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(Excess-Reserve Ratio:R) (1@ ﬁﬂugﬂﬂlma UNSFHO

B=rd'D+r"T+E+C (4.3)
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M, =C+D (4.6)
M, =c¢'D+D=D(c+1)
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agduundneimssmuagumuvsslunamguigusuluuwalmnite
YP T
c —,i,—“,ld,u +1+t(1,1d)
| PP Y
M, = (4.16)

1;1+rt't(i,id)+e(i,b)+c 0, igsu

4.2 UUIARYBI Co-integration WazError Correction

L

iieannneiinudadui mﬂ'i~mﬂ°lumsﬂs°'mmmuwmammmammmmﬂ
vasulszme InaTunamsitu ﬁaqawquwaxausmxmﬁygﬂawmﬂwimﬂuﬂmgaagnﬁmm
(time series data) G9doyafvinnlifugunlsmariiineiovae non-stationary NA1770 i1
i@t (mean) iazmn M55 U (variances) wilm linefiAuualasldmumanar vl
anwduiutsenedulsvesaumsiinnuduiud lluiess (spurious regression) dUNA 19
nnAadALIeegeIf M R fige Tuvasfifn Durbin-Watson (DW) statistic agluszdudn
weraal¥ifuila high level of autocorrelated residuals 3INTFAER f1 t-statistic 13 ldums
mmamﬁgﬂummgm (nonstandard distribution) ¥11¥Ms 1¥Mm1seadfiunsg (standard
tables) @1eo1mh llgmsasnnuiiuiinn 'ﬁqgﬁumsmnﬁazaan%’n"lﬁ”l.umamygmﬁm?
(Enders, 1995} (ta¢ (Johnston and DiNardo, 1997) .

Fasansudoyaiiffnumeiy non-stationary Al¢Funufionmsnats do 5
cointegration IIAY error correction mechanism (398558 Mo, 2538) (esnnidunioioly
minszdaduRufiSagasnmszezen (comtegratmg relationship) uazna lnmsilfuda
iuEJ“"c}’uiwﬂ’l'lﬂﬁ’)ltﬂﬁﬂ'ﬁlﬁi‘ﬂjﬂ‘i}mﬂﬂ SEfendniidunoulumsinedede i

L nedouAMMYY  stationarity  vosdaudlsiriantnisAnuilaeis  ADF

(Augmented Dickey-Fuller Test)
2. u‘lﬂ'.lll‘l.liﬂ‘lfl'lm‘i‘ﬂﬂﬁﬂ‘]ﬂﬂﬂ'aﬁ ADF 143 ummsmmmmwiusvﬂwﬂn AW
1431909 Johansen A%
(1) WsaaNuaIvesAuls(lag length) 13T LR (likelihood ratio test).
@) Wongiluuuuumesiiminzay

(3) I NI cointégrating vectors 1A&35 maximal eigenvalue Statistic

(kMax) Y5075 eigenvalue trace statistic (7\,

'I‘raoe
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3. HEWUNUUUIRDILANNEUAUS L T2E2eMIa? 19181 error  correction
3
mechanism (ECM) fiiuasvmianyaznisdsumlussesdu
N Ed v
vinfnanuudatiuismsinmdavy detufiseilumstinauetunsumsdnuiy

L 1 ] = é = o -2 (7 1 n:l.y
A2U6199) DENALBYA WA UA D 1151
4,1 Unit Root Test

) o o = yam .
A15NATOY Unit Root doiluduasuusnlumsanunaldiz cointegration and error
9 ¥ ]
. R o = - o a
correction mechanism Yumoutvzdumsnaae udanlsmunsughae feeldluaums
Y [ ¢ . .
Lﬁa@mmnﬂu stationary [I (0); integrated of order 0] #30 non-stationary [I (d); d > 0, integrated
of order d] MyAnyTIWIng TN Touns nageY unit root Aieruelny David Dickey
é ar ar N
1Az Wayne Fuller (Pindyck and Rubinfeld, 1998) &433nnufludevss Dickey-Fuller test
1 gt o st M

wnsoutseen ey 2 33 Ae

1) Dickey-Fuller Test (DF) Yinsnaaoududsindoulva ldmugranaiidnyue

<
(T autoregressive model Tasaunsnidougihivuassaunsideonily 3 suuude

Xy =pX_ +8 (4.17)
X, =0, +pX | +8 (4.18)
X, =a,+a,t+pX _, +& (4.19)

