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Abstract: The TV-Copula-X model was constructed with the addition of an exogenous variable the dynamic
Copula function. Based on the definition of ‘volatility surprise’, the dependence structures of the BRICS
were studied from the perspectives of mean spillover and volatility spillover, and whether the structures
would be affected by the US stock market. The data of the BRICS and the US stock markets was selected
for empirical research. The results show that the BRICS have significant dependence from the aspects of
return and volatility. There are asymmetric dependent structures between the volatility of the BRICS but
only some countries of BRICS have asymmetric dependent structures between their yields. The US stock
market has a certain impact on the interdependence of some BRICS countries, and the correlation between
the BRICS stock markets will increase when a financial crisis or positive events occurs.
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Tab. 1 Descriptive statistics of yields in BRIC and US stock markets
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EPE(BVSP)  0.000053  0.059397 —0.052532 0.007340 —0.083918 8.299445 3166.147"** —53.92540" "
o E (SHD 0.000045  0.039236 —0.040199 0.007209 —0.617678 7.473763 2426.016"** —51.14637"""
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FE(GSPC)  0.000050  0.047587 —0.041126 0.005146 —0.466312 12.74931 10802.85"" " —55.69450" " "
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Tab.2 Pearson linear correlation coefficient of yields in BRIC and US stock markets
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Tab.3 Parameter estimation of ellipticical Copula function(BRICs yields)

