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1 Introduction

The deregulation of electricity markets throughdlbé developed
world has triggered a new perception of the eleityrisector among the
entities concerned. The sector is no longer a-stemeing monopoly, but,
through structural legislation reforms, has changed a competitive
business with newly emerged risks and profits stiegeto free market
conditions. Thus, producers, agents and supplierge o deal with
volatile prices of energy commodities and eledlyidiself. In order to
stabilize their profits, they turn attention to vi@rd electricity markets
with various negotiable instruments to hedge tpesitions accordingly.
In this essay, we aim to look closer at these forwaarkets and examine
whether one can take the futures’ quotations asnatds for the spot
prices, or rather, these reflect the market equilib of supply and
demand for hedging instruments. In particular, aeug on the so called
forward risk premium, presented in forward consadhat gives us an
idea of what the relationship between the futurgsbtations and
underlying asset is about. We provide theoretieakiground of the risk
premium, and using empirical data from selected ofpe@an power
exchanges investigate what shapes its values.
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The first subsection of Section 2 in this papewvtes the theoretical
background for the forward risk premium. The secosbsection
contains a review of the equilibrium model propobgdBessembinder —
Lemon (2002), also known as the B-L model. Thedtlsiubsection goes
on by applying the portfolio theory on electricityjarket and its
participants. Section 3 describes used data setitseof computing of ex-
post risk premia, and testing for components ofrigle premia using B-L
model and applied portfolio theory. The Section nalgzes the tests’
results and concludes.

2 Theoretical review

2.1 Theoretical background of the risk premium

Since electricity cannot be economically stored haee lost the basic
argument that the price of a forward contract 8agk determined by a
non-arbitrager approach. Under this approach, aoralsle commodity
would never be bought by an outside speculator benstored for a given
period of time only to be sold back on the forwardrket with a locked
profit. Taking into account the storage cost artdrest rate (and yield if
possible), the arbitrager normally cannot sell unislerlying asset in the
forward market for a higher price than the sum isf total costs. The
quotations of a forward contract should thus refldese costs and
provide the speculator with no advantage.

However, in order to understand the relationshifwben spot and
forward prices, as in the case of electricity artien non-storable
commodities, we have to adopt recent idea of fodwask premium.
Market risk premium deals with expected spot pricedich are
estimations of the future behavior of current gpates. Developing an
appropriate statistical model for such a task imeslmainly finding a
dependence of electricity prices on relating prigeenergy commodities,
technical time series of producers’ capacities, rbgdwer reservoir
levels, seasonality and so forth according to prgatterns and
performance of a particular market. The simple idanof the ex-ante
risk premia can be then written as:

hr = Ft\,l¥ - E(Sr)’ (1)
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Where 71, . depicts risk premium in present-day timéo be realized in
time T. F7 depicts today’s forward price for the contract wattlelivery

period in time T. E(Sr) means expected spot price in time
Comprehensive estimation models have been develmp8&ssembinder
— Lemmon (2002); Lucia and Torro (2008) and Caded Villaplana
(2008).

On the contrary, ex-post risk premium is definedaaslifference
between the price of the forward contract and &aized spot price over
the delivery period. The most obvious amenity ois tapproach is
availability of all necessary data for our calcidas. We thus accurately
compute realized risk premium of a given forwardtcact. The formula
IS written as:

Thy = Ft‘% -5, 2)

Risk premium in the delivery period in tinfeis given by subtracting the
average prices of any periods in forward contréfetime FT (for

example one month to delivery) from the averagd gppice of delivery

S;. Under the assumption that evolution of risk pramiis anticipated

by entities on the base of rational expectatiorestwnk both ex-ante and
ex-post premiums equal with just a residual nose;

Ft\# - Sr =Tt + Eiro (3)

However, due to the limited number of participamrnselectricity markets
and often sharp changes of electricity prices, lrasls us to the idea that
the assumption is rather imperfect and that thenpma is driven by
outside forces instead of expectations. In spitdnat, we opt in this essay
to stand for it and calculate ex-post premium oailable data with a
discussion over its potential implication and byttho contribute to
amount of similar studies conducted on differeecelcity markets, i.e.
Botterud et al. (2002), Longstaff and Wang (2004)rio and Meneu
(2009), Pietz (2009) etc.

