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ot OfA|o} F7IE2| MetEMMEE0| n|=e MEE FFEo R 2Edo=
st U=7HE 2H2E Carrion-i-Silvestre et al.(2005)2| ™ AMZAXEL
Benerjee and Carrion-i-Silvestre(2006)2} Westerlund and Edgerton(2007)
HE3HE AN So2 ARt 2 ANUHES CiEe| LM 2
312 5|Fstn HtH FAHZH o|EMHE ne = ks HEo| ot EA4A)
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19972 2|&27| M=ZE on|Ues FZHEE0| st 2|27 (7| ofAo}
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| o]F opxoEAlE 4 AAE AYon Ee wE

7] AseleS vkEsla Qlth 1999~20008- AA A oA
o] A7} 8L Hzgkon, 2001l oM AAZAA 2] F3}ke}

A A7 we HATh 1 o]F WA B AlAZA ] S| EAR Q1]
< v 3 Azl

=
FeA ] BRI 9} JAFFFECR 2gE FHAI2Ee] By FRY 25
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=

ofrloA| el A 2] 2]8h9]7] WAl F 100 do] At & AJ-elA olAlol ARl
ER o7 34 (catch-up) 3t 3
7} of W A7 3AFA R 3] E51A] Fetal 235|211 FACA] Hlojual glertel
gt A wAo] dasitt Wwt opet Mfabed 2 A AAAR] FHou

o] Zt= AAIGARS] Aoy 718713 et
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of AAZFo] WMIFHEE Mem7iofe] AS5AAE FAH= F4E (catch-up
rate) = ©|-&38I3 o1 ofrlo} 79 Ao oF FAC R gk TS} A
sitjete 34 50| 5408 A7|A FAYH TR S H

(stochastic convergence) A15-5 HEQ 3 A= Bote] AT ASEA o
A xS 238 oA WdF ez AXE = Bai and Perron (1998, 2003) 2]
72328 (multiple structural breaks model) & TZFO.2 dfod, AJA|GA
T2H3E 583k Carrion-i-Silvestre et al. (2005) 2] W% (panel

stationarity test) & ©|-83dl] FHEL] FHAE EAsith D

a

1) Levin et al. (2002), IPS(2003), and Hadri(2000) 5¢] i@l AP M= Fxstet
FEoEd e vEfstn A gy w3 Tde o] EAlgTE AR Ve dd F F
23ke] AJAGo] oA Y-S oujgit}, 12|y} Carrion-i-Silverstre et al. (2005) 2] sl'd<Hy
A3 olA AFTME S WolERItE AL BE AlAIEe] g Adoln &84 7S AR}
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A S AL Qlo] AJAIF ] ©hel 2ol EAjgths A
7Hdo] 714 =] ethe Aoty AR, 2719 992 dHdA e i AAE
o] 4TS Zeths WAE AR 4 7§0 of HAsto] ket whebA A
SN2/} e e I AR e Akl Bl el Sokithe
Aolt}, o]of 2 EAIE sidsty] flste] i AlAIGe] BAIAIG o lebe T
M E A% }% A2 AASATE AR, AALDel] Afalsolut 929l
3= el etk vel
= AAsk= ‘ﬂc}fi}i gad A4S GA drke Aotk dAR, B8R dd
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ATz el HA By %ﬂr:} ﬂ?‘i— Zivot-Andrews (1992), Banerjee et.
1992), Perron (1989, 1997), Andrews(1993) SollA t-F7] Alztete] 3=
o] Abdel AR E= Zo] ozt BE oA AR AYH e RPoR
NEa At =3 3 o] FERHSIE 5 &she R FE FHIde 724
o] o2l | EAske AR guiste] #AMshe B dFeinEe] Yen
Ttk Perron(1989) & FxWshyb AARHIE &8st HAWIEE (crash
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model), AIZFERAIY] 7] &71HsRt 88t AEHSREE (changing growth
model), 23l HAI} AZEFA] 7]&7] WSS BFE Agfcte SAIEAREE
(both effect model) & AAIBFITE. Zivot-Andrews (1992) & AF7HIS 7148 &
o] 7MY ol 71Ae 7Rt AR o ® Adsielrh whebA Zivot and
Andrews (1992) 722} Perron (1997) A% & WA o2 HHI FAlof & Ho
TE2HSE d8ote REPA ©el2 AAe Atk
BAAAGS] H3e Ak E b2 o E W e s AFHE
AR eHE Aoz HANAES AF M= AF 3l Kurozumi (2002) £ Carrion-
i-Silvestre and Sanso (2005) & Kwiatkowski et al. (1992) 7} A|A1 &+ 34 44w
Hell Al xRSt 242t gk 'y 7 H dojvhs B3 o= spgete] sttt
Bai and Perron (1998, 2003) 2 F+z=W8b7F 2 <hollA WA o= A EM
o] FxRS}F dojvhs TSRS AT
N e AR Gl W2 EAIAE AYA Ho] AAIG T el
Eqtte AF7Hdel 7N14=EA g 4$7F 2ok webd Maddala and
Wu (1999), Levin and Lin and Chu(2002), Im, Pesaran and Shin (2003, IPS),
Hadri (2000), Choi(2001) ol o3} @xd sdetela AHe e 238 &
A5 sjdsh= d 7]kl i ADF Aol Hlske] Aol A Eue
Aol THE I 931, IPSE Levin et al o v]ste] 7EALR ] it o] AAS 17
sta glo] ] dwkAQl Wi o g A w 9lvk. Maddala and Wueb Choie IPS
& iR aggdEsAgl o AddlZES A YARE wEREA
I'Holl ot kAl Fgellx A &= AFHS A sISIth
BAIRF] Hatgk il BAES] pas o8t a, Bd HdeAE A
& 7Fssithe Zolth Chang (2002) & BeHgA HEARE AMSale] ©92S
il

