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Overview
Firms can use different commitment tactics, e.g. contracts, delegation and investments, to increase their profits at competitors' expense. In this paper, we analyse the effect on competition and welfare when firms use commitments that influence the slope of their supply functions in the spot market. We show that producers want to compete with supply functions that have a negative slope if the demand uncertainty is small. Such a commitment reduces the elasticity of competitors' residual demand curves and induces them to increase their mark-ups in the spot market (or equivalently to reduce their total output). With such a soft response the producer can increase its sales at competitors' expense. The committed slope of the supply function becomes more positive with larger demand uncertainty. 
    Our results have parallels in some delegation games. Singh and Vives (1984) and Cheng (1985) analyse a game where each firm in the first-stage commit to a Bertrand or Cournot strategy, and then compete with this strategy in the second stage. In this game, firms unilaterally prefer to play Cournot when demand is certain. But Reisinger and Ressner (2009) show that Bertrand is preferable for sufficiently high demand uncertainties. 
    In this paper we use option contracts as the commitment device. A call option gives the buyer the right, but not the obligation, to procure one unit of the good in the spot market from the seller/writer at a predetermined price given by the option's strike price. Thus the buyer only exercises the contract when it is in the money, i.e. when the spot price is higher than the strike price. Forward or futures contracts are always exercised; they are equivalent to a call option with the strike price zero. Ideally, producers sell call options and forward contracts to lock-in the future price of the good and to manage their risk position. In markets with imperfect competition, contracts can also be used strategically to make commitments. How does the introduction of a contract market influence social welfare? This paper focuses on short-run effects and disregard the relation between contracts, entry and investment decisions.
Methods
We generalize previous studies of strategic contracting of risk-neutral producers (Allaz and Vila, 1993; Green, 1999;  Herrera-Dappe, 2008; Holmberg, 2011; Mahenc and Salanié, 2004; Newbery, 1998; Willems, 2005) by considering a general strategy space both at the contracting stage and in the spot market. In the first stage, we allow producers to choose a portfolio of call option contracts with a spectrum of strike prices, which is disclosed. In the second stage, firms compete with supply functions in the spot market under demand uncertainty as in Klemperer and Meyer (1989) and Green and Newbery (1992). Thus we extend the model by Chao and Wilson (2004), where option contracts are exogenous. We derive a subgame perfect Nash equilibrium of the game.
Results

For certain demand, producers use contracts to commit to a supply curve with a negative slope. To achieve this, producers write/sell call options at low strike prices and buy call options at high strike prices. Such a commitment increases competitors' optimal mark-ups and softens competition in the spot market. In the subgame perfect Nash equilibrium for certain demand, the production is zero for all firms and mark-ups are higher than the monopoly price irrespective of the number of producers in the market. Thus when the demand uncertainty is small, option contracts have severe anti-competitive consequences that hurt both producers and consumers. This extreme result is mitigated if demand is uncertain. It is optimal for firms to sell more if demand shifts outwards, so sufficient demand uncertainty results in that firms prefer supply functions with a positive slope. Still, the output is competitive for low prices and uncompetitive for high prices. Somewhat surprisingly, the strategic use of contracts becomes even more apparent when there are more producers in the market.
    Our result has parallels in Zöttl (2010), who models the strategic investments of firms in a peak-load pricing model, where firms compete in quantities in a spot market with varying demand. He shows that firms will overinvest in technology with low marginal costs (base-load), but choose total investment capacities that are too low from a welfare viewpoint.

    Willems et al. (2009) give our theoretical result some empirical support. They test empirically what type of forward contracting is congruent with the observed data for the German electricity market. They compare standard forward contracts and load following contracts. With the load following contracts, the firm has sold a set of option contracts such that for each price level in the spot market, the same fraction of output is hedged. The German data indicates that the pure forward contract (the option contract with zero strike price) fits the observed market outcomes better than the load following contracts which imply a number of call options with positive strike price being sold. This is in line with the predictions of our paper. Firms do not have an incentive to sell option contracts with high strike prices, but to buy those contracts.

Conclusions
When the demand uncertainty is small, option contracts have severe anti-competitive consequences. Spot prices are higher than in a monopoly market, and this hurts both producers and consumers. This inefficient outcome is mitigated by demand uncertainty. Thus it would be welfare improving not to trade option contracts near delivery when the uncertainty is small. We do not analyze this, but it seems very likely that risk-aversion would, in combination with demand uncertainty, further mitigate the strategic use of option contracts. 
   The strategic effect becomes more apparent in markets with many producers. More firms in the market increase total contracting and improve competition for the lowest demand outcomes. However, for the highest demand outcomes, total contracting decreases and competition may actually worsen with more firms in the market. Our results do not depend on whether contracts are financial or physical.
    Oren (2005) recommends that electricity markets should use call options with high strike prices in other to steady the revenue flow of peak power plants in electricity markets. These plants have a high marginal cost and are used infrequently, so such a recommendation makes much sense from a hedging perspective. But our results indicate that there are also drawbacks with introducing option contracts with high strike prices, because especially large producers with market power have incentives to misuse them, i.e. to go short at high strike prices. This is something that market monitors should scrutinize.
    In our paper we focus on how producers can use option contracts to make a commitment to the optimal output in the spot market. But owners can equivalently commit to the optimal output by writing an incentive contract for the firm's managers. The same market equilibrium would occur if owners optimally design a contract with the following payoff structure: a fixed fee, a percentage of the firm's (uncontracted) profit and a bonus that depends non-linearly on the spot price. 
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