Unit 4
= Ll =
FAEUIENSHAN

fifeninau3soiliia ﬂﬂsmaﬂ‘Iumiﬂsummﬂnmumam:ﬁmﬁmwmﬂﬂuaq
tizmea nelumamsasyu w{’]umuwuwﬂmmmmaammgﬂwwmﬂ flsznevluEas
MARINAA UTIU UATIEAUTIAT NIansySing nAigUIR manisasesnuaziiun uas
mMAMIRY ﬁ’qguummqﬂ1‘3ﬁmu1‘1usmm"1amzﬁmgﬁﬂmmﬂ‘lufhwhaq Jeanandeq
uaziffu T lusiamadeaiu aﬂmmzﬂuﬁm‘hf%’aufmmﬁswnﬂwzﬂumemaauﬂmnm
(time series data) qmmuﬂsmmuuuﬂﬂ:mnym., non-stationary na13fa ﬂ‘lmﬁﬂ (mean) uay
A Ilsilsay (variances) ﬂznm'lmﬁammﬂaﬂuuﬂm'lﬂmummam ildawduiug
sevindulsvesaumsiinuduiut e (spurious regression) veduna &0 e 153
UVNBEIOMW M estatistic whidhunsusaussiidiusmsgn wagdr ®? fige luvazdian
Durbin-Watson (DW) statistic as‘luiwﬁnmuﬁﬂa‘lm‘numﬂmmamﬁwuﬁﬂumﬂus:ﬂnm
wﬂumﬁmn‘nﬂwﬂaum"lé"lumuﬁsy%mﬁm (Enders, 1995) uay (Johnston and DiNardo
1997)

’i‘%ﬁﬂzﬁ'ﬂﬂﬁﬁn%’agaﬁﬁ ezt non-stationary i 185unawilsumsvaty de 53
cointegration A error correction mechanism (530337 MY, 2538) iﬁewmri‘.lum?mﬁa'lu
My AR wduiiSgaon mezezam (cointegrating relationship) 3dana13fiduany
Tunsdnudade lalii

L waaoundwdly  stationarity mmﬁquﬂsﬁmmﬁmﬁﬁﬂyﬂﬂfﬁ%‘ ADF

(Augmented Dickey-Fuller Test)
2. thiulsiivnmagenTans ADF uda wiinsangasnwlussezen an
UWINNYDY Johansen fiD
(@) fvsaneauavesdinls(lag length) IA¢3% LR (likelihood ratio test)
denguvunuyinesfimnz ey
(2) dmssndmay cointegrating vectors 1A833 maximal eigenvalue statistic

(A ni03% eigenvalue trace statistic Ao
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(3) dewmrwuiswesdianuduius luszezornds 195515989 error

9
correction mechanism (ECM) infuzsmanuaizmsysudl lussesdu

] ¥
vini IdnandasedsnAinsdnndav delalesfunsirauetuaounisgnun

[ ] 1 1 = né 2 a o ar ] ﬁay
Tudauaisq edunzBon Felidwuaaae lali
4,1 Unit Root Test

AISNATOU Unit Root Aeiumenusnlumssnmimalass cointegration and error
correction mechanism ﬂi‘?uﬂau'ﬁymﬂuﬂ1'5mﬁanéi"mﬂwNsﬁmgﬁ%ﬁ'wq fos 1 lumnns
Lﬁagmms‘flu stationary [I (0); integrated of order 0] VR non-stationary {I (d); d > 0, integrated
of order d) nsdnAulngfirmiizileunsnaaey unit root ftauelny David Dickey
uaz Wayne Fuller (Pindyck and Rubinfeld, 1998) é&i’ﬁ’nﬁuﬁ‘lu%maa Dickey-Fuller fest
aunsoauisesn i@y 2 55 de

