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Introduction

Market power of large producers and related reduction of the social welfare cause an important theoretical and practical problem. It is of special interest in context of electricity markets development. Splitting of the electricity market into small companies is a bad way to deal with the problem because of the scale effect and the reliability requirements. The more adequate way to reduce the market power is introduction of forward market. The present paper considers several variants of two-stage oligopoly under capacity constraints and proportional rationing rule. In each case the outcome at both the forward and the spot market is the Cournot outcome with respect to the corresponding demand and supply functions. We assume that each producer aims to maximize its profit, and producers’ behavior corresponds to the Subgame Perfect Equilibrium (SPE) of the two-stage game. We compare several variants of the market organization for a symmetric oligopoly with a fixed marginal cost.

Starting with the work of Allaz and Vila (1988), a line of theoretical work has explored the extent to which the existence of forward markets can impact competition in oligopolistic markets. Much of this work has focused on the electricity industry.

Allaz and Vila (1993) consider a duopoly. Producers act under fixed marginal costs at 
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 consecutive forward markets and then on a spot market. Arbitrageurs’ activity equalizes prices at all the markets, and there is no uncertainty in the future. The paper shows that in oligopolistic industry introduction of forward market that operates prior to the spot market induces more competitive outcomes and total production volumes tend to equal competitive production volumes when 
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 Hughes and Kao (1997) show that this result can be achieved only under assumption of firms' forward positions being perfectly observed, and that in case of firms' positions not being transparent the Cournot outcome arises.
Newbery (1998) and Green (1999) consider supply functions’ equilibrium at the spot market, in the spirit of Klemperer and Meyer (1989). Newbery considers arbitrary smooth monotone bids at the spot market and shows that, assuming no entry threats and risk-neutral agents, any generator will offer no contracts at the SPE of the two-stage game corresponding to such market. Green (1999) examines linear supply functions auction. The paper shows that two dominant conventional generators can raise spot prices well above marginal costs and this is profitable in the absence of contracts. If fully hedged, however, the generators lose their incentive to raise prices above marginal costs. Bertrand-type competition in the contract market leads the generators to sell contracts for much of their output. However, under Cournot competition the generators do not sell contracts at the SPE. 

Mahenc and Salanie (2004) show that under Bertrand – Edgeworth competition at the spot market, a possibility of forward contracts may increase the market power and reduce the social welfare. They establish that at the equilibrium each producer buys forwards on its own production in order to increase the spot price.
James Bushnell (2005) considers a symmetric oligopoly and a two-stage market with Cournot competition at the spot market and no arbitrage condition. For a constant marginal cost, he shows that introduction of the forward market with known forward positions reduces the market power (measured by Lerner index) as well as increasing of the number of producers from 
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 to 
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There are two restrictive assumptions in the latter paper: 1) unlimited production capacities; 2) a special order of consumption (individuals with higher reservation prices buy at the forward market). The present paper aims to consider several models that clarify the role of these assumptions and permit to evaluate the forward market’s introduction implications. In all the models we describe the spot market as a Cournot auction that meets the residual demand after the forward market. We compare the Nash Equilibrium (NE) outcomes of one-stage Cournot and Bertrand – Edgeworth auctions and the SPE outcomes of two-stage Cournot auctions with respect to the price deviation from the competitive equilibrium (Walrasian) price. We choose these kinds of auctions because any stable outcome of the uniform price auction with piece-wise constant supply functions (that are typically used at the day-ahead auctions) corresponds to the Cournot equilibrium [Vasin, Vasina, 2005, 2006], and the «pay-as-bid» auction recently employed in the UK market is equivalent to Bertrand – Edgeworth competition in this context [Wolfram, 1999].

In this paper we focus on the case of a symmetric oligopoly with a fixed marginal cost. First, we consider surplus maximizing rationing at the forward market:
consumers with higher reservation prices buy the good there. The only difference with Bushnell’s model is that the production capacities are limited. We study SPE of the model and compare them with NE of Cournot and Bertrand – Edgeworth auctions under different relations between the total capacity and the demand at the margin cost. We show that the optimal market organization strongly depends on these values.

Then we examine the two-stage model under proportional rationing rule. There typically exist two equilibria at the spot market, and SPE in pure strategies does not exist. We find the solution where producers use correlated mixed strategies at the spot market depending on an observable random factor with two values. Under the first value, they realize the spot market equilibrium with the grater volumes and the lower price («bear market»). Under the second value, they choose the equilibrium with the lower volumes and the Cournot equilibrium price («bull market»). We find the condition for SPE existence that determines the interval for the probability value. The market power reduction turns out to be similar to Bushnell’s model.
Consider a symmetric oligopoly with n firms and fixed marginal cost c. Production volume of every firm is limited: 
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by linear demand function: 
[image: image6.wmf]{

}

()max0,.

DpDdp

=-

 Then the competitive equilibrium price 
[image: image7.wmf]c

p

=

~

 if 
[image: image8.wmf]q

n

c

D

£

£

)

(

0

and 
[image: image9.wmf]d

q

n

D

p

-

=

~

 if 
[image: image10.wmf].

