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@ E (r)=xp
€)) @)

® {r- Et-l(rt)}2 = &f

©) et2 It M - Ep1(r)
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&
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2
Var,_1(r;) S§
3)
1997 ARCH GARCH GJR
3 Bollerslev, Chou and Kroner (1992), Bollerslev, Engle and Nelson (1994), Shephard
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ARCH
e AR ()

(5) e =w+age’;+ael, +xx+agel q+h

(6) Erilef)=w+agel;+age’,+ xx"'aqetz-q
Er-1(ef) s{
(") sf=w+agel+azed, +x+agelq
z &
St 4 4)
() € =5:%,5:>0, E(z)=0 Var(z)=1

Engle (1982) a @) Autoregressive
Conditional Heteroskedasticity (ARCH (q))

GARCH

Bollerslev (1986) GARCH (1,1)

(9 sf=w+ael +bsg;

© ARCH
generalized ARCH (GARCH)
©

(10) ﬂ-bUSEZW+aq42

K Var. 4(r) = Ey. l{(rt - B 1(r1))2} = E. 1(et2) = StzEt-l(th) = 5t2



L |b|<1 (10)
(11 52:;(W+ae 2) = W +a§_biet 2
t 1_ bL t-l 1_ b I:O -l-l
(1) ARCH [©))
GARCH (1,1) ARCH ARCH
GARCH ARCH
GARCH GARCH (1,1)
GARCH
© s? e
eIZ - Et-l(etz) h,
(12) e =s{+h
12)
(13)  &ly=sigthyy
(13) €))
(14) si=w+(@+b)s?, +ah,
ay s3] )
(19) h=sZ-w/(-a- b)
(15) h =(@+b)h ,+h, ,
(15) he  h
a+b la +b|<1
h, s?
w/(l-a-Db)
GARCH



GARCH
Jagannathan, and Runkle (1993) (GJR ) 5
GJR

oty ot

GJR (1,1)
an sf=w+ae’, +, ,e2, +bs?,
(e, <0 D,.,=1 an
(18)  si=w+(@+g)el +bsi,
(e.,>0 D,,=0
(19) si=w+ael, +bs¢,
g>0
1993 1 4 1996 7 31
5 Nelson (1991) Exponential GARCH (EGARCH)
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Jarque-Bera



0.023 0.039 0.012 0.043
0.043 0.052 0.000 0.000
6.182 6.106 9.190 5.743
-6.198 -20.300 -8.960 -6.571
1.376 1.639 1.497 1.394
-0.112 -2.266 -0.314 -0.147
5.114 31.640 7.715 4.494
Jarque-Bera 157.368 29288.090 788.177 80.800
0.000 0.000 0.000 0.000
836 836 836 836
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0.038 0.071 0.076 0.170
-0.020 -0.003 0.000 0.063
0.010 0.011 -0.011 0.064
-0.035 0.033 -0.006 -0.028
-0.058 -0.012 -0.124 -0.074
0.031 -0.028 -0.015 -0.001
0.046 0.060 0.056 0.079
0.020 -0.002 0.009 0.022
0.101 0.068 0.061 0.002
10 0.019 -0.025 0.070 0.040

(1988)

kernel

ADF

p
(20) Dr,=a+br,,+q Dr.;+u, p=1lor3 (

ADF (augmented Dickey-Fuller)

ADF

Phillips-Perron

i=1
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1) D =brt_1+§ Dr,, +u, p=1lor3
i=1
ut
E(y)=0,
is? for s=t
E(Utus)zi
|
Hy:b=0
H,:b<O

Phillips-Perron

(22) D =a+tbr, ,+n,
(23) Dr,=br_,+n, (

Vi
E(V,)=0,
E(\/tZ) =5 2
ADF
H,:b=0
H,:b<O
F

Phillips-Perron
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W2:go+2a 81- ﬁgj, g; == ann.;, q=1or3

j=1 Tt=i+1
tpp)
¢ = W9 (W’ - go)Ts
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S b t 4
ADF Phillips-Perron
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ADF

