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Overview

The existing empirical literature on the persistence properties of international hard coal prices time series is limited. Warell (2006) considers quarterly steam and coking coal prices from 1980 to 2006 and fails to reject the existence of a unit root. Li et al. (2010) and Zaklan et al. (2009) consider later sample periods at higher frequencies, monthly and weekly, respectively and come to the same conclusion. [image: image15.emf]Figure 1. Real Price Index for U.S. bituminous coal 
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We are interested in analyzing the persistence properties of coal prices over the long term to determine whether the observed non-stationarity is a relatively recent phenomenon or if the coal price series is characterized by non-stationarity over its entire history. 

Pindyck (1999) analyzes long-term coal prices and concludes that the persistence properties are not entirely clear. He finds significant support for the existence of a quadratic trend in the real price of U.S. bituminous coal, although this trend appears to be unstable over time. However, the theoretical literature on persistence testing (Kim 2000, 2002; Busetti and Taylor, 2004; Harvey et al, 2006) has evolved since and now allows for more precise identification of breaks in persistence. Dvir and Rogoff (2010) apply these advances in persistence testing to an analysis of long-term oil prices. They estimate that oil prices switch from non-stationarity to stationarity in 1877 and back to non-stationarity in 1973. When considering the evolution of the average real price of U.S. bituminous coal from 1870 to 2009 (Figure 1), visual inspection suggests that a break in persistence may also have taken place, most likely at some point after 1960. 
Method

Our analysis closely follows the approach chosen in Dvir and Rogoff (2010). Based on Figure 1 we postulate the following null and alterative hypotheses: 

H0: The real U.S. coal price series has been (trend) stationary throughout its evolution.

H1: The coal price series has switched from being stationary to being non-stationary at some point in time.

We do not make any pre-judgement about the date at which the break occurs (Kim, 2000), as the test does not require this. Instead, we can estimate the break point should H0 be rejected. We first define the following partial sum process St, as in Kim (2000, 2002): 
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where 
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 are the residuals from a regression of a time series on an intercept and a trend. To test whether a change in persistence has occurred at some point 
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we consider the process before and after 
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We thus obtain the components necessary for computing the test statistic: 
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Given that the true value for 
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is unknown, we apply three approaches to computing 
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, as suggested by Kim (2000): We consider maximum Chow, mean score and mean-exponential test statistics, respectively. We use the corrected versions of all three test statistics, as in Harvey et al (2006).  In case we reject the null hypothesis, i.e. we find evidence in favor of the series containing a break in persistence, we estimate the period in which the break occurs by determining 
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where
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Results

Preliminary results indicate that the break point occurs in 1966. Pending extensive robustness testing of the results, e.g. regarding the sensitivity of results to parameter choices, two conclusions follow. First, coal prices have not behaved uniformly across their entire history. Second, our results indicate that the coal price series may have changed in persistence prior to the oil price series. This would provides partial evidence against a substitution away from oil into coal being solely responsible for the change in the characteristics of the coal price and raise the question about potential additional drivers of change in coal price persistence. 
Conclusions

This paper applies recent developments in econometric theory to an analysis of the long-run evolution of the U.S. hard coal price. We find significant evidence of a shift in persistence. Furthermore, new questions regarding the interaction between the prices of oil and coal arise. 
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