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Abstract

In this paper we test the empirical implications of a simple pricing

model for commodity futures for the marginal process of prices of Sugar fu-

tures. According to the prícing model, the futures price bias depends

linearly on the conditional variance. We find significant coefficients, from

monthly as well as daily data, if the conditional variance is modelled using

the GARCH-M model put forward by Engle, Lillien and Robins (1987). These es-

timates imply contango in the futures market and a net hedging demand on the

long side of it.
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1.Introduction

Many models consider relations between prices of futures contracts and

corresponding spot prices (see e.g. Anderson and Danthine (1983),
Hirschleifer (1989, 1990)). In this paper, we test whether a simple special

case of these models, which is discussed at length e.g. in the recent

textbook by Duffie (1989). is relevant for the futures market for Sugar.
Because of data limitations the tests are directed towards the implications
for the marginal process of the futures prices only. According to the model

under consideration, the futures price bias depends linearly on the condi-
tional variance. Thrée different estimates of the monthly conditional
variance from january 19~2 to june 1989 are considered. First, the monthly
conditional variance is estimated from daily data in the previous month.
Second, the GARCH model proposed by Bollerslev (1986) is used to derive es-
timates of the conditional variances and finally the GARCH-M model proposed
in Engle, Lilien and Robins (198~) is used. In addition daily data since
19~9 are used to estimate the dependence of the futures price bias on the
daily conditional variance. The GARCH-M models yield significant coeffi-
cients for the conditional variance, which imply contango in the Sugar
futures market and a net hedging demand on the long side of the market.

The plan of this paper is as follows. In section 2 we present the pri-
cing model under consideration. The stylized facts in the data are described
in section 3. The significance of the three different estimates of the
monthly conditional variance is tested in sections 4, 5 and 6. Daily data
are analyzed in section 7, while section 8 concludes.

2. A simple pricing model

Consider the demand for commodity futures contracts of agents with mean
variance utility functions, who possibly have positions on next periods spot
market for the commodity under consideration. Assume that the agents can
trade the corresponding futures contract as well as a stock market portfo-
lio. Let qt}i denotes agent i's next period's spot market position, while
st~l denotes next periods spot price. If futhermore ftk~ denotes the price
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of the corresponding futures contract k periods before expiration,
Bti) is the amount invested in the stock market portfolio and rttl is the
return on the stock market portfolio, the wealth of agent i in the subse-
quent period, Wtti, can be expressed as

Wtil - Bti) (l~rttl) ' 9ta1 styl t Yti) (ftkll] - ftk]). (1)

where yti) denotes the agent's futures position in period t. Note that it is
assumed that are no margin requirements in cash. Moreover we assume that the
returns on the stock market portfolio are uncorrelated with the spot and fu-
tures prices, which is not in conflict with the empirical evidence for
commodity futures ( Dusak ( 1973)). Every agent i s assumed to choose his posi-
tion in the futures market by maximizing a mean-variance utility function,
i.e.

yti)M - argmax { Et[Wt}1] - P(1) Vart[Wtil] }. (2)
y(i)
t

where p(i) is agent i's risk aversion coefficient and Et[.] and Vart[.] de-
note the conditional expectation and conditional variance respectively.
Differentiation with respect to yti) in (2) yields the first order condition

yti)M - 0.5 { EtCftkll]] - ftk] } ~{ Vart[ftkil]] M p(i) }

- 9t~i CovtCst,l.ftkll]] I Vart[ftkll]]. (3)

The first and second term in (3) are known as the pure speculative demand

and the pure hedge demand respectively, as the second term vanishes for spe-

culators (qtil) - 0) while the first term vanishes if p(1) ~ . Equilibrium

on the futures market requires

F y(i) -
i-1 t

0 (4)

where N is the number of agents in the economy. From (3) and (4) one can ea-
sily derive the following expression for the futures price bias ftk] -
E [f[k-1]],
t til
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EtLftkll]] - ftk] - Z P 9tt1 Covt[st~l.ftkll]]. (5)

where p-( ijxl(pl)-1,N ) -1 is the markets risk aversion and qt~l - I1-1
qt~i~N is the net hedging pressure on the market. If we finally assume the
absence of basis risk (Covt[sttl,ftkll]] - Vart[ftkll])) and a constant net
hedging pressure (qt~l - q), equation (5) yields testable implications on
the marginal process for Aft}1 - ftkil] - ftk],

Aft~l - b Vart[eft~l] 4 tttl' (6)

where b- 2 p q and where et~l is independent of past realizations of ~ftil'
Carter et.al. (1983) have considered a model similar to (5) and avoided the

assumption of a constant net hedging pressure by making use of data on the

percentage of speculators who were net long. Carter et.al. (1983) however

assumed conditional homoskedasticity.