1) Dickey-Fauller Test (DF) nmsnageudausiinden'na lawsrsnaiisnyas

41 autoregressive model Tnuausaifsugilunvesaans ideendy 3 junde

X, =pX,_ +e, 4.1
X, =a,+pX,_ +eg, 4.2)
X:&ao+azt+pX:—1+€: (4.3)

Tnei X, fedautlsis whnsfing o, p ferasi ¢ fe uuaTdun uos ¢, Aods

sy msusnuswinlndfimfoususosiudasvaefi (independent and  identical
distribution) Taufisunfaindu o wazdwanuals saund Asuunudsdadnuel ¢ ~ id
(0,0¢%

aumsusnwiiuaumsiuaasis nsdigUivesiausls i bidened vasitawns
ﬁﬂmmﬂugﬂnmmmﬁnmsﬁﬂﬂngﬁhﬂaﬁ wozauMsgamonaasisgthmuvesaunisiil
W faned uag wa T

Tunianaceudl x, Tdnvuzily stationary process (X, ~1(0) nie'l msnageu
Taon mnﬂmﬁnn1sfi"m1ugﬂunu1ﬁagi‘lugﬂwa first differencing (AX) 'ld et
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AX, =X, - X, =yX,_ +¢ 4.9
AX =X, - X _=a,+yX,,+&, (4.5)
AX, =X, - X, =a,+a+7X,, +¢, (4.6)

Taii v=(p—1)

. A ad b A
2) Augmented Dickey-Fuller Test (ADF) [MINAT0Y unit root 80TEHTTaRN@U
& an ' o as oo . .
11910 DF Test 1119991035 DF Wiaunsamhmsnaaeudauils Iunssifisly seral correlation

T { i o QF o o é n'
tufi error term (8) WidRMBTAIMANRUT A e TusERuge F99elinaily lageed change

P J
[Z A0 X,_J} sl lumumsmsdmnite 0185
=

P
AX, =X, - X _ =y X _ +2 A,AX _, +¢, 4.7)
j=
P
AX, =X, - X _=a,+yX_ +> A AX, +e¢, (4.8)
7=1

P
AX,=X,—X,_1=a0+a2t+yX,,1+Z;1}.AX,_J.+3, (4.9)

J=1

B ; AR 4 e '
notius i i $1mau Tagged term (p) AuBGTURIMIMINE ARVB Az

-3

W (Pindyck and Rubinfeld, 1998) 11%'ﬂmmsﬂ1??&0ud‘:%‘lﬂﬂmﬁ’q‘lﬁnﬁﬁﬂmm
autocorrelation TUHFIUVY error term (ﬁ!‘ﬂlf’ WINMRY, 2540)
Tﬂﬂ‘luﬂﬁ‘lﬂﬂﬁﬂﬂﬂnnﬁﬂ?u’%ﬁ? Dickey-Fuller test 4a23% Augmented Dickey-Fuller
test naaeuIWsisanls (%) il unit root vie munsaResaiduing: Y
¥ ey 0 uaner X, 1l unit root Founsadvumsdgnlumsnecey 8
H, : Y=0
;S lyl<1
nadeunuuAg I TaonfSouious tsutisic Amurel@fudiluasg Dickey-
Fuller tables (eras Tumianiasuan a.) $391 -statistic ﬁﬂzfim1ﬁ1mmﬂaammuﬁ§m°luuﬁ
n:gﬂxmmfmsﬁ'mﬁ?'lﬂnﬂ?amﬁanﬁ'nms*n Dickey-Fuller tables $isafit nanfielss ©
tugalinnmesaunts#t 4.4) uas 4.7) Ty Iuplsmvesaunsit (4.5) oz (4.8) oz Ty lu
unmesounsfi @.6) uay (4.9) dannsedfasaudgnld uaashdusivun

