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Rq wkh Sureohp ri Hqgrjhqrxv

Xqrevhuyhg H�hfwv lq wkh

Hvwlpdwlrq ri Judylw| Prghov

Shwhu Hjjhu

Dxvwuldq Lqvwlwxwh ri Hfrqrplf Uhvhdufk/

S1R10Er{ <4/ D04436 Ylhqqd/ Dxvwuld1

H0pdlo= hjjhuCzlir1df1dw

Devwudfw

Zh sursrvh wr hvwlpdwh judylw| prghov e| d Kdxvpdq ) Wd|0

oru +4<;4, 5VOV huuru frpsrqhqwv dssurdfk1 Iluvw/ wklv doorzv wr

dffrxqw iru srvvleoh fruuhodwlrqv ri vrph ri wkh uhjuhvvruv zlwk

wkh xqrevhuyhg h�hfwv/ zklfk kdv ehhq ljqruhg lq suhylrxv uh0

vhdufk1 Vhfrqgo|/ lq frqwudvw wr wkh Zlwklq hvwlpdwru rqh re0

wdlqv hvwlpdwhv iru wkh wlph0lqyduldqw yduldeohv dovr lq d wzr0zd|

irupxodwlrq zlwk elodwhudo h�hfwv1 Zh vkrz wkdw glvwdqfh dqg

frxqwu| vl}h duh lpsruwdqw vrxufhv ri fruuhodwlrq1 Wkh surshuo|

hvwlpdwhg sdudphwhu iru glvwdqfh lv derxw wzlfh dv kljk dv lwv

eldvhg JOV frxqwhusduw dqg pdunhgo| kljkhu wkdq prvw ri wkh

suhylrxv hvwlpdwhv1

Nh| zrugv= judylw| htxdwlrq/ sdqho hfrqrphwulfv

MHO= F66/ I47

4 Lqwurgxfwlrq4

Vlqfh d frxsoh ri |hduv lw lv frqyhqlhqw wr xvh sdqho hfrqrphwulf phwkrgv

lq wkh hpslulfdo dqdo|vlv ri wudgh  rzv +dqg pruh uhfhqwo| dovr ri pxowl0

qdwlrqdo vdohv/ IGL/ dqg pljudwlrq,/ dqg lw lv qrz frpprq nqrzohgjh

wkdw vlpsoh ROV hvwlpdwhv surylgh rqo| olplwhg lqirupdwlrq dqg riwhqo|

ghyldwh wr d odujh h{whqw iurp wkhlu sdqho hfrqrphwulf frxqwhusduwv1
Päw|äv +4<<:, phqwlrqhg wkdw wkh fruuhfw hfrqrphwulf uhsuhvhqwd0

wlrq ri d judylw| htxdwlrq wdnhv wkh irup ri d wkuhh0zd| prgho zlwk
�{hg ru udqgrp h{sruwhu/ lpsruwhu/ dqg wlph h�hfwv1 Krzhyhu/ Hjjhu

) Sid�hupd|u +5333, kdyh vkrzq wkdw d wzr0zd| vhw0xs zlwk wlph dqg
elodwhudo h�hfwv lv hyhq pruh jhqhudo iurp dq dqdo|vlv ri yduldqfh srlqw

4L dp lqghewhg lq Zlokhop Nrkohu dqg Plfkdho Sid�hupd|u iru khosixo vxjjhvwlrqv

dqg glvfxvvlrqv1 L vkrxog olnh wr wkdqn Kduwpxw Hjjhu/ Urehuw Nxqvw/ dqg Shwhu

Vwhlqhu iru khosixo frpphqwv1
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ri ylhz15 Wkh odwwhu dssurdfk dovr jlyhv pruh vxssruw wr wkh udqgrp

h�hfwv prgho wkdq d iudphzrun zlwk erwk h{sruwhu dqg lpsruwhu h�hfwv1

Krzhyhu/ lq wklv pruh jhqhudo iudphzrun/ wkh frh!flhqwv ri yduldeohv/

zklfk ydu| rqo| lq wkh furvv0vhfwlrq glphqvlrq +prvw surplqhqwo| glv0

wdqfh/ exw dovr frpprq erughuv/ odqjxdjh/ hwf1, fdqqrw eh hvwlpdwhg

e| d Zlwklq uhjuhvvlrq1

Wkh suhvhqw sdshu dujxhv wkdw vlpsoh JOV hvwlpdwlrq ri d udqgrp

h�hfwv prgho lv dovr ri rqo| olplwhg ydoxh jlylqj eldvhg hvwlpdwhv li wkhuh

lv vrph fruuhodwlrq ri wkh h{sodqdwru| yduldeohv zlwk wkh xqrevhuyhg

elodwhudo h�hfwv/ zklfk vkrxog eh lqwhusuhwhg dv xqrevhuyhg elodwhudo

surshqvlw| wr wudgh1 Lq d vhqvlwlylw| dqdo|vlv/ zh lghqwli| wkh vrxufhv

ri fruuhodwlrq dqg sursrvh wr hvwlpdwh wkh wzr0zd| judylw| prgho zlwk d

Kdxvpdq ) Wd|oru +4<;4, wzr0vwdjh ohdvw vtxduhv +5VOV, huuru frpsr0

qhqwv prgho1 Iru rxu gdwd/ wkh frh!flhqw iru wudqvsruw frvwv +glvwdqfh,

lv derxw wzlfh dv kljk lq devroxwh ydoxh iru wkh frqvlvwhqw Kdxvpdq )
Wd|oru dssurdfk dv iru eldvhg JOV1

