 could explain the rise in house-prices. Since 

fundamentals can often explain movements in house-prices, it makes sense to use testable models 

such as ECM19 models or co-integration in VAR system because they can determine how important 

each of the fundamentals in the model is20 (by reading the assigned coefficient).   

As noted earlier there are three main explanatory variables used for testing including change in 

housing stock supply, real disposable income and the real interest rate. The table below is a 

summary of the different factors and their related elasticity towards the dependent variable of 

house-prices.        

 

   

                                                 

18 Assuming income is the only explanatory factor 
19 ECM (Error Corrective Model) empirical testing procedure see (Engle, R. F. and Granger C. W. J. 1987) 
20 VAR (Vector Auto-Regressive) system is another way of testing empirically, see (Wagner 2005) 
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Elasticity of house‐price 
towards  factors :  Elasticity 

Estimated elasticity   
average 

Nb. of Models using 
factor 

Housing stock supply  ‐0.5 to ‐7.9 ‐3.2 11 

Real disposable income  0.2 to 8.3 2.2 18 

Real interest rate  ‐1 to ‐9.42 ‐4.3 15 

Demography  2.9 2.9 1 

Real credit  0.2 0.2 2 

real wealth  0.4 to 0.7 0.6 2 

Unemployment  ‐0.5 to 0.5 ‐0.07 3 

price expectations 0.9 0.9 1 

Construction cost  1.8 1.8 1 

CPI  0.8 0.8 1 

stock index  ‐0.2 to ‐0.3 ‐0.13 2 

Housing Affordability  0.3 0.3 1 

Table 1, House price models and main explanatory variables 

Source: own calculation based on OECD data (Wagner 2005) 

Looking at for example the house-stock supply, the number of -3.2 should be interpreted as the % 

change of house-price, if a 1 % change occurred to the factor. Therefore the elasticity of -3.2 means 

that if the stock of housing supply expanded by 1 % of current level, this would imply a decrease 

(because of the minus) in housing-prices of 3.2 percentage on average21. Most of the models are 

based on data from countries within Europe, and should therefore be comparable with Denmark 

(Girouard et al. 2006)   

The rather high elasticity of stock supply does not surprise, considering the dynamics between the 

short and long term and the equilibrium mechanism of the housing market. When the stock of 

housing increases, demand starts to be satisfied and prices go down (see page 26 for details). 

The second factor -real disposable income- is the most used variable (18 models have included this 

factor). Its positive effect (2.2 % on average for the models) on house-price, is quite straight 

forward. When people become wealthier, the natural consequence, as with any other goods, would 

                                                 

21 Most of the models are based on countries within Europe (Girouard et al. 2006). 
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be an increased demand of housing-services, also according to normal demand and supply 

mechanisms (Frank 2003).  

Real interest, being the second most analyzed variable in the models, has a negative effect on 

housing prices (-4.3 %) meaning that if real interest rates started to rise, it would result in a sharp 

decrease in housing prices. This is related to the mechanism according to which it gets more 

expensive for house-owners to live in their dwellings when interest rates rise, since the loans are 

getting relatively more expensive. Higher expenses imply higher user-cost22 and therefore a lower 

demand (Lunde 1998a). The situation could also be the inverse with lower interest rates implying 

higher house-prices, which is very illustrative for Danish market from 1993 to 2007 (see Figure 11 

page 45 for interest rate development and Figure 8 page 41 for house-price development)  

It was mentioned that other important factors include demography, price expectation and housing 

affordability23. Especially during the recent years, when several models fail to explain the house-

prices with the three “traditional” factors: real disposable income, house stock supply and real 

interest rate (Girouard et al. 2006), these variables have become more interesting. The discussion of 

a bubble in the housing market could, for example, be captured by the price expectation factors, 

while the affordability factors could capture some of the innovations within the mortgage market, 

such as interest free rate mortgages. These are all variables which are difficult for the three 

“traditional” factors to capture. In the following part, two models based on the Danish housing 

prices will be reviewed. Henceforth, it will be possible to deduct their explanatory power and to 

consider which variables might be missing in the above table to have strong explanatory power.    

7.4 The house-price relation of ADAM  

(Danmarks Nationalbank 2009)(Danmarks Nationalbank 2009)During the mid seventies, but 

especially in the late seventies, Denmark experienced a number of external shocks to the system, 

notably the two oil crises in 1973 and 1979. As greater macroeconomic movements, like the oil-

crises, can seldom be analyzed in isolation, the macro-economic ADAM model was developed by 

Danish Statistics during the eighties to give a full picture of the Danish economy and to predict the 

effect that “smaller” events might have on the economy as a whole (Danmarks statistik 1996). Since 

                                                 

22 User-cost is a common expression in housing economics designating the cost of living in an apartment or house (see 
(Lunde 1998a) for more details.  
23 See literature review for details (page 28) 
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its genesis, the model has constantly been evolving and today it consists of more than 3000 

equations and includes more than 600 variables. Together with the MONA24 model, created by the 

DNB, they are some of the largest and most extensive models existing to describe the Danish 

economy {{95 Danmarks Nationalbank 2009}}. For the purpose of this thesis only a section of the 

ADAM model will be examined, more precisely, the section concerning the house price relation, 

related to the short-run dynamics of the general housing model (see page 26).  

In the house-price relation of the ADAM model (August 2006 (Hvolboel, Olsen & Høegh 2006)) 

describing the short dynamics of the house-prices in the period of 1972 to 2005, house-prices have 

been expressed as a function of three different components: private consumption, user-cost/house-

price and the difference between house-stock and wanted house-stock (see   

                                                 

24 MONA is the abbreviation for “Model” and “National bank” (DNB, 2009) Throughout the remainder of the paper it 
will be referred to as MONA 
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 Appendix 6 page 102 for more details on the mathematics), thereby including the three traditional 

variables of house-price models. Figure 4 below depicts the explanatory power of the model and 

when observing the residuals (high residuals means low explanatory power), the model fails to 

explains the recent house-price development in the aftermath of 2000. Below is depicted the 

explanatory power of the model. The large residuals means lower explanatory power, insinuating 

that the model fails to explains the recent house-price development in the aftermath of 2000.      

 

 

-- Predicted value(left) ;  Observed value(left) ; Residuals (right) 

Figure 4, Explanatory power of house-price relation in ADAM 

Source: (Hvolboel, Olsen & Høegh 2006) page 6. 

The rather low explanatory power of the model may insinuate that there are factors that are not 

included in the model, which should be included, or that the factors included fail to express properly 

the movements in the house-prices. These factors could include new lending opportunities such as 

interest rate free loans, demographical factors and future price expectations (Hvolboel, Olsen & 

Høegh 2006). It is noted that there is a lack of space especially in the highly populated areas of 

Copenhagen and that bubble tendencies insinuating that expectation of prices have been higher that 

fundamentals explaining some the lack in predictability of the model (Hvolboel, Olsen & Høegh 

2006). Another important factor not included in the house-price relation is how the number of first-
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time buyer (aged 30-39 years) 25has been relatively high in the years after 1993 and might be part of 

the explanation for the higher prices. Though it could have been interesting to extend the models to 

the years of 2006 and 2007, where especially in 2006 prices continued to rise and as the number of 

first time buyer started to go down.   

7.4.1 Other Danish house-price models 

A model from “Erhverv of økonomiministeriet26”derived from the MONA equation and  

constructed by Robert Wagner, includes a number of additional factors and succeeds in explaining 

9/10 of the level of house-prices by fundamentals. Notably, the addition of a demographic variables 

- the number of first time buyers - strengthen the explanatory power of the model (Wagner 

2005).The model is based on quarterly data for the period 1984 -2005 and beside the demographic 

variable, it takes into account the disposable income, the stock supply of new houses and the 

interest rate. The Wagner model, as well as the ADAM model, underlines the importance of 

demography and the product scope within the mortgage market as factors that determine house-

prices. Most housing models predicting the house-prices in Denmark only span until 2005; as Erik 

Haller Pedersen notes, most of the house-price models succeed in explaining movements in house-

price until 2005 but the years of 2005 and 2006 are difficult to explain purely by fundamentals 

(Pedersen 2009). As movements in house-prices are an integrated part of the financial position of 

household, the variables of demographics and mortgage products will be included in the analytical 

section in relation to the movements in the balance-sheet and for the future development of house-

prices.     

7.5 Part conclusion  

The purpose of the section examining the determinants of house-prices was to find out the general 

drivers for house-prices. The establishment of the fundamentals, both by using general housing 

model and models specific to the Danish economy served to examine three main points: 

 Explanation of  the rise and fall in house-prices, especially during the large increases during 

between 1993 and 2007 

                                                 

25 Is it assumed that first time buyers have a positive effect on the house-prices because the number of buyers in the 
market increases demand and thereby increases prices {{83 Hvolboel, T. 2006}}  
26 Ministry of economics and business  
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 Identification of fundamentals of house-prices 

 Identification of factors that have not been included in current models for the Danish 

economy. 

It was found that housing models are described best by a general equilibrium function with demand 

and supply mechanism. The models identified stickiness in the supply of housing resulting in the 

often steep and constant price increases for a given demand. Having this in mind, derivation of  the 

most important variables included:  

 Housing stock supply  

 Real disposable income  

 Real interest rate  

 Demography  

 Credit  

It was noted that the house-price models conducted through the MONA and the ADAM relation 

included most of the variables and the importance of housing stock supply, income, interest rate and 

demography were underlined as crucial factors for the house-price movements in Denmark. Quite 

interestingly the smaller explanatory of the ADAM model in comparison with the MONA model 

could be ascribed to the fact that the house-price relation of the ADAM model had not included the 

demography variable of first time buyers. Also the affordability variable could be included.
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8 PART 4: The economy and house-price development  

The economy as a whole has an important role in relation to house-prices. The housing models 

depicted in the section above, illustrates this by showing the effect of movements in the demand 

curve (see Figure 3 with Dipasquale-Wheaton model). Speaking the language of co-integrating 

house-price models, the connection of economy and house-price is also reflected by the income and 

real interest rates variables (see page 29). Therefore, the economy is undeniably connected to 

house-price. The following section is going to analyse the evolution and condition of the general 

economy holding it up against the development of the real level of house-prices.  

8.1 Danish economy and housing market  

The economic history is based on books by S.A. Hansen for the period before 1977 and for the 

period after 1997, on the theories of Christoffersen H. (Hansen 1977) and (Christoffersen 1999) 

respectively. In case other sources are used, it will be clearly stated. 

8.1.1.1 Oil-crisis, falling house-prices and foreclosures (1973-1982) 

The oil crisis in 1973 resulted in an immediate stagnation of all production-sectors, with the 

governmental sector as the only exception. The building and construction sector was the first one to 

be affected. The peak of approximately 55.000 new building in 1973 was cut down to more than 

half by 1975, with approximately 26.000 new constructions (see Figure 5 page 37). The period was 

characterized by very volatile cycles, with negative growth rates in 1975-75 and 1980-81 however 

with positive growth in 1976 as a result of the temporary exemption of VAT initiated by the 

government in order to stimulate consumption demand. The negative growth rates were especially 

due to external shocks like the first and the second oil crisis (Christoffersen 1999).    

The first effect on house prices was a minor fall in 1974. Even though Denmark was now more 

prepared, the second oil crisis in 1979 stroke hard and one of the results was a severe fall in house-

prices. As a natural consequence, the number of insolvent or technically insolvent house-owners 

increased; this was also reflected in the foreclosure rates, which reached a second peak of 17.515 in 
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1982 27 (Figure 6 below). Concurrently, house-prices rose more or less continuously since 195628 

and no significant fall appeared during the period (see Figure 8 page 41).  

 

Figure 5, Constructed buildings in Denmark 

Source: (DST, 2009) 

 

 
                                                 

27 It was not before 1979 that foreclosure rate started to be registered.  
28 Data on house-price level from DST is limited to 1956 
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Figure 6, Foreclosures in Denmark 

Source: (DST, 2009) 

 

8.1.1.2 Devaluation policy, upswing in the economy and increasing house-prices (1982-1987)   

The period between 1979 and 1983 saw high inflation and the house prices reaching their bottom in 

1983. In 1982 the conservative party of Poul Schülter gained power, the change of government and 

the abolishment of the devaluation policy of the Danish currency was a turning point. House-

owners were no longer suffering from high inflation and devaluation of the currency, consequently 

house-prices started to rise after a deflation of more than 30 percent in real terms. The government 

proceeded politically by putting far more weight on stimulation of investment and interest rate cuts 

in order to increase consumption. From 1983 the downturn had reached its bottom and the economy 

started to go well again. Political choices favoured the general economy as well and the period 

1984-1986 was characterized by a high growth rate. After a steep fall since the second oil crisis in 

1979, house-prices now started to rise again and the peak level of foreclosures in 1982 drastically 

started to wear off (Figure 6 page 38). Though the temporary upswing would not last forever and 

the government was now facing again high inflation (Christoffersen 1999). 

8.1.1.3 Contractive finance politic, borrowing restrictions and banking crisis (1987-1993)   

In order to deal with the high inflation, the government attempted to decrease consumption. The tax 

reform of 1987 reduced the amount of tax deductable income bringing down to 50 % of deductible 

interest expenditure compared to the earlier 72 percent. This was the beginning of the so-called 

“potato-diet” (“kartoffelkuren”) that had several implications for the population and especially the 

house-owners. The reform meant that house-owners would lose 50 percent of all interest 

expenditure. Additionally, a set of measures to restrict the concession of new loans were put in 

place (see Table 2 page 46). Concretely this meant that every new owner had to do the so-called 

mix loans29 keeping the first years’ payments of a loan higher and effectively impeded many from 

proceeding with a new loan. These reforms combined with a large drop in interest rate affected 

                                                 

29 Mix-loans is a combination of annuity and serial loans with a typically distribution of 60/40 percent. The amount of 
interest is higher in the first years in the annuity loans. Obligating of proceeding with a percentage of serial loans in the 
total loan packet thereby makes the first years effective payment higher due to the fact that  interest rates are tax 
deductable. (Danish Statistics 2009) 
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those owners with a fixed rate mortgage loan (being the most common type of loan to hold at that 

time) and induced the collapse of the housing market. The development of the situation was further 

worsened by speculation on the devaluation of the Danish currency and prices on callable mortgage 

bonds were effectively and easily affected by speculation. The housing market failure period lasting 

from 1987 to 1993, was a painful period that Danish population and especially Danish house-

owners went through. During the period real house prices (in real terms) felt by more than 33 % 

(nominal prices around 20 percent) (Lunde 2005). The consequences were widespread and, once 

more, the number of technically insolvent house-owners and consequently the increasing number of 

foreclosures were peaking upwards. The number of foreclosures stroke earlier records and in 1990 

more than 20,000 foreclosures were registered (see Figure 6 page 38). In amount of Danish 

currency the value of foreclosures corresponded to more than 15 percent of the turnover of 

properties annualized during the period.(Christoffersen 1999, Rossing et al. 2001).  

8.1.1.4 Liberalization on mortgage market and economic upswing (1993-2007) 

After six years of recession, the economy turned in 1993. The Edinburgh agreement became 

effective starting from 1993 and the elimination of speculations on currency devaluation in 

Denmark, accompanied by the steady exchange rate policy against the DM30, resulted in an interest 

rate drop. However, the fact that most of the callable mortgage bonds were at price 100 and above 

hindered a further decrease in the market value of debt. Many of the home-owners were therefore 

saved for the negative consequences of a drop in interest rates compared with earlier times and 

especially with the 1979 oil crisis.  

Parallel to the considerable deregulation within the mortgage market in 1993 (see Table 2 page 46), 

house and flat prices once again began to rise. The rise continued through the end of the century and 

did not stop until the financial crisis began to show its effect around Europe in the second half of 

2007 (DNB, 2009). 

The period from 1993 to 2007 has had a general healthy economy and a liberalised mortgage 

system (even though keeping the risk at a minimum by the strict balance principle prevailing in the 

Danish mortgage sector, that assures congruence in terms and in cash flow between the lender and 

the institute on one hand and the institute and investor on the other hand).  

                                                 

30 Deutch Mark , earlier German currency 
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Figure 7, Residential debt to GDP for European countries 

Source: (European Mortgage Federation 2009) 

8.1.1.5 Today  

Since the start of 2007 and the upspringing of the financial crisis the level of house-prices has been 

decreasing (see Figure 8 page 41). The years of 6 percent yearly growth in house prices and 

increase of house prices to disposable income ratio of to 70 % (OECD 2006) are over. The level of 

residential debt to GDP reaches 92.8 % in 2007, one of the highest within Europe only overtaken by 

Holland (see Figure 7 page 40) and house-prices fall since 2007. The second quarter of 2009 

showed negative GDP growth, making the total number of consecutive quarters with negative 

growth reaching 4 and unemployment slightly rising in the third quarter of 2009 (Pedersen 2009). 

Globally there has been a tendency towards the stabilization of the economy and according to the 

DNB the steep fall in employment and negative GDP growth have been replaced by either moderate 

positive number. Explained by a lagging behind effect of Denmark in comparison to larger 

economies, it has been estimated by DNB that it is only a matter of months before the growing 

unemployment and the negative GDP are replaced by better figures (Pedersen 2009).   
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Figure 8, House-price development in Denmark 

Source: House-prices are based on indexed number corrected for inflation and 2000 prices 

(2000=100) Index calculated by deflating data from (Danish Statistics 2009) 

8.2 The Danish mortgage market        

The main purpose of a mortgage system is to supply long-term financing to real estate, working as a 

connector between investor and debtor. The individual mortgages from household are then pooled 

together into bonds which are made available for investors to fund.  

