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Abstract: Concerning financial data’s fat-tail, volatility clustering and asymmetry, we raise two data-driven
models: E-GAS-AST model and E-GAS-AST-GPD model, and proceed risk measuring and backtesting
with real data. Based on generalized autoregressive score (GAS) model, combining asymmetric student-z
(AST) distribution with heavy tail, we propose an new model denoted by E-GAS-AST referring to
EGARCH model. Considering describing more of tail features, we propose another E-GAS-AST-GPD
model with generalized pareto distribution (GPD). Afterwards, the paper computes VaR and ES by
studying distributions of residuals, and backtests them separately. Introducing parameter-driven models,
such as semi-parameter generalized autoregressive conditional heteroskedasticity ( GARCH ) model,

EGARCH-t model and GJR-GARCH-t model to produce risk measurement we compare them with two
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above models proposed. Empirical analysis using Dow Jones Index and Shanghai Stock Exchange Composite Index

concerning change point reveals E-GAS-AST model is proper to model financial market and measure risk.
Key words: risk measure; VaR; ES; GAS model; AST distribution; backtest
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Tab.1 Parameter estimators of Model 1 for simulated data

K1 K> K. Koo a; b, b, v a
4B 0.02 —0.0357 1.425  —3.091 0.1 0.9 0.9 6 0.8
i 0.0195 0.234 1.416  —4.885  0.324 0.186 0. 869 0. 897 4. 602 0.801
FRUMEZE  0.0292  0.0514  0.0660 1.202 0.154 0.0122  0.0948  0.0222 0.251 0.0101
BIriRk2: 0.000835 0.0762  0.00443  4.633 0.0786  0.00771  0.00974 4.98e¢-04  2.009  9.07e¢05
MGETE R SOR 3. 3227 R 4 A 43 T, T
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AT E-GASAST B &k T 58 Rk E 25 = 661
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Fig. 2 Estimated VaR and ES based on E-GAS-AST

model for Dow-Jones Index
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AR VaR 5 ES &
Fig.3 Estimated VaR and ES based on E-GAS-AST-GPD

model for Dow-Jones Index
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Fig. 4 Estimated VaR and ES based on semi-parameter
GARCH model for Dow-Jones Index
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Fig.5 Estimated VaR and ES based on EGARCH-¢

model for Dow-Jones Index

[FREFR AT X GIR-GARCH-¢ % % F #  fbl 4%
TP REAT S H0 3 O 0 B X (34 X I s R ik
P, ZJE X (36) AT (37) 3R A5 75 i A5 AL R X
VaR {H 1 ES & &9 #5440 & 6.

M BT 5 5Kk B AT LA H L X 5 A4 AL R Y
VaR H ES {H#BAR ff Mo #6381 Y 25 2 13 51 1) 15 22 4%
fE L HR P sh A L. M EHE 5 N F R, VaR
FTES {H B AH X -2, % % B0 b R B G Bl Ty,
VaR il ES{E U HE ESEMR 8 3% 7 & E R A
R N S T N B2 U 7 N N | R e =
ST B 7= AU B 0.t T DA T i 2R
AU B LR 4G AR TE LA T 5 8 H A [A] 5
ARG TFAS 21 VaR E 8 VaR (A — 5k & Py 2t



662 TEAFHRRXFEFIR

% 50 &

6 EIHEHT.ETF GIR-GARCH-¢
WEfEITA) VaR 5 ES f&.
Fig. 6  Estimated VaR and ES based on GJR-GARCH-¢

model for Dow-Jones Index
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Fig. 7 Estimated VaR based on E-GAS-AST model, E-
GAS-AST-GPD model, semi-parameter GARCH model,
EGARCH-t model, GJR-GARCH-t model and historical

VaR for Dow-Jones Index
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Fig. 8 Estimated ES based on E-GAS-AST model, E-GAS-
AST-GPD  model, GARCH
EGARCH-t model and GJR-GARCH-t model for Dow-Jones

Index
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BT, E-GAS-AST-GPD ##  EGARCH-z £ %1 Al
GJEGARCH- £ A R BLAHE . i E-GAS-AST #%
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AT E-GASAST B &k T 58 Rk E 25 = 663

I« R 5 1 7 1 R B R TR 22 ] 114 DU A
TERCR S S 5 (LReo) VAR 478 S5 A 56

(LRuc) A8 25 200 B 56 (DQ) X b s A 0 150 1)
VaR #E47 [0 46 56 , W3 2.

