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Abstract

This paper uses the rolling window technology to build a high-dimensional dynamic R-Vine Copula
model. By identifying the structural mutation points of the dynamic R-Vine Copula model, we can
judge the dynamic changes of the dependence structure among high-dimensional variables, so as
to study the dependent structure mutation of ten primary industries of CSI 300 from 2015 to 2022.
The empirical results are obtained as follows: 1) from 2015 to 2022, the inter-industry dependence
structure undergoes structural mutation in January 2018 and December 2019.The whole is divided
into three mutation intervals ,and the reason for this mutation is likely to be affected by Sino US
trade war and COVID-19; 2) within the three sudden change intervals, the dependency structure of
CSI 300 industries has changed significantly, the industry center has shifted from industry and op-
tional consumption to industry and then to optional consumption; 3) most of the industries in
mutation interval 1 have an asymmetric dependency structure with upper and lower tails, while
most of the industries in mutation interval 2 have an asymmetric dependency structure with up-
per and lower tails, and the dependency has increased. Most of the industries in mutation interval
3 have an asymmetric dependency structure with upper and lower tails, and the dependency has
decreased. In addition, the absolute value of the value at risk (VaR) and the expected loss (ES) of
CSI 300 sector portfolios during the COVID-19 are increasing compared with that before the muta-
tion point. However, with the weakening of the impact of the epidemic, the values of VaR and ES
have gradually become consistent with that before the mutation point in June 2021.
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1. 5|8

BEE B ST AN KT A R, BT AT MU [B] R AH SR PRk K, L TEAE TP BGBR K 8 55 2% P AR AR &5 4 A
“, Wi R kR EIH “E—RKMzhaS” KR . SR, 75538528 el 28 25 55 HOCH bk
I, AT AR BB AN B R ELIL, AT MV R PR AR AR 544 W] RE R AR AR A o AHAR G5 ) A2 IR AT b 18] SC IR P2 5 X
B A% G P A7 ) B AR, DAL IG AR T 47 b [ AR 485 ) ) A8 A %oF T A8 A7 b [A] PR R J DA B R A Ml i 3 XU
HAHE IR S

AN D 238 o e T AT MK A DG 1 AR AE SS9 SE DT TR IEAT R AT . Blan, T AR B SCAE 1] R I
t-Copula F17E & Gumbel Copula 7EZIEAT ML B AR K 2510 I R IR 4 s 2R IERUEF 2] 70 il fa it | Fh 36 57 ) g
2 0 PR i 1 P IR M T AT b R RS v 2, IR SRR G R FS AT IR R DG IR BE SR N A,
FATIAE I Tl v ) B R FE R AR T AN RIRR FE AR Ak s #2 4 Z AN AR SC[3]F] F Connectedness J7 VAR 7t 1
B AT T, Il AORVR AT 83 2% 2 vh BB T () 2 ATk, oy J 5 3 B XU 1 %) 1 €

Vine Copula #% t1 Bedford %5 A\ [4]#&H, FHIRAMUE Copula B8 HIIL ) “ 4ER T HE” 45 1) . AHXT
T C-Vine Copula. D-Vine Copula BT S, R-Vine Copula RJ LUK HE A% & 8] (A AR RFAE R 7% 11 $5
MREERY, TR O 2 1) = 4 AR (8] ) MK FE 5% & (Dimanna et al. [5]; Brechman et al. [6]; RIS KZE[7]; /&
F[8]). £ T R-Vine Copula fHY IR, AD223 K ] R-Vine Copula #5250 15y 4747 72 2 [A] 1 #R A AHAK
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GERHEAT 2 (5K S RERITK B [9]: AR SCRIRINAR[10])e ANz 2 30 43 HInT B K HAE T R A B 2 A R A
FAAR S5 K JHEAT Z0 0 X Lo e (AP ELEE[ 11148 R-Vine Copula B AYHF 78 IR HE K SEHLET 5 4Tk
T3 AL N, RIS RN AT ML T A EA AR G5 M 45 5 TRIAZAE 22 57 SRSCAR[ 12143 AIAE 1997 43F
PRt fEHL. 2008 FEERGHL. 2010 FRAGHEHLT 5t T H HFFE R-Vine Copula BRI 43K 21 MR T
MR GE R BEAT Z i, R IR T 2 IR LA AR R BRI AR DG R, = IR SEATL IR A A 386588 7 1 717 1) () A AR
P

g5 LA, Bl SCHRK 2 R A Vine Copula #5721 A% & 8] (1) B S AR 45 M 5o A AL &l i 3 /6
MU IR B AR AR, 2 AONIIRISY “fablar” “fablia” o STk, A2 FATWALS, 4546 R-Vine
Copula BEARIFIREN B CHEA, K 2018~2022 4F971R 300 47 b F5 HikH 1 5 40 )3 A et A2 m HH B A 445 ) 58 AR
PERIFH T