Augment
-20.441** -19.805** -19.694** -17.911**
-14.797** -13.595** =14 .324** -13.628**
-20.438** -19.808** -19.683** -17.919**
-14.797** -13.602** -14.316** -13.635**
*) 1
Phillips-Perron
Kernel
-27.802** -26.863** -26.690** -24.229**
-27.795** -26.859** -26.678** -24.347**
-27.794** -26.861** -26.675** -24.233**
-27.786** -26.856** -26.663** -24.351**
*) 1
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GARCH

(Model 1)

(Model 2)

Model 1
(1,1)

GARCH

' =Po
s =wp+aed, +bs,

i =Po TPl

2 — 2 2
S;=w,tae;, +bs;,

Model 2 Model 1

a
0.976 0.998
Jarque-Bera
GARCH

0.968 0.974
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(Model 1)

(Model 2)

GARCH

i =Po

2
s¢=wp+aed, +bs?,
I =Po +P1ls

2 2 2
S{ =Wptaeg; tbsg,

v A A RERG | HR YR s HS [
X =2 EobACL X B &AL
Model 1 | Model 2 | Model1 | Model 2 | Model1 | Model 2 | Model 1 | Model 2
0.001 0.008 0. 021 0.018 0.027 0.024 0. 055 0. 052
o (0.045) | (0.042) | (0.062) | 0.061) | (0.038) | (0.038) | (€0.039) | (0.040)
0. 027 0. 075% 0. 085% 0. 129%%
i (0.034) (0. 037) (0. 039) (0. 039)
0. 048% 0. 049% 0.035 0.034 0. 075% 0. 082% 0. 063% 0. 063«
@ 0.024) { €0.023) | €0.027) | (0.029) | (0.037) | (0.038) | (0.030) | (0.030)
0.053%x | 0.053%% | 0.063% 0.065% | 0.109%x | 0.114%x | 0.128%x | 0. 133%*
* 0.017) | €0.017) | (0.031) | (0.031) | (0.039) | €0.039) | (0.030) | (0.032)
0.923%% | 0.923%x | 0.934%k | 0.933%k | 0.863%% | 0.854%% | 0.846%k | 0.841%%
. 0.023) | €0.023) | €0.014) | (0.014) | (0.046) | €0.046) | (0.039) | (0.040)
a+B 0.976 0.976 0.997 0.998 0.972 0. 968 0.974 0.974
SHCAEE | -1424. 21 | -1422. 48 | -1539. 66 | -1537. 77 | -1442. 01 | -1438. 60 | -1393. 96 | -1386. 97
BIC 3.439 3. 447 3.716 3.724 3. 482 3. 486 3. 367 3. 362
JB 126.668 | 123.205 | 7398. 117 | 7345. 779 | 297.607 | 304.297 | 42.141 44. 072
P-value | 0.000 0. 000 0. 000 0.000 0. 000 0. 000 0. 000 0. 000

¥ HIEEHIEEKE L X THEETHLIEERLTVS,
IR BEEKES X THRETHDLILEERLTVS,
JB iHEBEFHDOFHHEEEZRET 57D 0 Jarque - Bera EMET &
P - value |3 Jarque - Bera #EHETBICE D  HER{E,
( YNDOXF T Heteroskedasticity Consistent Standard Error,
BIG 13 & F V3 RICEIT 5 Schwarz HETH 5,

(Model 3)

i =Pg

2 _ 2 2 2
St =Wg taeq; +gD. 180, + bs
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(Model 4)
' =Po * Pl

