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Abstract

The underlying asset price, exercise price, risk-free interest rate, duration and volatility
are the endogenous variables in the Black-Scholes option pricing model, and we can obtain
the theoretical price of an option contract through the model. Five variables except the
volatility variable could be collected form market or the option contract, but the volatility
variable is hard to be defined.

It can be sorted into two categories. One is counted by historical underlying asset price
data, and the other is implied volatility (IV). The empirical results about the suitability
between volatilities calculated by the Black-Sholes model and real volatilities the option
contract faces are not identical. Some of empirical results in this study imply that [V model is
the best estimator for calculating the volatility for TAIEX stock index option (TXO), because
it represents the true situation the option lies in. But other results show the opposite comments,
i.e. IV are not the suitable estimator for pricing TXO, it will lead to estimating errors.

The target of the study is a new product (TXO) in Taiwan, and this financial product is
available since Dec.24, 2001. This research uses several methods for estimating the volatility
for TXO, tries to find the optimal model to estimate the volatility, and search the causes of
variation between theoretical value and market value for TXO. The findings are shown as
follows.

1. To TXO, the historical standard deviation and GARCH(1,1) model are the best estimators,
and IV models are the worst.

2. Among the models of weighted implied volatility, the mis-price of the vega weighted
implied volatility model is smallest.

3. The result which IV model is not optimal volatility estimator implies that the TXO market
is not mature.

4. The results are quit different between TXO and warrants: TXO call options are over-priced,
and warrants are under-priced in Taiwan markets. We try to explain the differentiation in