K2 BEIEHIEHT.E T E-GAS-AST # 8 E-GAS-AST-GPD #& 2! ¥ £ % GARCH #& &) EGARCH-t # & GJR-GARCH-t #&

Bf) VaR E5 [ £ HUER VaR & B U 3T Bk,
Tab. 2

Backtest comparison of Estimated VaR based on E-GAS-AST model, E-GAS-AST-GPD model, semi-parameter GARCH

model, EGARCH-¢ model. GJR-GARCH-t model and historical VaR for Done-Jones Index

tests T S R s E-GAS-AST E-GAS-AST-GPD (:&# GARCH EGARCH- GJR-GARCH-¢
LRuc stats 0.0816 0.182 15. 606 3.223 8. 540 10. 614
LRuc p-value 0.775 0.669 7.80e-05 0.0726 0.00347 0.00112
LRcc stats 13. 620 0.637 24.237 4.522 14. 209 11. 738
LRcc p-value 0.00110 0.727 5.456e-06 0.104 8. 213e-04 0.00283
DQ stats 36. 854 2. 807 25.421 7.410 21.905 13.827
DQ p-value 5.00e-06 0.902 6.39e-04 0.388 0.00264 0.0543

M 2 AT LAE H T T8 B 4 BOk 1L Iy s
P AE A 5 g b S ME B LR, R AE W 4, E-
GAS-AST 57 55 fib & BEAH I, 5 Py 8 455 4809 A9 il
SR AR NG DR I SR A A 0 2 R AR AN AR L T
E-GAS-AST BRI 5% 14 55 15 A 50 45 L 32 9 e 4r
T 2% R 7 35 K 0 R A Al A 1 B A 5 A A
157 ST PER S h B E0(DQ) K3k iE T E-
GAS-AST BRI J& &8 43 40 BP0 & R4 W 45 2
S8 GARCH B/, BAG R4 (9 2l 7 M 7F 8 A5 K

S 0.95 BB T A5 1A i A 0 A A% 1 A A
IR N RE IR 4L By, N3 A A 5 Ok R, E-
GAS-AST-GPD # il | EGARCH-+ £ 5 F1 GJR-
GARCH-¢ BAIXE VaR {E 15 FU AL, X 7T A S
FFRTFAX D ENR 2 BB ERLS LS WA
PSR E Mg e B o — 2L

Xt RE A A BB O McNeil 4570 2 2] 1
bootstrap K% Fl Embrechts 2552 )« V ¥ 56" % I
RO B ES E AT R0 R 5, W3R 3.

£33 EIEHIEHT . E T E-GAS-AST # 8! E-GAS-AST-GPD # & 3 2% GARCH % & EGARCH-t # % GJR-GARCH-r &

B ES B =T L
Tab. 3

Backtest comparison of Estimated ES based on E-GAS-AST model, E-GAS-AST-GPD model, semi-parameter GARCH

model, EGARCH-t model, GJR-GARCH-¢ model for Done-Jones Index

tests E-GAS-AST E-GAS-AST-GPD (&% GARCH EGARCH-¢ GJR-GARCH-¢
Bootstrap p-value 0. 0947 0.0453 0.185 0.227 0.391
V, test 3.756 4.398 4.289 4.225 3.963
V, test 0.0780 0.468 0.369 0.312 0.351
V test 1.917 2.433 2.329 2.269 2.157

M Bootstrap B # p (HRF 3 4% Eb AR AL
HRF LA A4S, Hotb GJR-GARCH-¢ B % 5 %
I N VIR B E-GAS-AST B8 /Y 2R & 47
HKE GJIR-GARCH- #i#1, H 3 A~ Xt b 455 A #f A
BRI VRV, TSR IHE B (R % E ES
FITFE R 2 F VaR [ 5 AT VaR H. HI0FE
V, BINEE T ESHACR . WEWE V, 23 L
BEA B AN TV, R N AR T B 1) B S R
B RO, AT LLE ), E-GAS-AST BRI V, 48

TH o e b At (4 B A A, 1 gt R R 2 B A
Kb E-GAS-AST # A 5 ES Al 1198 & 4, i % T
E-GAS-AST #5585 Ffr [ 0] 46 56 2% S 22 51 4k % K.
FEATIN A3 5 WA [ 9 2 LA 56, Bootstrap [H1{]
TETH p (EHE, R B E R BT 2
B pso, s ES, (v, s M

Y1 —ESfl(y,A])