Taoit X, Aedautlsfiswhnsinu o, o Aem1asfl e time trend 1Ay g, Aodus
U (random variables) Hmsusnusauulndfimifoutunasdiudaszaefu (independent and
identical distribution) Taefidunfomiidy o uazmaruts Usunsd Beuumudiodeinyel
€,~iid (0, Og ) #3056n1 pure random walk model

sumsusnozuaunisfivaadds nsdlzduunvesianlsihifned vazfiaums
‘nﬁmmﬂusﬂuw‘uamumsmﬂsmgmﬂm pure random walk with drift term model Utazay
ﬂﬁqﬂmmmmmsmmwaaﬁums‘nuﬁa mnei Uae time trend pure random walk with drift
and linear time trend model

Tumsnaroun X, Hanuauiiy stationary process (X, ~ I (0)) #30 1 ¥himsnageu

“
=

L
Tasnsulasaumsvisaugaluuldogiugavos fist differencing (AX) Tddsi]
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AX, =%, -X _ =YX+, (4.20)
AX, =X, -X _ =a,+VYX  +¢, (4.21)
AX =X -X _ =0 o, t+yX  +&, (4.22)

Taodt y=(p-1)

’ . a an £ oo
2) Augmented Dickey-Fuller Test (ADF) L'i‘.luﬂ'li‘iflﬂﬁ‘ém unit root DNITHUINAAU
11910 DF Test (18991035 DF liaunsornisnagounudslunsainuily serial correlation

T
= [

v o & a dar A
TuA1 eror term (€) MidnvmzanNduRUTAMBIUTzAUGY TAUZIRY lagged change

P .
YAAX | dnhlumumsnudnsnie sldh
=

P
AX, =X, -X _ =YX, +2XMAX _ +g, (4.23)
=1

J

P
AX, =x,-X =0 +¥X _ +2AAX _ +e, (4.24)

=

P
AX, =X,-X _ =o +at+yX +2AAX  +€, (4.25)

=1

Tags 2 lagged term (p) sl lady ﬁﬁ‘fuﬂéﬁum‘mmmmmmuﬁiazﬂu
3% (Pindyck and Rubinfeld, 1998) wSeausafiszlddndidhlsunszielidailym
autocorrelation 11;?*‘}11‘118& error term (ﬁl‘lfyf WINUHY, 2540)

ﬁ'lﬂé’ﬂmiﬂﬂﬂﬂﬂﬁnnaﬁuﬁ:ﬁ% Dickey-Fuller test 48375 Augmented Dickey-Fuller
test nagrouisfisranle (x) fPuil unit root wie liuanseRnisanldanm Y il

Auniu 0 viensall Y drwounSuauyfgiundn (oull hypothesis) 11e1Y e uviiy 0 ueas

¥
1 X, Tidnuauziiiy nonstationary #5eil unit root AafusmNsaouamnAgluminacey1d

[

0,

3

" ly| <1
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MnmsnadeuaNIRg LS sufsu estatistic AfuaaldfumAlumsis Dickey-
Fuller tables (iaaalunananuIn v.) #ag t-statistic ogsinmhmsmagevauuigluug
azgliuuesdenilunfoufoufumana Dickey-Fuller tables inef adfeldm T
W mivgluuvvesaunsfi 4.20) uag @.23) 'c“i‘l’f’ﬁ"m%'ugﬁnmwmﬁnmiﬁ (4.20) uaz
@24) uog T Wdmiugduuuveaaumsii (4.22) uag (4.25) Hranusodfersauuignld
warasidlsiiimmaneuiiv ntegrated of order 0 unu'lddan X, ~1 ©) §rdesntsnaneu
n3AIT Y SR drift term W3932UAY time trend coefficient 130 NATOVY $FY drift term
1Ay time trend coefficient luvmIz@eniy auisonaaovlaeldan F-statistic Fasiu joint
hypothesis (@, , D, uaz @,) ilusdfnacsuriinisSouRoufun Dickey-Fuller Tables
(Enders, 1995) Felumanageuaumsi @.21) uag (4.24) naeumeldauuigndih =

