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ABSTRACT

This study analyzes how heterogeneous across firms productivity level the
effects of foreign direct investment (FDI) on the productivity of firms in a host
country are. The study uses firm level data over 2000~2009 in South Korea
and takes a quantile regression approach to estimate FDI's heterogeneous
effects on the invested firm ('direct effects’) and other domestic firms in the
industry to which the invested firm belongs (intra—industry spillover effects’).

Major empirical results are as follows, In manufacturing sector, FDI has
positive and statistically significant direct effects on the invested firm, In
addition, the higher the quantiles of firms’ productivity level are, the larger the
positive productivity effects are. FDI also has positive and statistically
significant intra—industry spillover effects on domestic firms in low quantiles of
productivity while it has negative and statistically significant or insignificant
spillover effects on those in high productivity quantiles, In service sector, on
the other hand, Sufficient evidence is not found that FDI has statistically
significant direct effects or intra—industry spillover effects, Taken together, the
study suggests that FDI has heterogeneous effects on the productivity of firms
in host country, depending on the firms' productivity level and sector.

2 O7es QAFANYEAI EXF thy VI F Y MY U COFE FUTIEEY Hatygo
0xlz 2UE 293 H(quantie regression)Z2 Y2 EAGIALE B4 Zut MAYoM= &
FOIXHFEXL EXF Y 710 SANCZ 29t L(Hel MMY STHE JHXIH, E5| 4
LH0] =2 7|PEYLE YN Sds L 2 Ao LEIRCH 5t QRQAHEX=E &
A Aol &5 FUVIYE § HAgol J2 J[gR0E SANSR RSt A+ MAY
oIgs e Ze otH MMN0] =2 7|20l SAECE R6HL RYsH] 22 &
(=) MHFEnE Ze= AR LIERD MHAYUME QA=QRTER} tiy 7YoL SY
MY U ZUTIEE 2F SANCZ oIt MAM S0t7t Hebs| LIEHLIX] 4Qtch 0l2i gt
EAM dits IQUXNTEXTE U Mitgoll DIRl= 207t 7o MAN Zof
2} 0|&! X (heterogeneous)0| M, EAXQI A3 M (mean regression)28 2/0f EL3|1ZHE
S25 QZQUXMERT} MAN 230 O|X|l= F3Hdistibutional effects)2 EA1E LRIt QU
52 UEMCH E5H =08 HEXe oty SMNRIE Ftelety| fshAes Hatt £Xt
SXIZ G0 7|gol ity 200 M2 QAIQURTEQ 0|EY 1S A0S EAX T
20| ZRES AIABICY




H S AANA L= AAHEANFDDIS] Faido] AR Qi) -2uatel thgh
FDI= Al31Y 71202 1999~20001d0] A7t 15022 etie 2443 ol daAz &
okA 2009E71A] A7F 1009 ~120E o] WES ) sHA|TE 2010d ©]F 1309Ed
g7kA] Eolual 20120l AR F 1129 163HEE EAsk= 5 T SVAIE 2
0|31 QJtHAppendix Table 9 ZH%).

FDIx= 9|59 FARZ| A% S FAFA7|G0] ol Sthal =8 o] dgkoz S

EES
AE|HE A3l FDI $X& ¢J3te] w=gsta it} FE7) o]ydt = 8& sf= A
FDIF o) AAC] BA B4, 18 BE =
offects) HE ZAoleh 7ldiel] 7123} oiek. mebal FDIZE -2 A Bt ole]
3 O FAENE BEAE AFHoR Wl AL a3 AAH o=
FDI7} FAFA] 5 (host country) W 719E9] Aadell mlAle Aol thsjx= =
ool ol HE el Mol Atk A 7|E AFEL HaA5REW(east
squares estimation)S ©]83)] A0l FDI7} £4W401 A

[e]
£ B ahmean cffect)S 81 o) AF8 glom, FDIZF AAHe] mAls &
o

J
A7F QUARE, o]e} FAJo EARTIL] A4 - V& 55 S8k & (absorption
capacity)o] HojA iy Y A ddstele o dAE 9L & Ut
(Schoors and van der Tol[2002]). FAG=roly FEAFA] 3g7|He] A4 B
FDI7} AAM] sgtoll vR= axt XA AV B32of n|X]= BiH(distributional

7150 el v Tzt

1 BaoMes =Add5RAL =0T A}, FDI 52 8015 72 §lo] &2 o= A3
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T olet Z2 7|E At FHAE R —F&%ﬂw‘q(quantﬂe regression) =%
} A Y Aol &3 Si7IdEe] Al mlA=
4Hg ol met o BA o] A% (heterogeneous) A1 E A5,
TEHP] H9(quantiles)of] whet Z17] o2 AlpgkE 24 5 3l
ﬂ%"] A7 AV R v|Al= BvE E45ke b 1851t
2319] A4 E okt Ak Al 1ol E FDIZF W=Rl71959] AaHdol mixl= &
o] gk 7] AGE ViR ALAFA = 2 At 2ARYES AASHL o] &
tloe] W #of tisf Attt Avgelde A5 AaE AAgT A VAol
= A7 s FEekaL, AR 27 At oS AR

FDI7} Aol mlAe Bike FAF B 7199 AAbdel wiAle= g anel &4
A 719 "ol te 71dEe] Aol miAle ey diEgd o lek(Schoors
and van der Tol[2002], p. 2) ]@EJ—}% QoI ER 7| a2l 7|] 7t A 4
As F4 - FARI 71E T e A=EATIYe] W=lzldel Bis) A
Ao o= AiE Xﬂ/\]ﬁ}.ﬂ Qltt df2loAl= Evenett and Voicu(1999), Schoors
and van der Tol(2002), Conyon et al(2002)0] Z+zt A2 - 7}e] - F=Fol| A =<l
FAZI9e] Aol W79 EY e 29E AXRE sdolds HdsX
(1999), ©]*871(2002), AEE(2003), °lA% - A-5d(2011), H&4(2012) 5ol =<
FA7199] Aibdo] w7 EY wth= AYE AXREL

SIA|RE 0]9F Aty = AFE AAISE AFEE th Javorcik(2004), Aitken and
Harrison(1999) 5= A4 S7HS $5H5E o] 83 B4 L=RIFEA7¢ Y]
WAV Skl W=el71dEeh SAR SR foshA wohar & 4= glon], AL 4
TEHEATE T A A Yl EA 4] A o] W=z IdEe =4 U

|=|

MN o
o r
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Bt A2 e=lEe] Aol =2 WElZIgell FARY] Wit 4 vk siAls
AAFc}, ¥, Djankov and Hoekman(2000)S AAMY Z7H8-S £4&¥42 slulg)
Z= =RATIde] W7y AR R FostA A 7Rl =t 2
I AR Sl s BARS - 87H2009)0] Y= AFEATE SR w4
A S7HECl SARCR fFosHA] g K9 A B FAKSE §OF S(-)
o] aHE Zhethe S AXF ofof Hls] o]Al% - HEA(2011)0f wEH 3R
B2 o1& FAHoME Y=AFEATIde] FW7|EY A S7Hee] EAR R
FrolstAl A UEbAIRE, A v (propensity score matching) #4olA= &
_IQI_

1
oJgt Ajol2 AT 4 Gtk
a4 719

FDIO) 2P AT Q1R i 719de] 43t A1) Ul The 71%e] A4bde] wla
< At Wl sEEel BAb i 719 A kel &3t 719ES) Al
) lke

) x)= A 7 mtgadts LRSS 4= 9lthi(Harris and Robinson[2004], p.59). 7Hd
W= 7199 Aol FY A W Em AT At e = IFEAL HlFof whet
FE U=AE 4 - SAske, Atvie Ayt Adolsid, A 7t s ate] A
. Schoors and van der Tol(2002)2 AZH} AAIY o] FDIZF oF(+) 9] A 1
FIE PSS HolFEa Qrt WhH, Javorcik(2004)S THlulF vt EAHoR &
Ot F(+)9] e ZARE A A= $AXCE Fogt 309 e AAY &
olth= A= AAIRTE Harris and Robinson(2004)2 Ak 7+ w1}
g ol A ekt iEls dd 4 givkal A& Rtk SufollAs AElE(2003)0]
oAk SAMCR Fogt H(H)Y we 2Nt At avhs 2y et
AXer {7t +) v =) i AU SARCR [FosHA| fth= A
13t Aes ©(2009)= AR daadrh 24 o4 7Ixte] wet sA% ez
ot 4+ Ee 509 @2 AU FAXLE FolsHA] gt A AR
1174(2006) EAE ol wheh wiavte] By $AA Fo4do] det ekt A8
We]7] ofFekar
AP W s ake] B9 At diks v QT Haskel er al. (2007)2 ()9
A gZarts AAZE WhH, Aitken and Harrison(1999), Djankov and
Hoekman(2000), Harris and Robinson(2004), Javorcik(2004)& At W sgav=
SIS FtAY 2318 ()2 auE BRIsh7|= v IolA= ©¥71(2002)
o dAE}&(2003)0] FAM LR o3t K+ AE AR vHAE, A571(1999) %
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(H)9] aE ZHATE FAR R FoJsHAl= Ytk AYE AR dss 21(2009)
= G anE AT 24 g4 AFH 71Tt wEr $AA ool Eeiitks
AIE, +H7(2006) FARF wEt FHH+) Be 50)9 IS d=te A9E
AR Zet,

olda} o] FDIZ} Aol miAl= Aol tigk 7]&
SR Queh S 7€ e AT HE o83 wiEel FDI7E W=7l
o] A Batol mx|= Ake S8k IAIRE ALY fazo)| miXl= antE FA5k=
gl SAPE ik, ololl wet T AR sie] A= 2918 F(quantile regression)H Y
= &8sl FDIZF W=Rl719e] A faol mlXe e A4Skl Itk Dimelis
and Louri(2002), Girma and Gorg(2005), Yasar and Paul(2007), Békés et al.(2009)
2 242} Tela - g3 By - w7k ZIR1ol diek BAGIA] AV 0] 2 719
A4= FDIQ) A U] AR agadrt atks A3kE AAIRTE T3 Dimelis and
Louri(2002)«= 7|4e] Aibdol mie- WAY 9 & B-Ee; S 42 4 FDI
o I o acke ARE AN

SUolAE 21t S EE010] 71%1S] AP ST} o)A wome] AHEte
Finteraction term)S HAYHPE ZFE HAS Soll P o] Bt B
71GTtolA Y=l FEAL A EEo] 25 A ol FERItE dES WL
o] At= FDIZF AAHY 2kof WA= Jifo| ¥ H7] = =) AR=A 997t
Utk 2y FDIZF A4 R3] wiAl= R avhs 2Askal QA e, A awt
o] Afole i s Wt olsket ol £ IAFeR
‘ﬂ'oﬂ | 2= a3Hfull distributional effects)S EA351=

B A 2SR olgdl FOUE R ot 719 9 5 A U] e %)
of ALY B0l HlAe RIS BANT, o] o) BETNLNE Ve 7T o
Foll e Boke AEHCE?

P 71E e dAE 28| o]2X]

=)
-
i
_—CE
oZ
>
2
S
He
R

rlr
ot
)
N
N
32,
o

2 7|1& QoA o837t HaAGFHHL BEAol o (outliers)o] UAU eAFRFe] Firrt AR
EE mEx] oS A oo wztelA ¥hesls BEAEE gtk ¥hd, B3| fnde olof st Ax
“J(robustness)?] 9= o] ch(Koenker and Basettt[1978]).
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I. 248% % Holg

7t A=UTEXS] EFS

NEGEEEE

td=e] 71 09 IS VR UERY, re (0,1)Y o Y, o m—&95(rth
quantile)= Pr[Y;, <¢(V;)]=7 % PrlY, =q¢(V,)]=1-15 T=sh=
¢.(Y;,) 2 ZoEt, td=e] 719 7 SRIFEAZ|AIAE el Hnsa (L=

AFAIG=1, SWIA=0E F,, (Y )l 9= v = = 1 9] 299
o) WE (e 23S 7, 2 yeAL 229 v, 9 F, 9 Z, 2% B9
(rth quantile of Y, conditional on Fj, and Z,) ¢.(Y;|F,,Z,)= 2 Q)3 2o
Koenker and Basett(1978)0] AAlgE ZAFE Ad EL3AH(inear conditional
quantile regression) g7 e 4= Qlt}, A0 Alpof 22 5HdAF 7= A
Gt 290ol Wk kg 4 e vk,

0.V F,y Z,) = B.F + Zy (1)

@ollA 8, R ol g J E3H F8F(pooled quantile regression
estimators)g Al (2)8} o] AYELE Al QoA 1 - = [ -] ok A0 =25 1
o)1, H=25]x] o™ 09 R|3E$Hr(indicator function)?|Tt,

(,.7,) = argmmZE (Y= By — Zo7)r =11V, = B, — Zyv, < 0)) ()

T’IVT i=1t=1

Ay=
o,

ok

A3 AES  Aukete] H|mE ko] 7t OLS(pooled ordinary least
squares), ¥oa1W & (random effects model) & A|AE]l GMM(system generalized
method of moments)< ©]-8&3F B3| HEAS HAMUCE3

s

QIZEOIEXIZ} ZL7|E el MAtMo| 0|2 1k 228 2
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i
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A3 A=l whet =AY Aans AT A9, e=elo] A
o] &2 IU7Iol AefF oz Fxjgtof wpeh o2t AEof s =5 AREAY e
Aol s719E T A Ueuhbs AEHE O (selection bias)7F A4 4= Siet, ol=gt
TARE ekl & AollAl= Firpo(2007)7F AJAIRE A3 71 (propensity
score weighting)S ©]-23%F B4 8] E7Hquantile treatment effect: QTE)2 32 &g
o AT AYARE Fh2 LAR, TAL PHL o33} 2k

SlAHEA A LE o] 7] e YR, SARAIY HuHsE FeSdF
A719=1, FW71Yg=02 YellA}, Y= Heaatng o] A4 (outcome variable),
F= A2H%(treatment variable)o|t}, Fofl s F+= AEHs] HEHE X2 U
ERE, X=27} o o ofd 7]%jo] &=IFA|de] 2 SE—L=AfA AR
Z*(propensity score)— Pr(F=1|X=z)2 yepd 4 Qlr} EIF =Rl AY
BHF =12 W79 Y B--(F=0)9] B4 24 Aik(potential outcome)E 2t
7t vz y'=2 yehgd, =58 A3k observed outcome)= Y= Y- F+ Y'-(1— F)
of

Viah Yo rBOE A7) (V). ¢ (V)R Uehliw, =l ERte] uizds 7
— 2913 2] E7Hunconditional 7th quantile treatment effect)= A_ = ¢ (¥")— ¢ (¥")
2 Ao"ch X7t Fod u (Y, Y7t FREE HAEEY(ointly independent)©] 3L
=T AFHFTE 0 < Pr(F=11X=12) <1& W= 7Pgslol|l A ¢, (V7),
(Y A 3 o] e Yehfiolxi A7l AY(identification) H T
(Firpo[2007], pp.263~264).

F .
:E{m ”YSqT(Y)]},
1—-F .

A0 S thaat ek WA QSIEA ARFESE 242 Pr(F, = 11X, )
5 23 (logit) ZPOR F3HcL4 015 EURE 4] (49 22 AFHF 715 (weight)

3 A28 Mol A AN B PR st

4 Al ARe] 17] GHY,) 24 A AU BUT 7] GHE)S ABSAT, AR
A A AREes 1-17] X, )& AMESkETh X, ol malel ke AAel 1—17]
(X, - )& SUAHALA A3 ARga4 )

2 4y
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E 3t & 4 (59 Zo] 75 B8] (weighted quantile regression)of &J3l A 9]
PR A G)olA] 1L = [+ ste] 27| FEEE 1 9% erow

= Fy 1-F,
W= = +—— @
Pr(Et:1|Xi,t—1) 1_Pr(Et:1|Xi,t—1)

— ]\/v

argmin —
0. 8)= 0N B (Vima=a, s B)r=10V,—a= 4, + £, <0))
TTT i=1t=

()

o} e BeMYmBmPL oIATA AFHS 7HEH(propensity score
o FeTro Ry ol Aol Be 7|9o] Ao R Exjsto] et
Upehd 4= 9l AR O (selection bias)E AT 4 QIrks Aol Qlek.56

A, HANYEIHQIE) 4 Bt Hlash] glstel U HFES 71EA

weighting)

W;tvg— ol 43 2] (6)T L& WA e AN average treatment effect: ATE) A 3%
= B3

- argmin WA v

(3, 2)= "B S S W, ¢ (Y —a=a - F,) ©

i=1t=1

OfSIEAE Fo kel W F71919) Aol mlxe whtanke BA5] $lstel

Ro|sl7myS AR A ()T Hol AL A (el At
719 FWIdoR SV, 7, o AHA d7h FW Y A
3 Auigol YFAIEA|Y CuHR(E,) Al 1A= Aol RARA]Y )
S U W4(FS,) S EATHs Holth A (Mol et 4% 4 @4 A

5 ik, o]z =IFEAT #S Thedt 54 7IxRt= 7Y (unconfoundedness)oll JZBEAL 9lo
o, ghoF QJSIEAL YA o] B A oAl g A QAN AAtelAls g A g2 #E E
7hst 719 B4l what F3F v 79 F5oi%l HO(hidden bias)7} o8] E 4= Ut

6 Koenker and Basset(1978)2] RS AWHIEo] o&sl= XX (conditional) 3] HEAQl vk
H, Firpo(2007)2] &2 H|ZZAH (unconditional) B A 2| ETm o], o] Hoiw Hest 27
5 2939 4 AaE 23t
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7192 20099 H FA FrEEAAEF(KSIC)d Azt v
o8 Arladel &3 oA eI, At 717k 2000~09do|t}, A2
7.34370 Z1AEWZ1Y 6.37670, A=AFAIYG 9677H), ABlAaAL 735170 7IU(=
W71 6,5627H, A=AFEA7IY 78970)0] EZFE L o] F BWEE 7Y 47 1074
aekel AE2 EAA ALFCET T=Al8- BT H o] KISVALUEOA ol& 719<]
2000~09 A RS Tl 3 (panel)& THARTE FF- 7192 20019 o] 5o 4
A RAIAL tiidoel] 2FHE Q7] wiel s A= o)< dHlolElrt ASEe] Bt
% 9'd(unbalanced panel)©] H It} oF&| A FEAZFAHKOTRA) 25E 2]
HRAFAY sEFAEe] et vlole (] 370 7Fe BEU)E Algdot =AFA}
CjuRgs Fgdof o] 8 ThAI3E L),

3. AT

FEUSRE =EAMS UEE $99 1909 2P AR5 peradd)
2 AMgYTEs B Qanl, AR, AFTTL, B, Ba, Bl of
Apul.g-o] Shateel A o] el e Azts) ATt

ARsRs o4 B A7) F8 B el AFRAe] 498 gAY ans

FAs7] flsto] xR AEA, of et = IRATIHeR S5 7IYHUA A%

=

7 Azl = dulAlzd(C12)0] A=A o, Aujadolr= 2 o} 3l SA(E39), I35 &
FAMEY, 384, = 2 ARG PAH084), EAUNQ86). AFRIEA] Au2d(@Q87)0] AlLl=
et

8 TR M (total factor productivity)e FEHLR T A= sl on, ol digt duf= #
= 19 MRS
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£ UEhlle g A= AR A|g=1, SW7Id=0E Y o =7
o] 2001~09d Foll "ol AEAR o whel S=IRAr|der S5 A, F
Haeol g2 5 dole 0, &5 olFole & 7o o=dFA s5d=Es
KOTRA®| HloJHE o] &3tk 24 HiA 71 5 2001~09d Apojol] l=IFA7 Y
Ee Flad SurIgeR ek Alle /ISiHh

= AFARe] AR ol A vheayt SR A Ul = RA HgE
7 7 WAl e s s AR AN A SR [ (KSIO) 223
Z R ARIER AR AR WiEdE T TASHL ol WY AFY W W
s o=}l 71 A MiEde R o] A (9)9F o] AHE He Q= lFEAIY
& v Hp(FS)E AT (SE e, A8 f= d=dRAIde .
A, A 99 2ie 2o EAE ARER =R AdEY e T 71
o] o=l A& HIF(E) R T & Akl Al (10)2 Zo] A&
719 miE vIST WH(F92)E IR

o gk R

N
&
o
H
e

m
_|>i

Sl = ZSz‘tf / Z‘Szt 9)
€] €]

F, Szjt = intf : Sz:tf / ZSzt (10)
=¥ =T

Al GRS 0] S G T we) 7)Y B4 WARA 109 S8R ez
Tgh(ipertangi), 1919 FRAAE] AAZ TG perintan), 20109 712 7]1919] £
hist)oh E5A%E] AB(sqhist), 7199) AL W) AHGE(mshare) & APAS
of ZFAT. T, 191 FIPINE FEUSE AT S ArshE Z19E Lad
o Q1F BHGUE, AA - AR D) AT Bast Uk et ojedt 4zt
ol§ 7Hs3tA] got 1 ejAl 71949) 1919 WRu] M E(Iperedu)S APHo] ZH
o ohgel MYusSol Ea5H 23 uEE AALEIHunobserved time—specific
effects)Z BAISP7] §15to] A BulAs(year)S, AT wet HEHA] gk vl E AL

A F 7N (unobserved time—invariant industry—specific effects)S ZEAI5H7| $5}]

9 TelERIFEAEA, - o=jle] Fi7]dTt 42 AAMA(RISs 7t 95 8 5Hog =
7ol vhegst oA Qe FAFY EXENL 10% oS AfdhE AL o=IEA et
olgli, QBRI EAEAHES WS vkl S 30 ool ARIBARI AR AT A o=AE

