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Abstract

A number of studies have tested for cointegration between spot and futures prices in the European carbon markets.
These studies tend to focus on the price discovery role of futures versus spot prices. In this paper, we draw the
attention to the short- and long-run dynamic linkages among distinct European carbon markets by investigating the
interdependence and the transmission efficiency between European Climate Exchange (ECX), Nordic Power
Exchange (NordPool) and European Energy Exchange (EEX). To this end, we test for cointegration between
European Union carbon allowances (EUAS) futures prices and also, we conduct causality tests to examine spillover
dynamics. Our findings indicate that the markets exhibit a reasonable degree of efficiency in both short- and long-run.
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1. Introduction

The European Union (EU) has created thgeelt Emissions Trading Scheme (ETS) in
the world in order to reduce dioxide carbon (CORjssions by companies from the energy
and other carbon-intensive industries. The EU ES8eing introduced in three phases. The
first phase which ran from 2005 to 2007 is congdeas a pilot phase; the second phase
which ranges from 2008 to 2012, coincides with pleeod when the EU must meet the 8%
decrease in emissions from 1990 levels under th&dProtocol. As proposed recently by
the European Commission, the third phase will ramf2013 to 2020. In order to improve
the fluidity of the EU ETS, organized allowancedirey has been segmented across trading
plattorms namely European Climate Exchange (ECXuré&s contracts), Nordic Power
Exchange (NordPool, spot and futures contracts)yePoext (spot contracts) , European
Energy Exchange (EEX, spot and futures contraBis¢rgy Exchange Austria (EXAA, spot
contracts) and Climex (spot contracts).

This study attempts to investigate thegtransmission among markets for European
Union carbon allowances (EUAS) by providing an imignot insight as to how price shocks at
any market are transmitted to all other marketgsichus reflecting the extent of dynamic
market linkages, as well as the extent to whichketarfunction efficiently and considers
three questions:

- Is there long-run interdependence in European carbarkets in the sense that the
equilibrium for one market depends on the equilibrifor other market?

- Is there short-run interdependence in Europeanooanbarkets? In other words, do
short-run fluctuations in one market spilloverhe pther?

- What is the direction of causality between thesbaa markets? Can we identify one
market as being the « cause » and the other tifect ?

The paper is motivated by several reaseist, investigating the price transmission is
crucial, since it is an important indicator of mairlefficiency as the objective of carbon
markets is to enable firms to achieve their emissiceductions at minimuroost. Second,
European carbon markets represent a large segnieinteonational carbon markets and
understanding the linkages between them is impbffian firms and investors to design
effective portfolio diversification strategfeslf there is significant comovement across
European carbon markets, the benefits of internatidiversification might not be realized in
the long-run. Finally, prior studies primarily facin assessing efficiency and price discovery
from spot and futures carbon markets with lessnitte paid to transmission efficiency on
distinct trading platforms. For examples, Uhrig-Hang and Wagner (2007) assume that the
spot and futures price dynamics for EUAs can bentasd sufficiently well with the cost-of-
carry approach after December 2005, meaning tlwtmpres plus accrued interest should be
equal to futures prices. Their empirical resultggast that after December 2005 the market
efficiency increased, and spot and futures pricsmmsto be linked by the cost-of-carry
approach. Daskalikest al. (2007) find that the pricing mechanism of inttaape and inter-
phase derivatives in Nordpool, Powernext and EC¥ery different due to the prohibition of
banking between the distinct phases of the markkey also find that the substantial
stochastic convenience yields in inter-phase fstunarkets imply additional uncertainty and

! In December 2007, Bluenext has taken over Pow&mepot carbon market. In April 2008, Bluenext has
launched EUA futures contracts for delivery at miéis from December 2008 to 2012.