Ao Integrated of order 0wy l4dau X, ~ 1 (0) #resmsmanounsdif v sy dr
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torm wFos A Iunat nie waaey Y Taufy drift term sasuuaiuna luvusifion
fu aunsanaaeuTaslde F-sutstic Fuili joint hypothesis (D, @, uas D) duads
naveuiimsafioufoufun Dickey-Fuller Tables (Enders, 1995) $alunisnaaevasniss
(4.5) oz (4.8) waneumol¥mmAgi ¥ =ay=0 14 O, sutistic

vazfioun1sii 4.6) uox (49) wameumoldaunAgm ay= y=0p=0 1§ O,
statistic dmiunivareumaldmmign = =0 1 ®,sansic Tunsnaney Faeh

¥
aoadnanm et uldasil

_ (N—K)(SSRg —SSRyz )

| (SSRyz )
Tasdl S8Ry =  thesum of square of residuals from the restricted model
S8Ry =  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

ﬂiﬁi’iﬂnﬂﬁnﬁﬂﬂuﬁuuﬁg‘mm'51 X, 3 unit root Thusmzdenih AX,
differencing Ui¥oee) suannsolfiarasnRg it X, 1§ non-stationary process ‘I tite
NI order of integration (d) T luszAvln (X, ~1(d); d> 0)

dminwudideyndsnaradiu non-stationary process tazlisufuaIIAIR IR WE
30 (order of integration) FAR1 0 MATEYN X~ 1 (@) n3oli sxshimsnaasuaugiuuy
aumsdede'laii Glyd e?;"aa'"nmws, 2540)

P
A™MX =q tat+ p-1 A°X,_ + ?: AAX,_ +g (410)

AT ENEI AN VAT d (order of integration) HBAUTIRERBTIMS differencing 3
uils Ay d+1 ﬁ‘i‘l) ANIATTUVIUMIVEY Box-Jenkin’s method (1970) foufteztigunlsss
AONINWING regression ﬁ‘iﬂﬁ‘ﬂ'mﬁaqﬂﬂgm spurious regression 18 TEHee 8T R W0y
Wiuetunsnay mim‘:ﬂszv’hﬁ'andinzﬁﬂﬁamw’immﬁ‘lﬁv1nms1hzmmmm’x’mgn‘lu
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dnvesnmliudivesdunlsdieg medhgaasnwszezen Guasse ‘o3, 2535) uag
(Hataiseree, 1996)
¥

wdsn iy il 1987 Robert F. Engle uaz Clive W. J. Granger 'I§iaueumaimma

a : . : : S L&

IFINITT09 Comtegration and Error Correction: Representation, Estimation and Testing %4

Cointegration and Error Correction fHunsygiiuvalminlfsudoyasunsuaniiumsm

& 19 ] o - . = S =@
qronszezensndeyn Taolideadmunismi differencing TwaIBvALE S SN TR0

navludiuge
4.2 Cointegration and Error Correction Mechanism

ﬂ"jgmﬂuf':ﬁ‘lummmmﬂﬁwﬁauﬂsdnq Frin i Miarmduiusluszesoraaui
sy Blunquiinfelii woswuineliog 2 SFioniflunmecevdunls & Sues
Johansen and Juselius (1990) lmzfj%'l‘wo-step Approach 984 Engle-Granger (1987)

nﬁmﬁauanﬂn1mzﬂzﬂn1fu 3589 Johansen-Juselius taz35veq Engle-Granger §i
WA LRLAnRE 1Y NE1ABAINNTEYINNIIVUBY Engle-Granger wihminegeugay
ATHIZOZO1ININAY error term 91 statiomary w5l wmsfinmansuves Johansen
methodology 9¢HU152190A1 rank wes 7T (@nﬁmﬁn‘luifuﬁ 2 msdlszanauusiaswazm
$19U Cointegrating Vectors) 1013135015989 Engle-Granger suiludifioy ugdedinou'l)
munzanunsdinsaulsuinndt 2 ﬁmﬂsﬁu'lﬂ (GU1en, 1996) A