As a consequence of the fire of Copenhagen, since its inception in 1797, the Danish mortgage 

system has traditionally been quite closed and competition has been restrained to very few players 

and products. However in 1989 as a result of new EU directives, liberalization prevailed and new 

mortgage institutions and thereby more competition were created. Yet the increase in the number of 

competitors did not liberalize the products supplied and the legislation was kept tight during the 

years between 1987 and 1993. When the recession was coming to an end and house prices started to 

rise again, liberalization within the market slowly gained visibility and many of the restrictions that 

effected willingly but liquidity-constrained borrowers, relaxed.  

The introduction of the adjustable rate mortgage loans in 1996 were an important point in the 

liberalization process. As a consequence of the competition parameters being the products scope 
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instead of the price, Denmark stands today in a strong position with a large scope of transparent, 

risk minimized products (See below: “The specificity of the Danish mortgage system”). 

8.2.1 The specificity of Danish mortgage system 

The Danish mortgage system is quite unique in terms of institutional security for the individual 

loans. Within the Danish mortgage system a so-called “balance principle” has been integrated as 

risk minimizing system. The system assures that when a borrower takes a house-loan by means of a 

mortgage within a mortgage institute, the loan is secured by the house as collateral Though, in order 

for the mortgage institute to obtain funding, it issues a bond which contains almost the same 

features of the mortgage loan in terms of maturity, interest rate, duration and currency. This balance 

principle assures that the cash flows on both sides of the mortgage institute (the borrower and the 

investor) are perfectly matched. Interest rate risk and cash-flow risk are thereby eliminated, limiting 

the risk to the borrower defaults, hence the credit-risk. The credit-risk is assumed by the mortgage 

institute and is reflected in the about 0,5 percent of outstanding debt that the mortgage institute is 

charging borrowers. General risk is therefore set to a minimum (Realkreditrådet 2009). Below is a 

chart describing the Balance Principle.  

 

 

 

Figure 9, The balance principle of Danish mortgage system 

Source: (International Monetary Fund 2007) 
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8.2.1.1 The branch 

The association of Danish Mortgage institutes (Realkreditrådet) currently counts 5 members. The 

three largest ones, Nykredit Realkredit (44%) Realkredit Danmark (33%) and Nordea kredit (15%) 

stands for 92 percent of the market, reflecting a very high concentration.  The total turnover ultimo 

2007, hence the amount of money, borrowed out to household, were approximately 1.2 trillion 

DKK (see  Appendix 1, page 97). 

8.2.1.2 The product scope 

A mortgage loan in Denmark has a typical maturity of 30 years, yet the product scope is 

considerable large and a wide range of possibilities are offered to the Danish mortgage lender.  

Below is a list of the different loan types. For all the different loans, the type of maturity of 10, 20 

or 30 years is a possibility: 

 Fixed rate mortgage loan: The interest rate will be fixed during the whole period. The loan 

is an annuity loan and is based on bonds. 

 Adjustable rate mortgage loan. The interest rate will be variable, during 1, 2, 3, 5 or 10 

years. The loan is an annuity loan and based on inconvertible bonds. The adjustable rate 

mortgage loans were introduced in 1996 and constitute today more than 50% of all 

mortgages. The typical length of the loan as a whole is 30 years.    

 Adjustable rate mortgage with interest cap. Based on the same terms as the variable rate 

mortgage and also based on inconvertible bonds. Though also contains an option (Cap) that 

assures the lender not to pay a higher interest than the agreed cap.  

 Adjustable rate mortgage with interest only: same profile as adjustable rate mortgage 

loan a apart from the possibility of paying interest only during the first 1-10 years.  

 Fixed rate mortgage loan with interest only: same profile as fixed rate apart from the 

possibility of interest only the first 1-10 years. Afterwards the loan will be paid off as 

annuity  

Source:(Realkreditraadet 2009) 

The availability of the wider scope of mortgage products is illustrated in Figure 10 below.  
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Figure 10, Distribution of mortgage products 

Source: (OECD 2006)page 136,  OECD distribution based on data from DST 

Since 1999, the mortgage loans with adjustable rate spread its popularity. The adjustable mortgage 

loans, make the monthly yield of house-owner dependent on the prevailing interest rates. The 

interest rate has been quite low from 1995 and onwards, in comparison with earlier periods (see 
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 Appendix 8 page 104), whereas in 2009 the interest rate hits its lower level leaving mortgage loans 

with 30, 20 and 10 years maturity at 4.3 % , 5.0 % and 5.5 % respectively, on yearly average.  Also 

mortgage loans combined with interest only, have started to gain popularity since their introduction 

in 2003. 

 

Figure 11, Real Interest rates 

Source: (Danmarks Nationalbank 2010) Lending rate (i.e. udlånsrenten) is the interest rate decided 

by the national bank. The lending rate is a money-political instrument and designates the rate at 

which the national banks lend out with typical maturity of 7 days holding securities as collateral.    

 

8.3 Credit liberalization in Denmark  

In Denmark, as in many other developed countries, the credit constraint has been reduced over the 

last two decades (MuelBauer 2008). For the house-owners this has meant an extension of the 

maturity of loans and a constant lowering of the % limit barriers for taking a loan with the house as 

collateral (see Table 2 below). Below in Table 2 is pictured the evolution of the mortgage product 

liberalization. The first column describes the period depicted. The second column describes the 
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changes in the LTV31 ratio of the Danish consumers. A higher ratio, all other things equal, implies 

better possibilities for a home owner to withdraw equity from the house and to make it available for 

consumption. The third column describes the length of maturity32 and the forth column describes 

other important factors contributing to the general liberalization process for home-owners. The fifth 

column estimates the net effect for liberalization in comparison with the prior period.   

Period LTV ratio allowed  Maturity  Others  Net liberalization effect  

prior 1970 illimited  50-60 years    neutral / positive 

73-79 30-40 % 10-20 years  

Differentiation of 
special and ordinary 
mortgage loans.  

negative  

80-86 70-80 %  20 years    Positive 

87-93 60-80 % 30 years  
Mix-loans 
is introduced 

Negative/Neutral 

93-08 80% 30 years* 

Adjustable rate, 10 y. 
interest rate free 
loans, abolition of 
mix loan obligation   

very postives  

Table 2, evolution of credit availability 

*In reality maturity limits of 30 years are longer due to the extended possibilities of converting 

earlier loans and thereby continuing extending the periods 

Source: own calculations based on data from (Realkreditraadet 2009, Realkredit Danmark 2010) 

The periods from 1980 onwards stand out as a period with a high level of net liberalization, 

disregarding the 6 years of economically contractive policy during housing market failure between 

1987-1993 (see page 36 for details). Conversely, during the 70ies, the effect of oil-crisis is 

acknowledged by low LTV (30-40%) ratios and short maturity (10-20 years) and the net 

liberalization effect has been estimated as negative. The latest period coving 1993 to 2008 has 

experienced a very positive result in the net effect of liberalization, compared with the prior one 

(1987-1993). This can to a large extent be attributed to the great innovation of new products for the 

mortgage market such as the introduction of adjustable rate mortgage, interest rate free loan and the 

                                                 

31 LTV stands for loan to value and describes the percentage of how much a home owner is allowed to borrow in the 
house and thereby the limit of how much to extract.   
32 Higher maturity means longer length of time for homeowners to pay back loan and thereby a greater possibility of 
higher current consumption.  
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abolition in 1993 of forcing consumer to pursue mixed loans previously described (Møller, Nielsen 

1997).     

8.3.1 Tax deductibility  

Beside the availability of mortgage industry, there are other factors that might affect the behaviour 

of house-owners. An example of this is the tax legislation. The most likely factor to affect house-

owners is the tax deductable amount of interest payments. Since 1987, the amount of interest 

payments deductable for tax purposes has been steadily decreasing as portrayed in Table 3 below.  

Period 
Interest deduction 
rate Effect 

1987 < 73% 

1987-1993 73-50% Negative 

1993-1998 50-46% Negative 

1998-2009 46-32% Negative 

2012-2015 25%* Negative 

Table 3, Interest deduction rates 

*Decided by law (Børsen 2009) 

Source: (Børsen 2009) 

So whereas the mortgage market has had a positive liberalization effect, the tax policy for house-

owners has experienced exactly the opposite situation with steadily decreasing deductibility rates.    

8.4 Part conclusion  

Examining the house-price development of the Danish economy during the years 1973-2009 

succeeded in outlining 2 upswing and 3 downturns relating to different economic and political 

reasons. The down-turns count three periods accompanied with the major event during the period: 

 1973-1982 (Oil crisis)  

 1987-1993 (Contractive finance politic)   

 2007-today (Financial crisis) 

 The upswing the periods count  

 1982-1987 (abolishment of devaluation policy and upswing in the economy) 
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 1993-2007 (Interest rate drop , credit liberalization of the mortgage market) 

The history of the Danish economy and the housing market shows that the economy and the 

housing market are undeniably connected. Set in the perspective of the housing models in earlier 

section, interest rates, the level of disposable income, demography and the stock of housing and 

their link to the general economy is confirmed, when going through the phases of economic 

expansion and contraction. The role of the interest rate and by this the affordability level of house-

owners in relation to house-prices was noted as being an important factor.  

 Examination of the mortgage market, showed an increase in the availability and innovation of 

mortgage products, especially around end 90’ies, where mortgages with adjustable interest rate and 

later interest free loans (2003) started getting common.  

The determination of credit liberalization in Denmark showed that whereas the 80’ies have been 

recognized by negative contraction in the credit in relation to mortgage products, the periods after 

have generally been acknowledged by a strong liberalization process, especially during the 90’ies. 

The observed evolution of the credit availability confirmed the importance of examining the 

difference in credit availability when analyzing the effect of increasing house-prices on 

consumption in both the balance-sheet model and empirically testing in later sections. 
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9 PART 5: Income account and balance-sheet analysis  

The following analysis is going to examine how house-prices increases are translated into 

proportions of liabilities and equity in the balance-sheet of the household. The analysis of the 

determinants of house-prices33 illustrated a number of factors influencing the level of house-prices 

and thereby factors also influencing the balance-sheet of the house-hold. The level of these factors 

and their effects on the balance-sheet will be used to analyze the effects that house-prices could 

have on consumption and the financial position of the household.  

More technically this implies that the net and gross wealth position will be held up with the cash-

flow or income statement of the consumer. Some of the earlier findings on the role that credit has 

on the possibility of extracting housing equity make the borrowing patterns a feature of special 

interest (see page 18).  

The time span will, in case data allows34 cover the period from 1973 to 2008, nevertheless; some of 

the important features can only be explained for the period 1980 to 2007. This is for example the 

case with the amount of interest expenses paid by the Danish household over time. In most cases 

estimations are based on data supplied from the DNB and DST, if other sources are used it will be 

stated 

9.1.1 Disposable income 

The income or disposable income, as illustrated below, is the most important factor in terms of 

household economy and determines to a large extent the buying-power of consumers have 

(Chamberlin 2009). Empirical models portraying the relation between consumption and income 

confirm the strong connection expressed by an elasticity of disposable income ranging  from 0.6 to 

0.8335 (Olesen 2008) The disposable income36in real terms, presented in the graph below, has been 

steadily rising since 1980 excluding the period 1981 to 1982 where, as an aftermath to the 1979-81 

crisis, real level fell (Ulstrup Johansen, Trier 2009). The part of disposable income which is not 

absorbed by consumption is used for saving, making savings complementary to consumption, 

                                                 

33 See page 21 
34 See sections “limitations” and “data” 
35 Elasticity, in this case, refers to the change in % of consumption that a 1% change in Income would cause.  
36 See page 71 for details on data 
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(Chamberlin 2009). Consequently quantifying the saving rate is crucial to know how much of 

disposable income is allocated for consumption. If income is used to save up money it affects the 

net wealth positioning on the equity side of the balance-sheet. Using income to pay off debt has the 

same effect of increasing total net wealth and will appear either as an increase in net housing wealth 

or as net capital wealth, depending on whether it is bank loans or mortgage loans which is paid off. 

Another aspect of disposable income is the effect that income has on housing prices, addressed in 

the examination of the determinants of house-prices37. For the majority of studies on the 

determinants of house-prices, disposable income is the most important driver38 with an estimated 

elasticity of 2.2 %39 towards house prices (see Table 1 page 30). Income has an important effect on 

consumption (see page 49), but consumption as such do not appear in the balance-sheet. This means 

that if an increase in income occurs and it is entirely used for consumptions, these movements will 

not appear in the balance-sheet and the affect of house-price movements can be analyzed in 

isolation (see Table 4 below). For most of the observed period, 1987-2009, income in real terms has 

been constantly rising (Figure 12 page 51) and the possibility of consumption growth, savings or 

debt payments has been latent.  

9.1.2 Housing wealth  

Housing wealth, in respect to the yearly income account of the household, is the change in value of 

houses compared with previous year’s prices. Increase in housing wealth depends mainly on the 

prices on houses, which in turn, it depends on a number of factors such as income, interest rates and 

net change in the stock of buildings40. The period 1973 to 1993 has been characterized by 

significant changes in the yearly housing wealth which has been associated to by a high degree of 

volatility. This pattern changes around 1994 when yearly growth remains on a rather constant level 

ranging between 100 to 150 billion DKK per year (see Figure 12 below). In 2003 prices increase 

takes off, reaching unprecedented heights in 2005. In 2007 the situation reverts and in 2008 faces a 

drastically decrease of more than 200 billion DKK compared with the year before. (DNB, 2009). 

                                                 

37 See page 28 
38 (Most important with driver a positive elasticity)  
39 A 1% increase in income affect housing prices by and estimated average of 2.2 % (range from 0.8 to 8.3 in the 
models (see Table 1)  
40 See page 26  
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The feasibility of household to extract housing wealth and use for consumptions depends on a 

number of factors, notably the credit availability41. Examining the effect that household wealth has 

on consumption, requires analysing the lending measures, interest rates and interest payments as 

they affect the debt ratio of the balance-sheet. 

9.1.3 Capital wealth 

The yearly capital wealth is  composed by different capital assets such as pension, insurance funds, 

shares and other securities, currency, deposits and lastly  securities other than shares, mostly 

represented by bonds (see appendix figure 5 for details )(OECD 2006) Among these, pension and 

insurance constitute the largest share. The relatively low level of stocks and other securities in favor 

of a high level of pension and insurance held by the Danish households in comparison with for 

example the US, reflects the intrinsic difference of a highly market-based economy like the US 

where a larger part of total income is given by the detention of financial assets, such as stocks and 

bonds (DNB, 2009) (OECD 2006). Figure 12 illustrates how capital wealth has been much less 

volatile than yearly housing wealth; yet as steadily increasing since 1993. 

 

Figure 12 Income account measures for the Danish household 1973-2007 

                                                 

41 See page 13 
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Source: Own calculation based on data from DST and DNB (all data in real 2005 prices) 

9.2 The income account and the balance sheet 

When income, capital wealth or housing wealth increases there are different ways in which the 

gains can be used. In the case of income, for example, it can be used for consumption, used for 

buying a new house or saved up. (Chamberlin 2009). Depending on the type of income42 and the 

way it is used, the amount is almost always translated into the balance-sheet of the household. In the 

following paragraph a framework has been put in place portraying the isolated effects one would 

expect to see when increases in disposable income, housing wealth and capital wealth occur. 

Specifically, this is done with a table, illustrating the items of a balance-sheet in respect to the 

financial position of the household.  

The expected effects are calculated by assuming an increase in house-prices and the related effect in 

the balance-sheet. Holding the expected effects up against the actual movements of the financial 

position enables to examine in which ways the types of income have been spent. Furthermore; 

isolating the different types of income and their effects on the balance-sheet enables to reach the 

ultimate goal of exploring the effects that house-prices have on consumption. The actual data is the 

same as the data used for the empirical model43.  

9.3 The Balance-sheet model  

The balance-sheet model, presented in Table 4 below, shows the increase hypothesis according to 

the type of income along the balance-sheet. The model is based on financial accounting principles 

implying that the value of assets should equal liabilities and equity (Norton, Porter 2009). In other 

words, if a rise in housing wealth occurs consequently to an increase in assets44, it should increase 

the liability and equity side with an equal amount. The presentation of the balance-sheet in this 

simple format enables to identify with a glance the assumptions under which the equity and liability 

measures are affected and it makes also possible to identify which assumption leads to changes in 

liabilities or wealth.      

                                                 

42 I.e. disposable income, housing wealth or income wealth. 
43 See page 68 
44 By increasing housing assets 
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Assets  Equity Liabilities

Income 
type 

Action 
∆ 
Capital 
assets  

∆ 
Housing 
Assets   

∆ 
Total 
Assets 

∆ Net 
H. 
wealth 

∆  Net 
F 
wealth

∆Net 
wealth 

∆  Liabi‐
lities  

∆ 
Ratio 
W/D 

+∆Incom
e  

Consumption                    

Savings                    

Debt payments                    

+∆ 
Housing 
Wealth 

Consumption     

Accumulation       

Buying new house                    

+∆Capita
l Wealth 

Consumption                    

Accumulation                   

Table 4. Income types effect on the balance-sheet 

Neutral effect   

Positive effect  

Negative effect  

Unknown effect

 

Whether it is in the equity or in the liabilities that the effect appears, it depends in which way the 

increased amount of wealth is used. The choices of the householder are outlined in the second left 

column named “Action”. Chamberlin (Chamberlin 2009) illustrates the limited possibilities of 

either consuming or saving up that household has compared to increases in wealth (i.e. income 

types).  Debt payments and buying houses can be viewed as a type of consumption, but they have 

been separated in this model due to their importance in the analysis, hence their isolated effects will 

be examined.  