ARSI TN EZA LA : 1) 25680 % D HE AR 2317 R-Vine Copula BRI 300
17V ] I ShAS AR S5 K 3647 %), HR4E R-Vine Copula B8 AIC. BIC. logLik F#R 5 Y& 300 47k
MR AR EAS FE TR I G5 R 9 i, B T AN REAT I B I (0 0L 2) FE T34 R-Vine Copula 5
SR 300 ATLFREIBNAS VaR 5 ES, DA &5 #4878 55 Al 5 17K 300 17l 46 5 i RS AR A6 34T
X LW 7T .

2. RBpE
ETZIE OB AR R-Vine Copula 5

£F%F R-Vine Copula B8 R, O K ZEURE T 20 BN S MTH, TCIERR AN 1)
SERTBRFE . BT EKMEHURAERE, FAIRAKS SRR RS, Saflid)E, Mk
NGB . N T R A IRAR BIRHE, AR SCR R B o ARSI IR 300 BEi AT kAR 45
P Ak I R AT AR A0 AT

TEI TR G5 A 988, AR A 1CSS 515K 53 #T B R-Vine Copula SRR H (1) AIC 57512 15
TEAE S5 978 1, 1CSS i H Inclan F Tiao (1994)f&H, FE @I & AIC 5575 5% 2 7 51 IR 56 4t
THE, RHAIMT AIC 5517 512 5 A B35 I 451 AL R

T %3 E D AR RN R-Vine Copula B8 kg i F2 40 R

B0 SRR T t-GARCH @4, t-GARCH BRI A a0~

X, =u, +¢,
& = \/Ent’nt |§21—1 ~1, (2)

_ 2
h =w+as,_, + ph,_,

H, X, RN, u, RRBIE, b RRFMTE, ¢ RnikZE, Q N -1 N AHE o o
BB E, Ho>0, a20, 20, a+pf<l.

t-GARCH @BLE R ), THEHbRAERRZE 751, X Hdh AT ¢ A 2R AR 4t

B0 WHEFIRT B T = 0 BT ZITFAG, AUt IR BL(252 22 5 H I t 0 A28 R 03 B e 1y 41 i AT
R-Vine Copula Z:45, 15FIRA MK 70 4. AIC. BIC. logLik 2546 ¥r. SRJGAE BN D 3ERE L,
] J5 3 [E e DK (1 A5 ), EH B ©2, BN ¢ 70 A RER AR o 46 J5 1) 7 1 B AR HE J5 — R, K
4T R-Vine Copula #2155, FEHUHICATHEEH . LA, BERRSN B R B T e — 38 5 H oAk,

W= 454 1CSS Hik, RN BRI AIC. BIC. logLik FHIMIGE R 938 5, LALE )54
SN TR (R BE,  EAEREAR D AR, BRI FE 10 AN TMLAEAS [R] I 3 R AR AR 2544
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3. SRS #R
3.1. RGBSRt

ARICIEFEUR 300 1) 10 DS—FATNIREAE R TR . FEARIN 2015 42 1 H 6 HZE 2022 44 H
12 H, 3% 1767 DME . AT E R H In(p, /p,_, ) WITTIRN R, IR B FEA I RIAT W45 Bont Holk
WRHIEMAT TRIAME G, CPRERL, BRI, ARCH BMNAERSE. RIFTE I IR E T
B aax 2 “RIEER” BptE, BAHEMIEESMS, M ADF BKRE, JEUERE 5% EREK
SERBIFRRT A Q KERER BT X B e RN B ARG, B & AN P AT ARCH-LM
R, I 10 AT ML U i 2 H1ES B A W L) ARCH 80N

3.2. %Sttt

FLT 0B 25 R B AR AL, A SO -GARCH(1, 1B 10 MT 8 H 0 Bl 25 R AT 005
SRAFRUETR Z 75, NZ JG1 R-Vine Copula #AEMIES . MILALEFKE, 10 MIFERNSE o A
SR L IEBEEKT N 5% NEE, BHAMEAIZ AN 1, % GARCH BRI S HE R, K-S 1
I PAERM, 10 MO FEBARAE IR ZE ST ¢ 70 A BER A 45 5l 7 K-S K40, RPARAN(O, 1)
Y104, &M T2 )51 R-Vine Copula 224, L& 1.

