
Surshu Hvwlpdwlrq ri Furvv0Vhfwlrq Judylw|

Prghov= D Qrwh

Shwhu Hjjhu�

Dsulo 7/ 5334

Devwudfw

Wklv sdshu vxjjhvwv wr iroorz d wzr0zd| Kdxvpdq0Wd|oru sdqho

dssurdfk zkhq hvwlpdwlqj furvv0vhfwlrq judylw| prghov1 Lq frqwudvw

wr ROV dqg +xvxdoo|, dovr wkh udqgrp h�hfwv prgho/ wklv iudphzrun

surylghv frqvlvwhqw hvwlpdwhv1 Lq frqwudvw wr wkh �{hg h�hfwv dssurdfk/

lw doorzv wr hvwlpdwh sdudphwhuv ri yduldeohv vxfk dv JGS ru JGS shu

fdslwd/ zklfk ydu| rqo| lq d vlqjoh glphqvlrq1 Wkh Kdxvpdq0Wd|oru

prgho lv wkhuhiruh wkh prvw dssursuldwh hvwlpdwru ri d furvv0vhfwlrq

judylw| prgho1

Nh| zrugv= Judylw| prgho> Sdqho hfrqrphwulfv

MHO fodvvl�fdwlrq= F66> I47> I48

�Dxvwuldq Lqvwlwxwh ri Hfrqrplf Uhvhdufk/ Duvhqdo/ Remhnw 53/ S1R1 Er{ <4/ D04363
Ylhqqd/ Dxvwuld1 Skrqh= .76040:<;0593407:8> H0pdlo= Shwhu1HjjhuCzlir1df1dw1
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4 Lqwurgxfwlrq

Wkh judylw| prgho ri elodwhudo wudgh lv rqh ri wkh prvw ghhso| dqdo|}hg

wkhruhwlfdo frqfhswv lq lqwhuqdwlrqdo wudgh +vhh Dqghuvrq/ 4<:<> Ehujvwudqg/

4<;8/ 4<;</ 4<<3> Khospdq ) Nuxjpdq/ 4<;8> hwf1,1 Dgglwlrqdoo|/ lwv hpslu0

lfdo dssolfdwlrq kdv surgxfhg dq hqruprxv dprxqw ri uhvhdufk rq wkh h�hfwv

ri hfrqrplf lqwhjudwlrq1 Pruh uhfhqwo|/ ghhshu lqvljkwv lq wkh surshu hfrqr0

phwulf dqdo|vlv kdyh ehhq surylghg dqg kdyh ghprqvwudwhg wkdw sdqho hfrqr0

phwulf phwkrgv duh deoh wr rewdlq ehwwhu lqwhusuhwdeoh dqg pruh frqvlvwhqw

hvwlpdwhv wkdq wkhlu ROV frxqwhusduwv1 Vr idu/ wklv olwhudwxuh kdv frqfhq0

wudwhg rq elodwhudo wudgh gdwd ri wkuhh pdlq glphqvlrqv= h{sruwhu frxqwu|/

lpsruwhu frxqwu| dqg wlph +frpsduh Päw|äv/ 4<<:> Hjjhu/ 5333,1 Dowkrxjk

wklv lv xvhixo jlyhq wkh qdwxuh ri w|slfdo djjuhjdwh wudgh gdwd vhwv/ lw grhv

qrw gluhfwo| uhihu wr wkh hpslulfdo wudglwlrq/ zkhuh furvv0vhfwlrq dqdo|vlv lv

wkh prvw frpprq sudfwlfh +vhh Rjxohgr ) PdfSkhh/ 4<<7/ iru dq ryhuylhz>

dqg Qlovvrq/ 5333/ iru d uhfhqw dssolfdwlrq,1

Wklv sdshu surylghv lqvljkwv/ wkdw wkh surshu dqdo|vlv ri furvv0vhfwlrq el0

odwhudo wudgh  rzv fruuhvsrqgv wr d wzr0zd| sdqho dqdo|vlv zlwk h{sruwhu dqg

lpsruwhu frxqwu| h�hfwv1 D wzr0zd| prgho lq wkh wudglwlrq ri Kdxvpdq )

Wd|oru +4<;4, dqg Z|krzvnl +4<<7, lv vxjjhvwhg wr eh wkh prvw dssursuldwh

rqh1 Wklv prgho kdv wkuhh dgydqwdjhv=

41 Li h{sruwhu dqg lpsruwhu h�hfwv duh lpsruwdqw/ lw lv pruh frqvlvwhqw

wkdq ROV +rwkhuzlvh lw lv htxlydohqw,1

51 Li vrph ri wkh h{sodqdwru| yduldeohv duh fruuhodwhg zlwk wkh huuru whup/

lw lv pruh frqvlvwhqw wkdq wkh udqgrp h�hfwv prgho +rwkhuzlvh lw lv
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htxlydohqw,1