9.3.1 The balance-sheet 

The balance-sheet summarizes the assets, liabilities and equity of the householders at a specific 

point in time (Norton, Porter 2009). Examining a specific year in isolation does not tell much about 

the effect of, for example, housing wealth on consumption; nevertheless, the investigation of the 

distribution of the balance-sheet over time allows following some of the specific effects. In the 

following section the assets, liability and equity distribution are analyzed contrasting them against 
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the expected effects on the financial position. All calculations in the following part are based on 

data from DNB and DST in real 2005 prices, unless stated otherwise.  

9.3.2 Evolution of total Assets  

Measures of the total assets for the period 1992-2008 show an yearly increase of more than three 

times if compared  with the period 1973- 1992, in percentage, the two periods had yearly increases 

of 7.1 percent  and 2.2 percent respectively (DNB, 2009 )45. The evolution of wealth accumulation 

or assets for the last 35 years is portrayed in Figure 13 below. Assets of the households, here 

referred as the gross wealth of household, can basically be split up in three parts; housing wealth, 

financial wealth and pensions. As a natural result of the continuous stream of wealth deducted from 

the income over the years, all three measures have been gradually rising during the whole period, 

though some more than others. Both the pure financial assets as well as the wealth accumulated in 

housing have followed a significant increase since the beginning of the selected period.   

 

Figure 13, Asset distribution over time 

Source: Own calculation based on data from (DNB and DST) 46 

                                                 

45 See page 72 for more details (Pension has been calculated on a estimated 50% after tax basis) 
46 Data are in real 2005 prices.    
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9.3.3 Housing wealth  

Gross housing wealth is the most important asset of the balance sheet of the household.  Housing 

wealth can broadly be defined as the wealth accumulation due to construction or net improvement 

done to already existing houses and the rise or decrease in the price level of already constructed 

houses ((Olesen, Pedersen 2008)). Housing wealth has always been the single largest wealth 

component of the household’s balance-sheet, in fact, housing wealth amounted to more than 2.9 

trillion in Danish currency ultimo 2008 (DNB 2009 floating prices) compared with a yearly GDP of 

1.7 trillions, hence represented 170 % percent of the GDP47. So even though the proportion of gross 

housing wealth to total wealth has gone down from representing ¾ of total wealth in 1972 to “only” 

representing the 47 % in 2008, housing is still the single most important component. When 

observing the patterns during the last 35 year it is possible to observe the obvious connection 

between housing prices and their natural pendant housing wealth; the slight upswing until the 

housing crisis of 1979, then a small upswing during the three years before the extended housing 

failure period in the years 1987 till 1993 and a final rising trend from 1993 until 2006-2007, the 

turning point before house prices started to fall48 . This movement is portrayed in Figure 14 below. 

As showed in the balance-sheet model in Table 4 (page 53), growth in housing wealth will affect 

the total assets with proportional amount and, ceteris paribus, raise the housing wealth to total asset 

ratio. Despite the absolute growth observed in total housing wealth, the ratio housing wealth to total 

assets have been generally declining (Q2 2006, 45% 1973 ; Q2 1973,70%) only with temporarily 

rises during the peaks of house-prices (Q2 2006, 49%).         

9.3.4 Financial wealth and pension  

During the same period, the two other wealth components, financial wealth and pension have 

changed even more persistently than housing wealth. It was not before the aftermath of the two oil 

crises during the seventies and the real estate crisis of 1979, that financial wealth started to grow 

(the same was true for housing wealth). The increase in the representation of financial wealth 

accumulation, especially during the 90ties was the result of great innovation within the financial 

products and, most pragmatically, to the availability of these products to the general public. Also 

increased transparency and impeded transfer of information due to the technology improvement, 
                                                 

47 The GDP (Gross Domestic Product) amount in 2008 to 1.737 billion DKK (source: Danish Statistic) 
48 see chapter “time line of the Danish housing market” for further details 
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especially within the computer and later in the internet industry, had an important role in the 

evolution of financial assets. (Ulstrup Johansen, Trier 2009). The high growth rates of financial 

wealth and pension wealth from 1974-2008 went from 390 percent (AI49=11%) to 963 percent 

(AI=27,5%) must also be seen in comparison with the low level of the 70ies and the fact that 

general deposits in the bank  represented a substantial part of total financial wealth back then (DNB 

and DST 2009).  

9.4 Liabilities and lending opportunities  

On the other side of the balance-sheet lay liabilities and equity. Within Europe, Denmark is one of 

the most indebted countries with a residential debt to GDP ratio of 93%50, only surpassed by 

Holland (see Figure 7 page 40). Availability of liabilities depends on a number of factors, 

noticeably the lending opportunities in the mortgage market discussed below. Though one thing is 

the availability of credit another thing is whether there is a demand for credit. Total liabilities have 

been growing 250% percent during the period 1974 to 2008 in real terms (DNB 2010) (See Figure 

14 below).  

 

                                                 

49 AI = annual increase defined as the total increase in percentage divided by the number of years 
50 2007 numbers 
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Figure 14, Liability and equity distribution 

Source: DNB and DST (All amounts are in real 2006 prices) 

Liabilities are important measures because increased liabilities mean increased spending. As 

identified in the balance-sheet model (Table 4 page 53) there are four circumstances that affect total 

liabilities.   

 (1) Increased savings as a result of income change (less liabilities)  

 (2) Increased mortgage debt payments as a result of positive income change (less 

liabilities) 

 (3) Consumption as a result of house-price growth and (more liabilities) 

 (4) Moving to a new house (unknown change in liabilities) 

In other words, if the liabilities change in the balance-sheet, it is because of savings, changes in debt 

payments, consumption related to house-price increases or trading in houses. The purpose of the 

balance-sheet analysis is to find out whether consumption has increased as a result of changing 

house-prices, therefore; analyzing the effects of savings, debt payments, and trading of housing on 

liabilities strengthens the possibility of isolating the effect of house-price growth on consumption. 
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9.4.1 Savings (1) 

The saving rate is the % of disposable income which is not used for consumption (DST, 2009) 51. 

Generally speaking the saving rate is decreasing when the economy is increasing. The saving rate 

and change in GDP is pictured in Figure 15 below. For the selected period, a negative correlation of 

-0,52 between the saving rate and GDP (in real term) illustrates the adverse relationship between 

savings and GDP. Ulstrup relates the saving rate positively with the ongoing interest rate. (Ulstrup 

Johansen, Trier 2009) When interest rate are low, usually during times of prosperity, it is cheap to 

borrow and use money and the lending opportunities are many. For the householder it is an 

incentive to spend and the saving rate goes down. On the contrary when interest rates are high the 

demand for borrowing is low and people keep their money in the bank, explaining the higher saving 

rate. The figure show high savings during the time of the oil crisis during the seventies, during the 

“housing market failure” from 1987 to 1993 and  the burst of the dotcom bubble in 2002 whereas 

low saving rates prevailed during the upswing throughout the 90ies and the period between 2002 

and 2006. (See page 36 for details).  

 

Figure 15, Savings and change in GDP 

                                                 

51 I thank Nina Kristiansen from Danish statistics for an enlightening discussion concerning the method used to derive 
the component of the national accounts.  
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Source: data based on national account numbers from DST 

It was put forward that high saving rates would decrease liabilities, yet as the saving has been rather 

low it cannot have had any positive effect in the rising amount of liabilities on the balance-sheet 

portrayed. It is therefore possible to exclude saving as an explanatory factor for the rising amount of 

liabilities since 1994 (in Figure 16, page 57) and include it instead as one of the explanatory factors 

for the relatively low level of total mortgage prior to 1982. 

9.4.2 Interest payments (2) 

From the balance-sheet model it was found that an increase in the interest payment, as a result of an 

augmentation in income, could decrease the amount of liabilities on the balance-sheet. During the 

last 26 years52 the interest payments as % of disposable income rose moderately and mainly 

between 1985-1990, at the time of the housing market failure as depicted in Figure 16 below. 

Naturally, there is a strong connection between interest payments and the loans due. If interest 

payment increases, ceteris paribus, more loans will be paid off and a smaller amount of loans is due 

(Chamberlin 2009). A correlation coefficient of -0.76 53 calculated for the period confirms this 

interaction. Particularly, the years after 1993 show the level of interest payment going downward 

together with an upward trend of total loan value. Therefore it is clear that the monthly yield has 

decreased during the period. It can therefore be concluded that cases of increased credit availability 

such as longer maturities, interest free loans and adjustable mortgage loans have had a positive 

effect on the amount of liabilities due, recognized by the years after 1993.  

                                                 

52 Data for the interest payments are based on a special output made by DST and it has not been possible achieve data 
prior to 1981.  The statistic is based on the interest deductible amount for taxpayers in Denmark and corrected for the 
change in deductibility over time.    
53 Based on data from DNB and DST 
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Figure 16, Interest payments and loans (1981-2007) 

Source: calculation based on data from DNB and DST. All variables are taken as % of disposable 

income. 

9.4.2.1 Mortgage payment and liberalization of credit 

The liberation of credit constraint has been constantly decreasing, especially the last 20 years, rising 

the question among academics of whether the negative equity is a permanent feature of the Danish 

consumers balance-sheet (Lunde 2005). The liberation of credit constraints can, to a large extent, be 

accredited to the introduction of adjustable mortgage rates in the 1990ies, the interest rate free 

mortgage loans and a general willingness of financial sector to pursue more risk. (See page 41) 

Among the explained factors for the great fall in the real mortgage payment, the possibility of 

household to take more debt can therefore be highlighted and especially the credit expansion in the 

form of first adjustable rate and interest rate free loans, allowed since the last couple of years. There 

are several studies exemplifying this connection as for example Muelbauer’s “housing, credit and 

consumer expenditure from 2008” (MuelBauer 2008) which underlines the connecting role of credit 

between housing and consumer expenditure. 
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9.4.3 Consumption and house-price increases (3)  

The theory concerning consumption possibilities of household as a result of house-price growth 

outlined two possibilities connections in the case of constrained house-owners (see page 20).  One 

of these is the case in which a house-owner increases consumption by mortgage equity withdrawal 

(Figure 2 page 20). Just as the balance-sheet model supported the increase in total liability as a 

result of increased consumption, the theory predicted that the effect of house-price increase, in case 

of refinancing of the constrained owner, would lead to a positive change in consumption. 

Connecting the theory with the portrayed situation on the balance-sheet would mean that 

consumption due to refinancing could be measured as the net liability added to the balance-sheet on 

a yearly basis. Unfortunately, this is not as straightforward since liability increases can be used for 

other things than consumption, notably financing a new house. If the expenses of trading down 

exceed the expenses of trading up, the result of an increase in value of debt in the liability side of 

the balance-sheet would distort any conclusion on the consumption patterns of the refinancing 

house-owner. Hence, an indirect-way to measure any possible effect of house-prices on 

consumption is to track the distribution of liabilities relating refinancing to trading.  

9.4.3.1 Constrained owner via refinancing  

Consumption attributable to housing wealth increases has a number of conditions. The theoretical 

part (see page 20) differentiated between constrained and unconstrained owners, whereas 

unconstrained owners do not depend on credit availability for increasing their consumption, the 

opposite is true for the constrained owners. The combination of lifecycle theory and permanent 

income hypothesis assumes that consumption is dependent not only on current income but on total 

expected resources (Modigliani 1986) as stressed in the theoretical part (see page 19). For being a 

significant part of total resources, increase in housing wealth could be a strong contributor of 

consumption spending. Consumption as a consequence of increased house-price is traceable in the 

balance-sheet, on the liability side. This makes lending opportunities an important point to examine. 

9.4.3.2 Lending availability   

The theoretical part showed that the only reasonable ways of explain increase in consumption could 

go either through channels of different types of MEW for the constrained home-owners or either 

through the direct consumption increase for the segment of unconstrained house-owners (see page 
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19). Where the unconstrained house-owners patterns are more difficult to measure, the behavior of 

constrained owners is more easily measurable through the patterns of lending behavior.  

The factors behind increased lending during the last two decades has attracted the attention of  

many academics. Lunde (Lunde 2005) emphasizes the increasing borrowing behavior that has 

prevailed in the country since 1994 looking at data covering half of the 80ies and most 90ies. He 

illustrates how Denmark has gone from having a moderate ratio of 65 percent in residential 

mortgage debt to GDP in end 1994 to a ration of 87,5 percent in 2003, only exceeded by the Dutch 

ratio of 99,9 percent being the largest in all European countries.  The figure of Denmark is also 

exceeding the one from the U.S., which ratio was 71 % in 2004 (European Market Federation, 

2004). This is remarkable when having in mind the great housing market failure that the U.S. has 

experienced, initiated by the financial meltdown and to large extent to the so-called subprime loans 

(Shiller 2008).     

 

Figure 17 below confirms the evolution of a steadily increasing debt, where especially after 1993 it 

experienced a high increase in the level of debt as a measure of disposable income.  

Net consumer lending is the difference between total new consumer credit and the redemption of 

existing ones and it is therefore a good indicator of whether consumers pursue extended credit or 
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pay off old debt (Chamberlin 2009). Both the period 1983 to 1987 and the period 1994 to 2007 are 

standing out as periods with a high and steadily increasing level of net lending as illustrated in 

Figure 17 below. 

 

 

Figure 17, Lending availability by type loan. 

Source: Own calculation based on data from (DST, DNB and RKR 2009)54 

Though, in the period of falling house-prices lending availability has been low and for some of the 

years the house owners had actually negative or neutral lending (meaning that the sector actually 

paid off debts), illustrated by the housing market failure55 between 1989 and 1994; however, we 

have yet not seen this for the recent years of house-price increases. The last record in 2007 shows 

                                                 

54 The last available numbers regarding interest payment is from 2007, as new modeling methods at DST has postponed 
the general specification of income measures. (Telephone meeting with Judith Zukunft from DST, January 2009) All 
variables are in percentage of disposable income.     
55 See part “timeline of then Danish housing market” for details.  
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signs of increase in the interest payments, yet mortgage loans seem relatively unaffected. 

Considering the question of future developments by looking back to 1984, it took around two years 

before the total amount of mortgage payment started to stabilize and finally to decrease. The 

steadily increasing level of debt during mid 90ies till mid 00ies clearly reflects the long cyclical 

upturn in the economy which has improved credit demand and supply while relaxing significantly 

credit constraints (Lunde 2007). This fact is confirmed by the Table 2 (page 46), emphasizing 

innovation and evolution in the availability of mortgage products that has dominated the market. 

Furthermore, it becomes clear that the bulk of net consumer lending consisted of mortgage equity 

withdrawal during most of the upturn, as illustrated by the figure above. 

Besides portraying the net consumer lending by representing the added value of total yearly loans, 

new mortgage lending is also illustrated. The figure shows that both during the house-price increase 

of the mid-eighties, but especially between the mid 90ies and 2007, the availability of lending 

opportunities responds to the availability of mortgage lending, hence lending with the house as 

collateral. In fact, in 2007 up to 2/3 of total liabilities were direct mortgage loans compared with 

only half of all liabilities back in 1974 (DNB, 2009). The evolution of the mortgage market 

confirms this picture where both the restriction56 but mostly liberalization has prevailed. 

The part of total lending that mortgage lending represents is both a good indicator of liberalization 

within the credit market and, at the same time, an excellent indicator of the availability for 

constrained owners to withdraw equity. (Chamberlin 2009) The argument that credit availability has 

been strongly present, especially during the 90ies, is important for the determination of the affect of 

house-price increases on the consumption patterns of household. Even though the amount of new 

loans depicted in the above figure is corrected for loans of newly build houses, newly issued 

mortgage loans can still be used for the financing of trading houses in existing stock. 

9.4.4 Trading up and trading down (4) 

The balance-sheet model exemplified as forth point the way in which total liabilities could be 

affected. This concerns the trading of houses. The principle is that if a house-owner has experienced 

                                                 

56 with the introduction of mix loans, during the period of the housing market failure (1987-1993) (see 31) is translated 

into negative net lending  in some of the years. 
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house-price increases and decides to buy a new house, he is faced with two different choices as 

described before (page 19).  

 Trade up, and buy a more expensive place  

 Trade down  and buy a less expensive place 

According to the balance-sheet model the choice of the house-owners will either result in growth of 

liabilities, if house-owner is trading up, or fall in liabilities if trading down. However, the 

aggregated effect can be difficult to estimate. Assuming that the aggregate effect of trading houses 

measured as consumption and increased lending availabilities was nullified, the conclusion that the 

entire increase in the loans is the result of enhanced consumption due to house-price increases 

would be justified, as well as the assumption that the consumption effect related to house-price 

increases could be measured in terms of lending patterns.  

Much of the theory regarding whether house-price increases have an effect on consumption 

revolves around the net effects of trading houses. Miles (Miles 1994) explains that the people 

trading down57 would be able to spend the difference between the new and the old house on 

consumption, conversely; the ones trading up would have to pay more for their new house (see page 

20), thus the net effect would be neutralized when aggregating the consumption effects and 

therefore not traceable on the balance-sheet.   

