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Abstract

Recently, Global trades become more liberal and International investment
activities are more and more frequent. Floating exchange rate system cause
uncertainty of exchange rate in the international trade and investment. If government,
enterprise and individual can control the variation to do proper response, then the risk
from exchange rate variation can be lowered.

This paper adopts the theory of adaptive expectation and applies time series
ARIMA, GARCH and gray forecasting GM(1,1) model to construct the long and
short-term US-NT exchange rate forecasting model. We use MAPE and Theil’s U to
evaluate the forecasting performance, and expecting to find the proper forecasting
model in the long and short-term. In the short-term forecasting, we adopt daily and
monthly data; in the long-term forecasting, we adopt seasonally data.

Our findings are: In the aspect of daily data, we construct ARIMA(0,1,1) model,
GARCH(1,1) model and GM(1,1) model. MAPE values of these three models are all
far smaller than 10% and Theil’s U values are closed to zero. These three models
perform well in forecasting. Among these three models, ARIMA model performs best,
the second is GARCH model, the third is GM(1,1) model; In the aspect of monthly
data, we construct AR(1)AR(4)model, GARCH(1,1) model and GM(1,1) model.
MAPE values of these three models are all far smaller than 10% and Theil’s U values
are closed to zero. These three models perform well in forecasting. Among these three
models, GM(1,1) model performs best, the second is ARIMA model, the third is
GARCH model; In the aspect of seasonally data, ARCH effect is not significant. But
our research keep trying to process GARCH model to know whether GARCH model
isn’t appropriate in seasonally forecasting. The result is GARCH model isn’t
appropriate in seasonally forecasting So we construct AR(1)AR(2)MA(4)model and
GM(1,1) model. MAPE values of the two models are both smaller than 10% and
Theil’s U values are closed to zero. The two models perform not bad in forecasting.
Among the two models, ARIMA model performs best, the second is GM(1,1) model.

In the exchange rate forecasting, time series and gray forecasting models perform
well in the daily and monthly forecasting of short-term data. The seasonally
forecasting performance of long-term data is worse than short-term data. Time series
and gray forecasting models are more proper in short-term exchange forecasting. The
long-term data don’t exist ARCH effect and in the short-term data the parameter of



GARCH-M model is not significant. So the forecasting performance of GARCH
model is closed to ARIMA model. GARCH model isn’t superior to ARIMA model. To
compare Time series with gray forecasting models, GM(1,1) model needs only four
data to construct model and forecast. The performance in the exchange rate

forecasting is well. So GM(1,1) model is a effective and reference-worthy forecasting
model.

Key words Exchange Rate Forecasting, ARIMA, GARCH, GM(1,1), Gray System,
MAPE, Theil’s U.
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(static expectations)

ESiun =S, (3.1)
(3.1) E S t t+l
(regressive expectations)
ES,. =0St+(1-0)S (3.2)
(3.2) E S t  t+l
0
(rational expectations)
ESian =Sta+ tha (3-3)
(3.3) E S t t+l
lut+l E(lut+l) = 0

t+1
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(perfect foresight)
ESii =S
(3.4) E S
T+l

t+1

(adaptive Expectations)

t-1 S’te Tt-2 Ste—l =k (St—l Tt-2 Ste—l)

(3-5) 1S t
t-2 Ste—l t-1
k S,., t-1
t t-1

t-1 Ste = kSt—l + (1_ k)t—2 Ste—l

(3.6) t t-1
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G-4)

t+l

(3-5)

t-1

t-2

(3-5)

t-1

(3-6)

t-1



t-2 t-2 t-3

t-3
t-2 Ste—l = kst—z + (1_ k)t—S Ste—z (3 - 7)
t-3 Ste—z = kst—3 + (1_ k)t—4 Ste—3 (3 - 8)
@-7) (3-6)

LSE=kS_, +(1—K)x[kS,, + (1—K),5S¢,]
=kS,, +k(@L—K)S, , + (1—K)2, ,S¢, (3.9)
(3.8) 3.9)
1S =KS,, +k(L—K)S,_, + (L—K)?[KS s + (L—K),_,SE,]
=kS,_, +k(@-K)S,, +k(1-K)’S_, +k(1-k)* S5,  (3.10)
t
1SE=KS,, +K(L—K)S_, +k(1—K)?S_, +K(L—K)?S_, + ... 4 K(L—K)™S,_. (3.11)

(3.11) (1-K)" n t

(stock adjustment model)

(3.11)
LSE=a+ fX, +é (3.12)
(3.12) LSE t t-1
X, S,
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Si—S= 7(1—1 Ste - St—l) O<y<1 (3.13)

(3.13) LS (3.12)
St:a7+7ﬂxt+(1_7)st—1+7gt (3.14)
(3.14) S, (3.14) t

SI :a"'ﬂ]/[Xt +(1_7)Xt—1 +(1_7)2Xt—2 + ----J+7/gt +7(1_7)‘9t—1 +7/(1_7)28t—2 R
=a+ By (1=y) X +72 -7V e (3.15)
s=0 s=0
(3-15) X, (See) (3-16)

Sl :a""ﬂ?/i(l_]/)s_lstfs+7i(1_7)sgtfs+vt (3'16)
s=1 s=0

(3.16) ARINA
v, ARIMA (white
noise) v, ~N(0,0,)
GARCH v, ~N(0,h) h,
GM(1,1)
GM(1,1)
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(ARINA)