A9 $EE SHEE S ek
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(Table 1) Variables Used in Analysis

Variables Description

Iperadd natural log of a firm's value added per employee

F dummy variable indicating foreign—invested firm (=1 if foreign—invested firm, =0 otherwise)

FS1 ratio of the sum of foreign—invested firms’ sale to total industry sale

ratio of the sum of foreign—invested firms’ sale, weighted by each firm’s foreign equity ratio,
to total industry sale

FS2

Ipertangi | natural log of a firm’s tangible asset per employee

Iperintan | natural log of a firm’s intangible asset per employee

Iperedu natural log of a firm’'s education expenditure per employee

hist a firm’s age (year) as of 2010 / 100

sqhist square of hist

mshare ratio of a firm’s sale to industry sale X 100

debtratio |ratio of a firm’s total debt to total capital X 100

profsale |ratio of a firm's net income to sale X 100

sind 2 digit KSIC industry dummies

year year dummies

FREZAAEFKSIO) 2448152 ERT A H0)¥l(sind) S EHT} 10

9132 ATHQIEIS FH AR AIHATE) FHRFoI AHAFA A
4] AgEsRA Slo] g FAEMe] AYAsET B Z1ge FApue
detrations} sl e 712 clelprofaole) & 71300 *gfsok@# A we
Agust oaelEA Wt 17]

Al 1919 FoPhAe] 171 A g A —f‘r@*—l‘—ﬂ 6—2%“3# 1 —f‘rﬂi‘iik

ot
)
r{m

10 AR o AARY Sheaa Bl KSIC 24514 thAl Shhea) ARIoiehE] Ealthis s
Bz ERe 49 ARAEAIY B 0)F W % AY uEeE B8 2HS
AW ),
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(Table & AZY W] SFARA7IY3t 719 7 1905 $rHRIeh Awus
So] B AolZ (- AT Aolt, AFATAI] 191F B Hgo] T
71940l vl %741@9& ROpsPl Frhe 22 o 4 ik SR 1919 KA, 191

AT AB, 190 w5 A8, A% Bk, A1 Ehgeel AE 5 A
B AFARA| o] Fr|uct FAROR
Faxo] 93-S AT

ol A F 4 9
K3 AH ol5 W
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t&‘l"é‘
=
T=

A
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(Table 2) t—Tests on Difference in Means between Foreign and Domestic Firms in
Manufacturing Sector

Entire sample Foreign firms Domestic firms Difference
Variables Std. err.
Mean | Std. dev. |Mean (A)| Std. dev. |Mean (B)| Std. dev. | (A-B)
lperadd | 17.853 [0.681] 18.069 [0.768] 17.834 [0.669] 0.236™* | (0.013)
Ilpertangi | 18.060 [1.063] 18.192 [1.035] 18.048 [1.064] 0.144** | (0.020)
lperintan | 13.742 [2.578] 14.021 [2.593] 13.718 [2.575] 0.303"* | (0.060)
lperedu 10.337 [1.797] 10.941 [1.777] 10.277 [1.788] 0.664™* | (0.036)
mshare 0.357 [1.529] 0.622 [2.313] 0.329 [1. 423} 0.293*** (0.021)
hist 0.186 [0.114] 0.198 [0.115] 0.185 [0.114] 0.013"* | (0.002)
sqhist 4,765 [6.329] 5,237 [5.897] 4717 (6.369] 0.520™* | (0.085)
tist

Note: * ** and *** indicate statistical significance at 10%, 5%, and 1% level, respectively.
Lt 2=QIEXIe| 2 S0t

) BEt
(Table 3y AZYNH FUATAL] AYEUES 3537 S5kl Syl 3 Q
_]

HEAES gF Aytolr) ()€ 3 OLS(pooled ordinary least squares) =74 2

_a
3
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(Table 3) Direct Effect of FDI in Manufacturing Sector (Mean Regression)

(1) Pooled OLS (2) Random effects (3) System GMM

” 0,123%%* 0,094%** 0,138%**

(0.016) (0.028) (0.026)

et 0.21 1% 0,171%% 0.054%*
pertang (0.007) (0.010) (0.028)

Derintan —0.007*** -0.004 —0.029***

¥ (0.002) (0.002) (0.007)
ered 0.070%+* 0,050+ 0.037*

P (0.003) (0.003) (0.016)
hare 0,033+ 0.047%% 0.039"*
(0.003) (0.008) (0.007)

s 0.245%* 0,525%** —0.594%*
(0.103) 0.177) (0.216)

st ~0.002 ~0.005* 0,012%*

« (0.002) (0.003) (0.004)

. 0.216%*
First lag of lperadd (0.026)
Observations 19,520 19,520 15,475
Hansen (p—value) 0.112
AR(1) (p—value) 0.000
AR(2) (p—value) 0.156

Note: Robust standard errors are in parenthesis. *, **, and *** indicate statistical significance at 10%, 5%, and 1%
level, respectively. All specifications include year dummies and industry dummies (defined at the two digit KSIC
level),

QgL ujT= 7|daTHunobserved firm effects)S 79Kt AoF IR & (random
effects model) 4 AToIT), B 24 BEA FATAIAE] 1919 RAHAL
Fj719del wls) BARCE SOl BE ACE vt

oVl A= 1A} 7]Rls) AV ol W] AL 48 LA
W, o] ZAuTeR SIFIEA} AP T ATl BRI ofg, 9=l
ExaEo] AP0l S T Igdel MejHoR EXTF A AIFASA ul st
Y4 (endogeneous)d 4= UL, ool we} 7 Aol B HO(selection bias)7t LER
T 7] wiFoltt, o= shH, 71 e] AJAR] ’oAd = A7 A autocorrelation)©] 3
He A9 gong olF Wi davt Stk ol He kel S5 190
BRI A7) Fhiperadd, ;)& Ao 718 S&9d 23 (dynamic panel

data model)2 A4S}, Arellano and Bover(1995), Blundell and Bond(1998, 2000)7}
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(Table 4) Propensity Score Estimation Results in Manufacturing Sector

Dependent variable: 7, (1) Without Iperadd; , (2) With Iperadd, ,
Ipertangi, 0.000** 0.000*
net (0.000) (0.000)
Ineri 0.029** 0.027**
perintan; ,
' (0.012) (0.012)
Iperedu, 0.199™ 0.163***
vt (0.017) (0.018)
3.500%** 1,892%*
mshare; ,
(1.013) (0.964)
kkx kkk
debtratio, , | 0.000 0.000
' (0.000) (0.000)
profsdle, —-0.000 —0.002%**
net (0.000) (0.001)
hi 0.668*** 0.634***
ist;
' (0.225) (0.229)
0.444***
Iperadd, .
Pera, e (0.059)
Observations 18,365 17,869
Pseudo R’ 0.068 0.077
Note : Column (1) does not include the first lag of productivity level (iperadd; ,_,) as covariate while column (2)

does. All specifications include year dummies and industry dummies (defined at the two digit KSIC level). *, **

and *** indicate statistical significance at 10%, 5%, and 1% level, respectively. Robust standard errors are in
parenthesis.

AAISE A 2B GMM(system generalized method of moments) 2.2 FA 3T} (Table
39 (3)&o] 4 Al Y=AFAZIFY 11" F7EA7F =71 ol vls) $A
Aom oA &L, 53] =mAFA Hudaee] A= U OLSY dojayt
o) vls] o3| & Ao UETE ®3F Hansen HAS &3 E=4t84 o4l
o HAAol =AI7F fleol EIEA e, 22} 1A Ap(first difference)ol 174
A7V RHAR(D) 0] EASHL 2A] A7 1FHHAR(2))S EASHA] o] EHRIE AT
(Table 4)+= =% FAR] HtAZAIHATE) S F785H7] fIste] WA Lf=AFA 4
G (propensity score)& ZEAl(logit) PR FFT Aot (DB AP
(outcome variable)Ql 1919 F7171219] 17] A Zh(peradd; ;- )& AgHaol| ZF5}A]
o HEolal, (2)E PRt molty A Aike oAl% - dEd0n), dEd
(2012) & Al3idte) Lf=RIFA e 78 At A= visssih 19019 @AM

AL G A, AR, B, A2 50 A7) ghe 2sRIEA] )

QAFRUEXIZE L7 ditdoll nIE 1k 2EH M2y
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(Table 5) Direct Effect of FDI in Manufacturing Sector (Average Treatment Effects)

Model Outcome variable | ATE (standard error) Observations
(1) ATE on productivity level (a) Iperadd;, 0.109™**(0.027) 14,661
(2) ATE on productivity level (b) Iperadd,, 0.055** (0.024) 14,408
(8) ATE on productivity growth Alperadd;, 0.121*%(0.044) 14,408
Note : Row (2) and (3) include the first lag of productivity level (Iperadd; , ) as covariate in propensity score

estimation but row (1) does not. Reported observations indicate the number of observations used in ATE

estimation after observations that either p(z) ( 0.001 or p(z) ) 0.999 were trimmed. * ** and *** indicate

statistical significance at 10%, 5%, and 1% level, respectively. Standard errors are in parenthesis.

gl FAROR Fogt KHHY FFE vA= AR YEyith il ojEd o]
olo|Be] A7] g el et FAHOR GOSAL folsh oS S()e] FaF
n)2)= Aoz yehdth E3k 1015 Horl|e) A7) gho] 42 QZolER|Y

| 2 gEo] A4 FosHA =T

(Table 5)%= (Table 4y°] 9jarelEx HaFas 24 Ane Ega o=lErie)
ATEE ATHa 715 (propensity score weighting)oll &J3l =43t ZAifolct 12 Ax}
HEE (1)~ 3L 1909 7] $2F(lperadd) S AFESHL (3)3)& A71eF &7] A
ol9] 1918 F77HA] WsH Alperadd,; = lperadd;, — lperadd; , )& AFH&3F A o]
ot E=gE (2~@) YRR ARRe =Y Al 19 RO 171 A gk
(lperadd; )& Aol 329t Zolal, ()32 EJSHA| ob2 Zlolet, o] Al 7H4]
RS AR Ay =0RAE 10" PR Y] s 58 SOl AL
2 FOt (e ATES 2= Aoz Uehgth oyt 22 BtslHitA W ATE
4 A T & w, A=de] A=eFEA = FAF i 710l $AReE /o
ok A A NE et & o & Aol

o My wit

[*]

1M 197 FRARE X&) A9 oJAl% - S 201D = =T Ye] 2 gEof FAXL
2 o3 509 IS, Aded 0120041 FAHLE {3t K+ Y vX= AR UE
Wit
12 574 A=Al wle- w2 7eA7E fofEe e WAS] S8l el=elEat A (propensity
Score) A7} 0.0012ct ZHAY 0.9998c & 5i] 52 AR & Aupdse] gk Aejavs
A} =4 Aute] A (robustness)S A5 Y5 AAMEYE el Aejayt =34 Ayt
Oﬂ% A atol7h gisich
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2) gt

(Table 6)<> = QAFEAZ} T4} tht 71949 1919 Frp7kA] o) n*= aats 913
Argorm 343 Aifolh 13 A=QIFEA7192] 1919 F77HA17F 7] ol vlsf &
= 2olA FAMCE fFostA =2 A2 UE

gk 7] FER EAL w2 1912 —ri Q= QIFA}L TinHpe] A7 Atk
Aot} Aol &2 7IHw s AR A AT =7 1 ik AR o 2
Zolt}, (Table 7)-& &9 W& 4 ]T—-’] A7}t FAA SR FoRAIE A ¢
3 £9 7F 374 (interquantile regression)S 3+ Axtelct 0.30-EH<}t 0.70-EH
b Q= RIFA Husgs A0 Zpol7t FAX R foldhE & 4 Qlth

(Table 6) Direct Effect of FDI in Manufacturing Sector (Quantile Regression)

0.15 quantile 0.30 quantile 0.50 quantile 0.70 quantile 0.85 quantile

r 0.065%** 0.109*** 0.140*** 0.155%** 0.176™**
(0.020) (0.014) (0.013) (0.017) (0.017)

Inertandi 0.200*** 0.217%** 0.227*** 0.229*** 0.223%**
pertang (0.009) (0.008) (0.006) (0.006) (0.007)
Inerintan —0.009*** —0.006™** —0.004*** —0.004** —-0.001
g (0.002) (0.002) (0.001) (0.002) (0.002)
0.061*** 0.056*** 0.057*** 0.064*** 0.071%**

Iperedu

(0.003) (0.003) (0.002) (0.003) (0.003)

mshare 0.029*** 0.033*** 0.034*** 0.032%** 0.038***
(0.003) (0.003) (0.003) (0.005) (0.007)

hist 0.946™** 0.318%** 0.089 -0.174 —0.607***
(0.196) (0.100) (0.106) (0.124) (0.164)

sahist —0.012%** —0.002 0.000 0.004* 0.009***

¢ (0.004) (0.002) (0.002) (0.002) (0.003)
Observations 19,520 19,520 19,520 19,520 19,520

Note: Bootstrap standard errors (400 resamples) are in parenthesis. *, ** and *** indicate statistical significance at

WO%, 5%, and

1% level, respectively. All specifications include year dummies and industry dummies (defined at
the two digit KSIC level),

13 EARFolA 7]&gt vl o] H-Hﬁ:HHMO A
estimators)& o &-gct Ftol= o]
52 PAFHe R uEs ZH -

B3] A% (pooled quantile regression
Z 7|9A Y unobserved firm effects) W FEH40] A7) 2k
54 JHH e8] (static or dynamic panel quantile regression)=

P AX AAEL o (Koenker[2004]; Galvao[2011] ), WE/A 471 @ B4 gja} 7|7to)
A=A X](consistent estimate)E P2 4 9= EA\(incidental parameters

Fe Agols
problem)”7} A& &1 A tHWooldridge[2010], p.460).

2 oyl 7

Sl A=

7ol

olziz vhel B4 oiAF ZIRHI0W)e] AL W ebel g HeIslAmg S o814 o A )
B =g olgct

QU= UEXITE ZL7|H2

Aol 01X 20k 293 E2Y
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(Table 7) Difference in the Estimated Coefficient on Foreign Dummy between 0.30 and
0.70 Quantiles in Manufacturing Sector

Observations Coefficient on # Standard error 0.70 Pseudo R? 0.30 Pseudo R?

19,520 0.046* 0.018 0.193 0.152

Note: *, ** and *** indicate statistical significance at 10%, 5%, and 1% level, respectively.

(Table 8) Direct Effect of FDI in Manufacturing Sector (Quantile Treatment Effects)

0.15 quantile | 0.30 quantile | 0.50 quantile | 0.70 guantile | 0.85 guantile | Observations
0.034 0.043 0.070** 0.097*** 0.097***
(1) QTE (a) (0.033) (0.031) (0.033) (0.032) (0.035) 14.408
0.082*** 0.095*** 0.123*** 0.138*** 0.160***
@) QrE () (0.031) (0.028) (0.030) (0.032) (0.034) 14,661
Note : Outcome variable is productivity level (Iperadd,). QTE (b) includes the first lag of productivity level
(Iperadd; , ) as covariate in propensity score estimation but QTE (a) does not. Reported observations

indicate the number of observations used in ATE estimation after observations that either p(z) { 0.001 or
plz) » 0999 were trimmed. * ** and *** indicate statistical significance at 10%, 5%, and 1% level,
respectively, Standard errors are in parenthesis,

(Table 8)2 (Table 4)9] =14 AFH T 4 AHE Bz 5UFAe] &
HABIHQTE)E &8+ 71 (propensity score weighting)ol] | =43 At
ojch 1 4 Avb= ZHBTEA Aol AR fARI & HE 90l
QTE7} SAACR fofet F(H)Q g 7M. &2 EHYLsS QTEZF At o]
99 9 SR an 4 2RRY =R A Aavs o] w2 7l
Az dars Aol 28 WE o S Zolth ol A ol Hdid &2 7Y

TollA =AFAL A 0] w2 A o] FEXItE 2sst - 3132011

14 ATE 374 Ao} o] A=RIFEAL AJFa=(propensity score) 4217} 0,001 Th 27 0,999 =t}
Z ASAEL AApela Aans e, AA9E Gefel= 24 Aol dAor o7t
AL,

15 ATE 574 At go] a5 A S7ke(growth) 2 3 QTE 485 A48 = & 3ok sHA
Tk o] A QTEE AAMd 22(evel)0] 52 E919F Fe 1919 A F7He(growth) Zpo|7} ok
2t A F7FE(growth)o] 22 B919F W2 £919] WA F7HS(growth) 2telE YERHA Hch
ol A Elevel ol whE =IERLS] A A} 2folE FAsH = 7 Ao BAEA | v
Z ou7t A gom, AAlR AnHSE A F7RER A4S QTESE 4T A 287 &
()9 2 280 AR 29] holl YA sfgio] WARRAE gro} o] Y82 Eol E35hA] Qholet.
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(Table 9) Spillover Effects of FDI in Manufacturing Sector (Mean Regression)

ol

1Y HE WEE ()~ He AFARAIY i v
(FS)E, @)~6)Fe A87hs 32471 e
SESTE EREE
FHA. % olelol
Folspl ozt cErka @ 4 Qg Z, S1FIEA

)9 A1 W TFEE 2

AL (1) - (4)
Ao, (3) - (62 FAd
=2} wj2o) v

a1 317] ol et

With £51 With £52
(1) Pooled | (2) Random | (3)System | (4) Pooled | (5) Random | (6)System
OLS effects GMM OLS effects GMM
0.215 0.407** 0.043
51 (0.189) 0194 | (0232
-0.124 0.082 —0.259
e (0.234) 0253 | (0272)
) 0.203*** 0.167*** 0.050* 0.203*** 0.167*** 0.049*
lpertangi
(0.007) (0.010) (0.028) (0.007) (0.010) (0.028)
Iperintan —0.007*** —-0.003 —0.027** —0.007*** —-0.003 —0.027***
(0.002) (0.002) (0.007) (0.002) (0.002) (0.007)
Iperedu 0.068*** 0.049*** 0.031* 0.068*** 0.049*** 0.031*
(0.003) (0.003) (0.016) (0.003) (0.003) (0.016)
mshare 0.032*** 0.044*** 0.037*** 0.032%** 0.044*** 0.037***
(0.003) (0.008) (0.008) (0.003) (0.008) (0.008)
hist 0.239** 0.460*** -0.518** 0.239** 0.459*** —0.517**
(0.103) (0.170) (0.224) (0.103) (0.170) (0.224)
sqhist —-0.001 -0.004 0.011%* —0.001 —-0.004 0.01 1%
(0.002) (0.003) (0.004) (0.002) (0.003) (0.004)
*okok *okok
First lag of Iperadd 0(5327) 06%;;7)
Observations 17,806 17,806 14,097 17,806 17,806 14,097
Hansen (p—value) 0.099 0.101
AR(1) (p—value) 0.000 0.000
AR(2) (p—value) 0.128 0.129
Note: Robust standard errors are in parenthesis. *, **, and *** indicate statistical significance at 10%, 5%, and 1%

level, respectively. All specifications include year dummies and industry dummies (defined at the two digit KSIC
level).
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(Table 10) Spillovers of FDI in Manufacturing Sector (Quantile Regression)

Panel A, With Simple Foreign—invested Firms’ Sale Ratio (#S1)

0.15 quantile 0.30 quantile 0.50 quantile 0.70 quantile 0.85 quantile

sl 0.719%* 0.295* 0.183 0.020 —0.231
(0.244) (0.177) (0.180) (0.187) (0.251)

Inertanci 0.201%** 0.212%** 0.221%** 0.218*** 0.214**
pertang (0.009) (0.007) (0.005) (0.006) (0.007)
Inerintan —0.009*** —0.005%** —0.004** —0.004** —-0.000
pe (0.002) (0.002) (0.002) (0.002) (0.002)
Ineredu 0.061%** 0.054*** 0.055%** 0.062*** 0.068***
peredt (0.003) (0.003) (0.002) (0.003) (0.004)
mshare 0.027** 0.033*** 0.032%** 0.034*** 0.040***
o (0.003) (0.003) (0.003) (0.006) (0.008)

hist 0.926*** 0.299*** 0.085 —0.154 —0.611%*
(0.196) (0.098) (0.112) (0.130) (0.184)

sahist —0.012%** —-0.002 0.001 0.004* 0.010***
® (0.004) (0.002) (0.002) (0.002) (0.003)
Observations 17,806 17,806 17,806 17,806 17,806

Panel B. With Weighted Foreign—invested Firms’ Sale Ratio (#52)
0.15 quantile 0.30 quantile 0.50 quantile 0.70 quantile 0.85 quantile

S 0.660** 0.024 —0.141 -0.338 -0.506*
(0.298) (0.221) (0.219) (0.210) (0.304)

Inertanci 0.199*** 0.212%** 0,221%** 0.218*** 0.214**
pertang (0.009) (0.007) (0.005) (0.006) (0.007)
Inerintan —0.009*** —0.005%** —0.004*** —0.004** —-0.001
pe (0.002) (0.002) (0.001) (0.002) (0.003)
Ineredu 0.061*** 0.054*** 0.055*** 0.062*** 0.069***
peredt (0.003) (0.003) (0.002) (0.003) (0.004)
mshare 0.027*** 0.033*** 0.033*** 0.034*** 0.041%**
o (0.003) (0.003) (0.003) (0.005) (0.008)

hist 0.926*** 0.301%** 0.109 -0.137 —0.635%**
(0.189) (0.098) (0.110) (0.130) (0.187)

sahist —0.012%* —-0.002 0.001 0.004* 0.011%**
® (0.004) (0.002) (0.002) (0.002) (0.003)
Observations 17,806 17,806 17,806 17,806 17,806

* kx

Note: Bootstrap standard errors (400 resamples) are in parenthesis. *, **, and *** indicate statistical significance at
10%, 5%, and 1% level, respectively. All specifications include year dummies and industry dummies (defined at
the two digit KSIC level).
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(Table 11) Spillover Effects of FDI in Manufacturing Sector (Based on BOK’s Industrial
Classification)

Pooled | Random | System 0.15 0.30 0.50 0.70 0.85
OLS effects GMM quantile | quantile | quantile | quantle | quantile

0.192 0.400* 0.099 | 0.745™* | 0.288 0.088 -0.017 | -0.085
(0.222) (0.218) (0.234) (0.282) (0.217) (0.208) (0.220) (0.276)

0.187 0.416 —-0.028 0.728* 0.005 -0.202 | -0.313 | -0.187
(0.297) (0.314) (0.333) (0.376) (0.298) (0.272) (0.299) (0.387)

Observations | 17,810 17,810 14,100 17,810 17,810 17,810 17,810 17,810

Note: Standard errors are in parenthesis. *, ** and *** indicate statistical significance at 10%, 5%, and 1% level,

respectively. All specifications include Ipertangi, lperintan, lperedu, mshare, hist, sqhist, year dummies
and industry dummies. FS1, FS2 and industry dummies have been calculated based on the Bank of
Korea's industrial classification. System GMM model includes the first lag of Iperadd.

