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Efficiency tests of agricultural commodity
futures markets in China∗

H. Holly Wang and Bingfan Ke†

The efficiency of the Chinese wheat and soybean futures markets is studied. Formal
statistical tests were conducted based on Johansen’s cointegration approach for three
different cash markets and six different futures forecasting horizons ranging from 1 week
to 4 months. The results suggest a long-term equilibrium relationship between the futures
price and cash price for soybeans and weak short-term efficiency in the soybean futures
market. The futures market for wheat is inefficient, which may be caused by over-
speculation and government intervention.
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1. Introduction

China began significant economic reforms in 1978, transforming its centrally planned
economy into a largely market-oriented one. In December 1990, the first agricultural
wholesale market, the Zhengzhou Grain Wholesale Market (ZGWM), was established
with the assistance of the Chicago Board of Trade (CBOT). Three years of success-
ful forward contracting was followed by the establishment of the China Zhengzhou
Commodity Exchange (CZCE), which bases its operation on the ZGWM.

The CZCE specialises in the trading of agricultural commodity futures contracts.
Mung beans were the first futures commodity traded in the CZCE and this trade
flourished initially. Because mung beans are not a major agricultural product, this
active trading was almost exclusively a result of speculation. Almost 300 million tons
of mung beans were traded during a 1-year period between August 1998 and August
1999, yet the total actual production was less than 1 million tons per year. Mung
bean futures have now been largely phased out of the market by a large increase in
the required margin account, now at 20 per cent. However, wheat futures trading in
CZCE has shown significant growth. Over 14 million contracts were traded in 2001,
compared to less than 200 000 in 1996.

Currently, there are three futures exchanges in China: the CZCE, the Dalian Com-
modity Exchange (DCE) and the Shanghai Futures Exchange (SFE). The SFE spe-
cialises in trading metals, while both the CZCE and the DCE trade in agricultural
commodity futures, primarily wheat in the CZCE and soybean in the DCE. The DCE
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is now the second largest soybean futures market in the world after the CBOT, with a
trading volume nearly four times larger than the Tokyo Commodity Exchange (Food
China 2001). Contract specifications and trading rules for the wheat and soybean
futures markets are explained in the Appendix.

The aim of this study is to test the efficiency of these new futures markets for
agricultural commodities in China. An efficient commodity futures market can provide
effective signals for the spot market price and eliminate the possibility that profit can
be guaranteed as part of the trading process. This futures price reflects the equilibrium
value for suppliers and buyers in the market.

The study of efficiency in agricultural commodity futures markets is important to
the government as well as producers and purchasers in China. For the government,
an efficient market is a better alternative than market intervention through policies.
For processors and marketers, it provides a reliable forecast of spot prices in the future
allowing them to effectively manage their market risks. It is also in the interests of
international market participants from countries like Canada, the USA, Australia
and the European Union, who are the major grain exporters to China (USDA FAS
2002). This study can provide them with some knowledge of the conditions in Chinese
agricultural commodity futures and cash markets.

Although China’s successful economic reform has attracted international attention
from economists (Carter and Rozelle 2001; Martin 2001), studies on futures markets
in China, especially quantitative ones, are rare. In this study, we use a quantitative
approach to test the efficiency of agricultural futures markets. Specifically, we exam-
ine: (i) the long-run equilibrium relationship between the futures price and the cash
price; (ii) the efficiency of the futures market as a predictor of the cash market; and
(iii) the relative performance of the futures prices in forecasting cash prices over differ-
ent forecasting horizons. We focus on the two major agricultural commodities traded
in China: wheat in the CZCE and soybean in the DCE. The remainder of the paper is
organised as follows: the next section is a summary of theoretical and empirical studies
related to market efficiency tests; the third section contains details of the statistical
tests for the efficiency of futures markets; empirical results are presented after a brief
explanation of the data; and the last section presents the conclusions.

2. Literature review

There are few studies on futures markets in China and most of the existing studies
emphasise legislative or other development issues (Tao and Lei 1998; Fan et al. 1999;
Zhu and Zhu 2000). Yao (1998) provides a detailed structural analysis of China’s com-
modity futures markets, their historical development and the government’s legislative
and regulatory program in the first half of the 1990s.

Williams et al. (1998) studied mung bean trading in the CZCE and found that
conditions for arbitrage existed, a sign of inefficiency. Durham and Si (1999) examined
the relationship between DCE and CBOT soybean futures prices and concluded that
the soybean futures price in DCE was influenced by the CBOT price. Du and Wang
(2004) investigated the relationship between CZCE and CBOT wheat prices and found
that the two price series showed similarities.
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There are numerous studies, both theoretical and empirical, that analyse the effi-
ciency of futures markets in developed countries such as the USA. Fama (1970) pro-
vided a thorough summary of the early works on market efficiency testing. Although
most efficiency studies are for financial securities, agricultural commodity analyses
can also be found. A simple linear regression model was used by Bigman et al. (1983)
for wheat, corn and soybean trading at the CBOT. In further studies, Maberly (1985),
Elam and Dixon (1988), and Shen and Wang (1990) showed that this model was invalid
for non-stationary price series.

The development of the cointegration theory by Engle and Granger (1987) provided
a new technique for testing market efficiency when prices are non-stationary. Aulton
et al. (1997) re-investigated the efficiency of the UK agricultural commodity futures
markets using the cointegration method. A limitation of this approach is that no strong
inferences can be drawn for the parameters (Lai and Lai 1991).