All the above mentioned theories are based on the assumption that the age structure of the 

population is the same or that there is no substantial difference in the buying behavior between the 

elderly population and the younger generation. Nevertheless; in the part concerning housing models 

it was showed how demography, or a difference in the age distribution, acted as explanatory 

variable of price movements in house-prices (Wagner 2005). Whereas the older generation is 

recognized having low activity in the housing market, the younger generation, especially the first-

time buyers, have a strong impact on the demand of housing and thereby the due amount of 

mortgage liabilities (Lunde 2005). As a matter of fact, the house-price relation part of the 2005 

version of the ADAM model embodies the change in age distribution. Therefore, it becomes 

interesting to exam the distribution of first time buyers along with the levels of liabilities as 

presented in the following figure.  

                                                 

57 Buying a less expensive place to live in   
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Error! Reference source not found. 

Figure 18, House-owners and first time buyer58 

Source: (DST, 2010) Error! Reference source not found. 

Figure 18 shows considerable variation in the distribution of first-time buyers. The graph illustrates 

two peaks and two slopes. The first peak is situated around a period of rising house-prices during 

the years 1983 and 1987 (see Figure 8 page 41). During the same period the amount of net lending 

available was also rather high and could explain to some extent the high level of new debt 

characterizing this period (see 63). Lunde (Lunde 2005) and the ministry of economy and business 

(Erhvervs og økonomi-ministeriet 2010) relate positively the numbers of first-time buyer to the total 

numbers of house-owners on the market. This is confirmed in Table 5 below, showing how periods 

of numerous first-time buyers are also periods associated with a high number of house-owners. The 

adverse effect is present during times when the number of first-time buyers starts to normalize, for 

instance during the housing market failure between 1987 and 1993,  and growth in house-owners is 

low as well as the number of 30-39 years old persons is low. Table 5 below summarises these 

findings, summarizing the increases in new house-owners with the average MEW or average size of 

new mortgage loans during the period.   

Period  
Houseowners, 
increase in % 

Average 
MEW 

1981‐1987  3.8% 8.6%

1987‐1995  1.3% 3.6%

1995‐2006  8.5% 10.6%

Table 5, Increase in the number of house-owners59 

A higher percentage of house-owners increase is associated with a higher amount of new liabilities, 

similarly, low increases in the number of house-owners goes along with a low portion of new 

lending during the period. 
                                                 

58 First time buyer as defined by erhvers og økonomi ministeriet (www.oem.dk, 2009)  
59 New house-owners depict the % change from beginning to end of period. Average MEW (the average amount of 
mortgage equity withdrawal, i.e. new mortgage loans) defined as % of disposable income. Calculation based on data 
from DST and DNB. 
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On the basis of these findings it can be concluded that the periods, with high growth rates in the 

amount of due liabilities, have typically been periods with a high number of first time-buyers. First 

time buyers are always, by definition, buying something more expensive than what they have, (i.e. 

trading up) and must have affected the amount of liabilities during the periods of rising house-

prices. Increasing liabilities must therefore be compared with the number of first-time buyers on the 

market, eliminating consumption as the sole explanatory variable for increase in total liabilities as 

discussed above  

9.5 Current financial position  

By means of the balance-sheet model it was analyzed how the financial position was affected by the 

increase in house-prices. It was found that the amount of liabilities was determined, either by 

increased consumption, by trading, by the interest rate payments or by the number of house-owners. 

These circumstances were analyzed assuming a price increase, however; the effect of a price 

decrease on the balance-sheet is quite different. In fact, whereas the effects of a price increase do 

not necessarily aggravate the financial position, a price decrease does. To what extent the financial 

situation is worsened depends on the aggressiveness of the house-owner in terms of borrowing and 

the magnitude of the decrease. Figure 19 below shows the changes in the balance-sheet as a result 

of moving house-prices. 

 

 

Figure 19, Financial position after house-price changes 
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If the house-price decreases, it does it in the same proportion as house-price increases affect the 

financial position. Though; no matter the extent of the decrease, the moderate borrower will be 

affected much less than the aggressive borrower excluding other influencing factors such as income 

level, capital wealth, the interest rate and the saving rate. In Figure 20 below the financial position 

of the Danish household is summarized as a proportion of disposable income.  

  

  

 

Figure 20, Development of financial position 

The figure shows that the current financial position expressed as net wealth has clearly worsened, 

primarily as a result of decreasing house-prices the last two years60. However, the net wealth 

position of the Danish household is still high in a historical perspective and housing wealth still 

represents around half of all net wealth (48% of total net equity ultimo 2008).  

9.6 Part conclusion 

Studying the theoretical effect of house-prices is very different from examine their real effects. The 

challenge of this section was to translate the hypotheses from the theory regarding constrained and 
                                                 

60 See Figure 13 page 51 for details on the fall in asset distribution.  
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unconstrained owners into tangible and practical conclusions. The theory suggested that if 

consumption increased as result of movements in house-prices, the credit availability would be a 

crucial factor. In the jargon of balance-sheet this credit availability can be translated into increase of 

liabilities.  A balance-sheet model based on financial accounting principles was used to identify the 

areas in which liabilities were expected to have an effect, notably: savings, interest payments, 

consumption (related to house-price increases) and trading (moving to a new house). 

The results showed that the saving rate could have had a (negative) effect on the liability side 

during periods with high interest rates, thereby excluding the recent years of house-price 

appreciation. The liberalization of mortgage products, on the other hand, was found to be traceable 

within the balance-sheet of the household, by extension of maturities increasing LTV61 ratios and 

other measure increasing the amount due. It was found that the decrease of effective interest 

payments was likely to be used for consumption. Furthermore it could be concluded that both 

housing wealth increases used for consumption and trading of housing were traceable in the 

liability/asset ratio on the balance-sheet. A consumption effect as a consequence of increased 

housing prices during the last 15years was confirmed by measuring the yearly lending available 

(MEW) corrected by loans of new building. At the same time trading was also found to be part of 

the explanation since the age distribution implies that market has seen a high number of first-time 

buyers during the late house-price increase period.  

That credit availability has been enhanced during the last period of house-price increases was 

readable in the greater portion that new, mortgage related liabilities, constituted out of total 

liabilities during the period 1993-2007.  

The combination of falling house-prices the last two years and a substantial degree of lending 

would be expected to affect the financial position of households substantially. However, the 

numbers showed that the net housing wealth of households is still at a high level. With only minor 

decreases in net financial wealth, the recent years’ house-price decreases have shown only to affect 

the financial position moderately. However, house-prices kept decreasing during 2009 and as the 

determinants of house-prices showed, there is reason to believe that the situation could worsen in a 

near future. 

                                                 

61 Loan to value- the limits in % of the housing debts/housing assets ratio. 
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10  PART 6: Empirical Analysis  

10.1  Methodology  

The following empirical testing is going to examine the possible long-term relation between 

consumption on one side and income, housing wealth and capital wealth on the other side, as put 

forward in the theoretical part. The model applied in the current settings does only apply for the 

long run relationship within specific a time span. The step further would consist of setting up a 

model that could take into account the dynamic nature of house-prices, such as error correction 

model (ECM) or vector regressions analysis (VCM), which indeed would enable to account for the 

movements between short and long term dynamics and thereby predict the short run effects (see 

limitation of model below){{68 Wooldridge,Jeffrey M. 2006}}. However, the focus of the thesis 

lies upon the real effect of house-prices in a long run perspective where structural differences in the 

house-market will be examined by testing two models with different time span. There are a number 

of challenges when dealing with regression on multiple variables in general and regression on 

multiple variables in the context of time series analysis in particular. This applies both to the 

context of the model setup, but also to the validity testing of the results. The methods used for 

testing is mainly based   

10.2  Limitations of model  

The result from the model support assumptions for the examined period only and regression used 

for predictions should be carefully done. Furthermore, the model only analyses the long-run, 

thereby ignoring any short-term effects (See general limitations for details).   

10.3  Data set  

The data used for the empirical model are all quarterly data covering the period Q(1)1973 to 

Q(4)2009. All the data have been deflated and are therefore free from inflation and indexed so that 

the base year equals 2000 (year 2000=100). Correcting for inflation helps to detrend data, which is 

often an issues when dealing with economic time series (more below). All calculation of the models 

is based on data provided by DNB62. If data with another origins is used it will be stated.  
                                                 

62 by Paul Lassenius Kramp from DNB 
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Consumption: The data for consumption are based on total household expenditure and is part of 

DNBs accounts.      

Disposable income: The data on disposable income are taken from DNB accounts63 and measure 

total disposable household income. The disposable income represented here, are free of wealth 

income 64(See (Olesen 2008) for details). 

Net housing wealth: Net housing wealth is here the gross housing wealth minus mortgage debt 

from mortgage institutions, while mortgage debt to personally owned companies is not included in 

the data. The calculation of gross housing wealth is based on the total housing stock times 

Realkreditrådet’s average m2 price of total housing stock. Data is drawn by DNB accounts.                 

Net financial wealth: Net financial wealth is defined as gross financial wealth minus debt other 

than mortgage debt. Concretely is has been calculated by subtracting net housing wealth from total 

net wealth. Total net wealth on the other hand is calculated by subtracting total debts from gross 

wealth where gross wealth includes gross housing wealth, gross capital wealth (including mostly 

quoted shares, mutual fund shares, bonds and deposit) and 50 % of pension wealth in order to 

correct for taxes        

10.4  The model  

In accordance with the theory presented in section 1 (page 14), implying that current consumption is 

a function of the relative present value of total wealth defined as: income, housing wealth and 

capital wealth, the following equation can be deducted. 

 

                                                      Ct =  β1 Yt + β2 Wt                                         (1.1) 

 

                                                 

63 Data has been provided by Paul Lassenius Kramp from Danamark’s Nationalbank 

64 Capital wealth and housing wealth has been deducted   
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Where consumption (Ct) in period t is expressed as a linear function of net asset wealth (Wt) and 

disposable labour income (Yt) in period t. The β1 and β2 represent the coefficients measuring the 

marginal propensity to consume for income and wealth components.   

The specific model presented is as follows:  

 

log(C)=  β0 + β1 log(I) + β2 log(H) + (β3) log (F)     (1.2) 

 

C = Consumption of households  

I  = Disposable income of households  

H = Net housing wealth  

F = Net financial wealth 

 

β1  = Marginal income elasticity (long term) 

β2 = Marginal housing wealth elasticity (long term) 

β3 = Marginal financial wealth elasticity (long term) 

 

10.5  Implementation  

Technically speaking, the implementation of the model (1.1) is done by estimating the level 

regression, by techniques of ordinary least square. The OLS is performed in order to obtain the long 

run coefficients B1, B2, B3, which will define the elasticity of the related variable in a long run 

perspective. From the regression, residuals will be formed, which will be tested for co-integration. 

However, before being allowed to use the techniques of OLS there are some conditions that need to 

be fulfilled. OLS techniques assume stationarity of time series. Stationarity of time series implies 

that the mean and variance is not dependent on time. In other words, it implies that the positive 

cycles are matched with negative ones (Koop 2008). 

Non-stationarity can be quite common for economic time series and current periods are often 

related to earlier periods. Some measures can be taken in use to minimize the problem such as 
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correcting for inflation and taking logarithms of the variables instead of pure numbers, which has 

been done with the chosen data (see page 71 concerning data and above). 

Even if time series are tested positive for non-stationarity it does not mean that the coefficients are 

useless. The special case of co-integration justifies the use of OLS techniques. This implies that 

even though the series themselves are non-stationary, but the linear combination of the variables is 

stationary (i.e. if they co-integrate) it is pertinent to use OLS as estimation process, making the 

long-run coefficients meaningful. To summarize, two conditions need to be fulfilled in order to 

establish a cointegration relation:  

 

 The times series are integrated of the same order and that  

 There is at least one linear combination of the time series that is stationary (stationary error 

term) (Koop 2008). 

 

A related issue is that in normal multi-regression analysis, where there is no autocorrelation for the 

individual variables and variables are intrinsically stationary, the significance by means of the 

student “t” distribution can normally tell whether the coefficient is meaningful and can be 

interpreted: while, if the variables are not stationary, it is not possible to apply the normal test. 

There exists an indirect way of testing by excluding each of the variables and then test the new 

residuals. If applying the DF test and the residuals are accepted for non-stationarity, it can be 

concluded that the excluded variable is necessary in order to predict consumption, thereby rejecting 

the hypothesis of spurious regression. This procedure will also be included in the testing process. 

 

10.5.1  Graphical analysis  

To begin with, a visual plot of the times series will clarify the type of data and the likely nature of 

the time series. If for example an upward trend of the individual variables is presented, it can be a 

sign that the variables are not stationary (i.e. have a changing mean). On the other hand, if the 

variables as a whole trend upwards (or downwards), it might suggest that co-integration is present. 

Observing the graphs of the variables in differentiated form can help to establish the order in which 



Part 6 

________________________________________________________________________________ 

Page 75  

 

variables are integrated, if found not stationary in first place. Graphical view of the autocorrelation 

function is also a useful way of searching for stationarity or nonstationarity.     

     

As mentioned above a condition for establishing co-integration is that the variables are integrated of 

the same order. Time series are said to be integrated if they can be transformed from being non-

stationary to stationary by differencing. The order of integration refers to the number of times of 

differentiating that is needed in order to transform a variable from non-stationary to stationary. 

Meanwhile if differentiating is needed, the series will both be tested graphically and numerically. 

10.5.2  Test of stationarity  

The Dickey Fuller (DF) test, and most of the time the augmented Dickey fuller test (ADF), is the 

most common test for test of unit root. If there is a unit root the series are said to be non-stationary. 

The critical values of either rejecting or accepting the test of stationarity depend on the nature of the 

variables. The nature of the variables can be related to the numbers of explanatory variables in the 

equation65 and the tests applied will be dependent on this. Whenever a variable is tested, the 

statistical method and the critical value will be highlighted. In most cases the Dickey-Fuller (DF) 

will actually be done with an augmented Dickey Fuller (ADF) test. The ADF and DF are basically 

the same kind of test, only the ADF allows checking for stationarity in different lags. Technically 

speaking, under the DF test, it is assumed that the error term is uncorrelated (i.e. that the residuals in 

one lag is not dependent on the residuals in another lag). By applying the ADF test it will be 

possible to reject or confirm the presence of stationarity in related periods. (Koop 2008)      

10.5.3  Co-integration 

The test of co-integration (i.e. to detect whether there is at least one linear combination that can 

explain consumption) is done by means of the Engle-Granger (EG) cointegration test (Engle, R. F. 

and Granger C. W. J. 1987). The EG test is done by regressing consumption on income, housing 

wealth and capital wealth as presented in equation (1.2) and thereby obtaining the residuals. The 

                                                 

65 For test of the individual variables the number will equal as it is only regressed to itself. If on the other it is the error 

term which is tested for stationarity, n would equal 3 , assuming three explanatory variables.  
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residuals are analyzed by using the ADF test and the EG critical values66. If the test is rejected the 

series are said to be non-stationary which would imply that the regression is spurious and the long-

run coefficients cannot be used for interpretation. Yet, if the stationarity test is accepted the long run 

relationship between variables can be established and the model can be set to a restricted level. In 

the restricted model the related coefficients can be interpreted as the average effect that the 

explanatory variable (ex. housing wealth) has on consumption, when the explanatory variable is 

changed by 1 %.   

10.5.4  Linear equality restriction 

In the thesis two types of model are presented, with each model tested in two time periods, one 

freely estimated and one with imposed homogeneity. Homogeneity means that the elasticities for 

income and housing wealth and financial wealth equal to one (β1 + β2 + β3 =1)(Wooldridge 2006). In 

practice this can be done by estimating a consumption function based on consumption and wealth 

ratios, where consumption, housing wealth and financial wealth are all divided by income (Olesen 

2008). The consumption ratio is then regressed on the two wealth components and the elasticity of 

income is found by the subtracting the other elasticities by one (β1 = 1-β2 - β3). A partial transcription 

of (1.2) results in the model:  

 

log (Consumption ratio) = β0 + β2 log(Housing wealth ratio)+ β2 log(Financial wealth ratio) (2.2) 

 

To use the results of the restricted model it is important that the regression of the unrestricted model 

(3.1) and (3.3) is not spurious (i.e. that the long term relation makes sense). This can be done 

indirectly by testing whether the regression is still valid without some of the explanatory variables 

(see page 81).         

                                                 

66 Also referred to as Mackinnon’s critical values fro co-integration.  
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10.6  Empirical results 

10.6.1 Test of stationarity 

The Graphs in appendix 11 shows that there is a clear upward trend in the all of the series, 

insinuating that variables are non-stationary. In order to establish whether the non-stationary is 

related to a time trend, a time trend is imposed by taking the first difference. The graphical view of 

the 1st differentiation of the individual series is illustrated in appendix 13 (for the period 73-09) in 

the trend and correlation analysis (1st graph on the left)67. Concluding on the graphical evidence the 

time series look stationary by taking the first difference, implying that the individuals variables are 

all integrated of order one I(1)  

For the test of unit root of the levels series the ADF (augmented Dickey Fuller) is applied. The 

results for the two different periods are presented in Table 6 and Table 7 respectively. 