The basic idea of forward risk premium emphasizest forward

prices do not stand for reliable estimates of ®dguspot prices. While
analyzing electricity prices, we should considesnthrather as a current
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equilibrium of interaction between supply and dedhaas though they
are, hedging instruments. This is due to the fdwt tsince the

deregulation, the electricity markets have not begdely attended by

outside speculators due to tough capital and ITisglon requirements or
lack of necessary information. Entities alreadyrafeeon the markets that
are mostly interested in physical delivery, as donéedging. Both the

producers and the consumers of electricity haveradictory reasons for

hedging through forward instruments. The first hedg stabilize their

level of profit, and the latter to fix the pricedarby extension, their costs.
The strength of both sides thus defines the forwiakdpremium.

Whether the value of the premium is negative oitpesit is closely
tied with the definition of the forward contractdaitis convergence into
the spot price of the underlying asset. Being theesof the forward price
approaching the spot price from below called norbedkwardation, we
speak about negative risk premium. In contrasth@case of contango,
when the forward price converges to the spot frdoove, we call it
positive risk premium.

Consequently, negative premium occurs as a redulprevailing
hedging pressure on producers’ side. They perceigher risks of
instability of either costs or revenues by incregsn prices of an input
for production or decreasing in the spot prices lavigelling their
electricity. Because of this, they seek to hedgenwly emerged risks
by fixing the electricity price on the forward matkand therefore enter
into the short positions of the contracts with fetdelivery. As a result,
the market price of such a contract decreases btiewexpected spot
price and the risk premium is driven to be negative

Analogically, positive risk premium reflects greatedging effort on
the retailers’ side. Incentives for that are mdggaonly by securing their
costs since the actual consumers of the electrgegycommitted to long-
term contracts without the excessive price shifteemv renewing.
Therefore, when trying to secure the price of feitpurchases, they enter
into the long futures positions, which drives tloewfard prices above
expected spot prices, causing the risk premium ktpositive.

More importantly, one of the main features of thecticity markets
is that as the upward price spikes on the spot ebdaHe spikes tend to
occur rather frequently because of unexpected imatedthanges in
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demand and the greater hedging incentives stiBigteon retailers. We
therefore assume that the overall market risk premshould be positive.

2.2 B-L Equilibrium model

An influential model dealing with the relationshijetween futures
and spot prices is carefully proposed by Bessenebirathd Lemmon
(2002). Their equilibrium model suggests the rigkenpium as being
dependent on variance and skewness of the spad. priee following
regression can then be directly tested:

7. =a+bVARS, | +cBKEWS |+ ¢, (4)

WhereVARS; | and SKEWS; | denote variance and skewness of the
spot price over the delivery period, respectivelypb,c stand for the

estimated parameterg&ccording tothe model, the risk premium is
negatively related to the variance of the spotepdce to short market
hedging pressure. This happens when the expecteahea of the spot
price is high and retailers seek to stabilize thesl and variability of the
profits by offsetting their long positions in order achieve lower cash-
flow fluctuations when contracts are physicallytleet In other words,
they perceive the higher expected variance of guog price as a threat
and try to avoid that by reducing the amount ofvfnd contracts held,
which are otherwise required to be settled duregdelivery.

Skewness, on the other hand, is related to thepristaium positively,
that is, the higher asymmetry of the probabilitgtdbution of the spot
price, the higher premium we can expect. Valuekeimess reflects the
frequent upward spikes in the electricity spot neariistribution of the
spot prices contain a few extremely high valueskés) and therefore the
bulk of the values are to be found to the leftltg thean. This explains
that skewness in the case of electricity is expketiebe overall positive.
By their experience, the participants have apprédénhat feature of the
markets, and encourage themselves to hedge aghmstinexpected
spikes by demanding the forward contracts. In awditthe sellers of
these contracts require the premium for bearingytbater spot price risk.
The risk premium is thus to be driven upward.

Several empirical papers have been concerned wittation of the
B-L model described above. Lucia and Torro (2008)vigde us with
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evidence from NordPool, Scandinavian electricitycleange, using

weekly futures’ data for sample period from 19982@87. They found a
strong indication that the model was not valid tbe whole sample
period due to non-significant parameters and vesw IR-square

coefficients. However, excluding the supply-shoekigd from late 2002

to early 2003, they present interesting results.ti@npre-shock period,
the parameters are consistent with the B-L mod®t s, negative

(positive) risk premium dependence on variancewskss), with an R-

square as high as 30% in one week ahead futurdsactsa The post-

shock period shows results that contrast to the Bddel. Estimated

parameters for variance are positive and non-sggmf, except for one
week ahead with a 10% significance level, whileapagters for skewness
are negative and significant. R-square averagaush lower than that of
the pre-shock period. They therefore concludedttitemarket perception
had undergone a considerable change during thdyssippck period that

caused the B-L model to be no longer valid.

