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ABSTRACT. We investigate the economiactors thatdrive electricity risk premia in the
European emissions constrained economy. Our analysis is undertakaoritinly baseload
electricity futuredor delively in the Nordic, French and British power markéte find that
electricity risk premiaare significantly related to the volatility of electricity spot prices,
demand andevenues, and the price volatility of the carbon dioxide JCiGtures traded
under the EU Emissions Trading Scheme (EU ETSis fliding has significant implications

for the pricing & electricity futures sincet highlights for the first timethe role ofcarbon
market uncertainies as a main determinant of the relationship between spot and futures
electricity prices in EuropeQur resultsalso suggest thafor the electricity marketsunder

scrutinyfuturespricesare determined rationally by riskverse economic agents.
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1. INTRODUCTION
A large number of countries worldwide, including many parts of the US, Europe and
Australia, havdiberalized their wholesale electricity sectorer the last 20 yeafdn sucha
setting, electricity futures markets serve a variety of key functions and thus their role is
central. On the one hanthey facilitate hedging, speculation and arbitragerease liquidity
and consequently improve price discovery and market efficiency (see, e.g., Sioshansi, 2002;
Deng and Oren, 2006). On the other hand, they allow electricity producers and consumers
such adlistributors and retailers, to reach better plagnbperation and investment decisions
(see, for example, Botterud et al., 2010; Furi— and Meneu, 2010). Indirectly, they also provide
useful insights for policy makers (e.g., Borenstein et al., 2002; Bunn and Gianfreda, 2010).

Our purpose in this papertis examine thericing of electricity futures in the European
emissions constrained economy. This is still a highly controversial issue despite its
importance andhe widespread use of futures with underlying physical electricity for more
than a decade now. The reason is that electricity cannot be economically stored in large
amounts.As a result the usual cosvf-carry model of Kaldor (1939), Working (1948) and
Telser(1958) for relating spot and futures commaodity prices is not applicable in the case of
electricity (see, e.g.Pilipovi!, 1998; VehvilSinen, 2002; Eydeland and Wolyniec, 2003;
Geman, 200p

The usual approach followed in teectricity pricingliteratureis to derivefutures prices
on the basis of an empirically consistent contindiime process of spot prices (e.g., Lucia
and Schwartz, 200Bierbraueret al., 2007; Wilkens and Wimschulte, 200fgmikos and
Soldatos2008. This method howeverntailstwo significantcomplications First, electricity
spotprices exhibit a highly complex and idiosyncratic behaviour that is characterized by high
levels of volatility, strong meareversion, periodicities at various time frames apikes
(see, e.g., Knittel and Roberts, 2005; Geman and Roncoroni, Z0@8kfore the stochastic

differential equation thaaccuratelydescribesthem is also complex and does not lead to

! For a discussion on electricity market reform trends and policies adopted in different parts of the
world see, amongthers, Mork (200}, Xu (2004)and Sioshansi and Pfaffenberger (2006).
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closedform solutionge.g.,Burger et al., 2004). Second, accunatieing of electricityfutures
requires a far from straightforward estimation of the market prietectricity spot price risk
(e.g., Pirrong and Jermakyan, 2008; Weron, 2008).

We avoid these intricacies lyoncentratingon the determinants of electricity fues
prices Our objective in particular is to stutlye economidactors thagive rise torisk premia
in electricity futures pricesn this approachtraced back to the classical hedgimgssure
literature (Keynes, 1930; Hicks, 1939 and Cootner, 186hng othels commodity future
prices areconsideedto consist of twgarts:the expected spot price of the underlying at the
futures contract maturity and a positive risk premiwee( for exampleBreeden, 1980;
Hazuka, 1984)This premium reflects thcompensation that riskverse market participants,
the hedgers, are willing to pay to less r@kerse investors, the speculators, in order to
eliminate their spot price risle(g., French, 1986;ama and French, 1987). The focus is then
to understandhe behaviour of the risk premium amabst important taincoverits driving
factors.

Along this direction, we examine the ability of four economic measures of risk in
explaining risk premia in # case 068 monthly baseload electricity futurder deliveryin
the Nordic,French and British power marketspectively (i.e. a total of 204 contraciBe
period under consideration fisom May 2005 to December 201The first three risk factors
are directly related to electricity market uncertainties. These the volatility of electricity
spot prices, demand and revenyeés. the poduct of spot prices and demandheir
inclusion in our analysis is motivatéy the theoretical equilibrium model for electricity day
ahead prices dBessembinder and Lemmon0(2) and the empirical study of Longstaff and
Wang (2004) for the daghead risk premia in the PennsylvadeaseyMaryland (PJM)
market in the USThe fourthrisk factoris the price volatility of the carbon futures traded
under the EU ET%see Daskalakis et al., 201lihfer-alia, for a description of the scheme)
We justify this on the basis of the carbon risk that electricity producers face in the European

emissions constrained economy.
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This allows us to make contributions &t leastthree different directions: First, we
extend the electricity futures pricing and risk management literature (e.g., Benth et al., 2008;
Pirrong and Jermakyan, 200RedI et al., 2009; Botterud et al., 201Qur results indicate
that electricity risk premi&or the futures contracts under scrutiny are significantly related to
the four riskfactorsconsideredThis finding is robust under different specifications for the
test regressionand alsowhen the estimations are performed across markédseover, ly
analysing the hedging behaviour of electricity producers and consumers along the lines of
Benth et al.Os (2008) model we are able to provide an intuitive understanding for the direction
of the established relationshids. this mannerwe empirically idatify the main economic
drivers of futures electricity risk premiaxplainon a theoretical settinthe way in which
these factors impact electricity risk prem@nd consequently enhance our understanding of
the relationship between spot and futures ®leity prices in EuropeThese insights aref
fundamentalimportancefor pricing and hedging relevant derivative instruments under the
risk premium approach.

Second, we shed further light on the interrelations between the EU ETS and the
European dereguled wholesale electricity markets (e.g., Linares et al., 2006; ManRsanet
Bataller et al., 2007; Fezzi and Bunn, 208®%at and Ahamada, 2011\We find that carbon
market uncertainties are a main driver of electricity nskmia in Europgeeven after
controlling for the potentia¢ffect of the price volatility of th@rimary fuels used for power
generation (coal, natural gas and dipr example, ranking the four risk factors based on the
number of statistically significant coefficientdbtained revals that carbon risks the most
important driverof electricity risk premiafollowed by electricity spot price riskelectricity
revenuerisk and electricitydemandrisk, respectively Moreover the inclusion of the carbon
risk factor in the test equation increasesmsiderablythe explanatory ability of our model.
Most important, we observe a consistent inversea@aton between electricity risk praéa
and the carbon risk factohis impliesthat power producers provide consumers with
carbon related premiuifin the form of a discount in electricifytures prices)dr motivaing
them to buy electricity through the futures marlketturn, thisfinding highlights a previoug
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unidentified role of electricity futures markets in Europe: they provide a platform for power
producers tananageheir carbon risk.

Third, we contribute to the literature that studies electricity markets and their operation
(e.g., Bessembinder and Lemma@®02; Anderson and Hu, 2008; Furi— and Meneu, 2010;
Lucia and Torr—, 2011). Since electricity risk premia respond to economic measures of risk,
we can infer thathe pricesof Nordic, French and Britisklectricity futuresare the result of a
rational prce generating proce$s.

The literature investigating electricity risk premia is extensive (e.g., Shawky et al., 2003;
Diko et al., 2006; Kolos and Ronn, 2008; Pietz, 200 the best of our knowledge
however, Longstaff and Wang (2004) is the only sttltht examines the economic factors
that give rise to electricity risk premiahese authors provide evidence that risk premia in the
PJM dayahead market are related to electricity spot price, demand and revenue uncertainty.
We differentiate from them itwo main respects: First, we concentrate on the risk premia of
electricity futures rather than dahead prices. This is far from trivial since the -ddnead
powermarket serves a fundamentally different role than the futures one. While the former is
usedfor planning purposes and the optimal organization and operation of the electricity
market, the latter serves as a hedging platform for market participants (e.g., Geman, 2005).
Consequently, the economic factors that give rise to risk premia in thesgpwsodf market
may also differ. Second, we include in our analysis the price volatility of the carbon futures as
an additional riskactorthat drives electricity risk premia in Europehus,we also examine
for the first time the potential impact of EU ETmarket uncertaiigs on futureselectricity

risk premia and prices.

2 By Nordic, French and British electricity futures we hereafter mean the contracts for delivery in the
Nordic, French and British power market, respectively.

% Other researchers attempt to explain risk premia on the bagisysfcal andoperational harket
specifig variables. Examples includ@ower plant availability, wind power productiogas storage
inventories,reservoir levels and hydroelectric capacityg( Douglas and Popova, 200Bptterud et

al., 2010; Furi— and Men@0.10; Lucia and Torr—, 2QMiehmann, 2011; Huismaand Kilic, 2010.
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2. ELECTRICITY RISK PREMIA AND ECONOM |IC RISK MEASURES
The pricing relationship for an electricity futures contract under the risk premium approach is
the following:
Py D0 )4+ rmny
In this specification,Ft is the price at timd of a futures contract written on physical
electricity that matures at timg E«(S) is the expectation at timefor the electricity spot
price at the futures maturity, andP, is the risk prernum at time t. Substituting the
expectation in Egation (1) by the observed spot electricity price at the contractOs maturity,
and rearranging, we obtairthe relationship ofthe secalled realized (or epost) risk
premium (e.g., Weron, 2008):
RP, =1, I I, nmri

Our objective is to examine whether the realized risk premasrestimated by Eation(2),
is associated with economic rigkctorsrelated toelectricity andcarbonmarket uncertainties.

The norm in theassetpricing and commodity pricing literatureis to express such
measures of risk in terms of secaméments.Thus, br the purposes of our analysi® use
the volatility of electricity spot prices, demand and revenaed theprice volatility of the
carbon futuredraded under the EU ETSpot prie risk, demand risk and reventisk are
commonly investigated as potential drivéos risk premia in thenonstorablecommodity
pricing literature éee Longstaff and Wang, 2004 fodiacussiol Moreover,thesehave ber
identified as significant drivers for the dapeadelectricity risk premiain both a theoretical
and empirical settingBessembinder and Lemmon, 2002 dmmhgstaff and Wang, 2004
respectively. Here, we examinefor the first timewhether this isalsothe case for the risk
premia observeih electricity futures pricesNe include the latter in our analysis on the basis
of the carbon risk that electricity producers facethe European emissions constrained
economy.

To be more specificince 2005, whetthe EU ETS became operational, power producers

in Europe are subject toan annual cap on the volume of £they can emit into the

6!



atmosphere. This is allotted to them in the forncafbon permits, the stalled European
emissionallowances (EUAs)with each EUA giving the right to emit onentte of CQ.
Should they wish to emit more, that is, produce more electricity than the amount justified by
their emissions cap, they should turn to the EU ETS market in order to buy any lacking
permitsand avoid the gnalties setin contrast, if theyabate emissions amnit lesghan their
cap they can selithe surpluspermitsand use the proceeds tfinance heir operation and
investments

Naturally, snce he goal of the EU ETSs to reduce aggregate G@mission levels
power producers are short pérmits (Ellerman and Joskow, 2008\s a result,they are
exposed to a carbon risk associated woitth the volume andprice of EUAs that they will
need in order to be environmentally compliant (see, e.gkddakis et al., 2009)This risk
can be substantial due to the EU ETS polielated uncertainties that can have a dramatic
effect on the supply, demand andnsequentlyprice of EUAs (see, alsdyaskalakis and
Markellos, 2009. For example, the emission caps set in Phase | (2003) of theEU ETS
were too generous resulting in a market crash during April/May 2006 (e.g., Alberola et al.,
2008). As a consequengcestricter caps were adopted in Phase Il (200812) in order to
ensire the achievement of the EU emission reduction targetsedgupon in the Kyoto
protocol.

Thus, n a ratonal expectations framewqgrind assuming ris&averg economicagents

one would expect for this carbon risk to be priced in the electricity futnagket.Hence our

* We should note thaEUA prices represent opportunity costs thas expectedpassthrough to
consumers (e.gZachmann and Von Hirschhausen, 2008; Kirat and Ahamada, .2db®ever,this

carbon cost paghrough cannot fully compensate power producers for the carbon risk they face. The
main reason is that even though different generation technologies producentliffgels of emissions,

the carbon cost pasghrough in competitive electricity prices is determined only by the emission
intensity of the marginal production plant (see Sijm et al., 2006 for a comprehensive discussion). This
means that thearbon cost mssthrough is not representative of the actual carbon cost for each
electricity producer. In addition, since the cost gthssugh rate depends on the elasticity of demand,
carbon costs are not always fully passed on to consumers. According to Sijif2e08).for example,

the carboncost pasghrough ratén Europevaries between 60% and 100%.

7!



underlying hypothesis that we put to test here is that carbon market uncertainties represent

one of the main economic risk factors driving electricity risk premia in Europe.