a4 e
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=

WeZ dlsA 242t y= Y/AL, k= K/ALZ JERE 4 3tk Solow-Swan A
WerE A7 RSe] AAER THANE y=ak2 BEAFY o] AdA €I
TAF(Taylor's approximation) 2 TAFEIE Folo] ts 29 ASAANLE

(transitional economic growth rate) & Z7/& < Aot 2)

d(log Yit )/dt = Alogy;; =7+ A (IOgyit - logy’;) 2)

A3 gholt), 2HeF logy — logy” < 0°]
L5FTET ofEfd mED] Uthe onlolw, gk

g2
['_8‘4'
2
M
et}
Lo
e,
r (¢}
oft
B~
L
(o]

Aok 4 (29 2% F WA & (logy, — logy, )& AET7tele] 2543, =
3491 on|2419] 7]&4 A} (technology-gap) & F2|g 4= Stk 2] (2) oA B
Zo] HAx=7}(eading country) BT} 7|&AA7F EF4E 37} (following
country) © £ AAES YeRITL

AFTA AN E rl=g Aem7ta st vls ded GDPiH] FolAlol=
U A GDPE FAER Hosted 2 (3) # 2ol AA skt

7}

o

X,

2

.= In(GDP,,/ GDPyq,,) 3)

71 GDP,, = NE=71e] Aol GDPOlH GDPygy = Pl=e] Aol

2) =& Barro and Sala-i-Martin (2004) & #z2g A.
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GDPE UEhdth 7Zh=e] 4 50| sjdety o] Hojof A|&H 02 n|5 A5
T2 R s He ol vl= ASFEoR
A0l HA] Eshd HAg ol HbES v A5A

Fata lthe Aolth el Ae=7kE F4ak=t 3l
sto] FAE AAIE X, Bl FRHESPL EAdt JPdEth S 4 (3) ClA
X, 7t FAA F2s
=2

= tee] FXRSLE o 85t AT/ S Eel2e] it R Ashs o
g oA S v (4) 219 Carrion-i-Silvestre et al. (2005) ] Ao w2
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Xy O‘+Z%LD kf+ﬁt+291kD kf+e’

i=1,.,N, t=1,..,T 4)
DU, ., =1, t>Tp .9 2%
DU;,;., =0, a%A e AS

DT, =t=Ty, t>T;, 2%

*
DTy, =0, %A 28 A%
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t. DU, & DT, & 27 AHA
4= (dummy variables) ©th 7y, & iF7ell A B iR FRWsE dojuhe AlA
oln FxMZY] MEE k= {1,.m;}, m; = 12 Yehdth £ =2 m=5
7BA sgdth A FAE Ztm AREAY 71e7] Wsb dolue
Bi# 0, =03 2% Perron(1989) ¢ 24l Co} & Rt}

g A3 A WHS Kwiatkowski et al. (1992) 7} A|<ket KPSS 77 5A &
< HEAER i3 Hadri(2000) 2] 31'd KPSS A4 A d& AH&-ath