5 Wkh Hpslulfdo Prgho= DKdxvpdq )Wd|oru +4<;4,

Dssurdfk

Zh iroorz d vshfl�fdwlrq forvho| uhodwhg wr Qhz Wudgh Wkhru| +vhh Khos0
pdq/ 4<;:> Kxpphov ) Ohylqvrkq/ 4<<8> Hjjhu/ 5333> dqg rwkhuv,1 Fr0
lqflglqj zlwk wkh wudglwlrqdo judylw| htxdwlrq lq whupv ri jhqhudo prgho
vwuxfwxuhv/ wkh edvlf vshfl�fdwlrq uhdgv=

t��| ' f��|q n ~��� n "��| +4,

"��| ' >�� n b| n D��| /

zkhuh t��| lq rxu fdvh uhsuhvhqwv uhdo elodwhudo h{sruwv +u-.f��|,
6/ f��|

dqg ~�� ghqrwh �A � & dqg �A � } pdwulfhv/ zkhuh wkh iruphu ydu|
qrw rqo| lq wkh furvv0vhfwlrq +hlwkhu ryhu h{sruwhuv/ �> lpsruwhuv/ �> ru

elodwhudo uhodwlrqvklsv/ ��, exw dovr lq wkh wlph glphqvlrq +|, dqg wkh

odwwhu duh wlph0lqyduldqw zlwk glvwdqfh dv wkh prvw surplqhqw h{dpsoh1

� ghqrwhv wkh qxpehu ri furvv0vhfwlrqv dqg A wkh qxpehu ri revhuydwlrqv
shu furvv0vhfwlrq +l1h1 wlph shulrgv,1 Wkh vshfl�fdwlrq rqo| lqfoxghv

glvwdqfh ehwzhhq wzr frxqwulhv* fdslwdov lq ~�� +u(U7A
E3�
��| / khqfh/ } '

5Ri frxuvh/ rqh zrxog h{kdxvw ixoo yduldqfh lqirupdwlrq li prghoolqj doo w|shv ri

lqwhudfwlrq h�hfwv= h{sruwhu0wlph/ lpsruwhu0wlph/ dqg h{sruwhu0lpsruwhu +l1h1 elodw0

hudo h�hfwv,1 Krzhyhu/ zh zloo irfxv rqo| rq wkh odwwhu/ dv rqh w|slfdoo| lv lqwhuhvwhg

lq sdudphwhu hvwlpdwhv ri wudglwlrqdo wlph0yduldqw judylw| yduldeohv zklfk dffrxqw

iru wkh pdmru sduw ri wkh yduldqfh lq wkh rwkhu glphqvlrqv +vhh Hjjhu ) Sid�hupd|u/

5333,1
6Wkh �uvw ohwwhu �O� lqglfdwhv wkdw yduldeohv duh h{suhvvhg lq orjv1
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�,/ uh hfwlqj d sur{| iru wudqvsruw frvwv17

f��| frpsulvhv wkh iroorzlqj froxpqv +yduldeohv,1 Vxp ri wkh elodwhudo

uhdo JGS ri d frxqwu| sdlu

uC(A
En�
��| ' *?EC(��| nC(��|�/ +5,

vlplodulw| lq frxqwu| vl}h lq whupv ri JGS

u7U�
En�
��| ' *?

%
��

�
C(��|

C(��| nC(��|

�2

�

�
C(��|

C(��| nC(��|

�2
&
/

+6,

zlwk �4 � u7U� � *?df�Do/ zklfk wdnhv lwv pd{lpxp zkhq wzr frxq0

wulhv duh lghqwlfdo lq vl}h/ dqg d glvwdqfh phdvxuh iru uhodwlyh idfwru

hqgrzphqwv lq whupv ri JGS shu fdslwd +C(�*��� ,

u-u8
En�
��| 'm *?

C(��|

����|

� *?
C(��|

����|

m / +7,

zlwk f � u-u8 / zklfk wdnhv lwv plqlpxp iru frxqwulhv zlwk lghqwlfdo

uhodwlyh idfwru hqgrzphqwv1

Dv lq wudglwlrqdo judylw| dssolfdwlrqv/ rwkhu ghwhuplqdqwv duh lq0

foxghg/ zklfk 0 ehvlghv wlph 0 ydu| hlwkhu lq wkh h{sruwhu ru wkh lp0

sruwhu glphqvlrq dqg duh uh hfwlqj h{sruw hqkdqflqj ru lpshglqj idf0

wruv1 Wkhvh yduldeohv duh phdvxuhv iru wkh revhuydeoh surshqvlw| wr wudgh

zklfk lq wkhruhwlfdo frqwh{wv lv uhsuhvhqwhg e| wudgh frvwv lq d eurdg

vhqvh1 Vlqfh wkh| gr qrw ydu| lq wkh elodwhudo exw rqo| wkh frxqwu|0

vshfl�f glphqvlrq ri wkh furvv0vhfwlrq/ wkh| duh dvvxphg wr eh xqfru0

uhodwhg zlwk wkh xqrevhuyhg elodwhudo h�hfwv1 Wklv vhw ri gdwd frqwdlqv

h{sruwhu dqg lpsruwhu yldelolw| ri frqwudfwv +u8T
En�
�| cu8T

En�
�| ,/ dqg h{0

sruwhu dqg lpsruwhu uxoh ri odz +u8-
En�
�| c u8-

En�
�| ,/ zklfk duh h{shfwhg

wr kdyh d srvlwlyh lpsdfw rq elodwhudo wudgh +h{sruwv,1 Ilqdoo|/ h{sruwhu

dqg lpsruwhu wd{hv rq wudgh dv d shufhqwdjh ri d frxqwu|*v ryhudoo wudgh

+u8A
E3�
�| c u8A

En�
�| , duh olnho| wr lpshgh h{sruwv li wkh| duh kljk lq wkh

vhqglqj frxqwu| ru orz lq wkh uhfhlylqj frxqwu|1 Wklv lv dovr d vwdqgdug

rxwfrph lq prghov ri wudgh dqg pxowlqdwlrqdov li wd{hv duh prghoohg

vlploduo| wr lfhehuj wudqvsruw frvwv1 Krzhyhu/ wkh h{shfwhg h�hfw lv ohvv

fohdu0fxw li rqh kdv wr wklqn derxw wd{hv dv d�hfwlqj jryhuqphqw h{shq0

glwxuhv dv zhoo18

7Vxshuvfulswv ghqrwh wkh wkhruhwlfdoo| h{shfwhg vljq ri wkh lpsdfw ri wkh uhvshf0
wlyh yduldeoh rq elodwhudo h{sruwv1 Vhh dovr wkh qh{w vhfwlrq iru pruh ghwdlov rq wkh
h{sodqdwru| yduldeohv1