3. EMPIRICAL APPLI CATION

3.1 Data Description
We undertakeour analysisfor Nordic, French and Britisklectricity futuresThis will allow
us to study the potential effect of local market conditions on electricity risk premia and their
driving factors.The period under considerationfrem 3 May 2005 to 31Decemler 2011
This includes Phase of the EU ETS and thérst threeyearsof Phase Il Due to liquidity
considerationsve focus onfutures with baseloadather than peakloadlectricity as their
underlying. Moreover, althoughelectricity futurescan have yearly, quarterly or monthly
deliveries, ve concentrate ofutures withmonthly deliveriesonly. The reason is thatearly
futuresare cascadedt maturityto correspondingpositions inquarter futuresand in turn at
expiry, to monthly futureghat span the same delivery period as the quarter contsaet (
Wilkens and Wimschulte, 200@r a similar task

Thus, ar analysis is performed far total of 204 baseload electricity futures (68 Nordic,
68 French ands8 British) for delivery during themonthsNovember 2005 (NOV05 contract
hereafter) to December 2007 (DECO07) and July 2008 (JULOBetember2011 (DEC1Y).
Electricity futures with delivery prior to November 2005 (i.e., the contracts MAYO5
OCTO05) are excluded from the analysikie to the limited number girice observations
availableeither for the electricity futures and/@wr carbon futuresWe also disregardany

contractsexpiring in Phase Ibf the EU ETSf their trading was initiated in Phase | (i.e., the

5 DaskalaklsandMarkellos(2009) point out that due toctmdoncost pasghrough, and since the
electricity risk premium is defined as the difference between the electricity futures price and the
expected spot electricity price at the contractOs maturity, electricity risk preBisopeshould be
positively relatedto EUA prices.The authors verify this for the French, German and Nordic power
markets and, more recently, Furi— and Meneu (2010) show that this is also the case for the Spanish
electricity market. We differentiate from these studies by focusing on EUnEAr8et uncertainties

(rather than EUA prices) and their potential impact on futures electricity risk pagmhiprices
!
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contracts JANO&o JUNEOQ8).This is justified on the basid the EUA intertemporal trading
ban from 2007 to 2008 that the EU member stateimposed As discussed in Daskalakis et
al. (2011), among others, a direct consequencéhisf policy was thatEUAs issued for
compliance in Phase | of the EU EWg&re essentiallya different asset from those issued in
Phase llIndeed, recent empirical evidence sugg#sitcarbon price fundamentals in Phase |
differed from those in Phase (Creti et al., 2012)Therefore, m order to account for these
findingswe choose taarry out our analysis sepaely for the two EU ETS phasd$owever,
since power producers were short of EUAs in bpltlase (see Ellerman and Joskow, 2008),
we expecbour results to exhibit a similar quiative picture.

Our electricity datasetonsists ofdaily spot anduturespricesquotedin " per Megawatt
hour ("/MWh) in the case of theNordic and Frencltontractsandin £/MWh for the British
contracts The daily loads measured in Gigawatt houf&Wh). All electricity price dataare
obtained fromBloomberg Electricity load is obtained from Nord Pool for the Nordiarkef
the UK National Grid for the Britismarket and RZseau de Transport dOElectricitZ (RTE), the
transmission system operator in France, for the Frerantket The Nordic electricity futures
in our analysis refer to contractsaded at NASDAQ OMX CommoditiesTheseare cash
settled against Nord Pool@ay-ahead baseload index (System pridejench and British
electricity futuresrefer to physically settled contracts traded in the European Energy
Exchange (EEX) and the Intercontinental Exchange (NYSE ICE), respectivéhe case of
the French futureshe reference price is the dahead baseloadlectricity index (Phelix
Base) published in the European Power Exchange (EREX)the British futures we use as
reference pricéhe dayahead baseload index from the APX¥wer UK(APX UK Base).We
shouldnotethat our analysis is not sensitit@ the settlement of thelectricity futures(i.e.,
financial vs. physica). The reason is thdinancial electricity future can be combined with
physical delivery of electricitfand physical electricity futures thi cash settlementby
simply placing abuy (sell)bid in the spot market that corresponds to the f@up®sition
during the contra@® delivery morti. The choice of the contractstisusbased solely on data
availability and liquidity considerations.
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[Figure 1 about here]
Figure 1 depicts the evolution bhseloadspotprices for Nord Pool, EPEX and APXRower
UK during thewhole period under consideratioA simple visual inspection ofthis figure
revealsthethreestylized facts okpotelectricity prices, hamelymean reversion, periodicities
and spikes (see,s, Geman and Roncoroni, 2008he simmary statistics of thelectricity
data presented in Talsld-3 reveal twvo commonfeaturesof spot power prices: the highly
nontGaussian and positivelgkewed nature of the underlying distribution and the high
variability. The stationarity properties of electricity spot prices are examined through three
unit root tests: the Augmented Dickéyller test (Dickey and Fuller, 1979), the Phitiperon
test (Plilips and Peron, 1988) and the Kwiatkows$kiilipsSchmidtShin test (Kwiatkowski
et al., 1992). The results, presented in Table 4, suggest that at conventional significance levels
electricity spot and logarithmic spot prices are stationary.

[Tables 14 about here]
Figure 2plots the aggregatedlectricity futures price curve forthe contracts undestudy.
Electricity futures prices exhibit similar patterns apot prices thus implying a close
relationship between the spot and the futures madetcan beinferred fom Table 1-3
however,futures priceexhibit on averagesmallervariation compared to spot priceewer
extreme observationower kurtosis) and an empiricd distribution that is closer to the
normal(see e.g.,Lucia and Schwartz, 2002 femmilar conclusions)

[Figure 2 about here]
Figure 3 presents the daily electricity loadthe Nordic, French and British power markets
As seen in this figure, demand is consistently higher (lower) during the winter (summer)
months as a result of incised (decreased) heating needs. This pattern isralse with the
periodicities observed igpot electricity prices (Figure 1).
[Figure 3 about here]

For the purposes of our analysis alsocollect dailycarbonfutures prices fronBloomberg.
We wsefutures rather than sp&UA dataas it has been shown ththe price discovery of the
carbon permits takes place in the futures market (Chevallier, 26d0Phase | (Phase IlI) of
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the EU ETS the carboprice series is constructed by rolling over from tterbonfutures
contract with December 2006 (2008) matutitgded in NYSE ICEBo the one expiring in
December 2007 (24). Figure 4 presents the evolution ofarbon futures prices and
logarithmic returns for both phases of the EU ED8scriptive statistis are found in Tabls.
[Figure 4 about here]
The main observation from Figure i4 the extremearbonprice variation in two different
periods within Phase | of the EU ETBirst, during April/May 2006when carbon permits
plummetedto a third of their valuesecond,in the latter part of 2007 whethe permitswere
trading at a value of only a few cenfhis behaviourhas been extensively discussed in the
literature (e.g., Ellerman and Buchner, 2008; Alberola and Chevallier, 208%0Rs et al.,
2009)and is attributedo the combined effect of the genercemission capgprovided to the
emission intensive firms in Phase | of the EU ETS and the EUA intertemporal trading ban
imposedfrom 2007 to 2008.

[Table5 about here]

3.2 Redized Risk Premia
We estimate through Eqtion(2) thedaily-realizedrisk premium for eaclkelectricity futures

contract undestudy. In all cases we use thedectricity futures price observed in the market

todayfor F ;. The choice ofS) is based on the manner in which tetualsettlement of the

contracts takes placéor the Nordic futures we use the arithmetic averagblafl PoolOs
system pricaealized during the delivery montfor both French and Britistufures we use
the value of the Phelix Basedexand APX UK Basendex, respectively, two business days
prior to eachcontrac@ expiry.Summary stasitics are presented in Tab@8. For examining
whether the mean realized risk premia are significadliffgrent than zerat standard levels
we perform asimple twosidedt-test The computed-statistics based orNewey and West
(1987)heteroskedasticity and autocorrelation consistd() covariancesindicate thathis

is the casefor the majority ofcontracts under study6Z, 61 and 60out of 68 Nordic, 68

French and8 British futures, respective)y
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[Tables 68 about here]
Figure 5 plots the mean values of the realized risk premia fdutaites contracts under
scrutiny. Two interesting resultsare revealed from this figurd=irst, in contrast to other
commodity markets electricity risk premia are not strictly positeee(e.g., Shawky et al.,
2003; Diko et al., 2006; Hadsell and Shawky, 2006; Kolos and Ronn, 008 milar
conclusion¥. In fact, approximately half of thestatistically significant risk premia are
negativein the case ofthe Nordic futures(30 out of 62 and dout athird in the case oboth
the French and the Britistontractg23 out of 6land20 out of 60 respectivel). Secondrisk
premia forthe futures maturing during th@autumnyinter months that is, when increased
demand is observed (see, al$tgure 3), are generally higher than thosdound in the
contracts expiring in thepringbummer months.

[Figure 5 abouhere]
This seasonalitys consistent with the model of Bessembinder and Lemmon (2@@®yding
to which in periods ofexpectedlow power demand and demanchcertaintythe forward
electricity price is a downward biased predictor of the future spot paicg,vice versa
Moreover, these findings are in line with thedel of Benth et al. (2008) for the sign and
pattern of electricity risk premighat is basedon the temporal dimension in the relative
appetite of electricity producers and consumers for digkrsification To be more specific
these authorsargue that electricity consumers are primarily interested in hedging their
electricity spot price risk in periods a@xpected higlpower demandln contrast electricity
producers are mainly interestedhiedging theielectricityrevenue risk in periods of expected
low power demand for betteplanning and investment decisionln the former case
electricityconsumersas hedgersarewilling to pay a premium tpowerproducers in order to
motivate themin taking the short futures positiofise., act as speculatordh the latter case,
electricity producersare the hedgers anthencewilling to provide a discount t@ower
consumers in order to motivate them in taking the long futures positioiisis nanner,a
positive, orrelatively higherrisk premiumis expectedor electricity futures with delivery in
periods of expectedigh power demand andnegative, orelatively smalker, premium when
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the déivery of electricityconcerns a period of expectkv power demandsee, also, Pietz,

2009; Botterud et al., 2010).

3.3Risk Factors

Our objective is to examine whether the realizett prema for the Nordic, French and
British electricity futures under scrutirare associated witfiour economic measures risk:
electricity spot pricevolatility, electricity demandvolatility, electricity revenue volatilityand
carbon pricevolatility. Following Longstaff and Wag (2004) we constructtheserisk factors

through aunivariate ARpP)-GARCH(1,1) model:

p

NRE Z!!-mp! NN

Le=1 0 0, 0, )

Equation (3) is the conditional mean equatibat follows a p-order autoregressive process
with p selected onthe basis of the Schwarz Bayesian Criterion (SB@UEquation (4)s the
conditional varianceMoreover,!,! ! (! 'h,) are the residualrom Equation (3)while ry
represents dailgarbonreturnsin the case of the carbon risk factor and daily logarithmic
prices for the electricity market related risk factors. Findilys the conditional variancéor
each ofthefour series

Constructingthe carbon risk factor is straightforward: we fit the above model on carbon
returns (withp = 1 on the basis of the SBCthe carbonrisk factor is then simply the square
root of the condibnal variance obtained through Equation (4). In the case of the electricity
market relatedrisk factorshowever we first need to address a complicatidalectricity
prices, load, and consequently revenues, exhibit seasonal behaviour (e.g., Knitteharig, Ro
2005). Thus, weneed todeseasonalizeach seriedy regresig it against a time trend,
dummy variables for weekly and monthly periodicities and a cosine function for the annual

cycle (see Lucia anfichwartz, 2002 and Bierbrauer et al., 2007 fsinglar task):

=1, 41101 Z!!!!”!! ;!!!! MR l(%)]l e y
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In Equation (5).Y; is the logarithm oglectricity spot price electricitydemand anelectricity
revenue, respectivelyt, is a time trendD;; are day of week dummied);; are monthly
dummies,a, I, g;, d, ! and" are constant parameters for estimatiand, are the residuals

that correspond to the deseasonalized sevias.estimateEquation (5) by noflinear least
squares with Newey and West (198TAC covariancesEach of thethree electricityrisk
factorsis then given by the square root of the conditional variance estimates obtained from
fitting the above ARP)-GARCH(1,1) mode[given byEquations (3) and (49n the relevant
deseasonalized series(with p = 7 on the basis of the SBC

[Tables 911 about here]

3.4 Estimation Results and Discussion
We estimate separately faach electricity futures contractinder scrutinythe following
regression:

I

In Equation (6)RP; is the realized premium of contrdobn dayt; #s, #_, #rrand#c.is the
volatility of the electricity pot price, electricity load, electricilyevenuesand carbon futures
logarithmic returns, respectively; is ani.i.d. error term.We use logarithmic returns of
carbon futuresince previous resear¢bee Daskalakis et al., 20083s found evidence of a
unit root in price levelsMoreover, b allow for a direct compason across the different
coefficients, westandardize all variablegrior to estimationby subtracting the mean and
dividing with the standard deviatidisee, e.g.Hong and Yogo, 2012 for a similar task)
this manner, the parameters expresspireentagehange in the risk premium forchange
of one standard deviatiom eachrisk factor. For example, a coefficient of 0.5 for the
electricity spot price risikfactorimplies that ashock inelectricity spot pricevolatility with a
magnitude ofone standard deviatiowill result in a change 0f0.5 standard deviatien(or
0.5% equivalently)or the realizedrisk premium The estimatiorof all 204 regressimis

undertaken using ordinary least squaf&@LS) with Newey and West (1987) corrected
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standard errorsThe results reported in Tablek11l allow us to drawfour important
conclusions:

First, electricity risk premia respahto the economicrisk factorsconsideredTo be more
specifig out of the 68 Nordic, 68 French and 68 British futures under consideration, the
coefficient forthe carbon riskfactoris statistically significant at standard levels for 48 and
41 contracts, respectivelyn the case of thelectricity spot price riskfactor, a statistically
significant coefficientat standard levelis obtained for 38ordic futures, 41 French futures
and 38 British futuresMoreover, demand riskrevenue risk)is a significant driver forthe
electricity risk premia in 2825) Nordic futures, 1128) Frenchfuturesand 21(26) British
futures. For examiring whether the coefficients of the ridlactors for eachof the 204
regressionsarejointly significant, we test the hypothesis= & ='; = (; = 0 using a standard
Wald test.The p-values for these tests provide evidence of a significant reddtipbetween
risk premia and the four ristactorsfor 59 Nordic futuresand 58 both French and British
contracts Based on these findings, vean infer thatNordic, French and Britiskelectricity
futurespricesare determined brationalrisk-averse economiagents’

Second, carbon risk is a highly significainiver of electricity risk premidor the futures
under scrutinyln fact, by ranking the risk factors on the basis of the numbeordfactsfor
which a statistically significant coefficient is obtained we find that carbonisisike most
important driver of electricity risk premidollowed by electricity spot pri risk, electricity
revenuerisk andelectricity demandrisk, respectivelyTo further assess the importanakthe
carbonrisk factor, we reestimate Equatiof6) for every contracéxcluding#c from the test
regressionThis is done in order to compate insample explanatory power as measured by

the adjusted coefficient of determinati@in' ) for each contract with and without the carbon

® In order tofurther ensure the robustness of our results westémate all regressions using lagged
oneperiod risk factors. The ntiwation is on the one hand, to cheskyin-sample predictive ability of

the risk factors considered, and on the other hand, to deal with potential endogeneity issues. Moreover,
we estimate contradiy-contractpooled OLSregressions, and also a systemseémingly unrelated
regressions (SUR), in order to investigate whether our results are consistent across maakets.

casesthe obtained results (available upon request) provide a similar qualitative pistoe¢ore
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risk factor. As seen in the last column of Tab®e%l, in the case of the contracts where a
statistically signiftant coefficient for the carbon ridlctor has been obtained, there is an
improvement in thé ' of approximately 10.5% on average in the case of both the Nordic and
British futures and 14.5% in the case of the French contfBloeseresultshighlight for the
first time the role oEU ETS market uncertaintiess a main determinant of the relationship
between spot and futures electricity prices in Eufope.

