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We use a nonlinear framework in order to explore house price determinants and adjustment 
properties. We test for threshold cointegration using a sample of four developed countries (the 
United States, the United Kingdom, Spain, and Ireland) and four transition countries 
(Bulgaria, Croatia, the Czech Republic, and Estonia). All eight countries experienced an 
intensive increase of house prices during the 1990s and the first half of this decade. In 
addition to testing for nonlinearities, we explore house price determinants in these four 
transition countries of Central and Eastern Europe. An asymmetric house price adjustment is 
present in all transition countries and the USA, while no threshold effects are detected in 
developed European countries. In a threshold error correction framework, house prices are 
aligned with the fundamentals; but house price persistence coupled with a slow and 
asymmetric house price adjustment process could have facilitated the house price boom in 
transition countries and the USA. 
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1. INTRODUCTION2 
 
Housing is an essential good, accounting for a large share of household expenditure and assets 
and a significant part of economic activity. By affecting the net wealth of households and 
their capacity to borrow and spend, as well as profitability and employment in the 
construction and real estate industries, developments in house prices have major economic 
implications. The importance of housing is reflected in the great number of papers about 
house price modeling. Thus far, the majority of empirical studies on house prices have been 
conducted using a linear framework for the developed countries’ data sample. However, if 
house prices are characterized by nonlinear properties, this in turn implies that linear house 
price models are not an appropriate tool for such an analysis.  
 
Judging from the literature, many other economic series and phenomena such as stock market 
returns, purchasing power parities, GDP, industrial production, and unemployment rates 
incorporate nonlinear properties (Neftci, 1984; Falk, 1986; Bradley and Jansen, 1997; Sarantis 
2001; Enders and Chumrusphonlert, 2004). Common sense would suggest that house prices 
also incorporate some nonlinear properties. Moreover, one of the few papers exploring house 
price nonlinearities (Kim and Bhattacharya, 2009: 444) states, “[…] it is clearly plausible that 
market behavior differs across expansion and contraction phases of the swings that 
characterize the real estate market.” Abelson et al. (2005) suggest that households are keener 
to get into the housing market when prices are on the rise. This is partly due to a fear that a 
delay would result in paying even higher prices. Hence, when prices are on the rise, 
households exhibit forward looking behavior; while an equity constraint plays only a minor 
role. On the other hand, households are less keen to buy or sell a house when prices are on the 
decline due to loss aversion and more pronounced equity constraints causing stickiness on the 
downside of the housing market cycle. The threshold adjustment of house prices could be 
justified by asymmetric properties of house price determinants like GDP or interest rates 
(Neftci, 1984; Enders and Siklos, 2001). Threshold effects may also stem from high 
transaction costs inherent to the property transactions. As such, small deviations from the 
equilibrium will not be corrected, while larger discrepancies are expected to be mean-
reverting such that speed of adjustment is an increasing function of the size of the 
discrepancy. However in this case threshold effects should be more pronounced in transition 
countries because lower property rights standards, underdeveloped financial markets, and less 
liquid property markets tend to increase transaction costs. 
 
The aim of this paper is to test for nonlinear house price properties, such as threshold 
cointegration and the asymmetric adjustment of house prices in relation to the long-run 
discrepancies proposed by Enders and Siklos (2001). We test the given methods on a sample 
that includes four developed countries (Ireland, Spain, the United States, and the United 
Kingdom) and four transition countries (Bulgaria, Croatia, the Czech Republic, and Estonia). 
To our knowledge this is the first paper that applies this methodology on house prices and one 
of the few papers dealing with house price nonlinearities in general. By applying the threshold 
cointegration method, we want to explore whether house price nonlinearities have in part 
contributed to a house price boom. Furthermore, by incorporating Central and Eastern 
European countries in our sample, we explore house price properties and determinants in the 
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region where house price appreciation has been more intensive when compared to developed 
countries that have experienced a house price boom. However, unlike developed countries, 
housing markets in Central and Eastern European countries have not been intensively 
researched, and this paper might shed more light on the subject and allow us to compare the 
characteristics and behavior of developed and transition housing markets. 
 
The remainder of the paper is organized as follows. Section 2 is a review of the literature on 
house price modeling. Results of studies undertaken in the linear and nonlinear framework are 
summarized with special attention being given to empirical studies dealing with house price 
modeling in transition countries of Central and Eastern Europe. Section 3 is a presentation of 
the data and the applied methodology and includes a detailed description of the results of the 
empirical analysis. Section 4 concludes the paper.  
 
 
 
2. LITERATURE REVIEW 
 
In developed countries, a lot of attention has been devoted to house price modeling within a 
linear framework. In general, such studies apply vector autoregression models, cointegration 
and error correction models, or panel data models in order to identify house price 
determinants. Some studies including Sutton (2002), McQuinn and O’Reilly (2008), Pages 
and Maza (2007), Schnure (2005), Abelson et al. (2005), and Meen (2002) confirmed the 
importance of income and interest rates as house price drivers in several developed 
economies. Egert and Mihaljek (2007) reached the same conclusion by examining a sample of 
developed and European transition economies.  
 
Other studies like Gallin (2006), Shiller (2005), and Mikhed and Zemcík (2009) showed that 
changes in fundamentals did not explain the rapid growth of house prices in the USA during 
the period prior to the house price correction that started in 2006. Tsatsaronis and Zhu (2004) 
also concluded that the GDP in 17 developed countries had very little explanatory power over 
house price movements. Annett (2005) suggested that real income per capita was not a major 
determinant of short-run house price dynamics in the panel of the EU-15 countries and was 
significant only in some countries (Germany, Ireland, and Finland).  
 
