Multivariate Cointegration Johansen
(1988 1995) (Cointegration)
Trivariate Cointegration Johansen
(1991)  Gonzalo  Granger (1995)
(Causality) Granger Causality
2
1 (Inflation Rate) (Consumer Price Index: CPI)
2 (Exchange Rate)
(Direct Quote)
3 (Interest  Rate)



4, (Manufacturing Production Inclex: MPI)
) (Closing Price Stock Index)
4
London Brent Crude Oil Incex
DataStream
.. 2536 . 04T Cointegration
Granger Causality-
INDEX1
CPIL
FX,
INTS1 1
(Interhank lending rate 1 month)
INTL, 1
(Average Deposited rate 1year)
MPI1
OlL,

AINDEX, = [INDEXL INDEX]
ACPI,= [CPI, CPI_g

AFX, = [FXUFXL]

AINTS, =In[INTS, /INTS,_{
AINTL, = In[INTL, /INTL,_{
NMPI, = [MPI,/MPIZ]

AOIL, =\ [OIL, OIL,

20



Market

Thailand

Malaysia

Singapore

United Kingdom

United States of America

London Brent Crude Oil Index

Variables in levels

SET
CPI
FX
INTS
INTL
MPI
KLCI
CPI
FX
INTS
INTL
MPI
STSG
CPI
FX
INTS
INTL
MPI
FTSE100
CPI
FX
INTS
INTL
MPI
S&P500
CPI
INTS
INTL
MPI
OlL

Mean

6.389
4.506
3.526
1671
1103
4,556
6.679
4.461
1178
1507
1.669
4419
1441
4.560
0.484
0.683
0.232
4714
8.3%
4.560

-0459

1.686
1731
4.560
6.758
4,566
129
132
4.622
3.045

Median
6.304
4.568
3638
1.946
1.504
4,523
6.677
4.495
1335
1493
1609
4432
1.484
4,565
0.519
0.867
0.351
4,707
8.3%4
4570
-0.457
1749
1776
4.565
6.880
4,557
1622
1576
4,681
2.968

Maximum

1428
4,661
3.950
3.125
1812
5.009
1.162
4,588
1421
2402
2.332
4.840
1.857
4.609
0.614
1946
1250
4.957
8.844
4714
-0.348
2017
2.060
4.623
1.321
4.709
1914
1.966
4179
3881

Minimum
5352
4.246
3.203
0.223
-0.288
4221
5571
4.281
0.892
0.956

1.308
3875
6.718
4475
0.330
-0.580
-1410
4.387
1.942
4,394
-0.660
1.216
1.198
4.469
6.077
4416
0.086
0.010
4,372
2.352

yn

Std. Dev.
0.570
0.124
0.242
0.870
0.675
0.197
0.270
0.092
0.19
0461
0.301
0.245
0.187
0.033
0.086
0.651
0877
0.109
0.262
0.088
0.065
0.213
0.220
0.033
0.3%
0.084
0.589
0.541
0122
0311



(Developed market)

market)

3
(Cointegration)
Permanent and Transitory Driving Forces)
(Granger Causality)
1 (Cointegration)
Multivariate Cointegration
Unit Root

Fuller (ADF)  Phillips-Perron (PP)
11 - it root

Non-Stationary

111 Augmented Dickey-Fuller (ADF)
Dickey Fuller (1979)

First-order Autoregressive: AR(1)

Y| = 01»-1 +£t

2

(Emerging

(Test of

Johansen (1988 1995)
Non-stationary
Augmented Dickey-

yty2,..,yn



Y,
Ay, = (ax-1)y11+£1
y= (a! '1)
A =ry e 0
y (Parameter of interest)
£1
£1 CR (E1~ N1D(0,a2))
2
Ay, =a0+yy, +£1 (2)
Ay, =a0+yy, 1+az +£1 (3)
Deterministic
Drit ~ Trend a0 and az (1) Drift
Trend Pure random walk model (2) Drift Trend (3)
Drift  Trend
Ordinary
Least Square (OLS) {I.} Unit Root
(Null hypothesis) t-statistic Dickey  Fuller
0 @ o
(Critical values) t-statistic Drit ~ Trend
Monte Carlo  Dickey  Fuller (1979) /=0
0 @

