2 , ' 3
(SEM) (leading indicator) 4
5
1
(
, 2524 ; , 2539) o '

2 (qualitative
forecasting techniques) (quantitative forecasting
techniques)

, 2 (time

series analysis) (causal models)
( , 2536 ;
, 2539 , 2542 O’Donovan, 1983 ; Brockwell & Dauvis,

1996 ; Brinkman & Mcintype, 1997 ; Pindyck & Rubinfeld, 1998)



12

(causal models)

1 2

(regression analysis) (economics models)

1 (regression analysis)
(dependent variable)

(independent variable) 1 1

(linear)

(nonlinear) (regression coefficient)

R2 (coefficient of determination)

dummy /
dummy /
2. (economics models)

(naive  method) (moving average method)
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(decomposition method) (Box-Jenkins method)
5 ( ,
2539 ; Makridakis, Wheelwright, and McGee, 1978 ; Hanke & Reitsch, 1992 ; Bowerman

& O'Connell, 1993 ; Newbold & Bos, 1994 ; Mason, Lind, and Marchai, 1999)

1 (naive method)

2. , (moving average method)

(smoothing method)

2.1
2 (simple moving average method : SMA)
(weighted moving average method : WMA)
SMA

WMA

2.2
(linear)

(nonlinear)
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(double moving average

method : DMA) Y

(moving average of percentage change method : MAPC)

3. (exponential smoothing method)

(smoothing constant)

31
(simple

exponential smoothing method : SES)

3.2
: a8
(double exponential smoothing method : DES)
(linear exponential smoothing method : LES)

(triple exponential smoothing method TES)
DES Y
Y

SES Y

LES
Y TES

(quadratic trend)
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SES Y DES LES

3.3

(seasonal exponential smoothing method : SSES)

34
’ (Holt-Winters  exponential smoothing
method : HWS)
3
Y
4. (decomposition method)
4
(seasonal pattern) seasonal index seasonal factor
(cyclical pattern) cyclical index
(average percentage simple average
method) (percentage trend ratio to trend method)
(percentage moving average ratio to moving average method)

(deseasonalized series)
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5. (Box-Jenkins method)

ARMA(p,q)xSARMA(P,Q)L

(stationary)

(nonstationary) !

(regular

differencing) / (seasonal differencing)

(autocorrelation coefficients)

(partial autocorrelation coefficients) ARMA(p,q)
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3 1
2 3
1
Nave  Moving  Exponential  Classical  Box-
Method ~ Average  Smoothing ~ Decom-  Jenkins
positon  Method
y
y
y |y y y Yy
y |y y y Y
: = y y |y
21
{y.} t=1
2, t
1962
1970 ( , 2539

Makridakis, Wheelwright, and McGee, 1978 ; Hanke & Reitsch, 1992 ; Bowerman &

O'Connell, 1993 ; Mason, Lind, and Marchai, 1999)

(trend)
(seasonal effect) (cyclical effect) (irregular

effect)
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1 (trend)
(upward trend) (downward trend)
(linear
trend) (quadratic trend) ' (exponential trend)
3
2. (seasonal effect)
3
3. (cyclical effect)
3
4. (irregular effect)
2 (additive component
model) (multiplicative component model)

Z=T+S+C+I

Z=TXSXCXI



@) winlduuuuiendlwdes

o

19

t

(2) Bndnazesggnislugasionn 2 1

e

20
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2 (deterministic component)

(stochastic component)

(seasonal index) (seasonal factor)

(cyclical index) (cyclical factor)

(additive model)

(multiplicative  model)

(Box-Jenkins method) 3 1
1 (stationary time series)
Y, E(Y?Y) V(YY)

t / E(YY)

{yt}



H3rfft23non3 §¢ litvs 'l mis
tw mm it

k k
ARMA(p,q) 4
2. (nonstationary time senes)
Y, V(Y1)
ARMA(p.q)
ARMA(p,q)
4
21 (regular differencing)
{yt} {z.,} z,= :
d d=1;z,=Vy, =Y, - Ytl d=2:;7Z = ,
=VIY,- Y, D=Vy,-Vy,1=Y,- Y,.1- Y,.1+ Y, 2=Y,- 2Y,.1+ Yt2
1 , d =1
(quadratic trend) d=2
2.2 (seasonal differencing)
{y.}
{z.} z, = Vd, L

