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ABSTRACT

International spot gold as an investing species, which is represented by the Lon-
don spot gold in the international gold market, is a great risk investment in general,
the so-called high profits associated with high risk. The volatility of international
spot gold is not only what investors focus on, but also a hot topic studied. In this
paper, we use the 00:00 daily closing price from November 20th ,2001 to October
30th ,2009 as a sample, study the volatility of international spot gold price by us-
ing parameters and non-parametric GARCH model,and carry out VaR estimates and
its verification. Empirical results show that the volatility fitting by nonparametric
GARCH model is closer to the true value than the parametric GARCH model, and
the accuracy of the prediction of international spot gold price’s volatility has been
improved significantly; and shows that VaR model can measure the risk of interna-
tional spot gold reliably accurately, by the demonstration measurement and accuracy

verification for the VaR model.

Keywords: International spot gold ; VaR model; Volatility ; Parametric GARCH

model ; nonparametric GARCH model ; Forecast.
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XR—BA A VaR BIHE, EXFHMERT, KB TREAEN TN
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Fr A EE, BRRARE, B THES EEEZARIRE. ASH
GARCH &, ¢ MAIMXGRTEKBTRENFEEXERATEN
Mifa , RSB RE ARG (F0 ¢ S HAMESHA) T, 18
FIRRAVRIEHITME T, RESH GARCH BB DA LB MM, BATS
R, WH T, ERIKE TR RELAMREN N, Bk
FHEEEMRBEHFE. AT IR — R, 77 SR RBA R
HURHIFZ 8 GARCH B, IFSH GARCH ALK T 3R ML MK
£, ERBEEEHEACKIRE, FFSH GARCH A LUSEEhE i
BRE—ANE R ATR. ATIZAIESH GARCH AR & IR,
BATE EFES H— RIS E GARCH(p,q) BHLE X [19]
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B {R} A—FREEFF, Foy = o(Re-1, Re-a,..) RANHE TN Z
t—1 KL EEREN o- 3R, R FIAESH GARCH(p ,q) A ATREIR J9:

{ B = (3.8)

Utz = f(Re-1, .-, Ri—p, U'tz_l, ey O'tz_q)

Hr{eyt € 2} ABMIR N AHIBENIRZRFS, HER, HZEHNL, ¥E
HEARIUMIE; ¢, 5 {Ry;s <t} HES, 3H f ARxRy - Ry BI/®
WEEERE: of = VarlR|Fioi) R R MEABFZ, o IRBE UL
FE.

AT RS BEX K4 Ei T, BATEER (3.8) ERK
BA T ntkiR 2 A .

{ th = f(Rt—ly--'aRt—prag—lr "')otz—q) + ‘/t (39)

Vi = f(Remt, s Repy 02y, 0F ) (e — 1)

Hp v, A=A BEFS, BME EV] = EViIF1]=0; Bs<tBf, hHE
CovlVy, Vi) = Cov[V, Vil Fy—1] = 0 » BT E[R|Fy1] = f(Re-1,-.s Re—p, 07y, 0% g)
PAK Var|R}|Fi1] = f(Re-1, .., Rep, 071,00 J(Elef] - 1), XTH, BATATLA
BIE B2 M ERE Ry, Ry M 07, 0?, BIFESBRARIRNER
B £ AES RN, RTEEE o2 |, .0f , RER—ANTERMHEELE
B. B R;1<t<n AREIRE 3.7) X, Bihlmann FIT McNeil(2002)[4]
ST LRSS &4 T B B SE sl o B4:

(1) X —BEIFRHESE GARCH(p,q) B AL E AR K IR i 3h 2
I — R {01 <t<n}c @ m=1c

@) LA {62 _p2<t<n}fEAREL A (R22<t <n} St {Rey,.. Repi2 <
t <n} M {07 )1 0Fgmni2 <t < 0} HE p+ ¢ NMEBMIESEIMAE
7, KERHE F BT fmo

17
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(3) HH {67 = fm(Ri-1, s Rep, 87 1 s 83 g g)i2 S t < m}s TR
Tiaft s ol, Aot , RE.