)
(Autoregressive Integrated Moving Average ;
ARIMA) Box & Jenkins(1976) ARIMA
(AutoRegressive ; AR) (Moving Average ; MA)
(AutoRegressive ; AR) (Yo)
(St) (Yt—l Yezo Yes ) AR(p)
Yi=ay Y ta, Y+ ta,Y  +é
L-al-a,l*—..—a,LP)Y, =¢ (3.17)
Ye t a, & t
L LY, =Y.,
(Moving Average ; MA) (Yv) (s
-1 Et2 Ers ) MA(Q) MA(l)
(Yt) (St-l)

Yi=&+Lieat P énrt ot By é,
Y, :(l-i-ﬂlL—i-ﬂsz-i-...+/3’pr)8t (3.18)

Yi t ,Bq & t

16



(Yt) (Yt—l Yo Yes ) (St-l
Er2 Ers ) ARMA(p,q) ARMA
ARIMA

d ARMA(p, Q) ARIMA(p,d,q)

D, =a,D +..+a,D,_,+&+p e, +..+ B, &,
= 0-0)Y, = (1-L) Y +ota, (1= L)Y+ + Bie +.+ By e

= Q- ——a, L)1-L)*Y, =@+ Bl ..+ S5 (3.19)

D, t a,, B,
& t L
¢ )
pdq
d
(stationary)
Granger and Newbold(1974)
t F
R-squared t
DW (Spurious Regression)
(Unit
Root test)
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d
d 1(d)(integrated of order d)
1(0)
Dickey-Fuller (DF test)
Augmented Dickey-Fuller (ADF test)
Engle and Yoo(1987) ADF test ADF
€y
p
AYt = 7Yt—1 + Zﬂu AYt—i + & (3 - 20)
i=2
2)
p
AY =y + X+ BAY +é (3-21)
i=2
3)
p
AY, =a, +o, T+, + Z BAY,, +&, (3.22)
i=2
Hy:»=0
H,:y#0
AY, =Y, =Y, ° o drift) T (time

(white noise)

N

E(gt) =0
var(s:) = o’
Cov(e:,E5) = 0

18



trend) p t Engle and Yoo(1987)

Hy,:7=0
Hy:7=0
2. ARIMA
Box & Jenkins(1976) ARIMA
(¢H) Identification
p d q Box and Jenkins(1976)
(Autocorrelation Function ; ACF) MA q
(Partial Autocorrelation Function ; PACF) AR
p d
AR(p) MA(qQ) AIC(Akaike
Information Criterion) SC(Schwerzt Criterion)
AIC SC
AIC  SC
a. AIC
Akaike(1974) AIC
T A
24|
AIC =log| 22— |+— 3.23
el R (3-23)
T K s
b. SC

(Bayesian criterion) Schwartz(1978)

19



M—c
M >

SC =log| & +J<bgT
T K
T K
AIC
Shibata(1976) AIC
AIC SC
2 Estimation
P q
(©)) Diagnosis
Ljung-Box Q
a. Ljung-Box Q
Ho: m
Hi: m
Q=T(T+2)> 2l - x2(m)
iz (n—1)
T

20

(3.24)
=
AR(p)
AR(p)
sC AlC
sC

(least squares)

Ljung-Box(1978)

(3.25)

ARIMA



Q> X?(m) m

Q< X?*(m) m
b. ARMA
8
M (3-26)
y= 0 (3.26)
l-ay-a,-..—a,
(3-26) M M
ata,+..+a,<l (3.27)
(3.27)  ARWA
ARMA (p,q) (3.28)
L=yl =, L)y, = (L+ Bl +..+ B, L), (3.28)

a(L)y, = A(L)s, (3.29)
(3.29) L Yo Y. C Yo=Yi—u)
(3.29)

v =a (L)AL, (3.30)

;/t a_l(L) a(L): 0
[0 ST a, 1 (3.29)
Y, a(L) d
(3.31)
o(L)-L)y, = A(L)e, (3.31)

(3.31)  w(L) p-d 1-L) d

21



(3.31)

o(L)A"y, = B(L)e, (3-32)
o(L)D, = B(L)e, (3.33)
(3.33) D,=A'y, a(L)
a(L)=w(L)1-L)
(3.29)
(3.34)
A (Le(L)y, =2 (3-34)
ARVIA Y,
Y, BL)
all)=l-aL-a,”—..—a,l” B(L)=1-BL-B,L*—..— B,L°
L 2L I 2oL 1
p=1 ¢=1
1-aL=0 1-pL=0 (3-35)
1 1
L=—>1 |[Ll=—>1 (3.36)
Y ] H 7
| <1 | <1 (3.37)
ARMA 3.1
3.1 ARMA
AR(1) AR(2) ARMA(1,1) MA(L) MA(2)
-l<o <l | oy+a,<1 | =l<a <1 | =1< B <1 | B, +p5,<1
a-a,<l | -1<p <1 b —p, <1
-1l<ea,<1 -1<p,<1
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4) Forecasting

(ex-post)

(GARCH)

Engel (1982)

(AutoRegressive Conditional Heteroscedasticity ; ARCH)

Engel(1982) ARCH

(ARCH Family) Bollerslve(1986) ARCH
(Generalized ARCH ; GARCH) GARCH
ARCH  GARCH
( ) ARCH
ARCH p
ARCH(p)