8Jryhuqphqwv frxog h1j1 vshqg wkh uhvshfwlyh wd{ hduqlqjv lq rughu wr dvvxuh
ulvn| h{sruw frqwudfwv ru wr vxevlgl}h fhuwdlq h{sruw dfwlylwlhv1 Krzhyhu/ iurp wkh
shuvshfwlyh ri dq lqglylgxdo �up*v sur�w pd{lpl}dwlrq sureohp/ lw pd| eh mxvwl�hg
wr wuhdw wudgh wd{hv olnh lfhehuj frvwv1
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>�� duh xqrevhuyhg +udqgrp, elodwhudo h�hfwv dqg b| duh wlph h�hfwv/

zklfk zh sursrvh wr wuhdw dv �{hg +vhh dovr Hjjhu/ 5333/ iru d ghwdlohg

uhdvrqlqj,1

Ri frxuvh/ lq vslwh ri wkh fruuhodwlrq ehwzhhq vrph h{sodqdwru| ydul0

deohv zlwk wkh xqrevhuyhg h�hfwv/ wkh �{hg h�hfwv dssurdfk lv frqvlvwhqw

iru q exw lw zloo qrw jlyh dq hvwlpdwh iru �1 Lq frqwudvw/ wkh udqgrp h�hfwv

dssurdfk lv pruh h!flhqw/ exw kdv wr dvvxph wkdw doo hohphqwv ri erwk

~ dqg f duh xqfruuhodwhg zlwk >�� lq rughu wr jlyh frqvlvwhqw sdudphwhu

hvwlpdwhv1 Uhjduglqj wkh lqwhusuhwdwlrq ri >�� dv wlph lqyduldqw elodwhudo

surshqvlw| wr wudgh/ zh sursrvh wr dffrxqw iru wkh srvvleoh odfn ri wklv

uhtxluhg lqghshqghqfh1 Iluvw/ glvwdqfh +u(U7A , pd| eh rqh vrxufh ri

fruuhodwlrq1 Vhfrqgo|/ sduw ri wkh f +fdoohg f2, pd| uhsuhvhqw dqrwkhu

rqh1 Srvvleoh fdqglgdwhv ri wkh odwwhu duh vl}h uhodwhg yduldeohv olnh el0

odwhudo vxp ri JGS +uC(A , dqg uhodwlyh frxqwu| vl}h +u7U�,1 Rqo|

sduw ri wkh wlph0yduldqw uhjuhvvruv +f� ' ?� &�, pljkw eh xqfruuhodwhg
zlwk wkh xqrevhuyhg elodwhudo h�hfwv1 Ljqrulqj wkh phqwlrqhg vrxufhv ri

fruuhodwlrq dqg uxqqlqj d wudglwlrqdo JOV uhjuhvvlrq 0 ghshqglqj rq wkh

vl}h ri fruuhodwlrq 0 |lhogv lqfrqvlvwhqw hvwlpdwhv1

Lq rughu wr ryhufrph wklv sureohp/ Kdxvpdq ) Wd|oru +4<;4,/ khqfh0

iruwk KW/ vxjjhvw wr suhpxowlso| wkh prgho e| el3�*2
el3�*2+��| ' el3�*2f��|q n el3�*2~��� n el3�*2"��|/ +8,

zkhuh el3�*2 kdv d w|slfdo hohphqw +��| � ew��+��� iru t��|/ dqg vlploduo|

iru f��| dqg ~�� zlwk ew�� ' � � ejD*ej��� 1 ejD lv ghulyhg iurp wkh Zlwklq

hvwlpdwlrq ri +4,/ dqg ej��� '
s
A��ej> n ejD vwhpv iurp d 5VOV +ehwzhhq,

uhjuhvvlrq ri wkh elodwhudo dyhudjhv ri wkh Zlwklq uhvlgxdov ri +4, rq ~
+l1h1 u(U7A , zlwk f� dv wkh lqvwuxphqwv1

9

+8, lv hvwlpdwhg e| 5VOV xvlqj d surshu vhw ri lqvwuxphqwv +fdoohg

�MA , lq rughu wr ryhufrph wklv eldv1 Iroorzlqj Euhxvfk hw do1 +4<;<,/

zh xvh d ihdvleoh vhw ri lqvwuxphqwv/ zklfk lv htxlydohqw wr wkh lghd ri

KW dqg frqvlvwv ri wkh Zlwklq wudqviruphg f +l1h1 hf ' dif�cif2o, dqg

wkh phdqv ri f� lq wkh elodwhudo glphqvlrq +l1h1 f�,/ khqfh/ lq rxu fdvh

�MA ' d hfcf�o1
: 5VOV lv rqo| lghqwl�hg li &� � }/ dqg wkh KW hvwlpdwru

lv ryhu0lghqwl�hg dqg pruh h!flhqw wkdq wkh Zlwklq hvwlpdwru/ li &� : }1

Vxevfulsw �� lqglfdwhv wkdw wkh sdqho pd| eh xqedodqfhg1

9Dphpl|d ) PdFxug| +4<;9, dqg Euhxvfk hw do1 +4<;<, vxjjhvw hyhq pruh h!0
flhqw vhwv ri lqvwuxphqwv wkdq Kdxvpdq ) Wd|oru +4<;4,1 Krzhyhu/ dv frpsduhg wr
Kdxvpdq ) Wd|oru/ wkhlu prghov uhtxluh pruh h{rjhqhlw| dvvxpswlrqv dqg wkh| duh
ohvv vxlwhg iru wkh dqdo|vlv ri xqedodqfhg sdqho gdwd1