61 Lq frqwudvw wr wkh �{hg h�hfwv prgho/ lw surylghv sdudphwhu hvwlpdwhv

ri yduldeohv/ zklfk ydu| rqo| lq d vlqjoh glphqvlrq +vxfk dv JGS ru

JGS shu fdslwd,1

L hvwlpdwh d sdqho ri RHFG h{sruwv lq 4<<: dqg �qg wkdw wudglwlrqdo

ROV |lhogv frqvlghudeo| eldvhg sdudphwhu hvwlpdwhv hvshfldoo| iru glvwdqfh/

frpprq erughuv dqg lpsruwhu JGS/ zkhuhdv wkh Kdxvpdq0Wd|oru prgho lv

frqvlvwhqw1

5 Wkh Hpslulfdo Prgho= D Wzr0Zd|Kdxvpdq0

Wd|oru Dssurdfk

L hvwlpdwh d vshfl�fdwlrq/ zklfk 0 ehvlghv wzr dgglwlrqdo wudgh suhihuhqfh

yduldeohv 0 fruuhvsrqgv wr wkh idploldu judylw| prgho dv hvwlpdwhg e| Kdplo0

wrq ) Zlqwhuv +4<<5,/ Edogzlq +4<<7,/ Qlovvrq +5333,/ dqg rwkhuv=4

.�� ' qJ n q
�
t� n q

2
t� n q

�
Et*� �� n q

e
Et*� �� +4,

n q
D
(�� n q

S
��� n q

.
u�� n q

H
T�� n q

b
-�� n ���

Zlwk ��� ' %� n6� n ��� dqg doo frqwlqxrxv yduldeohv douhdg| lq orjv1 Vxe0

vfulsw � uhihuv wr h{sruwhu frxqwulhv dqg � wr lpsruwhu frxqwulhv1 . phdvxuhv

qrplqdo elodwhudo h{sruwv/ t lv qrplqdo JGS/ � lv srsxodwlrq/ ( lv glv0

wdqfh ehwzhhq fdslwdov +ru hfrqrplf fhqwhuv, lq plohv/ � dqg u duh gxpp|

4Edogzlq +4<<7, hvwlpdwhv d udqgrp h�hfwv prgho rq d gdwd vhw zlwk wlph yduldwlrq1

Krzhyhu/ klv dssurdfk lv vlplodu lq whupv ri wkh h{sodqdwru| yduldeohv lq xvh1
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yduldeohv/ zklfk duh vhw wr � li wzr frxqwulhv idfh frpprq erughuv +�, ru

