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Abstract: This study aims to determine whether there is convergence in house prices across a sample of 

European economies, including members and non-members of the Eurozone. Overall the literature has found 

no evidence of convergence of house prices across Europe. Using data from twelve countries over the time 

period 2004Q2 to 2016Q3 we test for the null hypothesis of convergence against an alternative of divergence (or 

club convergence) and apply a Bayesian dynamic panel model to determine house price dynamics and drivers. 

The results suggest the presence of five housing market clubs across Europe but there is no evidence of a 

Eurozone club. In addition we find that the main determinants of real house prices are mainly fiscal factors and 

unemployment. Given the significance of housing markets to the economy and stability of the financial system, 

the Eurozone may wish to consider measures that facilitate convergence across members’ housing markets. 
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1. Introduction 

The topic of convergence across the EU in terms of the main macroeconomic and financial 

factors has been extensively researched. However, to date there has been little analysis of 

convergence in European housing markets, despite the well-established relationship 

between house prices and economic factors. The Law of One Price (LOOP) hypothesis states 

that prices of individual traded goods should be equal when converted at the market 

exchange rates. The mechanism that drives the LOOP condition is frictionless goods 

arbitrage. Under this condition, prices of goods in different locations should move together; 

furthermore, in the absence of trade barriers or nominal exchange rate fluctuations, prices of 

goods should converge (Parsley and Wei, 1996). While housing is not a traded good, and 

therefore cannot be easily arbitraged,  economic and financial integration should mean that 

housing markets are exposed to similar shocks and prices in different locations will co-move, 

such that convergence may occur. First of all, convergence in house prices may itself be the 

result of convergence in housing market fundamentals, such as interest rates and income1. 

Second, the integration of financial markets can promote convergence in the cost of financing 

a housing purchase, easing borrowing constraints and facilitating access to credit. The 

convergence in the cost of financing is linked to the convergence of real long-term interest 

rates and, in particular, of long-term public debt, considered the opportunity cost borne by a 

financial institution when granting a mortgage. Finally, the reduction of market 

 
1  

Income convergence is theoretically grounded in Solow's neoclassical growth model, while convergence in interest rates 

finds its theoretical justification in international parity conditions.  
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segmentation and the elimination of foreign exchange risk may cause convergence of 

housing risk premia associated with returns on housing as an asset. Therefore, the 

convergence of the determinants of house prices (in particular income and the cost of 

financing), as well as the reduction in market segmentation and housing risk premia, should 

lead to a narrowing in the disparity in house prices across EU countries. 

The housing sector, on the other hand, is a key element of the macroeconomy2. Dwellings 

and the land on which they lie contribute substantially to household wealth, and this wealth 

is in turn a key determinant of aggregate consumption. In addition, real estate is most 

people’s primary savings channel, and residential investment promotes growth and job 

creation. Mortgages are the greatest element of household debt and default during economic 

downturns can put the banking system at risk. The economic impact of the housing sector is 

a major consideration in monetary and fiscal policy, and influences business cycles (Leamer, 

2007 and 2015). The behaviour of the housing market is even more relevant for the economic 

performance of economically integrated areas, such as the Eurozone, since along with the 

described mechanisms that operate at national level, market integration establishes new 

market forces and provides a new source of shocks (Bertola, 2010).  

While the process of economic integration was expected to lead to greater convergence 

between countries (Franks et al., 2018), some authors pointed out that, on the contrary, 

regional specialization of production and the emergence of agglomeration economies would 

 
2 According to Eurostat, the real state sector contributes approximately 10% to the European economy and therefore 

captures a sizeable share of the European GDP. 
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lead to divergence (Krugman, 1991). Moreover, as De Grauwe (2012) points out, the process 

of economic and monetary integration exposed areas to asymmetric endogenous shocks, 

thereby magnifying and mutually reinforcing the structural imbalances that pre-dated the 

creation of the common currency (Ordóñez et al., 2015).Given the short-term nominal interest 

rate set by the European Central Bank, the existence of divergences in inflation rates among 

countries caused lower real interest rates in inflation-prone countries, increasing cross-

border capital flows, which in turn fuelled investment in non-tradable activities as well as 

asset and housing bubbles3. As a consequence, inflationary countries specialized in non-

tradable activities and construction, while the less inflationary countries in the monetary 

union relied on exports and tradable activities. Different specialization implied structural 

divergence (Buti and Turrini, 2015), and the rise of imbalances in public deficits and debts, 

and in the current account position (Ordóñez et al., 2015). In addition, activity specialization 

affected the distribution of income and the rise of inequality among the European countries 

(Monfort et al., 2018). Following the 2008 financial crisis, it was found that housing market 

risk spread rapidly (De Bandt et al., 2010), revealing the importance of analysing the 

integration and mutual convergence of housing markets where systemic risk cannot be 

diversified through transnational investment. Thus, the relationship between the housing 

market and the macroeconomy has become of increasing importance, such as in the use of 

macroprudential policies aimed specifically at controlling the housing market and the 

 
3 Prior to the creation of the single currency the interest rate differences between countries often compensated for the effects 

of the myriad variations in the tax and financing regimes across the EU. So moves towards a common interest rate could 

explain why following the single currency’s creation, there was rapid growth in house price inflation and personal sector 

debt inflation in some EU economies such as Spain and Ireland, but not in others such as Germany. 
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mutual reinforcement of economic divergences on the one hand, and differences in housing 

market performance on the other.  

Most studies on convergence in the housing markets to date have considered national 

regional markets, such as regions in the UK and USA, where there tend to be a plentiful 

supply of data. Many of these studies rely on testing for unit roots or cointegration between 

the main regions; in the UK this tends to be London and the outer regions. For instance, 

Holmes et al. (2011) produced evidence of convergence across US states, whilst Cook (2012) 

similarly showed there was convergence across the UK regions. In addition Holmes et al. 

(2019) using UK regional data, found no evidence of overall convergence in UK house prices, 

but did find evidence of UK house price convergence clubs. Holly et al. (2011) find evidence 

of the ripple effect in UK regional house prices, with the ripple originating in London, but 

the effect also fed back from the regions to London house prices. They also found evidence 

of New York house prices affecting London prices. Funke et al. (2019) found high levels of 

house price heterogeneity across China’s cities, where there is also evidence of house price 

synchronisation within clubs. Muellbauer (1992) was the first to find the effects of the 

differing housing markets across the EU on their respective economies, highlighting 

differences between Germany and the UK. Iacoviello (2000) usues a structural VAR to 

analyse the relationship between European house prices and the main macroeconomic 

factors, finding that much of the house price volatility is driven by demand shocks and 

monetary policy. Goodhart and Hofmann (2007, 2008) analyse a sample of housing markets 

across the main industrialised countries, finding evidence of complex inter-relationships 
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between the housing markets and macroeconomic factors, especially monetary policy. They 

also find that these relationships have become stronger over the more recent decades. Meen 

et al. (2012) analyse the relationship between the macroeconomy and housing market from a 

number of angles, including an assessment of how housing interacts with aggregate demand 

and supply, as well as the effects of credit and policy on the housing market, particularly 

with regard to the credit crunch after the financial crisis. Henley and Morley (1999) also 

found similar effects when analysing relationships between the housing markets, interest 

rates and consumption, and also found little evidence of convergence across housing 

markets. However, the early studies of EU housing markets tended to be limited by data 

availability on house prices, especially for Germany. 

