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Figure 1 Fluctuation Conditions of 4 Precious Metals Market Return
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Table 1 Descriptive Statistics of the Sample Data
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Figure 2 Estimated VaR and ES Based on GARCH Model

6 -
1% VaR 0.5% VaR 1% ES
4r 0.5% ES ol .

i 2 493 5% £

850 900 950

FEA 54

3 BEFGARCHSKE BN VeRFESEHER
Figure 3 Estimated VaR and ES Based on GARCHSK Model
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Table 3 Backtesting Results of VaR

%3k VaR %53k VaR

10% 5% 2. 500% 1% 0. 500% 90% 95%  97.500%  99%  99.500%
| 0. 000 0.281 0.097 0. 006 0. 000 0.022 0.264 0.658 0.281 0.025
0. 000 0.502 0.507 0. 000 0. 000 0. 000 0.502 0.507 0. 000 0. 000
; I} 0.001 0.612 0.247 0.045 0. 000 0.020 0.636 0. 386 0.585 0.214
LY N  0.748 0.480 0.003 0.028 0. 000 0.674 0.017 0.001 0.315 0. 000
% \' 0. 867 0.824 0. 000 0. 486 0. 005 0. 867 0.824 0. 000 0. 468 0.011
VI  0.781 0.566 0. 005 0.022 0. 002 0.670 0.058 0. 006 0.088 0. 000
I 0.000 0.238 0.275 0.004 0. 000 0. 008 0.544 0.400 0.001 0. 000
I} 0.000 0.513 0.289 0.026 0. 001 0. 000 0.040 0.018 0.001 0. 000
g I 0. 000 0. 157 0.264 0. 000 0. 000 0.008 0.507 0.253 0.015 0. 006
H I 0.022 0. 105 0. 000 0.362 0.011 0.617 0.310 0.201 0.047 0. 004
® Vv 0.013 0. 106 0.079 0.034 0. 000 0.701 0. 641 0.000 0.938 0.124
VI 0.017 0.210 0.002 0. 002 0.002 0.017 0.210 0.097 0.078 0. 000
I 0.161 0.713 0.021 0. 000 0. 000 0.033 0.508 0.718 0.880 0. 885
0.001 0. 160 0. 009 0. 000 0. 000 0.257 0. 639 0.021 0.001 0. 000
g | 0.161 0.678 0.021 0.001 0. 000 0.014 0.398 0.794 0.954 0.885
" IV 0.532 0. 000 0. 000 0.533 0. 000 0.550 0.001 0. 000 0.380 0.045
= \' 0.601 0. 000 0. 000 0.457 0.135 0.002 0.042 0.127 0.302 0.615
VI  0.538 0.000 0.094 0. 009 0. 000 0.419 0.319 0. 002 0.182 0. 000
I 0.000 0.087 0.242 0. 000 0. 000 0.012 0.037 0. 861 0.99%4 0.937
Il 0.001 0. 160 0. 009 0. 000 0. 000 0.001 0.207 0.128 0. 000 0. 000
g I 0. 000 0. 002 0. 000 0. 000 0. 000 0. 004 0.030 0. 861 0.995 0.623
H N  0.007 0. 000 0. 000 0.001 0. 000 0.153 0.063 0. 000 0.382 0.588
" v 0.601 0. 000 0. 000 0. 663 0. 009 0.272 0.156 0. 000 0.012 0.722
VI  0.080 0.002 0. 000 0. 002 0.003 0.485 0.142 0.002 0.182 0. 000

E: [ I V.V . VIR & % GARCH NAGARCH .GJR-GARCH .GARCHSK .NAGARCHSK .GJR-GARCHSK f. o) B # 8 , T F .,
APHBEHAZABRAUVGHES LA FELLTIORSFEHTHERHRALL RS EEMpl, wRpEA KX, LA EHRA
TAF N VaR D B R B R ARG pEMA ], GL B A I AR,

v B JE B 43 B p (B 35 S, B LA AR B A R R R T
FHENEHER ., BfF, £ GCARCH 5 GARCHSK #7
40 Y% % b 5, GARCHSK 4 18 ¥} F GARCH; 7£ NA-
GARCH 5 NAGARCHSK #J 40 ¥ %t tt % , NAGARCHSK
4 26 ¥ tE F NAGARCH; 7 GJR-GARCH 5 GJR-
GARCHSK (40 ¥ % H 7 , GJR-GARCHSK 7 18 % f F
GIR-GARCH, Fr LA B & b i, B 78 5 B 0 R BU 19 KL
Rl EEHERAETEERENEELS . HARER

EMRENRESE.

