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A Study on Issues Related to Risk Measurement in Securities

Market Based on Extreme Value Theory and Copula Theory

ABSTRACT

In the wake of extreme events such as the global financial crisis in
2008 and the stock market crash in 2015, the measurement of systemic risk
in financial markets has become increasingly crucial. Not only does the
measurement of systemic risk reveal the linkage relationships between
different markets and assets, but it also assists investors in better
understanding the manner of risk transmission across markets. As the stock
market serves as a vital component of the national economy, the outbreak
of its systemic risk often has severe negative impacts on the development
of the national economy. To effectively mitigate risk spillovers across
securities markets and enhance their stability, this thesis focuses on the
analysis of stock market return data, specifically targeting the Shanghai
Composite Index, Shenzhen Component Index, and Hang Seng Index as
the research subjects. These indices represent the core trends of the Chinese
mainland and Hong Kong securities markets, boasting high
representativeness and influence. By studying these indices, we can gain a
more comprehensive understanding of the risk spillover situation between
the two markets. In terms of research methods, this thesis constructs a

GARCH-EVT-time-varying Copula-CoVaR model. This model combines
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the strengths of the GARCH model in characterizing the volatility of
financial time series, the accuracy of EVT (Extreme Value Theory) in
measuring extreme risks, and the ability of time-varying Copula functions
to capture the nonlinear and asymmetric dependencies between different
markets. Through the construction of this model, we can more accurately
measure the risk spillover effects between the Chinese mainland and Hong
Kong securities markets. The findings of this thesis are expected to provide
valuable insights for risk management and regulation in the securities
markets, thereby contributing to the stability and development of the entire
financial system.

Based on the EVT and time-varying Copula function, the article
empirically analyses the historical return data of the securities market and
quantifies the risk level of the securities market under extreme risk by
calculating the risk metrics VaR, CoVaR, ACoVaR , and %CoVaR ,and
analyses the risk spillover effect between the securities markets of
Mainland China and Hong Kong. The study finds that: there is a two-way
risk spillover effect between the Mainland China securities market and the
Hong Kong securities market, and the risk spillover effect is positive; the
intensity of the risk spillover from the Mainland China securities market to
the Hong Kong securities market is stronger than that from the Hong Kong
securities market to the Mainland China securities market; and some

policies like ‘Shenzhen-Hong Kong Stock Connect’ can create an
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opportunity for risk transfer between the Mainland China and Hong Kong
securities markets. Finally, based on the results of the study, relevant
suggestions are made for future research directions and ways to reduce the
risk spillover between markets and enhance market stability, such as
expanding the application of the model to other areas, establishing risk
warning and contingency mechanisms, and so on.

Wang Qiuyan (Mathematics)
Supervised by Prof. Li Zhimin

KEY WORDS: Securities market, Risk measures, EVT, Time-varying

Copula, Time-varying correlation, Risk spillover
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A, e T IRERCE. T H, AT BRI Y R G XU R L R T
s, RETYHREIET. EARUIERT, XN REMEREEELET
E4 T M ALY S A e b T 2 5 XSG A B S, S R) R0 KU Pk o

FITEA, AR 28 G0 1 XIS T2 1 1 Ji 181 DA B LA PR R e A5 73 e 25 AR50 B R
Gtk B ICIHEEL, BTk, NI TR VR AR R R G HARAT IR
L.

