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Abstract This article analyzes the strategic bilateral bidding behavior in the Spanish
electricity wholesale market (OMEL). The collection of data includes information
regarding weekly averages of spot prices, the quantity bid in the wholesale market,
the quantities purchased in the wholesale market and sold in the open market, and
the behavior of conduct parameters for the period from January 2002 to April 2007
for the four largest firms of the Spanish electricity market: Endesa, Iberdrola, Unión
Fenosa and Hidrocantábrico. This article employs the New Empirical Industrial Orga-
nization approach. The empirical analysis was based on the autoregressive distributed
lag approach to cointegration and on the Toda–Yamamoto Granger causality tests to
validate the standard version of the theoretical formulation of the standard Cournot
model, and its theoretical extension, to encompass the hypothesis of the presence of
bid interdependence for electricity quantities sold and bought in the Spanish electric-
ity wholesale market. The results of cointegration and causality analysis reinforce the
empirical results of the extended Cournot model with the inclusion of the two main
bidding variables that solved the optimization problem of profit maximization for each
of the four firms analyzed.
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1 Introduction

During the last decades after the liberalization process of the electricity sector, different
market equilibrium models have been proposed and used to study and analyze the
strategic iterations of cooperative and noncooperative approaches among participants
in electricity markets. It is natural to pay special attention to the electricity market
equilibrium problem given the cost structure by type of production technology for the
generation of electricity and the prevalence of a small number of large participating
companies that seek to maximize their profits in the restructured electricity markets.
The Spanish OMEL market was specifically selected for this study as it has several
players, such as Endesa, Iberdrola, Unión Fenosa, Hidrocantábrico, of different sizes,
organizational structures and expertise. The Spanish electricity market has two main
players: Endesa and Iberdrola. It functions in the following way: Purchase (sale) bids
are ordered by decreasing prices. The market price corresponds to the highest price
of the electric energy for which there is a purchase bid. This price is equal or superior
to the price of the accepted sale bid. In this way, the market price corresponds to
a marginal price. Endesa and Iberdrola’s capacity of fixing marginal prices in the
wholesale market cannot only be explained by their large installed capacity of electric
energy output vis-à-vis the global capacity in the Spanish market. In addition, it is
important to take into account the mix of technologies and output capacity of their
production facilities. Indeed, the setting of sales bids in the pool for different time
schedules is largely conditioned by the technology differences of the power plant’s
installed production capacity.

Technology plays a key role in themarket as production power plantswith highfixed
costs and low variable costs that operate almost continuously coexist with plants with
highvariable costs,whose activity is continuous.These differences in technology cause
each market player to have a different cost structure. Knowing that most production
capacity investments are not replicable, as the readjustment of production capacity is
almost impossible to achieve, these cost components and the technical constraints on
the operations of the electricity system are factors that make it difficult to formulate
and measure economic models in electricity markets. The design and modeling of
electricity spot market demand and supply curves, and the formulation of market
equilibrium, have shown significant progress.

One of the classicmodels used in thismarket equilibrium formulation is theCournot
oligopoly model, whose fundamental premises assume that market operators may use
bidding strategies, so that each company can strategically decide the quantity to bid
at any given moment of time, given their capacity constraints. In the specific OMEL
electricity market, Endesa and Iberdrola play a pivotal role in the Spanish wholesale
market. Their capacity is at least equal to the surplus of market supply that exists in
peak demand periods. As a consequence, the joint supply of other producers is insuf-
ficient for the satisfaction of demand. Therefore, these pivotal firms can increase their
prices to satisfy the demand, without being expelled from the market. In particular,
the structural market characteristics, e.g., the fact of being a relatively homogeneous
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and transparent product, allows the market players to coordinate strategically among
themselves, immediately detecting price divergences (Kühn andMachado 2004; Fabra
2003). The small electricity producers and other third players, when considered alto-
gether, are not capable of setting market prices in the majority of time schedules.
Beyond Endesa and Iberdrola, other Spanish electricity producers, namely Hidrocan-
tábrico and Unión Fenosa, make their purchase and sale bids in the majority of the
time schedules according to the prices set by the two dominant players. Given that
the quantities offered above the marginal price are not sold in the daily market, the
remaining operators, acknowledging the supply of Endesa and Iberdrola, always sat-
isfy the demand. They tend to bid at a zero price since they know that all the electricity
will be sold in the daily market at the marginal price set in the pool and not at the
proposed bid price.

According to the specific strategic behavior characteristics of the OMEL mar-
ket players during January 2002 to April 2007, the main objective of this paper
is to validate both the standard theoretical Cournot model and its extended ver-
sion of profit maximization for the Spanish electricity market. The quantity sold
in the spot market and the quantity purchased in the spot market to be sold in
the open market are going to be introduced as decision-making variables in the
profit maximization function. This can lead to situations of information asymmetry
(adverse selection) or even to strategic collusive behaviors, or to a follow-the-
leader behavior in which purchase and sale bids are based on the leaders’ behav-
ior.

We propose a study that addresses the main problem that is related, on the one
hand, to the set of quantities that electrical companies bid on the spot market, in view
of their joint coordination, and, on the other hand, to simultaneously analyze how
electrical companies operate in the open market. This leads to questions of whether
these behaviors are not interrelated, given the net supplier and net demander positions
of the two largest players, Endesa and Iberdrola, and their followers. This suggestion
will be consolidated bymodeling conjectural variations tomaximize the profit function
of electrical firms in the quantities game. For the optimal resolution of the problem
we consider simultaneously the quantity sold in the OMEL market and the quantity
purchased in thismarket for sale in the openmarket. Another objective is to empirically
check, during the period 2002–2007, whether such strategic behavior is related to the
will of the electrical companies to control the market or to increase their market power,
thus reducing the effect of competition.

In order to achieve this goal, we propose a Cournot model expressed as a function
of the determinants of the bidding game based on the New Empirical Industrial Orga-
nization (NEIO) approach. The empirical analysis used the autoregressive distributed
lag (ARDL) approach to cointegration and the Toda–Yamamoto Granger causality
tests to validate the standard version of the Cournot model together with the new
Cournot approach. The latter specifically captures the dynamics of these approaches
in the wholesale electricity spot market to reveal important behavior information for
the open market that aims to explain the strategic decision-making process of the main
players of this unregulated market.

The paper is organized as follows: Sect. 2 presents a review of the literature.
Section 3 contains the theoretical model, methods and data. Section 4 presents the
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empirical results. Section 5 provides a discussion of the empirical results. Section 6
presents the conclusions.

2 Relevant literature review

The Spanish electricity market has been subject to close scrutiny. The intraday market
bidding behavior led Furió and Lucia (2009) to conclude that power generators have a
clear economic incentive to avoid being dispatched in the day-ahead market. Ciarreta
and Espinosa (2010a) found that in the day-ahead market larger generators are able to
increase prices above the competitive benchmark. Moutinho et al. (2011) concluded
that prices of Brent are important in re-establishing price equilibrium. Ciarreta and
Espinosa (2012) concluded that regulation affected wholesale prices considerably.
Moutinho et al. (2014) contend thatmarket power is present in thewholesale electricity
market.

The studies of Kühn and Machado (2004), Ciarreta and Espinosa (2010a, b, 2012)
and Fabra (2009) were very important in the analysis of how the liberalized electricity
market functioned in Spain in the recent past, from 2002 to 2007, before the creation
of the MIBEL market, as well as during the transition period to open competitiveness.
Generically, as a consequence of the characteristics of these different production tech-
nologies, coal-powered units set prices mainly in periods of limited demand, while
hydroelectric units are predominantly used as close as possible to periods of peak
demand (Fabra 2009). Consequently, given that Endesa assures around 57% of elec-
tricity output from coal and Iberdrola is the dominant firm in adaptable hydroelectric
output, both groups normally determine marginal market prices (Kühn and Machado
2004).