3TVee Engle-Granger szhmisszyidanys ladiudamlsans unzdanlylniluga
uilsSase Seliannsauans multiple cointegrating vector 18 nsfifigimvesarmdiniug
AN 1 3w

33733 Johansen 9t 'liszaydr danlsladiudanlsdasy wiedanls ladhudaualsans
mRdrsesrnareyhdulsladiudunlssass dunlsladhudaunlsanives Granger

L4
suisiivisanldaeandeiunguiiuasudnnsmansusmand

ar 3 PP/ . P ¥ -
AniuITeiivuien1¥i3veq Johansen and Juselius (1990) Fallfugumsdins e
VU UHuLUBe vector autoregressive (VAR) model smz;ﬂuﬂszmumsmmu cointegration
i g o é 3 ar H
niidunlsvated (Wolter, 1998) lunsnaneumeasnmszezenFiiVuneunsgnugei

Uil 1 NAAOU order of integration HAZAIWITIVE lag ¥93AUl5
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BUAUNINNINATOUIN Order of Integration wasdWUsnadmazmInwuNAulsue
az#all order of integration A9 Johansen vz hizanFA N 380y TIvRmg
NATBLMIATINETIVGY lag vasfautls il 3 SEATleminnfinen BuR AIC: Akaike
Information Criterion (Johnston and Dinardo, 1997) LR: LiI_celihood Ratio Test A% SBC:

‘ _ ,
Schwartz Bayesian Criterion (Enders, 1995) autsosiuis aasas i

AIC =Tlog|g|+ 2N @.11)
LR= T-c log[T ,|-log]s | @)
SBC =T'log[%|+ N log(I") @.13)
Tasl T = number of observations
c = pumber of parameters in the unrestricted system
|Z l = determinant of variance/covariance matrices of the residuals
IE | = determinant of variance/covariance matrices of the restricted
system
Zu = determinant of variance/covariance matrices of the unrestricted
system
N = total number of parameters estimated in all equations

naaey mmAgunsn laefvuasiou lagged term iy r unsdlfiidesita
< @ g & o L T
Vairh u AU lageed term Mannafiihulld @Feuegiudavasunzszeznaves
¥

deyonnenidloudozFu) udalfnsusausuniy Chisquare () nadeTAIUAF I
o L. < o ar -y ¥ ot '] o o Jﬂ'
YU Iagged term WAL 1 Taslisnnuszaua mdiudasy shdusnoudinlssinimdy
dos11iA (coofficient restrictions) #1717 % wdnna iddesninsduniodiy uaasd senfu
aundgmundn nieiminansulaeld Feest undavaumsioz l@nansneaousuiie
nunsvadeu Tael¥ Chi-square uiu tazmnwuhdunlsaunsald lagged term lavan

snnumsdenlfmeniioniige  ehslsfamsnisdilefssdunuiudassdis o
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ViU lageed term  nnswiunuiuiiusein gadessdunaniiudasy
(Enders, 1995) d4mDDY critical value Yhidn1sseusuvSelfesanndgndiaiionty da
nsﬁfmnﬁﬁgﬁuﬁ’mﬂﬂiurﬁﬁm szilitd1 ¢ = np + 1 + dummy variables ndAe Tuudas
aumsezdl Parameters anuaAY $1au lagged term (p) VO9A)5(n) SI0AY Aned 1oz
CRIGIETAT

8619 15ARRINENIVEY lag length nfdouuslneld 5uag§ﬁ'nmmmmmn tifesnin
MY PaRR MY lag length mﬁmzﬁwaﬂszwudanﬂ?mnmwmﬁ'suﬂf@aq
@Rrunnmiemanenn  dusfeanneay wialumandusualisunnmiesmneay