212 REEERE
(1) Fabsik

JE R R RGN T EA R 2, SR I TTE R SRS TabRiE Al R4

T .
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a) ZREfabaik

PPN RIS B & BT 3 (1) 3R Gt JRUR: 22 00 L B2 . SR B 4R bmiEAE N — P U T
B, Bt ity b 2 4 . Z07ESR R T et St
HUR RS« B W2 G« <Rl iT I etk o s ik LR A RS T XU 85 2 > 5k
SEbR . IS AR L B RS TR AR, BATRESIAE i ifa &
Vs TSR KR TR, QAR R AN ROSRE, MR T SR
fEtk. W, ZWEF RIS, MEmasrik. BREKSRE, Nt
RS R B TR WA o BLAh, BRI 4% YRR bR AR S XU FR b 20 0l i 1
T 37 [ B R A2 R o S AN T 3 (R S MR G, D U B 4 SR 3t 1 B 2 . 15
RS HE AR U SGVE 6 95 N IRE LY KR, 3E— B8 T RN & . L1
RIS, PG R SRR IR R R OCE T . F R T BRI RS PENESE
WHT, AT RAIVES & AR Tebr, TR mimEm i ERAR R BN, X
8t 425 15 U L 1) 2 0 O XU B IR S (18 DG B PR T o 3o 15 IRV BRI L S it
BAS TS, FRATRE A SLIT MRS AR AL, A ue SR R R I R SR SR

b) FHIREL

FLI TR 0% e — i 15 A XU S A TR AT 0 5 T ) 2 B e Il R
It — R AN S ERUEHVE AR R bR, KPR G XRE . 12775 1k E
FET IR PG R PUEFRbR, JFESTAH R PSS, DS AR 06 St 47l 1 30 U
55, NI B IR SR AT o 2 PR S 475 i
(2) L RALS:

P 8 A5 RV B e AR G XU P B Rtk R Bk B T A R IR Sl e
PEFN 2 G0 A SR B 18 o 53 5% X 28 B0 g PR AR 5 TR 2 ] R0 AH EL AR AR AR ok
FRIRME THEZL, T 4 R AR e PR AN 2R 0 AU A 1 00 DU AT T B A DX e Y
2P AR IR R REREIR AN RN 25 2 W2 W 25 R s B ARV Y

Q) HFEE

FEREVE AR —Fh AT I R GRSV 7% 8 B> T 4ERE R,
FAT B B AN [R] A ARG PR 3 L e fte (AT AN 57, S8 5 AR g SE e B % R WA
JRG: DR 25 2 ) B0 A PR R AR S R o i o XU R 2% 2 T AR ELAE FE R 9%
RIFATEAL, PLHORAG A RGN XS Ao i i @I Sl S 18, 6 Rk
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A DA Bl SRR TR 2 2 T PR AR Sk« B2 R P R — S 56 ) oAt A5 2

b) L& HTIE

9 8% 53 BT AR 9 — T Al R e XU 1) 7 B, AR O A2 T AT R4 T R G A <8
PR () EE 25 B A8 IR R A5 M) o IR N FIHTIX LEHLAG IR B 77 i . 22 il ¢ B
LRI il 1A SRR, DX 2% B A A oAt 52 <t o % o XU AR SR R E
FFAE RV LR R G .
(3) KK HHE

VaR B RSAME R, & —Fh T 24k & il Bt 7= s 1 41 & 7R e BAE KT
AR SRR P R B R T AR R I T i

WX BRI E SR B ¢ BRI, HAE o BEKT TR
i VaRr?, FIEHXA:

P(X,<VaR])=a. (2.1

SRTM, R VaR ZEE L IHESE, (HREEEA —ERERME, i VaR
RRGE H B T I B A7 G B0, T SERR T 8 FEAN SRR & IX Rl /A
M H'E TSI LM R AN, RIAR AT/ i, X T #im i  1) JUR:
FREAN T2 o ik, ZEFAILE VaR AL EARALIFHEH T CoVaR. CES. MES
LT R R R G R AR

a) sRMTERNME

CoVaR BIZEARAER A, F T8 & — > < R LAL B 5% 77 FE AR S A% IR e
NI DTHR . CoVaR 25 18 1 BRI BB 7 2 18] BRI, AT APPAl — LAY
BT 7 T I A i 717 3 SR B, 0 A G Rl A R B BT LA 1 R G R o KT
b PR E X Y, EAEEFKT o X FERZ] AR R vaR,), B
FMT, YAEBEEKY g T ARARINRIRAEH CovaRr)y iR, HHEAALKILK
N:

P(Y,<CoVaR."; | X, <VaR},) =5, (2.2)

CoVaR}"% KR X, &b MRS IR Y, XUz, BIY, 6T X iR AHERL i

10
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b) AFRIAEERK

MES BAFRIPIERHIR, A LR BT X B A 28 e XU D ik (14— ol
WS BE T 0. A RGN, MES ZIE 15— UG 5t 7 R 4H 1
AR HEBAAERANEMAZRTHE M eI, JE—DHUR xS
PR A5 SRR 88, 11 B < R LA e 8 28 G 128 <t XIS, (40320 o o R P 32 o 34
EHURFIR . 1 Ron e N2 j I Il R, il R M o, HECER
W

=Za)jr“, (2.3)
Hrb, o, 8 SRHUGE B ER R G TR G EE, WG Rl RSRHE
S L,(C)=E, 1( <C) Za)] E, l(r]t T, <C)- (2.4)

WAL j 2 b B AR R RIE O

JES, . ,(C)
Est(C)=—'l =E.(r,|r,, <C). (2.5)
ow

c) I HUHIR

CES = ZEH] T & S LR XU BEAR A TR AR S . X — R A2 3™
ML MES GAFRTIUIHRID RIS, Frkb 1P IRH R R 2 iE 2 R A 1Y
Ao

2.2 GARCH &#!

H M Engle $2H ARCH B 50 Hrit (8] /741 5 Z L5, T.Bollerslev XA&H T
I SCH [N A 2 57 7 ZE BRI E) GARCH B, 3 & —Fh & 17136 A T b it (1 [
VAR, S5 R ARE R KRR s AR, EERHR 2207 Z T TSN, R
G RIS 1) PP AR AR RO B AR E . 7 BRI R AT — MR IF A
JIT AASC IR B GARCH FEADRAEANILRHE . T 12 GARCH AP0/ 41
HAARSR U, GARCH BB F B o 2 : A 3B 7 R A& 1 5 22 7 2.
SEAF I TTFEREIR T G Rl 8] 7 B R 1T 2K, T Sk D7 22 7 RN R T 4K

11
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PRI s . GARCH(p,q) B IR

R, =p +¢& - (D),
& =0y e (2), (2.6)

p q
O'tZZZU+ZO!jGt—jZ+ZIBi5t—i2 o (9)
=1 i=1

Hr, O)AFMMETTRE, XQ)NFMTTETTHE, RAMNEBRSEZETH, u
NG, v — NS E AT R T A1, A1 — R e iR A IIE
0, HZEN 1 KELESS M. % p=20. q=0 . #>0. a>0. >0, H

a+pB<1. ¥{e} MM GARCH (p,q) i 2.

GARCH B SR SIS A N 20132, JUHAE e Rt XU B, B2 1 E G
L A% B Ha A TT T R A AR o X AU B A SR SR A T 5
A AE ) KU TR 5 8 BT R, AT 5 BhAtAT 11 5 HH 58 D B R ) 4% B SREmes A XU
77 % AR, R GARCH B AE R IR 4R is] 18] 7 41 77 TR I 1 5K R e 7T,
HFRATH IR BN IS BRI o 40, & PT REJCYE 4 T HE S Al 7T 3 (R A R ks
AECA RS S A S5 AR LR - (I, FEAH] GARCH AU, AT g & 1
f B TR, PAgEAT BE N AR ) 70 5 # W sl KR 2R G A, JR
ITRE S B aF b B e R T S A B 2R 1, AN T8 BE g A ) R 5

2.3 REFEL

2.3.1 RIESHER

WA B (EVTVE N —Fh L vE TR SR SR AE 2 A SRR PR B, 4
T T BEAL AR 5 o A R B R IR - FLR B R BAAE T 0 o0 SR IEAT o A Ik
171 A2 6 B2 1) FRVRE A B0 SR AHE T S A 23 A (¥ FE AR AIE o TR, JRURS: 5 B P N
PAEFR IR, REAT RUORAME G 7 VETE AL BT AR I A I AP AE A 2, HETM$2 T+ 4 Ak
ity ALY 2 PR HE R

