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Abstract

The purpose of this study is to examine the price volatility between stock options
and underlying stocks, and the causality relationships among call option prices, put
option price and underlying stock prices. This study selected 5 samples companies,
which are TSMC, UMC, NAN YA, CHINA STEEL, FUBON FINANCIAL. The stock
option prices periods cover 2003/1/214~2003/12/31, and the underlying stock prices
periods cover 2002/1/21~2003/12/31. The first stage of the volatility study uses multiple
regression and variance ratio analysis. The second stage that study the causality between
stock option prices and underlying stock prices uses unit root test, VAR, impulse
response, decomposition of forecast error variance and Granger causality test.

The results show an important effect that the underlying stock price volatility is
mainly from Taiwan Stock Index. However, the samples company’s underlying stock
price volatility decreased after the stock options issued. Moreover, the causality result
found that most samples company’s call option prices and put option prices are
insignificantly influenced their underlying stock prices. On the other hand, the leading

effect of stock option pricesis not significant.

Keywords: stock option, volatility, Granger causality.
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Stoll 1969 2

(Manaster, 1982; Diltz, 1996;
Anthony, 1988)

(Kumar, 1990; Bhattacharya, 1987; Park, 1999)
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Damodaran and Subrahmanyam(1992)
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-2.34% (-4.4%)

Petri  Sahlstrom(2001)

Park, Switzer and Bedrossian(1999) CBOE 45

Managser and Rendleman(1982) 1973 4 26 19/6 6 30
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Kumar and Shastri(1990) Manaster and Rendleman(1982)
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Bhattacharya(1987)

Bhattacharya 1977 6 1 1978 8 15 CBOE

Diltz and Kim(1996) Manaster and Rendleman(1982)

Diltz and Kim Black and Scholes(1973)
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Anthony(1988) 1982 1 1983 6 25

32



(2001)



(2001)

(2003)

2002 4 19 2003 1 28

(OLS OLS+GARCH OLS+E-GARCH OLS+T-GARCH)

(AR) (CAR)

AR CAR

OLS AR CAR

OLS+T-GARCH AR CAR

(2003)

11






(TSMC) (UMC)
FINANCIAL)

92 1 20

237

12 31

(NAN YA)
92 12 31
485

13

(CHINA STEEL)

91

(FUBON

20

93



14

(2000)



3-1

GARCH

11

Granger

31
15



Lee & Ohk(1992)

Y. =a,+a, X +a,D+e
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GARCH
Bollerdev(1986) ARCH

(Generalized Autoregression Conditional Heteroskedasticity, GARCH)  Bollerslev

ARCH
GARCH ARCH
Y, =a+bX, +e, 3-2
€W, ~iid(0,h) 33
W, , t-1
e, =Y, - a- bX, 3-4
q
ho=a,+dael,+ 4 b, 35
i=1 i=1
h, p

GARCH GARCH(1,1)
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Y, =a+bX, +¢

- 2
ht _ao +alet-l + blht-l

e =Y - a- bX,

Lo & Mackinlay(1988) VR(k)

_ Var(r, )k

VR Var(R)

Var (rl)

Var(R)

var(r,) Var(R)

VR(k) 1

VR(k) 1

18

3-6
3-7
3-8
Cochrane(1988)
k
3-9
k 5



Pagan& Wickens(1989)

Augmented Dickey-Fuller(ADF)

Phillips& Perron(PP) Dickey-Fuller(DF) ADF PP
ADF DF
ADF
£
DY, =bY_, +a rDY_, te 3-10
i=1
X
DY, =a +bY,, +a r ,DY,, +e su
i=1
X
DY, =a +gT +bY,, +3 r DY, +e, 312

i=1

U b=0 btoO

(Cointegrating Test)
Engle and Granger(1987)
EG
(Engle-Granger) CRDW(Cointegrating Regression DurbinWatson Test)
Johansen(1988) Johansen(1988,1991)

(Maximum Likelihood Approach)
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Y-gb.Y . =a te, 3-16

t Jotg
j=1

(1- by- b,L2- U- b, L"), =a +e, 3-17
Y, =(1-b,- b,L?-U- b, L") a+(1-b,- b,l2- U- b, L") e, 318
¥
Y, =a+Q Ce,, 3-19
j=0
a (n1 C, (n 1) C,
m
Choleski
Orthogonalization (3-19)
¥
Y, =at+q C Ve, 3-20
j=0
3-20
g
Y, =at+g DW_, 3-21
j=0