:Qrwh wkdw zh gr qrw frqvlghu dq| wlph0lqyduldqw h�hfwv zklfk duh xqfruuhodwhg
zlwk �lm 1
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Vxpplqj xs/ wkh 5VOV huuru frpsrqhqwv prgho kdv wzr srvvleoh dg0

ydqwdjhv zlwk uhvshfw wr wkh Zlwklq uhjuhvvlrq= Iluvw/ lw lv srvvleo| pruh

h!flhqw zlwkrxw dq| orvv lq frqvlvwhqf|/ li &� : } / dqg wkh lqvwuxphqwv

duh ohjlwlpdwh1 Vhfrqgo|/ li wudgh +ru IGL/ hwf1, srwhqwldov duh wr eh

surmhfwhg/ zklfk lv d frqyhqwlrqdo phwkrg h1j1 lq wkh duhd ri lqwhjudwlrq

uhvhdufk +vhh Zdqj ) Zlqwhuv/ 4<<4> Edogzlq/ 4<<7> hwf1, lw lv pruh ds0

sursuldwh/ dv dq dgmxvwphqw ri wkh �{hg h�hfwv frqfhswxdoo| frqwudglfwv

wkh lghd ri wkh Zlwklq hvwlpdwru1

6 Gdwd dqg Hvwlpdwlrq Uhvxowv

Zh uxq uhjuhvvlrqv rq elodwhudo h{sruwv iurp RHFG frxqwulhv wr rwkhu

hfrqrplhv +lqfoxglqj RHFG dqg qrq0RHFG frxqwulhv, fryhulqj wkh sh0

ulrg 4<;904<<:1 Qrplqdo h{sruwv lq fxuuhqw XVG +iurp RHFG/ Prqwko|

Vwdwlvwlfv ri Lqwhuqdwlrqdo Wudgh> LPI/ Gluhfwlrq ri Iruhljq Wudgh> dqg

wkh Ylhqqd Lqvwlwxwh ri Frpsdudwlyh Hfrqrplf Vwxglhv/ khuhdiwhuZLLZ,

duh frqyhuwhg e| h{sruw sulfh +LPI/ Lqwhuqdwlrqdo Ilqdqfldo Vwdwlvwlfv>

RHFG/ Hfrqrplf Rxworrn> dqgZLLZ, dqg h{fkdqjh udwh lqglfhv +LPI/

Lqwhuqdwlrqdo Ilqdqfldo Vwdwlvwlfv> dqg ZLLZ, wr rewdlq uhdo ydoxhv zlwk

4<<8 dv wkh edvh |hdu1 Qrplqdo JGS lq XVG +RHFG/ Hfrqrplf Rxworrn

dqg Qdwlrqdo Dffrxqwv Yroxph 4> LPI/ Lqwhuqdwlrqdo Ilqdqfldo Vwdwlv0

wlfv> dqg ZLLZ, duh dovr frqyhuwhg wr uhdo qxpehuv xvlqj JGS gh dwruv

+vdph vrxufhv dv JGS, dqg h{fkdqjh udwh lqglfhv1 Srsxodwlrq qxpehuv

duh froohfwhg iurp RHFG +Hfrqrplf Rxworrn dqg Qdwlrqdo Dffrxqwv

Yroxph 4,/ LPI +Lqwhuqdwlrqdo Ilqdqfldo Vwdwlvwlfv, dqg ZLLZ1

Wkuhh hfrqrplf iuhhgrp yduldeohv duh lqfoxghg iru wkh h{sruwhuv dqg

wkh lpsruwhuv hdfk/ zklfk duh surylghg e| Hfrqrplf Iuhhgrp Qhwzrun

+Hfrqrplf Iuhhgrp ri wkh Zruog, dqg dffrxqw iru ohjdo vwuxfwxuh dqg

surshuw| uljkwv +Duhd Y ri wkh gdwdedvh, dqg lqwhuqdwlrqdo h{fkdqjh

+sduw ri Duhd YL ri wkh uhvshfwlyh gdwdedvh,1 Wkhvh yduldeohv duh sduwo|

edvhg rq +}hur0wr0whq, udwlqjv dqg sduwo| rq frqwlqxrxv gdwd1 Wkh|

phdvxuh d frxqwu|*v hfrqrplf iuhhgrp lq vhyhudo uhvshfwv dqg fdq eh

lqwhusuhwhg dv h{sruw lpshglqj ru hqiruflqj ghwhuplqdqwv frqwuroolqj iru

revhuyhg surshqvlw| wr wudgh1 Wkh fruuhvsrqglqj yduldeohv duh yldelolw|

ri frqwudfwv +u8T�|c u8T�|,/ uxoh ri odz +u8-�|c u8-�|,/ dqg wd{hv rq

wudgh dv d shufhqwdjh ri h{sruwv dqg lpsruwv +u8A�|c u8A�|,1

: Wdeoh 4	

Doo yduldeohv duh lq orjv1 Wkh gdwd edvh rqo| frqwdlqv elodwhudo wudgh

uhodwlrqv zklfk fryhu d shulrg ri dw ohdvw 8 |hduv zlwklq 4<;9 dqg 4<<:1

Diwhu uhprylqj d frxsoh ri rxwolhuv h{klelwlqj h{fhvv vwxghqwl}hg uhvlg0

xdov zlwk dq devroxwh ydoxh odujhu wkdq 618 lq wkh Zlwklq uhjuhvvlrq ri

8



+4,/ zh frph xs zlwk :66: revhuydwlrqv1 Doo uhjuhvvlrqv lqfoxgh wlph

gxpplhv1

Lq d �uvw vwhs zh uxq wkh Zlwklq uhjuhvvlrq zklfk wuhdwv elodwhudo

h�hfwv +>��, dv �{hg dqg jlyhv frqvlvwhqw sdudphwhu hvwlpdwhv lqghshq0

ghqw ri wkh srvvleoh fruuhodwlrq ehwzhhq >�� dqg vrph ri wkh uhjuhvvruv1

Zh �qg d vljql�fdqwo| srvlwlyh h�hfw ri hdfk ri wkh wkuhh Khfnvfkhu0

Rkolq yduldeohv +uC(A / u7U� / u-u8 , rq elodwhudo h{sruwv/ ehlqj lq

dffrugdqfh zlwk wkh Qhz Wudgh Wkhru| +frpsduh Khospdq ) Nuxjpdq/

4<;8,1 Dv rqh zrxog kdyh h{shfwhg/ wkh yldelolw| ri frqwudfwv lq erwk

wkh h{sruwlqj dqg wkh lpsruwlqj frxqwu| +u8T , srvlwlyho| d�hfwv wudgh

uhodwlrqv1 Wkh vdph krogv wuxh iru kljkhu ohyhov ri wkh uxoh ri odz lq wkh

lpsruwhu frxqwu| +u8-�|,1 Frqwudu| wr rxu h{shfwdwlrqv/ kljkhu wd{hv

lq wkh h{sruwhu frxqwu| duh srvlwlyho| uhodwhg wr wudgh dfwlylw|1 Wkh

uhpdlqlqj sdudphwhuv fdqqrw eh hvwlpdwhg suhflvho|1

Vhfrqgo|/ zh hvwlpdwh wkh JOV +udqgrp h�hfwv, prgho wr rewdlq dq

hvwlpdwh iru glvwdqfh +u(U7A , dqg �qg wkdw wkh frh!flhqwv iru wkh

uhpdlqlqj yduldeohv ghyldwh wr d odujh h{whqw iurp wkhlu �{hg h�hfwv

frxqwhusduwv/ zklfk lv dq lqglfdwlrq iru fruuhodwlrq ri vrph ri wkh h{0

sodqdwru| yduldeohv zlwk wkh xqrevhuyhg elodwhudo h�hfwv1 Wklv ohdgv wr

eldvhg hvwlpdwhv qrw rqo| iru wkhvh sdudphwhuv +uh hfwhg e| wkh kljko|

vljql�fdqw Kdxvpdq whvw vwdwlvwlfv, exw dovr iru glvwdqfh1

Wr jlyh d vhqvlwlylw| dqdo|vlv/ zh hvwlpdwh irxu uhjuhvvlrqv lq wkh

vslulw ri Kdxvpdq ) Wd|oru +4<;4,1 Rqfh/ zh wuhdw glvwdqfh +u(U7A ,
dqg elodwhudo vxp ri JGS +uC(A , dv rqo| vlqjo| h{rjhqrxv +wklv whu0