Qn=0 wld CDI statistic

] v
P =

yazhaumsf (4.22) ung (4.25) nadeumeldaunigma, = y=ag=0 1§ ©,
. L] o = e -
statistic #MSuMINATOUMEIFaINATIU Oy = Y =0 1 Djstatistic Tunsnadey e

¥
aaasInaTamsamuIn 1daeil

(N—k)(SSRR —SSRUR)
D =
S C=

Tﬂtj‘ﬁ SSR; =  the sum of square of residuals from the restricted model
SSR,; = the sum of square of residuals from the unrestricted model
N = number of observations
k = number of parameters estimated in the unrestricted model
r = number of restrictions

nsfifinamanadouamsRgwinu X, § it root Huszdesin AX
differencing 11089 wasoUfasauuRgniin X 1y non-stationary process 14 it
1514 order of integration (d) Tegiuszdula (X, ~1(d); d>0)

frmanuidoyadenarailu non-stationary process uagdasmImswhiisusuay
Fuiusuesdoya (order of integration) AN 0 AT X, ~ 1 (@) niel szihins

Ed ¥
nameudsgluuumunisnde luil (31vA dadaiwns, 2540)
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d+1 d i AGH
AKX =a o t+p-DAX_ + XA ATX +e, (4.26)

i

AUANIENAINNTILAT d (order of integration) UAATINZABIIING differencing #17

o

3 [
uils 1Y d+1 AF9) MUNTTUIUMIVDY Box-Jenkin’s method (1970) Aeuhvziidulsng

-

-l .shv
riez 185y

ng1NRInIARn0Y (regression) Lﬁaﬁﬁmﬁmi‘]mm spurious regression 37
anuionldusduunsnay  wamsnszddanansiifuunsiassd idenmaszuna
nadoyaludmvesnsifuduiloddaaonszessrs  (oss of longrun  economic
information) Y84A1}5619) (901939 MTEL3, 2535) Uz (Hataiseree, 1996)

n&a9miu Tl 1987 Robert F. Engle L8 Clive W. J. Granger lAI@UOUNANUNN
PEalines L%iﬂ\‘l Cointegration and Error Correction: Representation, Estimation and Testing “ABQ
Cointegration and Error Correction (Hhustsug imuualifilddudeyasynsunarlumam

aaenmszeze1nteyn Taolidearumsi differencing

4.2 Cointegration and Error Correction Mechanism

q’: d’., q’: Y 1 = o N 1 o [ ar 't
Junoutiitudunsuvsinsnagouduilsaeg fhunld lanuduiuslusse:

agda

sramudiszy I lunquivieli uagnudnslog 2 S5atenldlumsmaneuduls fie 35

1

.

Y84 Johansen and Juselius (1990) uaﬁ%l’wo-step Approach U949 Engle-Granger (1987)

mswﬂﬁwammmwwnﬁ"u 2304 Engle-Granger 1nLI5U09 Johansen-Juselius 1
HuIMINATeLTUANMefi NA1IMBAMNTZUIUMIVBY Engle-Granger wINITNATOUARY
ATNTZUZOIINNA ermor term 1 staionary W3ell vmzfimInaseuuss Johansen
methodology 9$W913M191NA1 rank ¥o4 TT (ﬂvﬁmﬁﬂuﬁfuﬁ 2 msdsgnauuuians uag
11811493 Cointegrating Vectors) 4135015989 Engle-Granger vxdiufifioy undafiar'ly
mzauluns@fsaulsnned 2 fulstuly Gilen, 1996) Ao

