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FH7AAe wager Qs A& 7 Al
Bol AHgHE Bt FLE FFEdT 5
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(optimal hedge ratio)

FEAES A digt dATE Ads oY A
FE] 2ol o]FoHH(Peck, 1975 Berck, 1981:
Kalh and Tomek, 1982: Hayenga and Dipietre,

1982; Nelson and Collins, 1985: Brown, 1986;

Baillie and Myers, 1991: Chen, Lee, and
Shrestha, 2004: ZW%, 1990: #A+4 - &4
A, 1998, =4 - &9F - AgY, 1998 A%
% 25%F, 2002 5).) o5 dF F Baillie
and Myers(1991), A9 - #4H(1998), =A
AeE9d - 049(1998) S AL grie oA
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LHE (in-sample)®] A5 AAXE
E Akl OLS EgolA 71 #x
Pl 7 Fivh. aela dedAxE
o} A XLEEL L o FUE A
e Aolnt. €& (out-of-sample
T A olHE GARCH(1,1) 2¥e]
i% Itk Al SIAIZEZE L P $£YE
4 Atol= froAolA] kst

o] EAIE ) o] & wrgste] F7H4

¢ E

3}, WERe] A9 AAE

W Hy MM
Eé‘ko.lim
koﬁ_hmii
'&QFGJQL

P

~

M N 2 o (m opshon
Il'L?LOZi__\_;N

)

-,

rlr

ot
_>|J_(
b

1%
ol p
ruu

M
2
o,
=
=
Q
=
2

o
AN
N
ol
Y
%0,
o
ot
N

oft Fd 12 -y o

tlo
4o 2
2,
E
N
EN)
td
&
Lo
M
e
9,
iin)
¥
K
f o
Beooet [ or 2 oz 2 a0

X
o3

| o)

g
O, o

L

u —\.l
AU
&
>,
~
it
ok
Ql -
>,
o
N
o,

M
22
o

N

N
o,
ok

0.
o
9
%
N

N
-

m o 2 o 22 mu fo
onl

Lo
>

AC)
& fo HI fo
19
oy R
e
re
ST
[e]
Ny
o
N
o
1o
2
o,
0,
9

2 m A=
XN o i oft
oX )
T o
Rrii D

i
e
ST
o

(e
(i
i
o,
=
rlo rleo
O,
dlo
=
" i
s
O,
e
X
2L
2
X

> oXx H

&

o
re rx‘r =2
Ol

o by 9 WEAe WP ong Bua)
J% AL AP Bgoz de 7 AR
42 olgele] AR &L e LAY o]
) 2. ANEE dAAude 24498 A
Agn AR & AANEAE ZAT. v
voz AVAdA B Ape ARE e A%
@,

Il. 532 & o - MEAF

& aHle FE A7 F71d X‘Zlﬂc}it—ﬂ] =
o = A7} A met F A FE §439
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(E 2-1) 1990~20054 =

s
- 2oH| - FEY

rek
olok

(&gl g &)

A= Ak FAF M7 FEY

1990 55.87 3.68 72.90 1.65

1991 56.00 10.12 79.00 0.43

1992 65.92 26.10 99.00 0.98

1993 73.03 25.35 99.00 0.19

1994 73.61 7.23 91.00 1.07

1995 107.97 10.21 120.00 2.57

1996 111.91 14.97 125.00 3.98

1997 117.94 8.83 107.51 7.79

1998 115.18 26.84 110.13 12.14

1999 101.13 54.77 147.00 10.3

2000 133.05 81.21 175.00 11.87

2001 142.51 95.40 208.3 5.40

2002 155.85 118.10 266.3 7.66

2003 177.22 135.73 306.51 6.44

2004 207.91 120.00 324.43 12.38

2005 258.34 122.20 366.53 14.01
) 1. 1990~20019 A85e F= FHSEFIAHEOEEEAR), F7HEA= (BEFR), =7l (ERER), ek

FI) AN (LR AR A -3,

2. 2002~20054 A7+= <<H]74]T—:L'}—‘T‘%7ﬂ>>°ﬂ*1 &

FEANSL, dBdEANL, HAdEAHL T A B AEAET AYsta, e EAH 4 (Shanghai
Nl AEAY LI Aok AFEEAY 2 (Zhengzhou Futures Exchange: SHFE)E %, €Fr&, A
Commodity Exchange: ZCE)$t taEA g x ?if’—l?‘, e At HAEFER duA BE