In addition to the obvious suspects such as income and interest rates, empirical studies also 
detected several other house price drivers. Abelson et al. (2005) showed that changes in 
housing stock and equity prices explained house prices in Australia. Sutton (2002) also 
stressed the importance of equity prices as a house price determinant in developed countries. 
While Hort (1998) suggested that changes in both construction and user cost have affected 
house prices in Sweden. Tsatsaronis and Zhu (2004) concluded that inflation and variables 
related to mortgage finance have been the most important drivers of house prices in developed 
countries. Furthermore, empirical studies done for Sweden (Hort, 1998), the USA (Lamont 
and Stein, 1999), the EU-15 (Annett, 2005), and a sample of Central and Eastern European 
and EU-15 countries (Posedel and Vizek, 2009), concluded that the growth of real house 
prices has been very persistent, i.e. that there would be a strong tendency for real house prices 
to rise tomorrow if they rose today.  
 
All the above mentioned studies assume that house prices behave in a linear fashion. If house 
prices, however, do incorporate nonlinear properties or threshold effects, then a linear 
empirical framework is not appropriate. For example, Balke and Fomby (1997) and Enders 



and Siklos (2001) showed that conventional tests for unit roots and cointegration have low 
power in the presence of an asymmetric adjustment. Hence, if house prices exhibit nonlinear 
properties as Kim and Bhattacharya (2009) claim, then nonlinear methods have to be applied 
if one wishes to examine how house prices may be influenced by the key variables.  
To our knowledge there are only two papers dealing with nonlinear properties of house prices,  
i.e. Abelson et al. (2005) and Kim and Bhattacharya (2009). Abelson et al. (2005) estimate a 
cointegration and the asymmetric error correction model with the Heaviside indicator 
function, which defines boom observations as observations for which the real price growth 
over the past year has been over two percent. These results suggest that the speed of 
adjustment (α) during boom periods has been somewhat greater when compared to non-boom 
periods (-0.21 and -0.14 respectively). However, one has to notice that the specification of an 
asymmetric error correction model does not rely on the statistical literature and, therefore, the 
power and size test properties for the asymmetric adjustment are not known. Moreover, the 
chosen model of asymmetric adjustment is not a generalization of any cointegration method, 
which in turn means that the cointegration test that the authors conducted might be 
misspecified due to the presence of nonlinearities. Lastly, the estimates of two threshold 
adjustment parameters should have been tested for equality in order to make sure that the 
adjustment process indeed contains threshold effects. Since the difference between two 
adjustment parameters is very small, it is quite probable that, contrary to the conclusion of the 
study, there is no asymmetric adjustment of house prices in Australia.3  
Kim and Bhattacharya (2009) determined that a nonlinear smooth transition autoregressive 
model is able to explain house price growth rates in three out of four US regions much better 
than a linear autoregressive model. They also conducted the asymmetric Granger non-
causality test and concluded that in a nonlinear framework mortgage rates had a significant 
impact on house prices. Namely, mortgage rates had a stronger impact on house prices when 
the housing market was in an upswing rather than in a downswing. In the same framework, 
house prices explained employment while the opposite was not true, which in turn indicated 
that house prices were not aligned with the fundamentals.  
 
Unlike developed countries, house prices in European transition countries are far less 
explored. To our knowledge, only a few papers on the subject have been published. Clearly, 
more studies are needed since house prices increased more intensively in transition countries 
while housing was in comparative terms less affordable (Vizek, 2009). Egert and Mihaljek 
(2007) estimated three-variate panels composed of eight transition and 19 developed OECD 
economies. Firstly, two panel variables were various proxies of income and interest rates 
while the third variable was varied. Using such a framework, Egert and Mihaljek concluded 
that the GDP and interest rates are the most important determinants of house prices, with their 
elasticities with respect to house prices being higher for transition countries which exhibited a 
more intensive house price increase. The results of the analysis also suggested that growth of 
credit, population changes, and changes in construction costs also explained changes in house 
prices. 
Posedel and Vizek (2009) applied the VAR methodology combined with a regression in order 
to analyze house price determinants in three EU-15 countries and three European transition 
countries. Their results suggest that in Croatia, Ireland, Poland, and Spain house price 
persistence was the most important determinant for explaining the variance of house prices. 
On the other hand, interest rates in the UK and Estonia explain the biggest portion of the 
house price variance. Besides house price persistence and interest rates, GDP and housing 
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loans were also important for explaining the variance of house prices, but to a lesser degree 
than house price persistence. Supply side factors did not seem to play a role in short-run house 
price dynamics. Moreover, house prices in three EU-15 countries explained a significant 
fraction of the GDP, construction activity, and interest rates variance. 
Zemcik (2009) tested the relationship between house prices and rents in the Czech Republic 
using panel data stationary techniques with the aim of determining whether there was a 
bubble in the Czech housing market. The results suggest that housing in the Czech Republic 
was somewhat overpriced. However, the degree of overpricing seems small, which in turn 
means that a large house price correction is not expected. Finally, according to that study, the 
changes in rents in the capital city predicted changes in prices and vice versa, which indicates 
that house prices in the Czech Republic are aligned with the fundamentals.  
 
 
3. EMPIRICAL ANALYSIS 
 
3.1. THE METHODOLOGY 
 
The analysis of non-stationary series for assets was first introduced by Campbell and Shiller 
(1987), who tested the present value model for bonds and stocks using cointegration. 
Following their footsteps many authors including Hall et al. (1997), Hort (1998), Malpezzi 
(1999), Wang (2000), Meen (2002), Gallin (2006), Pages and Maza (2007), McQuinn and 
O’Reilly (2008), and Mikhed and Zemcik (2009) applied cointegration in order to model 
house prices.  
 