D,=CV W_ =Ve_,



(3-22) W,

Y, Kk

Y, - E.x =DMW,_, +U+D W, , (3-22

EY = BV Y U t-k ot

E(Y, + E_ Y)Y, - E..Y,)" = D,E(WwW{Dg+ D, EMWID+ D, .E(WADE, (3-23)
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Granger(1969)

Y Y
X Y Y
X Y (feedback)
X
X Y X Y
X Y
X Y Y X
X, Y,

k

[e) [e)
Xe=aa X ;+a b)Y, +e 3-24

=L j=1
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K
Yt:éngt—j-l-éqjxt-j-l-Wt 3-25
j=1 j=1

AlC AlIC
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4-1 Skewness( ) Kurtosis( ) Skewness
1 Kurtoss 3
GARCH
4-1
Mean 61.2078 30.7781 35.7274 20.7507 30.5276
Median 58.5 274 34.55 19.8 304
Maximum 97.5 57 49 28.5 374
Minimum 35.6 19.2 25.2 14.4 23.8
Std. Dev. 16.0543 10.4649 5.5199 4.2670 3.1814
Skewness 0.6850 0.9981 0.6598 0.4018 0.039%4
Kurtosis 2.3998 2.7337 2.7231 1.7612 1.8886
Jarque-Bera 45.119 81.8021 36.6716 43.9686 25.0344
Probability 0 0 0 0 0.000004
Sum 29624.6 14896.6 17292.1 10043.35 14775.4
Sum Sg. Dev. 124489 52896.27 14716.68 8794.142 4888.869
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4-2

(a,

(a,
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T
a, 0.6032 0.0744 8.1069%**
a, 00112 0.0007 14.0433+**
a, -0.1940 0.0791 -2 4505+
a, 0.3246 0.0427 7.6005+**
a, 0.0075 0.0004 17.368%**
a, -0.2645 0.0454 5,803+
a, 0.2946 0.0418 7.0420%**
a, 0.0047 0.0004 11.1058%**
a, 0.0229 0.0444 0.5163
a, 0.2181 0.0265 8.2176***
a, 0.0012 0.0002 4.8258+*+
a, 0.0468 0.0282 1.6601*
a, 0.3079 0.0336 0.1468***
a, 0.0021 0.0003 6.2002+**
a, -0.0258 0.0358 -0.7222
o 1% ** 5% * 10%
Y, =a,+a, X, +a,D+eg
GARCH
Ljung-Box Q? ARCH-LM
GARCH
4-3 Ljung-Box Q° 6 ARCH-LM 6

28

GARCH



4-3 GARCH

Q 6 10.123 7.225 6.74 7.392 10.28
Prob 0.12 0.301 0.346 0.286 0.113
Q 12 21.02 23.447 10.583 17.293 14.063
Prob 0.05** 0.024 0.565 0.139 0.297
Q> 6 14.576 12.734 471 20.104 14.667
Prob 0.024** 0.047** O ** 0.003*** 0.023**
Q* 12 26.13 14.941 53.711 38.636 17.886
Prob 0.01*** 0.245 O ** O * 0.119
ARCH-LM 6 2.106 1.920 7.056 2.709 2.855
F-datistic
Prob 0.051* 0.075* 0¥ ** 0.013** | 0.009***
1% i 5% * 10%
4-4  GARCH
4-4 GARCH
P
Ao -0.001/5 0.001/0 0.1146
0.0127 0.000/4 0.000°90
a. 0.001(7 0.0015 0.2528
Ao -0.001/7 0.001|1 0.1068
a. 0.013/9 0.000/4 0.000090
a. 0.0022 0.001/5 0.1477
a. 0.00112 0.001(0 0.22190
a. 0.009/9 0.0004 0.0000D
a, 0. 0010 0.001|3 0.4441
a. 0.002/9 0.001/0 0.0030D
a, 0.006(5 0.000/4 0.0000D
a. 0.0021 0.0015 0.1444
a, 0.0006 0.000 O0.5021
a. 0.006(4 0.000/5 0.000°90
a, 0.000/6 0.001/5 0.67790

