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Abstract

From the financial theories and previous empirical studies, most of the people will
foresee that the futures market is more sensitive than the spot market, and the futures
market may promote the spot market as well. In other words, it implies a significant
lead-lag relationship. The purpose of this study is to discuss the relationships between
the U.S. short interest futures market and the spot market based on the closing price
from 1994 to 2002 of the three-month Treasury bills and Eurodollars.

On the relationship between prices of futures and spot, this research will apply
Johansen co-integration method to evaluate the long-run equilibrium relationship. Our
results indicate that both the futures and spot of threeemonth Treasury bills and
three-month Eurodollars exist the long-run equilibrium relationship. Moreover, we
employ the ECM to confirm that there is a short-term imbalance on the market, and the
three-month Treasury bills and three-month Eurodollars will exercise futures to do the
adjustment, but the Treasury bills futures and Eurodollars futures will reach the
equilibrium simultaneously. By Granger causality model, we distinguish that there
exists a unidirectional relationship on treasury bills and Eurodollars and the spot takes
the lead. However, there exists a feedback relatiorship between Treasury bills futures
and Eurodollars futures.

Keywords Short Interest Futures, Granger causality, Error correction model (ECM).
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51.98 (11
) ( ) 32.10%
19.88%
( 1-2 )



( %

409.788 32.10%

370.948 29.05%

253.781 19.88%

203.452 15.97%

36.619 2.87%

2.145 0.17%
IOMA data 2001
1-2
Contract Exchange Y.T.D. 2001 Y.T.D.2000 |Change (%)

U.S. T-Bonds CBOT 41,841,923 38,324,672 9.18%
3-Month Eurodollar CME 35,600,663 31,283,536 13.8%
BUND EUREX 26,023,307 24,755,323 5.13%
Euro-BUND EUREX 24,235,463 22,004,234 10.14%
KOSPI200 Options KSE 24,046,684 17,668,393 36.1%
CAC 40 Index Options MONEP 21,409,947 18,567,294 15.31%
U.S.T-Bond Options CBOT 15,593,573 16,420,032 (5.3%)
Crude Qil NYMEX 15,037,488 12,732,843 18.1%
Ten Year T-Notes CBOT 11,487,204 12,053,729 (4.7%)
3-Month Sterling LIFFE 11,238,274 10,837,295 3.7%

Futures Industry  June/July 2001




(Interest Rate Forward Contract) (Interest Rate Swap)
Caps Floors



1998 2001
2003-2004
(CP2)

( 1-2)



A W NP

(cointegration)
(Error Correction Model ECM)

(move together)

Granger

GARCH
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1970

70



80

(LIFFE)
(TIFFE)
(COMEX)
24
Futures Industry 2002
(CBOT)

(CME)

(T-Bills)

1975 9

(GNMA)

(SIMEX)

(SFE) (TFE)

(Eurodollar CD)






- (IMM index) 100%

Kuprianov(1986)

(LIBOR)

93.40 66%
$1,000 ,000 ~ {1- (0.066 ~ 90/360 )} =$985,500
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(The Normal Backwardation Theory)
Keynes(1964)
1

2.

(The Theory of the Price of Storage)

13



Working(1949) Brennan(1958)

m(Xy) o(Xy) r(Xy)

m(X,) =o(X,)+r(X,)- ¢(X,)

(Cost of Carry Theory)

Brenner and Menachem(1989) (Basis)

return) (convenience return)

14

Working

Brennan

(%)

(2-1)

(2-2)

(carry



Ft,T = S +CCt,T - CR(,T - CYt,T (2'3)

CCit t T CRt t

T CYir t T

(long arbitrage)

(short arbitrage)
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(daily settlement)

(timing

option)
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Hendershott(1967), Kwack(1971), Argy and Hodiera(1973)
Levin(1974)

Hendershott(1967), Kwack(1971), Argy and Hodiera(1973)
(T-Bill Rate) (Eurodollar-rate Futures Contract)

1973

(Feedback
Effect)

Giddy, Dufey and Min(1979)

