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Abstract
The dynamic minimum variance hedge ratios (MVHRs) have been commonly estimated using the Bivariate GARCH model that overlooks the basis eﬀect on the time-varying variance–covariance of spot and futures returns. This paper proposes an alternative speciﬁcation of the BGARCH model in which the eﬀect is incorporated for estimating MVHRs. Empirical investigation in commodity markets
suggests that the basis eﬀect is asymmetric, i.e., the positive basis has greater impact than the negative basis on the variance and covariance structure. Both in-sample and out-of-sample comparisons of the MVHR performance reveal that the model with the asymmetric
eﬀect provides greater risk reduction than the conventional models, illustrating importance of the asymmetric eﬀect when modeling the
joint dynamics of spot and futures returns and hence estimating hedging strategies.
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1. Introduction
Minimum variance hedge ratio (MVHR), i.e., the ratio
of futures contracts to a speciﬁc spot position that minimizes variance of the hedged portfolio returns, has been
broadly used as a futures hedging strategy. Following
Johnson (1960) and Stein (1961), the MVHR is calculated
as the ratio of covariance between spot and futures returns
to variance of futures returns. Early research utilizes
regression models to estimate time-invariant MVHRs.
More recently, Bivariate GARCH (BGARCH) models
have been commonly adopted to estimate time-varying variance and covariance and subsequently generate dynamic
MVHRs. It is often found that the dynamic MVHRs outperform those estimated from the regression models
(Castelino (1990), Baillie and Myers (1991), Kroner and
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Sultan (1993), Park and Switzer (1995), Brooks et al.
(2002), Lien et al. (2002), among many others). However,
much of this research overlooks the eﬀect of basis (diﬀerence between spot and futures prices) on the variancecovariance structure when estimating the dynamic
MVHRs.
Importance of incorporating the changes in the basis
into hedging decision dates back to Working (1953a,b,
1961)). Most research focuses on the eﬀect of basis on
the level of spot and futures price movements in the models
where MVHRs are estimated (Kroner and Sultan (1993),
Lien, 1996), Lien and Tse (1999), and Lien et al. (2002)).
The eﬀect of basis on the variance-covariance structure is
however mostly overlooked.1 Ng and Pirrong (1994), Lee
(1994), and Zhong et al. (2004) ﬁnd that spot and futures
prices become more volatile and less correlated as basis gets
larger, suggesting that the MVHR should be altered as the
1

See Lien and Tse (2002) for comprehensive survey on this topic.

188

D. Lien, L. Yang / Journal of Banking & Finance 32 (2008) 187–198

basis changes. The models that ignore this eﬀect of basis
prescribe that the MVHR remain the same regardless of
the changes in the basis. This ‘‘constant’’ MVHR may create over-hedged positions when the basis decreases and
under-hedged positions when the basis increases, raising
serious concerns regarding risk reduction ability of the conventional hedging models.
In this paper, we propose an alternative speciﬁcation of
BGARCH model in which the basis eﬀect is incorporated.
We decompose basis into positive and negative bases and
introduce them into the conditional variance and covariance equations of BGARCH model to investigate a potential asymmetric basis eﬀect on the conditional variances
and covariance of spot and futures returns and its consequences in dynamic hedging strategies. Examining commodity markets, the conditional variances are positively
(negatively) related to the positive (negative) lagged basis,
suggesting a V-shape relationship between the variance
and the basis.2 In addition, the marginal eﬀects when the
basis is positive are greater than those when the basis is
negative, indicating that the V-shape relationship is asymmetric.3 The asymmetric eﬀect on the time-varying correlation between the two markets is also observed. Larger basis
in the absolute term tends to reduce market co-movements
more.
We then calculate the MVHR based on the estimates of
the conditional variance and covariance from our model
and compare it with the MVHRs estimated from the
BGARCH models where only symmetric eﬀect is incorporated or the eﬀect is totally ignored. Both in-sample and
out-of-sample comparisons indicate that the model incorporating the asymmetric eﬀect of basis into the hedging
decision leads to a greater risk reduction than the conventional models.
To capture the economic signiﬁcance of diﬀerent hedging strategies, we evaluate how much a hedger’s expected
utility would increase if one strategy were used over others
after taking into account transaction costs for rebalancing
the hedging positions when there is beneﬁt to do so, i.e.,
when the potential expected utility gains oﬀset the transaction costs. We ﬁnd that the expected utility increases significantly using the strategy from the asymmetric model over
that from the symmetric model. Thus, we conclude that
separating the eﬀect of positive and negative bases on the
market volatility and the correlation between the two markets not only provides better descriptions of the joint
dynamic behavior of the commodity prices, but also plays
an important role in determining the dynamic hedging
strategies.