L = 12) D=1Z =V ¥, =Y,-Y,2 D

=2z, =voey,=VIhy-v2=Vv-v12 Y.2+Y2%=Y-2Y,2+Y.2%

2.3 (regular and seasonal
differencing)

L = 12) d=1
=1 {y.}

{z} z.=VVR,=v,-v.2=Vy,-Vy,2=Y,- v,.1- V. 2+Y,.13



2.4

{yt} {z] Zj = log (Y9

V(Y1) t

3. (seasonal time series)

Mol

VAYSSZ 7/ B

)

3 IAWAN
VR

\Y

£ ER!
() fnoscaasaynssiaalaing

A
N

()

22
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2.2

(autocorrelation
function) (partial autocorrelation function)

' 1 ‘l

221 (autocorrelation function)
(partial autocorrelation function)

ARMA(p,q)

(1) (autocorrelatic

Y(1 Y,
Y,.1 1
1 (autocorrelation at lag 1)
(coefficient of autocorrelation : rk k

(lag time period)

U pK-rf

"_)4[|+2 ?2 k=1,2, ..



p k

.05

1

rk =

k
Y!
Y - —
* -1 !
1 k
rk 0
rk 0
Y, Ytk Y, TR
rk
p k 0 rk
(1A rk- N(O, O-J) cri
rk
Ho:p k=0
H,:pk*O0
=~—~—==yfrkk ' \\>Za
rk 11 :
V
. ki >206—
2

24

rk

I



(2)
Y, Yik
Y, (
(coefficient of partial autocorrelation : riQ
h-z~-1)A-J
k=1;rk=rl
k=1,2...
rikk
p K rkk
crit rk - N, 0)a) <7
rkk p K 0
HAP KO
ik \rkk\ > -7 =
»
.05
2 (Makridakis,

McGee, 1978 ; Hanke & Reitsch, 1992 ; Bowerman & O’Connell, 1993)

rk rkk

pk=0,pk=0  pklpk

0 (cut off)

25

1,2,

Y(RK

VAR ( = |/

0

/
Wheelwright, and
(spike)

(partic



0 k
rk rkk
rk rkk
0
rk rkk
2.2.2

rk rkk
rk rkk
dies down tails off
1 n
exponential)
sine-wave)
1 2
ARMA (p,q)
p k p kK
rk rkk
0 1

(damped

(damped

pk p K

(

26

2539 ; Makridakis, Wheelwright, and McGee, 1982 ; Pindyck & Rubinfeld, 1991 ; Hanke

& Reitsch, 1992 ; Bowerman & O’'Connell, 1993)

disturbances) ,

(moving average models)

g (moving average process of order Q)

MA(q)

(random



()

)

()

()

lag k

lag k

lag k

lag k

27



vi= 00+ 1-0,8,.-62 2-.. -0q,,,

01...0¢

28

(MA)
q
81 t
(0 R 0q
0
8,
(normal random variable) 0
YK:O k :0 (MA)
2 q< 2
(p@ cut off
pkA 0 k=1...q
pk: 0 k> q
(pk dies down damped exponential
damped sine-wave
2 (autoregressive models)

p (autoregressive process of order p)

[(an)]

=0 +( .1+({2+ ..+ )pMp+ |,

(stochastic process)

P

(AR) i



1 t (random shock)
(PR dies down dies down
damped exponential damped sine-wave
(P cut off
p kk* O k=1.... q

plk=o k>q

(AR) 2 P< 2

(mixed autoregressive-moving average models)

(stationary random processes)

29

(p,q) (mixed autoregressive-moving average

process of order (p,q)) ARMA(p,q)
Y,=0+<Y, +.. +iY,.pt+ ,-68,, - ..-68,.,

0, = ( 1 -<d>)

(pK (P K

dies down damped exponential damped sine-wave

(Bowerman & O’Connell, 1993)
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2
0
AR(p) = ARMA(p,0,0) 0
P
0
MA(q) = ARMA(0,0,q) 0
q
ARMA(p,q) = ARMA(p,0,) 0 0
3
ARMA(p.d,q)
ARMA(p,q) P AR o}
MA p+q+1
3 3
( , 2539) ARMA
AR P

ARMA(p,q) (stationary) , E(YY V(Y1) cov(Yt, YtK

k O.