Third, a comparison obur results with those of Longstaff and Wang (2004) for the day
ahead risk premia in PJ¥eveals thatthe electricity market related rislactors driving
electricity risk premia are the sanie both the day-ahead andhe futures electricitymarket
This indicates that although the dajpead market serves a different role than the futures on
electricity pricedn bothtypes of markeare determined by the sarmeonomicdundamentad.

Finally, the results are qualitatively similar in both EU ETS phaseéscmsistent across
the different with respect tanarket ofdelivery, electricity futures consideredhe formeris
to be expectedinceelectricity producers were short of EUAs in both phases cEth&TS
The latter however,seemsat first glanceto be somewhat counterintuitiveonsidering the
different characteristics of the power markets where the delivery of the futures under study
takes place. For example, the Nordmvermarket has a considerable shardydropowerin
its energy mixthe French ohuclear powerandthe Britishof natural gas power. @ might
argue thus that carborisk should bea less significant driving factor for electricity risk
premia in the case of Nordic and Freratures relativeto the BritishcontractsOur results
suggesthat this is not the casA. plausible explanationan bebased orthe marginal pricing

of competitive electricity priceghe crossorder interconnectionand the market coupling

" We shouldnote that carbon prices apeimarily determined by the prices of the main fuels used for
power generatigni.e., coal, natural gas and @gl.g., Aatola et al., 2013). Thus, it might be the case that
our carbon risk factor is simply a proxy for the véida in coal, natural gas and oil prices, respectively.
For examining whether this is indeed the case, weestimate all regressions by including the volatility
of coal prices, the volatility of natural gas prices and the volatility of oil prices iregh@quation. Our
results (available upon requestdicate that carbon price volatility is a distinct risk factor driving

electricity risk premia and provide a similar qualitative picture as before
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mechanismsadopted in2010 within Central West Europ€CWE) (Belgium, Netherlands,
Luxemburg, France and Germany) dedween @VE andthe Nordic regiotf

Turning ourfocus to the sign of the statistically significant coefficiemis, find that
electricity risk premia arén generalpositively related to electricity spadrice volatility;
negatively related to the volatility of both carbprices and electricity revenueshile with
respect toelectricity demand volatilitthe signs are mixed.In order to understand these
findingswe need to considén detailthe hedgindehaviour of the main market playeisng
the linesof Benth et alDg2008)model

Consider an electricity consumer that wishes to hedigetricity spot price riskduringa
period ofexpectedhigh power demandThis would require entering intoa long electricity
futuresposition As aresult the electricity spot price riswould be transferred to the power
producer that holds the corresponding short futures posilitierefore the electricity
producerrequires a premium in order to assume this.riskturn, this implies thathe
coefficient of tke risk factor related to electricity spot price uncertairgigouldbe positive
This shouldalsobethe casdor the risk measurassociateavith electricitydemand rislksince
the delivery of electricitys for a period of expectechigh powerdemand Through the short
electricity futures position, however, the power producer secures cash flows and hence
removes any revenue uncertaintyddcMoreover, knowing the exact amount of electricity
that has tdoe generatd in the futureallows the powerproducerto manage carbon risk his
is achievediy simply buying the number otarbon permitshat correspond to the amount of
electricity sold through the futuresontractimmediately upon entering into théast futures
position. Consequentlyhe electricity produceshould provide the consumetth a discount
for eliminatingelectricity revenuerisk and carbon riskHence the coefficientelated tathese

two riskfactorsshould be negative.

8 Market coupling mechanisms facilitate power markeegdration by optimizing the allocation of
crosshorder capacities through auctions. As a result, any price differences between two or more areas

are minimized (for more details see EPEX Spdttt//www.epexspot.com/en/markebupling).
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With a similar line of reasoningze can explain the signs of the coefficients for fihe
risk factorsunder scrutinyin the casevhen an electricity producer wishes to hedgeenue
risk in periods of expectetbw power demandThis would require enteringnto a short
electricity futures positiorAs aresult the electricity revenugsk would be transferred to the
power consumer that holds the corresponding long futures position. Thetb&edectricity
consumer requires discountin order to assumehits risk. In turn, this implies thathe
coefficient of the risk measure related to electricgyenueuncertainty should baegative
This should alsdethe case for the risk measure associatithl electricity demand risk since
the delivery of electrity is for a period of expecteldw power demand. Tiough thelong
electricity futures position, however, tleectricity consumerremoves anyelectricity spot
price uncertainty faed Consequently, the electricity consumer should provide the producer
with a premium for eliminatingelectricity spot price risk. Hengethe coefficientfor the
correspondingisk factor should be positiveFinally, as far as theoefficient of thecarbon
risk factoris concerned, the arguments presented abts@hold in thiscaseand therefore it

should agairbe negative

4. CONCLUDING REMARKS

We investigate the pricing of electricity futures in the European emissions constrained
economy. Our objective is to understand the relationship between spot and futures electricity
prices. To this end, we study the economsk factors that drive risk premia for the case of
monthly baseload electricity futures for delivery in the Nordic, French and British power
markets.We find thatelectricity risk premia respond to both electricity and carbon market
uncertainties. On the basis Benth et alDs(2008) model we are also able to provide an
intuitive understandingf the direction of thestablishedelationships. Our analysis tisusof
relevanceand importance not only for electricity producers and consumers but also for a wide
range of other market stakeholders, including, energy traders, specudaidriinds
Moreover, our findingshavea clear policy implication. The inverse associatarseved

between electricity risk premia and the carbon fs&tor suggests that power producers
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provideelectricity consumers with a discount that is proportional to carbon price volatility as
compensation for eliminating their carbon risk. Consequeitigreased volatility in the
carbon market results in increased hedging costs for power producers. European
environmental policy makers shoultherefore take actions to reduce EU ETS market
uncertainties as tke have significant but unnecessary cost implicaidor electricity
producers.A way to achieve this ido provide transparent information regardintpe
emissions reductions achieved to daea regular (e.g., yearly) basikbng with preliminary
estimates onhie level of the future emissisrap. A ratural extension of our work is to study

the potential impact of the EU ETS on both the-dagad electricity risk premia and the

optimal hedging decisions in the electricity futures market.

REFERENCES

Aatola, P., Ollikainen, M., andnne Toppinen(2013). (Price determination in the EU ETS
market: Theory and econometric analysis with market fundamé@alergy Economics
36, 380-395

Alberola, E., and Julien Chevallier (2009). OEuropean carbon prices and banking restrictions:
Evidence from Phase | (20@907).OThe Energy Journa30, 5%79.

Alberola, E., Chevallier, J., and Beno”t Cheze (2008). OPrice drivers and structural breaks in
European carbon prices 20@807.CEnergy Policy36, 787797.

Anderson, E.J., and Xinmin Hu (2008). OForward contracts arknpawer in an electricity
market.Onternational Journal of Industrial Organizatia®6: 679694.

Benth, F.E., Cartea, A., and RYdiger Kiesel (2008). OPricing forward contracts in power
markets by the certainty equivalence principle: Explaining the sfgthe market risk
premium.@ournal of Banking and Finan@2: 20062021.

Bessembinder, H., and Michael L. Lemmon (2002). OEquilibrium pricing and optimal
hedging in electricity forward marketsl@urnal of Finances7: 13471382.

Bierbrauer, M., Menn, C., Rachev, S.T., and Stefan TrYck (2007). OSpot and derivative

pricing in the EEX power marketJournal of Banking & Financ81: 34623485.

19



Borenstein, S., Bushnell, J.B., and Frank A. Wolak (2002). OMeasuring market inefficiencies
in CaliforniaOs restructured wholesale electricity market.O American Economic Review 92:
13761405.

Botterud, A., Kristiansen, T., and Marija D. llic (2010). OThe relationship between spot and
futures prices in the Nord Pool electricity marké&r@rgy Ecoomics32: 967978.

Breeden, D.T. (1980). OConsumption risks in futures markiar®al of Finance35: 503
520.

Bunn, D.W., and Angelica Gianfreda (2010). Olntegration and shock transmissions across
European electricity forward market&@ergy Economic82: 278291.

Burger, M., Klar, B., MYller, A., and Gero Schindimayr (2004). OA spot market model for
pricing derivatives in electricity marketsQDantitative Finance: 109-122.

Chevallier, J. (2010). OA note on cointegrating and vector autoregreskitienships
between CQ@allowances spot and futures priceBg@nomics Bulletin30: 15641584,

Cootner, P.H. (1960). OReturns to speculators: Telser vs. Keylmsrml of Political
Economy68: 396404.

Creti, A., Jouvet, P.A., and ValZrie Mignon (2012). OCarbon price drivers: Phase | versus
Phase Il equilibrium?Bnergy Economic84: 327334,

Daskalakis, G., and Raphael N. Markellos (2009). OAre electricity risk premia affected by
emission allowance pris? Evidence from the EEX, Nord Pool and Powernd&mnégy
Policy 37: 25942604.

Daskalakis, G., Ibikunle G., and Ivan DiRainey (2011). OThe GQrading market in
Europe: A financial perspective.O In AndrZ Dorsman, et al., Eidsncial Aspects in
Energy Springer: Berlin.

Daskalakis, G., Psychoyios, D., and Raphael N. Markellos (20pdeling C@emission
allowance prices: Evidence from the European Trading Schejoer@al of Banking &
Finance33, 12301241.

Deng, S.J., and Shmuel S. Oren (2008Electricity derivatives and risk management.O
Energy31: 940953.

20!



Dickey, D.A., and Wayne A. Fuller (1979). ODistribution of the estimators for autoregressive time
series with a unit rootddurnal of the American Statistical Associatitsh 427431.

Diko, P., Lawford, S., and Valerie Limpens (2006). ORisk premia in electricity forward
prices.Gstudies in Nonlinear Dynamics & Econometri@s 13581358.

Douglas, S., and Julia Popova (2008). OStorage and the electricity forward preEmargyO
Economics30: 17121727.

Ellerman, A.D., and Barbara K. BYchner (2008). O@lecation or abatement? A
preliminary analysis of the EU ETS based on the 200®missions dataEnvironmental
and Resource Economidg, 267287.

Ellerman, A.D., and Paul L. JoskowO@3). The European UnionOs emissions trading scheme
in perspectivePew Center on Global Climate Change.

Eydeland, Alexander, and Krzysztof Wolyniec (20@)ergy and Power Risk Management:
New developments in Modeling, Pricing, and HedgiNgey: NewJersey.

Fama, E.F., and Kenneth R. French (1987). OCommodity futures prices: Some evidence on
forecast power, premiums and the theory of storatmuthal of Businesg0: 5573.

Fezzi, C., and Derek Bunn (2009). OStructural interactions of European tradiog and

energy prices.@ournal of Energy Market®: 5369.

French, K.R. (1986). ODetecting spot price forecasts in futures pricesr@l of Business
59: S3954.

Furi—, D., and Vicente Meneu (2010). OExpectations and forward risk premium imtble Spa
deregulated power markeEdergy Policy38: 784793.

Geman, H., and Andrea Roncoroni (2006). OUnderstanding the fine structure of electricity
prices.Qournal of Businesg9: 12251261.

Geman, HZlyette (2005 ommodities and Commodity Derivativédodeling and Pricing
for Agriculturals, Metals and EnergWiley: West Sussex.

Hadsell, L., and Hany A. Shawky (2006)Electricity price volatility and the marginal cost of
congestion: An empirical study of peak hours on the NYISO market,-2004.OThe
Energy JournaR7: 157180.

21



Hazuka, T.B. (1984). OConsumption betas and backwardation in commodity markets.O
Journal of Finance39: 64 7655.

Hicks, J.R. (1939)Value and Capital: An Inquiry into some Fundamental Principles of
Economic TheoryOUP: Oxford.

Hong, H., and Motohiro Yogo (2012). OWhat does futures market interest tell us about the
macroeconomy and asset priced@drnal of Financial Economics05, 473490.

Huisman, R., and Mehtap Kilic (2012). OElectricity futures prices: Indirect storability,
expectations and risk premium&@ergy Economic84: 892898.

Kaldor, N. (1939). OSpeculation and economic stabiRgx@ew of Economic Studiés1-27.

Keynes, J.M. (19304 Treatise on MoneWacmillan: London.

Kirat, D., and Ibrahim Ahamada (2011). OThe impact of the European Union emission trading
scheme on the electricityeneration sector Energy Economic83: 9951003,

Knittel, C.R., and Michael R. Roberts (2005). OAn empirical examination of deregulated
electricity prices.@nergy Economic87: 791817.

Kolos, S.P., and Ehud |. Ronn (2008). OEstimating the commodity market price of risk for
energy prices.@nergy Economic30: 621641.

Kwiatkowski, D., Phillips, P.C.B., Schmidt, P., and Yongcheol Shin (199Zesting the null
hypothesis of stationarity against the alternative of a unit root: How sure are we that economic
time series have a unit rootReirnal of Econometrics4, 159178.

Linares P., Santos F.J., Ventosa M., and Luis Lapiedra (2006pacs of the European
emission trading directive and permit assignment methods on the Spanish electricity
sector.(The Energy Journa7: 7998.

Longstaff, F.A., and Ashley W. Wang (2004). OElectricity forward prices: Afhégjuency
analysis.Qournal ofFinance59: 18771900.

Lucia, J.J. and Hip’lit Torr— (2011). OOn the risk premium in Nordic electricity futures
prices.Onternational Review of Economics and Fina€e 750763.