The basic model that is outlined above has been refined by many authors (see
e.g. Anderson and Danthine (1983) and Hirschleifer (1989, 1990)) taking into
account e.g. production uncertainty and covariance of commodity prices with
the market portfolio. In this paper we will restrict ourselves to testing
the relevance of the basic model for Sugar futures.

~. Some stylized facts on Sugar futures.

Sugar-11 contracts which expire in January, March, May, July, September and
October are traded on the New York Coffee, Sugar and Cocoa Exchange
(NYCSCE). A data-series of daily observations on price changes in the
contract which is closest to expiration (excluding last month observations
to avoid potential delivery obligations) will be analyzed in sections 4 to ~
to test the pricing model that was presented in the previous section. The
series of monthly changes which is constructed from this data-set is presen-
ted in figure 1. Throughout the paper all prices are in dollars per 10,000
lbs. Two periods of bad weather (1973~1974 and 19~9~1980) caused high inter-
natíonal sugar prices (see FAO (1985)), which are evidently reflected in the
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futures prices. Figure 1 slso clearly shows that volatility of the Sugar fu-
tures prices is time varying and that the marginal distribution of the price
changes is fat tailed. These are well known stylized facts, which hold true
for many futures (compare e.g. Taylor (1986)). The kurtosis of the monthly
series is estimated as 11.9, while the standard Lagrenge Multiplier test
statistic for sixth order ARCH yields the very significant value of 63.6.
The LM test for sixth order autocorrelation yields a value of 17.6 which is
close to the 1X critical value of a x2-distribution with six degrees of
freedom. Note however that standard tests for serial correlation in the mean
will be biased upward in the presence of conditional heteroskedasticity (see
e.g. Diebold (1987)) and thus lead to over-rejection. In figure 2 the
monthly price changes are plotted for the sub-sample from January 1982 to
June 1989 during which period the Sugar prices were much more stable. For
this sub-period the estimated kurtosis is 3.8 and the LM tests for ARCH
and autocorrelation yield the insignificant values of 2.8 and 5.7.

The two daily series, which will be analyzed in section 7, are plotted in
figures 3 and 4. The conditional heteroskedasticity is obviously even more

pronounced for the full sample then it is for the less volatile sub-sample.

Note that, according to the results on temporal aggregation of GARCH proces-
ses in Drost and Nijman (1990), the conditional heteroakedasticity in the
daily data in the subsample is not conflicting with the apparent homoskedas-
ticity of the monthly data.

4. Tests based on the use of daily data to estimate monthly conditional va-
riances.

According to the pricing model discusaed in section 2, the futures pri-
ce bias depends linearly on the conditional variance. In sections 4, 5 and 6
this ímplication will be tested for three different estimates of the monthly
conditional variance. In this aection we derive estimates of the monthly
conditional variance from daily data, while in sections 5 and 6 the variance
is assumed to be generated by a GARCH and a GARCH-M model respectively.
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If subsequent changes in futures prices are approximately uncorrelated,
which is one of the stylized facts discussed in the previous section, the

sample variance in daily data in the current month times the number of tra-
ding days in the next month, appears to be a natural firat estimator of the
conditional variance in the next month. This estimator of the conditional
variance can be motivated e.g. as an inefficient estimate of the conditional
variance in an assumed integrated GARCH model (see Engle and Bollerslev

(1986)) which is close to the model that will be estimated in section ~. The

variance estimates which are generated from daily data are presented in fí-

gure 5, from which it is once more evident that the volatility is strongly

time-varying.

