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Abstract The purpose of this paper is to investigate the time varying
relationships between the Chinese copper futures market and its London
counterparts. Rolling correlation and rolling Granger causality test show that
with the development of the Shanghai copper futures markets, it has stronger
connections with its London counterpart and it plays more and more important
role in the price discovery process. There is a long run relationship between the
Shanghai futures exchanges (SHFE) and London Metals exchanges (LME)
copper futures prices. The influence of LME on SHFE is greater than that of
SHFE on LME. The research will shed light on the openness of the Chinese
copper commodity markets and on the nature of cross-market information
transmission.
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1 Introduction

The objective of this paper is to understand the international linkage between the
Chinese and world futures markets. Given the rapid development of Chinese
copper futures market and the process of globalization of trading and competition
among futures exchanges, it is important to understand the international linkage
between the Chinese and world copper futures markets.

Previous studies have mainly focused on information and price transmission
either between the domestic spot and futures markets or between international
dual-listed securities. For example, Xin, Chen and Firth (2006), Hua and Chen
(2004) studied the relationship between the prices of futures contracts and their
underlying commodity contracts. Xu and Fung (2005) use a bivariate asymmetric
GARCH model to examine patterns of across-market information flows for gold,
platinum, and silver futures contracts traded in both the US and Japanese markets.
However, little research has been performed on Chinese copper futures markets,
not alone its linkage with world leading market. In fact, when a copper futures
contract is traded in more than one market, investors may have several avenues
to trade and exploit information.

This paper is one of the first investigations to find the price connections and
discovery for the copper futures in two informationally-linked markets: Shanghai
futures exchanges and London Metals exchanges. Studying such a relationship
could help us better understanding the nature of cross-market information
transmission of copper futures market. Specially, our studies examine the
dynamic and time varying relationship between the two variables using rolling
window methods, which is very proper for fast growing and structural changing
Chinese futures markets.

The rest of the paper is arranged as follows. Section 2 makes a brief overview
of copper futures market in informationally-linked markets. Section 3 describes
the data. Section 4 does rolling correlation and rolling Granger causality test.
Section 5 makes further cointegration test. Section 6 concludes.

2 Brief overview of informationally-linked copper futures
markets

During the last ten years, Chinese copper consumption has grown at about 2.4
times of the world average. China has now developed to be the world largest
country for copper consumption, processing and manufacture and even for
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copper primary products export. China is the largest single consuming country,
comparable to the entire European Union in terms of its copper consumption, and
well ahead of the United States (according to data from CRU). The year of 2005
witnessed a growth of world copper ore and refined copper in output, reaching
14.98 million tons and 16.34 million tons respectively, both up 3.1%. In the first
half of 2006, Chinas copper products totaled at 2.4232 million tons, increased by
7.99% compared to the same period of 2005. Consequently, the trading volume in
terms of tonnage on the Shanghai Futures Exchange has grown to a level that
rivaled that of the New York Mercantile Exchange (NYMEX), becoming the
second largest copper futures exchange next to the London Metal Exchange.
Prices of copper futures on SHFE (so called “Shanghai Price”), together with the
prices on LME and NYMEX, are now important indicators to copper companies
around the world.

The “Shanghai price” of copper interacted with those in other places of the
world and has become a key index to know the market supply and demand of
copper in China and even in the world. The functions of market were further
realized. Meanwhile, the price of copper has reflected its changing supply or
demand in the market. For example, after the central government’s macro control
and rising of interest rate, there was a quick reaction in the price and position of
futures copper and became one of the important transmission mechanisms of the
effects of macro control. With a larger scale of market and trading becoming
more active, the Shanghai copper market showed more liquidity thus allowing
enterprises to better avoid risks. In 2005, SHFE’s total trading volume of copper
was 24.7041 million lots and its trading turnover amounted to RMB 4.046 trillion,
accounting for 30% of the total of China. The status of price-fixing centre has
been enhanced with the “Shanghai price” interacting with the trends in the
international market.

Table 1 shows the structures of the copper futures contracts in SHFE and its
London counterpart. Due to different specifications and microstructure, some
different price pattern might appear. For example, LME use US dollar as its
quotation and delivery currency and has smaller tick size than SHFE, besides, it
has no price limit, all these might cause LME a more liquidity market. There are
time differences between the trading time of SHFE and LME. While LME are
still trading copper futures, the SHFE is closed already.