Lucia, J.J., and Eduardos S. Schwartz (2002). OElectricity prices and power derivatives:
Evidence from the Nordic power exchang@eiew of Derivatives Researsh5-50.

22!



MansaneBataller, M., Pardo, A., and Enric Valor (2007). Q@fices, energy and wather.O
The Energy Journa28: 7392.

Mork, E. (2001). OEmergence of financial markets for electricity: A European perspective.O
Energy Policy 29: 715.

Newey, W., and Kenneth, D. West (1994). OAutomatic lag selection in covariance matrix
estimation.®evew of Economic Studiéd, 631653.

Newey, W.K., and Kenneth D. West (1987). OA simple, positive -defimite,
heteroskedasticity and autocorrelation consistent covariance mafwodbmetricas5,
703-708.

Nomikos, N.K., and Orestes Soldatos (2008). OUsing affine jump diffusion models for
modelling and pricing electricity derivativesAPplied Mathematical Financs: 4171.

Parsons, J.E., Ellerman, A.D., and Stephan Feilhauer (2009). ODesigning a U.8fanarke
CO,.OJournal of Applied Corporate Finan@i: 7986.

Phillips, P.C.B., and Pierre Perron (1988). OTesting for a unit root in time series regression.O
Biometrika75, 335346.

Pietz, M. (2009). ORisk premia in the German electricity futures mafketc@edings of
ICEE 2009 & International Conference on Energy and Environn@® December 2009,
Malacca, Malaysia, pp. 16070).

Pilipovil, Dragana (1998).Energy Risk: Valuing and Managing Energy Derivatives
McGraw-Hill: New York.

Pirrong, C., and Main Jermakyan (2008), OThe price of power: The valuation of power and
weather derivatives.ddurnal of Banking & Financ82: 25202529.

Red|, C., Haas, R., Huber, C., and Bernhard Bshm (2009). OPrice formation in electricity
forward markets and the relevanof systematic forecast error&@ergy Economic81:
356-364.

Shawky, H.A., Marathe, A., and Christopher L. Barrett (2003). OA first look at the empirical
relation between spot and futures electricity prices in the United Statesr@l of Futures
Markets23: 931955.

23!



Sijm, J., Neuhoff, K., and Yihsu Chen (2006). Q€@st pasghrough and windfall profits in
the power sector.Glimate Policy6: 4972.

Sioshansi, F.P. (2002). OThe emergence of trading and risk management in liberalized
electricity markets.@nergy Policy 30: 449459.

Sioshansi, F.P., and Wolfgang Pfaffenberger, (eds.) (2@égtricity Market Reform: An
International PerspectiveElsevier: Amsterdam.

Telser, L.G. (1958). OFuture trading and the storage of cotton and wioeah&) of Political
Economy66: 233255.

VehvilSinen, 1. (2002). OBasics of electricity derivative pricing in competitive markets.O
Applied Mathematical Finance: 45-60.

Viehmann, J. (2011). ORisk premiums in the Germaratawd electricity marketEnergy
Policy 39:386394.

Weron, R. (2008). OMarket price of risk by Assiyle electricity options and futures.O
Energy Economic80: 10981115.

Wilkens, S., and JanWimschulte (2007). OThe pricing of electricity futures: Evidence from
the European Energy Exchangéddrnal of Futures Market7: 387410.

Working, H. (1948). OTheory of the inverse carrying charge in futures marketsr@l of
Farm Economics$0: 1-28.

Xu, Yi-Chong (2004).Electricity Reform in China, India and Russia: The World Bank
Template and the Politics of Powé&rdward Edgar: Cheltenham.

Zachmann, G., and Christian von Hirschhausen (2008). OFirst evidence of asymmetric cost
passthrough of EU eissions allowances: Examining wholesale electricity prices in

Germany.@conomics Letter89: 465469.

24



Table 1.Descriptive statistics of electricity prices and load in the Nordic power market

Contract # Obs. Mean Median Maximum  Minimum Std. Dev. Skewness Kurtosis
NOVO05 126 37.621 37.925 44.830 33.520 2.256 0.498 3.215
DECO05 130 39.750 39.650 46.510 34.630 2.153 0.520 3.583
JANOG 130 41.428 41.275 46.800 37.050 1.867 0.509 4,121
FEBO6 131 41.339 41.150 48.800 37.480 1.723 1.006 5.983
MAROG6 128 39.091 37.825 49.000 34.400 3.224 1.145 3.452
APRO06 129 40.598 37.900 58.250 34.000 6.063 1.151 3.285
MAYO06 125 41.565 40.470 55.350 32.750 6.539 0.482 1.884
JUNOG6 123 42.585 41.130 54.700 33.300 6.192 0.360 2.073
JULO6 123 43.517 42.850 52.800 35.300 5.000 0.177 1.864
AUGO06 122 48.914 49.115 58.740 39.700 4.646 0.009 2.010
SEPO06 125 54.190 52.250 82.000 40.800 8.599 1.359 4,775
OCTO06 123 56.897 54.900 81.750 40.900 9.210 0.582 2.736
NOVO06 128 60.258 60.225 85.000 42.500 9.191 0.299 2.554
DECO06 130 63.174 62.850 84.950 38.350 9.848 -0.106 2.728
JANO7 128 63.028 65.690 86.500 37.100 12.955 -0.575 2.431
FEBO7 129 58.009 65.300 88.500 28.550 17.486 -0.343 1.719
MARO7 126 46.180 43.075 70.000 25.850 15.283 0.149 1.444
APRO7 127 36.515 31.300 61.500 23.050 12.059 0.680 2.104
MAYO07 123 29.159 26.850 44.630 21.900 6.302 0.830 2.399
JUNO7 121 25.828 24.800 36.230 19.700 3.869 1.027 3.360
JULO7 123 23.767 23.680 27.650 19.450 1.885 -0.158 2.270
AUGO07 123 26.239 26.000 32.000 19.550 2.562 -0.360 3.122
SEPO7 126 28.100 28.555 34.500 21.600 2.677 -0.297 3.082
OCTO07 124 30.262 30.140 36.250 25.800 2.177 0.594 3.285
NOVO07 129 39.030 37.830 52.400 34.300 3.604 1.643 5.302
DECO07 131 45.066 43.600 55.250 39.800 3.815 0.762 2.373
JULOS8 124 38.501 39.250 50.000 27.100 6.209 0.143 1.893
AUGO08 125 46.065 44.550 61.300 33.300 7.194 0.245 1.746
SEPO8 125 53.886 56.030 68.900 39.250 8.050 -0.180 1.977
OCTO08 129 60.264 60.750 73.250 45.350 7.213 -0.265 2.190
NOV08 130 65.532 65.800 77.500 51.750 6.095 -0.276 2.378
DECO08 130 65.876 67.915 78.500 45.350 8.135 -0.707 2.613
JANO9 128 63.674 68.190 80.000 39.500 11.698 -0.486 1.881
FEBO9 126 58.148 58.300 79.500 38.000 13.377 0.050 1.515
MARO09 125 48.984 43.350 75.500 31.700 11.409 0.682 2.266
APRO09 125 41.650 39.900 61.500 29.750 7.484 0.752 2.704
MAYO09 121 34.857 34.000 49.500 26.000 4,730 1.187 4,927
JUNO9 120 33.572 34.000 39.000 25.500 2.732 -0.782 3.658
JULO9 122 32.038 32.550 37.000 24.500 2.627 -1.018 3.655
AUG09 124 34.722 35.300 38.900 27.500 2.495 -0.919 3.399
SEPO09 125 35.997 36.000 40.910 28.630 2.260 -0.376 2.959
OCT09 125 35.910 36.600 41.300 28.450 3.147 -0.797 2.769
NOV09 128 37.019 37.415 42.500 30.500 2.977 -0.330 2.051
DECO09 130 37.505 37.550 43.700 31.630 3.036 0.223 2.307
JAN10 127 38.336 38.380 44.650 32.750 2.752 0.076 2.256
FEB10 126 39.864 38.525 62.000 33.500 5.267 1.832 6.406
MAR10 125 41.852 36.500 83.950 31.000 12.141 1.894 6.329
APR10 126 43.132 41.800 73.700 30.000 10.319 0.996 3.539
MAY10 124 40.555 42.440 52.950 30.600 5.645 -0.177 2.180
JUN10 124 43.050 43.890 49.500 32.930 3.784 -1.004 3.445
JUL10 153 39.552 38.900 50.600 30.610 6.155 0.185 1.466
AUGI10 128 45.510 45.525 50.650 39.500 2.603 -0.162 2.413
SEP10 130 47.238 46.600 52.780 41.100 2.852 0.104 2.277
OCT10 128 48.913 49.130 53.000 43.650 2.479 -0.174 1.829
NOV10 130 49.890 50.400 53.830 44.240 2.308 -0.531 2.269
DEC10 131 51.013 50.150 68.330 44.650 4,331 1.845 6.806
JAN11 130 56.185 51.375 90.770 47.600 10.387 1.699 4,751
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Table 1continued.

FEB11 129 58.468 52.880 85.100 48.250 9.351 0.906 2.571
MAR11 127 58.132 59.300 78.050 46.980 8.536 0.186 1.677
APR11 128 58.583 60.275 74.600 46.000 7.492 -0.276 2.104
MAY11 125 51.618 52.500 60.950 41.850 3.879 -0.579 3.470
JUN11 124 52.137 52.000 58.500 45.500 2.774 0.046 2.264
JUL11 153 47.178 47.890 58.100 37.900 5.843 0.076 1.594
AUG11 123 50.829 51.500 58.630 40.700 4.466 -0.548 2.243
SEP11 126 52.224 53.540 60.200 43.400 5.058 -0.149 1.547
OCT11 125 50.953 49.800 60.600 32.000 6.343 -0.546 3.020
NOV11 128 50.799 49.840 62.500 41.850 5.086 0.602 2.642
DEC11 129 49.254 49.700 58.380 38.900 3.658 -0.324 3.976
SPOT phase | 664 36.995 33.512 80.415 10.240 13.141 0.673 2.942
LOAD phase| 664 656.240 668.964 1074.392  294.305 191.976 -0.217 2.277
SPOT phase i 1012 46.354 44.760 134.804 8.095 13.699 1.038 5.774

LOAD phase i 1012 982.916 942.122  1542.310 588.302 217.817 0.543 2.621

Note: The period covered is from 03/05/2005 to 31/12/2011. Phase | of the EU ETS ended in December 2007. Both the trading and
delivery of~the NOVO05 to DECO07 (JULO8 to DEC11) electricity futures was during Phase | (Phase Il) of the BBPETSefers to
Nord P®IOs system pricElectricity prices are quoted in "/MWh, while load in GWh.
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Table 2.Descriptive statistics of electricity prices and load in the French power market

Contract # Obs. Mean Median Maximum  Minimum Std. Dev. Skewness Kurtosis
NOVO05 64 51.188 42.937 51.100 53.480 49.580 0.847 0.372
DECO05 64 52.238 49,972 50.860 67.530 49.100 3.954 2.115
JANOG 64 59.910 57.742 57.250 81.650 50.400 9.881 0.969
FEBO6 65 65.524 57.465 63.350 85.840 50.950 9.739 0.117
MAROG6 63 65.248 51.274 66.930 76.250 51.710 6.313 -0.769
APRO06 64 55.553 43.045 55.385 60.150 49.630 2.160 -0.698
MAYO06 62 49.391 40.707 50.100 52.900 38.000 3.148 -1.797
JUNOG6 62 49.342 39.799 52.990 57.200 37.130 7.382 -0.575
JULO6 60 46.595 40.339 44.910 54.730 39.480 4,902 0.635
AUGO06 62 46.762 41.089 45.300 61.500 38.630 6.032 0.965
SEPO06 65 52.577 41.051 51.720 58.750 48.890 2.367 0.691
OCTO06 66 55.298 48.108 56.185 61.000 46.650 3.391 -0.976
NOVO06 65 69.768 58.580 70.750 76.850 59.610 5.607 -0.155
DECO06 64 66.374 63.761 67.295 72.120 50.360 4.656 -1.634
JANO7 127 73.060 65.735 75.250 78.500 57.670 5.168 -1.068
FEBO7 129 68.890 60.507 72.500 78.500 44.130 9.901 -1.146
MARO7 126 55.471 50.831 57.965 69.000 28.450 11.306 -0.856
APRO7 127 38.844 38.720 42.560 47.500 27.060 6.968 -0.498
MAYO07 124 33.497 33.774 32.275 42.750 25.480 5.992 0.138
JUNO7 122 38.019 32.184 37.080 46.170 31.720 4,134 0.343
JULO7 124 41.854 32.220 41.530 51.510 31.870 4.826 0.165
AUGO07 124 34.884 30.817 34.400 42.720 26.650 3.490 0.052
SEPO7 127 36.313 28.207 36.000 43.000 31.740 3.099 0.133
OCTO07 125 39.592 31.072 39.000 46.250 34.670 3.620 0.399
NOVO07 129 52.904 36.857 52.300 76.130 47.130 4917 2.218
DECO07 131 55.225 39.539 51.440 83.530 44.870 10.747 1.318
JULOS8 125 68.494 51.982 67.580 91.890 58.490 6.834 0.824
AUGO08 127 59.847 55.112 57.250 75.250 51.460 6.197 0.861
SEPO8 127 73.474 58.772 74.750 90.670 58.500 8.858 -0.024
OCTO08 130 84.405 67.942 86.845 99.870 61.870 10.702 -0.683
NOV08 131 103.243  75.745 103.540 123.330 88.150 8.904 0.233
DECO08 130 98.466 75.715 99.000 121.000 70.380 11.466 -0.345
JANO9 129 103.200 77.131 108.940 129.350 65.510 18.877 -0.684
FEBO9 127 94.274 76.322 100.000 123.670 57.830 22.820 -0.195
MARO09 126 73.182 73.284 67.315 105.450 37.850 19.758 0.286
APRO09 126 51.891 61.321 52.745 72.820 33.600 11.451 0.000
MAYO09 123 38.396 59.231 35.950 54.490 27.800 8.246 0.317
JUNO9 123 39.630 57.105 36.000 53.690 31.040 7.088 0.758
JULO9 124 40.652 53.030 38.500 57.440 35.130 5.069 1.458
AUG09 127 31.717 48.734 31.630 39.290 27.330 2.616 0.906
SEPO09 128 39.155 39.296 38.710 43.440 33.300 2.047 -0.155
OCT09 67 45.760 48.238 45.350 50.570 43.250 2.021 1.004
NOV09 65 59.425 46.569 57.540 78.800 53.250 6.044 1.615
DECO09 75 60.157 44.798 57.930 77.750 51.250 6.324 1.190
JAN10 64 63.390 44.894 62.625 81.500 50.230 9.441 0.417
FEB10 62 55.303 43.578 53.440 72.000 45.660 6.971 0.766
MAR10 59 43.993 42.113 42.630 49.450 39.500 2.775 0.214
APR10 62 38.197 39.025 38.015 40.500 37.000 0.835 0.977
MAY10 64 35.154 38.317 34.100 42.750 32.820 2.563 1.339
JUN10 64 42.873 38.126 42.500 51.000 37.590 4.379 0.187
JUL10 64 46.189 38.465 47.085 51.000 39.280 2.649 -0.995
AUGI10 66 42.734 38.374 42.845 46.120 39.250 1.599 -0.064
SEP10 67 50.783 38.525 50.030 56.800 46.100 2.945 0.425
OCT10 67 55.590 43.501 55.750 61.500 50.950 2.035 0.440
NOV10 65 59.746 43.924 59.000 64.500 53.250 3.068 -0.109
DEC10 66 56.331 44,118 56.290 61.610 52.250 2.525 0.207
JAN11 65 59.747 45.796 59.550 63.780 55.880 2.344 -0.001
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Table 2 continued.

