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Empirical Analysis on Financial Contagion using Hawkes Mu-

tually Exciting Model

Student: Yu-Tse Chien Advisor: Dr. Shih-Kuei Lin

Department of Money and Banking, National Chengchi University

Abstract

In this thesis, we separate the volatility of returns of S&P500, DAX, and FTSE
index futures into continuous part and jump part. Estimating the parameters of
Hawkes mutually-exciting by MLE method to measure the financial contagion effect
between the markets. We expand the two-market bivariate model in recent study to
three-market trivariate model, to explain the relationship and the route of contagion
between the markets from an overall view of the world. The empirical results show
that the US market can directly affect the others while reverse has nearly no effect.
Two European countries can be influenced by each other, Britain has a greater impact
on Germany and is more capable of affecting the US. We state that Britain is the in-
fluence-exporting country of Europe and Germany is the influence-importing country

of Europe.

Keywords - Jump risk, Financial contagion, Hawkes process, Self-exciting process,
Mutually-exciting process
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1 min

5 min

10 min

+
~

145 B0 & 3 BT 5 2 At

S&P500 DAX FTSE

r RV BV RJ r RV BV RJ r RV BV RJ
Minimum -2.0540 0.0153 0.0118 0.0000 -1.9665 0.0795 0.0613 0.0000 -1.3885 0.0602 0.0562 0.0000
Maximum 1.8275 85.7015 84.9746 2.6967 2.9553 39.0394 40.6486 8.5024 2.7534 38.9443 34.6578 4.9036
Average 0.0000 1.2112 1.1479 0.0428 0.0000 1.4189 1.3204 0.0585 0.0000 1.0381 0.9794 0.0288
SD. 0.0507 2.8697 2.8932 0.1047 0.0523 2.3203 2.2052 0.2144 0.0440 1.8768 1.7700 0.1356
Skews 0.0401 13.3648 13.2214 11.6682 0.0671 7.2128 7.0965 24.5671 0.3343 9.5026 8.9694 23.0030
Kurtosis 36.3359  303.5148 290.4602  223.1737 | 36.1702 82.0588 80.4580 896.8011 | 44.5241  142.6412 127.1190 724.5866

r RV BV RJ r RV BV RJ r RV BV RJ
Minimum -3.0064 0.0073 0.0071 0.0000 -2.1743 0.0400 0.0467 0.0000 -1.9973 0.0483 0.0401 0.0000
Maximum 3.8674 66.4951 53.2730 2.1857 3.6005 38.8077 37.2033 8.5008 3.3360 40.0828 34.0092 8.6980
Average 0.0000 1.0837 1.0317 0.0088 -0.0002 1.3466 1.2627 0.0432 -0.0002 1.0025 0.9579 0.0243
SD. 0.1069 2.6784 2.5790 0.0778 0.1143 2.3127 2.2315 0.2398 0.0969 1.9005 1.7904 0.2493
Skews 0.2347 10.7203 9.5184 16.7043 -0.0443 7.3719 7.1397 20.0007 0.1864 9.2089 8.1709 25.9940
Kurtosis 39.0254  177.3662 125.2807 359.7584 | 19.7845 83.0202 76.4189  605.2359 | 24.1470 131.0132  99.7062 806.9508

r RV BV RJ r RV BV RJ r RV BV RJ
Minimum -4.9049 0.0038 0.0038 0.0000 -2.5199 0.0393 0.0233 0.0000 -3.3221 0.0371 0.0331 0.0000
Maximum 3.7041 60.6245 64.2831 4.1886 3.0157 40.7317 43.9211 7.0220 2.4755 41.4986 37.1816 8.7864
Average -0.0001 1.0544 1.0136 0.0160 -0.0005 1.3258 1.2369 0.0385 -0.0003 0.9821 0.9358 0.0223
SD. 0.1494 2.6664 2.6142 0.1207 0.1611 2.3109 2.2688 0.2267 0.1360 1.8942 1.8223 0.2150
Skews 0.1241 10.2925 10.7266 19.8216 -0.1323 7.3374 8.1441 16.4328 0.0598 9.6878 9.4025 28.5130
Kurtosis 35.7962  153.6961 175.0224 570.1605 | 14.9460 84.9213  106.1445 402.2574 | 17.1427  150.7375 140.5654  1052.8552
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S&P500