Fs1

FS2

2. NEjAY 24 23

7 H4 54

(Table 12)% Au12% We) ojatelet| 2t 78]
5ol HRol Aolg (-HHT Aolr), HFHFE 3
Aot BAROE RO AT, 198 BIAE SAROE ol Holt
A=A e,

o T
M
flo
-\.2 _4
T
FE
>4
3
o2
)
4
=

(Table 12) t—Tests on Difference in Means between Foreign and Domestic Firms in
Service Sector

Entire sample Foreign firms Domestic firms Difference
Mean | Std. dev. [Mean (A)| Std. dev. |Mean (B)| Std. dev, | (A-B)
Ilperadd 18.244 [1.103] 18.275 [0.961] 18.242 [1.111] 0.032 (0.057)
Ipertangi 17.863 [2.073] 17.863 [2.040] 17.595 [2.074] 0.268** (0.110)
Iperintan 13.836 [2.757] 14,217 [2.748] 13.813 [2.756] 0.404** (0.179)

Iperedu 10.765 [1.995] 11.573 [1.726] 10.714 [2.000] 0.859*** (0.111)

Variables

mshare 0.566 | [2.631] 0.809 | [2.865] 0.541 [2.604] 0.268** (0.041)

hist 0.158 | [0.116] 0.151 [0.086] 0.158 | [0.119] 0.007*** (0.002)

sqhist 3.847 (6.368] 3.031 [3.773] 3.920 [6.545] 0.889*** (0.095)
Note: *, ** and *** indicate statistical significance at 10%, 5%, and 1% level, respectively.
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Lt ei=QEXIe| XS0t

1) Wrsat

(Table 13)-& AH]A(oA 9] &)= QIEA O] A1 A uto]| theh Hat 3] HEA] Aifolot,
HE oA A=RIRAY BulHR] ATt FH+)Q) e 2N SAHCRE &
o] kol

(Table 14)+= QA= RIFAS] Bt A 2| AIHATE)E 5457 flste] WA f=1FA; A
Frl4(propensity score)E =Al(logit) RP T FHI Ajolry, (NG A
(outcome variable)§l 1319 F7F7Fx19] 17] A Fhperadd; ,_ )& AgHE0) EZSHA]
U2 mgoli, (29 ESIFE myot), 1919 FFAME - wsH] A&, AERE, o

[e]
Fu 1=}
2, 1915 B S0l 7] ke AT ol AT o) e 2R, 1918

(Table 13) Direct Effect of FDI in Service Sector (Mean Regression)

(1) Pooled OLS (2) Random effects (3) System GMM

» 0.067 0.045 0.029
(0.050) (0.074) (0.065)

R 0.150%* 0.119%* 0.116*
pertangt (0.012) (0.020) (0.048)
Derinan ~0.009 -0.002 -0.024
perman (0.008) (0.008) 0.018)

— 0106+ 0.082%** 0.084**

P (0.008) (0.011) (0.023)
hare 0,017+ 0.023** 0015
(0.005) (0.009) (0.010)

et ~0.351 -0.361 ~0.810*
(0.263) (0.445) (0.385)

st 0.002 0.003 0.007*

K (0.003) (0.005) (0.004)

. 0.244%%*
First lag of Iperadd 0.074)
Observations 3,275 3,275 2,265
Hansen (p—value) 0.684
AR(1) (p—value) 0.001
AR(2) (p—value) 0.268

Note: Robust standard errors are in parenthesis, *, **

. and *** indicate statistical significance at the 10%, 5%, and

1% level, respectively. All specifications include year dummies and industry dummies (defined at the two digit

KSIC level).
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(Table 14) Propensity Score Estimation Results in Service Sector

Dependent variable: 7, (1) Without Iperadd; , (2) With Iperadd, ,
Ipertangi -0.131™ -0.165**
vt (0.053) (0.057)
Iperintan, 0.049 0.038
vt (0.030) (0.031)
Iperedu 0.116%** 0.117%*
vt (0.042) (0.044)
0.009 0.008
mshare; ,
(0.016) (0.016)
— ** _ K%
debtratio, , | 0.001 0.001
' (0.000) (0.000)
rofsale, —0.000 —0.000
vt (0.000) (0.000)
his,, 0.532 0.607
et (0.499) (0.506)
0.128
Iperadd, .
Pera, e (0.093)
Observations 2,968 2,774
Pseudo R’ 0.102 0.110
Note : Column (1) does not include the first lag of productivity level (iperadd; ,_,) as covariate while column (2)

does. All specifications include year dummies and industry dummies (defined at the two digit KSIC level). *

and *** indicate statistical significance at 10%, 5%, and 1% level, respectively. Robust standard errors are
in parenthesis.

WSH] A& 7] gt ol FARORE foJobA oxF thEThaL & 4= GiSit 3k 1
NG FFAA} BARl&e] 7] k2 Alxdm g2l 1 gro] 2S4S =IFEA|
ol d gHEo| %ﬂl?—ﬂii oot =2 AoR Uehgth 7 mj&d iy $ololE A
7] 3 FAAG= SARCRE F5HA] 2 ()9 FheE UERTh

(Table 15)+= <Tab1e 14) 9] Q=RITA g =4 dakE BEURE =1FAe]
Bt A AIHATE) S A& 716 (propensity score weighting)oll &Jsf| g3 2
Felel, dA| FAHCR [oJgt autrt ERIEA] Aoteh o] Harsl 2 HotA e
a1 24 A3E TP &, AuagelAs ERIEATE FAHeR fog AH
A A BE 2t s ol BAIRCRE fogt (e muprt Ejld

17190 A AR SAAE ALY )] ol B o) 0ol A,
3 21 11)olH QIRE Beh o] oS - ARAONAL AR ol el AR
EAHOR olgt S(-)9 grom UehdthAR ARz M BAROE Foat o+)e] grom
LhEpgeh).
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(Table 15) Direct Effect of FDI in Service Sector (Average Treatment Effects)

Model Outcome variable | ATE (standard error) Observations
(1) ATE on productivity level (a) Iperadd,, 0.011 (0.084) 1,919
(2) ATE on productivity level (b) Iperadd,, 0.009 (0.079) 1,774
(3) ATE on productivity growth Alperadd,, —0.124 (0.129) 1,236
Note : Row (2) and (3) include the first lag of productivity level (Iperadd, , ,) as covariate in propensity score

estimation but row (1) does not. Repored observations mdlca the number of observations used in ATE
estimation after observations that either p(z) ¢ 0.001 or p(z) ) 0.999 were trimmed. * ** and *** indicate
statistical significance at 10%, 5%, and 1% Ieve\ respect\vel\/ Standard errors are in paren thesis.

Alzddhe =]l Aol

2 2xsut

(Table 16y AH]A(OA9] =RIEA7F B4}t 7199 119 F7H7HA o] ] 4]
© 30E EREHRg o 4% Ao}, Q= RAl HuHs] FHA ST BE
oA FHY S ZA, 0.70- o] EHeM= BAA el
0.30—&919] 475 1% =, 0.15—8%] % 0.50—&9]9] F474= 10% S0l
A FARCE FoRlt SEAIRE (Table 17)oflA Hizo] W& £919F =2 &9 1t 3
AL ZJol7t FAR SR FoJetRl= ¢kt EZE (Table 14) 9] =152 A3
4 ATE EYE SIEAte LAY atkQTE)E 8% AXKTable 18), &
E210lA QTEZE K9] 3 A9 AR [FoletA]= gkt ool Hat
Sl 9 B9, B Ryt @ 2ol ayt 24 AnE T & o, A8ad
A= 71959 A el BARe] =R AT B4 g 71dell EAd R
Frofgt arE Zterhal s ol it

N
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(Table 19)+= AB|2FoNA Y] =2l FALe] A W A whga ol thgh B+t3]
A oo}, ®o] wet =AY ME HS H(FS1, FS2)9 47
F7F G+ Be 2009 @S 2ARE AR SR FoJsAl= wstth
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(Table 16) Direct Effect of FDI in Service Sector (Quantile Regression)

0.15 quantile 0.30 quantile 0.50 quantile 0.70 quantile 0.85 quantile
Joreign 0.096* 0.125%** 0.064* 0.066 0.027
9 (0.051) (0.044) (0.036) (0.066) (0.070)
Ipertandi 0.121%** 0.135*** 0.138*** 0.150*** 0.158***
pertang (0.014) (0.013) (0.011) (0.013) (0.013)
Ierintan —-0.009 —-0.009 —-0.001 0.006 0.008
permtan (0.008) (0.006) (0.006) (0.006) (0.008)
0.082*** 0.080*** 0.075*** 0.085"** 0.091***
Iperedu
(0.011) (0.008) (0.008) (0.008) (0.010)
0.017** 0.023*** 0.028*** 0.026™** 0.017*
mshare
(0.007) (0.007) (0.006) (0.006) (0.009)
hist 0.880*** 0.146 —-0.280 —0.786™** —0.768**
(0.290) (0.246) (0.208) (0.241) (0.361)
sahvist —0.007** —-0.001 0.002 0.004 —-0.000
« (0.004) (0.003) (0.002) (0.003) (0.004)
Observations 3,275 3,275 3,275 3,275 3,275

Note: Bootstrap standard errors (400 resamples) are in parenthesis. *,

* Kk

~and *** indicate statistical significance at

10%, 5%, and 1% level, respectively. All specifications include year dummies and industry dummies (defined at
the two digit KSIC level).

(Table 17) Difference in the Coefficient on Foreign Dummy across Quantiles in

Service Sector

0.500~0.30q | 0.709~0.30q | 0.850~0.30g | 0.50g~0.15q | 0.709~0.15q | 0.859~0.15q
I —-0.061 -0.058 -0.097 -0.032 —-0.029 —0.069
(0.037) (0.064) (0.079) (0.056) (0.083) (0.079)
Observations 3,275 3,275 3,275 3,275 3,275 3,275
Note: *, ** and ** indicate statistical significance at 10%, 5%, and 1% level, respectively.
(Table 18) Direct Effect of FDI in Service Sector (Quantile Treatment Effects)
0.15 guantile | 0.30 quantile | 0.50 quantile | 0.70 quantile | 0.85 quantile | Observations
0.056 0.068 0.077 0.182 0.081
(1 QTE @) (5900) (0.134) (0.131) (0.231) (0.203) 1.774
0.023 0.019 0.022 0.138 0.034
2 QTE ol (507 (0.135) 0.119) (0.258) (0.229) 1919

Note : Outcome variable is productivity level (Iperadd,). QTE (b) includes the first lag of productivity level
(Iperadd; , ;) as covariate in propensity score estimation but QTE (a) does not. Reported observations
indicate the number of observations used in ATE estimation after observations that either p(z){ 0.001 or
plz) ) 0999 were trimmed. * ** and ** indicate statistical significance at 10%, 5%, and 1% level,
respectively, Standard errors are in parenthesis,
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(Table 19) Spillover Effects of FDI in Service Sector (Mean Regression)

With £S1 With £52
(1) Pooled | (2)Random | (3)System (4) Pooled | (5)Random | (6)System
OLS effects GMM OLS effects GMM
-0.856* —0.431 -0.358
7 . ) )

o (0.467) (0.433) (0.786)

0.417 -0.291 0.112
7 ) ) )

o (0.726) (0.740) (1.068)
Ipertandi 0.152%** 0.121%* 0.099* 0.153%** 0.121%** 0.106**
pertang (0.012) (0.021) (0.050) (0.012) (0.021) (0.050)
. ~0,010 0,001 -0.024 -0.010 0,001 ~0.025
P (0.006) (0.008) (0.021) (0.006) (0.008) (0.021)
Iveredu 0.102%** 0.080*** 0.092%** 0.102%** 0.080*** 0.087***

s (0.008) (0.011) (0.021) (0.008) (0.011) (0.023)
mshare 0.017%** 0.023** 0.012 0.017%** 0.023** 0.017*
(0.006) (0.010) (0.011) (0.006) (0.010) (0.010)

- -0.357 ~0.371 -0.805* -0.333 -0.361 0818
(0.271) (0.455) (0.433) (0.271) (0.456) (0.404)
sahist 0.002 0.003 0.007* 0.002 0.003 0.007

¢ (0.003) (0.005) (0.004) (0.003) (0.005) (0.004)

First lag of 0.259*** 0.255%**
Iperadd (0.080) (0.080)
Observations 3,053 3,053 2,118 3,053 3,053 2,118
Hansen test 0.563 0.658
AR(1) 0.001 0.001
AR(2) 0.224 0.231

Note: Robust standard errors are in parenthesis. *, **, and *** indicate statistical significance at 10%, 5%, and 1%

level, respectively. All specifications include year dummies and industry dummies (defined at the two digit KSIC
level).

2) 2Xxst

(Table 2002 AFY W A4H JJ;EJM] et 918 Aol A W
Q= RIEAL =l HF W] FHAE o' Hp(FS1 B FS2)5 A=A
9ol et FH+) EBe 200 W= Z&Xl?_h st SAACE FosHA] Tt

h-23 AR AR FAHEF@87N ol wt ARl 671 Fm (Y
2 s Ak W A=RIREATIY miE vs wg 9 4k HupHaE A
FAsle Ak dAom Zfo)7h glItH(Table 21)

18 =am(19), S48 9 5H120), 2521, A H B=522), FEAt  ARIANA24), 1S H 2A
(26)0=2 3
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(Table 20) Spillovers of FDI in Service Sector (Quantile Regression)

Panel A, With Simple Foreign—invested Firms’ Sale Ratio (#S1)

0.15 quantile 0.30 quantile 0.50 quantile 0.70 quantile 0.85 quantile
sl —0.306 —0.782* —1.083** -0.902* —0.774
(0.522) (0.415) (0.500) (0.493) (0.700)
Inertanai 0.125%** 0.139%** 0.145%** 0.156™** 0.165%**
pertang (0.015) (0.012) (0.011) (0.013) (0.014)
Derintan -0.012 -0.010 ~0.003 0003 0.008
pe (0.008) (0.007) (0.005) (0.006) (0.008)
Ineredu 0.078*** 0.078*** 0.073*** 0.085%** 0.085%**
peredt (0.011) (0.008) (0.008) (0.008) (0.009)
mshare 0.013 0.026™** 0.029*** 0.024*** 0.020**
o (0.010) (0.008) (0.005) (0.006) (0.009)
hist 0.833*** 0.176 -0.171 —0.841%** —0.819**
(0.293) (0.245) (0.193) (0.239) (0.375)
sahist -0.007* —0.002 0.001 0.005* 0.000
¢ (0.004) (0.003) (0.002) (0.003) (0.004)
Observations 3,053 3,053 3,053 3,053 (0.321)
Panel B. With Weighted Foreign—invested Firms’ Sale Ratio (#52)
0.15 quantile 0.30 guantile 0.50 quantile 0.70 quantile 0.85 quantile
P52 0.693 -0.215 -0.322 0.453 0.199
(0.856) (0.739) (0.688) (0.733) (1.107)
Inertanai 0.123** 0.139*** 0.142%** 0.155*** 0.167***
pertang (0.015) (0.014) (0.011) (0.013) (0.014)
Inerintan -0.011 -0.010 —-0.002 0.003 0.011
pe (0.007) (0.007) (0.006) (0.006) (0.008)
0.081*** 0.077*** 0.072%** 0.085*** 0.085%**
Iperedu
(0.010) (0.008) (0.008) (0.008) (0.010)
0.012 0.024*** 0.028*** 0.027*** 0.019**
mshare
(0.010) (0.008) (0.006) (0.007) (0.008)
hist 0.878*** 0.314 -0.225 —0,732%** —0.685*
' (0.288) (0.253) (0.209) (0.266) (0.383)
sahist —0.007** -0.003 0.001 0.003 —0.001
e (0.004) (0.003) (0.002) (0.003) (0.005)
Observations 3,053 3,053 3,053 3,053 3,053

Note: Bootstrap standard errors (400 resamples) are in parenthesis. *, **, and *** indicate statistical significance at
10%, 5%, and 1% level, respectively. All specifications include year dummies and industry dummies (defined at
the two digit KSIC level).
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(Table 21) Spillover Effects of FDI in Service Sector (Based on BOK’s Industrial Classification)

Pooled | Random | System 0.15 0.30 0.50 0.70 0.85
OLS Effects GMM quantile | quantile | quantile | quantile | quantile
Foo) —0.254 -0.195 | -0.512** 0.043 0.031 —0.231 —0.355 —0.537
(0.239) (0.200) (0.244) (0.303) (0.226) (0.215) (0.246) (0.385)
s —0.466 0.009 -0.529 —0.834 | —0.953** |-1.203*** | —0.560 —0.368
(0.434) (0.634) (0.610) (0.572) (0.451) (0.365) (0.437) (0.699)

Observations | 3,086 3,086 2,144 3,086 3,086 3,086 3,086 3,086

Note: Standard errors are in parenthesis. *, ** and *** indicate statistical significance at 10%, 5%, and 1% level,

respectively. All specifications include Ipertangi, Iperintan, lperedu, mshare, hist, sqhist, year dummies
and industry dummies. £S1, FS2 and industry dummies have been calculated based on the Bank of
Korea's industrial classification. System GMM model includes the first lag of Iperadd.

ol e W@elY) U Helal] B4 AnE B B 0, Aul2eelds 7)Y
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AR, AS 7199 A EE=E Apoli= AUARE Q=QIFEARe] A Al 4]
Y AAY oganrt &A5ke] dolE it o]g 3t AR &kl flole IHLojoly)Y
Antras and Helpman(2004)¢] wt2H 2Jikdo]| 713 =& 7)9Eo0| FDIE Al33},
MAAdo] o 7|HEL Ao HEECDH %3t Harris and Robinson(2003, 2004)9]|
w2 seIAl ZQjoll whE B8 S el Ee vt FE9 7Y A
AHfirm—specific nontangible assets)2 H-§3F 7|2S0] FDIS A3, o]d3t 7|
AFAREC B A T A4 - sk, AY - vHAIR g%, EACE EE9A - 2
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{(Appendix Table 1) Direct Effect of FDI in Manufacturing Sector (Dependent Variable: Itfp)

Random 0.15 0.30 0.50 0.70 0.85
effects quantile quantile quantile quantile quantile
F 0.237%** 0.263*** 0.305*** 0.322%** 0.352%** 0.408***
(0.028) (0.018) (0.016) (0.014) (0.017) (0.021)
Observations 25,736 25,736 25,736 25,736 25,736 25,736

Note: Standard errors are in parenthesis, *, ** and *** indicate statistical significance at 10%, 5%, and 1% level,

respectively. All specifications include hist, sqhist, year dummies and industry dummies (defined at the two
digit KSIC level).

{Appendix Table 2) Difference in the Estimated Coefficient on Foreign Dummy between
0.30 and 0.70 Quantiles in Manufacturing Sector

Observations Coefficient on # Standard Error 0.70 Pseudo R? 0.30 Pseudo R?

25,736 0.047*** 0.017 0.094 0.083

Note: *, ** and *** indicate statistical significance at 10%, 5%, and 1% level, respectively.
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{Appendix Table 3) Spillovers of FDI in Manufacturing Sector (Dependent Variable: Itfp)

Random 0.15 0.30 0.50 0.70 0.85
effects quantile quantile quantile quantile quantile
(1) Fs1 0.146 0.538** -0.010 —-0.288* —-0.256 —-0.479**
(0.161) (0.235) 0.171) (0.154) (1.286) (0.239)
(2) Fs —0.204 0.278 -0.372 —0.779*** —0,752%** —0.885%**
(0.213) (0.282) (2.986) (0.206) (0.267) (0.333)
Observations 23,350 23,350 23,350 23,350 23,350 23,350

Note: Standard errors are in parenthesis. *, ** and *** indicate statistical significance at 10%, 5%, and 1% level,
respectively. Al specifications include hist, sqhist, year dummies and industry dummies (defined at the two

digit KSIC level).

{(Appendix Table 4) Direct Effect of FDI in Service Sector (Dependent Variable: Itfp)

Random 0.15 0.30 0.50 0.70 0.85
effects quantile quantile quantile quantile quantile

F 0.045 0.221%** 0.164*** 0.085** 0.071 0.001
(0.082) (0.081) (0.052) (0.034) (0.065) (0.593)

Observations 3,149 3,149 3,149 3,149 3,149 3,149

k%

Note: Standard errors are in parenthesis. . and *** indicate statistical significance at 10%, 5%, and 1% level,
respectively. All specifications include hist, sqhist, year dummies and industry dummies (defined at the two
digit KSIC level).

