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1 Introduction

The goal of achieving a single European market for electricity has been one of the
main objectives for European countries since the “Single European Act” of 1988.
Over time various legislative measures were created by the European Union (EU) to
reach this goal, for instance, Electricity Directive of 1996. This directive provides the
members with the set of guidelines required to achieve a single European market for
electricity. The convergence of electricity prices toward an equilibrium price may
also indicate the competitiveness of electricity market.

There is ever-increasing amount of empirical literature on convergence hypoth-
esis.1 According to the theoretical literature, there are two kinds of convergence
which can be defined as β-convergence and σ-convergence. The former relates to
convergence of the series through the “catching-up” process, while the latter indi-
cates the convergence of cross-sectional dispersion of the series (Barro and Sala-i-
Martin 1995). According to Sala-i-Martin (1996: 1020), there is β-convergence if
one of series tends to grow faster than others, and a group of series are converging in
the sense of σ if dispersion of the series levels tends to decrease over time.

1The Solow Growth Model, which is based on diminishing marginal productivity of capital, is
considered to be the origin for the convergence hypothesis. According to this model, production
level of different countries with similar level of technological advancement should eventually even
up, regardless of initial endowment.
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Bernard and Durlauf (1996) is the first study which uses a time series technique to
analyze the convergence hypothesis. This study defines convergence as equality of
long-term forecasts at a fixed time and uses the following definition; series i and
j converge if the long-run forecasts of both series are equal at fixed time t:
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Lim
k!1

E yi,tþk � yj,tþk

��It� � ¼ 0 ð1Þ

where It represents the information set available in time. Equation (1) indicates that
the convergence between the observed series does not derive if (yi, t + k � yj, t + k)
does not converge to a limiting stochastic process. According to Bernard and
Durlauf (1996), if (yi, t + k � yj, t + k) equals 1 in even periods and �1 in odd periods,
observed series will fail to converge, even though the sample mean of the differences
is equal to zero. Thus, if de-meanded series as (yi, t + k � yj, t + k) contain either a zero
mean or follow stochastic pattern, then the convergence between the series will be
ignored.

One of the well-known studies in this field is Bower (2002) which investigates the
convergence of day-ahead electricity prices for 15 European locations by the end of
2001. It concludes that law of one price for electricity is held for observed series.
Similar results are obtained by Zachmann (2005) and Robinson (2007) insisting that
there is a convergence between the electricity prices of mentioned European Union
countries during the observed time period. However, according to Boisseleau
(2004), the level of integration of electricity prices of EU countries at the interna-
tional level is low, which implies that the goal of an integrated or single electricity
market has not been achieved yet.

The main purpose of this study is to examine whether the aim of unified
electricity market has been achieved in terms of the convergence of electricity prices.
This analysis also helps us to understand whether the structure of the electricity
market is competitive. For this reason, along with conventional applied techniques,
recently improved unit root tests are implemented for both linear and nonlinear data
generating processes. It is well known from empirical literature that possible non-
linearities inevitably make the results drawn from a linear structure spurious (Ceylan
et al. 2013). To overcome this predicament, along with conventional ADF (Dickey
and Fuller 1979) unit root test procedure, we utilize recently improved Kapetanios
et al. (2003) nonlinear unit root test procedure which considers the asymmetric
adjustment with smooth structural changes in the data generating process.

This paper is organized in the following way. The second section provides the
brief overview of the econometric methodology. The third section presents the data
set and empirical analysis. The fourth section finalizes study with concluding
remarks.
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2 Econometric Methodology

Most of the economic time series may follow nonlinear processes. Following
Granger and Teräsvirta (1993), in order to get statically significant results, it is
crucial to take into account these possible nonlinearities during the data generating
process. Moreover, Kapetanios et al. (2003) insist that conventional unit root tests
have lower power if the observed data generating process is subject to regime
changes. If any investigated time series are globally stationary but follow
nonstationary pattern in one of the regimes, then the test procedures which ignore
regime-dependent dynamics and nonlinearities might be biased against stationarity.

2.1 Linear Unit Root Test

Conventional Augmented Dickey Fuller technique which can be denoted as Eq. (2)
is widely used in the applied literature to investigate the stochastic features of the
time series. Let yt denote electricity price. The ADF test is based on the following:

Δyt ¼ ɑyt�1 þ x0tδ
Xp
i¼1

βiΔyt�i þ et ð2Þ

Here,Δ indicates difference operator; x0t is a vector of optional exogenous repressors,
which may consist of a constant or a constant and trend; ɑ, βi, δ are coefficients
intended to be estimated; and finally the et is assumed as white noise. The null
hypothesis of unit root is (H0 : ɑ ¼ 0) against alternative of a stationary process;
(H1 : ɑ < 0)can be tested by using the usual t-statistics for ɑ as represented below:

tɑ ¼ dɑ
s:e: bɑð Þ

where bɑ is the estimation of ɑ and the coefficient of standard error.ðɑbÞ is

2.2 Nonlinear Unit Root Procedure

As it well known from empirical literature, nonlinear patterns of series may mean-
ingfully weaken the results of conventional unit root test. Following Hasanov and
Telatar (2011), one of the limitations of the ADF process is that it does not provide
statistically significant results when adjustment to equilibrium is nonlinear. To
overcome this issue, we employ Kapetanios et al. (2003) procedure based on the



following exponential smooth transition (ESTAR) estimation model, which, unlike
conventional unit root tests, allows for nonlinearities in data generating process:

58 M. E. Telatar and N. Yaşar

Δyt ¼ γyt�1 1� exp �θy2t�1

� �� �þXp
i¼1

βiΔyt�i þ εt ð3Þ

where yt is the series under consideration and θ indicates the speed of transition
between two regimes that correspond to extreme values of the transition function.
The global stationarity of the process qt can be established by testing the null
hypothesis H0 : θ ¼ 0 against the alternative H1 : θ > 0. Since the parameter γ is
not identified under the null, Kapetanios et al. (2003) substitute the transition
function F θ, yt�1ð Þ ¼ 1� exp �θy2t�1

� �
by its first-order Taylor approximation

around θ 0, yielding the following auxiliary regression:¼

Δyt ¼ δy3t�1 þ
Xp
i¼1

βiΔyt�i þ et ð4:4Þ

where et contains εt and the error term resulting from Taylor approximation (Ceylan
et al. 2013). The test statistic for null hypothesis of unit root δ ¼ 0, against the
alternative one δ < 0, is obtained as below:

tNL ¼ dδ
s:e: bδ� �

where bδ is the OLS estimate of δ and s.e. (bδ) is the standard error of bδ.2

3 Data and Estimation Results

We use the annual electricity price data set for 12 European Union countries from
2003 to 2017 which is obtained from Eurostat Data Base and indicated in euro
per kWh.

By visual inspection of the plot of data in Fig. 1, one might conclude that the price
of electricity of countries converges to a common mean as time progresses.

Similarly, the plot of cross-sectional standard deviation against time in Fig. 2
reveals that there is a convergence among themselves which is σ-convergence as
defined in Sala-i-Martin (1996).

The price gaps from the electricity price of Germany data are depicted in Fig. 3,
and almost all these deviations approach to zero as time progresses.

2See Kapetanios et al. (2003) for more detailed discussion.



The Convergence of Electricity Prices for European Union Countries 59

.05

.10

.15

.20

.25

.30

.35

03 04 05 06 07 08 09 10 11 12 13 14 15 16 17

AUSTRIA BELGIUM DENMARK
FRANCE GERMANY GREECE
IRELAND ITALY NETHERLAND
PORTUGAL SPAIN UK

Fig. 1 De-meanded electricity price series of 12 European countries
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Fig. 2 Cross-sectional standard deviation of the electricity price series against time

After these visual inspections, we now turn to formal analysis. We first test the
stationarity pattern of squared de-meaned prices and price gaps from the electricity
price of Germany series ignoring possible nonlinearities in data generating process.
Dickey–Fuller test is implemented to examine whether series are stationary or follow
a unit root process. The ADF unit root results are presented in Table 1.

The ADF test results suggest that squared de-meaned price series for Austria,
Belgium, Ireland, Portugal, and the UK are I (0), whereas the rest of the series are
nonstationary. Moreover, the ADF test results indicate that there is no strong
evidence of convergence between Germany and sample countries. The null of unit
root for the series of price gaps from Germany is rejected for Spain, consistent with
the convergence hypothesis. Since the conventional ADF test does not consider
nonlinear adjustment in data generating processes, the policy implication of this test
can be misleading.

To examine whether the series are linear or not, we use conventional LM-type test
for d 1, 2, 3 against general nonlinearity in the series.¼
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Fig. 3 The price gaps from the electricity price of Germany

Table 1 ADF test results of 12 European countries

Countries

De-meaned price Price gap from Germany

Lag length t-Statistics Lag length t-Statistics

Austria 3 �3.04� 2 1.05

Belgium 1 �1.39� 1 �2.53

Denmark 0 �2.39 0 �1.11

France 0 �1.59 0 �0.95

Germany 1 �2.59

Greece 3 �1.74 0 �2.19

Ireland 1 �4.16��� 2 �0.15

Italy 0 �1.93 0 0.71

Netherlands 3 �1.70 3 �0.38

Portugal 1 �2.71� 0 �1.75

Spain 3 �2.42 3 �3.32��

UK 1 �2.75� 2 �1.18

Note: ���, ��, and � show rejection of null hypothesis of unit root at 1%, 5%, and 10% significance
levels, respectively. Lag length is determined by AIC

As it is demonstrated in Table 2, the null hypothesis of linearity is rejected for
most of observed countries. Next, we consider nonlinear unit root tests of Kapetanios
et al. (2003).