There have been a number of more recent studies on the EU housing market, such as Ferrara 

and Koopman (2010) and Alvarez et al. (2010) who discovered little evidence of increased co-

movement between German, French, Italian and Spanish house prices since the creation of 

the Euro. Van Steenkiste and Hiebert (2011) using a global VAR approach found that interest 

rates have an increased effect on house prices in later years. Gupta et al. (2015) used 

cointegration to analyse house prices across eight EU countries, finding that German house 

prices move in the opposite direction to other EU countries. Miles (2019) has recently 

employed a similar dataset to the one we use in our study to determine if the creation of the 

Euro has increased synchronisation across the EU. Using endogenous break tests and 

dynamic correlations, the results show little evidence of any increase in co-movement across 

the EU. Tsai (2018) analyses convergence patterns in house prices among euro-zone and non-
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euro countries and concludes that after the introduction of the euro, house prices in the EU 

converged. Miles (2020), using a pairwise approach to test for convergence, finds only 

marginal evidence of European housing market convergence. The underlying phenomena 

driving the inequalities and lack of convergence across the EU stem from the common 

monetary policy adopted by the EU when the Euro was created in 1999, and which required 

a common interest rate across these countries. However due to the heterogeneity of the 

housing markets across the EU, the single interest rate may be appropriate for some 

countries, but not for many others, leading to excessive house price rises in some countries, 

whereas prices stagnate in others4. A further fundamental driver of the inequalities is fiscal 

policy, as there tends to be differing levels of taxation and subsidies across these countries. 

Chang (2020) has tested for common cycles among the housing markets of Canada, the UK 

and USA, and finds evidence of a related driving force between Canada and the USA, but no 

relationship between the UK and the other two housing markets. 

The aim of this study is to assess the extent of the convergence in house prices across the 

main European nations, particularly members of the Eurozone, and the determinants of 

house price convergence. As explained before, house price convergence is expected to occur 

in integrated economic areas as a consequence of the convergence of the housing market 

fundamentals within these areas. The existence and extent of such convergence is not only 

relevant because the housing market is an important component of the national economic 

activity, but also because it can condition macroprudential policies aimed to alleviate the 

 
4 Other studies have also shown that the single interest rate may not be appropriate for all member states in terms of 

controlling inflation. 
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systemic risk in the housing sector. Furthermore, real convergence in monetary unions is a 

key element to ensure the sustainability and resilience of the common currency area.  

The contribution of our paper is fourfold. First, we test for convergence using the Phillips 

and Sul (2007, 2009) methodology. Previous literature has used the unit root test, either time 

series or panel, to test for housing price convergence. The Phillips and Sul (PS) methodology 

is clearly superior to these approaches for several reasons. Unit root tests for convergence 

choose a base or reference country for convergence. The choice of the reference country is 

usually rather arbitrary and is likely to condition the results on convergence. To address this 

problem, some authors have applied a pairwise approach, I but this can deliver inconsistent 

results. PS is a test for relative convergence, as it measures convergence to some cross-

sectional average, in contrast to the concept of level convergence, thereby avoiding the 

problems linked to the choice of a reference country or the inconsistency of the pairwise 

approach. Furthermore, PS allows the researcher to test for club convergence, which is 

overlooked when using a traditional unit root test. Indeed, one of the characteristics of the 

European economic integration process is the existence of convergence clubs, consistent with 

the idea of a two- (or multi-) speed Europe. This phenomenon, which is crucial to 

understanding the divergences that have arisen between, for example, surplus and deficit 

countries, cannot be captured by unit root tests. Additionally, the PS approach is agnostic 

regarding the stationary or non-stationary nature of the series to be tested. Thus, in contrast 

to unit root tests, the PS approach does not conclude in favour of divergence even if the 

difference between two series may still have some nonstationary features even though the 
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convergence condition holds. Also, unit root tests tend to conclude in favour of rejecting the 

null of overall convergence if there is a mixture of stationary and non-stationary series in the 

panel5. The PS approach allows for converging or diverging countries within the same panel. 

Finally, traditional unit root tests tend to classify the difference between gradually 

converging series as non-stationary. The PS approach, in contrast, accounts for transitional 

heterogeneity and time-varying speed of convergence, thus overcoming this problem.  

Second, a Bayesian dynamic panel model is used to analyse the determinants of house price 

convergence. Previous studies have been limited to identifying the theoretical mechanisms 

that could explain the existence of convergence, and then testing for said convergence, but 

without going on to provide any evidence as to which of the mechanisms indicated by the 

theoretical literature are actually driving the estimated convergence. Thus, for the first time 

in the same analysis, we combine two strands of the literature, on house price convergence 

and on the determinants of house prices, which gives us a clearer understanding of the 

drivers of price dynamics in an integrated area. Furthermore, since there are several drivers 

of convergence, we perform an analysis to determine the relative weight or importance of 

each one. Our analysis thus makes it possible to determine not only the fundamental drivers 

of the reduction in disparities in house prices between EU countries, but also the relative 

importance of each of them. 

 
5 Following a suggestion by a referee, we have tested for panel unit root tests. The results, shown in Appendix 1, indicate 

that all series in the panel are I(1), implying that convergence is of stochastic nature. Still, the panel methodology is silent 

on the existence of cluster convergence and may conclude in favour of divergence under the presence of cluster 

convergence. The Phillips and Sul methodology allows us to circunvent this problem. 
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Third, some of the most recently published studies on house price convergence in the 

Eurozone only include in their analysis countries in this area, which can create selection bias. 

The reason is simple: from the empirical literature on both real and nominal convergence in 

Europe, it can be concluded that the formation of convergence clubs does not reveal a pattern 

of Eurozone countries versus non-Eurozone countries. That is, the clubs identified in 

variables such as income are comprised of a mixture of Eurozone and non-Eurozone 

countries, and even countries that are not members of the EU. Therefore, a convergence 

analysis covering only Eurozone countries could wrongly conclude that the euro has 

facilitated convergence (or divergence) when in fact the same degree of convergence (or 

divergence) is observed not only among non-Eurozone countries, but also between Eurozone 

members and non-members. To overcome this problem, our analysis comprises three groups 

of countries: Eurozone countries (Belgium, Finland, France, Germany, Ireland, Italy, the 

Netherlands, and Spain), EU but non-Eurozone countries (Denmark, Sweden, and the United 

Kingdom6), and a non-EU country (Norway)7.  

