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Overview
In the past decade, benchmark crude oil prices rose from $25 in 2003 to $147 in 2008, before falling by three fourth and then tripling yet again in the following year. We ask whether, after controlling for macroeconomic conditions and physical-market fundamentals, financial variables can help forecast the magnitude and duration of price disturbances in the crude oil space. 
In recent years there has been a resurgence of interest in commodity price forecasting using market fundamentals. The extant literature focuses on using monthly observations of physical-market fundamentals to predict oil price levels. Our paper contributes to the literature in three ways: we focus on forecasting the magnitudes and durations of oil price shocks; we do so at the weekly, rather than monthly, frequency; and, crucially, we investigate the predictive powers not just of physical-market factors but also of financial (“paper-market”) variables. 
In particular, we investigate the respective explanatory powers of the term structure of oil futures volatilities; of relative changes in the extent of price cointegration across the oil futures maturity curve; and of the aggregate oil-futures positions of commodity index traders, hedge funds and calendar spread traders. 
We carry out “difference-in-in difference” analyses of changes in (i) option-implied volatilities along the maturity structure and (ii) the cointegration between nearby and near-dated vs. long-dated crude oil futures prices. Drawing on extant models linking commodity inventories and the term structure of futures prices, we propose and test empirically several conjectures about how calendar and commodity price spreads help predict the magnitude and duration of oil-market disturbances. We also investigate the importance of accounting for the slope of the term structure of futures prices and for divergences between short-dated and long-dated calendar spreads. This last analysis generalize Reeves and Vigfusson’s (2011) finding that crude oil futures prices only help improve forecasting when spot and futures prices differ substantially. 
Methods


We focus on two key crude oil price benchmarks – West Texas Intermediate (WTI) and dated Brent. For both benchmarks, we use the full term structure of futures and options prices.
 

We use the term structure of price volatilities implied by these option prices to perform structural break tests. Having done so, we carry out regression analyses to identify physical and financial predictors of disruption patterns in the crude oil space. We group potential drivers of oil price disruptions into three groups: demand-side fundamentals, supply-side factors and financial variables. 

On the demand side, we use two proxies of macroeconomic conditions. One is a global real economic activity index developed Kilian (2009). The Kilian index is based on proprietary data and monthly. We adapt, at a weekly frequency, procedures suggested in Baumeister and Kilian (2013) to compute the index using public data. Our second proxy focuses on U.S. macroeconomic conditions: it is the Aruoba, Diebold and Scotti (ADS, 2009) index of U.S. business activity. Intuitively, a strong U.S. economy should push up demand for local crude oil. We therefore expect the ADS index to be positively associated with WTI price volatility – but not necessarily with Brent volatility, especially after the partial disconnect between the Brent and WTI benchmarks stemming from infrastructure issues in Cushing, OK (Büyükşahin, Lee, Moser and Robe, 2013). 

For supply side factors, we consider production levels, storage constraints and supply disruptions. Data on oil production is from the EIA. We include either of two variables to capture crude oil storage: physical data from the EIA and higher-frequency calendar-spread data. The second measure draws on the work of Fama and French (1987) and Büyükşahin, Lee, Moser and Robe (2013) linking storage constraints and the slope of the futures term structure. We control for supply disruptions through a measure of effective non-Saudi OPEC spare capacity – see Büyükşahin and Robe (2011) and Brunetti, Büyükşahin, Robe and Soneson (2013). 

Finally, for financial variables, we develop and use measures of paper market liquidity (total futures open interest), financial stress (Chicago Board of Exchange Volatility Index – VIX), as well as a proxy of the intensity of crude oil speculative activity relative to the net hedging demand in crude oil futures markets. 
Results

Plots of the term structure of implied volatilities from 1998 to 2014 show that periods of oil price disruption are generally characterized by much greater uncertainty in near-dated than in long-dated contracts. In major crisis periods (such as the September 11 terrorist attack and the Great Recession), however, we observe a clear shift in implied volatilities across the term structure. Formal structural break tests confirm crisis impacts at near- and far-out maturities, even though volatility peaks are systematically higher for the nearby and first deferred contracts relative to the six to eighteen month ahead contracts.
 These findings suggest that using financial variables (in addition to physical variables) should help improve forecasts of the magnitude and, especially, of the duration of crude oil price disturbances. 
With this relationship between maturity and price disruptions in mind, we perform econometric analyses to identify key predictors of oil price uncertainty. For WTI, we find statistically significant factors in all three categories of determinants: demand side fundamentals, supply side factors, and financial variables. Implied volatilities show significant persistence, indicating oil price disruptions tend to last several weeks. 
For demand-side fundamentals, the coefficient on the global real economic activity variable (but not the US index) is significant and negative, highlighting how oil price uncertainty is inversely related to the global business cycle. For supply-side factors, we find a negative and significant coefficient on non-Saudi spare capacity. The explanation is that limited spare capacity corresponds to an inability of oil supply to meet positive demand shocks. 
We find that several paper-market variables have predictive power for volatility levels and cross-maturity volatility differentials. Importantly, we find positive and significant coefficients on both the slope of the term structure (which captures short-term disruptions) and the VIX (which captures overall uncertainty in financial markets). The first result is consistent with the notion that futures price differentials across various maturities have implications for price disruptions and their associated duration. The second result is consistent with the intuition that volatility in equity markets may spill over into commodity markets through market participants, in particular hedge funds. These findings are robust to various measures of oil price uncertainty, including using realized (rather than implied) volatility measures. 
Overall, our paper provides evidence that financial variables, measured at higher frequencies, help forecast the magnitude and duration of price disturbances in the crude oil space – over and above lower frequency data on physical-market fundamentals.
Conclusions
We ask whether, after controlling for macroeconomic and physical-market fundamentals, financial factors can help forecast crude oil price shocks. We investigate the explanatory power of the aggregate oil futures positions of commodity index traders, hedge traders and spread traders; the term structure of oil futures volatilities; and relative changes in the extent of price cointegration across the oil futures maturity curve. Drawing on extant models linking commodity inventories and the term structure of futures prices, we propose and test empirically several conjectures about how calendar and commodity price spreads help predict the magnitude and duration of oil-market disturbances. The empirical results support our hypothesis that financial variables help forecast the magnitude and duration of crude oil price shocks – over and above the information contained in physical-market fundamentals.
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� In designing the term structure of contracts, we must take care to avoid volatility around futures expiration dates. We do so by defining the “nearby futures” as the “closest-to-delivery contract with the highest open interest.” The six-, twelve-, and eighteen-month ahead contracts have low open interest and volume for delivery months other than June and December. This market-microstructure characteristic could lead to volatility estimate changes that have nothing to do with fundamentals. Accordingly, we develop a methodological innovation by using weighted averages of June and December contracts to create constant-maturity six- to eighteen-month contract volatilities. 


� We perform Chow tests for structural breaks in the levels of implied volatilities at the various contract maturities. For the entire term structure, we find a structural break in the end of 2001 (9/11/2001-12/31/2001), corresponding to the terrorist attacks. Similarly, we find a structural break in the Great Recession (9/15/2008-6/30/2009). The structural breaks are weaker for the contracts with longer dated maturities. 