{Appendix Table 5) Difference in the Estimated Coefficient on Foreign Dummy between
0.30 and 0.70 Quantiles in Manufacturing Sector

Observations Coefficient on # Standard error 0.70 Pseudo R? 0.30 Pseudo R?

3,149 0.093 0.186 0.188 0.138

Note: *, ** and ** indicate statistical significance at 10%, 5%, and 1% level, respectively.

{Appendix Table 6) Spillovers of FDI in Service Sector (Dependent Variable: itfp)

Random 0.15 0.30 0.50 0.70 0.85
effects quantile quantile quantile quantile quantile
(1) Fs1 0.359 —-0.200 —0.254 —-0.598 0.136 -0.274
(0.416) (2.209) (0.659) (0.584) (0.606) -0.274
() Fs2 0.227 1.071 0.446 —-0.566 -0.727 -0.171
(0.642) (1.120) (350.317) (2.772) (0.800) (3.768)
Observations 2917 2917 2917 2,917 2,917 2,917

Note: Standard errors are in parenthesis. *, ** and *** indicate statistical significance at 10%, 5%, and 1% level,
respectively. All specifications include hist, sghist, year dummies and industry dummies (defined at the two

digit KSIC level).
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2ol Aoz Zpol7h ik, A= FEAl HulHao] FAAGE HH)Y = A @
2 BEoA= TARLCE F-o5kA W (Appendix Table 4), ¥ E9} =2 B9 71
ZAAGL] 2po|7F EAF O R §-o8tA = oIS H Appendix Table 5). E3H £A420
2 fogt A W ggaaE S 4= flStHAppendix Table 6).

2. 7|¢t H¥
{Appendix Table 7) Correlation Coefficients
Panel A. Manufacturing Sector

lperadd | foreignl| FS1 FS2  |lpertangi|lperintan| lperedu | mshare hist sqhist

Iperadd | 1.0000

F 0.1018 | 1.0000

£S1 | 0.0840 | 0.0968 | 1.0000

£S2 | 00016 | 0.0875 | 0.9237 | 1.0000
Ipertangi| 0.4097 | 0.0637 | 0.0767 |—-0.0204 | 1.0000
Iperintan| 0.0145 | 0.0314 | 0.0507 | 0.0856 | 0.0412 | 1.0000

Iperedu | 0.2462 | 0.0983 | 0.0718 | 0.0556 | 0.1003 | 0.1267 | 1.0000

mshare | 0.1734 | 0.0378 |-0.0208 |-0.0510| 0.1754 | 0.0347 | 0.1550 | 1.0000

hist | 0.1298 | 0.0360 | 0.0073 |—0.0406| 0.2037 |-0.1161| 0.1250 | 0.2282 | 1.0000

sghist | 0.1341 | 0.0223 | 0.0007 |-0.0446| 0.2126 [-0.0831| 0.1358 | 0.2419 | 0.9449 | 1.0000
Panel B. Service Sector

lperadd | foreignl| FS1 FS2  |lpertangi|lperintan| Iperedu | mshare hist sqhist

Iperadd | 1,0000
foreignl| 0.0244 | 1.0000

FS1 | 00611 | 0.1251 | 1.0000

FS2 |-0.0962 | 0.1567 | 0.4802 | 1.0000
lpertangi| 0.4046 | 0.0185 | 0.2035 | 0.1101 | 1.0000
Iperintan| —0,0013 | 0.0043 |-0.0169 |-0.0478 | 0.0327 | 1.0000

Iperedu | 02567 | 0.0849 | 0.0723 | 0.0184 | 0.1010 | 0.2068 | 1.0000

mshare | 01229 | 0.0094 | 0.0392 [-0.0491| 0.1175 | 0.0266 | 0.1604 | 1.0000

hist | 0.0848 | 0.0223 | 0.1944 |-0.0527 | 0.2277 |-0.1278| 0.0447 | 0.2218 | 1.0000

sghist | 0.0838 |—0.0007| 0.2174 |-0.0564 | 0.2041 |-0.0767 | 0.0493 | 0.1928 | 0.9216 | 1.0000
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{Appendix Table 8) 2 Digit KSIC Used in Analysis

Code ‘ Sector

Manufacturing

C10 |Manufacture of Food Products

C11 |Manufacture of Beverages

C13 |Manufacture of Textiles, Except Apparel

C14 |Manufacture of Wearing Apparel, Clothing Accessories and Fur Articles

C15 | Tanning and Dressing of Leather, Manufacture of Luggage and Footwear

C16 [Manufacture of Wood and of Products of Wood and Cork; Except Furniture

C17 |Manufacture of Pulp, Paper and Paper Products

C18 | Printing and Reproduction of Recorded Media

C19 |Manufacture of Coke, Hard—coal and Lignite Fuel Briqueties and Refined Petroleum Products

C20 |Manufacture of Chemicals and Chemical Products Except Pharmaceuticals and Medicinal Chemicals

C21 |Manufacture of Pharmaceuticals, Medicinal Chemicals and Botanical Products

C22 |Manufacture of Rubber and Plastic Products

C23 | Manufacture of Other Non—metallic Mineral Products

C24 |Manufacture of Basic Metal Products

C25 |Manufacture of Fabricated Metal Products, Except Machinery and Furniture

Manufacture of Electronic Components, Computer, Radio, Television and Communication Equipment

2
26 and Apparatuses

C27 |Manufacture of Medical, Precision and Optical Instruments, Watches and Clocks

C28 [Manufacture of Electrical Equipment

C29 |Manufacture of Other Machinery and Equipment

C30 [Manufacture of Motor Vehicles, Trailers and Semitrailers

C31 |Manufacture of Other Transport Equipment

C32 |Manufacture of Furniture

C33 | Other Manufacturing

Service

E37 | Sewage, Wastewater and Human Waste Treatment Services

E38 |Waste Collection, Disposal and Materials Recovery

G45 |Sale of Motor Vehicles and Parts

G46 |Wholesale Trade and Commission Trade, Except of Motor Vehicles and Motorcycles

G47 |Retail Trade, Except Motor Vehicles and Motorcycles

H49 | Land Transport; Transport Via Pipelines

H50 | Water Transport

H52 | Storage and Support Activities for Transportation

155 | Accommodation

156 |Food and Beverage Service Activities

40 SEERASERZ /2014, v. 36, n. |
KDI Journal of Economic Policy



{Appendix Table 8) Continued

Code Sector
J58 | Publishing Activities

Motion Picture, Video and Television Programme Production, Sound Recording and Music Publishing
Activities

J59

J60 | Broadcasting

J61 | Telecommunications

J62 | Computer Programming, Consultancy and Related Activities

J63 |Information Service Activities
68 |Real Estate Activities
69 |Renting and Leasing; Except Real Estate

M70 | Research and Development

M71 |Professional Services

M7?2 | Architectural, Engineering and Other Scientific Technical Services

M73 | Professional, Scientific and Technical Services, n.e.c.

N74 | Business Facilies Management and Landscape Services

N75 | Business Support Services
P85 | Education
R0 | Creative, Arts and Recreation Related Services

R91 | Sports Activities and Amusement Activities
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{Appendix Table 9) FDI Inflow into South Korea

Vear Amount (in million USDs)
Remitted Notified
1995 1,776 1,970
1996 2,325 3,205
1997 2,844 6,971
1998 5,412 8,858
1999 9,333 15,545
2000 9,283 15,265
2001 3,528 11,288
2002 2,392 9,095
2003 3,526 6,471
2004 9,246 12,796
2005 6,309 11,566
2006 9,047 11,247
2007 8,961 10,516
2008 11,195 11,712
2009 8,961 11,484
2010 10,110 13,071
2011 10,247 13,673
2012 9,904 16,258

Source: Remitted Amount: United Nations Conference of Trade and Development (www.unctadstat.unctad.org),
2013. 2. Notified Amount: Ministry of Trade, Industry, and Energy of South Korea (www.motie.go.kr/motie/
in/it/investstats/investstats.jsp) 2013. 2.
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ABSTRACT

This study suggests a model for calculating total benefit rigorously to use the
contingent valuation method (CVM) in cost—benefit analysis (CBA). Estimating
households’ willingness to pay through survey method, the study attempts to
demonstrate if a respondent’s income and the distance between a respondent’s
residence and the location of a target facility affect her willingness to pay. The
estimation results from a structural model show that income and distance—
decay effects exist and that the calculated total benefit varies largely when
these effects are ignored,

The study emphasizes the effects of income and distance—decay on the total
benefit must be carefully considered in using CVM for CBA. Even though the
total project cost is precisely estimated, the benefit/cost (B/C) ratio may differ
largely when the total benefit is not correctly calculated, Also, an ad hoc model
generates significantly different estimates from the utility difference model this
study adopted. The difference in estimates suggests that the total benefit has
to be estimated by a structural model,

Finally, simulations are performed to check the validity of the model as well
as to predict consequences when income and distance—decay effects are not
properly treated. The results from simulations reveal it is not desirable to ignore
those effects considering the perspectives of balanced regional development,

=ile ZARIIXISEEE HISHAZ N0 0|18at7| fIotH SSAE AEo g &
2ol tEE 2ot Y| +dcte BEE MARI. & 228 &df 7I7E XzdAds &
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ZAET7IX &4 H (contingent valuation method, ©]8} CVM)2 &-A4A] 5 AJAo] &
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S

7S 2yo] WASHinternalize)dto] F2& Q1 =4 (structural estimation)= 433
Q
O

> a% als
o]
b2
° o
o
i)
X
© ;O

)
T
B>
123
c1°1' =
rﬁ F\‘

_EL rlr

Sl AL B o7 i) a1 BT HEEE(empirical distribution)S ©|-&3}
o Bk AL 2] BT b 0L e, R & el
Z 7lo= 718l 258 = Ag-4E ayNkE gt dtE 9 A5 A

g HEE I3 FEREF(structural mOdeD‘g AABHR= Aot} 7|2 o =
Bateman et al (2000)0] AEa31k} AZ-4AE asE 25 1183k AH7F 9o, &
B AT WIPE FEH4E ol 453 A0S SUEez she 1019 Sy
(reduced—form model)S ©]83} Aoz o|2A 7|7} v|eksicial 3 4= Qi)
25870 ¢ 5 el 4] 7|E ¢5-2 McFadden and Leonard(1993)9]
ATE = 5 el oS BEYS Woll &5 iRt WIS Bam Fo] 245

ol
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P& AUSRA 22208 TITH0S LI, 2 0% i 2] 2

ashe Al 2 W 25059
St % AUt} Diamond et al (1993, p.42)
ok Hiel go] Aoz WTPOﬂ gt dALSETE A5 SIS A
= A% Holedl, # ?"i:ﬂ‘q HAE Sl oleh Z2 wAdFAe A5aE AT
% ATk HolA 71 AT el ol 3 % ek,

o, AR avet 5‘1}%3}04 = a7 o= WA 71E9] Hanley et al.
(2003) ¥ Bateman et al(2006) 3} o] WIPE THH,RE st AgE SHHS
2 She HoRES ol 8dt WA g =2y o]%ﬁi‘:}% oM delaQl Fof
2o A"E wiAstYttE Aol Concu(2007) = SEH-ERY(random  utility
model)Stol| A £7H4] o] d(spatial heterogeneity)< 1315;} TGS AT Ao
A Ae-ad ENE 0EL BEel B A7el A AR FehE Wl et o
T A= o Azke] ¢ 7ER] dRkA £ (generic characteristics)oll gt 3714 o]
e geldon B Qe Alse] SR FRelA Sulel A%l ok Az

2] Azle] ofg B o LguE nefRk Hol Aolal,

T, 2 AL S 253 Azle] £ as oj2ld] (VM H4ES B
Slel Jleh AR BR@SSE AR, Uol, AT A o 5) E
WIPo] g F RAE A7 4 9L Aot Izl o5 Ttk oS0l
FOUR A WIP $A12) A S0 ok $E 518 Aol 3

o cigat 2o olgE mFel WSl itk A, A5 B Aslel o wrp
—4 FHEE(marginal distribution)& ©]-8dk= Zo] ofgt WHEEL] 7R
(conditional moment)o] T3t 718<S 841 koo mn R} thasly EAHOoR Aok
gt Wi4lolatar & 4= QJth(McFadden and Leonard[1993], pp.186~187). &4, ald &
axof dieh Bke] gt 25 7| ofHnh. odd) STl ZHdRke] AlRA E
wES; Z2 AR ddH R Hes] o] offy] wiEe] L3]3 SHee] Aol
A= 75}%@ °47<]7P 9} whepa] oo e gaas2 AA e AR AT 2

A9l = /\]“%5}: Zlo] wherz|e Ao},
= —§~’F§’l oA, et F 7E 84
Ad AA7RE719h 22 Al A

A @ESzo] oW WIPZL & Aol @;;Lxm shlsla, ARA Y mesE

1o
N

t

!

=

m
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of et mTe] RES W om gk 73‘%% S # Qe QA At miel o] &
AL FIRR(AS

A2 (e
o el %#94 Sl 9@01 O S
o

el S ST 2 e
ofsh £ AATe] TAL Theat Lek A LgNAE CVMAA K Eeixtole] Sebate]
S 9 gute] AR Y FFAM A 719] Aele] wet debe muE
NEjE BARGS ASH, ofo] ME FHeo] AL J1E WA vlwstgch 1
= L) %—Xga}b e AXSIT AL A A}
Ash Aol ol gekom, AV Aol AE
1 mge] Aee] wE Fue] APgelHel gl
A npqeio R AV A2 9 Ao delsteit

A SEHAS] @9l= 7HH(household) o™, H-§HO A 9] o] H= Adhe ¥
SAS Eot Al EolRt sk ZF 7L s Al ) S flsl AEd 8971 A
= v AEE T Dtk ol @AoA AR &3] s A sk St
LA wAE AEste 2 oY 71| Ho(bias)E FASFL] Yl FAEE w2
SHAL G FaAES AAR ARESHE ¢Fske o] Aldo] A™-E= T4l AAE &
A FANES 25004 271E o7 UsAY oF(d/oHe)E Be dEAY
(dichotomous choice: DC) E&o|tHArrow et a/[1993]).2 o|e} e ZELS 31 B 3

omH AEOA ko] AHE de HYe TIEA FEAE(single—bounded

1 o 227 o] Ol ofhS 5] Slatole, ko] kol /1) ofd YL, i FEA
o] ofd 7|6k HlAAAIE S M oR Hgsle A sl

2 Boyle and Bishop(2006)-2 DC ®&o] AEAF Helst Adyt S HO(starting point bias)7} 2
o 21 s
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dichotomous choice: SBDC) E&golg} stc}, otH, o]5AA FEXA = (double—bounded
dichotomous choice: DBDC) X282 A AHA|FHol| tffgt 2| &-8-9] offo e} B} =
< (Y] B Ee Hrh $E FY(olH 9] FH)S T ¥ T EolgowH
o) 2718 F8 F7H AEE de Aot o] 2E 7He] Ade] #el =9=
ol qlof gh=dl, & dAFtelMe =99 2dS F2AQ F4 957] fls SBDC
2ES AYshr|= giths

CVM A/l F7Hl oS WA SEAE o 334 2 oA Aol hsf

FE3) AT 5 Qb HRE AToF ke W, AHOAAS EETY Tl
SEA0) AR Bael thet AME 88| el Atk A 5 4 Uk £
AL SuAe] AFA ARG ASTORA i FEAEBY ALE o 4 9
T, SEAY A5 et TARE PS4 UES TAelE HEAES A

2. NZ9Atel =34

242k9) A it oW ASHY Lol Estel(k=1,..,K), FF AP 1t 9
L BEAAT e ARe] "eld AFska gtk i Agiet A5HTe sk
ARG U0y 2)& 7HAEE, ol a2 of®l gAl4o] 19Ee] Azo] o
oA AFah 7ho] AFSHe Wee] Fvlolet WM,y Y TFLY A5, 2%

A jE1{0,119] EAYo] JAEINS w AEXT [ .o TR FHEAFHinformation
set)Z Qufglth &, 2+ A5G Lol &3l 7 A9 dl= bl qlo] Hasgth

3 SBDC¢ DBDC 2E & o= O] $-Let7tol|l gt =2= CVM AFARE Atelof|A] - Eils] A+
Hol & FAlolH, gl AR WHR|A] k2 AEjeltt, 7|£] A4 ZIE & uf, DBDC 23
2 AYHshH SBDC HFHof H]OH EAA 884 (statistical efficiency)= =Y 4 S (Hanemann,
Loomis, and Kanninen[1991], pp.1257~1258) W& UAd(internal consistency), &3 HO|, {2l
EYXA](incentive incompatibility) 5 HOE % 7l ESE EolXtHMcFadden[1994];
Herriges and Shogren[1996]; Whitehead[2002]). wh2hA] v]gHol A4S Hf& ZHe] 4P 9] o
A FET BES gHg A, FA4 5849 AshE —/FSPQE}E HeE Fo]7] 93l SBDC 23
< Ag3l= Aol BT Aoltt, &8 £119] =9+ DBDC Ry EYstoE 2ILETr §
EHU} HHE 8 BRR o " FYsit

4 2 A= EJ—J HAE =ol7] al getd e s AYPspHE mEAXEY of 7Rkste], &5 9
ARE 2R Bare] #7]H(notation)ol] FH=o] A7fslaA} Fhet. Hanemann(1984)91 €J3] Xﬂ?l%
oje} 7o §8AXHELS Cameron and James(1987) 52 A&ETE o83 W4y 22 1Hag
SHp0] xlo|E o]-83fo] 3]A 2] HAMo|(Hicksian compensating surplus), = WIPE 34sl= 2§

o]t} McConnell1990, p.34) ol& F 7HA] walo] AdidA (duality)ol] a2 &8ss, & 2y
R 7182l a8olE S S fES Btk
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TSNS ARE AR 1, a9 o2 HE A oolgt & wf, TE iof] A
A AYE f8l BEEe] FHE A= &7t 31%7(]% ==t ot 22 HS
g SEe 3 Aol

Upa(apy; — Bif2iy) = Uy (0,592, @

5, oA dEE fal BFEe] g XEdsks di4l, dHS Fal o iEe
AT ol A e G A TIAU AU S0) A
ago] a9 ko HeE & A B9 3‘0”—% A& 871 A =He Aot

ojuf ZHHagHdrE —TLXH J&ﬁoﬂ/ﬂ t*i‘ 7Fedt (v (azayz,ﬂkj))ﬁr 57}

Ui (al’yz‘;gkj) = Uip (ahyﬁgkj)"' €ipp J=0,1, k=1, K

o7 9 Al ()2 tha] theat o] EaAg
V(= Bl )+ € = 030 (0,55200) + g & Ay = €0~ €a =1 €. (1)

ojwf WS 7heFt BEANE Avy 1= vy — Bifi) — 04 (0,y52,0) 01H, 85
E7sT B8AR ¢t Bto] 00| Ao 0;Ql SERE G5 wEra 7

CVM®] DC ARS BT 3o ARSI 0|8 AR A} SheA NS 2
S 2z ABOAe BT FAG FESHE o] U
o ofHTiE A FslsiA Gk mebd SEATE B9 AAEe] RIS
AR 9 A Nl 558 wEalE 9Bt opjsl REse] PSR A8
xopsle g Sotof 9%t ARLE w7k half—open interval) &2 HojXAt) o= =
gt ALl Tl AEAE G EAR A9oE nh ol ueh S
A i7b AAEY Boll sl FAIGE AEAH /ol ) E Rt & uf oo SHE
o g2 P(R ="yes") = G(Avy)oltt. 18tk n7je] #ES A2 7 o3 &
19 %3 (log—likelihood function)E o83t Q=AM (maximum likelihood

estimation: MLE)S 0]&3}0] z|EQAlolo] mis =43} 2 Qit}

ojHEozn Ao

==

O

|¢

B

r m 2
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InL= i Z i€ L} [1{R, = "yes"In G(Av;,)+ 1{R, = "no" }In(1 — G(Avy,))].

i=1k=1

@)

ojmf 1{ + }= T o] go] Ho 1, 1A ko 09] Fhe 7= AAIFE
(indicator function)o]t}.

o714 BI7h FYH0T B AFe SHA] A5 W SuAje] AZA AT
A7 S A 7F AlEolat ol @EFe mA=7t she otk 2
I AT 50l 2e4S A AYE oIE 9 HFHOR weiFn
o webd 324 A 2 AST7E Lo] ASehs mae] A7)t SebEs 58T
W oolof B ASEIE WS Gk wHE, SUR) AR AR 7]
o 40 lopl BRI o Ao B GUfg U o
HOl a2 H4SHparametrization) O 2H IS

& AMAlA thf7lz stat, & oA FHY A

ﬂd
2,
o
>
o o
I
=
ofs
o
N
t
0l
vl

WA Z12ke) 25T Lo el ol Agl 1] e g BRARAS

A L
AWTP = / 7. (1) « N(1) « MWTP,(1)dl. 3)

olgf (1) EA A lo dMdshE AT L9 HHTEUT(empirical
probability density)ol®, N()2 Az IoAe] mYcke] 7}7E ot} uwlEA]
m. (1) - N(1)& B Al 18] F 7 4= 3 258 Lo dfgshs 7t =5 vehd
th 3, LS FHS A o aEsks BT 5 AR 7P de oA
H|Z} 718t 3341 71e] ARl dehdth

LSS ;
NhE, &5 AYE ek ghe BES B AEE FHS thaa 2k

o

AWTP, =N+ MWTP,, (4)

