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Introduction

During the last five decades, the European Union (EU) has advanced to a closer integration by the removal of trade barriers, the establishment of a single market and the creation of the Economic and Monetary Union (EMU). In addition, there have been attempts towards tax harmonisation and structural reforms in product markets to increase competition and reduce potentially harmful distortions caused by different forms of government intervention. One expected effect of all these initiatives is the decline in price dispersion across EU Member States. 1 One market that has attracted a special attention in both political and academic spheres is the European car market. The existence of large and persistent cross-country price differentials in the automobile industry has been, over the last two decades, an important source of concern under the European Commission (EC)´s competition policy. Since the completion of the single market programme in 1993, the EC has monitored the motor vehicle industry to check for differences in car prices across EU countries. Additionally, it has commissioned several studies from external consultants to detect factors that were behind car price differentials (see, for example, [START_REF] Degryse | Car price differentials in the European Union: An economic analysis[END_REF]. 2 Among the various explanations suggested by the literature, nominal exchange rate volatility and the specific regulatory regime in the car industry have always played a prominent role. However, after the introduction of the euro policymakers' attention has mainly focused on regulation of the industry, although for non-EMU countries exchange rate volatility is still a source of concern since it prevents the full market integration across all EU countries.

A number of academic studies have also investigated price convergence in the European car market (see, for example, Gaulier and Haller, 2000;Lutz, 2004a and[START_REF] Lutz | Price convergence under the EMU? First estimates[END_REF][START_REF] Goldberg | The evolution of price dispersion in the European car market[END_REF][START_REF] Lutz | Pricing in segmented markets, arbitrage barriers and the law of one price: evidence from the European car market[END_REF]and 2005;[START_REF] Gil-Pareja | Price convergence in the European car market[END_REF]). 3 Overall, these studies reveal that exchange rate fluctuations explain a large share of the price dispersion dynamics and that the introduction of the euro has had visible effects on cross-country price dispersion even though price convergence has not yet been completed. To the extent that, despite the evidence of convergence, price differences across EMU countries remain significant after some years from the introduction of the euro, [START_REF] Goldberg | Cross-country price dispersion in the euro era: a case study of the European car market[END_REF] and [START_REF] Gil-Pareja | Price convergence in the European car market[END_REF] conclude that additional measures to promote integration are needed to achieve full integration of the European car markets. In addition to tax harmonization, one of such measures, often pointed out by researchers, has been the liberalization of the car distribution system in the EU.

Despite the removal of a great part of the barriers within the EU in 1993, some obstacles to cross-border trade have remained until the first half of the 2000s. In particular, the major obstacle to cross-border trade came from the selective and exclusive distribution system authorised by Regulation 123/85 (from 1985Regulation 123/85 (from to 1995) ) . This distribution system aimed to restrict sales of new cars in the EU to dealers chosen by manufacturers, becoming very difficult for independent wholesalers to buy cars in bulk in one country and resell them in another. An important liberalization of the distribution system was introduced by the Regulation 1400/2002 that became fully operative in October 2005. The new distribution system allows manufacturers to grant either selectivity or territorial exclusivity, but not the combination of both. It remains an open question whether the new system has led to a decrease in absolute price differentials. The sample period considered in previous studies does not allow answering this question.

Our study makes several contributions to the area of testing the degree of car price convergence across the fifteen EU member countries (EU15) prior to the 2004 and 2007 enlargements. First, we apply recently developed econometric techniques to test panel stationarity that assume a highly flexible trend function by incorporating multiple structural breaks positioned at different unknown dates, as well as accommodating general forms of cross-sectional dependence and controlling for finite-sample bias through bootstrap methods [START_REF] Carrion-I-Silvestre | Breaking the panels: An application to the GDP per capita[END_REF]. Second, we use an up-todate dataset, covering several years after the introduction of the new regulatory framework. Finally, we consider two different notions of convergence, stochastic and deterministic through the inclusion or not of linear trends and slope shifts in the specification.

The remainder of the paper is organised as follows. Section 2 briefly describes the data and the empirical strategy employed in the analysis. In Section 3 we present the results of the analysis of both stochastic and deterministic convergence across EU15 countries. Finally, Section 4 makes some concluding remarks. 

Data and methodology

Data description

The data used in this paper comes from the car price report published twice a year by the EC since 1993. From May 2007 the report is published once a year. This initiative was launched following numerous complaints from consumers about differences in car prices between Member States and obstacles placed in the way of those consumers that wished to buy in another EU country.

The car price report is based on standardised data provided by European and Japanese car manufacturers in co-operation with their respective associations and is widely distributed and made available on the EC Directorate General for Competition's website. The number of car models included in these surveys ranges from 72 to 91. The prices are adjusted for equipment differences and are given in local currency and in ECU/euros, both before and after tax. It should be noted that actual retail prices may differ from recommended list prices, as dealers are free to set their own prices.

