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Abstract 

This paper studies the existence of risk premia in crude oil futures prices with 

simple regression and Bayesian VAR models. It also studies the importance of 

three main risk premia models in explaining and forecasting the risk premia in 

practice. Whilst the existence of the premia and the validity of the models can be 

established at certain time points, it turns out that the choice of sample period has 

a considerable effect on the results. Hence, the risk premia are highly time-

varying. The study also establishes a model, based on speculative positions in the 

futures markets, which has some predictive power for future oil spot prices. 
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Mikä selittää raakaöljyfutuurien riskipreemioita? 

Suomen Pankin keskustelualoitteita 2/2011 

Marko Melolinna 

Rahapolitiikka- ja tutkimusosasto 

 

 

Tiivistelmä 

Tässä työssä tutkitaan öljyfutuurien riskipreemioiden olemassaoloa yksinker-

taisilla regressioilla ja bayesilaisilla VAR-malleilla. Samalla tutkitaan kolmen 

keskeisen riskipreemiomallin kykyä selittää ja ennustaa riskipreemioita käytännön 

sovelluksessa. Riskipreemioiden olemassaolo ja mallien validiteetti voidaan vah-

vistaa tiettyinä ajankohtina, mutta tutkimuksessa ilmenee, että nämä seikat riippu-

vat hyvin selvästi valitun otoksen ajanjaksosta. Näin ollen riskipreemiot vaihtele-

vat vahvasti ajassa. Tutkimuksessa myös löydetään futuurimarkkinoiden spekula-

tiivisiin positioihin perustuva malli, jolla on kykyä ennustaa tulevia öljyn hintoja. 
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1 Introduction

The relationship between commodity futures prices and spot prices has been the
subject of a vast amount of literature for a long time. The relevance of this research
effort has been proved during the past decade, especially in the oil market, as oil
price volatility has been one of the major forces behind global macroeconomic
developments. The literature on risk premia - that is, the difference between
futures price and expected future spot price (or also defined as the biasedness of
futures prices as forecasts of future spot prices) - dates back to The Theory of
Normal Backwardation, introduced by Keynes (1930), which asserts that in order
to induce storage, futures price and expected future spot prices have to rise over
time to compensate storage holders for the costs of storage. Kaldor (1939), on
the other hand, introduced The Theory of Storage and the concept of convenience
yield. The Theory of Storage establishes a link between contemporaneos spot and
futures prices, and rectifies The Theory of Normal Backwardation by introducing
the convenience yield. Keynes’ original theory has also been used as a foundation
to a so called "Market Pressure" Theory, which relates risk premia to the actions
of hedgers and speculators. More recently, Pindyck (2001) proposed a definition
for the risk premium based on a link to general market risk.
In recent years, a number of studies have found evidence for the existence of

risk premia in crude oil futures prices, and many have attempted to exploit this
to predict future spot prices. Evidence of the relationship between futures prices
and risk premia is provided, for example, by Gorton and Rouwenhorst (2006),
who find that a portfolio (including crude oil) of commodity futures risk premia
have been equal in size to the historical risk premium on stocks. Moosa and Al-
Lougani (1994) find evidence of a varying risk premium crude oil futures that can
be modelled by a GARCH process, while Considine and Larson (2001) suggest
that crude oil assets contain a risk premium that rises with higher price volatility.
Alquist and Kilian (2007) show that futures-based forecasts are biased in the crude
oil market.
Another strand of literature has related the variation in risk premia to macro-

economic factors. For example, Coimbra and Esteves (2004) find evidence of a
correlation between oil futures forecast errors and market expectation errors on
world economic activity, and Pagano and Pisani (2009) show that the forecast error
on oil futures could have been partly explained by US business-cycle indicators.
In contrast, there are also studies that have failed to find evidence of a risk

premium in crude oil futures markets. For example, Chinn et al. (2005) find futures
prices to be unbiased predictors of future spot prices over the period of 1999 to
2004, whilst Chernenko et al. (2004) find mixed evidence on the unbiasedness
using the same methodology but a longer sample. A number of earlier studies, like
Peroni and McNown (1998) and Kellard et al. (1999), also find little evidence of
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a risk premium, especially for futures of short maturities.
As the above discussion indicates, risk premia in crude oil futures have been

studied with various methods and theories. However, the results of these efforts
are somewhat mixed. The outcome of these studies seems to be dependent on, for
example, the futures maturity examined and the methodology used. Furthermore,
the risk premia models used have not always been grounded in the seminal theories
introduced by Keynes, Kaldor and Pindyck.
The aim of the current study is to shed light on factors explaining risk premia