Fourth, despite the abundant literature on spatial spillovers in prices, and particularly house 

prices, the previous studies that have analysed house price convergence in Europe do not 

consider this type of effect, even though the location of the housing is an important factor 

that explains price convergence. Along with the determinants of price convergence, our 

Bayesian dynamic panel model also considers spatial effects. 

 
6 Although the United Kingdom is no longer a member of the EU, for the duration of the sample used in this paper it was 

a member. 
7 The number of countries in each group is only limited by data availability. 
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While our results do not indicate overall convergence, they do point to club convergence 

among the analysed countries. Price dynamics in Europe have been driven by demand 

factors, including household debt and financing costs, along with unemployment and 

inflation, which may capture economic cycle conditions. Although the EU has no direct 

mandate on housing policies, the European Commission could use recommendations, 

guidelines and communications to influence housing market policies. The European 

Semester procedure could introduce country-specific recommendations to address 

divergences in housing market performances, preventing spillover effects of these markets 

on overall macroeconomic stability.  

The rest of the paper is organized as follows. Section 2 discusses previous studies on the EU 

housing market and the potential channels for divergence. Section 3 introduces the 

methodologies and the data used to test for convergence. Section 4 provides the empirical 

results and Section 5 concludes. 

2. The EU housing market and policies 

The housing markets within the EU tend to be heterogenous with respect to structural 

features of the housing markets and the predominant financing forms used in each country, 

as explained by Maclennan et al. (1998). Countries mainly vary regarding levels of home 

ownership, with other major differences being the types of housing finance, regulatory 

frameworks in the respective mortgage industries and the subsidies and taxes used by 

individual countries.  
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These differences which have evolved in the individual countries’ financial systems and 

housing markets have crucial implications for monetary policy., Calza et al. (2013) make two 

observations arising from the interaction between housing finance systems and the monetary 

transmission mechanism. Firstly, they find substantial differences in the domestic mortgage 

systems in each country, which mean that monetary shocks have a greater effect on those 

countries with more flexible mortgage markets. They find that the relationship between 

housing markets and domestic consumption is stronger in countries where equity release is 

common and more mortgage customers choose variable terms, as is common in the UK. 

The EU housing markets can be generally categorised as those that are centred around owner 

occupiers and those where the private rented sector dominates. In the second case house 

price data tends to be limited. For example, Spain and the UK have some of the highest levels 

of owner occupation within the EU and subsequently high levels of mortgage finance. So the 

financial and ownership structures of these housing markets in individual countries 

influences how house prices react to the main macroeconomic determinants including 

income and interest rates. 

Historically, members joining the Euro have retained a degree of control over fiscal policy 

and especially taxation, and this is important for EU housing markets. For example capital 

gains are taxed in some countries, whilst others, such as the Netherlands, have a tax on the 

imputed rental income. Mortgage products also tend to be taxed differently within the EU, 

including mortgage payment tax deductibility. Due to these differences it wouldn’t 
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necessarily be anticipated that housing markets in the EU would react similarly to economic 

changes arising from the introduction of the Euro. 

Additional differences in countries across the EU include various levels of constraints on 

mortgage finance. These restrictions tend to be part of the prudential requirements of the 

financial sector and frequently involve limitations on loan to house values. In a number of 

countries the limits are under 100% of house value, although during the early 2000s the UK 

authorities allowed mortgages of well over this amount. Traditionally France and Germany 

have preferred a value nearer to 60%, leading to less home ownership. During the 1990s and 

2000s there were a variety of changes to housing finance systems in specific countries, such 

as the UK, where housing debt was securitised and held off balance sheet in set vehicles. In 

other countries, in particular Spain, this was more limited, in order to control excessive 

volatility in house prices and consequent instability across the financial sector as occurred in 

both the UK and Ireland during the 2007/08 financial crisis. 

Muellbauer (1992) and Giuliodori (2005) have illustrated that there are close relationships 

between some European macroeconomies and housing markets but due to extensive 

differences across housing markets within Europe, a common reaction in house prices to 

changes in output or interest rates is unlikely. Movement towards a European Single 

Currency (Euro) was initiated in 1991, with the introduction of the Maastricht Treaty. This 

required five economic criteria, mostly relating to the monetary and fiscal policies although 

not specifically to housing markets. This was to ensure convergence of the potential 

member’s economies before the creation of the Euro. Denmark, Sweden and the UK opted 
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not to join, although Denmark remained as members of the European exchange rate 

mechanism (ERM). Before January 2002, national currencies of individual countries 

remained in use, with the bank accounts denominated in Euros, but subsequently all national 

currencies were replaced with the Euro8. 

Since 1999, the Eurozone has implemented a single monetary policy and single shared 

interest rate, although individual countries still set their own fiscal policies. As a result fiscal 

policy is now the main instrument used for economies to overcome asymmetric shocks. This 

policy approach extends to  housing markets, as moving the interest rates and subsequently 

mortgage rates is not possible. Instead, Eurozone countries have to use taxes and subsidies , 

most often stamp duty which is charged on the purchase of a house. However fiscal policy 

is limited under the Stability and Growth Pact. This requires all members to follow the EU 

rules on fiscal discipline, for instance budget deficits not exceeding 3% of GDP annually and 

levels of outstanding government debt no more than 60% of annual GDP. Despite these 

restrictions on fiscal government intervention in housing markets, we would still anticipate 

that fiscal policy would have a significant impact on housing.  

 3. Materials and Methods 

In this section, we discuss the data we employ before describing in detail the equations we 

estimate.  

In this study, two different methods are used, but we employ them in a complementary way 

to analyse the existence of convergence in house prices in Europe. First, we use the Phillips 

 
8 See De Grauwe (2020) for a comprehensive discussion of the formation and management of the Euro. 
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and Sul (2007, 2009) method of testing for convergence to test the null hypothesis of 

convergence against the alternative of divergence (or club convergence). Second, we use a 

Bayesian dynamic panel model to analyse the determinants of house price dynamics and 

their contribution to price convergence. 

Panel models have traditionally been used to analyse convergence between countries or 

regions. In these models, however, the null hypothesis of overall convergence is rejected not 

only if there is divergence between countries, but also if there is club convergence (Phillips 

and Sul, 2007 and 2009). The empirical literature has acknowledged this limitation and panel 

data models have been applied to a limited number of countries to ascertain the existence of 

country clubs. However, this ex-ante (or ad-hoc) classification of countries into different 

groups may introduce selection bias. In this paper, we propose to circumvent this problem 

through a robust estimation of the country clubs. Thus, we first use the methodology of 

Phillips and Sul (2007, 2009) to endogenously identify the clubs from a panel including all 

countries. Once the clubs have been identified, we apply panel methods to analyse the 

determinants of the estimated clubs. 