1974 1 1978 5

17



Martikainen(1995) 1989 1990
Granger causality

Swanson(1987)  Granger Causality 1973 1 1 1983 12 31
(Lead-Lag) 1) 2
©)

Kean and Hachey(1983) 1974 1981

Granger Causality

Edgar and Swanson(1984) Granger Causality 1973 7 1 1983
12 30

18



Swanson(1988a) 1973 7 2 1984 4 30
(Lead-Lag)
Granger Causality M (Feedback
effect) (2) (1976 7 20 1977 7 29 ) (1980
10 23 1981 11 13 )
Swanson(1988b)  Granger Causality 1980 1 1984 12
Swanson(1988a)
(1991)
1982 1992
Li(1992)
(ARIMA) (Transfer
Function) 1983 1989
1983 1989
1983 1989
Fung and Leung(1993)
1983 1990 ) 2

(3)

19



Fung and Lo(1993) Traditional and Modified rescaled range methods
(Long-term Relation)

(Increment of interest rate) 1982 1 1
1991 12 31

— ——

— e
.f"'.j-:':-;f H:::"'x
-’ o '--L:‘-:\_ .
_{?/ N
o F
Krehbiel " Adkins(1994) Fama and French (1987) %
‘ !
W\
Johansen(1988)
\ |
\\

\ f
: //

(2000) :

"‘\-.:'-..- .-._.r;r/

NN 1982 1998 -~
g g -.___.'_._.ﬂ"
e P
“:::::::———:‘;#f
(2001) 1987 1989
« ) « )
Engle and Granger(1987) (cointegration)

20



Granger(1988) (ECM) Nelson(1991)

EGARCH
Engle and Granger
EGARCH (ECM)
1987
(Feedback)
Granger

2-3

21



Kean and 1974~1981 Granger 1
Hachey Causdity
(1983) 2.
Edgar and 1973/07/01 Granger
Swanson ~1983/12/30 | Causdity
(1984)
Swanson 1973/01/01 Granger 1
(1987) ~1983/12/31 | Causdity 2
3.

Swanson 1973/07/02 Granger 1
(1988a) ~1984/04/30 | Causdity 2

1982~ 1992

(1991)
(ECM)
Li (1992) 1983~1989 | ARIMA 1983 1989
1983 1989

Li (19949) 1983 ~1989

1982~1998 1
(2000) EGARCH

2.

1985~1991

(2001)
EGARCH




( 1-2)

Granger GARCH

Granger

GARCH Granger

GARCH
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(ECM)

AR(1)

24



(OLY) (GLS)

Granger and Newbold(1974) Monte Carlo
t F

(spurious regression)

Rt D.W.
(cut-off)
Granger and
Newbold(1974)
(Difference)
Engle and Granger(1987)
X, d ARMA
d (integrated of order d) X, ~ I(d)

12) 1(0)

25



Dickey-Fuller (DF ) Augmented Dickey-Fuller (ADF ) Phillips

and Perron (PP )

Augmented Dickey-Fuller(ADF)

Dickey-Fuller
(time-dependent heteroskedasticity) ADF(AugmentedDickey-Fuller)
PP(Phillips Perron) Pagan &
Wickens(1989) ADF DF
ADF (Serial correlation)
Schwart(1987) Monte Carlo ADF PP
ADF PP
Augmented Dickey-Fuller
DU, = bU, , +§ r.DU,_, +e, (3-1)
t=1
DU, =a +bU, , +§ r.DU,_, +e (3-2
t=1
DU, =a +gT+ bUt_1+§ rbu, , +e, (3-3)

t=1

p Y, t (deterministic trend)

26



(white noise)  §~N(0,s>) Y, R=0 Y,
3?0
Ho R=0( )
Hi RB?0( )
ap t
ADF
AIC Engle and Yoo AlIC(Akaike Information Criteria)
SBC SC(Schwarz Criteria)
d Dickey-Fuller
ADF

Phillips and Perron(PP)
Phillips and Perron(1988) ADF

(a,*0)

