

INTEGRATION AND CONVERGENCE
IN EUROPEAN ELECTRICITY MARKETS

C. A. BOLLINO – D. CIFERRI - P. POLINORI*
*Department of Economics, Finance and Statistics - University of Perugia (I) Via Pascoli 20, 06123, Perugia 
E-mail of corresponding author: davideciferri@hotmail.com 

Preliminary VERSION


ABSTRACT
In this paper we investigate the potential integration in the wholesale electricity prices of the main European markets. After the reforms introduced in the last decades in Europe , wholesale electricity prices are now determined in regulated markets. However, while the market frameworks show several similarities, there are still differences in the composition of the generation units as well as in the technologies adopted. Using multivariate cointegration techniques we test the integration dynamics within four European markets (Austria, Germany, France and Italy) for which we have collected a novel dataset of daily spot prices from 2004 to 2010. We provide evidence in support of a common stochastic trend driving the long-run behavior of European electricity markets. Thus, our results provide additional evidence to assess the efficient market hypothesis in European electricity markets.
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1 Introduction
The liberalization process of electricity markets in Europe is more than a decade old. In the past years, three EU Directives in 1996 2003 and 2009 have dealt with the objective to design common measures to be taken by member countries in order to modify the entire architecture of their national electricity markets. Specifically, these are Directive 96/92, Directive 2003/54 and Regulation 1228/2003 and Directive 2009/28[footnoteRef:1].  [1:  The milestones of EU deregulation process in electricity market are the following. In 1996 a Parliamentary agreement was reached on market liberalization directive; in 1997 the Directive 96/92EC was enacted concerning common rules for the internal market in electricity;  in 1999 there was end of the transposition period; in 2001 a directive was adopted on the promotion of electricity from renewable energy sources in internal electricity markets; in 2003 directive 2003/54 was adopted; in 2007 there was the publication of the results of a competition investigation criticizing  the state of competition in the electricity sector; in April 2009 there was the enactment of the 3rd package of directives concerning to the electricity markets (2009/28).] 

Pollitt (2009), among others, widely discussed the first two steps of the European reform underlining some key elements: in detail (ibidem, p. 14) he referred on the role of unbundling vertically integrated company, competitiveness in the wholesale generation capacity, free entry of new plants, the presence of a independent (or state owned) transmission system operator, possibility of choice in final supply market and regulation of trade across international inter-connectors. As highlighted by Green (2007), the first step represents a compromise that took in account heterogeneity among countries in term of degree of liberalization of National electricity markets while the second step of the reform focused on regulatory issues, such as the creation of "independent national regulatory authorities" (Cornwall, 2008).
Finally, the third package of directives is based on the results of an inquiry conducted by the Commission (EC. 2006) throughout 2005-2006 that mainly showed that there exist excessive horizontal concentration in generation; excessive vertical integration between generation and transmission; insufficient interconnection among national grids (Trillas, 2010).
During this relatively long period, former national monopolies have been broken up, antitrust measures have been enacted to attempt to spur competition, mergers and restructuring of big players in generations have taken place at the international level. In the meantime, fuel prices have rolled up and down and a major financial crisis has shocked financial and real markets.
In this situation, it is interesting to ask whether the former national markets dominated by the national monopolist show now some form of interaction. However, national electricity markets do not resemble financial markets, for they largely serve local needs. So interaction cannot be considered of the type prevailing in Stock Exchanges or other markets where paper assets are traded. However, it is undeniable that the large market restructuring which occurred in Europe has made more likely that decisions and price strategies are taken simultaneously on several markets, based on a common set of available information.
Thus, even if, from a physical viewpoint, the possibility to exercise time and space arbitrage in electricity markets is limited, it is conceivable that fuel price information available at the strategic decision center of one big multinational electricity generation company can be shared throughout its subsidiaries acting in different markets.
This gives rise to the idea that signaling may quickly spread around markets, even if these are physically separated. i.e. even if there are no relevant physical interconnections that allows a significant cross-border trade among countries, thus suggesting that efficient competition structure should prevail.
Nevertheless, notwithstanding all the repeated efforts put in place by national governments, regulators and the EU, there is large accumulated evidence in the literature that organized electricity spot markets are far from the ideal competitive model. For instance, we find that the Commission (EC 2007) itself has taken the position that the relevant market definition is the national one, as far as merger and acquisition rulings are concerned, reporting that the broadening of national electricity markets is uncertain and not likely to be achieved in the short term.
There exists a widely consensus on this point. Many scholars showed that there are quite different electricity market models in Europe[footnoteRef:2], characterized by marked differences in terms of degree of openness, degree of concentration and vertical integration but also in terms of ownership type, degree of independence of authorities and degree of unbundling effectiveness (network trasmission, network distribution, ...) along the chain value of the electricity sector. [2:  An exhaustive review of these differences is available in Erdogdu (2010).] 