We take the cointegration approach to house price modeling one step further. While assuming 
that the long-run behavior of house prices and their determinants is symmetric, we allow for 
their asymmetric adjustment in the short run. We use and examine an explicit test for 
cointegration with the asymmetric error correction developed by Enders and Siklos (2001) in 
order to examine a possible asymmetric adjustment toward a long-run cointegrating 
relationship. In this class of models, the Enders and Granger (1998) threshold autoregressive 
(TAR) and momentum-TAR (M-TAR) tests for unit roots are generalized to a multivariate 
context. In principle, the TAR model allows the degree of autoregressive decay to depend on 
the state of the variable of interest. While the M-TAR model allows a variable to display 
differing amounts of autoregressive decay depending on whether it is increasing or 
decreasing. More details about the basic TAR and M-TAR models can be found in Tong 
(1983), Caner and Hansen (1998), and Enders and Siklos (2001), for example. 
As a starting point of our analysis, for each country we consider the following linear 
regression basis for cointegration tests in order to estimate the long-run equilibrium 
relationship: 

,...332101 tktkttt xxxx μββββ +++++=                 (1) 
where tx1  is a house prices series, while ktt xx ,,..2  are house price determinants. All series are 
random variables integrated of degree 1. tμ  is the disturbance term that may be serially 
correlated, k may vary from 2 to 4 depending on the established determinants of house prices 
for that country. A thorough explanation of the analyzed regression equations and the 
corresponding variables for each country is given in the Appendix. The Granger 
representation theorem guarantees that in the presence of cointegration, equation (1) implies 
the existence of an error-correction representation of the variables. The point is that these 
cointegration tests and their extensions are misspecified if adjustment is asymmetric. 



Therefore, we adopt the notation from Enders and Siklos (2001) and consider alternative 
specifications of the error-correction model, namely the TAR and M-TAR models given by: 

                                ( ) 2,1            ,1 1211 =+−+=Δ −− jII ttjttjtt εμρμρμ                   (2), 
 
where tI1 and tI 2  are the Heaviside indicator functions for the TAR and the M-TAR model 
respectively, such that  
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in the M-TAR case. 1τ  and 2τ  are the values of the threshold and ( )tε  is a sequence of 
independent and identically distributed random variables with a zero mean and a constant 
variance, and the residuals from (1) are used to estimate (2). Furthermore, tε  is independent 
of ,sμ  for .ts <  
 
Equations (1) and (2) are consistent with a wide variety of error-correction models, and the 
necessary and sufficient condition for the stationarity of ( )tμ  is 

( )( ) 111   and   0  ,0 2121 <++<< ρρρρ  for any value of the threshold τ  (Petrucelli and 
Woolford, 1984); and the least squares estimates of 21   and  ρρ  have an asymptotic 
multivariate normal distribution (Tong, 1983, 1990). Given the existence of a single 
cointegrating vector in the form of (1), the error-correcting model for any variable itx  can be 
written in the form  

( ) titjtitjttit vIIx ,1,21,1 ...1 ++−+=Δ −− μρμρ                        ,2,1=j  
 
where ii ,2,1   and  ρρ  are the speed of adjustment coefficients of itxΔ , and the latter can differ 
for each of the itxΔ . 
In general, the value of the threshold τ  is unknown and needs to be estimated along with the 
parameters 21   and  ρρ . For both the models, we first set 02,1 =τ  in order for the cointegrating 
vector to coincide with the attractor and also in order to estimate the value of the threshold 
according to the algorithm specified in Enders and Siklos (2001) since there is no a priori 
reason to expect the threshold to coincide with the attractor.4 In each of the cases, depending 
on the type of asymmetry under consideration ( )tt II 21 or   , a regression equation (2) was 
estimated and both the null hypotheses 0=iρ  and 021 == ρρ  were tested using the larger 
of the t statistics and the F statistic respectively.5 The sample statistics were then compared 
with the appropriate critical values from Enders and Siklos (2001). Also, if the alternative 
hypothesis of stationarity is accepted, it is possible to test for symmetric adjustment (i.e. 

21 ρρ = ), and this is done performing the Wald test. Finally, diagnostic checking of the 
residuals are undertaken to ascertain whether the residual series ( )tε̂  satisfy the assumed 
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properties of a white noise process. If the residuals were found to be correlated,6 the model 
was re-estimated in the form of  

( ) 2,1            ,ˆˆ1ˆˆ
1

1211 =+Δ+−+=Δ ∑
=

−−− jII t

p

k
ktktjttjtt εμγμρμρμ  

where ( )tμ̂ is the residual series and p is the lag length determined by an analysis of the 
regression residuals.  
 
3.2. DATA 
 
We collected data for eight countries which experienced a prolonged increase of house prices 
in the last two decades. The data set includes four developed countries (the United States, the 
United Kingdom, Spain, and Ireland) and four transition countries (Bulgaria, Croatia, the 
Czech Republic, and Estonia). Table 1 displays house price developments in the analyzed 
countries, presents the cumulative increases of house prices recorded from 1998 to the point 
when house prices peaked, and the cumulative decreases of house prices recorded from the 
peak to the latest available data point. We choose 1998 as a starting year because for some of 
the countries (Bulgaria and the Czech Republic) the data are not available before that year.  
 
One can notice that there are substantial differences in both cumulative house price inflation 
and deflation among countries. The highest house price increase is recorded in Estonia where 
prices increased almost 400 percent in just nine years. A similar scenario is witnessed in 
Bulgaria and the Czech Republic where prices rose by 359 and 220 percent in approximately 
eleven years. One may speculate that astounding house price inflation in these three transition 
countries can be associated with some kind of “catching up” process which has been 
happening due to a big gap in house price levels. On the other hand, an increase in house 
prices in the remaining transition country (Croatia) seems to be quite modest (89 percent). 
This is partially due to the fact that Croatia started its transition process with a somewhat 
higher house price level in comparison to other countries in the region. As opposed to CEE 
countries, house price inflation in European countries seems to have been following a more 
coherent pattern. In all three countries, the prices have almost tripled in approximately eleven 
years. In the USA, house prices measured by the Case-Schillier U.S. National Home Price 
Index rose 121 percent before reaching a peak in the second quarter of 2006.  
 
