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AN ANALYSIS OF THE RELATIONSHIP BETWEEN WTI TERM STRUCTURE AND OIL MARKET FUNDAMENTALS IN 2002-2009

Overview

The main objective of this paper is to analyze the behavior of the term structure of WTI futures market between 2002 and 2009, period known by a sustained price rise followed by a price slump and again by a new price rise. To achieve this goal, we use Principal Component Analysis (PCA) to decompose futures price series into components which are used to explain series variability (e.g. changes in its term structure). After it, we try to identify how changes in oil markets fundamentals (physical and financial) may have contributed to oil futures term structure variability.  This work is of interest to market analysts, hedgers, and traders, among others, because it helps to clarify how changes in oil markets may affect their strategies in these markets.      

Methods

The main objective of Principal Component Analysis (PCA) is to explain the systematic behavior of a given set of observable variables (e.g. 
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) through a (smaller) set of latent variables. Technically speaking, this method works with a transformation from the original set of random variables to a new (orthogonal) set which has a covariance matrix whose structure is similar to the original set. 

To see this, assume that there are two vectors, 
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 ) as the original set of variables, and 
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 which represents the original variables after a proper transformation (e.g. PCs, or principal components). Then,  
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 is the matrix which represents the proper transformation; 
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Note that the columns of 
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 are the eigenvectors of the covariance matrix of
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), where the ith principal component´s variance is given by the ith eingenvalue (
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In order to assess how changes in oil market fundamentals may have influenced term structure, we use impulse-response analysis and  variance decomposition for q sets of variables composed by the ith PC and market fundamentals (where q denotes the number of PCs obtained through (1)). We define oil market fundamentals as the following set of variables: OPEC spare capacity, oil commercial stocks, gasoline stocks, middle distillates stocks, refinery capacity utilization, commercials and noncommercials net positions in oil futures and options markets (NYMEX), and interest rates. 

The VAR methodology, which is used to generate impulse-response functions and decompose the variance for each set of variables in our analysis, can be described as follows: let 
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 be  vectors of endogenous and exogenous variables, respectively. Then a VAR in reduced (or standard) form for each set of variables is  
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where 
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So, one way to obtain impulse response functions is rewriting equation (2) in its structural form and use Cholesky decomposition. Also, variance decomposition can be obtained through the use of Cholesky factorization.

Results

We have obtained three PCs after decomposing the term structure of oil futures (e.g. 1st month to 12th month). The first PC explains around 98% of the variability of this structure, while the 2nd and 3rd PCs explain together 2%. To interpret these results, we follow Litterman & Scheinkman (1991), who suggest that these PCs should be seen as indicators of level, steepness, and curvature of the term structure. In this fashion, the 1st PC explains vertical changes in the futures curve, and the 2nd and 3rd ones explain changes in market regimes (e.g. from contango to backwardation and vice-versa). Following this argument, the 3rd PC can also be seen as a factor which is linked to changes in futures market volatility. 

 The chart below shows the correlation loadings obtained for each PC (e.g. 
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) is the weight that the price for the pth contract month in WTI futures market has in the ith PC.  
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Chart 1 – Correlation Loadings for WTI

Source: Author`s estimates

The preliminary results for the time period considered suggests that the WTI futures term structure has been more responsive to physical market fundamentals than to the so called “financial fundamentals” (e.g. noncommercials net positions in oil futures and options markets). 

Conclusions

In line with the exploratory nature of this work, we tried to shed some light on the relationship between the WTI term structure and oil market fundamentals. Our results show that, contrary to what many intuitive analysis have suggested, WTI futures markets are more linked to physical market fundamentals than to “financial fundamentals”. It does not mean that the role that financial players have on oil futures markets should not be considered when one is looking to understand market changes, but that their influence must be seen in perspective, once these agents may have an important role in channeling market expectations.    
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