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X =piy + & 3.1)
Xt =CUO +pX1‘—I + & (3.2)
Xi=oy+a,t+pXe | +& (3.3

Taoh X, = funlsfismiinisany

o, O, P = A
J
t = uuy unm
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P
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& g 1 ¥ n’: o :53 t o r
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H, : Y=0
H Ivl<1
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$rdpemInaaeunsdiii Y 3w drift term %309uRY time trend coefficient W38
NATOU Y SIAY drift term UAY time trend coefficient TuvmSIALINU aansanadew laslda
F-statistic $9T11 joint hypothesis (D, @, uaz D) Auadanaaeuhmsoudisudy
#1 Dickey-Fuller tables Galumsnaaeudumsh (5) uaz (8) naeuneldsuuigmiih
Y=0tp=0 1214 D, statistic
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manasInaraunIafn laneil

_ ('N—-k)(SSRR —SSRyg )

CDi
r(SSRyg )
Tauft SSR, = the sum of square of residuals from the restricted model
SSR,; = the sum of square of residuals from the unrestricted model
N = fwumduna
k = i‘im’suwwﬁmaé’ﬁﬂswm"lﬁ’am the unrestricted model
r = T4 restrictions

v
SmsnadevauuAgiunudt X, T unit root WuADBIAY AX, WS differencing
4 = Yy A 5 . 4
TS suaunsodfasanudgiuidt X, 1 non-stationary process (WBNIIY order of

integration (d) ’J"I’E]g:lﬁlu’i%ﬁijnlﬂ [X, ~1(d); d> 0}
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AIC = Tlog|Z|+2N (3.10)
LR=(T—c)(log’2r‘—log‘zu‘) (3.11)
SBC = T log|Z|+ N log(T) (3.12)
Taofi T = $wumdaung
¢ = $muM w07 14 the unrestricted system
IZl = determinant of variance/covariance matrices of the residuals
Zr = determinant of variance/covariance matrices of the restricted
system
’Zu = determinant of variance/covariance matrices of the unrestricted
system
N = $moundwedflssnasiamatumims

]
= =t ar

nagevAVLATIUMan(E) Taofhmuniiiu lagged term Wiy r Tunsdlilided e
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Yun 2 MIUSTNIBUBVTIAONIASHITIUIY cointegrating vector T8 193UMUUYDS
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B 1 VAR model #ilitsingisniasinazuua Tunm

P
P=1 :
2 p-l
FIHU AXy =7IX, |+ AKXy + €, (3.13)
i=1
d’d ¥ o’ ndy
Taoniian 7T, 7T fail
i
I3
T = A4, —T
i=l
14
T = A,
i J
F=itl
X, = the (n x 1) vectors of variables (x,, X,,, . .. , xm)’
A = the (n x n) matrix of parameters
I = the {n x n) identity matrix
e = the (n x 1) vectors of error term with multivariate white noise

d' o 1= 3/ o o ¥ i . .
5N 2 VAR model 1 Tilinua et ugdriiaa1asnlu cointegrating vector

* ok p-l '
A.Xt =7 Xf—] + ﬂiAXf—i +8f (3.14)
' i=1
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7y Ty o 74, Oy
751 7[22 %n aOZ
Taoh 7T = :

71’:11 72‘:12 7z;m %ﬂ

*

X1 :(Xlt-—l’XZI—l"‘"Xnt—l’l)

JUuuUN 3 VAR model illimmizmasd

P
XL' =A0 + A;‘Xt—i +6't
i=1

¥ p—1
AU AXp =4y +7X, |+ TAX;;+¢,
i=1
Tauh A, = the (n x 1) vectors of constants (a,, a,,

(3.15)

/
ceeydy)

! ' i o_ ot 3 . .
3UBBBT 4 VAR model finnnsit uazsitauua Tduamlu cointegrating vector

p—1

*k k¥
AXy =4, +7T X, |+ T AXy; + &,

71;1 EZ mn tOI
S T 70y . 7, Iy
Tasd T =. .
7Z;11 77’:12 7Z;m t()n
X:_1: S STRR T CYNPETTTIP GO )

'=123,..,n

(3.16)
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Taof A = the (n x 1) vectors of time trend coefficient (t,), tpy,e -+, t,, )’

"2 Mn
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PNUURNITAIUIUNIM characteristic roots YBIT Matrix (A ij ) YOIUUUTIADI

= * ' ok
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f1150%1 1810 |
It —Arl=0
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lﬁsn — 810500 So1 ‘ =0

Yoz Soos Sopr Sier Sy o product moment metrics of the residuals Tag

T
RyR
t= P
SU = 3 v 1>J = 0’ 1
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R, f10 residuals INMTUsEMANMT X,y =  7T,AX,; + Ry,

i=]

udwhmsneaeuiwuuiiasindseziijduunla laensdivesmsnaaeunuuy
] o E4
$1009edl drift term W30TA AN 1Y cointegrating vector HuIMINAToU Tnsasaduufigiu

wan (H,) Mmuviasslininanlu cointegrating vector LEMIMIHANNAIADA

_r [m(—;tj)—@—/tf)]
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TeRi T = Swrumdang
n = Swudous
r = rankof 7T
ﬂ: = characteristic roots of restricted model {model with intercept term

in the cointegrating vector)

/1,- = characteristic roots of unrestricted model{model with drift term)