in crude oil futures, and to use this model to predict futures prices at different
horizons. The first task is to establish the existence of the risk premia. Then,
simple regression models are used to study the validity of the three main risk
premia models above (The Theory of Storage, The "Market Pressure" Theory and
Pindyck’s Theory), and finally, Bayesian vector autoregression models are used for
an out-of-sample prediction experiment.
This study finds - in line with most previous literature - that there exist neg-

ative risk premia in crude oil futures. These premia also tend to be time-varying.
However, the statistical significance of such premia is highly dependent on the
sample period studied. Furthermore, the factors that are relevant for explaining
these risk premia change over time, but overall, the results support the validity
of each of the main three models at different points in time. Some of the models
introduced in the current paper can be used to predict future oil prices in a fairly
satisfactory manner, but, as ever, consistently being able to outperform simple
random walk models remains challenging.
The structure of this paper is as follows. The next section introduces the theo-

retical foundations of the risk premia models as well as describes the econometric
methodology used in the current study. Section 3 presents the empirical results of
the study, and Section 4 concludes.

2 Methodology

2.1 Theoretical foundations

To fully appreciate the difficulty of modelling and forecasting oil prices, it is useful
to consider Figure 1, which depicts a long time series of the log of oil price, as well
as the change of the log oil price. In the crude oil markets - like in any segment
of financial markets - prices are constantly adjusted to take into account market
participants’ views of demand and supply shocks as well as other factors. Hence,
it is extremely difficult to try and model the oil price purely as a function of any
slow-moving macroeconomic variable or a traditional macroeconomic model. This
problem is exacerbated by the constant changes in the volatility of the oil price,
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Figure 1: Oil price and oil price change (West Texas Intermediate Grade)

illustrated by the strong time-variation in the change of the price. Specifically,
it seems that the price has been, on average, more volatile from around the year
2000 compared to the previous two decades.
Based on the apparent difficulty in trying to model oil prices and forecasts of

them, it is necessary to ground explanations of oil price risk premia on theories
which allow for simplified, time-varying relationships between key variables in the
markets to be modelled. The literature on risk premiums in commodities prices
dates back to The Theory of Normal Backwardation, introduced by Keynes (1930),
which compares futures prices to expected future spot prices. This theory is based
on a definition of the basis, which is defined as the difference between the current
fufures price maturing at time T and the current spot price. The theory divides
the basis to the difference between the spot price expected to prevail at time T and
the current spot price, minus a risk premium. Thus, the risk premium is defined as
the difference between the expected future spot price at T and the current futures
price for maturity T :
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Ft,T − St = [Et(ST )− St]− πt,T (1)

where Ft,T is the futures price at t for a futures contract expiring at T , St is the
spot price at time t, and where the basis is divided into the difference between the
expected spot price at T (Et(ST )) and the current spot price, and a risk premium
(-πt,T ). Rearranging equation (1), the risk premium can be defined:

−πt,T = Ft,T − Et(ST ) (2)

which is the definition used in this paper as well. When the risk premium
can be studied after time T , I will talk of the ex post risk premium. In its earliest
form, The Theory of Normal Backwardation asserts that in order to induce storage,
futures price and expected future spot prices have to rise over time to compensate
storage holders for the costs of storage. This cost of carry principle, however, had
difficulties explaining downward sloping futures curves.
Kaldor (1939) introduced The Theory of Storage and the concept of conve-

nience yield. The Theory of Storage establishes a link between contemporaneous
spot and futures prices, and rectifies The Theory of Normal Backwardation by
introducing the concept of convenience yield. The theory defines the basis as the
cost of carry (the interest foregone to borrow to buy the commodity at the spot
price plus the marginal storage cost), minus a convenience yield. The existence of
the convenience yield allows for the basis to be negative, i.e. the futures price to
be below the current spot price. Hence, according to this theory:

Ft,T − St = Strt + wt − ct (3)

where rt is the risk-free interest rate at time t for the duration of the futures
contract, wt is marginal storage cost and ct is the so-called "convenience yield".
Intuitively, equation (3) is a no-arbritrage condition, which states that the return
from buying oil in the spot market and selling it in the futures market (the left-
hand side) must equal the interest return foregone when buying the oil, the storage
cost of the oil, minus a "convenience yield" measuring the tightness of the physical
spot oil market. The higher the convenience yield, the tighter the spot market,
which allows the basis to be negative.
Plugging the right-hand side of equation (1) into the left-hand side of equation

(3), one can derive another definition for the risk premium:

−πt,T = (1 + rt)St − Et(ST ) + wt − ct (4)

which can be used to define a relationship between the change in inventories and
the risk premium. The change in inventories can be thought to have a negative
relationship with the convenience yield, because the higher the inventories, the
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lower the tightness of the spot market is (i.e. ∂ct/∂It < 0, where It is the level
of inventories at time t). Thus, ∂(−πt,T )/∂It > 0. Furthemore, the risk premium
can also be related to the interest rate variable rt so that ∂(−πt,T )/∂rt > 0.
Keynes’ theory has also given rise to another theory, developed by Cootner