The Spanish electricity market is analyzed by Fuamimd Meneu
(2009). They ran the regression on monthly futudata for a sample
period from 2003 to 2008. They modified the equatolittle by adding
the observation of realized risk premium in thevpres monthz(t—1,
T-1). As a result, they obtain unusually high R-squeoefficient of
determination of 46%. However, their findings dgrithe whole sample
period stand for only partial confirmation of theLBnodel. Although the
risk premium negatively depends on variance witlghhievel of
significance, the parameter of skewness is nonfggnt.

While looking at the short-term day-ahead hourlyufas on the
American PJM electricity market, Longstaff and Wa(@§04), with a
dataset consisting of years 2000 to 2002, they wabke to fully confirm
the implications of the B-L model by discoveringyrgficant negative
(positive) dependence of the risk premium on vaeafskewness) in the
hourly prices. The R-square found is about 20%.

2.3 Portfolio theory in electricity forward markets

Although the previously described B-L equilibriunodel is primarily
based on the portfolio theory, the model constamctieals with several
specific assumptions about production function timaght reduce the
model's universality. Therefore, we present an telgty forward risk
premium model, based on and strictly connected hi® Markowitz
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portfolio theory and its application for Tobin’s & of money demand
as presented in Kodera (2001).

Similarly as for the model specified above we asstinat electricity
forward contracts are generally traded on the wdadéeelectricity market.
We divide the market participants into two grougspducers and
retailers. We assume that all of the below speatifibaracteristics (as
market expectations of the producers and retaitées,utility function,
electricity production costs function of producets.) are the same, or at
least very similar for all group members. All otleessumptions, valid for
the original portfolio theory, are applied in ouradysis as well.

Behavior of speculators, the third possible subggoup, is identical
to producers’ for all of the speculators, whoseitpms at timet, on
forward delivery period, is long. Conversely, behavior of speculators is
identical as retailers’ for all of the speculatondjose position at timg
on forward delivery periodrl, is short. This assumption allows us to
consider only two types of market participants.

Each market participant has to make a presentidaediseing at time
t) what portion of the future delivery obligatione{tvery during timeT)
is optimal to hedge and, contrary, what should Hee amount kept for
speculation.

Producers, which form the supply of electricity ¢me forward
market, can sell the forward contracts and hedege fature revenues
now at timet, or they can keep the position open and sell r@iduction
during the future period], on the spot market. If we consider that all
future producers’ supplies are sold through thevémd market, the
producers’ profit rate would be given by the equuati

FY -C,
CT

ry =

: (5)

Wherer? is the profit rate of a particular producer in tizse that all of
its production has been sold at the forward pﬁﬁﬁb, However, total

costs,C,, are not fixed and are a function of quantity proetl and prices

of primary energetic sources. We assume that toists are independent
on whether the producer chooses hedging, speceljaby a mixed
strategy. Moreover, we suppose that a particular plavariable costs
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(prices of primary energetic sources) are hedgedobyard contracts.
ParameterC, is therefore exogenous and fixed in a short teamogd,

especially at timé. The risk of a fully hedged position is measurgdhe

variance ofr is equal to zero.

o} =0, (6)
Expected profit rate of the entire speculative pasiis defined as

r$ = E(SQ < (7)

The speculative profit raters , is given by the expected spot price for

delivery period T, E(S}N) and production cost . The higher the

expected spot prices, the higher expected profiimfrthe opened
speculative position. On the other hand, therbesrisk that the real spot
price during periodl might be different from producers’ expectations.
This risk is measured by expected spot prices negia

of >0, (8)

Utility of each producer is a positive function thfe expected profit.
According to the risk aversion, utility is negatiwenfluenced by risk
factors, as seen through the equation:

up(?r,éj, ©)

Retailers form the demand on the electricity fodvararket. They buy
energy from producers and resell it to final constsmat pricé”. We
assume thaR® is well known at timet and fixed on a short term period.
When the retailer hedges all of its planned engrgichases via the
forward market, the risk freeo; = )Qrofit equals

PR-FY

w
Ft,T

e =

’ (10)

The expected profit of the entire speculative stygtis given by:
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rR:PTR_E( W)
S ES\TN

which is connected to the risk measured by the @&rpgespot price
variance

! (11)

ol >0, (12)

The utility function of a retailer is positively tigmined by the expected
profit and negatively by the risk of expected proging realized.

UR(;T,EJ, (13)

The optimal portfolio structures of the produce(s”)>F", and the

t,T?

retailer, E(SY )< F, are illustrated in a Figure 1. The correlationzen
the hedged and speculative profit rates are defisexkro.

