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The Influence of Real Exchange Rate on Trade Balance

: The J-Curve effect

Mi Jung Kim

Department of Economics, Graduate School,

Pukyong National University

Abstract

This study investigates the short-run and long-run relationships
between trade balance and real exchange rate .using -bilateral data for
Korea vis—a-vis three of.her-major trading partners on a monthly basis
over the period of 1991:12-to-2012:01 for US and Japan and over the
period of 1994:04 to 2012:05 for China.

Based on the partial reduced form model of Rose and Yellen (1989)
derived from the two-country imperfect substitute model, this study
uses the bounds testing approach to cointegration. For the additional
tests, this paper examines the impulse response function and variance
decomposition using VAR model.

Based on the ARDL bounds test, we find evidence of cointegration for

US and Japan, verifying the presence of a long-run equilibrium

_iv_



relationship between the Korea’s bilateral trade balance and domestic
income, foreign income and real exchange rate. For China, the bounds
test gives an inconclusive results for the cointegration. However, a
negative and significant coefficient of error correction term implies that
there exists a cointegration relation among the variables in the long run.

We also document that, for all three countries, the values of
long-run elasticity for real exchange rate are larger than those of the
other variables, indicating that a depreciation of the real exchange rate
will lead to a long-run improvement in-Korea's bilateral trade balance
with these countries. This result also implies that an adjustment of
exchange rate by the government enables the-trade balance with these
countries to improve in the long run.

Our findings also show that a rise in the long-run income level of
Korea has a significant and negative (positive) impact on its bilateral
trade balance with Japan and China (US). On the country, an increase
in the income of all the trading partners leads to an’ improvement in
Korea’s trade balance in the long. These results seem to be in favor of
the general view that emphasizes the demand effect of both domestic
and foreign income on the domestic (Korea) trade balance.

Based on the results of short-run ECM, the evidence of a J-curve
phenomenon is not found in the Korea’s bilateral trades with all three
countries. Although we can find little evidence of a J-curve, a real
depreciation of the won leads to an initial improvement in the Korea's
trade balance. This finding is also supported by the results of impulse
response function and variance decomposition. Specially, the real

exchange rate has a most important role in the change in Korea’s trade



balance with US and Japan. In contrast, the effect of real exchange rate
on the Korea’s trade balance with China is much smaller compared with
the other two countries.

In sum, due to high price elasticity of Korea’s exports and thus high
responsiveness to exchange rate change, the export volume effect on the
bilateral trade balance appears to dominate the price effect from the
initial stage of the depreciation. Thus, there could be a positive effect

on the trade balance in the short run.

Key words: J-Curve .effect, Real depreciation, Bilateral trade balance,

Bounds test

_Vi_



A1F A&

o

W
{

p—

o
o
el
N
i+

|
—_

ol
M

W
N

SEeel ol o)

Selvtete] BAg el o

% et

o

o
o
o}
Ny
+

o

of o

T
SERD I 1990t ZNHEE - A A}

A R
o

3

teA Al

7| &3

=
=

72.8%

-
1

o] ger, 2011l

=
=

W gl

ki3

Aol ThA

o o

241,172

S
=

Foj44

9

2 71E28ta glon, 2010do = A Ho)

ol

B

%

5

A

27} MAEI 3go] e T AL o

&
8
ot

—
110

g
yAO

o
w5

)

B

0SS

)

™
2y

(elasticity approach)

A

i
fite)

el

wpAE- o) Y 21 (Marshall-Lerner condition)?] ==& A A

-
1

o] 9lom, o

ToR

s,

=

"o

il
—_
fite)

7+

2

i

seTt o] 2Ae

oF
o)

of weh Felsx 7}

7)1 % &}t}.

1) 2011

TR
kT
. P ok
~ M°
Bl AR
S

~ ﬂ_AIO
™ T m_wll
ﬂcmM H_WL )

X T
W E
1L - W
0| A
™ Ho %o
W

W

MM A
-
I TR
T oD
_— T o)
S R
AN o8 Ho

WoRT
CO
)
= o §r
oo wm
CORS
TN
o
10 T on_
N
X o
el MM %T

Mo 4
W om Mw_
SR
ST T
W
e e

N



bovbaelu

0]
pul

o] &

BN o o #o W H T T T BT
o R0 AR W R oH W AR
o Lk Mx %y EBEwm YL ¥
= ~ © X B g X A= o A
S - = mﬂmﬂmﬁif o
~ ~ . < : ! ~
EBRE R o gon SasEd e 2%
s W &= W o Mo B o o sEpE. <T@
2 AL R o el A
R T R N e K )
R Ao By 4 KIS e
L I Y P AL N
> . X N T dnf A o T\ N
T — m T M A - s
B MR O = Nl /D IR " R
T XO ~ N I3 o = o © Ny iy
U@Eﬁﬂﬁ%ur%mﬁmﬁ% mml%wmq
wom o &on e &o To N e R I v
o] o 3 B e S I S Nis o o ol o oL
- e T oo Moo= I W e
Mﬁ EM < T w ~ Lo ol To e ‘_|L_l T R )
I S N e
—_ Ogo ~r — i T D ﬁﬁ _E m—f o o = ,_,lo.ﬁ
e ® 0 om o op ® N G ot o Tivg
) = ~ -
o o e T B S R S N R N e
- AR X oo o PR ow v XUy )
S S T b e, S ST
o n- =X o \% ey mj = £ = e | = o o
o -5 ol X " oW 2 )1 aly e B owm
e S TN S LR R = S T RO
= T om X T % o B W m
T i R T S X
s 0B ywe  p®oFZy xS T
R S T N S R 1
T WON BT ~ o) =] ) ) R )
BN B oA o N W M O Rk T W% "D

8

=

bol, -2 utet

5
9 1, 2, 3¢9

24

= of]

o~ =
T=
3.)