d frpprq odqjxdjh +u,1 Ilqdoo|/ T dqg - phdvxuh wudgh lpshglphqwv lq

whupv ri elodwhudo yldelolw| ri frqwudfwv +T , dqg uxoh ri odz +-,/ vhh ehorz

iru d pruh ghwdlohg ghvfulswlrq ri wkh vrxufhv dqg gh�qlwlrqv ri yduldeohv1

Dv hdvlo| fdq eh vhhq/ JGS +t , dqg JGS shu fdslwd +t*� , ydu| rqo| lq

d vlqjoh glphqvlrq1 Xvxdoo|/ +4, lv hvwlpdwhg e| ROV/ dqg erwk %� dqg 6� duh

vhw wr }hur/ zklfk lv d whvwdeoh uhvwulfwlrq1 Li rqh dssolhv sdqho hfrqrphwulf

phwkrgv +zklfk lv pruh surshu lq prvw flufxpvwdqfhv, dqg wuhdwv %� dqg

6� dv �{hg/ erwk t dqg t*� duh fdswxuhg e| wkh �{hg h�hfwv1 Lpsolflwo|/

wkh �{hg h�hfwv prgho +IHP, dvvxphv wkdw doo h{sodqdwru| yduldeohv duh

fruuhodwhg zlwk wkh xqrevhuyhg h�hfwv/ dqg lw holplqdwhv wklv fruuhodwlrq e|

wkh Zlwklq wudqvirupdwlrq1 Lqvwhdg/ li %� dqg 6� duh wuhdwhg dv udqgrp/

sdudphwhuv iru erwk t dqg t*� fdq eh hvwlpdwhg1 Iurp wklv shuvshfwlyh/

wkh udqgrp h�hfwv prgho +UHP, vhhpv suhihudeoh ryhu wkh IHP1 Krzhyhu/

wkh UHP uholhv rq wkh fuxfldo dvvxpswlrq wkdw erwk %� dqg 6� duh l1l1g1

zlwk }hur phdq dqg yduldqfh j2% dqg j26/ uhvshfwlyho|1 Li wkhuh lv fruuhodwlrq

ehwzhhq wkh h{sodqdwru| yduldeohv dqg wkh xqrevhuyhg h�hfwv/ wklv uhvxowv lq

lqfrqvlvwhqw hvwlpdwhv iru erwk wkh yduldqfh frpsrqhqwv +j2% dqg j26, dqg

wkh sdudphwhuv/ zklfk fdq eh whvwhg e| wkh idploldu Kdxvpdq +4<:;, whvw1

Kdxvpdq ) Wd|oru +4<;4, suhvhqw d prgho +khuhdiwhu KWP,/ zklfk lv deoh

wr uhpryh wkh hqgrjhqhlw| sureohp e| xvlqj wkh ydulrxv glphqvlrqv ri gdwd

yduldqfh lq rughu wr frqvwuxfw lqvwuxphqwv h{foxvlyho| iurp lqvlgh wkh prgho1

Iru rxu sxusrvh/ zh iroorz wkh olqhv ri Z|krzvnl +4<<7,/ zkr jhqhudol}hv wkh

lghd ri Kdxvpdq ) Wd|oru iru wkh wzr0zd| prgho15

5Wklv prgho fdswxuhv wkh ydulrxv srvvlelolwlhv ri hqgrjhqhlw| ri wkh xqrevhuyhg h�hfwv1
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Iru vlpsolflw|/ dvvxph wkdw doo yduldeohv/ zklfk ydu| lq erwk glphqvlrqv +�

dqg �,/ duh qrw fruuhodwhg zlwk wkh xqrevhuyhg h�hfwv +%� dqg 6�,1 Fruqzhoo

hw do1 +4<<7, odeho vxfk yduldeohv dv grxeo| h{rjhqrxv1 Lq frqwudvw/ dvvxph t�

dqg Et*� �� duh fruuhodwhg zlwk %� dqg t� dqg Et*� �� duh fruuhodwhg zlwk 6�

rqo|1 Dffruglqj wr Fruqzhoo hw do1 +4<<7, L uhihu wr wkhvh yduldeohv dv vlqjo|

h{rjhqrxv rqhv1

Wkh gdwd duh �uvw rughuhg e| h{sruwhuv dqg wkhq e| lpsruwhuv dqg L ghqrwh

wkh vhw ri grxeo| h{rjhqrxv +��0yduldqw, yduldeohv e| j1 Iru rxu sxusrvh/

zh qhhg wkh iroorzlqj pdwulfhv= a% ' E�*%�E
%

�

%� zlwk % dv wkh qxpehu

ri h{sruwhuv/ a6 ' E�*6�E
6

�

6� zlwk 6 dv wkh qxpehu ri lpsruwhuv1 'e '

E�*%6��E
%6

�

%6� zkhuh %6 lv wkh qxpehu ri revhuydwlrqv/ '2 ' EU%
a6��

'e/ '� ' Ea%
U6��'e/ '� ' U%6�'2�'��'e1 Lq zrugv/ suhpxowlso|lqj

wkh gdwd e| '� ghulyhv wkh idploldu Zlwklq wudqvirupdwlrq/ zklfk zlshv rxw

doo h�hfwv ydu|lqj rqo| lq d vlqjoh glphqvlrq1 ROV rq wklv prgho fruuhvsrqgv

wr wkh IHP1 Wkh fruuhvsrqglqj huuru yhfwru lv ��� zlwk yduldqfh j2� ' b�1

Suhpxowlso|lqj wkh gdwd e| '2 ru '� |lhogv wkh wzr Ehwzhhq wudqvirupdwlrqv

iru wkh h{sruwhu dqg wkh lpsruwhu glphqvlrq1 Xvxdoo|/ ROV rq wkh Ehwzhhq0

wudqviruphg prgho jlyhv huuruv >%� dqg >6� zlwk yduldqfh b2 ' %j2

% n j2

�1

dqg b� ' 6j2

6 n j2�1 Wkhq/ rqh dovr kdv be ' %j2

% n6j26 n j2�1 Zlwk wkhvh

hvwlpdwhv dw kdqg/ rqh fdq wudqvirup wkh prgho dffruglqj wr Ixoohu ) Edwwhvh

Wkhuhiruh/ lw lv vxusulvlqj wkdw lw lv qrw lpsohphqwhg lq hfrqrphwulf sdfndjhv vr idu1

Wkh IHP dqg wkh UHP irup erxqgdu| fdvhv ri wkh KWP lq whupv ri wkh dvvxpswlrq

derxw fruuhodwlrq ehwzhhq uhjuhvvruv dqg uhvlgxdov1 Wkh IHP dvvxphv fruuhodwlrq ri doo

uhjuhvvruv dqg wkh UHP dvvxphv qr fruuhodwlrq dw doo +vhh Kdxvpdq ) Wd|oru/ 4<;4/ ru

Edowdjl/ 4<<8,1
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+4<:6/ 4<:7, lq rughu wr frph xs zlwk w|slfdo hohphqwv iru doo yduldeohv=