(Dalian Commodity Exchange: DCE)E A

Adeha ek,

O
==

(F 2-2) 30| MB7{ej0 HejNE
Aelz AeldE
B34 EA Y2 (7CE) =5 W % 93
W& 4E A e 2(DCE) 0%, e, Wne
#4831 % A 22 (SHFE) %, 9F0)E, A9nT, A, g9
A% 2 A E5lelA
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ST SM=9 dx M

SHFEE A& AlA 30 #&AHL7 sz
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ANIE =
A 5t/F
1) TONRHED /%
HAME/1A 107E(ARES) /t
el Ao NEE (02 BRI +3%) % 297 BE
St 1~12¢
AYAITE 24 9:00~11:30, &% 1:30~3:00
ANoF ol =9 o]
w19 ijrlgéézf;i§§%ﬁ%>
A W19 & oA 999
BEE TS Adlart A4 3=
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Adssa A9l 10,0009 2 (AQFHF £
DS AEQE
FES U
AN RN E AN (SHFE)
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9

ool EAqFTE ARt

A& ADF(augmented Dickey-Fuller) A%k

2) Jarque-Bera A% v 2t}
NE (574 Lk-3))

o N #E3X 9] F ke AEREY £ S 9 K HE
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ST SM=9 dx M

(F 3-1) 7|=EAH2
A R, R,
gt 0.0969 0.0968
A 1.2462 1.2555
5 1.5529 1.5762
= 0.3323 -0.2218
A= 8.6008 2.5269
Jarque-Bera 4040.1273*** 357.3556***
LB(12) 36.9064*** 21.6015**
LB%(12) 1126.4391%** 1332.4374***
F) 1 e 4 10%, 5%, 1% =olA Feldt.
2. Jalque Bera: 7&%‘* S ARt AR AHE 29 x2EIEE WE,
3. LB(n)(LB%(n))& A4S A3 nA Ljung—Box QIQY) EAZo|x, ALE nQl xBTS 02,
4. 20014 1¢ 2‘”‘551 20054 6¥ 30¥7HA WEE AEE o] &3
(% 3-2) =92 A3
A7
SE=
’ ADF PP
s -0.0047 -0.0045
(-1.9003) (-1.8825)
” -0.0054 -0.0051
(-1.9269) (-1.8813)
-0.9125*** -0.9251***
R,
v (-13.9831) (-30.2877)
» -0.9990*** -0.9614***
(-14.8880) (-31.2790)
F) 1 e 4 10%, 5%, 1% =olA Feldt.
2. ADF 7*794 PP AAell A A< ‘Zr“ﬂ BE 23
3. @92 AR ) NGRS glsr] YellA] Mackinnon ARE AHEE. 10%, 5%, 1% UA#®E 242 -3.128,
-3.413, -3.9674.
4. 20019 1€ 2¥%E 20059 62 30974 YEE ABE o] &3
o] Ztz}t -0.0047, -0.0045, PP(Phillips-Perron) 7}, ADF A3 PP AANAM BF 1% FTolA
A%#ke]l -0.0054, -0.00512 EF 7174atA] & ot @9l2o] EAldte AR 717
stal Atk &, 7SR B0 AAIE . oA g3, FEideE g Held
At AEFIEY AEFYES BT g4 4 A T 9G2S R e T AAIE
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FAE WAS 23T & Ao A9

