
This study examines the market efficiency hypothesis of
US major grain markets. Cointegration among grain
spot prices is argued to violate the weak form of the effi-
cient market hypothesis (EMH). Bivariate and multivari-
ate Johansen cointegration analyses are conducted and
prove no presence of cointegrated grain prices. The find-
ing lends support to the EMH in US grain markets. It
suggests that little possibility exists to make speculative
profits across US grain markets in the long run and that
the unsystematic risk across the grain markets can be re-
duced by the diversified investment portfolios. © 1998
John Wiley & Sons, Inc.

Introduction

The cointegration methodology pioneered by Engle
and Granger1 has been widely used to investigate
the evidence related to market efficiency. However,
most research is focused on testing futures (or for-
ward) market efficiency (i.e., the futures price as
an unbiased predictor of the future cash price for

the same commodity). This article examines a relat-
ed but distinct issue: the question of whether the
commodity spot markets, grain markets in this
case, are cross-sectionally efficient. In other words,
we test whether it is possible to profit by trading
across grain markets. Furthermore, daily data is
used in this study, instead of weekly or monthly
data, which makes the tests more searching.2 Daily
data tests utilize more information and require any
inefficiency to be eliminated within 1 day, rather
than 1 week, 1 month, or 1 quarter.

Following Fama,3 an asset market is said to be
(weak-form) efficient if prices fully and instantly re-
flect all available (historical) information. No profit
opportunities are left unexploited. The efficient
market hypothesis (EMH) is a joint hypothesis that
agents form their expectation rationally and rapidly
to arbitrage away any deviations of expected re-
turns with abnormal profits.4 The existence of coin-
tegration of prices across markets would imply a di-
rect violation of the weak-form EMH, as illustrated
in the next section. Thus, to test the efficiency of
markets, we need to show that cointegration does
not exist across markets. This method has two ad-
vantages over the cointegration tests on intertempo-
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ral market efficiency. First, it can be applied to ei-
ther the futures market or the cash market to pro-
vide evidence of market efficiency. In contrast,
cointegration tests on intertemporal price relation-
ships only test futures market efficiency. Second,
the test can show the efficiency or inefficiency of
several markets at one time.

The use of cointegration to test the market effi-
ciency has mostly been used to test the efficiency 
of financial markets, although MacDonald and Tay-
lor4 is an exception. Baillie and Bollerslve,5 Mac-
Donald and Taylor,6 Copeland2 Lajaunie and
Naka,7 and Lajaunie et al.8 tested the efficiency of
the foreign exchange market, the results of which
are mixed. Chan et al.9 tested the market efficiency
of major Asian stock markets and concluded that
the stock prices in these markets are weak-form ef-
ficient, individually and collectively. Then Chan et
al.10 tested the market efficiency of four currencies
(i.e., British pounds, Deutsche marks, Japanese
yen, and Swiss francs) futures and their results are
interesting. They found that no cointegration exists
in pairwise bivariate cointegration analysis (except
Deutsche marks and Swiss francs futures), but
there was evidence to support cointegration in the
whole system. With respect to the commodity mar-
ket, MacDonald and Taylor4 found that markets of
three primary metals quoted on the london Metal
Exchange are efficient.

Little work has been done in the past to test the 
efficiency of the US agricultural commodity cash
markets. Thus, the purpose of this study is to test
the market efficiency of the US grain markets, in-
cluding corn, oats, wheat, and soybeans.

Cointegration and Market Efficiency

In their seminal work, Engle and Granger1 propose
the justification of cointegration analysis for testing
market efficiency. They prove that if the k price se-
ries, denoted in a vector Zt, are cointegrated, they
can be represented by a unique expression of a vec-
tor error correction model (VECM). A unique ex-
pression of the VECM implies that price changes in
most of these k markets can be better predicted by
employing historical price information from other
markets. This immediately suggests the rejection of

the EMH of the concerned markets. The implica-
tion is easy to illustrate in the case of k 5 2. Mac-
Donald and Taylor4,6 and Copeland2 demonstrated
that prices from two efficient markets cannot be
cointegrated. According to the terminology of
Copeland,2 cointegration of two price series Xt and
Yt implies the following VECM form:

DXt 5 b1(Yt21 2 a1Xt21) 1 lagged
(DYt and DXt) 1 e1t,

DYt 5 b2(Yt21 2 a2Xt21) 1 lagged
(DYt and DXt) 1 e2t,

where bi (i 5 1, 2) is a nonzero coefficient and eit (i
5 1, 2) is a stationary, possibly autocorrelated, er-
ror term. The implication for commodity market 
efficiency is immediate. If Xt and Yt belong to two
different asset markets and prices are determined
independently, the existence of cointegration con-
tradicts efficiency. The existence of VECM repre-
sentation guaranteed by the cointegration relation-
ship would imply that current prices are at least
partially predictable by Yt21 2 a1Xt21 (or Yt21 2
a2Xt21), which are the historical prices of the other
market. Copeland2 argues that the above VECM in
fact implies the existence of unexploited profit op-
portunities for speculators operating across the two
markets. Following MacDonald and Taylor,4 if
grain prices are cointegrated, one of the prices will
help to forecast the other. In this case, the fore-
castable prices suggest the associated grain markets
are not efficient. The arguments can be extended to
the case of multiple markets with only slight modifi-
cation.

Econometric Methodology and Data

The cointegration methodology is used to address
the concern of the EMH. First, we test for the pres-
ence of a unit root for each grain commodity price
to test for stationarity. Prices with unit roots are
not stationary; the level of prices with a unit root
can become arbitrarily large or small, and there is
no tendency for them to revert to their mean level.
A nonstationary price series is said to be integrated
of order one, or I(1), if it has only one unit root.
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Similarly, a nonstationary price series is said to be
integrated of order two, or I(2), if it has two unit
roots. A unit root in a first price difference practi-
cally implies that there are two unit roots in the lev-
el price series. Currently, cointegration methodolo-
gy is the most developed for the case of one unit
root. Two methods developed by Dicky and Fuller
(ADF).11,12 and Phillips and Perron (PP)13 are
used to show that each price series has at least a
unit root [i.e., rejection of I(0)], but their first dif-
ference does not have a unit root [i.e., rejection of
I(2)]. Specifically, four models as shown in the Ap-
pendix are applied. Notably, the disturbances are
assumed to be serially uncorrelated and need not be
homoskedastic in the ADF test specification, while
PP test specifications allow for serial correlation in
the disturbances.

Second, we use cointegration analysis with both a
pairwise and a system approach. Some sets of
prices with a unit root cannot wander too far away
from each other if they contain some equilibrium
relationship in the long run; they may be “cointe-
grated.” Cointegration means that one or more lin-
ear combinations of these prices is stationary (i.e.,
with a finite mean and variance), although individ-
ually they are not. Several cointegration approach-
es have been proposed, but the maximum likelihood
(ML) estimation procedure in the framework of
VECM developed by Johansen14 and Johansen and
Juselius15 is applied. We conduct the tests for two
different cases without a constant (m 5 0) and with
a constant (m ? 0) in the VECM. The null hypothe-
sis of Johansen trace test statistics is that there are
at most r (0 # r # k) cointegrating vectors and thus
(k-r) common stochastic trends. The trace test sta-
tistics applied here includes a finite-sample correc-
tion and is calculated as mentioned in Gregory.16

The data in this study consists of daily closing
prices for wheat, corn, oat, and soybeans in the 4
years from January 1, 1992, to December 29, 1995,
with a total of 1043 observations. The wheat price
represents daily closing market quotations of spring
wheat in Minneapolis with the required quality of
14%-pro. The corn price represents the daily clos-
ing market quotation of number 2 yellow corn in
Illinois, the oat price represents the daily closing
market quotation of number 2 milling oats in Min-
neapolis, and the soybean price represents the daily

closing market quotation of number 1 yellow soy-
beans in Illinois. These four prices are active and
are reported daily in The Wall Street Journal.

Empirical Findings

The test results for the presence of a unit root in the
levels and first differences of each commodity price
in the US grain market are presented in Table I.
The null hypothesis of the unit root should not be
rejected if the test statistics are larger than the crit-
ical values at each significance level and should be
rejected if the test statistics are smaller. The opti-
mal number of lags for the ADF unit root tests is se-
lected by applying the rule of the Akaike informa-
tion criterion (AIC) 1 2.17 If j is the number of lags
that minimizes the AIC, then the number of optimal
lags is j 1 2. Pantula et al.17 point out that the AIC
1 2 rule avoids size distortions for ADF tests. The
results of the four models suggest that the grain
commodity prices have a unit root in the level
prices and are stationary in the first price differ-
ences (i.e., integrated of order one).