+W

�� ' +�� � w�+�� � w2+�� n w�+�� +5,

zkhuh w� ' � � Ej�*b
�*2

2
�/ w2 ' � � Ej�*b

�*2

�
�/ w� ' w� n w2 n Ej�*b

�*2

e
� � �/

dqg grwv dqg eduv uhihu wr yduldeoh phdqv1 ROV rq wkh wudqviruphg gdwd lv

htxlydohqw wr JOV dqg rewdlqv wkh UHP sdudphwhu hvwlpdwhv1 Krzhyhu/ lq

fdvh ri fruuhodwlrq ri +vrph ri, wkh h{sodqdwru| yduldeohv zlwk wkh xqrevhuyhg

h�hfwv/ wkh Ehwzhhq uhjuhvvlrqv duh d�hfwhg |lhoglqj lqfrqvlvwhqw hvwlpdwhv

ri j2

%/ j
2

6/ w�/ w2/ dqg w�1 Wklv fdq eh dyrlghg lq wkh iroorzlqj zd|=

41 Hvwlpdwh wkh Zlwklq prgho +l1h1 IHP, dqg rewdlq Zlwklq uhvlgxdov lq

wkh vslulw ri Dphpl|d +4<:4,= �% ' '2E.�� �q
f
�jq`�|��?

& � dqg �6 '

'�E.�� � q
f
�jq`�|��?

& �1

51 Uhjuhvvlqj �% rqwr t� dqg Et*� �� zlwk wkh lqvwuxphqwv �% ' d'2j/

'2t� / '2Et*� ��o jlyhv uhvlgxdov zlwk +frqvlvwhqw, yduldqfh b21

61 Uhjuhvvlqj �6 rqwr t� dqg Et*� �� zlwk wkh lqvwuxphqwv �6 ' d'�j/

'�t�/ '�Et*� ��o jlyhv uhvlgxdov zlwk +frqvlvwhqw, yduldqfh b�1

Wkh prgho fdq wkhq eh wudqviruphg dv ghvfulehg lq +5,1 Ilqdoo|/ 5VOV

rq wkh wudqviruphg prgho zlwk wkh vhw ri lqvwuxphqwv � ' d��c �%c �6o zlwk

�� ' '�j |lhogv wkh wzr0zd| KWP/ zklfk lv frqvlvwhqw/ li wkh lqvwuxphqwv

duh surshu +wklv fdq eh whvwhg e| dq ryhu0lghqwl�fdwlrq whvw dffruglqj wr

Kdxvpdq ) Wd|oru/ 4<;4, dqg lw lv pruh h!flhqw wkdq wkh Zlwklq prgho/

dv orqj dv wkhuh duh hqrxjk lqvwuxphqwv iru wkh wzr Ehwzhhq htxdwlrqv dw

kdqg1 Dphpl|d ) PdFxug| +4<;9, dqg Euhxvfk hw do1 +4<;<, suhvhqw h{0

sdqghg vhwv ri lqvwuxphqwv/ zklfk duh dovr glvfxvvhg lq Z|krzvnl +4<<7, iru

wkh wzr0zd| prgho1 Gxh wr wkh dv|pswrwlf gl!fxowlhv dvvrfldwhg dqg wkhlu
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uhgxfhg dssursuldwhqhvv iru xqedodqfhg gdwd/ L dsso| wkh wudglwlrqdo vhw dv

vxjjhvwhg lq Z|krzvnl +4<<7,1 Dgglwlrqdoo| dqg vlplodu wr wkh UHP/ wkh

KWP surylghv sdudphwhu hvwlpdwhv ri erwk wkh rqo| h{sruwhu0yduldqw dqg

wkh rqo| lpsruwhu0yduldqw yduldeohv vxfk dv JGS ru JGS shu fdslwd16

6 Gdwd dqg Hvwlpdwlrq Uhvxowv

L hvwlpdwh wkh deryh prgho iru elodwhudo h{sruwv ri RHFG frxqwulhv wr RHFG

dqg qrq0RHFG frxqwulhv lq 4<<:17 Qrplqdo h{sruwv lq XVG duh iurp RHFG

+Prqwko| Vwdwlvwlfv ri Lqwhuqdwlrqdo Wudgh,/ LPI +Gluhfwlrq ri Iruhljq Wudgh,/

dqg wkh Ylhqqd Lqvwlwxwh ri Frpsdudwlyh Hfrqrplf Vwxglhv +khuhdiwhuZLLZ,1

6Lqwhuhvwlqjo| dqg dv srlqwhg rxw lq Hjjhu +5334,/ wkh prvw dssursuldwh hvwlpdwru iru

judylw| sdqhov zklfk ydu| lq wkh wlph glphqvlrq wrr/ lv d Kdxvpdq0Wd|oru DU+4, prgho1

Lq wklv fdvh/ rqh vkrxog lqfoxgh lqwhudfwlrq h�hfwv ehwzhhq h{sruwhu dqg lpsruwhu h�hfwv1

Wkhq/ wkh prgho erlov grzq wr d wzr0zd| iudphzrun zlwk wlph h�hfwv dqg elodwhudo h�hfwv1