— =
OF, +u,)& AHgste] T AAEe] 71 e

3.2 oty
3.2.1 OLS =&

Ederington(1979)°] A|Agt ZHAFAEE S o]

3] AR} ABo] g 7o A 82
o al

]
(e}
o
)
1o
L
-,
L

ox,
ol
ol

R_\.-_,_l =a+ /83_{,_! +€_| (373)
B Chr(sy, f,)
& 5= Vr.lr-(_f_,)

g7
Hotm 235E 4T AAEE ST AT
dol k. A, SABIA BHE

Zo] 3ARHe Yok OLSE HelHS Tes
!

B
Rl

-

(E 3-3) #34e| vchddol| ohet A

w2 wa B3 29 R ool & -
= ° A% A% HelHs "
0.0047 0.0061 0.0265 0.0301
R,
GARCH(1,1) (0.9773) (0.9600) (0.8111) 0.9930)
-0.0191 0.0135 0.0102 0.0537
R,
GARCH(L,1) (0.8994) (0.9009) (0.9228) (0.9836)
F) 1. HaWAA R, = 8.0+ 0.,R,1Fe., for j=1,2
A A .'|_l :(Y_-:(>+(¥_:1-'l-,. ,1+”,’_:€i _, forj=1,2
@, 1=8EAE, 2=HEAF
2. ()ske p#y.
3.20019 1€ 29%H 20059 6¥€ 30¥€7HA] RE A5 o] &3}
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ST SM=9 dx M

o,

rlo

WAl et oA FHE e odHY
(downward bias)& 7H4eA €t &4, OLS
T QEAAT AEAAAA Hd8s A7 Bt
sttt 7Hgst=t], o= @A 7} o] FolAl= Al
19} d#glo] alxulgo] 4} HETE Zlow
A

15k Aol7} 9,

N

¢

3.2.2 VECM

Engle and Granger(1987)¢] w2 ZAWH
Aol FAEA/AE At AIALAETE B
AAY uf o]5 WMFE 7t WAl LAFHR
(VECM) o2 #d" <+ Sth. VECME S, , =
OF, y+e y, Sy ~11), F_,~I1)NA ¢,
=8, ,—0F,_,~10)°] He §& & ¥, o
£ A goR st ol 2(3-4)3 4(3-5)
of A7

R, =Bt 5171(5:—1_5}7.-—1) RS
+51A3R_r,.-—1 +€_¢,_- (3_4)

Rf =B+ ﬂzﬁl(s-ﬂ_(sF.-ﬂ) +ﬁ2,2R_-ﬁ_-71

+ By 5Bp 1t e, (3-5)
B - [ ] < N0.0), o= [ ]
' i i e
e (2 x1)3te] W
0,0 A3} BA-FE2 P
O Oy, O, €t RS BANT ZRAT
S O _y: SATHY
g9l VECME @&z AE o Arlde=
G FHe AR A M A%,

ZAstolT 373 A6z 20084 128

A FY/AE B Y8 LA (Error
Correction Term: ECT)& =g ¥3AI71 A
oty FIEIY FAHE AAES BF 7

FYste] A2 gr1HeR " "olx] olgd F
o

P
2
>
=2

§7] WiEo] F AAG AR o] FHE

AHgske Aol Agsitta & 4 9ok ojue 3§

AH & VECME F4FoaH Pl

= d=4
Aeitel FEde Aeel Bder ye ves
A ER ARET. o7]dd FE dAHER
A7 Ft Aot

3.2.3 o]¥% GARCH(1,1) 238

c

SellA A E AEZ<Q OLS Z¥3 VECMO

o A e BEZIZE Bt dAH|&o] LAttt

aY AZE FRIE A Eol9} Ate] o

WSk A H &= W] o
]

re
-

¥ GARCH(1,1) B3<& ARg-tt,
o]%%k GARCH(I,l) E’-aé% o].gH );]](3_7)011
& A9 ve, vA, vBE F3FnE FHd o}