In a comparative perspective, Glachant and Levêque (2009, p.3) warn that: “The construction of the European Union’s ‘internal energy [electricity included] market’ is still a work in progress. It might even stall. Given current, political, institutional and business conditions in Europe, there are non guarantees that the dynamics of the constructions will not dissipate, as in U.S., or that the internal market will not fracture into ‘national blocks’ that might be permanent or persist for a long time.”
In this context, the relevant issue here is that in a competitive model, price formation should be primarily influenced by international fuel price fluctuations. However, in non competitive markets all sorts of behaviors and shocks may influence price formation in those markets, ranging from international fuel price, to local meteo, and to local market power behavioral shocks. In this respect, we deliberately want to avoid such ideas like testing the success of EU policies, i.e. that electricity markets are evolving consistently with the European Commission projects (Bosco, et al. 2010, Baldi, 2007) or the idea of testing market efficiency (Lu et al. Sanderson, 2005), for the following reasons. EU architecture aims at a theoretical competitive market, which in reality it is known that it does not exist. So every conclusion in favour of integration is bound to be false, because we know that there is not a competitive market. Alas, every conclusion against integration is tautological, because we know already that there is not a general competitive market in Europe. 
For similar reasons, even if it is true that fuel price fluctuation should largely influence the electricity prices trading in the market place, strategic bidding behaviors can provide countless reasons for obscuring the existence of a stable correlation between the fuel market prices and the electricity market prices. 
Based on the previous considerations, in this paper we do not want to investigate a structural relationship between fuel prices and electricity prices, but we rather want to investigate whether there exists some information signaling among different European markets.
In this respect, we think that we are setting forth a weaker assumption on market behavior, for we simply assume that it is rational for suppliers and buyers to adjust their behavior according to available information.
Given the previous rather weak assumption, we think that for a rational agent the most efficient way to process  and incorporate information in his own decision mechanism is to take into account all relevant information available. So we consider at the same time natural  and necessary to use the entire dataset about the hourly price setting. 
In this paper we use data about four major European electricity pool markets: Austria, Germany, France and Italy for the 2004 2010 period. 
We think that any data manipulation has to be explicitly justified, when dealing with electricity hourly markets, which are well known for being peculiarly organized markets in which agents behavior is set in advance (specifically in the day-ahead market), in any time before the previous day, can be (almost) freely revised before the previous day. But the most important feature of the day-ahead markets is that decisions are taken for the entire set of 24 hours. This complex decision process entails action taken by one agent specifically designed to profit maximization in the face of peak and off peak loads and other agents behavior. 
Thus, it is clear that peak vs. off-peak fluctuations can be assumed, up to a point, to be exogenous or explainable by meteo-like variables, but strategic interaction within the 24 hour period cannot be ignored in treating data with standard filtering techniques. This explains why we have decided to work with the entire data set of hourly prices. In fact, we think that data smoothing in the attempt to cope with very high intra-day seasonality is not justifiable, much like it would not be appropriate to record a week median or average blood pressure of a patient under intensive care. It is the “spot” blood pressure measurement that has to be recorded, in order to take action that can save his life.
In this paper, we explore the degree of integration among four electricity pool markets utilizing Johansen's (1995) maximum likelihood (ML) extension of the Engle and Granger (1987) cointegration framework.
The paper is organised as follows. In Section 2 the empirical framework is outlined. Section 3 presents data and preliminary analysis. In Section 4, the results from dynamic simulations based on forecast variance decomposition are discussed. Some final remarks follow in the concluding Section 5. 

