
2 

 

 

2.1  

 

 
-

 

Unit root Vector Autoregression 

 

2.1.1 - : ( The Mundell-Fleming Model : Fixed   

Prices) 

 - M-F model 

( Keynesian tradition) (Aggrate supply) 

- 2 
( current balance) 

(net capital inflow)  

1) 

 

2) -
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PPP 

( ) ( ) 
B  

  

  B = B(y, q) = B(y, S)    (2.1) 

  

y   

q   

   S  

 

 

 

-
(static) 

 

   

  K = K(r-r*) = K(r)    (2.2) 

 

K   

r     

r*   
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   B(y, S) + K(r) = 0   (2.3) 

 F = B(y, S) + K(r) = F(y, S, r) = 0   (2.4) 

    

Fy < 0, FS > 0, Fr > 0 2.1 

 

 2.1 (b) (BP) y r 

(S) 

(upward sloping) 
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2.1 -  

 

 
: (2544) 

  

 2.1 
BP 

 

 S ( ) 

y0

S BP  

(a) (c) TT B = B(y, q) = B(y, S) 

FF(y0) 

r 

S0 S1 

S 

r LM(M0) 

y 
y1 y0 

y 

y y 

S0 S1 
S 

IS(S0) 

IS(S1) 

LM(M1) 

45¯̄ 

y1 

y0 y0 

y1 

TT 

r0 
r1 
r2 

BP(S0) 

BP(S1) 
a 

b 

E 

F 

FF(y1) 

(a) (b) 

(d) (c) 

A 

B 

C 
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(a) F(y, S, r) = 0

( ) 
( ) FF 

FF 

 

A, a, E r0 S0 

(r0, a, A, y0, E, S0) a FF 

A BP (q) 

AS = AD IS (S0) (r0, y0) 

y0 45o (d) 

TT (c) E TT 

 

-  

(
)  
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2.1.2 : (The Dornbusch Model : Sticky Price) 

 

 

(money stock) 

( , 2544) 

 

PPP PPP 

PPP 

(Law of One Price) 

 

 



 13

 

 

(spot exchange rate) 

 

forward 

exchange rate  
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 2.1.3  (Real Effective Exchange Rate: 

REER) 

 

 (REER)

( 100) 

(overvalued) 

(undervalued) ( , 2542)  

   

 
i

n

i

i
i P

P

HC

FC
wREER ä

=

³³=
1

ä
=

=
n

i
iw

1

1  

 

n  =  

 iw  = i  

 

 P  = 

 ip  = i  

 
HC

FCi  = i 1  

 
  ( Real Effective Exchange Rate : REER) 

( Nominal Effective Exchange Rate : NEER)

NEER REER NEER 

 

  1)   2 (arithmetic mean) 

(geometric mean) 

upward bias 
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( Coughlin and 

Pollard, 1996  , 2542) 2  
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 (2.5) 
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i tE  i 1 ( ) 

t  

ibE i 1 ( ) 
 

 

 2) 10-20  

80 

 

 3) 
4  

  3.1) Mutilateral Exchange Rate Model (MERM) 

IMF 
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 n ( ) 

3.2) Bilateral Weight 
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 iX i  

  iM i  
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  3.3) Mutilateral Weight 

 

 

ä
=

+

+
=
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i
ii

ii
i

WMWX

WMWX
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        = 

 

 iWX i  

  iWM i   

 

3.4) Double Weight 

IMF J.P. Morgan  

(Export  weighted Index)  
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iw  = i  

 

  =  

 

 n  =  

 iSI  = 
jy

m

j i

j

TP

TC
Ô
=

öö
÷

õ
ææ
ç

å

1

 

 

iSI  = i  

  
i

j

TP

TC  = j ( )  

i i  

  jy  = i j  

 

   = 

  m  = i  ( ) 
  

 4) ( REER) 

nominal term (NEER)

(Export Price Index) Sampling bias 

 

(traded goods) ( exportable 

goods)  

(Aggregate Price Deflator) 

( Wholesale Price Index) (GDP 

Deflator) (Unit Labor Cost) 