Table 1 Specification of copper futures contracts in China and London

Exchange SHFE LME
Trading unit 5 tons/lot 25 tons/lot ( tolerance of +/-2%)
Quotation unit yuan (RMB)/ton US dollars/ton
Tick size 10 yuan/ton 50 US cents/ton

(To be continued)
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(Continued)
Exchange SHFE LME
Daily price limit <3% of the previous No
settlement price
Contract months Jan. — Dec. Jan. — Dec.
Delivery period 16-20™ of the spot month Daily for cash to 3 months. Then
(postponed on holidays) every Wednesday from 3 months to 6
months.
Deliverable Standard copper cathode, Grade A cathodes conforming to
grades GB/T467-1997 BSEN 1978-1998
Cu-CATH-1, BSEN,
1978-1998
Delivery sites Approved warehouse Approved warehouse
Delivery method  Physical delivery Physical delivery
Opening time 9:00 15:00
Closing time 19:55 1:00 (next day)

Source: the website of SHFE and LME.
Note: The openings and closings of LME have been converted into Beijing time.

3 Data and summary statistics

The dataset used in this paper covers from Nov. 1, 1993 to June 17, 2006. We
deleted non-matching data caused by holidays (Chinese National day, Spring
festival day and Labor day and Western Christmas day) and non-trading dates in
order to make the data of the Shanghai and London copper futures prices
comparable. In doing so, we obtained 2785 observations. Daily returns are
calculated using R=In(P/P,1)*100%. The data samples are collected from Shihua
Financial Analysis Databank.

The path of copper futures prices can be shown in Fig. 1. The prices of copper
futures contracts in China tend to follow their London counterparts very closely
and rise sharply recently. In fact, the price of copper futures increased over 50%
in 2005 and continued to rise rapidly in the first half of 2006.

Table 2 presents the summary statistics of returns for the Shanghai and London
copper futures markets during the whole period. The average daily returns are
positive, the LME copper market is more volatile than its Shanghai counterpart,
and the two returns’ distributions are all skewed indicating asymmetry.
Furthermore, the values of the kurtosis statistics suggest that the underlying data
are leptokurtic or fat-tailed, and sharply peaked about the mean when compared
with the normal distribution.
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Fig. 1 The prices path of the copper futures
Source: Shihua Financial Analysis Databank.
Table 2 Summary statistics of returns for copper futures of SHFE and LME
SHFE LME
Mean (%) 0.009 608 0.011 465
Median 0.006 889 0.012 163
Std. Dev. 0.460 581 0.554 697
Skewness -0.082 257 -0.642 520
Kurtosis 4.868 376 8.516 634
Jarque-Bera 407.929 1 3720.474
Probability 0.000 000 0.000 000

4 Association of informationally-linked markets
4.1 Time varying correlation of copper futures markets

To avoid spurious findings of the association between SHFE and LME, we use
the rolling sample method: Estimation is carried out over a predetermined
sub-sample, and the relevant statistics are calculated. This method is particularly
suitable for fast growing emerging futures markets like China. The details of the
method are as follows. Initially, the correlation is estimated for the first 50
observations (i.e., for a window length of 50). Then the sample is “rolled”
forward one observation, before the procedure is repeated. That is, the first
observation is dropped and a new one is added as the new ending data point of
the sample, before the association relationship is re-estimated. This process
continues until all the out-of-sample observations are exhausted. The reason for
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choosing 50 days is because they represent a 10-weeks period and they are long
enough to capture possible changes in the futures markets but short enough to
allow for sufficient out-of-sample days for the sample to be rolled forward with.
This method enables us to detect the possible changing point, if existent, for any
two successive sample periods, and gives us a full picture of the time-varying
association of informationally-linked markets.

