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INTRODUCTION

Since China began to experiment with Its open door policy in 1978, the
economy has been gradually transferred from a centrally planned and
controlled economy to a dual system in which administrative guidance
oversight has not completely given way to market forces. In a centrally
planned economy, industrial raw materials and agricultural products are
tightly controlled and price and distribution are solely determined by
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the planning agency in the government. As the reform expands, China
is liberalizing the distribution and price of raw materials. An increasing
percentage of total raw materials is left to market forces to determine
the price. As a result, most commodity prices in China are in transition
between central planning and a free market. It is estimated that 70% of
agriculture products and 50% of manufacturing materials are distributed
in the free market [see Tsiang (1992) and Jin (1992)].

To facilitate the market mechanism, China has set up several
commodity exchanges in recent years [ssee Nusbaum (!993) and Kaye
(1992)]. For agriculture products, China established a grain market in
Zhengzhou (Hunan Province),' on October 12, 1990. and a hog market
in Chendu (Sichuan Province) on October 25, 1991. For industrial
materials, metal exchanges have been established in Beijing, Shenzhen,
and Shanghai since 1991. For crude oil, two petroleum exchanges were
established in Nanjing and Shanghai in 1993.

Quite often, the controlled price and market price diverge. In
addition, a tight control of import/export activities and foreign exchange
also casts doubt on the interaction between commodity prices in China
and in world markets. This article tries to examine the price behavior in
a Chinese commodity market and its interaction with an international
market. Since copper is traded internationally and is the most liquid
commodity traded on Chinese commodity exchanges in cash, forward,
and futures markets, this article investigates the international price
equilibrium and transmission of copper traded on the Shanghai Metal
Exchange. While other relevant researches [see Franses and Kofman
(1991) and Ma and Soenen (1988)j suggest that metals prices tend to
move together, this article investigates the lead-lag relationship between
a Chinese metal exchange and the London Metal Exchange. In the
second section, three metal exchanges in China are briefly introduced.
A theoretical model to explain the mechanism of international price
equilibrium in a controlled economy is applied in tbe third section;
Cointegration and Error Correction Models are explained in the fourth
section; and data and empirical results are discussed in the fifth and
sixth sections. Major findings are outlined in the last section.

METAL EXCHANGES IN CHINA

In 1990, China produces 23 million tons of nonferrous metals. Thirty
to forty percent of the domestic production was distributed through a

'Chang (1991) describes the background and trading activities in Zhengzhou Grain Wholesale
Market.
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centrally planned system. Sixty to seventy percent of domestic nonfer-
rous metal production was traded in a free market [see Quan (1991)].
Since 1991, three metal exchanges have been established in China: The
Jin Peng Copper Exchange in Beijing;^ the Shanghai Metal Exchange
in Shanghai; and the Shenzhen Metal Exchange in Shenzhen. Both
the Jin Peng Copper Exchange and the Shenzhen Metal Exchange
are organized by the China National Nonferrous Metals Import and
Export Corp. (CNNC), which is the higgest importer of nonferrous
metals in China and used to be the exclusive agent."* Tbe Shanghai
Metal Exchange is organized by the Coods and Materials Ministry and
the Shanghai Municipal Government. In terms of trading volume, the
Shanghai Metal Exchange is the most active metal exchange in China.^
Tahle I summarizes the current status of these three metal exchanges
in China.

(1) Jin Peng Copper Exchange: On May 15, 1991, with the approval
of the State Planning Commission, tbe Jin Peng Copper Exchange
was tbe first copper exchange established in China. The business of
the Jin Peng Copper Exchange was to facilitate transactions of copper
cathode and copper products outside of the State planning mechanism
and to organize the trading of forward contacts. Copper was the only
metal traded on the Jin Peng Exchange. The trading mechanism was by
open outcry among brokers on behalf of members and nonmembers on
Eriday morning, the only official trading day. Tbe exchange did not take
responsibility when the buyer or the seller failed to deliver. In addition,
the initial margin was tbe highest among the tbree exchanges. Since the
trading volume was far behind Shanghai and Shenzhen, the Jin Peng
Copper Exchange was closed in 1993.