3.1. Data 

In this paper we use real house prices to test for convergence within the following 12 

European countries: Belgium, Denmark, Finland, France, Germany, the Netherlands, Ireland, 

Italy, Norway, Spain, Sweden, and the UK. The sample runs from 2004Q2 to 2016Q3 and we 

use quarterly observations. The data includes  i) housing markets in the Eurozone, ii) 

members of the EU but non-members of the single currency, and iii) non-members of the EU 

such as Switzerland. This enables us to determine if there is a Eurozone effect in the European 
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housing market or whether other factors are driving this market. The dataset is limited to 

those countries included in the Mack and Martinez-Garcia (2011) dataset9 . This data is 

produced consistently across countries and follows a similar approach to the US Federal 

Housing Finance Agency (FHFA) index. The data and details are available from: 

https://www.dallasfed.org/institute/houseprice/. In addition, all the macroeconomic data is 

provided by Eurostat10, except the consumer price index (CPI) and unemployment which are 

from the IFS (IMF).  

Figure 1 contains a plot of the house price data. There is not much evidence of overall 

convergence, with the exception of the time around the financial crisis in 2007/08. This may 

simply reflect the high correlation experienced between assets at the time of the crisis, such 

as across national stock markets. However, in more recent years the price indices then 

diverge, with the Eurozone crisis in 2011/12 not appearing to have the same effect as the 

earlier crisis. This may be due to the central role of housing in the 2007/08 crisis whereas it 

was not a major driver of the Eurozone crisis. 

3.2 Club convergence 

The seminal approaches to analysing convergence using time series data are due to Carlino 

and Mills (1993) and Bernard and Durlauf (1995, 1996). These studies developed the main 

concepts behind stochastic convergence, which is based on the non-stationary nature of the 

time series. However, Phillips and Sul (2009) suggested that if the technology is 

 
9 This is the same dataset used by Miles (2019) among others, as they note it improves on other national house price 

indices in that they have been produced using a consistent methodology. 
10 The data is quarterly overall, where only annual data was available such as for the property taxes and private sector 

debt, we assumed the annual form was constant over the individual quarters for each specific year. 
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heterogeneous over the individuals in the panel and there is evidence of time-varying 

convergence, then these traditional tests for convergence can be inadequate. In order to 

control for any temporal transitional heterogeneity, Phillips and Sul (2007, 2009) integrated 

both cross-sectional and time series heterogeneity into the parameters of the traditional 

neoclassical growth model. The startpoint for this test is the following time varying 

representation: 

𝑋𝑖𝑡 = 𝛿𝑖𝑡𝜇𝑡       (1) 

where 𝑋𝑖𝑡 are house prices at time t in country i, 𝛿𝑖𝑡 is a time-varying factor-loading which 

represents the convergence to a common factor 𝜇𝑡. The basic empirical representation in (1) 

examines the extent of convergence by determining the amounts of any convergence in the 

factor loadings 𝛿𝑖𝑡. Phillips and Sul (2007) have suggested analysing transition elements 𝛿𝑖𝑡 

by generating a relative measure for the transition coefficients:  

ℎ𝑖𝑡 =
𝑋𝑖𝑡

1

𝑁
∑ 𝑋𝑖𝑡

𝑁
𝑖=1

=
𝛿𝑖𝑡

1

𝑁
∑ 𝛿𝑖𝑡

𝑁
𝑖=1

   (2) 

where N stand for the number of countries contained in the panel. The variable 

 

hit  is the 

relative transition path term, and traces out the potential individual trajectory for each 

country i with respect to the panel average.  

In order to generate the null hypothesis of convergence, Phillips and Sul (2009) has suggested 

using a semi-parametric model for the time-varying 𝛿𝑖𝑡 as follows: 

𝛿𝑖𝑡 = 𝛿𝑖 + 𝜎𝑖휁𝑖𝑡𝐿(𝑡)−1𝑡−𝛼    (3) 
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where 𝛿𝑖 is fixed, 𝜎𝑖 > 0 is the cross-sectional standard deviation of ℎ𝑖𝑡
11, 휁𝑖𝑡 is an i.i.d (0,1) 

across i but is only weakly dependent on t, and L(t) is a slow-varying function tending 

towards infinity as t also goes to infinity. Based on Phillips and Sul (2007), the L(t) function 

is the log t; in addition 휁𝑖𝑡 adds the components that are country-specific and time-varying to 

the model; also the extent of the magnitude of 𝛼 will determine the nature of any convergence 

or divergence 𝛿𝑖𝑡 . Based on equation (3), the null hypothesis of convergence and the 

alternative hypothesis of divergence or club convergence is not rejected, if for all 𝛼 ≥ 0, 𝛿𝑖𝑡 =

𝛿𝑖. 

Phillips and Sul (2007) have proved that the testing of these hypotheses is possible using the 

following ‘log t’ regression model:  

log (
𝐻1

𝐻𝑡
) − 2 log 𝐿(𝑡) = �̂� + �̂� log 𝑡 + �̂�𝑡   (4) 

for t=[rT], [rT]+1,…, T with some r > 0 and is 

 

H1 H t  the cross-sectional variance ratio12. The 

model is estimated starting with t=[rT], which represents the integer aspect of rT for some 

fraction r>0. Phillips and Sul (2007) indicate a value of r=0.3. If the null hypothesis is rejected 

it indicates no evidence of convergence, but there could still be club convergence. The extent 

of convergence within the groups (i.e. club convergence and clubing) could be analysed with 

log (t) regressions. The so-termed ‘core group’ of k components is selected by maximizing 𝑡𝑘  

over k individuals with regard to criterion:  

k*=arg max k and subject to min {𝑡𝑘} > -1.65. 

 
11 Where 𝜎𝑖

2 =  
1

𝑁
∑ (ℎ𝑖𝑡 − 1)2𝑁

𝑖=1  

12 𝐻𝑡 =  
1

𝑁
∑ (ℎ𝑖𝑡 − 1)2𝑁

𝑖=1  
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3.3. Spatio-temporal econometric model 

The approach outlined in this section has been used previously by Maynou et al. (2015, 2016a, 

2016b) relating to studies on health economics and economic convergence. The conditional 

specification regarding the β- convergence hypothesis is tested (for review see Baumol, 1986; 

Barro & Sala-i-Martin, 1991, 1992; Sala-i-Martin, 1996), where evidence of β–convergence is 

found and where an estimate of β, the important coefficient in this case, is negative and 

significant. 

𝑔𝑇 =  𝛼 + 𝛽𝑦0 + 𝑋𝛾 + 𝑢 𝑢 ∼ 𝑁(0, 𝜎𝑢
2𝐼)    (5) 

where 𝑔𝑇 represents a vector of average rates of growth in the time period (0,T); 𝑦0 represents 

the vector of initial levels of the dependent variable; X is a matrix of variables related to 

convergence and 𝛾  the relevant unknown parameters; 𝛼  and 𝛽  represent unknown 

parameters for estimatation; and 𝑢 is a zero-mean and homoskedastic (  is the constant 

variance) normally distributed disturbance term. 