As far as house price deflation is concerned, the biggest cumulative drop has been recorded so 
far in the United Kingdom and the United States (40 and 30 percent respectively), followed 
by Estonia and Bulgaria (28 and 16 percent respectively). Lastly, one can notice that a house 
price peak across countries varies from the 2nd quarter of 2006 in the case of the United States 
to the 3rd quarter of 2008 in the case of Bulgaria. CEE countries exhibit more disparity when 
the dating of a turning point is in question, while house price cycles in European countries 
seem more synchronised. 
 
 
Table 1. House price developments, 1998-2009 

 
Spain the UK Ireland the USA Estonia Bulgaria Croatia 

The 
Czech 
Rep.* 

Cumulative 193.4 178.5 205.2 121.6 399.2 359.5 89.0 220.9 

                                                 
6 The Ljung-Box test was performed in order to test for autocorrelation of the residuals of the corresponding 
regression equation. The results are given in the Appendix.  



increase  
Cumulative 
Decrease -6.8 -40.9 -15.8 -30.1 -28.1 -16.0 -4.7 - 

House price 
peak point 2008q1 2007q3 2007q2 2006q2 2007q1 2008q3 2007q4 - 

* data available until the second quarter of 2008. 
Source: see Appendix. 
 
Aside from the house price series, the data set for each country is comprised of the real GDP, 
the interest rate on a housing loan, total housing loans, employment, and construction activity. 
Since we adopted a comparative approach, we collected series that are as similar as possible 
across countries. An exception to this rule is a house price series which is not fully 
comparable across countries due to methodological issues.  
 
Data range differs somewhat across countries, which is a consequence of the availability of 
house price series. Data for developed countries ranges from the first quarter of 1995. The last 
observation available for Ireland is the last quarter of 2008. For Spain and the UK, data 
extend to the first quarter of 2009. While in the case of the USA, data are available up to the 
second quarter of 2009 (we used Federal Housing Finance Agency house price index). Due to 
the fact that cointegration is a long run phenomenon, we also tested for the asymmetric 
adjustment in the USA, and the UK; two developed countries in our sample that have longer 
house price series. In the case of the USA we used quarterly data starting from 1975, while in 
the case of the UK we used annual data available from 1969.  
 
Data span for transition countries is somewhat shorter; i.e. the starting observation for Croatia 
is the fourth quarter of 1996, for Estonia it is the first quarter of 1997, and for Bulgaria and 
the Czech Republic it is the first quarter of 1998. Series for all transition countries end in the 
first quarter of 2009, except for the Czech Republic where house price data are available until 
the second quarter of 2008. Series expressed in nominal terms, such as house prices, interest 
rates, and housing loans, were deflated using the consumer price index. All series were tested 
for unit roots using the Ng-Perron test (Perron and Ng, 1996). The results suggest that all 
series are stationary in first differences. Due to space considerations, the results of the unit 
root test are not presented in this paper, but can be obtained upon request from the authors. 
All series except interest rates were transformed to logarithms. More details on all the series 
are available in the Appendix. 
 
3.3. RESULTS 
 
At the beginning of the empirical analysis, the Engle-Granger cointegration equation is 
estimated for each country. Aside from house prices being a dependent variable, the long-run 
equation incorporates the following explanatory variables: the real GDP, the interest rate on a 
housing loan, the total amount of housing loans, employment, and construction activity. 
Residuals from the cointegration equation are then used to test for threshold cointegration. We 
tested for both TAR and M-TAR threshold cointegration, thereby using the following two 
thresholds: 0 and a consistent estimate of the threshold calculated by applying the Chan 
(1993) algorithm. If tests did not detect the presence of any threshold cointegration, we left 
out one explanatory variable, re-estimated the cointegration equation, and tested for threshold 
cointegration among the reduced number of variables. This procedure was repeated until the 
tests confirmed the existence of threshold cointegration among a given set of variables or until 
the cointegration equation was reduced to only three variables: house prices, the interest rate 
on a housing loan, and GDP. We decided to pursue this general-to-specific approach because 



we wanted to make sure that none of the potentially important house price determinants was 
omitted from the analysis. However, the results of the analysis suggested that more 
parsimonious models yield more plausible results; not only in terms of the presence of 
threshold cointegration, but also in terms of the sign and magnitude of the long-run 
coefficients. Namely, in almost all cases, the threshold cointegration was only confirmed in 
the most reduced trivariate case. 
 
The Engle-Granger cointegration relationship coefficients for the trivariate case are displayed 
in Table 2. One can notice that all coefficients, except the interest rate coefficient for the 
Czech Republic, have the expected sign. The magnitude of the GDP coefficient ranges from 
0.3 in the case of Croatia to 2.1 in case of the Czech Republic; suggesting that the dispersion 
of the coefficients is larger for transition countries in comparison to developed countries. 
GDP coefficients for Ireland, and the UK (when the sample starts from 1995) are close to 
unity. While in the case of Spain, and the USA it is somewhat lower than unity. Egert and 
Mihaljek’s (2007) findings also suggest that the dispersion of income coefficients is larger for 
transition countries in comparison to OECD countries.  
Interest rate elasticities are rather high in some countries; in the USA, Croatia, Estonia, 
Ireland, and Spain they exceed in absolute value GDP elasticities. The opposite is true in the 
UK, the Czech Republic, and Bulgaria.  
  
Table 2. Engle-Granger cointegration coefficients 
Dependant  
variable: 

tpricehouse
 

BL CRO EE CZ IR E 
UK 

(1969) 

UK 

(1995) 

USA 

(1975) 

USA 

(1995) 

Constant - 1.88 
(4.41) - -7.104 

(-12.6) - - - - 1.354 
(35.75) 

0.951 
(7.892) 

tgdp  0.649 
(130.0) 

0.303 
(2.78) 

0.827 
(181.0) 

2.113 
(12.0) 

1.18 
(933.0) 

0.589 
(213.0) 

1.479 
(18.9) 

0.936 
(222.0) 

0.303 
(14.87) 

0.533 
(9.204) 

tir * -0.0047 
(-2.79) 

-0.0099 
(-2.96) 

-0.0268 
(-7.34) 

0.0106 
(2.78) 

-0.0137 
(7.36) 

-0.0336 
(-7.79) 

-0.0087 
(3.89) 

-0.0058 
(-6.52) 

-0.0037 
(-3.57) 

-0.0097 
(-3.87) 

t - values presented in parenthesis 
* in order to obtain interest rates elasticities, one must multiply coefficients by 100. 
Source: calculation of the authors. 
 