AR

1. AR(p)

W=+ + qo+ St £

Y A Y<)M2- ... <YL, =e 0+ 8,
backward operator

(L-CliB- .. - rBYVt=00+ et
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2. (L-(CIB- ..-@@pBPYt=0
B unit circle b | 1
B
3 ARMA(p,q)
ARMA(p,q)
white noise Y, = 90 + e,
AR(1) Y,290+41 4+ 1<) <1
ARE) Y200+ &Y+ bN2+8, E2+ (),<1
4>2-< >1<1
1<((P2< 1
MA(1) Yoze,t -8, 1<0.«
MA(2) Yt=00+ $4-0,8,1-02 2 %
02-0 <1
1<02<1
ARMA(1,1) Y=e,+HY1+ -01,1 1<(PL<1
1<0 <1
MA q MA(a)
invertible MA(q) 8t
Yt, Yt ... 0l..9q MA(q)
invertible
1 MA(a)

Yi= 90+8t-01 1-0&>-... -0¢St

Yt= 90+ (1 -fyB -.-.-e A x
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2. 1-07 -...-0qgBq=0 B
B unit circle |b| 1
B invertible
E(Yt)
{yt} (z.)
{yt} ARMA(p.q) Yz} Zj-ARMA
(0.) {y}  veArRIMAR.d.g) ARMA P
AR MA d
{z] ARIMA(p,1,q) {yt} 4
4 ARIMA(p,1,q) {z,} {yt}
ARIMA(p,1,q) {zt} {y.}
ARIMA(0,1,0) 2. = 60 + S, Y, —e,,+ Y, +e,
ARI(1,1) A=@o+ + 8t Y, = 00+(1+(]),)Y.-<]),Y,2+ ,
ARI(2,1) z, - 00+ (j°Zf1+ ()Zt2+ St Y, = eO+ (L+<)Yt, + «[)2<)>Yt.2- 21,
+ st
IMA(1,1) zt=eO+el-e £, Y,=©0+Y,,+8,-0,8,,
IMA(1,2) Zj- 00+ 1-01£t1-028t2 YI=00+Ytl+8,-e,8M-e 28,2
ARIMA(1,1,1) z=8 + 8= v, =0,4(1+<I>X,-<f>,Y,+ SI-0,SM
ARIMA

(p,1,0) 5 ( , 2539)

SARIMA(P,D,Q)I (seasonal integrated autoregressive and moving average order p, ,Q)

p

moving average)

SAR (seasonal autoregressive) Q

SMA (seasonal

{yt}
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(Z] SARMA(P,Q)I
{y.} 6
5 p KYD, pKzt) p K(z,) ARIMA(p,d,q)
ARIMA(p,d,q)
Y, Y, Z, Z,
random walk pk 0 plk 0
ARI(1,1) 0 pk( 0 k=2,.
ARI(2,1) 0 plk 0 k=3,..
IMA(L,1) Pk 0 k=2, ... 0
IMA(1,2) pk 0 k=3, .. 0
ARIMA(1,1,1) 0 0
6 SARMA(P,Q)L {y.}
SARMA(P,Q)I {yt}
SAR(1)1 y, = 00+ A
SAR(2)1 v(- 004 gvee+ raiaeal + £
SMA(L)1 Y=0,+ -owl
SMA@2)1 vi- 008 —owsu-04..2
SARMA(L,1)1 v.=00+~» 45 ,'0/\
SARMA(P,Q)I L &y12
p k p kK p k p K 7
7 p Kz,) p K(zt) SARMA(P,Q)R2
SARMA(P,Q)12 Z, Z,

o

SAR(1)12 poZ plkc 0 k=24, 3, .
SAR(2) 12 PﬂpZ 0 plk; 0 k= 3, 48, ...
SMA(1)R2 pk; 0 k=24, 3B, .. p|2]2|_ p224, 0
SMA(2),2 pk; 0 k=35, 48, ... pmp2124, 0
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SARIMA(P,1,Q)12 {y.}