R4 Fisher-Tippett FIARAESS A e HE, AR AR /0 A5 8B = 26 DU =Fbs

WA 14345 (Gumbel 434 )

12



S W YN R VAT

_ 2.7
Fl(x:a,b):exp{—exp(—%)},—oo<x<+oo. &7

A8 1T 4590 Af  (Frechet 73471)
0,x<b, (2.8)

F,(x:a,b, )= exp{—(XT_b)y},x>b.
MAE TIT B4 (Weibull 434D
_ x—b -7

F,(x:a,b,y)= eXp{ ( a ) }’X<b’ (2.9)

0,x>h,
Hrta. b My 2alARESH. MESHANVIRSE . WE 1. T 1 8540
GRRZ NARAB A, IX LA AE 53 A AR B A AN A e 2L, (BRI LA N S

— ) RIE, RIS UHAE /345, 8RR GEV 045« H BRI R IE 2 R TR
Fy(x:a,b,&)= exp{—(1+ cf-XT_b)_‘f},u cfoXT_b >0, (2.10)

He, ENRRSH
232 ERNRERLIER

2455 R S OB AR A 7R 2 AT A A« 2 — A xeh— L 0 ) e R A B e
MEDATEREREL, HHEFN BMM A 5 AR ORI A (GPD)
XA kR I R BIEL A P A B @R R BTV, ARy POT AR A,

(1) BMM #5758

75 18 A i <z b S D G B [P A 2R A A K 0 AR o (B e PR 43 7K
SPARBUR, AR AEAL T AR R A, AR AT AT S A R 1 L. BMM
FRTRY B RSP T A

BMM ALK ST FEATL R 51 2 e [a] A0 A s Rl 70 AS [ IX ), A
DX 8] F G 6 fie KA B v 51, SR Al o8 S I ARAE 70 A CElt Fisher-Tippett
HRAR SR e B m] R AN e S R PR oA 72 T SRR 70 A D) IR ANSEL hiiH 2
HOTE— WA I B OANIRE AN B VA 5325 o R S KALIREAS Bl T2 TE W D

13
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BT IESI . R/ Rt 5 R BRG TF 3R, ERCRICT AT, B
R AT, BMM AR X AR B AT o 2H SRS Ak v A e KA A B
WL 3 AT, X TREAR LR EARFEAS, IR P T BRI, I AT e 20 HoAth B 22
FE. UbAh, SRbEE ) — SR T RE S EEE I, BMM B 2 R i
AR BT ARG, FA T IRE T POT BLAY, XFEAH Brh i 5t
— BE AR AT @R, XA SR R,
(2) POT f5 7Y

FE ST POT HEAYRT, FATFE T T XM RHE0 11 ek ¥ (GPD 4310,
R

Y\ e
1-(1+22)7,£#0,
G, 4(y)= B (2.11)

1-eY# £=0,
He, . poREIRRSEFRESE . WIRSH E>0m), GPD 74 i BAH
JERRME s, £=08, GPD A BILAIEE A, £<0, GPD A EHE
S

KA 5T 3R B IEZS 20 A S A SR ANME, D5 1 R 3 R A BT i 22 o [T

KHFFAEH GPD 43k B GARCH (1,1) B 475 21 (1338 30 Hi Ak S7. [ 43 A1 1) 7 41
Vi AT

D), (v = "),

F(v)=<N

T”(Hé%)%,(wm,

Her, N RSN, ut 2k RRE, N . I A RBRERN L o) 2R
PINZY it
2.4 Copula REHXIEL

(2.12)

Copula Fie i WIH Sklar $#2iH, H TR EZ EFHKLEE . Copula B
ARG, Res EHER LR AR AN B 2 AN il 18] 7 51 2 R N R o0 &, T4
BRI S S AT, o VBRI SE M. P MO S LR SRAL, AR