4 & 1 1] oy ar
Ahunsesnaneuan) FLAIRAABA T O ETUNIA WV ANNITNQUYMIUATHSA TR

Yuf 2 Yszanawusiaswazm$ U cointegrating vector

1 4
=

o é = ar
afregduvuvesuunsmesFemuofivsandiflu s guuy dedl

1 ¥ ]
guluui 1 VAR Model hiftlsngaisa nefinaziua Tduna

P
X, =Y AX,  +¢ (4.14)
i=1
o 2 &
Axlu AX, =TT X, + ) T,AX,  +e¢, (4.15)
=1

& ' o A
Fafinr T, T dsd

1

P
T=24-1 4.21)
i=1 .
4
JZ'i £ _Z 4, (4.22)
=i+l
Taod X, = the (nx 1) vectors of variables (x,, Kypy e s Xy} !
' A = the (n X n) matrix of parameters
I = the (n x n) identity matrix
€ = the (n x 1) vectors of error term with multivariate white noise

aluwuii 2 VAR Model 1iifi i Trfaaar udsifaninsit 1 comtegrating

vector

7 * % £l
AX, =T X <+ T,AX, +e¢, (4.16)
i=t

t—1
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in aﬂl

. d,
Taof el o (4.17)

NN
3y S8

ﬂ'nl ﬂnZ i ﬂ-m aOn

*

Xt--l = Xypeps Xopepooees Xppegs 1 (4.18)

FUuuu# 3 VAR Model fitnnzaingd

P
X, =4+ 4 X, +¢ (4.19)
i=1
o & £
Aarfu AX = A + XX, + X TAX, e, (420
. I=1
Tﬂtl"?'i A, = the (nx 1) vectors of constants (a,,, a,,,..., aon)'

: ] ‘l o - .
Fuluvil 4 VAR Modet fisnsitazdriaunn a1y cointegrating vector

%%

* % p_l
AX,,=A0+7Z X + Y RWAX,  +e& 423)
i=l1

-1

ﬂ.ll ﬂ.lz e 7z—1n z(01.
/4

A .2t ﬂzz 7Z-2n o
Taeéh T = (4.24)

., T, .. T, t,

L 4

ok r
X al C TS SRS SR 4
T = 123..0

FUuvuAl 5 VAR Modet tlszneulfan dwneit uaz wn T (Cointegration with

unrestricted intercepts and unrestricted trends in the VAR)
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_ gl
AX, =AO+AIT+747)(I_1 +t_z=:172',.AX,_i +g (425

Tagh Ay = the (n x 1) vectors of time trend coefficient (t,,t,,,. ...t ) !

o ¥
INUUINIMITANUINHIA characteristic roots U 7T Matrix (A ij ) V931U 128914

¥ * - lﬂ' - * k
5 vy (asdigduuud 2 fe T waznsdigglouudl 4 fe 7T ) aunsamnldern
{70 — L1| = 0 (Johnston and DiNardo, 1997) %38

A8, ~ 81080 Sys| = 0 (4.26)

Yzh Seor Sorr 100 Sy fis product moment metrics of the residuals 188

S, =me— ; Vij=0,1 (4.27)

-1
R, AB residuals nmsthyzainanunts 4 X, = pz TTAX,  +R
bl B Y
i=1

& . o -1
R, fie residuals Mamsilssinaianns i T AX, +R,
i=1

udaimisnaaeudwundassndsziizunnlalasnsdivesnisnaceuimuy
o = . - — . . q’/‘ o 3 -
11099928 drift term #583A RN 1Y cointegrating vector WuINIsNATeY TAoA auuagU

wan (Hy) Iuundrnedininsily cointegrating vector H&IRITRUIMAVIAMATA

- T zn:[ln(l—l:)—(lwli)] (428)

i=r+1
) tlﬁ T =  number of observations
n =  pumber of variables
r = rankof TU
3: = characteristic roots of restricted model {model with intercept term

in the cointegrating vector)




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

rY

Wasuenusamwy ¢ Taolszduamniubasssidy nr minsaddisnonld
nnndluase F wreshipluuuvewwudneses bifiamefity cointoprating vector 14
vz Unngeglugiunves drift term