FEB11 64 55.461 46.085 55.425 60.360 51.000 2.514 0.171
MAR11 63 52.894 46.261 53.010 58.000 49.210 1.974 0.190
APR11 84 50.769 45.200 50.000 62.970 47.380 3.421 1.833
MAY11 103 49.194 46.156 46.620 61.950 42.980 5.086 0.722
JUN11 125 50.202 46.877 48.520 59.290 44.930 3.899 0.357
JUL11 64 55.643 47.599 56.625 61.290 45.710 3.685 -0.848
AUG11 76 48.967 47.757 50.095 55.410 35.500 4.402 -0.843
SEP11 107 57.206 48.280 58.310 64.220 48.650 4.664 -0.279
OCT11 84 63.285 52.452 63.250 68.350 57.780 2.601 0.132
NOV11 77 66.219 53.666 67.250 70.910 57.500 3.535 -0.980
DEC11 66 63.585 54.082 64.325 69.170 53.350 4.229 -0.579
SPOT phase | 685 48.311 42.052 314.269 9.513 24.907 3.506 27.829
LOAD phase| 685 55.532 51.182 78.867 36.417 9.349 0.628 2.225
SPOT phase i 1033 54.079 51.504 118.162 14.015 16.568 0.878 3.833

LOAD phase i 1033 57.958 54.341 87.284 38.070 10.545 0.673 2.432

Note: The period covered is from 03/05/2005 to 31/12/2011. Phase | of the EU ETS ended in December 2007. Both the trading and
deIivery of the NOVO5 to DECO07 (JULO8 to DEC11) electricity futures was during Phase | (Phase Il) of the BBPETSefers to
EPEXO®helix Base indexElectricity prices are quoted in "/MWh, while load in GWh.
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Table 3.Descriptive statistics of electricity prices and load in the British power market

Contract # Obs. Mean Median Maximum  Minimum Std. Dev. Skewness Kurtosis
NOVO05 206 42.937 43.640 57.070 30.560 6.406 -0.194 1.993
DECO05 227 49.972 51.200 85.670 32.560 8.884 0.339 3.989
JANOG 250 57.742 58.865 87.020 38.750 10.606 0.168 2.580
FEBO6 250 57.465 58.105 84.520 38.250 9.693 0.112 2.825
MAROG6 250 51.274 51.435 75.020 34.350 7.899 0.252 3.133
APRO06 250 43.045 44.100 51.000 31.260 5.291 -0.801 2.525
MAYO06 250 40.707 41.700 47.980 32.200 3.305 -0.880 3.163
JUNOG6 250 39.799 40.405 45.250 30.520 2.987 -0.691 2.885
JULO6 250 40.339 40.530 45.430 33.830 2.676 -0.277 2.183
AUGO06 250 41.089 41.695 47.230 35.980 2.617 0.034 1.980
SEPO06 250 41.051 40.720 48.100 35.920 3.059 0.185 1.774
OCTO06 250 48.108 47.885 59.400 36.030 5.212 0.075 2.320
NOVO06 250 58.580 58.800 71.650 43.230 6.772 -0.263 2.482
DECO06 250 63.761 64.605 76.180 46.350 6.628 -0.525 2.795
JANO7 253 65.735 69.300 78.300 39.180 10.005 -1.081 3.362
FEBO7 254 60.507 64.940 75.900 27.950 12.589 -1.088 3.199
MARO7 253 50.831 55.970 69.560 20.100 13.676 -0.750 2.375
APRO7 253 38.720 41.900 53.500 19.500 10.563 -0.639 1.904
MAYO07 253 33.774 37.400 44.500 19.000 8.905 -0.475 1.595
JUNO7 252 32.184 34.530 44.500 20.750 7.798 -0.034 1.377
JULO7 253 32.220 30.400 43.380 23.750 6.237 0.389 1.698
AUGO07 254 30.817 27.500 44.380 22.500 6.453 0.735 2.092
SEPO7 251 28.207 25.700 43.250 20.250 5.956 0.834 2.412
OCTO07 253 31.072 29.190 49.500 25.500 5.147 1.505 5.314
NOVO07 252 36.857 36.000 49.040 30.500 3.785 0.892 3.181
DECO07 252 39.539 38.000 60.520 30.500 5.018 1.876 6.870
JULOS8 255 51.982 49.700 87.440 36.300 13.282 0.840 2.898
AUGO08 255 55.112 51.480 86.220 36.480 14.464 0.737 2.484
SEPO8 255 58.772 54.000 86.800 36.410 15.543 0.464 1.842
OCTO08 254 67.942 63.765 115.960 41.600 16.941 0.252 1.946
NOV08 253 75.745 73.260 150.500 42.150 23.800 0.566 2.670
DECO08 254 75.715 76.555 122.250 42.150 19.158 0.086 2.143
JANO9 252 77.131 76.565 109.000 46.600 15.563 0.066 1.780
FEBO9 253 76.322 76.130 98.730 50.530 13.985 0.017 1.532
MARO09 253 73.284 71.400 98.730 38.080 15.435 -0.081 1.853
APRO09 255 61.321 61.600 85.500 33.950 14.871 -0.220 1.803
MAYO09 253 59.231 61.100 85.500 33.910 16.687 -0.121 1.518
JUNO9 253 57.105 52.720 85.500 34.910 17.348 0.121 1.416
JULO9 253 53.030 47.950 87.130 32.610 16.486 0.544 1.767
AUG09 253 48.734 44.410 78.890 30.990 15.323 0.701 2.021
SEPO09 189 39.296 37.630 51.690 32.340 5.353 0.847 2.514
OCT09 254 48.238 45.085 82.320 33.580 10.925 0.980 3.441
NOV09 254 46.569 44.720 65.570 37.100 7.300 0.891 2.807
DECO09 254 44.798 44.050 59.040 33.710 5.873 0.723 2.744
JAN10 259 44.894 45.360 58.460 34.010 5.496 -0.030 2.437
FEB10 260 43.578 43.330 54.150 34.650 5.043 -0.039 1.829
MAR10 260 42.113 41.575 52.410 34.080 5.241 0.080 1.618
APR10 259 39.025 38.750 45.820 33.360 3.583 0.217 1.818
MAY10 261 38.317 37.700 45.800 33.390 3.465 0.399 2.031
JUN10 262 38.126 37.760 45.370 33.620 3.033 0.362 2.155
JUL10 262 38.465 38.190 44.790 33.840 2.836 0.189 1.864
AUGI10 262 38.374 38.080 44.860 33.700 2.990 0.301 2.031
SEP10 242 38.525 38.020 45.880 33.810 3.202 0.450 2.147
OCT10 262 43.501 43.050 51.030 38.100 3.020 0.376 2.603
NOV10 262 43.924 44.160 50.530 38.100 2.900 0.018 2.739
DEC10 259 44.118 44.460 51.540 38.100 3.033 0.005 2.746
JAN11 258 45.796 46.080 54.170 38.550 3.674 -0.158 2.618
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Table 3 continued.

FEB11 259 46.085 46.150 54.380 38.550 3.805 -0.257 2.466
MAR11 259 46.261 46.360 58.450 38.550 3.388 -0.456 3.459
APR11 260 45.200 44.415 56.160 36.100 3.380 0.372 4.103
MAY11 258 46.156 45.595 56.690 41.650 3.372 1.136 3.617
JUN11 259 46.877 46.270 56.660 41.960 3.637 0.802 2.683
JUL11 259 47.599 46.970 56.310 41.980 3.973 0.544 2.141
AUG11 259 47.757 47.330 55.960 42.080 3.656 0.431 2.145
SEP11 269 48.280 47.550 56.770 42.080 3.965 0.437 2.036
OCT11 294 52.452 51.770 61.250 46.610 3.627 0.584 2.245
NOV11 314 53.666 54.020 61.870 46.610 4.105 0.024 1.582
DEC11 334 54.082 54.290 62.510 46.610 4.457 -0.024 1.431
SPOT phase | 683 36.539 31.890 183.320 16.840 16.837 2.776 15.906
LOAD phase| 683 41.126 39.693 51.332 31.670 4.416 0.534 2.121
SPOT phase i 1010 50.678 46.875 151.330 24.060 18.072 1.857 7.604
LOAD phase i 1010 39.317 38.192 50.702 28.163 4.677 0.454 2.141

Note: The period covered is from 03/05/2005 to 31/12/2011. Phase | of the EU ETS ended in December 2007. Both the trading and
delivery of the NOVO5 to DECO07 (JULO8 to DEC11) electricity futures was during Phase | (Phase Il) of the BBPETSefers to

APXOs W Base indexElectricity prices are quoted EIMWh, while load in GWh.

Table 4.Unit root test results for baseload electricity spot and logarithmic spot prices

Nordic power market French power market | British power market
Panel A: Spot prices (Nord Pool System Price|] (EPEX Phelix Base) (APX UK Base)
Test Null c TC c TC c TC
Hypothesis
ADF Unit Root -3.332° -3.398 | -4.629° | -4.616 | -4.7627 | -4.811"
PP Unit Root -6.217 -6.640 -41.366° | -41.384" | -17.891" | -18.303
KPSS  Stationarity 0.728 0.141 0.215 0.201 0.532 0.297
Panel B: Log spot prices
Test Null c TC c TC c TC
Hypothesis
ADF Unit Root -3.627" -3.709° | -4.7357 | -4.709" | -4.018" | -4.081"
PP Unit Root -7.094 -7.536 -28.719" | -28.856 | -12.937" | -13.730
KPSS  Stationarity 0.708 0.155 0.276 0.178 0.497 0.169

Note: The results are presented both with a constant (C) and a trend and constant (TC) in the test eqyatiotenote
statistical significance at the 10%, 5% and [&¥els, respectively. ADF refers to the Augmented Dickayller test (Dickey

and Fuller, 1979), PP to the Phikperon test (Phillips and Peron, 1988) and KPSS to the Kwiatke®skips-Schmidt

Shin test (Kwiatkowski et al., 1992). The lag structure in the A&3Fis selected automatically on the basis oSBE. For

both PP and KPSS the bandwidth parameter is selected according to the approach suggested by Newey and West (1994).

Table 5. Descriptive statistics afarbonfutures prices and returns

Contract # Obs. Mean Median Maximum  Minimum Std. Dev. Skewness Kurtosis
EUA phase | 664 12.50 15.00 30.45 0.01 10.19 0.00 1.47
EUA phase i1 1012 15.91 14.73 29.33 6.45 451 0.97 3.34
REeuA phase | 663 -0.01 0.00 1.10 -1.39 0.11 -3.11 73.44
REuA phase 1I 1011 0.00 0.00 0.11 -0.10 0.02 -0.12 5.37

Note: The period covered is from 03/05/2005 to 31/12/2011. EUA refers to pricesggpdoRogarithmic retins of a rollegover
EUA futuresseries constructed using contrattsded in NYSE ICBEwvith December 2006 anBDecember 2007 (2008 and 2011)
expiries for Phase | (Phase II) of the EU ET&rbon futures prices are quoted/fiBUA.
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Table 6. Descriptive statistics of realized risk prenfoa the Nordicelectricity futures