2 The empirical strategy

The evidence presented in this section can be used to address the question of whether European electricity market have experienced convergence dynamics in the last years. According to stochastic definitions of convergence and common trends based on cointegration analysis of Bernard (1991), a necessary (but not sufficient) condition for convergence among countries and/or markets is that there be n-1  cointegrating vectors for a smaple of n countries or markets. Thus, we use a multivariate specification for the four equation of electricity spot prices according to a Vector AutoRegressive (VAR) process of order 

									(1)

Where . Equation (1) can be represented in its isomorphic Vector Error Correction (VEC) form:



	,					(2)













where  is the time-invariant variance-covariance matrix associated to the vector of residuals . VEC modelling builds on the association between the economic concept of long-run and the statistical concept of stationarity and focuses on the identification of stationary linear combinations of the data, known as cointegration vectors. In the presence of cointegration has reduced rank  and can be decomposed as , where matrix  contains the feedback coefficients (loadings) and matrix  the  theory-based long-run relationships to which the series converge, once all the effects of transitory shocks have been absorbed (Johansen, 1995). These cointegrating relationships are hit by  permanent shocks (the common trends). On the basis of the rank of matrix , it is possible to identify different long-run equilibrium path for the electricity prices in the models. If all the elements of the vector  are unit root processes, the rank of matrix will be equal to zero and in this case will be impossible to identify a long run equilibrium condition among electricity prices. In any intermediate result with a reduced rank of matrix  we a long run representation of the integration process between markets.

3. Data and preliminary analysis
3.1 Data description and unit root analysis
For the empirical analysis we employ hourly time series of electricity prices registered in four European wholesale markets: EXAA (Austria), EEX (Germany), Powernext (France) and IPEX (Italy). The hourly data for the electricity spot prices of the four European markets are derived from Data Stream. All prices are expressed in €/MWh. We compute the hourly daily price change as the difference in (the logs of) the spot prices registered in the same hour between two consecutive days. As well known the electricity cannot be stored, e.g. the inventories cannot be used to arbitrage prices across over time, so it has to be consumed when it is produced and consequently it shows characteristics more similar to a service than a good. The main empirical finding is that spot prices are characterized by volatility, extreme values and seasonality. Figure 1 shows the average hourly prices in four markets in week-ends and week days.
[image: ]
Prices show a clear bimodal distribution with two different hours in the day which are markedly higher than neighbouring values: these are hours between 11 and 12 a.m. and 6-8 p.m.. This type of distribution suggests that using a daily positional index it is impossible to fully take in account the real data generation process and, consequently, the policy implications of the econometric analysis could be biased, partial and limited.
In a comparative perspective across different European markets, data shows clearly that the Italian IPEX has values structurally higher if compared with the other markets. On average, Italian prices exceed others by 30-50% for each hour of the day.
Figure 2 shows the full distribution of hourly prices in the four markets. IPEX is characterized by a smaller range of price variation. Indeed in the other three markets we can see that prices have occasional spikes and go up over the threshold of the 500 Euro/MWh while this doesn't occur in Italy where the price are however constantly higher.
[image: ]

Finally table 1 shows the full descriptive statistics used in the econometric analysis.

Table 1 – Descpriptive statistics
	
	DE
	AT
	FR
	IT

	 Mean
	3.75
	3.78
	3.79
	4.20

	 Median
	3.71
	3.73
	3.74
	4.22

	 Maximum
	5.05
	4.99
	5.05
	4.92

	 Minimum
	0.07
	2.51
	2.04
	0.16

	 Std. Dev.
	0.42
	0.41
	0.44
	0.30

	 Skewness
	-0.25
	0.13
	-0.07
	-2.22

	 Kurtosis
	5.56
	2.90
	3.21
	25.76



As a preliminary exercise, we test for unit root behaviour of each of the four series. ADF (Dickey and Fuller, 1979) tests both in levels and first differences[footnoteRef:3]. In each case, we are unable to reject the unit root-null hypothesis at conventional nominal levels of significance and when we take the first difference we find evidence of stationarity in the series  [3:  Critical values for these tests are provided by MacKinnon (1996). A constant term is included in each regression, while the number of lags is chosen such that no residual autocorrelation is evident in the auxiliary regressions. We have also carried out alternative unit root tests (Philips and Perron and KPSS) to check for robustness. The results are qualitatively similar (available from the authors upon request).] 

Thus we find evidence that each of the electricity series has a unit root (or a stochastic trend) in its univariate time series representation. Te next step is to consider (under the the multivariate rapresentation of these series and test whether the stochastic trends are common to several of the series. That is, although each series contains a stochastic trend, in a vector process the stochastic trends may be shared (i.e. they may not be distinct). The objective is to determine whether the close proximity and integration of the electricity markets result  in significantly different price convergence in the long run. If so, there is evidence that electricity market integration and convergence in the EU occurred.

From an empirical point of view, given the evidence of -ness for all individual electricity spot market prices, testing for cointegration among them is the logical next step.