Johansen (1988, 1991) and Johansen and Juselius (1990) derived statistical pro-
cedures for testing cointegration using the maximum-likelihood method. These pro-
cedures are based on a vector autoregression (VAR) model that allows for possible
interactions in the determination of spot prices and futures prices. Lai and Lai
(1991) recommended Johansen’s approach for testing market efficiency. Subsequently,
Johansen’s approach has been applied widely. Fortenbery and Zapata (1993) evaluated
the relationship of two North Carolina corn and soybean markets with respect to the
CBOT. They could not reject cointegration or efficiency. Kellard et al. (1999) examined
the efficiency of several widely traded commodities in different markets, including soy-
bean on the CBOT and live hogs and live cattle on the Chicago Mercantile Exchange.
They also found a long-run equilibrium relationship but a short-run inefficiency for
most of the markets studied. McKenzie and Holt (2002) tested the efficiencies of the
USA futures markets for cattle, hogs, corn, soybean meal and broilers. Their results in-
dicated that futures markets for all the commodities except broilers were both efficient
and unbiased in the long run.

3. Methods

In the present paper, the Johansen approach is used to test the efficiency of Chinese
agricultural commodity futures. A non-stationary time series is said to be integrated in
order 1, often denoted by I(1), if the series is stationary after first-order differencing.
An (n × 1) vector time series Yt is said to be cointegrated if each of the n series taken
individually is I(1), while some linear combination of the series AYt is stationary for
some non-zero vector A (Hamilton 1994).

The theory of cointegration relates to the study of the efficiency of a futures market
in the following way. Let St be the cash price at time t and Ft−i be the futures price
i periods before the contract matures at time t. If the futures price can provide a
predictive signal for the cash price i periods ahead, then some linear combination of
St and Ft−i is expected to be stationary. That is, there exists a and b such that,

zt = St − a − bFt−i , (1)

is stationary with mean zero. If both St and Ft−i are I(1), a condition that usually holds
for prices, the vector (St, Ft−i) is then cointegrated. This cointegration between St and
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Ft−i is a necessary condition for market efficiency (Lai and Lai 1991). This is because
cointegration ensures that there exists a long-run equilibrium relationship between the
two series as expressed in Equation (1). If St and Ft−i are not cointegrated, they will
drift apart without bound, so that the futures price provides little information about
cash price movements.

Because the relationship between the cash price and the current futures price (which
is for a deferred delivery date) is affected by a market carrying cost, this carrying cost
should be included in Equation (1), through either zt or a. If the carrying cost is also ran-
dom and non-stationary, then zt might be non-stationary even if the futures market is an
efficient predictor for the cash market. One non-stationary component of the carrying
cost, the interest rate, was included explicitly in the equation by Zapata and Fortenbery
(1996). Other components of the carrying cost such as risk premiums, convenience
yields and physical storage costs are not observable and are generally not included
in the equation. Here we exclude all carrying cost components from Equation (1),
assuming that they are stationary. This is a reasonable assumption for China in a
period when the financial market was not developed and the interest rate was tightly
controlled without much variation.

In addition to cointegration, market efficiency also requires that the futures price
provides an unbiased forecast of the cash price (i.e., a = 0 and b = 1). Therefore, market
efficiency should be tested in two steps: (i), determine whether the two price series St

and Ft−i are cointegrated; and (ii), if they are, test the restriction on the parameters
a = 0 and b = 1. The second step may consist of multiple tests: a = 0 and b = 1
jointly, or each individually. The constraint b = 1 is the most important indicator
of market efficiency because a is non-zero under the existence of a risk premium or
transportation costs even when the market is efficient. The cointegration relationship
and the parameter restrictions can be tested as explained below.

3.1 Cointegration tests

Before testing for cointegration, each individual price series should be examined to
determine whether they are I(1). Augmented Dickey–Fuller (ADF) and the Phillips–
Perron unit root tests are the common methods (Chowdhury 1991; Lai and Lai 1991;
McKenzie and Holt 2002) and are used here. If both the futures price and cash price
are I(1), Johansen’s cointegration tests can then be conducted through a kth-order
vector error correction (VEC) model of the form:

�Yt = �Dt + �Yt−1 +
k−1∑
i=1

�i�Yt−i + εt, (2)

where Y t is an (n × 1) vector to be tested for cointegration; �Yt = Yt − Yt−1; Dt is a
deterministic term consisting of a vector of seasonal dummy variables; �, � and � are
coefficient matrices; and k is chosen such that εt is a multivariate normal white noise
process with mean zero and finite covariance matrix.

The existence of a cointegrating relationship can be determined by examining the
rank of the coefficient matrix �. Specifically, the number of cointegrating vectors
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equals the rank of � (Johansen and Juselius 1990). Johansen (1988) suggested two
test statistics to test the null hypothesis that there are at most r cointegrating vectors.
The null hypothesis can be equivalently stated as the rank of � is at most r, for r = 0,
1, . . . , n − 1. The two test statistics are based on the trace and maximum eigenvalues
of �, respectively:

λtrace = −T
n∑

i=r+1

ln(1 − λ̂i ), (3)

λmax = −T ln(1 − λ̂r+1), (4)

where T is the sample size; and λ̂1, . . . , λ̂r are the r largest squared canonical correlations
between the residuals obtained by regressing �Y t and Y t−1 on �Y t−1, �Y t−2, . . . ,
�Yt−k−1 and the seasonal dummy variables, respectively.