Y, = X A+¢ & 19, ~N(@Oh)

h =a,+ael, +..+a el (3.38)
p

=a,+ Zaigtz_i

i=1

p=0, «,>0, ;>0 i=1,2 p

Y, X, X, Y,
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XA Y,
&,
&1 ~N(O.h) t-1 &
0 h
h, p g
P ARCH
( ) GARCH
ARCH
Bollerslev(1986)
ARMA ARCH
GARCH GARCH
GARCH(p,q)
Yo =X A+eg & 19, ~ N(O,h,)
h =a,+ael,+..+a el + B+t Bh (3.39)

P q
2
=+ ) el + ) B
i=1 =1

24



p=0,920, ¢,>0, ;>0
Yt Xt
Q. t-1

XA Y,

&1 ~N(O.h) t-1

0
h, q
Q; ﬂj
p ARCH g GARCH
g=0 ARCH(p)
1. GARCH
ARIMA
GARCH
H, m
H, m
m 2,22,2
Q=T(T+2)) =L~ X?*(m)
= (n—1)
T &, m
Ljung-Box Q
GARCH

25

Ljung-Box Q

(3.40)



2. GARCH(1,1)
GARCH GARCH(Z,1)

GARCH(1,1) GARCH(1,1)

h =a, +a,e’, + Bh_, a,>0 o, 20 p, >0 (3.41)

3. GARCH-M (GARCH in Mean model)
Engel, Lilien and Robins(1987) ARCH-M

Chou(1988)  ARCH-M

GARCH-M
GARCH-M
Y, =X A+5h +e &9, ~N(O,h,)
h =a,+ael,+..+a el + B+t Bh (3.42)

p q
:a0+zaigt2—i+2ﬂjht—j
=) i1
p>0,q2>0, ¢,>0, a,>0 i=1,2 p p,20 j=1,2, ¢

Yt X’[
Q, t-1
XA Y,

& Q. ~N(Oh) t-1 2

P ARCH q GARCH
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GM(1,1)

GM(1,1)

GM(L,1)

GM(1,1)

Step 1. (Accumulated Generating Operation ; AGO)

0
X()

X?= (XO(1),x7@),X"@), XM )
= (xX?(k);k=1,2,3, n)

x® X AGO

Step 2.
x?(k)+az®” (k) =b,k =2,34,...,n
P ax® =p

dt
a b

sz)=%me)+%xmw—D

27



Step 3.

xQ(k)+az®(k)=b

x9©2)+az®(2)=b
x©3)+az”((3) =b

xQ(n)+az®(n)=b

Y =Ba
x©(2) ] z9(2) 1]
x9(3) 2% (3) )
Y = ﬂ%@ B = me) a—
x©(n) z9(m) 1]
a b a=(8"B)'B"Y

Step 4.

N
X W+D=P@@_E}w+9
a a

Step 5. (Inverse AGO)

A (1)
Step 4. X

~(0) b
x (k)= {X(O) @ ——}e‘a(k‘l) 1-¢*) k=1,2, ,n
a

A (0)
X

AO) (A0 A0 A (0)
X ::(x @, x (2),...,x (n)J k=1,2, ,n

28
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(Mean
Absolute Percentage Error ; MAPE) Theil’s U Theil’s Inequality

Coefficient

Mean Absolute Percentage Error MAPE

mape = 13 1R Al (3.45)
ng A
F ot A t n
MAPE MAPE
Lewis(1982)
! MAPE 3.2 MAPE
10
3.2 MAPE
MAPE
<10%

10%~20%

20%~50%

>50%

" Lewis,C.D.(1982), Industrial and Business Forecasting Method, London, Butterworths..
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Theil’s U Theil’s Inequality Coefficient

\/ii(ﬁ A

U =
1 13
IICTENE NI,
N N
F t A t
Theil’s U (root mean square
Theil’s U
U=0 t R=A
Theil’s U
Theil’s U

30

rms) rms

Theil’s U

(3.46)



Aremos

)
2002 1 2 2004 6 2 607 2002
1 2 2004 5 13 593 2004 5 14
2004 6 2 14
1990 1 2004 4 172 1990 1 2003
10 166 2003 11 2004 4 6
1980 2003 96 1980
2002 92 2003 2003
4
)
2004 5 10 2004 6 2 18 2004
5 10 2004 5 13 4 2004 5 14

Aremos
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20046 6 2 14
2003 7 2004 4 10 2003 7 2003
10 4 2003 11 2004 4 6
2002 2003 8 2002
2002 4 2003 2003
4
4.1
2002 1 2 20046 5 14
2004 5 13 2006 6 2
1990 1 2003 11
2003 10 2004 4
1985 2003
2002 2003 |ﬁremos
4.2
2004 5 10 2004 5 14
2004 5 13 2004 6 2
2003 7 2003 11
2003 10 2004 4
2002 2003
2002 2003 |ﬁremos
4.1 4.3 4.1 2002 1 2 2004
5 31 2002 1 2 2002
35 33

32



2002 33 35
2002 10

32.798

4.1 ( )

35.5
35.0

o 34.5

©

24

()

