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(1) Overview

Prices of storable commodities are often extremely volatile. There exists a well-developed theory on competitive storage that can explain some stylized patterns of price series (work by Williams and Wright is summarized in their book 1991; see also Deaton and Laroque, 1992, 1996). However, there is little work on market structure and storage and, in particular, empirical applications or tests are practically nonexistent. Market power in a storable-good market is notoriously difficult to detect, because price-cost margins depend on expected future market conditions that cannot be observed ex post.
This paper is concerned with a unique opportunity to use an electricity market as a natural laboratory for testing the nature and degree of market power in a storage market for water. The opportunity is unique since it is hard to think of other markets where the level of storage, prices, demand, production, and technical information on non-market fundamentals are reported with similar preciseness. We study storage of hydroelectricity in the Nordic power market where about half of annual consumption is met by hydro capacity. In this market, there are several hundred hydro power stations connected to a relatively tightly integrated Nordic market area covering Finland, Denmark, Norway, and Sweden.
Market participants monitor several market fundamentals to determine electricity pricing today and in the near future. The main market fundamental is the market-level storage of hydro power. The second market fundamental is an annual inflow distribution pattern that is well-understood from historical data, and that helps participants to form expectations for future hydro availability and uncertainty. The third market fundamental is the annual demand pattern within a year that exhibits considerable weather-related variation. The final key market fundamental is the thermoelectricity supply that must meet any demand not met by hydroelectricity. 

Using data on historical inflows, demands, and thermoelectric supply, we estimate how hydro producers should view these market fundamentals. To evaluate the efficiency of storage, we first develop an aggregative model of efficient hydro storage. This model is used to simulate socially optimal price, storage and output paths over the sample period 2000-05. We then develop an alternative model representing a market structure where a fraction of the storage capacity is strategically managed. The simulation results based on this model are found to be more consistent with the historical market experience than the simulations based on efficient storage. We then search over different values of the capacity share and find support for a strategic storage of 35 to 45 percent of overall capacity.  
(2) Methods

We first develop an aggregative stochastic dynamic programming model of efficient hydro storage. The formal model is general enough to give traditional storage and exhaustible resource models as special cases, but when specified to match the power market framework, the implications become specific to this market. The model is calibrated using data on historical inflows, demand and thermal supply. The thermal supply function is estimated econometrically from data on weekly thermal output and price of electricity. The calibrated model is solved numerically using a combination of backward induction and modified policy iteration. The alternative market structure is formulated as a dynamic game, where a fraction of the storage capacity is strategically managed,  and the remainder of the capacity is competitive. This structure for oligopolistic competition remains computationally tractable, achieves the socially efficient solution and monopoly as limiting cases, and  reveals quite a natural pattern for market power.
(3) Results 

Comparing the observed thermal output levels to the computed socially optimal output levels, we find that the historical market experience in 2000-2005 implies a 6.8 per cent welfare loss, or that the cost of meeting the same demand could have been 648 mill. € lower. This loss can be due to unmodeled constraints or inefficiencies. However, the data implies a systematic behavioral deviation from the socially optimal usage pattern which is hard to relate to constraints or inefficiencies.
We show using the alternative market structure that market power tends to distort the storage decisions in a way that leads to extensive spending of water during low demand seasons (Spring and Summer) to create scarcity for the high demand seasons (late Fall and Winter). This pattern is indeed consistent with the observed historical behavioral deviation from the socially optimal storage. We search over different values of the capacity share to find a best match between the model and data. Using various approaches, we find evidence for a strategic storage between 35-45 percent of the overall capacity.
(4) Conclusions 
We present an empirical test for market power in the hydro power dominated Nordic wholesale electricity market. The availability of precise data on market fundamentals enables us to develop models of both efficient and strategic storage behavior and compare these models to the actually observed market behavior. The paper contributes to existing literature by introducing a method to test for market power in a storage market. It also contributes to the literature on market power in electricity markets by explicitly considering market power exercised by hydro producers.
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