RTS+BVSP RTS+SH RTS+BSESN ~ BVSP+SH  BVSP+BSESN  SH+BSESN

0. 3964 0.1991 0. 3874 0.1358 0.2623 0.2276
Gaussian (0.0146) """ (0.0207)" " (0.0158)" " (0.0169)" "  (0.0155) """  (0.0233)" "~
AIC  —456. 2625 —106. 2692 —427. 2760 —47.8488 —188. 9650 —140. 3655
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gR3
RTS+BVSP RTS+SH RTS+ BSESN BVSP+SH  BVSP+BSESN  SH-BSESN
1.7750 0. 0006 —0.0071 0.5311 0. 9599 0. 4681
“(0.1036) """ (0. 0049) 0. 0157) (0.0895) " *~ (0.0841) " ** (0. 4532)
1.8730 2. 0408 2.1638 —2.0339 —2.1267 0.1475
TV-Gaussian (0.1967)" "  (0.0228)" " (0.0365) "  (0.0245) """  (0.0189) """ (1.9613)
—0. 2893 —0.0078 —0.0112 0. 1806 0.1979 —0.0898
¢ (0.0725)" *~ (0.003) """ (0.0027)" " (0.0946) """  (0.0751)" "~ (0.0681)" "~
AIC  —469.0813 —106. 6205 —449. 3620 —16. 4586 —192. 6804 —138. 6260
1.7897 0.4777 0.5797 0. 2040 0.9788 0. 4469
“(0.0948) " (0.2231)" " (1.1662) (0.1288) (0.0868) " *~ (0.2457) "
—1.9079 —0. 3877 0. 6387 0. 4769 —2.1108 0.2174
B 01518 (1.1219) (3.3899) (0. 9057) (0.0530)" "~ (0. 9920)
TV-Gaussian-X —0.2981 0. 0025 —0.0144 0. 0045 0.1859 —0. 0864
“ (0.0711) " *~ (0. 0688) (0.0571) " (0. 0507) (0.0684) " *~ (0.0735)
—3.1835 —4.9999 —5.0000 —4.9998 0.6978 —4.9996
4 (2.9084) (4.6431) (6.6201) (5.1818) (1.9513) (5.2246)
AIC  —468.4281 —104. 7407 —426. 6697 —45.0675 —191. 0133 —138. 6589
0.3946 0.1967 0. 3857 0.1268 0.2529 0. 2287
e (0.0179) " *~ (0.0209) " *~ (0.0182) " *~ (0.0209) " *~ (0.0195) " ** (0.0205) " *~
Student-t 5.1157 5. 4465 5. 2690 7.6272 1. 2640 6.2342
(0.6439) """ (0.6371)""" (0.5914H) """ (1.3305)" " (0.4816)" " "  (1.4394)" "~
AIC  —546.1949 —177.5379 —516. 1204 —85. 7944 —299. 6474 —194. 7677
1.7169 0.0016 1.1860 0.0915 0. 9694 0.5511
Y (0.1235) " (0. 0053) (0.3744) " "~ (0.2220) (0.0984) " * (0.2546) " "
g —0.1394 —0.0034 0. 0062 0. 0091 0. 0644 —0.0594
(0.0448) " "~ (0. 0021) (0. 0246) (0. 0640) (0.0334) " (0.0549)
TV-Student —1.8594 2.0324 —0.9734 2713 —2.1137 —0. 2159
(0.2290)" "~ (0.0253) (0.9942) (1.7438) (0.0372)" "~ (1.0538)
5.2268 5. 4812 5.2778 7.6133 1. 3225 6. 2900
Y (0.6441)" " (1.9202)° " (0.6870)" "  (2.3221)°"°  (0.4048)"*"  (0.4235) """
AIC  —552.9104 —178. 2850 —512.1672 —82.0162 —300. 9014 —192. 1967
""""""""""""""""""" 1.7107  0.41%  0.5735  0.1760  0.8920 0.3723
0,106 (0 112D ¢ (0.2866) " " (0. 0965) (0.1292) " *~ (0.1644) " "
8 —0.1445 —0.0107 —0.0016 0. 0081 0.0653 —0.0389
(0.0458) " *~ (0. 0407) 0. 0170) (0. 0357) (0.0293) "~ (0. 0396)
—1.8351 —0.0965 0.6276 0.5583 —1.7150 0. 4907
TV-Student-X “ (0.1673)" "~ (0.5192) (0.7432) (0.7327) (0.3750)" "~ (0.6693)
5.2511 5.5037 5.3476 7.7585 1. 2944 6. 2455
Y (0.6512)" " (0.6672)" " (0.6670)" " (0.8864) " "~ (0.4333)" " (0.9314) " "~
—3.4364 —14.4929 —15. 2706 —9.5265 1. 6774 —11. 9430
4 (3.9081) (5.7688) " (5.7923)" " (6.5049) (3.7425) (6.1575)"
AIC  —551.7872 —177.5514 —516. 9339 —82.3503 —300. 2501 —193.9571
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Tab.4 Parameter estimation results of Archimedes Copula function(BRICs yields)
RTS+BVSP RTS+SH RTS+ BSESN BVSP+SH  BVSP+BSESN  SH-BSESN
5 1.3168 1.1359 1.3056 1.1000 1.1919 1.1574
Gumbel (0.0194)" "~ (0.0155) " "~ (0.0195)" "~ (0.0141)" "~ (0.0166) " "~ (0.0158) " " *
AIC  —430.5569 —118.7736 —400. 4582 —66. 8292 —209. 3290 —144. 2562
0.7698 2. 1660 1.1501 —2.1457 0.9846 —0.2363
@ (0.3458)" " (0.0822)" "~ (0.5012) " " (0.0838)" " " (0.9507) (0.0631) " "
0.0255 —0.9410 —0.2719 1.5869 —0.2483 0. 6860
TV-Gumbel (0.2227) (0.0563) """ (0. 3380) (0.1231) """ (0.7017) (0.0346) """
—0.9005 —2.2758 —0.90266 0. 3281 —0.8158 —0.5382
“ (0.2642)" " (0.3312)" " " (0.3246) """ (0.1598) (0.4094) “ * (0.0842)" "~
AIC  —448.0629 —139.8116 —410. 7752 —64. 8566 —220. 0848 —170. 3918
0.7283 0. 8623 1.2069 0. 0109 1. 0346 —0.2127
@ (0.3597) (0. 8639) (2.3642)"" (0.5267) (0.9394) (0.0898) "
8 0.0521 —0.1052 —0.3084 0. 2809 —0. 2851 0. 6744
(0.2303) (0.5753) (1.5684) (0. 4553) (0. 6894) (0.0462) """
TV-Gumbel-X —0.8769 —1.1463 —0.9196 —0.0515 —0. 8355 —0.5760
“ (0.2634)" " (0.7764)" "~ (1.3967) " (0. 2522) (0.4225) " " (0.1329)" "~