(2)BF 25 T B 6 A5 Y 7 7 43 1 3K (1% 0. 500% 53
i HUF199% 99. 500% 43 i H ) /K F I & % 1 F % 3
o P R R T A 5 BOK SR T 3R B B i #,
£ % 3k 3k ~F #9 1% ,0. 500% 43 £ B F #1585 3k 3k~ 1y
99% \99.500% 4 i U T A8 K G I A Wi p EXT b,
B 2R W B AR A A A 30 O F 0 BUm B A, Bk
£ #5, #F GARCH 5 GARCHSK # 16 & % t &,
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GARCHSK %8 I {. T GARCH (& B3 K p HEFF ) 5 #
NAGARCH 5 NAGARCHSK # 16 ¥ X} H &, NAGAR-
CHSK A 15 ¥k flt F NAGARCH; 7E GJR-GARCH 5 GJR-
GARCHSK #§ 16 ¥ X It #f, GJR-GARCHSK £ 7 ¥ it F
GJR-GARCH,

(3)#HF 4 KL FFRE A4 B 38 T B A I8 3 A B 7 L
WEFRALEROFHE, SER2FHSRMIT
T2 W45 3 i A AL RO A B 28 & B 2 35 3h 1 B
(NAGARCHSK I GJR-GARCHSK ) 1] A ¥ il 4> [ b %) @
B K 8 30 B9 3 71 2 5 AE , A % 82 3 B9 = B R A0 I
AR E. NeHiRBERA, LUER

UL EE A, T EL A 4 I 25 ) B AR R AR A XL RS ) R RS R
it b o & B, AR AR 3R B Bt AR 1 B AR B B B R A
B4 1 B % , NAGARCHSK #% %! 1l GJR-GARCHSK # &Y {fi
F GARCHSK # 7 , 323 d4 A~ 7 3510 4> 4> £ $UF 140
WXt K &, NAGARCHSK £ 25 ¥ {i; F GARCHSK, GJR-
GARCHSK #4520 ¥ {f 7 GARCHSK.,
54 AEARNEMNERENESERANER
e F A [) AL 0 BE R R B 4SS R T
W) ES{E , 3 — % F Jg 56 o B 7 5 5 & 455 20 ) IR e
R NG WP AT 0, B4R M ESIE R A& £ -
BRFANERSITSERT LA TER,

R4 ESERAMER
Table 4 Backtesting Results of ES

XK ES =K ES
10% 5% 2. 500% 1% 0. 500% 90% 95%  97.500%  99%  99.500%
I 0. 000 0.004 0. 000 0. 002 0. 000 0.014 0.026 0. 008 0.016 0. 000
Il 0. 004 0.004 0. 000 0. 000 0.003 0.002 0.014 0. 000 0. 000 0. 000
;; | 0.002 0.014 0. 000 0. 000 0. 000 0. 004 0.050 0.042 0.036 0.002
" W o0.437 0.047 0.092 0.075 0. 080 0. 106 0.010 0.014 0.015 0.018
= \Y 0.322 0.055 0. 040 0. 055 0.027 0. 000 0. 000 0.010 0.174 0.376
M 0.755 0.192 0.175 0.207 0.202 0. 000 0. 000 0.012 0.170 0.530
I 0. 000 0. 000 0. 000 0. 002 0. 000 0. 002 0. 000 0.010 0. 044 0. 000
Il 0.001 0. 000 0. 000 0. 004 0. 000 0. 000 0. 002 0. 000 0.022 0. 000
; I 0. 000 0. 000 0. 000 0. 000 0.003 0. 004 0. 002 0. 002 0.003 0. 000
H NV 0.892 0.622 0.250 0.292 0.270 0. 000 0. 000 0.003 0.003 0.017
® Vv 0.777 0.770 0.692 0.637 0. 665 0. 000 0. 000 0. 005 0.030 0.070
VI 0.847 0.825 0. 847 0. 690 0. 652 0. 000 0. 000 0.007 0.050 0.012
I 0. 004 0. 000 0. 000 0. 002 0. 000 0.126 0.076 0. 096 0.200 0. 000
® I 0.001 0. 000 0. 000 0. 000 0. 000 0.010 0. 040 0.104 0.212 0. 000
G I 0.001 0. 000 0. 000 0. 000 0. 000 0.076 0.070 0.104 0.214 0. 000
B N 0.8 0.862 0.770 0.517 0. 507 0. 000 0. 007 0. 050 0.130 0.330
® Vv 0.072 0.007 0.002 0.002 0.010 0. 002 0.042 0.127 0.302 0.615
VI  0.860 0.542 0. 407 0.355 0.352 0.010 0.125 0.547 0.987 1. 000
I 0. 003 0. 000 0. 005 0. 000 0. 000 0.258 0. 104 0.556 0.632 0. 000
i Il 0.003 0. 000 0. 000 0.008 0. 000 0. 150 0.150 0.384 0.526 0. 000
g I 0. 007 0. 000 0. 000 0. 000 0. 000 0.204 0.122 0.584 0. 642 0. 000
H IV o0.824 0.835 0.330 0.694 0. 364 0. 005 0.154 0.500 0.854 0.977
» V 0.694 0.645 0.013 0.015 0.002 0. 000 0.102 0.294 0.745 0.831
Al 1.000 1.000 0.995 0.997 0.982 0.417 0.914 0.985 1.000 1. 000
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(LB 725 5 B s A 70 32 B0 o ) LB T A TR 1 B
Z0T H BOE B s R, 4 7F GARCH 5 GARCHSK,
NAGARCH 5 NAGARCHSK, GIR-GARCH & GJR-
GARCHSK #94 4~ 17 3% 10 A~ 43 i £ F 3£ 120 K 3 b &
B, B AR R B AR B R A 04 AR T BUE B e AL,
H {& &, 7 GARCH 5 GARCHSK f 40 W& % It 1,
GARCHSK # 28 ¥ {t T GARCH; 7 NAGARCH 5 NA-
GARCHSK 1 40 ¥ %} H ¥, NAGARCHSK # 32 ¥ it F
NAGARCH; 7£ GJR-GARCH 5 GJR-GARCHSK [ 40 ¥ Xt
. 5, GIR-GARCHSK 7 34 ¥& {f F GIR-GARCH, fiF A &
Tk Y, AR R B AR R A KL R RO T 4 B E R
TERENEHER.