=y 34.0

©

=

[*}

] 33.5
33.0
32.5

4.2 1990 1 2004 5

1990 1 1997 7 24.5
28 1997 1997 8
1998 8 34.5 2000
7 31 2000 7 2004
5 33.5~34.5

4.2 ( )

Exchange Rate




Exchange Rate

4.3 1980 2003
1980 1983 36
40 1984 1989

40 26
1997 25
1997
2002 35
4.3 (
4 4
4 0 -
36 —
32
28
2 4 T T T T T
10 20 30 40 50 60 7 80
[—— e ]

34

1989
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ADF

ADF
4.3

4.3
Y P Y P Y P
-0.000 0.339 -0.006 0.584 -0.009 0.723
0.001 0.905 -0.008 0.777 -0.045 0.359
-0.001 0.584 -0.021 0.679 -0.012 0.979

4.3
4.4
4.4
\V4 P \V4 P T P

-0.883 0.000 -0.884 0.000 -0.884 0.000
-0.653 0.000 -0.662 0.000 -0.662 0.000
-0.650 0.000 -0.651 0.000 -0.694 0.001
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ARIMA

(ACF)

)

ACF PACF

ARIMA(1,1,0) ARIMA(L,1,1) ARIMA(O,1,1)

ARIMA

(PACF)

ARIMA

D

ARIMA

d 1

SC

4.5 ARIMA (
ARIMA(1,1,0) ARIMA(1,1,1) ARIMA(0,1,1)
SC -2.777 -2.787 -2.768 -2.778 -2.780 -2.790
AR 0.116™ 0.118™ -0.146 -0.140 / /
MA / / 0.269 0.264 0.125™ 0.127"
_— 1 * 10
4.5 SC ARINA(O,1,1)
Q ( 2) 12.068 95  x°(15)=25
(0.127)
ARINA(0,1,1) 4.1)
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ARINA(O,1,1)

Q:@—ug=a+%%yma (4.1)
R?=0.013 72(15)=25
=S, =S_,+&+0127¢_, &~N(0,6%)
:3§t:&4+;H0127q4 £ =0 g{:g4—§H (4.2)
(4.2) 14 4.6
4.6 ARIMA (
95% 95%
2004/05/14 33.663 33.638 0.025 33.521 33.755
2004/05/17 33.686 33.641 0.045 33.524 33.758
2004/05/18 33.683 33.644 0.039 33.527 33.761
2004/05/19 33.516 33.643 -0.127 33.526 33.760
2004/05/20 33.617 33.622 -0.005 33.505 33.739
2004/05/21 33.549 33.637 -0.088 33.520 33.755
2004/05/24 33.588 33.627 -0.039 33.510 33.744
2004/05/25 33.619 33.633 -0.014 33.516 33.750
2004/05/26 33.561 33.636 -0.075 33.519 33.753
2004/05/27 33.537 33.628 -0.091 33.511 33.746
2004/05/28 33.449 33.626 -0.177 33.508 33.745
2004/05/31 33.389 33.616 -0.227 33.500 33.735
2004/06/01 33.445 33.609 -0.164 33.489 33.729
2004/06/02 33.559 33.617 -0.058 33.497 33.737
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ARIMA

)
ARIMA 1
ACF PACF  ( 3) P q
ARIMA(1,1,0)  ARIMA(1,1,1)  ARIMA(0,1,1) AR(1)AR(4)
MA(L)MA(4) MA(LIMA(5) SC
4.7 ARIMA ( )
ARIMA(1,1,0) ARINMA(1,1,1) ARIMA(0,1,1)
SC 0.949 0.925 0.980 0.956 0.955 0.933
AR 0.338" 0.348™ 0.333 0.357 / /
MA / / 0.006 -0.011 0.315™ 0.3217
AR(1)AR(4) MA(L)MA(4) MA(L)MA(5)
SC 0.9512 0.929 0.939 0.921 0.975 0.952
AR MA 0.334" 0.345™ 0.3207 0.329™ 0.3277 0.3317
AR MA -0.167" -0.155" -0.184" -0.175" 0.091" 0.095"
Fek 1 ** 5 % 10
4.7 SC AR(L) AR(L)
Q ( 4) 29.056 95  x*(15)=25
AR(1) AR(4)
(4.3) 0 ( 5) 17.359 95
2°(15)=25
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(0.345 -0.155)

AR(1)AR(4)
4 — — —
(1—91.1%3 L+0.158L )D,=¢ D, =(1-L)S, (4.3)
R? =0.137 7%(15)=25
= S, =1.3458,,-0.345S,,-0.155S, , +0.155S, , +¢,
£~N(0,0%)
=S, =1.345S,,-0.345S, ,-0.155S, , +0.155S, , + & (4.4)
Et =0
(4.4) 6 4.8
4.8 ARIMA (
95% 95%
2003 11 34.050 33.894 0.156 33.160 34.628
2003 12 34.058 33.906 0.152 33.173 34.638
2004 1 33.687 33.963 -0.276 33.232 34.693
2004 2 33.227 33.998 -0.770 33.259 34.736
2004 3 33.306 34.010 -0.704 33.266 34.754
2004 4 33.006 34.012 -1.007 33.255 34.770
() ARIMA
ARINA d
ACF  PACF (  6) pq AR(1)AR(2)
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MA(L)MA(2) ARINA(L,1,1) AR(1)AR(2)AR(4)
MA(L)MA(2IMA(4) SC
4.9 ARINA ( )
AR(1)AR(2) MA(L)MA(2) ARIMA(1,1,1)
SC 2.623 2.572 2.405 2.356 2.658 2.608
1 0.174 0.174 0.274™ 0.274™ 0.721" 0.721™
2 0.3137 0.313™ 0.970™ 0.970™ -0.475 -0.475
AR(1)AR(2)MA(4) MA(L)MA(2)MA(4)
SC 2.475 2.425 2.371 2.321
AR MA 0.262" 0.263™ 0.384™ 0.384™
AR MA 0.483™ 0.484™ 0.660"" 0.661""
AR MA -0.534" -0.532"" -0.335" -0.335"
ke 1 = 5 10
4.9 SC MA(L)MA(2)MA(4)
MA(L)MA()IMA(4) Q ( 7)  23.070 90
7%(15)=22.310
AR(1)AR(2)MA(4) (4.5)
( 8) 13.164 90  x*(15)=22.310
(0.263 0.484 -0.533)
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AR(L)AR(2)MA(4)