14
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PE 28U AT i 5 AL 2 S J7 THKR /48 Copula BRIEY
2.4.1 Copula EREHIE X

18 15 B ML ) PR3 2% O3 A u = Fi(x) TR B S 0 AU ~ 0,0, HoH,
i=12...,m. ¥ Sklar EH, m 4EFEHLINEIELS A0 Fi (X, Xy ) SIS A0

LR R &:
F (X Xn) = C(F (%), -+ F_(X.)), (2.13)

A, CHRAEF I Copula B %, J1H C€[0,1]. WH Do A s oL ZES 1, W
Copula PREL C &ME—R. MR, PAF(X), ..., F,(X,) AL IEEE
A MR 2 iR B RoR W F

(e X) = [ F 06 )T 1,06, @.14)

A, () LG EREL, ¢ N Copula BREL C FIMERZ R %L, HArk
2R
f LR P (Un) ]

ﬁ L[Fw)] ' (2.15)

c(ul ..... U,)=

242 ERHIZIT Copula EREHIE X

(1) —Jt Gaussian Copula B& %
—JGIEZ (Gaussian) Copula BREL 4047 B BERIE KON

del(u) q>d1(V)

1 s? +t% —2pst
CU,V; = _—eXp(——————
v = || e

Hoef,  O7(e) RARMEER DT R A O () I ERE, p AR REL

)dsdt, (2.16)

(2) 7T t-Copula FR%{
"7t t- Copula B3 70 A1 B BERIE AN
_d+2

2
) dsdt, (217

Tt (u) Tt W)

2,42
exp(1+s +t°—-2pst

1
WV p,d) = _— _
C(U \" ,D ) J; OJ; 27[ rl—pz d(l_pZ)

15
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Ho, 1 R e 504, 1 R e AT R, d NEBEE, p AR R AL
(3) 7T Clayton Copula &%

7t Clayton Copula bR £ 1) 734 bR B XA :

Cu,v;0)=Uu"?+v? —1)%, (2.18)

H10e(0,00) WAHKZHL, 20 > 00, PWAREMIL, 40> olif, WEREET
64 K. Clayton Copula FEURATARXS IR R ERLEM, 8 HISR R < fil 93 7 W]
WTEMERM. A NTREMRRE, 0 5ANKRN: 1=2",
(4) —-7t SIC Copula PR

FE5E X 761 SIC Copula PRECZ T, AT T#E—F JC Copula BREE
S, Hoor ik Rk 20
Coc (U Vix, 7) =1-((1-@-uw)* | " +[1-@-v)* ] -1)"*,x21,y>0, 219

)

1

HsV=2-—, ' = 27 ., Patton TE LA F 3 H SIC Copula PREY, H 4040 R EL

wr:

Co(u,v;z,7h) = %(CJC (u,v;z¥, 7" +C, . (1-u,1-v;z”, 7 ) +u +v—1), (2.20)

HezV o o R B R RARK RS AL
2.4.3 B} Copula iR 3

I 42 Copula BR#/E 1 Copula S HBEA N 1A ¢ SR AL, I H.,
Copula BREUA & LRSS, BILE 7 AF Copula 4 32 E 2 € Copula
BRI S HORBE N R AR, XA, AR E AR Patton $2 H IS HK
LT ARMA i A4S Copula BB KA E 1R o DL 25 DL TR AR
Copula PR E S BELHE o
(1) 48 7% Gaussian Copula B3

=A@y + s+ - z¢ (U g (vey) (2.21)

=

16
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E$,Acﬁiit%%%E%mem%ﬁ@ﬁ,Moﬁﬁﬁﬁ%ﬁﬁmﬁ

o . w 1& - 1 . e s
FEECLL) ¢ RIRIEAA T IMBAL —Y ¢ ()0 (v ) o Homis
j=1

R AR B AR
(2) W72 =7t t-Copula PR%L

- 1 q -1 -1
ptzA(wp+ﬂppt—l+apxazT (U d)T (vi;d)),

i=1

(2.22)
JI+vf1-
20 =il =2 1—tv+1(—+V pt) :
Tt Tt ’1+pt

l1-e

B, ACO =S FORIEER Logistic kHHL, AC) M EHIXSH (]

1+
FAEGCLD, TGO NtMRTERE, HEHEENd.