(2) Shenzhen Metal Exchange: The Shenzhen Metal Exchange was
establisbed on June 10, 1991 [see MBM EME Supplement (1991)].
The Exchange was organized by CNNC and approved by the Shenzhen
Municipal Government. The metals traded in tbe exchange are copper,
aluminum, lead, zinc, tin, nickel, magnesium, and antimony. The trading
hours are from 9:00 am to 1 1:00 am Monday through Eriday. All physical
and forward transactions are allowed to trade on the Exchange as are

The jin Peng Copper Exchange was closed in
' l l is inleresling to note that CNNC established two exchanges as it lost its exclusive nonferrous
mt'tal importer status. Through the exchange Function, CNNC keeps its strong influenee in Chinese
metal markels,
^Up to October, the total contract values traded ut the Shanghai Metal Exchange, Shanghai Grain
and Oil Exchange, and Shanghai Energy Exchange in 199.^ was 3300 billion Reminbi, 18 billion
Reminbi, and I S billion Reminbi, respectively. Copper contracts accounted for over 90% of the
total volume al the Shanghai Metal Exchange jsee Zhen (1993)].
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TABLE
Comparison among Jin Peng Copper Exchange, Shanghai

Mella Exchange, and Shenzhen Metal Exchange.

Commodities

Trading hours

Organization

Organizers

Initial margin

Default risk

Jin Pen^

copper only

Friday only

memebership

CNNC

5%

client

Shunghai

copper.
aluminum,
iead, zinc,
tin, nickel.

Monday through
Friday

membership

Goods and
Materials
Ministry &
Shanghai
Municipal
Governmeni

Futures:
5% for hedger;
10% for
speculator.
Forwards:
0-5m 5%
5m-10m 3%
over 10m 1%

Exchange is
responsible
for futures
contract,
cleints are
responsible
for cash and
fon/vards.

Shenzhen

copper,
aluminum.
lead, zinc
tin. nickel,
magnesium.
antimony.

Monday through
Friday

membership

CNNC

3%

exchange

futures which started in 1993. Compared with other metal exchanges,
the margin requirement is the lowest. The exchange takes the default risk
of either side of a transaction. Generally speaking, the Shenzhen Metal
Exchange, like the Shenzhen Stock Exchange, is greatly influenced by
practices followed at the Hong Kong exchanges.^

(3) Shanghai Metal Exchange: Founded on May 28, 1992, the
Shanghai Metal Exchange is the latecomer among the three exchanges.

^Generally speaking, iiluminum trading is mare active at the Shenzhen Metal Exchange and copper
trading is more active at the Shanghai Metal Exchange.



China Metal Exchange 881

However, it is the most liquid metal exchange in China due to the
industrial hase and the human capital of the financial industry in
Shanghai.** The Shanghai Metal Exchange is organized hy the Goods and
Materials Ministry and the Shanghai Municipal Government. Copper,
aluminum, zinc, iead, tin. and nickel are traded on the Shanghai Metal
Exchange Monday through Friday. The terms and specifications of
standard contracts are stipulated hy the Exchange in spot market trading.
Nonstandard forward contracts can he offset and transferred on the
Exchange as well. The general memhership ofthe Exchange has the right
to accept customers' orders, and to huy and sell or to transfer contracts
for the customers. As for the transactions which result in physical
delivery, the Exchange is responsible for organizing the delivery. The
Shanghai Metal Exchange launched the standardized copper contract
in Mav,