Kühn andMachado (2004) and Ciarreta and Espinosa (2010b, 2012) claim that the
two largest duopolists, Endesa and Iberdrola, behave as net supplier and net deman-
der, respectively. Fabra (2009) admitted the existence of collusion between these two
players.

Other studies based on time series data use econometric approaches to estimate
the actual level of market power. Fabra and Toro (2005) find substantial evidence of
time-varying market power in the Spanish power sector. Based on changes in demand
and cost conditions—which reflect changes in input costs, capacity availability and
hydropower—Fabra and Toro (2005) show that the time series of prices are character-
ized by two significantly different levels, whichmay be the result of potential collusive
behavior between the two Spanish market leaders (Endesa and Iberdrola).

The ex-ante assessment of market power potential and the actual measure of market
power on market outcomes have been subject to extensive research. This reflects the
crucial importance of these issues on the policymakers’ agenda. Nevertheless, the
results of most of these studies are sensitive to some assumptions, particularly those
regarding the shape of the demand curve.

In other electricity markets, particularly in Britain, Green and Newbery (1992),
using a supply function equilibrium model and assuming different values for the elas-
ticity of demand (from 0.1 to 0.5), found that the duopoly implemented during the
first years of deregulation in Britain was leaving considerable market power to the two
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incumbents. Using a linear supply function model (with demand elasticity equal to
0.25), Green (1996) examined the possible policies devoted to this issue and found that
the regulator’s chosen policy (partial divestiture) would lead to a substantial reduction
in deadweight losses.

After examining electricity prices in the British market, Wolfram (1999) estimated
price-cost markups to measure the presence of market power and estimated a Lerner
Index of 0.24. However, after controlling the low elasticity of demand, the average
adjusted Lerner Index dropped to 0.05. The results imply that prices, while higher than
marginal costs, were not as high as implied by some theoretical economic models,
as proposed by Borenstein and Bushnell (1999) and Green and Newbery (1992).
Hjalmarsson (2000), for instance, extends the static Bresnahan–Lau (Bresnahan 1982;
Lau 1982) model for the identification of market power to the dynamic case. This
method estimates a parameter, which varies between 0 (perfect competition) and 1
(monopoly) and includes how far the actual price is from a perfectly competitive
situation.

Regarding to the application of the conjectural variation models, Karp and Perloff
(1989), Deodhar and Sheldon (1996) and Sexton and Zhang (2001) have introduced
the dynamic nature of statistical approaches in basic models following the NEIO
approach. Following Bresnahan (1982), Steen and Salvanes (1999) developed a new
dynamic model and introduced an error correction mechanism that allows for the
introduction of market dynamics as an adaptation from Bärsden (1989). This appears
to be unrelated to economic reasoning, as it has econometric origins with underlying
economic implications.

Furthermore, as posed by Martin (2002), the statistic formula represents a short-
term solution to a long-term interaction, as it manages to capture patterns of average
market behavior.As long-term steady-state balance cannot exist, short-term interaction
becomes relevant. Accordingly, the determinants of the model are the explicit short-
term variations of time series used to estimate the model. Clearly, this is not a purely
dynamic formula but a sequence of statistical problems.

Genesove and Mullin (1998) and Bettendorf and Verboven (2000) investigated the
level of sensitivity in the estimation of market power to the functional form of demand.
While Bettendorf and Verboven (2000) found differences in conduct parameter values
between logarithmic, linear and quadratic forms, Genesove and Mullin (1998) found
that the conduct parameter is very similar between linear, log linear, quadratic and
exponential form functions. They observed that if robust tests are conducted regarding
the behavior of the demand and the relationship with the supply, such relationships
may not be maintained.

The main problem with purely dynamic models is that they are difficult to
solve, as they require firm level data (Sheldon and Sperling 2003). In order
to circumvent this limitation, Karp and Perloff (1989), and Deodhar and Shel-
don (1996) used simplifications of quadratic linear games, which have been
used in theoretical models of oligopoly (Dockner 1992; Karp and Perloff 1993),
and help to solve the system and obtain a parameter of conduct. Clearly, the
main innovation of dynamic models lies in the identification of the underly-
ing strategic behavior of market participants (Corts 1999; Sheldon and Sperling
2003).
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3 Theoretical model, methods and data

3.1 Model of the electricity spot market equilibrium problem

The market equilibrium of the electricity market is obtained by computing the profit
maximization problem of the generating electricity firms, subject to their output con-
straints. This optimization problem can be formulated as follows (Lagarto et al. 2014):

max πi{qk,i}k∈Ki

= P(Q)qi −
∑

k∈Ki

Ck,i
(
qk,i

)

subject to qmin
k,i

≤ qk,i ≤ qmax
k,i

(1)

where πi is the profit of generating firm i , qk,i is the quantity produced by power plant
k owned by generating firm i , P(Q) is the market clearing price, Ki is the set of power
plants owned by generating firm i , Q is the market clearing quantity given by

∑
i∈I qi

where I is the set of generating firms i , qi is the quantity produced by generating firm
i , Ck,i

(
qk,i

)
is the operational cost of power plant k owned by firm i , qmin

k,i and qmax
k,i

are the minimum and maximum output limits of power plant k owned by firm i (see
Lagarto et al. 2014).

The new problem in the OMEL spot electricity market is caused by the presence
of bid interdependence for electricity quantities sold and bought from OMEL market.
We believe that the behavior of the electrical power companies, particularly those with
the greatest market share (i.e., Endesa and Iberdrola), can assume collusive behavior.
Yet, we formulate a Cournot problem with the joint decision of these two variables for
maximizing profit solution. According to the available historical data on the OMEL
operator market site, one can also assess Endesa’s and Iberdrola’s net supplier and
net demander position. It is possible to formulate the quantities’ game as the focus
of theoretical formulation of the problem, justifying the inclusion of the conjectural
variations model. The conjecture translates firm i anticipating the rival’s behavior
before its behavior changes in the condition of maximizing the firm’s profits.

The proposal of an oligopolistic model of conjectural variations allows the repre-
sentation of various levels of competitive intensity among power firms operating in
the spot market. These levels are parameterized in the conjecture that each company
performs relative to the variation of the quantity produced by its rivals, in response to
variations of its own quantity.

The Cournot equilibrium problem may be represented as a set of quantities that
simultaneously satisfy the first-order condition of optimum amount qvi (quantity sold
in the spot market) and qCvi (quantity purchased in the spot market to sell in open
market) for each firm i .

As the firm’s objective is tomaximize its profit, it is necessary to solve the following
optimization problem:

maxπi{
qvi ,qCvi

}
g∈Gi

= P
[
(Q)qvi − (Q)qCvi

] −
∑

K∈Ki

Ck,i
(
qk,i

)

subject to qmin
k,i ≤ qg,i ≤ qmax

k,i (2)
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where πi is the profit of firm i , being a function of quantities produced by the power
plants owned by generating firm i ; Ki is the set of power plants owned by generating
firm i , P(Q) is the market clearing price, where Q is market clearing net quantity
given by

∑
i∈I

(
qvi − qCvi

)
.

The Lagrange function of this optimization problem can be formulated as follows:

�
(
qk,i , λ1k,i , λ2k,i

) = P
[
(Q)qvi − (Q)qCvi

] −
∑

k∈Ki

Ck,i
(
qk,i

)

+
∑

k∈Ki

λ1k,i

[
qk,i − qmin

k,i

]
+

∑

k∈Ki

λ2k,i
[
qmax

k,i − qk,i
]

(3)

where λ1k,i and λ2k,i are the Lagrange multipliers associated with minimum and
maximum output constraints of power plant k owned by generating firm i .