Table 1. Estimation of marginal distribution parameters of various yield series

# 1. B RFIIRING D mERET

A& # o a B [ H R loglik S
(p 1H)
REUR 0.000683 0.000000 0.1226 0.8321 3.9802 11290.50 0.8794
JEAT L 0.000564 0.000004 0.0872 0.9022 6.3101 4826.201 0.5018
Tolk 0.000341 0.000003 0.0851 0.9087 5.2810 5053.970 0.5239
CIpRhis 0.000738 0.000003 0.0789 0.9156 5.8401 4924.323 0.7082
FEH 0.001176 0.000005 0.0753 0.9148 5.9570 4701.390 0.4957
2 TR 0.000807 0.000001 0.0710 0.9280 8.4321 4867.349 0.6939
SRl —0.000008 0.000002 0.0750 0.9239 3.8969 5176.836 0.1841
FEEAR 0.000441 0.000002 0.0617 0.9372 6.4788 4590.318 0.3840
R 0.000160 0.000005 0.0907 0.9072 4.5919 4600.366 0.4812
AHEE 0.000050 0.000001 0.0795 0.9153 4.8018 5530.648 0.8267

3.3. (TAkEhZSEKE S

KA HI8)7S R-Vine Copula AL KA 5 FRE PR 300 (1) 10 MTIL SRS . &I
BN 245 MEGHZ 1), BIRENFEWEBN—NZHH, —HLFEIRD) 1522 K. ACES WL
W FT IS B A BN SR AIC, BIC A1 logLik HIES, KA1 HFIWr IR 300 A7k ) Zh A& H R 45 F A2 4k
TEHEANET Y, AIC. BIC. logLik fEFRIIBBIECR, AIC 5 BIC WEH EEES, WIBHW 10 M7k
BN AARGERIAFAELE M TRAR 50 ARSCR B SCIR B 1CSS Bk, 7R R MK 0.01 B, 43 51
AIC #l logLik FEHI & FAFLE L5/ 538 s, SE IR, AIC Ml logLik & HIHR > BIFEAE —Nasrg5e3E 4, H
I IR R He, BRgE R 2.
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Table 2. Time point, interval and corresponding major events of catastrophe

2. REMS. REXEARHHEREH

R RITS RAE R 7] RAR X 1] A RE A KA

1 201841 H22H 201541 A6 H~201841H22H 3L G RO AR T

AIC 2 20194F 12 A3 A 201841 A 23 A~20194F 12 A3 A T 36 51 5y R A 1)
20194E 12 H 4 H~2022 44 H 12 H  Hia il 46 215 48 & J011A)

1 201841 H24H 201541 A6 H~201841 24 H 3L 5 RO AR T

logLik 2 2019412 H 13 H 201841 H25 H20194E 12 H 13 H  HER Gk AN

20194E 12 B 14 H~2022 54 B 12 H #4825 & 3 a)

FET AIC JP 915 logLik [54145 H (1) 25 04 TR rU i [A) e AR — 3500 PR U AR SCHRE T logLik /7471, K H R-Vine
Copula #55585%5 HAN 43 TP AN DX 1) 73 G B AT R AS AR AR 25 A 20 B, DALESRAE S0P R 300 ATV AR AR S5 P 7 &
ANRAX AR 1, B2, B3 3l RARIX A 1. RAZX ] 2 5 RAFIX [A] 3 ] R-Vine Copula ]
F—ERIRE. A, BB1. SBB1. BB7. SG %3 %ll/&$§ Clayton-Gumbel Copula. Survival Clayton-Gumbel
Copula. Joe-Clayton Copula. Survival Gumbel Copula. FH}JG FIE 78T 5 2 18] #) kendall BEAH < 2%
T, ZAEHAS Copula 5Hf52m, EBHS— L,

.........................................................................................................................
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Figure 1. Industry dependency structure in the first mutation interval
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Figure 2. Industry dependency structure in the second mutation interval
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Figure 3. Industry dependency structure in the third mutation interval

B 3. FE=REXEATIARKEH

B RARX[A](2015 4 1 B 6 H~2018 4£ 1 A 24 H), ZX[AIkTF 3R Sk kA2 w1, I 300 (1)
10 MRyl 2 A Tk oy bt . FEAARYETT T, SRR 8 E, BEARYERRLE 0.5 L b i,
AL 3% PRS2 TLAEAT AR A B, IA BT 0.6. A FEL S A AT AR KR, R
0.45. {EAMRGE T, BAAEFRARSGHIATI S 28 K, BT ARES &= 5, T
W5 2 Sk 2 1) BAT SRR AR S5 4 41, HoAlAT k2 (8] BB1, SBBI, SG pR3uER:, HA “ LR
TRR” MR RRARIR S5 .