571 9

IREke

I

=
=

Al

Aol AA ARE ol §8A @, TARUTAR Urol YuE,

2bet 4
A3l A A

RN

=

SES

=

9] (aggregation bias)

]

I
R

[e]

gl

-

1

o~
T

t}
(_)_Iﬂ

}

0]
pul

=]
5




A el

=
L

= 287 1994 49 HE

[e3]
2R

o~
T

13 <

A

I

o
3%

upel 19949 4958 20123 5¥71A 9

el

1, A 4= (independent

—
fite)

°ol-&

=2

=1 =
o5

WE

]a

PN
A

il

bol J-

°

e 75

(Unrestricted Error

¢}

5] 2~
RAFE=

ok

=

3 A HA

E 2 ARDL(Autoregressive Distributed Lag, #}7]

=
=

)-ECM(Error Correction Model, 2 x}<+% &L

%
e

EERE L

58 e dAHA Y(bounds test)= o83 T
3 A A

Correction Model; UECM)

variable) &

1

]
B
)

H
T
‘ﬂ;lL
!

o).
N

i

W

H

&

£ AvlEn. 9

a4

.
SRl

gk A 27l A

[e)

1=

T

vl
=
Gk

=] W&
FaL =<l

°

=
v

I
=1

el
pyl

—
fite)

Mo
ey



A2 o]EH wWlFd R APIF

A1d o] &3 w7

g4 A ¥ (elasticity approach)e H7}4A3s 7 =445 Adi714

=2
=
auX

I

2
4,
kD
(g
i
flo
i
ol
e

&3 717k F 114384 (fixed exchange rate system)

sl UEA HARGE AARA 7

—_

s ANsA Ang 2go

], oo wEl 1940\ dlolli= we FEYPEEA it wh-HyY =4
(Marshall-Lerner condition)®] % <% #|
ey 1950 el = g Rl Ee gk A ETE o] Foj XA Al
ZHtime lag)s 2Esk7] Al & AWM E ek FEYHETS
@A o R e AA] ge olnm e hAEH o] YEuARE AIZE
o] ZEWA 7tATHA o] Folxitk= Aot

J-=A olgteE o= 19679 9 =5 3H(pound sterling)e] H7}dsfol] u}

gt Foax] Az 19703704 A EE & ST ojwe] J-aAde A
Astg A T+ WHE 38 A (floating exchange rate system) 3foll A2l H7}



Aato] wel FAFEArt dxHow oty E A4S wale, o WiEe

<9 2-1> J-54 &%

-

> A2k

TB= PyD, —ePyD (2-1)

m

4) Miles(1979)+ &&¥Fol g J-F4 Y ZAHAZE 3GAZE FEI e, 194+ 5384
¢F7]) %t (currency contract period), 29@A= 71713 (pass-through period), 39A & 4 @4k

£ 7] 7F(quantity response period)©] t}.



(Fu)7rA e FE(FWE, e

TA SHelA v 2ol vEbd 4 k.
RTB=(PyD, —ePyD,)/P=P,D, —qP,D, 2-2)

o] HolM P FUAS euldth P Py/PR AP Syl A
= E9) grizFAoln, I8t fAlsA Pl Py/PE HWHE 9
FoR FEIE PE FUAAL vk ER gk P/PE 4
L ARIES YN Gk BABR g datel 4 (229 9vE

2]
BRM(Bickerdike-Robinson-Metzler) £719] dutste Hej=z A&Estd

‘FIL
AxA o ek AAsge d3S Ygd ¢ Ut
ARTB E, . E,
R :(1+ES)( e jPsz—quDm(l—Ed)[ - j (2-3)
dgq B+ E. B+ E,

9o Aol A E(E)E FUH(F)Fedd te dgrt4de a84, E(E)
= sl =)Eael g Aoyt el a94ds oudth FAFA7
of oola E,¢t E.7} Wateicw, A (2-3)S mpak-gy %
ot ol#l gk 271 Stell Al dRTB/dge] 0Bt Athd AAFE o 45 79
FAE Mg Yy AARE Ak BE AUzt g QlE), Bt
Astel wel FGFEA7E FTIe] AA Ay A
q

= J_-32lx
'_l,]’“‘ll_‘



Est B} st e £49 9%743 £Ee Fb4e @

Ae oulat 2y odd BAe A% AWAAFHGE AFE

2 fEo] ofolAt AAZ W AFHty @ F ok rre) 5%
Pol ATEAR ol FolAt FH: AW F £EYY AN A5
& 2R AgRATe AS, slmEse] £EYAe ngHe o

954 otshe

_0|L
I
fru
T
|
o
1:01'
)
i
i
o2
Q‘L
N
52
flr
)
o

(quP;“J D Pl P,
g > -
D P,

5)

6)

AAZ 3R BoE gREe] $EGe] AHFHD o FoA i AFE AYHA
detel s g e $E dvh et 249 ARIAGH BPs} 4RE o

2]
4 B4S 53 -4 295 ENse A2 dude A7 2 F
Carbaugh(1995)& ©]&]3t A|a7F LAl AU 57FA = R 3 A, oA
FoAfor FAge ojn ng=o] Q7] wielth 4, A4t
gk Ajzke] e, Az AdAT Ay FES % i EAH 7

Az Azkol Bash] WRelth thalA, ARE Farb WA Al A
"as] ool

(2-4)

o o,
o "

)

N ob
ol
N

A E T

0 2 @&o do o

>
>

M



A2d AYAT

Hooper and Morton(1982)2] $+&
ow, AAlRLE FAFA WEoly AHEFA o WFo] thekdt 4
3 Bgol JFE WAL Ut FEH} T FA ] BAA e A=l
= Rose and Yellen(1989)2] G7(v] =, X
gloh) s dgoez 3 A7 Rose(1991)9 wi=r, A&, 9= A,
s o= 3 A77keith o = Y A Fubde £
WA 71edslA] E3ga= A o]t} Yousefia and Wirjantob(2003)& &3}
e Eo] AFrEa7tseld, wulsEde, ARS-tioleiH|ol)e] FH 57
o A= ZHE B &4 4¥, ols wvi= gYst Brrdste] o
102 yeykon, ofeat ujvsdet
do] 3ol 1@t Fgle® Abg-roleiHot=