& e o f q. e o > . &

dienwgluuyveumuinesiesSuda Iddnnumé oy cointegrating vector 39
JA NN rank (® 499 T mawix 1nel¥ likelihood ratio test Usznoudag eigenvalue trace

A . . N . & o a1 H
stausticl( ltm& ) U8 maximal cigenvalue statlstlcz( Kmax ) ¥R UAde Tl

n N
A, ()=-T zln(l-—xi) (4.29)
i=r+1
h~Aens)
7\.]““ (r,r+1)~— —Thnyi~A 4+ {4.30)
Tewit T = the number of usable observations
T = rapkof TU
n = number of variables

>
It

the estimated value of characteristic roots (eigenvalues) obtained

from the estimated 70 matrix

TEMIVRN frace statistic SzFuAUIAMIBIIMINATEVULATIUNER (H,) Tnvafse)

Heruan A, Anald Junnnd critical value 3ol nfSoufoust statistics Tuasg
distribution of A and A _ statistics (Enders, 1995) dreiidvan linnaifezalfias H,
max trace
= - - = 1 = a’z.
lruSunn Hy:r=0 uaz H,:r> 0 dwlfios 1, Shersiiu o TuauuAgnisay 1 N

2 ] -4
3ot Wwnszvivseniu E, amsusmsAsauuAgunaas 1fdwne

' Eigenvalue Trace Statistic = Trace Statistic = Trace Test

2 - . . . -
Maximal Eigenvalue Statistic = Max. Statistic = Max. Test
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- 9 4.1 taam IaEB UasR§ 4R 1INIS1UIU Cointegrating Vectors

Eigenvalue Trace Statistic Maximal Eigenvalue Statistic
Hypothesis Testing Hypothesis Testing
H, H, H, H,
=0 r>90 =0 r=1
r<1 r>1 r=1 r=2
r<2 r> 2 r=2 r=3
r<3 r>3 =3 r=4

#11: (Walter Enders, 1995)

db U y [ . [l {
%981 ¢ 1 187A89 119U cointegrating vector Taefiosan'ld 2 nsdl fe nsdld = 0 oz

[ W ]
1837 aumsidwmageiudly VAR in first difference Asdudsmibwmaaeu la

cointegrated 134 (there exists no linear combination of the elements of X, that is stationary) Uiz

N5 0 <r < n yaRINI§IIU cointegrating vectors 1A r (Enders, 1995) tlag (Haug et al,

1999) 1331131819 cointegration relations FAURIAY r ($1UIYU common trends FIF

1) 157095NI WS 1UIU common stochastic trends INTAUFINY n-r HUSu {(Wolters, 1998) uay

(Clarida and Taylor, 1997)

4uN 3 911913 noomalized cointegrating vector(s) L8 speed of adjustment coefficients

1019 normalized cointegrating vector(s) U8 speed of adjustment coefficients 195U

B uaz o Waeandestugthuuuaumsiidesns Tagd

T=ofp’

Tagh iy = the {n x r) matrix of cointegrating parameters

2
[

(4.31)

the (n x r) matrix of speed of adjustment parameters in AXt
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T v * %
(Msdigtluuui 2 8o T* yaznsdipdunma@s T )

¥ 1 2
nliulananeungnasIvesann1Id1a3seriinnafinasaiosnangves
as L ! [ 2 £ A a ﬂ P Yo g
dunlszinsassmunguijuield naasulae * dadia sedusaaniiudasy shvudwou
2 i ¥ o P 4\( g
dediialunismamey  MiSumaasusndndineunditmaneny  Fulszdnivesdamls
H 73 =1 s -’ L A
ou aunsuRAI TAg coimtegrating vectors sxfiaautialunmslfusifoyaiilu non-
stationary process It stationary process 14 Lﬁﬂagj‘lugﬂammaa linear combination B'X, ~ 1
(0) ; X, ~ 1 (1) (Charemza and Deadman, 1992) udtlunsaivall &1 X ~ 1 (@) uaz X
cointegrated of order d 482 b (X, ~ CI (4, b)) 923 linear combination ¥8a@d s Avhld B')Q ~1