B RARXE(2018 45 1 H 25 H~2019 4E 12 F 13 H), %X a4t Frh3E R ok kA E . dE 1
MR BH S BIE H, IR 300 B9 10 MR TV ey, a2 it i TR 558X 1 AEEE, 470k
(AR 45 44 2 A LR J LR AR (b 25—, Tl 10 MTA R Z A0 f. ARZATMAERAE X [H] 2 FAs Ny
HITAHE, . [FEHEA. &R/~ 5%. £, TR RWH EFREMNFRIHKE S . R X
1 REARFN S S22 m, TS ALz B EA S FRAAIK S . mRARX A 2 F, 4k
ZHATI 2 IR SRR AR . 26 =, AT \Ial AR AT Bt k. SRR 2, AT MR IA] AR K
PEACPIREALERFE 0.55 DL, WZRAEX ] 1 9, A7 MbIA AR PE K3 ATE 0.55 BAR .

FERAFXE(2019 £E 12 A 14 H~2022 4E 4 A 12 H), %X LT3 et il 2 2 & AR . i e
2 ATLMEI R A b, AT SR ERRE, TIAFAAT 10 MTIF RO 8, Ak 247 b7 i
Bl i e S9FIXIA] 2 AL, RAFXA] 3 ATk (Al AR 2500 £ A LR JLAUBAE: 55—, ATk
ORRERER . IBATWATES TAARE, My 5 ikl A7 e HAabar Al Flan. Sk
G BHEARATWAERAZX (] 2 H 5 TAHE, (HFERARXIA 3 dAR R 5o il AT ARE, BRIRAT L H
FRARXA] 2 it ToAHE, BN SMRMTIAE; B, ATk LR/ T RBRIAE R 451 R
Fo RABXIE 2, MEATNZ WAE LT B FREMKSE R, 0. TALRAT % s, F25E 9
AR P AT A, HRARIXE] 3 o LA E BH ARG BE AT Z MAELE B F RT3 =,
ATV IE] AR I AT BT RAEAG . SRARIX TR 2 o, AT M IE] R A AR PRSP FEALERRAE 0.55 B b, TIRAZXH] 3
FUEAT ML (AR AR I A 0.5 LAR .
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4. EF R-Vine Copula IREH) VaR 5 ES NEE B 5

N ECIR 53 AT B8 A5 K S8 R IS GBI e il 9 28 155 AT -5 0 sl e I R A IR, DA fRT R 1 i 15
) 10 M7 B A1) VaR 5 ES TSR AVE, AR SCKEE AN R ST iiRJs 199 N385 H
A G I Ja 287 AN 5 FHE RFEARSNHE (2018 4 1 A 3 H~2019 452 A 22 H, 3£ 275 MMdiE, 2019
2 H 25 H~2021 45 1 H 29 H, 3% 474 ANEHE 7108 & E AR P ER), % 10 A7 VA8 H05E B0 [F 1
KU, 7E R-Vine Copula SRR b, A FH SRR RIS B LS SR B T 1 HOR TN BF A R A S 1)
VaR 5 ES. & 4 R TR0 545 R AR 300 473414 VaR 5 ES FIHIIME AL, SH—175
AT R AR IR R TR S UG ) VaR 5 ES B TR 5L .
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Figure 4. Predictive performance of VaR and ES before and during the COVID-19
& 4. Z1FRTSZERE VaR 5 ES BITUNZRIN

2, DLERFENMIKE 9 0.01 A, EERTSEREE 10 MR TEAHE VaR 4XHE 7l E
0.02~0.05 5 0.02~0.06 M X [AIVEE N . SARKSE, A IRAT I 2405 VaR 485 H 5 2 15 wiAH Lo o
Bk, BLE 2021 E 6 A2 )G, TR 4 A VaR ZE0HE K/ T 0.04, JER AT REAE TR EE G B 1%
U — R, IR 300 BT IE B T 1w R .
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R4y R-Vine Copula B84} VaR 5 ES [WEEAE S, A SCH Kupiec KRIMCEALLR VLA McNeil
F Frey (2000)# H ) B 2EXHEH AL A1 VaR 5 ES (4G B RHER ERE TSR . % 3 58 4 BILT
R-Vine Copula-t-GARCH #7555 185 5 A2 15 11A] 10 M7V ALA KA VaR S5 HIE 412 ES KR [A]
LA