Estimates of (6) are presented in Table 1 for the full sample period as
well as for the "erratic" period 1972-2 to 1981-12 and for the less volatile
period 1982-1 to 1989-5. The fourth column in the table presents the coeffi-
cient estimate, while the corresponding routinely estimated t-statistic is
reported in colum five. This t-statistic will not be asymptotically standard
normally distributed if the error terms in (6) are heteroskedastic, which is
not excluded by the model. Consequently we report in column six heteroske-
dasticity consistent t-statistics, which have been computed along the lines
of White (1980). Lagrange Multiplier tests for up to sixth order autocorre-
lation (A) and conditional heteroskedasticity of the ARCH form (CH) are
presented in column seven and eight. Under the null hypothesis of no auto-
correlation and no conditional heteroskedasticity both test statistics are
asympototically centrally X2 distributed with 6 degrees of freedom. The
critical values of this distribution at the 5X and 1X level are 12.6 and
16.8 respectively. In the final column of the table an estimate of the kur-
tosis of the distribution of the error terms is presented. Large values of
the kurtosis paremeter indicate fat tails. The kurtosis of the normal
distribution equals 3.

The first row of Table 1 contains ordinary least squares (OLS) estima-
tes for the full sample period. The estimate of b is negative, which
suggests a net hedging demand on the long side of the market. According to
the t-statistics, however, this parameter is insignificantly different from



zero. Moreover the test for ARCH indicates the presence of strong conditio-
nal heteroskedasticity and the kurtosis estimate implies a very fat tailed
error distribution, which imply that the OLS estimator is very inefficient.
A simple more efficient estimator is the generalized least squares (GLS) es-
timator. Because according to the model Et[etrl] - Vart[aft~l] and E etes -
0 if t~ s, the generalized least squares regression coincides with the or-
dinary least squares regression on the transformed equation

nft.l~set[nfttl] - b setLoft.l] t Etfj' (7)

where set[~ft~l] -(Vart[Afttl])1~2. According to the last three lines of

Table 1 this transformation reduces the conditional heteroskedasticity

problem, but does not solve it as it should if (6) and the estimate of the

conditional varience are correctly specified. Note that the test statistics

in the generalized least squares regression are based on the transformed re-

sidusls et41. Note also that after the correction for condítional

heteroskedasticity the error distribution is still fat tailed, which is ho-

wever a stylized fact for many financial series and does not invalidate the

model. The coefficient estimates in the last three rows of Table 1 show that

for none of the sample perioda under consideration there is eny evidence of

a significant impact of the conditional variance on the futures price bias.

Possible explanations for this empirical finding are misspecification of

(6), misspecification of the estimate of the conditional variance that is

used in this section or a net hedging pressure qt in (5) which is very close

to zero in the sample. In the subsequent section we will analyze to what ex-

tent misspecification of the conditional variance can be responsible for the

empirical findings in Table 1.

5. Tests based on the use of a monthly GARCH model to estimate monthly con-
ditional variances.

In the previous section we assumed that the conditional variance in
the next month depends on the average (daily) sample variance in the current

month only. Alternatively, one can assume that the conditional varience de-

pends on e weighted average of past volatility. A popular way to model such
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a dependence is to use the GARCH model proposed by Bollerslev (1986). An ex-
cellent survey of the many applications of GARCH and related models to
financial data is provided by Bollerslev et al. (1990). The assumption un-
derlying the simplest GARCH model, GARCH(1,1), for the changes in futures
prices are

eft -~t ht ~t ' i.i.d., with E~t - 0, E~t - 1, (8)

ht ' W ' ~ ht-1 . a (eft-1)2' (9)

where W. a, p) 0. Although this model is at variance with (6) unless b- 0,
as it implies that Et[eft~l] " 0, one can hope that it yields sufficiently
reliable variance estimates if b is small in absolute value. If ~t is nor-
mal, the log likelihood function for the sample ef1,...,efT becomes, apart
from initiel conditions and a normalizing constant,

LogLik (W,a,s) --0.5 ï log h2 - 0.5 E (ef )z~h2 (10)
t-1 t t-1 t t'

This likelihood can be maximized numerically, using the recursion in (9) to
compute subsequent values of ht. It has been shown in Weiss (1986) that the
value of (W,a,p) which maximizes (10) is, under regularity conditions, a
consistent estimator of the parameters in (9) even if the normality as-
aumption i s invalid. Moreover Weiss (1986) has shown how consistent
estimates of the large sample variance of this pseudo maximum likelihood es-
timator can be obtained. ~

The numerical results for Sugar futures yield

z . 0.52 hz- . 0.44 (ef - )z
ht -(33z4) (8.09) t 1 (6.zz) t 1

[3.18] C9.80] C7.53]

where the numbers in parentheses are t-statistica derived from estimatea of
the largo sample variance which are routlnely computod from the }iessian of

the log likelihood while the numbers in square brackets are the t-
statistics proposed by Weiss (1986) whích are robust to departures from
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normality in the rescaled innovations gt. The estimated kurtosis of the res-
caled innovations is x- 4.8. The estimates in (11) suggest that the
conditional variance depends on past volatility in a limited number of
months, which is however clearly larger then one. The estimates of the con-
ditional variance which are generated by (11) are presented in figure 5,
together with the estimates derived from daily data which were used in the
previous section. Although the two series are derived under different as-
sumptions, the results are atrikingly similar.

