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Overview

Transmission constraints often limit the flow of electricity in a regional transmission network leading to strong interaction effects across different geographically distributed points within the system. In modern wholesale electricity markets, these transmission constraints lead to spatial patterns within the nodal electricity spot prices. This study exploits these spatial patterns to better predict spots prices within a wholesale electricity market.

Methods

We use the latest spatial panel data econometric models to compare within-sample and out-of-sample forecasts against non-spatial panel data models. The spatial panel data approach is explained by demonstrating a simply engineering theoretic model. 
Results

One, we offer a theoretical explanation for the use of spatial econometric models based upon a relatively simply electrical engineering model that accounts for the transfer of electricity within the transmission lines in the grid system. Two, we examine several different specifications of spatial panel data models and analyze the results across the specifications. Three, this study expands upon the out-of-sample predictive abilities of these spatial panel data models. More specifically, we compare the forecasting ability of the spatial models against non-spatial models to determine which model offers the lowest out-of-sample forecasting error. Finally, we use a panel version of the Diebold Mariano statistic to show that the spatial panel data models yield statistically significant improvements in the forecasting ability over a simple pooled ordinary least squares model. 
Conclusions

We were able to exploit the geographic nature of the transmission system within the PJM interconnection to better predict near-term and medium-term zonal spot prices. Arguably, these zonal prices display spatial autocorrelation because of congestion within the transmission system. Using a simple engineering model we derived the optimal nodal pricing strategy for an independent generator within a wholesale electricity market. The engineering model demonstrated that a cost-minimizing operator would consider not only marginal costs but the shadow price of the thermal limits within the transmission system. Due to these shadow prices, the spot price at one zone will be affected by the spot price in neighboring zones. Consistent with the observations of Bushnell and Stoft (1996), we used a spatial econometric model as a proxy for the shadow prices within the system. Our within-sample empirical results indicated that spatial autocorrelation is indeed present in the zonal spot prices. The dynamic, spatial panel data model offered the best predictions, in a forecasting error context, of the zonal spot prices in the near and medium term. Market operators can use spatial econometric models to better predict short-term and near-term zonal spot prices. Trading strategies may be improved by using the spatial autocorrelation as a proxy for the shadow price information
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