(OLYS) (GLS)
(stationary)
Nelson & Plosser (1982)

(nonstationary)
R t D W
Granger & Newbold (1974) (spurious regression)

Granger & Engle (1987) (cointegration)

Granger & Engle
ADF test
(1)Engle & Granger

(2)Johansen Johansen

Granger (1969)
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Granger

X Y
Y Y X (Y causes X)
Y X Y X Y
X Y (Feedback)
Granger(1969) Granger
Granger
Granger
1(n)
1() F={, ;=123 « ¥}

1={I,1i=012: + ¥

Q (Independence)

dz(Y’T) - dZ(Y‘W) = d?(Y|T, X)
d2(x‘|—) =d?(X[1- V) =d*(X[1.¥)
X v

) (Instantaneous Causdlity)
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dz(x‘f,?) <d*(X[1

(©) (Causdity)
d?(X[I - Y)>d*(X|I)
Y X X Y X
Y X Y X

) (Feedback)

dz(x\ﬁ) >d?(X[T)

d’ (YW) >d*(v[D)
Y

X X Y

X Y X

Granger(1969)

Vi=a ot 0 1 Vi1t +0 1 VintPB o1 Xe1t +B ¢ Xt-n (3-1)

X =0 ot 1 Xt-1t +0 1 X-ntP 1 Vi1t +B tVYi-n (3-2)

(Contemporaneous)
! Granger X Y Xy
X Yy

1 X Y Y (X) X(Y)
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(x,y) F-statistic Wad statistic joint
hypothess B 1 B2 Bt O (31 nul
hypothess  x does not Granger-causey (3-2) null hypothesis  y does

not Granger-cause X

Granger causality

F-statistic p-value p-value
(3-1) p-value 0.01
x does not Granger-cause y p-value  0.01

X Granger-cauey (3-2)

(stationary)

(nonstationary)

(stochastic process) {S}
ES) =1 Va(§=02  CovS,S+j)=CovS-«,S-k+j) (3-3)

Granger and Newbold(1974) Monte Carlo

t F
Rt Durbin-Watson
Granger & Newbold (1974) (spurious regression)
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Nelson & Plosser (1982)

(nonstationary)
Pagan & Wickens (1989)
Dickey-Fuller (DF)
Augmented Dickey-Fuller (ADF) Phillips & Perron (PP) ADF DF
Schwart (1987) Monte Carlo ADF PP
ADF PP ADF
ADF
DY, =b+bY,,+3 gDT., +& (3-4)
k=1
e (White Noise Process) n
Yt b, =0 Yt bto
Ho bl =0 (Yt )
Hi b*0 M )
()  ADF (Ho)
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DdY, =b +bY,_, +§ g.DdT, , +&

k=1

(V)
() 1)
( )
(cointegration) Granger
(integrated order)d
ARMA Yi d
1(0)

29

(1)

\
Y ~1(d)

1(d)

3-1

(3-5)

ARMA

1(2)



3-1

0
(white|1 (randon walk)
Nnoise) 1(0) 1(2)
1(0) 1(1)
Engle & Granger (1987)
X Yo 1) 1(2)
Y-m-bX, =E 1)
Xi Y
Xi Y




&

(two-step estimation)  Johansen

Johansen

Cointegration Test

3-2 Engle & Granger

:Engle & Granger

(Maximum Likelihood Method)

Johansen

Jonansen

Engle & Granger two-step estimation

Johansen Maximum Likdihood Method

A. A.
(Normality)
B.
OoLS
B.
C.
1.
2.
3.
4,
5.
D. Gonzalo (1989)
Engle & Granger
Engle & Granger(1987)
Johansen

Nuse (v) T & InL A )

i=r+1
y T

Johansen

(3-6)
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1 (Trace Statistic) Osterwald-Lenum (1992) reduced rank
(Likelihood Retio)

Qr :-Té. |0g(1' I i)

i=r+1 (3_7)
Ho r
H; r+1
2 (Maximum Eigenvalue Statistic) Johansen & Juselius (1990)
reduced rank
Qmax =- Tl(g(l- I r+l) = Qr - Qr+1 (3_8)

Johansen Cointegration Test  Likelihood Ratio 5%
critical value min(AlC)
min(Schwarz criterion)
(Error-correction model, ECM) Granger

(Vector autoregression, VAR)

Granger
Engle & Granger (1987) ( )
DSt:a+aet-1+é.gD$-1+é.de:t-j +ut (3'9)
i=1 j=1
alo DS DF Ut &1 m
n (39 S
€1
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DS

(3-9)

m n

information criterion(AIC)  Schwartz Bayesian criterion(SBC)

AIC=Tlne %+2p
SBC = Tlne 2+pIn(T)

SBC

(39

Ft

DS

GARCH

Ft

(common trend)

Granger

Akaike

(3-10)
(3-11)

SBC



(continuous compounding)

(goodness-of-fit test)

K olomogorov-Smirnov D w (
) Ho D=0
Hi D>0
5%
(skewness) (kurtosis)
0 0
é- - r_t)3
== 3-12
— (3-12)
r, ron s
0 6/n
Z 5%

2./6/n - 2g/n

5%



é r - r_t)4
=t 3-13
ns* ( )
3 24/n
3
Z 5%
3 2\/24/n - 2,/24/n
5%
LjungBox Q
8 1 2 2
Q(P)=n(n+2)gq ——r ~ X*(P) (3-14)
s=1 -
n S P
(rlirz’rs,“‘ rp)
Q(P) %
Ljung-Box Q(P) Q(P)



ARCH GARCH

ARCH(Autoregressive Conditiona Heteroscedagticity)

GARCH
ARCH

Engle (1982) (Autoregressive Conditional
Heteroscedasticity ARCH)
ARCH

Engle (1982) LM
(Lagrange Multiplier Test) LR(Likelihood Ratio Test) LR
LR

Ho=a,=a,=: a =0 a, 0

TR c?~ (i) TR?

>c? ~ (i) Ho

GARCH(Generdized Autoregressive Conditiona Heteroskedastic)

1970 Box

& Jenkins ARIMA(Autoregressive Intergrated Moving Average)

ARIMA

GARCH(Generdized Autoregressive Conditiona Heteroskedastic)



peskedness) (fat-tail)

Engle (1982) ARCH

ARCH

Nagand & Yung (1994) Abhyankar (1995)

n=xC+e&
e|Y.,~N(Oh)

ht =a, +a1€2"1 + blht-l

r: X:
Y. t-1
a, b
GARCH(1,1)
Hansen (1982)

Estimator GMM)

1 (continuously compounded)

(high

Engle (1982) Bollersev (1986) GARCH
Bollerslev (1986)
(GARCH)
Hiraki et al (1995) GARCH(1,1)
GARCH(1,1)
(3-15)
(3-16)
(3-17)
C:
h,:
a, +b <1

(Generalized Method of Moments

(Least Square Estimator L SE)

(3-18)

ry=In(lyl,)
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Bivariate GARCH

Bivariate GARCH
GARCH(1,1)
S =a, +a‘1(St—1 - g:t-l) +est (3'19)
F =b,+b(S,- d,)+e, (3-20)
@ i
e Stém ~N(OH,) (3-21)
ft
éhZ hg, U &, 0 & réh u
= Mgl G et (3-22)
@%u hf,tH é) ftger 1'~§O 1’|
h =c,+ael ,+bhi , (3-23)
h?,t = Cf + af e?,t-l +bf hfz,t—l (3'24)
Yia t-1
H, t
S—l_ g:t—l
r