(1960) and Deaves and Krinsky (1995) According to this so called "Market Pres-
sure" Theory, the risk premium is determined by the actions of hedgers and spec-
ulators in the marketplace. Hedgers are willing to pay for the reduction in risk
that the futures provide, whereas speculators demand compensation for the risk
they are taking. Hence, if hedgers hold (net) short positions and speculators (net)
long positions in the market, the price of futures is lower than the expected future
spot price (and thus the risk premium −πt,T < 0), since the speculators net long in
the markets require compensation (i.e. a lower futures price) to enter the market.
Conversely, if hedgers hold (net) long positions and speculators (net) short posi-
tions, the price of futures is higher than the expected future spot price. Therefore,
the risk premium and the net long speculative positions (spec) have a negative
relationship (∂(−πt,T )/∂(spec) < 0).
As Fama and French ((1987) and (1988)) point out, the two theories described

above (The "Market Pressure" Theory and The Theory of Storage) are not nec-
essarily mutually exclusive; the existence of basis can be defined in either way.
The authors find evidence for the Theory of Storage for several commodities (they
do not study crude oil), and they also find evidence for certain metal commodi-
ties of the implication of the theory that the convenience yield falls at decreasing
rate when inventory increases. However, the evidence for the existence of a risk
premium in the commodities the authors study is mixed.
The two theories have been the subject of more recent research as well. For

example, Gorton et al. (2007) build a theoretical model to allow for risk-averse
agents and a hedging motive of the commodity producers. Given that futures
provide insurance against price volatility, which is negatively correlated with the
level of inventories, the level of inventories should be negatively related to the
required risk premium. In fact, the authors find evidence of this being the case for
a wide range of commodities, including crude oil. On the other hand, they find
no support for the "Market Pressure" Theory, since there is no evidence that the
positions of futures traders help predict risk premiums on commodity futures.
Pindyck (2001) proposes a definition for the risk premium based on the Theory

of Storage, as well as an equilibrium that connects the crude oil futures markets
with the cash and the storage market. In particular, the author shows that the
risk premium is related to the risk associated with holding the commodity. If the
spot price co-varies positively with the overall economy (or in terms of the Capital
Asset Pricing Model, the ’beta’ of the commodity is positive), the holder of the
commodity will expect to be rewarded for the risk by the spot price (on average)

11



rising above the current futures price over the holding period. Thus, this implies
that the risk premium, as I define it, is, on average, negative. The author also
finds evidence of this being the case.
Mathematically, according to Pindyck (2001), the return for the risky invest-

ment in spot crude oil must equal the current spot price with a discount factor
(ρTSt):

Et(ST )− ST + ct − wt = ρTSt (5)

Solving equation (3) for the term ct − wt and plugging this into equation (5)
yields

−(rt − ρT )St = Et(ST )− Ft,T ≡ πt,T (6)

where the term −(rt − ρT ) is defined as the "beta" of the investment.

2.2 Econometric modelling of the risk premia

As the above discussion indicates, the evidence on the existence and justification
for risk premia on commodity futures is somewhat mixed. The outcome of the
studies seems to be dependent on the commodity being studied, the sample period
examined and the methodology used. There does not seem to be an agreement in
the literature on whether risk premia exist and if they exist, what explains their
existence.
The aim of this paper is to shed light on a number of issues related to risk

premia in crude oil futures. The first aim is to study whether risk premia that are
statistically significantly different from zero over time can be found. If the existence
of such risk premia can be established, exogenous explanatory variables will be
attached to the model that can potentially help shed light on the justification
for the existence. This is carried out with simple OLS regressions. Finally, the
ability of the different exogenous variables in helping predict future spot oil prices
is tested with unrestricted VAR models.
The selection of the relevant explanatory variables requires some justification.

As regards The Theory of Storage, based on the equations above, it is intuitively
clear that the level of inventories as well as market interest rates can help explain
the relevance of the theory. For the "Market Pressure" Theory, the level of net
speculative positions offers a natural explanatory variable. For Pindyck’s Theory,
no such obvious explanatory variable exists. However, as a proxy, the correlation
between the crude oil spot price and a measure of stock market performance will
provide a variable that by definition, is proportional to the beta of the oil price.
A variable of this type is used as an explanatory variables in the models.
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2.3 Data

To calculate the risk premia, information on both spot prices as well as futures
prices at different horizons is needed. Furthermore, for explanatory variables, I
need data on crude oil stocks, speculative positions, interest rates and a relevant
stock market index. All this data is available from the Bloomberg data service.
The risk premia are calculated for the main benchmark oil type, which is the