Table 3 presents the result of Kapetanios et al. (2003) unit root test for the
de-meaned price and the price gap from Germany. In 5 of the 12 de-meaned price
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Table 2 LM—linearity test results of 12 European countries

Countries

De-meaned price Price gap from Germany

d ¼ 1 d ¼ 2 d ¼ 3 d ¼ 1 d ¼ 2 d ¼ 3

Austria 0.09 1.09 �2.32� �1.88� �0.74 0.56

Belgium �0.95 �2.09� �3.43��� 0.15 �2.50�� �2.04�

Denmark 0.93 0.01 �9.41��� �0.93 �1.70 �0.47

France �1.69 �1.93� �8.83��� �2.49�� �1.89 �0.00

Germany �0.18 �1.67 �4.06���

Greece �0.85 �0.49 �0.45 �1.95� �0.14 0.78

Ireland 0.51 �2.06� �4.38��� �0.33 0.25 �2.03�

Italy 0.75 �1.39 �3.24��� 0.54 0.46 1.17

Netherlands 2.19�� 3.32��� 1.89� �0.81 0.55 1.27

Portugal �0.49 �3.36��� �5.71��� �3.25��� �0.74 �0.27

Spain �0.12 �0.36 �1.97� �0.90 �0.87 �0.55

UK �1.00 �2.45�� �1.77 �1.55 �0.34 1.59

Note: ���, ��, and � show rejection of null hypothesis of linearity at 1%, 5%, and 10% significance
levels, respectively

Table 3 Kapetanios et al. (2003) test results of 12 European countries

Countries

De-meaned price Price gap from Germany

t-Statistics

Austria �2.335� 0.5343

Belgium �1.348��� �1.567

Denmark �1.957�� �1.553

France �2.117�� �1.875

Germany �1.790

Greece �0.872 �2.891��

Ireland �1.856 �0.970

Italy �1.325 0.915

Netherlands �1.371 0.563

Portugal �0.916 �3.252�

Spain �1.647 �2.469�

UK �1.967��� �1.804

Note: Asymptotic critical values for the Kapetanios et al. (2003) test statistics at 1%, 5%, and 10%
significance levels are �2.82, �2.22, and �1.92 for the test with the raw data, respectively. �, ��,
and ��� denote rejection of the null hypothesis of unit root at 1%, 5%, and 10% significance level,
respectively

series, the unit root of the null is rejected. Germany, Greece, Ireland, Italy, the
Netherlands, and Spain are the countries for which we cannot reject the null
hypothesis of unit root in the series. Additionally, the null hypothesis of
non-convergence can be rejected in 3 of 11 price gaps from Germany series (Austria,
Belgium, Denmark, France, Ireland, Italy, the Netherlands, the UK).
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4 Results and Discussion

The aim of creating a single European market for electricity has been a challenging
issue since the single European Act of 1988. This paper investigates the degree to
which this aim has been achieved in the sense of the price convergence. Two
commonly used tests of convergence are applied, namely, β-convergence and
σ-convergence. We investigate the convergence hypothesis by testing the stationary
of de-meaned price and gap price series of 12 European countries. This study
employs not only linear time series method but also nonlinear time series approach.

Overall estimation results of both linear and nonlinear unit root test procedures
are able to reject a unit root in de-meanded price and in the price gap from Germany
series for several EU countries. Our results imply that, for most of the considered
countries, neither β-convergence nor σ-convergence occurs. It means that the single
electricity market for EU countries does not exist and internal dynamics of each
country play an important role in terms of determining electricity prices in observed
time period. These results correspond with the findings of Boisseleau (2004) which
conclude that the aim of an integrated electricity market for European countries has
not been reached yet. Liberalization process in the electricity market needs to take
into account of political considerations, interest groups, technical constraints, and
economic efficiency aspects. According to Boisseleau (2004) overall it is a compli-
cated process that does not happen immediately. Moreover, another issue in Europe
is that the intention is not just to develop competitiveness in any country, but it is
also to integrate the different markets.

We might conclude that one must be cautious and take account of both possible
structural changes and nonlinearities while examining the convergence hypothesis.
Convergence among countries might be nonlinear due to some country-specific
economic, technological, and political factors. However, linear unit root tests cannot
capture nonlinearities and structural changes in the data if the true data generating
process is nonlinear or the size of the change in the mean or slope of the trend is
relatively high.
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