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Copula Approach for the Measurement of Integrated Risk

of National Pension Fund

Jinho Byun'

+ Chae-Woo Nam’ + Ho Sun Lee’

1College of Business Administration, Ewha Womans University, Seoul, 120-750
*National Pension Research Institute(NPRI), Seoul, 135-811

In this paper, we study the methodology for the measurement and integration of market risk and credit
risk using Copula. We apply the methodology of Rosenberg, and Schuermann(2000) to the assets of
pension system. Firstly we estimate dynamics of risk factors and their effects on investment returns, then
use the estimated result to simulate future movement of risk factors and distribution of investment returns.
Finally we measure integrated risk using integrated return distribution by Copula and simulated future

investment return distributions.

We found the integrated risk changing with the correlation of risks and investment weights of risks and
confirmed the diversification effect of risks. This result is consistent when we use normal Copula and normal
marginals, t-Copula and t(3) marginals, and normal Copula and non-parametric marginals. And in the case of
non-parametric maginals, larger integrated risk is calculated. It means that use of non-parametric marginals is

more conservative.
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F 1. Risk Factor Dynamics using MGARCH-BEKK
Panel A : market risk factor model using MGARCH-BEKK
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3 2. Risk regression result

Panel A : market risk regression

coefficient standard error p-value Coefficient standard error p-value
ul 0.000897 0.000230 0.0001 C 0.000101 1.97E-05 0.0000
u2 -0.000129 7.20E-05 0.0730 Index 0.181866 0.001828 0.0000
w3 -0.000259 0.000172 0.1316 Exchange -0.007608 0.006263 0.2246
al -0.027359 | 0.005660 0.0000 Treasury 0082192 | 0.002250 0.0000
az -0.074952 0-015010 0.0000 Number of observation 1826
a3 0.009246 0.007016 0.1876 Adjusted R 0.858156
mll 2.03E-06 3.62E-07 0.0000
ml2 -145E-07 2.33E-08 0.0000 Panel B : credit risk regression 1
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mi3 5 ! / Coefficient standard error p-value
m22 1.27E-07 2.16E-08 0.0000 C 0.000143 550505 00000
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p AAA spread 0.190903 0.397212 0.6309
m33 2.35E-0 2.71E-07 0.0000
| 0.198849 0.009673 0.0000 ABBB spread 1.478844 0.358658 0.0000
a . B .
Number of observation 1826
a2 0.131975 0.006313 0.0000
Adjusted R’ 0.013982
a3 0.300972 0.010982 0.0000
b1 0.971691 0.002817 0.0000
Panel C: credit risk regression 2
b2 0.984960 0.001524 0.0000
Coefficient standard error p-value
b3 0.945175 0.003943 0.0000
.000144 2.00E- .
Number of Observation 5475 ¢ 0.000 00E-05 0-0000
Log likelihood 19911.92 AAA spread -0.762384 0.316406 0.0161
ABBB spread -0.538290 0.291060 0.0646
Panel B : credit risk factor model using MGARCH-BEKK Treasury -0.077061 0.002350 0.0000
coefficient standard error p-value Number of observation 1826
ul -2.90E-07 1.36E-06 0.8308 Adjusted R* 0.379564
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bl 0.985541 0.000311 0.0000 A3 g olol T L0l Fo] ATFL W 9SS B 2 9}
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AAAL | A AAD | AR | ABA L AEIE 2|, o8 T oS 2T

4 0.000218 0.000139 0.000281 0.000139 0.000167 0.000248 0.000259

%Oo]'ﬁk 0.000107 0.000134 0.000067 0.000136 0.000151 0.000256 0.000258
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EFAHA 0.002233 0.001082 0.009175 0.001075 0.001258 0.006585 0.006629

QHE -1.112373 18.34471 1.263167 18.17792 11.47524 -0.004239 -0.001996

A= 17.12020 620.4242 16.69604 621.3204 328.0138 2.996214 3.000523
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Normal Copula, 7

Panel A : 99% VaR using Normal Copula and Normal marginals
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<E 5> THAGAED A 29 Aol FHHEA

E 4 FHAGAEG A 19 2
X, 99%,99.9% VaR @ ES(A &9 8 3] 7 24 1 0] §)

Weight | tho = 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 tho = 1
0 -0.0024 | -0.0024 | -0.0024 | -0.0024 | -0.0024 | -0.0024 | -0.0024 | -0.0024 | -0.0024 | -0.0024 | -0.0024
0.1 -0.0029 | -0.0031 | -0.0032 | -0.0034 | -0.0035 | -0.0036 | -0.0038 | -0.0039 | -0.0040 | -0.0041 | -0.0042
0.2 -0.0045 | -0.0047 | -0.0049 | -0.0051 | -0.0052 | -0.0054 | -0.0055 | -0.0057 | -0.0058 | -0.0060 | -0.0061
0.3 -0.0064 | -0.0066 | -0.0068 | -0.0069 | -0.0071 | -0.0072 | -0.0074 | -0.0075 | -0.0077 | -0.0078 | -0.0080
0.4 -0.0085 | -0.0086 | -0.0088 | -0.0089 | -0.0090 | -0.0092 | -0.0093 | -0.0094 | -0.0096 | -0.0097 | -0.0098
0.5 -0.0105 | -0.0106 | -0.0108 | -0.0109 | -0.0110 | -0.0111 | -0.0112 | -0.0114 | -0.0115 | -0.0116 | -0.0117
0.6 -0.0126 | -0.0127 | -0.0128 | -0.0129 | -0.0130 | -0.0131 | -0.0132 | -0.0133 | -0.0134 | -0.0135 | -0.0136
0.7 -0.0147 | -0.0148 | -0.0149 | -0.0150 | -0.0150 | -0.0151 | -0.0152 | -0.0152 | -0.0153 | -0.0154 | -0.0154
0.8 -0.0168 | -0.0169 | -0.0169 | -0.0170 | -0.0170 | -0.0171 | -0.0171 | -0.0172 | -0.0172 | -0.0173 | -0.0173
0.9 -0.0189 | -0.0190 | -0.0190 | -0.0190 | -0.0190 | -0.0191 | -0.0191 | -0.0191 | -0.0191 | -0.0192 | -0.0192
1.0 -0.0211 | -0.0211 | -0.0211 | -0.0211 | -0.0211 | -0.0211 | -0.0211 | -0.0211 | -0.0211 | -0.0211 | -0.0211