West Texas Intermediate (WTI), as futures data (traded in NYMEX) as well as
stocks and futures positions data for this is readily available. The horizon studied
is restricted by the availability of the futures data to be 1989:1 to 2008:12, but this
is considered to be long enough for reliable inference. The data frequency studied
is monthly. The aim is to study short-term dynamics, so the analysis is restricted
to 1-month, 3-month, 6-month and 12-month risk premia1.
As regards the explanatory variables, US crude oil stocks (published weekly

by The U.S. Energy Information Administration) are deemed to be a relevant
variable, since I am studying a benchmark priced in the US. Hence, no information
on oil stocks in other countries is taken into account (and would not be readily
available either). For the speculative positions, US Commodity Futures Trading
Commission (CFTC) data published on Bloomberg for the net long positions of
speculators (non-commercial traders) is used. It is worth noting that while by no
means a complete measure of speculative activity in the market (due, for example,
to the fact that it excludes OTC derivatives not traded as standardised exchange),
it is the only data available and it is widely used in the literature. To measure
the "beta" for Pindyck’s model, I use the rolling 12-month correlation coefficient
between the spot oil price and the S&P 500 stock index, which is the main U.S.
stock index. The market interest rates used are interbank US dollar interest rates
of the relevant maturities (1,3,6 and 12 months).

3 Results

3.1 Forecast biasedness

Before modelling the risk premia in crude oil futures, it is obviously necessary
to establish the existence of such premia. The ex post risk premia for the for
maturities are illustrated in Figure 2. The risk premia seem to have gyrated
without any clear trend or pattern, and there are especially strong movements

1In principle, it might be interesting to look at other maturities as well. However, the choice
of maturities is dictated by the availability of market interest rate data for the entire sample
period. While other interest rate maturities could of course be constructed using, for example,
term structure models, this is not considered vital for the current study as relevant results can
be obtained with the four maturities used.
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Figure 2: Ex-post risk premia in crude oil futures
Note: CL1, CL3, CL6 and CL12 refer to 1-, 3-, 6- and 12-month risk premia.
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towards the end of the sample. This is due to the rapid changes seen in the
oil price, when prices increased during the global economic expansion and then
dropped sharply when the financial market turbulence set in during 2007 and
2008.
More formal analysis of the risk premia proceeds by estimating the average

forecast error over the sample period, and then testing whether this error is statis-
tically significantly different from zero. Hence, to test this bias, I run the following
regressions for different futures horizons T :

−πt.T = αT + εt,T (7)

where αT is a constant measuring the ex post realised forecast error and εt,T is
an error term.
The dependent variable is computed by using daily futures quotations at dif-

ferent horizons during a one-week window around the middle of the month. This
is done to avoid the effect of possible daily outliers, and conforms to choices made
in previous literature (see Pagano and Pisani 2009). Furthemore, as the overlap
present in the futures contracts can be expected to cause autocorrelation in the
error term, the standard errors are computed using Newey-West autocorrelation-
and heteroscedasticity-consistent (HAC) standard errors. The lag truncation para-
metre is chosen to be 2(T − 1).
The results of the biasedness regressions are reported in Table 1. In line with

most recent literature, like Pagano and Pisani (2009), the regressions suggest that
the forecast error (and hence the risk premium) is negative for all horizons. This
also confirms the observation made by Pindyck about the negative sign of the
risk premium. However, unlike most authors, I do not find this biasedness to
be statistically significant. The reason for this discrepancy is the sample period.
The steep decrease in crude oil prices that resulted from the onset of the financial
market crisis in 2007-2008 has had a dramatic effect on the biasedness of crude
oil futures-based forecasts. This is illustrated in figures 3 and 4, which depict
the rolling constant coefficients in the regressions (i.e., the sample period starts
at 1989:1 and the end point is rolled forward month-by-month), as well as the
corresponding P-value of the constant coefficients in these rolling regressions. Both
the absolute values and their statistical significance gyrate strongly over time,
and especially during the year 2008. Hence, the risk premia are highly time-
varying2. This underscores an important point often overlooked in the literature;
the conclusion on whether the futures prices are deemed to be biased predictors
or not is highly dependent on the sample period studied.

2These type of results are commonplace in financial markets literature. See, for example,
Fama (1984) and Frankel (1988) for seminal work on time-varying risk premia in the foreign
exchange markets.
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In particular, the results here suggest that it may be worthwhile to also look
at the sample excluding the year 2008 when modelling the risk premia. However,
a priori there is no justification for excluding the period of the financial market
turbulence from the analysis altogether. A case can be made for the rapid drop
in the oil price being "the flip side of the coin"; it may have merely corrected the
potentially excessive oil price increases seen in the preceding years. Therefore,
while some analysis below is also carried out for a sample that excludes the years
2007 and 2008, the overall analysis takes account of all available data in the full
sample.