In our test for futures and cash market cointegration, Yt = (St, F t−i )′, n = 2, and
the null hypothesis should be tested for r = 0 and r = 1. If r = 0 cannot be rejected,
we will conclude that there is no cointegrating vector and, therefore, no cointegration.
However, if r = 0 is rejected and r = 1 cannot be rejected, we will conclude that there
is a cointegrating relationship.

A vector of constants is included in the error correction model to allow a non-zero
difference between the cash and futures prices in their long-run relationship and the
constants are under the same restrictions as described by Osterwald-Lenum (1992)
under case 1∗. The restrictions are imposed by introducing a 1 in the vector variable
Y∗, where Y∗

t = (St, F t−i , 1)′. The details of this method can be found in Lai and Lai
(1991) and the critical values are provided by Osterwald-Lenum (1992).

3.2 Weak exogeneity test

Even if a long-run equilibrium relationship between cash and futures prices is estab-
lished, the two prices may still move away from the relationship from time to time due
to transitory shocks. A weak exogeneity test can be used to test whether the equilibrium
relationship can be restored quickly. If a price does not react to a shock in the long-run
relationship, it is said to be ‘weakly exogenous’. If a cointegrating relationship exists
then the coefficient matrix � in Equation (2) can be decomposed as � = αβ ′, where β

is the cointegrating vector and α is a loading vector that measures the average speed of
convergence towards the long-run equilibrium. The larger the value of α, the faster the
two price series converge to equilibrium (Haigh 2000). If a price is weakly exogenous
then the corresponding element of α will be zero. A likelihood-ratio statistic can be
used to test the null hypothesis that the ith element of α is zero, α i = 0, for i = 1, . . . ,
n. The statistic has a chi-square distribution with one degree of freedom under the null
hypothesis.

3.3 Restrictions on cointegrating vectors

If the futures price and the cash market price are cointegrated, we can then test
restrictions on the parameters in Equation (1). Cointegration implies that there exists
a cointegrating vector β such that zt = β ′Y∗

t is stationary – in the present context
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β ′ = (1, −b, −a). The market efficiency hypotheses can therefore be tested by imposing
restrictions on the cointegrating vector β. For example, the hypothesis of a = 0 and
b = 1 is expressed as β ′ = (1, − 1, 0). The standard likelihood-ratio test can be used
and the test statistic can also be expressed using canonical correlations (Johansen and
Juselius 1990) as:

Lr = T
r∑

i=1

ln
(

1 − λ∗
i

1 − λ̂i

)
, (5)

where λ̂∗
1, . . . , λ̂

∗
r are the r largest squared canonical correlations under the null hy-

pothesis (i.e., the restricted model) and λ̂1, . . . , λ̂r are the r largest squared canonical
correlations under the full or unrestricted model. The test statistic follows an asymp-
totic chi-square distribution with the degrees of freedom equalling the number of
restrictions imposed.

Unfortunately, the likelihood-ratio test in Equation (5) is an asymptotic test, and
when the sample size is small it often leads to incorrect rejection of the null hypothesis.
Psaradakis (1994) suggested the following simple correction to the test statistic that
can improve the performance of the test in small samples:

L̄r = T − m/n
T

Lr , (6)

where m is the number of parameters estimated in Equation (2). This modification is
adopted in the present paper because our sample size is small.

4. Data

Two cash markets, the ZGWM and the Tianjin Grain Wholesale Market (TGWM) for
both wheat and soybean, are chosen to test the efficiency of the CZCE and DCE futures
markets.1 The ZGWM is located in Central China, which is the major wheat production
area. The TGWM, established in 1994, is another major agricultural wholesale market
in China. Figures 1 and 2 show the 2002 production distribution in China for wheat and
soybeans. Another cash price, the national average price, is also included in the tests.
The national average price is calculated based on prices from several major markets
across the country. Although it does not relate to a specific market, the national average
price is often used as a cash market price index, especially in some macroeconomic
and international trade studies.

Weekly futures price data on wheat and soybean over the period January 1998 to
March 2002 are provided by the CZCE and the DCE. Cash prices are obtained from
the CnGrain online database (China Grain Reserves Corporation 2000). There are
six contracts each year for both commodities: January, March, May, July, September

1 Time series of price data from other major wholesale markets in China, such as Fuzhou
and Jiangxi, are not available for a sufficiently long period of time. These markets are also less
important for the two commodities because they are far away from the production areas and
the trading volumes are low.
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Figure 1 China’s wheat production map (2000) and selected markets data. Source: China
Bureau of Statistics (2002).

Figure 2 China’s soybean production map (2000) and selected markets data. Source: China
Bureau of Statistics (2002).
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Table 1 Descriptive statistics for the price series

Price series Mean Variance Skewness Kurtosis

Soybean
DCE, 1 week† 2.18 0.28 0.62 2.63
DCE, 2 weeks 2.14 0.31 0.80 3.02
DCE, 1 month 2.15 0.28 0.71 2.93
DCE, 2 months 2.18 0.29 0.97 3.10
DCE, 3 months 2.13 0.29 0.91 3.61
DCE, 4 months 2.24 0.30 0.91 3.13
TGWM 2.29 0.26 0.43 2.60
ZGWM 2.20 0.26 1.26 3.73
National 2.32 0.24 1.25 4.68
Wheat
CZCE, 1 week 1.22 0.16 0.30 2.26
CZCE, 2 weeks 1.22 0.16 0.49 2.46
CZCE, 1 month 1.22 0.15 0.24 2.31
CZCE, 2 months 1.26 0.15 0.14 2.08
CZCE, 3 months 1.29 0.16 −0.13 2.16
CZCE, 4 months 1.32 0.16 −0.17 2.21
TGWM 1.27 0.15 0.36 1.61
ZGWM 1.21 0.15 0.43 2.09
National 1.31 0.15 0.04 1.80