30 MAE g S - o34
Panel B : 99% ES using Normal Copula
Weight | tho = 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 tho = 1
0 -0.0027 -0.0027 -0.0027 -0.0027 -0.0027 -0.0027 -0.0027 -0.0027 -0.0027 -0.0027 -0.0027
0.1 -0.0034 | -0.0036 | -0.0037 | -0.0039 | -0.0040 | -0.0042 | -0.0043 | -0.0045 | -0.0046 | -0.0047 | -0.0049
0.2 -0.0052 -0.0054 -0.0056 | -0.0058 -0.0060 -0.0062 -0.0064 -0.0065 -0.0067 -0.0069 -0.0070
0.3 -0.0074 | -0.0076 | -0.0078 | -0.0080 | -0.0082 | -0.0083 | -0.0085 | -0.0087 | -0.0088 | -0.0090 | -0.0092
0.4 -0.0097 -0.0099 -0.0101 -0.0102 -0.0104 -0.0105 -0.0107 -0.0109 -0.0110 | -0.0112 -0.0113
0.5 -0.0121 -0.0122 -0.0124 -0.0125 -0.0127 -0.0128 -0.0129 -0.0131 -0.0132 -0.0133 -0.0135
0.6 -0.0145 -0.0146 | -0.0147 -0.0148 -0.0149 -0.0151 -0.0152 -0.0153 -0.0154 | -0.0155 -0.0156
0.7 -0.0169 | -0.0170 | -0.0171 | -0.0172 | -0.0172 | -0.0173 | -0.0174 | -0.0175 | -0.0176 | -0.0177 | -0.0177
0.8 -0.0193 -0.0194 -0.0194 -0.0195 -0.0196 -0.0196 -0.0197 -0.0197 -0.0198 -0.0198 -0.0199
0.9 -0.0217 -0.0218 -0.0218 -0.0218 -0.0219 -0.0219 -0.0219 -0.0219 -0.0220 -0.0220 -0.0220
1.0 -0.0242 -0.0242 -0.0242 -0.0242 -0.0242 -0.0242 -0.0242 -0.0242 -0.0242 -0.0242 -0.0242
Panel C: 99.9% VaR using Normal Copula
Weight | tho = 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 tho = 1
0 -0.0032 -0.0032 -0.0032 -0.0032 -0.0032 -0.0032 -0.0032 -0.0032 -0.0032 -0.0032 -0.0032
0.1 -0.0039 | -0.0042 | -0.0043 | -0.0045 | -0.0047 | -0.0049 | -0.0051 | -0.0052 | -0.0054 | -0.0055 | -0.0057
0.2 -0.0061 -0.0064 -0.0066 | -0.0068 -0.0070 -0.0072 -0.0074 -0.0076 -0.0078 -0.0080 -0.0082
0.3 -0.0087 | -0.0089 | -0.0091 | -0.0093 | -0.0095 | -0.0097 | -0.0099 | -0.0101 | -0.0103 | -0.0105 | -0.0107
0.4 -0.0113 -0.0115 -0.0117 -0.0119 -0.0121 -0.0123 -0.0125 -0.0126 -0.0128 -0.0130 -0.0132
0.5 -0.0141 | -0.0143 | -0.0144 | -0.0146 | -0.0147 | -0.0149 | -0.0151 | -0.0152 | -0.0154 | -0.0155 | -0.0157
0.6 -0.0169 -0.0170 | -0.0171 -0.0173 -0.0174 -0.0175 -0.0177 -0.0178 -0.0179 | -0.0180 -0.0182
0.7 -0.0197 | -0.0198 | -0.0199 | -0.0200 | -0.0201 | -0.0202 | -0.0203 | -0.0204 | -0.0205 | -0.0206 | -0.0207
0.8 -0.0225 -0.0226 | -0.0226 | -0.0227 -0.0228 -0.0228 -0.0229 -0.0230 -0.0230 | -0.0231 -0.0232
0.9 -0.0253 | -0.0253 | -0.0254 | -0.0254 | -0.0254 | -0.0255 | -0.0255 | -0.0255 | -0.0256 | -0.0256 | -0.0257
1.0 -0.0282 -0.0282 -0.0282 -0.0282 -0.0282 -0.0282 -0.0282 -0.0282 -0.0282 -0.0282 -0.0282
Panel D : 99.9% ES using Normal Copula
Weight | tho = 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 tho = 1
0 -0.0035 -0.0035 -0.0035 -0.0035 -0.0035 -0.0035 -0.0035 -0.0035 -0.0035 -0.0035 -0.0035
0.1 -0.0043 -0.0045 -0.0047 -0.0049 -0.0051 -0.0053 -0.0055 -0.0057 -0.0059 -0.006 -0.0062
0.2 -0.0066 -0.0069 -0.0071 -0.0074 -0.0076 -0.0079 -0.0081 -0.0083 -0.0085 -0.0087 -0.0089
0.3 -0.0094 -0.0097 -0.0099 -0.0101 -0.0104 -0.0106 -0.0108 -0.0110 -0.0112 -0.0114 -0.0116
0.4 -0.0124 -0.0126 | -0.0128 -0.0130 -0.0132 -0.0134 -0.0136 | -0.0138 -0.014 -0.0142 -0.0144
0.5 -0.0154 -0.0155 -0.0157 -0.0159 | -0.0161 -0.0162 -0.0164 -0.0166 | -0.0167 -0.0169 -0.0171
0.6 -0.0184 -0.0185 -0.0187 -0.0188 -0.019 -0.0191 -0.0192 -0.0194 -0.0195 -0.0197 -0.0198
0.7 -0.0214 -0.0216 -0.0217 -0.0218 -0.0219 -0.022 -0.0221 -0.0222 -0.0223 -0.0224 -0.0225
0.8 -0.0245 -0.0246 | -0.0247 -0.0247 -0.0248 -0.0249 -0.0249 -0.0250 -0.0251 -0.0251 -0.0252
0.9 -0.0276 -0.0276 | -0.0276 | -0.0277 -0.0277 -0.0278 -0.0278 -0.0278 -0.0279 -0.0279 -0.0279
1.0 -0.0307 | -0.0307 | -0.0307 | -0.0307 | -0.0307 | -0.0307 | -0.0307 | -0.0307 | -0.0307 | -0.0307 | -0.0307
Yol 2= ARHY R AEAE AAEA 29 2AES Y JEELES EEUN 1d b £ TN FYEEER
° g A FHEE B Normal Copulas 0] 83t FHAE & & o] &3] 9% VaR B ESS} 99.9% VaR B! ESE @ 7t -