27



S 1 ), 8 e’
2h,)= 2t 2, - NG A - V) (34
Nm e n=2 u
N Y_-l = (N - 1)_1é. :_zYn 1 éz éNm
(a2=0)
_S A NE % y2 |t )
24.)= =, - (8%, - 5°IN°(48, (@D, ") (@5)
Nm
S 3, 5§ &, D, (determinant
of the regressor cross-product matrix)
(cointegration) (long-run equilibrium)

(common factor)
(co-movement) X1=1X> X1 X2
(stationary process)
f(X1,X2)=0 a=f(X1,X2) a
X1 X2 (error)
X1

X2

28



Johansen 1988 Engle & Granger

(maximum likelihood ratio test)

(vector autoregressive model)

X, =AX ,tK +A X, +m+YD, +e, t=1,..T (3-6)
Xt nx1 Xt 1+ %0 a,...a niid(0,9
(Gaussian errors) H Dy (seasonal
dummies) (3-6)
DX =GDX, , +K +G_,DX, ,, +PX,, +m+YD, +e,, t=1,...T (37
lgl
P DX,=Qa GDX,,; +PX, +m+YD, +e,, t=1,...T (3-8
t=1
D=1-L L (lag operator)
G=-(1-A-L-A), i=1..k1
P=-(1-A-L-A)
(3-8) (error-correction model)  ? Xk (error

correction term)  ? xn (long run impact matrix)

k-1
2 Xex VAR 3§ GDX,,

t=1

29



?

? Drank(?)=n (2Qrank(?)=0 (3)0<rank(?)<n
@ X 1(0) (2)?
1(0) (3-8) VAR (3) nxr
a B3 ?=aly a (adjustment vector) 3 n
r
ohansen(19889) e (likelihood
retio stalistic)  Hy/ rank(?)=r (r<n) N
g NN
(trace stati?,'r") (maximum eigenvéL\uge statistic)
J Kﬁ?l
i
1. (frace test)
I
|
r"'."., /
\ /
Ho rank( \)§ r /
\‘\'\.Il. F .l'.lllr
Hi rank(?)> " e
b AR J
-:"-HH'-\-\. __.- :_-_-""‘"-
=-2n(Q=-TA k-1 )@i ™. r=0..n1 (3-9)
t=r+L t=r+1
2. (maximal eigenvalue test):

Ho rank(?)=r

Hi rank(?)=r+1



e =-2I(Q)=-2In(Q: r|r +1) (3-10)

(Brownian Motion)
EViews
Osterwald-Lenum(1992) Cats

Johansen and Nielson(1993)
Johansen Cointegration Test Likelihood Ratio 5%
critical value min(AlC)
min(Schwarz criterion)

(Error-correction model ECM)

Granger

Granger

60 Sargan Hendry(1964)

Engle

and Granger(1987)

31



Granger(1980)

Engle and Granger(1987)

X, = (Xn XK ’Xnt)

X, ~Cl(d,b)
1 X, d
2. b=(b,,b,K,b,) bX, = b,x, +b,Xx, +K +b_x

(d-b) b>0 R

g =bx §
(equilibrium error) g
1.
Rx=0 a=fx;.  a~N(0s?

32



e~10) %
a=fx 2 (1) e ~1(0)

Engle and Granger(1987) (1)

p1 P2
Dy; =a, +ay(yt-1' b12t-1)+ aall(i)DYt-i ‘*'aalz(i)th-i"'T ot
i=1 i=1
3 . g2 . -
Dz =a, +a, (Y, - biz..) + & ax(i)Dy. + 8 ax(i)Dz +T ,

i=1 i=1

a, a, a, a, all(i) a21(i) a12(i) azz(i)

02 DYt =Y Vi th =Z- 7,
&1 (t-1)
BRI s a :
{ét 1} Yo 0124
% 52 -
Dy, =a, +ta,6..+tQ all(i)DYt-i +a alz(i)DZt-i+| ot
i=1 i=1

g @ R
Dz =a, +azé-1+a azl(l)D)’t-i + aa22(|)DZt-i+| P

i=1 i=1

3
(3-112)
(3-12)
Pr P2
T, T,
Engle-Granger
(3-13)
(3-19)