supply aspect, and make reasonable inferences.
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4. GARCH(1,1) GAIVtvIv
GAIV1yiv
5. ( ) MAE RMSE
MAPE
MAE RMSE
MAPE
GARCH(1,1) GAIV1yiy
2 TXO
AWIV VGIV TVIV GARCH(1,1)
MAE MAPE RMSE MAE MAPE RMSE MAE MAPE RMSE MAE MAPE RMSE
<60 [70.5182 0.0916 88.5505 - 69.9991 0.0910 88.1681 - 70.1992 0.0912 88.3301 - 73.3908 0.0916  88.3233
60~180 | 74.8949 0.0924 89.0210 - 68.3626 0.0815 82.8846 : 68.4075 0.0829 87.9534 - 65.9837 0.0769 78.7525
>180 | 85.3256 0.0879 92.9082 105.5930 0.1089 122.4695 67.8751 0.0692 69.4346 94.8335 0.0977 107.8527
GAIVygry GAIV vy *
MAE MAPE MAE MAPE RMSE MAE MAPE RMSE MAPE
<60 |70.3744 0.0917 9.9931 0.0910 88.1184 72.4363 0.0952 89.0402 ; RMSE
60~180 | 69.9043 0.0800 88.3959 - 66.3070 0.0781 79.8690 -108.1355 0.1344 123.9434 **
>180 |146.5064 0.1502 157.0505 99.8644 0.1030 114.2542 181.1243 0.1867 199.2612
3 TXO
AWIV VGIV TVIV GARCH(1,1)
MAE MAPE RMSE MAE MAPE RMSE MAE MAPE RMSE MAE MAPE RMSE
<60 |[74.5142 0.1986 96.2132 - 69.7267 0.1822 90.0966 - 70.8697 0.1846 91.4000 - 69.7434  0.1827 89.1030
60~180 (117.4146 0.3260 148.2870-105.0211 0.2916 133.3550: 88.4762 0.2421 111.8772 87.9687 0.2753 125.5105
>180 |163.6695 0.2489 194.0910 128.9618 0.1924 156.1916: 76.9039 0.1042 100.7231 : 66.1161 0.0973  85.5848
GAIVygry GAIV vy *
MAE MAPE RMSE MAE MAPE RMSE MAE MAPE RMSE MAPE
<60 |[68.6574 0.1796 88.6713 68.9072 0.1800 88.7702 : 79.0327 0.2134 99.9221 MAE RMSE
60~180 [ 81.6152 0.2451 117.706: E 4.7290 0.2791 124.7077%155.7766 0.4347 192.472 -
>180 | 81.4797 0.1197 87.6045 89.7871 0.1348 115.8153 267.2829 0.3886 288.2412
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4 TXO
AWIV VGIV VIV GARCH(1,1)
MAE MAPE RMSE : MAE MAPE RMSE MAE MAPE RMSE MAE MAPE RMSE
<60 |[65.4003 0.9432 88.1955 - 46.2963 0.5953 63.5089 - 50.0337 0.6548 67.2920 - 45.1292  0.5991 59.9250
60~180 [113.8905 0.4770 151.6389- 69.5545 0.2897 99.4259 - 79.4576 0.3320 104.0900 - 53.3237 0.2524 | 66.0122
>180 |[146.1017 0.3552 172.1806: 92.4364 0.2193 128.7198:110.3397 0.2576 122.2312 : 50.5150 0.1174 57.0942
GAIVyav GAIV1vy *
MAE MAPE RMSE : MAE MAPE RMSE MAE MAPE RMSE MAPE
<60 [42.0490 0.5320 57.3871 %43.1997 0.5752 58.8930 78.1692 1.1076 98.9585 MAE RMSE
60~180 | 49.4764 0.2105 67.2417 - 55.5786 0.2476 75.0524 -140.2749 0.6216 1723139 **
>180 |[71.6820 0.1801 84.9225 - 60.4169 0.1407 80.3607 -206.5300 0.5038 230.4615
5 TXO
AWIV VGIV VIV GARCH(1,1)
MAE MAPE RMSE MAE MAPE RMSE MAE MAPE RMSE MAE MAPE RMSE
<60 |[39.3837 2.3445 63.2916 - 19.0966 1.0365 32.5371 - 21.9046 0.9317 35.5616 - 14.1724 0.6816  22.5544
60~180 [108.2117 5.1022 146.2131- 55.8066 4.2165 90.0527 - 58.9079 [2.0851 79.1427 - 38.9383  5.2527 53.2678
>180 |[282.8365 1.2198 351.4937:153.4664 0.6497 188.3249°-122.7485 0.5216 205.1000 - 76.2623  0.3310 | 90.6827
GAIVyav GAIV1vy *
MAE MAPE RMSE : MAE MAPE RMSE MAE MAPE RMSE MAPE
<60 |13.4248 0.6107 21.2626  15.1587 0.7453 25.0768 - 50.8989 3.4832 79.9224 MAE RMSE
60~180 [ 35.9775 2.4315 52.7833 43.6371 4.6877 66.1051 ;36.8670 7.4489 167.3346 **
>180 |[76.2127 0.3271 95.2282 -104.5114 0.4493 125.5101 338.3851 1.4426 370.3603
6 TXO
AWIV VGIV VIV GARCH(1,1)
MAE MAPE RMSE MAE MAPE RMSE MAE MAPE RMSE MAE MAPE RMSE
<60 |[13.3754 5.7100 30.8603 - 5.6158 1.4633 11.7675 - 7.2949 1.2976 16.2891 - 4.0818 0.9049 6.9884
60~180 | 72.9342 5.8254 105.2273- 26.4400 3.0630 55.2375 - 27.2717 1.3348 50.9370 - 12.7617 5.5102 | 20.2404
>180 [296.8286 2.6663 400.3533%118.4673 1.0694 150.1042%203.8780 1.7936 260.2801 82.1272  0.7303  94.3097
GAIVyav : GAIV1vy *
MAE MAPE RMSE : MAE MAPE RMSE MAE MAPE RMSE MAPE
<60 3.7039 1.0613 6.7193 = 43930 0.9819 82621 :12.7523 7.0012 28.6608 -MAE RMSE
60~180 | 14.0684 10.9603 25.9180 - 16.2680 3.8060 33.4799 - 93.3367 12.4527 121.4581 **
>180 [41.2510 0.3451 42.5451 99.8936 0.8964 121.4817 328.1930 2.9021 379.5978
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7 TXO
AWIV VGIV VIV GARCH(1,1)
MAE MAPE RMSE MAE MAPE RMSE MAE MAPE RMSE MAE MAPE RMSE