(Consumer Price Index) 

i 

i 
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21 90 
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100 
Bilateral weight 

. . 2537 5.6 
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( Trade  weight index . . 2537 ) 
 

100
21

1 2537

21

1 ³

ö
÷
õ

æ
ç
å

ö
÷
õ

æ
ç
å

=

Ô

Ô

=

=

i

w

i

i

w

t

i

t i

i

B
FC

B
FC

NEER  

     100

2537

2221

2221

2121

2121

³

ù
ù
ú

ø

é
é
ê

è
ö
÷
õ

æ
ç
å³ö

÷
õ

æ
ç
å³ö

÷
õ

æ
ç
å

ù
ù
ú

ø

é
é
ê

è
ö
÷
õ

æ
ç
å³ö

÷
õ

æ
ç
å³ö

÷
õ

æ
ç
å

=
www

t

www

B
FC

B
FC

B
FC

B
FC

B
FC

B
FC

 

  

B

FCi   =  i 1  

 iw  = . . 2538 - 2540 i  

   

=  

 

. . 2537 100  

 

i 

 
2538-2540 



 19

100

2537

2121

2121

2121

2121

³

ù
ú

ø
é
ê

è ³³

ù
ú

ø
é
ê

è ³³

=

TH

www
tTH

www

t

CPI
CPICPICPI

CPI
CPICPICPI

RPCI  

 

21,,1 CPICPI  = 1  21 

 THCPI   =  

             
t

t
t RPCI

NEER
REER =  

REER   =    Real Effective Exchange Rate Index 

 NEER  =     Nominal Effective Exchange Rate Index 

 RPCI  =     Relative Price Index  

 

2.1.4   

 

1)  Unit Root  

Unit Root 

Non  stationary 

integrated of order 1 I (1) Stationary process 

  

(Spurious relationships) 

  Unit Root  

Dickey and Fuller 

2  

 1 Dickey - Fuller Test (DF) Autoregressive 

Model 3 (At level)  

 
ttt XX eq +=D -1  (random walk process)             (2.7) 

ttt XX eqa ++=D -1    (random walk with drift)              (2.8) 
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ttt XtX eqba +++=D -1 (random walk with drift and linear time trend)  (2.9) 

   

 

 tXD t     = first differencing   

 qba ,,       =  Parameters  
t       = (Time trend) 

te    = (error terms)  

  
  

  q t  statistics

Dickey  Fuller  

 

  0H  : q    =     0    : non  stationary  

   1H   : q   <     0  : stationary 
 

0H Unit root non  stationary 

1H  Unit root stationary 
 

 2 Augmented Dickey - Fuller Test (ADF) Unit 

Root (error terms) te  

autocorrelation 

(lag) 3  

 

 tXD  = t

p

i
itit XX efq +D+ä

=
--

1
1     (random walk process)        (2.10) 

 tXD  = t

p

i
itt XX efqa +D++ ä

=
--

1
1      (random walk with drift)    (2.11) 

 tXD  = t

p

i
itit XX efqba +D+++ ä

=
--

1
1 (random walk with drift -  

           and linear time trend)         (2.12) 
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 tXD   = 1  

 tX   = t 
 1-tX   = t - 1 
 fqba ,,,   =  

 t     = (Time trend) 

  te     = (error terms)  

     

  lagged term (p) 

lag 

autocorrelation 

 q t  statistic 

MacKinnon (MacKinnon critical values)  

 

  0H   : q     =     0    : non  stationary  

   1H   : q     <     0  : stationary 

 

 ( 0H ) 

 Non  stationary Unit root

order of integration Vector Autoregression (VAR) 

 

 

2)   Vector Autoregression (VAR) 

 Johnston and Dinardo (1997) columm vector 

k [ ]¡= ktttt yyyy ...21  

Vector Autoregression (VAR)   VAR(p)  process 

 

 

ty  = tptptt yAyAyAm e+++++ --- ...2211   (2.13) 

 

tA  = kk ³   matrix  
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  m  = 1³k  vector (constants) 

  e  = 1³k   white noise process  

  

E( te )    =   0 t  

E( stee ¡ )   =   
í
ì
ë

¸
=W

ts

ts

0
     (2.14) 