plqrorj| zdv lqwurgxfhg e| Fruqzhoo hw do1/ 4<<5/ dqg lv gxh wr f2,/

zklfk lv odehohg dv KW L lq Wdeoh 51 Lq wkh qh{w froxpq ri Wdeoh 5 +KW

LL,/ vlplodulw| lq frxqwu| vl}h +u7U� , zdv wuhdwhg dv vlqjo| h{rjhqrxv

lq dgglwlrq wr u(U7A dqg uC(A 1 Zh vkrxog uhphpehu wkdw zh frq0

vlghuhg d srvvleoh uhodwlrq ehwzhhq wkhvh vl}h0uhodwhg yduldeohv dqg >��/

dv wkh| dovr uh hfw vrph lqirupdwlrq rq wlph0lqyduldqw wudgh0frvw0olnh

idfwruv dv glvwdqfh1

: Wdeoh 5 	

KW LLL hqodujhv wkh vhw ri srvvleoh vlqjo| h{rjhqrxv yduldeohv e| elodw0

hudo glvwdqfh lq uhodwlyh idfwru hqgrzphqwv +u-u8 ,/ dqg KW LY h{foxghv

doo wlph0yduldqw yduldeohv iurp wkdw vhw wuhdwlqj rqo| u(U7A dv vlqjo|

h{rjhqrxv1

Rq wkh rqh kdqg/ iurp wkh KW LY hvwlpdwhv zh fdq vhh wkdw glv0

wdqfh lqghhg vhhpv wr eh uhodwhg wr >��/ zklfk vkrzv xs lq sdudphwhu

hvwlpdwhv zklfk duh o|lqj lq ehwzhhq wkh Zlwklq dqg wkh JOV hvwlpdwhv1

9



Rq wkh rwkhu kdqg/ Wkh KW whvw iru ryhu0lghqwl�fdwlrq; wrjhwkhu zlwk

wkh uhpdlqlqj uhodwlyho| odujh ghyldwlrqv iurp wkh Zlwklq sdudphwhuv uh0

yhdo wkdw wkhuh duh dgglwlrqdo vrxufhv ri fruuhodwlrq ri rwkhu h{sodqdwru|

yduldeohv zlwk wkh >��1 Iurp KW L zh vhh wkdw uC(A lqghhg vhhpv wr

h{klelw dq lpsruwdqw fruuhodwlrq zlwk >�� / dqg wkh uhvshfwlyh hvwlpdwlrq

uhvxowv duh idu forvhu wr wkh Zlwklq hvwlpdwru wkdq KW LY1 Pruhryhu/

wkh fruuhvsrqglqj whvw iru ryhu0lghqwl�fdwlrq lq frqwudvw wr KW LY grhv

qrw uhmhfw wkh k|srwkhvlv ri wkh ohjlwlpdf| ri rxu vhw ri lqvwuxphqwv/

dqg wkh jhrphwulf phdq ri fdqrqlfdo fruuhodwlrqv vkrzv d forvhu dyhudjh

uhodwlrq ehwzhhq wkh vlqjo| h{rjhqrxv yduldeohv dqg wkh fruuhvsrqglqj

lqvwuxphqwv +l1h1 �MA , wkdq lq KW LY1< Dv frxqwu| vl}h lq whupv ri el0

odwhudo JGS +OJGW, idfhv vrph fruuhodwlrq/ zh h{whqg wkh vhw ri vlqjo|

h{rjhqrxv yduldeohv e| uhodwlyh frxqwu| vl}h +u7U�, dv zhoo dqg �qg

rxu vxssrvlwlrq frq�uphg= Vshfl�fdwlrq KW LL frphv udwkhu forvh wr rxu

Zlwklq hvwlpdwhv> lw zrunv zhoo lq whupv ri dyhudjh fdqrqlfdo fruuhodwlrq/

dqg wkh whvw ri ryhu0lghqwl�fdwlrq djdlq idlov wr uhmhfw wkh k|srwkhvlv ri

wkh lqvwuxphqw uhohydqfh1 Khuhdiwhu/ wkh wuhdwphqw ri glvwdqfh lq uhod0

wlyh idfwru hqgrzphqwv +u-u8 , lq KW LLL dv vlqjo| h{rjhqrxv fdqqrw

|lhog pruh lpsuryhphqw ri wkh uhvxowv1

Wkh hvwlpdwhg sdudphwhu ydoxhv iurp uhjuhvvlrqv KW L wr KW LLL

duh yhu| forvh erwk wr hdfk rwkhu dqg wr wkh Zlwklq hvwlpdwhv ehlqj

sudfwlfdoo| lghqwlfdo dw wkh �uvw gljlw qxpehuv diwhu wkh frppd1 Zh pd|

frqfoxgh iurp wklv dqdo|vlv wkdw glvwdqfh dqg frxqwu| vl}h duh wkh prvw

lpsruwdqw vrxufhv ri fruuhodwlrq zlwk wkh xqrevhuyhg elodwhudo h�hfwv143

Dffrxqwlqj iru wklv uhodwlrq dqg dsso|lqj 5VOV whfkqltxhv lq wkh vslulw ri

KW doorzv xv wr frqvlvwhqwo| hvwlpdwh wkh lpsdfw ri glvwdqfh rq elodwhudo

h{sruwv dqg wklv dssurdfk lv pruh h!flhqw wkdq wkh Zlwklq iudphzrun1

Wkh frh!flhqw iru glvwdqfh dprxqwv wr derxw ���./ zklfk lq devroxwh

ydoxh lv derxw grxeo| dv kljk dv lwv eldvhg JOV frxqwhusduw dqgpdunhgo|

;Wklv whvw lv edvhg rq wkh vtxduhg vwdqgdug huuru ri wkh Zlwklq uhjuhvvlrq +e�5�,
dqg wkh gl�huhqfh ehwzhhq wkh hvwlpdwhv dqg wkh yduldqfh0fryduldqfh pdwulfhv +YF,
ri wkh sdudphwhuv ehwzhhq wkh Zlwklq dqg wkh 5VOV uhjuhvvlrq + ep @ et

3
^Y F+et,`

�4
et/

zkhuh et @ ^e�Zlwklq �
e�
5VOV `1 Xqghu wkh qxoo k|srwkhvlv e�

5

� ep lv glvwulexwhg dv "5g/

zlwk g @ n4 � j1
<
Fdqrqlfdo yduldwh dqdo|vlv lv d vwdqgdug wrro ri glphqvlrqdolw| uhgxfwlrq lq pxowl0

yduldwh vwdwlvwlfv1 Wkh jhrphwulf phdq ri fdqrqlfdo fruuhodwlrqv lv d frpsdfw lqirupd0

wlrq ri wkh dvvrfldwlrq ehwzhhq wzr vhwv ri yduldeohv +vhh h1j1 Edowdjl ) Nkdqwl0Dnrp/

4<<3,1

43
Uhjduglqj wkh

e�lm ydoxhv wklv uhvxow lv qrw vr vxusulvlqj1 Dv frpsduhg wr wkh

JOV dssurdfk/ wkh
e�lm duh odujhu dqg h{klelw vpdoohu yduldqfh lq wkh KW prghov1

Wklv gulyhv wkh udqgrp wudqviruphg yduldeohv forvhu wr wkh Zlwklq wudqviruphg rqhv1

Khqfh/ wkh uhvxowlqj hvwlpdwhv duh dovr pruh forvh wr wkh Zlwklq prgho wkdq wr wkh

wudglwlrqdo udqgrp h�hfwv +JOV, dssurdfk1

:



+rq wkh dyhudjh derxw 506 wlphv, kljkhu wkdq wkh hvwlpdwh irxqg e|

rwkhu dxwkruv +vhh Rjxohgr ) PdfSkhh/ 4<<7/ iru dq ryhuylhz derxw wkh

pdmrulw| ri furvv0vhfwlrq hvwlpdwhv> dqg Edogzlq/ 4<<7> dqg Hjjhu/ 5333>

iru sdqho hvwlpdwhv,1 Wkh gl�huhqfh ehwzhhq rxu dqg rwkhu sdqho gdwd

vwxglhv lv vxssrvhg wr kdyh wzr pdlq vrxufhv= �uvw/ suhylrxv uhvhdufk

glg qrw dffrxqw iru wkh idfw ri wkh vxshulrulw| ri d wzr0zd| iudphzrun

ylv0ã0ylv d wkuhh0zd| rqh1 Vhfrqgo|/ srvvleoh fruuhodwlrq ehwzhhq wkh

h{sodqdwru| yduldeohv dqg wkh xqrevhuyhg h�hfwv kdv ehhq ljqruhg144

7 Frqfoxvlrqv

D jhqhudol}hg judylw| sdqho gdwd prgho dffrxqwv iru wzr udwkhu wkdq

wkuhh zd|v= wlph dqg elodwhudo h�hfwv1 Vxfk d iudphzrun grhv qrw do0

orz iru d gluhfw Zlwklq hvwlpdwlrq ri wkh sdudphwhuv ri wlph0lqyduldqw

yduldeohv zkhuh glvwdqfh lv wkh prvw surplqhqw h{dpsoh ri1

Zh sursrvh wr hvwlpdwh judylw| sdqho prghov e| d 5VOV huuru frp0

srqhqwv dssurdfk lq wkh vslulw ri Kdxvpdq ) Wd|oru +4<;4,1 Wklv vhw0xs

lv srvvleo| pruh h!flhqw wkdq d �{hg h�hfwv dssurdfk dqg 0 lq frqwudvw 0

lw lv pruh dssursuldwh li wudgh +IGL/ hwf1, srwhqwldov duh wr eh surmhfwhg1

Pruhryhu/ lw kdv wzr lpsruwdqw dgglwlrqdo dgydqwdjhv=

41 Lw doorzv wr dffrxqw iru srvvleoh fruuhodwlrqv ri vrph ri wkh h{0

sodqdwru| yduldeohv zlwk wkh xqrevhuyhg h�hfwv/ zklfk lq frqwudvw

wr wudglwlrqdo JOV jlyhv frqvlvwhqw sdudphwhu hvwlpdwhv1

51 Vhfrqgo| dqg lq frqwudvw wr wkh Zlwklq hvwlpdwru/ lw lv deoh wr gh0

ulyh sdudphwhu hvwlpdwhv iru wkh wlph0lqyduldqw yduldeohv li d +jhq0

hudoo| pruh surshu, wzr0zd| dssurdfk lv dssolhg1

Zh vkrz iru d odujh sdqho ri RHFG dqg qrq0RHFG frxqwulhv wkdw

fruuhodwlrq ehwzhhq h{sodqdwru| yduldeohv dqg xqrevhuyhg elodwhudo hi0

ihfwv pdwwhuv d orw dqg jlyhv khdylo| eldvhg JOV hvwlpdwhv1 Rxu Kdxv0

pdq ) Wd|oru0w|sh hvwlpdwhv ohdg xv wr wkh frqfoxvlrq wkdw frxqwu| vl}h

dqg glvwdqfh duh wkh prvw lpsruwdqw vrxufhv ri wklv fruuhodwlrq/ zklfk

kdv ehhq ljqruhg lq suhylrxv uhvhdufk1 Zlwk d ydoxh ri ���./ wkh surs0

huo| hvwlpdwhg sdudphwhu iru glvwdqfh lv derxw wzlfh dv kljk lq devroxwh

ydoxh dv lwv eldvhg JOV frxqwhusduw dqg ehwzhhq derxw wzlfh dqg wulsoh

dv kljk dv prvw ri wkh hvwlpdwhv irxqg e| rwkhu dxwkruv1