Figure 1. Optimal portfolio structure

a./ producer b./ retailer

U'r.o)

o

w o

Source: Authors’ analyses

The optimum point can be found as the point whé® line which
represents an achievable portfolio (starting at)[E ,r’Q or
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[oF =0,r7] and ending at§s, L] or [0 ,rl]) intersects the tangent
line to the utility function (expressed as indiffat curve) of the producer

or retailer. Expected profit and risk of the optirpartfolio is given as an
optimal composition of risk free and speculativsipon. Expected profit

is denoted asd} ,rg ] for producers anddf , r] for retailers. The set of
admissible portfolios line for producers is defireed

P
g
rPP = rsP T: ! (14)
O-S
and for retailers as
R
g
rPR = rsR F;q ! (15)
O-S

In accordance with previous model simplificatione wssume thaB®
and C;are exogenous or fixed in a short term period agotime t.
Henceforth, we can focus on the effectsl:‘t(s‘r’v) and g{® changes on

the optimal portfolio structure of both producersd aetailers. We use
mainly graphical analysis, while the optimal polifostructure can be
found mathematically using the Lagrange functionrbgximizing the

utility function ((9) for producers, (13) for relais) on set of admissible
portfolios ((14) for producers and (15) for retasle Lagrangian (for
producers) is defined as

ot iz A)=u%(otaf)oa 12 2| 6)

S

Conditions for maximization of utility function argiven as a partial
derivations of the functiori(by parametergrf,r} andA) equal to zero.
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ou”

+A1=0.
ol

Derivation for the retailers’ case is very similahe effect ofE(S‘rN) or
o5 change can be measured as the difference betvptienuan before
and after change.

Change ofE(S‘r’V) will intuitively cause a change Eﬂ . We will examine

the transmission via the expected speculative fpaffiproducers and
retailers.

From equation (5) we separdie

w
Ft T

C. =
TP

By substitution to (7) we receive equation faf as follows:

P _E[S ) +1)

re = '
S FtWT

It is obvious that the increase E‘(S‘r’v) leads to an increase rdt. The
same deduction could be found by directly analyzivgrelation (7), but
now it is clear that considering ti@; level, it is not crucial. The higher

expected profit from speculative positions decrsabe willingness of
producers to hedge their future profit by sellirtgttee forward market.
Finally, the lower the supply on the forward marketates a pressure on
the forward price to rise. Whole process is illattd in Fig. 2.a/.

To solve the retailers’ part, we separf@ from equation (10)
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PR =FY(rF +1),
And by adding to (11) we obtain

For (rHR + )

E(sY)

re

An increase of the expected spot prices lead toeeredse of the
speculative profit rate of retailers. Consequertttg, demand for forward
contracts hedging increases. This whole procestusirated on Figure
2.b/.

Figure 2 Comparative static after expected spot rate increas

a./ producer b./ retailer

uro) U'(r,0)

Source: Authors’ analyses

The increase of expected spot prices (ceteris psyitreates pressure
on a forward price rise from both groups of markatticipants. The
decrease of expected spot prices has an oppos$det.eThese findings
could be considered as a possible explanationedfrémsmission between
expected spot price and particular forward pricease of non-storable
assets.

The consequences of increased risk factors arectéepin Figure 3.
The higher the variance of expected spot pricesislem a higher
willingness to hedge future cash flow on both sidésvertheless, the

87



Michalovsky, M. — Paholok, I1Portfolio Theory and Electricity Forward Markets.

effect on forward price is reversed. Effort of puodrs to hedge a higher
portion of their production forms pressure on tlewiard price to
decrease. Conversely, enhanced retailers’ effortetige creates pressure
from the demand side, and forward price tendss. ri

Figure 3 Comparative static after spot price variance increae

a./ producer b./ retailer

rRI

Source: Authors’ analyses

We have introduced this model as the electricityward risk
premium model. Comparative static examines the mmeve of the
expected spot price, and explains the empiricaligeoved pattern that
risk premium tends to fluctuate around zero asfiiiere price reacts on
the expected spot price change. The result of tiatility change (an
expected risk factor) remains ambiguous. The higlslr increases the
forward price, and consequently the risk premiurhemwretailers’ market
position is stronger (given by a market structimegntive, etc.) than the
producers’ position, and vice versa.

2.3 Hypotheses formulation

We have presented two models, which might be aghi¢he process
of the ex-post risk premium determinants analy$isey are the B-L
equilibrium model and the model based on the plottheory. The first
hypothesis that we intend to test is directly catee@ to the model’s
general validity. The statistical adequacy of theodel itself is
complemented with the verification of the concepiistulates (according
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to Bessembinder and Lemmon (2002)) about the negétiear relation
between the particular spot price variance andast-psk premium, and
the positive linear relation between the participot price standardized
skewness and the risk premium. On the other happliea portfolio
theory allows both, positive and negative relatibesveen expected spot
price variance and the ex-post risk premium, adogrtb dominance of
market participants’ positions.