Ol
(o,
do
N
N
b
Ao,
r o
oz
o
fru

.
oo
_0|L
rlr
>.\1

=

B7rdste] FE A A i Ae -4 a9 pE e SR
A gk, Marwah and Klein(1996)+= 19773 187148 1992\d 2% 7] 744 9]
Amg olgd w=d Auns dder -4 a3s FAAY B4
A3, Brrdete 27l FAFAE FsAHTIt SR AeF A
ARoY, H=mE ol B EU|I7F A EUA FqFATL ofstE = A
2 Yesth. Gupta-Kapoor and Ramakrishnan(1999)2 197558 1996
A7A o] AR5 F3f A9 -5 BaE ATEA sk, 49 T

A EHel J-=d 2 A4S Wil



=4

-
1

7}

715 1996\ 3% 7] 7HA]

3

A

3L
-

J'_

=

R

[

1975 2+

[e)

L

1970 55 20003 7kA] ¢ =}

[e)

Ao g YERT. Singh(2004)

-

Narayan(2004)

St

°

xr
il
B
il
il

T

1=}
L

1

A
hge

=
L

=

=

3} )
Ao veh.

K
1t

pI84
1

3

IN

1

A
3

B

XHo

8

o

-

MEg Aow tehon, |-

117§ ¢ OECD=7}

shof J-3

317}

o

R

=1

3
W7 EA

3

b TS wEon], FET(2002)

2

I (S-Curve Effect)d}ar
1982558 19961 74 A <]

ol vk J-=Ad

E17] €] 1371

Ft}. Hsing(2005)
S

TS AN

3

o

T

o

o)
- A
(1997)

Ao 2 e

&l

°©

1S

1

0

L ERUEA]
o S-=r4(S-Curve)©] =}
A}

[e)

i

e
-
Ay A
[e]
o As

1
A

71 E A
3l Backus, Kehoe and Kydland(1994)

v}
e
e <}

3

3
al

(¢}

]_

il
Halicioglu(2008)

2

)

.
SRl

arL
1

o]
71
==
=

—

NV

—_
0
HH

o
&o

~H

NR

Njo

—

AL
;OO

)

—
fite)

(2003)



!
.F_H

SR

A

= o

2 A 7+(2007)

H At

ol A=

aF

B

o

=y
A A

A=

(20119 A-7F At

=
L

wael

Zubet o)A e J-A

(2004), A4

o
N

o
o

=1}
=

1%

- 2w 71(2006),

A

PN
B

-
1

]_

(2004)

A

+
o

urh WA 24de, e =

]

[e)

B %

]

EHO

e

)
=

o] thul=

N

NJo
ol
oy

]

(e}

2=
=

AAA ] A

ZI5E] 20061 12

STOO0EENE

- &R 71(2006)

of i

Aste goz veked, ymx w71s

¥l &

o o] A]

WEE

o

AsE o] &d et

44

2000 5-5 201047k #) <]

S
T

(2011)

1%

5

<A

EED

Bl A

brejoe] -3t

5}

o

i)

o

2, J-=d 2ol EA7F FlE 9T

I

—
fite)

_10_



A3 FEUEte] F93%

Ald &4 °F

@rhshe] & A 203 S} Tele) 45%

=
=

SomA, o

o]

s, thul =3 R

53

KeX
=

<ay 3-1>

Jom <19

o]
o

1990

S
T

%_
#1719 o

1]

=
=

3-1>0] WEd o e g

5
— <3

3-1>0 ol§¥ A=

0

it
E

o, 2000 ] 5 kel

3l

=
T %

Y7o A E F

w

il

] 19904 off. =¥

S

oF

S 1990 e/t T R 40 o]

H7] 5= 3

0

B3 Selel A4 S

3-2>=

2
=

)

HHEH <O

}

oA 370=rell o

ol

2007 ©]

Fwe

]

S

_11_



At

At 2043 p-2ukeke] vj=re] o

g Al HAAZ DojArh e A

o
o

e A 7o

JEET} A BT T

.3k 20129 3€Y o3 = 67N

FTA9] 141%

)

A

—
fite)

T
H

"o

o

XK

el
=r

=
"o

—L
L

==
=

elet Aol

L

Wy

L
fu

A7k ok, 19964 ol z
7
Ao}

=
o
T

=

T

9
il

[e=]
=

XA
9] 1, 2, 3¢
uhg

- 12 -

ol

=

==
=

= e
Tglﬂ'l‘

ey A 5

M7t gheh
16.8%

L

fu

o

3

ol A, $-2rhet
ul FTA9|

7HA]
=7t ehH 3.1%<

795

7 -



&, s FEHls HsFol

<9 3-1> v, e

7 e ey

-

2 -

.
-

r

-

e

50%

45%

40%

35%
0%
25%
20%
15% -
10%
5%

GO ——rag —e—gs3

ANEN

S HS>

[ T102
010z
| 6002
2002
o0z
9007
' s00z
| 00z
o0z
zooz
100z
' oooz
B
2661
[ ze6T
9661
| 5661
pEST
66T
| zesT

50% -

40%
30%

20%

10%

~== 3713

—*=oao=s —*—hiz2 —*=o0s=

_13_



<E 31> o, AR, AET FEQUF
(91 %)