The variance estimates which are generated by (11) have been used to compute
GLS estimates of equation (6), using the transformed regression in (7). As
we know from figure 5 that the present proxy for the conditional variance is
close to the one used in the previous section, it is not too surprising that
once more we do not find evidence in Table 2 of a significant impact of the
conditional variance on the futures price bias. Moreover the residuals in
the present regression are still conditionally heteroskedastic, just as in
the previous section.

6. Tests based on a monthly GARCH-M model

As stated in the previous section, the approach which is used there is valid
if the impact of the non-zero conditional mean is negligible in the computa-
tion of the conditional variance only. Although the estimates presented
above do not yield eny evidence of a non-zero conditional mean, we evidently
can not claim that in fact b in (6) equals zero, as the impact of a non-zero
mean on the properties of the estimates in Table 2 is unclear. The problem
can be solved by estimating the mean and variance parameters simultaneously,
as proposed by Engle, Lillien and Robins {1987) who refer to this model as
the GARCH-M (GARCH in mean) model. The complete model reads as

nft - b ht } ~tht (8')

h2 - Y t P h2 t a~z h2 (9')t t-1 t-1 t-1'
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where the properties of the ~t's are as in (8) above. The parameters in the
GARCH-M model can be estimated by (pseudo) maximum likehood, using a slight
generalization of (10).

Estimates of (8')-(9') from monthly data are presented in Table 3. The order
of magnitude of the estimates of b does not differ from earlier results, but
the important point to note here is that for both the full sample (January
19~2 - June 1989) end the high volatility subsample (January 19~2 - December
1981) the impact of the conditional variance on the futures price bias ap-
pears to be significant. However signs of significant autocorrelation in the
diaturbances are present which might result in biased t-ratio's. Although
the variance parameters in the GARCH and GARCH-M model almost coincide, the
implied conditional varience series differ as in the first model the price
changes themselves, without correction for the non-zero mean, drive the va-
riance process. Attempts to estimate GARCH end GARCH-M models for January
1982 - June 1989 failed as the assumption of no persistence in variance (a .
g( 1) which is imposed by the software was violated, which probably has to
do with erratic observations in the beginning of the semple and a amall
semple size. If the sample is chosen as January 1984 - June 1986 convergence
is achieved. As in this case the estimated variance parameters are insigni-
ficant, it is not surprising to find an insignifícant estimate of the mean
parameter as well. In order to show that the evidence on the time varying
risk premium is not caused by the presence of a constant risk premium and
absence of a constant in (9'), we have also estimated the model including
the possibility of e time-invariant risk premium, denoted by k. As shown in
the final row of Table 3 this parameter is insignificar.t and does not affect
the significance of the remaining parameters.
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7. Tests based on a daily GARCH-M model

In the previous section the GARCH-M model, which was motivated by the pri-
cing model presented in aection 2, was estimated from monthly data. It is
not clear from the pricing model, however, how long the appropriate time pe-
riods are. If the agents solve a simple single period optimization problem,
as they do in section 2, the use of monthly data already appears to imply a
short planning horizon. On the other hand, however, the agents obviously
have access to high frequency information on the underlying variables and
have íncentives to use this information. This argument suggests the use of
high frequency, e.g. daily, data. Moreover, the behavior of agents who in
fact maximize a multiperiod additively separable mean variance criterion
function, can probably be closely mimicked by the behaviour of myopic agents
if subsequent changes in asset prices are uncorrelated, which is roughly the
case for the Sugar futures (compare also Ingersoll (1987). p.255-258). This
implies that the GARCH-M model might well be a valid specification at the
daily frequency as well.