There is still one considerable issue, which netedbe discussed.
While B-L equilibrium model presumes the relatioretween risk
premium and risk factors have no time lag (realiaediance and
skewness of observed spot prices at fijehe portfolio theory does not
explicitly consider whether the risk premium islirnced by realized
risk factors or rather by market participants’ estpéons. Expectation of
variance and skewness can be perfect or adapt@assdbon a historical
data. Therefore, we do not suppose the ability afket participants to
predict risk factors is precise and in contraryhwtiite B-L model we do
not expect linear relation between the ex-post pikmium and realized
variance or skewness of spot prices during the perod T. Contrary,
we presume the impact of variance or skewness frora horizonT-1
andT—-2 as market participants’ expectations are basekisiarical data.
Therefore we provide tests of defined hypothesdis tne lags as well.

3 Empirical tests

3.1 Data set

In this essay we primarily focus on the Power Exg®a Central
Europe (PXE) located in Prague, Czech RepublicnBed in July 2007,
the PXE provides futures contracts for three coestof CEE region —
the Czech Republic, Slovakia and Hungary. Howetrer traded volume
on PXE is rather low, and therefore we take intmsideration the
referential European Energy Exchange (EEX) locdatedsermany as
well. In comparison to the Central Europe regiore also decide to
analyze patterns in the risk premium on more distaarkets where the
price can exhibit a different behavior either bessaaf the remoteness and
thus connectivity to other markets, or an altexreastructure of input for
production of electricity. Best for this purposee wet to analyze the
Portuguese division of the Iberian electricity nerlkkesponsible for
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derivatives (OMIP) and NordPool, the biggest enemgghange in Europe
located in Norway.

Both futures and spot prices are obtained from Bieomberg
terminal. The futures time series consists of da#ytlement prices of
monthly contracts on one-month-ahead basis ovdaogef time from
September 2007 to August 2010. These are baseseaels only. The
first date is chosen with respect to first delivpgriod on the PXE taking
place in October 2007. Because the two lags afleded in hypotheses
testing, the spot prices begin in August 2007, gvkihding on the last day
in August 2010.They comprise of average daily olet@yns based on 24
hourly prices on day-ahead spot markets. The qes@istatistics of the
spot prices are displayed on Tab. 1.

Tab. 1: Descriptive statistics of electricity spot pricesAugust 2007 —

August 2010

PXE

spot EEX spot | OMEL spot | NordPool spot
Mean 48.28 49.27 45.86 41.53
Median 43.78 44.77 40.89 40.93
Maximum 164.78 158.97 82.13 134.80
Minimum 268 | -35.57* 0.00* 8.80
Variance 371.25 377.43 234.25 147.96
Skewness 1.14 1.07 0.22 0.87
Kurtosis 4.67 5.25 2.57 6.99

* Zero or even a negative price of electricity liscapermitted. For details, see for
example Nicolosi (2010). Source: Bloomberg (201id authors’ analyses

3.2 Ex-post risk premia

Firstly, we consolidate the daily data into monthlerages of both
the futures and spot prices over the examined g@efitnen, using the
formula (2) for ex-post premium, we get resultslessvn on Figure 4.
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Figure 4: One-month-ahead risk premia with kernel aénsity,
October 2007 — September 2010
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To provide further insight on the results, we tdst data on the
presence of non-zero risk premium, using the painedsample t-test for
equivalence of means with following results:

Tab. 2: Realized risk premia in EUR/MWh and its t-Statistics

PXE EEX OMIP | NordPool
No. of observations 36 36 36 36
Average risk premium 2.06 2.17 -1.51 0.72
t-Statistic 1.38 1.59 -1.07 0.66

Source: Bloomberg (2011) and authors’ analyses

The average values on each market are without amgtantial
statistical significance mainly due to only 36 ntdptobservations are
taken into account — restriction imposed by lagtsof PXE in 2007.
However, it can be clearly observed from Figurehdt tthe risk premia
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have been subjected to considerable fluctuatiomgiginout the period. In
addition, values in Tab. 2 confirm that futures tcacts are traded on
average with distinct positive risk premium on PXiad EEX, moderate
positive premium on NordPool, and negative premamOMIP.