Wkh odwwhu frpsuhkhqvlyho| dffrxqw iru doo elodwhudo wlph0lqyduldqw lq xhqfhv1 Wkhuhiruh/

wkh IHP qrw dq| orqjhu surylghv sdudphwhu hvwlpdwhv ri yduldeohv olnh glvwdqfh ru frpprq

erughuv1 Lq frqwudvw/ JGS ru JGS shu fdslwd gr qrw vkduh wklv sureohp/ vlqfh wkh| dovr

ydu| lq wkh wlph glphqvlrq1 Li rqh wuhdwv wlph h�hfwv dv �{hg +zklfk lv uhdvrqdeoh,/ wklv

uhtxhvwv rqo| d rqh0zd| KWP/ zklfk uhqghuv wkh dqdo|vlv ohvv frpsoh{ dv frpsduhg wr

wkh furvv0vhfwlrq fdvh/ dowkrxjk wklv vhhpv frxqwhu0lqwxlwlyh iurp d �uvw jodqfh1
7H{sruwlqj frxqwulhv +RHFG,= Ehojlxp0Ox{hperxuj/ Ghqpdun/ Jhupdq|/ Ilq0

odqg/ Iudqfh/ Juhhfh/ XN/ Luhodqg/ Lwdo|/ Qhwkhuodqgv/ Dxvwuld/ Sruwxjdo/ Vzhghq/ Vsdlq/

Kxqjdu|/ Srodqg/ F}hfk Uhsxeolf/ Dxvwudold/ Lfhodqg/ Mdsdq/ Fdqdgd/ Qhz ]hdodqg/ Qru0

zd|/ Vzlw}huodqg/ Wxunh|/ XVD/ Ph{lfr/ Vrxwk Nruhd1 Lpsruwlqj frxqwulhv= RHFG

frxqwulhv dv phqwlrqhg/ Exojduld/ Urpdqld/ Vorydnld/ Voryhqld/ Xnudlqh/ Dojhuld/ Hj|sw/

Prurffr/ Vrxwk Diulfd/ Dujhqwlqd/ Eud}lo/ Fkloh/ Sdqdpd/ Yhqh}xhod/ Fklqd/ Krqj Nrqj/

Lqgld/ Lqgrqhvld/ Pdod|vld/ Sklolsslqhv/ Vlqjdsxu/ Wkdlodqg/ Hvwrqld/ Olwkxdqld/ Odwyld1

:



JGS lq qrplqdo XVG dqg srsxodwlrq duh iurp RHFG +Hfrqrplf Rxworrn

dqg Qdwlrqdo Dffrxqwv Yroxph 4,/ LPI +Lqwhuqdwlrqdo Ilqdqfldo Vwdwlvwlfv,/

dqg ZLLZ1 Glvwdqfh lv fdofxodwhg dv lq Hjjhu +5333,/ dqg yldelolw| ri frq0

wudfwv dqg uxoh ri odz duh frxqwu| udwlqjv sxeolvkhg e| wkh Hfrqrplf Iuhhgrp

Qhwzrun +Hfrqrplf Iuhhgrp ri wkh Zruog> vhh dovr wkh Uhihuhqfhv,1 Wkhvh

wzr yduldeohv uhsuhvhqw lqirupdwlrq rq wudgh lpshglphqwv/ vlqfh d orzhu udw0

lqj iru yldelolw| ri frqwudfwv lpsolhv wkdw wudgh frvwv duh kljkhu1 Wkh vdph

krogv wuxh iru uxoh ri odz/ zklfk phdvxuhv krz olnho| frqwudfw euhdnhuv fdq

eh survhfxwhg1 Zh h{shfw d srvlwlyh vljq iru wkh lpsdfw ri hdfk ri wkh wzr

yduldeohv1 Lq vxp/ zh frph xs zlwk 4776 revhuydwlrqv lq wkh uhjuhvvlrq dqdo0

|vlv1

: Wdeoh 4 	

Wdeoh 4 suhvhqwv wkh uhjuhvvlrq uhvxowv iru wkuhh gl�huhqw prghov rq +4,1

ROV lv wkh wudglwlrqdo frqfhsw dssolhg/ zklfk rplwv wkh suhvhqfh ri %� dqg

6� lq wkh huuru whup1 IHP lv wkh fruuhvsrqglqj Zlwklq prgho1 Dv hdvlo|

fdq eh vhhq iurp wkh I0whvwv rq h{sruwhu dqg lpsruwhu �{hg h�hfwv/ wkh uh0

vwulfwlrq ri ROV lv vljql�fdqwo| uhmhfwhg1 Wkh Kdxvpdq0whvw lqglfdwhv wkdw

wkhuh lv lqghhg fruuhodwlrq ri +vrph ri, wkh h{sodqdwru| yduldeohv zlwk wkh

xqrevhuyhg frxqwu| h�hfwv uhqghulqj wkh UHP hvwlpdwhv lqfrqvlvwhqw1 Il0

qdoo|/ wkh KWP lv hvwlpdwhg dvvxplqj wkdw rqo| t dq t*� duh fruuhodwhg

zlwk wkh xqrevhuyhg frxqwu| h�hfwv1 Wkh dssursuldwhqhvv ri wklv dvvxps0

wlrq fdq eh mxvwl�hg e| erwk dq lqwxlwlyh dqg dq hfrqrphwulf dujxphqw1

Lqwxlwlyho|/ h{sruwhu +lpsruwhu, h�hfwv phdvxuh dq h{sruwhu*v +lpsruwhu*v,

xqrevhuyhg surshqvlw| wr h{sruw/ zklfk 0 ehvlghv rwkhu idfwruv 0 lv olnho| wr

;



