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Overview

This paper uses extreme value theory (EVT), a widely used concept in the financial market, to analyze demand and price patterns and to predict future extreme events in the United States electricity market. We create a panel dataset using publicly available hourly demand and electricity marginal cost (lambda) information from the Federal Electric Regulatory Commission’s Form 714 and other geographic databases. The final dataset consists of 5.38 million observations of hourly electricity load of 54 unique utilities in the United States from the year 2000 to 2012. Similarly, the study contains 2.88 million observations of hourly electricity marginal costs of 48 different balancing authorizes for the period of 2006 to 2012.

For each year’s hourly data of electric entities, we estimate generalized extreme value(GEV) distribution parameters with the goal of comparing how they have changed over time and market regions. We also account for the time dependencies, seasonality, and near-time clustering present in electricity load and prices due to distinctive features of non-storability and highly correlated observations with the help of autoregressive conditional heteroskedastic models

Methods

Extreme Value Theory. 
Results

Hourly lambda values have more extreme values generating fatter tails than hourly electricity load. We also find that utilities from West and Northeast census regions have heavier hourly load tail distributions those of the Midwest and South regions. Similarly, hourly lambda values of West region’s balancing authorities have larger extreme valuescompared with other regions’ hourly lambda values.

We also estimate single-point extreme tail quantiles with the help of generalized Pareto distribution parameters with the goal of using similar method in predicting extremeoccurrences. The results show that unconditional extreme quantiles estimated using the GEV parameters are very similar to the actual observed load at both 95 and 99 percentile levels. The conditional quantiles, estimated after accounting for time dependencies, are also quite comparable for hourly load values. However, hourly lambda extreme quantile calculated after correcting for time dependencies overestimates the quantiles when compared with the actual hourly lambda values. 
Conclusions

The results show that the distributions of hourly demand and lambda distributions are fat tailed. The work is underway to utilize GEV parameters to estimate maximum possible demand and price values at different time periods. Energy planners are interested in improving long-term electricity demand forecast for resource planning and relaibility purposes. Similarly, utilities and risk managers are also interested in estimating the extreme changes to reduce the price risks.
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