METAL PRICE EQUILIBRHJM IN CHINA

Nonferrous metals are internationally traded industrial materials. In-
vestors can easily huy or sell metal in other international exchanges,
e.g., the London Metal Exchange and the Commodity Exchange in
New York. If the domestic metal price in China is too high, an investor
can sell metal in Shanghai and huy metal in London. Therefore, the
upper houndary for domestic metal price can he found without invoking
arhitrage activities. If China charges x% tax on imported metal," the
domestic price, Pj , should not he higher than (I + x%) Pf, where Pf
is foreign price for metal. One obtains:

Pd<0 + x%)Pf (1)

as the higher houndary for the domestic price. In other words, if the
domestic price is higher than I + x% of the foreign price, Chinese
institutions can import metal from foreign countries and arhitrage the
difference. On the other hand, China prohibits metal exporting to
other countries without specific government authorization. In theory,
this restriction can keep the local metal price substantially lower than
the international price because no one is allowed to sell (export) the
cheaper domestic metal to the foreign market to arhitrage the difference.

''Shanghai used to be the most importiint financial center in the Far East before 1949, The
Shanghai Stock Exchange was established in late 1990. In addition, the Shanghai Foreign Exchange
Transaction Center is one of [he most liquid foreign exchange transaclion centers in China.
'Including yll relevant liiriff jnd value added tax, x% was 23.26% in 1992.



882 Shyy and Butcher

Therefore, the lower boundary for domestic metal price can be as low
as zero in the sbort run.

In addition, witbin tbe sbort-term arbitrage boundary, tbere is a
long-term price equilibrium process in a controlled economy. As sbown
in Figure 1, tbere are three parts in a conventional supply—demand
chart. OQd is tbe total domestic production (capacity) of metal pro-
duction in Cbina. OQ^. is tbe quota set by tbe eentral planning ageney
with a eontrol price at P^. Beyond OQt- is tbe quantity of metal imported
from tbe international market. As discussed in the previous seetion, tbe
eost for imported metal is (1 + x%) Pf. As a result, tbere are tbree
segments in the supply curve:

1. Control segment (from O to Qc): This segment is controlled by
tbe eentral planning agency. Since tbe control price and production
quota are set at P^ and Q .̂, tbe supply curve is perfectly elastic up
to Qc- In otber words, tbe supplier produces Q^. under tbe eontrol
price, Pc, to satisfy tbe planning agency. It is also important to note
tbat if demand is less tban the production quota, the government
picks up tbe residuals. It is in tbis segment that tbe eentral planning
agency can exercise its autbority to change tbe final equilibrium.

price

Pc

control
segment Q c

market
segment Qd

import
segment

FIGURE 1
Demand and supply in a controlled economy.
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2. Market Segment (between Q .̂ and Qd)'- If tbe demand curve is
loeated in tbe market segment, QcQd^ tbe equilibrium depends
on the domestic production function and supply curve. Tbe price
can be anywbere in the arbitrage channel diseussed in tbe previous
section. In tbe market segment, tbe government can still affect the
equilibrium tbrougb its subsidy policy to cbange eitber tbe supply
or the demand function. However, the production quota and priee
control have no impact on the market equilibrium in tbis segment.

3. Import Segment {Qd and beyond): As tbe demand curve sbifts
furtber to tbe import segment of tbe supply curve, the equilibrium is
determined by tbe international market, (1 + x%) Pf. In tbe import
segment, tbe marginal cost (revenue) for the buyer (seller) is fixed
at (I + x%) Pf. On tbe other hand, Chinese demand migbt affect
tbe international price. Tbe price movement becomes an interactive
process between tbe Cbina and international market. Tbe causality
between tbese two markets is difficult to determine.*^

Cbina imports a large percentage of its metal consumption. As long
as tbe demand curve is located in tbe import segment, tbe supply curve is
borizontal, and tbe price is determined by tbe foreign market plus tariff.**
However, the huge sbift in Cbinese domestie demand could also affeet
tbe level of tbe supply curve in a reverse causal process. Copper price
equilibrium and tbe transmission process between tbe London Metal
Exebange (LME) and tbe Sbangbai Metal Exebange (SHME) are tested
by a cointegration and Granger causality model.