(3-13)  (3-19)
Yi
ECM
1.H, a,=07? H,
2.H, a,=0? H,
30 @ Yi
4.H, a=07 H,
5.H, a,=07 H,
a,=0 a,=0
( )
(SE, - SSE,)/m
SE, /[N - 2" (m+1)]
SSE (restricted)
Sy (unrestricted)
N
M
HO
F 0

Y Z
z,
Y, z, Granger
Z Yi 4 Yi
Yi 4 Y Z
z,
Y
z,
F-test F-test
(
(residual sum of squares) F
(3-15)



Y
z,
X Y
Y
Y
Granger(1969)
Xt Yt
X X
X X
Y Y
Y Y

a>a,

t-test

Y

Y

€Y

ay a-Z
Yi
z,
X

az)

Y

Y X (Y causes X)

(feedback effect)

Granger

X Y

Granger



s 2(x[ Y,7)<s 2(x[|)7) (3-16)
Y X Y
)
s 2(x,|X.7)<s ?(x |X) (3-17)
Y X Y X
©)
s 2(xt|)7,\7)<sz(xx|)7) s 2(yt|)7,7)<sz(yt|\7) (3-18)
Y X X Y
Y X X Y X Y
(4)
S 2(x[ X \7):5 2(x[|)7 \7):5 2(x |)7) S Z(yx‘)?,\?)—s 2(yt|X Y):s 2(yt|\7) (3-19)
Y X X
Y X Y
Granger(1969)



Y. =a,+a,y., tL +ay,_, +bx , +L +byx_,

Xt :aO +alxt—l +L +alx'(—n + blyt—l +L + blyt—n (3_20)
Granger X y X y X y
x vy F-datigtic wad satistic joint
hypothesis

X does not Granger-cause y

y does not Granger-cause X

Granger causality

F-statistic p-vaule
p-vaule>0.01 X does not
Granger-cause 'y p-vaule<0.01 x Granger-cause
y
GARCH

37



(

)

,_,
.ﬂ

ARCH

Kolomogorov-Smirnov D

(skewness)

ns

D>0

(Kurtosis)

GARCH

(goodness-of-fit test)

(3-21)



(

)

7 Qo

-

ns

N

5%

5%

39

5%

2./6/n

- 2.J6/n

24/n

5%

2,/24/n

- 2/24n

(3-22)



s r.
. =% (3-23)
t P e
SN
z"-; \\
s / cov(r,r.) 1 T, "% (autocovariance)
7
s2 7 0 Un
z 5% (
1.96 \ 2/yn - 2yn
bv;/
()
LjungBox Q
d 1 ) )
Q(p) =n(n+2)q ——xr - c*(P) (3-24)

s=1 N-



Ljung-Box

Q(P)

(heteroskedasticity)

(time-varying)

Ljung-Box
Q(P) Q(P)

ARCH GARCH

(ARCH Model)

Bollers ev(1986) ARCH

(GARCH Modd) q

ARMA(p,9)

a4

(riryreKor,)

Fama(1965)

Engle(1982)

q
ARCH



ARCH

ARCH(Q) GARCH(p,9)

ARCH

y, =xb +e, t=1,..T

et|W—1 ~N (01 h)
h = Ele2w_,)

q

— o 2

=3, taae;
i=1

Xt k xT
&M
(3-27) q
Ele)=0
Y2 i —
E(eiej): :,s fori .J
7 0 otherwise

h

a>0 a>0

42

1=12,...9

ARCH(q)

(3-25)

(3-26)

(3-27)

h

(3-28)

(3-29)

(weakly



stationary) Engle(1982) ARCH(q)

(3-30)

q
1- §a <1 a>0 (3-27)

i=1

Engle(1982)  ARCH

(parsimonious parameterization)
Bollerslev(1986,1988) (3-27) GARCH

GARCH(p,9)

y,=xb +e, t=12,..T

e W, ~N(oh) (3-31)
h, = E(e’ W ,)

