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INTRODUCTION

Several studies on primary commodities assume or suggest the presence of a
temporal equilibrium relationship, or a parity, between their prices. For
example Pindyck and Rotemberg (1988) and Ramanujam and Vines (1988) suggest
that the co-movement of prices of largely unrelated raw materials are based upon
certain macroeconomic events. Ma (1985) investigates trading rules derived from
temporal equilibria between gold and silver prices. Ma discusses the concept of an
equilibrium parity between prices over both the long- and short-run. The main
argument is that similar factors affect the demands of these commodities due to the
close substitutability in investors’ portfolios. Prices can wander around this parity
but are constantly driven back to it.

It is important to make a distinction between a stock parity and a flow parity be-
cause the first reflects the known resources of the commodities, and the latter con-
cerns short-term flow supplies. As a consequence, prices may not only converge in
the long-run to a fixed stock parity, but also move toward sequences of short-run
flow equilibria. Ma and Soenen (1988) investigate the persisteace of the flow pari-
ties in the futures market. Although transaction costs are likely to eliminate arbi-
trage profits from spot trading, in the case of futures trading, such profits may
emerge because of lower costs. Ma and Soenen (1988) also present a trading strategy
based on the observation of underpriced or overpriced relative prices given a flow
parity.

This article focuses on an empirical test for the presence of flow parities. Given
that futures prices are likely to be nonstationary, i.e., they fluctuate without a con-
stant mean and with increasing variance, many standard statistical techniques
cannot be used because they assume stationarity. One approach to investigating
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equilibrium relationships between nonstationary variables is the cointegration
method developed in Johansen (1988,1989). This method is particularly appropriate
for this study because it provides test statistics for the number of flow parities and
for the relationships as well. Moreover, an additional advantage over the procedure
applied in Granger and Escribano (1988) is that no statements need to be made
concerning exogeneity of prices. This study applies this cointegration method to
test for parities between futures prices of five metals traded at the London Metal
Exchange (LME).

DATA

There are various reasons for applying an empirical test for price parities to the
LME. Traders in primary commodities are usually confronted with widely dis-
persed information sources. Production and consumption take place at various lo-
cations all over the world. Given such scattered information, it seems easier to
follow the price behavior of somehow connected assets, such as those at the LME,
than it is to follow divergent assets’ price movements. Furthermore, the LME is not
only a forward market but alsc the center for physical spot trade in metals. Thus,
most relevant and available information is pooled at one reasonably closed market.
This makes this market attractive for investors with limited resources for costly in-
formation gathering.

This study focuses on the behavior, in 1981, of five nonferrous metals: alu-
minium, copper, lead, nickel, and zinc. Tin is excluded because the tin market suf-
fered from intervention previous to its collapse in 1985. Already, in 1981, its price
series shiows little variation which might disturb potential parity relationships. Sil-
ver is not considered because its trade is supposed to be more closely related to the
London gold futures than to the nonferrous metals. The series are obtained from
Reuter’s and amount to 251 daily forward price quotations from January 5, 1981
through December 31, 1981. Quotations are denominated in pounds sterling per
metric tonne, and reflect settlement prices at market closing. Logarithmic values
are used to ensure that the first differences of the series represent the returns.
The graphs of the five series in Figure 1 clearly show similarities in the data pat-
terns; and, hence, there is some visual evidence for the presence of one or more
price parities.

The high trading volume and continuity in production of the considered com-
modities may avoid some common data irregularities like overlap in series and har-
vest effects. As noted in Gross (1988), the LME quotes forward prices, implying
that the data are not overlapping as in the case of futures contracts with fixed deliv-
ery dates. The ongoing 3-month forward quotations make the LME contract better
suited for production hedging purposes than a fixed delivery month futures con-
tract would. This may account for the relatively high score of 15% of actual settle-
ment of contracts (see Gibson-Jarvie, 1988). However, this still leaves 85% of all
forward contracts needing to be reversed before delivery date. This is an important
notion because it allows comparison of subsequent forward prices instead of for-
ward versus future spot prices to evaluate returns on trading.

COINTEGRATION ANALYSIS
Cointegration analysis examines the existence of stationary relationships between

nonstationary variables (see e.g., Engle and Granger, 1987). It investigates whether
variables, which fluctuate without a constant mean and with increasing variance,
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Figure 1
Metal prices at the LME.

are tied together in an equilibrium relationship. Such a cointegration relationship,
which may be implied by economic theory, consists of a linear combination of the
variables.

A check for the property of individually nonstationary variables consists of find-
ing out whether the sample autocorrelations of the variables only die out slowly at
high lags. From Table I, it can be seen that this applies to all series, although the
evidence for the price of aluminium is not overwhelming. A formal test for nonsta-
tionarity, or for the presence of a unit root, is given by the well-known Dickey-
Fuller procedure. The presence of a linear deterministic trend in the 1-year sample

Table I
CHARACTERISTICS OF THE UNIVARIATE SERIES

P,'- Mean SDb l'|= Ts o s (57 (A)DFd

P, 6466 0.046 0968 0.844 0.662 0.436  0.237 -1.845 (1)
P, 6790 0.069 0987 0927 0845 0.757 0.688 -1.385 (1)
P, 5906 0126 0987 0930 0831 0735 0.651 —1.499 (3)
P, 79% 0.077 0983 0916 0815 0713 0.634 —1.802 (4)
P; 6061 0166 0991 0949 0.894 0.839 0.780 —1.356 (4)

*The variables are measured in natural logarithms. The P; denote the prices of aluminium, copper,
lead, nickel, and zinc, respectively.