DAX

FTSE

02 a 0 Bt L A AT 2 & E B Aot

1 min

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014H1
Observed days 238 238 241 243 240 242 246 251 251 247 242 77
RV 1.1171  0.5382  0.4422 0.4268 0.7847 48301 21712 1.0413 1.3284 0.5046  0.3794  0.4061
BV 1.0326  0.4797 03917 0.3800 0.7250 4.7585 2.0314 09872 1.2642 0.4553  0.3485 0.3875
J 0.0846  0.0585 0.0505 0.0467 0.0597 0.0716  0.1399  0.0541 0.0642 0.0493 0.0309 0.0186
JRV 0.0919  0.1184 0.1227 0.1191 0.0949  0.0561  0.0825 0.0903 0.0815 0.1092 0.0983  0.0570
RJ 0.0506  0.0423 0.0377 0.0340 0.0389 0.0576  0.0730 0.0465 0.0461 0.0333 0.0211  0.0090
# of jumps 95 142 149 149 104 52 80 111 95 114 113 18

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014H1
Observed days 238 238 241 243 240 242 246 251 251 247 242 77
RV 25386 0.6124  0.3555 0.5733 0.6399 35825 22674 1.0287 25880 1.0372 05796  0.6878
BV 2.3904 05567 0.3209 05215 0.5951  3.3451 21039 09472 24494 09527 05238 0.6382
J 0.1482  0.0557 0.0346  0.0518 0.0448 0.2374 0.1636 0.0815 0.1386  0.0846  0.0558  0.0496
JRV 0.0770  0.0994  0.1072 ~ 0.0984 0.0806 0.0808 0.0758 0.0850 0.0726  0.0848 0.0921  0.0761
RJ 0.0800 0.0351  0.0212  0.0335 0.0245  0.1495 0.0940 0.0516 0.0687 0.0582 0.0356  0.0270
# of jJumps 77 98 108 102 73 87 74 82 71 106 91 24

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014H1
Observed days 238 238 241 243 240 242 246 251 251 247 242 77
RV 1.0609 0.3162 0.2197 0.4274  0.7270 ~ 3.5414 19379  0.9650 1.4157 05801 0.4127 0.3572
BV 1.0068 0.2886  0.1999 0.3994 0.6872  3.3458 1.8300 0.9172  1.3483 0.5415 0.3847  0.3313
J 0.0541  0.0276  0.0197 0.0280 0.0398  0.1956  0.1078 0.0479  0.0674 0.0386  0.0281  0.0259
JRV 0.0647 0.0881  0.1045 0.0803 0.0647 0.0624 0.0597 0.0565 0.0503 0.0702 0.0692  0.0628
RJ 0.0190 0.0176  0.0150  0.0174 0.0213  0.0925 0.0503 0.0211 0.0313 0.0197 0.0165 0.0139
# of jumps 52 100 129 88 66 60 48 49 42 76 69 12
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S&P500

DAX

FTSE

Fo03 4B HES D AR L E R A

(%

5 min

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014H1
Observed days 238 238 241 243 240 242 246 251 251 247 242 77
RV 0.9344 04389 0.3596 0.3426  0.7102 45233 19307 0.9257 1.2099 0.4316 0.3322 0.3478
BV 0.8601  0.4036 0.3323 0.3185 0.6754 4.3923  1.7957 0.8688 1.1870 0.4096 0.3117 0.3344
J 0.0743  0.0352 0.0273 0.0241 0.0348 0.1310 0.1350 0.0568 0.0229  0.0220 0.0204 0.0134
JRV 0.0815 0.0773 0.0752 ~ 0.0760 0.0569  0.0511 0.0772 0.0570 0.0439 0.0570 0.0677  0.0504
RJ 0.0148 0.0065 0.0056 0.0048 0.0147 0.0088 0.0158 0.0100 0.0087  0.0068 0.0032  0.0009
# of jumps 13 8 14 10 9 5 8 8 4 9 7 1

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014H1
Observed days 238 238 241 243 240 242 246 251 251 247 242 77
RV 24166 05826 0.3370 0.5304 05841  3.4794 2.0687 0.9619 24953 0.9796 0.5552  0.6787
BV 2.3248 0.5302 0.2951 0.4792 05363 3.2671 19413 0.8951 24002 0.8913 0.4981 0.6261
J 0.0917 0.0524 0.0419 0.0512 0.0479 0.2122  0.1274 0.0668 0.0951 0.0883 0.0571  0.0527
JRV 0.0602 0.0887 0.1015 0.0971 0.0886 0.0767 0.0654 0.0736  0.0555 0.0759  0.0955 0.0753
RJ 0.0554 0.0200 0.0221 ~ 0.0256  0.0217  0.1168 0.0587 0.0289  0.0585 0.0381  0.0328  0.0287
# of jumps 28 29 35 40 33 38 25 31 27 33 45 10

