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The Price Linkage of Commodity Futures in Japan -
Analysis of Tokyo Commodity Exchange and Tokyo
Grain Exchange*
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Summary

The purpose of this paperis toinvestlgate the prlCelinkage of commodityfutures contracts

On TCE（gold，Silver，Platinum and rubber）and on TGE（corn，SOybean，raW Sugar，and redbean）

by uslng nOn－Stationary time series models・As fbr TCE，Itbund no cointegration relationship

among fbur contracts・Ialso found no cointegration relationship for each palr Of fbur contracts．I

Can COnClude that no prlCelinkage among the futures contracts on TCE．Ifbund Granger

CauSality什om gold to silver and platinum on TCE．ThusIcan assume that gold gave some

influences on the prlCeS Of silver and platinum，but silver and platinum gave noinfluences on

the prlCe Ofgold・The metalfutures such as gold，Silver and platinum gave noimpact on rubber

and rubber gave noinnuence on metalfutures・As for TGE，lalso fbund no cointegration

relationship among hur contracts・On the other hand，1found cointegration relationship between

COrnand soybean，COrn and red bean，red bean and raw sugar，red bean and soybean．Ican

COnClude that no prlCelinkage exists among fbur contracts on TGE，but prlCelinkage exists

between corn and soybean，COrnand red bean，red bean and raw sugar，red bean and soybean・

Ifound no Granger causality among the contracts on TGE．
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1. Introdcution

The Japanese Commodity Exchange Law was revised in 2004 to improve the credibility of

futures market by strengthening the protection of investors･ There are six exchanges listlng

commodity futures in Japan as of November 30,2006. Tokyo Commodity Exchange (TCE) and

Tokyo Grain Exchange (TGE) are
major exchanges. As for the price movement of commodity

futures, some research mention that they are movlng independently and others polnt Out that

they are movlng tO together.

Pindyck and Rotemberg (1990) analyzed seven commodities: wheat, cotton, copper, gold, crude

oil, 1umber and cocoa in US･ They concluded that there exists an excess co-movement among

seven commodities and this excess co-movement is partially the result of the presence of

herding. The approach of this paper is different from Pindyck and Rotemberg (1990). The

purpose of this paper is to investigate the prlCe linkage of commodity futures from long run

listed on TCE and TGE respectively.

As for the previous studies analyzing the pnce linkage of commodity futures from long run,

Booth and Ciner (2001), Dawson and White (2002), Karbuz and Jumah (1995), Malliaris and

Urrutia (1996), Yang (2004) can be cited. Booth and Ciner (2001) concluded that the prices

of fわur commodity futures on the TGE showed no puce linkage･ They also added that corn and

soybean prices are cointegrated. Dawson and White (2002) analyzed the interdepende∝ies

between the agrlCultural futures contracts of barley, cocoa, coffee, sugar, and wheat on the

LIFFE. They concluded that there are no interdependencies between any two pnces.

Karbuz and Jumah (1995) examined the relationships between futures of cocoa and coffee on

the New York CSCE and London Fox. They concluded that in general, the prlCeS tend to move

together in the longrun. Malliaris and Urrutia (1996) found significant linkages between six

agncultural commodities
- corn, wheat, oat, soybean, soybean meal and soybean oil- listed on

Chicago Board of Trade. Yang (2004) concluded that no cointegration relationship was found

among grain futures markets (corn, soybean, wheat and oat)
on chicago Board of Trade.

In view of previous studies, the results of prlCe linkages are different depending on the

exchanges, commodities and periods. Booth and Ciner (2001) is considered to be the only work

analyzing the Japanese market (TGE). No other works focused on TCE. As for the TGE
,the

sample period in this paper is 5 years longer than Booth and Ciner (2001).