2 Oberndorfer (2008) and Veith et al. (2009) finattEEUA price affects significantly the value of etgcity
companies. Furthermore, Boutaba (2009) discovertsBbA price moves oil companies’ equity values.



hedging costs for market participants. They coreltidat the EUA market is efficient.
Milunovich and Joyeux (2007) find that none of thures contracts traded on the European
Climate Exchange (ECX) follow a cost-of-carry r@aship with the spot price and interest
rates, suggesting that the existence of arbitrggmmunities in the EUA market. They also
find that the spot and futures markets share inétion efficiently and contribute to price
discovery jointly. Using daily EUA spot prices frotine European Energy Exchange (EEX),
Seifertet al. (2008) test the hypothesis of no autocorrelatidBUA returns and conclude that
the EUA market seems to be relatively efficient paned to the U.S SO2 permit market and
the DAX. Daskalakis and Markellos (2008) asseskedweak form efficiency by analysing
spot and futures market data from Powernext, Navbpoad ECX. Their empirical results
reveal that EUA returns are serially predictablel éimat simple trading strategies can be
employed in order to exploit these predictabilitaasd to produce substantial risk-adjusted
profits. They explain the inefficiency of the EUAamket by the existing restrictions on short-
selling and banking EUAs. Benz and Klar (2008)hs btnly work which considered price
discovery between futures prices on distinct marK&CX and Nord Pool). Their results
revealed that trading frictions in forms of transat costs have decreased over the first
trading phase, trading volume has increased arm mgliscovery takes place across trading
platforms.

This paper empirically investigates thenalyic linkages among European carbon
markets. Using daily EUA futures prices, we haveamsied EU ETS efficiency by
investigating the interdependence between Eurofdéiarate Exchange (ECX), Nordic Power
Exchange (NordPool) and European Energy ExchangX)EThe analysis was performed
with the aid of time series analysis techniqueshsas unit root tests with and without
structural break, cointegration tests, vector ecmrection models and Granger causality
tests. Results show that the three carbon markéibiea reasonable degree of efficiency in
both long-and short-run. The remainder of the papestructured as follows. Section 2
describes the empirical methodology. Section 3gmssthe data and the empirical results.
Section 4 concludes

2. Empirical methodology

The assessment of EUA market interdepenidens based on the joint testing for the
presence and number of cointegrating vectors ak agebn considering the relevant error
correction model for causal relationship betweess¢hEUA markets. Indeed, the empirical
analysis is done in three steps. The first step igerify the non stationarity of the variables
since the cointegration test is valid only if detvariables are integrated of order 1 (I (1)).
The second step involves testing for cointegratisimg the Johansen procedure (Johansen
1988; Johansen and Juselius 1990). Cointegratiowskstimation and testing of a long-run
equilibrium relationship in the presence of shar-rdeviations from equilibrium. The
Johansen method consists of estimating and tegtengumber of cointegrating relationships
and common stochastic trends among the componénés \@ctor z, of non-stationary

variables. Letz be an (nx1)vector of | (1) variables. Then, it is possible gpecify the
following unrestricted vector autoregression (VARJolving up to k-lags o, :

z = Az, AZL I, (1)

whereA is an(nxn) matrix of parameters ands,are a Gaussian error term. The above
equation can be expressed as a vector error-camegorm:



Az, =Nz, +T A7, +.. 4T D7+ 2)

where M = zik:lA —-l,andT, = —z:‘:iﬂA . The Johansen test focuses on the analysis of the
M matrix andll can be interpreted as a long-run coefficient masince in equilibrium, all

the Az_, value will be zero, and setting the error terms to their expected value of zero will
leave Mz_, = Q Testing for cointegration is related to the cdesation of the rank ofT,

that is finding the number of cointegrating vectors. Two test statistics can bedufor
determining the number of cointegrating vectorsaurttie Johansen approach. First, the trace
test, i.e. the likelihood ratio test statistic thie hypothesis that there are at moslistinct
cointegrating vectors against a general alternatjiven by:

Auace(r) = =2109(Q) = =T " log(L-4) 3)

where /iis are the(n-r )smallest squared canonical correlations zpfwith respect to
Az corrected for lagged differences and is the sample size used for estimation.

Alternatively, the maximum eigenvalue test can beduto compare the null hypothesisr of
cointegrating vectors against the alternative(iofr coijitegrating vectors. The likelihood

ratio test statistic for this hypothesis given by:
Avax(1,7 +1) = =210g(Q) = =T log(L~ 4,.,) (4)

If the test statistic is greater than the criticalues then we reject the null hypothesis that
there are cointegration vectors in favour of the alternatitiat there are + 1 (forA,,.) or

more tharr (for A, ).