Q(1)73-
Q(2)09 

t value 
ADF(4) 

DF critical value (t=146), with 
constant and trend H0 : Non-stationarity Pr < Tau 

Log C 
-3.52 1% -3.99; 5% -3.43; 10% -3.14 Accepted (at 5 % sig) 

0.05 

Log Y 
-2.67 

 
Accepted 

0.28 

Log H 
-2.19 

 
Accepted 

0.49 

Log F 
-1.94 

 
Accepted 0.63 

Table 6, Unit root test for level series (period 1973 -2009) 

Q(1)80-
Q(2)09 

t value 
ADF(4) 

DF critical value (t=104), with 
constant and trend H0 : Non-stationarity Pr<Tau 

Log C 
-2.79 1% -4.04; 5% -3.45; 10% -3.16 Accepted 0.21 

Log Y 
-2.59 

 
Accepted 

0.29 

Log H 
-2.1 

 
Accepted 0.54 

Log F 
-2.41 

 
Accepted 0.37 

Table 7, Unit root test for level series (period 1980 -2009) 
                                                 

67 Only the graphical view of the longest period, as it is sufficient  
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The ADF unit root test shows that the Ho hypothesis of non-stationarity has been accepted for all 

individual variables. It is only logC for the period 73-09 slightly reached a 5 percent significance 

level. The ADF test has also been checked by including 4 lags thereby correcting for possible 

autocorrelation in the error term of the individuals variables. Therefore, based on the ADF test 

above, it can be concluded that all series are individually non-stationary for both the period 79-09 

and the period 80-09. However, as explained above non-stationarity of the variables simply imply 

that the normal procedure of regression analysis cannot be used and it is necessary to perform the 

other step before it is possible to do a test of co-integration.    

A condition for test of cointegration is that the variables are integrated of the same order. This is 

done with the same procedure as above, yet now the variables have been transformed by taking the 

1st difference. The result of the ADF unit root test is presented below: 

Q(2)73-
Q(2)09 

t value 
ADF(4) 

DF critical value (t=146), with 
constant and no trend H0 : Non-stationarity Pr<Tau 

∆Log C 
-4.99 

1% -3.46; 5% -2.88 ; 10% -
2.57 

Rejected < 0.0001 

∆Log Y -5.7 
 

Rejected < 0.0001 

∆Log H -2.93 
 

Rejected (at 5 %) < 0.0001 

∆Log F 
-6.2 

 
Rejected 0.0037 

Table 8, Unit root test for level series for 1st difference (period 1973 -2009) 

Q(2)80-
Q(2)09 

t value 
ADF(4) 

DF critical value (t=104), 
with constant and no trend H0 : Non-stationarity Pr<Tau 

∆Log C 
-3.431 

1% -3.51; 5% -2.89 ; 10% -
2.58 

Rejected (at 5 % significance) 0.0044 

∆Log Y 
-6.6 

 
Rejected < 0.0001 

∆Log H 
-2.86 

 
Rejected (at 10 %) 0.24489 

∆Log F 
-5.98 

 
Rejected < 0.0001 

Table 9, Unit root test for level series for 1st difference (period 1980 -2009) 

By taking the first difference of the variables and testing by means of ADF in 4 lags (4 lags have 

been estimated sufficient as they cover a period of 1 year) , the “tau” value for all the variables is 
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within the 10 % critical value. For most of the variables the tau value also lies within 1 % 

significance level, whereas only ∆Log H for the period 1980-2009 lies within the 10 % significance 

level. This indicates that the series become stationary when taking the first difference and they only 

have 1 unit root I(1).  

The graphical analysis, the stationarity test of the log variables and finally the unit root test enable 

to conclude that, for both the examined periods, the variables consumption, income, housing wealth 

and capital wealth are non-stationary variables integrated of the order one.    

10.7  Test of co-integration  

Applying the tests of co-integration, enables to conclude that consumption can be explained as a 

function of income, housing wealth and capital wealth in the long run. This is true for both of the 

periods tested. The estimates of the coefficients of the applied Engle-Granger co-integration test are 

presented below. From the data two models have been tested for each of the periods, a restricted 

and an unrestricted model. In the contrary to the unrestricted model, the restricted model’s 

estimated elasticities of the explanatory variables equal one when added together (β1 + β2 + β3 =1). 

This implies that income and wealth are the only explanatory variables for the explanation of 

consumption, in accordance with the theoretical assumption of lifecycle and permanent income 

theory (see page 14). The implementation of the restricted model is conditioned by stationary 

residuals in the unrestricted models and that the regression of the unrestricted model is not spurious. 

Testing, that the model is not spurious can be done by testing whether all of the explanatory 

variables needs to be concluded in order to predict consumption.  

Below the unrestricted model has been test for stationarity in the residuals. The critical values is set 

by Mackinnon’s critical values definition, depending on the number of explanatory variables (N) 

and the number of observation (t)(Mackinnon 1991)  For both of the period the confidence levels is 

within the 10 % critical confidence interval and the Ho hypothesis of non-stationarity is rejected, 

meaning that the residuals are stationary and integrated of order 0 (I(O)) 

Q(1)73-
Q(2)09 

t value 
ADF(4) 

Mackinnon critical value 
Engle Granger test  N=3 and 

t=146 H0 : Non-Stationarity 

Error term -3.46 1% -4.0 ; 5% -3.40 ,10% -3.09 Rejected (at 5 % ) 

Table 10, Co-integration test, period 1973-1979 
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Q(1)80-
Q(2)09 

t value 
ADF(4) 

DF critical value Engle 
Granger test N=3 and t =104 H0 : Non-stationarity 

Error term 
-3.19 

1% -3.96 ; 5% -3.41 ,10% -
3.13 

Rejected (at 10 % significance) 

Table 11, Co-integration test, period 1973-1979 

10.7.1 Spurious regression 

The normal student “t” test and the related significance level cannot be applied to series which are 

not stationary. Meanwhile there are indirect ways to see whether the coefficients of the model can 

be used in a meaningful way and that the regression itself is not spurious. One way is to take out 

one explanatory variable at a time of running the regression and analyzing the residuals of the new 

regression. If the result of the test shows, that without one of the explanatory variable the residuals 

of the regression become non-stationary, it means that there is no long-run relationship without 

including the missing variable. The results of this test are reported below in Table 12 and Table 13. 

As earlier mentioned, there are two types of models a restricted one and an unrestricted one (page 

76), the two models and their related coefficients are reported below (for both of the periods).  

 

Unrestricted model (73-09): Ct = 1.649 + 0.0618 It + 0.0534 Ht +0.615 Ft      (4.1) 

Restricted model (73-09):  Ct = -0.1169 + 0.957 It + 0.0094 Ht +0.0337 Ft  (4.2) 

 

Unrestricted model (80-09): Ct = 2.502 + 0.435 It + 0.06736 Ht +0.0949 Ft      (4.3) 

Restricted model (80-09):  Ct = -0.0803 + 0.946 It + 0.01899 Ht +0.0349 Ft  (4.4) 

 

To validate the models, a unit root test of the residuals has been conducted, each time excluding one 

of the explanatory variables. In the case of residual testing the Mackinnon critical value has been 

used. The results of the test are summarized in Table 12 and Table 13  below. 

Q(1)73-
Q(2)09 

t value 
ADF(4) 

Mackinnon critical value 
Engle Granger test (N=2), (t 

=146) H0 : Non-Stationarity 

Missing F 
-2.87 

1% -3.84 ; 5% -3.32 ,10%      
-2.97 

Accepted 
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Missing H 
-3.23 

 
Accepted (at 10 % ) 

Table 12, Test of significance of H and T for the for period 73-09 

Q(1)80-
Q(2)09 

t value 
ADF(4) 

Mackinnon critical value 
Engle Granger test (N=2), 

(t= 104) H0 : Non-stationarity 

Missing F 
-2.49 

1% -3.90 ; 5% -3.34 ,10%     
-3.04 

Accepted 

Missing H 
-2.8 

 
Accepted 

Table 13, Test of significance of H and T for the period 80-09 

Conducting the Engle Granger test of the two periods reveals that the long-run relationship 

disappears when explanatory variables are taken out of the regression one at a time. The critical 

value is dependent on the number of explanatory variables (N) and the number of observation (t). A 

lower number of explanatory variables (N) and a lower number of observations (t), ceteris paribus, 

lower the critical values68. This is reflected in the critical values illustrated in the different tables. 

For the period of 1980 to 2009 compared with the period 1973-09, the evidence is a bit stronger in 

favor of non-stationarity as the tau value (-2, 49 ; -2,8 ) lies further away from both critical values. 

Another revealing factor is that running the regression without capital as explanatory variable the 

tau value is lower than tau values when housing wealth is missing. This indicates that housing 

wealth has less explanatory power than capital wealth. Meanwhile the test of non-stationarity is 

accepted for both of regressions meaning that the regression becomes spurious without any of the 

explanatory variables. Hence, the use of the restricted model is justified for both of the periods as 

none of the tau values reached the critical value of 5 %. 

 

10.8  Discussion  

In the following part, the findings from the cointegration test will be examined and compared to 

results of other studies. The interpretation of the coefficients of the regression will be conducted and 

                                                 

68The critical values gets closer to zero, thereby decreasing the limit of accepting stationarity. 
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the two periods compared to each-other. Theoretical part and the evolution of credit liberalization 

within the Danish housing market will of course be included in the comparison.  

 

Based on the estimated results, a cointegration relationship between consumption, income, housing 

wealth and financial wealth can be concluded. Below is the result of the cointegration regression 

with the restricted model for both of the analyzed periods.       

 

Restricted model (73-09):  Ct = -0.1169 + 0.957*It + 0.0094*Ht +0.0337*Ft 

Restricted model (80-09):  Ct = -0.0803 + 0.946*It + 0.01899*Ht +0.0349*Ft 

 

The elasticities of the model can be interpreted as the % increase in consumption as a result of 1 % 

increase in the explanatory variable, holding still all other variables. The estimations are based on 

the long run only and should be interpreted as the average effect on consumption in the long run. 

For the period of 1973-2009 it means that if for some reason a housing wealth was increased by 1 % 

it would affect consumption app. by 0.01 %. For the period of 1980 -2009 the elasticity is almost 

twice as high as a 1 % increase in housing wealth would result in an app. 0.02 % increase in 

consumption. Since the variables have different sizes (1% of housing wealth is different from 1 % 

of income) it is handy to translate the figures into DKK. The conversion from % to DKK is 

presented in Table 14 below69.             

  Period C/H C/F 

Ratios  73-09 0,708 0.926 

Rations  80-09 0,739 0.795 

Elasticity 1% 73-09 0,009 0.037 

Elasticity 1% 80-09 0,019 0.035 

Elasticity 1 Dkk 73-09 kr 0,01 kr 0.04 

                                                 

69 The ratio is an average for the each of the period and is calculate as an average of the quarterly data according to the 

time period selected. It is based on the data supplied from DNB . For details on calculation methods on consumption 

ratios see (Olesen 2008) 
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Elasticity 1 Dkk 80-09 kr 0,03 kr 0.04 

Table 14, Elasticities in DKK and percentage 

Reading the elasticities in DKK means that for the period 1973-2009 a 1 DKK increase in housing 

wealth is translated into 0.01 DKK increase in consumption. The increase in financial wealth is a bit 

higher, with a 0.04 DKK increase in consumption.  

For some of the models made for the Danish housing market the results are quite close even though 

the compared models are usually slightly higher. The MONA model deducts an elasticity of total 

wealth 0.12, which is approximately half of the elasticity of the presented model70. The findings 

have to be compared by the facts that the MONA model is concerned by the private sector (thereby 

including privately owned companies) and not only by the general household as this paper is 

concerned with. All other things equal, the financial and housing wealth for private sector must be 

assumed to be more stable and stronger elasticity for the private sector should therefore be 

expected. This is due to the private sector’s increased ability to diversify risk and investments 

(Danmarks Nationalbank 2009). In addition the MONA model covers the period 1973 to 2005, 

excluding the period 2006-009 characterized by high volatility in the house-prices. These points 

represent a likely explanation for the higher elasticity of the MONA model.  

A model made by Danmarks nationalbank in 2008 covering only the household and the period 

1973-2005 yields a 0.05 DKK change in consumption as a results of a 1Dkk change in total wealth. 

Transforming the decomposed wealth components into an aggregate measure and dividing by 

consumption ratio results in a 0.08 DKK change in consumption in the presented model and is 

therefore remarkable close to the findings of 0.05 estimated by DNB71 (Olesen 2008).   

In comparison with some of the international studies and specifically the one presented by Case et 

al. (Case, Quigley & Shiller 2005) the elasticity of housing wealth ranges from 0.11 to 0.17 (see 

page 14) which is far from 0.019 found in this paper.  

                                                 

70 In  the MONA model, wealth is only presented in aggregate level, therefore the 0.12 should be compared with 

aggregated elastisities (0,009 + 0,037 = 0.046) see Table 14 

71 The aggregate level has been calculated by dividing  aggregated elasticities with consumption wealth ratio 

((0.19+0.035)/ 0.44) where C/(I+F) = 0.44  



Part 6 

________________________________________________________________________________ 

Page 84  

 

Not many studies have been made to compare different time periods though a study by Ludwig and 

Slock investigates a period including the 80ies and one including the 90ies finding a much greater 

sensitiveness of house-prices during the 90ies than during the 80ies (Ludwig, Slock 2004). Just as 

the present paper, Ludwig ascribes the difference in sensitiveness to the liberalization of the credit 

during the 90ies (see page 18). 

 For the period 1980-2009 (0.019) the sensitivity of house-prices towards consumption is much 

stronger than for the period 1973-2009 (0.009%). Comparing the change in DKK yields an even 

stronger difference, where the period excluding the 80ies has an average of 3 times as strong effect 

money-wise as the period including the 80ies. This indicates that excluding the period 1973-1980 

increases sensitiveness. Examining the evolution of credit availability in the mortgage market can 

explain the change in sensitiveness.  Table 2 (see page 46) describing the evolution of credit 

availability for house-owners confirms credit availability as the underlying reason for increases in 

elasticity.   

10.9  Part conclusion 

In line with the other empirical testing on the Danish housing market and the analysis of the 

balance-sheet of the Danish household, this section confirmed a linear relation between 

consumption, income, housing wealth and capital wealth. However, applying the test to different 

periods showed that the elasticity of housing wealth was substantial higher in the period 1980 to 

2009 (0.02 %) than for the period 1973 to 2009 (0.01 %).  The theory used to backup the empirical 

model underlined the necessity of credit availability in the housing market as a condition for 

consumption to increase. That estimated elasticity would be higher for the period with a higher level 

of credit availability was expected and endorsed the crucial role of credit availability.   

The empirical test found some weaknesses where the stationarity hypothesis was only accepted at a 

10% significance level. This was ascribed to the volatile nature of house-prices. Finally, based on 

the results of other econometrical models, the ADF test shows that the significance level general 

improves when taking into account the short run dynamics of house-prices.        
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11  PART 7: The future development  

So far more than 25 years of data and circumstances have been analyzed, the linkage between 

house-prices and consumption has been confirmed and a number of determinants have highlighted. 

The determinants have been concerned with the possibility of household to extract equity but also a 

number of determinants for the movements in house-prices have been established. All of these 

findings will be necessary in order to predict the future developments.  

The section examining house-price model (page26) outlined a number of factors crucial in the 

prediction of house-prices, notably the interest rate, the disposable income, the stock of housing and 

the demographic distribution of population.  

These variables are undeniable important determinants for the future development of house-prices. 

Nevertheless; the current housing models depicting the price movements fail in some cases to 

explain the future developments and recent literature suggested that additional factors needed to be 

taken into account, notably the affordability of household to buy a house (Vries, Boelhouwer 2009). 

 

11.1  Income and interest payments 

House-prices are to a large extent determined by the demand of housing, due to the stickiness of 

housing supply in the long run (see page 26). Demand on the other hand, depends on what people 

can afford to pay making income important for the determination of house-prices. If income should 

be one of the main explanatory factors it would be reasonable to assume, that a certain ratio 

between house-prices and income exist. However the ratio housing wealth /income shows that a 

determination of such a ratio is difficult to establish as depicted in Figure 21 below. 
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Figure 21, Income and interest payments 

Source: Calculations based on data from DNB and DST, the figure represents the ratio housing 

prices /interest payments and disposable income. 

A recent paper by Vries outlined the important role that the affordability of the households has in 

the determination of house-prices and changed the variables of income to the affordability ratio, 

notably with the housing price to interest payment ratio. As Denmark has gone through one of the 

most liberalized mortgage systems, in terms of how much households can borrow, there are strong 

reasons to believe that an affordability ratio like the one presented by Vries would be a better 

estimator.  Without deriving an ECM model72 the visual plot in Figure 21 above confirms that the 

interest/house-price ratio captures better the volatile nature of especially the last two years. 

Including the interest payments thereby includes product scope within the mortgage market as 

explanatory variable, therefore the future development is highly dependent on the future innovation 

within the mortgage market. There is no current discussion about abolishment of ex. interest free 

loans or decrease maturity and it is therefore reasonable to assume mortgage product availability, 

ceteris paribus, will keep house-prices on a generally higher level.     

.     

 

                                                 

72 Error corrective model (See page 21 for more details)  
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11.2  Interest rate  

The interest rate is another important determinant of house-prices. The average elasticity for the 

interest rate was estimated to -4.3, making the interest rate the variable, most negatively affecting 

house-prices73. During the last decade the interest rate has been historically low explaining part of 

the house-price level74. In addition the introduction of adjustable mortgage products during the 

90’ies have enforced this effect75. The level of future house-prices is therefore dependent on 

whether the interest rate will be kept on the current low level. The current low level of the interest is 

to a large extent being used as a tool to increase investment and consumption for countries affected 

by the financial crisis, as noted by the most recent quarterly report from DNB (Pedersen 2009). At 

some point in time when the economy starts stabilizing, these measures will have to come to an end, 

and governments will have to start paying off debts. It would therefore be natural to expect interest 

rates to increase sometime in the future. How this is going to affect the house-prices depends on the 

severity of the increases. 