T 1

Dickey Fuller (1981)

3 Enders (1995,

0@ 6 3
Unit Root Dickey-Fuller
(Autocorrelation)

OLS J

lag (ﬁy #)

21-222)



Autoregressive (Autoregressive process)
Augmented Dickey-Fuller (ADF)

Autoregressive 4,5 (6

A =yy,\ + +*
AY, = o+ yy,-1+E Pfiy-M +el

4y =o+yy1+ +E Aat-Dl+El

[=-¢ a1 (1=- E g

Stationary Unit koot
1<&<1 -2<M<(

Statistic

HO:y- 0 Non- Stationary
H1'} <0 Stationary

1 Drift  Trend

se(y)

Fail to reject HO => 2
Reject HO => Stationary

2 Drift  Trend

"~ se(y)
Fail to reject HO => 3

24
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Reject HO => Stationary

3 Drift ~ Trend

.y
se(r)
Fail to reject => Non-Stationary ( Unit root)
Reject H0 => Stationary

112 Phillips-Perron (pp)

Dickey-Fuller (Error)
(Autocorrelation)
Fleteroscedasticity Phillips ~ Perron (1968) Dickey-Fuller Tests
Heteroscedasticity

Phillips-Perron

y, =al +«¥ i+ M, (7
y, =+l +a2(t-T 12+ ]y, 8)
T observations
(Disturbance terms) K ».1 0
Fleteroscedasticity”
Deterministic

Drift ~ Trend (7) Drift Trend 8  Drift  Trend
Phillips~ Perron

ar 1 (Null' hypathesis)
yl=y"+JI, (Random Walk) Phillips-Perron
Dickey-Fuller t-statistics [/
L{tat) . «*=1
Z(ta]): 1=1

4 Enders (1995, 265-267)



26

Z{taz) . «2=0
Z"3) - « =1  «=0
(Critical values) Phillips-Perron
Dickey-Fuller zad)  Z(lk,) Dickey-Fuller
2(<I)) Dickey-Fuller

~3 statistic

M © Dickey-Fuller

(7)
B{L)y, =alB(L) +a]B(L)yl]+C(L)E, ©)

C{L),B(L)  Polynomial Lag Operator
B(L)=1-«k -«22-...-apLp
C{l)=1-«%Z -«,Zr-...-aqy

tiy, - y,-i
First-order Autoregressive (9),(10)  (11)
B{L)Ay1=B(L)jy, 1+B(L)f,p,Ay, M+C{L)s, (10)
B(L)Ayl=a0B(L) +B(L)jy L1+ B (L)~ fiiAyt M +C(L)el (11)
B(L)Ay, =a(B(L) +B{L)yy, , +aZB(L)+BiL frAy," +C(L)f1 (12

Stationary Unit root

1<k 2<y<0
Unit root

Augmented Dickey-Fuller (ADF)
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12 | lagstructure
Lag structure Vector Autoregressive Model
(VAR) Akaike information criterion (Aie), Schwartz Bayesian criterion (SBC)
Hannan-Quinn criterion (HQC)
Aie =Tlog|z| + 2V
SBC =T\cg\z\ +N \og(T)
HQC =log|l] +27 'IVIog[loger)]

T
N
||
Vector Autoregressive
Lag (k) Lag (k) AIC  SBC
Information Criteria k Johansen, Mosconi  Nielsen (2000)

Hannan-Quinn criterion (HQC)
13
Non-stationary Augmented Dickey-Fuller
Phillips-Perron (PP) Lag Length

(Cointegration)

Multivariate Cointegration
Johansen (1988 1995)5

Maximum likelihood Engle-Granger
Residuals (Equilibrium relationship) Stationary

5 R Harris R Sollis (2003,  109-135)
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Unrestricted Vector Autoregressive  Model VAR(])

INDEX, = 'INDEX,_! +flipCP/L1+ai5F X 1+ (JOINTS 1+ sINTL, ! +ajMPI ! +a]iOIL, ! £l