5494 Engle-Granger sefinszyhduslafludulsa uasdulsladluda
wilsBasedeliamnsouans multiple cointegrating vector "lfﬁ’fﬂitﬁﬁﬁgﬂtmwmﬂqmﬁ'wﬁ’uﬁ

N3 1 gl
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uf413% Johansen vz Tiiszyyih funlslafludunlsdasy niodunlsladludulsa
mndrinsasenassundulsladudu)sdase a3 lasludwlsana1dawss
Granger i?ﬂ%ﬁﬁ‘ﬂﬁﬂlﬂﬁﬁﬂﬂﬂ%ﬁ&ﬁﬂﬂE]HﬁlLﬂgﬂﬁﬂﬂ15ﬂ131ﬁiﬂjﬁ1ﬁ1ﬂ§

Fahiani3Seiisaionld Johansen and Juselius (1990) ﬁaﬁﬁ‘ugmmﬁmﬂzﬁnu
ULUUBY vector autoregressive (VAR) model taziflunssuaumsnagoy cointegration 713
dudusvonedy (Wolter, 1998) 1umsmﬁaum@gatjmwszﬂsmaﬁ%umumsﬁﬂmﬁ’\u{

¥
ot

TUN 1 NATOUNI order of integration LATANUYIIVYDI lag vo9auLls

b.

g

(FUAUINNITNANOUN Order of Integration Yo MUTNNAT Uazmpwud s
uAayiall order of integration FIRUFIBITUBY Johansen vz iz awdaulsmaniu g e
ST NATEUMIA TN lag Y8115 (lag length) Fel 3 S3AflewinAiatsan
1Aun AIC: Akaike Information Criterion (Johnston and Dinardo, 1997) LR: Likelihood Ratio

Y
Test 14 SBC: Schwartz Bayesian Criterion (Enders, 1995) aunsamiue: laaase 1l

AIC = T*Log[¥| + 2N (4.27)
LR = (T-cX nglzr - Log‘zu ) (4.28)
SBC = T*Log|>| +N*Log(T) (4.29)
Ta El‘ﬁ T = number of observations
c = number of parameters in the unrestricted system
|Z| = determinant of variance/covariance matrices of the residuals
Zr = determinant of variance/covariance matrices of the restricted
system
> " =  determinant of variance/covariance matrices of the unrestricted
system
N = total number of parameters estimated in all equations

It

¥ o w

NAAOUANYAFUNAN TAsMUUATIUI lagged term AL r lupsfiildetinad u

1w g u’: = o [ & 10/ ar i of
LT IUIU lagged term Hanuaiilu1i1d Gevuegiudnuae uazszoznarvesdayanin

ar

E
uItunazdu) udr19msuenueul Chi-square ()°) NadoUAUNAT NN lagged
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1 ar o W - o -] al <2 :;‘.:; o W .
term Wy ¢ Taedidnnuszruanududasznduswaudulssansndiudssita
(coefficient restrictions) w50l fan x’ﬁﬁ’lmﬁu"lﬁ’ﬁaﬂﬂ'hszﬁ'n significance ane1 sousy

o 1 I~ 1 =t
null hypothesis w3oMmsnameulaeld F-test Tuusazaumsnui@namsnageumu@en
Aunmsnaaoulaeld Chi-square uazmnnuhaMmdsannsld lagged term Idvasduau

{ 4 1 o o ar = 4
asdonldmenfieniiga  etslifimumasdiiidusduanuiudassdae iloswnd
31198 19u lagged term nnvwRuaNUS U Ui e Fusedunnutiudes: (Enders,
1995) danateiIngd (critical value) l¥mssenTuvSelfasmunAgmdadonly dau
A auNIIAANAI Y (dummy variables) 191171 98711191 ¢ = np + 1 + dummy variables
I t - o n’: v ar o ar [
nuwde luusazaumsselidualsievuaniniu 1 lagged term (p) Y8R 03)5(n) S0
] P a9 1] °
Minsiuoy Aaualsvu
‘ < & X w ;

sv1elsfinuenaves lag length niavunlagIdiudiuegfuamumingsy dieson

MIAYHIONARNVYIIUDY  lag  length  B19vziimansznuRBATemINEYD IRl 36199
Ri d' [ dll & o oo d' d‘i