3 d

_ 2

=a,taae;ta gjh-]
i=1 =

ARCH(0)
a,>08,30i=12..,9 ¢ 30j=12.,p ARCH
GARCH (3-31)



h=a,+a(L)e?+b(L)h (3-32)

a(L)=a,L+a,l”+..+a,L%g(L)=g,L +g,L +..+g,L" L

1-R(L) (3-32)
ht - a + a(L) etZ
1-aft) 1-9(L)
_ aj N 1a(L()L)etz (3-33)
1- a. gt J
i=1
3
=apsta d|et2-i
i=1
¢ 2al) GARCH
1-g(L)
ARCH GARCH(p,q)
Bollerslev(1986) éq_ a, +§ g, <1
i=1 =1

ARCH GARCH

() ARCH
Engle(1982) LM ARCH
1 &=y - 8K,
2. &2 &’



%tz =a, +éq aigt-i Vi (3-34)

i=1

3. T-g xR T T-q xR~%(q)
LM Hoia,=a,=..=a,=0
ARCH
( )GARCH
ARCH
GARCH Bollerslev LM GARCH
1. GARCH(p,q)
J > , 8
h=a,+qae’ +ag;h (3-35)
i=1 =1
2. R R (Tp LM
3.LM LM GARCH
EViews



(CME)
1994

1981

4

2002

5
1992
1994

(rollover)

4

90
2002 5 1981
1994 4 2002 5
AREMOS

(nearby contract)



Jarque-Bera

4-1
Jarque-Bera
4-2
4-390 4-4 45
4-1

95.19550 94.61151 4.759001 5.258960
1.041775 1141458 0.997681 1109230
1.472580 1.690288 -1.688150 -1.773072
5.219505 5.803530 5.826077 6.070243

Jarque-Bera 1117.481 1592.070 1392.010 1816.043
(0.000000) (0.000000) (0.000000) (0.000000)

47




1994/5/3 199553  1996/5/3  1997/5/3  1998/5/3  1999/5/3  2000/53  2001/5/3

4-2

1994/5/3  1995/5/3  1996/5/3  1997/5/3  1998/5/3  1999/5/3  2000/5/3  2001/5/3

4-3 90



B 8 R &8 8 € 8 8

1994/5/3  1995/53  1996/53  1997/5/3  1998/5/3  1999/5/3 200053  2001/5/3

4-4

1994/5/3 199553  1996/5/3  1997/5/3  1998/5/3  1999/5/3  2000/5/3  2001/5/3

4-5






ADF PP
4 -20.33743 -41.63908
4 -27.43332 7 -91.26412
1 -29.05764 -41.34805
1 -29.20287 -47.69744
1. *xx 1%
2.ADF PP 1% -2.5668
4-3 4-3
ADF PP
1%
1(2)
4-3
ADF PP
1 -0.882072 -0.918031
5 0.360711 0.127439
1 -1.155239 -1.188063
2 0.656461 0.652183

51




1(1)

Engle and Granger(1987)

Johansen

r=k

Johansen and Juselius(1990)

52

Johansen and Juselius(1990)

Johansen

Johansen

r=0

1%

4-4



4-4

5%

1%

Trece 0.166631 | 362.2010 r=0 12.53 16.31
6.45E-06 | 0.012824 ro1 3.84 6.51
o max 0.166631 | 362.1882 r=0 11.44 15.69
' 6.45E-06 | 0.012824 ro1 3.84 6.51
4-5 1%
0 1
4-5
5% 1%
Trece 0.030349 | 71.47686 r=0 25.32 30.45
0.005503 | 10.85523 ro1 12.25 16.26
S 0.030349 | 60.62163 r=0 18.96 23.65
' 0.005503 | 10.85523 ro1 12.25 16.26
4-6 1%
0




4-6

5%

1%

Trace 0.035426 83.19194 r=0 25.32 30.45
0.006206 12.24446 r 1 12.25 16.26
o-max 0.035426 70.94748 r=0 18.96 23.65
0.006206 12.24446 r i 12.25 16.26

Granger Representation Theorem

Correction Model ECM)

Granger and Engle(1987)

Engle and Granger(1987)