eh d ixqfwlrq ri vl}h dqg uhodwlyh idfwru hqgrzphqwv1 Hfrqrphwulfdoo|/ wklv

fdq eh whvwhg e| wkh ryhu0lghqwl�fdwlrq whvw dffruglqj wr Kdxvpdq ) Wd|oru

+4<;4,1 Wkh fruuhvsrqglqj whvw vwdwlvwlf lv qrw vljql�fdqw dqg xqghuslqv wkh

dssursuldwhqhvv ri rxu fkrlfh1 Wdeoh 4 dovr uhsruwv ghwdlov rq wkh hvwlpdwlrq

ri wkh yduldqfh frpsrqhqwv1 Iluvw dqg dv h{shfwhg/ wkh Ehwzhhq yduldqfh

frpsrqhqwv +j2

%/ j
2

6, duh odujhu wkdq wkh Zlwklq frpsrqhqw +j2�,1 Vhfrqg/

wkh lpsruwhu frpsrqhqw lv frqvlghudeo| odujhu wkdq wkh h{sruwhu frpsrqhqw/

zklfk lv qrw vxusulvlqj/ vlqfh wkh yduldwlrq dprqj RHFG frxqwulhv vkrxog eh

vpdoohu wkdq wkdw dprqj RHFG0soxv0qrq0RHFG frxqwulhv1 Wdeoh 4 uhsruwv

dyhudjh ydoxhv iru hdfk w1 Zh kdyh wr ehdu lq plqg wkdw elodwhudo wudgh sdqhov

duh xqedodqfhg/ zklfk kdv wr eh dffrxqwhg iru lq wkh hvwlpdwlrq ri wkh ydul0

dqfh frpsrqhqwv1 Dffruglqjo|/ w� +w2, lv d yhfwru ri ohqjwk %6/ zklfk kdv

h{sruwhu vshfl�f +lpsruwhu vshfl�f, hqwulhv dffruglqj wr wkh dydlodeoh qxpehu

ri sduwqhu frxqwulhv dqg zh vkrxog zulwh= w��/ w2�/ dqg w��� +vhh Edowdjl/ 4<<8/

iru pruh ghwdlov rq xqedodqfhg sdqho gdwd,1 Ri frxuvh/ wkh uhodwlyho| kljk

ydoxhv iru w whoo xv douhdg|/ wkdw zh zloo hqg xs zlwk sdudphwhu hvwlpdwhv iru

j/ zklfk duh uhodwlyho| forvh wr wkh IHP hvwlpdwhv18 Wklv lv dovr frq�uphg

e| wkh uhvxowv/ zkhuh rqo| T�� gl�huv iurp wkh IHP lq d surqrxqfhg zd|19

Ilqdoo|/ wkh frpsdulvrq zlwk ROV ghprqvwudwhv wkdw lw vhhpv zruwk lqyhv0

wljdwlqj lq wkh KWP1 Wkh sdudphwhu hvwlpdwh iru lpsruwhu JGS grxeohv/

wkh lpsdfw ri glvwdqfh lv rqh wklug kljkhu lq devroxwh ydoxh/ wkh lpsdfw ri

frpprq erughuv lv kdoi dv lpsruwdqw dv vxjjhvwhg e| ROV/ dqg wkh vljq ri

8Qrwh wkdw �4 @ �5 @ �6 @ 3 fruuhvsrqgv wr wkh ROV prgho/ zkhuhdv �4 @ �5 @ �6 @ 4

lv wkh Zlwklq hvwlpdwru +IHP,1
9Krzhyhu/ wkh gl�huhqfh lv qrw odujh hqrxjk lq rughu wr uhmhfw wkh dssursuldwhqhvv ri