The Lerner Index is going to be defined for the following two situations: firstly, by
applying thefirst-order conditionof profitmaximization for eachfirm i and considering
the decision variable (qvi ) and secondly by taking into consideration the optimization
problem decision, with the quantity purchased in the spot market for sale in open
market by each firm i represented by the variable (qCvi ).

3.2 Lerner Index for profit maximization considering
the quantity sold in the spot market

The Lerner Index is going to be defined by applying the first-order condition of profit
maximization for generating firm i and considering the decision variable (qvi ).

The first solution of generation firm’s maximization problem can be resolved using
the Karush–Kuhn–Tucker (KKT) optimality conditions (see Lagarto et al. 2014):

KKT1 :
(

qk,i − qmin
k,i

)
≥ 0 ; and

(
qmax

k,i − qk,i
) ≥ 0;

KKT2 : ∃λ1k,i ,λ2k,i ≥0; λ1k,i

[(
qk,i − qmin

k,i

)]
= 0; and λ2k,i

[(
qmax

k,i − qk,i
)] = 0;

KKT3 : P(Q)
dqvi

dqk,i
+ ∂ P(Q)

dqk,i
qvi − C ′

k,i (qk,i ) + λ1k,i − λ2k,i = 0; (4)

where C ′
i (qk,i ) = MCk,i is the marginal cost of power plant k owned by firm i ; λ1k,i

and λ2k,i are Lagrange multipliers associated with the restriction conditions; the ratio
dqvi
dqk,i

represents the change in the total quantity sold of firm i when a power plant owned

by generating firm i changes its quantity and therefore is equal to one. The ratio ∂ P(Q)
dqk,i

can be decomposed into a direct and indirect contribution, expressed mathematically
by:

∂ P(Q)

∂qk,i
= dP(Q)

dQ

dQ

dqvi

dqvi

dqk,i
+ dP(Q)

dQ

dQ

dqv−i

dqv−i

dqvi

dqvi

dqk,i
, (5)
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where qv−i is the quantity produced by generating firm−i (which represents the rivals
of the generating firm in OMEL spot market).

The first term in (4), dP(Q)
dQ

dQ
dqvi

dqvi
dqk,i

, represents the direct effect on the market

clearing price of a change in quantity sold of power plant k owned by generating firm
i . Once a change occurs in power plant k, quantity qk,i causes a similar change in the
quantity of firm i produced by plant k, and in its turn, a similar change occurs in the

market net quantity dQ. The first term the equality dP(Q)
dQ

dQ
dqvi

dqvi
dqk,i

can be rewritten as
dP(Q)
dQ .

The second term of (5), dP(Q)
dQ

dQ
dqv−i

dqv−i
dqvi

dqvi
dqk,i

, can be seen as the indirect effect on

the market clearing price of a change in quantity of power plant k owned by firm i .

The ratio
dqv−i
dqvi

represents the belief of firm i of the way in which rivals change their

quantities in response to a change in its own quantity sold.
This belief is named the conjectural variation of firm i and is denoted by the con-

jectural variation parameter θqvi . Equation (4) becomes:

∂ P(Q)

∂qk,i
= dP(Q)

dQ
+ dP(Q)

dQ

(
θqvi

) = dP(Q)

dQ

(
1 + θqvi

)
. (6)

Substituting (6) in (4), we obtain the equation that represents the market equilibrium
in OMEL market:

P(Q) + dP(Q)

dQ

(
1 + θqvi

)
qvi − C ′

k,i

(
qk,i

) + λ1k,i − λ2k,i = 0. (7)

This condition (7) may be transformed into the following expression of the Lerner
Index:

P(Q) − MCi

P(Q)
= (

1 + θqvi

) sqvi

α
(8)

in which sqvi represents the market share of firm i given by qvi /Q and α represents
the demand elasticity given by ∂ Q/Q × P/∂ P .

3.3 Lerner Index for profit maximization considering the quantity purchased in
the spot market for sale in open market

The Lerner Index is going to be defined by applying the first-order condition of profit
maximization for generating firm i and considering the decision variable (qCvi )

The firm’s maximization in second condition problem can be solved using the next
KKT optimality conditions:

KKT1 :
(

qk,i − qmin
k,i

)
≥ 0 ; and

(
qmax

k,i − qk,i
) ≥ 0

KKT2 : ∃λ1k,i ,λ2k,i ≥0; λ1k,i

[(
qk,i − qmin

k,i

)]
= 0 = 0;
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and λ2k,i
[(

qmax
k,i − qk,i

)] = 0

KKT3 : P(Q)
dqCvi

dqk,i
+ ∂ P(Q)

dqk,i
qCvi − C ′

k,i (qk,i ) + λ1k,i − λ2k,i = 0. (9)

The ratio
dqCvi
dqk,i

represents the change in the total quantity purchased in the spot
market for sale in open market of generating firm i when a power plant k owned by
firm i changes its quantity and therefore is equal to one.

The ratio ∂ P(Q)
dqk,i

canbedecomposed into a direct and indirect contribution, expressed
mathematically, as follows:

∂ P(Q)

∂qk,i
= dP(Q)

dQ

dQ

dqCvi

dqCvi

dqk,i
+ dP(Q)

dQ

dQ

dqCv−i

dqCv−i

dqCvi

dqCvi

dqk,i
. (10)

The first term in (10), dP(Q)
dQ

dQ
dqCvi

dqCvi
dqk,i

, now represents the direct effect on the market

clearing price of a change in quantity purchased in the spot market for sale in open
market of power plant k owned by generating firm i . Once a change occurs in power
plant k, quantity qk,i causes a similar change in the quantity purchased in the spot
market for sale in open market of firm i , and in turn, a similar change occurs in the
market net quantity dQ. Thus, the first term in (10) can be expressed by the following

equality dP(Q)
dQ

dQ
dqCvi

dqCvi
dqk,i

= dP(Q)
dQ .

The second term in (8), dP(Q)
dQ

dQ
dqCv−i

dqCv−i
dqCvi

dqCvi
dqk,i

, can be seen as the indirect effect

on the market clearing price of a change in quantity of power plant k owned by firm

i . The ratio
dqCv−i
dqCvi

represents the belief held by firm i of the way in which its rivals

will change their purchases in the spot market for sale in open market in response to
a change in its own quantity.

This belief, termed the conjectural variation of firm i , is denoted by the conjectural
variation parameter θqCvi . Equation (10) becomes:

∂ P(Q)

∂qk,i
= dP(Q)

dQ
+ dP

dQ

(
θqCvi

) = dP(Q)

dQ

(
1 + θqCvi

)
. (11)

Substituting (11) in (9), we obtain the second equation that represents the second
condition of market equilibrium in the OMEL market.

The third KKT condition can be rewritten in the following way:

P(Q) + dP(Q)

dQ

(
1 + θqCvi

)
qCvi − C ′

k,i (qk,i ) + λ1k,i − λ2k,i = 0. (12)

This condition may be easily transformed into the following expression of the
Lerner Index:

P(Q) − MCi

P(Q)
= (

1 + θqCvi

) sqCvi

α
(13)
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in which sqCvi represents the new market share of firm i given by qCvi /Q, and α

represents demand elasticity given by ∂ Q/Q × P/∂ P .
As a result of the Lerner Indexes generated in Sects. 3.2 and 3.3, the two conjectural

variation parameters proposed (θ) allow for a flexible representation of the various
competitive behaviors exhibited by firms according to the decision variables of the
noncooperative game. The resolution of the third KKT condition of profit maximiza-
tion leads us to two types of conduct parameters. If θqvi and θqCvi assume the value
−1, it means that the behavior of firm i is perfectly competitive. When the values of
θqvi and θqCvi equal zero, this case represents the Cournot competition outcome.With
values of 0 ≤ θqvi , θqCvi ≤ −1 an intermediate competitive regime exists. Collusive
behavior between firms may be represented by values of θqvi and θqCvi greater than
zero.