†‘1 week’ means price taken at 1 week before maturity representing a 1-week forecasting period, and so
on. CZCE, China Zhengzhou commodity exchange; DCE, Dalian commodity exchange; TGWM, Tianjin
grain wholesale market; ZGWM, Zhengzhou grain wholesale market.

and November. Cash prices taken in the third week of each futures maturity month
are used to represent the bi-monthly maturity cash price. Futures market efficiency
is tested for six forecasting horizons: 1 week, 2 weeks, 1 month, 2 months, 3 months
and 4 months. Therefore, futures prices are taken at the beginning of each forecasting
period for each contract.

In summary, we have six cash price series, one for each crop in each market. We also
have 12 futures price series, one for each crop and for each forecasting period. The label
of each series is listed on the left column of Table 1. The number of observations in
each series is 26, the total number of contracts in our dataset. The first four moments
of these series are listed in Table 1. Selected price series for wheat and soybean are
plotted against contract maturity time in Figures 3 and 4, respectively. These are the
cash prices at TGWM and ZGWM and the futures prices at 1 week and 4 months
prior to maturity.

5. Results

Each of the price series is first examined for I(1) using both the ADF and the Phillips–
Perron procedures in Statistical Analytical Systems. The results indicate each of the
price series is I(1), so Johansen’s cointegration tests should be performed.2

2 The unit root test results are not reported but are available upon request.
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Figure 3 Wheat futures prices for 1-week and 4-month forecasting periods and cash prices at
Tianjin and Zhengzhou grain wholesale markets.
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Figure 4 Soybean futures prices for 1-week and 4-month forecasting periods and cash prices
at Tianjin and Zhengzhou grain wholesale markets.

Results from alternative levels of k in Equation (2) suggest that the best specification
is k = 1 for all wheat price pairs and most soybean price pairs. For soybean traded on
DCE, k = 2 is chosen for the TGWM series for one-, two-, and three-month forecasting
periods, for the ZGWM series for the 4-month forecasting period and for the national
average series for the 1 week forecast. Autocorrelation and autoregressive conditional
heteroskadesticity (ARCH) tests are also conducted on the residuals for each price
series and the null hypotheses of no ARCH effect cannot be rejected in general. These
results are not reported, but are available upon request.

Two seasonal dummy variables are included in Equation (2) when we test for cointe-
gration between each pair of prices. The growing-season dummy variable takes a value
of 1 if the contract is March or May; otherwise it is 0. The harvest-season dummy
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Table 2 Johansen cointegration test results for futures and cash prices

DCE soybean CZCE wheat

λtrace λmax λtrace λmax

H 0: H 0: H 0: H 0: H 0: H 0: H 0: H 0:
r = 0 r = 1 r = 0 r = 1 r = 0 r = 1 r = 0 r = 1

TGWM, 1 week 20.70∗ 5.47 15.23 5.47 16.72 4.25 12.47 4.25
TGWM, 2 weeks 24.57∗ 5.52 18.65∗ 5.92 16.34 3.54 12.79 3.54
TGWM, 1 month 35.18∗∗ 5.81 29.37∗∗ 5.81 14.28 4.18 10.10 4.18
TGWM, 2 months 34.38∗∗ 6.28 28.11∗∗ 6.28 13.50 4.19 9.31 4.19
TGWM, 3 months 31.58∗∗ 5.28 26.30∗∗ 5.28 12.31 4.57 7.47 4.57
TGWM, 4 months 25.06∗∗ 7.28 17.78∗ 7.28 12.07 4.50 7.57 4.50
ZGWM, 1 week 16.91 7.10 9.82 7.10 15.09 3.21 11.88 3.21
ZGWM, 2 weeks 20.83∗ 7.04 13.79 7.04 13.34 2.32 10.17 2.32
ZGWM, 1 month 23.75∗ 7.00 16.75∗ 7.00 11.57 3.45 8.12 3.45
ZGWM, 2 months 36.74∗∗ 6.94 29.79∗∗ 6.94 11.61 3.33 8.28 3.33
ZGWM, 3 months 37.12∗∗ 6.80 30.32∗∗ 6.80 13.95 3.38 10.56 3.38
ZGWM, 4 months 42.65∗∗ 9.43∗ 33.22∗∗ 9.43∗ 13.69 3.37 10.32 3.37
National, 1 week 31.63∗∗ 6.67 24.96∗∗ 6.67 13.27 2.60 10.67 2.60
National, 2 weeks 21.26∗ 7.62 13.64 7.62 12.28 2.51 9.76 2.51
National, 1 month 20.86∗ 7.30 13.56 7.30 10.71 3.21 7.50 3.21
National, 2 months 27.94∗∗ 9.22 18.72∗ 9.22 9.37 3.45 5.92 3.45
National, 3 months 33.92∗∗ 9.32∗ 24.60∗∗ 9.32∗ 9.32 3.44 5.88 3.44
National, 4 months 32.96∗∗ 9.39∗ 23.57∗∗ 9.39∗ 9.21 3.65 5.57 3.65
Critical Values (5%) 19.96 9.24 15.67 9.24 19.96 9.24 15.67 9.24
Critical Values (1%) 24.60 12.97 20.20 12.97 24.60 12.97 20.20 12.97

∗,∗∗null hypothesis is rejected; critical values are taken at a significance level of 5 per cent and 1 per
cent, respectively. The listed critical values are from table 1∗ in Osterwald-Lenum (1992). CZCE, China
Zhengzhou commodity exchange; DCE, Dalian commodity exchange; TGWM, Tianjin grain wholesale
market; ZGWM, Zhengzhou grain wholesale market.

variable takes a value of 1 if the contract is July or September; otherwise it is 0. The
default season is winter (i.e., November and January contracts). No seasonality effects
are detected for any wheat prices. For soybean prices, there is no seasonality effect for
ZGWM and national cash markets except for the 1-week forecasts, but seasonality
effects are detected for all forecast periods in TGWM except for the 3-month forecast.