O
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A7 7, (A) & AET7L] KPSS BAF (r,(\) =0, 2T 2Y)5%,) 12, 8,

B AFMElel 78 A ¢, 9 HER(S,, = e, )olth o) e &3
& e;, 9 4714 (long run variance) o] ©]iE42Hd (heteroscedastlclty) 5] 83l
o} 544 (homogeneity) 7F82& (5) 2ollM w;*E w; = N”E&?i th A g
o2 Fhse,

& AR I7F Y FAAR N\l YEsH He=tl A= AAZIRE Tol gk A
RS *l@(A,;:(AM,...A,hm)’Z(Z}fi/ﬂ...,zg,,L/T)) UER}E= wWEolt}, 7%
W37 sl 9 91x]= Bai and Perron (1998, 2001) ©] ARg-gl zkxpalsgt
(SSR) & #&3Mr7]= AlA-E AEet== Carrion-i-Silvestre et al. (2005) & At
it} o] WL £ald WS Bl et o g o] A HaAE
Fol HaspHe AA (T}, T),,) & FoTh

(ﬁ),v"v %,rrL,): arg min SSR(T} .., Y}fm) (6)

FxHse] AFEC] Thte]l HITske A W] e 14, -1, =
leT|, e=(0,1)9 ALFZAE T8l e=0.15% A&stach MHE=71e] +
23} 4= (number) & Bai and Perron (2001) ©] A|$Fet =& Schwarz g E7]
(Lwz) & we} Fsion, Fxiste] Hulgk2 Carrion-i-Silvestre et al. (2005)
of o] 52 dAsi3lch

A tdsEsts 683 Y ATTHEel e AR TAEE v
7 2t



distribution) & ©]-§-3}{th 3
weba] B A= 1960 FE] 2007 A7EA] oFAlob 137] =7l Al o] gk sid <t
Aol Yehterls EAstast g}, whef AR S 71 zslA] gow RE
7Veo] FAEC] Aty Aoln wpebA ool w7 L] A 9N FH o] Fo
Adets F4 80| 3402 E 7] A SEFEoRE A5 e E
< onigitt, vk ARTMEE 714 A% @ I e s Rt

Stk AL e,

1990t e12ke] 715 AP S QlevAof, Sk, Heo]rlo}, Hd, Blw T 5
M= EFste] obrlol 137 =72, S, £, A%, A=Al e,
wglo|Alo}, | xeh AW, AvlEE, 2g@dl oy g2 < BEAgAdoR §)
Fom FA7IZRE 1960dFE 2007d7kA]olth 4 dRlY GDPALEE Heston,
Summers and Aten (2009) €] Penn World Tables (PWT) 6. 39141 73}
= FAEY F4 AFEC] GE Dol YERY Atk 5 2007d Al lA] )
AES A7IEE L. 6622 7P B3 O U522 TF 4.600|th a2 ofrjo}

X

3) EeIZE AlEdo]Ad (Monte Carlo simulations) & AH&-3ke] 3+ AMZo|A AR =79} A
9 (test size and power) & =9 4 Ut} (Basher and Carrion-i-Silvestre, 2008).

4) PWT6. 30l otrlol=7bE 196048 20079704 A& e} 7hssta 36 A Al
g v FE5 7153 Az 1370 =7k B3k

5 4% X, = In(GDP,,/GDPyg,)°l < ()9 g2 JehAw AFeAelM = Ass
Vs R zlge] AHEAHE FHEP| skl PWTG. 304 A3 AlE3 Real Gross
Domestic Product per Capita Relative to the United States A2 ZE Alg3}9S. WMESE
el s 2 AR AAUFE HAstodA] o] gho g vEhd Zlolw webA AR e =
e A=l
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Aol A AHA =2 4. 005 HERAIH. 241713 196013 58] 2007374A]
ZAFNAE TF 4.10, AVFEZ 3.97, Elo]gk 3.39, 3HE 3.27 o2 VFENE
) e 3450 AAE 7| TR AE ginte] 7P =2 0.038, L TS