KWP dv lqglfdwhg e| wkh ryhu0lghqwl�fdwlrq whvw1

<



yldelolw| ri frqwudfwv fkdqjhv wr d qhjdwlyh rqh1 Dgglwlrqdoo|/ wkh KWP lv

idu pruh vxffhvvixo lq suhglfwlqj elodwhudo wudgh wkdq ROV dv lqglfdwhg e|

wkh urrw phdq vtxduhg huuru1

7 Frqfoxvlrqv

Wkh suhvhqw sdshu vxjjhvwv wr hvwlpdwh furvv0vhfwlrq judylw| prghov e| d

wzr0zd| Kdxvpdq ) Wd|oru +4<;4, prgho1 Wklv prgho kdv vhyhudo dgydq0

wdjhv zlwk uhvshfw wr wkh wudglwlrqdoo| dssolhg ROV/ exw dovr wkh �{hg h�hfwv

dqg wkh udqgrp h�hfwv prgho1 Li h{sruwhu dqg lpsruwhu frxqwu| h�hfwv duh

lpsruwdqw/ lw doorzv wr frqvlvwhqwo| hvwlpdwh sdudphwhuv lq frqwudvw wr ROV1

Lq wkh suhvhqfh ri fruuhodwlrq ehwzhhq wkh h{sodqdwru| yduldeohv dqg wkh xq0

revhuyhg frxqwu| h�hfwv/ lw rewdlqv frqvlvwhqw hvwlpdwhv lq frqwudvw wr wkh

udqgrp h�hfwv prgho1 Ilqdoo| dqg lq frqwudvw wr wkh �{hg h�hfwv dssurdfk/

lw |lhogv hvwlpdwhv iru yduldeohv/ zklfk ydu| hlwkhu rqo| lq wkh h{sruwhu ru

wkh lpsruwhu glphqvlrq vxfk dv JGS ru JGS shu fdslwd1 Dq dssolfdwlrq rq

elodwhudo RHFG h{sruwv lq 4<<: ghprqvwudwhv wkdw ROV sdudphwhuv ghsduw

frqvlghudeo| iurp wkh frqvlvwhqw Kdxvpdq0Wd|oru prgho hvwlpdwhv1 Hvsh0

fldoo|/ wkh sdudphwhuv ri glvwdqfh/ frpprq erughuv/ dqg JGS duh d�hfwhg1

Uhihuhqfhv

Dphpl|d/ W1 +4<:4,/ Wkh Hvwlpdwlrq ri wkh Yduldqfhv lq d Yduldqfh0Frpsrqhqwv

Prgho/ Lqwhuqdwlrqdo Hfrqrplf Uhylhz 45/ ss1 40461
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Dphpl|d/ W1/ dqg W1H1 PdFxug| +4<;9,/ Lqvwuxphqwdo0Yduldeoh Hvwlpdwlrq