SARMA(P,Q)12 {zt}

(1) Z,- SAR(L>2  Yt- SARKL.1>2  Zt=V 2t

A=0 +"2D+8t
Yt=eO0+ (1 +<(>12Y,12-(>12 24+ 8t

(2) zt- SMA(L)2 Y, - SIMA(L,1)2  Zt=V, 21

Z[—0 O+ 8[- 0 1St 2
Yt- 00+ 12+ 8t"0i28t12

(3) Z, - SARMA(1,1>2  Yt- SARIMA(1,1,1>22  zj=V byl

Zj —0g + (j)1Z112 + 8t- 0 i2f:-12

Y(—0g + (1 + ( JY(12m” 12 24+ 8tm0i28t12

ARIMA(p,d,q)XxSARIMA(P, ,Q)I

{z.} Z, = Vdv LD,
L = 12) Y, - ARI(1,1)xSARI(1,1)12 Z, - AR(1)

XSAR(1)R2

Zt—0 g+ N + A120M-12 mAIM27t-13 + 8t



223 ' , ' '
| ' , 1
(stationary)
InYt)
4
1 (identification) ARMA(p,q)
ARMA(p,q)xSARMA(P,Q)L
rk rik p k p K
k=1,2, .. k=1L 2L, .. ARMA(p,q) SARMA(P,Q)L
1
rk rkk rk rkk
p k p K p k p K 0
p k p kK 0
rk rk
[rk] L rkk

T 4q©'44 -0OVy.

(“

rk

35
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{y.}
HO:p=0
H, :JJ-"O
90
JJ, 1 0 00 0 ARMA
(p,q) SARMA(P,Q)1 00
{yt}
2. (estimation)
!
(Makridakis, Wheelwright and McGee, 1978
Newbold & Bos, 1994) 2
( , 2539)
21
p k
p k rk
00 E(YY
1) 1 AR(1)
P AR(p)

Yule-Walker
Pi= +<>2pit eeet "ppk-1

P2 = r1pi + "2 + - + "pPk-2

Pk = <KPk-1 + "zPk-2 + +



§0

P1

Yule-Walker

P1 p2

Pk

$0

pl...1pk
L ¢B
4
pl =4
= 00
Iu_l_¢1
1 P y 4 =1
(2)
n1
e
1-*2
p2-ypy (2
A
1-0- 02
r2 P i7
(3)
A +#A'1+ -+ O g-kOq
1+4 +..+4
pk-o k> q
91
-9
P\
1+4

37

1
ok
P
90-y (- 1y
2 AR(2)
2
4
1 MA(1)
q MA(q)
k=1,2.... o}
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M=¢eo
r, P Y o, 2
invertible
2.2
3. (diagnostic checking)
(et) (Y1) D)
( , 2539 ; Makridakis,

Wheelwright and McGee, 1978 : Hanke & Reitsch, 1992 Bowerman & O'Connell, 1993 ;

Newbold & Bos, 1994)

3.1 {et}
8,
{et}
Ho:pklet)=0
Hi: pket)*0
k=1,...
2
.05 r\e )z—
)=

{et}



3.2 2=Y —
2
3.3 0
0,6 0
HO:9 =0
H, :970
7 = — |Z|> Za
s
3.4 p Ket) = 0 k=1...
HO:p 46,)= ... = pnet) =0
H, : p k6, 0
k: 11 oy
Box-Pierce
Ljung

Box- Pierce Q= km_il(el)
Box- Ljung Qm= { +2)Jl

{6}

6, {6}

Q Qm> )d,ma
Pks) 0 k=1 ..