Both the trace and maximum eigenvalue test statistics given by Equations (3) and
(4) are used to test for the number of cointegrating relationships in the price series.

5.1 Soybeans

Cointegration test results for soybean prices are shown in Table 2. Based on the trace
test, the null hypothesis of r = 0 is rejected at the 5 per cent significance level for all
series except for the DCE futures price for 1 week forecast with ZGWM cash price,
while the corresponding hypothesis of r = 1 cannot be rejected in most cases. Although
in a few cases (ZGWM, 4 months; National, 3 and 4 months) the r = 1 hypothesis is
also rejected at 5 per cent significance level, it cannot be rejected at the 1 per cent level.
The same applies to the r = 0 hypothesis. The maximum eigenvalue test results are
quite consistent with the trace test. This suggests that the futures price of soybeans at
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Table 3 Tests of weak exogeneity for cointegrated soybean prices

Futures Cash

Lr P-value Lr P-value

TGWM, 1 week 1.98 0.16 2.94 0.09
TGWM, 2 weeks 6.24 0.01 3.08 0.08
TGWM, 1 month 0.86 0.36 15.72 0.00
TGWM, 2 months 3.32 0.07 16.34 0.00
TGWM, 3 months 6.19 0.01 19.87 0.00
TGWM, 4 months 3.34 0.07 9.93 0.00
ZGWM, 2 weeks 7.26 0.01 0.00 0.95
ZGWM, 1 month 9.64 0.00 0.01 0.91
ZGWM, 2 months 22.86 0.00 0.00 0.99
ZGWM, 3 months 23.52 0.00 0.05 0.83
ZGWM, 4 months 24.12 0.00 0.00 0.99
National, 1 week 1.67 0.20 8.46 0.00
National, 2 weeks 1.61 0.20 1.55 0.21
National, 1 month 0.74 0.39 1.54 0.21
National, 2 months 7.38 0.01 0.26 0.61
National, 3 months 14.98 0.00 0.05 0.83
National, 4 months 13.91 0.00 0.07 0.79

TGWM, Tianjin grain wholesale market; ZGWM, Zhengzhou grain wholesale market.

DCE for a forecasting period up to 4 months is cointegrated with the cash price in all
three markets. The only exception is the ZGWM (cash) with 1 week DCE futures series,
where the non-cointegration hypothesis can be rejected when the significance level is
relaxed to 20 per cent. These results suggest that a long-run equilibrium relationship
exists between the DCE soybean futures price and cash prices in each of the three
studied cash markets, TGWM, ZGWM and the national average.

For the cointegrated soybean cash and futures markets, weak exogeneity tests are
conducted by testing hypotheses concerning the cointegration loading factor, α. The
LR test results for all cointegrated price series are reported in Table 3. The weak
exogeneity hypothesis is rejected at the 10 per cent significance level in the case of
all TGWM cash prices. Interestingly, the fact that the loading factor on the DCE
futures price has a higher P-value than the loading factor on the TGWM cash price for
most of the futures prediction periods, together with the fact that the weak exogeneity
hypothesis cannot be rejected at the 5 per cent level for four out of the six series,
seems to suggest that whenever a transitory shock occurs, it is the TGWM cash price
that adjusts. This is consistent with an efficient market situation in that futures prices
Granger-cause cash prices.

However, the hypothesis of weak exogeneity for futures prices relative to the ZGWM
cash price is rejected for all forecasting periods and the cash price is found to be weakly
exogenous. This means that, unlike DCE futures, ZGWM cash prices are not affected
by transitory shocks from the long-run equilibrium. When disequilibrium occurs,
the futures price will adjust to restore the equilibrium. This suggests that as cash
prices reflect the revealed current supply–demand situation in the ZGWM, futures
prices must be influenced by expectations based on information that does not affect
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the cash market, a situation of short-run inefficiency. This is possible because some
information pertaining to areas around Dalian may not affect the Zhengzhou market,
a case of location segregation to some extent. The delivery locations of the DCE
soybean contracts are all in the Dalian area and some are away from Zhengzhou (see
Appendix). Transportation has been a ‘bottleneck’ in the economic development of
China. The main means for grain transportation between Zhengzhou and Dalian is
railway freight, which is not only costly but can also involve long delays.

The weak exogeneity results imply that the ZGWM is Granger-causal to DCE,
while the DCE is Granger-causal to TGWM. One explanation of this effect in the two
soybean cash markets is that the Zhengzhou market is in the centre of a high soybean
production area and has the longest history of operation, while Tianjin is a port city
with easy access for traders and lower transportation costs.