ri dq Huuru0Frpsrqhqwv Prgho/ Hfrqrphwulfd 87/ ss1 ;9<0;;31

Dqghuvrq/ M1 +4<:<,/ D Wkhruhwlfdo Irxqgdwlrq ri wkh Judylw| Htxdwlrq/

Dphulfdq Hfrqrplf Uhylhz 9</ ss1 43904491

Edogzlq/ U1 +4<<7,/ Wrzdugv dqg Lqwhjudwhg Hxursh +Orqgrq= Fhqwuh iru

Hfrqrplf Srolf| Uhvhdufk,1

Edowdjl/ E1K1 +4<<8,/ Hfrqrphwulf Dqdo|vlv ri Sdqho Gdwd +Zloh|/ Fklfk0

hvwhu,1

Ehujvwudqg/ M1 K1 +4<;8,/ Wkh Judylw| Htxdwlrq lq Lqwhuqdwlrqdo Wudgh= Vrph

Plfurhfrqrplf Irxqgdwlrqv dqg Hpslulfdo Hylghqfh/ Uhylhz ri Hfrqrplfv

dqg Vwdwlvwlfv 9:/ ss1 7:707;41

Ehujvwudqg/ M1 K1 +4<;<,/ Wkh Jhqhudol}hg Judylw| Htxdwlrq/ Prqrsrolvwlf

Frpshwlwlrq/ dqg Idfwru Sursruwlrqv Wkhru| lq Lqwhuqdwlrqdo Wudgh/ Uhylhz

ri Hfrqrplfv dqg Vwdwlvwlfv :4/ ss1 47604861

Ehujvwudqg/ M1 K1 +4<<3,/ Wkh Khfnvfkhu0Rkolq0Vdpxhovrq Prgho/ Wkh Olq0

ghu K|srwkhvlv dqg wkh Ghwhuplqdqwv ri Elodwhudo Lqwud0Lqgxvwu| Wudgh/ Hfr0

qrplf Mrxuqdo 433/ ss1 45490455<1

Euhxvfk/ W1V1/ J1H1 Pl}rq/ dqg S1 Vfkplgw +4<;<,/ H!flhqw Hvwlpdwlrq Xv0

44



lqj Sdqho Gdwd/ Hfrqrphwulfd 8:/ 9<80:331

Hfrqrplf IuhhgrpQhwzrun= Iuhh wkhZruog +kwws=qqzzz1iuhhwkhzruog1frp,1

Hjjhu/ S1 +5333,/ D Qrwh rq wkh Surshu Hfrqrphwulf Vshfl�fdwlrq ri wkh

Judylw| Htxdwlrq/ Hfrqrplfv Ohwwhuv 99/ ss1 580641

Hjjhu/ S1 +5334,/ Dq Hfrqrphwulf Ylhz rq wkh Hvwlpdwlrq ri Judylw| Prg0

hov dqg wkh Fdofxodwlrq ri Wudgh Srwhqwldov/ ZLIR0Zrunlqj Sdshu 47425334

+kwws=22zzz1zlir1df1dw2Shwhu1Hjjhu2uhfbzrunlqj1kwp,1

Ixoohu/ Z1D1/ dqg J1H1 Edwwhvh +4<:6,/ Wudqvirupdwlrqv iru Hvwlpdwlrq ri

Olqhdu Prghov zlwk Qhvwhg Huuru Vwuxfwxuh/ Mrxuqdo ri wkh Dphulfdq Vwdwlv0

wlfdo Dvvrfldwlrq 9;/ ss1 95909651

Ixoohu/ Z1D1/ dqg J1H1 Edwwhvh +4<:7,/ Hvwlpdwlrq ri Olqhdu Prghov zlwk

Furvv0Huuru Vwuxfwxuh/ Mrxuqdo ri Hfrqrphwulfv 5/ ss1 9:0:;1

Fruqzhoo/ F1/ S1 Vfkplgw/ dqg G1M1 Z|krzvnl +4<<5,/ Vlpxowdqhrxv Htxd0

wlrqv dqg Sdqho Gdwd/ Mrxuqdo ri Hfrqrphwulfv 84/ ss1 48404;41

Kdplowrq/ F1E1/ dqg D1O1 Zlqwhuv +4<<5,/ Rshqlqj xs Lqwhuqdwlrqdo Wudgh

zlwk Hdvwhuq Hxursh/ Hfrqrplf Srolf| 47/ ss1 ::04491

Kdxvpdq/ M1D1 +4<:;,/ Vshfl�fdwlrq Whvwv lq Hfrqrphwulfv/ Hfrqrphwulfd

45



79/ ss1 4584045:41

Kdxvpdq/ M1D1/ dqg Z1H1 Wd|oru +4<;4,/ Sdqho Gdwd dqg Xqrevhuydeoh Lq0

glylgxdo H�hfwv/ Hfrqrphwulfd 7</ ss1 46::046<;1

Khospdq/ H1/ dqg S1U1 Nuxjpdq +4<;8,/Pdunhw Vwuxfwxuh dqg Iruhljq Wudgh

+Fdpeulgjh/ Pdvv1= PLW Suhvv,1

Rjxohgr/ Y1L1/ dqg F1U1 PdfSkhh +4<<7,/ Judylw| Prghov= D Uhirupxodwlrq

dqg dq Dssolfdwlrq wr Glvfulplqdwru| Wudgh Duudqjhphqwv/ Dssolhg Hfr0

qrplfv 59/ ss1 43:04531

Z|krzvnl/ G1M1 +4<<7,/ Hvwlpdwlrq ri d Sdqho Gdwd Prgho lq wkh Suhvhqfh ri

Fruuhodwlrq Ehwzhhq Uhjuhvvruv dqg d Wzr0Zd| Huuru Frpsrqhqw/ Hfrqr0

phwulf Wkhru| 43/ ss1 463046<1
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Table 1: Gravity Model Regression Results for Bilateral OECD Exports in 1997

Explanatory Variables: 2-way Fixed Effects 2-way Hausman-Taylor
OLS (FEM) (HTM)

Exporter GDP: Yi 0.974 ***) - 1.116 ***)

0.021 - 0.311
Importer GDP: Yj 0.778 ***) - 1.284 ***)

0.021 - 0.380
Exporter GDP per Capita: (Y/P)i 0.340 ***) - 0.517

0.045 - 0.410
Importer GDP per Capita: (Y/P)j 0.130 ***) - -0.424

0.029 - 0.566
Distance: Dij -0.845 ***) -1.282 ***) -1.277 ***)

0.030 0.041 0.040
Common Border: Bij 0.646 ***) 0.321 **) 0.334 ***)

0.155 0.128 0.125
Common Language: Lij 0.293 *) -0.082 -0.087

0.177 0.151 0.148
Bilateral Viability of Contracts: Vij 1.226 ***) -10.218 ***) -1.969

0.307 3.871 2.485
Bilateral Rule of Law: Rij -0.489 ***) 1.366 0.498

0.114 0.964 0.770

Observations 1443 1443 1443
Adj. R2 0.792 0.875 0.845

Root Mean Squared Error 1.102 0.855 0.840

Exporter Effects: F(27, 1358) 183.590 ***)

Importer Effects: F(53, 1358) 62.240 ***)

Hausman Test: χ2(6) 15.420 **)

σv
2 0.710 0.710

σx
2 1.295

σm
2 7.922

Average θ1i 0.897

Average θ2j 0.943

Average θ3ij 0.890

Over-identification: χ2(5) 6.593

1) All continuous variables are in logs. Constant, exporter and importer effects are not reported in order to save

space. ***) significant at 1%; **) significant at 5%; *) significant at 10%.


