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Overview
The deregulation of electricity markets worldwide has transformed the market structure from monopoly to competitive markets where market prices are determined by supply and demand. It is well-known that electricity prices exhibit features like seasonal patterns, price spikes, mean reversion, price dependent volatilities and long term non-stationarity [3], [5], [6], [7].  

This paper represents a pioneering study on examining the relationship between spot and futures prices in electricity markets across different states (New South Wales-NSW, Queensland-QLD, South Australia-SA and Victoria-VIC) in Australia. While there has been some works done on the modelling of Australian electricity markets, so far, the relationship between spot and futures prices has not been investigated thoroughly. First, we investigate the magnitude of the futures premiums at different time instances. Furthermore, we examine the correlation between futures premiums across the considered regional Australian electricity markets. Another part of this study is to investigate whether the bias in the futures price can be explained by the behaviour of the spot price in the month or quarter prior to the delivery period. 

This paper is organized as follow. We first provide an overview of previous empirical and theoretical work on the issue. Then we describe stylized facts of electricity markets and specific features of the Australian electricity market. We explain the relevant concepts of our methodology including ex-post futures premium and the general equilibrium model for futures premiums in electricity markets. Then we provide a thorough empirical analysis of observed futures premiums in Australian electricity markets including an interpretation of our results.
Methods
We provide descriptive statistics of electricity spot and futures prices in Australian markets. We calculate the average daily spot price as the average of 48 half-hourly electricity spot prices. We also identify periods when maximum or minimum spot price levels were reached in order to explore the seasonality of the considered markets.

In a second step we examine the magnitude of futures premiums at different time instances applying a methodology similar to [10]. We calculate the ex-post futures premium as the difference between the last trading day futures price and the realized average spot price during the delivery period of the futures contract. We also examine the correlation of the futures premiums across the considered Australian electricity markets.

In a final step, we investigate whether the bias in the futures price can be explained by the behaviour of the spot price during the period prior to delivery. Hereby, we extend the general equilibrium model of electricity forward prices as suggested by [1], [9], [10]. We also perform residual diagnostic analysis to test the robustness of our results that are based on a multiple regression model with several explanatory variables. A standard classical regression model assumes that the residuals should be homoscedastic and exhibit no autocorrelation [2], [4], [11], [8]. We perform a White test [12] to test for heteroscedasticity and a Durbin Watson test to investigate autocorrelations in the residuals.
Results
We find that the highest monthly average prices occur in winter during June for NSW and QLD and during summer for the SA and VIC regions. On the other hand, the lowest monthly average prices occur during August and September for the majority of the considered markets.
We find economically and statistically significant positive ex-post futures premium for futures contracts with delivery periods during the first and third quarter of the year in the NSW and QLD markets. The observed risk premiums are significantly higher for base load contracts. However, considering all four quarters, only for the QLD region the observed futures premiums are statistically significant.
Regarding the factors affecting the futures premium, we find that the bias in the futures price increases (decreases) when the last period (month or quarter) average spot price increases (decreases). Our results are robust and satisfy the necessary homoscedasticity and no-autocorrelation assumptions of a standard regression model.
Conclusions

We conclude that Australian electricity markets exhibit positive futures premiums. The existence of the premium can be explained by the non-storability of electricity as a commodity and additional liquidity risk in the markets. However, considering all four quarters, only the QLD market exhibits futures premiums that are statistically significant.
We also show that the observed futures premiums are highly correlated across different markets. We find that there are strong positive correlations in the futures premium across markets. This implies that there is a positive relationship between futures premiums in different Australian electricity markets.
We find significant evidence that the futures prices in Australian markets cannot be considered as an unbiased estimator of the future spot price.  We show that the bias can at least partially be explained by the mean of spot prices during the previous month. Our results also confirm that market participants in Australian electricity markets are risk averse.
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