 
Table 3 summarizes the most important findings related to the threshold cointegration. It 
displays the results of the M-TAR tests with the unknown threshold for the long-run equation 
consisting of three variables: house prices, the interest rate on a housing loan, and the GDP. 
As was already stated, four different cases of threshold cointegration were tested: TAR with 
the threshold 0, M-TAR with the threshold 0, TAR with an unknown threshold, and M-TAR 
with an unknown threshold. The estimation results suggest that the M-TAR test with the 
unknown threshold was the most successful in detecting the threshold cointegration, which 
should not come as a surprise given the fact that the M-TAR has greater power when 
compared to the TAR test (Enders and Siklos, 2001). As suggested by the Φ  statistic values, 
asymmetric adjustment of house prices to disequilibrium is present in all four transition 
countries.7 The Φ  statistic is also significant for the USA when tested on both samples; one 
dating back to 1975 and the other dating back to 1995, thus supporting Kim and Bhattacharya 
                                                 
7 If one would judge only on the basis of t-max statistics, the null hypothesis of no cointegration would not be 
rejected in the case of Bulgaria, the Czech Republic, and the USA (shorter sample). However, Enders and Siklos 
(2001) showed that in the M-TAR framework Φ  statistics has substantially more power than t-max statistics. 
Hence, when ambiguity regarding the existence of cointegration arises, Φ  statistics should be consulted. 



(2009) findings, that also suggest house prices in the USA have asymmetric properties. For all 
countries which exhibit threshold cointegration except the Czech Republic, the Wald test for 
the equality of 1ρ  and 2ρ  suggests that adjustment parameters are significantly different from 
each other.8 For the Czech Republic the equality of adjustment parameters is marginally 
accepted. Moreover in the case of Bulgaria, and the Czech Republic, the TAR test with the 
unknown threshold also indicated the presence of threshold cointegration. In the case of 
Estonia, the M-TAR test with the unknown threshold also detected a threshold cointegration 
between house prices, the GDP, the interest rate and construction activity (details are 
displayed in the Appendix). On the other hand, in developed European countries no evidence 
of asymmetric adjustment was found. The results of threshold cointegration tests which did 
not detect the presence of threshold cointegration can be obtained upon request from the 
authors.  
 

Table 3. M-TAR threshold cointegration with the unknown threshold – summary of 
estimation results 
 BL CRO EE CZ IR E UK 

(1969) 
UK 

(1995) 
USA 

(1975) 
USA 

(1995) 

1ρ  -0.5437 -0.4584 -0.1723 -0.0577 -0.2427 0.00645 -0.1174 0.12531 -0.0024 -0.3664 

2ρ  -0.0039 -1.6528 -0.8835 -0.2029 -0.091 -0.20946 -0.508 -0.0545 -0.1504 -0.0627 

Threshold 
value 0.0218 -0.0273 -0.051 -0.0139 0.00745 -0.0084 -0.0244 0.0322 -0.0042 0.00609 

Tmax -0.0793 -3.461 -1.6866 -1.0789 -1.3083 0.1196 -1.014 0.533 -2.002 -1.013 

0:0 21 ==

Φ

ρρH
 42.024* 39.048* 14.303*  10.353** 3.0358  3.9301  5.3729 1.1957  34.12* 10.07**  

21:0 ρρ =H
W

 29.941* 11.845* 6.536** 1.7445 0.9563 2.896*** 2.0148 0.5427 16.4* 4.54** 

γ1 - - - 0.5584 0.163 - - - 0.429 - 

γ2 - - - - - - - - 0.0504 - 

γ3 - - - - - - - - 0.252 - 

* null hypothesis rejected at 1 percent level of significance; **  null hypothesis rejected at 5 percent level of 
significance,  ***  null hypothesis rejected at 10 percent level of significance. 
The parameters γ1, γ2, and γ3 are estimated coefficients of a lagged values of the residual changes.  
Source: calculation of the authors. 
 

 
The threshold value is negative for four countries out of five, which exhibit an asymmetric 
adjustment of house prices to GDP and interest rates. Moreover, for those countries (Croatia, 
Estonia, the Czech Republic, and the USA (1975 sample)) the adjustment is faster when the 
disequilibrium is below the threshold. While the adjustment is slower when the disequilibrium 
is larger than the threshold. However, when the opposite is true, the adjustment is much 
slower (in the case of Croatia and Estonia 46 and 17 percent, respectively, of disequilibrium is 
                                                 
8 One must note that M-TAR models for the USA, the Czech Republic and Ireland were augmented with lagged 
changes of the residuals in order to account for autocorrelation. Parameters γ1, γ2, and γ3 presented in Table 3 are  
estimated coefficients of the lagged values of the residual changes.  



adjusted in the next period) or barely takes place (as in the case of the USA, and the Czech 
Republic where only 0.2 and 6 percent of disequilibrium is adjusted respectively). Results of 
the M-TAR exercise for Bulgaria indicate that house prices in Bulgaria adjust more strongly 
when the disequilibrium is larger than the threshold. The same is true for the USA if one 
should judge from the estimation on the shorter sample. One must, however, note that the 
TAR test with an unknown threshold for Bulgaria also yielded a negative value of the 
threshold, while 2δ > 1δ .  
 