, 0.4841 —4.9999 —5.0000 —3.5267 —0.5334 —2.3137
(2.0846) (2.2649)" (2.2503)" (3.5901) (3.1710) (1.7575)
AIC  —446.0984 —138.5179 —420. 8639 —62.7570 —218.1364 —169. 9494
5 1.3452 1.1461 1.3290 1. 1000 1.2028 1.1666
Rmalee} (0.0192) " " (0.0152) " (0.0190) " (0.0143) """ (0.0166) " " (0.0155) " "
Gumbe
> —518.9229 —129. 8641 —485. 3301 —52.2291 —242.5866 —163. 8921
0. 6007 2.0725 0.2196 —2.1189 1.0017 —0.3294
@ (0.2413)" " (0.1612)" "~ (0. 6601) (0.1679) """ (0.3683)" " (0.1048) """
8 0.1583 —0. 8549 0. 3557 1.5508 —0.2236 0. 7331
TV- Rotated (0.1560) (0.1191) "+~ (0. 4330) 0.2277) " (0. 2540) (0.0596) " "~
Gumbel
—0.8497 —2.2616 —0.4516 0.4220 —0.9438 —0.3888
“ (0.1848) “ "~ (0.3541)" "~ (0. 3117) (0.3237) (0.4327) " (0.1248)" "~
AIC  —542.8311 —155.5851 —195. 9502 —52.0358 —256. 2829 —184. 2449
0.3622 2.0438 0. 8965 —0.4048 0.7161 —0.3138
@ (0. 3296) (0.2877) (6.4277) (0.5338) (0.5714) (0.1038)
8 0.3019 —0.8349 —0.0889 0. 6805 —0.0106 0.7255
(0.1925) (0.2138) (3.2760) (0.4649) (0.4007) (0.0584)
T(V Iioiat;(d —0.6736 —2.2465 —0.7738 —0. 1447 —0.8351 —0.4177
rumbel =A@ (0. 2859) (0.3665) (5. 6080) (0.1959) (0.3439) (0.1269)
4. 9998 —0.4872 —2.0122 —4.3309 3.9783 —1.6466
7 (1.9187) (4.4609) (3.6418) (2.9916) (2.7089) (1.7001)
AIC  —548.2714 —153.6195 —494. 3992 —50. 3299 —256. 6421 —183.1368
R 0.1591 0. 0486 0. 1485 0. 0394 0.0903 0.0614
Y (0.0266)" " (0.0212) " " (0.0276) " (0.0189) " (0.0243) """ (0.0213)" "
SJC R 0.2879 0.0863 0.2731 0.0142 0.1537 0.1091
0. 0222)7 7 (0.0236)" " " (0.0225)" " (0.0138) (0.0238)" " (0.0240) " " "
AIC  —538.8831 —140. 7875 —500. 6816 —70.5846 —261.5105 -173. 8644
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R4
RTS+BVSP RTS+SH RTS+BSESN  BVSP+SH  BVSP+BSESN  SH-+BSESN
—0.4082 —0.9498 —0.1753 —5.6580 0. 9492 —0.8564
“u (14. 6698) (0.1508) " * * (0.7241) (1.8078) " " * (0.4838) " " (0.4089) " *
—4.6065 —7.1283 —4. 4344 1.9712 —7.8351 —6.6247
au (40.3201) (1.1283) """ (0.8029) " * (3.6832) (1.7339) """ (1.7227)" "~
—0.3161 1. 2424 —2.5362 8. 7270 —9.3318 3.6423
Pu (0. 6669) (0.1561)" "~ (1.6123) (3.3673)" " (1.9316) """ (0.5344)" "~
TV-SIC o, —0.3288 2.9927 —1.4337 —0.2532 1.0545 —1.5747
g (7.1607) (1.1243)° "  (0.5190) " "~ (0. 4947) 0.9212) (0.6132)" "
—3.7802 —15.9792 —1.4823 —13.4774 —8.1510 —3.3090
ar (13.4316) (4.9890)" "~ (1. 0464) (4.9632)" " (2.8319) """ (1.7933)"
1.3964 —5.1741 3.0348 4. 4037 —2.8104 4.1154
B osazs (20150 (0.9213)°°° (0.6029)" (1.7390) (1.1329) "~
AIC  —558.7355 —170. 9467 —509. 0576 —70.4812 —275. 4823 —197.0243
""""""""""""""""""" —0.5271  —0.9619  0.4637  —4.8334  —2.3496  —0.7443
“u (0.5363) (1.0046) (0. 4609) (2.4943)" (0.5480) * * (0. 4883)
0.2493 4.2288 —3.6500 0. 4534 5.0982 3.5221
Pu (0.5494) (0.4498) " "~ (15.3041) (5.8881) (1.2408)" " (0.6269) """
—1. 6424 —7.0024 —6.5959 1.3558 —1.4569 —6.9195
U (1.8912) " (7.2457) (4.0428) (6.1452) (2.6428) (1.9223)" "~
- 13. 7588 —3.8489 —11.9268 —13.0136 17.0197 —17.0364
(6.9638)" " (20.3992) (80.0146) (43.9747) (25.3389) (20.7415)
TV-SJC-X o, —0.9219 3.2072 —1.8744 —0. 1820 1.2691 —0.9160
© 0 (0.3428) 7 " (2.6802) (0.1070) " *~ (0.5523) (1.2824) (1. 0546)
2. 3652 —5.2505 1. 0154 4.4835 —2.9809 1.6094
B (048800 " (15200 (2.2351)" (0.4993)" "~ (1.7070) " (3.1429)
—2.4846 —16.5391 —0.7698 —14.2346 —8. 6807 —4.8333
0,917 (10. 6837) (5.8663) (5.0862)" " (2.9480)" "~ (2.6555)"
’ 22.6692 12. 8765 9.3748 —34. 6586 2.1185 —38.9003
©(9.6463) " " (11.4318) (1.3558) " *~ (36.0814) (10.1975) (25.0661)
AIC  —561.1739 —168. 0553 —513.0910 —65.7755 —269. 2867 —195. 6601

L] - RN 120K LR, - RIRTE 5% KF ERE. - RRTE 102KV LR,

B 1~6 43345 T N 4l 4 ik R T U 25 R
Z 8] R AR AR 25 4, (5 D Bl S 2k R R i BB I
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Tab.5 Parameter estimation results (BRICs “volatility surprise”)between Gumbel Copula and SJC Copula

Gumbel Copula il SJC Copula Xt 4 1% [ & “ % 5h &
B IR 2 4 A 1 TR R0 5

VSR+VSB  VSR+VSC VS-R+VSI VS-B+VS-C VS-B+ VS VS-C+VSI
1.1062 1.0684 1.0839 1.0252 1.0657 1.0377
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