@S m=m+1, WR m<M, BEE @25 HP M AIELEEN
B RKIER KRS

) MR K SUDEUT 00 = ()3 s WRAE o 3
Bty Rocy P 2.1 62, NS B, AR £ OBLAE 7 BL
BEBH EMBRLAETE 62 = f(Ri-1,..., Riep; 6t-1,4r -y 51—ga) o

T ZEER SR ELEEEA A, Bihlmann Fl McNeil 4 H THiE
B; RFrEis haed bERER, MitBRERSBIBERS.

§3.4 VaR WIITERHEGRIGER X

A3 VaR KU ETF GARCH #% vaR KT E k. KEH
ST AR A SEFR & R EOE R AR R RRHE, BESHRBERED,
BB K Bh Ja 2 BB IR B KD, /IR B J5 22 £ B 5/ MIE FE 1
B, ZFHERFRHENR. GARCH AR LUREF IR &R Aot 2%
P, AT %08 5 1 7 5 Z B GARCH MAUSRIZE VaR FIETHHERE .
£ (35) X, BAMREWIANME Ry =1, 18 2o NEEGBENRBIOIE,
I (3.5) KA

VaR = —z,0VAt = z)_qoVAL (3.10)

oy NFERFIBIER [¢,¢ + At) AR E MR FH £, NTTiTHE var FIFA
AEAN

VaR = —24\/57 = 21-o\/5; (3.11)

AT R BN o, B E NN HREGHE I IE 2o AIE
GARCH ¥R {1 i K.

18
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VaR BIHEZ REERTE VaR EX R (EFhriRK) MBREE, &
SCR A Kupiec (1995) [14] 3 B RBURFE R KL . H3EFFHR AT VaR B,
BH—REWEH: RZ, WARIEHS. BRRTHE VaR HERFEA o
SBRERREAN T, RKBMKRECH N, MEABHE p=F. Big BIAAEK
RGHIHEMENA P* =1-a, MERWERKBEGRAEES P 1
MB RS XFEX VaR AN E R BB RBORE R T
REFFS P*. Kupiec i THERE P =P IARLERR:

LR =2In[(1 - P)T-¥ PN —221n[(1 — P*)T-N p*N] (3.12)

it & LR IR B A 1 1) X2 2.

19



FNE  SHESH
§4.1 HUERHGITFHE

AR A EFRRFEE L H 00: 00 WS AT AN R, B REEA
2001 4 11 A 20 H -2000 4F 10 A 30 H, FERF\ETFHFEARELELES
XH5FE, HOETEMAE. iR EECRAXNEE SRR, B
Ry=100x (InP,~InP;), LM Py A5 ¢t HMt—-1 H 00: 00 I
BEEWBN, WREREILH 2056 MUIE. AT HS% GARCH WIS
¥ GARCH AT PPN FILLEL, AT B B Bl TR A R T
WA PR Sy, BERETHRA (BEA) BmHE B R 2001 4F 11 A
20 H -2008 ¢ 10 A 31 B, 3t 1798 MUEA TEEKSERES AT,
TR PP REA (REAHAST) BB (B B8 B 2008 £F 11 A 3 H -2009 £E 10 A
30 H, 3t 258 N B A TR TR S B 1 VR4 . 4R STR A B9 5008 A
FA T RIS A N Eviewss.0 [28] H1 Matlab7.

B 41 ZFIH T EESWEENE R E, AMFIHE T30 5k
HEFTMERGHFE. B 41 RS, ERAEEESE
B WREFIRISERAD, WERD, BETEE 3, B -2k
ERFFE, AILAYIEHMFSIARMIESS . Fi, B Jarque-Bera [16]
RERAXNHE S RAEFHARSIRMES S F. B 42 BEHES
W B FE, NESFULE S ERRE RS E S WA R B H KN
REMN, WRFEFHTERR. £ 41 BHHE GBI LA B AR
BRI, WATATUE HERFREESMNEE RS RESFERMER, XX
a5 A FRRAF S XERITEENERREES N HE e E
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BERPERPARERAE T, 7R AEEMENRSIR, 8-

Ri=p+g

(4.1)

T 42 A5 ERERIFREZFHITHG 1 A9 ARCH-LM K%, KN GFER
HERE. XEEF 10 i) ARCHLM BB EIKARGES T ENE. &
BRPAKNBEFIFERENRTEY, FAESH ARCH X, BIFERE

GARCH %M.