44
Wklv dujxphqw krogv wuxh/ lqghshqghqwo| ri zkhwkhu d wkuhh0zd| ru d wzr0zd|

prgho lv hvwlpdwhg1 Wkh wzr0zd| dssurdfk rqo| jhqhudwhv wkh dgglwlrqdo sureohp ri

wkh hvwlpdwlrq ri wlph0lqyduldqw h�hfwv1

;



8 Uhihuhqfhv

Dphpl|d/ Wdnhvkl/ dqgWkrpdv H1 PdFxug| +4<;9, *Lqvwuxphqwdo0Yduldeoh

Hvwlpdwlrq ri dq Huuru0Frpsrqhqwv Prgho/* Hfrqrphwulfd 87+7,/ ss1

;9<0;;3

Edogzlq/ Ulfkdug H1 +4<<7, Wrzdugv dq Lqwhjudwhg Hxursh +Orqgrq=

FHSU,

Edowdjl/ Edgl K1 +4<<8, Hfrqrphwulf Dqdo|vlv ri Sdqho Gdwd +Fklfk0

hvwhu= Zloh|,

Edowdjl Edgl K1/ dqg Vrskrq Nkdqwl0Dnrp +4<<<, *Rq H!flhqw Hvwl0

pdwlrq Zlwk Sdqho Gdwd/ Dq Hpslulfdo Frpsdulvrq ri Lqvwuxphqwdo

Yduldeohv Hvwlpdwruv/* Mrxuqdo ri Dssolhg Hfrqrphwulfv 8/ ss1 7340739

Euhxvfk/ Wuhyru V1/ Jud|kdp H1 Pl}rq/ dqg Shwhu Vfkplgw +4<;<, *H!0

flhqw Hvwlpdwlrq Xvlqj Sdqho Gdwd/* Hfrqrphwulfd 8:/ 9<80:33

Fruqzhoo/ Fkulvwrskhu/ Shwhu Vfkplgw/ dqg GrqdogZ|krzvnl +4<<5, *Vl0

pxowdqhrxv Htxdwlrqv dqg Sdqho Gdwd/* Mrxuqdo ri Hfrqrphwulfv 84+40

5,/ ss1 48404;4

Hjjhu/ Shwhu +5333, *D Qrwh rq wkh Surshu Hfrqrphwulf Vshfl�fdwlrq

ri wkh Judylw| Htxdwlrq/* Hfrqrplfv Ohwwhuv 99+4,/ ss1 58064

Hjjhu/ Shwhu/ dqg Plfkdho Sid�hupd|u +5333, *Wkh Surshu Hfrqrphwulf

Vshfl�fdwlrq ri wkh Judylw| Htxdwlrq= D Wkuhh0Zd| Prgho Zlwk Elodw0

hudo Lqwhudfwlrq H�hfwv/* Zrunlqj Sdshu/ Ylhqqd +kwws=22zzz1zlir1df1dw2

Plfkdho1Sid�hupd|u2uhfbzrunlqj1kwp,

Khospdq/ Hokdqdq/ dqg Sdxo U1 Nuxjpdq +4<;8, Pdunhw Vwuxfwxuh dqg

Iruhljq Wudgh +Fdpeulgjh/ Pdvv1= PLW Suhvv,

Kxpphov Gdylg/ dqg Mdphv Ohylqvrkq +4<<8, *Prqrsrolvwlf Frpsh0

wlwlrq dqg Lqwhuqdwlrqdo Wudgh= Uhfrqvlghulqj wkh Hylghqfh/* Txduwhuo|

Mrxuqdo ri Hfrqrplfv 443+6,/ ss1 :<<0;69

Kdxvpdq/ Mhuu| D1/ dqg Zlooldp H1 Wd|oru +4<;4, *Sdqho Gdwd dqg Xq0

revhuydeoh Lqglylgxdo H�hfwv/* Hfrqrphwulfd 7</ ss1 46::046<;

Rjxohgr/ Ylfwru L1/ dqg Fudlj U1 PdfSkhh +4<<7, *Judylw| Prghov= D

Uhirupxodwlrq dqg dq Dssolfdwlrq wr Glvfulplqdwru| Wudgh Duudqjh0

<



phqwv/* Dssolhg Hfrqrplfv 59+5,/ ss1 43:0453

Zdqj/ ]khq N1/ dqg Dodq O1 Zlqwhuv +4<<4, *Wkh Wudglqj Srwhqwldo

ri Hdvwhuq Hxursh/* FHSU Glvfxvvlrq Sdshu 943/ Orqgrq

43



Table 1: Descriptive Statistics: All Variables in Logs (7337 Observations)