After testing for threshold cointegration and for the equality of adjustment parameters, we 
proceeded by formulating a threshold error correction model of house prices for countries 
exhibiting threshold cointegration. Estimated coefficients and respective p-values of the 
adjustment parameters, the Granger causality test for lagged changes of house prices, the GDP 
and the interest rates, and diagnostic tests are presented in Table 4. One can notice that house 
prices are not weakly exogenous, i.e. they react to discrepancies from the equilibrium in all 
countries. One must, however, note that in all countries house prices adjust only if 
discrepancies are either larger or smaller than the threshold. In the case of the USA (1995 
sample), and Bulgaria house prices adjust if disequilibrium is lower than the threshold. While 
in the USA (1975 sample), Estonia, Croatia, and the Czech Republic they adjust if 
disequilibrium is larger than the threshold, while the discrepancies smaller than the threshold 
persist. Expanding the USA sample thus reveals that the nature of the house price threshold 
adjustment in the USA has shifted during time. 
 
Statistically significant adjustment parameters for all countries except Croatia are also quite 
small and range from -0.029 in the case of the USA (1975 sample) to -0.181 in the case of 
Estonia. Even the adjustment parameter for Croatia (-0.55) is not large enough to correct all 
discrepancies in one period. One possible explanation for the lack of adjustment can be traced 
back to the results of the Granger causality tests for lagged values of house prices. Namely, a 
country whose house prices do not fully adjust to disequilibrium also exhibit house price 
persistence. Namely, in Bulgaria, the Czech Republic, Estonia, and the USA past values of 
house price changes Granger cause present house price changes. In such a situation, one 
would expect that fundamentals take a longer time to kick in, which in turn prevents the 
adjustment to unfold fully. Croatia is the only country where house price persistence does not 
seem to play a role and, consequently, its adjustment coefficient is much larger when 
compared to other countries. This in turn might explain why Croatia did not experience such a 
dramatic house price increase when compared to other countries.  
 
Granger causality test results reveal that changes in the GDP lead to house price changes in 
Estonia and the USA (both samples), while interest rate changes lead to house prices in 
Bulgaria, Croatia, and the USA (1995 sample). It is also quite interesting to note that the 
interest rates do not Granger cause house prices in the USA when threshold error correction 
model is estimated on the sample starting in 1975, while they do seem to matter from 1995 
onwards. This suggests that financial liberalization in the USA during the last decade of 20th 
century played an important role in house price developments. We can conclude that house 
prices were not entirely misaligned from the fundamentals in the observed period. However, a 
slow and asymmetric correction of disequilibrium coupled with house price persistence 
probably facilitated the emergence of the house price boom. 
 
 

 

 



 

Table 4. Threshold EC model – summary of estimation results  
Dependant variable: 

tpricehouse_Δ  
BL CRO EE CZ USA 

(1975) 
USA 

(1995) 

Constant -0.009 
[0.05] 

0.008 
[0.241] 

0.00072 
[0.930] 

0.006 
[0.178] 

-0.00039 
[0.931] 

-0.00034 
[0.748] 

∧

−1tt uM  0.036 
[0.573] 

-0.551 
[0.011] 

-0.1807 
[0.03] 

-0.091 
[0.057] 

-0.02997 
[0.001] 

-0.083  
[0.251] 

∧

−− 1)1( tt uM  -0.064 
[0.003] 

-0.121 
[0.73] 

0.369602 
[0.095] 

-0.022 
[0.855] 

-0.02997 
[0.245] 

-0.071  
[0.053] 

11 _)( −Δ tpricehouseLA * 30.118 
[0.0000] 

0.67127 
[0.5758] 

8.7720 
[0.005] 

9.25 
[0.0002] 

53.207 
[0.0000] 

24.092 
[0.0000] 

12 )( −Δ tgdpLA * 1.3280 
[0.2788] 

1.3328 
[0.2804] 

13.783 
[0.0006] 

0.918 
[0.47]   

2.1893 
[0.0743] 

3.4427 
[0.0105] 

1)(3 −Δ tL irA * 6.3324 
[0.0047] 

3.6345 
[0.0227] 

0.01302 
[0.909] 

0.539 
[0.71]   

0.43555 
[0.7827] 

3.7800 
[0.0064] 

R2  0.75 0.52 0.39 0.75 0.71 0.88 

Number of lags of 
explanatory variables 3 3 1 4 4 6 

AR test 0.367 
[0.777] 

0.567 
[0.688] 

0.83 
[0.518] 1.18 [0.34] 0.479 

[0.79] 
0.334 
[0.85] 

ARCH test 1.28 
 [0.30] 

0.959 
[0.447] 

1.91 
[0.134] 

0.496 
[0.69] 

0.729 
[0.57] 

0.552 
[0.70] 

* numbers represent F statistics and the corresponding p-values of the Granger causality test for the respective 
variable; p-values are presented in brackets. 
Source: calculation of the authors. 
 

 
4. CONCLUDING REMARKS 
 
The aim of this paper was to test whether house prices and their most important determinants 
are cointegrated in the long run, while the short-run adjustment of the house prices is 
characterized by threshold effects. We show that the adjustment process of house prices in 
four transition countries in Europe (Croatia, Bulgaria, the Czech Republic, and Estonia) that 
experienced an intensive increase of house prices is asymmetric. The asymmetric adjustment 
of house prices is also present in the USA. On the other hand, we find no evidence of 
threshold cointegration in three developed European countries that also witnessed strong 
house price appreciation. An asymmetric error correction model of house prices suggests that 
in Bulgaria, the Czech Republic, Estonia, and the USA, past values of house price changes 
Granger cause present house price changes. Thus, house price persistence, which prevents 
fundamentals from kicking in and adjusting the disequilibrium, might provide some 
explanation for the fact that threshold adjustment parameters are small in magnitude. In 
addition to house price persistence, Granger causality test results also indicate that changes in 
GDP lead to house price changes in Estonia and the USA; while interest rate changes 
influence house prices in Bulgaria, Croatia, and the USA (when tested on the shorter sample). 
This in turn suggests that house prices in the observed period were not completely detached 



from fundamentals. However, the emergence of the house price boom was supported by house 
price persistence coupled with a slow and asymmetric adjustment process. 
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APPENDIX 
 