[bookmark: _Toc231474163][bookmark: _Toc231587432]Table 2 – Unit Root Tests
	ADF tets
	DE
	AT
	FR
	IT

	Deterministic part
	c
	c
	c
	c

	Test statistics
	
	
	
	

	
	ΔDE
	ΔAT
	ΔFR
	ΔIT

	Deterministic part
	-
	-
	-
	-

	Test statistics
	
	
	
	


Note. Statistics are augmented Dickey–Fuller test statistics for the null hypothesis of a unit root process; DE, AT and IT denote the log level of electricity spot prices for Germany, Austria, France and Italy, respectively.  is the first difference operator. The critical value at the 1% level of significance is –3.57 to two decimal places if there is a constant (c) in the regression, and -2.61 if no deterministic components  are included in the regression, while at the 5% level of significance these values are -2.92 and -1.95, respectively (MacKinnon, 1996). 

3.2 Model specification and cointegration tests

Estimating  equation (2) requires taking two steps. First, the lag length  is chosen so estimated residuals resemble the multi-normal distribution as closely as possible, this being an essential requirement for a correct statistical inference. Second, the long-term component of the model is identified on the basis of the trace test and the maximum eigenvalue test (Johansen, 1995).
The general-to-specific procedure, with maximum order of autoregression set to 36, suggests choosing p=22. The results of the main univariate (Table 3, upper part) and multivariate (Table 3, lower part) diagnostic tests indicate that estimated residuals match the multi-normal distribution in a satisfactory way both at single equation and system level.

[bookmark: _Toc231474164][bookmark: _Toc231587433]Table 3 – Misspecification tests
	(a) Univariate misspecification tests

	
	DE
	AT
	FR
	IT

	AR(1-7)
	1.5911 [0.1463]
	1.1532 [0.3363]
	0.5849 [0.7668]
	0.3374 [0.9351]

	Normality
	3.4745 [0.1760]
	4.0960 [0.1290]
	1.1350 [0.5669]
	16.108 [0.0003]

	ARCH(1-7)
	0.9031 [0.5075]
	1.1315 [0.3500]
	1.5206 [0.1694]
	5.1289 [0.0001]

	Heteroscedasticity
	0.5027 [0.9936]
	0.6682 [0.9278]
	0.8185 [0.7687]
	0.6991 [0.9027]

	(b) Multivariate misspecification tests

	AR(1-7)
	1.1765 [0.1397]

	Normality
	13.024 [0.1110]

	Heteroscedasticity
	0.5572 [1.0000]


Note: p-values in square brackets

Trace and maximum eigenvalue test statistics suggest the presence of three cointegration relationships in the system at the 5 percent significance level[footnoteRef:4]. [4:  The choice of the cointegration rank is also robust to a graphical analysis of the recursive trace tests. Since the trace statistic is given by , with , it grows over time as long as, while must be constant If . The first r trace statistics should grow linearly, while the other ones must be constant over the time. The graph shows that the first three statistics grow in fact linearly as expected, while the fourth one is less clearly increasing (graphs for recursive trace test statistics are available from the authors upon request).] 

In the rest of the table exclusion, stationary and weakly exogeneity tests are reported. Testing separately the null hypothesis of each coefficient being equal to zero against the alternative suggests the results show that all variables are statistically different form zero [Panel (b)]. Further, none of  variable is stationary by itself in the cointegration space, in a way consistent with the univariate unit root and stationarity tests [Panel (c)].
Finally, , only in the case of German price equation there is a clear evidence of weakly exogeneity. Therefore, we can consider this equation as the common stochastic trend of the system [Panel (d)].


Table 4 – Cointegration analysis
	 (a) Cointegration rank

	
	
	
	Trace test
	Maximum eigenvalue test

	p-r
	r
	Eigenvalue
	Statistics
	95% cv
	Statistics
	95% cv

	4
	0
	0.0359
	138.279
	40.175
	78.250
	24.159

	3
	1
	0.0182
	60.029
	24.276
	39.474
	17.797

	2
	2
	0.009
	20.554
	12.320
	20.547
	11.225

	1
	3
	0.000
	0.008
	4.130
	0..008
	4.130

	(b)Test of exclusion

	r
	dgf
	5% .v.
	DE
	AT
	FR
	IT

	3
	3
	7.815
	69.601
	(0.000)
	68.726
	(0.000)
	33.561
	(0.000)
	19.986
	(0.000)

	(c)Test of stationarity

	r
	dgf
	5%c.v.
	DE
	AT
	FR
	IT

	3
	1
	3.841
	9.848
	(0.002)
	10.090
	(0.001)
	8.656
	(0.003)
	11.420
	(0.001)

	(d) Test of weak exogeneity

	r
	dgf
	5%c.v.
	DE
	AT
	FR
	IT

	3
	3
	3.841
	5.678
	(0.128)
	7. 923
	(0.048)
	12.968
	(0.005)
	16.377
	(0.000)


Note:(a) The critical values for trace test and maximun eigenvalue statistics are from Pesaran et al. (2000); (b) p-value in round brackets. 