COINTEGRATION AND CAUSALITY

As explained in tbe previous section, Cbinese copper prices are expeeted
to keep pace witb tbe world priee adjusted by tariff and transportation
eosts. A simple cointegration bypotbesis is tested to examine if there
are any obstacles preventing tbe market meehanism from reaehing the
equilibrium. As proposed by Engle and Granger (1987), the following
cointegration and causality models are employed.

If y, and X, are cointegrated, tben tbere exists a eonstant A, sueh
that €i = \'i — AXi is stationary. As a result, it is estimated tbat

y, = a + foX, + et (2)

^See Epstein (1993) for an interesting report iin hnvv CNNC slammed the international copper
prices in January' 1993.
''Based un a more complicated model. Kalt (1981) draws similar conclusions on U.S. oil price
regulation in lhe posl-embargo era.
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where Yt is the price series in the LME and X, is the price series in the
SHME. The augmented Dickey-Fuller (ADF) test is used to test the
significance of fi in the following regression:

= a + /3ef-| + Y.(f>iAE,-i + v, (3)

where EJ is the error-term From the cointegration equation and v, is a
stationary random error term.

After a cointegration test, the price transmission causality hetween
the Chinese copper market and the international copper market is
investigated. A time series {X,} is said to Granger cause another time
series {V J if present V can be predicted better hy using past values of
X than hy not doing so. Other relevant information, including the past
values of Y, are used in either case. However, if these two series are
cointegrated, an error correction term needs to he added to the causality
tests [see Engle and Granger (1987)]. The following error correction
model is estimated.

AY, = a +
i=\ i=\

F-value is used to test the Null Hypothesis: Coefficients for
^i-[,Xi-2, ,X t -« are zero.

DATA

Three sets of data are used:
(1) Chinese metal prices: Copper spot and three-month forward

prices at the Shanghai Metal Exchange arc collected from June 1, 1992,
through October 14, 1993."^ The spot price is the daily weighted
average price reported hy the Exchange." The three-month forward and
futures price are the closing price.'^ All prices quoted in the SHME are
in Reminhi. Since copper futures did not start trading until May, 1993,
the empirical tests do not include copper futures.

(2) LME metai prices: spot prices and three-month forward metal
prices are collected from June I, 1992, through October 14, 1993.

The authors ihankChangeQingforproviding the valuable data set collected by Shanghai Oriental
Brokers Company.

The Shanghcii Metal ELXI hangc was open only nn Monday. Wednesday, and Friday before October,
1993. As a resuli. ihree daily prices are collected in one week.
'^In 1992, the Shiinghai Metal Exchanjje reported only high/low for tbree month forward transac-
tion. Therefore, tbe average of daily high and daily low arc used in this study. The SHME reported
weighted average spot prices in 1992.
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Both prices are the daily LME second ring closing prices reported
by Reuters. The LME copper prices were quoted in British pounds
before May, 1993. British pounds/U.S. dollar rates are from the MSCI
data base to convert all prices before May to U.S. dollars. Since there
is no Reminbi/British pound swap rate available and LME reported all
copper quotes in U.S. dollars after May, 1993, it seems that the U.S.
dollar is a suitable currency to use to standardize the quotes between
LME and SHME. (Eor tbe period after May, !993, tbe pound is not
used at ail as the transformation currency unit). It is important to note
that the LME trading hours arc behind the SfiME trading bours due
to time zone differences.

