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Overview
In this paper, we assess the forecasting ability of several classes of time series models for electricity wholesale spot prices at a day-ahead horizon in France. The French wholesale market is supposed to expand in a few years under European pressures and national decisions. Electricity spot prices display a strong seasonal pattern, particularly in France given the high share of electric heating in housing during winter time. To deal with this pattern, we implement a double temporal segmentation of the data. For each trading period and season, we use a large number of specifications based on market fundamentals: linear regressions, markov-switching models, threshold models with a smooth transition. Non-linear models designed to capture the sudden and fast-reverting spikes in the price dynamics yield more accurate forecasts. Modeling independently each season also leads to better results. Finally, pooling forecasts gives more reliable results. Individual modelsare generally superior but their performance is more unstable across hours and seasons.
Methods

The models considered in this paper are designed to capture the particular features of spot prices. First, we use regime switching models which are more likely to capture the sudden and fast reverting spikes in the price dynamics. We consider two popular classes of non-linear models: threshold regressive models with a smooth transition and Markov- Switching models with fixed and time-varying transition probabilities. We employ various specifications to capture the jumps of prices and a possible modification of the relationship between prices and explanatory variables in the extreme regimes. Second, a novelty of our approach is a double temporal segmentation of the data, to deal with the intra- and inter-day seasonality. Prices display a distinct pattern depending on the hour of the day. Moreover, their level and volatility are much higher in fall and in winter. Therefore, the empirical analysis is conducted separately for each trading hour and for each season. We conduct an out-of-sample evaluation of the forecasting performance of the various models at a day-ahead horizon. Following Bordignon, Bunn, Lisi and Nan [2012], we compare the performance of individual models, as well as combinations of forecasts. We consider forecasts of French wholesale prices over 2012 and assess the performance of the models or of their combinations for each trading hour and each season. The results show that the non-linear specifications lead to more accurate results. The double temporal segmentation also improves the results, except in summer. Finally, pooling the results may also provide more reliable forecasts. Given a certain time of the day or a season, individual models may outperform the other ones but the forecasting accuracy of the combinations of models is more stable across all the hours and seasons.

Results

Several results are worth commenting on. Including fundamental variables such as the forecasted demand to the specification improves the forecasting accuracy of the models: Models using only the past dynamics of prices (including the random walk) display better forecasts in only 18% of cases. This result is consistent with the findings by Misiorek et al. [2006] for the California power exchange, Karakatsani and Bunn [2008] and Bordignon et al. [2012] for the UK market and Conejo et al. [2005] for the PJM interconnection. The good performance of LSTEP also shows that the restriction of the set of fundamentals to the forecasted demand can be detrimental, since LSTEP outperforms the other individual models in 26% of cases. Therefore, it could be interesting to enlarge the comparison of the various specifications with a larger set of regressors.

Second, the results are supportive of estimation on data belonging to the same season rather than to an entire year. Indeed, most seasonal models yield better forecasts than non-seasonal ones, except in summer. More accurate forecasts are obtained with a model or a combination of models estimated on a seasonal range in almost 90% of cases in winter, around 80% of cases in spring and 55% in fall. The results are more disappointing in summer with only 25% of cases favorable to the seasonal segmentation.However, the magnitude of forecast errors is much smaller in both cases than in the other seasons.

Interestingly, the gain of the seasonal range is more evident if we restrict the comparison to models without fundamental regressors (AR and EXPO). In this case, the best RMSE is obtained with the seasonal range in 70.8% of cases in fall (versus 54.2% for all models) and in 95.8% of cases in winter (versus 87.5%). This means that a part of the seasonalityis captured by fundamental variables. Overall, our simple treatment of the long-run seasonality present in electricity prices appears to improve the forecasting accuracy of the models.

Third, the models leading to the most accurate forecasts are non-linear. Non-linearmodels perform especially well in spring and in fall. In winter, the results are less clear- cut, in particular for the seasonal specifications. Again, the overall out-performance of nonlinear specifications is consistent with the findings of previous papers for other markets (e.g. Misiorek et al. [2006] for the California power exchange, Karakatsani and Bunn [2008] for the UK).

Turning to the comparison of individual and pooled forecasts, the best RMSEs are rarely obtained when combining models . However, the performance of pooled models is much more stable. The pooled forecasts almost always appear among the first best competitors. The combinations over linear models and over all models rank first. As far as the weighting rule is concerned, the results are supportive of a simple average, while more sophisticated rules with adaptive weights give larger RMSE. This result is consistent with the previous literature on the subject.
Conclusions

The ongoing reorganization of the French electricity market will lead to an increasing volume of trade on the wholesale market. This being the case, developing forecasting tools of electricity spot prices is a key issue for academicians and practitioners alike. For market participants (consumers and power generators), forecasting spot prices is useful in the preparation of their bidding strategies in order to maximize their objectives (utilities and profits respectively). With accurate price forecasts, participants in day-ahead markets can manage their risks against unexpected prices. This is also a question of interest for academicians modeling and forecasting high frequency time series subject to high volatility, nonlinearity and seasonality.

In this paper, we have investigated the forecasting ability of several classes of time series models for day-ahead spot prices in France. We have estimated these models with a double temporal segmentation of the data. Our out-of-sample evaluation indicates that the double temporal segmentation that we introduce improves the forecasting ability ofthe models. Using this novel approach, we have obtained results consistent with those found in other geographical areas by the previous literature. Non-linear models designed to capture the sudden and fast-reverting spikes in the price dynamics improve the forecast accuracy. Moreover, pooling forecasts gives more reliable results. Given a certain time of the day or a season, individual models are generally superior but their performance is more unstable across all the hours and seasons.
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