* k%

1%
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VR

0.8649 0.8023 0.8797 0.7429 0.7550
0.7303 0.7632 0.8419 0.7163 0.7307

VR(K) = Var(r, )5

Var(R)

VR
ADF
AlIC
4-6

AIC 3 2

31




4-6
ADF Y,
ADF
-0.8811 -7.2122 -3.4631
-6.5937 -3.4630
-6.0239 -3.4630
4-7
AlC 1
2
4-7
ADF o,
ADF
-0.6776 -7.0263 -3.4631
-5.5986 -3.4630
-6.2352 -3.4630
4-8
AlC 2
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ADF cv
ADF
-0.8054 -6.7018 -3.4631
-5.9613 -3.4630
-5.5764 -3.4630
4-9
AlC 1
1
4-9
ADF cv
ADF
-0.6345 -5.5912 -3.4631
-4.1449 -3.4630
-5.7485 -3.4630
4-10

AlIC




4-10

ADF Ccv
ADF
-1.1571 -6.2771 -3.4631 1
-5.8865 -3.4630 1
-5.7594 -3.4630 1
4-11 (trace test)
(maximum eigenvalue test) r=0 r£1
4-11
Tracetest(A  trace) Maximum eigenval ue test
A max)
1% 1%
0.1688 r=0 T4.7972%** 20.04 42.9096* ** 18.63
0.1284 rel 31.8902* ** 6.65 31.8902* ** 6.65
0.1497 r=0 71.1861*** 20.04 37.6474%** 18.63
0.1346 rel 33.5386* ** 6.65 33.5386*** 6.65
0.1876 r=0 73.8427*** 20.04 48.2188*** 18.63
0.1045 rel 25.6239*** 6.65 25.6239*** 6.65




4-11 ()

Tracetest(A trace) Maximum eigenvalue test
A max)
0.1523 r=0 73.4624*** 20.04 38.3602* ** 18.63
0.1404 rel 35.1022*** 6.65 35.1029* ** 6.65
0.1942 r=0 84.5858* ** 20.04 50.1104*** 18.63
0.1380 rel 34.4753*** 6.65 34.4753*** 6.65
0.2081 r=0 82.3323*** 20.04 54.1415*** 18.63
0.1144 rel 28.1907*** 6.65 28.1907*** 6.65
0.2108 r=0 70.4355*** 20.04 59.9314*** 18.63
0.0646 rel 15.5041*** 6.65 15.5041*** 6.65
0.2108 r=0 85.7532* ** 20.04 54.9353*** 18.63
0.1243 rel 30.8178*** 6.65 30.8178*** 6.65
0.2347 r=0 96.6418*** 20.04 62.0866* * * 18.63
0.1383 rel 34.5552* ** 6.65 34.5552* ** 6.65
0.2260 r=0 91.2783*** 20.04 59.4426** * 18.63
0.1282 rel 31.8356*** 6.65 31.8356*** 6.65




4-12 -0.5653 0.0028
-0.4700 0.0048
2
4-12
A E11( A E1SD1( A E12( A E1SD1(
) )
-0.5653 0.0028 -0.4700 0.0048
-6.1109 1.0232 -5.3101 1.4725
A E11(t-1) 0.0849 0.0064 A E12(t1) | -0.0197 -0.0030
0.9432 -2.3770 -0.2196 -0.7115
A E11(t-2) 0.1913 00051 | A E12(t-2) 0.0342 -0.0062
2.2439 -1.9994 -0.3960 -1.9474
A E11(t-3) -0.0203 00015 | AE12(t3) | -0.0261 -0.0025
-0.2606 -0.6464 -0.3235 -0.8345
A E11(t-4) 0.0968 -1.1135 | A E12(t-4) 0.0727 -0.0014
1.3066 -1.5696 0.9694 -0.5175
A E11(t-5) 0.0413 00020 | A E12(t-5) 0.0020 -0.0013
0.6163 -1.0159 0.0310 -0.5209
A EISD1(t-1)| -6.1464 -0.7651 |A E1SDA(t-1)| -5.2675 -0.7672
-2.4272 -10.0076 -2.8413 -11.0996
A E1SD1(t-2)| -8.4829 -0.5189 |A E1SDA(t-2)| -7.1176 -0.5298
-3.0070 -6.0897 -3.3034 -6.5967
A E1SD1(t-3)| -3.2500 -04556 |A E1SDA(t-3)| -5.0877 -0.4500
-1.1369 -5.2787 -2.2719 -5.3897
A E1SD1(t-4)| -0.7783 -0.4847 |A E1SDA(t-4)| -5.0901 -0.4916
-0.2860 -5.8995 -2.3678 -6.1314
A E1SD1(t-5)| -0.2840 -0.2004 |A E1SDA(t-5)|  2.9500 -0.2182
-0.1279 -2.9903 -1.6569 -3.2882
-0.0076 -9.34E-06 0.0013 -6.15E-05
-0.1167 -0.0047 0.0621 -0.0309