Copula® ©] & & I AE71 59 FFANPAN AT AT 31
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Normal Copula, A 7F FH 53, 99%, 99.9% VaR & ES(A -89 & 3] 7] 24 2 0] &)
Panel A : 99% VaR using Normal Copula and Normal marginals
Weight tho = 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 tho =1
0 -0.0028 -0.0028 -0.0028 -0.0028 -0.0028 -0.0028 -0.0028 -0.0028 -0.0028 -0.0028 -0.0028
0.1 -0.0032 -0.0034 -0.0035 -0.0037 -0.0038 -0.0040 -0.0041 -0.0042 -0.0044 -0.0045 -0.0046
0.2 -0.0047 -0.0049 -0.0051 -0.0053 -0.0054 -0.0056 -0.0058 -0.0060 -0.0061 -0.0063 -0.0064
0.3 -0.0065 -0.0067 -0.0069 -0.0071 -0.0073 -0.0074 -0.0076 -0.0078 -0.0079 -0.0081 -0.0082
0.4 -0.0085 -0.0087 -0.0088 -0.0090 -0.0092 -0.0093 -0.0095 -0.0096 -0.0098 -0.0099 -0.0101
0.5 -0.0106 -0.0107 -0.0108 -0.0110 -0.0111 -0.0113 -0.0114 -0.0115 -0.0117 -0.0118 -0.0119
0.6 -0.0126 -0.0127 -0.0129 -0.0130 -0.0131 -0.0132 -0.0133 -0.0134 -0.0135 -0.0136 -0.0137
0.7 -0.0147 -0.0148 -0.0149 -0.0150 -0.0151 -0.0152 -0.0152 -0.0153 -0.0154 -0.0155 -0.0156
0.8 -0.0168 -0.0169 -0.0169 -0.0170 -0.0171 -0.0171 -0.0172 -0.0172 -0.0173 -0.0173 -0.0174
0.9 -0.0189 -0.0190 -0.0190 -0.0190 -0.0190 -0.0191 -0.0191 -0.0191 -0.0192 -0.0192 -0.0192
1.0 -0.0211 -0.0211 -0.0211 -0.0211 -0.0211 -0.0211 -0.0211 -0.0211 -0.0211 -0.0211 -0.0211
Panel B : 99% ES using Normal Copula
Weight tho = 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 tho = 1
0 -0.0032 -0.0032 -0.0032 -0.0032 -0.0032 -0.0032 -0.0032 -0.0032 -0.0032 -0.0032 -0.0032
0.1 -0.0037 -0.0039 -0.0041 -0.0042 -0.0044 -0.0046 -0.0047 -0.0049 -0.0050 -0.0052 -0.0053
0.2 -0.0054 -0.0056 -0.0059 -0.0061 -0.0063 -0.0065 -0.0067 -0.0069 -0.0070 -0.0072 -0.0074
0.3 -0.0075 -0.0077 -0.0079 -0.0082 -0.0084 -0.0086 -0.0088 -0.0089 -0.0091 -0.0093 -0.0095
0.4 -0.0098 -0.0100 -0.0102 -0.0104 -0.0106 -0.0107 -0.0109 -0.0111 -0.0113 -0.0114 -0.0116
0.5 -0.0121 -0.0123 -0.0125 -0.0126 -0.0128 -0.0129 -0.0131 -0.0133 -0.0134 -0.0136 -0.0137
0.6 -0.0145 -0.0147 -0.0148 -0.0149 -0.0150 -0.0152 -0.0153 -0.0154 -0.0156 -0.0157 -0.0158
0.7 -0.0169 -0.0170 -0.0171 -0.0172 -0.0173 -0.0174 -0.0175 -0.0176 -0.0177 -0.0178 -0.0179
0.8 -0.0193 -0.0194 -0.0195 -0.0195 -0.0196 -0.0197 -0.0197 -0.0198 -0.0199 -0.0199 -0.0200
0.9 -0.0218 -0.0218 -0.0218 -0.0219 -0.0219 -0.0219 -0.0220 -0.0220 -0.0220 -0.0221 -0.0221
1.0 -0.0242 -0.0242 -0.0242 -0.0242 -0.0242 -0.0242 -0.0242 -0.0242 -0.0242 -0.0242 -0.0242
Panel C: 99.9% VaR using Normal Copula
Weight tho = 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 tho = 1
0 -0.0037 -0.0037 -0.0037 -0.0037 -0.0037 -0.0037 -0.0037 -0.0037 -0.0037 -0.0037 -0.0037
0.1 -0.0043 -0.0046 -0.0048 -0.0049 -0.0051 -0.0053 -0.0055 -0.0057 -0.0058 -0.0060 -0.0062
0.2 -0.0063 -0.0066 -0.0068 -0.0071 -0.0073 -0.0075 -0.0077 -0.0080 -0.0082 -0.0084 -0.0086
0.3 -0.0087 -0.0090 -0.0092 -0.0095 -0.0097 -0.0100 -0.0102 -0.0104 -0.0106 -0.0109 -0.0111
0.4 -0.0114 -0.0116 -0.0118 -0.0121 -0.0123 -0.0125 -0.0127 -0.0129 -0.0131 -0.0133 -0.0135
0.5 -0.0141 -0.0143 -0.0145 -0.0147 -0.0149 -0.0151 -0.0153 -0.0155 -0.0156 -0.0158 -0.0160
0.6 -0.0169 -0.0171 -0.0172 -0.0174 -0.0175 -0.0177 -0.0178 -0.0180 -0.0181 -0.0183 -0.0184
0.7 -0.0197 -0.0199 -0.0200 -0.0201 -0.0202 -0.0203 -0.0204 -0.0205 -0.0207 -0.0208 -0.0209
0.8 -0.0226 -0.0226 -0.0227 -0.0228 -0.0229 -0.0230 -0.0230 -0.0231 -0.0232 -0.0233 -0.0233
0.9 -0.0254 -0.0254 -0.0255 -0.0255 -0.0255 -0.0256 -0.0256 -0.0257 -0.0257 -0.0257 -0.0258
1.0 -0.0282 -0.0282 -0.0282 -0.0282 -0.0282 -0.0282 -0.0282 -0.0282 -0.0282 -0.0282 -0.0282