QERINTTHMESRFR & RE, GIR-
GARCHYE3 MH M M i & op /B M X R 1
JR Bz 0 BE %S W 14 , £ GJR-GARCH 5 GARCH [ 40 1% %}
1, GIR-GARCH A 15 ¥ f F GARCH; 7£ GARCH &
NAGARCH 1 40 ¥ %} Lt 7, GARCH # 16 ¥ i F NA-
GARCH, 7£ GJR-GARCH 5 GARCH Fl NAGARCH {4 %}
H A A 14 W7 IR FFF .

(3) M\ 4% B 78 o5 v o B B Ay XL s 0 R N R R LR
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W ¥ , GJR-GARCHSK 72 #1 th # % J5 & 19 48 o 1 , 4 4>
i 3% 2 3k F1 % 3k 3k <110 4> 43 A0 BT # 40 WXt b,
GIR-GARCHSK #) J5 % 4+ #7 A 28 K £ F *t mi iy
GARCHSK, 5 NAGARCHSK 40 ¥ Xt b s A 33 W F
NAGARCHSK .,
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GJR-GARCHSK # 5 & — > f X & FR 1 2 5

6 %ip
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FE VaR I FE o 09 4 95 55 % B 3 @AY A KL R0 A9 B
75 7 M 46 I 5 B % (NAGARCHSK #1 GJR-GARCHSK ) 7]
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Risk Measurements on Precious Metal Market
Given the Context of Time-varying High Order Moments

Lyu Yongjian, Wang Peng
Chinese Finance Research Institute, Southwestern University of Finance and Economics, Chengdu 611130, China

Abstract ; In the previous study of VaR( value at risk) , the risk measurements models mainly focus on the second order moments
of returns distribution ( variance) ,and GARCH models have been widely used in risk measurement researches. But in the frame-
work of conventional GARCH family models, the time-varying three order moments ( skewness) and the time-varying four order
moments ( kurtosis) are not included, so the GARCH model family belongs to the “ constant higher order moments volatility mod-
el”. However, the distribution of financial asset return does not obey standard normal distribution, but is Leptokurtic and fat
tailed distribution. More and more researches have begun to explore the role of the third order moments of the return distribution
( skewness) and fourth order moments of the return distribution( kurtosis) in risk management, asset pricing and option pricing,
where especially in the area of risk management, the influence of third order moments and fourth order moments are very intui-
tive. For example, if a portfolio returns distribution has a larger kurtosis value, the probability of extreme loss occurs will be lar-
ger. So if we set kurtosis coefficient as constant in the risk measurement models, the models will underestimate the impact of ex-
treme events, and the asset management based on that risk measurement models may be facing a great loss in case of an acci-
dent. Therefore, the time-varying higher order moments is considered to be as an alternative for an accurate and reliable risk
measurement method. The paper takes the spot price of gold and silver of Shanghai and London market as a sample. Since the
trading volume of precious metals and their derivatives is continuously growing, the precious metals are gradually parallel with
stock and bond as financial investment and hedging tools. However, the researches done on risk measurements of precious metals
market have been relatively less. Hence, this paper uses both “constant higher order moments volatility model” ( GARCH mod-
els) and “time-varying higher order moment models” as risk measurement models to estimate VaR ( Value at risk) values and ES
( Excepted shortfall) values. Then this paper makes backtesting analysis respectively in the long and short positions. According
to the empirical results, a series of important conclusions are concluded: (Dthe accuracy of Time-varying higher order moment
model is better than that of constant higher order moment model, Pthe time-varying higher order moment models with the lever-
age effect is better than that of the time-varying higher order moment model with no leverage effect, (the GJR-GARCHSK is of
the highest accuracy model in estimating ES.

Keywords ; precious metals market;value at risk;expected shortfall ; ime-varying higher order moment ; backtesting analysis
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