Although the car price report provides data for all 27 EU Member States, we only analyse data for the EU15, since the sample for those countries that joined the UE in 2004 and 2007 is very small. In particular, we use pre-tax prices for the following 15 countries: Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy, Luxembourg, Netherlands, Portugal, Spain, Sweden and the United Kingdom. The car models considered are those with appropriate data in the range of countries and periods for the purposes of this paper. As a result, we have selected a sample of 45 models covering all segments of the market (mini cars, small cars, medium cars, large cars, executive cars, luxury cars and multi purpose and sports utility).

Empirical strategy

We start by computing, for each observation, the log-difference in the price of a specific car model in a given country relative to the average price level for such model in the sample of EU15 countries: According to [START_REF] Bernard | Convergence in international output[END_REF] p is trend stationary, allowing for permanent differences in car prices with respect to the EU15 average across countries through the presence of a linear trend in the deterministic component of the trend function. Without stationarity, shocks in relative car prices could lead to permanent deviations in any tendency towards convergence.

In contrast, [START_REF] Li | Convergence of international output Time series evidence for 16 OECD countries[END_REF] postulated a stronger definition of convergence, called deterministic convergence, which in our context implies that , m i t p is mean stationary. This requires the elimination of both deterministic and stochastic trends, thereby entailing the price of a given car model in one country move in parallel over the long run relative to that in the EU15 average. Therefore, deterministic convergence implies stochastic convergence, but not the other way around.

Our empirical strategy is based on investigating both time series definitions of convergence taking a panel approach to exploit the time series and cross-section dimensions of the data.

Panel stationary test with multiple structural breaks

The panel stationarity test developed by Carrion-i-Silvestre et al. ( 2005) is a generalization for the case of multiple changes in levels and slope of the panel stationarity test proposed by [START_REF] Hadri | Testing for stationarity in heterogeneous panel data[END_REF].

Under the null hypothesis of a stationary panel, the data generating process for , m i t p is assumed to be: i k γ ≠ . In this case, non-rejection of the null hypothesis implies stochastic convergence in car prices for all countries, while rejection implies divergence for at least one (but not necessarily all) countries forming the sample.
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When investigating deterministic convergence for all countries, we drop from equation (3) both country-specific time trends and slope shifts such that
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In this case, non-rejection of the null hypothesis implies deterministic convergence in car prices for all countries, while rejection implies divergence for at least one country in the sample. 
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where 2 , , 1 ˆt i t i j j S ε = = ∑ denotes the partial sum process that is obtained using the estimated OLS residuals from equation ( 3) or (4), depending on the specification. 2 ˆi ϖ represents an autocorrelation and heteroskedasticity consistent estimate of the long-run variance of the residuals. Equation ( 5) allows for heterogeneity in the estimation of the long-run variance across countries, but homogeneity can also be imposed, reformulating it as
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For the sake of robustness, we will compute the panel KPSS tests under both assumptions.

Note that λ is used in equation ( 5) to denote de dependence of the test on the dates of break. For each i, it is defined as the vector ,1 , ,1 , ( ,..., ) ' ( / 30,..., / 30) '
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which indicates the location of the breaks relative to the whole period (30 in our case). This vector of break locations is unknown a priori and must be estimated for each individual time series before the panel statistic can be assembled. We select the appropriate number of structural breaks using the sequential procedure of [START_REF] Bai | Estimating and testing linear models with multiple structural changes[END_REF].

Once ˆi λ is obtained, i=1,…,15, we compute the normalised test statistic as follows: Finally, note that the computation of the ( ) Z λ statistic requires that individual series are cross-section independent. Since this assumption is rarely found in practice, especially in integrated economies like the EU15, to account for cross-section dependence of the statistic, we have computed the bootstrap distribution following the bootstrap procedure suggested by [START_REF] Maddala | A comparative study of unit root tests with panel data and a new simple test[END_REF].
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Empirical results

Stochastic convergence

Let us start by considering a weaker definition of convergence in time series context, stochastic convergence, which postulates convergence if the log of relative price is trend stationary. cross-independence, we strongly reject the null of regime-wise trend stationarity in car prices at the 1% level, regardless of the car model and of the degree of homogeneity in the estimation of the long-run variance. Therefore, there is a clear evidence supporting divergence in car prices for our sample of EU countries. However, this conclusion is radically altered when comparing the results with the critical values from the bootstrap distribution. As a consequence, we are no longer able to reject the null of stochastic convergence in car prices, suggesting that the (log of) relative prices is trend stationary.

It should be notice that if there is a linear trend when 'stochastic convergence' cannot be rejected, car prices could still be diverging, depending on the sign of the time trend. Nevertheless, we find negative time trends, indicating that prices are converging during the sample period. Moreover, all individual coefficients in the time trends, which are allowed to be country-specific, are negative, obtaining once again support for our conclusion on the overall price convergence.