The third step involves the estimationtloé vector error-correction model (VECM)
which captures the short-run dynamics of the vémbStatistical tests on the individual
equations in the VECM can be used to determinaliteetion of Granger-causality between
pairs of variables. In general, a VECM for threentegrated variables take the following
form:

trace

Ax =p + z ay X + z Vuly, + 2’711 Av,; + wECT, + 1y, )
i=1 = i=1

Ay, =B, + z aOx + z Vailly, + Z% Avy; + w,ECT, + 1y, (6)
= i=1 i=1

Av, = 3, + Zasi Ax; + Z VoY + 2’73 Av + W ECT , + iy (7)
i=L i=1 i=1

where X, y andv are the variables)is the difference operatom is the number of lagged
difference terms determined in the cointegratirgti@nship, 4, , 1, andy,, are uncorrelated
disturbance terms with zero means and finite vaganand the lagged term (ECT) is the
error-correction term, obtained from the long-r@meéegrating relationship. The ECT ensures
deviations from long-run equilibrium are correctgddually through a series of partial short-
run adjustments. The magnitude of the coefficient&, and w, determines the speed of

adjustment back to the long-run equilibrium statece the system is shocked. The dynamic



Granger causality can be captured from the vector-eorrection model (VECM) by using
three channels of causality:

i) By observing the significance of the lagged valokthe differenced variables; this is a
measure of short-run (or weak Granger) causalitys Tan be tested using Wald test or
the t-test if the lag order of equations is 1.

i) By observing the error-correction term as a measfileng-run causality. This can be
tested be by the t-test.

iii) By testing the joint significance of the first twechannels of causation (the error-
correction term and the lagged variables in eaclcME This can be tested through a
Wald or F-test. The joint test indicates which able(s) bear the burden of short run
adjustment to re-establish long run equilibriumlof@ing a shock to the system (strong
causality).

3. Data and empirical results

The data for this study consists of obagowns on the daily settlement futures prices on
EUA contracts for delivery at maturities from Dedmm 2006 to 2009 These futures
contracts trade on the European Energy ExchangX)(ERe European Climate Exchange
(ECX) and the Nordic Power Exchange (NordPool) andtract specifications as well as
trading details are available from their websites ww\{v.eex.com
www.europeanclimateexchanged www.nordpool.com). The use of futures prices instead
of spot prices is justified by the high liquidity &UA futures markets. Sample lengths are
October 4, 2008November 29, 2006 (EUA-DEC 06 contracts), Octohe2GD5-November
29, 2007 (EUA-DEC 07 contracts), December 2, 20@sember 1, 2008 (EUA-DEC 08
contracts), and January 2, 200@&cember 12, 2008 (EUA-DECO09 contracts). Table 1
presents descriptive statistics for the correspundiUA futures price series. All series are
skewed to the right. The Jarque-Bera statisticctejthe null hypothesis for normality for all
EUA futures price series.

3.1 Stationarity tests:

As indicated above, the variables must dxtetd for stationarity before running the
cointegration testslTo this end, we first conducted 3 conventional upibt tests, namely
Augmented Dickey—Fuller (1979, 1981) (ADF), Phiig?erron (1987) (PP) and
Kwiatkowski—Phillips—Schmidt—-Shin (1992) (KPSS). RDand PP tests have a null
hypothesis stating that the series in questionahasit root against the alternative that it does
not. The null of KPSS, on the other hand, statasttie variable is stationary. In the literature,
KPSS is sometimes used to verify the results of Adbild PP because their probability of
rejecting the false hypothesis is low. The unittr@st results, shown in Table 2, indicate that
there is a unit root in all the level series but mothe first-difference series. Therefore, we
conclude that each series follows an | (1) process.