3.4 Methods

To validate the proposed theoretical formulation, we consider that the conjectural vari-
ations require anticipated reactions in a context of simultaneous and static decision.
This inconsistency can only be overcome by (oligopolistic) dynamic games, which
underpin the choice of cointegration with time series data. First we analyzed the inte-
gration order of the variables. We studied the stationarity of the series by applying
conventional unit root tests such as the Augmented Dickey–Fuller (ADF). Conven-
tional unit root tests have low power and are biased if they do not take into account
structural break points. Therefore, we also employ the endogenous one-break unit
root test of Zivot and Andrews (1992) which allows for one break in the intercept and
trend. This method treats the occurrence of the break data as unknown and tests the
unit root against the alternative trend-break stationary process with a structural break.
The ADF test is a unit root test used to identify the non-stationarity of the item series
sample.

Moreover, we apply the KPSS test as a confirmatory test for testing a null hypoth-
esis that an observable time series is stationary around a deterministic trend. Instead
of using the conventional version of the KPSS test, we employ a robust version of the
KPSS. The effect of neglected seasonal variation on ADF and KPSS is shown in the
literature (Demetrescu and Hassler 2005). The KPSS is more robust to seasonal vari-
ations provided that the long-run variance is based on a sufficiently large bandwidth.
Along with the application of non-robust unit root tests, such as the ADF unit root
test, commonly found in commercial packages, we compute a robust test, namely the
robust KPSS test (de Jong et al. 2007; Pelagatti and Sen 2013; Bosco et al. 2010) to
confirm the findings of the unit root tests.

3.4.1 Autoregressive distributed lag bounds tests

TheARDL bounds testing approach to cointegration proposed by Pesaran et al. (2001)
is an econometric method that can be applied regardless whether underlying regres-
sors are purely integrated of order one or integrated of order zero, hence stationary.
This means that the pretesting problems associated with conventional cointegration,
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which require that variables that are not stationary, can be overlooked. The approach
involves estimating the conditional error correction version of the ARDL model for
the dependent variable representing the market price in the open market (POmel).

We estimate the three general specifications, referred to as Specification 1, Specifi-
cation 2A and Specification 2B. In order to make these specifications clear, we defined
the variables in the following way: POmel is a hourly clearing price in the Spanish
spot electricity market; qv is the quantity sold in the spot market by each agent; qCv
is the quantity purchased in the spot market for sale in open market by each agent;
the agents are going to be referred to as End (Endesa), Iber (Iberdrola), UF (Unión
Fenosa), Hidro (Hidrocantábrico); θ is going to be the conjectural variation parameter,
in which θqv is associated with the quantity sold in the spot market by each agent and
θqCv is associated with the quantity purchased in the spot market for sale in open
market by each agent.

Specification 1 contains θ1qv, the conjectural variation parameter proposed to allow
for a flexible representation of the various competitive behaviors exhibited by firm i
according to the quantity sold in market, and qv, specifically the quantity sold in the
spotmarket by firm i , andwhich, in this Specification 1, stands for the decision variable
of the noncooperative game to analyze the spot price effect and quantities sold, ceteris
paribus. To implement the bounds test for cointegration, the following unrestricted
regression equation is formulated for Specification 1:

�POmelt = α1 + δ1POmelt−1

+ δ2θ1qvEndt−1 + δ3qvEndt−1

+ δ4θ1qvIbert−1 + δ5qvIbert−1

+ δ6θ1qvUFt−1 + δ7qvUFt−1

+ δ8θ1qvHidrot−1 + δ9qvHidrot−1

+
n∑

i=1

δ10i�POmelt−i

+
n∑

i=0

δ11i�θ1qvEndt−i +
n∑

i=0

δ12i�qvEndt−i

+
n∑

i=0

δ13i�θ1qvIbert−i +
n∑

i=0

δ14i�qvIbert−i

+
n∑

i=0

δ15i�θ1qvUFt−i +
n∑

i=0

δ16i�qvUFt−i

+
n∑

i=0

δ17i�θ1qvHidrot−i +
n∑

i=0

δ18i�qvHidrot−i + εt . (14)

In Specification 2A, the Cournot equilibrium problem proposedmay be represented
as a set of quantities that simultaneously satisfy the first-order condition of optimum
amount, which is the quantity sold in the spot market, and the quantity purchased
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in the spot market to sell in open market for each firm i . This specification contains
θ2Aqv, namely a proposed conjectural variation parameter to allow for a secondflexible
representation of the various competitive behaviors exhibited by firm i according to
the profit maximization in order to determine the quantity sold inmarket, and qv which
is the quantity sold in the spot market by firm i , to assess the price impact only and
the quantities sold, ceteris paribus, as follows:

�POmelt = α1 + δ1POmelt−1

+ δ2θ2AqvEndt−1 + δ3qvEndt−1

+ δ4θ2AqvIbert−1 + δ5qvIbert−1

+ δ6θ2AqvUFt−1 + δ7qvUFt−1

+ δ8θ2AqvHidrot−1 + δ9qvHidrot−1 +
n∑

i=1

δ19iPOmelt−i

+
n∑

i=0

δ11i�θ2AqvEndt−i +
n∑

i=0

δ12i�qvEndt−i

+
n∑

i=0

δ13i�θ2AqvIbert−i +
n∑

i=0

δ14i�qvIbert−i

+
n∑

i=0

δ15i�θ2AqvUFt−i +
n∑

i=0

δ16i�qvUFt−i

+
n∑

i=0

δ17i�θ2AqvHidrot−i +
n∑

i=0

δ18i�qvHidrot−i + εt . (15)

In Specification 2B, we include θ2BqCv, namely the proposed conjectural variation
parameter to allow for a second flexible representation of the various competitive
behaviors exhibited byfirm i according to the profitmaximization in order to determine
the quantity purchased in the spot market to sell in open market, and qCv representing
the quantity purchased in the spot market to sell in open market, where we assess the
impact on price only and on the quantities purchased, ceteris paribus, as shown by the
equation below:

�POmelt = α1 + δ1POmelt−1 + δ2θ2BqCvEndt−1

+ δ3qCvEndt−1 + δ4θ2BqCvIbert−1

+ δ5qCvIbert−1 + δ6θ2BqCvUFt−1 + δ7qCvUFt−1

+ δ8θ2BqCvHidrot−1 + δ9qCvHidrot−1

+
n∑

i=1

δ10iPOmelt−i +
n∑

i=0

δ11i�θ2BqCvEndt−i

+
n∑

i=0

δ12i�qCvEndt−i +
n∑

i=0

δ13i�θ2BqCvIbert−i
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+
n∑

i=0

δ14i�qCvIbert−i +
n∑

i=0

δ15i�θ2BqCvUFt−i

+
n∑

i=0

δ16i�qCvUFt−i +
n∑

i=0

δ17i�θ2BqCvHidrot−i

+
n∑

i=0

δ18i�qCvHidrot−i + εt . (16)

All the equations above contain POmelt , the dependent variable, followed by the first
difference operator � and the set of all explanatory variables, and εt , the white noise
error term. From the above specifications, δ1, . . ., δ18 are the long-run parameters. Lag
selection is selected by a criterion such as the Akaike Information Criterion (hereafter
AIC). The joint significant F-test or Wald statistic of the lagged level variables is
employed for investigating the existence of a long-run behavior among the variables.