Dalian Commodity Exchange is the only soybean futures market where price cannot
follow both cash markets closely when the two diverge. This can be illustrated by the
following example. Suppose both cash market prices are in long-run equilibrium with
futures prices. When some information is received about an international soybean
market shortage, the futures price will increase. The increase in the futures price breaks
the equilibrium between the TGWM price and the futures price. Traders in TGWM
ship out soybeans to sell in the international market, so the cash price in TGWM
also increases. However, it is difficult for soybean holders in Zhengzhou to ship out
to the international market quickly, given high transportation and other transaction
costs. Traders still have the same volume of soybeans in supply and demand in the
Zhengzhou area and the ZGWM price remains the same. The long-run equilibrium is
broken and the futures price will fall back to the equilibrium level after the transitory
effect is over. The TGWM cash price will fall after the transitory effect is over.

Cointegration is only a necessary condition for market efficiency. The long-run
efficiency in soybean markets also requires the futures price to be an unbiased predictor
of the cash price (i.e., a = 0 and b = 1 in Equation (1)). We have tested three hypotheses:
a = 0 and b = 1 jointly, and each individually. The results are shown in Table 4.

The price series of longer predicting periods (i.e., the 3- and 4-month futures prices)
have ‘overlapping observation’ problems. That is, the period between two adjacent
observations is shorter than the prediction period. When overlapping observations
are used, serial correlation may affect the distributions of the estimators and make
the commonly used hypothesis testing methods unreliable. This overlapping observa-
tion problem can sometimes be avoided by reducing the data frequency (Hansen and
Hodrick 1980). However, given the small sample size of this study, this is not a feasible
solution. To overcome the overlapping observations problem, we use the fully modified
ordinary least-squares (FM-OLS) model introduced by Phillips and Hansen (1990) for
the 3- and 4-month prediction periods. A modified version of the Wald test is then used
to test for efficiency. There are no overlapping observation problems for the 1-week,
2-week, 1-month and 2-month futures prices.

Although estimates and tests based on maximum likelihood and least squares can
be different, the two sets of results are quite consistent in this study. The joint null
hypothesis of a = 0 and b = 1 is rejected for all of the national prices and half of the
TGWM prices at a significance level of 10 per cent, but cannot be rejected for any
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Table 4 Small sample tests of restrictions on cointegrating vectors for soybean

Estimates H 0: a = 0 and b = 1 H 0: a = 0 H 0: b = 1

A b Lr/W† P-value Lr/W P-value Lr/W P-value

Non-overlapping data likelihood-ratio test
TGWM

1 week −0.47 1.16 4.43 0.109 1.06 0.303 0.65 0.420
2 weeks −0.55 1.17 7.01 0.030 1.37 0.242 0.75 0.386
1 month −0.63 1.22 12.71 0.002 5.07 0.024 3.50 0.061
2 months −0.61 1.23 11.58 0.003 4.76 0.029 3.47 0.062

ZGWM
2 weeks 0.04 0.94 2.04 0.361 0.00 1.000 0.04 0.841
1 month 0.04 0.95 2.58 0.275 0.01 0.920 0.06 0.806
2 months 0.06 0.95 4.26 0.119 0.06 0.806 0.21 0.647

National average
1 week −1.47 1.59 12.65 0.002 8.03 0.005 6.98 0.008
2 weeks −1.32 1.52 5.98 0.050 2.43 0.119 1.92 0.166
1 month −1.18 1.46 6.74 0.034 3.00 0.083 2.36 0.124
2 months −0.51 1.16 11.13 0.004 1.38 0.240 0.71 0.399

Overlapping data Wald test
TGWM

3 months −0.37 1.18 2.47 0.290 0.49 0.486 0.76 0.383
4 months 0.25 0.94 2.09 0.351 0.43 0.510 0.12 0.730

ZGWM
3 months 0.24 0.89 0.39 0.821 0.32 0.573 0.35 0.552
4 months 0.56 0.73 2.21 0.330 1.52 0.217 1.77 0.183

National average
3 months −0.61 1.30 7.78 0.020 3.21 0.073 2.26 0.132
4 months −0.98 1.69 8.40 0.015 6.99 0.008 6.08 0.014

†The Lr/W columns report the log likelihood-ratio statistics for the non-overlapping data series, and
the Wald statistics for the overlapping data series. TGWM, Tianjin grain wholesale market; ZGWM,
Zhengzhou grain wholesale market.

ZGWM and the other half of the TGWM price series (the 1-week, 3- and 4-month
series). This suggests the soybean futures price is an unbiased predictor for ZGWM
cash prices in the long-run, but not a very good predictor for national prices. The
results for the TGWM prices are ambiguous. However, the unbiasedness assumption
is too strong to imply market efficiency. As discussed, the unbiasedness hypothesis may
be rejected with the existence of a risk premium or a transportation cost even when the
market is efficient. Therefore, more inferences can be drawn from the separate tests of
a = 0 and b = 1.

The separate null hypothesis of b = 1 can be rejected for only two cases (national
1-week and 4-month) at 5 per cent or higher significance levels. In addition to these
two cases, the TGWM 1- and 2-month price series also reject a = 0. Furthermore,
compared to the P-values associated with a test of a = 0, the corresponding P-values
associated with a test of b = 1 are consistently higher for the cash prices in these
four cases, showing it is easier to reject the a = 0 hypothesis. This suggests that
the bias of futures prediction is primarily caused by a fixed cost from carrying and
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transporting the commodity. Market efficiency in the long run cannot be rejected in
general.

5.2 Wheat

Results of cointegration tests on wheat price data are also reported in Table 2. None
of the test statistics are large enough to reject the null hypothesis of r = 0 at the
5 per cent significance level for any series. This shows that the wheat futures price is not
cointegrated with cash prices, indicating no long-run equilibrium relationship between
the wheat futures market and cash market for any forecasting horizons and any cash
markets.