41

a—9£g§L—9hg§L6Dt=a—9££gLﬁa D, =(1-L)S, (4.5)
R?=0.305  y?(15)=22.310
=S, =1.263S,,+0.221S, , —0.484S, ,+& -0.533 ¢,
£~N(0,6%)
= sft =1.263S,,+0.221S, , ~0.484 S, + ét—o.533 &y (4.6)
;t =0 Eg =S4~ ét—4
(4.6) 4 4.10
4.10 ARIMA ( )
95% 95%
2003 34.750 35.739 -0.989 34.237 37.240
2003 34.610 36.476 -1.866 34.933 38.018
2003 33.780 36.195 -2.415 34.582 37.807
2003 33.980 36.306 -2.326 34.633 37.980
GARCH
ARCH ARCH Ljung-Box Q
GARCH
9  ARCH Q 51.235
61.998 95  x*(15)=25
GARCH Q 3.395 95  #°(15)=25



) GARCH

GARCH(L,1)  GARCH(L,1)—M

GARCH(1,1)—M sC GARCH(1,1)
GARCH(1,1) 4.7) GARCH
GARCH(1,1)

D, =(1-1)S, = (L+0,130L)s,

_ 2
n._ogg%+%99}g4,+a909m4 4.7

(4 017 (63.083)

=S5,=5,,+6+0.130 ¢, &~N(0,0%)

S =S, +&+0.130z, , £0=0 £,=S.-Su (4.8)
(4.8) 14 4.11
4.11 GARCH ( )
95% 95%
2004/05/14 33.663 33.638 0.025 33.521 33.756
2004/05/17 33.686 33.642 0.044 33.525 33.759
2004/05/18 33.683 33.644 0.039 33.527 33.761
2004/05/19 33.516 33.644 -0.128 33.526 33.761
2004/05/20 33.617 33.622 -0.005 33.505 33.739
2004/05/21 33.549 33.638 -0.089 33.521 33.755
2004/05/24 33.588 33.627 -0.039 33.510 33.744
2004/05/25 33.619 33.633 -0.014 33.516 33.751
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2004/05/26 33.561 33.637 -0.076 33.519 33.754
2004/05/27 33.537 33.629 -0.092 33.511 33.746
2004/05/28 33.449 33.627 -0.178 33.508 33.745
2004/05/31 33.389 33.615 -0.226 33.496 33.735
2004/06/01 33.445 33.609 -0.164 33.489 33.729
2004/06/02 33.559 33.617 -0.058 33.497 33.737
() GARCH
GARCH(1,1)  GARCH(L,1)—M
GARCH(1,1)—M SC GARCH(L,1)
GARCH(1,1) (4.9) GARCH
GARCH(1,1)
— 4 — — —
(1-0388L+067L)D, =5 D,=(-L)S,
. 2
n =0,920+ 0334 ra + 024 s (4-9)
S, —1388S,, 03885, ,—0.162S,_, +0.162S, , +#,
£~N(0,6°%)
5, =1.3885,, ~0.3885,, ~0.162S,_, +0.162S, . + &1 (4.10)

A

€t=0

(4.10) 6
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(1-0,216 L ~0.584 L°)D, = (1- 0,628 L), D, =(@1-L)S,

2.026) (8.933)

h, =0.290+0.708 &2, —0.087 h, ,
(2.303)  (3.439) (-0.461)

— S, =1216S,,+0.368S, ,~0.584 S, +& —0.628 ¢, ,

£~N(0,6°%)

— S, =1216S,,+0.368S,,-0.584S, ,+-0.628¢,_,

A

=0 &4 =S4 —Sta
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4.12 GARCH (
95% 95%
2003 11 34.050 33.891 0.159 33.156 34.626
2003 12 34.058 33.902 0.156 33.169 34.635
2004 1 33.687 33.961 -0.274 33.229 34.693
2004 2 33.227 34.000 -0.773 33.261 34.739
2004 3 33.306 34.016 -0.710 33.271 34.761
2004 4 33.006 34.020 -1.015 33.262 34.779
(@) GARCH
ARCH GARCH(1,1) GARCH(1,1)—M
GARCH(1,1) GARCH GARCH(1,1)—M
ARCH ARCH
GARCH(1,1)—M SC GARCH(1,1)
GARCH(1,1) (4.11)
GARCH(1,1)

(4.11)

(4.12)



(4.12) 4 4.13

4.13 GARCH ( )
95% 95%
2003 34.750 36.003 -1.253 34.481 37.526
2003 34.610 36.850 -2.240 35.266 38.433
2003 33.780 36.616 -2.836 34.936 38.296
2003 33.980 36.719 -2.739 34.956 38.482
GM(1,1)
(2002)
GM(1,1) ( )
) GM(1,1)

2004 5 10 11 12 13

Step 1.

