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Overview
Deregulation is increasingly becoming an established reality in global electricity markets. Once highly bundled, electricity generation, transmission and distribution procedures are now being rapidly separated and discretized. Under this new setting, the electricity transmission network has a central coordinator that is entitled to ensure its proper and constant operation. However, dynamic market conditions (i.e. demand/supply variations) may result in high levels of transmission network load volatility. Increased electricity demand and associated augmented transmission load over a certain line, may lead to network congestion problems. 

In order to address this uncertainty, novel financial tools, such as the Financial Transmission Right contract, emerged. The holder (i.e. producer, provider, industrial/commercial/residential consumer) of such a contract receives compensation for transmission congestion costs that arise when the transmission grid is congested. Consequently, Financial Transmission Right contracts offer protection against too high electricity prices due to network congestion, as well as perfect hedge for a given position on electricity. However, modeling the respective electricity market and pricing of such contracts remains a critical challenge for the market participants. 
This paper proposes the use of the Hidden Markov Model to price electricity Financial Transmission Rights [see EBM, YS]. The objective is to model the movements of Electricity markets as partially observable Markov processes driven by underlying economic forces. Electricity prices are determined by market conditions, which are in turn defined by demand and supply levels. 
Methods
The parameters of the proposed model are able to switch between different economic regimes representing various supply and demand levels. Previously implied pricing methods had the ability to incorporate seasonality, mean reversion and spikes. Nevertheless, none was able to additionally self-adjust to supply and demand volatility, as the suggested model does.    

The model introduced in this paper suggests that electricity prices over the locations are composed of two components: one deterministic function to capture seasonal trends and independent OU processes with jumps [see CF, D, DJS] and Markov-modulated parameters to model the mean-reversion of electricity prices observed in the market as well as the possible jumps. The different states of the Markov chain represent regimes with higher and lower electricity demand. 
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Under this framework, the paper suggests that pricing a Financial Transmission Right (FTR) is equivalent to pricing a locational spread option [see SIG]. Electricity Locational Spread Options are option contracts written on the electricity price difference between two adjacent locations residing on the distribution network. More specifically, the price of the Financial Transmission Right is equal to that of a location spread option on forward electricity contracts, that is :
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As already mentioned, according to the proposed model the two underlying processes include jumps. Therefore, there is no analytical pricing formula like the Black & Scholes formula. To overcome this obstacle numerical valuation methods for price path simulation and numerical integration are applied. More specifically, the paper suggests the use of a Change of Measure technique and the application of the Fast Fourier Transform analysis method [see CM, DPS] to value the Financial Transmission Right Contract under the HMM framework. Finally, the model is implemented based on data derived from the Pennsylvania – New Jersey- Maryland (PJM) market. 


Results
The results illustrate that the suggested approach has a good fit to all the stylized facts of the respective market, as evidenced by forecasts relative to the actual data series. This model is shown to be able to integrate price behaviors’ fundamental drivers; therefore, it provides enhanced forecast power for price movements.
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Conclusions

This paper develops an HMM-driven model to forecast electricity prices and values, within this framework, Financial Transmission Right contracts. Financial transmission right contracts emerged under the novel deregulated electricity environment as a solution to network congestion problems. Pricing of these contracts is of great importance. The proposed model captures well the stylized facts of electricity price movements: seasonality, spikes and mean reversion. In addition, the discrete time HMM offers the model flexibility to adequately adapt to various economic regimes reflected by the dynamic nature of electricity supply and demand levels. As for the future, further research is needed in order to explore the case of the continuous time HMM model.
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