Estimates of the daily GARCH-M model are presented in Table 4. Because of
limitations of our software, daily observations have been enalyzed from
January 1, 1978 onwards only. The estimates for the full semple imply (once
more) a significant negative impact of the conditional variance on the futu-
res price bias. Moreover the estimate of ó that is obtained is close to the
estimates from monthly data. As suggested by the results on temporal aggre-
gation of GARCH processes in Drost and Nijman (1990) the daily model is
close to integration in variance and the estimate of S from daily data ex-
ceeds the eatimates from monthly data, while the opposite is true for the
estimates of ~. For the semple from 820101 - 890601 similar results are ob-
tained, although the estimate of b is somewhat small. For the full sample
the problem of multicollinearity between a tíme-variant and a time-invariant
component of the risk premium reappears. For the subsample, however, the
significance of the conditional variance term is not affected by the presen-
ce of e constant in (9').
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8. Concluding remarks

In this paper we have tested the empirical implications for the marginal
process of prices of Sugar futures of a simple pricing model. No impact of
the conditional variance on the change in futures prices was detected from
ad hoc estimates of the conditional variance from daily data or from a GARCH
model. Possible explanations of this empirical finding are misspecification
of the simple pricing model, misspecification of the conditional variance
estimates and a net hedging pressure which is close to zero in the sample.
Misspecification of the conditional variance appears to be the correct
explanation as significant paremeters are found in monthly es well as daily
GARCH-M models. These estimates imply contango in the futures marketa end a
net hedging demand on the long side of the futures market. Moreover our re-
sults suggest that the simple pricing model points at at least one important
aspect of the pricing of Sugar futures. Tests of the more detailed pricing
models which have been proposed in the literature are left for future re-
search.
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Table 1: Dependence of the futures price bias on the estimate of the monthly
conditional variance from daily data

sample estimation cond. variance LMA ~CH K
period method coeff. t h.c.-t

72-2 89-5 oLS -0.00023 -i.61 -0.53 15.9 73.8 12.2

72-2 89-5 ct,s -o.00009 -0.21 -0.25 13.5 43-2 5.2

72-2 81-12 GLS o.00003 0.07 0.08 1z.9 31.4 4.5

82-i 89-5 GLS -o.0oi2o -0.93 -1.33 5.0 13.2 7.3
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Table 2: Dependence of the futures price bias on the estimate of monthly
conditional variance from the GARCH(1,1) model

sample estimation cond. variance LMA ~CH K
period method coeff. t h.c.-t

~2-2 89-5 Gis -O.oooo6 -0.20 -0.23 11.~ 56.9 7.8

~2-2 81-iz Gt,s o.00002 0.06 0.08 10.5 33.9 6.9

82-1 89-5 GLS -0.00089 -1.13 -1.31 6.8 19.8 4.3
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Table 3 Monthly GARCH-M models

sample W ~ S b p LMA x

72-1 89-5 2324 0.43 0.52 -0.00055 16.8 4.5
(3.21) (5.73) (7.44) (-3.62)
C3.37] [7.17] [10.05] C-3.63J

72-1 81-12 2358 0.44 0.51 -0.00054 18.9 6.0
(2.38) (5.88) (7.z4) (-3.13)
[2.12] C8.55] C1o.41] [-2.85]

82-1 89-5 2789 o.iz o.óo -0.00064 5.0 3.6
(0.64) (0.55) (1.01) (-0.51)
[0.37] C(0.25] [0.53] C-o.48]

72-1 89-5 2320 0.43 0.52 -0.00053 -0.0043 17.0 4.5
(3.22) (5.74) (7.45) (-3.04) (-0.50)
C3.z6] [6.99] [9.90] [-2.87] C-o.45]



Table 4 Daily GARCH-M models

sample W ~ A b u [.MA x

780101 6.14 0.084 0.906 -0.0008 8.6 4.5
-- (4.2z) (9.75) (96.9) (-z.io)

890601 [3.02] [6.60] [65.1] [-2.02]

82oioi 10.41 0.081 0.900 -0.0025 3.6 4.7
-- (3.36) (7.27) (63.5) (-2.70)

8906oi [2.21] [4.60] [41.0] [-2.53]

780101 6.07 0.085 0.906 -0.0005 -0.72 8.5 4.5
-- (4.20) (9-75) (96.8) (-1.oi) (-1.74)

890601 C3.oo] C6.63] C65.3] C-0.91] C-1-7o]

820101 10.44 0.081 0.900 -0.0026 0.059 3-6 4-7
-- (3.30) (7.25) (62.8) (-2.12) (0.14)

890601 [z.23] C4.53] [39.8] [-2.08] Co.zi]
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FIGBRE 3: changes in Monthly Sugar futures Prices
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