T constant

1 -0.18 (-0.5)

3 -0.59 (-0.5)

6 -1.41 (-0.7)

12 -1.46 (-0.4)

Note: Sample 1989-2008. Estimation by OLS,

t-statistic (HAC) in parantheses.

Table 1: Average futures-based forecast errors

3.2 Risk premia models

The previous section suggests that statistically significant risk premia have indeed
existed in crude oil futures markets for most time periods.To ground the analysis
on theoretical aspects, and to shed light on the importance of the different variables
in explaining the risk premia, simple OLS regressions of the following form were
carried out:

−πt,T = α + βxt + εt,T (8)

where α is a constant, xt is alternatively the level of crude oil stocks (in thou-
sands of barrels, stockl), the market interest rate (r), the correlation between share
prices and crude oil prices (corr) or net speculative positions (in thousands of con-
tracts, spec) with the coefficient β, and εt,T is an error term Thus, in these regres-
sions, the risk premia at different horizons were explained by variables which could
be expected to have explanatory power based on the theories discussed above. The
idea is to gauge the importance of the individual variables in explaining the risk
premia. Hence, I will restrict the analysis to univariate one-equation models at
this stage.
The results of these regressions are reported in Table 2. Finding statistically

significant explanatory variables for the risk premia is challenging, especially for
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Figure 3: Constant coefficients in rolling regressions
Note: clx-coeff refers to the coefficient for the x-month risk pre-

mium.
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Figure 4: Constant coefficient P-values in rolling regressions
Note: P-clx refers to the P-value for the x-month risk premium.
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the shorter maturities. Nevertheless, some inference is possible, and the results
that are statistically significant, also bear the correct signs in accordance with
the theories presented above. The results suggest that, when one excludes the
years 2007 and 2008, the stock levels are statistically very significant explanatory
variables for the 6- and 12-month risk premia. This finding is in line with Pagano
and Pisani (2009). Furthermore, the fact that the market interest rate variable is
likewise statistically significant for the longer maturities lends strong support for
The Theory of Storage in the shorter sample. There is also some weaker evidence
of the correlation variable having explanatory power in the full sample in the 6-
month contract, and the speculative positions having statistical significance in the
short sample in the 12-month contract.

Explanatory variable

stockl corr spec r

Dep. variable full short full short full short full short

cl1 coefficient 0.002 0.013 -0.379 -0.461 -0.015 0.006 0.010 0.078

R 2̂ 0.00 0.01 0.00 0.01 0.01 0.00 0.00 0.00

cl3 coefficient -0.007 0.028 -2.124 -0.968 -0.051 -0.004 -0.030 0.232

R 2̂ 0.00 0.02 0.02 0.00 0.02 0.00 0.00 0.01

cl6 coefficient 0.024 0.084 ** -5.067 * -1.520 -0.059 -0.025 -0.047 0.642 *

R 2̂ 0.00 0.10 0.04 0.03 0.01 0.01 0.00 0.05

cl12 coefficient -0.058 0.122 *** -2.933 -1.878 -0.046 -0.088 ** -0.010 1.555 ***

R 2̂ 0.00 0.11 0.00 0.01 0.00 0.07 0.00 0.14

Note: Full sample 1989:1-2008:12, short sample 1989:1-2007:1. Estimation by OLS,

statistical significance (HAC standard errors) in indicated by * 10 %, ** 5 %, *** 1 %.

Table 2: Results of risk premia regressions

Once again, to take into account the time variation in the risk premia, it
is interesting to look at how the significance changes when the regressions are
rolled forward in time. The t-statistics3 for the different explanatory variables are
presented in Appendix A. The graphs indicate large changes in significance both
over time and over different contract horizons. There seem to have been different
time periods during which the different models to explain the risk premia have
been more valid. Pindyck’s model, as proxied by the corr variable, tended to have
more statistical significance when measured in the early 2000’s The spec variable
has also been a relevant variable, especially for the longer contract maturitites,
suggesting the "Market Pressure" Theory is also a potential explanation. The
Theory of Storage seems to have been most relevant when studied between 2004
and 2007.
Overall, the simple regressions performed here offer no conclusive evidence on

preferring one model over another. This is not surprising, given the irregular and

3The critical t-values are 1.66 (10 %), 1.98 (5 %) and 2.62 (1 %).
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time-varying nature of the risk premia time series. However, it is interesting to
notice that the variables grounded on simple theoretical models do indeed carry
significance at different points in time when explaining the risk premia. This
is especially true for the longer maturities. The movements in the risk premia
ignited by the finacial markets turbulance seems to have blurred almost all the
links between the risk premia and the explanatory variables. Hence, at this point
in time, it is difficult to claim any of the fundamental models as particularly
relevant in explaining risk premia in crude oil futures.