This study differs to the conventional studies in this area, as spatio-temporal rather than 

cross-sectional models have been specified, generating a dynamic panel data approach with 

respect to a Bayesian perspective. Thus we have explicitly incorporated time dimensions into 

the data. As suggested previously, convergence rates could vary across the regions and also 

over the time period analysed. Additionally, with a small T, we need a large N to ensure 

consistent estimates. This leads to the following specification of the model: 

𝑔𝑟𝑜𝑤𝑡ℎ𝑟𝑎𝑡𝑒𝑅𝑒𝑎𝑙𝐻𝑜𝑢𝑠𝑒𝑃𝑟𝑖𝑐𝑒𝑖𝑛𝑑𝑒𝑥𝑗𝑡 = 𝛼𝑗𝑡 + 𝛽𝑗𝑡𝑟𝑒𝑎𝑙𝐻𝑜𝑢𝑠𝑒𝑃𝑟𝑖𝑐𝑒𝑖𝑛𝑑𝑒𝑥𝑗𝑡−1 + 𝜹𝒊𝒏𝒕𝒆𝒓𝒂𝒄𝒕𝒊𝒐𝒏𝒋𝒕  +

𝛾1𝑝𝑟𝑜𝑝𝑒𝑟𝑡𝑦𝑡𝑎𝑥𝑒𝑠𝑗𝑡 + 𝛾2𝑖𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛𝑟𝑎𝑡𝑒𝑗𝑡 + 𝛾3𝑠𝑎𝑣𝑖𝑛𝑔𝑠𝑟𝑎𝑡𝑒𝑗𝑡 + 𝛾4𝑙𝑜𝑛𝑔𝑡𝑒𝑟𝑚𝑔𝑜𝑣𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡𝑟𝑎𝑡𝑒𝑗𝑡 + 𝛾5𝑝𝑟𝑖𝑣𝑎𝑡𝑒𝑑𝑒𝑏𝑡𝑗𝑡 +

𝛾6𝑢𝑛𝑒𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡𝑟𝑎𝑡𝑒𝑗𝑡 + 𝛾7𝑖𝑛𝑑. 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛𝑗𝑡 + 𝛾8𝑐𝑟𝑖𝑠𝑖𝑠𝑡 + 𝛾9𝑐𝑙𝑢𝑠𝑡𝑒𝑟𝑠𝑗 + 𝑆𝑗 + 𝑢𝑗𝑡 (6) 

The subscripts denote j country (j=1,…,12); t quarters (t=2004Q2,…,2016Q3); 𝛼𝑗𝑡, 𝛽𝑗𝑡  , 𝜹 and 

𝛾𝑚 (m=1,…,9) denote unknown parameters; 𝑆𝑗 denotes spatial random effects; and 𝑢𝑗𝑡 is the 

normally distributed disturbance term. Some coefficients, and especially coefficients of 

interest, have subscripts. This means they are allowed to differ for the various levels 

2
u
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considered. Equation 6 specifies a dynamic random coefficient panel data model (Hsiao and 

Pesaran, 2008). 

The variables are defined below, producing an unbalanced panel, as not all data was 

available across all time periods and countries. Following the model for β– convergence (5), 

the dependent variable is the growth rate of the real house price index 

(growthrateRealHousePriceindex) and the first explanatory variable is the lag of the real 

house prices index. As explanatory variables, we use the property taxes as % of GDP 

(propertytaxes), inflation rate per quarter (%) (inflationrate), savings rate (savingsrate), long-

term government interest rate (%) (longtermgovinterestrate), private sector debt consolidated 

as % of GDP (privatedebt), unemployment rate (%) (unemploymentrate), individual 

consumption expenditure per capita (in millions) (ind.consumption), net financial assets per 

capita (in millions) and Gross Disposable Income per capita (in millions). Due to high 

correlations among the last three, we only included individual consumption expenditure per 

capita in the model. Crisis is a dummy variable, which equals 1 from 2008 to 2012, to control 

for the Great Recession. Interactionjt defines the interaction between the lag of the real house 

price index and the crisis dummy, which determines any change in the convergence rate due 

to the crisis period. Clubs variable is a categorical variable with 5 clubs (1 to 5, accounting for 

the clubs defined by the convergence club methodology). This variable is transformed to 5 

dummy variables (one per club) which is used as club fixed-effects, and the base category is 

the dummy for club 1. 

The motivation for this modelling approach to house prices stems from other studies of house 

price determinants, such as Poterba et al. (1991) and Himmelberg et al. (2005). Also, Meen 

(2002) included similar variables into a study of house prices, based on a life cycle model. 

Following Meen (2002), the theoretical underpinnings of models of house prices originate 

from the life cycle model, where the marginal rate of substitution between housing and a 

consumption good takes the following form: 

𝜇ℎ

𝜇𝑐
= 𝐻(𝑡) [(1 − 𝜃)𝑖(𝑡) − 𝜋 + 𝛿 −

ℎ�̇�

ℎ(𝑡)
] (7) 
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Where H(t) is the real price of housing, θ is the marginal tax rate, i(t) is the market interest 

rate, δ is the depreciation rate for houses, and π is the general rate of inflation. Also, in order 

for market efficiency to hold, the following arbitrage condition is required: 

𝐻(𝑡) =
𝑅(𝑡)

[(1−𝜃)𝑖(𝑡)−𝜋+𝛿−
ℎ�̇�

ℎ(𝑡)
]
 (8) 

Where R(t) is the real imputed rental price of housing services. As it is problematic finding 

suitable data for real imputed rental prices, especially across the very different housing 

markets across Europe, it is often assumed that it is related to numbers of households, 

housing stock, real disposable income and real wealth (Meen and Andrew, 1998). In addition, 

the stock of housing is assumed to be determined by construction costs, house prices and the 

previous period’s level of housing stock. Combining these two relationships gives a log-

linear model of the determinants of real house prices: 

ℎ𝑡 =  𝛼0 + 𝛼1𝑝𝑜𝑝𝑡 + 𝛼2𝑟𝑦𝑡 + 𝛼3ℎ𝑠𝑡−1 + 𝛼4𝑤𝑡 + 𝛼5𝑟𝑡 + 𝛼6𝑐𝑐𝑡 + 휀𝑡 (9) 

Where ℎ𝑡 are real house prices, 𝑝𝑜𝑝𝑡 is population, 𝑟𝑦𝑡 is real income, ℎ𝑠𝑡 ‒ 1 is the lag of the 

stock of housing, 𝑤𝑡 is a measure of real wealth, 𝑟𝑡 is the real interest rate and 𝑐𝑐𝑡 are real costs 

of construction. However, the shortage of land as well as the time needed for the new 

construction to be completed makes the supply side of the housing market rather rigid. Due 

to the length of time required for full stock equilibrium to occur, the relationship between 

house prices and construction costs may never be evident, so it is often removed, and most 

of the theoretical and empirical literature focuses only on demand-side factors in estimating 

house prices. McQuinn and O’Reilly (2007), for example, developed a theoretical demand-

driven model of house price determination based on income and interest rates. Other 

fundamentals driving the demand for houses are unemployment (McCarthy and Peach, 

2004; Schnure, 2005), inflation (Annett, 2005; Iossifov et al., 2008), credit (OECD, 2004), 

population and residential investment (Algieri, 2013). Due to inertia in populations across 

the EU over recent years, population is not often included, despite being in the original 

theoretical framework of Meen (2002).  
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4. Results 

4.1 Descriptive 

Table 1 presents the descriptive statistics of the variables in our database. These are the 

variables accounting for 12 European countries from 2004Q2 to 2016Q3. Figure 1 shows the 

evolution of the real HP index for each country. 