X®=(33.600,33.647,33.505,33.621)

X®=(33.600,67.247,100.752,134.373)
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Step 2. AR

Z¥=(50.4235,83.9995,117.5625)

Step 3.
33.647 ~50.4235 1
Y =|33.505 B=| —83.9995 1
33.621 -117.5625 1
. . 0.0003875043
a=(B"B)'B"Y =
33.6235484889
a=0.0003875043 b=33.6235484889
Step 4.
~© b 33.6235
x (K)=|x°(1) == le2*D(1—e?) = (33.6 — @ 0.0003(k-1) (1 __ o0.0003 4.13
(k) [ @ a} 1-e")=( 0.0003) ( ) (4.13)
Step 5. k=5 2004 5 14 33.565
2004 5 11 12 13 14
Step 1.

X®=(33.647,33.505,33.621,33.565)
X®=(33.647,67.152,100.773,134.3380)
Step 2. AR

Z¥=(50.3995,83.9625,117.5555)

Step 3.
33.505 ~50.3995 1
Y=|33621| B=|-83.9625 1
33.565 ~117.5555 1
" : —0.0008930607
a=(B"B)'B"Y =
33.4886741275

a=-0.0008930607 h=33.4886741275

46



Step 4.

O b 33.4887
x (K)=[x°()——= e PV (1-e*)=(33.647 ————)e®PP* V(1 %%) (4.14)
a —0.0009
Step 5. k=5 2004 5 17 33.624
14 4.14
4.14 GM(1,1) ( )
95% 95%

2004/05/14 33.663 33.565 0.098 33.109 34.021
2004/05/17 33.686 33.624 0.062 33.322 33.926
2004/05/18 33.683 33.606 0.077 33.385 33.827
2004/05/19 33.516 33.639 -0.123 33.425 33.853
2004/05/20 33.617 33.638 -0.021 33.547 33.729
2004/05/21 33.549 33.660 -0.111 33.496 33.824
2004/05/24 33.588 33.667 -0.079 33.551 33.783
2004/05/25 33.619 33.684 -0.065 33.590 33.778
2004/05/26 33.561 33.694 -0.133 33.509 33.879
2004/05/27 33.537 33.708 -0.171 33.471 33.945
2004/05/28 33.449 33.720 -0.271 33.344 34.096
2004/05/31 33.389 33.733 -0.344 33.256 34.210
2004/06/01 33.445 33.745 -0.300 33.329 34.161
2004/06/02 33.559 33.758 -0.199 33.482 34.034
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) GM(1,1)
2003 7 8 9 10

Step 1.
X®=(34.416,34.335,33.996,33.896)
X®=(34.416,68.751,102.747,136.643)
Step 2. AR

7“=(51.5835,85.749,119.695)

Step 3.
34.335 -51.5835 1
Y =|33.996 B=| -85.7490 1
33.896 -119.6950 1
. ) 0.0064490610
a=(B"B)J'B"Y =
34.6281953413
a=0.0064490610 b=34.6281953413
Step 4.
A (0)
x (k)= [xO @ —E}e-aw (1-e*)=(34.416 ——34'6282)e-0-°°ﬁ4<k-1> (1-e%%)  (4.15)
a 0.0064
Step 5. k=5 2003 11 33.638
2003 8 9 10 11

6 4.15
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4.15 GM(1,1) ( )

95% 95%
2003 11 34.050 33.638 0.412 32.944 34.332
2003 12 34.058 33.488 0.570 32.655 34.321
2004 1 33.687 33.267 0.420 32.658 33.876
2004 2 33.227 33.095 0.132 32.857 33.315
2004 3 33.306 32.893 0.413 32.315 33.471
2004 4 33.006 32.712 0.294 32.302 33.122

) GM(1,1)
2002

Step 1.
X®=(35.000,33.550,34.94,34.76)
X®=(35.000,68.550,103.490,138.250)
Step 2. VAR

7°=(51.775,86.020,120.870)

Step 3.
33.550 ~51.7750 1
Y =|34.940 B=| -86.0200 1
34.760 —-120.8700 1
" _ —0.0174453558
a=(B"B)'B"Y =
32.9124990170
a=-0.0174453558 b=32.9124990170
Step 4.