o7 3 (.037, 3 0.034 o= w2A st

(& 1) FAE(Catch-up rate)9| 7|2&AM

. FHY L=
B 7% (Catch-up rate) (;O:;; rato)
HAH(AT) Al (%) Bt B
=k Al 2. 46 (1960) 1.55(1993) 1.83 -0.015
= 0.87(1968) 2.98(2007) 1.63 0.037
o 3. 15(1960) 4.60(2007) 4,10 0. 031
o= 1. 34(1966) 2.59(1997) 2.08 0. 007
1=y Ao} 1.70(1979) 2.19(2007) 1.87 0.017
Bl 2.34(1962) 4.00(2007) 3.27 0.034
o] Alo} 2.56(1967) 3.73(2007) 3.12 0.021
7| A~k 1, 89(1968) 2.14(1992) 2.04 0. 004
g4 2.26(2003) 2.73(1960) 2.49 -0. 008
ANER 3. 18(1965) 4. 66(2007) 3.97 0. 029
28 F7} 2.19(1975) 2.62(2007) 2.57 0. 001
ikl 2. 33(1960) 4.11(2007) 3.39 0.038
Bl = 2.17(1960) 3.22(1995) 2.67 0. 020
F: 1. #4% X, = Wn((GDP,,/GDP,,)*¥100), FEAHE G, =X, — X;,_, 9. 2. ¥47]

1 7
& 19609014 2007 d7H41. 3. 7P e iR T2 g

Zr 2 FAE U3 AJAIE @92 AANA Augmented Dickey-Fuller
(ADF) #%& 7287} fltke 7PdolA @2 A4S AAlska leH Zivot
and Andrews (1992) %2} Perron (1997) #7482 WA 2 AH 7} A g H
o] FxRE o8she R G2 & AAIBATE 6

ADF % Perron A% 4% 10% FeFwolXE @ele] EAlgdt= AF7Hd e
71748 ¢ glo] 2 o] FAEo] BFAAAIER BelAlth Zivot and Andrews

6) Ben-David et al. (2003) 2 T2RHEE 23717 5143 @] AlAIE ADF @92 A% A
= @ 27150 Aol GDP7}F 34 AAHA (trend stationary) A3 711 9SS whlch



tErangel 5024 S neld oilopdA FESUA AT 131

(1992) AFelAe Felagte] 1% frelsEolA AF7HS 712ste] Z8A
DR UEisa vheA] = © FA g g9l EAtE AR S
71748 5§tk 9] 2SS asfslel s oot wvEe 4 & Tl
HI A AL R e )

oAl FAEES 7HAL FEl9 & AEEHE AlFstat gk 71| dAts

A2 AIAIE Agel FHs EAE nHchA] FeromA Hd B2 (334)
=4l =" A3E 7SIt Perron (1998) ] #1243k wkel o] ®i=o]
A&7 (trend function) oA FERSLE melx] & A2 (B4 AL &
AL 7176k Rabe o AaE A et

A (E 2oN F2E8E 1A ehe HEE9 Aol Jeide Y Aw
o thgt o] dda arefshe IPS(2002) A% ®Re] Levin, Lin and Chu(2002) o] %
Hur} o dukEel g W o R aE gk FAlek A5ge] EAeks Y
A 7k Wl B 2ol EAGTHE ATMIS FI5E 1040 WdA 2T o
71718 Ratgek 2 A3t Fotrlol 2ol 32 Ee] AAH R FA A A
AdARe] 44 JehlA Fasith

(Z 2) IPS(2003) i ool AEZDL

lags=0 lags=1 lags=2 lags=3
4.36 L71 141 0.51
thar
(0.99) (0.95) (0.92) (0.69)
7 4.28 2.01 1.81 112
thar (0. 99) 0.98) (0.96) (0. 86)

11, 23 ke FoF (significance level) 2. A9 A4S 1E39S 3. AAA 1% -2. 69,
5% -2.53%, 10% -2.45%.

olg gt A A= (F 3)9] Hadri(2000) 9] @733 Aol M= 2ol & 4= 9)
o} A7IEA FR 0l 283 o] 2GS 883 BA M T frelaE 0. 0057l
A AF7HERL sd Aol ekl Z12bE et 2Rl o gkelrier 2 ==
ZAA A AL 2 UetsdAl= o] (transfer) Bt 7Fg3chH X F71A4]

2R 5HA 7P A 0lA] Gy wiEhA Fehd A olEA

7 AN BB E AL
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S 337] Yste] EAZe] AA XA (critical values) & F-AE# 0 &2 Aaksto] A
stk ey B EACAE 3id b Aol Aetl Z1AE el 1 Ade WSHA]
ol a3tk