 

 

Table 1. Descriptive statistics of the variables (2004Q2-2016Q3) 

Variables Mean Std. D Min Max N 

      

Real House Prices Index 103.329 17.241 57.068 161.731 600 

Growth Real House Prices Index (growth rate, %) 0.231 1.889 -8.444 7.851 588 

Property Taxes (% of GDP) 

 

2.176 

 

 

1.110 

 

0.814 

 

5.209 

 

600 

Inflation per quarter (%) -0.401 0.622 -2.325 3.146 600 

Savings rate (%) 11.095 5.868 -6.16 32.89 600 

Long-term government interest rate (%) 3.132 1.492 -0.09 10.62 600 

Private sector debt consolidated (% of GDP) 170.954 49.797 89.8 306 550 

Unemployment rate (%) 8.079 4.165 2.2 26.9 600 

Individual Consumption Expenditure (in 

millions) per capita 
0.003 0.004 0.0001 0.017 600 

Net Financial Assets (in millions) per capita 0.215 0.361 0.014 1.387 516 

Gross Disposable Income (in millions) per capita 0.279 0.040 0.003 0.155 600 

      

Source: Mack and Martinez-Garcia (2011) 
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Figure 1. Real House Price Index evolution (2004Q2-2016Q3) 

 

 

4.2. Club convergence 

The real house price convergence across Europe is tested using the Phillips and Sul 

(2007, 2009) method, which as discussed shows that eliminating the cyclical components of 

the data improves the finite sample power and size of the club convergence test. The cyclical 

components have been removed using the HP filter, (Hodrick and Prescott, 1980). To ensure 

that the choice of the initialization year does not affect our results, the base year is set to the 

first observation and some initial observations are discarded. The test for overall panel 

convergence is rejected at the 5% significance level, with a t-ratio of -78.47. Given the rejection 

of overall convergence, we next test for club convergence. 
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Table 2: Real house prices club convergence (2004Q1-

2016Q3) 

 

 

1st club 

 b coefficient t statistic 

log t -0.687 -0.462 

   

Countries: Norway and Sweden. 

 

 

2nd club 

 b coefficient t statistic 

log t 0.065 0.325 

 

Countries: Belgium, Finland, France and Germany 

 

 

3rd club 

 b coefficient t statistic 

log t -0.089 -0.103 

 

Countries: Denmark and the UK 

 

 

4th club 

 b coefficient t statistic 

log t -1.755 -1.341 

 

Countries: the Netherlands and Italy 

 

 

5th club 

 b coefficient t statistic 

log t 0.855 0.396 

 

Countries: Ireland and Spain 

 

 

The results from the club analysis are shown in Table 2. The accompanying Figure 2 

shows the transition paths for each country in the sample, and depict the relative behaviour 

of a country house-price relative to the whole panel, which takes the value of “1” in the graph. 
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These graphs are a useful tool to investigate when and for how long convergence (or 

divergence) among house price has taken place.  

As can be seen in Figure 2, far from convergence occurring among the countries 

analysed, the transition functions show ever-greater dispersion in house prices. At the ends 

of the distribution are Norway and Sweden, on the one hand, and the Netherlands, Italy, 

Ireland, and Spain on the other. The behaviour over time of a third group of countries—

Denmark, the UK, Finland, France, and Germany—is close to the panel mean.  

Figure 2: Transition paths 

 
 

From our results, five clubs emerge:  i) Norway and Sweden, ii) Belgium, Finland, France, 

and Germany, iii) Denmark and the UK, iv) the Netherlands and Italy, and, v) Ireland and 

Spain. These clubs generally reflect similarities across markets, in terms of geographical 

proximity, membership of the Euro and similarities in market structures. The first is 
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Scandinavian, the second is mostly central EU along with Finland and where rented housing 

predominates, the third is members of EU but not members of the Eurozone. The fourth club 

represents similar housing market dynamics, as shown in Henley and Morley (1999) when 

assessing house prices and consumption. The fifth club are also similar housing markets 

within the Eurozone, with high levels of home ownership and similar funding models for 

their housing markets, characterised by high levels of mortgage debt. As a result, Ireland and 

Spain both suffered volatility in house prices after the financial crisis in 2008, before 

recovering in more recent years.  

In what follows, we test whether adjacent clubs can be merged. Testing if adjacent clubs can 

be merged is important, since the PS approach tends to find more clubs than actually exist. 

Table 3 shows the results and no clubs can be combined. These results differ to other studies 

which found little evidence of convergence across the EU, such as Henley and Morley (1999) 

and Miles (2019) as they tested for convergence across the EU as a whole rather than 

attempting to find groups or clubs that have converged. 

Table 3: Testing for club merging (2004Q1-2016Q3): 

real prices 

 

Clubs b coefficient t statistic 

 

Club 1 +Club 2 

 

-1,849 

 

-83.517 

 

 

Club 2 +Club 3 

 

 

-0.699 

 

 

-7.685 

 

 

Club 3 +Club 4 -4.900 -9.832 

 

 



 27 

Club 4 +Club 5 -2.561 -4.816 

 

 

 

 

4.3. Results of estimating β-convergence models 

The results of estimating the β-convergence model (6) are shown in Table 4. As stated before, 

the coefficient of interest in this analysis is 𝛽𝑗𝑡, which shows whether convergence or 

divergence exists between countries.  

In Table 4, we report the results of the conditional β-convergence model. The estimation 

includes the clubs (as dummy variables, fixed-effects) that have been estimated in the 

previous analysis, with the aim of capturing the unobserved heterogeneous effect by club. 

As explained above, the models are adjusted for the spatio-temporal variability and a set of 

covariates. The coefficient of interest is negative and statistically significant, showing 

convergence across the analyzed countries. However, the result of convergence emerges 

after controlling for the clubs. Moreover, we also add an interaction term to account for 

any change in the convergence rate due to the crisis period. The 𝜹 coefficient is positive 

and significant, showing divergence between the analyzed countries during the crisis 

period. 