The test for cointegration is carried out by testing the null hypothesis of having no
cointegration, H0: δ1 = δ2 = · · · = δ9 = 0 is tested against the alternative hypothesis,
H1: δ1 �= δ2 �= · · · �= δ9 �= 0, using the F-test. The variables are said to be cointegrated
if the null hypothesis of no cointegration is rejected. Otherwise, the variables are not
cointegrated. For this purpose, the two sets of critical values, one for the upper bound
and another for the lower bound, are those tabulated by Pesaran et al. (2001). If the
computed F-statistic exceeds the upper bound of the critical values, then the null
hypothesis of no cointegration is rejected. If it is less than the lower bounds value,
then the null hypothesis cannot be rejected, but if it falls between the two levels of the
bands, the cointegration test becomes inconclusive.

3.4.2 Toda–Yamamoto causality approach

The Granger representation theorem is conventionally applied by estimating vector
autoregressive (VAR) models. Granger (1986) shows that if a pair of integrated of
order one series are cointegrated, then there must be at least a unidirectional causation
(indeed causation can also be bidirectional). This test is only valid if the series are I(1)
or are not integrated of different orders. Toda and Yamamoto (1995) propose a simple
procedure when economic time series are either integrated of different orders, or non-
cointegrated or when we have both cases. This approach is known as the Toda and
Yamamoto augmented Granger causality procedure, which allows testing for causality
between integrated variables based on asymptotic theory. This procedure requires the
estimation of an “augmented” VAR, which guarantees the asymptotic distribution of
the Wald statistic, namely an asymptotic χ2 distribution, since the testing procedure
is robust to the integration and cointegration process properties.

Two steps are involved when implementing the procedure. The first step includes
determination of the optimal lag length (p) and the maximum order of integration
(dmax) of the variables in a system, and the error terms that are assumed to be white
noise. In this study,weuse theAkaike andSchwarz information criteria for the lagorder
selection. In addition, we employ the Zivot and Andrews (1992) test to determine the
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maximum order of integration. The second step involves estimating an “augmented”
VAR in levels. After determining the maximal order of integration of the variables and
the optimal lag length of the system, we construct a VAR with all variables in levels
and include a total of (p + d) lags.

3.5 Data

The collection of data included the following information: daily spot prices, quantity
bid in wholesale market, quantity purchased in wholesale market for sale in open
market, and the behavior of conduct parameters from January 2002 until April 2007,
prior to the beginning of theMIBEL electricity market. The initial data consist of daily
averages of hourly observations (24-h average) of demand and supply for each agent
(Endesa, Iberdrola, Unión Fenosa, Hidrocantábrico) for the production and demand
of each unit in the Spanish wholesale electricity market. However, the daily averages
of electricity prices and quantities show a very strong seven-day periodic pattern and
periodic seasonal variation. Furthermore, price trends are buried into high-variance
leptokurtic short-term noise. These characteristics are expected to greatly affect the
size and power of all our tests. To overcome this problem and to reduce the effects of
the aforementioned features of electric prices and quantities, we worked on weekly
means instead of daily averages to smooth the seven-day periodicity and average out
the strong noise of price time series. This brings the sample down to a total of 208
observations (52months). This data transformation is appropriate since we are looking
for long-run movements and relations among series.

The marginal costs of power generation were obtained for all electricity production
units in the portfolio, which were then ranked in ascending merit-order effect based
on their marginal costs. We are using constant marginal costs and thus a linear cost
function. In order to maximize profits, producers start generating from plants with the
lowest marginal cost. As soon as demand increases, new production units are brought
on line to meet the demand following the order of merit. Conversely, with changes in
fuel and carbon prices new marginal costs are recalculated and new merit orders are
reanalyzed.

The different electricity production technologies used by the power plants have
significantly influenced the daily periods. We used the daily spot prices of fuel, coal
and gas to compute the marginal costs. Data of major fuel sources (oil, coal, gas) were
retrieved from the Systems and Energy Section database from a national university.

Information regardingmarket price, quantity offered for each agent in thewholesale
market, and quantity purchased by each agent in the wholesale market and sold in the
open market was obtained from OMEL database. Based on Lagarto et al. (2010), it
was possible to calculate the power plant marginal cost using the following expression:
MCp,fuel = ( f × c f )/(LHV × ηp), where MCp = MCp,fuel +MCp,CO2 , MCp is the
marginal cost of power plant p ine/MW;MCp,fuel is the marginal cost of power plant
p due to fossil fuel costs in e/MW; f is the fossil fuel price in e/t; c f is a conversion
factor equal to 859845 kCal/MW; LHV is the Lower Heating Value in kCal/t; and ηp

is power plant efficiency in %.
The marginal cost of power plant p, MCp,CO2 ,—which was zero for the 2002–

2005 period—due to CO2 emissions cost in e/MW, is given by: MCp,CO2 = PCO2 ×
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eep × 10−3, where PCO2 is the CO2 emission price in e/t; eep is the power p specific
emission of CO2 in Kg CO2/MW.

4 Empirical results

Descriptive statistics are presented in Tables 13, 14 and 15 (see “Appendix”), and
the pairwise correlations between all the variables included in Specifications 1 and 2
are presented in Tables 1, 2 and 3. The results reveal that variables included in the
econometric specifications are found to be normally distributed for all specifications.
The pairwise correlations for Specification 1 indicate that quantity sold in spot market
and conduct parameter (θ1qv) by each generator (Endesa, Iberdrola, Unión Fenosa)
are positively correlated with the spot price (POmel) while negative correlation is
found between quantity sold in spot market by Hidrocantábrico generator and POmel.
Other important findings of pairwise correlations in Specification 1 show that quantity
sold in spot market is negatively correlated with conduct parameter (θ1qv) for Endesa

Table 1 Correlation matrix for Specification 1

POmel θ1qvEnd qvEnd θ1qvIber qvIber θ1qvUF qvUF θ1qvHid qvHid

POmel 1.000

θ1qvEnd 0.845 1.000

qvEnd −0.080 −0.442 1.000

θ1qvIber 0.844 0.789 −0.110 1.000

qvIber 0.305 0.337 −0.042 0.076 1.000

θ1qvUF 0.795 0.806 −0.231 0.777 0.302 1.000

qvUF 0.517 0.446 0.149 0.484 0.288 0.155 1.000

θ1qvHid 0.902 0.873 −0.244 0.853 0.328 0.817 0.448 1.000

qvHid −0.340 −0.444 0.357 −0.457 −0.096 −0.372 −0.182 −0.644 1.000

Table 2 Correlation matrix for Specification 2A

POmel θ2AqvEnd qvEnd θ2AqvIber qvIber θ2AqvUF qvUF θ2AqvHid qvHid

POmel 1.000

θ2AqvEnd 0.013 1.000

qvEnd −0.080 −0.034 1.000

θ2AqvIber −0.287 −0.038 −0.034 1.000

qvIber 0.305 −0.065 −0.042 −0.096 1.000

θ2AqvUF −0.001 0.022 −0.005 0.005 −0.110 1.000

qvUF 0.517 −0.051 0.149 −0.067 0.288 0.019 1.000

θ2AqvHid 0.033 0.053 −0.034 0.001 0.105 −0.025 −0.061 1.000

qvHid 0.340 −0.043 0.357 0.004 −0.096 −0.039 −0.182 0.037 1.000
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and Hidrocantábrico, while positive correlation is found between quantity sold in spot
market to conduct parameter (θ1qv) for Iberdrola and Unión Fenosa.