L o = gel o %= 3= @7

$2 | 29 | 52 29 42 | 49| 52 | 9
1992 23.6 22.4 15.1 23.8 3. 4.6 42.2 50.7
1993 22.1 214 14.1 23.9 6.3 4.7 42.4 50.0
1994 21.4 21.1 14.1 24.8 6.5 0.3 42.0 ol.2
1995 19.3 22.5 13.6 24.1 7.3 5.5 40.2 52.1
1996 16.7 22.2 12.2 20.9 8.8 5.7 37.6 48.8
1997 15.9 20.8 10.8 103 10.0 7.0 36.7 47.1
1998 17.2 AN, 9.2 18.1 9.0 7.0 35.5 46.9
1999 20.5 20.8 11.0 20.2 9.5 74 41.1 484
2000 21.8 18.2 Lo 19.8 10.7 8.0 444 46.0
2001 20.7 15.9 11.0 19 1288 94 43.8 44.2
2002 20.2 151 9.3 19.6 14.6 114 44.1 46.2
2003 Tl 13.9 8.9 20.3 18.1 12.8 44.7 46.4
2004 6.9 12.8 8.5 20.6 19.6 182 45.0 46.6
2005 14:5 17 8.4 18.5 21.8 14.8 44.8 45.0
2006 13.3 10.9 3.2 16.8 21.3 15.7 42.8 43.4
2007 12.3 10.4 7.1 15.8 gl 17.7 41.5 43.9
2008 11.0 8.8 6.7 14.0 21.7 17.7 39.3 40.5
2009 10.4 9.0 6.0 15.3 23.9 16.8 40.2 41.1
2010 10.7 9.5 6.0 15.1 25.1 16.8 41.8 41.5
2011 10.1 8.5 7.1 13.0 24.2 16.5 414 38.0

F A F9 A3 (http//www kitanet), S F9EA” A8 E o] &t A4,

_‘]4_



A

7+

?;51_

Foj=ro] &3}l o

B

(e}

|

Ry

flasiies

d7h Qoju Aol P4 AAEm,

o

7+

|

3

=3t

qom, 7jEe Fue] A4

o~
T

il
‘._mo
i)
T

it

=
oy

199511 ~2002xd ¢] 7] %k

)
=

AAZ v=o A-F, 1980 ~1985¢
19851 ~1988 3 20021 ~200811 ] 7|1t

=3
o

\m_&l

AW (elasticity approach)ell 7] =3l k&

0|
ot
M

e
o)

wr
e

N

Y
+
il
amo

)

o

o}
el

W5
o o] =

th. 2000 o] $-H-E

1

A wEe Selvkebel Al FETOIAAW, 20034 o] F

F

=]
R

gubete] Aol FEFoR wo=wAl, 200515

o

3

L7 A, 19989 ofAlol T rl-ol 2 O b oFshE v
=

RS

5

o]

[©)

2000

==
=

{r

=]
5

ki3

o] &

S
T

o}ty <19 3-3>

15|
=
o ol

A7F dinl= Fq A=

PN
o4

)

g wofE

=
=

A2

-

1

AARE, 1990 o o]

0]

_15_



Holal gl

=
=

= FA

gl

A= S

A

3-3>3 <2y 3-4>=

<3

3|
~

o AP Aol

il

|

36,120™

-
1

2 glew, 201019

S

1998 2] <49

-
1

g, °l

-

AR -

R4

gk o] Al A

A7) W, = A R

e}
d =5

71wk 2009

= el

3 2011 <)

o
o

A/9eE g

3

=
2%

Qom <18 3-5>

1T 2002\ FE 200613 7HA =

B 2Er, ©) | A

PN
T

=
=

7oz [st7h A

=] O O
eSS S

=0l =3t

20051 FE 2008 7HA]

-
=

794

g gevee o

o

_io

T,
file)

NRoA, FANHozE e gFR

E

Zjl

KeX
=

=
=

+

Atk <29 3-3>, <1¥ 3-4>, <1¥ 3-5>& H

ol

£y

AAH o= WA

7}, 204
H7td QR

=
o
=
=

]

5 7]H] 41.3%
24 HAT

Ll
o
ES

}_
1ol A s gb= AF ol =4

X 0

_16_



EARGE AL FAY Ak gepd ge WO SHoq gt ¥
BEo] -4 a%e EAE Juss A4 4uE Dast d
<E 32> /299 B3 U FoiA
(G9l: gr whey)
/9 _
ShS e 5% e 557
1994 303.62 18,138 17,928 209
1995 771.04 24,131 30,404 -6,272
1996 80478 21,670 33,305 -11,635
1997 951.11 21,625 30,122 -8,497
1998 1,398.88 22,805 20,403 2,402
1999 1,189.48 29,475 24,922 4,552
2000 1,130.61 37,611 29,242 8,369
2001 1,290.83 31,211 22,376 8,835
2002 1,251.24 32,780 23,009 9,772
2003 1,191.89 34,219 24,814 9,405
2004 1,144.67 42,849 28,783 14,067
2005 1,024.31 41,343 30,586 10,757
2006 955.51 43,184 33,654 9,529
2007 929.2 45,766 37,219 8,047
2008 1,102.59 46,377 38,365 8,012
2009 1,276.40 37,650 29,039 8,610
2010 1,156.26 49,816 40,403 9,413
2011 1,108.11 56,208 44,569 11,639

328 (http://www.bok.orkr), 7 A EA A 2 €l
st 513 3] (http//www kitanet), ==

_’]7_



[.

<3 3-3> 4/<1(10041) &3 o

(el wink Jy)
aw | VUV saa | gaa | pees
1994 78791 13,523 25,390 -11,867
1995 824.45 17,049 32,606 -15,557
1996 739.59 15,767 31,449 -15,682
1997 784.02 14,771 27,907 -13,136
1998 1,074.41 12,238 16,840 -4,603
1999 1,048.64 15,862 24,142 -8,280
2000 1,048.92 20,466 31,828 -11,362
2001 1,062.41 16,506 26,633 -10,128
2002 999.57 15,143 29,856 -14,713
2003 1,029.76 17,276 36,313 -19,037
2004 1,098.76 21,701 46,144 -24,443
2005 930.66 24,027 48,403 -24,376
2006 821.49 26,534 51,926 -25,392
2007 789."75 26,370 56,250 -29,880
2008 1,076.63 28,252 60,956 -32,704
2009 1,363:13 21,771 49,428 -21,657
2010 1,320.56 28,176 64,296 -36,120
2011 1,391.31 39,680 68,320 -28,640