3.3 Forecasting models

As the risk premia models above indicate, single-equation univariate models fail
to capture much of the movement in risk premia, so these models are unlikely to
be very useful for trying to forecast the risk premia. Also, the risk premia time
series exhibit a large amount of built-in autoregression, which supports the use
of more dynamic models. For this, vector autoregressive (VAR) models offer a
simple, flexible tool widely used for forecasting in the literature, and these kinds
of models are also used in the current study. In particular, an unrestricted VAR(p)
model of the following form is used:

Xt = C +

p∑

l=1

AlXt−l + ut (9)

where Xt is an Nx1 vector of N variables, C is an Nx1 vector of constants, Al
is an NxN coefficient matrix, ut is an error term and p is the number of lags. One
of the variables in Xt will always be the risk premium, whilst the other variables
vary in an effort to find the best forecasting model.
The strategy here is to construct a number of VAR models with the different

explanatory variables and test their forecasting ability. For all the four different
forecasting horizons, a "general-to-specific" approach to the experiment is adopted
by first including in the models as many variables as possible, and then gradually
dropping the variables that do not improve the forecasting performance. The
model with the best forecasting ability is then used in a Bayesian VAR (BVAR)
estimation framework. BVAR models have consistently been proved to perform
better than pure VAR models in forecasting experiments (for early evidence of
this, see Litterman (1986)). A grid search for two of the BVAR hyperparametres
(tightness parameter gamma as well as weight parameter w) is then carried out
to maximise the forecasting performance (for details of the structure of BVAR
models, see Appendix B).
To evaluate the forecasting ability of the models, an out-of-sample rolling sim-

ulation to forecast the risk premia at different horizons was carried out. All the
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models were first estimated for the time period January 1989 to December 1994,
and the out-of-sample forecasts were then obtained for January 1995. This division
of the sample period is believed to strike a good balance between having enough
observations for the initial model estimation on the one hand and having enough
observations to calculate a reliable forecast error on the other. The forecasts were
then rolled forward each month to take into account the new information avail-
able, e.g., in January 1995, the model is estimated on the sample January 1989 to
January 1995, and the forecast is made for February 1996, and so on until the end
of the sample4.
One important practical point to consider whilst carrying out the rolling fore-

casting simulation is the data set available for forecasting each month. Due to the
way the ex-post risk premium is calculated, the value for a particular month will
not be known until the time when the futures contract for the particular horizon
has expired, and the ex post expected spot price can be recovered (i.e., the term
Et(ST ) in equation (2) is known). Hence, when calculating the forecast for the
risk premium at horizon i at time t, only the risk premium up to month t-i is
known. Obviously, for the other endogenous variables in the model, the values will
be known up to time t (see Table 3). Thus, the data set used at each point in
time is unbalanced (this is known as the so-called "ragged edge" problem). This
is taken into account in the experiment carried out in this study by making a
conditional forecast for the risk premium based on the other endogenous variables
in the model from time point t-i+1 up to time t. The forecast is then made for
the risk premium at time t+i to recover the implied spot price forecast i months
forward.

Data

Time Cl for mat i Other endogenous variables

t-i x x x x

. x x x

. x x x

t-1 x x x

t x x x

t+1

.

.

t+i

Note: Cl for mat i indicates the risk premium at horizon i.

Table 3: An illustration of an unbalanced data set in the forecast experiment

4WinRats econometric package was used for the estimation. The code is available from the
author on request.

21



To analyse the forecasting performance in the experiment, I need to define
a loss function for the forecast errors. As is common in the literature, the loss
function considered and evaluation of the different forecast models is based on the
Theil U statistic:

Ut =

√
(
Nt∑
i=1

e2it)/Nt

√
(
Nt∑
i=1

(yit − yi0)2)/Nt

(10)

where Nt is the sample size at time i, e
2
it is the forecast error for horizon t at

time i, and (yit−yi0)
2 is the forecast error for horizon t at time i of a naive random

walk forecast, where the dependent variable is assumed to stay constant. In other
words, Theil U is the root mean square error of the forecast, normalised by the
root mean square error of a random walk forecast. Theil U statistic that gets a
value lower then 1 indicates a forecasting model that outperforms a random walk
model.
The results of the forecasting experiment are presented in Table 4. Apart

from the BVAR models detailed above, two other forecasting tools are used for
comparison; the pure futures forecast (Futures) as well as the single-equation model
based on capacity utilisation in the U.S. introduced by Pagano and Pisani (2009)
(Caputl). Several points are worth highlighting. First, as has been pointed out by
a number of previous studies, the forecasting ability of a pure futures forecast is
not statistically significantly different from a pure random-walk forecast. Second,
the forecasting ability of neither Caputl models nor BVAR models is statistically
significantly5 better than random walk at the shorter horizons, even though the
Theil U numbers are clearly below one at the one-month horizon and in the case of
the BVAR model, also at the 3-month horizon. However, the BVAR model clearly
outperforms the random walk model at the 12-month horizon, as does the Caputl
model. The BVAR model has a lower Theil U statistic than the Caputl model in
all the cases considered, although the difference is not statistically significant6.
It is worth noting that the results presented in Table 4 for the Caputl model