<60 [102.1596 0.0945 133.2895 106.0039 0.0984 143.0150 105.7005 0.0979 141.8037 = 106.2554 0.0986 145.4104
60~180 | 87.3421 0.0703 118.9244- 80.0065 0.0640 100.9082 111.0880 0.0883 126.4574 - 82.4821 0.0642  96.7658
>180 |200.9739 0.1744 219.6597 141.9935 0.1196 161.9210:136.9561 0.1178 165.7545  103.9179 0.0880 118.9256
GAIVygry GAIV1vy *
MAE MAPE RMSE MAE MAPE RMSE MAE MAPE RMSE MAPE
<60 [106.2449 0.0987 144.717 : 06.1059 0.0984 144,3596%104‘0770 0.0966 137.1576 MAE RMSE
60~180 | 78.3470 0.0612 91.8241 79.3167 0.0622 95.5989 ~117.2044 0.0961 149.0765 **
>180 |135.6154 0.1177 143.8430 122.3056 0.1033 134.6453 147.4849 0.1278 183.5319
8 TXO
AWIV VGIV VIV GARCH(1,1)
MAE MAPE RMSE MAE MAPE RMSE MAE MAPE RMSE MAE MAPE RMSE
<60 |[83.5911 0.1871 107.8371: 82.6739 0.1802 107.9427 - 89.6919 0.1957 114.7644 - 82.1257 0.1783 108.8123
60~180 {100.9894 0.1668 129.9991 - 80.8705 0.1279 97.5800 - 117.1725 0.1837 136.5642 ° 78.5809 0.1218  92.9969
>180 |183.2053 0.2259 204.4842 166.3162 0.1973 180.7194 - 85.7683 0.0992 116.8492 - 79.8402 0.0954  89.3347
GAIVygry GAIV1vy *
MAE MAPE RMSE MAE MAPE RMSE MAE MAPE RMSE MAPE
<60 |84.4401 0.1833 110.2477-81.2276 0.1766 107.7237: 81.7723 0.1836106.6965 MAE  RMSE
60~180 | 84.9965 0.1365 100.580 ] 1.1873 0.1106 88.1890 %124.8285 0.2034 152.7497}*
>180 | 74.6137 0.0937 87.2718 101.1202 0.1231 118.1291 :226.3134 0.2650 255.4220
9 TXO
AWIV VGIV VIV GARCH(1,1)
MAE MAPE RMSE MAE MAPE RMSE MAE MAPE RMSE MAE MAPE RMSE
<60 |63.8372 0.6240 83.8379 51.4401 0.4818 67.2795 - 64.8440 0.5669 80.9834 - 43.7206 0.4300 59.1597
60~180 | 84.6607 0.3276 114.8735- 62.6391 0.2402 80.9692 - 91.5170 0.3472 108.8539 : 46.3726 0.1832  60.7715
>180 |145.1120 0.3369 175.410 E 47.8570 0.3028 174.6830%139.2147 0.3159 161.9460% 58.4117 0.1430  72.3088
GAIVygry : GAIV1vy *
MAE MAPE RMSE MAE MAPE RMSE MAE MAPE RMSE MAPE
<60 |[45.3124 0.4324 60.6048 45.4545 0.4380 60.7819 - 58.9482 0.6382 80.1623 -MAE RMSE
60~180 | 57.8774 0.2309| 71.1696 45.8439 0.1771 61.2045 - 99.5869 0.4047 130.3918 **
>180 | 79.5837 0.2235 91.9270 88.7025 0.1984 105.3404 -155.4945 0.3624 192.4206
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10 TXO
AWIV VGIV TVIV GARCH(1,1)
MAE MAPE RMSE : MAE MAPE RMSE MAE MAPE RMSE MAE MAPE RMSE
<60 |[27.8993 1.2861 43.1084 - 19.9475 0.7629 29.0864 - 27.5503 0.9844 39.1375 - 14.4964 0.6864  20.7809
60~180 [ 73.4218 [1.0074 95.6497 - 45.5059 1.5229 62.2112 - 72.1652 1.0077 86.3587 - 30.4958 2.1469 | 39.2964
>180 |[133.5316 0.4887 151.7360: 76.0280 0.2688 117.8472-115.4372 0.4318 129.4909 © 25.2161 0.0953  31.7925
GAIVyav GAIV vy *
MAE MAPE RMSE : MAE MAPE RMSE MAE MAPE RMSE MAPE
<60 |[13.4718 0.5900 19.3902 15.7953 0.6640 22.8324 29.1758 1.6397 47.1167 MAE RMSE
60~180 | 40.7896 1.9928 52.1403 - 33.9893 1.7619 44.2966 - 74.6687 3.1537 102.8840 **
>180 |[59.1659 0.2180 73.5346 - 43.1283 0.1545 60.6920 -161.3379 0.5932 190.8674
11 TXO
AWIV VGIV TVIV GARCH(1,1)
MAE MAPE RMSE MAE MAPE RMSE MAE MAPE RMSE MAE MAPE RMSE
<60 |[10.1984 3.7936 20.8688 - 7.5422 2.6800 12.8946 - 9.7810 2.7054 17.3508 6.9151 2.8063 11.6673
60~180 | 54.0820 0.8587 77.1884 - 42.6997 0.6921 65.1470 - 50.1508 0.7803 65.9700 : 26.6779  0.4631 46.8403
>180 | 66.6708 0.4740 122.5608: 39.0919 0.3925 48.6815 - 57.4533 0.5746 66.0885 - 19.8362 0.1919  24.2751
GAIVyav GAIV vy *
MAE MAPE RMSE : MAE MAPE RMSE MAE MAPE RMSE MAPE
<60 5.4864 2.8287| 9.6966 = 7.0824 12.6350 11.9675 - 9.7041 5.5023 21.4756 -MAE RMSE
60~180 | 29.8761 0.5388 45.7897 33.8216 0.5276 51.0755 69.4791 1.2647 109.7454 **
>180 |25.1942 0.2786 32.4904 - 33.2759 0.3306 44.1781 - 83.6103 0.7537 127.5091
4.2
AE APE
AE ( 12 13) AE
S/K AE
AE
AE
N AE
* TXO 2002 600
200 10 15 200 25
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AE AE AE
TXO
(
)
AE
AE
12 AE —
T
R*> F
S/K T Ry Rindex  Tlindex C A\ Ol c
AWIV 0437 473.12 -5.190
VGIV 0.303  246.02 -6.001
TVIV 0277 232.87 -7.561
GARCH 0.309 272.05 -10.002
0.293  252.39 -7.463
GAIVygry | 0289 247.05 -8.134
GAIV1yy | 0482 566.33 -5.947
t **F(w‘w,o_gs) =1.000 10.95.0)= 1.645 *** 12-15
13 AE —
t
R®> F
S/K T Rf Rindex O index C Vv Ol o