A (0)
X (k) — |:XO (1) _Ej|e—a(k—l) (1_ ea) — (35 _ 329125 )60.0174(k—1) (1_ e—0.0174) (4_ 16)
a —-0.0174

49



Step 5. k=5 2003 35.634
2002 2003
4 4.16
4.16 GM(1,1) ( )
95% 95%
2003 34.750 35.634 -0.884 32.778 38.490
2003 34.610 35.815 -1.205 33.431 38.199
2003 33.780 36.467 -2.687 32.579 40.354
2003 33.980 36.815 -2.835 32.818 40.812
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MAPE Theil’s U MAPE 10

Theil’s U
4.17 ARIMA GARCH  GM(1,1) MAPE
Theil’s U MAPE 10% 0.2506% 0.2507%
0.4378% Theil’s U 0.001576 0.001577
0.004669
MAPE Theil’s U ARIMA GARCH
GM(1,1) GARCH ARIMA
ARCH GARCH-M GARCH
ARIMA
4.17 MAPE Theil’s U
ARIMA GARCH GM(1,1)
MAPE 0.251 % 0.251 % 0.438 %
Theil’s U 0.158 % 0.158 % 0.467 %
4.18 ARIMA GARCH GM(1,1) MAPE Theil’s U
MAPE 10% 1.5344% 1.5455% 1.1095%
Theil’s U 0.009021 0.009082 0.005947
MAPE Theil’s U GM(1,1) ARIMA
GARCH GM(1,1) ARIMA GARCH

ARIMA GARCH
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ARCH GARCH-M
GARCH ARIMA
4.18 MAPE Theil’s U
ARIMA GARCH GM(1,1)
MAPE 1.534 % 1.546 % 1.110 %
Theil’s U 0.902 % 0.908 % 0.595 %
4.19 ARIMA GM(1,1) MAPE Theil’s U
ARCH
GARCH ARIMA
ARIMA ARIMA  GM(1,1)
MAPE 10% 5.5572% 5.5804% Theil’s U
0.028116  0.029672
MAPE
Theil’s U MAPE Theil’s U
AR VA GM(1,1)
4.19 MAPE Theil’s U
ARIMA GARCH GM(1,1)
MAPE 5.557 % 6.633 % 5.580 %
Theil’s U 2.812 % 3.321 % 2.967 %
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ARIMA GARCH GM(1,1)

MAPE  Theil’sU

(ex-post)
ARIMA(0,1,1) GARCH(1,1) GM(1,1)
MAPE 10% Theil’s U

MAPE Theil’s U

ARINA GARCH GM(1,1)
AR(1)AR(4) GARCH(1,1) GM(1,1)
MAPE 10% Theil’s U

MAPE Theil’s U

GM(1,1) ARINA GARCH
ARCH
GARCH ARINA
ARINA
AR(L)AR(2)MA(4) GM(1,1) MAPE
10% Theil’s U MAPE

Theil’s U ARTMA GM(1,1)
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MAPE 1%
MAPE
5. GARCH ARIMA
GARCH-M
ARCH GARCH-M
ARIMA
6. GM(1,1)

Theil’s U

S%

ARIMA
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Theil’s U

0.005

0.03

GARCH
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Autocarrelation Fartial Caorrelation

A PAC

2-Stat

Froh

E

2 ARINA(O,1,1)

Lo T e 1 i B W S

o
[ ]

13
14
15

0115 0.115
-0.020 -0.044
-0.002 0.007
0.031 0.050
0.079 0.051
0.007 -0.004
0.0z24 0.030
0.005 -0.007
0.071 0.054
0.007 -0.014
0.040 0.043
0025 0.014
0.003 -0.005
-0.017 -0.024
0011 0.012

Ljung-Box Q

F.a0z2s
5.4435
g.4465
12.325
16.035
16.0635
16.419
16.431
19.477
19.507
20473
20839
20.895
21.064
21.140

0.005
0.015
0.035
0.015
0.0a7
0.013
0.022
0.037
0.021
0.034
0.039
0.052
0.075
0.100
0.132

Autocorrelation Partial Correlation

AL PAC

L-Stat

Frob

Do~ mMmbk Wk =

-0.005 -0.005
-0.030 -0.030
-0.007 -0.005
0.075 0.074
0071 0.072
-0.006  0.000
0.026 0.031
-0.008 -0.012
0.072 0.054
-0.006 -0.010
0.040 0.040
0.021 0.0Z20
0.003 -0.003
-0.018 -0.026
0.003 0.005

0.0134
0.5393
0.5724
3.9252
5.9395
B5.9551
7.3554
¥.3981
10.564
10.539
11.545
11.819
11.824
12.026
12.065

0.463
0.751
0.270
01349
0.224
0.289
0.3549
0.2258
0.305
0.316
0.377
0.450
0.525
0.601

Autocorrelation Partial Correlation

A PAC

-Stat

Prob
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D et B Y N N I S

0.338 0.338
0.111 -0.004
-0.034 -0.050
-0.178 -0.161
0.053 0.205
0117 0.066
0.204 0128
0167 0.019
0.010 -0.029
-0.030 -0.072
-0.240 -0.152
-0.189 -0.074
-0.107 -0.065
-0.003 0.004
0.065 -0.002

19.197
21.2580
21.478
26.6871
27.548
28.934
37211
42.059
42108
43.235
093.547
559 966
B2.027
62.035
B2.5875

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000



4 AR(L)

Ljung-Box

Autocorrelation

Partial Correlation

AL

PALC

C-Stat

Frohk

5 AR(1)AR(4)

-0.008
0.022
-0.017
-0.235
0.103
0.044
0.147
0127
-0.0z22
-0.010
-0.199
12 -0.102
13 -0.055
14 0.005
15 0.080

Lo o et oy Y MR Y N ]

—_
R |

-0.008
0.022
-0.017
-0.236
0.105
0.054
o142
0.0s8
0.022
0.000
-0.155
-0.104
-0.103
-0.031
-0.018