39

Box-
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k
4, (forecast)
2 (point
forecast) (interval forecast)
0
1
, ; Makridakis, eelwright an cGee, ; Hanke
( 2539 ; Makridakis, Wheelwrigh d McG 1978 ; Hank

& Reitsch, 1992 ; Bowerman & O’Connell, 1993 ; Newbold & Bos, 1994)

4.1
ARMA(p,q) p+q <
2 0) 8 ( , 2539)
1 00
ARMA(p,q)  p+q < 2 YH{1) t+1
t
};l(l):{YHl ;ISO
7.() ;i1=0
&t{l) t+1 t

ét (1) :{ el+l ; 1 < O

0 :1>0



8 ARMA(p,q) ju

white noise

AR(1) fi + (Y,-fi)

AR(2)

i+ M )-¥)+ k(Y -fi)
i o o kel
MA(2) Mo 01ed

A
MA(2) M ~ket-0 2t

..

ARMA(L,1) M+0X\/[~il|l)'0\e,

fi +i1 (Y -1l
4.2
1 &
Yt+l
V(1)
t+1 et(l)
<J&l() et(l)
(i-a)ioo

1>1

1>2

>3

.00
Yk,

M
0Q &
00F&¥+8' 1

4 + « (1) + «

a4

J>1

J=1

1>2

J=1

=2

¢ )wn)( i-\)+1>M -m2) >3

t+1 Y+l

Yt(l)
1 et()
t1

Yt+l

0

1 7a<jely)

2

P (- Zal27e,(l) < et(o < z«/2°e,(l)) = 1- a

et) YM-Y L)

p{Vl <Ytk <YY(l)+Za2%())=1~a

J1>2



e Yt{i)tzamT
(i-a)ioo ai i)

dayBYNINIAN

a7l .
Pasnuasldingm

l

msnvualaes

(identification)

l

Uszanniawiees

(estimation)

l

FATIRRALAIN

WMANTAN

l

‘ l Lalwnzas |l WNNTAN \

l

T lueadmiunis

WenNgnd

42
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2 1
2
3.1

(2532) ' (2538) Joreskog & Sorbom

(1989)
(structural equation models)
(measurement

model) (structural equation model)

(measurement model)

X ={ax\(")+o
r =(&rxn)+e

(structural equation model)



£1

O o o

—LX

= LY

= GA

PH

=TD

, 2542)

(NX X NK)

(NYx NE)

44

X Nx X 1)
Y (NY X1)
K (NK X1)
E (NE X1)
d X (NX X 1)
e Y (Y X1)
/ E (NE X 1)
4
X K
Y E
K E (NE XNK)
E (NE XNE)
K (NK XNK)
/ (NE XNE)

d (NX XNX)



0

dl —»

X1

d2 —P

X2

d3 —P

X3

da —p

X4

ds —P

X5

8

=TE

e (NY XNY)

¢— el

4—e2

4—e3

44— e4

(2542)

(dichotomous variables)

e E
d K
Z K

0.5

45
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6 ed Z
7
(time lag)
(SEM) 6
( , 2542)
1 8
8
3 1) (fixed parameter)
02) (constrained parameter)
1
3) (free parameter)
2

(Pedhazur, 1982

, 2542)



4
, 2540 ;
1)
2
3)
fit index = AGFI)
of freedom)
4)
RMR)
5

(model modification indicies

EPC)

Ml

a7

4 , 2538

, 2540 ; Joreskog & Sorbom, 1989)

(chi-square statistic) -

(degree of freedom)

(goodness of fit index = GFI)

1.00

(adjusted goodness of
GFI (degree

1.00

(root mean squared residual =

: MI) (expected change :

EPC
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ARMA(p,q)
ARMA(p,q)
ARMA(p,q)
o ' 1 2
3.2
(leading  indicator)
( , 2539 ; SPSS Inc., 1994)
{v.} {x]
X,.k Y,
k X,1 Y,
X, Y, k (sample cross-
correlation coefficient of lag k : r*k)) X,
Y, k ccf k