DATA DESCRIPTION AND SOURCES 

Country: Croatia  
Data range: 1996 Q4 – 2009 Q1 
House price  Real Estate Exchange 

Database (Burza 
Nekretnina) 

Average purchase-sale of all housing units (houses and 
apartments; old and used) consisting the database 

Gross domestic 
product 

Eurostat Gross domestic product, millions of euro, chain-linked 
volumes, reference year 2000 (at 2000 exchange rates) 

Construction 
production index 

Croatian Central 
Bureau of Statistics 

Volume of construction works undertaken by legal entities 
with 25 or more employees, 2000=100 

Number of employed 
persons 

Croatian Central 
Bureau of Statistics 

Total number of employed persons in legal entities, crafts and 
free lance activities, in 000 

Housing loans Croatian National 
Bank 

Housing loans series is available July 1999, before July 1999 
the series was reconstructed using growth rates of total loans 
to households, in millions EUR 

Short term interest rate  Croatian National 
Bank 

Overnight money market rate 

Interest rate on 
housing loans 

Croatian National 
Bank 

Average annual interest rates to housing loans is available 
since January 2002, before 2002 average annual interest rate 
for long-term housing loans with currency clause series was 
mean adjusted and used 

CPI International 
Financial Statistics 

Consumer price inflation, base index. Before 1998, the retail 
price index was used. 

CPI deflator International 
Financial Statistics 

Calculated by using quarterly base index of consumer prices.  

 
 
Country: Bulgaria 
Data range: 1998 Q1 – 2009 Q1 
House price National Statistical 

Institute 
Average market prices of homes, quarterly 
 

Gross domestic 
product 

Eurostat Gross domestic product, millions of euro, chain-linked 
volumes, reference year 2000 (at 2000 exchange rates) 

Construction 
production index 

Eurostat Construction production index, 2005=100 

Number of employed 
persons 

Eurostat Total employment – national concept, in 000 

Housing loans Bulgarian National 
Bank 

Loans for house purchase, in 000 BGN 

Short term interest 
rate  

Eurostat Overnight money market interest rate 

Interest rate on 
housing loans 

Bulgarian National 
Bank 

Average interest rate on EUR loan for house purchase  

CPI International 
Financial Statistics 

Consumer price inflation, base index 

CPI deflator International 
Financial Statistics 

Calculated by using quarterly base index of consumer 
prices 

 
 



 
Country: Estonia 
Data range: 1997 Q1 – 2009 Q1 
House price  Estonian Statistics 

http://www.stat.ee/real-
estate 

Average purchase-sale price per square meter of a 
two room and a kitchen dwellings of satisfactory 
condition in capital city (Tallin) intermediated by 
real estate agencies, in EUR. 
The series is highly correlated with average 
purchase-sale price series for entire Estonia which 
could not be used since it starts from 2002 

Gross domestic 
product 

Eurostat Gross domestic product, millions of euro, chain-
linked volumes, reference year 2000 (at 2000 
exchange rates) 

Construction 
production index 

Eurostat Construction production index, 2005=100 

Number of employed 
persons 

Eurostat Total employment – national concept, in 000 

Housing loans Bank of Estonia Total housing loans, in millions EUR 
Short term interest 
rate  

Bank of Estonia 1 month TALIBID rate 

Interest rate on 
housing loans 

Bank of Estonia Weighted average annual interest rate to housing 
loans granted to individuals 

CPI International Financial 
Statistics 

Consumer price inflation, base index 

CPI deflator International Financial 
Statistics 

Calculated by using quarterly base index of 
consumer prices 

 
 
 
Country: Czech Republic 
Data range: 1998 Q1 – 2008 Q2 
House price Czech Statistical 

Office 
 

Apartment price indices (2005=100) 

Gross domestic 
product 

Eurostat Gross domestic product, millions of euro, chain-
linked volumes, reference year 2000 (at 2000 
exchange rates) 

Construction 
production index 

Eurostat Construction production index, 2005=100 

Number of employed 
persons 

Eurostat Total employment – national concept, in 000 

Housing loans National Bank of 
Czech Republic 

Lending to households for long-term house purchase, 
in millions EUR 

Short term interest 
rate  

National Bank of 
Czech Republic 

NBCRs´ refinancing rate 

Interest rate on 
housing loans 

International Financial 
Statistics 

Interest rate charged on loans to households 

CPI International Financial 
Statistics 

Consumer price inflation, base index 

CPI deflator International Financial 
Statistics 

Calculated by using quarterly base index of consumer 
prices, 2000=100 

 
 
Country: Spain 
Data range: 1995 Q1 – 2009 Q1 
House price National Institute of 

Statistics 
Average price pre square meter of a real, in EUR 



Gross domestic 
product 

Eurostat Gross domestic product, millions of euro, chain-linked 
volumes, reference year 2000 (at 2000 exchange rates) 

Construction 
production index 

Eurostat Construction production index, 2005=100 

Number of employed 
persons 

Eurostat Total employment – national concept, in 000 

Housing loans Bank of Spain Total housing loans, in millions EUR 
Short term interest 
rate  

Bank of Spain  Interbank overnight rate 

Interest rate on 
housing loans 

Eurostat;  
Bank of Spain 

For the period from 1995 Q1 – 2003 Q1 average 
annual interest rate on housing loans for households, 
from 2003 Q2 onwards average interest rate on 
housing loans over 5 years maturity, outstanding 
amount 

CPI International 
Financial Statistics 

Consumer price inflation, base index 

CPI deflator International 
Financial Statistics 

Calculated by using quarterly base index of consumer 
prices, 2000=100 

 
 