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014H1
Observed days 238 238 241 243 240 242 246 251 251 247 242 77
RV 1.0298 0.3052 0.2228 0.4002 0.7345 34909 1.8004 0.9157 13578 0.5476  0.4039  0.3453
BV 1.0052 0.2863 0.2068 0.3742  0.6984  3.3358  1.7270 0.8694 13138 0.5222 0.3739  0.3212
J 0.0246  0.0189 0.0160 0.0260 0.0361  0.1551  0.0733 0.0464  0.0440 0.0254  0.0300 0.0241
JRV 0.0407 0.0618 0.0648 0.0655 0.0462 0.0388 0.0477 0.0485 0.0342 0.0442 0.0674  0.0593
RJ 0.0083 0.0069 0.0033 0.0099 0.0252 0.1135 0.0362 0.0152 0.0242 0.0131  0.0137 0.0167
# of jJumps 12 23 17 26 22 14 22 18 11 19 27 8
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10 min

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014H1
Observed days 238 238 241 243 240 242 246 251 251 247 242 77
RV 0.8976  0.4141  0.3413 03250 0.6966  4.4730  1.8737 0.8903  1.1613  0.4152 0.3235 0.3396
BV 0.8706  0.3906  0.3216 0.3034 0.6668 4.2999 18028 0.8918 1.1149  0.3878 0.3040  0.3222
J 0.0270  0.0235 0.0196 0.0215 0.0298 0.1731 0.0709 -0.0016 0.0464 0.0273 0.0194 0.0174
JRV 0.0368 0.0573 0.0631 ~ 0.0682 0.0486  0.0324 0.0381 0.0410 0.0466  0.0630 0.0515  0.0546
RJ 0.0075 0.0136 0.0078 0.0088 0.0180 0.0327 0.0296 0.0158 0.0201  0.0123 0.0109 0.0118
# of jumps 8 20 16 17 16 8 9 15 17 26 19 8

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014H1
Observed days 238 238 241 243 240 242 246 251 251 247 242 77
RV 23921 05599  0.3189 0.4981  0.5464  3.4802 2.0631 0.9612 24758 0.9265 05406  0.6508
BV 22366  0.5114  0.2798 0.4435 0.5066  3.2912 19457 0.8857  2.3479  0.8465 0.4806  0.5973
J 0.1555 0.0485 0.0391 0.0546  0.0399 0.1891 ~ 0.1174 0.0755 0.1278 0.0801 0.0600  0.0535
JRV 0.0661  0.0879  0.0928 ~ 0.1093 0.0760 0.0652 0.0620 0.0729  0.0543  0.0720  0.0977  0.0662
RJ 0.0382  0.0311 0.0229  0.0292  0.0265 0.0894 0.0494 0.0284 0.0546  0.0261 0.0320  0.0255
# of jJumps 13 34 28 36 28 23 19 19 17 15 30 7

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014H1
Observed days 238 238 241 243 240 242 246 251 251 247 242 77
RV 1.0112 0.2961 0.2156  0.3806  0.7137  3.4028 1.7600 ~0.9141 1.3615 05181 0.4013  0.3527
BV 0.9639  0.2821 0.203 0.3626  0.6918 3.2193 1.6985 0.8650 1.3164 0.4815 0.3760  0.3273
J 0.0472  0.0140 0.0126  0.0180 0.0219  0.1835  0.0615 0.0491 0.0451 0.0366  0.0253  0.0254
JRV 0.0533  0.0475 0.041 0.0630 0.0338 0.0521 0.0436  0.0497 0.0531 0.0663 0.0593  0.0647
RJ 0.0151 0.0066  0.0029 0.0084 0.0178 0.0861 0.0360 0.0204  0.0345 0.0071 0.0122 0.0142
# of jJumps 14 14 11 14 17 13 17 14 20 13 20 7
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E

DAX e& % o

+ DEFEHA SRR S S

S&P500 DAX FTSE
Ao 303.2067** 521.3812*** 215.9169***
(88.18) (122.3) (62)
a  69.2819%*  G7.8185***  54.8363***
(14.9) (22.54) (14.5)
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2 OEFENI S ERT R

1 S&P500  S&P500 DAX
2 DAX FTSE FTSE
A0 30345077 301.6245*** 555.1828%*
(106.64) (82) (123.55)
a1 69.5271%*  60.3827***  80.8037*
(15.44) (15.56) (30.77)
Bii  52.7076%*  52.3546** 22 6856*
(12.8) (13.03) (13.59)
By 0.0002 0.5279 16.7451
(11.06) (11.8) (14.37)
doo  503.3656** 179.6107***  162.3377*
(124.45) (67.52) (79.14)
as  TLE556™*  56.3410"** 559026
(26.55) (15.38) (13.86)
Bag  24.1644* 342777+ 34.8312%
(11.22) (11.58) (11.42)
By 9.4004 6.3172 8.1584
(7.36) (6.04) (8.76)
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