As discussed earlier, the lack of cointegration may be caused by non-stationary
components of transportation and carrying costs, including factors like the interest
rate, risk premiums, convenience yields and physical storage costs. Because there are
many futures contract delivery locations in Zhengzhou, where the major cash wholesale
market is also located, transportation costs should play only a small role in the cash-
futures price disequilibrium between ZGWM and CZCE. Interest rate effects should
also be small for the reason discussed earlier. Effects from other factors in the carrying
cost should also be very small when the futures contracts get close to maturity. However,
cointegration relationships are clearly rejected even among the price series for 1 week
and 2 weeks prior to maturity. This indicates that China’s wheat futures market is
inefficient.

One major factor that may account for this market inefficiency is over-speculation
or market manipulation, of which a number of cases have been observed. In a mature
market economy where information is widely available and traders are rational, specu-
lation behaviour will drive away profits, reduce arbitrage opportunities and contribute
to market efficiency. However, in China during the 1990s, the flow of information was
not very efficient. A few large traders did not passively respond to price in their specu-
lating, but tried to actively influence the price. In addition, many smaller traders simply
followed them, which made it easier for the larger traders to manipulate the market.
Such cases have been discussed by Williams et al. (1998) and Lien and Yang (2004). As
a result, some large traders could create a favourable market situation for themselves
at the expense of small traders. The market was also very volatile during that period.
Although there might also be over-speculation problems in the DCE soybeans market,
it is not as serious as in the CZCE wheat market.

Different government policies for the two commodities might be another factor that
affects the performance of the wheat futures market relative to the soybean futures
market. As the most important food grain, wheat production is closely associated
with national food security – a high priority concern of the government in making
policy. For this reason, wheat is still regulated by the government directly or indirectly.
For example, wheat imports and exports are tightly controlled by the government.
Although the tariff rate on wheat imports has been as low as 1 per cent since 1999, the
import quota was highly restrictive during this period. All imports had to go through
the China National Cereals, Oils and Foodstuffs Import and Export Corporation. In
comparison, soybean is used as feed and the market is less regulated. Soybean imports
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are no longer controlled and the import volume has increased significantly in the last
decade.

6. Conclusion

After 9 years in operation, the agricultural commodity futures markets in China are
among the most active in the world. In this paper, we perform formal statistical tests
on the efficiency of futures markets for two major agricultural commodities, wheat and
soybean.

Results based on Johansen’s cointegration tests and likelihood-ratio tests suggest
that long-run equilibrium relationships exist between the DCE soybean futures price
and the ZGWM cash price, the TGWM cash price and the national average cash price.
The long-run efficiency of these markets is also implied by the soybean futures price
in terms of its predictability on the ZGWM cash price (and to a lesser extent, the
TGWM). Weak exogeneity tests reveal the DCE is short-run efficient for TGWM but
inefficient for ZGWM. This suggests that the ZGWM soybean price is causal in the
long run, while the TGWM tends to follow with the futures market facilitating the
flow of information. Although the long-run efficiency of the soybean futures market
cannot be rejected for TGWM, traders still need to be aware of the fact that the DCE
futures price may not be a good indicator for ZGWM cash prices in the short run.

In contrast to the soybean futures market, the wheat futures market in China is
still inefficient. Wheat futures prices are not cointegrated with any wheat cash prices.
Market manipulation by large traders and government regulation may account for the
inefficiency observed during the period of this study.

References

Aulton, A.J., Ennew, C.T. and Rayner, A.J. (1997). Efficient tests of futures markets for UK
agricultural commodities, Journal of Agricultural Economics 48, 408–424.

Bigman, D., Goldfarb, D. and Schechtman, E. (1983). Futures market efficiency and the time
content of the information sets, Journal of Futures Markets 3, 321–334.

Carter, C.A. and Rozelle, S. (2001). Will China become a major force in world food markets?
Review of Agricultural Economics 23, 319–331.

China Bureau of Statistics. (2002). China Statistical Yearbook (2001). China Bureau of Statistics,
Beijing.

China Grain Reserves Corporation. (2000). Price Center, CnGrain. Available from URL:
http://english.cngrain.com/newEngrain/priceCenter.asp [accessed 8 May 2002].

Chowdhury, A.R. (1991). Futures market efficiency: evidence from cointegration tests, The
Journal of Futures Markets 11, 577–589.

Du, W. and Wang, H.H. (2004). Price behavior in China’s wheat futures market, China Economic
Review 15, 215–229.

Durham, C. and Si, W. (1999). The Dalian commodity exchange’s soybean futures contract:
China’s integration with world commodity markets, Chinese Agriculture and the WTO, West-
ern Coordinating Committee 101 Proceedings, Seattle, WA, December.

Elam, E. and Dixon, B.L. (1988). Examining the validity of a test of futures market efficiency,
Journal of Futures Markets 8, 365–372.

C© Australian Agricultural and Resource Economics Society Inc. and Blackwell Publishing Ltd 2005



140 H.H. Wang and B. Ke

Engle, R.F. and Granger, C.W.J. (1987). Cointegration and error correction: representation,
estimation, and testing, Econometrica 55, 251–276.

Fama, E.F. (1970). Efficient capital markets: a review of theory and empirical work, The Journal
of Finance 25, 383–417.

Fan, Y., Ding, X. and Wang, H. (1999). Factors affecting the development of agricultural
commodity futures markets in China, Farm Economic Management 1, 35–36.