32 HAE - A - o5
Panel D : 99.9% ES using Normal Copula
Weight tho = 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 tho = 1
0 -0.0041 -0.0041 -0.0041 -0.0041 -0.0041 -0.0041 -0.0041 -0.0041 -0.0041 -0.0041 -0.0041
0.1 -0.0047 -0.0050 -0.0052 -0.0054 -0.0056 -0.0058 -0.0060 -0.0062 -0.0064 -0.0066 -0.0068
0.2 -0.0069 -0.0072 -0.0074 -0.0077 -0.0080 -0.0082 -0.0085 -0.0087 -0.0090 -0.0092 -0.0094
0.3 -0.0096 -0.0099 -0.0101 -0.0104 -0.0107 -0.0109 -0.0112 -0.0114 -0.0116 -0.0119 -0.0121
0.4 -0.0125 -0.0127 -0.0130 -0.0132 -0.0134 -0.0137 -0.0139 -0.0141 -0.0143 -0.0146 -0.0148
0.5 -0.0155 -0.0157 -0.0159 -0.0161 -0.0163 -0.0165 -0.0167 -0.0169 -0.0171 -0.0173 -0.0174
0.6 -0.0185 -0.0187 -0.0188 -0.0190 -0.0192 -0.0193 -0.0195 -0.0196 -0.0198 -0.0200 -0.0201
0.7 -0.0215 -0.0217 -0.0218 -0.0219 -0.0220 -0.0222 -0.0223 -0.0224 -0.0225 -0.0227 -0.0228
0.8 -0.0246 -0.0247 -0.0248 -0.0249 -0.0250 -0.0250 -0.0251 -0.0252 -0.0253 -0.0254 -0.0255
0.9 -0.0277 -0.0277 -0.0278 -0.0278 -0.0279 -0.0279 -0.0280 -0.0280 -0.0280 -0.0281 -0.0281
1.0 -0.0308 -0.0308 -0.0308 -0.0308 -0.0308 -0.0308 -0.0308 -0.0308 -0.0308 -0.0308 -0.0308
ARG o] F 0 A Yede Ae & 5 A NS Ao, SUAY FYEREE Q) FHEE P
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t-Copula, t(3) FHEE, 99%, 99.9% VaR L ES (A &9 8 3] A 84 1 0] 8)
Panel A : 99% VaR using t-Copula
Weight | rho = 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 tho =1
0 -0.0027 -0.0027 -0.0027 -0.0027 -0.0027 -0.0027 -0.0027 -0.0027 -0.0027 -0.0027 -0.0027
0.1 -0.0032 -0.0034 -0.0035 -0.0037 -0.0038 -0.0039 -0.0041 -0.0042 -0.0043 -0.0045 -0.0046
0.2 -0.0047 -0.0049 -0.0051 -0.0053 -0.0054 -0.0056 -0.0058 -0.0060 -0.0061 -0.0063 -0.0064
0.3 -0.0065 -0.0067 -0.0069 -0.0071 -0.0073 -0.0075 -0.0076 -0.0078 -0.0080 -0.0081 -0.0083
0.4 -0.0085 -0.0087 -0.0089 -0.0090 -0.0092 -0.0094 -0.0095 -0.0097 -0.0098 -0.0100 -0.0101
0.5 -0.0106 -0.0107 -0.0109 -0.0110 -0.0112 -0.0113 -0.0114 -0.0116 -0.0117 -0.0118 -0.0119
0.6 -0.0127 -0.0128 -0.0129 -0.0130 -0.0131 -0.0132 -0.0134 -0.0135 -0.0136 -0.0137 -0.0138
0.7 -0.0148 -0.0149 -0.0150 -0.0150 -0.0151 -0.0152 -0.0153 -0.0154 -0.0155 -0.0155 -0.0156
0.8 -0.0169 -0.0170 -0.0170 -0.0171 -0.0171 -0.0172 -0.0172 -0.0173 -0.0174 -0.0174 -0.0175
0.9 -0.0190 -0.0190 -0.0191 -0.0191 -0.0191 -0.0192 -0.0192 -0.0192 -0.0192 -0.0193 -0.0193
1.0 -0.0211 -0.0211 -0.0211 -0.0211 -0.0211 -0.0211 -0.0211 -0.0211 -0.0211 -0.0211 -0.0211
Panel B : 99% ES using t-Copula
Weight | tho = 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 tho = 1
0 20.0032 | -0.0032 | -0.0032 | -0.0032 | -0.0032 | -0.0032 | -0.0032 | -0.0032 | -0.0032 | -0.0032 | -0.0032
0.1 20.0037 | -0.0039 | -0.0041 | -0.0042 | -0.0044 | -0.0045 | -0.0047 | -0.0049 | -0.0050 | -0.0051 | -0.0053
0.2 -0.0054 -0.0056 -0.0058 -0.0061 -0.0063 -0.0065 -0.0067 -0.0068 -0.0070 -0.0072 -0.0074
0.3 -0.0075 -0.0077 -0.0080 -0.0082 -0.0084 -0.0086 -0.0088 -0.0089 -0.0091 -0.0093 -0.0095
0.4 -0.0098 -0.0100 -0.0102 -0.0104 -0.0106 -0.0107 -0.0109 -0.0111 -0.0113 -0.0114 -0.0116
0.5 -0.0122 -0.0123 -0.0125 -0.0126 -0.0128 -0.0130 -0.0131 -0.0133 -0.0134 -0.0136 -0.0137
0.6 -0.0145 -0.0147 -0.0148 -0.0149 -0.0151 -0.0152 -0.0153 -0.0154 -0.0156 -0.0157 -0.0158
0.7 -0.0170 -0.0171 -0.0172 -0.0173 -0.0174 -0.0174 -0.0175 -0.0176 -0.0177 -0.0178 -0.0179
0.8 -0.0194 -0.0194 -0.0195 -0.0196 -0.0196 -0.0197 -0.0198 -0.0198 -0.0199 -0.0200 -0.0200
0.9 -0.0218 -0.0218 -0.0219 -0.0219 -0.0219 -0.0220 -0.0220 -0.0220 -0.0221 -0.0221 -0.0221
1.0 -0.0243 -0.0243 -0.0243 -0.0243 -0.0243 -0.0243 -0.0243 -0.0243 -0.0243 -0.0243 -0.0243