AWIV 0.325 25672 - -24.862

VGIV 0291 219.30 - -33.496 -4.247

TVIV 0.340 27545 - -32.783 -14.953

-6.063 1.283 -5.879

GARCH 0302 231.26 - -37.244 -11.631

0.326 258.11 - -38.468 -14.810 -4.008 0.389 -4.737 -1.739

GAIVygry |0289 217.58 - -35.006 -9.019 -4.355 1.091 -5.356

GAIVryry | 0390 34097 - -27.862 -8.186 1.340 -3.255

14 15 APE
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F AE F
t APE AE APE
APE AE
AE
(R?)
AE APE
APE t
APE
S/K APE
APE
14 APE —
R* F !
S/K T Ri  Ridex  Oingex C \% o) o
AWIV 0.021 13.05 3.841 -1.928 1.162 3.688 0.450 -2.888 1.017 -1.148 -7.646
VGIV 0.005 3.12 -2.519 3.111 -0.909 -1.497 -0.155 0.952 -0.353 0.512 1.795
TVIV 0.017 10.57 -1.695 -3.002 0.817 5.445 -0.111 -2.678 -0.325 -0.065 -7.914
GARCH 0.006 3.75 0.335 -4.302 1.321 1.967 0.257 -0.271 -0.028 -0.038 1.799
0.007 4.08 -0.789 -3.968 0.113 4.031 -0.190 -0.763 -0.704 0.561 0.107
GAIVVGW 0.004 2.58 -1.911 3.431 -0.933 -1.037 -0.194 0.186 -0.105 0.102 -0.605

GAIVryy 0.012 7.37 5.748 -2.302 0.139 2.152 0.029 -0.026 1.404 -1.189 -1.322

15 APE —
R* F !
S/K T R¢ Rindex  Tindex C A 01 o
AWIV 0.031 17.23 -5.952 -0.668 -3.015 -4.788 1.407 -0.943 -1.008 1.307 -8.793
VGIV 0.010 549 4273 0.591 0.751 3.386 -0.894 2292 0.153 -0.054 1.584
TVIV 0.036 19.90 -2.635 -1.136 -2.754 -5.806 1.659 -0.553 -1.232 1.737 -9.722

GARCH 0.014 7.54 -1.551 -2.006 -0.443 -5.677 0.935 -3.557  -0.752  0.440 -0.214
0.010 5.63 -0.776 -1.639 -0.237 -5.115 1.005 -2.955  -0.615 0.371 -1.320

GAIVvgv 0.010 547 4.171 0.717 0.559 3.164 -0.982 2.674 0.185  -0.072 1.390

GAIV1yy 0.017 9.44 -5.430 -1.626 -2.005 -4.593 1.115 -1.309 -0.450  0.467 -3.675
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