Perron (1989) states that conventional taat tests are subject to misspecification bias
and size distortion when the series involved undestyuctural breaks, which leads to a
spurious acceptance of the unit root hypothesiscapiure a possible structural break during
the sample periods, the Zivot and Andrews (1988) is used, which treats the presence of a

% EUA futures contracts for delivery at maturitiesrh December 2010 to 2012 are not considered @nsthidy
because of their lack of liquidity. We also doninsider EUA futures contracts for December 2005abse
EEX hasn't launched contract for delivery at thiatonity. Indeed, EEX has started futures tradingiAs on
4™ October of 2005.



structural break in the series under investigaindogenously. Table r&ports the minimum
t-statistics from testing the stationarity assumarghift in mean for the first differences of the
four contracts traded on the three trading plat®rithe results suggest that at 5% level of
significance none of the estimated variables aa@iostary around a shift in the mean. The
estimated breakpoint for EUA futures contracts Becember 2006 and 2007 traded on the
three trading platforms is in April 25, 2006. Thstimated breakpoint for futures contracts for
December 2008 traded on EEX is in June 30, 200@gtlaer, it is in June 24, 2006 for those
traded on ECX and Nordpool. The timing of theseidtiral breaks is explained by their
proximity to the announcement by some countrietheir 2005 emissions data in April and
May 2006, before the official deadline of May 1%efd by the European Commission,
indicating a generous attribution of quotas in th®tional allocation plan. The estimated
breakpoint for futures contracts for December 2088ed on EEX, ECX and Nordpool are in
August 28, 2007; April 20, 2007 and April 23, 2088spectively. The timing of these
structural breaks can be related to the releatheo006 emissions data on April 25, 2007
confirming that the EUA market is long.

3.2 Cointegration analysis

Having verified that all the variables améegrated of order one, the next step is to test
for the existence of a cointegration relationshepaeen the variables. As indicated, the basic
idea behind cointegration is to test whether aalineombination of three individually non-
stationary time series is itself stationary. Thhealsen cointegration tests were performed for
each type of futures contract traded in the thraging platforms and use an intercept but no
trend. A dummy variable taking the value of 1 ie theriod ranges from April 24, 2006 to
May 15, 2006 and zero otherwise is created in oraléake into account the crash of EUA
prices in spring 2006 which is mainly explainedthg release of official carbon emissions
report that showed an oversupply of allowances thef005 reporting period. We determine
the optimum lag length for Johansen cointegratiest tbased on minimum Akaike
information criterion (AIC) through unconstraineector autoregression (VAR) estimation (1
lag interval in first differences for each serieghe four equations). The lag length is further
validated by tests for normality and absence ofakeprrelation in the residuals in VAR to
make sure that none of them violates the standamdnaptions of the model. Table 4 displays
the outcome of these tests. The analysis indi¢htgghe futures price series for each contract
traded on the three trading platforms have more tre cointegrating relationship (in Table
4, Hy:r=0 and r <1 is rejected at 5% level in the four equationB)e evidence of

cointegration has several important consequendest, E eliminates spurious correlations,
and suggests at least a unique channel for Graragesality test (either uni-directional or bi-
directional). Second, the long-run relationshipnisorporated by including the lagged error
correction term (ECT) in the relevant VECM modehir@, it shows a high degree of price
transmission and therefore a reasonable degree ffmielecy, suggesting that future
fluctuations of prices in one market can be deteedhior predicted to some extent using a
part of the information set provided by the othearket prices. Fourth, the benefits of
international portfolio diversification are likelgduced since the prices seem to exhibit the
same behavior in the long-run. Finally, cointegiaiJA prices converge towards a common
long-run equilibrium path, as environmental polciend to be coordinated.

3.3 Error-correction modelsand Granger causality tests

The presence of cointegration Granger aaysrequires the inclusion of an error-
correction term (ECT) in the stationary model idl@rto capture the short-run deviations of



series from their long-run equilibrium path. Thea@ger causality tests results according to
the test method discussed above are reported ile BabBefore confirming the results, the

models are subjected to a battery of diagnostits tk normality (Jarque—Bera), serial

correlation (LM), and parameter instability (CUSUBhd CUSUM square). The error-

correction terms in all the models are also chedieedunit roots. It can be seen that the
lagged error-correction terms, in each VECM araificant with a negative sign, suggesting

that all variables dynamically interact to retuonthe long-run equilibrium whenever there is
a deviation from the cointegrating relationship ahdrefore transmission efficiency takes
place. The estimated ECT coefficients are smaltjgesting that the adjustment process is
slow for each VECM.

