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Overview

The electricity market is characterized by immediate consumption of the energy supplied to the electricity grid. Consequently, prices typically varies over time according to seasonality in demand and variations in supply. Recent innovations in the European electricity market has increased inter-connectivity between regional markets, increasing the ability to share regional surplus and shortfalls in supply. This study considers price volatility between 2000 and 2016 for a set of electricity price hubs in US and EU, and assess common breaks in price volatility. Moreover, we evaluate whether energy sources, like oil, gas and coal, share regime breaks with electricity prices, as they are important input for electricity generation. We identify regime breaks using the Iterated Cumulative Sum of Squares (ICSS) method (\cite{inclan1994use}; \cite{sanso2004testing}), and find that while electricity prices in the EU is reduced, electricity prices in US is increased. Further, we find no link between electricity prices and energy prices, emphasizing the importance of proper regulation of electricity markets to ensure price stability.
Methods

In this study we use average daily price data gathered from Datastream. Observation period for the data set range from January 2000 to 2016, providing us with 2 260 - 4 249 observations per time series depending on the starting point for the series. Our data set consists of 7 electricity price series from the United States, 6 series from Europe and four series of oil, gas and coal prices. 

To identify regime shifts in price volatility we consider three regime shift models. The ICSS method introduced by Inclan and Tiao (1994)). The method assumes i.i.d and N(0,1), which is not a common properties of commodity prices (quote). The ICSS method was later revised by \cite{sanso2004testing}, which resulted in a modified statistic k1 and k2 . Where k1 corrects for leptokurtic data (heavy tails) and the k2 corrects for heteroscedasticity and heavy tails, both properties are commonly found in commodities prices. \cite{sanso2004testing} demonstrated the ICSS model resulted in spurious results when the above properties were not accounted for. 

According to our  results, we find that the price series experience heavy tails and conditional heteroscedasticity. Consequently, we determine that the k2 statistic test is the appropriate test for detecting regime shifts for electricity and energy prices.
Results

In the US, SP-15, Nepool and the PJM hubs experience structural breaks in 06.2001, 10.2010 and 12.2010, respectively. The breaks found in Neepol and PJM in 2010 occurred within a relatively short period, and both experience an increase in price volatility. This may be explained by close geographical location of the hubs and thus similarities in production and consumption. We identify no breaks in Palo Verde, Mid Colombia and NP.

For the European market, we find that three electricity PX's experienced a reduction in price volatility in 2007/2008. APX UK in 03.2007, APX Netherlands in 09.2007 and EEX in 01.2008. All markets experience a reduction in price volatility, perhaps indicating a relationship between the markets. The additional regime shifts found for APX Netherlands in 02.2003 and 07.2005 both experience a reduced price volatility. This indicates a common trend for all series in the European market, as price volatility is reduced over time.  We detect no break points in the BPX and EPEX exchanges nor for the Nordpool. 

For other energy sources, we only detect break points in Brent oil, with a total of 6 shifts. The shifts are typical for Brent oil, which often experience calm periods with relatively low price volatility, interspersed with periods of high uncertainty and increased price volatility. Interestingly, WTI does not share any break points with the Brent oil, nor do other energy sources such as coal and gas.

We notice that breaks occur evenly spread over the time period, indicating that there is no immediate common factor affecting the structural breaks. The results further indicate that there are no common breaks between electricity prices and other energy sources. Further, while EU electricity prices experience a reduction in volatility in 2007/2008, Brent oil experience an increase in volatility in 2008 in line with the increased global economic situation during the 2008 financial crisis. Moreover, as price volatility in the US markets increased during 2010, Brent oil experienced a reduction in volatility.
Conclusions

In general, for the electricity and energy products considered, price volatility has varied throughout our sample period. We find evidence of volatility regime changes in the entire period for both Europe and US. However, we cannot conclude that there is a strong link between price volatility between EU, US and other energy sources (oil, gas, coal). Contrary, we find that shifts in the price volatility for Brent oil has had the opposite direction compared to simultaneous shifts in US and EU electricity prices. Consequently, the changes in volatility found in the European and US markets may be result of other factors affecting regional market supply and demand, such as increased inter-connectivity between markets and production from renewable resources. As indicated by the literature, there are evidence from the Nee Pool and PJM to support that increased production from renewables, effects the long term volatility in electricity prices. This also might imply that increased inter-connectivity and grid transmissions in areas of decreased volatility has impacted changes in volatility regimes for electricity prices in the EU. 

In all the periods that are observed there are a structural change in 1 or 2 series in the periods. However, we there are no simultaneous event between markets, indicating no direct common factors. The results then indicates that structural breaks occur do to local changes in the supply and demand equilibrium

The results are important for the industry and regulators, as price volatility for electricity needs to be regulated by the industry itself. Electricity  requires immediate consumption and as such, changes in the uncertainty of input prices from energy sources, seems to have limited affect to the daily electricity price variations. The innovations taking place in the EU market may over the last decade, increasing inter-connectivity and providing better opportunity to balance regional surplus and shortfall in supply, seems to have resulted in lower volatility and a more stable price. However, we find no effect from trading in the Nordpool-market over time, although there may be a lower intra-day price volatility due to increased trade and liquidity.
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