500

400

300 4

200

100 1

-5

0 5

10

Series: RT
Sample 11/20/2001 10/30
/2009

Observations 2056

Mean 0.065149
Median 0.072099
Maximum 10.42419
Minimum -7.197023
Std. Dev. 1.231535
Skewness -0.154652
Kurtosis 8.189326
Jarque-Bera 2315.122
Probability 0.000000

4.1: EBFBL R &R E M EEH T B REA SR

4

-8

WWWWWWWWWWMW "WWW

2002

T T
2003 2004 2005

2006

T2007 | 2008 2009

A 4.2: BRI ES A M2 FE
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#* 4.1: EFERKASNEE SRR ADF BOBHE
t-Statistic =~ Prob.*
Augmented Dickey-Fuller test statistic -20.77722 0.0000
Test critical values: 1% level -3.433358
5% level -2.862755
10% level  -2.567463

% 4.2: BFAHESHHE W %E ARCH-LM BN %
ARCH Test:

F-statistic 7.814042 Probability 0.005232
Obs*R-squared 7.791996 Probability 0.005248

§4.2 AL

43 B TREEG TR PR B SRR E ARG THE
W, AGTHEEAN A SRR S RSERD, RERD, §ERET 3,
BB —EfmE BRI JarqueBera B3 R THEE AN $UE 228
KFFHHAEARMAESS M. T 4.3 PRFARRL RIS EER R
BOWREFFIRNTRFS, £ 44 T ARCH BB R Y HHEEA N B
BORREFINGFERENR G EN, FESH ARCH ¥M, fmF—1
R ARCH BRAI AT LA — /MR GARCH B E, RMEAMETT
—A~ GARCH(1 ,1) #& %Y.

Ri=pu+e
£t ~ 1idN (0, 02) (4.2)

of =w+ aef_l + ﬁaf_l

Kas BT AN SE GARCH( 1) B M4t 55X ZE Ljung-
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500
Series: RT
Sample 11/20/2001 10/31
400 /2008
Observations 1798
300+ Mean 0.054069
Median 0.069260
Maximum 10.42419
2004 Minimum -7.197023
Std. Dev. 1.194118
Skewness -0.299807
100+ Kurtosis 8.512989
0 Jarque-Bera 2303.881

Probability 0.000000

-5 0 5 10

A 4.3 fhiH AT E TREREH B RERGTFE
F 4.3: T EENBESWEE ADF BIRER

t-Statistic =~ Prob.*

Augmented Dickey-Fuller test statistic

-19.62566 0.0000

Test critical values: 1% level
5% level
10% level

-3.433819
-2.862959
-2.567573

Box Q At ERIIELL. MIIATLABEMATH T 2.

yr = —0.049537 + &

(4.3)

0? = 0.011805 + 0.044183¢2_, + 0.94919252 ,

BATVRIM: AR THEIRE (p ERD), BETHRZER Ljung-Box
Q G BENE 10 M. 20 Bir5 30 AE B E /DM TFIE 5% KF T Bl 5+
1B (2 ,05(10) = 18.307, 3 45(20) = 31.410, %2 45(30) = 43.773) , XHHHLZIT S
GARCH(1,1) TG, ABFEEEN R EM, (H2ZH GARCH(1 1)
BRI i1t i) ARCH 5 GARCH BUAHZ F a+ 8 KT 0.95, 1XF] 0.993375,

23
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& 4.4: HIHEESTHE M EEZE ARCH-LM BN EK
ARCH Test:

F-statistic 6.041207 Probability 0.014070
Obs*R-squared 6.027652 Probability 0.014083

X HERREESTHE SRR RNE BB RBENFESIEESENFF
gt X a+p%T 0993375 < 1, HRESHAREM, BA TN

#* 4.5: 28 GARCH(1 ,1) A4 R KR E Ljung-Box Q &t &

b w o B Q(10) | Q(20) | Q(30)
GARCH(1,1) | -0.049537 | 0.011805 | 0.044183 | 0.949192 | 7.2074 | 18.835 | 27.350
Probability | 0.0541 | 0.0000 | 0.0000 | 0.0000