A7 1) 28 (http//www.bok.orkr), 73 EA Al A€

2) AFE-AF 3] (http://wwwkita.net), 3F+FS

_‘]8_
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<E 34> /A% BEF} WFF FG5A

(ehof: Wik ey
A ggg} S5 F9 7247
1994 93.37 6,203 5,463 740
1995 92.34 9,144 7,401 1,742
1996 96.8 11,377 8,039 2,838
1997 114.74 13,572 10,117 3,456
1998 168.97 11,944 6,484 5,460
1999 143.69 13,685 8,367 4818
2000 o695 18,455 12,799 5,656
2001 155.95 18,190 13,303 4,888
2002 151.17 23,164 17,400 6,354
2003 144 50, 21,909 13,201
2004 138.3 49,763 29,585 20,178
2005 125.06 61,915 38,648 23,267
2006 119.81 69,459 48,557 20,903
2007 122.13 31,985 63,028 18,957
2008 159.05 91,389 76,930 14,459
2009 186:85 86,703 54,246 32,457
2010 170.83 116,838 71,574 45,264
2011 171.5 134,185 86,432 47,753

A5 1) =23 (http://www.bok.or.kr), 7 #]E A A 2~H

2) @993 (http//www Kitanet), g5

_‘]9_
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A1d E4HE

o

1. @992 &

FaT ALY S M= AAE 5ol e F8/d (stationarity) #

o] Maslofol gt} o]= EH<HA Al (non-stationary) AE7F o]&E H

HWeA Folg ARdE A A, S5 54

3] A (spurious regression)®] = A7} BEASL7] wjto)th, At A g
3ty oA AAHLS G A (unit root test)ol™, T HAHO

+ADF(Augmented Dickey-Fuller) 473 PP(Phillips-Perron) -] tj

w0},

1) ADF AA

ADF AAWE dolny] 913 Z0Ae A zpueh B

59| AolE Mdust=d F&gh dHEF Y
Y, =pY,_, +v, (4-1)

del Ao v 00 BT VAP B 2L 2

rlr
Biiy
o
2
ro
-
i
do
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oatelth. 4 (4-De] R Y, & WF:, 1A ARAARE 2HsH

obelsh rel bEhd gt

AY, =0Y, .+, (4-2)

EH, p EE 5 FWOIM e ge] uehd & gk

Hy:p=1< H,:6=0

Hi:p<lse H <0

A5G NGAA e A%, 5 0=0p=1 &, WAL Ar w
dzol EASH BorgFolghs A2 gudy. vy ARES 717

rlr
o,
o
rlr
>
)
1115
_|>i
il
N
)
[40
ol
)
| ©
«“
rlr
poy
filo

oju] gk}

Dickey ‘and Fuller(1979)+ d6=00°]2t= #5771 stolAl | 2] (4-2)el A
Y, o AFY #4849 t3ke] 7(tau) BAFS GErtE S BYowH, o
Aitso] EH AFEAA 7)Aol | deldA DFDickey-Fuller) A4 o=
oE ] ot DF AALS ket 7154S 8183817 9ete] ofgiel e Al
7HA o] & FAF7HA stell A AT

AY, =0Y,_ +v, (4-3)
AY, =a+d6Y, ;+vy, (4-4)
AY,=a+d8Y,_,+6,+vy, (4-5)
sl DF AAS 243 o, 7F Fgdelgbar 7FY P9, ADF(Augmented

Dickey-Fuller) HAAL o7l A#AAAE 2= Ao dis] #HASoh
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AY,=a+8Y,_ + YA Y, +u,

(4-6)

s=1

<thQ_Yt73)

1 Yt—Q), AYt—Q

=(Y,_

A AY,_,

Al
2

19
ADF 74 9A] DF

oA

I
2K

el

2) PP AA

—
fite)

fvze)

el
K

)

]
2
Th

To-

th 12y ADF

9lt}. Phillips and

—{51.

[e]
e 24

]_

2
T

Perron(1998)

Eiasg

°ol-&

O
=

H] 2 =% A" (honparameric. statistical .methods)

-
1

2. 38 E AR

]

"
ize)
>
T
a1

—
fite)

N

AAD AE7F 9ol
Aoz Jedrh a2z AAY Aast Bor

-
1

Al

=
Rl

A 57]9]

3

1T

(¢}

S

<

Rl

[}
=

4714

(cointegration relationship)2}al 3t}
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A = AH(cointegrated) il g}, = bA7F EQFASohH 3 AR H A &2

Ne, =ve,_;tv, 4-7)

ADF ¥ PP 449 AA#LY th=2t

e, =Y, —bX, (4-8)
e, =Y, —bX —b (4-9)
e, =Y, —byX,—b, —0, (4-10)

oW JARS ALt Ao/ A (U-9HT Aol gl 37
Ao A =EHA=A, A @-9AF o] s 3

A, A G-10A " et ARBEAZE e SN mEEH A=A

o,
1>
=2
>
ki
rif
n
32
rr

1) Johansen &% 74

Engle and Granger(1987)o 2J8] &= %o Aol thdt & xo 740
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] Johansen(1988)¥} Johansen and

o}
+

i)
T
Mo

P 2A o)

¢}

&7+

Juselious(1990) 2]

b =2

°

g

=
T

F,

s AAlE A A4 W (bounds test)

)

B

]

o
= A

al

A

A" (maxium likelihood) 2. =
[e]

o]t}. Johansen

.

sl
(Unrestricted Error. Correction Model; UECM)el 7]

-
it

Pesaran, Shin and Smith(2001)e] <]

<$-%H] (log likelihood ratio) #

&
Mo
&
o

X7

X

Hlo

A4

, Johansen =4+

YA

el w4

ki3

=

it
2K

i
s

0
!

i)

Al

=
R

+ A A (near unit root)

g

ol
i

el
e
o

T

o

¢+

X

-

o

(¢}

[e)
R

%

t}. Johansen. &% &

A Zo F I o]Ao] 1(unity)®

7h] of

"