0 1+1

s.to Y > VaRiI <y1+1 )}
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{4 R 2 A Ak 4 i 90 2600 7T 7 A B 7 1 XU (3
BRI T BE 2 LR FRAT i ) TRE B Al ES 19
B, 18 B K A AR AR 3 g 1% B oty , DAIRT 7 AT LT
E-GAS-AST 8 0] G8 47 78 A X 5 2 19 28 i, iX 2
TR 5 AN RE 422 52 A A8 102 L T 3 A4 X6 o ABE 250 A X6 ol A%
AR R R T 2 Z W B . AE VO R, R A S
AT REFHE v, >VaR!, (v, ) IFE &, B Fish %
BT v — VaR, Gy D BRI, BRI 250 B AR 7] 5
AN i PN LN A 05 B 25 B S BT AT
E-GAS-AST K 56 245 il 22 5.

4.2 LHiEEHE

Xt FAEFE L, B 2013-01-04 & 2019-05-22 22 [A]
I 25 5605 31 ok 25 48 B T 1100 S8R 1 S AEAR Y
Bl J5 448 A B 1R S R AS S B4 R A Il A 5
WAt pettitt 2848 AR 50, 2848 O8N 2 591 AN EUHE
HAM A S gt B L&, p {HR 0. 2293, X
B AT 5 2L 2 R AL g 52 AR, R LK R AR D BB
R ER A HT 590 AN BUHEAE N AR AT REAS  iC AR —
A, HoAr 510 ANEUHE A8 sUE HEAR B o
T X B R A — 2 B RN A 2 B o i
E-GAS-AST #l& . B B iHE 3k 4, 7] LA 2 /Y
iff A A TR Yy 28 AR

R4 FAREHSHMITXE

Tab.4 Parameter estimators comparison for two set of samples

K1 K> K, K0

a, b, b, v a

5 —HAEAR 5.206e-06  0.011 -0.012 -3.98

BHBEAR 0.096 0.001 0.161 -5.139

0.015 0.034 0.999 0.988 4.842 0. 497

9.994e-07  0.048 0.127 0.999 4. 268 0.539

T X VaR Al ES B 7l I 75 25 2145 A0 75 24
TR 8] X180 57 A7 9 2 5008 11 6 58— 4 50308 Fn ke AR
HNEHE B A B AT pettitt KB, BT p (H K
0. 8758, Kl Hi Y 7AE 5 e T 3 XK B3 NN A SR
() H0H AN B S s B DL RS DL AR R AR A 3
E R X REAR SN AT VaR HA ES {H A HU  E-GAS-
AST BRI VaR, ES {8 #i il & WL IE 9.
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9 LFIFHE#T,.E T E-GAS-AST %3
f5it4% VaR 5 ES .
Fig. 9 Estimated VaR and ES based on E-GAS-AST
model for SSE Composite Index
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Estimated VaR and ES based on E-GAS-AST-GPD

model for SSE Composite Index
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Estimated VaR and ES based on semi-parameter
GARCH model for SSE Composite Index
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Estimated VaR and ES based on EGARCH-¢
model for SSE Composite Index
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Estimated VaR and ES based on GJR-GARCH-¢
model for SSE Composite Index
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Fig. 13
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Fig. 14 Estimated VaR based on E-GAS-AST model,
E-GAS-AST-GPD  model,
model, EGARCH-t model, GJR-GARCH-¢ model and
historical VaR for SSE Composite Index

semi-parameter GARCH
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Fig. 15 Estimated ES based on E-GAS-AST model. E-
GAS-AST-GPD model,
EGARCH-t model and GJR-GARCH-t model for SSE

semi-parameter GARCH model,

Composite Index
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FIHE 5 E-GAS-AST-GPD B AU L &5 42 301 , 76 35 2%
AR 52 S5 GARCH #84 h

T E B B A LAY VaR (g, BAK [A]
Mgt sl p 5 WL 5.

SR SR o TR R SR AR L B BT AL BR
T D7 SR L AR G b i T S B A R
RN 2045 o TR 20 %) 50 0 T o AR, g g s R 4L 9k
KA FRATHE I 5 e = AR (5 F5 0 op #2% 8
TAS MR, Dy LR R e K 5 Ok
F.E-GAS-AST # A R IAEH 4, X 5 MK 14
BB — 2B I I S PR 2 VaR 2818 59 IR 5L
K AR R AT AEH 4P 2 S5 GARCH £ A 3 i
WARES 7 = I T A5G T L #B 2 E-GAS-AST #%
AU 280 GARCH #5063 i g, IR 14 38
70138 36 5 A 455 R0 A 36 B AR B AR A . E-GAS-
AST-GPD 5 7 3% BLAH XF 8 55, iX 7 8 5 E-GAS-
AST-GPD BRI TN AE7F VaR R Z A X E
EE R JE EGARCH- i 5 GJR-GARCH-¢ i
U B 2 BN 5 1 7 5 RN AE A5 1R 2 S5 A 00 0k B ot 42—
FELTE DQ KG9 F A RS 22 ). X UL N ok &
PR A5 e 0 58 4 — K L (H BRI L 5 s i
5.