 

W  = (positive 

definite) te serially uncorrelated contemporaneously 

correlated (Johnston and Dinardo , 1997) 

 VAR simultaneous-equation modeling 

(several endogenous variables) VAR 

( endogenous variables) ( lagged values) 

(past values) 

(all other endogenous variables) (exogenous 

variables) (Gujarati, 2003) 

 Ender (1995) 

  

yttttt zyzbby egg +++-= -- 1121111210    (2.15) 

  zttttt zyybbz egg +++-= -- 1221212120    (2.16) 

 

 

¶ ty tz  

¶ yte zte white noise disturbance  

(standard deviation) ys zs  

¶ { }yte { }zte uncorrelated white- noise disturbance 

 

(2.15) (2.16) first-order vector autoregression (VAR) 

( lag length) 1 
(feed back) ty tz 12b-
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( ) tz ty 21g  
1-ty tz yte zte

pure innovation (shocks) ty tz 21b

yte ( an indirect contemporaneous effect) 

tz 12b zte ty  

(2.15) (2.16) (reduced - form equation) 

ty tz tz ty

(2.15) (2.16)  
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1012

21 1

1
 

 

 

 

  ttt xBx e+G+G= -110  
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1 12
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b
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ê
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1-B  Vector Autoregressive (VAR) 

  

    ttt exAAx ++= -110    (2.17) 

 

0
1

0 G= -BA  
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 1
1

1 G= -BA  

 tt Be e1-=   

 

Enders (1995)  

  ioa  =  i (Vector) 0A  

  ija  =  row i column j 1A  

  ite  = i (vector) te  

(2.15) (2.16) 
 

  tttt ezayaay 111211110 +++= --     (2.18) 

  tttt ezayaaz 212212120 +++= --     (2.19) 

 

(2.15) (2.16) structural VAR primitive system (2.18) 
(2.19) VAR (standard form) 

(error term) te1 te2 shocks yte

zte tt Be e1-=  

 

( ) ( )2112121 1/ bbbe ztytt --= ee     (2.20)  

( ) ( )2112212 1/ bbbe ytztt --= ee     (2.21)  

 

yte zte white - noise process te1 te2

(mean) (constant variances) serial correlation 

{ }te1 (expected 

value) (2.20)   

 

  ( ) ( ) 01/ 2112121 =--= bbbEEe ztytt ee    (2.22)  

 

(variance) te1  
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  ( ) ( )[ ]
( ) ( )2112

22
12

2

2
2112121

1/

1/

bbb

bbbEEe

zy

ztytt

-+=

--=

ss

ee
    (2.23) 

   

te1 ( time-independent) autocovariance 

te1  ite -1   i  0  

 

 ( )( )[ ] ( ) 01/ 2
2112121211 =---= --- bbbbEeEe iztiytztytitt eeee   (2.24)  

 

te1  stationary process (mean)

(constant variance) autocovariances 

te2  stationary process ( mean)

(constant variance) autocovariances 

(Enders, 1995) Enders te1 te2

 

 

 ( )( )[ ] ( )
( ) ( )22112

2
12

2
21

2
2112121221

1/

1/

bbbb

bbbbEeEe

zy

ytiytztyttt

-+-=

---= -

ss

eeee    (2.25)  

 

(2.25) shocks 

(2.25) 02112 ==bb

( contemporaneous effects) ty tz tz ty

shocks  

Enders ( variance-covariance matrix) 

te1  te2  

 

ù
ú

ø
é
ê

è
=ä

)var(

),cov(

),cov(

)var(

2

21

21

1

t

tt

tt

t

e

ee

ee

e  

 

ä (time-independent) ä
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    ù
ú

ø
é
ê

è
=ä 2

2

12

21

2
1

s
s

s
s

 

2)var( iite s=  ),cov( 212112 tt ee==ss      (Enders, 1995, pp296-297) 

 

(stability and stationarity) 

 

 first-order autoregressive model  

 

    ttt yaay e++= -110  

 