Table 3. Return test results of VaR before and during the COVID-19 under the R-Vine Copula model
2 3. R-Vine Copula {2 &8 TZFATAMEIBHE VaR FIREIRIGLER

e [5] BIEKP RIGCREL R LR P
90% 14 0.0700 2.2109 0.1370
SEHRAL RSET 95% 7 0.0350 1.0537 0.3047
99% 2 0.0100 0.0000 1.0000
90% 30 0.1045 0.0646 0.7994
SRR UG 95% 19 0.0662 1.4459 0.2292
99% 4 0.0139 0.2292 0.5269

Table 4. Return test results of ES before and during the COVID-19 under the R-Vine Copula model
% 4. R-Vine Copula R & TR IFRTFZIEHAE ES FIREIRIEER

e [5] BIEKT RICREL NS P {H
90% 4 0.0200 0.500

e 95% 2 0.0100 0.523
99% 1 0.0050 0.248

90% 16 0.0557 0.502

et e 95% 10 0.0348 0.541
99% 1 0.0035 0.492

WA 3 535 4 nTCUE W, B R0 BIRD6 B P AR T 0.05, RPERANIEL R, AN &
KR VaR 5 ES #FEd 17 &% H R K.

NS INFE 53 3 EE R 1 A R) 10 AMT LG VaR (B 5 ES HAAL IS DL, xRt il 5%
T BIAIAS [F) 235 ME/K 1 VaR 5 ES (AT . 45 e 5 Fis.

Table 5. VaR and ES values at different significance levels before and during the COVID-19
5. RIFMSREHEAEEEHKFERN VaR 5 ES E

VaR a=0.1 a=0.05 a=0.01
e il -0.01168 -0.01598 -0.02563
P 175 301 1] -0.01561 -0.02173 —0.03697
ES a=0.1 a=0.05 a =001
PN A -0.01797 -0.2243 —0.03334
95 175 4 1] -0.02491 -0.0315 —0.04839

RS h, BEEREMACTRNRE, EERT SRS IEAT AR R4S VaR 5 ES XA EE BT, H
PN AT SR IIE] VaR 5 ES 2 (E MBORBOR, X U BRI, I 300 47l RO aE FR AR,
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SEENE WA E VaR 5 ES (HAER, MEUGE R ERE 2. W& 5 B DA, ZRFE
(K] VaR ZEXHE W] K TG RT VaR 4EX0HE, XU HIIR], 97K 300 i AT Ak B 41 & R K, (7]
IS th R IR 300 BT AR BE 2 T ARG

5. B4

ASCLAYPER 300 1) 10 DS—ZAT MR A B, @i # #2075 R-Vine Coplua AR Z1H 10 MTk2
[AARAR 45 MR AL AR, R R BIEA FR Hp B R I 1, T 10 ANMTILAE 3 /N 578 X [A] (AR R 45 #4 1H)
AN, F S R T 4 92 17 AT e A 2 S AT AT L IA] VaR 5 ES BTRINSCR 5 TME AT 7L . &
BAAHLLURNE L B, 3ARAEXEF 10 M7 R-Vine S5MAF/EZ R, A7 R F G s RS
RS —RABX A F, TS5 AEE o TG, B8 RBX AT, TR S, =R
ARIX (], R AR AT s BB, AT MR IR AR A M RR S A X B e . B AR X ]
W, YRR 300 ATME AT DL BT RBAK ARIGAIKR S 2. 55 AR X (A FR PR 300 47k 2 8] BA_E TR AT RR
AR SR o 38 =SB IX AR AT Z (R BA BN RAK R IR s 35 =, AR RS
Bt . 55 R X H] 5 55 — S8 AR X RIAH L, AT Mk 2 [ R ARAR PEKCSE A B, 58 = 9948 X [R] 5 58—
RAFXAAAEL, AT TR AR AP A BB 5800, B Ml 2% 1 5, IR 300 A7k g4 5% KU
BK. M VaR 5 ES {ERE, Z 15 VaR 5 ES FIZE6HE K TR 1T VaR 5 ES MIZ4E5THE, HE 2021
£ 6 A2 )G VaR 5 ES (45280 T 52 /el — 2.

E&WE

EFKARBIAEGIE LR MR R R3] LA E T (62003170);
LA BRREREEIE e MERENL i RAMFEHI2 B L Ae 4”7 (BK20190770).

&E ik
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