Z WE mEo| gdt /Y FRAROAY MIWTPE 7 F ofvle] mywd
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AT 4 NS Ftel FHel AWTPS AT olgh 2L WAl B Su)
o Fhpas @ guAte] Aol FEAA he] Aet wE wE] gk Ahre
AN MIWTP o] hEAS 23 9] kgl 9

urel Folo] Algel glo] Aol %‘?‘%}% SAsAL 2elst] §18) gt 7}

2 9 Tk Wel "olxl s)e Ael(b)e]
S Pt SHOS o o] wade

AWTP, =N, MWTP,+ N, - MWTP,, 5)
2, WA QAele] RES o R AT BRARIM MWTP,E ok
o7l AFAG AT & N, Folo] AHAG FHAL WAk 2 PO

2 7Vet A Q9 T Bat A=At MWTPeE 714t 4= N, R5E 7|ep A9 F
HolE A2 7 ol stol A= T AWTP & k= ajolrh. ole} 2
H Q/\l MWTP, 2t MWTP,2| tii/do] EA7E 5, 72]-48 aapv} EAs=
AT Thefoll o] YojE RS s AR Sk ol b &
g 73%‘6*5—3— Ao FolE w BAHE W ofd XY 19] 727t FdEE
U 54 A9 29 AzjErk=s W et gheole Eshal s WA A% 12 YA
Ao, AY 2= 78 A9er FEqosHN A op|sh= A7 ot Kt
AR fAls SRR Bis SR o] 4749 JaAEA s mE ok
ol ER ZF 299 i 7F AAE] FolEo] RO EAo] Atk Folth

A Ee 2 AAIGY Bofl thel] A=At flvks 58 Solle w@<es] A2t
QT siA s ke A2 A digk S5e 753 &5 715 (protest response)’
LT 3239t o] Q7] wiizoll NOAA #d o] X|X(Arrow et al[1993])0] HiLsHZo] o]&2

oft

ox

{
2
_a
a

FE|A At EAsl= Ao] vlalsit) 5 994:(2010)2 21l A A] o]& 11
25t it 5 2 ARE o AR vETES BT Tt el Alefehs |
As ARSIt oleh 2 WAS 4 (3), () R (9ol A8 4 sl & Al
A thedk 22 ol 2 S A Al o8 AR HlEs 1EsHA et WA,
ol Aol 9lol SH AR HIES ARSShs A VIEHoR FH AR disf
MWTP (1) = 0& 7143k= Zloltt, ol 35 ARrE A& Aol et S5 ARet
o, Aot e ffulshe AL ohyehs Aol &A1 et 7Hgoltt. &4,

=

5 &5 Al tiek o]24] =9 9 feluEte] ARlell ek s 220128 AR AL
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S AR AS MIWTP,(1) = 0% Zolehs 714
oz ) 4 9] A9 B4 £57 Aol A SEAS 1 A% A
A

Holuz fofl o AR HlEo| thi/dS 7Hth B ofPr}, whebA] APE 3
ol S AR HlE&S A8sh= A2 F7HQ A5 THAE 4= Sl AR, 53
o9 Ag-aE AvE 1Hshe By ol5S 1PehA] ¢l &35 ANEE AeE
AYs] Blustara} sk & Ao B2 S ARE LEfshA] st gt o=
Fao] ATt W omlgEl A oA A (4) T A (5)9] WA FskL Q7] whEoltt
1. 28AXRYY 573

FAE 9ol 50T Lol b SEAL i o WSEA] Y= B8AA ¢, 9 HEe
Y oR Hgro] 00]3L FAbo] 67l EAAE REE wp2rial 3k, o)e} o] A5
s At A = Q= ol A (heterogeneity)e &3] sl A £5F
Hh=1)& 7Ieo® sh= (K—1)x1) Bl Ae D& skt T2H &
EXG L9 #RUER= (k—1)HA 84 (component)ollFt 1& ZH= D, 3l A]
vi= (Vg vi) D W o, =0,(1+ D,_,'v)9} ZTHKunimitsu[2006], p.36 Zx).

olgf k> 19 AL AEHT 171 FA 25w Arolgt BARS: 7HRIchH s v, 9

A= BAMOR SOl 03 ThE ghE 7P Zolth Ltk o /oh 0] &
HehEe 247 thewt o] Falct

P(R; ="yes"ll. I, B)) = Pey, < Avy,)
= Pley/op < Avyy/oy)
= [1+exp(— Ay/ (o, (1+ D, V)],

P(R;="no"ll,I,,B) =1— [L+exp(— A,/ (o, 1+ D,_,'v)))] " 6)

1 A B)olA 7IEHOE Avyy = Aoy, Ay HEFEZEA O ogt AZwt

(scalar)E UERHTE

ZAS 918 Azlo] mE Hela} 450 ofgt fgo] FHMPHoR He| Fhssict 7t

A
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v (apy; — B84 ) = oy + B, (y, — B;). o

ol U= 7153 A8AX Avy = a,— B,.B7F AXEH Bl thal] A3 3
EH% 7}%‘!—% OEP Zl\" 9»)1]:1' —‘111]._]—1 EX]/\E] l:li_J EH;(]}\-] [e) 0]—9—0}111 7]_?_ \ X]%_Q]/\]-
N X MWTP() MWIP(1) = ay/e; = a)/ 5,2k 7o) @izt Hanemann
(19841, p.335). oI e kWA Roleh 12 7T YR B 09) (K1)
olB, 3= (By....Bx) Ol

3, AEo] st 75‘]—7:]]§.Q_o] ARSI 7P ER30] 3 R 450 277}
o el AP P ESTSE AHTT BLARNE eIt o] wdE:

Avgy = oy + BIn (1= B/y,) = o= 8,(B)/y;).
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=

2 = (model misspecification)
- ZRelstarap gk Aot
Ao W2 #H| 7] o (Table DollA Hi= B2} Zo] A 74| gk FEE 7
Akt WA Aol whE AP E 1)k A2 Helr(power function)E 7}
Aoty T) 7ol ARSI viAlef ez BAH A A543 (stretched exponential
function)& =YsFA(RF M) o 0] Ao wet Hslste HFEfE FATHflexible) T
o Aew maste] obe] MREY 9 makol vmshnd gtk BAQ A4l
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(Table 1) Specification of «

) ) Expected value
Model Function Functional form
Y N Yo Y3

I Linear Yo Tl ) 0 (0

[ Power Yol >0 | (0

I Streiched exponentil o Fexp(,l”) Y0 | Yo | (o |0 1
AEAINE A¥she bl &3] AREE w5 FHIRA,L (Table DollA AAHE FH|
B 7 > 0013 5, <091 9ol a2 19 TR} A 28T 4, =190 3

].

ol AREASL Aetrt HH, 4y =29 o] ARt (70,%72)94 ghol oA | A
=

i

71 oA A d= LBk sl &3] A ske @A 72l-aE ol
thg=ek=r7t obd 7411]—4 S LT ¥
[2011] &= =), ve =30l BF 25 7, oAHEolu HAol o =HvlE
ol sl Azl =

=
function)= & 4= ¢lont,

o wizell 235]2 19] S7FerY = Sl Aotk ey xS e R sk F
Hol Aol Aol 9ol e 19 TERF(monotone function) = Kl e} o] 7}t
Aot Be g el 4 =02 SEA] AFAL} SEAA 1H] Azt S EAR
Hojo| FaFe FA @ BFolh

FH, RE BmEHoA 4, Y 0,2 EEste] AW (identification)T 4 o= g
o, =0° = 12 A3 normalization)3Hc}, oA € 4] (6)S EI19LE3: ()] Y]
gt B 0= (v,0,v)F FAT & At T4 AHH RO EdE o3t 2t

i

rO

6 ol Sof HolZ ol oA o] B AgEe] (PAHOR) olgak AHe] A9 Fue] AL
= AlRkgo] AlMe J1B olgaiA B 28w WEAZ) AlGE 4 o] A Aldo] Al <l
1

Aste] SolA Aol BHHE 715Ado]
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nZ(0)= 3 [1{R, = "yes" Hn{exp(A,/ (1+ D))/ [1+ exp(Ay/ 1+ D, )]}

+1{R, = "no"}In[1+ exp(Ayy/ (1 + Dy_,'v))] "]

- ; [~ In[1+ exp(Ayy/ (1+ Dy /)] + 1{R = "yes"} A/ (1 + Dy 'v)].

®)

(Table 20l 70 AHGH o4 714 m@L ulmste] astgich. olu) 255
Aol G 7Y FEABONY FHNE 4 (39 MWTP,1)o] DYsHA 212t

wgol s 453} AelS wejst W) 2K AWTP E T 4 et

ofu] (Table 2yol4 a7l 7173 BRABIAAE F3) 4 (3), @) L ()9 FH
o APHPHS AuiEE, BE RPolH 4 = 0013 f = F, == 3, Aol
AWTP = AWTP, = AWTP, Q& & <= 9t} vjme %oH 7k mEgsloA AEal
Alg mefehA) ke mYoRA thedl ;=S 5 = 6y =.= A = G 7HH

W, B2I9TFr (8)S olgdte] ne{0.a.b}0l el MWTP,=~,/5,(=8 1. 1,
m 9 MWIP,=exp(y,/5,) @3 V, V, VDE &< 4 e} 8, 252 12jsk%|
ke mye g=19 7Hoet g 4= 9}

(Table 2) Specification of Functional Forms for Each Model

Model | vy (g y, — B:92,,) Qv oy A M/W?Pk(l)
\ o+ 8, (y,— B) o~ BB, Y Tl N t+nl—e/ B8 &l/ek/ﬁ
I o+8,(y,—B) o= BB, Wl Wl —e,/BB (;l/ek'ﬁ
Il o +8,(y, —B) o= 6,8, Y% +n exp('yzl"‘"’) % t+n exp(ﬁ/, ) e, BB, o:,/eL B

N | a+8,(ny,~InB) | o—BInB T % +nl—e/BInB expay/e,'B)

\ o+ 6, (lnyi —InB, ) o, — fB,InB, 70[“ '70[“ - ek'ﬁlnbj eXD((;,/ek,,B)

i o+ 6, (Iny, —InB) | oy—BInB | 5 +wlexp(721"”) % +~/1exp(~/2 ) e, BB, exp(&l/ek'ﬁ)
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(Table 3) Distribution of WTP Responses by Bid

Bid T ‘Yes’ ‘No’ Protest Included % of ‘Yes'
(Korean | A°+§) (A (B) (© (D=A+B—C) (A/D)

won) AMlalbla]lalo |alalb|a]alos| Aat] a] b
1,000 | 143 | 80 | 36 | 44 | 63 | 34 | 29 [ 82| 20 | 12 [111| 50 | 61 |0.721|0.720 | 0.721

2,000 | 143 [ 64 | 32|32 | 79 | 39 | 40 | 84 | 19 | 15 [109]| 52 | 57 [0.687 | 0.615|0.561

3,000 | 143 |63 | 32|31 |80 |39 |41 |39 18|21 |104| 53 | 51 [0.606 | 0.604 | 0.608

4000 | 143 [ 43 | 21 | 22 |100| 51 | 49 | 44 | 24 | 20 | 99 | 48 | 51 [0.434|0.438 | 0.431

5000 | 143 |31 | 17 | 14 | 112| 55 | 57 | B2 | 32 | 20 | 91 | 40 | 51 [0.341|0.425|0.275

7,000 | 143 [ 34 | 20 | 14 |109| 52 | 57 | 38 | 20 | 18 |105| 52 | 53 [0.324 | 0.385 | 0.264

10,000 | 142 |20 | 12 | 8 |122| 60 | 62 | 67 | 32 | 25 | 85 | 40 | 45 |0.235|0.300|0.178

Total | 1,000 | 335|170 | 165 [665 | 330 | 335|296 | 165 | 131 | 704 | 335 | 369 | 0.476 | 0.507 | 0.447
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(Table 4) Distribution of Income

(Unit for income: milion Korean won)

) Irlel Monthly Total Included Income o Meq|an NI}
income | (%) income
income group
group Al | a | b |AI|alb Al a b All
1 under 99 | 15 | 8 | 7 | 9 | 5 | 4
2 1~1.49 36 | 13|23 |25 | 11| 14 169 8p 87
Low 23.51
3 5~199 | 78 | 44 | 34 | 85 | 32 | 23 (0.24) | (0.25) | (0.24)
4 2~249 | 126 | 57 | 69 | 80 | 34 | 46
5 25~299 [ 191 |115| 76 [1383| 74 | 59
Middie |20l | 179 | 168 38.27
6 3~399 |802 (157|145 (214 105|109 (0.49) | (0.53) | (0.46)
7 4~499 | 161 | 74 | 87 [118] 51 | 67
8 5~599 | 62 |23 |39 |47 | 15|32
High 1885 /4 | 114 57.56
9 6~699 [ 18 | 5| 8119 | 4|5 (0.27) | (0.22) | (0.31)
10 | over 699 | 16 | 4 | 12 |14 | 4 | 10
Total 1,000{ 500 | 500 | 704 | 335 | 369 704 | 335 | 369 38.80
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ATH] BgS o]gste] FAHXNE 42 H, 7HE MWIPS] Alg]7k> Krinsky
and Robb(1986)%] W& o]&sto] Falqict, HlAg e RO edtpra e F4E =
T2 A% ZAKlinear approximation)ste] X MWTPE] 4127k HekehA] 5
gk 3t 7Rtk 0*3411 denz AlEgolds Fall Hrh Ageltt s ek Zlolth
(Ec} ZAISE W82 Park, Loomis, and Creel[1991], pp.65~67 =), HiloAE=
5,000819] /\lgﬂﬂolﬁ% Sl AFEES Follet, A-4aE auE etk e
o= Ztzke] ozl 7ol tizl uf 5,000 2] AlEdo]AS oz A Fof st
A= kel
3 A= 9] AZ|E(credibility) @ 7HAA (robustness) S theFst 7132 £ &

HA A5 9 A2 G9E As 1HsHA] S ZH9(Table 5), EES
qA At 7]ep X Her ‘Jr-roi s Arl-aE adkE 13t Z-(Table 6),
a3 A T3 FA(Table 7) ¥ AZ-4AE S90S 183 7 (Table
8), mHAHte g ASA et 741“4 2 gats 2% 183 F$(Table 95 AHEG)
o7 Agl-aE anE weehR] 2 E AH(ESHSHA A-ad anE et
A5 EZghol giall B I, I, I¥ 2y N, V, I A= FUgt 23 =]l

<Table 5)~(Table 7)o 4 Ao|A= Hs FHA7F 7|dig o=, FARXCRE
o9 folabA dojFich EbdsHA Azl-AE f3ks gt H$-ol= (Table 6)0]
A B HP—‘% o] AFA AL FAA LN MWTP,)0] 7Iet A 99 A(MWTP,)
Hoh =4 FeliiSS o o v} 28 A58 0E g A (Table Dol Yt
HEe} Zro] MWTP= 450 7FE At S7kke A3 RS & 4= Slrh 3,

Ry d el ot v F Al (irregular) E%f%#% 7HE oA 2y W, Vet
V19| Aib= Agshe 71 REE vie o 24 AnE vEhdE & 4 ok

Ad-42 5E 2Rt 499 34 Ail= (Table 8)of AA=|o] qlr}, ojuf =3
17} Volld= Arl-ad a7t 95% A=l SAK R FoskA] oAl vretytch

7 AEEIE Tejt By mEoA A5 7k olRARYE BAHOR RS ke RO Ueh
on, utehy AFEAGIAL ol mefelA] el
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(Table 5) Estimation Results: No Income Effect and No Distance—Decay Effect

Model
e o I VARVARY
Y 09314 (6.21) 1.067 (6.45)
B, 02413 (7.78) 0.9402 (8.06)
MWTP, 3,859 3111
(3,182, 4,509 [2.604, 3674]
Obs. 704 704
Log—likelihood —452.41 -450.75

Note: Numbers in the parentheses are t values and those in the brackets are 95% confidence intervals.

(Table 6) Estimation Results: Incomplete Distance—Decay Effect

Model (TRl N, V, VI
Estimate a b a b
Yo 0.8793 (4.11) 1.003 (4.74) 1.026 (4.29) 1110 (4.84)
By 0.1953 (4.59) 0.2926 (6.35) 0.7921 (4.77) 1.088 (6.59)
4,503 3,428 3,653 2,773
Mwrp (3,308, 5,799] (2,597, 4,182] (2,705, 4,978] (2,197, 3,393]
Obs. 335 369 335 369
Log—likelihood —220.74 22897 -219.85 22851

Nofte: Numbers in the parentheses are t values and those in the brackets are 95% confidence intervals.

(Table 7) Estimation Results: Income Effect

Model

= (TRl N, V, VI
Yo 0.9313 (6.20) 1.062 (6.44)
B 0.3075 (6.80) 1173 (7.44)
By 0.2285 (6.59) 0.8870 (6.89)
Bs 0.2058 (5.00) 0.8136 (5.43)

MWTP, 3,029 2,473
[2,257, 3,983] (2,002, 3,154]

MWTP, 4,075 3312
[3,204, 5.070] (2,633, 4,257]

MWTP, 4,526 3,690
(3,323, 6,522] (2,694, 5937]

Obs. 704 704

Log—likelihood —449.81 —447 87

Note: Numbers in the parentheses are t values and those in the brackets are 95% confidence intervals.
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(Table 8) Estimation Results: Distance—Decay Effect

Model
e [ [ i v vV VI
, 1,008 1.810 0.7652 1.146 1.902 1.039
0 (5.66) (3.29) (4.72) (5.97) (3.71) (5.67)
y -0.0004825 | —0.1534 1.035 -0.0004919 | -0.1328 0.5762
! (~0.81) (~2.06) (1.74) (-0.82) (~2.06) (1.66)
, ~0.05991 ~0.04407
P (~1.38) (-0.67)
N 0.8400 0.8475
3 (4.97) (2.34)
5 0.2413 0.2409 0.2350 0.9402 0.9391 1,007
0 (7.78) (7.71) (7.63) (8.05) (8.01) (8.63)
Obs. 704 704 704 704 704 704
Log- —452,09 ~450.10 —448.79 —450.41 —448.46 —447.69
likelihood

Note: Numbers in the parentheses are t values.

ol Agl-4W Al AFHOE Uehdths sbge] AEst RFS MolEr) W
A w19l Vol ZE A I SEE A BAHeR folg Aaa
HQl 08 Mol Ael-4d AN (5pAOR Fadhe Pt AP Ao Hal
o, oluel= PxEE 19k Yol By Vel A Holdh 24 ANES ey
. £ BA ALRLE IR 2 B WS 5034 o7k 95 Alekgol
SAROR G5 A Wgkon, o shel B9 I, 1S 247 2y
el SU, e A5 anE mele g Ad-4d aaie A
WBY 17 ARE 7Y @ Agske pREgelst & 4 gtk
[Figure 112 0|9} 22 Ae)-23 &S Ao wel =48}t Zolct WA 1Y
9 W, I8V, 293 D3 NS AR SARE 228 Bl 44 Feje] A4
W NS Tefd By 19 Vel At B A9 MWIPZL 343 ghstet
el Solgss st 7h40] S Kol gk, o2 B 1 W W 247} vl
WS IR A ALt Be Y 323 12718 Aet
glon, ofo] ket FAH fol4e] Wolxe S5t 4 vk
wlza e 95% ABPARIE, AP Ael-4E ENE 71
F40] A7k - AL 2 Bl Aoz WA 7
o 2 itk ol MWIPZH Aol thote] MPOR Fadtum Zhe Aulof it
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[Figure 1] Distance—Decay of Benefit: Distance Effect
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(Table 9) Estimation Results: Both Income

and Distance—Decay Effects

Model
e | [ i Y vV VI
, 1.018 1.888 0.6513 1,151 1.964 0.9429
0 (5.70) (3.33) (4.02) (5.99) (3.67) (5.16)
y -0.0005483 | —0.1637 1.223 —0.0005586 | —0.1416 1,508
! (-091) (~2.17) (2.14) (-0.93) (—2.15) (1.12)
, ~0.03360 -0.213
2 (-1.68) (—1.44)
N 0.9642 0.5497
3 (6.51) (3.64)
s 0.3082 0.3090 0.2694 1.176 1.179 1.191
! (6.81) (6.80) (6.27) (7.42) (7.42) (7.56)
5 0.2290 0.2292 0.2402 0.8888 0.8895 0.9749
2 (6.60) (6.57) (6.80) (6.88) (6.84) (7.44)
5. 0.2037 0.1998 0.1594 0.8070 0.7953 0.7741
3 (4.94) (4.81) (3.97) (5.36) (5.25) (5.15)
Obs. 704 704 704 704 704 704
Log- —44939 | -447.23 —A4730 | —447.44 | —44534 | -444.74
likelihood

Note: Numbers in the parentheses are t values.
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[Figure 2] Distance—Decay of Benefit: Both Income and Distance Effects
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Vi
50.12
[39.52, #]
54.57

63.22]

(Unit: bilion Korean won)
79.33]

53.95
[45.15, 63.70]

50.53
55.53
[42.71,
48.62
49.10

[39.51,

\Y)
48.98

52.183
9tk (Table 10)

°

Model
_]

g

1
60.88
63.99

62.42
[46.99, 77.00]
68.15
[61.32, 91.97]
59.20
58.43

66.92
(55.17, 78.19]

59.42
[34.45, 88.92]|[35.65, 81.94]|[36.66, *]|[34.05, 76.41]|[34.19, 72.10]|[2.963, 125.8]
Note: Numbers in the brackets are 95% confidence intervals.