( stability condition) 1a 1 
(absolute value) Enders  

1A first-order VAR (2.17) brute 

force method , iterate (2.17)  

 

ttt

tttt

eeAxAAAI

eexAAAAx

++++=

++++=

--

--

112
2

101

221010

)(

)(
 

 

22³=I (identity marix) 

n iteration  

 

ä
=

--
+

- +++++=
n

i
nt

n
it

in
t xAeAAAAIx

0
1

1
11011 )(  

 

iterate backward ( convergence) nA1

n ( infinity) Enders 

( roots) )()1)(1( 2
21122211 LaaLaLa ---

(unit circle) ( higher-order 

6 Enders) 
particular solution tx   

 



 27

   ä
¤

=
-+=

0
1

i
it

i
t eAx m      (2.26) 

 

][ ¡
= zym  

[ ] D+-= /)1( 20122210 aaaay  

 [ ] D+-= /)1( 10211120 aaaaz  

 21122211 )1)(1( aaaa ---=D  

 
( expected value) (2.26)  

(unconditional mean of tx  ) m  ty   tz  

y z  ty  tz  

( variance-covariance matrix) 
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è
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01 =E -tt ee 0¸i  

 

   S+++-=-E )()( 6
1

4
1

2
1

2 AAAIxt m  
     S-= -12

1 )( AI  
 

 
nA1 n  

(infinity) 
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( initial condition) { }ty  { }tz  
(sequences) ( jointly covariance stationary) 

( sequence) (mean) 

( finite and time-invariant mean) 

( finite and time-invariant variance)  
 (stability condition)  lag operators 

 VAR  (2.18)  (2.19)   

 

tttt eLzaLyaay 1121110 +++=      

  tttt eLzaLyaaz 2222120 +++=   

 

  ttt eLzaayLa 1121011 )1( ++=-  

  ttt eLyaazLa 2212022 )1( ++=-  

 

tz   

 

 )1/()( 22212120 LaeLyaaLLz tt -++=  

 

 

  

 [ ] tttt eLaeLyaaLaayL 12222120121011 )1/()()91( +-+++=-  
 

 

(transform) the first-order VAR { }ty { }tz sequences 

second-order stochastic difference equation { }ty sequence ty  

 

2
21122211

121212220122210

)1)(1(

)1()1(

LaaLaLa

eaeLaaaaa
y tt

t ---
+-++-

= -  (2.27) 

 

tz  
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2
21122211

112121110211120

)1)(1(

)1()1(

LaaLaLa

eaeLaaaaa
z tt

t ---
+-++-

= -    (2.28) 

 

(2.27)  (2.28)  ( characteristic equation) 

( convergence)  ( roots) ( polynomial) 
2

21122211 )1)(1( LaaLaLa --- (unit circle)  

second-order difference equation (roots) ( real) 

(complex) ty  tz  ( characteristic equation) 

( 12a 21a ( sequences)  

characteristic roots ) ty  tz time path  

 

(estimation) identification 

  

Sims (1990) 

 structural models 

(2.17)  

 

 

tptpttt exAxAxAAx ++++= --- 22110   (2.29) 

 

 tx   = n×1 n VAR 

0A  = n×1 (intercept terms) 

iA  = n×1  

  ie  = n×1 (error terms) 

 

Sims VAR

lag length VAR 

lag length lag length 
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 0A  (intercept terms)  n   iA  

 2n   
2pnn +   VAR  

 

zero restrictions 

highly collinear 

 t-tests 
 

(2.29)  

(predeterminedvariables) ( error terms) 

serially uncorrelated ( constant) 

OLS OLS (OLS 

estimates) ( consistent) ( asymptotically 

efficient) seemingly unrelated 

regression (SUR) 

(identical) 

 VAR  (stationary)  Sims 

  Watson (1988)  differencing  a 

unit root  VAR  

  differencing  

differencing  (comovement)  (data) 

(   cointegrating) 

 (data)  (detrended)  VAR 

(approximated)  a unit root  drift  

 (form)  VAR  (minic)  (true 

data-generating process)   structural 

model  

 (stationary) (Enders, 1995) 
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Identification 