Fig. 2 depicts the correlation between copper futures prices in a 50-days
window. In this figure, a point on the horizontal axis corresponds to a sample
period. For example, the first point corresponds to the sample period from
1993-11-1 to 1994-1-14, and is represented by 1994-1-14 on the horizontal axis;
the second point corresponds to the sample period from 1993-11-2 to 1994-1-15,
and is represented by 1994-1-15 on the horizontal axis; and so on.
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Fig. 2 Correlation curves in a 50-days window

From Fig. 2, at the early stage, Shanghai copper futures market was infant and
was in a somewhat irrational development, the relationship had slumped to its
weakest level, and was even negative in some time between these two markets.
Since the beginning of 1999, the correlation has been stable above 0.80. The
main reason is that in June 1999, a unified trading standard was established
throughout the country. Chinese futures markets are becoming more efficient (Yu,
Chen and Firth, 2006).

4.2 Rolling Granger causality test

The common practical way for testing causality was proposed by Granger (1969).
A time series X “causes” another time series Y if and only past values of X are
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useful in predicting current and future values of Y when past values of ¥ have
been taken into account. Testing Granger causality involves conducting F-tests to
see whether lagged information on a variable X provides any statistically
significant information about a variable Y in the presence of lagged Y. If not, then
“X does not Granger-cause Y. E.g.,

L N
yt=k+§aixt_i+;ﬂiyt_j+ut (1)

To see if jointly the coefficients associated with the X’s are statistically
significant, we conduct an F-test of the null hypothesis:

Hy:oy=0,=..=a, =0.

X Granger-causes Y (X—7Y) if some of the a, are statistically different from
zero. Furthermore, if it is also found that when regressing X on its past values
and current and past values of Y, some or all of the current or past values of Y are
significant, then we say that there exists feedback between the variables. To
implement this test it is necessary to estimate restricted equation,

N
yt=c+27iyt—j+et (2)
j=1

and then compare sum of squared residuals of the restricted (2) and
unrestricted (1) equations.

If the F test statistic
_ (SSE, SSE,

icted et ) L
estricted unrestricted ) - F ( L, T'- (L+] +N))
SSEunrestricted /T - (L + 1 + N)

F

is greater than the specified critical value, then reject the null hypothesis that X
does not Granger-cause 7, i.e., X does Granger-cause Y. We go further to test
rolling Granger cause in a 250 windows, which is roughly a year period. We can
compare the relative influence power if we compare F statistics. If F test statistic
of “LME — SHFE” is greater than F test statistic of “SHFE — LME”, we claim
that the influence of LME on SHFE is bigger than that of SHFE on LME, vice
versa. According to AIC criterion, we choose L=N=2, and F(2, 245)=3.04 at 5%
significance level.

From Fig. 3, F test statistic of “LME — SHFE” is always greater than that
of “SHFE — LME” , we claim that the influence of LME on SHFE is greater
than that of SHFE on LME. Another obvious picture is that F test statistic of

“SHFE — LME” is not significant at all in the beginning but it increase
gradually. At the end of 2001, it made a suddenly rise, which reflected the
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stronger and stronger influence of Shanghai copper prices.
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Fig. 3 Rolling Granger F test curves in a 250-days window

The results demonstrate that price discovery primarily are originated from the
London Mental Exchanges, and with the development of the Shanghai copper
futures markets, Shanghai begins to play a more and more important role in the
price discovery process.

5 Cointegration test

The aim of using cointegration method is to capture long-term relationships in
informationally-linked market. Variables which are cointegrated can be
represented in an error correction framework. Therefore, an error correction
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model is employed to capture both short-term and long-term relationships
between variables. In an error correction model, the dependent variable is
rendered stationary from a linear combination (in levels) of independent
variables plus short-term factors. The stationary linear combination of
independent variables (in levels) represents the long-term component.

In order to perform the cointegration test, we first need to determine the order
of integration of each price series. We use the standard Augmented Dickey-Fuller
(ADF) test to determine if the unit root existed in each time series for the whole
sample. In all cases, with or without a deterministic trend, the copper prices in
the informational linked futures exchanges are integrated of order 1.'

Since the time series of copper futures prices follow /(1) process, we can test
the cointegration relationship between the copper futures prices in the Shanghai
exchange and London futures exchange. Table 3 reports the cointegration results
given by the Johansen tests (Johansen, 1988). Both the trace and max statistics
indicate that the Shanghai copper futures prices are cointegrated with their
London counterparts, even though copper futures prices are non-stationary and
therefore in the short run the futures prices in the Shanghai and London
exchanges can diverge, there is a long-term equilibrium relationship that binds
the movement of the copper futures prices in this informational linked markets.

