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Overview
Anecdotal evidence indicates that electricity producers use failures to disguise strategic reductions of capacity in order to influence prices (Weaver 2004 and Kwoka and Sabodash 2011), but systematic evidence is lacking. We use a quasi-experimental set up and data from the Swedish energy market to test this hypothesis. In a market without strategic withholding, the decision of reporting a failure should be independent of the market price. We show that marginal producers in fact base their decision to report a failure in part on prices, which indicates that failures are a result of economic incentives as well as technical problems. 

Producers have an incentive for disguising withholding as failures. This strategy, as opposed to simply increasing bid prices, has the advantage of being more difficult to prove simply by looking and comparing bid curves of market participants. Moreover, it can always be explained as undertaken due to technical reasons or due to security issues. 

The strategy of withholding through failures can be used by a player owning different production sources, both baseload and marginal. In times of high demand a large and diversified producer has two goals: maximizing his profits and minimizing costs. He has incentive to produce electricity using all baseload units and, at the same time, he is interested in decreasing the production of the expensive marginal units in order to set the price even higher. This way he can enjoy low overall marginal costs and even higher infra-marginal profits on the baseload production. We expand Kwoka and Sabodash’s (2011) analysis by acknowledging that baseload and marginal types of production have different incentives for withholding capacity. 

We examine two withholding strategies aimed at increasing the market price of electricity. A producer owning more than one generating unit could potentially withdraw capacity from the market disguising it as a failure, in order to raise the price. Failures would be caused not only by a technical problem but as well by economic incentives. The other strategy assumes that failures happen only due to real technical problems, but the producer can strategically choose the length of the failure by postponing the restoration of generating capacity after a failure. The extra supply brought on line would have a dampening effect on the price and therefore a prolongation of a failure can be more profitable if it lets the producer enjoy higher prices for electricity supplied by his functioning generation units. 
Methods
We use a unique dataset containing Urgent Market Messages (UMMs) released by market participants with information about planned and unplanned reductions of production. Our dataset permits us to look at how prices affect messages issued by different market players. We focus on messages issued by different types of production i.e. nuclear, hydro, coal, gas and oil. 

We use a linear model where we estimate the effect of prices on the probability of one or more UMMs being released on a certain day. Because of reverse causality and endogeneity problems between prices and failures reported in UMMs we instrument for prices using daily temperatures. To our knowledge, this is the first paper studying strategic withholding that uses a quasi-experimental set up. The key assumption in order for our instrument to be valid is that there, conditioned on the control variables, should be no correlation between temperature and the error term in the equation we wish to correctly estimate. It is also necessary that there is no direct effect of temperature on the probability of production failures. In the studied period we did not observe any extreme temperatures that would be unfamiliar to Scandinavia. Power plants in the Nordic Region are constructed with the aim of withstanding the normal weather conditions and should not be affected by a normal range of temperatures. The only potential link between the temperature and failures can be attributed to freezing of water reservoirs which potentially increases the probability of failure of hydro fuelled generators. However, since every UMM contains a description of the reported problem we can manually remove all messages that would indicate that the outage was caused by special weather conditions – e.g. freezing.  
Results
The results indicate that there is a significant relationship between day-ahead electricity prices and the probability of reporting failures. The size of the effect depends on the type of fuel used for generation. We find positive effects of price on the probability of reporting a failure for marginal technologies, which in the case of Sweden are gas and oil. 

[bookmark: _GoBack]We also show that economic incentives are more important when deciding on the scope of a failure, that is, the size and duration of the failure measured through follow-up messages, as compared to the decision of whether to report a new failure. 

The effects for both scenarios that we test do not indicate that economic incentives matter for reporting failures in the case of the baseload production. The results for both nuclear and hydro generation are not significant. This finding is not surprising since due to low marginal costs the baseload production can recover high infra-marginal profits if the electricity price is established by the marginal units. Reporting a false failure when other, more expensive, types of production set the price is not in the economic interest of a low cost producer. Moreover, in the case when the baseload producer also owns marginal, it is reasonable to stop the most expensive production in order to minimize costs and earn even higher infra-marginal profit on the baseload.  
Conclusions
In this paper we investigate whether producers supplying electricity to the Swedish market base their decision of whether to report a failure on economic incentives or on purely technical reasons. The results indicate that prices affect failures reported through Urgent Market Messages in different ways depending on the type of electricity generation. We find no significant effects for the baseload technologies, that is, nuclear and hydro, which suggests that failure risks for baseload technologies do not depend on daily variations in spot prices. However, we do observe a positive and significant effect of spot prices on the probability of failure in the case of marginal production generators, which in the case of Sweden are oil and gas. 

These findings confirm the hypothesis that economic incentives play a role when marginal producers decide to report a failure. Small changes to marginal production in periods of high demand can have potentially larger effect on the price levels as compared with similar changes of baseload production in low demand periods. Moreover, producers who own both types of electricity generation: infra-marginal and marginal are interested in recovering high infra-marginal profits while at the same time keeping low production costs. A strategy to withdraw expensive marginal capacity disguising it as a failure could accomplish these goals. 

We also test for a similar strategy when the producer decides not on the timing of the failure but on its scale and duration. We see that the effect on follow-up messages is slightly larger in magnitude compared to the effect on failures reported for the first time. This indicates that economic incentives might to a greater degree affect the duration of a failure compared to the probability of reporting a new failure. 
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