*Standard deviation of the series.

“Estimated autocorrelation at lags 1, 5, 10, 15, and 20. The estimated standard error is 0.063.

dAugmented Dickey-Fuller test statistic for unit roots. This test is based on the “¢ "-value of & in
AP, = v + 8P, + 3k, v, AP« The value of k is determined empirically and is given in parentheses.
The 5% critical value is —2.90.
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seems unlikely; hence, the test regression includes only a constant term. The results
in the final column of Table I suggest that the hypothesis of five random walks can-
not be rejected. The sample autocorrelations of the first differenced series do not
suggest that these transformed series are nonstationary, so the returns are station-
ary variables.

One approach to cointegration, in which it is possible to test for the number of
cointegration relationships, is given by Johansen (1988, 1989). A related financial ap-
plication and a concise survey is found in Baillie and Bollerslev (1989). For the
present purpose, it suffices to highlight only some of the major steps. Assume that
the vector containing the five nonstationary price variables X, can be modeled with
an autoregressive time series model of order p, or

X, = + H]X,_l + ... + an‘_p + g (1)

where &, denotes an independently and identically distributed zero mean process
with covariance matrix (1. It is convenient to rewrite Eq. (1) as

AX, = My + I‘lAX,_l + ...+ Fp_1AX,_,,+| T Hz‘\',_p EE Cry (2)

where A denotes the first diffeience operator. This equation is a so-called error cor-
rection model. The parameter matrices are now given by

E=—I+H)+...+H,’

and
=~(-1,-...-1I),

fori=1,...,p~— 1. If rank r of 1T is: 0 < r < 5, then one has encountered r
cointegration relationships, or 5 — r multivariate unit roots in the vector process
X,. Now the matrix 7 can be written as aB’, where « and B are (5 X r) matrices.
The cointegration vectors, 8, have the property that 8'X, is stationary, and the
matrix « contains the dynamic adjustment coefficients. When r = 5, there are
no unit roots at all, so the components of X, are stationary, end Eq. (1) applies.
When r = 0, there are no common unit roots and Eq. (2) reduces to a vector auto-
regressive model for the variables in first differences. Hence, note that testing for
cointegration implies, in fact, testing for integration of the individual series. In the
case of cointegration, it is clear that the latter model is misspecified because it lacks
the error correction term B’ X,-,.

In Johznsen (1988,1989), a method is developed to test for the value of r. The test
statistic is based on the eigenvalues A; [A; = A;,\] of the canonical correlation
matrix between AX, and X,_, after correction for AX,_, through AX’,.,,, (Johansen,
1988), and additionally, for eventual trend and/or mean (Johansen, 1989). Ir. this ap-
plication, however, only the absence of a linear deterministic trend is assumed.
Hence, the modified test procedure (Johansen, 1989, p. 8), provides that one calcu-
lates p + 1 eigenvalues, one of which equals zero and will not be used for the test
statistic below. Loosely speaking, the test procedure boils down tc the choice of the
r linear combinations of the elements of X, that have the largest partial correlations
with AX.. The likelihood ratio test statistic for the null hypothesis r < g, where
g=201,...,4,is

5
L=-nY Ind-A) 3)

i=r+1
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for which the appropriate critical values used in this study are tabulated in
Johansen (1989, Table T.III).

The identification of the adequate order p of the model in Eq. (1) is of consider-
able importance. Simulation evidence and practical experience with cointegration
techniques indicate that dynamic misspecification may affect the outcome of the
test procedure in the sense that, in general, too large a model reduces the power
while too small a model increases its size. The intuitive reasoning of the latter is
that insufficient removal of temporal correlation may positively influence the par-
tial correlations between B'X, and AX,. A convenient model selection procedure is
to pick the smallest model without temporal correlation in the estimated residuals.
Note that this concerns correlation within as well as between the equations. In this
case the suitable model is Eq. (1) with p = 2. The eigenvalues of the relevant
canonical correlation matrix are displayed in Table II. The results for the test statis-
tic L imply that the presence of one cointegration relationship cannot be rejected,
and it is given by

0.086FP, — 0.339P,, + 0.109P, — 0.023P,; + 0.059P,; + 0.9283

The estimation results, i.e., the estimated I}, II, Q, and g, given the presence of
one cointegration relationship, are displayed in the second part of Table II. Figure 2
contains the graph of the parity, and it seems to be stationary. The adjustment coef-
ficients «;, when multiplied by 107%, are —0.027, 0.126, 0.022, —0.003, and 0.044,
respectively. The vector a reflects the adjustment effects of the prices to disequi-
librium errors. Although these values are small it can be seen that the speed of ad-
justment to the equilibrium state is highest for the price of copper, and lowest for
the price of nickel. The price of copper rapidly reacts to disequilibrium errors and
in this respect, may be viewed as being less exogenous than, e.g., the price of
nickel. In principle, it is now possible to formally test which elements of « can be
set equal to zero, and also whether there are valid restrictions on the elements of 8.