In the case of PXE and EEX, in Figure 4 we see ttatrisk premia
behave fairly similar with resembling values. Thr®vides evidence that
prices on th&XE are largely influencdaly priceperformancenthe EEX,
seen as referential in Central Europe. Our reaBonshoosing to analyze
OMIP and NordPool are fully supported by the resiNbrdPool,which
has by far the lowest variance of spot prices ag & Tab. 1, shows the
closest-to-zero risk premium. OMIP, with exceptibnéow skewness of
spot prices that suggest numerous downward spidsbits the only
negative risk premiunThis illustrates that marketisatare geographically
remotefrom Central Europe contain largely different pattemslectricity
pricebehavior. However, the analyzing of these is beybedopic of this
text,thereforavemovetotakeacloselookatthecompositiorof risk premia.

3.3 Hypotheses testing

At the beginning of this subsection we provide arsklescription of
applied methodologies. Statistical testing of the Bquilibrium model is
realized using the multiple linear regression wtkfile statistical testing of
other parameters’ relevance are based on the silim@ar regression.
Therefore, whenever we refer to a relation we ntharinear relation.

Adjusted R-square (the coefficient of determinagtioeveals the
explanatory power of a particular model and carc@mpared across all
presented tests. However, the value of adjustequare does not exceed
0.25 in any of the examined cases, and we needind ut that the major
portion of ex-post risk premium is explained by tifference between
expected and realized spot price at timdn other words, variance and
skewness of the spot price can explain only a phathe observed (ex-
post) risk premium, while the part is explained iy mistaken spot
prices’ expectations.

Stationarity of all selected risk premium time esris confirmed by
the Unit-root test (augmented Dickey-Fuller test).

The B-L model is originally formulated as equati@). Results of
multiple linear regression are quoted in Tab. 3.
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Tab. 3: B-L equilibrium model multiple linear regression results

Area | Statistics a b c Adjuszted DW
R test
— — :
PXE | ausis | 0644201306 00668 000149
SEX | statsis | 01969 —0.126¢ —0.0362 005114584
OMIP | Satsics | o704 —fozo( 03503 00001227
iCi *x| | 4
ol S SO O

Significance of the coefficients at the 1% and 5&iadicated with one (*) or two (**)
asterisks. Source: Bloomberg (2011) and authoisyaas

Results show that the explanatory power of B-L Eouim model is
weak. The only exception is the NordPool data sdtere the linear
relation between variance and the observed riskipma is statistically
significant in confidence 1% level and negative,atvis in compliance
with original assumption of B-L equilibrium modeCoefficients for
skewnessg, are not statistically significant, similarly asefficients for
variancep, for all other examined markets. To provide thererdnalysis

we

reflect to an autocorrelation pattern of EEX c(sel order

autoregressive) and OMIP (first order autoregreggigsk premium data.

Tab. 4: B-L equilibrium model with autoregressive component

Area | Statistics a AR(2) b c Aedéusg- ?evsvt

EEX |- satites | 20907 ~2.56( 0,071 11234 01441590

Area | Statistics| a AR(1) b c Agé”;;' %VSVt
ici g x| _| 1 )

OMIP S atisics| 06621 24584 1.2324-0.1574 O 20418551

Significance of the coefficients at the 1% and 5&iadicated with one (*) or two (**)
asterisks. Source: Bloomberg (2011) and authoisyaas
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Although coefficients of the determinant are higtiem in the case of
the pure B-L equilibrium version, the improvement daused by the
autoregressive component only.

In accordance with the provided statistical tesf® B-L equilibrium
model does not fit well for all of the selected kets. NeitheVARS; |

nor SKEV\{Sr] provides enough of a sufficient and general exglana
of ex-post risk premia values.

Finally, we provide estimations of simple regreasmefficients in
Appendix B. We run the following regression:

Ty =a+ B actor_, + &, (17)
Calculated variance and skewness of spot pricesirfog period T,

T-1, and T-2 are separately used as the explanfcigr. Tab. 5 shows
signs of statistically significant beta coefficient

Tab. 5: Direction of significant linear relation of testedfactors

Area PXE EEX OMIP NordPool
AR(1) positive*

AR(2) negative**

VARt negative** | negative*

VART_; | positive* | positive*
VAR, | positive* | positive*
SKEWT

SKEW_
1
SKEW_
2
Significance of the coefficients at the 1% and S&iadicated with one (*) or two (**)

asterisks. The empty field presents statisticadtysignificant relation. . Source:
Bloomberg (2011) and authors’ analyses

The statistically significant positive relation seten variances and
ex-post risk premia is in discordance with the Batodel, but in
conformity with the applied portfolio theory. Thggothesis that variance
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expectations are adaptive, based on historicalreésens, are confirmed
for central European markets. Results for the OMiRl NordPool
geographic areas are contradictory. Negative linelation confirms the
assumption of the B-L model. No time lags betwelea €x-post risk
premium and particular variance are statisticalyniicant. Skewness
does not significantly explain ex-post risk preroia any of the studied
markets.