(ldsunmzesnuien  dhusiomineay  wialunendusunlfounnmsoamuieay

4 & ' o a a
L‘f]ﬂtﬂ?ﬂﬁﬂﬂ?ﬂniﬂ) "h’ﬁﬁﬂ”ﬂﬁﬂﬂ'ﬁﬂﬁU1ﬁlﬁ1Nﬂaﬂﬂ15ﬂqyﬂﬂ14lﬁﬁﬂiﬁ1ﬁﬂg

i 2 Uszanauudineumen1$ 1 cointegrating vector
P < a o A
stivyvewmuuimesFiminsofinnsan 1y 5 31wy Sl

] ¥ '
JUuuUN 1 VAR model Titsngrisansiinazuualduna

P
X, =2 AX_+e, (4.30)
1=1
o . P=-1
Aariu AX =TX_ +D TAX _ +¢g, 4.31)

i=1
JUuUUN 2 VAR model Usnguanizansiilu cointegrating vector

L

P=t -
AX, =T X _ +2ZTAX_ +e, (4.32)

i=l



53

e a
11 12 In 01
.. T a
21 22 . Zn 02
%
T =
T T .. T a
L. nl n2 nn On _i
e ]
Xt_, =X X gy o Kol
siunun 3 dUsngmwzangilu VAR model
P
X, =Ay+2AX_ +8,
i=l1
- . &
Fatly AX, =Ay+TX,, + 2 TAX  +¢,

i=1
siluuuh 3 dsinguwzainaiily VAR modet

% %x D=l
AX, =A,+T X_ +XTAX_ +g,

i=l1

(L
21 22 2n 02
#*k

T T w T t

nl n2 nn On

f
11 ’XZt—l ""’Xnt—l ’T)

| * 3k
Taei Xi_l=(X

(4.33)

(4.34)

(4.35)

(4.36)

(4.39)

(4.40)
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giluuwii 5 Unngisdmafinazun Wsiran i VAR model

e |
AX, =A +ATHAX _ + ZTAX  +e, (4.41)

i=l

Qy) Q o I \ o 3
VIMIUMNINITAIUNIA characteristic roots YDS 70 Matrix (A ij ) Y89MLVI1ADING

r *® - H *k
5 guuuy (ndijduuuh 3 Ae T ueznsdigtduuun 4 AeT ) aunsamldnn

|TC - 7\,I| = { (Johnston and DiNardo, 1997) 3

=0 (4.42)

-1
AS,,-S5,,S 'S
' 11 72107, 201
Iz Seos Sors Syos Sy fio product moment metrics of the residuals 1ng

I '
;RitRjt
S§y=""— ; i,j=0,1 (4.43)
T

Pl
R, 710 residuals 910n13dszmnaiauns AX, = YT AX . +R,,

i=l

P=l
'R, A9 residuals viamsdsznasums X, = LTAX _ +R,,

i=1

udaiimsnadeudmuudiassarseziizluvuialaensdivesnisnageudmoy
[ b4 3
$1a0eazdl drift term WIoliAANIYN cointegrating vector HuUMNINATEY lAvAs null

hypothesis (H,) 7uus1aasiiainshiiu cointegrating vector LA INNISUINATINAIATA

-T f[lﬁ(lw?ht)~(1—ki) (4.44)

i=r+1

Tt T = number of observations
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n = number of variables
r = rankof TU
*®
A = characteristic roots of restricted model (model with intercept term

in the cointegrating vector)

A = characteristic roots of unrestricted model(model with drift term)

deedandan R S sufisusuead@ndnsuenuosny ¥ Tnodl degree of
freedom WY nr winfa@anA s idnniim e ¢ weashyliyuvesuy
100932 TilA A0 I cointegrating vector ud 9315109 0g lugruuves drift term

& & - Y o Yo o . . e

Weniugluuvvesiyuiaofiaz ldud 19 muanm 131U cointegrating vector @4
UANMAY rank () ¥09 TU matrix 1auld likelihood ratio test Usznoudae eigenvalue trace