Table 2 presents the pairwise correlation for Specification 2A and reveals that quan-
tity sold in spot market by Iberdrola, Unión Fenosa and Hidrocantábrico is positively
correlated with POmel, while the conduct parameters (θ2Aqv) of Endesa and Unión
Fenosa present a negative correlation coefficient with POmel. In Specification 2B, as
shown in Table 3, the findings of pairwise correlation show that quantity purchased
in spot market for the open market selling operation by Endesa, Iberdrola and Unión
Fenosa is positively correlated with POmel, whereas the conduct parameters (θ2BqCv)
of Endesa, Unión Fenosa and Hidrocantábrico are negatively correlated with POmel.
We note that there is negative correlation between quantity purchased in the spot mar-
ket to sell in the open market by Hidrocantábrico with POmel, and a positive one
between Iberdrola’s conduct parameter (θ2BqCv) and POmel. Table 3 also indicates
that the quantity purchased in the spot market to sell in open market by Iberdrola is
negatively correlated with Endesa’s conduct parameter

According toMoutinho et al. (2014), during this time span, Endesa had an incentive
to under-produce in order to increase the price received for the net electricity sold to
the market, whereas Iberdrola over-produced based on an oligopsonistic incentive to
reduce the price paid for the infra-marginal units purchased from the spot market. This
is also according to Kühn and Machado (2004) who contend that Endesa’s “net sup-
plier” and Iberdrola’s “net demander” underpin the market power exercised according
to these firms’ behavior as net demanders or net suppliers.

4.1 Results of unit root tests

We tested the non-stationarity and stationarity hypothesis for all series in our analysis
through the conventional ADF unit root test and KPSS unit root test and the non-
conventional KPSS unit root test (robust version), as shown in Table 4.

While the null hypothesis in ADF tests has non-stationarity as a premise, the KPSS
test has stationarity as H0. In conventional unit root testing, the rejection of one of the
tests is usually consistent with the non-rejection of the other (Dickey and Fuller 1979).
In the present case, as the data are de-trended, we use the robust version of the KPSS
test to complement the conventional versions of the ADF and KPSS tests. Overall, the
regular KPSS tests reject the null of stationarity on levels, but they do not reject it on
first differences. Altogether, the unit root tests reveal that the variables are integrated
of order zero or of order one.

The results of Zivot–Andrews structural break trended unit root test are reported
in Table 5. The empirical evidence discloses mixed results and entails that the series
are not integrated higher than that of order two. Overall, the unit root tests seem to
converge toward the conclusion that the data are I(0) or I(1). If we want to model
the data appropriately with the ARDL/Bounds testing methodology of Pesaran et al.
(2001), we can use it with a mixture of I(0) and I(1) data. If variables are I(2), such
data will invalidate the methodology. In the present case, since the variables present a
mixed order of integration, we proceed with the ARDL testing approach.
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Table 5 Zivot–Andrews structural break unit root test

Variable At level At 1st difference

t-statistic Time break t-statistic Time break

POmel −5.218*** 1-08-2005 −11.227 3-05-2005

qvEnd −4.987*** 4-06-2005 −11.787 2-02-2003

qvUF −5.774*** 1-03-2005 −8.219 1-06-2005

qvHid −4.779*** 4-03-2005 −7.085** 3-04-2004

qvIber −4.359** 3-06-2004 −13.793** 2-02-2003

θ1qvEnd −3.686*** 4-07-2005 −11.928 4-01-2005

θ1qvUF −3.730*** 2-07-2003 −11.815 3-06-2003

θ1qvHid −5.452*** 3-03-2005 −13.716 3-05-2005

θ1qvIber −5.493*** 1-03-2005 −11.289 3-11-2004

qCvEnd −3.284** 2-02-2004 −10.636 1-01-2003

qCvUF −4.732*** 3-04-2005 −16.403 3-02-2004

qCvHid −5.297*** 4-03-2005 −8.130** 2-08-2004

qCvIber −2.745 2-03-2005 −13.354 1-08-2005

θ2AqvEnd −14.911 3-06-2005 −9.449*** 1-07-2005

θ2AqvUF −14.695 2-07-2005 −9.533*** 4-08-2005

θ2AqvHid −15.085 1-04-2005 −9.019 4-05-2005

θ2AqvIber −4.479*** 3-03-2003 −11.956*** 3-01-2003

θ2BqCvEnd −15.056 3-06-2005 −9.489*** 1-07-2005

θ2BqCvUF −14.692 2-07-2005 −9.536*** 4-08-2005

θ2BqCvHid −14.984 3-05-2005 −8.923 4-05-2005

θ2BqCvIber −4.413 1-12-2003 −12.318*** 3-01-2003

The level of statistical significance of 1% is denoted by *** and 5% is denoted by **. The critical value at
1% is −5.34 and at 5% is −4.93. The maximum lag order is 6. The unit root test has a structural break in
the intercept. The time break is dated in the following manner: The first number indicates the week and the
second indicates the month, followed by the number of the year

The selection of the optimal number of lags in the VAR estimation for all econo-
metric specifications was based on a set of optimal lag length selection tests. The
LR test statistic, the final prediction error, the Schwarz Information Criterion and the
Hannan–Quinn information criterion persistently indicate an optimal lag structure of
ten lags for Specification 1 and four lags for Specification 2A and Specification 2B.
The optimal lag length is contingent on the number of observations. In conclusion,
the option was for stricter criteria (Schwarz Information Criterion), within the parsi-
monious specification of the VAR model, conditional to the diagnostic tests set out
below.

4.2 Results of cointegration tests

The cointegration results for Specifications 1, 2A and 2B are shown in Tables 6, 7
and 8. The results are not conclusive or in favor of cointegration for Specification
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Table 7 ARDL bounds test for investigating long-run equilibrium relationships among the variables in
Specification 2A

Cointegration equations ARDL specification F-statistic k Cointegration

POmel, θ2AqvEnd, qvEnd,
θ2AqvIber, qvIber, θ2AqvUF,

qvUF

ARDL (1,0,1,5,1,5,1) 0.817 6 No

POmel, θ2AqvEnd, qvEnd,
θ2AqvIber, qvIber, θ2AqvHid,
qvHid

ARDL (1,0,1,5,1,6,1) 1.463 6 No

POmel, θ2AqvIber, qvIber,
θ2AqvUF, qvUF, θ2AqvHid,
qvHid

ARDL (1,2,1,6,1,6,1) 1.239 6 No

The level of statistical significance is 5%. Figures in parenthesis show the number of lag selected based on
the AIC. The maximum lag length is set to 4. For the bounds test, the asymptotic critical value bounds are
taken from Pesaran et al. (2001), page 300, Table CI(iii) unrestricted intercept and no trend with max lags
k in dependent variable and regressors equal to 6. The low bound, I(0), is 3.15/2.45/2.12, and the upper
bound, I(1), is 4.43/3.61/3.23 at 1%, 5% and 10%, respectively

2A since the reported F-statistics are below the lower critical bound generated by
Pesaran et al. (2001). The same conclusions apply, even though partially, to the results
for Specification 1. Specification 2B provides more conclusive results and favors coin-
tegration among the variables under scrutiny. The null hypothesis for all the tests is the
existence of no cointegration since the computed critical values reported in Table 8
are higher. In all the tested relationships proposed, the null hypothesis of no coin-
tegration among the variables has not always been rejected at the 1% significance
level. However, we have been able to identify three cointegration equations that are
over our econometric specifications. The variables in the regression equations iden-
tified in Table 6 and Table 8 seem to have a cointegration relation, i.e., a long-run
equilibrium relationship. Table 6 indicates one relationship among electricity price,
conduct parameters θ1qv I berdrola, θ1qv UniónFenosa, and θ1qvHidrocantabrico,
and quantity sold in the spot market by Iberdrola, Unión Fenosa and Hidrocan-
tábrico.