3.3 Testing market integration in the long run
A key issue in the empirical investigation is establishing whether the cointegration vectors can be identified in terms of the structure which indentifies a framework of general bilateral integration between markets. In particular, we want to test a set of restrictions in the conitegration space on the form: 



This representation implies three different bilateral integration processes between Germany market (the common trend) and the other ones. Using a standard -distributed LR ratio test with 3 degrees of freedom, the test statistics (5.925), calculated using the Bartlett small-sample correction (with estimated factor of 4.72), indicate that the restrictions are not rejected by the data at the usual significance levels (p-value of 0.115 
Figure 1 presents the cointegration relationships from the R-model.[footnoteRef:5] There appears to be a clear cointegrating relationship in all three cases [5:  The R-model is computed estimating the VEC representation of the system deleting all dummies and the short -run dynamics. The result is a model where only the long-run properties of the data are isolated (see, Johanesen, 1995).] 

 
[bookmark: _Toc231587452]Figure 1 – The cointegration vectors from the R-model
[image: ]
Note. The plots of cointegration vectors are from the R-model. It is computed estimating the ECM representation of the system deleting all dummies and the short-run dynamics. The result is a model where only the long-run properties of the data are isolated.


Once the cointegration space is identified, the long-run properties of system (5) are analysed by looking at their persistence profiles (Pesaran and Shin, 1996), which make it possible to assess how long the system takes to revert to its steady state path, after being hit by a system-wide shock. By construction these profiles should tend to zero as the number of simulation periods increases only if a cointegration vector analysed is genuinely stationary, while in the case of  (or “near integrated”) series these can be different from zero for a long period. Figure 2 presents the absorption path of deviations from the equilibrium bilateral  relationship between each European market (AT, FR, IT) and the German one, over a simulation horizon of 5 years.[footnoteRef:6]. [6:  The size of all the shocks analyzed in this section is set equal to one standard deviation.] 


Figure 2 – Persistence profile of cointegration vectors
[image: ]
Note. The vertical axis indicates the magnitude of the deviation (normalized to unity on impact) from the steady-state level. The horizontal axis measures the number of months after the shock. Simulation horizon is equal to 5 months

In all cases, the convergence towards the steady-state follows a decreasing trajectory, with the adjustments from disequilibrium that come to an end within the fifth year of simulation. The half-life of the deviation from the steady-state is close to five months, even if it seems to be higher for Italy.[footnoteRef:7] [7:  Half-life is defined as the number of months which have to pass before the deviation from the steady-state falls to half the size of the initial shock.] 

[bookmark: _Toc231587395]

3.5 Modelling the short-run: the structure of the  matrix






The short-run dynamics of model is modelled using a parsimonious (subset) VEC model, obtained dropping those parameters in the model with p-values lower than a threshold,[footnoteRef:8] according to the Sequential Elimination of the Regressors Testing Procedure (SER/TP) proposed by Brüggemann and Lütkepohl (2001). Specifically, the statistically significant parameters of  matrix give useful information about how national market models move around the long-run equilibrium path. Table 5 reports the coefficients estimated by 3SLS only for the  matrix[footnoteRef:9]. The analysis of the elements of the loading coefficients matrix allows to highlight some interesting results. The equations  ,  and  are obviously affected by the cointegration residuals which identify the long run convergence equilibrium between each market and the German system. Moreover the (absolute) values of the feedback coefficients indicate that the speed of adjustment towards equilibrium is higher for Austria. Finally, there is evidence of some influence of , and  on the other market equations. [8:  The AIC criterion with  is used as a significance threshold level for short-run parameters. This is motivated by the idea that, in the reduction process of the model, it is preferable to keep the coefficients whose statistical significance is unclear.]  [9:  The other coefficients are not reported for save space, but are available under request.] 


Table 5 – VECM model estimated by 3SLS- The long run 
	
	ΔDE
	ΔAT
	ΔFR
	ΔIT

	

	.
	-0.725
	(0.035)
	-0.084
	(0.043)
	.