 

identification ( 3.35) (3.36) 

 structural first-order VAR 2

( feedback) 

tz (error term) yte  ty  
( error term) zte

(regressors) ( error term) (Enders, 1995) 

Enders VAR 

(standard form) (2.18) (2.19) OLS 2 
0A 4 1A ( residuals) 

( variance) te1 te2  

( covariance) te1  te2  

( primitive system) (2.15)  

(2.16) primitive form identifiable 

OLS (OLS estimates) VAR 

(2.18) (2.19)  

structural VAR standard form VAR model 

 (2.18) (2.19)  6 ( 10a , 20a , 

11a , 12a , 21a  22a )  var )( 1te , var )( 2te cov ),( 21 tt ee  

primitive system (2.15) (2.16)  10

( intercept coefficients)  10b 20b ( autoregressive 

coefficients) 4 11g , 12g , 21g  22g  ( feedback 

coefficients) 2 12b 21b 2 ys  zs

10 primitive system 10 VAR 

9 1 
identify primitive system  (2.15) (2.16)  

underidentified primitive system (2.15)  (2.16)  1 



 32

primitive system exactly identified 1 
primitive system overidentified  

identify ( recursive system) 

Sims (1990) 1 primitive system 

021 =b  (2.15)  (2.16)  021 =b  
 

 

 yttttt zyzbby egg +++-= -- 1121111210    (2.30) 

 ztttt zybz egg ++-= -- 12212120     (2.31) 

 

(
) tz  ( contemporaneous) ty

ty { }tz  sequence  

021 =b  1-B   

 

ù
ú

ø-
é
ê

è
=-

10

1 121 b
B  
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1
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22

221212

21

211211
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201210    (2.32) 

 

OLS 

(theoretical parameter estimates) 
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tttt ezayaay 111211110 +++= --  

tttt ezayaaz 212212120 +++= --  

 

20121010 bbba -=  

 21121111 gg ba -=  

 22121212 gg ba -=  

2020 ba =  

2121 g=a  

2222 g=a  

 

ztytt be ee 121 -= ztte e=2  

-  (variance-covariance matrix) 

 

  var 22
12

2
1 )( zy be ss +=     (2.39a) 

  var 2
1)( ze s=      (2.39b) 

  cov 2
1221 ),( zbee s-=       (2.39c) 

 

9 primitive system 9 
2

22212012111210 ,,,,,,, ybbb sgggg 2
zs  

(estimates { }yte  { }zte  sequences 

( residuals) { }te2  

sequence ( estimates) { }zte  sequences  

ztytt be ee 121 -=  { }zte  sequence  

 (15) ( ) 021 =b ty

(contemporaneous effect) tz (2.32)  

yte zte  shocks ty  zte shocks 

tz  te2 pure shocks { }tz  sequence 

(residuals) Choleski 

decomposition (Enders, 1995) 
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Impulse Response Function 

 

 autoregression moving average vector moving average 

(VMA) (2.26)  VMA (VMA representation) 

(2.17) ( ty  tz  ) 

shocks te1  te2  VMA representation 

 Sims  time path  shocks  

 VAR   2 

  first-order   (2.18)  

(2.19)  
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(2.26)   
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(2.34) ty tz { }te1 { }te2

(2.34) { }yte { }zte  

(2.20) (2.21) ( vector of 
error )  
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moving average representation (2.33) (2.34) 
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     (2.37)  

 

moving average representation 

{ }ty  { }tz   if

yte  zte  shocks time path { }ty { }tz  sequences 

4 )0(jkf ( impact 

multipliers) )0(12f  

zte ty )1(11f )1(12f  

( response) 1 1-yte 1-zte  ty

1 )1(11f )1(12f

1 yte  zte  1-ty  (Enders, 1995) 
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shocks Gujarati (2003) 

stochastic error terms VAR shocks, impulses innovations 

( accumulated effects) unit impulses yte zte

impulse response functions  
n zte nty + )(12 nf n  

zte { }ty sequence  

    

 ä
=

n

i

i
0

12 )(f  

 

n ( infinity) multiplier ( long-run multiplier)

{ }ty { }tz sequences (stationary)  