CP/,

=a2INDEX +aZCPIll+aZFX1l+ ANTS,! + =INTLt!+aZMPIL! +a20IL1!+ed

FX1= «2INDEX1!+ «2CP/,_1+aFFX, ! +a2NTS1!1+aZANTLL!+ « 3MPIL1+ «FOILL 1463
VPP, =a4INDEXL! +a&CPI1! +a@FX 1!+ «sINTSLI+adINTL, ! +adMPI ! +a40ILt! +«4
IATI, = aSINDEXL1+a5CPI, 1+ <PV _1+asVPP,, +aBINTL, | +aBMPI11+a50IL, 1 + 4

Mpl, =abINDEX,_! +«CP/, 1+alFX, | +aBINTSM +a@INTL, ! +a@MPI1! +atloIL, ! +«@
OIL, = «7/NDEXe 1+ « 2CP/, 1+« BFXL! +a7NTS_! +«7d///PC_1-vaBMPILl+ «OILt | +«7
|N D EX « 1«12 «13 «14 «15 «16 «17 |N D EX ! «L
C P l’ «2 022 23 Q24 @5 26 27 C Plm e2
FX, «3. (3 @33 34 35 36 37 e3,
INTS, - adl 2 43 44 45 46 AT INTS,_! + e4,
|N T LY «51 a5 «53 «54 «55 «56 «57 /A P |l"1 e5,
M P |’ «61 a& «63 «64 «65 «66 «67 M P/M e6,
OlL, “h an T3 T4 T5 06 TT_ . O”.,_! _e7,_
oZ = + ﬁ,
INDEX, t
CP/, t
PA t
IATS, t
IAPC, t
MPI1 t
OlL, t
Unrestricted Vector Autoregressive Model VAR 6
1Y=2,2, +ATz, 2+..+ AKZ1k+E] (13)
(13) En-or Correction Mol
6 lag length k Estimate VAR ALC



AZL=7 1,AZ, 407, K+EL (14)

AZ, =1AZ, , +.41* AZ, t+nz1k+£1 (15)

Z,cﬂ) (Vector of variables)

A (First difference
operator)

Ak nxn (Matrix of parameters)

I K0 (Matrix that indicates
short-term adjustment among variables across — equations of the i th lag)

n () (Cointegrating Matrix)

)
iid (Independently and identically distributed)

(Mean) 0 Variance matrix Te

Iy (Identity matrix)

k Lag Length

[ a=1.., k1) n
Rank n
Z Rank 3
Rank (n)=0 Cointegrate
Rank ( ) = ( VAR ) N
full rank Z Stationary ~ Integrate
7(0) Z  Integrate 1(1)
Rank () =r <l n, full rank nz, k Integrate
7(0) Z  Cointegrate

n nxn 2
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n =ap (16)
o P 1 X
a (1) En-or correction terms
A ) Cointegrating (Coefficient matrix of
cointegrating vector)
p'zl Stationary Z, Non-stationary
Cointegrating matrix (/?) Cointegrating vector r= -1

Cointegrating  vector
Cointegrating matrix
Cointegrating vector (P’Z1)

Characteristic root ~ n (Critical
value) Johansen  Juselius (1990) (Critical value)  A,ae
AniX statistics Simulation studies Rank n
Characteristic root
n Characteristic root
AU = An
AU-An =0
(A-AlU=0
A
\A-ANN=0
A.... ) 19
() =T Y 1n(1-31i] (17)
A (r,r+)=-TI (1 | (18)
/
As Characteristic root Eigenvalue
n

T Usable observations



Ame=0 A =0
statistic
(Alternative hypothesis)

A
Cointegrating vector

(Loss

(Null hypothesis) (17)
Aj 0 (1-1)

(Null hypothesis)
M=r+l AL

Anmax Arae

(Alternative  hypothesis)

Lutkepohl et a (2001)

race

of power)
1
Ho:r=0
T :r>0
Accept HO=>  Cointegrate
Reject HO=> 2
HO:r =\
Mir>1
Accept HO=> 1 Cointegrate
Reject H0 => 3
HO:r =2
Ht:r>2
Accept HO=> 2 Cointegrate
Reject HO => 4
HO:r =3
mr>3
Accept HO > 3 Cointegrate
Reject HO => 5