(3) Reminbi prices: Daily swap Reminbi/U.S. dollar closing prices
reported by the Shanghai Foreign Exebange Transaction Center are
collected for tbe sample period. Swap prices are tbe market rates
determined by supply and demand of companies authorized to trade
the Reminbi. Tbose companies that are short of foreign currencies can
swap Reminbi witb other firms that are short of Reminbi at market
price. However, the authorities sometimes restrict tbe trading activity
when the market is volatile. In tbe sample period. People's Bank, the
Chinese central bank, restricted tbc market activity, resulting in swap
rates tbat were not determined by market forces in April, May, and
June, 1993.

EMPIRICAL RESULTS

Figure 2 shows the toreign exchange/tariff adjusted copper spot
price in the London Meta! Exchange and the Sbangbai Metal
Exebange during tbe sample period." For most of the time, the
SHME prices are lower tban LME prices. This result conforms
to previous nonarbitrage conditions. However, the SHME prices
are consistently bigher than the LME during April and May 1993
due to the foreign exchange trading restriction by People's Bank
during the period. In addition, the price discrepancy between tbe
LME and the SHME jumps in June and July mostly because
of a volatile foreign exebange market. The same patterns are
formed in the three-month forward copper prices at the LME and
the SHME.

Before testing two time series for integration, it is important to
ensure tbat tbey eaeb demonstrate the same order of nonstationarity.

spot prite is adjusted in Reminbi uî ing swap ratf, and 23.26% is used as lhe tariff rate.
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FIGURE 2
Copper spot prices in LML and SHML (June 1992-October 1993).

The ADF test is employed to lest the non-stationary hypothesis for
both the spot and the three-month forward price series in the LME
and the SUME.'"* Tahle II shows that all four series cannot reject the
non-stationar\' hypothesis at the 0.01 level.'"' However, hy taking the
difference of the price level, all four series reject the non-stationary
hypothesis at the 0.01 level.'^ Therefore, it is determined that the price
difference series are stationary, not the price level. After the stationary
test, the cointegration relationship is tested hetween the copper price at
the LME and at the SHME. The estimation of the OLS cointegration
regression yields the following results:
(1) Spot market;

LME, = 1.3385 + 0.8476 SHME, +

(2.19) (13.73)

R- - 0.5048 (5)

.\i\ ADF lesls and Causality tests use one period \ag to invesligate lhe impaci of the latest price
mnvemenl.
'^/\ll price series are measured in natural logarithms.

Table 8.5.2 in Fuller (1976).
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TABLE II

A. Results of ADF Tests on Copper Spot Price in LME and SHME

Level: AV'J = a +

LME

SHME

0.6685
(2.59)
0.4211
(2.58)

-0.0684
(-2.57)
-0.0420

(-2.55)

0.1149
(1.54)
0 1393
(1.91)

-0.00003
(-0.75)
-0.00005

(-2.41)

0.0308

0.0665

First Difference: A-V, - a +

a /3,
- , + + e,

LME

SHME

0.0037
(0.79)
0.0044

(1.79)

-0.9471
(-9.32)
-0.8238

(-8.33)

0.0308
(0.41)

-0.0541
(-0.72)

-0.00004
(-0.92)
-0.00004

(-1.95)

B. Results of ADF Stationary Tests on Copper

3-Month Forward Price in LMF and SHMF

0.4508

0.4275

Levei: AVf = a ,.., + + e,

LME

SHME

0.7543
(2.87)
0.3694
(2.20)

-0.0770
(-2.86)

-0.368
(-2.18)

0.1586
(2.15)
0.2451
(3.40)

-0.00004
(-1.18)
-0-00004

(-2.09)

0.0460

0.0796

First Difference: ^'\\ = a +

LME

SHME

0.0028
(0.63)
0.0026
(1.13)

-0.9306
(-9.39)
-0.7789

(-8.38)

0.0566
(0.75)

-0.0114
(-0.15)

-0.00003
(-0.80)
-0.00003

(-1.43)

0.4328

0.3750

(2) Eoru'ard market:

LME, - 1.2279 + 0.859 SHME, +

(2.11) (14.66)

R^ - 0.5363 (6)