(d-b) Tae® d=b > 0 1ile B #i® cointegrating vector
o . ooy oA T oo ¥ ar :
TIN5 normalized TataamEIW lag length AU 1 yay rank =1 93 1A7lunudedl
AXy =Ty Xy g F Typ Xy +oo o+ TnXn— TE (4.32)

4111115 normalized Taufifedadauals X w'ld5
yis
(11 = TI.'.“!.LﬂS‘, Blj = (4.33)

Axy =0l (X +B12X2t—'1 +o ot BaXu—) + &y (4.34)
ﬂxﬁ’u Xlt"‘l +BuX2t_1 "{'". . .+B1ant_1= G ﬁﬂ long-nm relationship
B=1 B, ... B, 0 cointegrating vector

o, fe speed of adjustment coefficient

e lunst3uda wSe speed of adjustment coefficient a1 NAtegszHIN 0 uay
-2 (Maddala and In-Moo, 1998) uﬁﬁmiﬁnmsmm‘ham;ﬁwgﬁmmmﬂ‘um Federal Reserve
Bank of ST. Louis I?EN A Vector Error-Correction Forecasting Model of the U.S. Economy 14
WA Taue 19838 Joahansen Methodology WU IWAYBIA speed of adjustment 111414
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] ¥ T
elusasdsiinaan Teoundaniudiddaauiinand 2 uesundaufiwudraunsadiy

?i‘lﬁMﬂﬂ’;l"lﬁuﬁﬁ (Hoffman and Rasche, 1997)

it 4 arreaeumun

#9151 error correction model Tae1$3% causality tests uaz Ifmanamassugenans
dunlsladudunlsaw daunlsladudunlstass Sopduuuvesaums emor comection
model VINAUNTT (4.15), (4.16), (4.20), (4.23) 1102 (4.25) Ao

p-1
AX, =TT X, + Y W AX, , +e, (4.35)
i=1
* __4 21
AX, =T X + 3 T,AX,_; +¢, (4.36)
-1 i=1 -
AX, =4 +T X, + YT AX,_ +e, (4.37)
=1
X Kw I
AX,=A0+.7Z X+ Y TAX, | +e¢, (4.38)
t-1 i=l

p-1
AX, = A+ AIT +TX,  + ;_1 TAX,  +¢e (439

Fuft 5 nsnaaeuawensalunseFuevewmusians Taemseii simulation
Tuldsunsy Bviews udvinsmuazmisndanlflunsmaasuniwannselumsesig
éﬂﬁuﬂ' Toot mean squared error, mean absolute error, mean absolute percentage error, Theil’s
inequality coefficient §aﬂsznané’aa bias proportion, variance proportion 8% covariance

., & a o 4
proportion 4411 gas IunIyAMINAL

1 stha
Root Mean Squared Error = - Z()’ p —¥t)
h+1 =3
1 stAa
Mean Absolute Error = T i]y 1TV
h+1 =5




Mean Absolute Percentage Error

Theil’s Inequality Coefficient

Bias Proportion

Variance Proportion

Covariance Proportion

Tao#

o2 e >

=l

1 s+ y!—yt

I sth A 5
—*Z(y, —=¥,)

i s+h/\2
— 2 )+

(yv—=17)

A 2 /
Z(J’r“ Ye) /h

2
(S/\ _Sy)
Y

Z(y,— y:)zf.f/h

Z(I_F)SASy
Y

A /
E()’t_ )’t)z/h

forecasted value

actual value
FaN
means of y
means of v
FaS
standard deviations of y
standard deviations of y
AN

correlation between y and y

£ o A A Wy o 4
FedannonsallSaniun c Aad t=S,S+1 ..., S+h