differ from those reported in Pagano and Pisani (2009). Based on replications
of their methodology, it is not clear that the "ragged edge" problem detailed
above has been considered in their paper. When carrying out the forecasting
experiment, it seems that Pagano and Pisani (2009) assume that the current period
risk premia are known when forecasting the next period. In particular, they use

5I use the traditional Diebold and Mariano (1995) test to measure the statistical significance.
6The lag lengths in the BVAR models are chosen to maximise the forecasting performance,

however, the Theil U values are relatively robust to changes in the lag length.
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the following regression for prediction of the Caputl model (see Pagano and Pisani
(2009), methodology 4., page 16):

p̂t+n = f
(n)
t − α̂(n) − β̂

(n)
UCapt−1 (11)

where p̂t+n is the model forecast at time t for the spot oil price at horizon n,
fnt is the futures price of maturity n at time t, α̂

(n) is the constant coefficient in a

regression explaining the risk premium (which is equal to f
(n)
t − pt+n), β̂

(n)
is the

coefficient of capacity utilisation in the same regression, and UCap is the degree
of capacity utilisation in US manufacturing using real-time data.
The problem with this model is that the regression coefficents are not known at

time t, because the regression explaining the risk premium cannot be carried out
before time t+ n. Hence, the regression coefficients α and β need to be estimated
conditional on information available at time t, which results in the following model:

p̂t+n = f
(n)
t − α̂(n|t−n) − β(n|t−n)UCapt−1 (12)

where the regression coefficients take into account the fact that at time t, only
the risk premium at time t − n is known. This problem is taken into account in
Table 4, and the Caputl model forecast errors are based on equation (12). As it
turns out, the difference between the models in equations (11) and (12) is highly
significant.

T

Model 1 3 6 12

Futures 1.00 1.02 1.02 0.98

Caputl 0.94 0.99 1.03 0.92 **

BVAR 0.93 0.96 1.01 0.86 **

variables spec spec spec spec, r

lags 1 3 14 10

hyperparametres 0.22, 0.01 0.28, 0.07 1, 0.22 0.4, 0.19

Note: Forecast simulation for period 1995:1-2008:12.

Statistical significance (HAC standard errors) in indicated by * 10 %, ** 5 %, *** 1 %.

Hyperparametres list the tightness (gamma) and weight numbers of the best performing model.

Table 4: Theil U statistics for different forecasting models

The best performing BVAR models are quite small, including only one or two
explanatory variables in addition to the risk premium. In fact, the best performing
BVAR models for all horizons include the net speculative long positions (spec),
and only the 12-month model includes another variable (the interest rate). This
is an important finding and suggests that, when using theory-based models to
forecast the risk premia, the speculative positions are much more informative than,
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for example, changes in stocks (note that this result differs from Gorton et al.
(2007)). The interest rate variable is also an important factor at the 12-month
horizon, which perhaps suggests it adds important information about the state of
the business cycle.
The results of the grid search for the hyperparametres are presented in Ap-

pendix C for the four different horizons considered. These graphs prove that the
forecasting performance is not particularly sensitive to the hyperparametre values,
as the areas close to the minimum Theil U values are large flat areas rather than
sharp points. In general however, the lower the overall tightness of the prior (the
higher the gamma), the better the forecasting performance tends to be.

4 Conclusions

Risk premia in crude oil futures have provided an ample ground for research with-
out an overwhelming consensus on whether such risk premia exist, what explains
them and whether such premia can be used to forecast oil prices. The majority
view tends to support the existence of the risk premia, but attempts to explain
them and use them for forecasting purposes have varied in their success.
The current study attempted to shed light on the issues related to risk premia

in crude oil futures, and makes a number of important findings. It confirmed the
result of many previous studies by finding time-varying risk premia that tend to
be negative; in other words, on average, pure futures price forecasts have tended
to underestimate the future spot price. However, after the financial markets tur-
bulance caused a rapid decrease in the price of oil in recent years, the biasedness
of the futures forecast is no longer obvious. Furthermore, there is support for the
traditional theories, especially the Theory of Storage and the "Market Pressure"
Theory, having explanatory power for the risk premia. These results, again, were
weaker when the turbulence of recent years was taken into account.
The true test of any risk premia model is its ability to forecast future events.