4-13 -0.2044 -0.0229
-0.0552 -0.0196
4-13
A E21( A E2SD1( A E22( A E2SD1(
) )
-0.2044 -0.0229 -0.0552 -0.0196
-3.6330 -4.4323 -1.3265 -5.6888
A E21(t-1) | -0.2460 0.0110 A E22(t-1) | -0.3051 0.0077
-3.2806 1.6074 -4.1896 1.2854
A E21(t-2) | -0.1025 0.0166 A E22(t-2) | -0.2461 0.0041
-1.3677 2.4096 -3.2822 0.6689
A E21(t-3) | -0.0898 0.0114 A E22(t-3) | -0.2276 0.0103
-1.2051 1.6633 -3.1059 1.7089
A E21(t-4) | -0.0251 0.0157 A E22(t-4) | -0.0757 0.0087
-0.3505 2.3800 -1.0598 -0.0059
A E21(t-5) | -0.1097 00052 | AE22(t5) | -0.2246 0.0158
-1.6310 -0.8501 -3.3051 2.8146
A E2SDA(t-1)|  4.5429 -0.2954 |A E2SDA(t-1)|  1.7029 -0.1751
3.0393 -2.1478 1.0498 -1.3009
A E2SDA(t-2)|  3.2154 -0.153 |A E2SDA(t-2)| 1.1215 -0.0887
2.3529 -1.5531 0.7611 -0.7256
A E2SDA(t-3)|  4.1860 -0.0899 |A E2SDA(t-3)| 0.3757 -0.0174
3.3961 -0.7933 0.2831 -0.1586
A E2SDA(t-4)|  1.9839 -0.1614 |A E2SDA(t-4)| 0.6166 -0.1183
1.8812 -1.6637 0.5501 -1.2725
A E2SDA(t-5)|  -0.5040 00788 |A E2SDA(t-5)| -1.0938 -0.0528
2.0040 -1.1444 -1.3651 -0.7944
-0.0010 0.0002 -0.0022 0.0002
-0.0468 0.1260 -0.0909 0.1431

37




4-14 -0.0642 0.0136
-0.0703 -0.0100
4-14
A N11( A N1SD1( A N12( A N1SD1(
) ) )

-0.0642 0.0136 -0.0703 -0.0100

-1.6252 6.2801 -2.2360 -5.872

A N11(t-1) | -0.3515 00094 | AN12(t-1) | -0.4914 0.0041
-4.6840 -2.2790 -6.8901 1.0539

AN11(t-2) | -0.2748 -0.0072 | A N12(t-2 -0.2712 0.0060
-3.5559 -1.7037 -3.4901 1.3852

A N11(t-3) | -0.2365 00071 | AN12(t3) | -0.1172 0.0108
-3.1404 -1.7337 -1.4942 24777

A N11(t-4) | -0.1071 00060 | AN12(t-4) | -0.1027 0.0107
-1.4601 -1.4943 -1.3513 25464

A N11(t-5) | -0.0814 00053 | AN12(t5) | -0.0417 0.0080
-1.2275 -1.4532 -0.6268 2.1650
A N1SDA(t-1)|  -1.9080 -0.0216 |A N1SD1(t-1)] 4.2220 -0.1617
-0.7526 -0.1553 1.8473 -1.2690
A N1SDA(t-2)|  -2.8907 0.0203 |A N1SDA(t-2)| 3.3671 -0.0846
-1.2725 0.1633 1.6083 -0.7249
A N1SDA(t-3)|  -0.7456 0.0689 |A N1SDA(t-3)| -1.6519 -0.0060
-0.3712 0.6247 0.8753 -0.0572
A N1SD1(t-4)| -1.9544 -0.0024 |A N1SD1(t-4)| 2.3902 -0.0548
-1.1731 -0.0266 1.4943 -0.6144
A N1SDA(t-5)| -1.8579 -00706 |A N1SD1(t-5)| 3.0134 -0.1020
-1.5525 -1.0744 2.6240 -1.5944
0.0011 -0.0001 -0.0027 -0.0001
0.0394 -0.0994 -0.0929 -0.0777