	

	.
	0.122
	(0.018)
	-0.248
	(0.021)
	-0.078
	(0.020)

	

	.
	-0.064
	(0.013)
	-0.071
	(0.006)
	-0.365
	(0.019)


Notes. Standard errors in round brackets. 

Overall, this means that even if we are able to identify bilateral equilibrium conditions versus the German electricity markets, our model allows also for spillover effects between markets. Therefore, even if in our model the integration process is driven by the dynamics of the German system there are also other interesting relationships between other counties which characterized the process of convergence in European electricity markets, 


4. Dynamic simulation: the role of global and regional shocks
In this section we move from a reduced-form to a structural representation of the multivariate time-series model so as to ascertain the role of global and idiosyncratic shocks hitting the European electricity markets considered.
The model reduction process has two further implications. Firstly, dynamic simulations may differ, even markedly, from those derived from an unrestricted model. Secondly, dropping statistically coefficients can improve the quality of the forecasts generated by the model (Clements and Hendry, 2001, p. 119). Here we focus on the former issue, while the latter is discussed in the following Section.









We employ the forecast error variance decomposition (FEVD) tool, which aims at providing information on the relative importance of the forecast error variance of each shock as a function of the simulation horizon. The reduced form residuals in model and the structural residuals  are linked through the relationship , where  is a non-singular matrix (Warne, 1993). Retrieving ’s from ’s implies the unique determination of the  elements in . In our identification scheme, a first set of 10 constraints arises by assuming that structural shocks are orthonormal. Choosing the cointegration produces  additional restrictions and allows to distinguish transitory shocks (three in our case) from permanent (one) innovations. The remaining 3 restrictions are obtained by imposing a recursive scheme in the matrix of the transitory shocks in which the causal order of the variables is chosen following the size of the adjustment coefficients estimated previously. Thus, the causal order is the following: Austria, France and Italy. The permanent shock is derived from the permanent component of the system (that is, the common trend) and represents the global-external shocks that hit in a symmetric way all markets. By contrast, transient impulses hit in an asymmetric way each country according to their different degree of interdependency. Furthermore, temporary shocks are aggregated so as to quantify the overall relevance of regional factors in explaining real exchange rate fluctuations.
Table 6 shows the percentage of the variance of each variable of the system explained by global, regional and idiosyncratic shocks, where the latter are expressed as percentage of regional impulses. The last column (mean) presents the average contribution of the shocks over the entire simulation span (60 months). 


Table 6 – Forecast error variance decompositions
	
	ΔAT
	ΔFR
	ΔIT
	Mean

	Global shock
	79.91
	78.03
	71.40
	76.45

	Regional shock
	20.01
	21.48
	28.39
	23.29

	Idiosyncratic shock
	(12%)
	(85%)
	(50%)
	


Note. The permanent shock is associated to the common trend of the system (that is the German electricity spot price) and represents the global-external shocks that hit in a symmetric way the other markets. Individual temporary shocks identify idiosyncratic disturbances. Idiosyncratic shocks are then aggregated so as to quantify the overall relevance of regional factors in explaining spot prices fluctuations. The figures represent the percentage of the variance of each variable of the system explained by global, regional and idiosyncratic shocks, where the latter (in italics) are expressed as a percentage of regional disturbances. The last column (mean) presents the average contribution of the shocks over the entire simulation period (5 months).

As can be seen, the disturbance from the German market (the global shock), which represents the symmetric shock hitting the other country markets as a signal of price formation, is the main driving force of electricity movements.

4 Conclusions
In this paper we have estimated a model to test integration and convergence among four European electricity markets. The main empirical evidences are the follows.
German market behavior appears as the common trend for other regional markets, thus providing signaling information. This can be explained in two ways: (i) DE is the largest market in Central Europe and it is taken as a reference; (ii) pricing in electricity markets is dominated by peak-load plants, which typically exhibit CCGT technology (i.e. gas fired) and gas marginal price is largely influenced by German market operators.
The speed of adjustment towards equilibrium and the degree of convergence is higher for Austria. Persistence appears to be higher in FR. This is no surprise, given that the French electric system is the most un-flexible (because of its very high nuclear share).
FEVD analysis shows that IT is the market with lowest share of global shock compared to other countries. Thus the signaling effect of global shocks in price formation is the least important in the Italian case.
The fact that roughly 1/4 of FEVD is not explained by a global shock (which is typically the fuel price shock) indicates that there are other factors, like non competitive strategic behavior, influencing equlibrium prices, which motivates future research 
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