Contract # Obs. Mean Median Maximum  Minimum Std. Dev. Skewness Kurtosis
RPnovos 126 6.572" 6.877 13.781 2.475 2.256 0.498 3.214
RPpecos 130 4.833" 4.733 11.590 -0.287 2.153 0.520 3.584
RP;an0s 130 0.005 -0.148 5.377 -4.373 1.867 0.509 4.121
RPregos 131 -2.408" -2.597 5.053 -6.267 1.723 1.006 5.983
RPyvaros 128 -13.752” -15.018 -3.843 -18.443 3.224 1.145 3.452
RPapros 129 -13.041" -15.739 4.611 -19.639 6.063 1.151 3.285
RPuyayos 125 2.384 1.289 16.169 -6.431 6.539 0.482 1.884
RP3uNos 123 -3.133° -4.588 8.982 -12.418 6.192 0.360 2.073
RP3uLos 123 -6.696" -7.363 2.587 -14.913 5.000 0.177 1.864
RPauGos 122 -18.204" -18.003 -8.378 -27.418 4.646 0.009 2.010
RPsgpos 125 -10.364" -12.304 17.446 -23.754 8.599 1.359 4.775
RPocTos 123 1.883 -0.114 26.736 -14.114 9.210 0.582 2.736
RPnovos 128 12.806" 12.773 37.548 -4.952 9.191 0.299 2.554
RPpecos 130 28.579" 28.255 50.355 3.755 9.848 -0.106 2.728
RP;an07 128 34.714" 37.376 58.186 8.786 12.955 -0.575 2.431
RPrego7 129 27.942" 35.233 58.433 -1.517 17.486 -0.343 1.719
RPyvaro7 126 21.772" 18.667 45.592 1.442 15.283 0.149 1.444
RPapro7 127 13.324” 8.109 38.309 -0.141 12.059 0.680 2.104
RPuyayo7 123 28.977" 26.850 43.750 21.900 6.173 0.831 2.386
RP3uNo7 121 1.185 0.157 11.587 -4.943 3.869 1.027 3.360
RP3uLo7 123 5.265" 5.178 9.148 0.948 1.885 -0.158 2.270
RPauGo7 123 8.074" 7.835 13.835 1.385 2.562 -0.360 3.122
RPsgpo7 126 1.374" 1.829 7.774 -5.126 2.677 -0.297 3.082
RPocto7 124 -6.331" -6.453 -0.343 -10.793 2.177 0.594 3.285
RPnovo? 129 -7.359" -8.559 6.011 -12.089 3.604 1.643 5.302
RPpeco7 131 -2.512" -3.978 7.672 -7.778 3.815 0.762 2.373
RP3uLos 124 -7.540" -6.791 3.959 -18.941 6.209 0.143 1.893
RPaucos 125 -10.155" -11.670 5.080 -22.920 7.194 0.245 1.746
RPsgpos 125 -14.529" -12.385 0.485 -29.165 8.050 -0.180 1.977
RPoctos 129 3.003" 3.489 15.989 -11.911 7.213 -0.265 2.190
RPnovos 130 13.108" 13.376 25.076 -0.674 6.095 -0.276 2.378
RPpecos 130 18.905" 20.944 31.529 -1.621 8.135 -0.707 2.613
RP3an09 128 21.396" 25.912 37.722 -2.778 11.698 -0.486 1.881
RPregos 126 19.415" 19.567 40.767 -0.733 13.377 0.050 1.515
RPyaRros 125 13.279" 7.645 39.795 -4.005 11.409 0.682 2.266
RPapros 125 6.414" 4.664 26.264 -5.486 7.484 0.752 2.704
RPuyayo9 121 0.307 -0.550 14.950 -8.550 4.730 1.187 4.927
RP3uNo9 120 -3.022" -2.594 2.406 -11.094 2.732 -0.782 3.658
RP3uLo9 122 -1.378" -0.866 3.584 -8.916 2.627 -1.018 3.655
RPauGo9 124 1.381" 1.959 5.559 -5.841 2.495 -0.919 3.399
RPsgpos 123 -7.617" -6.791 3.959 -18.941 6.174 0.154 1.913
RPocTo9 125 -10.155" -11.670 5.080 -22.920 7.194 0.245 1.746
RPnovos 125 -14.529" -12.385 0.485 -29.165 8.050 -0.180 1.977
RPpecos 129 3.003 3.489 15.989 -11.911 7.213 -0.265 2.190
RPjan10 130 13.108" 13.376 25.076 -0.674 6.095 -0.276 2.378
RPres10 130 18.905" 20.944 31.529 -1.621 8.135 -0.707 2.613
RPwvaR10 128 21.392” 25.912 37.722 -2.778 11.695 -0.486 1.881
RPapr10 126 19.416" 19.567 40.767 -0.733 13.377 0.050 1.515
RPuyay1o 125 13.280" 7.645 39.795 -4.005 11.409 0.682 2.266
RP3uN10 125 6.415" 4.664 26.264 -5.486 7.484 0.752 2.704
RP3uL10 121 0.307 -0.550 14.950 -8.550 4.730 1.187 4.927
RPauc10 120 -3.022" -2.594 2.406 -11.094 2.732 -0.782 3.658
RPsep1o 122 -1.378" -0.866 3.584 -8.916 2.627 -1.018 3.655
RPoct10 124 1.381" 1.959 5.559 -5.841 2.495 -0.919 3.399
RPnovio 125 6.239" 6.242 11.152 -1.128 2.260 -0.376 2.959
RPpecio 125 1.113 1.804 6.504 -6.346 3.147 -0.797 2.769
RPjan11 128 -0.095 0.301 5.386 -6.614 2.977 -0.330 2.051
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Table6 continued.

RPregi1 130 -3.127" -3.082 3.068 -9.002 3.036 0.223 2.307
RPyaR11 126 -18.947” -18.896 -12.586 -24.486 2.722 0.066 2.263
RPapr11 125 -31.397” -32.741 -9.241 -37.741 5.286 1.835 6.386
RPuyay11 124 -16.121" -21.486 25.964 -26.986 12.190 1.884 6.272
[=]= 125 -4.520" -4.677 26.023 -17.677 10.356 0.986 3.507
RPjuL11 123 -5.331" -3.458 7.042 -15.308 5.663 -0.188 2.173
RPauc11 123 -3.924" -3.059 2.491 -14.079 3.780 -1.031 3.511
RPsgp11 252 -6.948" -7.588 4.097 -15.893 6.167 0.184 1.460
RPocri1 128 1.253" 1.269 6.394 -4.756 2.603 -0.162 2.413
RPnovit 130 -2.608" -3.246 2.934 -8.746 2.852 0.104 2.277
RPpeci1 128 -1.508" -1.292 2.578 -6.772 2.479 -0.174 1.829

Note: The period covered is from 03/05/2005 to 31/12/2011. Phase | of the EU ETS ended in December 207 t0RRRyEco7
(RPyyLos to RPec1y) correspond to realized risk premia of tHerdic electricity futures that were both traded and delivered during
Phae | (Phase Il) ofte EU ETS.,™,™ denote statistical significance at the 10%, 5% adevek, respectivelyRisk premia are
expresseth "/MWh.
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Table 7. Descriptive statistics of realized risk prenfioa the Frenchelectricity futures

Contract # Obs. Mean Median Maximum  Minimum Std. Dev. Skewness Kurtosis
RPnovos 64 4781 4.693 7.073 3.173 0.847 0.372 2.659
RPpecos 64 -91.073" -92.451 -75.781 -94.211 3.954 2.115 6.796
RP3an0s 63 -29.991" -32.483 -7.933 -39.183 9.623 1.018 2.787
RPregos 64 -17.589" -20.036 2.879 -32.011 9.738 0.150 1.652
RPuvaRros 62 -14.817" -13.102 -3.767 -28.307 6.352 -0.746 2.792
RPapros 64 10.229" 10.061 14.826 4.306 2.160 -0.698 4.353
RPuyayos 61 10.690" 11.358 14.158 -0.742 3.157 -1.843 6.338
RP3uNos 60 6.126" 9.666 13.871 -6.199 7.365 -0.598 1.578
RP3uLos 58 -3.244" -4.872 4.948 -10.302 4.859 0.658 1.942
RPauGos 61 -90.384" -91.874 -75.724 -98.594 6.051 0.942 2.730
RPsepos 65 8.573" 7.716 14.746 4.886 2.367 0.691 2.908
RPoctos 66 18.255" 19.142 23.957 9.607 3.391 -0.976 3.353
RPnovos 65 21.988" 22.970 29.070 11.830 5.607 -0.155 1.415
RPpecos 64 23.291" 24.212 29.037 7.277 4.656 -1.634 6.002
RP;an07 127 28.077" 30.267 33.517 12.687 5.168 -1.068 3.009
RPrego7 129 26.747" 30.357 36.357 1.987 9.901 -1.146 3.148
=] = 126 29.679" 32.173 43.208 2.658 11.306 -0.856 2.678
RPapro7 127 10.034” 13.750 18.690 -1.750 6.968 -0.498 1.616
RPuyayo7 123 5.635 " 4.495 14.845 -2.425 5.997 0.123 1.324
RP;uNo7 121 -0.355 -1.308 7.762 -6.688 4.135 0.329 1.789
RPuLo7 123 12.830° 12.659 22.459 2.819 4.837 0.151 2.090
RPauGo7 123 10.384" 9.903 18.203 2.133 3.499 0.039 2.693
RPsepo7 126 2.417 2.103 9.108 -2.152 3.111 0.135 1.759
RPocto7 124 -5.148" -5.700 1.550 -10.030 3.607 0.419 1.693
RPnovo? 129 -75.780" -76.384 -52.554 -81.554 4.917 2.218 9.979
RPpeco7 131 -19.347" -23.132 8.958 -29.702 10.747 1.318 3.460
RP3uLos 122 -17.820" -18.797 5.503 -27.897 6.856 0.821 3.598
RPauGos 125 -15.749" -18.415 -0.415 -24.205 6.220 0.839 2.556
RPsepos 125 -11.540" -10.278 5.512 -26.658 8.829 -0.038 1.845
RPoctos 129 1.889 4.359 17.289 -20.711 10.718 -0.700 2.349
RProvos 130 5.979" 6.231 25.976 -9.204 8.877 0.225 2.163
RPpecos 130 17.745" 18.279 40.279 -10.341 11.466 -0.345 3.130
RP3an09 128 80.967" 86.582 106.862 43.022 18.728 -0.705 2.237
RPregog 126 21.124" 27.704 50.319 -15.521 22.798 -0.213 1.400
RPuyaRros 125 33.476" 28.857 65.677 -1.923 19.823 0.276 1.828
RPapros 125 18.828" 19.705 39.785 0.565 11.493 0.007 1.877
RPuyayo9 121 -6.250" -8.673 9.867 -16.823 8.250 0.323 1.545
RP3uNo9 119 7.796" 4.630 21.860 -0.790 7.086 0.745 2.084
RP3uLo9 120 12.254" 10.019 28.959 6.649 5.132 1.407 4.200
RPauGo9 123 0.921 0.833 8.493 -3.467 2.642 0.911 3.913
RPsepos 124 -4.493" -4.973 -0.193 -10.333 2.063 -0.148 3.069
RPocTo9 67 -4.601" -5.011 0.209 -7.111 2.021 1.004 3.113
RPrnovog 65 -3.972" -5.857 15.403 -10.147 6.044 1.615 4.940
RPpecos 75 16.895" 14.668 34.488 7.988 6.324 1.190 3.478
RP3an10 63 30.746" 29.954 48.704 17.434 9.437 0.393 2.038
RPres10 60 1.001 -0.950 17.610 -8.730 7.067 0.726 2.686
RPwAR10 56 4.526" 3.144 10.024 0.074 2.792 0.250 1.700
RPapr10 53 5.640" 5.462 7.932 4.432 0.832 0.881 3.369
RPuyay1o 54 -6.531" -7.461 0.854 -8.986 2.636 1.257 3.561
RP3uN10 56 -0.067 0.039 7.474 -5.776 4.336 -0.022 1.388
RP3uL10 62 -2.897" -2.084 1.771 -9.949 2.565 -1.129 3.582
RPauc10 66 0.475 0.586 3.861 -3.009 1.599 -0.064 2.398
RPsep1o 66 8.828" 8.207 14.802 4.102 2.946 0.401 1.770
RPoct10 65 0.691 0.821 6.571 -3.979 2.032 0.454 3.576
RPnovio 63 -14.127" -14.823 -9.323 -20.573 3.054 -0.120 2.019
RPpecio 64 -0.823 -0.882 4.438 -4.922 2.547 0.196 1.933
RPjan11 64 4.108" 3.916 8.106 0.206 2.345 -0.032 1.811
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Table7 continued.

RPreg11 60 -2.249" -2.498 2.702 -6.658 2.576 0.215 1.942
RPvAR11 60 -3.398" -3.322 1.743 -7.047 2.017 0.236 2.496
RPapr11 81 -4.282" -5.077 7.903 -7.687 3.483 1.789 5.902
RPuyay11 99 -5.272" -7.888 7.482 -11.488 5.102 0.712 2.072
RPjuN11 121 2.341" 0.647 11.417 -2.943 3.932 0.344 1.599
RPjuL11 61 8.658" 9.688 14.358 -1.222 3.761 -0.800 3.028
RPauc11 76 7.564" 8.692 14.007 -5.903 4.402 -0.843 3.299
RPsep11 106 2.945" 4.031 10.006 -5.564 4.660 -0.264 1.687
RPocri1 83 8.326" 8.309 13.409 2.839 2.611 0.151 2.357
RPnovit 76 8.911" 9.937 13.652 0.242 3.531 -0.971 3.013
RPpeci1 64 7.392" 8.178 13.023 -2.797 4.237 -0.589 2.464

Note: The period covered is from 03/05/2005 to 31/12/2011. Phase | of the EU ETS ended in December 207 t0RRRyEco7
(RPyyLos to RPec1y) correspond to realized risk premia of fheenchelectricity futures that were both traded and delivered during
Phag | (Phase Il) of the EU ETS.”,™ denote statistical sidficance at the 10%, 5% and levels, respectivelyRisk premia are
expresseth "/MWh.
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Table 8. Descriptive statistics of realized risk prenfoa the Britishelectricityfutures