Variables: Mean Std. Dev. Minimum Maximum

Real Exports (LREXijt) 19.97 2.26 10.78 25.75

Distance (LDISTij) 7.94 1.13 4.89 9.41

Bilateral Sum of GDP (LGDTijt) 27.47 1.29 22.23 30.33

Similarity in Size (LSIMijt) -1.72 1.17 -9.62 -0.69

Distance in Relative Factor Endowments (LRLFijt) 1.51 1.53 0.00 8.99

Exporter Viability of Contracts (LFVit) 2.17 0.19 1.25 2.30

Importer Viability of Contracts (LFVjt) 2.06 0.30 0.41 2.30

Exporter Rule of Law (LFRit) 2.20 0.19 1.19 2.30

Importer Rule of Law (LFRjt) 2.00 0.48 -1.20 2.30

Exporter Taxes in Percent of Trade (LFTit) 2.23 0.06 1.99 2.29

Importer Taxes in Percent of Trade (LFTjt) 2.14 0.21 0.96 2.29

Year 1986 (λ1) 0.07 0.25 0.00 1.00

Year 1987 (λ2) 0.07 0.25 0.00 1.00

Year 1988 (λ3) 0.07 0.26 0.00 1.00

Year 1989 (λ4) 0.07 0.26 0.00 1.00

Year 1990 (λ5) 0.11 0.31 0.00 1.00

Year 1991 (λ6) 0.11 0.31 0.00 1.00

Year 1992 (λ7) 0.11 0.31 0.00 1.00

Year 1993 (λ8) 0.11 0.31 0.00 1.00

Year 1994 (λ9) 0.11 0.31 0.00 1.00

Year 1995 (λ10) 0.10 0.30 0.00 1.00

Year 1996 (λ11) 0.05 0.21 0.00 1.00

Year 1997 (λ12) 0.05 0.21 0.00 1.00



Table 2: Two-way Gravity Estimation Results. Dependent Variable: Log of Bilateral Exports

Explanatory Variables: Within GLS HT I a) HT II b) HT III c) HT IV d)

Distance (LDISTij) - -0.866 **) -1.623 **) -1.794 **) -1.896 **) -0.991 **)

- 0.032 0.142 0.155 0.171 0.125

Bilateral Sum of GDP (LGDTijt) 0.384 **) 0.919 **) 0.435 **) 0.426 **) 0.418 **) 0.603 **)

0.029 0.023 0.029 0.029 0.029 0.027

Similarity in Size (LSIMijt) 0.064 **) 0.231 **) 0.066 **) 0.086 **) 0.079 **) 0.127 **)

0.024 0.019 0.023 0.024 0.024 0.022

Distance in Relative Factor Endowments (LRLFijt) 0.092 **) 0.214 **) 0.096 **) 0.113 **) 0.106 **) 0.140 **)

0.021 0.017 0.020 0.021 0.021 0.019

Exporter Viability of Contracts (LFVit) 0.220 **) 0.102 *) 0.246 **) 0.255 **) 0.254 **) 0.170 **)

0.052 0.053 0.052 0.052 0.052 0.051

Importer Viability of Contracts (LFVjt) 0.573 **) 0.408 **) 0.560 **) 0.564 **) 0.564 **) 0.507 **)

0.033 0.035 0.033 0.033 0.033 0.033

Exporter Rule of Law (LFRit) -0.032 0.249 **) 0.018 0.017 0.016 0.068

0.048 0.048 0.047 0.048 0.048 0.047

Importer Rule of Law (LFRjt) 0.133 **) 0.227 **) 0.130 **) 0.126 **) 0.125 **) 0.163 **)

0.027 0.027 0.026 0.027 0.027 0.026

Exporter Taxes in Percent of Trade (LFTit) 1.239 **) 0.568 **) 1.158 **) 1.190 **) 1.206 **) 0.864 **)

0.158 0.162 0.158 0.159 0.159 0.155

Importer Taxes in Percent of Trade (LFTjt) -0.065 -0.239 **) -0.088 *) -0.085 *) -0.086 *) -0.152 **)

0.050 0.051 0.050 0.050 0.050 0.049

Number of Observations (NT) 7337 7337 7337 7337 7337 7337

Number of Bilateral Relationships (N) 779 779 779 779 779 779

R2 e) 0.99 0.94 0.94 0.94 0.94 0.95

σµ - 0.89 1.72 1.76 1.78 1.59

σν 0.28 0.28 0.28 0.28 0.28 0.28

average θij= 1 - σν /σ1ij - 0.90 0.95 0.95 0.95 0.94

minimum θij - 0.87 0.93 0.93 0.94 0.93

maximum θij - 0.91 0.95 0.95 0.95 0.95

Wald Tests:f)

Fixed Bilateral Effects (µij): F(N = 778) 185.65 **) - - - - -

Fixed Time Effects (λt): F(T = 11) 84.91 **) 682.44 **) 81.80 **) 81.83 **) 81.20 **) 80.97 **)

Hausman (Fixed versus Random Effects): χ2(22) - 1969.46 **) - - - -

Over-identification: χ2(k1-1)g) - - 7.91 8.26 10.32 *) 27.54 **)

Canonical Correlationsh) - - 0.57 0.66 0.70 0.44

a) LGDT and LDIST are singly exogenous, k1=8+T. - b) LGDT, LSIM and LDIST are singly exogenous, k1=7+T. - c) LGDT, LSIM, LRLF and 
LDIST are singly exogenous, k1=6+T. - d) Only LDIST is singly exogenous, k1=9+T. - e) Calculated from ESS/TSS; for GLS and HT I - HT IV from 
the transformed model. - f) Based on the estimated variance-covariance matrix of the respective estimator; degrees of freedom = 6538 for the Within 
estimator and 7315 otherwise. - g) Based on Hausman & Taylor (1981), see a), b), c), and d) for information on k1. - h) Geometric mean of canonical 
correlations between the endogenous variables and the set of instruments, see Baltagi & Khanti-Akom (1995).
*) significant at 10 percent. - **) significant at 5 percent. - Time dummies and constant not reported in order to save space. Standard errors are em-

phasized and reported below coefficients.