Regarding the covariates, the model produces different levels of significance. The inflation 

rate increases the growth rate of the House Price index, while it decreases with an increase 

of property taxes (%GDP), the long-term government interest rate (%), the Private debt 
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consolidated (%GDP) and the unemployment rate (%). In accordance with the elasticity of 

house prices to changes in inflation, holding other factors constant, about a third of the rise 

in inflation is transferred to house prices. This reflects the fact that, in periods of uncertainty, 

there will be a realignment of the asset portfolio towards more traditional investment such 

as housing (Algieri, 2013). On the other hand, a 1% increase of property taxes (%GDP) 

decreases house prices by 0.39%, showing that it depends on the specific characteristics of 

the housing market. A 1% increase in the long-term government interest rate, which is the 

interest rate that determines the effective mortgage rate, produces a 0.31% drop in house 

prices, reflecting the highly liberalized mortgage markets of the EU (Iacovello and Minetti, 

2003). Along with the cost of financing, the private debt consolidated negatively affects house 

prices, and impacts homebuyers’ decisions. Finally, a 1% increase in unemployment leads to 

a decrease in the price of housing of approximately 0.24%, which points to the dependence 

of the housing market on the economic cycle and the fact that the prices of these assets are 

fundamentally demand-driven. Our model also incorporates club binary variables (base 

category: club 1), which are positive and significant (except from club 4). The magnitude of 

these variables reflects the divergence in the rate of growth of house prices between the 

identified clubs, ranging from 3% to 7%, approximately. Lastly, the estimated value for the 

dummy variable crisis reflects the sharp adjustment in house prices as a result of the collapse 

of the real estate sector following the bursting of the housing bubble.  

Finally, the variables savings rates and individual consumption expenditure are not 

significant when it comes to explaining the dynamics of house prices. In light of our results, 
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we conclude that, for the sample of countries analysed, house prices are not determined by 

the savings capacity of the economy (captured by the savings rate), but rather by the ability 

to access credit, the cost of financing and the specific characteristics of the housing market. 

On the other hand, demand conditions related to the cycle are better captured by the 

unemployment rate rather than by the individual consumption rate, which may not correctly 

reflect the conditions for the purchase of big-ticket assets such as housing. 

Table 4. Results the conditional β-convergence model 

 Real House Price Index 

growth rate 

 

β Lag Real House Price Index 

 

𝜹 Interaction 

-0.0401 

(0.010) 

0.025 

(0.009) 

Fixed effects: 

 

Property taxes (% GDP) 

 

Inflation (%) 

 

Savings rate (%) 

 

Long-Term Gov. Interest rate (%) 

 

Private debt consolidated (%GDP) 

 

Unemployment rate (%) 

 

Individual consumption expenditure (per 

capita) 

Crisis dummy (=1 -- 2008-2012) 

 

Clubs (base category: club1) 

 

Club 2  

 

Club 3 

 

Club 4 

 

Club 5 

 

Constant 

 

 

-0.389 

 (0.194)  

0.272  

(0.112) 

0.022  

(0.013)  

-0.312 

(0.086)  

-0.015 

(0.004)  

-0.237 

(0.031)  

2.005 

 (9.930) 

-3.199 

 (0.900) 

 

 

3.757 

 (1.530)  

5.014 

 (1.700)  

1.296  

(1.511)  

7.377 

 (1.758)  

6.865 

(1.297) 

 

Standard deviation of random effects: 

 

Heterogeneity 

 

 

 

0.632 

(0.039) 
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Note: 
The table report the mean value, the standard deviation are in parentheses. Grey highlight indicates that the 95% credible interval did not contain the 
zero (statistically significant). For these models, for simplicity, we have not reported the random effects; they are available from the authors on request. 

Source: own construction 

 

Having identified the determinants of house prices, the relative explanatory power of each 

determinant is then analysed to quantify their long-term contribution to house price 

dynamics. In other words, we identify the main drivers of the growth rate of real house 

prices. In Table 5, we calculate the relative contribution of each significant variable of the 

econometric model. More specifically, we set 𝑔𝑟𝑜𝑤𝑡ℎ𝑟𝑒𝑎𝑙𝐻𝑃𝑗𝑡 = 0 (assuming that the growth 

rate is 0 in the long-run) and divide all coefficients in equation (6) by ‒ (𝛽 + 𝛿) to calculate 

the contribution of each variable to the real House Price Index 13 . For example, the 

contribution of the unemployment rate on the real HP index is equal to (𝛾6/ ‒ (𝛽 + 𝛿)) 

unemploymentrate(mean) = (-0.237/0.015)*8.079 = -15.8*8.079 = -127.6. Table 5 presents the 

contribution of each variable for the average value of the whole period. The three significant 

variables contributing the most to the real HP index (with a negative sign) are private debt 

 
13 We divide by ‒ (𝜷 + 𝜹) because if you isolate the real House Price Index in the equation, you have these two 
coefficients that need to be moved to the other side of the equality and as they are multiplying the real House Price 
Index, they need to divide on the other side.   

αj 

 

αt 

 

βj  

 

βt  

 

18613.987 

 (18370) 

189799.105  

(18460) 

2791.607 

(1734) 

54932.174 

(16400) 

Spatial effect  

Quarters 

Countries 

N 

YES 

2004Q2-2016Q3 

12 

600 

Deviance Information Criterion (DIC) 

Effective number of parameters 

-log(mean(cpo)) 

1992.19 

49.31 

1.699 
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consolidated (%GDP) with 171 points, the unemployment rate (%) with 127 points and the 

crisis dummy with 85 points 

Table 5. Determinants of the House Prices Index – significant variables*  
 

 

 

 Level (mean all period) (𝛾i/ ‒ (𝜷 + 𝜹)) Contribution 
    

Property taxes (% GDP)  2.176 -25.933 -56.431 

Inflation (%)  -0.4 18.133 -7.253 

Long Term Gov. Interest rate (%) 3.132 -20.800 -65.146 

Private debt consolidated (%GDP)  170.954 -1 -170.954 

Unemployment rate (%) 8.079 -15.8 -127.648 

Crisis dummy (=1 -- 2008-2012)  0.4 -211.6 -84.640 
 

* The β and 𝜹 values (-0.040 and 0.025) correspond with the estimates for β and 𝜹 in Table 4. The 𝛾s stand for the estimates of 

the covariates in Table 4. Thus, contribution = level (mean all period) x (𝛾i/ ‒ (𝜷 + 𝜹))). We only calculate the contribution of the significant 

variables in the previous model. Source: own construction 

 

Despite the fact that the elasticity of house prices with respect to private debt consolidated 

yielded the lowest estimate for the determinants of house prices over the long term (Table 4), 

debt makes the largest contribution to the long-term behaviour of house prices (Table 5). As 

a result of the process of economic integration, increasing cross-border capital flows fuelled 

investment in housing bubbles, which, along with access to a huge amount of cheap credit, 

shaped house price dynamics. 

By way of conclusion, despite years of economic integration, house prices have shown club 

convergence. The existence of various clubs of convergence is a reflection of two factors: i) 

the lack of convergence in the macroeconomic fundamentals of house prices; and ii) the 

emergence of differences in growth specialization, with the most inflationary countries 

basing their growth on non-traded sectors such as housing. Along with the conditions linked 

to the evolution of the economic cycle, the explanatory factors of the evolution of house prices 

are the demand conditions, particularly access to credit and the accompanying increase in 

household debt, the cost of financing and the characteristics of the housing market. While 

these factors once explained the overheating of some economies, they could now explain the 

lack of economic dynamism in the EU, with a housing market that shows no signs of 
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recovery. Finally, the great recession also affected the degree of convergence among the EU 

countries. 