LME, is the daily copper price at the LME and SHME, is the daily

copper price at the SHME. Residuals from eq. (5) and (6) ahove are put
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into eq. (3). The ADF test on p coefficients in eq. (3) for both spot and
forward markets are -3 .39 {spot market) and -3 .55 (forward myrket).
Since the statistics exceed the critical value of S% level, the results
of the ADF test confirm the presence of cointegration hetween the
LME and the SHME.' ' These findings support the previous argument
that Chinese copper prices should coincide with international prices
regardless of its controlled nature. Since a cointegration relationship
exists hetween the LME and the SIIME, an error correction model is
required to test the causality relationship. Table III sbows tbe testing
results of the error correction model. In the copper spot market, it
is found that tbe LME Granger causes tbe SHME at the 0.05 level.
On the other hand, there is no significant evidence that the SHME
Granger causes the LME. In the three-month forward market, at tbe
10% significance level, unidirectional causality leading from tbe LME
to the SHME is found.

CONCLUSIONS AND COMMENTS

While there are still many obstacles, e.g., foreign exebange and im-
port/export controls, for a completely free market mecbanism to operate,
tbe findings of tbis study suggest tbat tbe sbort-term non-arbitrage
conditions and long-term international price equilibrium prevail in tbe
Sbangbai Metal Exebange. In addition, tbe Granger causality test sbows
tbat tbere exists unidirectional causality leading from tbe international
spot market to tbe domestic spot market. However, tbe causality rela-
tionsbip hetween tbe LME and tbe SHME in tbe forward market is less
significant tban in tbe spot market. Since tbe Cbinese metal market
is relatively young and tbe sample period of tbis study is sbort, tbe
empirical results probably raise more questions tban answers. Eurther
research is needed in the suggested as following areas:

1 As more data on copper futures become available, an investigation
on tbe price relationsbip between Cbinese futures prices and world
futures prices will he more feasible. After all, futures contracts
witbout delivery are more suitable for arbitrage and inter-market
spread speculation.

2 Since Cbina abandoned its dual currency system on January 1, 1994,
Reminbi is now subjected to more market forces. It will be interesting

'^A dummy variable is ust-d also to adjust the abnormal period during April. May, and June.
The results are similar and 1-vaIues for P improve sligblly.
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to see whether the reform on the foreign exchange market will
inerease the efficiency in the metal market.

3 Because of the difficulty of data collection, study of the price pat-
tern traded at the Shenzhen Metal Exchange was not undertaken.
However, it will be interesting tor future research to investigate the
lead—lag relationship within China between Shenzhen and Shanghai.

4 As discussed In Brenner and Kroner (1992), if two series are cointe-
grated, usually the driving fundamental force is assumed not to have
a stochastic trend. This study's testing was done after correcting for
tariffs. When transportation data are available, it would be interesting
to test whether transportation cost contains a stochastic trend.

TABLE 111
A. OLS Regressions for Granger Causality Tests on Copper Spot Price

.SHME GC LME IMEGC SHMt

0.1147
0.1341

-0.1263

(1.48)
(0.93)
(3.39)

0.1051
0.1057
0.0323

(1.38)
(2.62)

(-1.38)

B. OLS Regressions for Granger Gausality Tests on Gopper 3-Month Forward Price

SHME GC LME LME GC SHME

0.1453
0.1575

-0.1394

(1.85)^
(1.08)
(3.60)'̂

0.1947
0.0793

-0.0174

(2.49)''
(1.93)^

[-0.72)

Parameter estimates for a lagged independent variable IA \ ) , a lagged dependent variable (AV), and an error term (RES).

AY, = a + P.AYt I + ^,AX|-(

T-statistics are m parentheses, f-value for AX is used to test Null Hypothesis: Coefficients for AX,, i are zero.
^Significant at the 0.10 level.
"Significant at the 0.05 level.
•^Significant at the 0.01 level.
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