11.3  Demography 

Another important determinant of house-prices is the demographic distribution. It 

was showed how the model by Wagner using data of the MONA model(Wagner 2005) 

achieved a considerably higher explanatory power than the ADAM version(Hvolboel, 

Olsen & Høegh 2006). This was mainly done by including a first-time buyer variable; 

represented people aged 30-39. The link between first time-buyers and the total 

number of buyer were confirmed at page 64 when examining the effect of moving 

housing on consumption, furthermore; the age distribution showed that the number of 

first-time buyers have been very high in the recent years and can explain a large part 

of the house-prices increases. ( 

                                                 

73 An elasticity of -4.3 means that a 1% increase in the interest rate would depress house-prices with 4.3 %. See Table 1 

page 25 for more details. 

74 (see Figure 11 page 31) 

75 See page 38 
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Figure 18 page 66) also shows how the number of first-time buyer is currently decreasing and could 

very likely affect the house-price level negatively in the future. 

11.4  Stock of building  

How the stock of building will be determinant for house-prices is difficult to say. Due to the sticky 

nature of the supply in housing house-prices are highly related to the demand in the short run. 

During the last couple of years the supply in the stock of building has increased considerably76 and 

could insinuate that demand is now matched to supply. However, unbiased assumptions on the 

subject would require more debt analysis regarding the current equilibrium level and no conclusion 

should be made upon the subject.  

11.5  Part conclusion 

Whereas a neutral or maybe positive effect is reasonable to expect when measuring the effect of the 

mentioned affordability ratio, both the demographic and the interest rate factors reveal an expected 

negative effect. The future development is therefore highly dependent on the general interest rate 

and on how severely the falling number of first time buyers will affect current demand. However 

based on the above investigation and the fact that interest deduction of house-owners will be 

lowered in the years to come (see Table 3 page 47), there is reason to believe that negative price 

movements should be expected sometime in the future. 

 

 

 

 

                                                 

76 See Figure 5 page 33 
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12 Conclusion 

The theoretical framework by Modigliani set the basis for the investigation of growth attributable to 

house-prices and its affect on household economies. It is commonly agreed that housing affects the 

economy in several ways both by the investment in real estate and as a good of consumption. Even 

though house-prices are naturally connected to housing, opinions strongly differ regarding the effect 

of house-prices on the business-cycle. 

Most literature investigates the connection through the so called wealth effect assuming that 

increases in house-prices eventually affect consumption of the household which is also the case of 

this paper.  

By examining the general housing market an important finding was that the demand and supply is 

governed by short and long-terms dynamics, where the stickiness of supply of housing is one of the 

main reasons for house-prices being so volatile. The determinants of house-prices were investigated 

through empirically tested models both for the developed economies in general, but also for 

Denmark in particular. The difference in result among models underlines the necessary precaution 

one should take when different methods, different data, different countries and different 

assumptions are tested in econometric models.  

The testing specific for Denmark revealed that apart from the general determinants such as interest 

rates, income and the stock level of housing, it would be reasonable to assume that the number of 

first-time buyers and an affordability ratio  represented by house-prices/interest payments. In a 

future perspective these finding are important. While the scope of mortgage products, such as length 

of maturities and interest free mortgages, does not seem to decrease in the near future, the number 

of first-time buyers is on a downward slope and could potentially decrease demand of housing thus 

depressing house-prices even further.  

As predicted by theory, the analyzing movement in the balance-sheet revealed that the amount of 

liabilities, hence the indebtedness of households are affected by a number of factors, notably trading 

of housing, increases in consumption as a result of housing wealth and the innovation of mortgage 

products. The analysis revealed that it is difficult to measure the exact effect of one variable like 

trading houses because several factors often affect the balance-sheet simultaneously and because 

data is aggregated. However the increases in house-prices could reveal a higher availability of 

mortgage loans during periods of upswing. In addition it was noticed that the proportion of lending 
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related to house-loans, were much higher during the recent years of upswing when comparing to 

prior periods.         

Empirical testing examining a linear relationship between consumption, income housing wealth and 

capital wealth confirmed that the house-prices do have a real effect on the economy. The measured 

effects were less than many international investigations but in line with the result of earlier Danish 

testing.  In the long run a 1% increase in house-prices has on average meant that consumption has 

increased by 0.02 % for the period 1980-2009. The lower elasticity obtained (0.01%), when testing 

a period prior to 1980, where innovation and products scope within the mortgage market was much 

less pronounced, confirmed the crucial role of credit availability in the economy.  

The examination of the financial position of households show, that despite the last two decades of 

rising house-prices and increased debt taking, the net wealth position of households has not yet been 

aggravated considerably. However the picture could easily change if the low level of interest rates 

starts increasing and when the decreasing number of first-time buyer starts depressing house-prices.   
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13 Acronyms  

ADAM = Annual Danish Aggregate Model, a model of the Danish economy done by DST 

DNB = Danmarks Nationalbank, the central bank of Denmark 

DST = Danmarks Statistik, the national statistical bureau of Denmark 

GDP = Gross Domestic Product 

MONA = the abbreviation for “Model” and “National bank”, a model of the Danish economy done 

by DNB   
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15  Appendices 

15.1  Appendix 1, Mortgage firms in Denmark 

 

Market share of Danish mortgage institutes of credit in billions DKK and percentage supplied for 

Danish house owners ultimo 2007 (source: realkreditrådet). 
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15.2  Appendix 2, Residential investment to GDP  

 

Ratio of residential investment to GDP from 1966-2008 in 2000 prices (source: Danish statistics, 

Nat 01, Nat 04). 
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15.3  Appendix 3, Average price offered and number of days it takes to 

sell a house  

 

Source: Realkreditrådet and Danish statistics. Prices offered are 2004-prices adjusted for inflation. 

Prices and the numbers of days are averages for the whole country.  
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15.4  Appendix 4, Disposable income over time  
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15.5  Appendix 5, Savings as a portion of disposable income  

 

Source: (Danish Statistics 2009) 

 

  

0%
2%
4%
6%
8%
10%
12%
14%
16%
18%

Savings/disp.income

Savings/disp.income



Appendices 

________________________________________________________________________________ 

Page 102  

 

15.6  Appendix 6, House-price relation short-run by ADAM 

        4 / 4  
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                                3 1/ 1  
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Source: (Hvolboel, Olsen & Høegh 2006) 
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15.7  Appendix 7, The ADAM housing model  

 

 

  



Appendices 

________________________________________________________________________________ 

Page 104  

 

15.8  Appendix 8, The Danish signal rate  

 

In the contrary most other rates like the lending rate, the signal rate is not an actually traded rate but 

is a signal from the National Bank of the level of the interest rate. Because of the innovation in 

mortgage and financial products with different maturities and interest rate free products (started 

2003), the signal arte is less used today than before the mid and late 90ies. 

Source: (DNB, 2010).  
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15.9 Appendix 9, Consumption  

On the expense side we find the consumption of the household where the single largest measure is 

housing facilities (21 percent) and together with housing equipment electricity and heating (11 

percent) it constitutes a third of total consumption (DNB, 2009)77. Housing facilities in this sense 

includes rent, implied rent78, reparation, renovation and some taxes related to the use of water. Also 

food, drinking and cloth have a good share, representing another 19 percent as have purchases of 

car 5 percent, transportation other than car (10 percent) and travel/leisure (10 percent).  Included in 

house facilities being a component of consumption is the interests paid to loans with a house or 

other housing as collateral (see Figure 16 page 60) which in real terms have been mostly steadily 

falling since ultimo 1980, apart from the periods when housing prices starts falling.79 This is 

surprising seen in the perspective of especially the last couple of years of rising house prices where 

one could expect mortgage at least to be following a stable disposable income/mortgage payments 

ratio but could reflect both a low effective interest rate for home-owners but maybe more 

interestingly that a good proportion of the increasing house-prices have been used for consumption 

and other purposes and not to paid off loans.  

 

                                                 

77 See figure below for distribution of consumption.   
78 Even though housing facilities includes the measure of implied rent it is more statistical application and cannot be 
used as a measure of how much is paid related to housing (Danish statistics, 2009) 
79 Date concerning the payment of mortgage is based on the interest deductable amount reported to Danish statistic. Due 
to reporting measures and difference in deductibility it is not possible to date these times series further back than 1980 if 
reliability of data is a requirement  
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Figure 22, Components of consumption 

Source: (DST, all measures are represented as a percentage of total consumption during the year of 

2007) 
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15.10 Appendix 10, Times series in deflated 2000 prices 
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15.11 Appendix 11, SAS output for individual series and error 

terms (residuals) 1973-2009 

Name of Variable = LogC 

Mean of Working Series 6.313166 

Standard Deviation 0.141236 

Number of Observations 146 
 

 

 

Augmented Dickey-Fuller Unit Root Tests

Type Lags Rho Pr < Rho Tau Pr < Tau F Pr > F

Zero Mean 0 0.0681 0.6973 1.89 0.9858     

  1 0.0678 0.6972 2.13 0.9920     

  2 0.0657 0.6967 2.02 0.9896     

  3 0.0642 0.6964 1.65 0.9760     

  4 0.0653 0.6966 1.65 0.9760     

  5 0.0680 0.6973 1.98 0.9885     

Single Mean 0 -1.5072 0.8334 -0.93 0.7765 2.25 0.4967

  1 -1.1776 0.8678 -0.82 0.8091 2.64 0.3991

  2 -1.0755 0.8778 -0.74 0.8317 2.34 0.4739

  3 -1.6468 0.8178 -0.95 0.7693 1.86 0.5975

  4 -1.8080 0.7992 -1.02 0.7448 1.93 0.5796

  5 -1.3591 0.8492 -0.88 0.7917 2.38 0.4635

Trend 0 -19.2151 0.0713 -3.15 0.0984 4.98 0.1819

  1 -16.2862 0.1315 -2.79 0.2028 3.91 0.3967

  2 -18.3777 0.0851 -2.88 0.1732 4.14 0.3503

  3 -30.3748 0.0054 -3.42 0.0525 5.87 0.0749

  4 -38.0560 0.0008 -3.52 0.0406 6.24 0.0554

  5 -30.8808 0.0047 -3.13 0.1029 4.92 0.1931
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Name of Variable = LogI 

Mean of Working Series 6.396915 

Standard Deviation 0.124442 

Number of Observations 146 

 

 

Augmented Dickey-Fuller Unit Root Tests

Type Lags Rho Pr < Rho Tau Pr < Tau F Pr > F

Zero Mean 0 0.0766 0.6993 2.19 0.9932     

  1 0.0694 0.6976 2.22 0.9937     

  2 0.0688 0.6975 2.28 0.9946     

  3 0.0705 0.6979 2.22 0.9937     

  4 0.0735 0.6985 2.79 0.9987     

  5 0.0749 0.6988 2.89 0.9990     

Single Mean 0 -1.9892 0.7779 -1.10 0.7162 3.05 0.2938
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Augmented Dickey-Fuller Unit Root Tests

Type Lags Rho Pr < Rho Tau Pr < Tau F Pr > F

  1 -0.9823 0.8865 -0.60 0.8653 2.65 0.3947

  2 -0.8404 0.8992 -0.54 0.8794 2.75 0.3705

  3 -1.1748 0.8681 -0.71 0.8392 2.73 0.3743

  4 -1.0907 0.8763 -0.80 0.8157 4.24 0.0736

  5 -1.2650 0.8590 -0.95 0.7687 4.68 0.0485

Trend 0 -21.0131 0.0482 -3.40 0.0557 5.79 0.0791

  1 -17.4464 0.1036 -2.88 0.1717 4.17 0.3443

  2 -17.3751 0.1051 -2.77 0.2097 3.87 0.4044

  3 -21.7281 0.0409 -2.98 0.1404 4.45 0.2870

  4 -16.0706 0.1371 -2.61 0.2787 3.40 0.4974

  5 -17.4324 0.1035 -2.70 0.2384 3.68 0.4411

 

 

Name of Variable = LogH 

Mean of Working Series 6.615981 

Standard Deviation 0.320566 
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Name of Variable = LogH 

Number of Observations 146 

 

 

Augmented Dickey-Fuller Unit Root Tests

Type Lags Rho Pr < Rho Tau Pr < Tau F Pr > F

Zero Mean 0 0.0464 0.6923 0.59 0.8431     

  1 -0.0247 0.6760 -0.13 0.6380     

  2 -0.0465 0.6710 -0.25 0.5962     

  3 -0.0476 0.6708 -0.21 0.6087     

  4 -0.0187 0.6773 -0.09 0.6515     

  5 -0.0275 0.6753 -0.12 0.6415     

Single Mean 0 -1.2233 0.8633 -0.76 0.8280 0.48 0.9555

  1 -7.8063 0.2209 -1.95 0.3095 1.90 0.5873

  2 -8.1830 0.2014 -1.96 0.3028 1.94 0.5769

  3 -12.5281 0.0677 -2.30 0.1737 2.65 0.3963

  4 -11.5651 0.0865 -2.17 0.2188 2.35 0.4722

  5 -17.0270 0.0208 -2.43 0.1344 2.96 0.3161

Trend 0 -1.4575 0.9809 -0.85 0.9579 0.37 0.9900

  1 -8.6106 0.5253 -2.03 0.5782 2.07 0.7641

  2 -9.2539 0.4763 -2.11 0.5333 2.25 0.7287

  3 -13.4174 0.2308 -2.35 0.4036 2.78 0.6219

  4 -12.2154 0.2881 -2.19 0.4900 2.43 0.6918

  5 -17.5150 0.1018 -2.41 0.3718 2.99 0.5801
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Name of Variable = LogF 

Mean of Working Series 5.969025 

Standard Deviation 1.079434 

Number of Observations 146 

 

Augmented Dickey-Fuller Unit Root Tests

Type Lags Rho Pr < Rho Tau Pr < Tau F Pr > F

Zero Mean 0 0.4628 0.7957 2.86 0.9990     

  1 0.4167 0.7838 1.97 0.9882     

  2 0.4319 0.7877 1.73 0.9796     

  3 0.4872 0.8018 3.04 0.9994     

  4 0.5119 0.8080 3.09 0.9995     

  5 0.5072 0.8068 3.74 0.9999     

Single Mean 0 -1.7159 0.8100 -1.92 0.3223 7.29 0.0010

  1 -1.4106 0.8438 -1.24 0.6577 3.27 0.2377
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Augmented Dickey-Fuller Unit Root Tests

Type Lags Rho Pr < Rho Tau Pr < Tau F Pr > F

  2 -1.9754 0.7795 -1.51 0.5263 3.25 0.2433

  3 -2.0296 0.7730 -2.51 0.1152 9.86 0.0010

  4 -2.7301 0.6867 -3.69 0.0053 14.98 0.0010

  5 -2.4757 0.7183 -4.52 0.0004 22.79 0.0010

Trend 0 -2.9871 0.9361 -0.94 0.9476 1.92 0.7942

  1 -5.9087 0.7459 -1.42 0.8516 1.39 0.9003

  2 -9.4713 0.4604 -1.85 0.6734 2.27 0.7249

  3 -3.4782 0.9131 -1.14 0.9173 3.25 0.5283

  4 -5.5521 0.7743 -1.94 0.6269 7.27 0.0247

  5 -3.1422 0.9292 -1.58 0.7955 10.18 0.0010

 

 

 

Name of Variable = Error_term 

Mean of Working Series 2.36E-15 
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Name of Variable = Error_term 

Standard Deviation 0.027495 

Number of Observations 146 

 

 

Augmented Dickey-Fuller Unit Root Tests

Type Lags Rho Pr < Rho Tau Pr < Tau F Pr > F

Zero Mean 0 -34.9750 <.0001 -4.57 <.0001     

  1 -25.1228 0.0002 -3.54 0.0005     

  2 -26.5641 0.0001 -3.48 0.0006     

  3 -28.8147 <.0001 -3.50 0.0006     

  4 -24.7641 0.0002 -3.46 0.0008     

  5 -27.1358 <.0001 -3.54 0.0005     

Single Mean 0 -34.9707 0.0012 -4.56 0.0003 10.42 0.0010

  1 -25.1248 0.0025 -3.53 0.0086 6.23 0.0074

  2 -26.5684 0.0017 -3.47 0.0103 6.04 0.0118

  3 -28.8432 0.0012 -3.49 0.0096 6.13 0.0097

  4 -24.8678 0.0026 -3.36 0.0141 5.74 0.0185

  5 -27.3692 0.0014 -3.56 0.0080 6.46 0.0023

Trend 0 -35.1892 0.0016 -4.57 0.0017 10.50 0.0010

  1 -25.2698 0.0183 -3.53 0.0399 6.24 0.0553

  2 -26.7957 0.0127 -3.48 0.0452 6.08 0.0639

  3 -29.2061 0.0071 -3.52 0.0408 6.26 0.0541

  4 -25.3827 0.0177 -3.44 0.0506 6.22 0.0566

  5 -27.9862 0.0095 -3.69 0.0266 7.33 0.0233
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15.12 Appendix 12, SAS output for individual series and error 

terms (residuals) 1st differentiation 

Name of Variable = logc_1diff 

Mean of Working Series 0.003 

Standard Deviation 0.018858 

Number of Observations 145 

 