Table8,which contains the results of cointegration testing for Specification2B, indi-
cates two relationships. One of the cointegration relationships is between electricity
price, conduct parameters θ2BqCvEndesa, θ2BqCvIberdrola, and θ2BqCvUnionFenosa,
and quantity sold in the spot market by Endesa, Iberdrola, and Unión Fenosa, and
the other cointegration relationship is between electricity price, conduct parameters
θ2BqCvIberdrola, θ2BqCvUnionFenosa, and θ2BqCvHidrocantabrico, and quantity sold
in the spot market by Iberdrola, Unión Fenosa and Hidrocantábrico.

4.3 Results of multivariate causality tests

The existence of a long-run relationship between the variables suggests that there must
beGranger causality in at least one direction. According to Figs. 1, 2 and 3, theGranger
causality results obtained with the Toda–Yamamoto method are dynamically stable.
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Table 8 ARDL bounds test for investigating long-run equilibrium relationships among the variables in
Specification 2B

Cointegration equations ARDL specification F-statistic k Cointegration

POmel, θ2BqCvEnd, qCvEnd,
θ2BqCvIber, qCvIber, θ2BqCvUF,

qCvUF

ARDL (2,0,2,0,2,5,1) 5.126 6 Yes

POmel, θ2BqCvEnd, qCvEnd,
θ2BqCvIber, qCvIber, θ2BqCvHid,
qCvHid

ARDL (4,0,1,0,0,6,1) 3.117 6 No

POmel, θ2BqCvIber, q2BCvIber,
θ2BqCvUF, qCvUF, θ2BqCvHid,
qCvHid

ARDL (6,0,3,5,6,6,1) 3.727 6 Yes

The level of statistical significance is 5%. Figures in parenthesis show the number of lag selected based on
the AIC. The maximum lag length is set to 4. For the bounds test, the asymptotic critical value bounds are
taken from Pesaran et al. (2001), page 300, Table CI(iii) unrestricted intercept and no trend with max lags
k in dependent variable and regressors equal to 6. The low bound, I(0), is 3.15/2.45/2.12, and the upper
bound, I(1), is 4.43/3.61/3.23 at 1%, 5% and 10%, respectively

Table 9 Toda–Yamamoto causality test results for Specification 1

POmel θ1qvEnd qvEnd θ1qvIber qvIber θ1qvUF qvUF θ1qvHid qvHid

POmel 0.400 0.456 0.049 0.028 3.394∗ 1.134 0.317 3.202*

θ1qvEnd 1.290 3.065* 1.045 1.043 4.941∗∗ 0.619 0.580 0.863

qvEnd 0.016 0.118 0.202 0.240 2.606 0.085 0.079 4.876**

θ1qvIber 5.901** 1.259 5.945 6.769*** 14.884∗∗∗ 1.114 4.916** 0.265

qvIber 1.210 1.975 0.039 0.487 0.760 0.421 2.228 3.600*

θ1qvUF 0.449 7.237*** 1.503 1.920 0.165 0.439 2.031 1.984

qvUF 0.106 0.674 0.126 4.232** 1.262 0.911 0.122 0.842

θ1qvHid 2.099 3.618* 0.560 0.008 2.503 0.298 1.545 0.214

qvHid 1.973 2.724* 0.083 2.050 3.113* 0.445 0.017 7.189***

Modified Wald Chi-square statistics are displayed. *, ** and *** indicate statistical significance at 10, 5
and 1 % levels, respectively. The specification is free of serial correlation and autoregressive conditional
heteroskedasticity

Tables 9, 10 and 11 report the results of Granger causality within Toda–Yamamoto
framework for all known model specifications.

Table 12 summarizes bivariate and the univariate causality under the Toda–
Yamamoto framework. Mainly, we found univariate causality relationships among the
variables and specifications of the econometric models. However, there is a causality
relationship that runs from the conduct parameter θ1qvUniónFenosa to θ1qvEndesa
and from θ1qvEndesa to θ1qvUniónFenosa. Contrary to the bidirectional causality
relationship found in the empirical analysis, the unilateral causality relationships are
better supported by the findings related to cointegration.
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Table 12 Bivariate and univariate Toda–Yamamoto causality tests

Bivariate Univariate

Specification 1

Endesa versus Iberdrola θ1qvIber → POmel; θ1qvIber →
qvIber; θ1qvEnd → θ1qvEnd

Endesa versus Unión Fenosa θ1vUF ↔ θ1vEnd θ1qvEnd → qvEnd; POmel →
θ1qvUF

Endesa versus Hidrocantábrico θ1qvEnd → qvEnd; POmel →
qvHid; qvEnd → qvHid; θ1qvHid →
θ1qvEnd; qvHid → θ1qvEnd;
qvEnd → θ1qvHid

Iberdrola versus Unión Fenosa θ1qvIber → POmel; θ1qvIber →
qvIber; qvUF → θ1qvIber;
θ1qvIber → θ1qvUF; POmel →
θ1qvUF

Iberdrola versus Hidrocantábrico θ1qvIber → POmel; θ1qvIber →
qvIber; θ1qvIber → θ1qvHid;
POmel → qvHid; qvIber → qvHid;
qvHid → qvIber; qvHid → θ1qvHid

Unión Fenosa versus Hidrocantábrico POmel → θ1qvUF; POmel →
qvHid; qvHid → θ1qvHid

Specification 2A

Endesa versus Iberdrola POmel → θ2AqvEnd; POmel →
θ2AqvIber; POmel → qvEnd;
θ2AqvIber → qvEnd

Endesa versus Unión Fenosa POmel → θ2AqvEnd; POmel →
qvEnd; POmel → θ2AqvUF;
θ2AqvEnd → θ2AqvUF

Endesa versus Hidrocantábrico POmel → θ2AqvEnd; POmel →
qvEnd; qvEnd → qvHid;
θ2AqvHid → POmel

Iberdrola versus Unión Fenosa POmel → θ2AqvIber; POmel →
θ2AqvUF

Iberdrola versus Hidrocantábrico POmel → θ2AqvIber; qvHid →
θ2AqvHid; θ2AqvHid → POmel

Unión Fenosa versus Hidrocantábrico θ2AqvHid → POmel; POmel →
θ2AqvUF; qvHid → θ2AqvHid

Specification 2B

Endesa versus Iberdrola POmel → θ2BqCvEnd;
POmel → qCvEnd; POmel →
qCvIber; POmel → θ2BqCvIber;
θ2BqCvIber → qCvEnd; qCvIber →
θ2BqCvEnd; θ2BqCvIber → qCvIber

Endesa versus Unión Fenosa POmel → θ2BqCvEnd; POmel →
qCvEnd; POmel → θ2BqCvUF;
θ2BqCvEnd → θ2BCvUF
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Table 12 continued

Bivariate Univariate

Endesa versus Hidrocantábrico POmel → θ2BqCvEnd; POmel →
qCvEnd; θ2BqCvHid → POmel;
qCvHid → θ2BqCvEnd; qCvHid →
θ2BqCvHid

Iberdrola versus Unión Fenosa POmel → θ2BqCvIber; POmel →
qCvIber; POmel → θ2BqCvUF;
θ2BqCvIber → qCvIber