. u . . A =y o o 1] dy
statistic'(A, ) UAY maximal eigenvalue statistic” (A__ ) diiasmsdnnudso 11

n A
Ao (1) ==T 2 In| 1-2, (4.45)
i=r+i
A
Ao (rr+1)=-Tln 1-X, 4, (4.46)
Tﬂﬂﬁ T = the number of usable observations

r = rankof TC
n = number of variables

3’>
Ii

the estimated value of characteristic roots {(eigenvalues) obtained

from the estimated 7U matrix

FBN1598A trace statistic 3TFUAUMNMTIIMIMATOUAVYRTIUNED (H) TnonlTou

Woum lme Afuald NI Critical Value 130l 1fSaufovs) Statistics Tum1314

: Eigenvalue Trace Statistic = Trace Statistic = Trace Test

? Maximal Eigenvalue Statistic = Max. Statistic = Max. Test
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]
F o

distribution of A and A, ___statistics (Enders, 1995) herfifinuaa Idinnnidieefies H,
' ) ’ 8
TaoSunn Hy: r=0 uaz H,:r> 0 filfias 1, dnisdind r luswwiigiunsaa 1

] ' 3
[For) aunseisoenil H, dnyaiznsfiaundgiunaas lddmng

maeh 4.1 uﬂmmiﬂﬂﬁauﬁuuﬁgmmimﬁmiu Cointegrating Vectors

Eigenvalue Trace Statistic Maximal Eigenvalue Statistic
Hypothesis Testing Hypothesis Testing
H, H, H, H,
=0 re 0- r=0 r=1
r<1 r21 r<1 r=2
r<2 ) r<2 r=3
r<3 r= 3 r<3 r=4

11 : Walter Enders, 1995.

fivr ﬁ"lﬁ’ﬁﬁﬂému cointegrating vector Tasensofinnssnla 3 nsdl Ae

- 736l Full Rank 430 r = n Adnumziy VAR luszduduals@idly stationary
(Clarida and Taylor, 1997) na1afie @ausnnilu X, suiidnuaisdiu stationary (X, ~1(0))

- A3t r=0 92189 aumsiamaseiuithy VAR in first difference Sosuls i
imadou li cointegrated 1} (there exists no linear combination of the elements of X, that is
stationary)

- A58 0 < r < n UARINTUIU cointegrating vectors WO ¢ (Enders, 1995) uag
(Haug et al, 1999) 1i{aN31091$117% cointegration relations NHMHIFY r (311494 common
trends I 1) 151A9LNSW$14IU common stochastic trends MRAWAITY n-r IFUFU (Wolters,
1998) 1iaz(Clarida and Taylor, 1997)
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1N 3 715 normalized cointegrating vector(s) 410 speed of adjustment coefficients
MN311 normalized cointegrating vector(s) L{@% speed of adjustment coefficients ellfy

B une o Weeandesfiugiuuaunisidosns Taof
Tc = a!}’ (4.47)
4 Yo o o g 5
Tash T lefupduuuiizues T 9dugiduund 4

ﬂr
04

the (n x r) matrix of cointegrating parameters

the (n x r) matrix of speed of adjustment parameters in AXt

' sy v & A A Y o A . s =
WIAA rank N 14910 TUH 2 UM 1 <r < n WWADIWINTUUADN cointegrating vector N

9
2 Y 4

(UNEAUADUNING normalized VINUUTINATIUANUYNABIVBIAUMINAITITTAANLAL
A o o e a A 1 22 A . '
nTInIEvesTulszansasswunguivie i nadeuTae ¥’ drelin degree of freedom i1

o/ o

fudwadesidalunsnaaey TnsSunageuvinmasiineuudtmaaeudulssdnives
o A:l ar . D = ey o’ 19 1
dualsdug auAsuYNA? 1Ay cointegrating vectors dsiigaautia lunisdfumdeyaiidiy
< d ' . L
non-stationary process 1#ilu stationary process lﬁ‘ﬂﬂgiu; UUUYD4 linear combination B' X,
~1(0) ; X, ~ 1 (1) (Charemza and Deadman, 1992) usilunsainall d1 X ~ 1 (d) uag X,
cointegrated of order d Lta% b (X, ~ CI (d, b)) 924 linear combination yosmuls Amld BIXt ~