L

of wet A4 FAA

(order of integration)

ol

Hol @ wxwt ARDL E 3o 7]

1)

it

Aol wet o

—L
L

& VARS|
HaAsHOLS)e @714 F=4A

=
=

H

“d % (consistency) o)A, &

-
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9) Mah(2000) ]



HAS A FH5ASe Ayiigol o] WEslth Johansen & 4% A

Agwsel FHW4e) s} ol e AfgEel LT
A} 7] 3] A (autoregressive) E.3olgtal s, Al AlE &&= ol

A sAnY aEw s A B ehE AAREE EFH] AL
Z3shs mHol), Vel pARst X g\ A= 2 ARDL(p, ¢ 23S

Y, =04+6,X, +6,X,_ | F+dX,_ 0, Y, 0 +-+0,Y,_ +v, (4-11)

ARDL R &S F3hA| X} ¥ (finite distributed lag) X3 o] zta Qe &
A AR B o= X9 Wyl Yo ¢
shobal 7hAeke #AY oW AlAH, F ogks A

gafopstA Wk, ARDL 22 F-3ks] AR AEs &27kd AR =

X® ¥¥shs wgor WyAY 4 Utk 9, ARDL 23S A7)4n
A7 dAeE Ao R e o™, Cheung and Lai(1993)8] AFolA & AxEQ] A
Johansen &4 HAAL 4 WME ol e #A7](bias)e TAAE 5 Atk vERsT
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al7

2]

)
L

4. VAR 23

VAR(Vector Autoregressive, W H 2}7]3]7]) &3 <]

K

)

™

o7

)

R

H
gl

o
!
T

To!
B

)

(4-12)

Y
t

B+ 81 Y1 £B5pXy Fv

Yt:

Boo T By ¥, — 11 B Xy 4 'H’tX

‘Xt:

o

vzl

-

el
Ao

==

3

S yeh x7b ok

(4-13)

AY
T

ﬂllAthl—l_ﬂlQA)(t

AY, =

AX
_ | =il

ﬂQlAthl +ﬂ22AAX;

AX, =

Mo

W ysh X7 1) Wol Ay

=
21 (4-13)¢] VAR

-

+

ol

vzl

-

—
fite)

B

12 =}

il

il
T
W
o
il
"
Mo

] H909 [(1) MES Aol

37 1=
R R

floF &,

9]

HE

=
=

il
T
Mo

fite)
o
B

(Vector Error Correction Model;

VECM)e| t}.
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alg

ki3

ot weba ol

(Vector Error Correction Model;

¢}

o]-&-afoF 2t

KeX
=

VECM)

VAR(VECM)

o Alals

S+ (impulse response function)

Wk

=
=

3l (variance

=]
RN

=
=

decomposition)

ol

AW Fo 7]

+
;OU
oo
e

N
No

gl

A

g2t

A

o =

F<=(impulse response function)s &7 o] WEE

g 5
- ¢

E]_]—

=4

+ H]

SR

o
=

%7 o]

(4-14)

Y
t

O F+0, Y, +d,X _ +v

)/t:

X
t

Oyg 109, Yy + 050X, +0

)(t:

2788l F40l 7t

(4-14)¢]

ol

<
o)

9 7910

SHFEA UE

=
=

A A

NA7F A

Z

W

Al
2

.

A4

©o. o
o =

F A0
Oem =
, © T

| A ol A
A

10) 21 &4 (identification problem)7}

= o

5

/lg /\61

=

AA FxE T A

she
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V9 X sHdon Ad49 ¥ $AHOR AAHAE FeTh
t=17]° v/ =07} Ha 1 o] Fef v/ 00] HEE /] BEEHA T4

of Q= Al e, wE rol o] ¥ =003 ¥, =X, =0°]zkn 714

e

Y, =v =0y (4-15)
X, =v =0
Y, =0,Y, +65% =60y +6,,0=08,,0y (4-16)

Xy =091 Y} 099Xy = 0910y 0590 = 0010y

Y3 =011 Y, 4015 X5 = 6110110y 10190510y (4-17)

Xy =091 Y5 090 X) = 0910110y 0590910y

2] (4-15), M U~TDe). 4-17)F 44 t=1
Aol v ¥ Xo| nX= AgS et =45 -0 s A3 7]
Ho g wkEx o7 oA 3

(UY{1’511’(511511+521521)a }, UY{O’ 521’(521 11+522521)’ "'})% T AT

W)
3
=
b
>, O{N'
b
)
|~<
]
=
=
=)
N
rlr
ofj
b
r]I.
oo

W opd2ags nysor v =4, ¥ & ¢ gle ARREEH 2nE $4

slok @t

o
1>
il
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AR ) (variance decomposition)= ZF FEj o] FZ o] o =92} Ak
X geke] ALE HojFEr & VAR 28 o ¥sty z} W A

YtF+1 :E[511Yt+512Xt+Uty+1]:511yt+512Xt (4-18)

XtF+1 :E[521Yt+522Xt +Uty+1]:521yt+522Xt

FE'=Y, /7 E|Y, |=v, war(FE)=d% (4-19)

FEf(:XtH_E[XtH]:UtXH var(FE;) = 0%

218 A (identification problem)”} $li= ol &2l 4 HAbEs o F2
2l (4-18)3 211, ol otE BF BA S S 9 Bike A
(4-19)¢F 2k, whebs) 4 4-18)olA v H Xoll i3 5ok B W
TS AN FAcZAHEL U3 7o 2 VU Xo s 7 OwHA
A A S5E sk A A(4-20), A =23 2o, ofd A&t

GA A S B AR A (4-22), A (4-23)3 2t

YtF+2 :Et[511yt+1+512Xt+1+th+2] (4-20)
=E, [511(5111@ 015X, + Yti1)+512(521yt + 050 X, +UtX+1)+UtY+2]

=0y (511 Y, +0,X, )+ dy9 (521 Y, + 522Xt)