Takayasu lto: The PriceLinkageof Comm()dityFuturesin Japan
-
Anal),sisof Tokyo Commodity Exchange an〔1Tokyo GrainExchange 71

2. Data

l use gold, silver, platinum and rubber on TCE and com, soybean, raw sugar, and red bean

on TGE respectively. I choose these eight contracts since they are traded stably for more than a

decade. These daily data cover the period from January 4, 1993 through December 26, 2003.As

for the contract month, I use the longest ones which are usually most actively traded in Japan･

Figure l shows the data of TCE･ FigureⅡ indicates the data of TGE･

L=kこ｡い=▲二｡=･二Gold
■ ■

■S‖ver

Platinum

--
Rubber

Figure I Data for TCE

Sample period is from January 4, 1993 through Decenber 26, 2003･
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Figurell Data for TGE

Sample period is from January 4, 1993 through December 26, 2003.

3. Framework of Analysis

3.1 Unit Root Test

NelsoⅢ and Plosser (1982) got a conclusion that there is no denying the existence of unit root

in the macro economic variables of US. Since the empirical analysis from mid-1980 through mid1

1990's show that such data as interest rates, forelgn exchange and stocks are non-stationary, it's

necessary to check if the data used in this chapter contain unit roots･ The KPSS

(Kwiatowskinhillips/Schmidt/Shin) test is used. KPSS test defines null hypothesis as 'unit roots

don't exist'and alternative hypothesis as 'unit roots exist'. The KPSS test is considered to have

more statistical power than other unit root tests such as ADF (Augmented Dickey and Fuller)

testl.

i
For unit root tests, see Dickey and Fuuer (1979), Dickey and Fuller (1981) and Kwiatowski, et al. (1992).
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3.2 Coitegration Test

Generally OLS method
is

used to analyze the relationships among the variables･ However

when the non-stationary variables are included, ordinary hypothesis test tends to draw a mistaken

results since the coefficient of determination and t-statistics do not follow a simple
distribution･

Granger and Newbold (1974) called this problem 'Spurious Regression'. Phillips (1986)

pointed out two things as to the analysis of non-stationary data-(1) the coefficient of

determination tend not to measure the relationship among variables, (2) the estimated equation

with low Durbin-Watson ratio can possibly have a problem of spurious regression.

Non-stationary time series model is necessary to cope with the problems mentioned above･

There are mainly two types of cointegration test- (1) Engle and Granger (1987), (2) Johansen

(1988). The most difficult part of cointegration analysis starting from VAR model is how to

decide the number of cointegratioll relationship. When 3 variables are analyzed, the number of

cointegration relatioIIShip may be 1 or 2. Engle and Granger can't cope with this problem, but

Johansen is able to decide the number of cointegration relationship and to get a MLE of

unknown parameters.

Johansen suggested the analysis With the k order VAR mode. Here VAR model is presented

with k order agalnSt Vector
X[

with p variables･

X( -IllXト.+-+nkXt_k +A+u( (い

All the p elements of Xt is considered to be I(1) variables.
ut is an error term with zero

mean. A is a constant term. The equation (1) is
expressed

by
using a first difference_

AYf - rlAYト1
-+rk_1AYトk.I

+nAXt_k +A+ut (2)

Here

rI--I+nl+･･･+Ill, (i-1,･･･,k-1)

I1=-I+nl+･･･+Ilk

Under the assumption that all the elements of
Xt are I(1), ILYト1 needs to be I (0). This

means the rank of matrix TI satisfies O<rank(I1)<p. when the elements of Xl are in the

relationship of cointegration, 0 <
rank(n)

< p is
established. Thus matrix II can be expressed as

III-αβ■by using the α and β ofp x r matrix I1. Finally equation (2) can be expressed

as follows.
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P'is a cointegration vector and P.Xt_k is an error correcti.n te,m. Afte, I c.nfirm the n.n-

statioⅢanty of data, I apply Johansen cointegration test to fわur contracts gold, silver, platinum,

rubber) at TCE and four
contracts(corn, soybean, raw sugar, and red bean) at TGE respectively.