B 3RS A3 ARG BA g o
stel AQHR, PN Fgelok & 21
Aol Ade axae RE ol Ud Hgkol %

Px

A (positive definite) &g FZAIACE &
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oY gy o] =4
ojo = AkstA 2
& oF i gRlsly] EHsithe Aloko] Sl
Engle and Kroner(1995)& ©]2{g thA =
dA FgA AE M= A oldte

AAst1 Yt o] A 7HPe §AZ gola
a7] 9etel 4(3-8)3 2 P& AL £ 3l

o o] B 2(3-T)elA F4slof st AT
F7F Hrs B2 TANE A4S 38 vA, vB
£ U3 ¥ (diagonal matrix) 2 7Pyt 4
& AFE N2 =9 sAsta

veeh(H,) = VC+ VAvech(e,_e,_,)

+ VBz'rrh(hﬁ,l) (3-6)

hﬁ_.‘_.
gy

VCy,
VCy
VG,

VB, VB, VB4
VBy, VByy VB,
VB;, VBsy VByy

VA, VA, VA
VA, VA,, VA,,
VAg VA, VAsg

-1
h_‘_,’_ 4
I frre—1

(#,) = +

'i"_f_f,.
2
E\_._,f]
€ai—1€pi-1|

2
€ri—1

(3-7)
.F.«“. VG, VA, 0 0
(H) = 'F" sfu| = VCZ() + 0 VA22 0
by, Vs, 0 0 VA
E% ~1 VB, 0 0 |[Pu-
€ui—1€ra—1|T| 0 VBy 0 ||l
6_%.,_- -1 0 0 VByl|! tiri—1
(3-8)

NxN @59 spadads N(N+1)/
2 WE 2 JE3 vector-half A4z}

o vec( - ):

Dtz Apdd. o dAuge AT

S
mtel Wats AR A ] &o] "
GARCH 23 = MLE(maximum likelihood
estimator) 2 FH 3. 34 Al HFHH%ES T
tzter] 2l BFGS(Broyden—Fletcher—Goldfarb—
Shanno) €aglE< ARSIt} =3 (likelihood

function)®] gk ofge} 2& 2oz ALk

m X

- S () +é/n,] (3-9)

g
o
58
A
¥

e

Ak

M

, Ryt ZHE

V. slx|2=e| FHut |X]&at

4.1 sixlzse] 55

A
A

(% 4-1)& OLS 239 FAjolt} o] ¥
At AlFak Bol H2 HAEA AH &
ey, AAYE 3L 0.77042 1% 34 &

selgrt. Ea je 15 Aol 10 15717F A

]

4) A WY 2AL 2= H: < thztgol
2 Hol 3¥387k(determinant)< Ool OM"/}

1384

7} 9] Huigte] s,

gHe] mfigk(eigenvalue)o] BF 0B 2 &S /=

ZAStIT H37A ®Mez 20084 128



ST SM=9 dx M

(% 4-1) OLS 289 F™Zn

T8 o 3 D.W. R’ F
0.0099 0.7876
Az ' '
7} (0.6653) (0.0000) 2.0748 0.6813 1971.4680
F) 1. OLS 28
R.,=a+ BR; +e¢
Cew(s,, f,)
@ p= Var (f,)
2. D.W.E Durbin Watson SA%. ( )oHe p#Y.
(E 4-2) VECM2| =xZ}
AR R, T By
5 0.5011 3 0.7390
o (0.6167) 0 (0.4543)
3 -0.0001 P -0.0001
b (0.4831) a1 (0.3375)
5. -0.5237 5. 0.0760
b (0.0000) 2 (0.0198)
5 0.0975 5 -0.5301
e (0.0033) e (0.0000)
D.W. 2.3750 D.W. 2.2983
A& 0.7439
) 1. VECM
R,.= B0+ Bi11(Sm 1= 0F,_y) + BB o1+ By sReoy te,
R.-'. = Byt [12_1(5717517',1) + 8500, —L+r‘32.31‘?.-'. —1t ey
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Hedging with the Chinese Copper Futures

