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Overview

Oil prices are very volatile. But much of this volatility seems to reflect short-term, transitory factors that may have little or no
influence on the price in the long run. Many major investment decisions should be guided by a model of the long-term price of oil
and its dynamics. Data on futures prices can be used to filter out the short-term volatility and recover a time series of the latent,
long-term price of oil. We test a leading model known as the 2-factor or short-term, long-term model. While the generated latent
price variable is clearly an improvement over the raw spot oil price series, we also find that (1) the generated long-term price
series still contains some of the short-term volatility, and (2) a naive use of a long-maturity futures price as a proxy for the long-
term price successfully filters out a large majority of the short-term volatility and so may be convenient alternative to the more
cumbersome model.

Methods

The model used is a continuous time stochastic process model with two factors. The model is fit to weekly oil futures price data
for several maturity contracts. The data covers September 1989 to May 2006. The estimation is done using the Kalman filter and
maximum likelihood estimation.

Results

We generate an estimate of the long-term factor which is hypothesized to be a random walk. We applied a formal statistical test to
the series. A random walk is a specific case of a unit process — one for which there is no serial correlation in the first differences.
Accordingly, we applied a unit root test and then tested for serial correlation in the first differences of the process. The results are
shown in Table 2. Consistent with the random walk specification, the unit root test fails to reject the null hypothesis of a unit root.
However, the serial correlation test finds strong evidence of negative serial correlation in the first differences: the coefficients are
negative and the p-values establish that these are significantly different from zero. This is inconsistent with the estimated long-
term price series being a random walk, and seems to confirm that the two-factor model has not been completely successful in
filtering out all of the short-term, transitory contributions to volatility.

We then generate a naive estimator of the long-term price series using the raw futures price on a long maturity contract and
compare this against the formal estimate to evaluate the purported benefits of the full scale estimation. This naive estimator would
contain some bias, because even the volatility of a long-maturity futures price will reflect some residual amount of the short-run
volatility that has not yet dissipated. But so long as this residual amount is small, the bias is small. Theoretically, the longer the
maturity of the contract used, the less the bias. In actual practice there may be measured sources of volatility due to institutional
issues in the futures price that may not dissipate with maturity, or even that may increase if one gets to long maturities with
insufficient liquidity. Assuming that the model estimate of 16.3% for the long-term volatility is correct, short-term factors
contribute approximately 20 percentage points to bring the observed spot price volatility up to 36.2%. The naive estimator of the
long-term volatility is the 17.4% volatility on the 17-month contract. This is only 1.1 percentage points greater than the 16.3%
model estimate for the long-run volatility. In this case the naive estimator would have identified 94% of the short-term
contribution to the spot volatility identified by the more complicated model.

Conclusions

The short-term, long-term model of oil prices clearly helps us understand the distinction between the daily volatility observed in
the spot price and the long-run volatility in forecasted prices. Estimation of the model provides a markedly improved measure of
the correct long-term volatility that is useful for most major investment decisions linked to the oil price. We have shown that



although this improvement is significant, there remains some amount of the transient volatility still contained in the model’s
estimate of the long-term volatility. We have also shown that a naive estimator using the raw volatility on the longest maturity
futures contract succeeds in filtering out most of the transient volatility caught by the full blown model. This naive estimator is
significantly easier to work with. It requires no complicated statistical knowledge and no implementation of difficult estimation
procedures. The formula for estimation can be simply written in a single cell of an Excel spreadsheet.

The success of the naive estimator also provides an opening for the resolution of the conflict over the right price to use in
calculating proven reserves for financial reporting purposes. While many of the oil companies have properly complained about the
volatility in the spot price and the curious results that follow from that, an alternative that is sometimes proposed is to leave them
discretion to utilize whatever price forecast they deem best. Regulators are obviously cautious about granting that kind of
discretion. This paper shows, however, that longer maturity futures contracts contain very little of the short-term transitory
volatility that is at the heart of the objection to end-of-year spot pricing. They provide a viable alternative that is both simple and
effective
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