3l
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HO:r =4
Hlr>4
Accept HO=> 4 Cointegrate
Reject HO P 6
6
HO:r =5
HX:r>5
Accept HO=> 5 Cointegrate
Reject HO => 1
1
HO:r =6
H1\r> 6
Accept HO 4> 6 Cointegrate
Reject HO=> 7 Cointegrate
14 Cointegrating Vector Il
AZ =alrz, ,+lr Az, +£
n=ad
A»xr) Cointegrating (Coefficient matrix of
cointegrating vector)
a(m) Error con-ection terms
(Matrix of speed of adjustment in error correction terms)
a
En-or correction term {afi'z1k) VAR

Error correction term  Error correction model

Error correction term
Error correction model



(Test of Permanent and Transitory Driving
Forces)

(Developed market) (Emerging market)

Johansen (1991) Gonzalo Granger (1995)
Trivariate Cointegration Systems (14)  (16)
Error Correction Mol

Az1=ocPz1ikt™ 1AZ, e i+ g, (21)
INDEX1
Z,= FS, -
RS,
INDEX, (Stock Index)
s, (Financial Sector)
RS, (Real Sector)
13 )
Z,
Z1= A1/, +A202'2, (22)

K Hic AX 3xrrx3XL



r k-3-r
Al A, Loading Matrices
[, Common Factors

AJl (D)
A23'Z1 1 10)
Common Factors (22)
[, =
al (3xk) afa =0
Loading Matrix
A=pl( 1P1)
A2=a(P'a)-1
2.1 ! (Tests ofpermanent drivingforces)
a1 =6 9 (23)

G (Restriction matrix) ~ Common factor loadings a1
(3xffl)
9 m eigenvectors Eigenvalue (X)
AG'S00G - G'SokSpSkaG =0 (24)
M Residuals’ moment matrices a 10 Cross-product

moment matrix of the residuals

1=T-iR R j=0,k )



Residuals

AZr=J5AZ, 1+ ..+ PKAZE kel+ 120

L+~ +...+PCIAZY K+ 7,
L(H) :FS ()
G
10
H]:G=0 0
01
2 (H2 : RSL ()
G
10
H2:G= 0 1
00

Eigenvalues  Restricted VECM  Unrestricted VECM

statistic
|- A li+mi
LR=.T+h
h=rdl |-AL
T

A+n-3 Ucla; Eigenvalues Restricted VECM
VECM
freedom) (3—)x(3 —m)

2.2 (Tests oftransitory drivingforces)

XJJ 77V

Likelihood

Unrestricted
(degree of



P-H e )
H 1 (Restriction matrix)
(3X5)
(0 Eigenvector
XH'SKH -H'SKX SokH =0 (30)
1) K Residuals’ moment matrices (k 10 Cross-product
moment matrix of the residuals (29), (26)  (27)
3(H) FSL ()
10
H3:H=0 0
0
4 (HY RSt ( )
10
noH- 001
00
Eigenvalues  Restricted VECM  Unrestricted VECM Likelihood

statistic

LR =TY tnj~—-(31)
1] (I-
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A A Eigenvalues Restricted VECM  Unrestricted VECM
(degree of freedom)
rx(3—)
3 (Granger Causality)
Granger (1969) X |\ Y
Y Lag X
Y Y Granger-
caused by X X Y Lag X
“X Granger causes Y” Granger Causality
Lag

lagged length
Bivariate Regression

(19)
YACAYAX 1+ Y 1+ (20)
X Y
CL Q@
1 1 0
@R ol
Granger 4
Causality (One way), Feedback (Two way), Instantaneous Causality Causality Lag
3 Instantaneous - Causality

“Granger causing”
“Granger causing”
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) ( )
3.1
Granger causality F-test (19 (20
X
Y
311 “Granger causing”
HO:c.=0 \
Hx\c 1*0 it &
312 “Granger causing”
Hqg'bj =0 =
Boprg o LM
32 (
Granger causality F-test (19 (0
X
Y
321 “Granger causing”
*0°=0 7Ell m

Hc.1* (
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Ho:bj=0
H]:bj* o

“Granger causing”

71=1 m

3
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