_31_



XtF+2 :Et[521yt+1+522Xt+1+UtX+2] (4-21)
=E, [521 (511Yt 015X, + YKH)‘H;QQ (521Yt + 00X, +UtX+1)+UtY+2]

= 0y (511 Y, +6,,X, )+ 099 (521 Y, + 522Xt)

FEy = Yt+2_E[Yt+2]: [5llvty+1+512th+1+UtY+2 (4-22)

var(FEQY) = 5%1021/ + 5%203( + 02Y

2~ B[ X)) = [521"‘)3/+1+522UtX+1+U£X+2 (4-23)

(175 + AIE Pt o+ ) (42d
(67,0%)/ (63,0 + 01,05+ o) (4-25)
(67,0% + %)/ (85,0% + 53505 +0%) (4-26)
(63,05)/ (85,05 + 05,0% + %) (4-27)
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A2d BEAA=E

B = @8] FogAdd mA= Gl ds £48k7] fal,
a2 vhre] divls, Al dsss oo 253 A4S A9
o} webd FZ WS (dependent variable) 2 thvls F4x] I E F

FA, s FI5AE o] &3, A WS (independent variable) 2+ ¢/
ool 3hE, /1009 g, A/ FE fEvete] A5, 1Eal 1
7o A5, R &5, FH £5S o]&drh T3 divja 2 gidE
o] A9 19913 12€%-E-20123 1€7HA ¢ LR S Bs %
19943 4975 20129 52711 o) e8RS E ol & A A

Z=to] th3k Sgutete] FA5FAE 23 BA Fddel I g3

(o

at
ot Sy a, G A5oRE APANATE & oy 5
A ehE EE R ARG A7 EA A R onE HE SUF
AHGDP) = ol &3t et ol Sl At R 21 AEw S48
= AAololA, FHEAH] B FyEA 229 IMF IFSe &
A4 SUFAA WEE S ol gef 73§, 2agts FA ol & Ak
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A5F AF A

A13 ARDL &4

1. F71 &4

= 21 FHE A & WA A (single equation) BE S 7] Eo
2 WHF ke AU EAE AR STk

InTB,; /= B,+ 6, InY, 46, InY;, + BnRPX,. , +¢, (5-1)

ijst

Seluhere] ) A 7HA SOPD el g SRR el s e Aux b el
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AInTB;, =b,+ kZ}lblkmn TB;, .+ kZ}Ob%Aln Y, .+ kZ}Obgkmn Y,
2]

+ 3 by AINREX;, , +6,InTB,, +6InY, | +5&nY,
pa i : . .

1ty (5-2)

o

EEREES

1282 AAs9 o, Hendrey and Ericsson(1991)¢] X 4= oFHlW (general

Ao Aol A Ax 7 WM A, v 0AFE ek

to specific approach)ol ¢lal] &7]2lo] FHAT. .= 2 (5-2)¢ UECM =
gl ¢t Al 124 &

rlo

12k _}%L‘F%(AlnTBij,t—ka AlnY;, .

AlnY,_,, ANREX,, )2 cAH oA A 74 de A

=

,ﬂ
to
]

=
A 18 (Restricted Error Correction Mode; RECM)S at#lslH A HAAE
Al =

Criterion)®] #<& Ha4stels EdS HA o Edo= A9

o

FA 3. =3k AIC(Akaike Information Criterion)®}t SC(Schwartz

Pesaran, Shin and Smith(2001)& W5 7He] AV|HAES B4357] 9
3] Wald AAN 7128k SAAAH S AA At S o 22 A8

9= (oint  significance) ol w3k A F7FA 7S A AGste] Wald

A4e g

Hy:6,=b =by,=b,=b, =0

H,:6,=b #b,#b, #b, #0

AlEHel s Tl AAT A3 fo 9= (upper critical bounds value) X
, AT BAE EAHA] et ATt

Ao 717t 313 o 4=(lower critical bounds value)®.t} 22 7 -$-
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] 7 (spurious regression)®] A=
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wel e
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Ul 22 5 o]
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Johansen ¥ 7%
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ok ADF(Augmented Dickey-Fuller) 774 3}
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=

HA 2 7
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Computed F-statisties i o T
(6,=08,=6;,=6,=0) 9.338 7.885 2.730
Critical value bounds Lower bounds, I(0) Upper bounds, I(1)
10% N 3.77
5% 3.23 4.35
1% 4.29 5.61

F: 1) 94 (Critical value)2+tF&& %3 “Pesaran, Shin and Smith (2001), Table

CI(iii) Case HI: Unrestricted intercept and no trend, p. 300

2) 91 £9 33 FolFEd B fFroleTe 370 AW S (regressor)]l 4.

RECM R&e] FAZAINE <E 53> HH o]
OLSell 7]%% ARDL ®4clmz ded 2o ud
Durbin-Watson A& M=EYy, d2EY, T8
19824 29 AL #S 7HAl== @ 2peke]l z7]AF#(autocorrelation)
Ao gl Aow #arw 1, Breusch-Godfreye] LM #A 2 ARCH #AA

ofME ZF = Bl AEe] A7) d#I o] E4Hd (heteroscedasticity ) ©]
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Aggo]l FAFAd Mg F 4FE nRATgE AS gudt 5 9
Zte] A9, AFHEFEALE shell AAT HFAA AAGAYS AA
7= e, AAA AdMe] #F&xAFE T3 FI5A Aol o=
A& 7bssttha M 4tk
<¥ 5-3> RECM &89 443
] = SR T
L A3k A3k A3k
constant ~1.5568™ -3.3110"" -0.6557
InTB,_, ~0:1.007" 20,1442 -0.0916™
InyY,_, 0.0370 ~-0.0200 ~0.0601
InY,_{ 0.0546 0.3963" 0.0331
InREX,_, 0.1880" 0.2037" 0.100"
7 ek A
Y 0.3674 -0.1386 ~0.6561
Y’ 0.5422 2.7482 0.3613
REX 1.8671 1.4126 1.0917
23y AA AR A vatue) p| BB TAF ovalue) | AY FAF (p value)
R? 0.36 0.40 0.41
Durbin-Wastson 2.04 2.03 1.98
oo 0.40 (0.67) 0.78 (0.45) 0.48 (0.62)
inen' 1.98 (0.12) 1.17 (0.31) 0.00 (0.96)
Xipspr 1.48 (0.16) 1.22 (0.22) 171 (0.19)
F1 1) TBE #9544, ve $edde] 25 YV & 293079 25, REX: 244%
(/9 9/9(10090), €0/919hHe o] m] &
2) #, %, wess Z47E 10%, 5%, 1% FEAA BAA LR Fo3He vhEd,
3) 7+ AL ARALL e ge
O Aol A7 dwel fivh L barel ojRAkge]l EAISA Yt
¢ wPHY ge 9Ft gk
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<219 5-1> RECM Edol| tigk CUSUM % CUSUMQ TEST