Copula ©] §& FRIAR7IFS] THARN 2 A7 33
Panel C: 99.9% VaR using t-Copula
Weight tho = 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 tho = 1
0 -0.0037 -0.0037 -0.0037 -0.0037 -0.0037 -0.0037 -0.0037 -0.0037 -0.0037 -0.0037 -0.0037
0.1 -0.0043 -0.0045 -0.0047 -0.0049 -0.0051 -0.0053 -0.0055 -0.0057 -0.0058 -0.0060 -0.0061
0.2 -0.0063 -0.0066 -0.0068 -0.0071 -0.0073 -0.0075 -0.0078 -0.0080 -0.0082 -0.0084 -0.0086
0.3 -0.0088 -0.0090 -0.0093 -0.0095 -0.0097 -0.0100 -0.0102 -0.0104 -0.0106 -0.0108 -0.0110
0.4 -0.0114 -0.0116 -0.0118 -0.0121 -0.0123 -0.0125 -0.0127 -0.0129 -0.0131 -0.0133 -0.0135
0.5 -0.0141 -0.0143 -0.0145 -0.0147 -0.0149 -0.0150 -0.0152 -0.0154 -0.0156 -0.0158 -0.0159
0.6 -0.0169 -0.0170 -0.0172 -0.0173 -0.0175 -0.0176 -0.0178 -0.0179 -0.0181 -0.0182 -0.0184
0.7 -0.0197 -0.0198 -0.0199 -0.0200 -0.0202 -0.0203 -0.0204 -0.0205 -0.0206 -0.0207 -0.0208
0.8 -0.0225 -0.0226 -0.0227 -0.0227 -0.0228 -0.0229 -0.0230 -0.023 -0.0231 -0.0232 -0.0232
0.9 -0.0253 -0.0254 -0.0254 -0.0254 -0.0255 -0.0255 -0.0255 -0.0256 -0.0256 -0.0257 -0.0257
1.0 -0.0281 -0.0281 -0.0281 -0.0281 -0.0281 -0.0281 -0.0281 -0.0281 -0.0281 -0.0281 -0.0281
Panel D : 99.9% ES using t-Copula
Weight tho = 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 tho = 1
0 -0.0040 -0.0040 -0.0040 -0.0040 -0.0040 -0.0040 -0.0040 -0.0041 -0.0041 -0.0041 -0.0040
0.1 -0.0047 -0.0050 -0.0052 -0.0054 -0.0056 -0.0058 -0.0060 -0.0062 -0.0064 -0.0066 -0.0067
0.2 -0.0069 -0.0072 -0.0075 -0.0077 -0.0080 -0.0082 -0.0085 -0.0087 -0.0089 -0.0092 -0.0094
0.3 -0.0096 -0.0099 -0.0101 -0.0104 -0.0106 -0.0109 -0.0111 -0.0114 -0.0116 -0.0118 -0.0120
0.4 -0.0125 -0.0127 -0.0129 -0.0132 -0.0134 -0.0136 -0.0139 -0.0141 -0.0143 -0.0145 -0.0147
0.5 -0.0154 -0.0156 -0.0158 -0.0160 -0.0162 -0.0164 -0.0166 -0.0168 -0.0170 -0.0172 -0.0174
0.6 -0.0184 -0.0186 -0.0188 -0.0189 -0.0191 -0.0192 -0.0194 -0.0196 -0.0197 -0.0199 -0.0200
0.7 -0.0215 -0.0216 -0.0217 -0.0218 -0.0220 -0.0221 -0.0222 -0.0223 -0.0225 -0.0226 -0.0227
0.8 -0.0245 -0.0246 -0.0247 -0.0248 -0.0249 -0.0249 -0.0250 -0.0251 -0.0252 -0.0253 -0.0253
0.9 -0.0276 -0.0276 -0.0277 -0.0277 -0.0278 -0.0278 -0.0279 -0.0279 -0.0279 -0.0280 -0.0280
1.0 -0.0307 -0.0307 -0.0307 -0.0307 -0.0307 -0.0307 -0.0307 -0.0307 -0.0307 -0.0307 -0.0307
SAL 4T 58 R RE HEL UL BT 0] §8 AT Nommal Copula® 0| §8ed F4 ¢ As} Ao)
2 A AL B 5 ot BB ALY HARA 28 RAEAL
275898 B0l 4 42 A3}
t-Copula, t(3) FHEE, 99%, 99.9% VaR R ES(A &8 3 A4 20]8)
Panel A : 99% VaR using t-Copula
Weight | rtho = 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 tho = 1
0 -0.0028 -0.0028 -0.0028 -0.0028 -0.0028 -0.0028 -0.0028 -0.0028 -0.0028 -0.0028 -0.0028
0.1 -0.0032 -0.0034 -0.0036 -0.0037 -0.0039 -0.0040 -0.0041 -0.0043 -0.0044 -0.0045 -0.0046
0.2 -0.0047 -0.0049 -0.0051 -0.0053 -0.0055 -0.0056 -0.0058 -0.0060 -0.0061 -0.0063 -0.0065
0.3 -0.0065 -0.0067 -0.0069 | -0.0071 -0.0073 | -0.0075 | -0.0076 | -0.0078 | -0.0080 | -0.0081 -0.0083
0.4 -0.0085 -0.0087 -0.0089 | -0.0090 | -0.0092 | -0.0094 | -0.0095 -0.0097 -0.0098 | -0.0100 | -0.0101
0.5 -0.0106 -0.0107 -0.0109 -0.0110 -0.0111 -0.0113 -0.0114 -0.0115 -0.0117 -0.0118 -0.0119
0.6 -0.0126 -0.0128 -0.0129 -0.0130 -0.0131 -0.0132 -0.0133 -0.0134 -0.0136 -0.0137 -0.0138
0.7 -0.0147 -0.0148 -0.0149 -0.0150 -0.0151 -0.0152 -0.0153 -0.0154 -0.0154 -0.0155 -0.0156
0.8 -0.0169 -0.0169 -0.0170 -0.0170 -0.0171 -0.0171 -0.0172 -0.0173 -0.0173 -0.0174 -0.0174
0.9 -0.0190 | -0.0190 | -0.0190 | -0.0191 -0.0191 -0.0191 -0.0191 -0.0192 | -0.0192 | -0.0192 | -0.0193
1.0 -0.0211 -0.0211 -0.0211 -0.0211 -0.0211 -0.0211 -0.0211 -0.0211 -0.0211 -0.0211 -0.0211