I also test the data in a palr in each Exchange･ I use maximal elgen Value test and trace test

for the investlgation of cointegration tests.

3.3 Granger Causality Test

l apply Gran岩er Causality to test causalities among future contracts on each Exchange. The

onglnal data are usually transformed into the change ratio to avoid a problem of spurious

regression. But using these data is considered to cause an error. Toda and Yamamoto (1995)

developed the Granger causality test in
which non-stationary data are directly used. According to

their method, the null hypothesis is tested by
adding trend term t and p + 1 (originallag plus

one)
are added for the estimation of fわur equations mentioned below. Four equations are used

for the test of four contracts on TCE. Similar equations are used for the test of contracts on

TGE. For example, equation (4) checks if silver, platinum,rubber and gold Granger-cause gold.

p+1 p+1 p+1 p+I

Got - K｡

+1t+∑αtSI(_.+∑β.PLJt_.+∑x.RUE_1+∑∂.GO,_1
+ut

l=l l=1 J=l L=1

p+1 p+1 p+1 p+I

SI( - K｡

+1t･∑α,SIf_.･∑p,PL,t_,+∑x.RU,_I+∑6.GO(_.
+ut

T=1 t=I l=1 1=1

p+1 p+1 p+I p+1

co( - K｡

+^t+∑α,SI(_.+∑β,PLt_1+∑x,RU(ーl･∑6,GOT_1
+u(

1=1 L=1 L=l t=1

p+1 p+1 p+1 p+1

RUE -Ko

･At･∑α.SI(_.･∑β,PLt_.･∑x.RUE_1･∑6,GOトl
･ut

L=1 l=1 T=1 L=1

(6)

(7)
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4. Result of Analysis

4.1 Unit Root Test

l checked non-stationarlty Of orlglnal data by KPSS test･ The null hypothesis `unit roots don't

exist'can be rejected in all the tests of level stationarlty and trend stationanty･ All the onglnal

data are considered to be unit root process. Table I
shows the result.

Table I KPSS Test for OriginaJ Series

Lag-4 Lag- 12

Variable Tlu TIT

TCE

Gold

S ilver

Platinum

Rubb er

ll.02* 5.70*

5.51* 4.48*

35.81* 6.65*

ll.97* 5.39*

4.22*

Raw Sugar 15.94*

Soybean 9. 17*

Red Bean 1 1.50*
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2.22*

1.76*

2.60*

2.09*

1.65* 1.25*

6.19* 0.80*

3.57* 1.41*

4.56* 0.50*

*
indicates

significant at 5 % level.

5% critical values are O･463 (levelstationarity)and 0. 146(trend stationarity)
TILl is level staionarityTIT is trend stationarity.
TCE is Tokyo Commodity Exchange･ TGE is Tokyo Grain Exchange･

I also checked the non-stationarlty Of data with first difference from orlglnal data･ The null

hypothesis 'unit roots don't exist'can't be rejected in all the tests of level stationarlty and trend

stationarity･ Thus I can judge thatal1 the data are non-stationary I(1). Table II provides the

result.
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Table ll KPSS Test for First Difference
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Variabl e

TCE
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S ilver
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*
indicates significant at 5 % level･

5% criticalvalues
are 0.463 (levelstationarity)and 0.146(trend stationarity)

w is level staionarity･

TCE is Tokyo CommodityExchange. TGE is Tokyo Grain Exchange･

4.2 Cointegration Test

After I confirmed that all the dataare non-stationary I(1), I conducted cointegration test by

Johansen for each Exchange･ As for TCE, I found no cointegration relationship among four

contracts. I also found no cointegration relationship for each palr Of four contracts･ I can

conclude that no pnce linkage among the futures contracts on TCEI Table Ⅲ
shows the results･

As fわr TGE, I also
fわund no cointegration relationship among four contracts･ On the other

hand, I found cointegration relationship between cornand soybean, cornand red bean, red bean

and raw sugar, red bean and soybean･ I can conclude that no prlCe linkage among four contracts

on TGE, but pnce linkage exists between cornand soybean, cornand red bean, red bean and

raw sugar, red bean and soybean･ TableIV shows the results･
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Table lll Cointegration Test for TCE

Maximal Eigen Value Test Trace Test

NullHypothesis TestStatistics九max 5%CricalValue TestStatistics九trace 5%CricalValue

13.19
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4.3

1.88
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*indicates slgnificant at 5 % level.