After showing that each price series is integrated
of order one, we tested for the absence of cointegra-
tion. We conducted both bivariate and multivariate
Johansen cointegration tests. If the test statistics
were larger than critical values, the null hypotheses
of cointegration were rejected. The optimal lags
were determined by using the likelihood ratio (LR)
test at the 1% level as explained later. The relevant
critical value of x2 with 4 degrees of freedom [equal
to the number of restrictions in the vector autore-
gressive regression (VAR)] was 14.86. Bivariate
cointegration results of every two markets (not re-
ported here but are available on request) revealed
that the null hypothesis of r 5 0 could not be reject-
ed; thus, every two out of four grain markets were
not cointegrated. All bivariate cointegrations im-
plied pairwise weak-form efficiency. However, one
drawback for bivariate analysis is the possible fail-
ure to capture the equilibrium price relationship
between two markets through the third one. The
multivariate cointegration analysis may correct the
problem.

The Johansen’s multivariate trace test results are
listed in Table II. The optimal lags are determined
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by applying the LR test to successive VARs. The
null hypothesis in each test is that the coefficient
matrix on the higher order lag is equal to zero.
Lutkepohl18 recommends the use of the 1% signifi-

cance level for these tests. LR tests are conducted at
the 1% level and the relevant critical value of x2

with 16 degrees of freedom (equal to the number of
restrictions in the whole VAR system) is 32.00. The
optimal lags m for the trace test without a constant
is 6, and the optimal lags for the trace test with a
constant is also 6.

We found that the hypothesis of r 5 0 cannot be
rejected with or without a constant in the multivari-
ate analysis. Thus, we concluded that there was no
cointegration in the four grain prices. In the cur-
rent context, we came to the stronger conclusion
that all these grain markets are efficient, even in a
multimarket context.

Conclusion

In this study, we tested the efficiency of four US
major grain markets by using cointegration tests.
We demonstrated that the daily cash prices of corn,
oats, wheat, and soybeans are all nonstationary.
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Table I. Unit Root Tests.

Without Trend With Trend

Commodity ADFa PPb ADFa PPb

Level Prices
Corn 0.82 2.30 20.03 20.01
Oats 0.47 1.04 20.45 23.16
Wheat 21.36 26.51 22.19 211.22
Soybeans 21.58 26.25 21.76 27.25

First Difference of Prices
Corn 217.98 21069.20 218.14 21072.10
Oats 217.15 21030.34 217.25 21030.10
Wheat 26.86 2747.90 26.93 2745.00
Soybeans 27.58 21132.60 27.60 21129.30

Note: The critical values of the ADF unit root tests (with constant and without trend) are 22.86 at the 5% lev-

el. The critical values of the ADF unit root tests (with constant and with trend) are 23.41 at the 5% level. The

critical values of the PP unit root tests (with constant and without trend) are 214.1 at the 5% level. The criti-

cal values of the PP unit root tests (with constant and with trend) are 221.7 at the 5% level. The source of crit-

ical values is Davidson and Mackinnon.19 The optimal lags are selected by applying the principle of the

AIC12.17

aTest for the presence of a unit root developed by Dicky and Fuller.11

bTest for the presence of a unit root developed by Phillips and Perron.13

Table II. Johansen Trace Cointegration Tests.

H0
a T*b C*c (5%) Td Ce (5%)

r 5 0 38.40 38.6 40.35 53.35
r % 1 11.87 23.8 13.98 35.07
r % 2 4.70 12.0 4.92 20.17
r % 3 0.61 4.2 0.41 9.09

ar is the number of cointegrating vectors.
bT* is the trace statistic calculated under the hypothesis of no

constant.
cC* is the critical values at 5% without a constant; taken from

table 1 of Johansen.14

dT is the trace test statistic calculated under the hypothesis with a

constant.
eC is the critical value at 5% with a constant; taken from table

A.3 of Johansen and Juselius.15



Then we found that the selected grain markets cash
prices were not cointegrated in bivariate cointegra-
tion analysis, which implied the pairwise market ef-
ficiency. In the higher order cointegration, we fur-
ther concluded that these prices were multimarket
efficient. The findings deliver some important im-
plications for practitioners. First, the finding of no
cointegration across US grain markets provides evi-
dence that it is not possible to exploit lags in the ad-

justment of spot markets to make profits by specu-
lating across US grain markets. However, it is still
possible that other grain commodity price combina-
tions could generate speculative profits.2 Second,
the investment diversification among these grain
markets is effective because the markets are effi-
cient in the long run. The unsystematic risk across
the grain markets can be reduced by a diversified
investment portfolio.9
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1 PZt2m 1 m 1 et
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mension of the vector, m is VAR lag length, and li is
the estimated eigenvalue from the ML estimation.

The VECM utilized is
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