ER-QRFBp=g=1,2 R =ri—p,u=Elr|F), T 1 = 0212
, Az 22 WABHES, @il M =8 IKER, BJE K =5 HHiE,
KB TESH GARCH(L,1) WA T, 22305 FIF B AR K ABUAR A8 v R Al
RF|MAESHATINERIRS &, BIKBNER of HATMTT, HET R, HAT
EE 4.4 PEH T S8 GARCH(1 1) KA KLU TH b i+ 8 sh Z b1t
B, B 45 RIS AT GARCH K H AT SCAUR B4l v BVE MG T+ Rk sh 2
it Bl

§4.3 TN EESVFME

MERBEHEERLEE, RAEHNSH GARCH(1, 1) HEMIESH
GARCH(1, 1) A SR TFH. AT HMNSE GARCH(1 1) 5 SH
GARCH(1 ,1) AW F i it B ERI R E SR ahtE, 5% ¢t HW &A%
EW R IERFT (r, — 7)? /B8 ¢ BIOLBRES) 0?2 , HBEBIFTIHE
F&GTE o7 (FNEBRIR A & sk sh T, LAt F 0O Fh Fm iR 2
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160

120 -

0 ol by . ...Lll.ﬁ )
2002 2003 2004 2005 2006 2007 2008

B 4.4: 2% GARCH(1,1) R Kzh®E

120

80

40

2002 2003 2004 2005 2006 2007 2008

A 4.5: IEB% GARCH(1,1) R gk zhE
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BI85, BT FEHIRE (MSE « MSE;) FHHITIRE (MAE,« MAE;)
{E NI MR AE :

y

. ry (4.4)

=
MAE, = 1 |62 - oF|?
t=1

* 4.6: FEHHERTMALRE

MSE, MSE, MAE;, MAE,
BARN | 3% GARCH(1,1) 5.258734 | 51.611805 | 1.814183 | 3.349192
JES# GARCH(1,1) | 5.044785 | 50.345012 | 1.790642 | 3.175426
BEARKA | 23 GARCH(L,1) 4.249537 | 45.011805 | 1.684183 | 3.294919
S GARCH(1,1) | 4.105414 | 44.23081 | 1.652781 | 3.246408

MFE 4.6 FRISITERKE, RINVRALLRERALINERERFEK
sk, XTS5 GARCH(1,1) 28, JES4 GARCH(1,1) &R PUF TN R
ENHNAERZMRED . XRFEAEAEEEREANERT, SHESHK
GARCH(L,1) AR L& EEFRIL IR &0 A s R sl e E 3R
HE, eBREHNER.

§4.4 VaR HITERHEREIE

K 4.5 5T S8 GARCH(1,1) BRI THE R, AT LURTE bt fh
THER A S ERR B SR B R RN EETEZFS o0 ¥ o KA
A VaR = zi-ay/d THE VaR H, MK 47 . IHEUHIETSH
GARCH(1,1) A H) vaR AU A EGRI R SR . BT s
RE—EMREFEN . RERESLHERNOTW, AL RBEEER
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5EERAE—EKIWE, AT HEZEEETHYERERIEESER

B, FTEEX var AL RBITHFERE R

£ A7: VaR HHEER

BfEKT VaR B/ME VaR BK{E VaR {8 VaR frHEZE
95 7.981 256.45 43.28 40.45
99 1138 447.78 76.44 71.65

HAFE 34 FWHLHT vaR REGERETHRAERE RIRBARE,
ASCEEF AR N = 1798 MHEAR VaR 5 RBIKIERREIR R #HTX
tb, & 4.8 RAETH—RGTHE LAR IR B4 30 5 8 BRI R IOCR B A
PR ER: REFRATATUEER], FEREKTF 95% T, KMEHEIE 5%; 7£

< 4.8: VaR fHiHERKMERE

BEEAKT | REXE | KBKRE | KBE (%) | BEERER
GARCH(1,1) | 95 1798 95 5.2 &
99 1798 24 1.3 e

BEKF 9% T, RKMEEIE 1% . A Kupiec (1995) 18 ) 2K MU G 1
2, SHIE 5% 1% BEKPFTARELRRER, AkBdER, X THE
PRI &K, S48 GARCH(1,1) A vaR S RILEHAER, FHER

=
[Alo
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3L VAE BRI 15 B S R sh Tl R X RS 2 RTINS, FEiZH
SHMIESH GARCH A, KM EAFZEPE MM T ENZG IR
Tk, Bt T B RESNENE, HESEHBERY ERFRREEE
F VaR BT T SHIE R B KRR . @i TES R, TiTH W
T4k:

1) EFRIL S sh R A RRERE REEMRR . EEIRE
S FEHEM ARCH B, GARCH RERES THSEFREHSBHW
mERFF,

2) TEFEAHIR A IS, E2% GARCH( 1) BRI TR 68 139 &
T 2% GARCH (1,1) . 5% GARCH(1 1) BB AR AW 3T S
GARCH(1 1) AT N EREEVET THAMA. AEBER
FEARULW R E S MRBARMELT, IEBH GARCH KB T{EASH
GARCH M—F & REE 7, M Fshtt n @Rt — M F MM A LA,

3) BATAHAES % GARCH A A TR A — & LB FE L
T il R B B UL R R 5 3 R 7T LUE IS I AL AT MR BT AL, (BR X4
RESERLIRIEZ LI, MAEEKENTMEEIE. Arilal A% EH
XA A B AR BY B3 A LA B Qo T w22 I 45 OB B0 R SR 1 4
HATI, BEEENNER-BITRELERF.

4) £ 95% 1 99% BES/KF T, EF GARCH A VaR Het% HEH b
it o B B 3 4 A AN S FRipe sh i s R B R R, R DA R U 8 1 KRG
Z\@ 7 EFRI B & AL BN, FFHER TR Var . AT HE
PR S THE VaR B, W AUCE TR E R 5T 3 & i 3 AT AT KR

5) M VaR EITFEERKE, HHEEEFEEKPRRE, RERER

28



ZMR¥F2010BBM L #=MN B X

EELRE, AREKFHERS. H—HH, THHIREKTFLHEES
AR E B R, FlanbEE B E SN EKmE, #5E
TR ZEEHFTHERRE. VaR AL RS R ESZ, B
B BB BEE NRBIAR MO, MARTUNARREEER L. BT
ERREEREM EMFE~ERE, BTHEIAREREASTHMAXME, &
AT LAZE32 61 T 3 RS 25tk b AR PR AR AR B LA

w4, BERALEZEGREATMENCWEMERPFKR, E1
BRAE T MIEFEREAEHT RF ORI LHHET . &N KEKTER R H
SR, 2005 FUREGFAESMIEROTE, 2REFERMA & H
BURREER] 2012 6, WEAHESMHEK A 1000 — —1500 KTTHH. FEE 23K
SRR, BRRREERMEE PGS, BEHESETHULIETS
MHERELEAEHRESTHNBNES, BRRARSEINMEBRERZL, [
B AL BEE B R B KRS . AR R ERFER . Aal@Rr, F
E—E &N TFOHATEMEE. Fit, Ra8EH R /B R KHE
B, MATfTEe8REER. BEXREKRE R ERZEEIRIHAR
RS RAFTE, BURMZEX ., £F4, A% ZohEH X, 12/ RK&
BT KRB R DMEE. SBUSTE, 1HERANEEHERE
2R, mammlE; MCKREENS, ESNRGSEFER, B E
B, BRENANRERR: XHRANR, MiZ#IFI188, FRRiL
i RiEEFRRARK LR AER, SRR ERMEH.
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XEMHTERBHENEE . NOAKE, FEEMREBOEM L FAr
M=FEMRARMELR T, RARRIEEGTRSBET. EZRKH=FRR
—AHERHECHS A, £XE, BRET T SAEFKAERYE. £
TEMIBAELAR, FET BOARE. SR THSNFNFEE
T RRBREEHL. BN, XEXFHIMERER—EZATR.

FIRSCTE R B, BN ZERMEAFES  BANAERE T KE
Lo I Y- U S SR B B R R IRIR K B B! RSO, B EERJF
KSR BB T RKBIKRIE . BE T KER-O M. 2N AN,
FRIEN, ISR R E NG 2 S B IR IR AR AT R . SRR
ZMRFRE SRR MBI L ERNSROEE 5.

Tz R EEEEAEU ST, B ER. FREZFEERTHW
WESMERR B, MIFEEINRY LA T TRKRIHED, Xl
IRREENEE. RETZMITTREEI. HES. TRFRZE,
HATHLBIEFERG, HE T TRERRE, BhiIx &R0,
M#HE, BREEE-RLHN SRR, B UERBIEHRY) 58
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