 

Augmented Dickey-Fuller Unit Root Tests

Type Lags Rho Pr < Rho Tau Pr < Tau F Pr > F

Zero Mean 0 -160.050 0.0001 -13.37 <.0001     

  1 -149.019 0.0001 -8.58 <.0001     

  2 -89.3694 <.0001 -5.70 <.0001     

  3 -81.8629 <.0001 -4.90 <.0001     

  4 -133.017 0.0001 -4.99 <.0001     

  5 -180.582 0.0001 -4.89 <.0001     

Single Mean 0 -164.170 0.0001 -13.71 <.0001 93.94 0.0010

  1 -162.851 0.0001 -8.91 <.0001 39.72 0.0010

  2 -104.419 0.0001 -5.98 <.0001 17.88 0.0010

  3 -105.380 0.0001 -5.21 <.0001 13.57 0.0010

  4 -241.055 0.0001 -5.43 <.0001 14.75 0.0010

  5 -1595.03 0.0001 -5.58 <.0001 15.59 0.0010

Trend 0 -164.179 0.0001 -13.66 <.0001 93.30 0.0010

  1 -162.851 0.0001 -8.88 <.0001 39.43 0.0010

  2 -104.294 0.0001 -5.95 <.0001 17.75 0.0010

  3 -104.810 0.0001 -5.17 0.0002 13.48 0.0010

  4 -237.632 0.0001 -5.38 0.0001 14.64 0.0010

  5 -1166.42 0.0001 -5.51 <.0001 15.67 0.0010
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Name of Variable = logi_1diff 

Mean of Working Series 0.003411 

Standard Deviation 0.018513 

Number of Observations 145 

 

 

Augmented Dickey-Fuller Unit Root Tests

Type Lags Rho Pr < Rho Tau Pr < Tau F Pr > F

Zero Mean 0 -154.424 0.0001 -13.18 <.0001     

  1 -159.271 0.0001 -8.99 <.0001     

  2 -130.115 0.0001 -6.64 <.0001     

  3 -256.613 0.0001 -6.72 <.0001     

  4 -218.747 0.0001 -5.70 <.0001     

  5 -406.511 0.0001 -5.38 <.0001     

Single Mean 0 -159.060 0.0001 -13.55 <.0001 91.78 0.0010
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Augmented Dickey-Fuller Unit Root Tests

Type Lags Rho Pr < Rho Tau Pr < Tau F Pr > F

  1 -176.380 0.0001 -9.41 <.0001 44.25 0.0010

  2 -160.675 0.0001 -7.10 <.0001 25.18 0.0010

  3 -523.644 0.0001 -7.44 <.0001 27.66 0.0010

  4 -963.906 0.0001 -6.53 <.0001 21.36 0.0010

  5 431.9722 0.9999 -6.39 <.0001 20.42 0.0010

Trend 0 -159.016 0.0001 -13.49 <.0001 91.15 0.0010

  1 -176.342 0.0001 -9.37 <.0001 43.96 0.0010

  2 -160.696 0.0001 -7.07 <.0001 25.00 0.0010

  3 -522.756 0.0001 -7.41 <.0001 27.46 0.0010

  4 -950.309 0.0001 -6.51 <.0001 21.24 0.0010

  5 435.7889 0.9999 -6.36 <.0001 20.30 0.0010
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Name of Variable = logh_1diff 

Mean of Working Series 0.002254 

Standard Deviation 0.042955 

Number of Observations 145 

 

 

Augmented Dickey-Fuller Unit Root Tests

Type Lags Rho Pr < Rho Tau Pr < Tau F Pr > F

Zero Mean 0 -42.9277 <.0001 -4.88 <.0001     

  1 -42.7485 <.0001 -4.45 <.0001     

  2 -30.9393 <.0001 -3.43 0.0007     

  3 -37.4338 <.0001 -3.48 0.0006     

  4 -29.2393 <.0001 -2.93 0.0037     

  5 -54.2535 <.0001 -3.44 0.0007     

Single Mean 0 -42.9058 0.0012 -4.85 0.0001 11.82 0.0010

  1 -42.5829 0.0012 -4.40 0.0005 9.83 0.0010

  2 -30.8116 0.0012 -3.39 0.0131 5.84 0.0163

  3 -37.4524 0.0012 -3.44 0.0112 5.99 0.0128

  4 -29.2175 0.0012 -2.89 0.0490 4.26 0.0728

  5 -55.3638 0.0012 -3.42 0.0121 5.88 0.0154

Trend 0 -42.8864 0.0005 -4.82 0.0007 11.67 0.0010

  1 -42.7214 0.0005 -4.39 0.0031 9.64 0.0010

  2 -30.5693 0.0051 -3.34 0.0644 5.72 0.0825

  3 -36.8957 0.0010 -3.37 0.0600 5.91 0.0724

  4 -28.1372 0.0092 -2.78 0.2068 4.24 0.3302

  5 -52.8327 0.0005 -3.28 0.0735 5.85 0.0759
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Name of Variable = logf_1diff 

Mean of Working Series 0.02196 

Standard Deviation 0.080571 

Number of Observations 145 

 

 

Augmented Dickey-Fuller Unit Root Tests

Type Lags Rho Pr < Rho Tau Pr < Tau F Pr > F

Zero Mean 0 -99.9697 <.0001 -9.06 <.0001     

  1 -72.4527 <.0001 -6.01 <.0001     

  2 -191.467 0.0001 -7.94 <.0001     

  3 -93.2553 <.0001 -6.04 <.0001     

  4 -206.339 0.0001 -6.20 <.0001     

  5 -100.236 0.0001 -4.59 <.0001     

Single Mean 0 -106.481 0.0001 -9.45 <.0001 44.70 0.0010
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Augmented Dickey-Fuller Unit Root Tests

Type Lags Rho Pr < Rho Tau Pr < Tau F Pr > F

  1 -82.9116 0.0012 -6.41 <.0001 20.54 0.0010

  2 -290.218 0.0001 -9.01 <.0001 40.66 0.0010

  3 -172.935 0.0001 -7.41 <.0001 27.61 0.0010

  4 2166.421 0.9999 -8.14 <.0001 33.21 0.0010

  5 -20551.1 0.0001 -6.14 <.0001 18.82 0.0010

Trend 0 -107.982 0.0001 -9.47 <.0001 44.98 0.0010

  1 -85.9232 0.0005 -6.49 <.0001 21.09 0.0010

  2 -333.838 0.0001 -9.40 <.0001 44.39 0.0010

  3 -232.070 0.0001 -8.23 <.0001 34.61 0.0010

  4 520.2576 0.9999 -9.56 <.0001 46.06 0.0010

  5 342.1863 0.9999 -7.31 <.0001 26.71 0.0010
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Name of Variable = error_term_res 

Mean of Working Series 1.379E-7 

Standard Deviation 0.017259 

Number of Observations 145 

 

 

Augmented Dickey-Fuller Unit Root Tests

Type Lags Rho Pr < Rho Tau Pr < Tau F Pr > F

Zero Mean 0 -179.773 0.0001 -15.49 <.0001     

  1 -209.665 0.0001 -10.18 <.0001     

  2 -185.347 0.0001 -7.38 <.0001     

  3 -260.844 0.0001 -6.61 <.0001     

  4 -1521.52 0.0001 -6.46 <.0001     

  5 332.7971 0.9999 -6.54 <.0001     

Single Mean 0 -179.775 0.0001 -15.44 <.0001 119.15 0.0010

  1 -209.687 0.0001 -10.15 <.0001 51.49 0.0010

  2 -185.441 0.0001 -7.36 <.0001 27.07 0.0010

  3 -261.046 0.0001 -6.59 <.0001 21.72 0.0010

  4 -1528.71 0.0001 -6.43 <.0001 20.70 0.0010

  5 328.1756 0.9999 -6.53 <.0001 21.33 0.0010

Trend 0 -179.766 0.0001 -15.38 <.0001 118.33 0.0010

  1 -209.691 0.0001 -10.11 <.0001 51.13 0.0010

  2 -185.382 0.0001 -7.33 <.0001 26.88 0.0010

  3 -261.302 0.0001 -6.56 <.0001 21.55 0.0010

  4 -1575.51 0.0001 -6.41 <.0001 20.55 0.0010

  5 332.0969 0.9999 -6.49 <.0001 21.21 0.0010
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15.13 Appendix 13, SAS output for individual series 80-09 

 

Name of Variable = logc 

Mean of Working Series 6.351825 

Standard Deviation 0.12677 

Number of Observations 118 

 

 

Autocorrelation Check for White Noise

To Lag Chi-Square DF Pr > ChiSq Autocorrelations

6 608.52 6 <.0001 0.979 0.953 0.925 0.892 0.858 0.822

12 989.82 12 <.0001 0.784 0.748 0.714 0.679 0.643 0.609

18 1196.22 18 <.0001 0.573 0.539 0.509 0.480 0.454 0.430

24 1313.67 24 <.0001 0.406 0.386 0.369 0.354 0.342 0.331

 

 

Augmented Dickey-Fuller Unit Root Tests

Type Lags Rho Pr < Rho Tau Pr < Tau F Pr > F

Zero Mean 0 0.0529 0.6934 2.22 0.9937     

  1 0.0588 0.6948 2.59 0.9977     

  2 0.0601 0.6950 2.48 0.9968     

  3 0.0576 0.6944 1.95 0.9876     

  4 0.0584 0.6946 2.04 0.9900     

  5 0.0604 0.6950 2.18 0.9929     

Single Mean 0 -0.6904 0.9113 -0.58 0.8706 2.65 0.3947

  1 -1.1021 0.8748 -0.98 0.7600 3.89 0.0953

  2 -1.3535 0.8494 -1.15 0.6955 3.80 0.1023

  3 -1.7329 0.8074 -1.23 0.6621 2.72 0.3786

  4 -1.6111 0.8213 -1.19 0.6782 2.86 0.3433

  5 -1.6451 0.8174 -1.27 0.6433 3.25 0.2416

Trend 0 -13.9246 0.2060 -2.69 0.2407 3.63 0.4517

  1 -12.1613 0.2873 -2.30 0.4305 2.77 0.6244
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Augmented Dickey-Fuller Unit Root Tests

Type Lags Rho Pr < Rho Tau Pr < Tau F Pr > F

  2 -14.5008 0.1837 -2.43 0.3630 3.16 0.5451

  3 -23.7242 0.0245 -2.88 0.1738 4.36 0.3067

  4 -24.4260 0.0207 -2.79 0.2056 4.09 0.3601

  5 -25.4567 0.0161 -2.73 0.2262 4.01 0.3758

 

Name of Variable = logi 

Mean of Working Series 6.430449 

Standard Deviation 0.110591 

Number of Observations 118 

 

 

Augmented Dickey-Fuller Unit Root Tests

Type Lags Rho Pr < Rho Tau Pr < Tau F Pr > F

Zero Mean 0 0.0519 0.6932 1.75 0.9804     

  1 0.0523 0.6932 2.05 0.9903     

  2 0.0539 0.6936 2.38 0.9958     

  3 0.0551 0.6939 2.53 0.9972     

  4 0.0544 0.6937 3.06 0.9994     

  5 0.0553 0.6939 3.22 0.9997     

Single Mean 0 -0.4954 0.9261 -0.28 0.9228 1.57 0.6709

  1 -0.1754 0.9468 -0.12 0.9442 2.10 0.5359

  2 -0.0568 0.9533 -0.04 0.9520 2.80 0.3566

  3 -0.0951 0.9512 -0.08 0.9486 3.17 0.2623

  4 0.2578 0.9677 0.26 0.9751 4.66 0.0491

  5 0.2247 0.9663 0.24 0.9740 5.17 0.0337

Trend 0 -29.1408 0.0067 -4.19 0.0062 9.03 0.0010

  1 -26.5722 0.0125 -3.76 0.0222 7.34 0.0233

  2 -23.5769 0.0254 -3.32 0.0679 5.74 0.0814

  3 -23.7699 0.0242 -3.13 0.1053 5.05 0.1684

  4 -16.1424 0.1315 -2.59 0.2855 3.67 0.4443

  5 -14.3585 0.1884 -2.34 0.4089 2.99 0.5798
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Name of Variable = logh 

Mean of Working Series 6.599478 

Standard Deviation 0.34862 

Number of Observations 118 

 

 

Augmented Dickey-Fuller Unit Root Tests

Type Lags Rho Pr < Rho Tau Pr < Tau F Pr > F

Zero Mean 0 -0.0029 0.6806 -0.04 0.6684     

  1 -0.0105 0.6788 -0.06 0.6619     

  2 -0.0491 0.6701 -0.25 0.5950     

  3 -0.0410 0.6719 -0.18 0.6186     

  4 -0.0110 0.6787 -0.06 0.6626     

  5 0.0131 0.6842 0.07 0.7032     

Single Mean 0 -0.9909 0.8854 -0.70 0.8418 0.24 0.9900

  1 -5.9033 0.3474 -1.69 0.4321 1.43 0.7054

  2 -7.6019 0.2304 -1.87 0.3442 1.76 0.6212

  3 -10.6265 0.1080 -2.10 0.2464 2.20 0.5102

  4 -8.7805 0.1718 -1.89 0.3379 1.78 0.6176

  5 -9.4275 0.1460 -1.92 0.3238 1.85 0.5996

Trend 0 -2.9618 0.9367 -1.79 0.7055 2.66 0.6461

  1 -7.8993 0.5791 -1.95 0.6220 1.91 0.7958

  2 -10.6033 0.3784 -2.31 0.4232 2.68 0.6424

  3 -13.4443 0.2255 -2.34 0.4082 2.78 0.6223

  4 -11.2162 0.3399 -2.10 0.5378 2.24 0.7291

  5 -11.2033 0.3405 -1.98 0.6083 2.06 0.7650

 

Name of Variable = logf

Mean of Working Series 6.387731 

Standard Deviation 0.703882 

Number of Observations 118 
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Augmented Dickey-Fuller Unit Root Tests

Type Lags Rho Pr < Rho Tau Pr < Tau F Pr > F

Zero Mean 0 0.3462 0.7652 3.65 0.9999     

  1 0.3351 0.7623 2.32 0.9951     

  2 0.3284 0.7606 2.17 0.9927     

  3 0.3103 0.7560 2.31 0.9950     

  4 0.3124 0.7565 2.01 0.9893     

  5 0.3172 0.7577 2.41 0.9962     

Single Mean 0 -3.0861 0.6419 -3.83 0.0035 16.83 0.0010

  1 -3.2736 0.6189 -2.90 0.0491 7.94 0.0010

  2 -3.3109 0.6143 -2.91 0.0475 7.56 0.0010

  3 -2.7338 0.6855 -2.69 0.0796 7.23 0.0010

  4 -3.1322 0.6360 -2.90 0.0490 7.12 0.0010

  5 -2.9621 0.6570 -3.35 0.0151 9.86 0.0010

Trend 0 -5.6133 0.7682 -2.14 0.5170 7.83 0.0131

  1 -9.0932 0.4851 -2.47 0.3404 5.59 0.0892

  2 -9.7672 0.4355 -2.55 0.3062 5.77 0.0800

  3 -6.5205 0.6935 -1.90 0.6501 4.24 0.3302

  4 -9.2615 0.4720 -2.41 0.3718 5.51 0.0938

  5 -7.2789 0.6298 -2.34 0.4102 6.58 0.0433

 

Name of Variable = error_term_res 

Mean of Working Series -221E-17 

Standard Deviation 0.021266 

Number of Observations 118 

 

 

Augmented Dickey-Fuller Unit Root Tests

Type Lags Rho Pr < Rho Tau Pr < Tau F Pr > F

Zero Mean 0 -26.9844 <.0001 -4.08 <.0001     

  1 -23.0852 0.0004 -3.39 0.0009     

  2 -28.4875 <.0001 -3.53 0.0005     
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Augmented Dickey-Fuller Unit Root Tests

Type Lags Rho Pr < Rho Tau Pr < Tau F Pr > F

  3 -39.2346 <.0001 -3.76 0.0002     

  4 -30.2336 <.0001 -3.19 0.0016     

  5 -38.9044 <.0001 -3.26 0.0013     

Single Mean 0 -26.9857 0.0014 -4.06 0.0017 8.29 0.0010

  1 -23.0921 0.0039 -3.38 0.0139 5.70 0.0193

  2 -28.4945 0.0010 -3.51 0.0094 6.17 0.0089

  3 -39.2793 0.0010 -3.74 0.0046 7.01 0.0010

  4 -30.2978 0.0010 -3.18 0.0240 5.05 0.0371

  5 -39.0095 0.0010 -3.24 0.0202 5.26 0.0307

Trend 0 -27.0681 0.0111 -4.06 0.0093 8.41 0.0014

  1 -23.1303 0.0283 -3.37 0.0603 5.70 0.0836

  2 -28.5148 0.0077 -3.50 0.0439 6.13 0.0609

  3 -39.2332 0.0005 -3.73 0.0242 6.96 0.0329

  4 -30.1574 0.0051 -3.17 0.0963 5.05 0.1686

  5 -38.7950 0.0005 -3.23 0.0844 5.22 0.1341
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15.14 Appendix 14, SAS output for individual series 1st differentiation 