(Z 3) Hadri(2000)2| =3} gi= o2ty ddd

. FEYE
BeEd (BiE A
Panel test Bartl
artlett 90% 95% 97.5% 99%
Test (p-value)
Hadri (#Z2¥3} ¢, .
£49) 8.982 (0. 00) 3.798 4,852 6. 008 7.155
Hadri (293} {12, Y-
o)44) 8.590 (0. 00) 4,338 5. 462 6. 752 8. 294
F: 29EY FAo| vEY Y (Bartlett window) & AMHEE AAEAZO dAX = 1, 00082
BAER WEAYS Eolo] Talde. ARTES 77l gow 2ABA Y] FEH £E S
oujata, AFHE N1ZE 4 & rkes ] Eelu dakeS ek
FAEC W3 23S 583l Carrion-i-Silvestre et al. (2005) 2] @3
3 EAT)E GE e (R 5ol vER Aok FxRstE o) oW 58S B

}_\j‘
JoN WA AEEvke] A BB} GE Dol deht ded $3, 2
L A=Al 5 Jelm Ul e felE 5%eleld RIS 717
3 P, vl TR B RS A1 Rasin,

S7b Famel ARES S50 e BN R4/ 3 Sopg paas
95z QEAol B, wolAlot SIA 18], ArhEe 38, 7, el
7 18] B on teix| Il E 28 WSk dadrle Bk
Ve 7 DMl E A7) AR el pEEEsL e dskow, 9
=dlAlo}, g, weolA o} Eed Pl 2YEaE Ao ek,

2 A, 5% 9w, a8, ArkEE SO
& 8917 A TN BIAAR ASs et S8 el b

wAmEdA AE ogf;}% AR REAlNSE ¢ 5 Utk meb opale}

of

b

O{N

HolFm glrh. FxMsl wg AER AuRd 9|ghe)7]7h SAEd 19909
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el 7 B2 10919 FxHshyE #Aste e 2x 43 Afabse] dojyudd
19709 ol= & AR 2 2o 8o Fxuslyt whAysiith
(£ 4) 7=HSE 5|Zste F712 KPSS A™ D LEHSAE
T2RE AA-

=70 KPSS test | m; T, i, Ti, T,

PEERER 0.042 2 1972 1998

= 0.043 1 1975

3% 0.145 2 1992 1997

A% 0.073 2 1972 2000

A=A o}* 0.101 4 1966 1973 1984 1997
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Analysis of the Convergence Hypothesis in Asian
Developing Countries Using a Panel Stationarity and

Cointegration Test

Ji Uk Kim*

Abstract

This research applies an panel data stationarity and stochastic convergence
test developed by carrion-i-Silvestre et al. (2005), which has the advantage of
considering multiple structural breaks and the presence of cross-section
dependence in order to re-investigate the hypothesis that catch-up rates (the
ratio of the country’s level of per capita GDP to USA per capita GDP)
stochastically converge for 13 Asian countries from 1960-2007. Panel unit root
test without breaks suggests that catch-up rates contain a unit root. However,
The evidence indicates that the panel data set of catch-up rates is stationary
after the structural breaks and cross-section dependence are introduced into
the model. Due to stationarity indicating that the impact of reduction in
catch-up rates or the reconditioning policy is temporary, the series will revert
to the leading country in the long term. We find that structural breaks in the
1970s and 1990s are associated with time periods of oil shocks and Asian
foreign exchange crisis, respectively. The break dates are reported such that
four structural breaks are significant in three countries - Indonesia, Korea,
and Malaysia, while only one structural break is significant in two countries -
China and Sri Lanka. We also investigate whether the growth rates of 13 Asian
countries stochastically converged around the growth rate of the United States
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during the period 1960-2007. Using the panel cointegration tests of Banerjee
and Carrion-i-Silvestre (2006) and Westerlund and Edgerton (2007), we find
evidence for convergence. Our tests allow for multiple structural breaks and
cross-section dependence. Doing so is important for our tests because
common shocks from global events impacted most of the countries, giving rise
to cross-sectional dependence and structural breaks.

Key Words: multiple structural breaks, cross-section dependence, stochastic
convergence, catch-up rate, panel data stationarity, panel cointegration
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