)

(

q

n

c

D

>

 

Proposition 1. 
If 
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Two-stage market

Producers act at the forward market and then at the spot market organized in the form of Cournot auction. The bid of each producer 
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 is the total amount sold at the forward market, and 
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production volume submitted at the spot market. Total volume is limited:
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Surplus maximizing rationing 
at the forward market

Let consumers with the greater reservation prices have priority when buying at the forward market. Then the residual demand function is
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At the SPE the spot price 
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 – the Walrasian and the Cournot prices.

Figure 1 below shows the SPE types depending on relation between the competitive demand 
[image: image30.wmf]cd

D

-

 and on the total capacity 
[image: image31.wmf].

q

n


[image: image91.wmf] 

s

 

f

 

q

 

q

 

q

 

,

 

,

 

D

 

 

 

f

 

q

 

D

 

-

 

s

 

f

 

 

p

 

 

p

 

 

p

,

 

,

 

,

 

 

p

2

 

 

p

 

 

p

1,

 

f

 

c

 


Fig. 1. Types of SPE for two-stage market under capacity constraint 
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 there exists NE with the competitive equilibrium
outcome for a one-stage Cournot auction model with price 
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rasian price. Capacity constraint is binding in this case: 
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 exist for the two-stage market.
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 there exists a local SPE which realizes
competitive equilibrium outcome. However, this equilibrium turns to be instable. Thus, SPE for the model doesn’t exist.

3) For 
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 there exists the local SPE described above
which is not a true SPE. For this area there also exists Bushnell’s equilibrium (with unbinding capacity constraint): each producer 
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 Bushnell’s equilibrium also exists but in this case Bertrand – Edgeworth auction has NE with the Walrasian outcome.

Proportional rationing 
at the forward market

It is natural to assume that any consumer with the reservation price 
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 buys the good at this market with the same probability. Figure 2 shows the corresponding residual demand under such proportional rationing.
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Fig. 2. Cournot supply function at the spot market 
under proportional rationing rule

Under this residual demand there exist two local NE at the spot market. The first one corresponds to the area with the greater demand decline coefficient («Bear market»). The total Cournot supply function in this area is 
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The production volume is
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The second LNE relates to the area with lesser demand decline:
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It determines the greater price equal to the Cournot price, and the smaller production volumes («Bull market», see Fig. 2): 
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Proposition 2. 
SPE in pure strategies with 
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Interesting possibility is to search for the SPE in correlated mixed strategies. Assume that, under a given 
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 the firms set their strategies at the spot market depending on some commonly observable random factor which takes values 
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 In order to get an SPE, the agents should play some NE at the spot market under any value of 
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since we assume arbitrageurs to be risk-neutral.

Now we determine the condition for NE at the forward market under the given strategies at the spot market. The total profit of agent 
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at the equilibrium.

Proposition 3. 
For the given two-stage auction, SPE in correlated mixed strategies exists for 
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	2
	0,687
	0,793

	3
	0,772
	0,863

	5
	0,866
	0,917

	7
	0,907
	0,940

	10
	0,937
	0,957


Table 2 provides our results on the relative decrease of the market power (measured by Lerner index) at the SPE of the two-stage market model with respect to the Cournot equilibrium.
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Thus, the deviation from the competitive equilibrium is very similar to the Bushnell’s result, but there exist an endogenous uncertainty at the SPE of the market: the expected (not the actual) spot price coincides with the forward price, a typical spot price is lower than the forward price.

Conclusion

For a symmetric oligopoly with a fixed marginal cost and a bounded production capacity, we have found out under what conditions the forward market reduces the market power and increases the social welfare. In particular:

1) If the total production capacity sufficiently exceeds the competitive equilibrium demand then Bertrand competition (or the «pay-as-bid» auction) provides the NE with the competitive equilibrium outcome. The forward market is unnecessary.

2) If the competitive equilibrium demand sufficiently exceeds the total production capacity (so that the capacity constraint is binding at the Cournot equilibrium) then Cournot competition (or the uniform price supply function auction) provides the NE with the competitive equilibrium outcome. The forward market is unnecessary.

3) In the intermediate area close to 1), the 2-stage Cournot (or some equivalent) auction with arbitragers reduces the market power as if the number of firms increases from 
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 Under proportional rationing, the SPE is in correlated mixed strategies, and there appears an endogenous uncertainty at the spot market: typically it performs as «bear market» with the price lower than the forward price, but sometimes it performs as «bull market» with the higher price.

4) In the intermediate area close to 2) the 2-stage Cournot auction with arbitragers has no SPE in pure or correlated mixed strategies. 

Since the relation between the Walrasian demand and the total production capacity often changes at the electricity markets, it may be optimal to use different kinds of auctions for pike and non-pike periods in order to maximize the social welfare.

One important task for the future research is to generalize obtained results for the case when the generating capacities include base, semi-pike and pike generators with different marginal costs.
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