1980-2009 

Name of Variable = logc_1diff 

Mean of Working Series 0.002886 

Standard Deviation 0.013896 

Number of Observations 117 

 

 

Augmented Dickey-Fuller Unit Root Tests

Type Lags Rho Pr < Rho Tau Pr < Tau F Pr > F

Zero Mean 0 -113.769 0.0001 -10.88 <.0001     

  1 -92.7940 <.0001 -6.89 <.0001     

  2 -55.4763 <.0001 -4.58 <.0001     

  3 -56.5338 <.0001 -4.10 <.0001     

  4 -54.4542 <.0001 -3.69 0.0003     

  5 -38.8330 <.0001 -3.12 0.0021     

Single Mean 0 -119.457 0.0001 -11.45 <.0001 65.63 0.0010

  1 -108.909 0.0001 -7.48 <.0001 27.97 0.0010

  2 -73.1347 0.0010 -5.05 0.0001 12.74 0.0010

  3 -92.1770 0.0010 -4.64 0.0003 10.80 0.0010

  4 -124.892 0.0001 -4.35 0.0006 9.50 0.0010

  5 -109.964 0.0001 -3.82 0.0037 7.31 0.0010

Trend 0 -119.392 0.0001 -11.41 <.0001 65.29 0.0010

  1 -108.816 0.0001 -7.46 <.0001 28.03 0.0010

  2 -72.7134 0.0004 -5.03 0.0004 12.86 0.0010

  3 -90.1006 0.0004 -4.61 0.0016 10.92 0.0010

  4 -117.639 0.0001 -4.31 0.0044 9.70 0.0010

  5 -99.1517 0.0004 -3.75 0.0229 7.69 0.0162

‘ 

Name of Variable = logi_1diff 

Mean of Working Series 0.002858 

Standard Deviation 0.017531 
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Name of Variable = logi_1diff 

Number of Observations 117 

 

 

Augmented Dickey-Fuller Unit Root Tests

Type Lags Rho Pr < Rho Tau Pr < Tau F Pr > F

Zero Mean 0 -131.600 0.0001 -12.25 <.0001     

  1 -156.663 0.0001 -8.79 <.0001     

  2 -158.913 0.0001 -6.79 <.0001     

  3 -511.156 0.0001 -6.70 <.0001     

  4 -394.043 0.0001 -5.51 <.0001     

  5 -1123.67 0.0001 -5.02 <.0001     

Single Mean 0 -135.027 0.0001 -12.59 <.0001 79.27 0.0010

  1 -175.025 0.0001 -9.28 <.0001 43.09 0.0010

  2 -215.408 0.0001 -7.40 <.0001 27.41 0.0010

  3 2475.303 0.9999 -7.59 <.0001 28.84 0.0010

  4 470.3140 0.9999 -6.59 <.0001 21.70 0.0010

  5 163.4198 0.9999 -6.36 <.0001 20.25 0.0010

Trend 0 -135.417 0.0001 -12.58 <.0001 79.13 0.0010

  1 -176.983 0.0001 -9.28 <.0001 43.06 0.0010

  2 -220.962 0.0001 -7.39 <.0001 27.37 0.0010

  3 1689.228 0.9999 -7.62 <.0001 29.03 0.0010

  4 412.6926 0.9999 -6.60 <.0001 21.83 0.0010

  5 151.7814 0.9999 -6.40 <.0001 20.54 0.0010

 

Name of Variable = logh_1diff 

Mean of Working Series -8.62E-6 

Standard Deviation 0.045462 

Number of Observations 117 

 

 

Augmented Dickey-Fuller Unit Root Tests

Type Lags Rho Pr < Rho Tau Pr < Tau F Pr > F
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Augmented Dickey-Fuller Unit Root Tests

Type Lags Rho Pr < Rho Tau Pr < Tau F Pr > F

Zero Mean 0 -33.8512 <.0001 -4.38 <.0001     

  1 -29.8169 <.0001 -3.59 0.0004     

  2 -22.6776 0.0005 -2.93 0.0037     

  3 -29.7040 <.0001 -3.12 0.0020     

  4 -29.6949 <.0001 -2.99 0.0031     

  5 -56.2168 <.0001 -3.39 0.0009     

Single Mean 0 -33.8555 0.0010 -4.36 0.0006 9.51 0.0010

  1 -29.7510 0.0010 -3.56 0.0081 6.39 0.0039

  2 -22.6312 0.0044 -2.91 0.0481 4.25 0.0731

  3 -29.7487 0.0010 -3.10 0.0293 4.84 0.0437

  4 -29.9750 0.0010 -2.98 0.0405 4.44 0.0618

  5 -57.6446 0.0010 -3.38 0.0139 5.72 0.0190

Trend 0 -33.6875 0.0021 -4.26 0.0051 9.43 0.0010

  1 -29.9332 0.0054 -3.49 0.0454 6.29 0.0526

  2 -21.9300 0.0372 -2.74 0.2210 4.22 0.3334

  3 -28.6675 0.0074 -2.91 0.1629 4.80 0.2173

  4 -27.2289 0.0105 -2.68 0.2449 4.51 0.2770

  5 -54.1862 0.0004 -3.12 0.1078 5.67 0.0852

 

Name of Variable = logf_1diff 

Mean of Working Series 0.02116 

Standard Deviation 0.055255 

Number of Observations 117 

 

 

Augmented Dickey-Fuller Unit Root Tests

Type Lags Rho Pr < Rho Tau Pr < Tau F Pr > F

Zero Mean 0 -67.5290 <.0001 -6.86 <.0001     

  1 -58.5990 <.0001 -5.38 <.0001     

  2 -68.5268 <.0001 -5.32 <.0001     

  3 -44.4969 <.0001 -4.00 <.0001     
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Augmented Dickey-Fuller Unit Root Tests

Type Lags Rho Pr < Rho Tau Pr < Tau F Pr > F

  4 -69.4959 <.0001 -4.23 <.0001     

  5 -49.1594 <.0001 -3.58 0.0004     

Single Mean 0 -77.0767 0.0010 -7.52 <.0001 28.30 0.0010

  1 -74.9296 0.0010 -6.05 <.0001 18.28 0.0010

  2 -103.059 0.0001 -6.04 <.0001 18.30 0.0010

  3 -77.4284 0.0010 -4.70 0.0002 11.04 0.0010

  4 -237.189 0.0001 -5.17 <.0001 13.40 0.0010

  5 -218.713 0.0001 -4.50 0.0004 10.15 0.0010

Trend 0 -84.3138 0.0004 -7.96 <.0001 31.69 0.0010

  1 -89.6191 0.0004 -6.53 <.0001 21.31 0.0010

  2 -138.677 0.0001 -6.50 <.0001 21.27 0.0010

  3 -123.761 0.0001 -5.28 0.0002 13.93 0.0010

  4 2407.295 0.9999 -5.98 <.0001 17.89 0.0010

  5 422.7328 0.9999 -5.41 0.0001 14.61 0.0010
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15.15 Appendix 15, SAS output Unit root testing for residuals (missing 

H) 

Augmented Dickey-Fuller Unit Root Tests

Type Lags Rho Pr < Rho Tau Pr < Tau F Pr > F

Zero Mean 0 -21.0501 0.0009 -3.32 0.0011     

  1 -17.7517 0.0027 -2.99 0.0031     

  2 -19.3657 0.0016 -2.98 0.0031     

  3 -21.1048 0.0009 -2.90 0.0040     

  4 -15.0384 0.0060 -2.49 0.0129     

  5 -20.1512 0.0012 -2.71 0.0071     

Single Mean 0 -21.0446 0.0068 -3.30 0.0171 5.46 0.0249

  1 -17.7666 0.0165 -2.98 0.0401 4.44 0.0617

  2 -19.3996 0.0106 -2.97 0.0406 4.42 0.0625

  3 -21.1274 0.0066 -2.89 0.0501 4.17 0.0779

  4 -15.0895 0.0337 -2.49 0.1214 3.09 0.2829

  5 -20.2313 0.0084 -2.70 0.0771 3.65 0.1405

Trend 0 -20.9711 0.0465 -3.23 0.0845 5.41 0.0992

  1 -17.1646 0.1066 -2.83 0.1901 4.52 0.2747

  2 -18.5962 0.0784 -2.82 0.1935 4.50 0.2772

  3 -20.4073 0.0525 -2.76 0.2141 4.19 0.3398

  4 -14.1405 0.1968 -2.33 0.4128 3.23 0.5321

  5 -18.8604 0.0736 -2.55 0.3034 3.78 0.4228
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15.16 Appendix 16, SAS output Unit root testing for residuals 

1973-2009 (missing F) 

Augmented Dickey-Fuller Unit Root Tests

Type Lags Rho Pr < Rho Tau Pr < Tau F Pr > F

Zero Mean 0 -23.1206 0.0004 -3.67 0.0003     

  1 -17.5832 0.0028 -2.93 0.0038     

  2 -20.8902 0.0010 -3.03 0.0027     

  3 -27.7208 <.0001 -3.26 0.0013     

  4 -21.0947 0.0009 -2.80 0.0055     

  5 -32.9378 <.0001 -3.10 0.0022     

Single Mean 0 -23.1013 0.0039 -3.65 0.0061 6.77 0.0010

  1 -17.5745 0.0173 -2.91 0.0471 4.27 0.0718

  2 -20.8790 0.0071 -3.02 0.0363 4.58 0.0532

  3 -27.7231 0.0011 -3.25 0.0199 5.30 0.0294

  4 -21.1369 0.0065 -2.79 0.0632 3.91 0.0942

  5 -33.0594 0.0010 -3.09 0.0307 4.77 0.0458

Trend 0 -23.1830 0.0280 -3.65 0.0298 6.70 0.0402

  1 -17.5908 0.0974 -2.90 0.1664 4.21 0.3362

  2 -20.8845 0.0472 -3.00 0.1364 4.52 0.2743

  3 -27.7535 0.0093 -3.23 0.0833 5.23 0.1315

  4 -21.1576 0.0442 -2.78 0.2081 3.86 0.4058

  5 -33.0833 0.0024 -3.07 0.1199 4.72 0.2339

 

  



Appendices 

________________________________________________________________________________ 

Page 135  

 

15.17 Appendix 17, SAS output Unit root testing for residuals 

1980-2009 (missing H) 

Augmented Dickey-Fuller Unit Root Tests

Type Lags Rho Pr < Rho Tau Pr < Tau F Pr > F

Zero Mean 0 -34.4573 <.0001 -4.51 <.0001     

  1 -24.6770 0.0003 -3.48 0.0006     

  2 -27.6197 <.0001 -3.52 0.0005     

  3 -30.9882 <.0001 -3.59 0.0004     

  4 -25.9943 0.0002 -3.23 0.0009     

  5 -34.0687 <.0001 -3.60 0.0003     

Single Mean 0 -34.4388 0.0012 -4.50 0.0004 10.19 0.0010

  1 -24.6659 0.0028 -3.47 0.0103 6.06 0.0114

  2 -27.5984 0.0013 -3.51 0.0091 6.20 0.0082

  3 -30.9733 0.0012 -3.58 0.0073 6.49 0.0018

  4 -26.0456 0.0019 -3.37 0.0137 5.82 0.0168

  5 -34.2403 0.0012 -3.71 0.0049 7.07 0.0010

Trend 0 -34.6588 0.0019 -4.51 0.0021 10.18 0.0010

  1 -24.7930 0.0204 -3.47 0.0470 6.01 0.0673

  2 -27.8463 0.0099 -3.51 0.0417 6.17 0.0587

  3 -31.4519 0.0041 -3.61 0.0327 6.52 0.0449

  4 -26.7460 0.0128 -3.45 0.0495 6.08 0.0639

  5 -35.2273 0.0016 -3.83 0.0178 7.56 0.0187
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15.18 Appendix 18, SAS output Unit root testing for residuals 

1980-2009 (missing F) 

Augmented Dickey-Fuller Unit Root Tests

Type Lags Rho Pr < Rho Tau Pr < Tau F Pr > F

Zero Mean 0 -33.5364 <.0001 -4.36 <.0001     

  1 -23.3854 0.0004 -3.32 0.0011     

  2 -25.6600 0.0002 -3.31 0.0011     

  3 -27.4685 <.0001 -3.29 0.0012     

  4 -20.4163 0.0012 -2.87 0.0044     

  5 -25.7213 0.0002 -3.09 0.0022     

Single Mean 0 -33.5066 0.0012 -4.34 0.0006 9.51 0.0010

  1 -23.3572 0.0039 -3.30 0.0166 5.51 0.0237

  2 -25.6076 0.0022 -3.30 0.0169 5.49 0.0241

  3 -27.3892 0.0014 -3.28 0.0179 5.45 0.0251

  4 -20.3580 0.0086 -2.86 0.0529 4.20 0.0760

  5 -25.6351 0.0022 -3.08 0.0306 4.89 0.0421

Trend 0 -34.5337 0.0019 -4.40 0.0030 9.70 0.0010

  1 -23.9656 0.0247 -3.31 0.0691 5.51 0.0938

  2 -26.5962 0.0134 -3.31 0.0681 5.53 0.0928

  3 -29.0977 0.0073 -3.33 0.0651 5.57 0.0908

  4 -22.2462 0.0364 -2.97 0.1447 4.41 0.2959

  5 -28.9643 0.0075 -3.25 0.0795 5.29 0.1198
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15.19 Appendix 19, Regression for period 1973-2009 Unrestricted 

Number of Observations Read 146 

Number of Observations Used 146 

 

 

Analysis of Variance 

Source DF 
Sum of 
Squares 

Mean 
Square F Value Pr > F

Model 3 2.80199 0.93400 1201.65 <.0001

Error 142 0.11037 0.00077726     

Corrected Total 145 2.91236       

 

 

Root MSE 0.02788 R-Square 0.9621

Dependent Mean 6.31317 Adj R-Sq 0.9613

Coeff Var 0.44161     

 

 

Parameter Estimates 

Variable DF 
Parameter
Estimate 

Standard 
Error t Value Pr > |t|

Intercept 1 1.64900 0.29319 5.62 <.0001

LogI 1 0.61536 0.05844 10.53 <.0001

LogH 1 0.06180 0.01061 5.82 <.0001

LogF 1 0.05343 0.00602 8.87 <.0001

 

 

 

Durbin-Watson D 0.459 

Number of Observations 146 

1st Order Autocorrelation 0.758 
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15.20 Appendix 20, Regression for period 1973-2009 Restricted 

Number of Observations Read 146 

Number of Observations Used 146 

 

 

Analysis of Variance 

Source DF 
Sum of 
Squares 

Mean 
Square F Value Pr > F

Model 2 0.05968 0.02984 31.62 <.0001

Error 143 0.13496 0.00094381     

Corrected Total 145 0.19465       

 

 

Root MSE 0.03072 R-Square 0.3066

Dependent Mean -0.08375 Adj R-Sq 0.2969

Coeff Var -36.68277     

 

 

Parameter Estimates 

Variable Label DF
Parameter
Estimate 

Standard
Error t Value Pr > |t| 

Intercept Intercept 1 -0.11695 0.00516 -22.68 <.0001 

net_housing_wealth Net_Housing_wealth 1 0.00944 0.00896 1.05 0.2935 

net_financial_wealth Net_Financial_wealth 1 0.03365 0.00424 7.93 <.0001 
 

 

 

Durbin-Watson D 0.482 

Number of Observations 146 

1st Order Autocorrelation 0.737 
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15.21 Appendix 21, Regression for period 1980-2009 Unrestricted 

Number of Observations Read 118 

Number of Observations Used 118 

 

 

Analysis of Variance 

Source DF 
Sum of 
Squares 

Mean 
Square F Value Pr > F

Model 3 1.84297 0.61432 1312.37 <.0001

Error 114 0.05336 0.00046810     

Corrected Total 117 1.89634       

 

 

Root MSE 0.02164 R-Square 0.9719

Dependent Mean 6.35183 Adj R-Sq 0.9711

Coeff Var 0.34062     

 

 

Parameter Estimates 

Variable Label DF 
Parameter 
Estimate 

Standard
Error t Value Pr > |t|

Intercept Intercept 1 2.50273 0.26347 9.50 <.0001

logi LogI 1 0.43513 0.05264 8.27 <.0001

logh LogH 1 0.06736 0.00843 7.99 <.0001

logf LogF 1 0.09494 0.00695 13.67 <.0001
 

 

Durbin-Watson D 0.424 

Number of Observations 118 

1st Order Autocorrelation 0.769 
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15.22 Appendix 22, Regression for period 1980-2009 Restricted 

Number of Observations Read 118 

Number of Observations Used 118 

 

 

Analysis of Variance 

Source DF 
Sum of 
Squares 

Mean 
Square F Value Pr > F

Model 2 0.05863 0.02932 34.27 <.0001

Error 115 0.09836 0.00085529     

Corrected Total 117 0.15699       

 

 

Root MSE 0.02925 R-Square 0.3735

Dependent Mean -0.07862 Adj R-Sq 0.3626

Coeff Var -37.19687     

 

 

Parameter Estimates 

Variable Label DF 
Parameter 
Estimate 

Standard
Error t Value Pr > |t|

Intercept Intercept 1 -0.08034 0.00312 -25.72 <.0001

logh LogH 1 0.01899 0.00924 2.06 0.0421

logf LogF 1 0.03490 0.00444 7.87 <.0001
 

 

 

Durbin-Watson D 0.423 

Number of Observations 118 

1st Order Autocorrelation 0.774 
 

 

 

 