Country: United Kingdom 
Data range: 1995 Q1 – 2009 Q1  and 1969 – 2008 (annual frequency)  
House price Department for 

Communities and Local 
Government  
www.communities.gov.uk/ 

Average sale prices of new and old house, in EUR 

Gross domestic 
product 

Eurostat Gross domestic product, millions of euro, chain-
linked volumes, reference year 2000 (at 2000 
exchange rates) 

Construction 
production index 

Eurostat Construction production index, 2005=100 

Number of 
employed persons 

Eurostat Total employment – national concept, in 000 

Housing loans Bank of England Total secured sterling lending to individuals and 
house associations, outstanding amount, in 
millions EUR 

Interest rate on 
housing loans 

Bank of England Average standard variable mortgage rate to 
households 

Short term interest 
rate interest rate 

Bank of England BoEs´ official interest rate 

CPI International Financial 
Statistics 

Consumer price inflation, base index 

CPI deflator International Financial 
Statistics 

Calculated by using quarterly base index of 
consumer prices, 2000=100 

 
Country: Ireland 
Data range: 1995 Q1 – 2008 Q4 
House price Department for 

environment, heritage and 
local government 
www.environ.ie 

Average national new house price, in EUR 

Gross domestic 
product 

Irish Statistical Office 
http://www.cso.ie/statistics/; 
Eurostat 

Gross domestic product, millions of euro, chain-
linked volumes, reference year 2000 (at 2000 
exchange rates). The data for period 1995 Q1 – 
1996 Q4 were reconstructed using quarterly 
growth rates of industrial production volume 
from Irish statistical office. 

House completion Irish Statistical Office Calculated using the quarterly series of house 



index http://www.cso.ie/statistics/ completion number in all local authorities, 
2000=100 

Number of 
employed persons 

Irish Statistical Office 
http://www.cso.ie/statistics/ 
 

Persons aged 15 years and over in employment , 
in 000 

Housing loans Department for 
environment, heritage and 
local government 
www.environ.ie 

Total housing loan payments, banks and building 
societies, in millions EUR 

Interest rate on 
housing loans 

Department for 
environment, heritage and 
local government 
www.environ.ie 

Average annual building society mortgage 
interest rate 

Short term interest 
rate interest rate 

Bloomberg EONIA 

CPI International Financial 
Statistics 

Consumer price inflation, base index 

CPI deflator International Financial 
Statistics 

Calculated by using quarterly base index of 
consumer prices, 2000=100 

 
 
Country: United States 
Data range: 1975 Q1 – 2009 Q2 
House price Federal Housing Finance Agency 

http://www.fhfa.gov 
FHFA house price index - all transactions  
(for the analysis of 1975-2009 period) 

Gross domestic 
product 

International Financial Statistics Gross domestic product, millions of $, chain-
linked volumes, reference year 2005  

Number of 
employed persons 

International Financial Statistics Total employment, in 000 

Housing loans Federal Reserve Board Total real estate loans – all commercial banks 
Interest rate on 
housing loans 

International Financial Statistics Mortgage rate  

Short term interest 
rate interest rate 

International Financial Statistics FED discount rate 

CPI International Financial Statistics Consumer price inflation, base index 
CPI deflator International Financial Statistics Calculated by using quarterly base index of 

consumer prices, 2000=100 
 



RESULTS OF THRESHOLD COINTEGRATION 

 
Table 1. Bulgaria - unknown threshold 

BULGARIA TAR 

Threshold TAR =-0.1129 Parameters and tests values 
1 lag added 

1ρ = 0.0033 

Engle – Granger cointegration 2ρ = -0.1033 

variables β 
coefficients 

t -
values 

=1γ  0.3285 

GDP 0.649 130.0 Tmax 0.0962 
Interest rate 
on a housing 
loan 

-0.0047 -2.79 
)0( 21 ==Φ ρρ = 

9.5394*  

 
  )( 21 ρρ =W = 

 
2.493 

   Residuals no 
autocorrelation 

* null hypothesis rejected at 1 percent level of significance; ** null hypothesis rejected at 5 percent level of 
significance, Box-Ljung test for the autocorrelation of the residuals applied. 
Source: Calculation of the authors. 
 
 
Table 2. Estonia - unknown threshold 

ESTONIA M-TAR 

Threshold M-TAR = -0.04531 Parameters and tests values 
Engle – Granger cointegration 

1ρ =  -0.45534 

variables β 
coefficients 

t -
values 2ρ =  -1.00901 

GDP 0.258 4.30 Tmax -2.94186 
Interest rate 
on a housing 
loan 

0.00013 0.0035 
)0( 21 ==Φ ρρ = 

30.5609* 

Construction 0.965 9.48 
 

)( 21 ρρ =W = 
 

4.4315** 

   Residuals no 
autocorrelation 

* null hypothesis rejected at 1 percent level of significance; ** null hypothesis rejected at 5 percent level of 
significance, Box-Ljung test for the autocorrelation of the residuals applied. 
Source: Calculation of the authors. 
 
 

Table 3. Czech Republic - unknown threshold 
CZECH REPUBLIC TAR 

Threshold TAR = -0.0392 Parameters and tests values 

Engle-Granger cointegration 1ρ = -0.0453 

variables β 
coefficients 

t -
values 2ρ = -0.1848 

Constant -7.104 -12.6 Tmax -0.7805 



GDP 2.113 12.0 =1γ  0.5466 
Interest rate 
on a 
housing 
loan 

0.0106 2.78 )0( 21 ==Φ ρρ = 9.7114** 

 
  )( 21 ρρ =W = 

 
2.1814 

   Residuals no 
autocorrelation 

* null hypothesis rejected at 1 percent level of significance; ** null hypothesis rejected at 5 percent level of 
significance, Box-Ljung test for the autocorrelation of the residuals applied. 
Source: Calculation of the authors. 
 
 