4 Conclusion

In this paper, we look at the behavior of forwaigk rpremiums on
four European exchange markets trading electrfaiyres. We analyze a
one-month-ahead base load for electricity contrages a period of time
chosen with regard to the operation of PXE, andgnexchange based
in the Czech Republic from October 2007 to Septen2040. The risk
premia varies substantially on each exchange thvauigthe period, with
positive overall results on EEX and PXE, positivg tlose to zero results
on NordPool, and negative results in OMIP. We fitisat the
development of the risk premia on EEX and PXE i<imtihe same. This
suggests a strong influence of referential EEXha Central European
region. The premium in NordPool shows the closezetro value because
of the lowest variability of spot prices. Due teduent downward spikes
and their consequent low skewness of spot pricdd|POtrades with
negative risk premium. Although the values of rglkemia are clearly
distinct, we are unable to statistically verify thevith only 36 monthly
observations.

We review the equilibrium model proposed by Bessédi — Lemon
(2002). They describe that the risk premium is tiegly dependent on
the variance of a spot price, and positively depaehdon skewness.
However, we find that the model in our sample pknwovides results
with little support for their findings. With the e&ption of NordPool,
where the variance coefficient of a spot priceagative and statistically
significant giving a reasonable R-square, there ace statistically
significant results at all. In addition, R-squareefficients in other
exchanges are unusually small.

Therefore, we apply the portfolio theory for bothogucers and

retailers operating on the electricity market. \&ei that variance of a
spot price can have either a negative or posithfeience on the risk
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premium. This is determined by the prevalence afgireg from retailers

or producers in the market. When the risk premiwnnegatively

dependent on variance, then there are greater geogluincentives for

hedging, and vice versa. Moreover, this applicatibthe portfolio theory

allows market participants to adapt their expecteti of spot price

variances, unlike in the B-L model where the vasens taken as the
delivery period,T. We thus run our regressions with none, one, amd t
lags in both variance and skewness to obtain fidipparable results.

In general, the results from the portfolio theomyplkcation show
higher R-square coefficients of determinations thlose of the B-L
model. In the case of EEX and PXE, we discoveriagamt dependence
of risk premium on lagged variance that suggestptk expectations
from the participants in these markets.

Finally, we emphasize that the sample period o datthis paper is
relatively short, and thus it would be appropritteonsider our findings
as valid only over the analyzed period. It has e@opbinted out that any
regression estimating the risk premium usually Resquare coefficients
low enough to say that a major part of the premianstill driven by
imperfect estimations of future spot prices byphaeicipants.
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Appendix A
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Appendix B

Tab. B1: Simple linear regression of PXE ex-post sk premia and
selected factors

Adjusted | DW
Area | Factor | Statistic a B R? test

Coefficient| 2.2175 0.1899

— 0.0128 1.96
AR(1) t-statistic 1.5331 1.2011
Coefficient| 3.4513**| —0.2651
AR(2) t-statistic 2.4354 —1.7305 0.057/1.4194
Coefficient, 1.8992 0.0009 0.029 1.4877

VARt t-statistic 0.93| 0.1142
Coefficient] —1.9398 0.0222*
VART_; |[t-statistic | —1.0905 3.3194
Coefficient| -1.4947| 0.0198*
VARt., |t-statistic | —0.8161 2.8732
Coefficient 2.0591] 0.0072
SKEW; | t-statistic 1.2103 0.0031
Coefficient| 2.0495 —0.0219
SKEW;r_; | t-statistic 1.2159 -0.0095
Coefficient 2.1016 0.1472
SKEWf_; | t-statistic 1.2644| 0.0641

0.2225 1.4784

PXE

0.1717,1.8359

—0.0294 1.4848

—-0.0294 1.4849

—0.0293 1.4895

Significance of the coefficients at the 1% and S&iadicated with one (*) or two (**)
asterisks. Source: Bloomberg (2011) and authoisyaas
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Tab. B2: Simple linear regression of EEX ex-post sk premia and
selected factors