x5 LIEEHT.ET E-GAS-AST 2! E-GAS-AST-GPD % & 3 5% GARCH =& |
EGARCH- %! (GJR-GARCH-t #E ] VaR (£ 5[5 = AR VaR & B3t bE
Tab.5 Backtest comparison of Estimated VaR based on E-GAS-AST model, E-GAS-AST-GPD model, semi-parameter
GARCH model, EGARCH-¢ model, GJR-GARCH-t model and historical VaR for SSE Composite Index

tests Jg s A AL E-GAS-AST E-GAS-AST-GPD &%t GARCH EGARCH-¢ GJR-GARCH-¢
LRuc stats 3. 845 0.094 14. 520 0.973 6.072 6.072
LRuc p-value 0. 050 0.759 1. 387¢-04 0.324 0.0137 0.0137
LRcc stats 6.972 0.098 15. 804 2.398 6.679 6.679
LRcc p-value 0.031 0.952 3.700e-04 0.302 0.0355 0.0355
DQ stats 34.785 9.326 37.650 5. 427 12. 490 12.564
DQ p-value 1. 23e-05 0. 230 3.53e-06 0.608 0.0855 0.0835

6 /AR TN A ES {H Z 8] A9 8190 X} H
26 LA, SARSUR 5E R ZE AL,
{EAG R B4 S AE T R R0 &S 36 F . E-GAS-AST-GPD
BERIXT ES {E 119 750 00 450 5 #4045 4 R AT 4% D 3 v g

5 GPD 73 i % F& 3 i — 20 48 A7 5% A LA
TR [ 000 5 2 B A 2 L i ] e 5 b AT A A s 1 A
AR ENANBE AT A AR 7 XU A7 K

#6 LiEEH T .E T E-GAS-AST # 3! E-GAS-AST-GPD ## & # £ 4% GARCH £ & |
EGARCH-t # & GJR-GARCH-¢ # & ES {& [5] 7 %7 bt
Tab. 6 Tab. 6 backtest comparison of Estimated ES based on E-GAS-AST model, E-GAS-AST-GPD model,
semi-parameter GARCH model, EGARCH-t model and GJR-GARCH-¢ model for SSE Composite Index

tests E-GAS-AST E-GAS-AST-GPD (&% GARCH EGARCH- GJR-GARCH-¢
Bootstrap p-value 0.0573 0.324 0.0393 0.0205 0.0187
V, test 5. 187 4.342 5.586 6.652 6.577
V, test 0.293 0. 006 0.427 0.739 0.795
V test 2.740 2.174 3.007 3.696 3.686
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Al E-GAS-AST-GPD #8131 5] A 3 4~ 5 HUUK 3 45
A, EGARCH-+ #i % GJR-GARCH-¢ #{ 7 Al
Patton %" 2 HH 192 280 GARCH # A1 J& HoAfi 11
7 FZ 55k oA BOE JE 47 X Eb. I %5 5 A48 R0 E 47
T SRR B 8 O XA A B A FRATT R T
—E WA X [A] A9 VaR {E M ES A 1) B0, AR A
ANEAE XA AT TR A 5

MR, E-GAS-AST #5781 3 B H AR 4, A AL
A AR G Hb B 1 VaR 28 1, B AR A 7 0 XU o A £
FE TR /IN AR S DA T 3000 A 56 oFe 5 A SR A
RUTP AT . i R AE AN [R 4504 T X VaR il ES {E
B4 TSI 5 FF A TR] TR0 300y 2 A 6 30 A e 446 A ik L
X VaR {H /9 0 3E FH T AS 18] 0 %50 4 . BLRCR AB AR
I % ES (E A I, 76 9% Sh A/ BB S AR AT
WOR TG, M E-GAS-AST-GPD #1415 40 K2
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EGARCH-z # # fil GJR-GARCH-¢ #% #I 7£ i
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GARCH-¢ A5 5 G — 26, i 76 3% sl 4 o0 il 20 -
IEFEECT AT X VaR {E 51 ES {8 (% 15000 # A J A
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