Tmsuonueanny ¢ Taviiszduanuihudase whfy nr minsadandnnld
wnamluatsie ¥ ueashgdupvvewundineses lulidnaniy cointegrating vector ug
2 Yangodtugluunved drift term

A o - 9 W 3 ¥ = o [ . .
dlonsnigiuuvvesuusiassivg Idudrduse lUfomafmanmisiuiu cointegrating
= 1 1 e . . . . [ ¥ .
vector FIUANNINY rank (r) V94 7T matrix Taele tikelihood ratio test U5z noUA eigenvalue
trace statistic (A race ) (Tﬂtl eigenvalue trace statistic = trace statistic = trace test ) 82 maximal
. L. . . . . .. & o
eigenvalue statistic { 7\,max ) Iﬂtl maximal mgenva]ue statistic = max. statistic = max. test ) 533

oSay [ a’ l ﬁay
SEasmumdde 1yl

n
;“:race(r):—T In I_Ai

i=r+l

A ax (r,r-!—l) =-Thh 1-4,4

Taoi T = $nnumdungiily
T = rankof 7T
n = $udunls
A = the estimated value of characteristic roots (eigenvalues) obtained

from the estimated 77 matrix
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53015904 trace statistic LFUALINMTIIMINADUANURIWMED (H,)
Hy:r=0
war H:r>0
TavnlSoudions A fismanld Fumadfluaian distibution of A and
A sutisticsTmnndiAringanse i Senisnnldunnniiiedfios B, dwfes |,
At « “1uﬁun§gmﬂ%¥mx 1 TiSeu sunssviavousu H,
391437 max statistic suszvimsnageTauduen
Hy:r=0
uey H:r=1
dfiers 1, Ausasi r = 1 wazdhnsnageude 11 laeld
Hy:r=1
noay Hy:r=2
TWiSeo sundsnuh higwnsolfes 1,14 ﬁ’ﬂymxms@‘?\mwﬁyuuﬂﬂﬂﬁ’ﬁa

A5 3.4

A15197 3.4 mimﬁrammuﬁgmmﬁmﬁmm cointegrating vectors

eigenvalue trace statistic maximal eigenvalue statistic
hypothesis testing hypothesis testing

Hy , H, H,
r=0 r>0 r=0 r=1
r<1 r>1 r=1 r=2
r<2 r>2 r=2 r=3
r<3 r>3 r=3 r=4

U7 : Walter Enders,1995

24 Al YL o . . = o =] o1 el
Fem r N IANHBIUIY cointegrating vector TaoRasanld 2 nadt Ao n3difi r=0 92
] L4 H
189 qumsiiumameuiiudiu VAR Tugil first difference Andailsihumasoy il

@ e o as = t o . . 1w
ANuFUAUTIZEZYINY waznIdl 0 <r <n HEAIITNDIUIU colntegrating vectors V110U r
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(Enders, 1995) 1oM510719149U cointegration relations MNTAUNINY r (31U common trends
1 ar o o . ] ' t ar
WNU r) NIENITIVITHIU common stochastic trends ’J1ﬁﬂ‘lm’lﬂ‘]_! n-r
o e o : . . . .
VHN 3 ¥11N15 normalized cointegrating vector(s) L0% speed of adjustment coefficients

I . 4 ar ar 3 o -
1061935 Ermor Correction Mechanism tWoU51 P usz o Maoandosduzduvuaumsa

¥ =
ABINS IAeh
T=apf
' * - : *¥
nsdigUuuh 2 e T waznydigluuui 4 e T

oot S
a

the (n x r) matrix of cointegrating parameters

il

the (n X r) matrix of speed of adjustment parameters in A,

2 1 [}
HAINHUIININATOUANUYNADIVBITUMINATISUMAINLAZIAS DININEVD

w = o ' & = o g ' w o
FulszAniasemungquinieli naaevlas ¥ dellszduanuiudase shirfudwaude

QQ"

Salumsmagey  WSunageunnnsinouudSamedey  dulszdnivesdaunlsdug
ﬂuﬂﬁﬂnﬂﬁ’é Tag cointegrating vectors ﬁmﬁﬂmﬁnﬁﬁiumsﬂ%’nﬁﬁ’fﬂu‘,aﬁaﬂu non-stationary
process Ty statjonary process & Lﬁ@ﬂéiugﬂuuwm linear combination BI X ~X0); X, ~
1) ualunsdisialyl 81X ~ Id) uag X, cointegrated of order d 118 b (X, ~ CI(d,b)) 3¢ lincar
combination U0 wKl5 ﬁﬁ’ﬂﬁ) B! X ~1 (d-b) Tﬂ&‘ﬁ dZb>0 Lfll'ﬂ B Ao cointegrating
vector

“i'l.;u;li 4 $579ADUAUNITNINTM error correction model 1au 14735 causality tests U

ar <3 o a o = 2
TRmauamassugeaas dwdsladudualsan dwdsladudunldass Fagduuvves

FAUNS error correction model INAUMTH (3.13) (3.14) (3.15) (3.16) uaz (3.17) Ao

p—1
A.Xt th_l + n-jAXt—l' +8r (3.18)
i=1
*  * p-l
AXt ij' Xt—l + EiAXf—i +5t (319)
i=1
p—1

AXt:AO_'_mt— + ﬂ-iAXt_i'l'gt (320)

i=1
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ko ok k p-l
AX;ZAO‘FE Xl'—]+ ﬂ;'AXt—f—*-gt

i=1

AXy =4, + AT +7TX, | + TAX—; + €,

(3.21)

(3.22)