4-15 -0.0416 -0.0135
-2.31E-06 0.0015
4-15
A C11( A C1SD1( A C12( A C1SD1(
) )
-0.0416 -0.0135 -2.31E-06 0.0015
-1.5266 -6.6676 -0.0007 6.6749
A CL(t-1) | -0.3665 0.0136 A C12(t1) | -0.3732 -0.0090
-5.1600 25712 -5.6375 -1.8682
ACL(t2) | -0.2062 00011 | ACI2(t2) | -0.2439 0.0019
-2.7563 -0.2004 -3.4600 0.3754
A CL(t3) | -0.1364 0.0044 A C12(t-3) | -0.1808 -0.0038
-1.8373 0.8006 -2.5569 -0.7424
A Cli(t-4) | -0.1603 0.0027 A C12(t4) | -0.1644 -0.0066
-2.2002 0.5087 -2.3589 -1.3027
A C11(t-5) 0.0403 00072 | ACl12(t5) | -0.0039 0.0015
0.5980 -1.4268 -0.0602 0.3136
A C1SD1(t-1)|  3.04 01187 |A C1SD1(t+-1)| 1.3218 0.1465
15219 0.7929 0.6339 0.9579
A C1SD1(t-2)| 3.4816 00791 |A C1SDA(t-2)| 1.1503 0.1206
1.9726 0.6000 0.6281 0.8976
A CI1SDA(t-3)| 3.7862 00219 |A CISDA(t-3)| 0.4056 0.0594
2.5008 0.1942 0.2585 0.5166
A CI1SDA(t-4)|  3.0698 0.0060 |A C1SDA(t-4)| -0.4099 0.0192
0.6494 -0.0661 1.5845 -0.6134
A CI1SDA(t-5)|  0.5624 -0.0427 |A CISDI(t-5)| 1.4244 -0.0404
0.6494 -0.6605 1.5845 -0.6134
-0.0045 -0.0001 -0.0066 -0.0002
-0.2300 -0.1007 -0.3247 -0.1564




4-16 -0.0143
0.0040 -0.0119 -0.0085
4-16
A F11( F1SD1( A F12( A F1SD1(
) )

-0.0143 0.0040 -0.0119 -0.0085
-1.2742 6.9736 -0.4864 -6.9664
A F11(t1) | -05123 00056 | A F12(t-1) 0.4625 0.0047
-7.6472 -1.6398 -6.5818 1.3711
A F11(t2) | -0.3578 0.0024 A F12(t-2) | -0.3170 0.0009
-4.7948 0.6330 -4.2186 0.2558
A F11(t-3) | -0.2756 0.0008 A F12(t-3) | -0.2047 0.0045
-3.6480 0.2139 -2.6865 1.2049
A F11(t-4) | -0.1440 0.0068 A F12(t-4) | -0.2051 0.0021
-1.9616 1.8076 2,771 0.5996
A F11(t-5) | -0.1402 0.0001 A F12(t-5) | -0.1340 0.0060
-2.1059 0.0361 (-1.9995) 1.8269
A FISD1(t-1)| -3.6281 03355 |A FISD1(t-1)| 20378 0.2950
-0.9704 1.7392 0.5336 1.5541
A FISD1(t-2)| -2.6533 01706 |A FISD1(t-2)| 2.1597 0.1382
-0.8192 1.0209 0.6506 0.8376
A FISD1(t-3)| -0.9448 0.0995 |A FISD1(t-3)| 2.3848 0.0726
-0.3567 0.7281 0.8730 0.5349
A FISD1(t-4)| -0.9470 00551 |A FISD1(t-4)| 1.6258 0.0446
-0.4721 0.5326 0.7809 0.4313
A FISD1(t-5)| -1.0357 -00155 |A F1SDA(t-5)| 0.3628 -0.0121
-0.8133 -0.2369 0.2739 -0.1846
-0.0040 4.67E-05 -0.0062 0.0001
-0.1598 0.0359 -0.2384 0.0887
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