Although the EU does not have a direct mandate on housing, it can influence housing market 

policies through recommendations, guidelines and communications. As a result of the 

economic crisis, most EU countries have brought in stricter regulation of mortgage markets, 

such as higher capital adequacy ratios and tougher repayment requirements, which should 

be harmonized and adapted to current macroeconomic conditions. Moreover, the European 

Commission could introduce country-specific recommendations within the European 

Semester process to address divergences in housing market performance.  

5. Conclusion 

The study tests for convergence in house prices across European countries. The results show 

that there are five clubs: i) Norway and Sweden, ii) Belgium, Finland, France, and Germany, 

iii) Denmark and the UK, iv) the Netherlands and Italy, and, v) Ireland and Spain. These 

clubs reflect similarities across markets, in terms of geographical proximity and market 

structures. There is no evidence of a Eurozone club against a non-Eurozone club, showing 

that despite the attempts to converge the real economies before and after the formation of the 

European single currency, this has not spread to the housing market.  

The -convergence dynamic model shows overall convergence among the 12 countries 

analysed once the clubs are accounted for. However, during the crisis period (2007/08), 

results show divergence in house prices across EU countries. The econometric analysis also 

allows us to determine the main drivers of the real House Price index, namely private debt 

consolidated (%GDP), the unemployment rate (%) and the crisis period. This reflects findings 

from other studies, although per capita incomes tend to dominate over unemployment when 
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analysing the USA or the UK. However, in much of Europe, high levels of unemployment 

have been a dominant feature of the recent past, affecting the affordability of housing in 

many countries.  

Given that the housing market has an important effect on the macroeconomy as a whole, the 

policy implications of this study are that the EU needs to ensure greater harmony across the 

varying types of housing market in the EU, with more emphasis on the funding and 

regulation of housing markets, for instance through the types of mortgage on offer, alongside 

more convergence in how housing is taxed and subsidized. In addition, housing policies 

across the EU will become more important as macroprudential policies become more 

widespread, following the financial crisis in 2007/08 and the implementation of the Basle III 

Accord on the regulation of the financial sector. Part of the Accord includes the use of 

macroprudential policies to regulate the financial system as a whole, especially with respect 

to the housing market. As He et al. (2016) suggest, the use of sectoral macroprudential 

policies can alleviate the systematic risk in the housing sector, through the use of limits on 

the loan to value ratios, specific capital requirements for loans to the housing sector and limits 

on loan to income ratios. If these could be applied to the Eurozone countries and members 

of the ERM indirectly, then this could encourage increased convergence across these housing 

markets, as well as reduce the systematic risk of the housing sector. Future research needs to 

include more European countries, such as Greece, as the data becomes available. 
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Appendix 1 

Spatio-temporal adjustment 

In all the estimated models, disturbance terms are Gaussian but not necessarily identically 

and independently distributed. When analysing spatial data, we need to distinguish between 

two extra areas of variability, which include the ‘spatial dependence’ or clustering, and the 

non-spatial heterogeneity (Lawson et al. 2003; Barceló et al. 2009). Due to the time dimension 

in our dataset, there is also temporal dependency (i.e. serial autocorrelation). To control for 

the presence of spatio-temporal additional variability, some additional structure has been 

incorporated. Any heterogeneity present has been controlled through the random effect 

linked to the intercept αj as well as the parameter βj, which has country level j variability. 

Any temporal dependency is then approximated through a random walk of order 1 which is 

connected with the random effect, that is linked with the intercept, αj and parameter βt. 

Regarding the spatial dependency, based on Lindgren et al. (2011), we have specified a 

Matérn structure (Stein, 1999), using a representation of the Gaussian Markov Random Field 

(GMRF), constructed with stochastic partial differential equations (SPDE), including a 

Gaussian Field (GF) with a Matérn covariance function based solution (Lindgren et al., 2011). 

Inference 

Following Maynou et al. (2015, 2016a, 2016b), we use a conditional approach to estimate these 

models rather than a marginal approach (such as a 'fixed-effects model’). Firstly, the fixed 

effects estimators remove the unobserved individual heterogeneity and we are not only 

concerned with controlling the heterogeneity, but specifically modelling it, especially 

regarding the coefficient of interest. Secondly, the design is complicated as we have both 

levels in the form of countries as well as dimensions, both spatial and temporal, which 

implies there is important heterogeneity in the initial conditions (i.e. intercept) as well as our 

coefficient of interest. Thirdly, and perhaps of most importance when using dynamic panel 

data models the estimator for the fixed-effects is inconsistent. This occurs due to a demeaning 

process which removes the individual heterogeneity and creating non-zero correlation 

between the error term and regressors (Nickell, 1981; Anderson and Hsiao, 1981, 1982). To 

solve this problem when using dynamic panel data models, the most common approach is 

to use a first differenced Generalized Method of Moments (GMM) estimator, such as the 

Arellano-Bond estimator (Arellano and Bond, 1991), or alternatively a ‘System GMM’ 

estimator (Blundell et al., 1998). Although in the dynamic panel models the initial levels of 

the dependent variables need to be fixed constants (Hsiao et al., 1999), otherwise the error 
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and lagged dependent variable will be correlated giving inconsistent estimators, despite a 

large T and N. 

Using the dynamic panel data models and random coefficients, so that there is a lagged 

dependent variable among the explanatory variables and usually having a finite T, the 

independence assumption for the random effects and regressors will not necessarily hold 

(Anderson and Hsiao, 1981, 1982). But as Hsiao et al. (1999) have suggested using a Bayesian 

approach was effective. Zhang and Small (2006) developed the Hsiao et al. (1999) estimator 

in which the initial values could be correlated with the unit-specific coefficients and ensured 

stationarity of the unit-specific AR(1) coefficients, producing good estimates. 

Using the Bayesian framework is believed to be the most suited way in order to account for 

any uncertainty in the model’s parameters and specification, this applies to both the cross-

sectional models (Raftery, 1995; Fernández et al., 2001; Sala-i-Martin et al., 2004) and panel 

data approaches (Hsiao et al., 1999; Hsiao and Pesaran, 2008; Moral-Benito, 2010; Rendon, 

2012). The use of the Bayesian approach is necessary to model the spatial heterogeneity and 

dependence as well as temporal extra variability, especially with a relatively small sample 

(see Table 3). In the context of a Bayesian approach, we can use a hierarchical structure on 

the observable data and unobservable parameters, assuming they are all random quantities. 

Regarding a pure Bayesian framework, this study follows an Integrated Nested Laplace 

Approximation (INLA) approach (Rue et al., 2009). The free software R (version 2.15.3), has 

been used though the R-INLA library. 
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