In the case of EUA futures contracts facBmber 2006 and 2007, we see that, in the
short run dynamics, ECX and EEX are significantNordpool equation, but none are
significant in ECX equation. This suggests thate¢he only uni-directional Granger causality
running from ECX and EEX to Nordpool in the shamrWe also note that there is only uni-
directional short-run Granger causality runningrireCX to EEX. When we consider the F-
test statistics for the joint significance of thersof the lags of the explanatory variable and
the error-correction term, we find that Nordpool affected by both EEX and ECX.
Conversely, ECX is not Granger caused neither b} B& by Nordpool. This indicates that
there exists only uni-directional Granger causailityning from ECX and EEX to Nordpool
in the long-run. We also observe a uni-directidoalg-run Granger causality running from
ECX to EEX.

In the case of EUA futures contracts fazcBmber 2008, we observe bi-directional
short-run Granger causality between EEX and Nortp@ée also find a uni-directional
causality running from ECX to EEX in the short-rithowever, ECX and Nordpool fail to
demonstrate at least uni-directional short-run abitys Considering the joint F-test, EEX and
Nordpool are confirmed of Granger endogeneity. Timglies that there exists bi-directional
long-run Granger causality between EEX and Nordpatd also find that there is only a uni-
directional Granger causality running from ECX t®>Ein the long-run. However, ECX and
Nordpool fail to demonstrate at least uni-direciib@ranger causality in the long run.

In the case of EUA futures contracts facBmber 2009, we observe that, in the short
run dynamics, EEX and Nordpaaie symmetrically significant in respective equasioThis
suggests the existence of bi-directional causafitythe short run. We also find a uni-
directional short run Granger causality runningrirdlordpool and EEX to ECX, but not vice
versa. Considering the joint F-test, we find biedironal long-run Granger causality between
Nordpool and EEX. We also observe a uni-directidoag run Granger causality running
from Nordpool to ECX, but not vice versa. HoweveEX and ECX fail to demonstrate at
least unidirectional causality in the long run.

Considering the four EUA futures contraatsa whole, the results seem to indicate a
dominant role for the ECX in European carbon mak&his can be explained by the high
trading volume over the sample periods in thisitrgglatform. However, it is noteworthy
that we also detect a feedback between Nordpool B since there is bi-directional
Granger causality in both short-and long run forAEfutures contracts for December 2008
and 2009 and a uni-directional short-run Grangasahty running from EEX to Nordpool for
EUA futures contracts for December 2006 and 200ifs $uggests that Nordpool responds to
innovations originating in EEX and it can be expéd by the reasonable liquidity in
Nordpool. Indeed, Nordpool was the first tradingtfurm which started to trade EUA futures
contracts. The evidence suggests that Europeanrcanarkets exhibited a reasonable degree
of efficiency in both short-and long-run.



4. Conclusion

The aim of this paper was to investighte ¢ausal relationship among European carbon
markets. To this end, causality tests have beedonpeed using recent techniques in the time
series literature and adapted in a framework whetk traditional and additional channels of
causality could be exposed. In summary, time s@negerties of the data have been analyzed
using unit root with and without structural breakdacointegration tests before applying
Granger-causality tests and vector error-correctiodels were performed to test for the
direction of Granger-causality. Our empirical réswdlearly show that the European Climate
Exchange (ECX) is more influential in the inforneetitransmission process since there is
causality from ECX to all others for the four futsrcontracts. We also detect that European
Energy Exchange (EEX) affects ECX. In light of durdings, we suggest that European
carbon markets are reasonably efficient.
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Table 1. Summary statistics of EUA futuresprices

EEX ECX NORDPOOL
DEC 06
Mean 19.354 19.308 19.34
Maximum 30.53 30.45 30.5
Minimum 8.08 8.18 7.95
Std. Dev. 5.897 5.887 5.894
Skewness 0.031 0.038 0.037
Kurtosis 1.911 1.919 1.914
Jarque-Bera 14.979 (0.000) 14.788 (0.001) 14.909 (0.000)
Observations 302 302 302
DEC 07
Mean 11.262 11.236 11.249
Maximum 31.6 315 31.6
Minimum 0.05 0.04 0.03
Std. Dev. 10.389 10.363 10.38
Skewness 0.312 0.312 0.313
Kurtosis 1.636 1.637 1.639
Jarque-Bera 52.791 (0.000) 52.714 (0.000) 52.615 (0.000)
Observations 563 563 563
DEC 08
Mean 20.937 20.925 20.944
Maximum 32.03 32.25 32.6
Minimum 12.22 12.25 12.15
Std. Dev. 3.639 3.637 3.658
Skewness 0.183 0.191 0.194
Kurtosis 2.666 2.669 2.716
Jarque-Bera 7.997 (0.018) 8.324 (0.015) 7.535 (0.023)
Observations 782 782 782
DEC 09
Mean 21.577 21.555 21.537
Maximum 32.78 32.9 33.1
Minimum 12.72 12.8 12.65
Std. Dev. 3.738 3.737 3.733
Skewness 0.183 0.188 0.149
Kurtosis 2.608 2.588 2.558
Jarque-Bera 9.12 (0.01) (0.007) (0.011)
Observations 761 761 761