[,«=

¢ W zTi
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k)
X Y k)
Xk Y, k) p k) 0
HO: paky =0 H, : Pxy() 10 r/\k)
Mli\>N== .
HO \r(k\ i X
05 0
Y,
vy {X}
XK Y,
{xt} Y,
X,k Yt 2
1 Y, = (0+ 3tk +
Y= 0+ Xk 2
2
Y, X X,k
Yl
7 (Fly.Ay.i)
! (x Poux,)) Mk
% AY, = % Y1 Y,
00AX, = % X1 X,
AxHk xk x#Hk

transfer function

transfer function {y.}
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{y.}
{xt} {xj} {y.}
{z"} {z.y} {x.}
{yt}
Zf=%+ﬂ)0_@B_W_QBﬁE7f+M

°(1-6,B-..-5,B")

L= »

cofp)- \-alB-dB2-...-asBs, (b)- 1-0\B-S.B2- ..-0rBr190 oo

Nt
transfer function transfer function
prewhitening {x,} {y,} {at}
) 1 {ay {33
transfer function transfer function 1
1
11 {x.}
{z"} /
12 {zty} /
{z.x}
1.3 ARMA(p,q) {z,x}
ARMA {z,5}
1.4 ARMA(p,q) ZX zZv
at  pt
{at} {3J (z,x} (z.y} prewhitening

{z.x} {zty}



15 )
k rk(at, Pt)
1.6 rkoc, Pt) :
preliminary transfer function
=0 (I-oe>B-...-0)sBs)Bbz? AN,
(I-S,B-...-SrBr)
=k rkoa, Pt) 0
Xt Y,
= lag lag ,b dies down
rkot,, P,) Z* Zjy
r= rkca, P,) lag b+s
damped exponential sine-wave
r=1 dies down damped exponential r=2
dies down sine-wave
2.
2.1 preliminary transfer function
{ Nt}
2.2 rk(N,) rk(N,) { .}
N, ARMA
(p.q) {N3}
2.3 final transfer function preliminary

transfer function ARMA {N,}

3. final

transfer function
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4
2
1.
2. (Pindyck and Rubinfeld, 1985
, 2540 , 2539)
(forecast error et) et=¥1-¥1
0
2
(Armstrong, 1982)
6
RMSE, MAPE, GMRAE, MdAPE, MdRAE Percent Better
5 RMSE, GMRAE, MdAPE, MdRAE Percent Better
! MAPE

(Lewis, 1982)

10%
10-20%
20 - 50%

50%



Fm

Fw ’ random walk
/
(RMSE)
RMSEm=
(MAPE)

APE, = RS X 100

%0AFE
MAPE,
(GMRAE)
F -Z
RAE, =
" F ., -Z
GMRAE. ={t[RAE~"
(MJAPE)
APE. = Fm-Z X 100

APEm

MdAPE, !

53



(2513)

(2513)

MdAPEmM=1¢,.+1

V2]
RAE L
m rw_z
RAEmM
MdRAE, = +
MdRAEm= +1

(Percent Better)

tJt

Percent Better = —— x 100
rl IFm- Z 1< | - Z |
*{)
2
(2513)
(2514)

(MdRAE)

(2513)

54
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(2531)
2531 - 2540
il
16
F-test t-test
1 2 96,650-
115,977 95,654-115,101
(2538)
2538 - 2550 6
1 2 131,513-175,132 131,600-175,422
(time series methods)
(2519)
2519
. . 2513 -2518
ARIMA(2,0,0)
ARIMA(0,1,1)xSARIMA(0,1,1)12
2522

. . 2506 - 2520



Pflaumer (1992)

1990 - 2080
1990 - 1988
251 -489
(2540)
5
6 RMSE, MAPE, GMRAE, MdAPE, MdRAE Percent Better
3
65
2
60
van Buuren (1997)
ARMA SEM (structural equation models)
MA ARMA
AR 5-10%

van Buuren (1997)

Molenaar (1999)

56



MA

van Buuren

McGinnis  (1994)

transfer function

Cobb County Georgia

Chen Fomby (1999)
function

ARIMA

transfer function

57

transfer

ARIMA

transfer function
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