 

 )(2

0

ijk

n

i

fä
=

 (finite) j k 

 

4 )(,)(,)( 211211 iii fff )(22 if impulse response 

functions  impulse response functions ( )(ijkf i) 

( ) { }ty { }tz shocks

primitive system (3) 
(4) time path pure yte

zte shocks Enders (1995) 

VAR under identified ( ) 
1 VAR system 2

identify the impulse responses  

identification Choleski    decomposition 

Enders  ty  

tz

 021 =b  primitive system (2.35) 
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  ztytt be ee 121 -=      (2.38)  

  ztte e=2       (2.37) 

 

(2.37)  ( errors) { }te2 sequence 

zte  shocks { }t2e sequence 

{ }te1  sequence (correlation coefficient) te1 te2

{ }yte  sequence (2.38)  Choleski 

decomposition yte  shock  tz  

( lagged values) ty

tz

(asymmetry) ( ) zte shock 

ty  tz (2.38) (2.37) 
(an ordering) zte shock te1 te2 yte

te2  tz  (prior) ty (Enders, 1995) 
(2.18)  (2.19)  == 2010 aa 0 , 

== 2211 aa 0.7 == 2112 aa 0.2  
2
2

2
1 ss =   cov ),( 21 tt ee ( correlation coefficient) 

te1 te2  ( 12r ) 0.8

 

 

    ztytte ee 8.01 +=     (2.38) 

    ztte e=2      (2.39) 

 

shocks zte yte time path 

{ }ty { }tz sequences (2.38)  (2.39)  shock zte 1

(2.39)  te2  1 tz  1

ty  0.8 ( (2.38)) 

1+zte autoregressive 

1+ty 1+tz  
11 7.02.0 ++ ++= ztttt zyz e  86.0)1(7.0)8.0(2.01 =+=+tz
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76.0)1(2.0)8.0)(7.0(7.02.01 =+=+=+ ttt zyz 1 
{ }ty { }tz sequences 

(convergence) characteristic roots 

0.5 0.9 

 

2.2  Impulse Respond Function 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

: ytztte ee += 8.01 ztte e=2  

: Enders (1995, p308) 
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shock 1 yte  ( b) 2.2 
(asymmetry) 2 

shock1 yte ty 1 
tz ty = 1 tz  = 0 1+yte

 (autoregressive) =+1ty 0.7 +ty 0.2 tz

 =+1tz 0.2 +ty 0.7 =tz 0.2 2.2 impulse reponse 

2+ty 20+ty  ( stationary) impulse responses 

 

Enders ( consequences) Choleski 

decomposition 12b ( 21b ) 
1A ( 2211 aa =  2112 aa = ) 

impulse responses shock yte impulse responses (b) 

time path { }tz sequences time path 

{ }ty sequence 

Enders 

(ordering) ( magnitude) te1 te2 12r  
211212 / sssr =  

 ( ordering) 

012 =r  (2.38)  (2.39)  ytte e=1 ztte e=2

( residuals) ty tz

shock yte shocks zte  ( other extreme) 

112 =r  shock (single shock) 

=21b 0 (2.38)  (2.39)  ztte e=1

ztte e=2  =12b 0 (2.38)  (2.39)  ytte e=1 ytte e=2

12r ( rule of 

thumb) >12r 0.2 (correlation) 

>12r 0.2  impulse response function 

impulse function 

(reversing) ( implication) 
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(variance decomposition) 

 

VAR 

Enders 

0A 1A   
itx +  tx   

 

1+tt xE  =    0A + txA1  

 

 

    
   1+tx  =    0A + tt exA +1    

 

 

   

1+tx - 1+tt xE  =     3+te  

 

 

2+tx  =    0A + 211 ++ + tt exA  

    =    0A + ( ) 21101 ++ +++ ttt eexAAA  

 

 

   2+tt xE  =     ( ) txAAAI 2
101 ++  

 

 

 

2+tx - 2+tt xE   =      112 ++ + tt eAe  
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  n 

 