Notes: Jarque-Bera statistic is used to test whetheot the series resemble normal distributionaRies are in

parentheses.



Table 2. Unit root tests

ADF PP KPSS
Level First difference Level First Level First
Series Difference Differenc
e
Lag Test | Lag| Test statistic Test Test Test Test
statistic statistic statistic Statistic statistic

DEC 06

EEX 3 -1.059 (1)] 3 -7.248* (1) | -1.079 (1) -12.250*%)(1] 1.415* (2) | 0.085 (2)

ECX 2 -1.114 (1) 1| -10.823* (1) -1.082 (1) -13.058%)( | 1.409**(2) | 0.082 (2)

Nordpool | 3 | -1.055(1) 3| -7.030 (1)] -1.083(1) -031* (1) | 1.410** (2)| 0.087 (2)
DEC 07

EEX 3 -1.497 (1) 3] -9.891* (1)] -1.53 (1) -16.639*1)(| 2.828*(2) | 0.062 (2)

ECX 2 -1.580 (1)| 2| -10.889* (1) -1.593 (1) -17.616F)(| 2.828*(2) | 0.061 (2)

Nordpool | 3 | -1.485(1) 3| -9.566** (1] -1.539 (1) 17-046* (1) | 2.828*(2)| 0.062 (2)
DEC 08

EEX 2 -0.645 (1) 1] -18.011*(1)] -0.565 (1) -22.451f1) | 0.644**(2) [ 0.097 (2)

ECX 2 -0.653 (1) 1| -18.110*(1)] -0568 (1) -24.9187*¥)(| 0.646* (2) | 0.088 (2)

Nordpool 2 -0.656 (1)) 1| -18.095** (1] -0.606 (}) 4-291* (1) | 0.644** (2) | 0.072 (2)
DEC 09

EEX 2 0589 (1) 1] -17.672*(1)] -0575(1) -22.503*F)(| 0.684** (2) [ 0.094 (2)

ECX 2 -0.610 (1) 1| -17.851**(1)] -0586 (1) -24.821°F)(| 0.695** (2) | 0.084 (2)

Nordpool 2 0.607 (1)] 1| -17.714*~(1) -0.612(1) -226* (1) | 0.711* (2) | 0.080 (2)

Notes: ADF: Augmented Dickey-Fuller test. PP: BpdiPerron test. KPSS: Kwiatkowski—Phillips—Schmidt
Shin. (1): Model without constant or determinidtiend. (2): Model with constant, without determtiidrend.
The optimal lag structure is determinbkg the Durbin Watson test. If the regression mddeludes lagged
dependent variables as explanatory variables, wahesDurbin’s h test. ADF and PP critical values are taken
from MacKinnon (1991). KPSS critical values arersed from Kwiatkowskiet al. (1992). All null hypothesis
except KPSS are unit root; while, in KPSS nulltegtisnarity. ** denotes rejection of the null hypesis at the
5% significance level.
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Table 3. Zivot-Andrews minimum t-statistics

Variables t-statistic Period

DECO06

EEX -4.969 (3) 25/04/2006

ECX -5.054 (4) 25/04/2006

Nordpool -4.925 (4) 25/04/2006
DECOQ7

EEX -3.913 (3) 25/04/2006

ECX -3.957 (4) 25/04/2006

Nordpool -3.871 (4) 25/04/2006
DECO08

EEX -3.146 (1) 30/06/2006

ECX -3.660 (4) 24/06/2006

Nordpool -3.458 (1) 24/06/2006
DECO09

EEX -3.067 (1) 28/08/2007

ECX -2.916 (1) 20/04/2007

Nordpool -3.135(1) 23/04/2007

Notes: Allt-statistics estimated from a break in intercept ehodalues in parentheses are lag length usedein th

test for each series. Critical values are thoserteg in Zivot and Andrews (1992).