[Table 1, here]

The break points, as identified, vary from model to model and from country to country in general. Recall that these breaks are searched endogenously from the data and our procedure does not rely on pre-test information to determine them, thereby avoiding the possible problem of "data mining". The average number of breaks, it goes from 0.46 in the case of the Seat Cordoba to 2.31 for the Honda Accord. The detailed results, not reported to save space but available from the authors upon request, suggest that most of the 895 breaks identified occurred in the years 1996 and 2002 and in the 1998-2000 period. The breaks detected in 1996 and 2002 coincide with the implementation of main legislative changes regarding the elimination of the selective and exclusive distribution system authorised by Regulation 123/85 (from 1985 to 1995) and 1475/95 (from 1995 up to 30 September 2002), that allowed manufacturers to fragment the Single Market and artificially keep prices high in certain countries. Special consideration is due to the distribution system introduced by the Regulation 1400/2002 that, although was supposed to became fully operative in 2005, the significance of the 2002 break could be reflecting the fact that car makers anticipated the effects on prices of the greater competition that was expected as a result of such regulation. Furthermore, the 2002 break could also be associated with the euro cash changeover that led to a reduction of information costs and an increase of price transparency. Regarding the breaks found for the 1998-2000 period, they are associated with the introduction of EMU.

Deterministic convergence

Having established the existence of stochastic convergence in European car prices, we shift the focus to investigate deterministic convergence, requiring that the log of relative prices be level stationary. Hence it is considered a stronger notion of time series convergence than stochastic convergence. But once more, even in the case of 'deterministic convergence' there could be a rise in price dispersion when some of the coefficients on DU are positive. Nevertheless, our results suggest that those coefficients are all negative, further reinforcing our conclusion on the overall price convergence.

[Table 2, here]

As for the average number of detected breaks, it goes from 0.40 in the case of the Nissan Primera to 2.00 for the Audi A6 and the Mercedes 320S/S350. We find a high heterogeneity between series regarding the dates in which the break points are located (detailed results are available upon request). Nevertheless, most of the 745 breaks identified occurred in the years 1996 and 2002 and in the 1998-2000 period, being generally consistent the previously reported breaks for stochastic convergence and being associated as before both with main legislative changes aimed to eliminate major obstacles to cross-border trade and with the implementation of EMU.

Concluding remarks

During the past five decades, EU countries have made a major effort to integrate their national economies. The signing of the Treaty of Rome creating the European Community (1957), the establishment of a single market ensuring the free movement of goods, services, capital and people (1993), and the recent introduction of EMU and the euro (1999) have been landmarks in the process towards a deepening and widening European integration, making Europe a particularly interesting case to study the convergence of price levels.

This paper has offered empirical evidence of price convergence in one market that has attracted special attention during the last decade: the European car market. In particular, we have examined whether the EU15 car market have become more integrated making use of recently developed econometric techniques and an up-to-date dataset. Therefore, and in contrast to previous papers, our empirical strategy makes use of time series techniques which incorporate structural breaks to explore both deterministic and stochastic convergence to analyse the most recent sample. In these techniques, the breaks are searched endogenously without using a priori information, allowing for multiple structural breaks positioned at different unknown dates for each car market under study. It is also interesting to note that, by adopting a disaggregated approach focusing in the car market, we analyse homogeneous categories of goods and therefore taking greater consideration of the issue of comparability that is usually done in the case of available studies that are based on price measures with higher level of aggregation.

We find considerable evidence of both types of convergence in our sample of countries and car models, therefore suggesting a tendency for relative prices to equalise over time.

In addition, we find ample evidence regarding the importance in this convergence process of both legislative changes opening up markets in terms of geography, products and competitors taking place in the years 1996 and 2002, and the implementation of EMU. This conclusion on the impact of EMU is consistent with previous results in the literature, whereas to our knowledge the importance of regulatory regimes is a novelty. Nevertheless, it is worth noting that institutional idiosyncrasies or major economic events could be still at play given the heterogeneity of break points detected both within models and across countries. The reason for this heterogeneity is reserved for future research. 
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  denoting the kth date break for the ith individual, k=1,…., l i , l i ≥1. The model (3) includes individual effects, individual structural breaks effects, temporal effects (if 0) i β ≠ and temporal structural effects (if , 0)

) whereξ and 2 ζ

 2 are computed as averages of individual means and variances of univariate KPSS tests for country i. Carrion-i-Silvestre et al. (2005) show that ( ) Z λ has a standard normal distribution with a good finite sample performance.

Table 2

 2 the case of stochastic convergence, these results are completed overturned when we compare the panel KPSS statistics with the bootstrap critical values, except for the Toyota Starlet/Yaris case when assuming homogeneity in the estimation of the long-run variance and the cases of Ford Escort/Focus, Range Rover, Toyota Starlet/Yaris, Volvo 440/s40, VW Polo and VW Passat when assuming heterogeneity in the estimation of the long-run variance.

	reports the results from the panel stationarity test proposed by Carrion-i-
	Silvestre et al. (2005) for the specification with country-specific intercepts and mean

shifts. As can be seen, we are able to reject the null of joint regime-wise mean stationarity at the 1% level for the asymptotic case in some car models when assuming homogeneity in the estimation of the long-run variance and in most of the cases when assuming heterogeneity in the estimation of the long-run variance. Nevertheless, as with

Table 1 :

 1 Stochastic convergence: Panel KPSS stationary test with structural breaks

	( ) Z λ (homogeneous)
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Table 2 :

 2 Deterministic convergence: Panel KPSS stationary test with structural breaks

	( ) Z λ (homogeneous)
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