34 HAE - A - o5
Panel B : 99% ES using t-Copula
Weight | tho = 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 tho = 1
0 -0.0032 -0.0032 -0.0032 -0.0032 -0.0032 -0.0032 | -0.0032 -0.0032 -0.0032 -0.0032 -0.0032
0.1 -0.0037 -0.0039 -0.0041 -0.0043 -0.0044 | -0.0046 | -0.0047 -0.0049 -0.0050 | -0.0052 -0.0053
0.2 -0.0054 | -0.0056 | -0.0059 | -0.0061 -0.0063 -0.0065 -0.0067 -0.0069 -0.0071 -0.0072 -0.0074
0.3 -0.0075 -0.0077 -0.0079 | -0.0082 -0.0084 | -0.0086 | -0.0088 | -0.0090 | -0.0091 -0.0093 -0.0095
0.4 -0.0098 | -0.0100 | -0.0102 -0.0104 | -0.0105 -0.0107 -0.0109 | -0.0111 -0.0113 -0.0114 | -0.0116
0.5 -0.0121 -0.0123 -0.0124 | -0.0126 | -0.0128 | -0.0129 | -0.0131 -0.0132 -0.0134 | -0.0136 | -0.0137
0.6 -0.0145 | -0.0146 | -0.0148 | -0.0149 | -0.0150 | -0.0152 | -0.0153 | -0.0154 | -0.0155 | -0.0157 | -0.0158
0.7 -0.0169 | -0.0170 | -0.0171 | -0.0172 | -0.0173 | -0.0174 | -0.0175 | -0.0176 | -0.0177 | -0.0178 | -0.0179
0.8 -0.0193 | -0.0194 | -0.0195 | -0.0195 | -0.0196 | -0.0197 | -0.0197 | -0.0198 | -0.0199 | -0.0199 | -0.0200
0.9 -0.0217 -0.0218 -0.0218 | -0.0219 | -0.0219 | -0.0219 | -0.0220 | -0.0220 | -0.0220 | -0.0221 -0.0221
1.0 -0.0242 -0.0242 -0.0242 -0.0242 -0.0242 -0.0242 -0.0242 -0.0242 -0.0242 -0.0242 -0.0242
Panel C: 99.9% VaR using t-Copula
Weight | tho = 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 tho = 1
0 -0.0038 | -0.0038 | -0.0038 | -0.0038 | -0.0038 | -0.0038 | -0.0038 | -0.0038 | -0.0038 | -0.0038 | -0.0038
0.1 -0.0044 | -0.0046 | -0.0048 | -0.0050 | -0.0052 -0.0054 | -0.0055 -0.0057 -0.0059 | -0.0060 | -0.0062
0.2 -0.0063 -0.0066 | -0.0068 | -0.0071 -0.0073 -0.0076 | -0.0078 | -0.0080 | -0.0082 -0.0084 | -0.0086
0.3 -0.0088 | -0.0090 | -0.0093 -0.0095 -0.0097 -0.0100 | -0.0102 | -0.0104 | -0.0107 -0.0109 | -0.0111
0.4 -0.0114 | -0.0116 | -0.0118 | -0.0121 -0.0123 -0.0125 -0.0127 -0.0129 -0.0131 -0.0133 -0.0135
0.5 -0.0141 -0.0143 -0.0145 -0.0147 -0.0149 | -0.0151 -0.0152 -0.0154 | -0.0156 | -0.0157 -0.0160
0.6 -0.0169 | -0.0170 | -0.0172 -0.0173 -0.0175 -0.0176 | -0.0178 | -0.0179 -0.0180 | -0.0182 -0.0184
0.7 -0.0196 | -0.0197 -0.0199 | -0.0200 | -0.0201 -0.0202 | -0.0203 -0.0204 | -0.0206 | -0.0207 -0.0208
0.8 -0.0224 | -0.0225 | -0.0226 | -0.0227 | -0.0228 | -0.0228 | -0.0229 | -0.0230 | -0.0231 | -0.0232 | -0.0233
0.9 -0.0253 | -0.0253 | -0.0254 | -0.0254 | -0.0254 | -0.0255 | -0.0255 | -0.0256 | -0.0256 | -0.0257 | -0.0257
1.0 -0.0281 -0.0281 -0.0281 -0.0281 -0.0281 -0.0281 -0.0281 -0.0281 -0.0281 -0.0281 -0.0281
Panel D : 99.9% ES using t-Copula
Weight | tho = 0 | 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 09 |rtho = 1
0 -0.0041 | -0.0041 | -0.0041 | -0.0041 | -0.0041 | -0.0041 | -0.0041 | -0.0041 | -0.0041 | -0.0041 | -0.0041
0.1 -0.0048 -0.0050 | -0.0052 -0.0055 -0.0057 -0.0059 -0.0061 -0.0062 -0.0064 | -0.0066 | -0.0068
0.2 -0.0069 -0.0072 | -0.0075 -0.0077 -0.0080 | -0.0083 -0.0085 -0.0088 | -0.0090 | -0.0092 | -0.0094
0.3 -0.0096 | -0.0098 | -0.0101 -0.0104 | -0.0106 | -0.0109 -0.0111 -0.0114 | -0.0116 | -0.0119 | -0.0121
0.4 -0.0124 | -0.0127 | -0.0129 | -0.0132 -0.0134 | -0.0136 | -0.0139 | -0.0141 -0.0143 -0.0145 -0.0147
0.5 -0.0154 | -0.0156 | -0.0158 | -0.0160 | -0.0162 -0.0164 | -0.0166 | -0.0168 | -0.0170 | -0.0172 | -0.0174
0.6 -0.0184 | -0.0186 | -0.0187 -0.0189 | -0.0191 -0.0192 -0.0194 | -0.0196 | -0.0197 -0.0199 | -0.0200
0.7 -0.0214 | -0.0216 | -0.0217 -0.0218 | -0.0219 | -0.0221 -0.0222 -0.0223 -0.0224 | -0.0225 -0.0227
0.8 -0.0245 -0.0246 | -0.0246 | -0.0247 -0.0248 | -0.0249 -0.0250 | -0.0251 -0.0252 -0.0252 | -0.0253
0.9 -0.0275 -0.0276 | -0.0276 | -0.0277 -0.0277 -0.0278 -0.0278 -0.0278 | -0.0279 | -0.0279 | -0.0280
1.0 -0.0306 | -0.0306 | -0.0306 | -0.0306 | -0.0306 | -0.0306 | -0.0306 | -0.0306 | -0.0306 | -0.0306 | -0.0306
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Normal Copula, B] 245 &£, 99%, 99.9% VaR L ES (4149131 8] 71 &4 1 0] &)
Panel A : 99% VaR using Normal Copula & Non-parametric marginals
Weight | tho = 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 tho = 1
0 -0.0020 | -0.0020 | -0.0020 | -0.0020 | -0.0020 | -0.0020 | -0.0020 | -0.0020 | -0.0020 | -0.0020 | -0.0020
0.1 -0.0028 -0.0030 -0.0031 -0.0032 -0.0034 -0.0035 -0.0037 -0.0038 -0.0040 -0.0041 -0.0042
0.2 -0.0050 -0.0051 -0.0052 -0.0053 -0.0055 -0.0056 -0.0058 -0.0059 -0.0061 -0.0063 -0.0065
0.3 -0.0073 | -0.0074 | -0.0076 | -0.0077 | -0.0078 | -0.0079 | -0.0081 -0.0082 | -0.0084 | -0.0086 | -0.0087
0.4 -0.0097 -0.0098 -0.0099 -0.0101 -0.0102 -0.0103 -0.0104 -0.0106 -0.0107 -0.0109 -0.0110
0.5 -0.0122 -0.0123 -0.0124 -0.0124 -0.0125 -0.0126 -0.0127 -0.0129 -0.0130 -0.0131 -0.0132
0.6 -0.0147 | -0.0147 | -0.0148 | -0.0148 | -0.0149 | -0.0150 | -0.0151 -0.0152 | -0.0153 | -0.0154 | -0.0155
0.7 -0.0171 -0.0172 -0.0172 -0.0173 -0.0173 -0.0174 -0.0174 -0.0175 -0.0176 -0.0177 -0.0177
0.8 -0.0196 -0.0196 -0.0196 -0.0197 -0.0197 -0.0197 -0.0198 -0.0198 -0.0199 -0.0199 -0.0200
0.9 -0.0220 -0.0220 -0.0220 -0.0221 -0.0221 -0.0221 -0.0221 -0.0222 -0.0222 -0.0222 -0.0222
1.0 -0.0245 -0.0245 -0.0245 -0.0245 -0.0245 -0.0245 -0.0245 -0.0245 -0.0245 -0.0245 -0.0245
Panel B : 99% ES using Normal Copula
Weight | tho = 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 tho = 1
0 -0.0032 -0.0032 -0.0032 -0.0032 -0.0032 -0.0032 -0.0032 -0.0032 -0.0032 -0.0032 -0.0033
0.1 -0.0039 -0.0041 -0.0042 -0.0044 -0.0046 -0.0049 -0.0051 -0.0053 -0.0056 -0.0059 -0.0061
0.2 -0.0066 -0.0067 -0.0069 -0.0071 -0.0073 -0.0075 -0.0078 -0.0081 -0.0084 -0.0087 -0.0090
0.3 -0.0096 -0.0097 -0.0099 -0.0101 -0.0103 -0.0105 -0.0107 -0.0110 -0.0113 -0.0116 -0.0119
0.4 -0.0128 -0.0129 -0.0130 -0.0132 -0.0133 -0.0135 -0.0137 -0.0139 -0.0142 -0.0145 -0.0148
0.5 -0.0160 -0.0161 -0.0162 -0.0163 -0.0164 -0.0166 -0.0167 -0.0169 -0.0172 -0.0174 -0.0177
0.6 -0.0192 -0.0193 -0.0194 -0.0195 -0.0196 -0.0197 -0.0198 -0.0200 -0.0201 -0.0203 -0.0206
0.7 -0.0224 -0.0225 -0.0225 -0.0226 -0.0227 -0.0228 -0.0229 -0.0230 -0.0231 -0.0233 -0.0234
0.8 -0.0257 -0.0257 -0.0257 -0.0258 -0.0258 -0.0259 -0.0259 -0.0260 -0.0261 -0.0262 -0.0263
0.9 -0.0289 | -0.0289 | -0.0289 | -0.0289 | -0.0290 | -0.0290 | -0.0290 | -0.0291 -0.0291 -0.0292 | -0.0292
1.0 -0.0321 -0.0321 -0.0321 -0.0321 -0.0321 -0.0321 -0.0321 -0.0321 -0.0321 -0.0321 -0.0321
Panel C: 99.9% VaR using Normal Copula
Weight | tho = 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 tho = 1
0 -0.0041 -0.0041 -0.0041 -0.0041 -0.0041 | -0.0041 -0.0041 -0.0041 -0.0041 -0.0041 | -0.0041
0.1 -0.0054 -0.0056 -0.0058 -0.0060 -0.0063 -0.0066 -0.0070 -0.0074 -0.0077 -0.0080 -0.0081
0.2 -0.0088 -0.0090 -0.0093 -0.0096 -0.0099 -0.0104 -0.0109 -0.0114 -0.0119 -0.0121 -0.0120
0.3 -0.0131 -0.0132 | -0.0134 | -0.0136 | -0.0139 | -0.0142 | -0.0146 | -0.0150 | -0.0155 -0.0159 | -0.0160
0.4 -0.0174 -0.0176 -0.0177 -0.0178 -0.0180 -0.0182 -0.0185 -0.0189 -0.0194 -0.0198 -0.0200
0.5 -0.0218 -0.0219 -0.0220 -0.0222 -0.0223 -0.0225 -0.0227 -0.0230 -0.0233 -0.0238 -0.0240
0.6 -0.0262 | -0.0263 | -0.0264 | -0.0265 | -0.0266 | -0.0268 | -0.0270 | -0.0272 | -0.0274 | -0.0278 | -0.0279
0.7 -0.0306 | -0.0307 | -0.0307 | -0.0308 | -0.0309 | -0.0310 | -0.0312 | -0.0313 | -0.0315 -0.0318 | -0.0319
0.8 -0.0350 | -0.0350 | -0.0351 -0.0351 -0.0352 | -0.0353 -0.0354 | -0.0355 -0.0356 | -0.0358 | -0.0359
0.9 -0.0394 | -0.0394 | -0.0394 | -0.0395 | -0.0395 | -0.0395 | -0.0396 | -0.0396 | -0.0397 | -0.0398 | -0.0398
1.0 -0.0438 -0.0438 -0.0438 -0.0438 -0.0438 -0.0438 -0.0438 -0.0438 -0.0438 -0.0438 -0.0438
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Panel D : 99.9% ES using Normal Copula