Table 4. Results of the Johansen cointegration analysis

Equation  Rank Eigen Max. Eigen  Tracetest EEX ECX Nordpool  Constant
r value  Value statistic  statistic

DECO06 0 0.452 180. 600*  320.228** 1 -1.120%** 0.118* 0.007
<1 0.370 138.475** 139.628** [-17.658] [1.858] [0.174]
<2 0.004 1.153 1.153

DECO07 0 0.432 317.238** 549.226** 1 -1.407*** 0.404** 0.018
<1 0.337 231.158** 231.987** [-23.017] [6.621] [1.313]
<2 0.001 0.829 0.829

DECO08 0 0.371 362.716** 550.968** 1 -1.471%*  0.468*** 0.056
<1 0.209 183.006** 188.252** [-27.688] [8.851] [0.902]
<2 0.008 5.246 5.246

DECO09 0 0.367 347.352** 490.520** 1 -1.359***  0.359*** -0.013
<1 0.166 137.493** 143.169** [-32.455] [8.565] [-0.211]
<2 0.007 5.676 5.676

Notes: Rank expresses the number of cointegrating equatioordirty to each tested hypothesis. No restriction

is imposed in the cointegration test. The lag lerigas been chosen based on minimum Akaike infoomati
criterion (1 lag interval in first differences feach series). Critical values were taken from Mciimet al.
(1999). The right-hand of the table shows the ntismd coefficients of the cointegrating equatiowngth t-
statistics in brackets. *, ** and *** denote sigitiince at 10%, 5% and 1% level respectively.
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Table5. Granger causality tests

Variables Short-run effects ECT Joint short-and long-run effects
effect (F-statistics)
AEEX AECX  ANordpool ECT&AEEX ECT&AECX ECT&A Nordpool
DEC 06
AEEX - -0.382%*  0.013  -1.770%* - 5.548** 0.006
[-2.336]  [0.080] [-9.640] (0.019) (0.936)
AECX 0.366 - 0.026  -1.017*** 1.727 - 0.018
[1.314] [0.135] [-4.585] (0.189) (0.893)
ANordpool 0-838**  -0.323* - -1.814%*  14.658%* 4.410%* -
[3.828]  [-2.100] [-10.398] (0.000) (0.036)
DEC 07
AEEX - -0.219**  0.003  -1.193*** - 3.924* 0.001
[-1.981] [0.03] [-11.837] (0.048) (0.974)
AECX 0.220 - -0.045  -0.608*** 1.457 - 0.107
[1.207] [-0.328]  [-4.938] (0.227) (0.743)
A Nordpool 0.7327*  -0.198* - -1.255%+ 25 360%+* 3.373* -
[5.036]  [-1.837] [-12.792] (0.000) (0.066)
DEC 08
AEEX - -0.152*  0.156**  -0.743*** - 2.953* 4.492%
[-1.172]  [2.119] [-9.399] (0.086) (0.034)
AECX 0.115 - 0.095 -0.149* 0.881 - 1.251
[0.939] [1.118] [-1.648] (0.348) (0.263)
ANordpool 0-448=*  -0.108 - -0.916%*  17.035% 1.435 -
[4.127]  [-1.198] [-11.766] (0.000) (0.231)
DEC 09
AEEX - -0.126  0.257**  -0.795*** - 1.956 16.064**+
[-1.399]  [4.008] [-9.182] (0.162) (0.000)
AECX 0.008* - 0.193**  -0.190* 0.005 - 6.761*
[0.068] [2.600] [-1.893] (0.946) (0.009)
ANordpool 0-286**  -0.074 - -0.943%x* 8.636** 0.704 -
[2.939]  [-0.839] [-11.183] (0.003) (0.402)

Notes:Ais the difference operator. *, **and *** indicatégsificance level at 10%, 5% and 1% respectively.
Numbers in parentheses denote p-values. Numbémakets indicate t-statistics. The lag lengthgfach model
is determined as 1 according to AIC.
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