Non-linear unit root properties of crude oil production
Russell Smyth and Svetlana Maslyuk

Department of Economics

Monash University, Australia
Abstract 
Overview
The objective of this paper is to test for non-linearities and unit roots in crude oil production. If production is not stationary, any shock to production will permanently affect the equilibrium path of the crude oil market. This will affect energy prices, which in turn will affect real income and hence substantially change the underlying characteristics of the business cycle. The issue of stationarity is also important for modelling peak and post-peak oil production and forecasting as well as developing national energy models such as American Oil and Gas Supply Module (OGSM). Moreover, Diebold and Kilian (2000) argued that testing a unit root improves forecast accuracy relative to routinely differencing the data.  
Methods

To realize our objective, this study applies threshold unit root tests proposed by Caner and Hansen (2001) to monthly crude oil production levels for 16 OPEC and non-OPEC countries over the period January 1973 to December 2006. Each of these countries either is, or has been, a major oil producer over the three decade period studied. The OPEC countries included were Indonesia, Iran, Iraq, Kuwait, Libya, Nigeria, Qatar, Saudi Arabia and Venezuela. The Non-OPEC countries included were China, Egypt, Canada, UK, US, Mexico and Norway. Among the advantages of Caner and Hansen (2001) is the ability to capture many properties of the data such as jumps and limit cycles (Ho, 2005, p. 928). In addition, this methodology allows testing for non-stationarity and non-linearity in data simultaneously (Alba and Park, 2005, p. 993). Specifically, first we test for the presence of non-linearities (threshold effects) in the production of crude oil in two regimes. Second, we test for a unit root against a non-linear stationary process in two regimes and a partial unit root process when the unit root is present in one regime only.
Results

We found that for ten countries there is a unit root in both regimes; for four countries there is a partial unit root in the first regime and for two countries there is a partial unit root in the second regime. China and Iraq has a partial unit root in crude oil production spanning most of the period. Thus, 12 of the 16 countries, or 75% of the sample, had a non-linear unit root in crude oil production for all, or most, of the period under consideration. Our finding that the countries in our sample contain a non-linear unit root in both regimes, or partial unit root in at least one of the regimes, has implications for the correct modelling and forecasting of crude oil production.
Conclusions

Our results suggest that conventional unit root tests such as ADF or PP, which assume linear and systematic adjustment, can lead to misleading inferences because they may interpret departure from linearity as permanent stochastic disturbances. Moreover, results also have important implications for central tenants of macroeconomics such as business cycle theories. If oil production contain a unit root, through the transmission mechanism to real income via energy prices, business cycle theories describing output fluctuations as temporary deviations from long-run growth would lose their empirical support. As Cochrane (1994, p. 241) noted, if real output contains a unit root, this “challenges a broad spectrum of macroeconomic theories designed to produce and understand transitory fluctuations”.  
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