(Error



Granger VAR
ECM Granger(1988)
VAR
VAR
AlC AlC
4-7 ECM AlIC
ECM AIC 6 4-8
ECM AlIC ECM
AlC 4-9 ECM AlIC
ECM AIC 2
4-7 ECM AlIC
1 2 3 4 5 6
AlC 11.61696 | 11.55363 | 11.36790 | 11.08354 | 11.07111 | 10.98067
* (AIC )




4-8 ECM AIC
1 2 3 4 5 6
AlIC -6.251388 | -6.252391 | -6.257273 | -6.255282 | -6.267594 | -6.260226
* (AIC )
4-9 ECM AlIC
1 2" 3 4 5 6
AIC -6.529587 | -6.551424 | -6.548678 | -6.543580 | -6.537630 | -6.533141
* (AIC )
( ) (
DSt :a+bzt—l+é ClDSt-l"'é.deFt-l"'et (4'1)
i=1 j=1
Ziq
b
d



4-10

0.694252 1%

1%

-0.389783

1%

1%

57

0.694252

-0.389783



4-10

t-

t-

1 -0.638339 | -11.5676 -0.508404 -11.9215™
2 -0.699275 | -12.3456 -0.476392 -10.8834""
3 -0.628856 | -11.4956 -0.364775 -8.62858""
4 -0.251014 | -4.91958™" -0.266692 -6.76351""
5 0.107954 253317 0.125920 3.82343™
6 0.095186 3.15965 0.094300 4.05048""
1 -0.413386 | -9.59235 " -0.369873 -11.1059"
2 -0.149071 | -3.67616 -0.092048 -2.93732""
3 -0.136497 | -3.56037"" -0.083104 -2.80497""
4 0.006643 0.19114 -0.110196 -4,10263"
5 -0.079769 | -2.63460"" -0.197083 -8.42294™
6 -0.198449 | -9.14735 -0.208206 -12.4186"
Z(t-1) 0.694252 13.2449™" -0.389783 | -9.62251""
Constant 0.005776 0.06035 0.005096 0.06889
* % % 1%
4-11
-0.023963 1%
(
1%
-0.049387 1%




-0.049387

1%

59



4-11

t-

t-

1 -0.644053 -24.1798™ 0.025252 1.99609
2 -0.451954 -15.2340" 0.026703 1.89510
3 -0.313901 -10.4868™" 0.015760 1.10854
4 -0.190680 -6.75593"" 0.023542 1.75625
5 -0.083363 -3.56844"" 0.012351 1.11322
1 -0.341241_ | -7.03214"" | 0.079116 | 3.43283"
2 | =0485571 | -377498° | 0012524 | 0.53642
3. 0175222 | -357386 |~.0028245 | 1.21295
/74 -0.124195 | -2540717 | 0.032493 1.39960
/5 -0.073199 -1.52051 -0.054100 | -2.36614""
Z(t-1) /i 0023963 | -155947 | -0.049887 | -6.76700"
Constant ir; / 0.002083 0.73163 -0.00122#531 -0.91658
*k ok Jﬁ) I|
|| H I||
LR |
: %‘a }ff’!
\\ ; /
N £
0.027893 . 1% 74
S
':::::::’:f:fi
0.027893

1%

-0.053010

1%




1%

-0.053010

4-12
t- t-
1 -0.123117 | -5.11849™ | -0.021204 -0.94797
2 0.051032 | 2.10191"" | -0.007145 -0.33314
1 -0.069422 | -3.78526" | -0.306482 | -10.4476""
2 -0.017504 | -0.99540 -0.218183 | -7.36852""
Z(t-1) 0.027893 | 5.06913"" | -0.053010 | -7.89912""
C 0.001377 | 1.42591 -0.000842 -0.71463
* k% 1%
Granger
ECM

Granger
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wald statistic  F-Statistic Granger(1969)
X Y
X Y
X Y
4-13 4-14
4-15
4-13
p-value(0.00047) 0.01
p-value(0.17061) 0.01
4-13
F-test p-vadue
TBF does not Granger Cause TBS 12.2744"" 0.00047
TBS does not Granger Cause TBF 1.87892 0.17061
* % % 1%
4-14

p-value(0.00000)
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p-vaue(0.20431) 0.01