Iberdrola versus Hidrocantábrico POmel → θ2BqCvIber; POmel →
qCvIber; θ2BqCvIber → qCvIber;
qCvIber → θ2BqCvHid; qCvIber →
qCvHid; θ2BqCvHid → POmel;
qCvHid → θ2BqCvHid

Unión Fenosa versus Hidrocantábrico POmel → θ2BqCvUF;
θ2BqCvHid → POmel; qCvHid →
θ2BqCvHid

5 Discussion of the results

The cointegration results confirm the theoretical model (Cournot model) of the pro-
posed conjectural variations. The results of the Toda–Yamamoto causality confirm
the cause–effect relationship among the variables proposed in the study. The results
obtained through Specification 1 seem to indicate that both Endesa and Unión Fenosa
act as dominant players. The empirical evidence seems to suggest that for Unión
Fenosa, the bid is made in the OMEL market and not in the open market. The results
provided by Specification 2B confirm the importance of the bidding decisions related
to the quantities purchased in the OMEL market, whereas the estimation results of
Specification 2A do not support this view. The competitive behavior between the
electricity producers with the largest market share may have several explanations.
The interdependence of the spot and the open market in this market liberalization
period helps explain the competitive behavior changes, with potential market power
increases and the admissibility of tacit collusion. The effects on the closing price
in the spot market translate to the same variation. Moreover, that majority of sales
bids are lower than the majority of purchase bids in the OMEL market for sale
in the open market; otherwise, the strengthening of the market power can occur.
The same net supplier (Endesa) and net demander (Iberdrola) behaviors are con-
sistent with what has been referenced by Ciarreta and Espinosa (2012) and Kühn
and Machado (2004), and reinforce the idea of collusion advanced by Fabra and
Toro (2005) and Fabra (2009). The results also provide an answer to the Cournot
problem formulated in this study, since the bidding quantity, the strategic interdepen-
dence of the quantity sold in the spot market and the quantity purchased in the spot
market to sell in open market are verified by statistical significance of the conduct
parameter θqCv both through the cointegrating relationships and the causal infer-
ences.
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1380 V. F. Moutinho et al.

Given this finding, we believe that the OMEL market price has an influence upon
the bidding behavior, with firms coordinating their competitive purchasing and selling
arrangements. This is the case between the two main electrical companies (i.e., the
leaders in each type of bidding within a certain period) and their remaining follow-
ers.

The study found long-run relationships between the variables in the case of the
Spanish electricity market. This may suggest that results of causality and cointegra-
tion are also indicative of the joint inclusion of two main bidding variables to solve
the optimization problem of profit maximization for each electrical company that
operates in the Spanish electricity market. The results also contribute to validate the
proposed extension of the standard Cournot model and to justify its overall appropri-
ateness.

Moreover, this market trend toward competitive behavior is based on the adjust-
ments that the electricity firms with a dominant position had to take as a result of the
market regulation rules implemented tomaintain themarket stability.During the period
analyzed, the CTC compensatory mechanism prevailed in the market, in which com-
pensatory mechanisms for the sunk costs of electricity producers basically smoothed
out the fluctuations of the final price of electricity in the pool. As such, it behaves as
a maximum price. However, CTCs also constitute a control mechanism of capacity
payments requiring a certain level of activity investment in the various technologies
over time. The implementation of this compensatory mechanism created incentives
for the purchase and sale of electricity with low price bids. However, as mentioned by
Fabra and Toro (2005), its main disadvantage was that it did not promote competition
as foreseen with the liberalization of the market because it discouraged the entry of
new players into the market and reinforced the dominant position of large producers,
leading to a plausible price war and reinforcing the existence of collusion. Moreover,
the CTC payment was conditional on an average pool price under 36.06 e/MW. As
referred by Ciarreta and Espinosa (2012), if the average price of the electricity pro-
ducer exceeded that amount, all subsequent revenues obtained with this higher price
were subtracted from future CTC payments.

During the last few months before the integration of the Portuguese and Spanish
markets, these same acts of tacit collusion between the two largest electrical companies
were questioned and sustained by a decrease in concentration justifying, conversely,
that price breaks appeared to be linked to the integration of the Portuguese and Spanish
markets. As such, companies with the largest share in the electricity spot market may
have anticipated a structural change, particularly for electricity producers, as they had
to adapt to and learn from this new reality (Lagarto et al. 2014).

6 Conclusions

The present investigation is based on the NEIO approach in the context of a typical
oligopolistic market, as is the case of OMEL Spanish electricity market. The main
objective of this study was to assess the adequacy of the two proposed models to study
the competitive behavior of electricity production companies in the market before the
integrated MIBEL market was in full operation. It corresponds to a historical period
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without regulatory changes in the functioning of the market, but the interdependence
of the spot market and the open market deserves to be analyzed. This purpose was
carried out showing behavioral outcomes associated with the simultaneous placing of
bids in the spot market carried out by the four main electricity production companies
in the market—Endesa, Iberdrola, Unión Fenosa and Hidrocantábrico—which can
influence the price in both markets.

The Toda–Yamamoto Granger causality results show that Iberdrola’s conduct
parameter is negatively influenced by Endesa, and Endesa’s conduct parameter is
negatively influenced by Iberdrola’s conduct parameter, which is consistent with what
was theoretically expected. In this relationship, Iberdrola’s purchase bids in the spot
market for sale in openmarket tend to followEndesa’s purchase bids in the spotmarket
for sale in open market.

Since the results underline a bivariate relationship between Endesa and Unión
Fenosa, it is plausible to admit that Endesa influences Unión Fenosa’s behavior,
because the quantity sold in the spot market by Endesa influences the quantity sold
in the spot market for sale in open market by Unión Fenosa. And the quantity pur-
chased in the spot market for sale in the open market by Endesa influences the quantity
purchased in the spot market for sale in the open market by Unión Fenosa.

The specificity of the asymmetrical behavior between these players is justified by
their dominant position, almost splitting the spot market evenly, according Moutinho
et al. (2014). Consequently, as the joint supply of the other players is insufficient to
satisfy the demand, the pivotal companies, Endesa and Iberdrola can increase their
prices as a consequence of the demand.

However, the remaining players, aware that the supply of main players is necessary
to fulfill the demand throughout all time schedules, tend to bid at price zero, since
they acknowledge that all the electricity supplied by them will be sold daily at the
marginal price set in the pool market. As a consequence, the two largest players can
use their important outputmix in order to present flexible bids according to the demand
and supply forecasts. In compensation, small players, whose output mix is reduced,
lack the capacity to set competitive or sufficiently flexible bids. For these players, the
option to bid their output at a price zero when large players claim high prices is the
easiest way for selling the largest possible quantity.

Based on these specificities, and on the structural characteristics of the Spanish
electricity market, we believe that the strategic coordination of this group of players
can be easily implemented when there are huge bidding differences, as it is easy to
detect high price bidders.

Acknowledgements The authors would like to thank the reviewers for their valuable comments and sug-
gestions. The authors are grateful to Mario Pelagatti for providing the computer code in R to compute the
robust KPSS test. The code contains two R functions for the robust version of the KPSS test by modifying
the functions of the tseries and urca libraries. The two libraries use different default methods for computing
the bandwidth, but urca let us set the bandwidth manually.

Appendix

See Tables 13, 14 and 15 and Figs. 1, 2 and 3.
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Fig. 1 Inverse roots of AR
characteristic polynomial for
Specification 1
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Fig. 2 Inverse roots of AR
characteristic polynomial for
Specification 2A
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Fig. 3 Inverse roots of AR
characteristic polynomial and
VAR residual serial correlation
for Specification 2B
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