Contract # Obs. Mean Median Maximum  Minimum Std. Dev. Skewness Kurtosis
RPnovos 119 12.709" 12.710 22.280 6.560 3.342 0.373 2.638
RPpecos 140 -23.325" -25.000 7.040 -31.550 6.038 2.109 9.198
RP3an0s 162 -5.234" -7.040 17.870 -15.650 7.107 1.025 3.605
RPregos 182 7.898" 6.510 30.460 -3.210 6.799 1.047 3.837
RPuvaros 202 -5.230" -6.555 15.790 -16.330 6.147 0.955 4.060
RPapros 225 6.594" 7.110 13.370 -4.980 4.209 -0.978 3.502
RPuyavos 242 2.830" 3.655 9.920 -5.410 3.117 -0.871 3.325
RP3uNos 247 6.873" 7.530 12.380 -2.350 3.040 -0.685 2.820
RP3uLos 247 -3.427" -3.170 1.740 -9.860 2.755 -0.335 2.246
RPauGos 249 3.017" 3.630 9.110 -2.140 2.606 -0.031 1.970
RPsepos 247 10.583" 10.120 17.720 5.540 3.082 0.197 1.769
RPoctos 248 16.330" 15.945 28.000 1.350 5.536 -0.065 2.583
RProvos 249 29.444" 29.850 43.110 11.530 7.114 -0.327 2.574
RPpecos 246 23.884" 24.825 36.730 3.700 6.937 -0.621 3.055
RP;an07 246 41.111" 44.580 53.780 14.660 9.908 -1.054 3.323
RPrego7 247 37.156" 41.410 52.750 4.800 12.566 -1.081 3.196
=] = 246 32.092” 37.350 51.090 1.630 13.668 -0.732 2.357
RPapro7 246 18.522" 21.635 33.510 -0.490 10.584 -0.615 1.869
RPyayo7 247 14.551" 18.140 25.340 -0.160 8.910 -0.464 1.585
RP;uNo7 247 9.793" 12.340 22.040 -1.710 7.796 -0.054 1.380
RPuLo7 248 10.613" 8.830 21.710 2.080 6.278 0.365 1.666
RPauGo7 249 10.895" 7.520 24.400 2.520 6.499 0.711 2.046
RPsepo7 246 -16.927" -19.480 -1.930 -24.930 5.991 0.818 2.371
RPocto7 248 3.487" 1.585 21.890 -2.110 5.172 1.499 5.281
RProvo? 247 -15.175" -16.010 -2.970 -21.510 3.809 0.901 3.172
RPpeco7 247 0.702 -0.820 21.700 -8.320 5.058 1.876 6.814
RP3uLos 120 -12.509” -16.255 12.260 -25.480 10.959 0.667 2.222
RPauGos 140 -11.614" -15.105 9.930 -27.090 12.348 0.456 1.726
RPsepos 160 -18.241" -19.095 1.360 -36.940 13.215 0.071 1.363
RPoctos 184 -9.154™ -6.125 31.610 -32.350 13.860 0.114 2.171
RProvos 204 12.760" 11.905 80.830 -21.670 21.484 0.577 2.871
RPpecos 224 30.604" 31.760 73.400 -0.850 16.995 0.173 2.205
RP3an09 247 33.237" 32.780 64.780 3.780 15.449 0.070 1.739
RPregog 248 22.070" 21.945 44.290 -3.910 14.031 -0.010 1.528
RPuyaRros 248 34.110” 32.360 59.420 -1.230 15.529 -0.102 1.844
RPapros 251 27.998" 28.220 52.120 0.570 14.953 -0.228 1.793
RPuyayo9 248 27.434" 29.370 53.570 1.980 16.749 -0.132 1.511
RP3uNo9 247 19.106" 15.900 47.090 -3.500 17.323 0.085 1.408
RP3uLo9 246 15.172" 9.955 48.920 -5.600 16.558 0.506 1.723
RPauGo9 246 18.042" 13.525 47.950 0.050 15.435 0.668 1.965
RPsepog 182 3.725" 2.110 16.190 -3.160 5.345 0.850 2.530
RPocTo9 247 17.811" 14.660 51.870 3.130 11.035 0.970 3.389
RPrnovos 247 6.446" 4.600 25.480 -2.990 7.341 0.896 2.813
RPpecog 247 14.715" 14.050 29.040 3.710 5.860 0.727 2.760
RP3an10 251 10.564" 10.120 24.260 -0.190 5.425 -0.036 2.420
RPres10 253 7.925" 7.680 18.540 -0.960 5.030 -0.016 1.849
RPwaR10 251 5.508" 4.960 15.830 -2.500 5.195 0.091 1.645
RPapr10 244 0.474 0.270 7.200 -5.260 3.516 0.203 1.867
RPuyay1o 244 0.150 -0.440 7.520 -4.890 3.396 0.371 2.074
RP3uN10 248 -4.064" -4.420 3.030 -8.720 2.983 0.302 2.158
RP3uL10 249 -1.530" -1.760 4.630 -6.320 2.807 0.116 1.884
RPauc10 249 -4.229" -4.570 2.080 -9.080 2.956 0.243 2.036
RPsep1o 228 -8.042" -8.500 -0.870 -12.910 3.185 0.392 2.119
RPoct10 247 -0.285 -0.700 7.080 -5.850 2.994 0.345 2.622
RPnovio 247 -0.617 -0.450 5.820 -6.610 2.840 -0.003 2.879
RPpecio 243 -0.954" -0.700 6.290 -7.150 2.972 -0.021 2.894
RPjan11 243 -2.173" -2.080 5.950 -9.670 3.561 -0.186 2.801
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Table8 continued.

RPreg11 242 -2.074" -2.130 6.010 -9.820 3.656 -0.303 2.663
RPuvaR11 244 0.985 0.930 12.980 -6.920 3.209 -0.457 3.904
RPapr11 251 -3.658" -4.450 7.230 -12.830 3.289 0.526 4.187
RPuyay11 251 -1.545" -2.090 9.010 -6.030 3.371 1.156 3.676
RPjuN11 252 -2.409” -3.020 7.380 -7.320 3.637 0.805 2.690
RPjuL11 252 0.724 0.085 9.430 -4.900 3.971 0.533 2.120
RPauG11 252 0.800 0.340 8.990 -4.890 3.652 0.422 2.134
RPsgp11 263 0.988 0.220 9.470 -5.220 3.961 0.432 2.023
RPocT11 287 -0.552 -1.230 8.240 -6.400 3.624 0.572 2.218
RPnovit 300 5.515" 6.245 13.650 -1.610 4.132 -0.020 1.563
RPpeci1 300 10.414" 12.370 18.620 2.720 4.553 -0.127 1.397

Note: The period covered is from 03/05/2005 to 31/12/2011. Phase | of the EU ETS ended in December 207 t0RRRyEco7
(RPyyLog to RPyec1y) correspond to realized risk premia of etish electricity futures that were both traded and delivered during
Phase | (Phase Il) of the EU ETS.”,™ denote statistical significance &et10%, 5% and 1%vels, respectivelyRisk premia are
expresseth £/MWh.
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Table 9. Regression results of realized risk premia on economida@krsfor the Nordicelectricity futures

L " # $; Ctrerorrte
RProvos 077" -0.17 -0.32 0.11 31.9 0.3
RPpecos 0.70 -0.11 -0.60 0.05 18.3 -0.4
RP3an0s 0.70 -0.08 -0.64 -0.05 24.8 -0.4
RPresos 0.36 -0.14 0.00 0.06 11.2 -0.5
RPwaros 1.01" 0.19 -0.55 -0.34" 48.3 9.1
RPapRos 0.62" -0.05 -0.39" -0.60" 28.7 15.6
RPyavos -0.16 0.03 -0.10 -0.14 3.6 1.0
RP3unos -0.26 -0.14 0.11 0.04 0.1 -0.8
RP3uL0s -0.78 -0.47" 0.29 0.24 25.2 2.2
RPaucos -0.62 -0.09 0.15 0.00 24.4 -0.6
RPsepos -0.32 -0.27 0.02 -0.18 29.0 0.5
RPocTos -0.33 -0.44" 0.10 -0.31 51.6 2.9
RProvos -0.47" -0.397 0.11 -0.16 53.1 0.4
RPbecos 0.02 -0.02 -0.16 -0.46" 27.3 8.8
RP3an07 0.02 0.30 -0.63" -0.34" 40.8 9.8
RPregor 0.14 0.34" -0.717 -0.59” 65.5 14.5
RPumaro7 0.24 0.14 -0.56 -0.64" 59.5 12.5
RPapRo7 -0.31 -0.11 0.19 -0.47" 44.9 6.1
RPuyavo7 -0.08 -0.13 0.23 -0.59” 36.8 18.1
RP3uno7 -0.10 -0.57 0.51" -0.51" 48.8 16.7
RPuL07 0.47" -0.01 -0.20 -0.37" 15.8 7.6
RPauco? 0.08 0.20 -0.47 0.08 18.7 -0.1
RPsgpo7 -0.54" 0.06 -0.31 -0.12 64.7 0.7
RPocro7 -0.48" 0.11 -0.27 -0.20° 50.1 2.9
RProvo? -0.89” -0.47" 0.13 -0.05 31.6 -0.3
RPpecor -1.09” -0.21 0.30" 0.00 50.7 -0.4
RP3uLos 0.70 0.22 -0.58" 0.12 8.9 0.3
RPaucos 1.54" -0.25" -0.81" 0.50" 70.5 18.1
RPsepos 1.08" -0.04 -0.82" 0.28" 30.7 5.9
RPocros 0.24 -0.14 -0.55 -0.16 15.7 1.3
RProvos 0.21 -0.19" -0.70" -0.64" 47.4 22.8
RPpecos 0.39 -0.297 -0.42" -0.717 56.7 32.0
RP3an09 0.32" -0.15 -0.15 -0.65" 59.8 27.6
RPresos -0.05 -0.33 -0.18 -0.65" 63.0 324
RPumaro9 -0.37" -0.08 -0.14 -0.68" 68.2 40.3
RPapRo9 -0.54" -0.33" 0.24 -0.82" 65.0 58.9
RPuavos -0.43" -0.47" 0.36 -0.77" 443 44.7
RP3unos -0.06 -0.21 0.19 -0.80" 56.6 345
RP3uL0s -0.01 0.19 -0.06 -0.76" 68.8 25.6
RPaucos 0.32 0.56 -0.58" -0.55" 62.8 20.1
RPsepos -0.24 0.48" 0.07 -0.51" 385 16.0
RPocTos 0.35 0.10 -0.14 -0.44" 16.4 14.3
RProvos 0.39 0.30 -0.35 0.41" 17.5 14.9
RPbecos 0.40 0.24 -0.36 0.25 8.8 5.3
RP3an10 0.47" 0.03 -0.28 0.09 8.3 -0.1
RPres1o 1.07" 0.15 -0.42" 0.06 66.8 0.0
RPuar10 0.71" -0.17 0.01 -0.22 46.3 3.7
RPapR10 0.81" -0.05 -0.09 -0.25" 49.6 3.1
RPuyav10 0.77" 0.02 -0.11 -0.31" 38.9 5.8
RP3un10 0.24 -0.23 0.13 -0.13 10.4 0.6
RP3uL10 0.57" -0.14 -0.03 -0.03 32.7 -0.2
RPaus10 0.21 0.03 0.26 0.37 34.8 9.0
RPsep10 0.54" 0.06 -0.03 0.38 38.0 10.3
RPocri0 0.19 -0.19 0.26 -0.06 14.8 -0.3
RPnovio 0.01 0.04 0.38 -0.23 12.1 3.8
RPpecio -0.04 0.03 0.30 -0.22 6.9 2.8
RPjan11 0.15 0.10 0.35 -0.25 40.1 35
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Table9 continued.

RPresit 0.50 0.35" -0.08 -0.24" 56.7 3.8
RPuar11 0.80" 0.35" -0.22 -0.03 68.5 -0.2
RPapr11 0.94" 0.25" -0.34" 0.29 55.0 7.3
RPuyavi1 0.96" 0.25 -0.81" 0.44" 28.6 15.6
RPjun1t 0.69” 0.37" -0.67 0.58" 33.7 28.2
RPyuL11 -0.07 0.57" -0.01 -0.10 31.2 0.6
RPauc11 -0.16 0.30 -0.18 -0.45" 51.7 14.5
RPsep11 -0.50" 0.28" 0.17 -0.41" 69.0 12.2
RPocTi1 -0.51" 0.38" -0.02 -0.31" 73.4 8.6
RProvi1 -0.75" 0.35" 0.23 -0.38" 78.0 14.2
RPpeci1 -0.75" 0.34" 0.47" -0.36" 47.7 12.5
Note: The test equation iRP. ! Iy 11 Do by bty b bty I e whereRP, is the realized risk

premium of contract on dayt; #s, # 1, #r:and#c is the conditional volatily of the electricity spot price, load,
revenues andarbonfutures returns on daly respectivelyThe estimations refer to ofily-one regressions of the
risk premium for each electricity futures d¢mact on the four risk factordhe last column!(I"') presents the
change in the adjusted-Rjuared coefficient’( ) as compared to the caseen the regrssions arestimated
without including the carbon riskkactor. For comparison purposes, all variables are standardized prior to
estimation by subtracting the mean and dividivith the standard deviatiomNewey and West (1987) corrected
standard errors are employtat the estimations., ~, ™ denote statistical significance at the 10%, 5% and 1%
levels, respectively.
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Table 10. Regression results of realized risk premia on economidactkrsfor the Frenclelectricity futures