L

Seokchin Kim* + Xiang-Hua Jin™* + Young Ho Do

Abstract

Copper futures has the second largest trading volume in the world after aluminum futures
in the futures markets of nonferrous metals. China is the world's largest consumer of copper
and the trading volume of Chinese copper futures of SHFE (Shanghai Futures Exchange)
was 22% of that of LME (London Metal Exchange) in 2004.

The economy of China is the second largest in the world after the US. China has been the
fastest growing major nation for the past quarter of a century with an average annual GDP
growth rate above 10%. Consumption of copper in China has increased rapidly. Chinese
copper demand will remain strong in future because copper is used mainly for electric
generation systems. Accordingly, hedging with Chinese copper futures is becoming a more
significant subject to researchers as well as companies that consume copper directly.

Many of the participants in futures markets aim to reduce or eliminate a particular risk
that they face. Since risk is usually measured as the volatility of portfolio returns, the
hedgers may be interested in the hedge ratio that minimizes the variance of the returns.
The purpose of this paper is to find a compatible hedging model on the hedging with the
Chinese copper futures.

We investigate the hedging performance of the Chinese copper futures. We establish the
conventional OLS (ordinary least square), VECM (vector error correction model) and bivariate
GARCH (generalized autoregressive conditional heteroscedasticity) model as hedging models
and analyze their hedging performances. The sample period covers from January 2, 2001 to
June 30, 2006.

The optimal ratio is calculated as a ratio of the conditional covariance between spot and
futures to the conditional variance of futures. The hedge ratios are estimated by a time-
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varying hedging model (bivariate GARCH) as well as naive or time-invariant (OLS, VECM)
models.

To compare the performances in each type of hedge, we divide the sample period into in-
sample and out-of-sample and measure hedging performances for each period. In-sample
period is from January 2, 2001 to June 30, 2005, and out-of-sample period is from July 1,
2005 to June 30, 2006.

Our main results are summarized as follows. First, in ADF (augmented Dickey-Fuller)
test and PP (Phillips-Perron) test, both the spot and futures prices series are non-
stationary, while two return series are stationary. In Engle and Granger cointegration test,
there is a cointegration relationship between the two prices series.

Second, the conditional variances and covariances vary over time. In case of in-sample,
the variance of portfolio returns in the OLS model is smallest. The variance of returns in
the naive model is higher than those in the other hedging models. And the F test shows
that the differences between the variance of returns in the naive model and in other hedging
models are significant.

Third, it turns out that the bivariate GARCH model performs better than other models in
case of out-of-sample. Our results indicate that investors in the Chinese copper futures
markets are encouraged to use the bivariate GARCH model to hedge the volatility of copper
price. But the variance of portfolio returns in the bivariate GARCH model is not lower
significantly than those in other hedging models.

Forth, if investors take into account profits and losses due to the changes of the exchange
rate between yuan and won, the in-sample variance of portfolio returns in the VECM is
smallest and the bivariate GARCH model performs better than other models in case of
out-of-sample. The out-of-sample variance of portfolio returns in the bivariate GARCH
model is lower significantly than those in other hedging models.

In sum, our results indicate that the naive hedging model is not a poor choice for hedging
the risk with the Chinese copper futures compared to much more complex models. However,
time-varying hedging models as GARCH perform better for the Korean firms which are
exposed to the exchange rate risk.

This study will be a guiding help to the firms to hedge the risk with the Chinese copper
futures in SHFE. A comparative study on hedging effectiveness of copper futures in SHFE,
together with LME or COMEX (Commodity Exchange of New York) will be an interesting
future research.

Key words: Chinese copper futures, Hedging performance, VECM, Bivariate GARCH model
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