Adjusted| DW
Area | Factor | Statistic a V4 R2 test

Coefficient] 2.3815 0.1784
AR(1) t-statistic 1.8414 1.1658
Coefficient| 3.8217* —0.3614**
AR(2) t-statistic 3.1858 —-2.5718
Coefficient] 2.3641 -0.0011
VARt t-statistic 1.30820 -0.1684
Coefficient| -0.6278 0.0158**
VART_; |t-statistic | —0.3787 2.5989
Coefficient] —-0.6622 0.0161*
VAR, |t-statistic | —0.4012 2.6477
Coefficient 2.0841 -0.1841
SKEW;r |t-statistic 1.3357 -0.115
Coefficient| 2.6206 0.9873
SKEWq_; |t-statistic 1.6838 0.6185
Coefficient| 2.5327 0.8124
SKEWq_, |t-statistic 1.6316 0.5078

0.0104 1.9462

0.1454 1.5177

—0.0286 1.456

0.1412 1.4631
EEX

0.1466 1.7379

—-0.029 1.4624

—-0.018 1.458

—-0.0217 1.5099

Significance of the coefficients at the 1% and S&iadicated with one (*) or two (**)
asterisks. Source: Bloomberg (2011) and authoisyaas
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Tab. B3: Simple linear regression of OMIP ex-postisk premia and
selected factors

Adjusted| DW

Area | Factor | Statistic a V4 R2 test
Coefficient| —0.3259 0.4338*

— 0.1953 1.8865
AR(1)  [istatistic | -0.2662  3.0416

Coefficient| -0.3963 —-0.0544
AR()  [{statistic |-0.3211 —0.3827 0-02691.2607

Coefficient| 1.4477 —0.1246**
VART  [(statistc | 0.7837 —2.3041 °2-10961.2077

Coefficient| 0.1137, —0.0687
VART: [tstatistic | 00587 12007 O Ot30 10439

Coefficient| —2.0371 0.0224
— —0.0249 0.9852
VARt [{statistic | -1.0334  0.3878

Coefficient| —0.6986 1.1922
— 0.0129 1.0664
SKEWr [ statistic | —0.4504  1.2069

Coefficient| —0.5481 1.3775
SKEWr-1 [{ statistic | -0.3543  1.4102 02 7 10703

OMIP

Coefficient| —1.2241 0.4059
SKEWr2 | sratistic | -0.7700 _ 0.4044 0024310187

Significance of the coefficients at the 1 % and afindicated with one (*) or two (**)
asterisks. Source: Bloomberg (2011) and authoisyaas
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Tab. B4: Simple linear regression of NordPool ex-pxi risk premia
and selected factors

Adjusted| DW

Area Factor | Statistic a B R2 test
Coefficient 0.8129 0.182¢

H [m

ARM) [ statistic 07447 1.0906 000572013

Coefficient| 0.993] 0.0613 )

AR(2) t-statistic 08714 038562 02771634
Coefficient| 2.8841* —0.0623"

VAR — 2551 1.8897
T lt-statistic 25057 _3.6039 02011889
Coefficient| 0.8896 —0.004¢ l
VARTL | Statistic 0.6799 _0.2396 ~0:027] 1.606¢€

NordPool Coefficient| 0.0734 0.018/ ]
VAR™2 - atistic 0.0567 09147 ~0:004] 1.548¢€
Coefficient| 0.632(0 -1.1774 j
SKEWr - [ statistic 05844 _11o1g 00073 1:662]
Coefficient 0.6325 —1.553"
SKEWr-1 1 atistic 05937 _1.4949 0034]1:560¢
Coefficient 0.7245 0.2437
SKEW;_» . ~0.0279 1.560¢
t-statistic 0.6597 0.2224

Significance of the coefficients at the 1 % and @@ indicated with one (*) or two (**)
asterisks. Source: Bloomberg (2011) and authordyaas
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Portfolio Theory and Electricity Forward Markets

Michal MICHALOVSKY — Igor PAHOLOK

ABSTRACT

In the discussion on the relationship between spot forward prices in
electricity markets, the equilibrium approach has anambiguous
prevalence. It is the relative recency of this nearthat gives rise to the
guestion of how precisely forward prices convemmé¢he spot prices. We
decide to measure this convergence, with its eatnmbalance called
risk premium, on several European energy exchatrgding electricity
futures. The concept of risk premium, as it is vemrkout by
Bessembinder and Lemon (2002) is reviewed in osayeshrough the
Markowitz portfolio theory. Unlike in the B-L modelvhere the variance
of the spot price has a strictly negative relatimpgo the risk premium, it
is shown that the portfolio theory gives us a ddfe inference that the
variance can have both negative and positive ingpactording to the
strength of supply and demand in the market. Thipigcally tested and
found appropriate. Positive dependence of variaimcehe electricity
markets have been found in Central Europe and 3tand, while in
Iberian the results are still negative.

Key words: Portfolio theory; B-L equilibrium model; Electrigiforward
markets.

JEL classification: G13, Q41, L11.
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