L " # $ Frrer ot
RPnovos 0.33 -0.14 -0.09 -0.55 18.0 19.4
RPpecos 0.20 -0.14 0.47 0.24 52.1 1.3
RP3aN06 1.06” 0.27" -0.77" -0.55 69.9 9.7
RPresos 1.05" 0.38" -0.64” -0.05 64.7 -0.4
RPumaRos 0.27 0.09 -0.29 -0.55 15.5 19.6
RPapros -0.57 0.05 0.45 0.26 105 4.8
RPuvavos -0.01 -0.28" 0.28 -0.697 24.8 18.8
RP3unos 0.31 -0.04 -0.04 -0.67" 59.8 20.5
RP3uLos 0.68" 0.20 -0.28" -0.30" 70.2 4.6
RPauGos 1.06” -0.05 -0.41 -0.27 67.0 4.8
RPsepos -0.44 -0.01 0.64" -0.717 24.3 21.0
RPocTos 0.74" 0.04 -0.40 -0.52" 22.1 26.4
RPnovos 1.04” 0.13" -0.68" -0.27" 71.5 7.3
RPpecos -0.45 0.19 0.17 -0.26 115 4.7
RP3an07 0.38" -0.31" -0.23 -1.25 19.3 15.7
RPregor 0.22" -0.21" -0.08 -0.68" 17.4 23.3
RPuaRo? 0.17 -0.15 -0.11 -0.86" 8.4 20.3
RPapro7 0.38" 0.09 -0.47 -0.717 8.5 28.4
RPumavo7 0.11 0.02 -0.08 -0.66 6.0 38.9
RP3uno7 0.13 0.10 -0.18 -0.49” 4.9 21.0
RP3uL07 -0.47 0.24" 0.03 -0.10 24.5 0.2
RPauco? -0.87" 0.12 0.46" 0.06 43.7 -0.1
RPsepo7 -0.60" 0.16 0.27 0.41" 31.9 15.8
RPocTo7 -0.65" 0.19 0.37 0.35" 34.3 11.1
RPnovor 0.16 0.13 0.19 0.05 105 -0.5
RPpecor 0.83" 0.10 -0.31 0.06 38.2 -0.2
RP3uLos -0.18 -0.26 0.41 -0.56 19.0 26.1
RPaucos 0.86" -0.02 -0.24 -0.08 47.0 0.2
RPsepos 1.23" 0.18" -0.58" -0.07 71.0 0.2
RPocTos 1.09” 0.19 -0.56" -0.04 56.4 -0.2
RPnovos 0.44 0.05 -0.26 0.03 7.8 -0.7
RPpecos 0.43 0.01 -0.22 -0.28" 9.9 6.8
RP3an09 0.63" 0.07 -0.34" -0.55" 25.3 28.9
RPresos 0.14 -0.16 -0.27 -0.637 1.1 36.6
RPumaRos -0.04 -0.29” 0.07 -0.69” 13.5 35.7
RPapro9 0.41 -0.02 -0.26 -0.58" 39.3 15.9
RPumavos 0.21 0.05 -0.09 -0.56 20.9 20.7
RP3unos 0.31 0.00 -0.05 -0.397 22.4 8.8
RP3uLos 0.83" 0.15 -0.28 -0.11 485 0.5
RPaucos 0.82" 0.04 -0.66" -0.10 31.0 0.2
RPsepos 0.37 0.08 -0.15 -0.56 11.9 30.4
RPocros 0.46 0.18 -0.03 -0.31 43.6 5.2
RPnovos -0.17 0.03 0.59 0.49” -0.4 14.1
RPpecos -0.01 0.06 0.01 0.12 -3.9 -0.4
RP3an10 0.99” 0.13 -0.45 -0.14 4.3 1.3
RPres1o -0.19 0.08 -0.11 -0.52" 15.4 19.8
RPumaR10 -1.06" -0.05 0.45 0.06 57.9 -0.6
RPapr10 -0.36 0.13 0.28 0.50 25.7 8.8
RPumav10 -0.92" -0.12 0.12 0.36 37.9 6.9
RP3un10 -0.60" -0.22" 0.23" 0.61" 62.5 28.7
RP3uL10 -0.46" -0.40" 0.45 0.44" 29.4 13.7
RPaus10 -0.72" -0.25 0.68" -0.62" 4.6 33.6
RPsepio -0.12 -0.54 0.76 -0.25 35 3.3
RPocT10 0.83" 0.54 -0.98 -0.37 4.3 4.3
RProvio 0.98" 0.24" -0.21" 0.13" 89.0 0.8
RPpecio 1.217 0.12 -0.60" 0.11 80.1 0.9
RPan11 0.87 -0.24 -0.66 -0.32 24.9 5.2
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Table10 continued.

RPresit 1.017 0.17" -0.19 0.11 68.4 0.1
RPuar11 0.52" 0.33" 0.06 -0.08 46.5 -0.3
RPapr11 -0.13 0.00 0.03 -0.78" 5.7 58.9
RPuavi1 -0.60" 0.05 0.28" 0.69" 30.7 44.6
RPjun11 -0.61" -0.03 0.29" 0.46"~ 22.4 20.6
RP3uL11 0.22 -0.01 -0.37" -0.75" 7.5 55.5
RPauc11 -0.11 0.18 -0.06 -0.717 18.0 25.6
RPsgp11 -0.34 -0.04 0.43 -0.65" 8.4 36.3
RPocT11 -0.78" -0.13 0.75" -0.35 17.6 11.0
RPnovi1 -0.90” -0.09 0.44 0.28 34.0 5.7
RPpeci1 -0.66" -0.20 0.81" -0.58" 29.2 30.9
Note: The test equation iRP. ! Iy 11 Do by bty b bty I e whereRP, is the realized risk

premium of contract on dayt; #s, # 1, #r:and#c, is the conditional volatility of the electricity spot price, load,
revenues and carbon futures returns ontdagspectively. Thestimations refer to oAgy-one regressions of the

risk premium for each electricity futures contract on the four risk factors. The last colurhpgresents the
change in the adjusted-Rjuared coefficient/( ) as compared to the casghen the regressis are estimated
without including the carbon riskkactor. For comparison purposes, all variables are standardized prior to
estimation by subtracting the mean and dividing with the standard deviation. Newey and West (1987) corrected
standard errors are @hoyed for the estimations, ~, ™ denote statistical significance at the 10%, 5% and 1%
levels, respectively.
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Table 11 Regression results of realized risk premia on economidacthkrsfor the Britishelectricity futures

L " # $ Frrer ot
RPnovos -0.11 -0.02 0.31 0.64" 8.3 15.0
RPpecos 0.12 -0.16 0.42 0.34 28.2 6.6
RP3aN06 0.53" -0.11 0.12 0.16 41.6 15
RPresos -0.09 -0.19 0.59” 0.34 15.3 10.0
RPumaRos -0.03 -0.15 0.43" 0.35 9.4 10.8
RPApRos 0.52" -0.03 0.07 0.17" 29.7 2.3
RPuvavos 0.63” -0.03 -0.13 0.09 26.0 0.5
RP3unos 0.68" 0.01 -0.26 -0.38" 33.7 13.8
RP3uLos 0.63" 0.07 -0.33" -0.30" 24.5 7.9
RPauGos 0.91" 0.17" -0.55" -0.18 36.6 2.6
RPsepos 0.28 0.20 -0.19 -0.25 7.2 5.2
RPocTos 0.52" 0.21" -0.17 0.21" 14.6 3.3
RPnovos 0.65" 0.24" -0.26 0.46" 14.4 17.4
RPpecos 0.60 0.25" -0.27 0.35" 11.7 9.3
RP3an07 0.59” 0.23" -0.27 0.25" 13.0 45
RPregor 0.36 -0.09 -0.13 0.09 5.1 0.3
RPuaRo? 0.40" 0.02 -0.23 -0.12 8.9 0.8
RPapro7 0.38" 0.06 -0.30 -0.23 10.5 4.0
RPyavo7 0.21 -0.03 -0.13 -0.33 6.1 8.6
RP3uno7 0.17 -0.10 -0.02 -0.70" 16.8 23.1
RP3uL07 0.42" -0.06 -0.27 -0.67" 24.2 20.4
RPauco? 0.28 -0.01 -0.30 -0.717 17.4 35.7
RPsepo7 -0.21 -0.08 0.03 -0.727 6.2 31.9
RPocTo7 -0.35" -0.14 0.08 -0.53" 9.0 27.6
RPnovor 0.05 -0.06 0.09 -0.21 -0.5 3.7
RPpecor 0.69” 0.17" -0.27 -0.03 22.6 -0.3
RP3uLos -0.01 -0.27 0.40 -0.47" 24.9 18.2
RPaucos 0.10 -0.34" 0.43 -0.11 24.8 0.7
RPsepos 0.21 -0.35" 0.37 -0.07 29.9 0.0
RPocTos 0.11 -0.37" 0.42 -0.09 25.4 0.4
RPnovos 0.26 -0.25 0.30 0.08 30.0 0.3
RPpecos 0.29 -0.24 0.24 0.02 27.5 -0.3
RP3an09 0.31 -0.24 0.18 -0.21 22.8 4.0
RPresos 0.75" -0.06 -0.31 -0.51" 20.1 23.4
RPumaRos 0.48" -0.09 -0.18 -0.66 7.7 41.3
RPapro9 0.26 -0.11 -0.12 -0.75" 11.4 52.3
RPumavos 0.20 0.13" -0.07 -0.737 22.3 435
RP3unos 0.21 -0.15 -0.12 -0.68" 29.5 30.9
RP3uLos 0.38" -0.10 -0.20 -0.47" 25.9 16.0
RPaucos 0.66" 0.04 -0.31" -0.23 31.9 4.0
RPsepos 0.82" 0.26 -0.35 0.20 33.1 35
RPocTos 0.91" 0.08 -0.43" 0.30" 31.8 8.3
RPnovos 0.72" 0.17 -0.37 0.34" 19.7 11.1
RPpecos 0.69” 0.16 -0.26 0.43" 22.3 18.3
RP3an10 0.78" 0.19 -0.27 0.43" 34.6 18.0
RPres1o 0.48" 0.03 -0.34 0.49” 7.7 23.5
RPumaR10 0.22 -0.07 -0.02 0.51" 2.0 26.1
RPapr10 0.30 -0.12 -0.03 0.50" 7.7 24.6
RPumav10 0.33 -0.17 0.02 0.317 19.0 8.4
RP3un10 0.05 -0.27" 0.22 0.24 11.1 5.1
RP3uL10 -0.45" -0.34" 0.46" 0.00 10.5 -0.4
RPaus10 -0.47" -0.12 0.46"~ -0.10 7.2 0.6
RPsep10 -0.69” -0.17 0.55" -0.04 18.1 -0.3
RPocT10 -0.06 -0.14 0.21 0.27 5.6 5.5
RProvio -0.47" -0.18 0.44" 0.08 5.5 0.0
RPpecio -0.68" -0.19 0.55" 0.10 13.4 0.3
RPan11 -0.33 -0.11 0.67" -0.24 13.1 5.1
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Table 11 continued.

Ik

RPresit -0.04 -0.09 0.49 -0.15 19.8 1.8
RPuar11 0.38" -0.10 0.11 0.10 18.7 0.6
RPapr11 0.46" -0.08 -0.12 0.00 12.6 -0.4
RPuavi1 0.36" -0.04 -0.14 -0.01 5.9 -0.4
RPjun11 0.18 -0.07 0.01 0.04 2.0 -0.2
RP3uL11 0.10 -0.06 0.00 0.09 -0.4 0.3
RPauc11 0.09 0.07 0.02 0.12 0.1 1.0
RPsgp11 0.03 0.08 0.04 0.11 -0.4 0.6
RPocT11 -0.07 0.12 0.10 0.10 0.5 0.7
RPnovi1 -0.07 0.08 0.05 0.38" 0.3 12.8
RPpeci1 -0.07 0.05 0.05 0.47" 1.0 20.4
Note: The test equation ig? . ! I, 1 1 1y b by, by b bty I e whereRP, is the realized risk

premium of contract on dayt; #s, # 1, #r:and#c, is the conditional volatility of the electricity spot price, load,
revenues and carbon futures returns ontdagspectively. The estimations refer to drneone regressions of the

risk premium for each electricity futures contract on the four risk factre. last column!(I"') presents the
change in the adjusted-Rjuared coefficient’( ) as compared to the caséen the regressions are estimated
without including the carbon riskkactor. For comparison purposes, all variables are standardized prior to
estimation by subtracting the mean and dividing with the standard deviation. Newey and West (1987) corrected
standard errors are employed for the estimatigns, ™ denote statisticasignificance at the 10%, 5% and 1%
levels, respectively.
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Figure 1. Electricity spot prices in the Nordic (top), French (middle) and British power market (bottom)
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Note: The period covered is from 03/05/2005 to 31/12/2011. Electricity prices in both the Nordic and French

market are quoted in "/MWh, while in the British in £/MWh.
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Figure 2. Electricity futures curvéor the Nordic (top), French (middle) and Britisbntractgbottom)

AN
A

%"“ / h I W

"# ES ® & 3 b3 ES

3 E & 3 EE *
Sar s il rerse i T80 2835028 s lr e 8w
F Y dd 9B &S dad 9B FIda% 06 F I d09 0 F L Ada0BF S da®BoF
= S o [ N - =1 L2-N S o 2N S o oo S o [ N - =1 -
"

>
=
>

S
T
\\
—

I
|
>

I

D
—
L
D
N~
L]
<

<
N
S
S
<

$'#
e x . + - . - - - . $oewt o
o Foxow s Ex ox T ox o ow oo o o I o TEs sy 1T Y.
O o N IR o® InlFa oo 5 fF F O f ¥ I+ F R o3 7 + + K + ¥
¥ ] L LR L FJIL I EDT EJLEELOETEAEILTL L P g T x5 £
© 3t © © £ © 3 f © EY © = x
893N 8ag5d3n8agsaIn8gszgind&dagszgind&dagigaiIgs8a
IS =1 & T o g4 © S 9 & ® T ° g4 @ Lo 3 4 ® L ° H g ©
y#

A
IIAVE N
| W/

i

. £ E R E & > & EY EY
Srrst Farzs el PexaalEasiso gt Baa e B
n o ohow ® Do o Ty R ST S n o SR - - SR - - S
o d s ¥R 2 d TR T SL IR PR O dHSIR Fod s TR
F 33 © = 3 3 s Ff =39 c F =38 G 33 G 38 G ¢

Note: The figure displays thaverageprice of the monthly electricity futures tradgdm 03/05/2005 to 31/12/2011 for the
delivery months November 2005 to December 2007 (Phase | of the EU ETS) and July 2008 to December 2011 (Phase II).
The contracts with delivery in the months January to June 2008 are excluded from the analysis becaasiénthé¢ar

part of it) and maturity took place in different EU ETS phaBéectricity prices for both the Nordic and French futiaes

quoted in "/MWh, whilefor the British contractan £/MWh.
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Figure 3. Electricity load in the Nordic (top), French (ndid) and British power market (bottom)
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Note: The period covered is from 03/05/2005 to 31/12/2011. Electricity load is quoted in GWh.
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Figure 4. Carbonfutures prices (top) and logarithmic returns (bottom)
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Note: The period covered is from 03/05/2005 to 31/12/2011. Phase | of the EU ETS ended in December 2007. The
figure depicts the prices (top) and logarithmic returns (bottom) of a rolled EUA futures series constructed

using the contractsaded in NYSE ICEvith December 2006 and December 2007 (2008 and 2011) expiries for
Phase | (Phase Il) of the EU ET&arbon futureprices are quoted in "/EUA.
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Figure 5. Realized risk premigor the Nordic (top), French (middle) and Britiskectricity futures(bottom)
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Note: The figure displays the measf the realized risk premia of the electricity futures traded between 03/05/2005 to
31/12/2011 for the delivery months November 2005 to December 2007 (Phase | of the EU ETS) and July 2008 to December
2011 (Phase 1l). The risk premia for the electricity contracts with delivery in the months January to June 2008 are excluded
from the analysis because the tradofghese futuregor part of it) and maturity took place in different EU ETS phases.

Risk premiafor boththe Nordic and Frenchuturesareexpressed "/MWh, while for the Britishcontactsn £/ MWh.
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