64.55
[48.28, 79.74]][39.86, 74.19]|[39.07, *]|[40.92, 65.28]|[36.57, 61.16]

P A LA dmolgt WAl AL

No
Incom—
plete
No
Yes
Yes

Effect
Income | Distance

No
Yes
No
Yes

(Table 10) Aggregated Willingness to Pay
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LB 17F $2 molghi FHa o) HRLE 4y =2, 4 =—02, 5 =03
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[Figure 3] Income Distribution of Population for Simulations
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of AYE FAMSo|nE, IF = £Q) 5] tiste] FAG WA FHlS T3
5 obA] 3k AN} HIILSHES Sk o] 9ol s =1,0000]3, 5= 10,0000}

WA CVM MRS ol§3 ASAMG Ael-4d A B Be 2 AT
(validity) & AF37] §15F Aol Auks (Table 1yo] A uhe} 2,
TR 7} AL B9(s =500) YR BA FHNEL FAHOR o5t o &

o 4% G4 Wt 3 GBS o 4 ek EHol 10007491 AS RE B
onl ZHe] A Ay FAH T

U ok BE ol 199 HEACIA AolR(s=1) He A ARY Fe

(Table 11) Simulation Results: Checking Validity of Model

(Unit for AWTP: bilion Korean won)

True s =500 s =1,000 s = 100,000
value =0 F=I =0 =7 =0 F=I
) 2 2118 2.459 2677 1.908 1,980 2.069
0 (1.80) (2.77) (3.07) (3.56) (32.68) (33.12)
- 02 | -0.1339 | -02453 -0.2410 -0.1704 | -0.1983 -0.2056
! (-1.92) (-3.12) (=3.27) (—2.98) (-30.63) (-31.58)
3 0.3 0.2854 0.3018 0.3061 0.2965 0.2990 0.2991
! (5.83) (6.34) (8.87) (8.84) (90.48) (90.64)
3 0.2 0.1895 0.2012 0.2077 0.2099 0.2010 0.2025
2 (4.69) (5.10) (7.28) (7.43) (70.88) (70.63)
Log- 31017 | -30856 | -62393 | —627.71 | —62217.10 | -61896.25
likelihood
AWTP(0) | 29.66 24.88 31.37 29.57
AWTP(L) | 30.46 20.87 32.76 30.45

Note: Numbers in the parentheses are t values.
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SO2 (Table 12)+= P4 AT O, @ % ©F RS vlwsr] ¢iet Algd]
A AIH(s = 1,000, §=10,000)F vehdict, ojuf zt Al AlEdold o Qofdl
Ve 95% AFThE EAS ol Al Wy mgo] dis) Harxo
AWTP(0) < AWTP(L)& o], EHelo] 2427} A3kt 2o Wapoz dojz
o o otk 7 mEY AEAOIH AE sy, A ASEe} A AY b
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ABSTRACT

This paper compares the monetary policy problem in open economies with that in
closed economies. It is found that the monetary policy problems in open and closed
economies are isomorphic even in the presence of distortions in a steady state and
hence the optimal monetary policies have similar properties. On the other hand, the
monetary policy maker in open economies has a distorted incentive to manipulate
the terms-of-trade. Because of the additional distortion in open economies, there exist
gains from international monetary policy cooperation even in the case of a unit
intertemporal elasticity of substitution, in contrast to the literature that abstracts from
distortions in a steady state. Also, it is found that in the presence of distortions
inflation bias is decreasing in openness, which is line with empirical evidence. In
addition, this paper presents a simple transformation so that methods in closed-
economy models are easily applicable to open-economy models.
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l. Introduction

This paper compares the monetary policy problem in open economies with that in
closed economies. It has been questioned whether the inward-looking monetary
policy that lets the exchange rate move freely is better than the fixed-exchange-rate
monetary policy. The literature claimed that the former is better than the latter by
showing that the monetary policy problem in open economies is isomorphic to that
in closed economies when there is no distortion in a steady state. On the other hand,
in open economies there exist additional distortions related to terms-of-trade
manipulation and thus the monetary policy maker faces a different problem. To
explore the similarities and differences between open- and closed-economy
monetary policies, one needs to compare the monetary policy problems in the
presence of distortions. It is the main objective of this paper.

The contribution of this paper is three-fold. First, this paper formally shows that
monetary policy problems in open and closed economies are isomorphic in richer
environments. Clarida, Gali, and Gertler (2001, 2002) and Gali and Monacelli (2005)
reported the isomorphism when there is no distortion in a steady state in that
flexible-price equilibrium is efficient without disturbances. The main implication of
the papers is that an inward-looking monetary policy is optimal. In other words, the
monetary policy maker should be concerned only about domestic inflation and
output gap, and then the exchange rate will be adjusted so that international resource
allocations are efficient. Although some coefficients of equilibrium conditions are
different, there is a tradeoff between domestic inflation and output gap stabilization
as in closed economy models. That is, the monetary policy problems in open and
closed economies are structurally, and thus essentially, the same. This paper extends
their results such that the monetary policy problems in open and closed economies
are isomorphic even in the presence of distortions in a steady state. This extension is
important because distortions that the monetary policy maker faces in open and
closed economies may be different as reported in Corsetti and Pesenti (2001, 2005)
and Benigno and Benigno (2003). In contrast to Clarida, Gali, and Gertler (2002)
and Benigno and Benigno (2003), this paper allows home bias in consumption and
thus the real exchange rate is not trivially determined. Home bias is essential in a
small open economy model since, otherwise, domestic production of a small open
economy does not have any influence on welfare.

The main reason why the literature on the isomorphism had focused on
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environments without distortions in a steady state is that in those environments the
standard linear-quadratic approximation method is easily applicable. In contrast, this
paper presents a transformation in the level of monetary policy problems and does
not rely on the linear-quadratic approximation. Thus, we can compare the monetary
policy problems in open and closed economies directly, whereas the earlier literature
has compared the solutions to monetary policy problems. The thing is that to show
the isomorphism, one does not need to obtain and compare the final solutions to
monetary policy problems.

Second, this paper explicitly shows that the monetary policy maker tries to
reduce output because of additional distortion in open economies. Corsetti and
Pesenti (2001, 2005) also reported the incentive for monetary contraction in open
economies. Since the monetary policy maker can affect overall price level of
domestic product, he has an incentive to manipulate the terms-of-trade such that by
revaluating the domestic currency, domestic product becomes expensive and hence
labor supply of domestic households may be reduced. The papers showed this idea
by examining how monetary policy surprise affects allocations. Rational individuals,
however, understand the incentive of the monetary policy maker and thus will
respond for that. Corsetti and Pesenti (2001, 2005) modeled nominal rigidity as
prices are set one period in advance. In their setting, indeed, no rational expectation
equilibrium exists when the monetary policy maker tries to manipulate the terms-of-
trade discretionally as reported by Benigno and Benigno (2003). In contrast, this
paper models nominal rigidity by a Calvo-pricing technology and obtains the
incentive in rational-expectation equilibrium. Benigno and Benigno (2003)
identified the conditions under which price stabilization is an optimal monetary
policy. That is, the paper essentially studied what fiscal instrument eliminates
monetary policy distortions. In contrast, this paper explores the monetary policy
maker’s incentive for a given fiscal policy, which may not be optimal, and thus
shows how distortions affect the monetary policy problem in open economies. De
Paoli (2009) studied the optimal monetary policy in a small open economy when
distortions from monopolistic competition and terms-of-trade manipulation are both
present. The paper relies on numerical analysis to see the effects of terms-of-trade
manipulation in addition to those of monopolistic competition. In contrast, this paper
analytically shows how the two incentives are combined.

Third, this paper presents a simple transformation so that methods in closed
economy models are easily applicable to open economy models. Given the extensive
literature on monetary policy in closed economy models (for example, Clarida, Gali,
and Gertler [1999] and Woodford [2003] among others), one may apply the
transformation to those models to get results in open economy models directly (see
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Corsetti, Dedola, and Leduc [2011] for a recent survey on monetary policy in open
economies). Although the model in this paper is highly stylized, it can be a good
benchmark to understand basic intuitions. With relaxed assumption in open
economy models, numerical approach may be required. In those situations, the
results in this paper can be a good starting point, for example, in the homotopy
continuation method.

This paper is organized as follows. Section II presents the model and Section III
derives equilibrium conditions. Section IV presents the isomorphism between
monetary policy problems in open and closed economies in each case of cooperative
and non-cooperative monetary policy. Section V illustrates the results with
applications and Section VI concludes.

Il. The Model

There are two countries, Home and Foreign, whose measures are, respectively,
y and 1—y.If ¥ issmall-enough, then Home is a small open economy. Products
are differentiated and indexed by f. Good f in [0,y] is produced at Home
while good f in (y,1] is at Foreign.

Household

Households’ preference depends on their consumption and labor supply. As is
standard in New Keynesian models, we assume that consumption and labor supply
are separable in the utility function. We assume further that the intertemporal
elasticity of substitution of consumption is one. This value is within a standard range
and commonly used in the real-business cycle and New Keynesian literature. When
the utility function is separable, a unit intertemporal elasticity of substitution is a
condition consistent with a balanced growth path. Therefore, the preference is
represented by

E © Nl+¢
“'InC, ——L ,
o| 2 " l+g

t=0

where E, denotes the expectation operator given information up to period 7 and
p the discount factor. C, is consumption and N, labor supply in period 7. C,
is an aggregate of Home product C,, and Foreign product C - The elasticity of
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substitution between Home and Foreign products is also assumed to be one. Due to
this assumption, the monetary policy problem becomes more tractable and can be
solved analytically. Indeed, Gali and Monacelli (2005) and Faia and Monacelli
(2008) reported that the monetary policy that stabilizes domestic price is optimal in a
small open economy under the -elasticity assumption. Home and Foreign
consumption aggregates are, respectively,

1=¢ ~é& aus
Cu Cft £ Ch Cft

C=r—irr and C =—7—",
1-8)—=¢ E(1-&H)"

where £=(1-y)n and & =yn for ne[0,1]. 7 measures openness of the
economies. When 77 is equal to zero, the two countries are closed economies and
households consume domestic products only. In contrast, when 77 is equal to one,
they are fully open and the consumption weights are the same with the countries’
sizes. When 77 is less than one, households are biased toward domestic products. In
the limit case that ¥ goes to zero with positive 77, Home is a small open economy
and Foreign is a closed economy. In the literature, two country models sometimes
abstract from home bias in consumption. Home bias is, however, essential in a small
open economy model because, without the assumption, Home product is negligible
in consumption baskets and thus both Home and Foreign agents do not care about
the amount of Home production.

The elasticity of substitution among Home products and that among Foreign
products are both & >1. That is, the aggregators of Home and Foreign products are,
respectively,

1 0/(6-1) 1 1 0/(6-1)
- (6-1/6 — (0-1)/6
Ch[—[yw e dfj e ( iy bew df] .

Households’ budget constraint in state /' is

PC,+Y M,(h*")B,,(h*")<W,N,+B,(h')+profits and transfers,
hr+l
where B, (k') is the purchase of the bond that pays one unit of domestic

currency in state 4" and M, (h"™") is the bond price. Households receive firms’

profits and government transfers.
Household / is a monopolistic competitive supplier of type-4 labor and sets a

51X B 3% B 42/ 2014, v. 36,n. 1
KDI Journal of Economic Policy



wage rate W, (h) in each period ¢ Labor input is aggregated as

1 ) '
N, =(; J: N, (h)"* dhj for wage markup ' =1, which is assumed to be

exogenous. We assume flexible wage so that it can be reset in each period. Every
household faces the same problem of wage-setting, and the household optimization

implies that the real wage in equilibrium is W,/ P = 1£"C,N * . That is, the wage is
equal to the marginal value of labor supply, which is equal to the marginal rate of
substitution between consumption and labor supply, multiplied by the wage markup.
Fluctuation of z" plays a role in New Keynesian models as a cost-push shock,
which implies a short-run trade-off between output and inflation stabilization.

Similarly, 2" " s Foreign wage markup.
Firm

Home firm f €[0,7] produces with a constant-returns-to-scale technology

Y,(f)=AN.(f), where A is a country-specific productivity. Similarly, A

1
denotes Foreign firms’ productivity. Firms receive a subsidy 7 for each
employment (they pay a tax if 7 <0.). Thus, firms’ nominal cost for unit
employment is (1—7)W,. In the terms of modeling, it doesn’t matter whether firms
or workers receive subsidy. Moreover, sales subsidy to firms or consumption
subsidy to households for domestic products also yields the same conclusion.
Nominal rigidity is modeled by the assumption of a standard Calvo pricing
technology that each firm cannot reset its price with probability & as introduced by
Calvo (1983). The event is independent across firms and over time. We assume that
a firm sets a single price in its own currency for both Home and Foreign markets.
This implies that the law of one price holds for every individual product at all time,

P,(f)=SP,(f) and P.(f)= StP; (f), where the nominal exchange rate S, is

the Home currency price of Foreign currency.
Financial Markets

We assume that financial market is complete. We will, however, show that the
financial market completeness is irrelevant with a certain initial condition.
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Exogenous Stochastic Process

We assume that disturbances (A4,,£")and (4, ") follow Markov processes.

This assumption is not critical but necessary to write the monetary policy problem in
a recursive form.

lll. Equilibrium

When the elasticity of substitution between Home and Foreign products is one,
households’ optimization implies that they spend a constant share of their total
expenditure for each product. Home and Foreign demands for Home and Foreign
products are, respectively,

1-&)P P . ‘PC . (1-EHPC
Chtz—( é) tC’, Cﬁ=§ tCt, Cht=§ t*Ct , and Cﬁ:—( g )* tCt R
B, P, B, P,

where Home and Foreign consumer price indices are, respectively, P =Phl;§Pff

and P =(P, )‘5‘ (P; )1’5 . Demand functions for individual firm’s product are

Ch,<f>=1(MJ C,. CZ,(f)=l(P’"(f )J C, for fel0.y],
y\ B, y P

P’ . rnY .
%(fhﬁ{ﬁJ C,n Cﬁ(f>=ﬁ( Y )J C, for fe(nll.

Py Py

where Home consumer price indices for Home and Foreign products are,
respectively,

1/(1-0) 1/(1-0)
Ph,{ﬂ Ph,(fr-gdf} ,Pﬁ{ﬁjj Pﬁ(f)l'edf} .

By the assumption that the law of one price holds, Foreign counterparts are

P,=SP, wd P,=SP,

We have assumed that financial market is complete. We will, however, show that
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the assumption is not crucial. We start with the complete financial market. A risk
sharing condition is that the real exchange rate is proportional to the ratio of
marginal utilities of consumption, S; "C," = JP,C, for some A . The constant A
depends on initial conditions. Then the value of Home output in period ¢ is

PY =P, [Ch, +1‘—7€;]
V4

—a-opc,+ LD espe
V4

={1-(I-y)nFC, +(1-y)nAFC,
={I-(-nA-)n}PC,.

That is, the value of output is always proportional to that of consumption. In
particular, if A =1, they are always the same. In that case, both trade and
investment income account balances are always zero and so is current account
balance. Thus, equilibrium under the complete financial market is the same with that
under financial autarky. In other words, the assumption about financial market is
irrelevant to the equilibrium allocation. To relax financial market completeness, the
literature on open economy models often assumes that only non-contingent bonds
are tradable. If countries have no initial debts, they would not have any debt in the
future, either. That is, model’s implications are the same in all the three financial
market structures (complete financial market, financial autarky, and bond-only
market) with a certain initial condition. We prefer the initial condition in that, on the
one hand, it is usually assumed and, on the other hand, results do not depend on the
model’s specification on financial market structure.

Now we move on to firms’ price-setting problem. The problem of a firm that has
an opportunity to reset its price in period ¢ is

L¢;+j
A

t+j

= . pcP
maXPﬁ(f)E[Zaj—g ];’ {szt)(f)—(l—f)
=

t+jot+j

}{ych,,+j<f>+<1—y>c:,,+j<f)}

subject to the sequence of demand functions. The additional discount factor o’

reflects the probability that the firm’s price set in period ¢ cannot be reset until
period #+j. One can see that all firms setting new prices face the same problem. Thus,
we drop the index f in the optimal reset price. Note, also, that the law of one price

implies that P, (f)/P, =P, (f)/P, for all fin [0,7]. Then, the first order
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condition is

N (alB)j CIPI -0 -0— P+ 'Ct+ N;i 1- 7
Ef |:/ZOW (Br(;) _CI)Hj(B:(:) ]% Ch.f+j 7/ Cht+] (PhH/) :O;

it 4] t+]

where @, =(-7)u’”. @, represents distortions of the economy, that is,
distortionary subsidy, price markup, and wage markup. By the market clearing
condition, yY =yC, +(1-y)C, forallz, we have

. 6-1 ] 4
h; E Z( ,B)j ht+] I+j (a,ﬁjJ Z( ﬂ) [ ht+1] q)t+th+th+j
th Jj=0 Pt+th+j Ezr ht A7‘+j

Since the wvalues of output and consumption are always the same,

P, Y., =F,,C,,, we obtain the optimality condition
0
B _ K,
b
L

where we define

t+j ot ]

4,

2

ht

)| @, Y N
K =E, Z( ,B)J[Pf]

F =E, Z(aﬂ)f(P j :

ht

That is, the price is a weighted average of current and future marginal costs
multiplied by markups. In these equations, we can see that the marginal cost does
not depend on Foreign variables. As explained in Clarida, Gali, and Gertler (2002), a
rise in Foreign output affects the marginal cost in two channels, terms-of-trade and
wealth effects. With a unit elasticity of substitution, the two effects are exactly offset.
We may rewrite these equations recursively as
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P j @1, N

K: ttt+E wa J t+j o] T+
L4 ’;(ﬁ)(at A,

[ [
(DthNf - i+1 Ph t+j+1 (DH ‘+1Yt+ ‘+1Nt¢i j+1 Ph 141
— + E (aﬂ)" v J J J >
/Z_(; P A4 P

h,t+1 t+j+1 ht

=—t v gpE, M), K, |-
and

M - P 0-1
peten[ S (%2
L J=1 Pht

0-1 6-1
& (P P
— 1+ E J+l ht+j+l1 ht+1

Jj=0 hot+1 ht

=1+apE, [ LF,, .
Since the aggregate price of Home products evolves as
B, =[a(F,, )" +(1=a) BT,
dividing both sides by F, we have

1-6
] K
1= a1’ +(1—a)[?’j :

t
where II, is the gross inflation rate of Home product in period ¢. Rewriting the

t

K
equation, we obtain II, = g(;j , where

t

1 1/(6-1)
g(x)= {;{1—(1—0{))619}} .

The labor market clearing condition is
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Vo= [ v

1 f 7C, () +1=7)C, (f)
/4 A

t

L J:[(Ph,(f)]‘gc +1—_y[1’,§(f)]_ec* }df
t 7/ * ht

df

74, P P

ht ht

RN
74, f( P J v

ht

where the last equality follows from P, (f)/P, =P, (f)/P,~ and
yY, =yC, +( —}/)C;t . That is, the aggregate labor supply is N,=YA, /A4,

where A, denotes price dispersion defined as

1B’
A’_7J:£ B, j v

Lo B )Y’ Y’
:a;ﬂ(P—j df+(1—a)(P—]

ht ht
t

6 -0
K, K K
= — 1A _ +(1- — hl A, —~|.
ag(E] -1 ( a)(E] [ -1 E]

The more price dispersion, the more labor supply required given output and
productivity. Price dispersion, hence, represents the inefficiency due to nominal
rigidity.

In sum, equilibrium conditions include

—0
K
= aHztAt—l + (1 - 0() [FIJ

D YA K.Y
K, =— t1 ~+afE | gl | K., |, (1)
At+¢ F;+l
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o-1
F =1+apE, g{[;:’“j FE. |l (2)
t+1
A - h[A,l,ﬁj, 3)
K
II,, = g(?’j 4)

There are five variables in the four equations above. The remaining equation is the
monetary policy function. As is standard in the optimal policy literature, we do not
explicitly express the policy function. We, instead, describe the relationship among
the endogenous variables in equilibrium.

IV. The Monetary Policy Problem and Transformation

For a normative analysis of the monetary policy, we set the objective function of
the policy maker explicitly based on individuals’ preference. That is, a benevolent
policy maker is to maximize the expected utility of households subject to private
agents’ optimality conditions. The welfare function of Home policy maker is,

) N1+¢
therefore, E, Zﬂf (ln C - " . ¢J :
+

t=0
It is convenient to rewrite the welfare function in terms of output instead of
consumption. The real exchange rate (), (the price of Foreign consumption basket in

terms of Home consumption basket) and terms-of-trade J, (the price ratio of

imported goods to exported goods) have the following relationship.
nQ, = 1n(P,5'P;;f' )—1n(P,j;fPff) =(1-¢-&)(InP, ~InB, )= (1-£~&)n .
Then we can rewrite the risk sharing condition C, =Q,C, as

InC =(1-£-E)InJ, +InC.. (5)
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Since the values of Home output and consumption are always the same,

InY,=In(RC,)~In B,
=(1-&)InP, +&IP, +InC,~InP, 6)
=&InJ, +InC,.

Its Foreign counterpart is

InY =-&'InJ, +InC,. (7
Solving equations (5), (6), and (7) simultaneously, we obtain

InC, =(1-&)InY, +&InY,.