(3) H7AE—JG Clayton Copula P& %Y
PR T H /R (Kendall) FEAHIC R & HIE ISR

- 1
7, =A(o+ P, + aﬁl U_; =V ;D (2.23)

1, AC) = e* %7 Logistic 4R %, A {f Kendall BT REURIFIE0,D)
(4) W42 78 SIC Copula PR
AE LA R e RRN:

~ 1 10
T:J =A(w, +,8U2'E1 +a, —Z| U_; =V - (2.24)
103
(A R RS R K e
L A L 1<
th= Ao + BT +ay BZ| U =V D (2.25)
j=1

1
l+e™”

o, AC)= FRAEIEH Logistic BEH AL, AC) 8 E TR RER

TR0, o 2% Met AEIAAER . u MV, 35 10 W5 2 R4 B R A A

17
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2.4.4 Copula BREBYE 75 7E AR & Copula R EAYIEEE

(1) Copula &I 3%

a) MER AT (EML)

EML i1, BI—5 O BIAR AT TE. Si  A57E T2 T AR o
BRI S 4. EML T Copula B B H . B2, F306 4 0
BN B R B 2 3, I UEE LG A RIS B . VG, R
KNSR G, BB A AR B ORGP X eS8 ARTT, R, EML
(A A R R A 4% o B, 22 3 3 R BB MRS 43 A 1
N SEBREUR S R A RN, Al T R S B . BEA, YR A
BN B R ERN, EML A4 iHi 5 R ] A2 2R BRI,
B, EREF EML A THERS, 73705 I HOE AR R IR, R4S A SEBRt
LT LR AT

b) b Ahiiivk (IFMD

ST (IFMD R OIS 1% . B IR AR AR A At
SRR AT NB B S, IR LA T 13 BRI 22 A R S B
EANARIERFTNO=(6,,-.,6,) » TEAFFXLIDENFIISHUG G, Xt
ZHARNF] Copula B¥H, SRJGHE— B 41T Copula BHH A IR MBS

TEM 5 B AR 25 7E T8 T DK B A% FRO BG4 A1 43 A A T 131 84 £ 30 2% 3 A A
Copula B, AT (1 A A T o A, B3 FT LA AR ABASR A7 v R B IR
AT EASPERIA RS . ARTT, TFM A JRIR M, Bt e vl A 2 B30 45y
AFHEPEIIRAIA, LA S 24 REAS B/ N A A S S S BT, A T e %
B

c) FZEAhiHE (CML)
CML J7VEIA% O AR R 258 o0 A R B Al T4 2% 53 A1, ALK Copula B

RIS HEAT AT VAR, S El T A58 SeHisE copula BREL, TMIAS
XA BRI ATATATER B . fEASTE copula EREXISHURT, (R EMILIRER 7

18
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AT R ST AN A2 FLBEAR 73 A R A IR VE R M R AR B 6 0 AR iR 46 Fr 4 e
BOuE SRR, ARG A ARORE MG T S8 hAh, 256704 ek B8
NS, T B A, B e R IR A& 1 A Al e BUR KR %
AT RHIEA G, ATGIN TR A THE, B ARSI, E A
THEE Jeflith RN B A bR AT, IRE IR AR IEAL T copula PRI Z
.