Ljung-Box Q

0.0110
0.0920
0.1403
95627
11.381
11.717
15.454
18.271
18.353
18.370
25.408
2727
27.880
27.804
29.056

0.762
0.932
0.0Z23
0.0Z23
0.033
0.7
0.011
0015
0.031
0.005
0.004
0.00&
0.002
0.010

Autocorrelation

Partial Correlation

AL

PALC

-Stat

Prob

6

0.013
0.045
0.002
-0.059
0154
0.055
01258
0.052
-0.022
-0.004
11 -0.173
12 -0.083
13 -0.071
14 -0.002
15 0.035

[0 Y I w3 A N T Y S

—
[

0.013
0.043
0.001
-0.072
0157
0.063
0.114
0.072
-0.011
-0.026
-0.1582
-0.123
-0.113
-0.025
0.003

0.0252
0.4134
0.4142
1.2174
5.1950
5.7938
8.5732
9.7152
9.7950
9.5002
15.022
16.245
17.134
17.135
17.355

0.520
0.544
0158
0.215
0127
0137
0.200
0.279
0.020
0.053
0.104
0.145
0.183

Autocorrelation

Partial Correlation

AL

PALC

Z-Stat

Prob

59

0.255
0.345
0186
-0.11a8
0116
-0.027
0.005
-0.006
0125
-0.002
0.138
0.158
13 -0.058
14 0.171
15 -0.150

00~ MWk =

— i
k= O

0.255
0.304
0.055
-0.313
0.142
0.054
-0.036
-0.124
0.273
-0.059
0.021
0.120
-0.100
0.030
-0.144

6.1101
17.680
21.003
22363
23.897
23.770
23772
23776
25.391
25392
27.404
30.059
30.456
33.663
36.155

0.013
0.000
0.00o
0.00o
0.00o
0.001
0.001
0.002
0.0o05
0.005
0.004
0.003
0.004
0.002
0.002



7 MACLMA(NA(4)

Ljung-Box

Q

Autocarrelation

Partial Correlation

AL PAC

C-Stat

Praob

8 AR(1)AR(2)NA(4)

L T I Y S AR O R

0127 0127
0.0s2 0.087
0197 0.219
-0.099 -0.056
0150 0,102
-0.025 -0.026
0025 -0.027
-0.002 -0.064
0162 0.203
-0.0%96 -0.069
0.073 0.049
0.139 0.106
0128 -0.0559
0.173 0.057
-0.149 -0.135

Ljung-Box

1.5100
21443
58720
B.G160
20343
8.0975
21773
91778
11.900
12.867
13.423
15.506
172595
20,584
23.070

Q

0.00=
0.011
0.028
0.0s7
0102
0.064
0.0v5
0.095
0.078
0.065
0.0358
0.0Z7

Autocaorrelation

Fartial Correlation

AL PAC

C-Stat

Frob

60

—
Lo o o T O PR R Y S

PP
M o= 02 kD —

-0.021 -0.021
-0.025 -0.030
-0.035 -0.037
-0.003 -0.011

0154 0151

-0.010 -0.005
-0.083 -0.053

0.032 0.040
0.135 0.139

-0.027 -0.054

0.043 0.049
0.1Z7 0.180

-0.081 -0.106

0157 0117

0,143 -0.112

0.0353
011596
0.2378
0.2440
258182
2.5281
3.4803
3.5855
54228
5.4999
56905
7.3957
8.2701
10.5932
13.164

0.621
0.284
0.470
0.481
0.s10
0.4m
0.599
0.652
0.5596
0.602
0.445
0.357



9

ARCH

Autocorrelation

Partial Correlation

Q-Stat

12.981
14.931
222893
25465
29.030
290995
37501
38.757
40.854
42211
43.047
43.3085
44101
44 B35
51.235

Autocorrelation

Partial Correlation

AL

PALC

C-Stat

Frob

0.183
0.256
04249
0.078
0104
0.037
0.005
o110
0.052
-0.074
0182
-0.039
-0.075
-0.025
-0.035

0.183
0.230
0.383
-0.076
-0.033
-0.101
0.001
0.143
0.084
-0.153
o104
-0.020
-0.054
-0.142
0.084

5.5046
16.294
45,805
47 830
49 642
50910
50.914
52,997
53.671
54,625
B0.397
B0.660
B51.667
B1.777
B1.995

0.o00
0.000
0.o00
0.0aa
0.000
0.o00
0.000
0.o00
0.o00
0.000
0.o00
0.o00
0.000

Autocorrelation

Partial Correlation

AL

PALC

Q-Stat

Proh

61

[ T n Rty N P Y SR

10
11
12
13
14
15

0.123
-0.036
-0.055
-0.023

ooy
-0.037
-0.007
-0.040

0.o0z2
-0.035
-0.053
0.0z20

0.016

0.02g
-0.052

0123
-0.052
-0.055
-0.009

0.016
-0.043

0.003
-0.042

0.003
-0.043
-0.053

0.029

0.003

0.016
-0.066

1.39735
1.58175
1.9554
2.0050
20326
21896
21749
23367
23373
2.4B549
28203
2.8634
28918
249794
3.3944

0.157
0.362
0.535
0.704
0.301
.55
0.5930
0.5945
0.5969
0.954
0.991
0.992



	Abstract