4-14
F-test p-vaue
EDF does not Granger Cause EDS 19.1189" 0.00000
EDS does not Granger Cause EDF 1.30133 0.20431
*k* 1%
4-15
p-valug(0.00000) 0.01

p- value(0.00000)

0.01



4-15

F-test p-vaue
TBFdoes not Granger Cause EDF 7.09790" 0.00000
EDF does not Granger Cause TBF 14.3726™ 0.00000
*k* 1%
GARCH
( )GARCH
GARCH
GARCH
GARCH Bollerslev(1992) GARCH(1,1)
GARCH(1,1)
GARCH(1,1)
Y, :bo+b1Xt +t€ € ~ N(O’ht) (4-2)
ht =q + alht-l + azet2-1 (4'3)
(4-2) Yoot
€t ht Y

()



ARCH 4-16
Jarque-Bera
4-16
Jarque-Bera
Bollerdev(1987)
GARCH
4-16
-0.001314 0.044461 0.045727 -0.001573
0.063769 1.203124 0.958776 0.059443
1.631667 2.856960 1.679347 1.031690
43.37143 41.83829 35.55513 66.51701
Jarque-Bera 134589.5" 126431.3™ 87965.49™" 331675.6
*** 1%
2.Ljung-Box




Ljung-Box(1976) Q n Ho

r«=0 k=12,...... N( ) Hi re® 0( )
QK> c*(k)
4-17
1%
1%
4-17

Ljung-Box 8.2754 17.355 39.375 14.142
Q(6) (0.082) (0.015) (0.013) (0.028)
Ljung-Box 17.657 38.483 41.458 22.895
Q(12) (0.024) (0.016) (0.063) (0.011)
Ljung-Box 38.434 46.732 49.245 33.975
Q(24) (0.023) (0.109) (0.070) (0.085)

1 p

2. Ljung-Box Q Q(K)=n(n+ 2)5°1 niﬂgk ~C 2(k)

i=1

3 Q

3.
Ljung-Box Q
4-18




Ljung-Box Q?

1%

Engle(1982) LM
ARCH ARCH
LM
ARCH ARCH
GARCH
4-18
Ljung-Box 193.92 197.66 46.975 67.601
Q?(6) (0.000) (0.000) (0.000) (0.000)
Ljung-Box 214.20 21551 57.867 77.996
Q?*(12) (0.000) (0.000) (0.000) (0.000)
Ljung-Box 219.16 220.70 61.210 82.971
Q?%(24) (0.000) (0.000) (0.000) (0.000)
29.56068 15.79268 17.37537 4.869990
ARCH LM (0.000) (0.000) (0.000) (0.000)
1 p
2. Q? ARCH
( )GARCH(L,1)
GARCH(1,1)
GARCH(1.1) 4-20 - GARCH(1,1)
4-21 - GARCH(1,1)
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4-19

a &
aq+ap<l GARCH
4-19 - GARCH(1,1)
bo 10.18949 ™" -8.466532 "
by 0.898236 " 1.083179 "
& 0.011904 0.012483 "
& 0.585892 “** 0.638555 "
& 0.043792 " 0.030417
1x** 1%
2.GARCH(1,1) Y, = b, +b, X, +e, e, ~N(0,h)
h =a, +ah ,+ae?,
4-20
by
a & 1%
& 1 1




4-20 - GARCH(1,1)
bo -0.003191 -0.003194
by -0.023478 -6.549308
0 0.037400 """ 0.024381 """
& 0.245221 """ 0.241682 "
& 0.750851 """ 0.778995 """
1x** 1%
2.GARCH(1,1) Y, = b, +b, X, +e, e, ~ N(0,h,)
h =a, +ah,+ a’zetz—l
4-21 by
a &
aq+ap<l GARCH
4-21 - GARCH(1,1)
bo -0.001254 0.015233
by -0.018168 -2.380097
2 0.000711 " 0.014298 "
& 0.804451 """ 0.134487 "
2 0.164333 """ 0.857324 """
1x*x* 1%
2.GARCH(1,1) Y, = b, +b, X, +e, e, ~N(0,h)

— 2
ht - ao + alhl-l + azet-l
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