A number of studies have claimed to have found such forecasting ability for crude
oil prices with various models, some of them based on risk premia. The current
study also found a model, based on speculative positions in the fufures markets,
which does a good job in forecasting the oil price one year forward. The fact that
speculative positions can have predictive power for future oil prices is a significant
finding, which few, if any, previous studies have claimed.
However, the perhaps most important finding of the current study - and a point

usually overlooked in the literature- is the extent to which the results vary depend-
ing on the sample period considered. It is relatively easy to find desired results
if one chooses the correct sample. This is an especially important point for the
forecasting experiment. The appropriate model that produces the best forecasting
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results has no doubt changed many times in the past and it will keep changing in
the future. Forecasting future developments in a segment of the financial markets
which can be expected to be fairly competitive - like the crude oil futures market
- remains as elusive as ever.
The current study suggests a number of avenues for future research. As regards

the forecasting experiment, more advanced models, like, for example, dynamic fac-
tor models might be used to try improve on the forecasting performance. Further-
more, the predictive power of speculative positions deserves further exploration,
when more data - and hopefully more detailed data - becomes available. Finally,
this study, along with other recent research, suggests that concentrating on tradi-
tional spot market demand and supply shocks when studying the effects of oil in
marcoeconomic models might be insufficient. We require a deeper understanding
of the role of financial markets and other expectational channels through which oil
shocks can affect the economy.
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APPENDIX A

T-statistics in the rolling risk premia regressions for stockl
Note: the graph depicts t-values of regressing risk premia on crude oil stocks clx

indicates the x-month risk premium.
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T-statistics in the rolling risk premia regressions for corr
Note: the graph depicts t-values of regressing risk premia on correlation between share

prices and crude oil prices. clx indicates the x-month risk premium.
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T-statistics in the rolling risk premia regressions for spec
Note: the graph depicts t-values of regressing risk premia on speculative oil positions.

clx indicates the x-month risk premium.
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T-statistics in the rolling risk premia regressions for r
Note: the graph depicts t-values of regressing risk premia on short-term interest rates.

clx indicates the x-month risk premium.
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APPENDIX B
In many forecasting applications, a Bayesian vector autoregression (BVAR) ap-

proach is used. This can be expected to lead to better forecasts than the standard
unrestricted VAR approach, which suffers from overparameterisation. BVARmod-
els allow for applying "fuzzy" restrictions on the parameters of the model, instead
of sharp exclusion restrictions implied by, for example, SIC lag length criterion
in standard VARs. The approach is based originally on the so-called Minnesota
(or Litterman) priors introduced by Doan et. al. (1984). The approach has been
used extensively since then (for an example on forecasting euro area inflation, see
Benalal et. al. (2004)).
In BVARs with a Minnesota prior (used in the current paper), the standard

priors have the following characteristics:

• The prior distributions on the lags of the endogenous variables are indepen-
dent Normal.

• The means of the prior distributions for all coefficients are zero. The only
exception is the first lag of the dependent variable in each equation, which
has a prior mean of one (which centers the prior around a random walk
process).

These standard priors restrict the standard error of the coefficient estimate for
lag l of variable j in equation i to be of the form:

S(i, j, l) =
{γg(l)f(i, j)} si

sj
(13)

where f(i, j) = 1 if i = j and wij otherwise. si is the standard error of a
univariate autoregression on equation i (scaling by standar errors is done to correct
for the different magnitudes of the variables in the model).The hyperparameter γ
and the functions g(l) and f(i, j) determine the ’tightness’ of the prior distribution.
γ is often seen as the overall tightness of the prior (the lower the number, the tighter
the prior). The function g(l) determines the tightness on lag one relative to lag l.
The function f(i, j) determines the tightness of the prior on variable j to variable
i in the equation for variable i. If this is the same across all equations, wij = w is
a constant and the prior is said to be symmetric.
In the current study, a grid search for the best-performing forecasting model is

performed for each risk premium time horizon (i.e., 1,3,6 and 12 months). For γ,
the range between 0 and 1 is considered. It is assumed that g(l) decays harmon-
ically with decay factor 1, so that g(l) = l−d and d = 1. The prior is assumed to
be symmetric, and w is allowed to range between 0 and 1. In other words, the two
hyperparametres that are allowed to change in the grid search are γ and w.
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APPENDIX C

Theil U for cl1
Note: cl1 is the 1-month risk premium, w (weight) and gamma are the two

hyperparametres used in the grid search.
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Theil U for cl3
Note: cl3 is the 3-month risk premium, w (weight) and gamma are the two

hyperparametres used in the grid search.
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Theil U for cl6
Note: cl6 is the 6-month risk premium, w (weight) and gamma are the two

hyperparametres used in the grid search.
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Theil U for cl12
Note: cl12 is the 12-month risk premium, w (weight) and gamma are the two

hyperparametres used in the grid search.
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