2

Kogan et al. (2003) examine energy futures price data and empirically
establish a ‘‘V-shape’’ relationship between the volatility of futures prices
and the slope of the term structure of futures prices (i.e., the futures
spread). In other words, futures markets become more volatile when the
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3
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The remainder of the paper is organized as follows. Section 2 discusses the model speciﬁcations. Section 3 discusses the data and preliminary diagnostic tests on the
data. The model estimation results are provided in Section
4. The asymmetric eﬀects of basis on the dynamic hedging
strategy as well as on the risk reduction are analyzed in
Section 5. Section 6 provides the conclusions of the paper.
2. Model speciﬁcations
The theory of storage suggests that spot and futures
prices move up and down together in a long run; however,
the short-run deviations from the long run equilibrium
could take place due to mispricing of either futures or spot
price. The lagged basis helps determine the spot and futures
price movement, therefore, facilitates adjustment of price
deviation. This establishes a cointegrated system of futures
and spot prices while the lagged basis serves as an error
correction term (see, for example, Kroner and Sultan
(1993), Ng and Pirrong (1994), Yang et al. (2001), and Lien
and Yang (2006)). Hence, the conditional means of spot
and futures returns are speciﬁed as:
Rk;t ¼ ak0 þ

p
X
i¼1

aki Rk;ti þ

q
X

bkj Rk;tj þ ck Bt1 þ ek;t ;

ð1Þ

j¼1

where Rk,t = ln(pk,t)  ln(pk,t1), for k = s, f; pk,t is either
the spot or the futures price at time t; p and q are the numbers of lags; and Bt1 = ln(ps,t1)  ln(pf,t1) is the basis at
time t  1. When the spot price exceeds the futures price at
time t  1 (i.e., Bt1 > 0), the spot price tends to be decreasing whereas the futures price tends to be increasing at time t
in order to maintain the long-term relationship between futures and spot prices. Similarly, when the spot price falls
below the futures price at t  1 (i.e., Bt1 < 0), the spot
price tends to be increasing and the futures price tends to
be decreasing in the next period. This would lead one to
predict that cs 6 0 and cf P 0.
It has been well known that the variance-covariance of
asset returns is time-varying. To account for this statistical
property, the GARCH speciﬁcation is adopted. Speciﬁcally, the conditional variance-covariance matrix of residual series from Eq. (1), Et = (es,t,ef,t) 0 , is denoted by


hs;t hsf ;t
Varðes;t ; ef ;t jI t Þ  H t ¼
;
hsf ;t hf ;t
where It is the information set at time t.
As predicted in Kogan et al. (2003), the relationship
between the volatility of spot or futures returns and the
basis is not monotonic and presents a V-shape. To investigate this V-shape eﬀect empirically, we decompose basis
into positive and negative terms and use them as separate
explanatory variables in modeling the time-varying variances of spot and futures returns, i.e.,
hk;t ¼ xk þ hk e2k;t1 þ dk hk;t1 þ nk maxðBt1 ; 0Þ
þ uk minðBt1 ; 0Þ; for k ¼ s; f :

ð2Þ