S¢=Wo+ae, +aD e’ +bs,

Model 3
1D Model 4 Model 3
GJR
GJR Yy

GARCH
GJR BIC
GARCH
GJR
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GJR

(Model 3) =P
S¢=Wo+ael; + D .67, +bs gy
(Model 4) =Py + Pyl

2 _ 2 2 2
S{ =Wo taeg; +gD. .67, +bs{,

v TRGEREE AT BRI G
X =2 EHHATL X B Eo2bHACL
Model 8 | Model 4 | Model 3 | Model 4 | Model 3 | Model 4 | Model 3 | Model 4
0.011 0.017 0. 029 0. 028 0.039 0.038 0. 051 0. 045
e (0.043) | (0.042) | (0.051) | €0.051) | €0.040) | €0.930) | (0.040) | (0.040)
0. 022 0. 066 0. 084% 0. 130%x
ik (0. 034) (0. 057) (0. 038) (0. 039)
0.051% | 0.051x% 0. 040 0. 039 0. 066 0. 069 0. 063% 0. 063%
we 0.025) | (0.024) | (0.027) | €0.029) | (0.036) | €0.037) | (0.030) | (0.030)
0. 069% 0. 069% 0.083 0.082 0. 13T%x 0.144% | 0.12@1%x | 0.123%%
* 0.027) | €0.027) | €0.055) | (0.054) | (0.048) | (0.051) | €0.032) | (0.033)
-0.033 -0. 032 -0. 043 -0. 040 -0. 069 -0.076 0.016 0. 023
4 (0.030) | (0.030) | (0.050) | €0.050) | (0.044) | (0.045) (0.048) | (0.053)
0.922%% | 0.922%% | -0.043%x | 0.932%x | 0.874xx | 0.869%% | 0.845%% | 0.840%%
8 (0.026) | €0.025) | €0.016) | (0.015) | (0.043) | (0.045) | (0.039) | (0.040)
STEORE | -1423. 24 | -1421.57 | -1538.20 | -1536. 70 | -1439.52 | -1436. 12 | -1393. 83 | -1386. 72
BIC 3.445 3.453 3.720 3.729 3.484 3.488 3.375 3.370
JB 117.497 | 114.795 | 6114.239 | 6396.478 | 328. 080 | 324.366 | 41.630 42.917
P-value 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
) wIRENEEKE 1 K THEETHS I LERLTVS,
KIRHMNEBEKES X THERTHS I LERL TS,
JB RBEEHOEREEKRET 570D Jarque - Bera IREMHET &,
P -value {3 Jarque - Bera MERETRICE D  HRIE,
( YHNDO¥FIL Heteroskedasticity Consistent Standard Error,
BIG i £ 57 V:EIRICBT % Schwarz B%¥#TH 5,
1993 1 4 1996 7 31
GARCH GARCH

19



GJR

BIC GJR GARCH

Bollerslev T.,(1986), Generalized Autoregressive Conditional Heteroskedasticity,"
Journalof Econometrics, Vol.31, pp.307-327.

Bollerslev T., R.Y.Chou, and K.F.Kroner,(1992)," ARCH Modeling in Finance : AReview
of the Theory and Empirical Evidence,” Journal of Econometrics, Vol.52, pp.5-59.

Bollerslev T., R.F.Engle,and D.B.Nelson, (1994), ‘ARCH Models,”™ in R.F.Engle and
D.M.McFadden eds., The Handbook of Econometrics, Vol.4, North-Holland

Dickey D.A.and W.A_Fuller(1979),' Distribution of the Estimators for Autoregressive
Time Series With a Unit Root,"™ Journal of the American Statistical Association,
Vol.74, pp.427-431.

Dickey D.A. and W.A.Fuller (1981), ‘Likelihood Ratio Statistics for Autoregressive
Time Series with a Unit Root," Econometrica, Vol.49, pp.1057-1072.

Engle R.F., (1982), 'Autoregressive Conditional Heteroskedasticity with Estimates
of the Variance of United Kingdom Inflation," Econometrica, Vol.50, pp.987-1008.
Glosten L.R., R.Jagannathan and D.Runkle, (1993), ‘On the Relation between the Exp
-ected Value and the Volatility of Nominal Excess Returns on Stocks'™, Journal of

Finance, Vol.48, pp.1779-1801.
Nelson D.B., ‘Conditional Heteroskedasticity in Asset Returns," Econometrica, Vol.

59, pp.347-370.
Phillips P.C.B. and P.Perron, (1988), Testing for a Unit Root in Time Series Anal
y-sis," Biometrica, Vol.75, pp.335-346.
Shephard N.,(1996), ‘Statistical Aspects of ARCH and Stochastic Volatility,” in D.
R.Cox, D.V.Hinkley and O.E.Barndorff-Nielsen eds., Time Series Models in Econometr
ics, Finance, and Other Fields, Chapman & Hall.

1997
1997

20