 

   ntt xE +  =    ( ) t
nn xAAAAAI 10

1
1

2
11 ... +++++ -  

 

  nttnt xEx ++ -  =     1
1

12
2

111 +
-

-+-++ ++++ t
n

ntntnt eAeAeAe  

 

VMA (vector moving average)  

Enders VMA VAR  (information) 

{ }te sequence (2.37)  

 

ntx +  =    ä
¤

=
-++

0i
intfem  

 

n  

 

nttnt xEx ++ -  =    ä
-

=
-+

1

0

n

i
intief  

 

{ }ty sequence n 
 

 

nttnt yEy ++ -  =    ( ) ( ) ( ) 11111111 1...10 +-++ -+++ ytnytnyt n efefef  

                        ( ) ( ) ( ) 11211212 1...10 +-++ -++++ ztnztnzt n efefef  

 
2)(nys  n 

nty +   

 

                ( )2nys  =  ( ) ( ) ( )[ ]211
2

11
2

11
2 1...10 -+++ ny fffs  

       ( ) ( ) ( )[ ]2
12

2
12

2
12

2 1...10 -++++ nz fffs  
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 2)(ijkf   (non-negative) 

  n  Enders 

 n 

 shock ( )2nys  shocks  

{ }yte  { }zte sequences  

 

( ) ( ) ( )[ ]
( )2

2
11

2
11

2
11

2 1...10

n

n

y

y

s

fffs -+++
 

 

   
( ) ( ) ( )[ ]

( )2
2

12
2

12
2

12
2 1...10

n

n

y

z

s
fffs -+++

 

 

sequence shocks 

shocks shocks zte  
{ }ty  

{ }ty sequence (exogenous) { }ty sequence 

shocks zte   { }tz  sequence  shocks 

zte  { }ty  
sequence  { }ty  

(endogenous) 

shocks zte

ty { }ty  sequence (lag) 

impulse response function { }yte { }zte  sequences 

B Choleski (2.38) 
(2.37)  

tz zte
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ty  

yte

 n 

(converge) ( correlation coefficient) 12r  

 

impulse response (
innovation accounting) 

innovations 

 identification problem impulse 

response 
( Enders, 

1995) 

 

2.2   

 

 Augstine (1994) Cointegration 

(real effective exchange rate) 

. . 1973- 1991 9 
7 

2 

Johansen Maximum Likelihood Procedure 

cointegration vector 

8  

 

Ronald MacDonald and Taylor (1995) 

Flexible-price Monetary Model 

. . 1976 
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. . 1988 Multivariate Cointegration Technique 

Cointegrating Relationship 

Flexible-price Monetary Model Error Correction Model (ECM) 

. . 1989 . . 1990 
Random walk model Root Mean Square Error 

(RMSE) ECM Random walk model 

 

(2539)
Cointegration 

Vector Autoregressive 

Purchasing 

Power Parity (PPP) 

( nominal exchange rate) 

non-stationary 

(monetary shocks) 

(real shocks) 

(real exchange rate) 

PPP 

 

 

 (2547) 

(Granger Causality) 
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. .2512  2544 
Unit Root 

Augmented Dickey-Full (ADF) Test 

Vector Autoregression Model (VAR) (Lag Length) 

Akaike Information Criterion (AIC) Schwarz Criterion (SC) VAR 

p+dmax ( p dmax Maximum Order of 

Integration) 

Modified  WALD statistic Toda Yamamoto (1995) 

Unit Root Augmented Dickey-Full (ADF) Test 
Order of Integration I(1) VAR 

5 VAR Order 6 

95 % 

95 % 

(Bidirectional 

Causality) 0.362 
2.726 

 

(2548)

Cointegration Engle and Granger 

. . 2540 . . 2547 
( ) 
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( ) 
Error Correction Model 

( ) 

2 

( )  

 

(2549)

Cointegration and Error Correction Johansen and Juselius 

Vector Autoregressive (VAR) 

. . 2540 . .2548 

 

(Ordinary 

Least Square : OLS) 
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(2550)
4 

GARCH(1, 1) T-GARCH E-GARCH 

. . 2540 . . 2549 
120 AR(1) 

Heteroskedasticity GARCH 

(First Different)  
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