Weight | rtho = 0 [ 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 |rho =1

0 -0.0070 | -0.0070 | -0.0069 | -0.0068 | -0.0068 | -0.0068 | -0.0069 | -0.0070 | -0.0070 | -0.0070 | -0.0072

0.1 | -0.0072 | -0.0075 | -0.0077 | -0.0081 | -0.0084 | -0.0088 | -0.0094 | -0.0099 | -0.0105 | -0.0111 | -0.0117

02 | -00105 | -0.0108 | -0.0110 | -0.0114 | -0.0118 | -0.0124 | -0.0130 | -0.0137 | -0.0144 | -0.0153 | -0.0162

03 | -0.0156 | -0.0157 | -0.0160 | -0.0162 | -0.0165 | -0.0170 | -0.0175 | -0.0181 | -0.0188 | -0.0197 | -0.0206

04 | -0.0207 | -0.0209 | -0.0210 | -0.0212 | -0.0215 | -0.0218 | -0.0223 | -0.0228 | -0.0234 | -0.0242 | -0.0251

0.5 | -0.0259 | -0.0260 | -0.0262 | -0.0263 | -0.0265 | -0.0268 | -0.0272 | -0.0276 | -0.0281 | -0.0288 | -0.0296

0.6 | -0.0311 | -0.0312 | -0.0313 | -0.0314 | -0.0316 | -0.0318 | -0.0321 | -0.0324 | -0.0328 | -0.0334 | -0.0340

0.7 | -0.0363 | -0.0364 | -0.0365 | -0.0365 | -0.0367 | -0.0368 | -0.0370 | -0.0373 | -0.0376 | -0.0380 | -0.0385

08 | -0.0415 | -0.0416 | -0.0416 | -0.0417 | -0.0417 | -0.0418 | -0.0420 | -0.0421 | -0.0423 | -0.0426 | -0.0430

0.9 | -0.0467 | -0.0467 | -0.0468 | -0.0468 | -0.0468 | -0.0469 | -0.0469 | -0.0470 | -0.0471 | -0.0472 | -0.0474

10 | -0.0519 | -0.0519 | -0.0519 | -0.0519 | -0.0519 | -0.0519 | -0.0519 | -0.0519 | -0.0519 | -0.0519 | -0.0519
T AT e AT u) & AFAAG 2ol vl FH 0 Ao § 7bA] tigto] @ Aot & d 99.9% ESo] ThE 23}
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®9. HAGAEG I 69 A3
Normal Copula, H] 2.4~ = &3, 99%, 99.9% VaR L ES(21 &9 F 5] A EA 2 0] &)
Panel A : 99% VaR using Normal Copula & Non-parametric marginals

Weight |rho = 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 tho = 1
0 -0.0023 | -0.0023 | -0.0023 | -0.0023 | -0.0023 | -0.0023 | -0.0023 -0.0023 -0.0023 -0.0023 -0.0023
0.1 -0.0030 | -0.0031 | -0.0033 | -0.0034 | -0.0036 | -0.0037 | -0.0039 -0.0040 -0.0042 -0.0043 -0.0045
0.2 -0.0049 | -0.0051 | -0.0053 | -0.0054 | -0.0056 | -0.0058 | -0.0060 -0.0061 -0.0063 -0.0065 -0.0067
0.3 -0.0073 | -0.0074 | -0.0076 | -0.0077 | -0.0079 | -0.0080 | -0.0082 -0.0084 -0.0086 -0.0087 -0.0089
0.4 -0.0097 | -0.0098 | -0.0099 | -0.0101 | -0.0102 | -0.0104 | -0.0105 -0.0106 -0.0108 -0.0109 -0.0111
0.5 -0.0121 | -0.0122 | -0.0123 | -0.0124 | -0.0125 | -0.0127 | -0.0128 -0.0129 -0.0130 -0.0132 -0.0133
0.6 -0.0145 | -0.0146 | -0.0147 | -0.0148 | -0.0149 | -0.0150 | -0.0151 -0.0152 -0.0153 -0.0154 -0.0155
0.7 -0.0169 | -0.0170 | -0.0171 | -0.0172 | -0.0172 | -0.0173 | -0.0174 -0.0174 -0.0175 -0.0176 -0.0177
0.8 -0.0194 | -0.0194 | -0.0195 | -0.0195 | -0.0196 | -0.0196 | -0.0197 -0.0197 -0.0198 -0.0198 -0.0199
0.9 -0.0218 | -0.0219 | -0.0219 | -0.0219 | -0.0219 | -0.0219 | -0.0220 -0.0220 -0.0220 -0.0220 -0.0221
1.0 -0.0243 | -0.0243 | -0.0243 | -0.0243 | -0.0243 | -0.0243 | -0.0243 -0.0243 -0.0243 -0.0243 -0.0243