Table 3 Johansen cointegration test

Null Statistics 5% Critical value
hyp0the Si S ﬂ?r&lt‘é’ ﬂ’max ﬂ“)‘l'ﬂc’e ﬂ’max

Copper r<o0 24.08 23.90 15.49 14.26
r<li 0.18 0.18 3.84 0.67

The error correction term of copper futures in SHFE and LME can be
represented by the following model:

Error Term=5-0.9557*L-2.63

Here, S and L represent the logarithm of copper futures prices in SHFE and
LME respectively. There is a long run relationship between the SHFE and LME
copper futures prices.

Since copper futures in SHFE and LME are cointegrated, they can be
represented by the following error correction model (ECM):

p p
R,, = oy, + g EvrorTerm, | + ZO{, (DR, + Z(le(i)RLH +¢g, (3)
=1 i1

P P
R, =0, +a ErrorTerm, , + 20{21 DR, + Z%Z (DR, + &, €y

i=1 i=1

' To save space, we do not provide the results here, they are available upon request.
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Where Rs represents the futures prices in the Shanghai copper futures
exchange, and R; represents the LME copper futures prices. Ry-1yand Ry-are
the return of copper futures in SHFE and LME at time -1, and &£, and &5, are
joint white noise. Error Term is the error correction term, the coefficients of the
error correction terms measure the speed with which deviations from the
long-run relationship are corrected by changes in the futures prices of the two
markets.

Table 4 Estimates results of the ECM(2)

Equation(3) Shanghai Equation(4) London
Intercept 0.000 15 0.000 26
(0.905) (1.073)
Ry(-1) —-0.231* 0.058*
(-11.75) (2.04)
Ry(-2) —0.035%* 0.014
(-2.08) (0.59)
R(-1) 0.465* 0.0013
(33.17) (0.065)
R/(-2) 0.104* -0.060*
(6.378) (-2.55)
Error term(-1) -0.016 9% 0.015 1*
(-3.838) (2.35)

Note: The numbers in parentheses are t values. * refers to 5% level of significance.

Table 4 shows the error correction model for copper futures markets. At a 5%
level of significance, the coefficients of the error correction term in both
equations (3) and (4) are all significant. This implies that the error correction
term is an important factor in influencing the SHFE and LME copper futures
prices. When the futures prices in these two markets deviate from their
equilibrium level, the error correction term will correct the deviation. If the error
correction term is positive, the copper futures price in SHFE will decrease on
average. If the error correction term is negative on the other hand, the copper
futures price in SHFE will increase on average. This also implies that futures
prices on both SHFE and LME adjust to eliminate any deviations from their
long-run relationship. Since the two error correction coefficients are similar in
magnitude, they contribute to the correction toward the long-run equilibrium
similarly. Almost all the coefficients in Equation (3) are significant, but not all
in Equation (4), these results imply that LME have stronger influence to SHFE.

6 Conclusion

The purpose of this paper is to contribute to the research on informationally
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linked markets by investigating the relationships between the Chinese copper
futures and its London counterparts. Rolling correlation and rolling Granger
causality test show that with the development of the Shanghai copper futures
markets, it has stronger connections with its London counterpart and it plays a
more and more important role in the price discovery process. Cointegration test
shows there is a long run relationship between the SHFE and LME copper
futures prices. The influence of LME on SHFE is bigger than that of SHFE on
LME. News from the world copper futures market can have a great impact on
Shanghai copper futures prices. The results also fit together the casual
observations that the copper market in China are becoming more open, as China
has abolished import quotas and reduced the import tariffs to almost insignificant
levels.

Our studying on such a relationship could shed light on the openness of the
Chinese commodity markets and on the nature of cross-market information
transmission. It will also provide important lessons for various market
participants, including commodity traders, hedgers, arbitrageurs, exchanges and
regulatory agencies. To the market makers and speculators in world copper
markets, “Shanghai price” news from the Chinese futures markets must be taken
seriously. As the Chinese futures markets are growing rapidly and shock from the
Chinese markets impact the world’s futures, news affecting Chinese copper will
increasingly become an important factor in influencing the copper price
movement in the world.
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