Table II
COINTEGRATION AND ESTIMATION RESULTS
A 0.1267 0.0845 0.0513 0.0379 0.0079 0.0000
L 80.891° 47.158 25.175 12.062 1.975
T, = -019 0055 0079 —0.004 0.033 A=0041
—-0048 —0079 0044 0049 —0.025 0.579
—~0.104 —0229 -0.024 —0039 0.153 0.030
—0.144 0.128 0.022 -0.081 0.049 0.363
—0.074 —0046 -0.021 —0065 0.091 -0.027
fl=-0095 0069 0018 0037 —0048 ¢ =11.21 4.807 7.242 5.180 4.907
0.005 0190 0072 0021 0015 9.506 10.28 2.949 8.105
—-0.049 -0.047 -0.028 0.094 0.004 31.52 6.431 1591
—0.067 0003 0033 0007 —0.031 15.26 5.682
—~0.058 -0006 0050 0060 —0.055 25.24

*The 5% critical values are, respectively: 75.328, 53.347, 35.068, 20.168, and 9.094. The number of
observations is 249.

*Significant at the 5% level.

°These values are multiplied by 10°.
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Figure 2
The cointegration relationship.

With the equilibrium relationship and the adjustment coefficients, one can try to
disentangle relationships between pairs of variables assuming ceteris paribus condi-
tions. For example, when the price of copper rises and all other prices remain
equal, it follows that the equilibrium error is negative, and this produces a positive
effect on the price of aluminium via the a. A similar argument applies to a positive
change in the price of zinc and its positive effect on the price of lead two days later.
Hence, ths error correction term implies some forecastability of the considered
metal prices; although, in the present case, any gain is rather small given the values
of a.

DISCUSSION AND CONCLUDING REMARKS

This article illustrates how a cointegration method can be usefully implemented
when considering equilibrium relationships among commodity prices and how it
provides an empirical test for price parities. It is found that one cointegration rela-
tionship, or parity, exists between five forward metal prices on the LME over 251
trading days in 1981. Figure 2 illustrates that the kurtosis of the cointegration rela-
tionship may come close to the normality value, while those of the individual re-
turns may not. Unreported calculations show that this is the case indeed.

A potential limitation to all parity strrdies is the inconclusiveness in determining
the optimal sample length. In the gold/s:lver case in Ma (1985, p. 579) some data are
given on the long-term stock paritv. This parity reflects the relative scarcity of the
precious metals. The historical facts show that this gold/silver parity can change
considerably over periods of time. Depletion of known resources and exploitation/
exploration of new and unknown resources can alter the parity. This can be impor-
tant for short-term flow parities, for they inevitably move toward stock parities.
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Since stock parities seem to exhibit a jump pattern, it is important to test flow par-
ities in between these jumps. It is clear that the same argument applies to other ex-
haustible resources like the nonferrous metals.

One might argue that the price parity and the corresponding adjustment coeffi-
cients used here reflect whether some metals have a substitutive character, and
whether others may be viewed as complementary. Although the error correction
model implies forecastibility of the prices, it may be troublesome to trace the exact
effects of contemporaneous changes in the prices on the prices within two days.
Furthermore, the size and length of the data set may not give rise to defendable
assumptions on (in)elastic supply or demand, which are prerequisites for predictions
from economic theory. On the other hand, in case such assumptions can be made,
and in case, e.g., substitutability implies a parity between prices, then the co-
integration method may be useful to empirically establish this relationship. Within
this approach it is not necessary to assume a moving average process for the
parity to ensure its stability (Ma, 1985). Cointegration automatically implies station-
ary equilibria.

Through measurement of market errors, i.e., actual parity minus flow equi-
librium parity, it is possible to investigate whether a commodity is relatively over-
or underpriced. Ma (1985, p. 580) notes the importance of the possibility to identify
changes in direction of the flow parity. The dynamic adjustment coefficients in
front of the error correction term used in this study tell in what direction the price
of each commodity will move to reestablish the parity relationship after some dis-
turbance. The adjustment of prices takes place within two trading days, which may
be viewed as a short period.

The relationship between the existence of a parity and the efficient market hy-
pothesis (EMH) is explained. Granger and Escribano (1988) conclude that the exis-
tence of cointegration necessarily leads to the rejection of the EMH. A lot of
confusion surrounds empirical research on this topic due to the fact that different
definitions of efficiency coexist (cf. Gross, 1988). Ma and Soenen (1988) reject
weak-form market efficiency where there are positive excess returns. If the defini-
tion of EMH implies that the random walk model is the best forecasting scheme,
then the EMH can be rejected for the LME. The sensible user of an error correc-
tion model may benefit from some forecastability of metal prices. The conclusion in
MacDonald and Taylor (1939) that the rejection of the EMH for metals is possibly
due to irrationality of traders might then need a revision.
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