Panel B : 99% ES using Normal Copula

Weight |[rho = 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 tho = 1
0 -0.0030 | -0.0030 | -0.0030 | -0.0030 | -0.0030 | -0.0030 | -0.0030 -0.0030 -0.0030 -0.0030 -0.0030
0.1 -0.0038 | -0.0040 | -0.0042 | -0.0044 | -0.0046 | -0.0048 | -0.0050 -0.0052 -0.0054 -0.0057 -0.0059
0.2 -0.0065 | -0.0067 | -0.0069 | -0.0071 | -0.0073 | -0.0076 | -0.0078 -0.0080 -0.0083 -0.0085 -0.0088
0.3 -0.0096 | -0.0098 | -0.0100 | -0.0101 | -0.0103 | -0.0105 | -0.0107 -0.0110 -0.0112 -0.0114 -0.0117
0.4 -0.0128 | -0.0129 | -0.0131 | -0.0132 | -0.0134 | -0.0136 | -0.0138 -0.0139 -0.0141 -0.0144 -0.0146
0.5 -0.0160 | -0.0161 | -0.0162 | -0.0163 | -0.0165 | -0.0166 | -0.0168 -0.0169 -0.0171 -0.0173 -0.0175
0.6 -0.0192 | -0.0193 | -0.0194 | -0.0195 | -0.0196 | -0.0197 | -0.0198 -0.0200 -0.0201 -0.0202 -0.0204
0.7 -0.0224 | -0.0224 | -0.0225 | -0.0226 | -0.0227 | -0.0228 | -0.0229 -0.0230 -0.0231 -0.0232 -0.0233
0.8 -0.0256 | -0.0256 | -0.0257 | -0.0257 | -0.0258 | -0.0259 | -0.0259 -0.0260 -0.0260 -0.0261 -0.0262
0.9 -0.0288 | -0.0288 | -0.0289 | -0.0289 | -0.0289 | -0.0289 | -0.0290 -0.0290 -0.0290 -0.0291 -0.0291
1.0 -0.0320 | -0.0320 | -0.0320 | -0.0320 | -0.0320 | -0.0320 | -0.0320 -0.0320 -0.0320 -0.0320 -0.0320
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Panel C: 99.9% VaR using Normal Copula

Weight |rho = 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 tho = 1
0 -0.0039 | -0.0039 | -0.0039 | -0.0039 | -0.0038 | -0.0038 | -0.0039 -0.0039 -0.0039 -0.0039 -0.0039
0.1 -0.0049 | -0.0052 | -0.0055 | -0.0057 | -0.0060 | -0.0063 | -0.0066 -0.0069 -0.0072 -0.0075 -0.0079
0.2 -0.0087 | -0.0090 | -0.0092 | -0.0095 | -0.0098 | -0.0101 | -0.0104 -0.0107 -0.0110 -0.0114 -0.0118
0.3 -0.0130 | -0.0132 | -0.0134 | -0.0137 | -0.0139 | -0.0141 | -0.0144 -0.0147 -0.0150 -0.0154 -0.0158
0.4 -0.0173 | -0.0175 | -0.0177 | -0.0179 | -0.0181 | -0.0183 | -0.018>5 -0.0188 -0.0191 -0.0194 -0.0198
0.5 -0.0217 | -0.0219 | -0.0220 | -0.0222 | -0.0223 | -0.0225 | -0.0227 -0.0229 -0.0231 -0.0234 -0.0238
0.6 -0.0261 | -0.0262 | -0.0263 | -0.0264 | -0.0266 | -0.0267 | -0.0269 -0.0270 -0.0272 -0.0274 -0.0277
0.7 -0.0305 | -0.0306 | -0.0307 | -0.0307 | -0.0308 | -0.0309 | -0.0311 -0.0312 -0.0313 -0.0315 -0.0317
0.8 -0.0349 | -0.0349 | -0.0350 | -0.0350 | -0.0351 | -0.0352 | -0.0352 -0.0353 -0.0354 -0.0355 -0.0357
0.9 -0.0393 | -0.0393 | -0.0393 | -0.0393 | -0.0394 | -0.0394 | -0.0394 -0.0395 -0.0395 -0.0396 -0.0397
1.0 -0.0436 | -0.0436 | -0.0436 | -0.0436 | -0.0436 | -0.0436 | -0.0436 -0.0436 -0.0436 -0.0436 -0.0436
Panel D : 99.9% ES using Normal Copula
Weight |[rho = 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 tho = 1
0 -0.0047 | -0.0047 | -0.0047 | -0.0047 | -0.0047 | -0.0047 | -0.0047 -0.0048 -0.0048 -0.0048 -0.0049
0.1 -0.0057 | -0.0060 | -0.0064 | -0.0067 | -0.0070 | -0.0074 | -0.0078 -0.0082 -0.0087 -0.0091 -0.0096
0.2 -0.0105 | -0.0107 | -0.0110 | -0.0113 | -0.0116 | -0.0120 | -0.0124 -0.0128 -0.0133 -0.0138 -0.0143
0.3 -0.0156 | -0.0158 | -0.0160 | -0.0163 | -0.0166 | -0.0169 | -0.0172 -0.0176 -0.0180 -0.0185 -0.0190
0.4 -0.0207 | -0.0209 | -0.0211 | -0.0214 | -0.0216 | -0.0218 | -0.0221 -0.0225 -0.0228 -0.0233 -0.0237
0.5 -0.0259 | -0.0261 | -0.0263 | -0.0264 | -0.0266 | -0.0268 | -0.0271 -0.0274 -0.0277 -0.0280 -0.0284
0.6 -0.0311 | -0.0312 | -0.0314 | -0.0315 | -0.0317 | -0.0318 | -0.0320 -0.0323 -0.0325 -0.0328 -0.0331
0.7 -0.0363 | -0.0364 | -0.0365 | -0.0366 | -0.0367 | -0.0369 | -0.0370 -0.0372 -0.0374 -0.0376 -0.0378
0.8 -0.0415 | -0.0416 | -0.0417 | -0.0417 | -0.0418 | -0.0419 | -0.0420 -0.0421 -0.0422 -0.0424 -0.0425
0.9 -0.0467 | -0.0468 | -0.0468 | -0.0468 | -0.0469 | -0.0469 | -0.0470 -0.0470 -0.0471 -0.0471 -0.0472
1.0 -0.0519 | -0.0519 | -0.0519 | -0.0519 | -0.0519 | -0.0519 | -0.0519 -0.0519 -0.0519 -0.0519 -0.0519
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