I (d-b) Taef d>b>01ile B A8 cointegrating vector
a = oA T ar 9 as J
W1M3 normalized Taaauuail lag length (NN 1 40 rank =1 ﬂz"lﬂgﬂtmumu

AX, =T X+ X  +.+T X+, (4.48)

It—1 12 2t—1 n -1

8191775 normalized Taofnilsdedaunls X, o¢'léHh

E

o, =T, uag B = (4.49)

4
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AX,, = a (xl ooy HBaX g Fe B X )+ € (4.50)
& &
acuy X +p X +.+p X =0 f0 long-run relationship
-1 1261 1™ nt—
B = Blz Bl ) fi9 cointegrating vector
n

o, Ao speed of adjustment coefficient

annudalumsiiuda nie speed of adjustment coefficient ‘qu ﬁﬁ‘lﬂgji LU 0 ag
-2 (Maddala and In-Moo, 1998) #ATiM3ANY WL 1ABUNTHAIUNAAYOY Federal Reserve
Bank of ST. Louis L%'"El\‘l A Vector Error-Correction Forecasting Model of the U.S. Economy & .
MM Tauonde33 Joahansen Methodology WUAIWAUDIAT speed of adjustment S
eflushaefindrn Teowednhulimnaniinnni 2 wasnsdninuheunsodu

AiinnAdgud & (Hoffman and Rasche, 1997)

U 4 AsvdRUAVMS
915941 error correction model Tau1¥35 causality tests Lmﬂﬁ’mcvgwammﬁiyg eneras
dutsladludualsan fualsladludunlsdase dsglunnuosaums emor correction

model MNTUNTTN (4.15), (4.16), (4.20), (4.23) uaz (4.25) fio

P—1
AX, =TtX_ + LTLAX, _ +¢, 4.51)
i=l
£ % pP—l ‘
AX, =T X _ + LTAX +e, (4.52)
i=1
B—1
AX, = A +TX,_ + LTLAX,  +¢, (4.53)
i=l1
k% k% Pzl
AX, =A +T X, + LTAX,_ +¢, (4.54)

i=l

Pl
AX, =A +AT+TX _ + ZTAX +€, (4.55)

i=1
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‘ﬁ"l—!‘?'l 5 ‘Vlﬂﬂﬂﬂﬂil']ﬂﬁ'iﬁ'l‘iﬂ1ﬂﬂﬁﬂ§‘l] 1WYBIVVT 1D

YMM3  simulation unufnamsmswaﬁﬂummmmmiumiﬂ%ﬁw‘umtmm"mm
1agH9I584191NA1 root mean squared error, mean absolute error, mean absolute percentage error
uazan theil’s inequality coefficient 5&30‘1]‘5 LNDUAIY bias proportion, variance proportion U@

. . [ o o o . . ar J
covariance proportion Tﬂauqﬁﬂumsmmm (Iﬁmnsnmmgﬂ Eviews,1994-1998) a9U

: 1  sthia
root mean squared error —2Z\V-y,
h+11t=s

1 s-+h

A
Zyt—yt
h+1 t=s

mean absolute error

N

1 Si_? Y:-yt

mean absolute percentage error =

h+1 t=s Y, ‘

Theil’s inequality coefficient =

N

—”z"(;:, ] \/——z(

h+1 1=

bias proportion = N !
S

S, -8,

variance proportion = Ay
2 (yt - )2 / h

2(1-1)s S,

covariance proportion = A L
-]




60

. A
~Ieefi Y = forecasted value
y = actual value
N A
Y = meansof ¥
Y = meansof y
A
SA = standard deviations of ¥
y
S, = standard deviations of y

N
correlation between ¥ and y

-
Il

&£
%4 forecast sample is t=S§, §+1,..., S+h