FESKBRM I, CML J7ik el 1 e LA IR . e 12 L34
T B R XA A5 A AR AR % R I I 7 68 320 25 0 A A ™A B B
{2, IXMAEREE — € KRS, JCH AR A AR/ B R 1 AN 2 St
FURBR RO, S B THAR S THEE R el Be 2 52 38— € i, HEnlfg
AR ZE . I, FERIH] CML J59kS,  JAT 75 e T 5 8 ok F 2 A A
RIRIBRYE, JF 285 45 5 S PRt DUBEAT VR AR 20 A AN DAL, DB DR FLAE SR B Y A
RENS S S HERCR

(2) Akt Copula EREANEIEFET L

a) Q-Q Kk

Q-Q ERETZAHMHA QQ KM AI MR K LLELA 56 /3 A 55 FAL 73 A 2 ] )
FALRE . LARA- A anfniaid QQ Bk B Copula R4k

b) KS K561k

KS 505 —Fp i T 290 /0 A5 IR /0 A 2 (A1 22 S5 1 7 1%, KS A4 mT A
FHRAE IS AR 11-11) Copula B EI 545 Copula BREE & — 3, BE HIBEAS Copula
B e T L AP A S PR

c) AIC #1 BIC #E]

AIC #1 BIC #E, R Akaike {7 5 vHE AT DU Sp45 SAEI, S H] TR ik 4
FOPPAS A PRl U . 4 T 5l Copula BRALHIESERT, —MCRiE, HARK
fik AIC #1 BIC {E 1] Copula BRI A& AR L SR, OYIXIEH SE 125
MG EARFEIN, WRFE VBRI E B, s 7l A .
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FIE ETHREEIRH Copula BibHIX K E SHERE

KT FEEIR T AT TR A ZEHEE, IET GARCH-EVT-H 4
Copula-CoVaR [¥] RV Gl X 871k . 27 VE AN RE ST BOT Al KUK HY
RS, SEReASHERE PR Rl T 7 (A R Bh A SRR . FUAM P IR H i &
WM A 25 %, I GARCH B H sh vk b AT i . AR5, B

WALFE GARCH 8= 1% 27 %1, H1 GARCH Al EVT-POT A BAD - 17
TN A - 2, SRS Copula K7 S HA T3 2 18] I Sh A AR 45 44,
)5, R BT RS2 8 REORIA S50 A e o ST 3 2 [8] ) CoVaR.

3.1 GARCH- EVT-POT =&/

H T < R 18] e S AR AR ST L e Bl SR AR AN 7 75 224, T GARCH R4 47

A DMBEF I RR X PRI S, BT AARA 5T H. GARCH BRI RHE . Skt H
e 2t 22 B LA H s it vt ik R AT AR AEAL AL B AH S I e I 1
3E R AL 5] 3 A7 BOW i 2R BRER ZE P A1, FH AR T BRI ARF & EVT-
POT #ERL R

—RAB LT, GARCH (1,1) R BY AT DA ke 244 0K 22 B0 < ik P 1] e 91 s 1) 5 07

£, R
Ry =+ &,
& =0V, (3.1)

2 2 2
o =w+ao,  + P,

He, @>0, a=0, 20, a+p<1, RANMBUNEEFS, u NFHE

5, v RS,

FH T4 il 0 77 1 8 30 XU 38 o 5 A 2 B 2R o, AT Tl o £ ) e A
X IX B ] GARCH #7111 387 120 1) Ak 2 i 4 10 A i JXU I o A 32
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FIAT H RIS A (GPD 73041 ), XA A B i 3 — BB O B i@ i, 1X
P FRN POT B4,
I~ SO RIS B 0 AT BREUA
1—(1+Q)'1’f,§¢0,

Gg,ﬁ (y) = ﬂ (32)
1-eY"7 £=0,

Hrb, ey p o IREIERSBEMRES . TWIRSH & >00), GPD 71 A
JERRE . £=00, GPD tiBLEIa 21, £<0, GPD 734 BA ENF
Mo

DR BRI TR WA F IEAS AT 4G O A, WU 1 B8 38 XU A BT i 22 « DA
AWFEAER GPD 43 H GARCH (1,1) A5 7475 21 (4 # 301 HR AJ S. [ 43 A7 1) 3807 6
Frgv, AT G