Therefore, the objective function of Home policy maker is

E, {iﬂ’((l—fﬂnY, +EMY, —ﬁg ﬂ (8)

t=0

Its Foreign counterpart is

R e e N
E{Zﬁ [9‘ InY +(1-¢)InY, — T+g ﬂ

t=0

Now, we are ready to compare monetary policies in open and closed economies.
Monetary Policy Problem in Closed Economies

If £=0, then Home is a closed economy. The consumer price and domestic
price are identical and so are inflations, 11, =II . Therefore, the monetary policy

problem is
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Y - (Y,A)" H
¢

1
. @ YA k.Y
subjectto K, = TJF afE,| g K. |

max E, {iﬂ’ (ln

t=0

F

t+1

+1’

—1+aﬁE[
A h( 5
F

IT, = g(%j

Cooperative Monetary-policy Problem

The monetary policy makers in the two countries maximize the weighted sum of
the expected utilities of the two countries. We assume that every individual is
equally weighted. That is, the weights of the two countries are proportional to the
countries’ sizes, ¥ and 1—py . Then the objective function is

7E |:Zﬂ ((1 §)lnY+§lnY _JIVH;j:|+(l_}/)E0|:iﬂ[(§*lnY,-f-(l—éﬁ*)lnYt*_];[,*]+¢J:|

t=0 =0 +¢

_ - o _ @A) B @At
_E{;ﬁ {7[lnYt " ]4—(1 7)[lnY, " JH

where we used y(I1-&)+(1-)E =y and E+(1-y)(1-E)=1-y . Note
that Home and Foreign variables in the objective function are additively separable.
Also, the set of equilibrium conditions are divided into equations with Home
variables and with Foreign variables. Thus, the optimal cooperative monetary policy
should solve

max [, {iﬂ’ [ln Y - (Yli- )¢;+¢ H

t=0

subject to (1), (2), (3), and (4). The only difference from the monetary policy
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problem in closed economies is domestic inflation rather than CPI inflation.

Proposition 1 (Cooperative monetary policy) The monetary policy problem in
open economies is isomorphic to that in closed economies with a

transformation IT, —1II,, .

Remark The key reason for the isomorphism is that Home marginal cost does not
depend on Foreign variables explicitly in open economies. Firms’ price

setting is summarized by K, and F;, from which we can see the optimal

reset price is the weighted average of current and future marginal costs. In
general, Foreign production may affects Home marginal cost through two
channels. First, if Foreign output increases, Home output becomes
relatively scarce and hence the terms-of-trade improves. Given Home
consumption level, it reduces Home marginal cost. Second, if Foreign
output increases, so does Home consumption. Then the marginal value of
leisure increases and thus labor input becomes more expensive. Therefore,
the wealth effect by a rise in Foreign output implies higher Home marginal
cost. As reported in Clarida, Gali, and Gertler (2002), the two effects are
exactly offset when the elasticity of substitution is one. Thus, Home
marginal cost does not depend on Foreign output directly. The property
holds regardless of distortions, which is the main factor for Proposition 1.

The result in Clarida, Gali, and Gertler (2002) can be directly implied by
Proposition 1. Compared with Proposition 1, the paper assumed no distortions in a
steady state and showed their results in an approximated problem. We could extend
their results because we compared not the solutions to the policy problems but the
policy problems themselves.

Non-cooperative Monetary-policy Problem

The monetary policy maker maximizes Home households’ expected utility given
Foreign agents’ decision. Now we will show a transformation that links the
monetary policy problem in open economies to that in closed economies. Let

Y =(1-&)""*)Y  Then we may rewrite the objective function as

S t 4 (Y;A;)Hqj S t * 5 _
(1_§)E0|:Z’B [IHYI—WJ}'FEO[W [flnYt +1+¢ln(l gg)j:|

t=0 t=0
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Note that the second term is independent of Home monetary policy. Thus, the
problem of the non-cooperative policy maker can be rewritten as

0 ) 5 YI«A; 1+¢
max EO |:§ﬂ (ln Yt —Wj}

~ ~ 4
. DY K
subject to K,:%+aﬂEt g(;“] K. |

t+l1

where @, =(1-&)®, and [T, =11, . The transformed problem has the same

structure with that of the monetary policy problem in closed economies.

Proposition 2 (Non-cooperative monetary policy) The monetary policy problem
in open economies is isomorphic to that in closed economies with a

transformation (Y, ®,,I1)— ((1-&)"""Y,(1-&)d,,11,).

Compared to the problem in closed economies, there is an additional term in
distortions (1—¢). That is, the monetary policy maker in open economies behaves

as if there is a distortionary employment subsidy &. In other words, Home output is

produced too much due to the subsidy in the view point of the policy maker and thus
should be reduced at optimum.
The welfare function, equation (8), shows that only (1—¢&) portion of domestic

output is consumed by Home households in equilibrium. Thus, the tradeoff between
consumption and labor supply is different in open economies. In particular, labor
supply in open economies should be less than that in closed economies. That is, the
open-economy monetary policy should be more contractionary.
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V. Applications

To illustrate the results in this paper, we present three applications. The first
application shows that the results in the early literature can be easily driven by the
transformation in this paper. The second application explores differences between
the monetary policy in open and closed economies. The main difference is the
distortions that the monetary policy maker faces. Due to this difference, there are
gains from monetary policy cooperation, which is a different implication from
Clarida, Gali, and Gertler (2002). The final application shows how to obtain
inflation bias in open economies with results in closed economy models.

1. Stabilization in the Case of a Non-distorted Steady State.

First, in the cases of the monetary policy cooperation, Proposition 1 says that the
only difference in monetary policies is inflations that the policy maker targets. Thus,
without distortions in a steady state, the result that the monetary policy maker in
closed economies balances inflation and output gap stabilization continues to hold in
open economies in that the policy maker balances domestic inflation and output gap
stabilization.

Now we move on to the cases of the non-cooperative monetary policy. Suppose
that fiscal policy is set such that there is no distortion in a steady state, ®d=1 or

(1-&)(A—-71)u” 1" =1. Note that the log deviations from the efficient output do not

change by the transformation, lnft ~InY*=In Y —InY®, where Y° is output in

the flexible price equilibrium. Therefore, if one expresses the monetary policy in
terms of output gap and inflation, the solutions to the monetary policy problems in
open and closed economies would be the same except that in open economies
domestic inflation is used instead of consumer price inflation. Again, in equilibrium
the monetary policy would balance domestic inflation and output gap stabilization.
Gali and Monacelli (2005) assumed that the wage markup is always one in a small
open economy. Remind that as » goes to zero, Home is a small open economy and

E=(1-y)n—>n. The paper further assumed that (1-7)(1—7)u” =1. Then

@, =1 for all . In closed economies without a cost-push shock, price stabilization

is an optimal monetary policy. According to the transformation in this paper, the
open-economy counterpart is that domestic price stabilization is an optimal
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monetary policy, which is the same with the result in Gali and Monacelli (2005).

We have shown that in both cases, one can obtain the optimal monetary policy in
open economies directly by applying the transformation in this paper. When there is
no distortion in a steady state, the optimal monetary policy in open and closed
economies are very similar. The subsidy rates for a non-distorted steady state are,
however, different in open and closed economies. In the next subsection, we will
show that the difference has an important implication.

2. Gains from Monetary Policy Cooperation

This paper claims that there exist gains from monetary policy cooperation since
the non-cooperative monetary policy maker has an incentive to reduce domestic
output. Clarida, Gali, and Gertler (2002) reported that there are no gains from
monetary policy cooperation when the intertemporal elasticity of substitution is one.
The main point of the paper is that with a unit elasticity of substitution Foreign
output level does not affect Home marginal cost. An important assumption of the
paper is that fiscal policy eliminates distortions in a steady state in both cooperative
and non-cooperative cases. The required subsidy rates are, however, different in the
two cases. We, hence, examine whether there exist gains from monetary policy
cooperation given fiscal policy.

Proposition 3 Given fiscal policy, there are gains from monetary policy cooperation.

Proof. At optimum the welfare in the cooperative monetary policy cannot be less
than that in the non-cooperative monetary policy. Then it is enough to show
that the optimal non-cooperative monetary policy does not solve the problem
of the cooperative monetary policy. The optimal non-cooperative monetary

o YA 1+¢
policy maximizes E, Z,Bt {(1 -&)InY —%} , while the optimal
=0 +
e L A
cooperative monetary policy doesE, Zﬂ InY, —’1—’ , where the
=0 +

constraints (1), (2), and (3) are common in the two cases. It is obvious that
the solutions to the two problems are different, which completes the proof.

The non-cooperative policy maker induces less output than the cooperative
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policy maker does. As we have already explained, the reason is that the non-
cooperative policy maker ignores Foreign consumption of domestic output. Corsetti
and Pesenti (2001, 2005) also reported that the monetary policy maker in open
economies has an incentive to manipulate the terms-of-trade. By more
contractionary monetary policy, domestic outputs become more expensive and
domestic households supply less labor. Although domestic consumption is also
reduced, the reduction of labor supply has larger effect on the welfare. Therefore,
the monetary policy maker tries to revalue the domestic currency.

The difference from the early literature is that we compare the welfares for given
fiscal policy. The main lesson is that in open economies the monetary policy makers
have a distorted incentive, which can be eliminated by the international monetary
cooperation.

3. Inflation Bias

Following from the seminal papers of Kydland and Prescott (1977) and Barro
and Gordon (1983), a large literature has studied the problem of inflation bias under
discretionary or time-consistent monetary policy. This paper compares inflation bias
in open and closed economies. This exercise will illustrate the differences of
monetary policies in open and closed economy more clearly. Also, through the
exercise one can see how to apply the transformation in this paper.

First, remind that the values of consumption and output are always the same,
PC,=F,Y, . In terms of inflations, we have II, =11, C, Y /(C.Y, ). Therefore,
the consumer price inflation and domestic inflation are the same in stationary

equilibrium, IT=1II,. That is, it is not necessary to distinguish the two inflations in

stationary equilibrium.

The optimal inflation rate in stationary equilibrium of the Ramsey problem is
zero (IT = 1) as shown in Benigno and Woodford (2005). Now consider the optimal
inflation rate in stationary equilibrium of the time-consistent policy problem. Since
we are focusing on stationary equilibrium, exogenous aggregate variables are
assumed to have their steady state values. The equilibrium concept here is a Markov
perfect equilibrium. As in Klein, Krusell, and Rios-Rull (2008), a time-consistent
equilibrium consists of a wvalue function V() and policy functions

{Y(A),K(A), F(A),A'(A) } such that for all A >1, the policy functions solve
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v (j;A)lﬂj '
MaXy; o InY e ; + ﬂV(A )

O\ ¢
subjectto K = DY™A’ + affg K@) K (A,
F(Ah

F=1+ aﬂg[izigj F@),

A':h(A,EJ;
F

and the value function satisfies

V(A)=InY(A (Y )¢ V(A(A
(A)=In¥( )—T"‘ﬁ ( ())-

One may think this problem as the monetary policy maker in each period chooses
current monetary policy given the future policy function. That is, the monetary
policy maker cannot commit future policy. Nonetheless, monetary policy in each
period affects future policy through the state variable A. The monetary policy
maker rationally expects that the future monetary policy is also optimal given price
dispersion in the future period. The allocations in a stationary equilibrium satisfy

A=A(A), K=K(A), F=F(A). Then the inflation in the stationary

- K K
equilibriumis II=g (fJ . Inflation bias is, therefore, I1—1= g(FJ —1.

In a closed economy model, Woodford (2003) showed that when distortion is

small (that is, ®, ~ 1), inflation bias is

(—a)i-af)@=)
a(1-B)+0(1-a)1-ap)i+¢)

According to the transformation, inflation bias in open economies is

Monetary Policy in Open versus Closed Economies in the Presence of Distortions

101



102

L (-a)l-af)P-1)
a(l-B)+0(1-a)(1-aB)(1+4)
(o) 1-ap){(1-E)1-n)u’ p -1
a(-p+0(1-a)1-ap)i+g)

Proposition 4 Inflation bias is decreasing in openness in the case of small
distortions.

Although we conjecture that the proposition holds even in the case of large
distortions, we have not proved it yet. Proposition 4 is in line with the empirical
result in Romer (1993), which reported that average inflation was lower in more
open economies.

Corsetti and Pesenti (2001, 2005) also reported the difference in open and closed
economies and less inflationary bias in open economies. The papers, however,
examined how unanticipated monetary shocks affect the welfare. The exercise in the
papers is useful to understand intuition but inconsistent with rational expectation
equilibrium. In their model, agents set price one period in advance. Anticipated
inflations do not have any effect on the allocations and thus welfare. That is, if
agents understand the policy maker’s incentive and expect contractionary monetary
policy, they will change prices accordingly. Indeed, there is no time-consistent
rational expectation equilibrium when the monetary policy maker has such an
incentive. In contrast, we model nominal rigidity by a Calvo-pricing technology and
obtain inflation bias in rational expectation equilibrium.

For calibration we mostly follow Christiano, Eichenbaum, and Evans (2005),
which is a key paper in the literature on monetary policy estimation. We let the

period length be a quarter and the discount factor S =1.03"%, which implies an
annualized real interest rate of 3%. The inverse of the Frisch elasticity of labor
supply is set to be one, ¢ =1. The Calvo-pricing parameter is « = 0.6, which
means that firms change their prices every 2.5 quarters on average. Price and wage
markups are 4" =12 and p" =1.05.

Christiano, Eichenbaum, and Evans (2005) studied a closed economy and
abstracted from fiscal policy. In open economies, we need to calibrate the weight of
imports in the consumption basket &. The volume of international trade has been
growing faster than world production. A reason is the globalization of supply chains
as reported in Hummels, Ishii, and Yi (2001). As each country has specialized in
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particular production stages, trades of intermediate goods have increased rapidly. In
such supply chains, a fraction of imports are used not for domestic consumption but
for export. For our purpose, we may have to exclude imports for export. In the
model in this paper, the values of consumption and output are the same. Hence, &

is the ratio of imports to GDP, where imports should include only goods and
services for domestic use. For calibration we have chosen the Korean economy. The
value of imports to Korea is about a half of the value of GDP of Korea. Around 60
percent of imports are for domestic use. Thus, we set £=0.3.

The remaining parameter is the employment subsidy 7. Note that it does not
matter whether firms or workers receive subsidy and that sales subsidy to firms or
consumption subsidy to households for domestic products also yields the same
conclusion. The thing is the overall distortion by fiscal policy. To calibrate the
subsidy, we use the total tax revenue (excluding social security) in the OECD
database. The tax revenue of the Korean economy in 2012 is about 20.2% of GDP,
which is a little higher than the OECD average. Thus, we set 7 =—0.202.

Then the overall distortion is ® =1.06 or 6%, which is far smaller than the

corresponding distortion in closed economies, ® =1.51 or 51%. With these
parameters the annualized inflation bias in the open economy is estimated to be
about 2.0%, which is far less than that in closed economies, 18.2%. That is, the
monetary policy maker in the open economy has far smaller inflationary bias.
Although the model in this paper is highly stylized and thus the estimates of
inflation bias should be interpreted with caution, this example shows that the
distortion from terms-of-trade manipulation may be as important as the distortions
from price and wage markups.

When distortions are not small-enough, one may not use a perturbation method
around an efficient equilibrium. In closed economy models Anderson, Kim, and Yun
(2010) obtained inflation bias in a Markov perfect equilibrium using a projection
method. The numerical method is also applicable to the problem in open economies
by adjusting distortions.

VI. Conclusion

This paper has shown that the monetary policy problem in open economies is
isomorphic to that in closed economies even in the presence of distortions. From the
transformation, we have learned that the key difference between open and closed
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economies is the distortion that the monetary policy maker faces. Due to the
difference of the distortion, there are gains from monetary policy cooperation, and
the time-consistent monetary policy is less inflationary in open economies.

An important assumption in this paper is that the elasticity of substitution is equal
to one. Although with other elasticity values one may not obtain the isomorphism
analytically and needs to rely on numerical approach, it is important to understand
how different distortions are in open and closed economies. Another direction for
future work is to relax the assumption of perfect exchange rate pass-through. In the
cases of local-currency pricing, Engel (2011) showed that the monetary policy
maker should be concerned about currency misalignments and target consumer price
inflation instead of domestic inflation. Then it is a key question whether the time-
consistent monetary policy is less inflationary in open economies in the cases of
imperfect exchange rate pass-through.
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ABSTRACT

The core of the neoclassical growth theory is the capital investment. Solow
proposed that the diminishing return is key to such growth process in establishing
the stability of the equilibrium growth path. This key postulation has critical
implications on the sustainable and effective development policies, emphasizing the
importance of productivity growth not only for the steady-state growth but also for
the transitional growth from capital accumulation. This paper suggests a novel way
to test the diminishing return, the backbone assumption of Solow model, and
confirms its strong presence using the Penn World Tables version 8.0 data, hence
validates Solow's implications on effective development policies.
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l. Introduction

Classic debates on economic growth can be traced back at least to Malthus (1798)
who explained why individual standard of living did not improve for most of the
human history in relation to the endogenous population dynamics despite the growth
of total output. However, since the Industrial Revolution when the output per capita
started to grow and the positive growth continued for about two centuries, various
models were proposed to explain the possible mechanisms of such sustainable
growth. One of the pioneering models of economic growth was the theory proposed
by Harrod (1948) and Domar (1946). Although their works have independent
components, the main message of Harrod (1948) and Domar (1946) was basically
common, emphasizing the importance of capital accumulation for sustainable
growth, and their models gained the name of Harrod-Domar model. This model was
well received as the benchmark growth model and most growth and development
policies in fact emphasized the promotion of investment in capital for sustainable
growth. Kaldor (1956, 1957) enriched Harrod-Domar type of growth model by
suggesting that there is a positive relationship between the income level and the
savings rate, hence the investment rate.

Combining the implications of Harrod-Domar and Kaldor models, the lack of
growth in poor countries, where the income levels are close to subsistence income,
can be explained simply by the low savings rate, hence low or no investment in
capital. Thus, appropriate policies to help the poor economies to escape from the
poverty were to be related to delivering funds for capital investment or for
consumption to relax the savings constraints. Such policies, which relax the savings
constraints, were expected to contribute to developing the poor countries. This logic
of development aid based on Harrod-Domar and Kaldor models sounds reasonable.
This indeed was the basis of many foreign aid policies since the concept of the
Official Development Assistance (ODA) was born after the Second World War, and
massive ODA fund were delivered to many developing countries, particularly to
Africa. This was the basis also of national development policies such asforced
savings.

However, as we observed for the last six decades of such massive development
aid, virtually no or only very low growth happened in most of the poor countries that
received such development aid. In particular, among the Sub-Saharan African
countries, the per capita income growth was literally zero or negative since 1960s
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with some exceptions such as Botswana and Mauritius, and only recently some
African countries started to show the possibilities of rapid growth. There are many
possible reasons for this failure of development aid, the so-called "aid fatigue,"
including corruption, political instability, civil wars, lack of infrastructure and
institutions, wrong policies, bad luck, geographic disadvantages, and so on.
Acknowledging the importance of all these factors, this paper attempts to call
attention to a more fundamental force which prevents the capital investment without
productivity growth from being a source of sustainable growth, i.e., the diminishing
return. The diminishing return is the backbone assumption of Solow model, which
became a benchmark theory for economic growth, and has been taken for granted
for long without being subject to serious empirical tests. This paper suggests a novel
way of testing the presence of diminishing return without explicitly formulating the
aggregate production function, and brings the test method to the Penn World Tables
version 8.0 data that is released just recently. This version of PWT data improved on
measuring capital stock across countries, which helps us to utilize our method of test.

Obviously capital investment is one of the core mechanisms of growth. Actual
development experience of the success countries indeed involved the active process
of capital investment. This paper does not deny such importance of capital
accumulation for growth. However, Solow forcefully suggested that the growth
solely based on capital accumulation cannot be sustained in the long run, when there
exists a force of diminishing return. Furthermore, with low productivity growth, the
process of capital accumulation will happen only slowly even during the transitional
growth period. Therefore, productivity matters in promoting growth in both short
and long runs. We can infer these crucial implications for effective development
only from the presence of diminishing return.

The paper is organized as follows. Section Il overviews brief history of the
evolution of neoclassical growth models and illuminates the essential roles of
diminishing return in Solow model. Section Il tests the presence of diminishing
return utilizing the empirical relationship between output-capital ratio and
investment rate as is implied from the Solow model. Section IV discusses the
implications on the effective development policies from the empirical findings.
Section V concludes.
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Il. Evolution of Perspectives on Capital Accumulation

1. Determinants of Income Growth of Harrod-Domar Model

The fundamental thoughts of Harrod (1948) and Domar (1946) on economic
growth can be summarized by the following aggregate identity relationships

v="Y/K, (1)
A=1/Y, (2)
AK=1-6K, 3)

where Y denotes the aggregate output, K the aggregate capital, I the investment
of capital, v the output-capital ratio, A the investment rate, and & the depreciation
rate of capital. The equation (3) shows the law of motion of capital (which is an
accounting identity of capital investment), where A K denotes the net changes in
capital and 0 the depreciation rate. Then, the implied growth rate of aggregate
output gy and the growth rate of aggregate capital gy are given by

AK
9Y=9K:7=W1—5-

Suppose that the required labor per unit of output falls at the rate of x and the
population grows at the rate of n. Then, the total output grows at the rate of x + n.
To compromise the above two ways of finding growth rate of aggregate output, the
following equilibrium or consistency condition should hold

VA-8=x+n. 4)

Main assumption of the Harrod-Domar model consists of the constancy of the
output-capital ratio and investment rate, which were based on empirical observations
of their period.

According to this model, there are two ways of expressing the growth rate of per
capita income g,, such that
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gy=v7\—8—n, (5)
or

gy =x. (6)

Equation (5) expresses the income growth from the capital side, while equation
(6) does from the labor side. Harrod and Domar focused on the capital-side equation
(5), which suggests that income growth increases in the investment rate A and it
can be positive as long as the investment rate is high enough such that

5+n

A>—.
v

At the same time, zero or negative income growth is also possible when the
investment rate is low enough. Note that either positive or negative, the income
growth determined by the equation (5) lasts forever as long as the equilibrium
condition in (4) is satisfied. Thus, any policy measures that raise the investment rate
would increase the income growth rate permanently. This can be the basis of
investment promotion policies to foster its own or other country’s national income
growth.