-60

T
1994

SRR R A R RS RN AR RN AN AL AR AR
1996 1998 2000 2002 2004 2006 2008

— CUSUM ---—- 5% Significance

60

0

204

40|

B0 S T e e T

1994 1996 1998 2000 . 2002 2004 2006- 2008 2010
— CUSUM -=--- 5% Significance

-204

R R R R R R R R R RS AR R
97 98 99 00 01 02 03 04 05 06 07 08 09 10 11 12

— CUSUM ---- 5% Significance

(M=)

T T T T T T T T T T
1998 2000 2002 2004 2006 2008 2010

—— CUSUM of Squares -——- 5% Significance

0.8-|

0.6-|

0.4

0.2

-0.2

- T
1994

LA R A A LA R R AAS AR ARE AR AN LR
1996, 1998 2000 .°2002 2004 2006 2008 2010

—— CUSUM of Squares ---- 5% Significance
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— CUSUM ---- 5% Significance
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k=0

o] HelA ECT= s 4% TA L &A= omsict. 2 (5-3)& o] &3
o] R =29 (general to specific approach)e] Wzl =&5% Ay <F
5-4>¢} Zom o] wd TR ¢k el Ry o] HAo] Fgsir)
Breusch-Godfreye] LM 74 2 ARCH #HAANA zh-=+ 239 x|
2+71 7 (autocorrelation) ¥ o] =2k (heteroscedasticity) o] §le AS= 1

ok &3, Ramsey RESET A4 A, v R2gy JEEPHAA = B
FARGY 277F gle Ae® YuawAw T B A= 5%elA
2y g ei77F EAEE Aoz dEyth a8y CUSUM ¥
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<3 5-4> ECM

2ol F42%

N

_45_

] =3 o T
ik Al 3k Al 3k Al 3k
Aln REX 0.622™ 0.221™ 0.002"
AlnREX, _, 0.633™ 0.409™
AlnREX, _, 0.424™
AlnREX, , 0.558" 0.289™ 0.002°
AlnREX, _, 0.541™
AlnREX, 5 0.783""
AlnREX, A8
AlnREX, _, 0.566™
AlnREX, 4
AlnREX,_,
AlnREX,_, -0.202°
AlnREX, |, 30
AlnREX,_,, FQB813™
ECT, , -0.208"* -0.05 -0.08"
2y A AR TAF (p value) | A FAF @value) | AF EAF (p value)
Adjusted R? 0.39 0.35 0.33
Xavro" 0.45 (0.63) 0.10 (0.89) 0.99 (0.37)
Xiren' 0.83 (0.69) 0.05 (0.82) 1.15 (0.28)
Xrpspr© 1.54 (0.12) 1.16 (0.24) 4.37 (0.01)
1 1) REX= 243&1/9e, /410090, 9/9130)S <3k
2) #, o, ez 242 10%, 5%, 1% FaolA FAH o2 Fo3HS ek
3) 7t AAe AVILL B 2E
O Al Ap7)garel ek Lowkabagre] o]Rabe] EASA itk
=AY el 277} gt



<19 5-2> ECM E &l w3 CUSUM % CUSUMQ TEST

LSRR R AR R A A AR AR AR AR AR R AR RN
1996 1998 2000 2002 2004 2006 2008 2010

— CUSUM ----- 5% Significance

-60

MR R R R B A L R R A R R RN AR RARN AR
95 9% 97 98 99 00 01 02 03 04 05 06-07 08 09 10 11 12

—— CUSUM..-—— 5% Significance

-204

— CUSUM -—- 5% Significance

(M=)
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N R SRR R RS AN RS RN AR LA AR LA AR RARA
1996 1998 2000 2002 2004 2006 2008 2010

—— CUSUM of Squares -——- 5% Significance

— CUSUM of Squares —--— 5% Significance

SRR R R R R B R R R RN RS RAAS RARN RARR RN
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A34d VAR 4
2 Ador= WA, Johansen T8 HAES &3 7 WFE e AU|H
A7 @A A E =] ol oA AHE &7 74 M (bounds test)

o) Avtel vy

<% 55> ¥4 A4 (Johansen &&4& HA)

Rank Hy:rank=k Arace A az
] =
0 r=20 35.79 17.86
1 r<i1 17.92 10.11
2 ;4 /Sl 6.545
3 <3 1.265 1.265
A
0 r=0 @3.32 26.80
) T <% 16.51 11.03
2 iy 5.482 5.122
3 - . 0.360 0.360
F%
0 r=0 40.06 17.99
1 r<l 22.06 13.24
2 r<2 8.826 8.826
3 r<3 0.000 0.000

1 A &= AIC(Akaike Information Criterion)S o] 83t 2R E H 2 Ax49.

<}:‘Z— 5_5>Oﬂ/\‘] E_—EZ\—O], )\tr(we 1;% )‘711,(1..’1:94 EO_Z" %]:Oﬂ 713?‘9\% UZH, 37H%94

BE WEE el FHE A A G5 Qo Yeh, @7
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Response of DLTBUS to Generalized One
S.D. DLREXUS Innovation
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