D(v), (v ub),

F = . L_., .
O Mg ey G

N ;
Horp, N RFEARRAE, u xR, N BN BREN L o) e
FEARRZYG 73 A1 o X TS BN 0 AT R AL F (v) 5 B R AR AT 2 F, (x) AT (y)
HE—2P H T 257 Copula 7,

3.2 B}EF t-Copula R EY

i 51N GARCH- EVT-POT #&8, A ASRAGAS [FIEZ5 T 47500 L 46 250 51 1)
FRZEWI 3 AT, e — 53 b T 3 2 B BB o0 AT i T 78 T 9 Z T AR G &R
ARG NBAE t-Copula BREL

BE(X,Y) N EBENAR &, X, Y IIAZ R F(x) FIF (y), il

MR AHLER u=F (x), v=F(y), H Sklar &, 17:

Foy (X ¥) = C(F (%), ()

= C(u,v) = Fy, (F ' (u), F,* (v)), (3.4)
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b, u~U, 1D, v~UC0, 1), NZMFMERP(X <x|Y <y) XRAN:

P(X £x|Y=y)=w. (3.5)
[Fi, P(X <x|Y <y)ERRN:

P(X <x|Y <y) _C(FR(X).F () _CuV)
P(Y <) R (y) v

NI(3.7)7 5 7R -t t-Copula B AL 70 AR KL I AZAH R S R0 T 72
ENREAR AL,

P(X <x|Y<y)=

(3.6)

_d+2

gt (u) Tt (v) 2 42 2
1 S +t°—2pst
Cu,v;p,d) = — = exp(l+—2y  dsdt,
Iw [o 21— p? d(1-p?%)
- 1 q -1 -1
ptzA(a)p+ﬁppt—l+apvaT (u ;)T (v :d)), (.7)
i=1

U L V1+vfl-p,
Ae, =Ac. =2|1-t, ,(—F——) |,
‘ ' 1+ o,

Her, Ty Atadi, TGDt SAKERE, d EBE, p AMKRL
AC)=(A—e™) (L+e™) TR IBIER Logistic FHBH, AC) HI S H p,
TRIFAEC0,1) -
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B X Rl s e T VR 2 IR 26, JLAE o R KCE T KUK
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XHF A R AR R X ATY,, R4 E BARK T a « tI 2 X R A 1 2k

22



S W YN R VAT
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3T GARCH-EVT B, FkA155IF (v ). F ()3 Hidiid Copula i %0k
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¥, @t PIHMESRR RS By 458 I 15 A A F
R (v [v)) = jw c(F, (), F (0N f, () v, (3.11)
Ba="f0), WRIEHRTY Y BEKEXKEVaR), M-
VaR), = +0q, (), (3.12)
o, ) Mo NUESF T X Bl st 2 Fr A1 I 26 AP BB AT R AR RRHEE , ay (@)
TR, WRTF (31D BB EAE R
jw c(F, (v)), F 0N T, (v)dv, = a. (3.13)
A4 I IRIEAR N CoVaR, ! = uf + 0 R (k) T35 CovaR ] i .
T S LI S IE S T 3 1R (K U R 51N ACovaR , 4 F-CoVaR, !} Ik 2
TeAF RN E, B

ACoVaR); =CovaR]"; -VaR! .. (3.14)

T G S5 AN [ I 3 51 2 I A EL LR, FRATTHE ACovaR) ) hritdk, 13

yx _ ACoVaR}"
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41 EAREMEG

¥IE FrHEZE 1wt E353 J-B K56
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TRUE TR 71.9519 0.000
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Time-varying t -835.2 -818.5
Time-varying Clayton -716.4 -699. 7
PRERTR
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9 MK 4-4. 4-5 Jyh B A HOIES T 5 &R TTIHLE 95%H) B 15 /KT 13X
CoVaR [ 1 gi vHFn XU 34 1A
M 4-9 HERATATLURBL,  CoVaR [SSE#R A 5L, HEWE T EN
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