Food China (2001). Online News, China National Grain and Oils Information Center. Available
from URL: http://www.foodchina.com [accessed 28 June 2001].

Fortenbery, T.R. and Zapata, H.O. (1993). An examination of cointegration relations between
futures and local grain markets, Journal of Futures Markets 13, 921–932.

Haigh, M.D. (2000). Cointegration, unbiased expectations, and forecasting in the BIFFEX
freight futures market, Journal of Futures Markets 20, 545–571.

Hamilton, J.D. (1994). Time Series Analysis. Princeton University Press, Princeton, NJ.
Hansen, L.P. and Hodrick, R.J. (1980). Forward exchange rates as optimal predictors of future

spot rates: an econometric analysis, The Journal of Political Economy 88, 829–853.
Johansen, S. (1988). Statistical analysis of cointegration vectors, Journal of Economic Dynamics

and Control 12, 231–254.
Johansen, S. (1991). Estimation and hypothesis testing of cointegration vectors in Gaussian

vector autoregressive models, Econometrica 59, 1511–1580.
Johansen, S. and Juselius, K. (1990). Maximum likelihood estimation and inference on coin-

tegration – with applications to the demand for money, Oxford Bulletin of Economics and
Statistics 52, 169–210.

Kellard, N., Newbold, P., Rayner, T. and Ennew, C. (1999). The relative efficiency of commodity
futures markets, Journal of Futures Markets 19, 413–432.

Lai, K.S. and Lai, M. (1991). A cointegration test for market efficiency, The Journal of Futures
Markets 11, 567–575.

Lien, D. and Yang, B. (2004). Futures market in the People’s Republic of China: development
and prospective, American Journal of Chinese Studies 11, 1–8.

Maberly, E.D. (1985). Testing futures market efficiency – a restatement, The Journal of Futures
Markets 5, 425–432.

Martin, W. (2001). Implications for reform and WTO accession for China’s agricultural policies,
Economics of Transition 9, 714–742.

Mckenzie, A.M. and Holt, M.T. (2002). Market efficiency in agricultural futures markets, Applied
Economics 34, 1519–1532.

Osterwald-Lenum, M. (1992). A note with quantiles of the asymptotic distribution of the
maximum likelihood cointegration rank test statistics, Oxford Bulletin of Economics and
Statistics 54, 461–472.

Phillips, P.C.B. and Hansen, B.E. (1990). Statistical inference in instrumental variables regression
with I(1) processes, Review of Economic Studies 57, 99–125.

Psaradakis, Z. (1994). A comparison of tests of linear hypotheses in cointegrated vector autore-
gressive models, Economics Letters 45, 137–144.

Shen, C. and Wang, L. (1990). Examining the validity of a test of futures market efficiency: a
comment, Journal of Futures Markets 10, 195–196.

Tao, J. and Lei, H. (1998). Futures market and the grain circulation reform, Economic Problems
9, 29–31.

USDA FAS (2002). China Grain and Feed Annual 2002: US Embassy, GAIN Report #CH2010,
USDA Foreign Agricultural Service, 4 March.

Williams, J., Peck, A., Park, A. and Rozelle, S. (1998). The emergence of a futures market:
mung beans on the China Zhengzhou commodity exchange, Journal of Futures Markets 18,
427–448.

Yao, C. (1998). Stock Market and Futures Market in the People’s Republic of China. Oxford
Express, Oxford, NY.

C© Australian Agricultural and Resource Economics Society Inc. and Blackwell Publishing Ltd 2005



Chinese agricultural commodity futures 141

Zapata, H.O. and Fortenbery, T.R. (1996). Stochastic interest rates and price discovery in
selected commodity markets, Review of Agricultural Economics 18, 643–654.

Zhu, L. and Zhu, J. (2000). Futures market and contract agriculture, Journal of Zhengzhou Grain
College 21, 29–34.

Appendix

Trading rules of the wheat and soybean futures markets in China

Wheat Soybean

Commodity Hard white winter wheat Yellow soybean
(non-genetically modified
organism)

Trading unit 10 metric ton/contract 10 metric ton/contract
Maturity month January, March, May, July,

September and November
January, March, May, July,

September and November
Margin account 5% 5%
Transaction fee 2 yuan/contract 4 yuan/contract
Last trading day The seventh to last trading day

of the contract’s maturity
month

The 10th trading day of the
maturity month

Delivery days Any trading day of the
maturity month until the
last trading day

Any trading day of the
maturity month until 10 days
after the last trading day

Delivery location 22 locations in the production
area of the country, five in
the same province as CZCE,
one in Tianjin

25 locations, all in Dalian, the
same city as DCE

Delivery grade Grade 2, satisfying the national
standard GB1351-1999

Grade 3, satisfying the national
standard GB5490-5539

Substitutable grades Grades 1 and 3, price adjusted Grades 1, 2 and 4, price adjusted
Exchange market CZCE DCE
Maximum transactions 2000/day per trading agent 1000/day per trading agent

400/day per trader
Daily maximum price

change
±3% of the previous trading

day’s settlement price
±3% of the previous trading

day’s settlement price
Exchange membership 400 000 yuan initial fee 500 000 yuan initial fee

20 000 yuan annual fee 20 000 yuan annual fee

Sources: China Zhengzhou commodity exchange (CZCE) web site, http://www.czce.com.cn/ [accessed 10
October 2003], and Dalian commodity exchange (DCE) web site, http://www.dce.com.cn/ [accessed 10
October 2003].
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