Critical Values are from Osterwald-Lenum( I 992),

TCE is Tokyo CommodityExchange.
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Table JV Cointegration Test for TGE
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Maximal Eigen Value Test Trace Test

Null Hypothesis Test Statistics九max 5%Crical Value TestStatistics九trace 5%CricalValue

Com, Raw Sugar, Soyben, Red Be皿

r-0

r≦1

r≦2

r≦3

Com, Raw Sugar

r-0

r≦1

Com, Soybe皿

r-0

r≦1

Com, Red Bean

r-0

r≦1

Raw Sugar, Soybe皿

r-0

r≦1

Raw Sugar, Red Bean

r-0

r≦1

Soybean, Red Bean

r-0

r≦1

20.74

18.61

7.14

3.68

16.84*

6.76

17.04*

7.79

177l*

3.49

17.60*
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53.12

34.91
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9
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.
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9

*
indicates slgnificant at 5 % level.

Critical Values are from Osterwald-Lenum( 1 992).

TGE is Tokyo Grain Exchange.

4.3 Granger Causality Test

I cohducted Granger causality test by using the method by Toda and Yamamoto (1995). I

found Granger causality from gold to silver and platinum on TCE. I found no Granger causality

among the contracts on TGE･ Table V shows the results･
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Table V Granger Causality Test

Obj ective Variable Explanatory Variable

TCE

Gold

Silver

Pl atinum

Rubber

TGE

ra

n

c o -
n
剛
軸
肋

Col d S ilver Platinum Rubber

0.47

ragu

つJ
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ー
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4

-

0ノ

一L

o

0.35

* indicates significant at 5 % level. Test Statisticsare F values.

Method by Toda皿d Yamamoto (1995) is used.

TCE is Tokyo CommodityExchange. TGE is Tokyo GrainExchange.

5. Conclusion

The purpose of this paper is to investlgate the prlCe linkage of commodity future contracts on

TCE (gold, silver, platinum and rubber) and on TGE (corn, soybean, raw sugar, and red bean)

by uslng nOn-Stationary time series･ As for TCE, I found no cointegration relationship among

four contracts･ I also found no cointegration relationship for each palr Of four contracts･ I can

conclude that no prlCe linkage among the futures contracts on TCE･

I found Granger causality from
gold to silver and platinum on TCE･ Thus I can assume that

gold gave some influences on the prlCeS Of silver and platinum, but silver and platinum gave no

in□uences on the prlCe Of gold･ The metal futures such as gold, silver and platinum gave no

impact on rubber and rubber gave no influence on metal futures･

As for TGE, I also found no cointegration relationship contracts among four contracts･ On the

other hand, I found cointegration relationship between corn and soybean, cornand red bean, red

bean and raw sugar, red bean
and soybeaⅢ･ I can conclude that no prlCe linkage among four

contracts on TGE, but prlCe linkage exists between corn and soybean, corn and red bean, red

bean and raw sugar, red bean
and soybean･ I found no Granger causality among the contracts
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on TGE.

The fact that four combinations (cornand soybean, cornand red bean, red bean and raw

sugar, red bean and soybean) out of six combinations in four contracts on TGE are cointegrated

suggests that there is a common trend in each combiIlation. On the other hand, no mutual

influence worked in the formulation of futures pnces on TGE.

The finding on TGE suggests that cross hedging opportunities become possible between two

contracts (corn and soybean, corn and red bean, red bean and raw sugar, red bean and

soybean)
in the relationship of cointegration.
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