2. Instability of Harrod-Domar System

Harrod and Domar could explain the determinants of economic growth in a
simple and straightforward way as above in equation (5) and the influence of their
model was substantial in thinking about national economic growth issues. It was so
until an interesting feature of the model was noticed as follows. Suppose that the
income growth rate of an economy is gy o = vAg — 8 —n with investment rate of
Ao. Suppose that a policy measure is implemented to increase the investment rate
from Ay to A; > Ay (either by requiring domestic forced savings or receiving
foreign aid for investment fund) so that the growth rate would increase from
gyo =VAg—8—mn to gy, =VA —8—n. Suppose the economy was in
equilibrium path with the initial investment rate, i.e., VvAy — & = x + n. Then, with
the new investment rate A,, the economy is in the out-of-equilibrium path because
VA; — & > x + n. This inequality can be re-arranged such that n <vA; —§ —x =

51X B 3% B 42/ 2014, v. 36,n. 1
KDI Journal of Economic Policy



9gv1 — 9y = gg, Where gy; = VA, — & denotes the aggregate output growth rate
under the investment rate A; and g, = x is the falling rate of labor input
requirement per output, hence gy, — g, is the growth rate of employment or the
labor demand, denoted by gg. Thus, under the new investment rate, the labor
demand grows faster than the labor supply because gg > n, and the economy will
be in this expanding out-of-equilibrium path forever and the excess demand for
labor would increase indefinitely. With any negative investment shocks (such as
natural disasters destroying the domestic capital stock or withdrawal of foreign aid
for investment), the economy will in the ever-shrinking out-of-equilibrium path for
the same reasoning but in opposite direction. That is, Harrod-Domar system is
unstable to any exogenous changes in investment rate as well as to other shocks to
all the rest parameters of the model. Thus, equation (5) is valid for income growth
explanation only if the equilibrium or consistency condition (4) is precisely satisfied,
which is rarely likely to hold. This is the so-called "knife-edge property" of Harrod-
Domar model. Due to this knife-edge property and its instability, Harrod-Domar
model looses its grip in explaining the actually observed income growth rates.

3. Solow’s Correction

The main reason Harrod-Domar model suffers from the above knife-edge
property is that all five parameters in equilibrium or consistency condition (4) are
unrelated to each other and are specified from a set of empirical relationships, hence
there are no equilibrating forces in the Harrod-Domar model that restore the
equilibrium to the external shocks. We need at least one parameter to be transformed
into an endogenous variable that adjusts to external shocks. This is what Solow
(1956, 1957) paid attention to and fixed the instability problem by installing a
simple device as follows. Solow inherited most of the components of Harrod-Domar
model, except that the output-capital ratio v is turned into an endogenous variable
rather than a given parameter. The simple mechanism that Solow suggested was
diminishing return to capital investment. That is, fixing other inputs constant,
returns to adding more capital diminishes as the level of existing capital stock
increases. This is an intuitive concept for the accumulable production factors. Solow
postulated this assumption and showed that only with this assumption the
equilibrium growth path of the Harrod-Domar model becomes stabilized as follows.
Suppose there is a positive shock to investment rate, i.e., A increases from A, to
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A1 > Ay, where the initial equilibrium growth path satisfies the condition
vAy — 6 = x + n. With this higher investment rate, available capital stock increases
faster than before and the economy enters into the off-equilibrium growth path such
that vA; — 6 > x + n. The faster expansion of capital will contribute to increasing
output growth. However, in the presence of diminishing return, marginal
contribution of the increased capital to increasing output would become smaller
along with the expansion of capital. In consequence, the output-capital ratio v
would decrease. This decrease will continue until the consistency condition is
restored at a new value of output-capital ratio v; such that viA; — & =x +n,
hence the economy moves back to the equilibrium growth path.

This argument shows that the essence of diminishing return can be summarized
by the negative relationship between investment rate and output-capital ratio such
that

v=0Q), (7)
where @' < 0.

There are many interesting implications derived from this assumption of
diminishing return for a growing economy. However, the most fundamental role of
diminishing return is about giving the stability to the equilibrium growth path so that
the concept of equilibrium becomes a useful tool in analyzing such a dynamic
economic system. Solving the instability problem of the dynamic system of Harrod-
Domar model, Solow model became a benchmark economic theory not only for the
economic growth literature but also for many macroeconomic issues.

lll. An Empirical Test for Diminishing Return

1. Test Method

Solow’s another fundamental contribution to the economic growth theory is his
proposal of the concept of "aggregate production function," which maps the set of
aggregate quantities of inputs and the technological changes into the aggregate
quantity of output Y such that

Y =G(X,0),
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Where X is a vector of various kinds of inputs such as capital and labor, and time
index t represents technological changes over time. This is a theoretical artifact
that is used to articulate the idea of diminishing return and also to describe the
relationship among aggregate variables in the equilibrium growth process subject to
the diminishing return. In the context of the aggregate production function, the
diminishing return to capital investment is formulated such that the second
derivative of G with respect to capital is negative. This is the most straightforward
way to capture the feature of diminishing return. However, confirming the
diminishing return property by testing the shape of the second-order derivative of
the aggregate production function is hard to implement for two reasons. First, to
have a valid test for the shape of the production function, the functional form of the
production function should not be restricted, or at least a class of flexible functional
forms that allow either absence or presence of diminishing return should be
specified. This would be difficult and inevitably involve further ad hoc assumptions
in specifying such class of flexible functional forms. Second, the relationship
between aggregate output and aggregate inputs is supposed to be endogenous. For
example, the observed output can change in response to the changes in productivity
level, but so does the capital stock. Testing the endogenous response of output
against the endogenous capital stock particularly in terms of nonlinear curvature is
not likely to deliver a reliable and robust result for the presence of the diminishing
return property.

However, recalling Solow’s original argument in stabilizing the Harrod-Domar
system, the content of the diminishing return in fact can be equally captured by the
negative relationship between investment rate and output-capital ratio as in equation
(7), which is much more straightforward to test. We utilize this relationship to test
the presence of the diminishing return.

We use the recent cross-country panel data of the Penn World Table version 8.0
(PWT 8.0 for short), where the quality of measurement of aggregate variables are
substantially improved over the past versions.' For the details of the measurement
of the Penn World Table version 8.0, see Feenstra, Inklaar and Timmer (2013). The
most important improvement in the PWT 8.0 is about the measurement of the capital
stock. Unlike the previous method of the past Penn World Table versions, PWT 8.0
differentiates the capital assets into the six sub-categories of structures, transport
equipment, ICT assets (computers, communication equipment, and software), and
other machinery and assets, and applies different depreciation rates as well as
different price deflators to each category of assets in calculating the aggregate

1 The PWT 8.0 is just released in April, 2013.
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capital stock. Also in imputing the initial capital stock, rather than applying the
steady-state assumption as in the previous versions of the PWT data, PWT 8.0
allows that the observed capital stock data represent the capital stock values in
transition dynamics, which is more realistic not only for the developing countries
but also for most of the developed countries. Thus, the use of the capital stock data
in the PWT 8.0 fits well the purpose of this paper which requires precise
measurement of output-capital ratio during transition.

2. Test Results

The output-capital ratio v is measured by the ratio of "cgdpe" (expenditure-
side of real GDP at current PPPs in million 2005 U.S. $) to "ck" (real capital stock at
current PPPs in million 2005 U.S. $) in the PWT 8.0. The investment rate A is
measured by the "csh i" (share of gross capital formation at current PPPs) in the
PWT 8.0. The scatter diagram for the output-capital ratio and the investment rate in
logarithm scales for the available sample of 144 countries for the period of
1950~2011 is given in Figure 1, which shows the unconditional elasticity of output-
capital ratio with respect to the investment rate is significantly negative at -0.571.

Figures 2.1 to 2.6 plot this relationship by six differentiated regions of "Europe &
Offshoots," "Latin America & Caribbean," "East Asia," "Southeast Asia," "Middle
East & North Africa," and "Sub-Saharan Africa."* They deliver two interesting
findings. First, the investment elasticity of output-capital ratio of each region is
significantly negative, hence the presence of diminishing return, for each and every
region. Second, however, there are substantial differences in the magnitudes of the
elasticities across regions showing patterns. The degrees of diminishing return,
measured by the absolute magnitude of the negative elasticity, are lower in Europe
& Offshoots region (with elasticity of -0.381) and East Asian region (with elasticity
of -0.409) than those in Latin America & Caribbean region (with elasticity of -
0.668), Southeast Asia (with elasticity of -0.507), Middle East & North Africa (with
elasticity of -0.636), and Sub-Saharan Africa (with elasticity of -0.545) regions. That
is, the diminishing return seems to be stronger in regions where the income growth
is low, and most of the countries in those regions are poor. This implies that the
growth effects of the investment promotion are likely to be expired faster in these
already-low-growth regions.

2 The "Offshoots" countries are USA, Canada, Australia, and New Zealand.
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Figure 1. Diminishing Returns
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These regional differences in the investment rate elasticity of output-capital ratio
may be due to the differences in technological changes across regions. For example,
high level of productivity may raise the marginal product of capital for a given level
of capital, hence compensate the decrease in output-capital ratio from the force of
diminishing return. The presence of country-specific fixed effects can be another
reason for these differences. These possibilities are brought to the data and we
attempt to estimate the elasticity controlling for the measured TFP and time trend as
well as the country-specific fixed effects.

Table 1 reports the estimates of the investment rate elasticity of output-capital
ratio in various specifications. The dependent variable is the output-capital ratio, and
independent variables include a variety of combination of the dummy variables for
the six regions (with Europe & Offshoots as the reference category) interacted with
the investment rate, TFP, and the time trend. The TFP variable is measured by the
"ctfp" in the PWT 8.0 data. We limit our sample to the countries where the TFP data
are reported for the purpose of consistent comparison across specifications. Our
chosen sample consists of 97 countries for the period of 1950~2011 in an
unbalanced panel. All variables are continuous and measured in logarithm, hence the
estimated coefficients represent the elasticities. The standard errors of the estimates
are reported in parentheses below each estimate. The coefficient of the X_dk (for k
=2, -+ - ,06) indicates the additional magnitude of the elasticity of the output-
capital ratio with respect to variable X in region k compared to that of the Europe
& Offshoots region (the coefficient of the X wvariable). The region index is 1 for
Europe & Offshoots, 2 for Latin America & Caribbean, 3 for East Asia, 4 for
Southeast Asia, 5 for Middle East & North Africa, and 6 for Sub-Saharan Africa.

The specification M1 is the that of simple pooled OLS without controlling any
terms. The simple OLS estimation results show that the magnitudes of the
investment rate elasticity of the output-capital ratio are larger, hence the degree of
diminishing return is stronger in most non-European regions than in Europe &
Offshoots region. This seems particularly so in Latin America & Caribbean and
Middle East & North Africa regions. The implied elasticities from the OLS
estimates are -0.648 (= -0.344 -0.304) for the Latin America & Caribbean region,
and -0.673 (= -0.344 -0.329) for the Middle East & North Africa, while that for
Europe & Offshoots region is -0.344. Controlling for the country-specific fixed
effects, the panel estimates of the investment rate elasticity of the output-capital ratio
are smaller than the OLS estimates, but are still significantly negative and
substantial.

The specification M2 controls the country-specific fixed effects by the random
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effect GLS model.’ After controlling for the fixed effects, the magnitude of the
diminishing return gets smaller than the OLS estimates. The elasticity of the Europe
& Offshoots region becomes -0.174, and again the elasticities of other regions,
particularly the Middle East & North Africa and the Sub-Saharan African regions,
are larger than that.

The M3 specification estimate the random effect model without regional
interaction terms but controlling for the measured TFP. Here, we find that the TFP
elasticity of the output-capital ratio is significantly positive and substantially large at
0.585. Controlling for this TFP effect, the magnitude of the investment rate elasticity
of the output-capital ratio becomes larger at -0.263. This illustrates that the TFP-
induced output growth exceeds the associated capital growth, while the investment-
driven output growth is smaller than the capital growth from the investment. The M4
specification adds the liner time trend term to control for the potential autonomous
trend of the output-capital ratio that are independent from the changes in investment
rate and the measured TFP. The estimate of the coefficient of the time trend term
turns out to be significantly negative at -0.0085, and incorporating this effect, the
magnitudes of the elasticities become smaller but only slightly for both the
investment rate and the TFP.

The M5 specification, which is our benchmark, incorporates the region-specific
TFP and region-specific time trend effects. The M5 column of Table 1 reports only the
regional interaction terms of investment rate and TFP, not the time trend interaction
terms, the coefficients of which are very small. It turns out that the TFP elasticities of
output-capital ratio are significantly different across regions. The TFP elasticity of the
Europe & Offshoots region is very large at 0.604. The TFP elasticities are significantly
smaller in Latin America & Caribbean region (by -0.140), East Asia (by -0.397), and
Middle East & North Africa (by -0.098) than in the Europe & Offshoots region,
while it is significantly higher in Sub-Saharan Africa (by 0.145). Surprisingly,
controlling for these region-specific TFP effects (as well as the region-specific time
trend effects), the regional differences in the investment rate elasticity of output-
capital ratio all become insignificant. Thus, we may infer that the observed
(unconditional) regional differences in the degree of diminishing return seem to be
due to the differences in the region-specific responses of output-capital ratio with
respect to the productivity changes (which are captured by the measured the TFP
and the time trend).

3 We estimated the within-group fixed effect model also. The results are similar between the within-
group fixed effect model and random effect model. The Hausman test (with the x?2 test statistic
value of 69.93) supports the random effect model over the within-group fixed effect, hence we focus
on the random effect model specification.
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<Table 1> Estimation of Investment Rate Elasticity of Output-Capital Ratio

M1 M2 M3 M4 M5
N -0.344 -0.174 -0.263 -0.210 -0.204~
(0.035) (0.027) (0.011) (0.009) (0.025)
2 d2 -0.304 -0.168 -0.031
- (0.045) (0.034) (0.034)
1 d3 0.092 -0.130~ -0.004
- (0.061) (0.046) (0.043)
2 dd -0.114 -0.191~ -0.049
- (0.061) (0.046) (0.041)
2 dsS -0.329 -0.265 -0.042
- (0.043) (0.034) (0.032)
2\ dé -0.113 -0.202 -0.027
- (0.040) (0.030) (0.029)
Time -0.0085 -0.0086
(0.0002) (0.0002)
TFP 0.585 0.528 0.604~
(0.014) (0.012) (0.038)
-0.140~
TFP.d2 (0.052)
-0.397
TFP_d3 0056)
0.099
TFP_d4 (0077)
-0.098~
TFP_d5 0045)
0.145~
TFP_d6 (0.046)
#0bs 4884 4884 4884 4884 4884
R? 0.365 0.308 0.157 0.192 0.439
F or x? F = 256 x% =936 x% = 2813 x% = 5868 x% = 6524

Note : Estimates of the constant terms are not reported in all five specifications. In M1 specification, region dummies are
included but we omit to report them. In M5 specification, we omit to report the region interaction terms with time trend.

The asterisk represents the significance level, * for 10%, ** for 5%, *** for 1%.
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IV. Implications on the Effective Development Policy

1. Generalized Growth Accounting Formula

The most fundamental question of the economic growth theory is what
determines the sustainable growth of standard of living of the economy, typically
measured by the income per capita. In other words, exploring the determinants of the
steady-state growth rate of income per capita is the key question, although the
transition dynamics of reaching the steady state is also an important aspect of the
growth theory. A canonical form of the aggregate production function is specified
such that

Y = F(K, AhL),

where A denotes the labor-augmenting technology index capturing the technological
changes, h is a human capital per worker, L is the number workers (or hours of

work), and F satisfies the properties of (i) constant returns to scale (CRS) and (ii)
2
the diminishing return to capital investment, i.e., Fxg = (ZZL; <0.
Here, we derive a growth accounting formula in terms of the output-capital ratio
without imposing any functional form restrictions on the aggregate production
function F other than the CRS and diminishing return properties. The CRS

property implies that output-capital ratio v is given by

v=rer (14

hence

Y
K =—2 (8

A
Denote the output per worker and capital per worker by y; = % and = % . Then,

again using the CRS property together with the capital equation (8), the output per

worker is expressed as
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v = F(k,Ah)
_ YL
=F (F(l,AT“)'Ah) 9)

Differentiating both sides of equation (9) with respect to time (denoting the time
derivative of variable x by x), we have

Y1 = Fg (};L%_ V%)’L) k + Fy(Ah + h4)

Dividing both sides by y;, we have

4o (-9 en (e

YL v \y v YL
FgK v FyH (A h
=T+ )
Y \y. v Y \A h

1.€.,
gyL = EK(gyL - gv) + ey (ga + gn),

. . FxK .
where g, denotes the growth rate of the corresponding variable x, €x = % 1S

the capital elasticity of output, and ey = % is the human-capital embodied labor

elasticity of output. Note that €x + €5 = 1 because of the CRS property. Thus, we

have the growth accounting formula such that

GyL = G4t Gh — 1o v (10)

2. Implications on the Effective Development Policy

The diminishing return to capital investment implies that the output-capital ratio
monotonically decreases during transition and becomes constant in steady state, i.e.,

122 wBBH 35 BT 58/ 2014, v. 36,n. 1
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SS —
gv- =Y

and the steady-state growth rate of output per worker is

9gyi = 943" + G-

To get the growth rate of the income per capita, defined as y =Y /N, it is
enough to add another term of the growth of employment rate of population
(I = L/N) such that

g, + 91 (11)

9y =9a t 9n — r——

However, the steady-state growth rate of income per capita is still the same as that of
per worker term, i.e.,

95’ = 943’ + gn° (12)

because the employment rate I has an upper bound of unity and cannot grow forever.
Note that the steady-state growth rate of output per worker does not depend on capi-
tal accumulation unlike the Harrod-Domar model. The steady-state growth
accounting equation (12) shows that the only potential sources of sustainable growth
are to be related either with productivity growth or with human capital growth.*

The implication of the above neoclassical growth theory on the development
policies is rather simple but strong. First, it is worth noticing that many national
development policies or foreign aid programs have been emphasizing the
importance of expanding investment opportunities or building equipment and
infrastructure either by mobilizing the domestic resources or relying on the foreign
resources such as foreign direct investment (FDI) or official development assistance
(ODA). These development policies of investment promotion are of course

4 These two sources are still potential ones. Depending on assumptions on the dynamic process of A
and h, the growth from these sources may disappear in steady state as well. However, at least,
diminishing returns to capital accumulation itself does not dismiss these sources of growth in the

long run.
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important, because that is the channel through which the actual growth is realized,
and can help reducing the national poverty. Without such capital formation, all kinds
of growth may not be materialized, and hence promoting the investment is critical.

However, the above steady-state growth accounting results suggest that any
growth mechanism solely based on physical capital accumulation would deliver only
temporary growth and such growth is supposed to stop eventually. The only possible
sources of the perpetual growth would be either productivity or human capital
growth as are addressed by Lucas (1988) and Romer (1990). Furthermore, even
during transition when capital accumulation contributes to income growth,
productivity and human capital play an important role. That is, productivity and
human capital growth mitigates the force of diminishing return to capital investment,
hence the income growth from capital accumulation can last longer when the
productivity and human capital grows along with the capital investment. The latter
role of productivity and human capital is less appreciated in the literature.

Our test results show that the idea of diminishing return is indeed born out by the
data. Thus, the above implications on sustainable growth are not just theoretical
possibilities, but are actually validated from the data. Furthermore, our empirical
analysis above provides strong confirms that the declining output growth relative to
capital growth due to the force of the diminishing return can be weakened by the
productivity growth. This suggests that any development policy aiming to promote
investment opportunities can be successful and sustained, only if the productivity
growth accompanies the capital investment. Otherwise, simple injection of capital
may jump-start the economic growth, but such growth would end soon.

V. Conclusion

This paper examined the implications of capital investment on the sustainable
growth and on the effective development policies from the perspective of
neoclassical growth theory. Though taking variety of forms, the essence of the
neoclassical growth theory lies in the growth process from capital investment. Solow
first provided a fundamental insight to this mechanism, fixing the so-called knife-
edge problem of Harrod-Domar model. The key device was the classic concept of
diminishing return, which was originally proposed by David Ricardo. We proposed
a way of testing the diminishing return and confirmed its strong presence using the
recent PWT 8.0 data. The presence of the diminishing return validates Solow’s
implications on long-run growth as well as on the transitional growth based on

51X B 3% B 42/ 2014, v. 36,n. 1
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capital investment, illustrating the importance of productivity growth. These results
do not deny the importance of capital accumulation in the process of growth and
development. As was repeatedly emphasized, capital accumulation is the
fundamental component of the growth process because the actual growth is
materialized through the capital accumulation. The main message from Solow as
well as from the empirical evidence we provide in this paper is that such capital-
driven growth mechanism is supposed to stop working unless there accompanies the
productivity growth. For example, investment projects such as building schools or
hospitals with teachers or doctors and nurses who are not equipped with appropriate
knowledge and technology would not deliver any effective development. This may
sound too obvious. Unfortunately, however, this is how most development policies,
utilizing either ODA or FDI, have been designed and implemented in many
developing countries. The simple lesson for the development policy makers to learn
from this paper is that the force of diminishing return is real, and they are advised to
remember this fact in designing and implementing the development policies to make
such policies sustainable and effective.
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