
Wudqvsruwdwlrq Frvwv lq D

Pxowlodwhudo Zruog= Dvvhvvlqj wkh

Srrodelolw| ri Judylw| Gdwd

Shwhu Hjjhu

Dxvwuldq Lqvwlwxwh ri Hfrqrplf Uhvhdufk/

S1R10Er{ <4/ D04436 Ylhqqd/ Dxvwuld1

H0pdlo= hjjhuCzlir1df1dw

Devwudfw

Wklv sdshu sursrvhv wr dffrxqw iru wkh gl�huhqfhv lq wkh lp0

sruwdqfh ri wudqvsruw frvwv ghshqglqj rq fkdudfwhulvwlfv ri wudg0

lqj sduwqhuv1 Hpslulfdoo|/ wklv uhtxluhv wr uhod{ wkh srrolqj dv0

vxpswlrq zkhq hvwlpdwlqj d judylw| prgho1 Lq d wkuhh0frxqwu|

prgho ri wudgh lq gl�huhqwldwhg jrrgv zh h{shfw d odujhu lp0

sdfw ri wudqvsruw frvwv rq d frxqwu|*v h{sruw vkduh lq lwv zruog

h{sruwv wkh vpdoohu dqg2ru uhodwlyho| ohvv hqgrzhg zlwk fdslwdo

wkh lpsruwhu frxqwu| lv1 Zh hvwlpdwh elodwhudo h{sruw vkduhv e| d

VXU huuru frpsrqhqwv prgho zlwk udqgrp h{sruwhu h�hfwv zkhuh

hdfk htxdwlrq uhihuv wr dqrwkhu lpsruwhu frxqwu|1 Iru elodwhudo

h{sruwv ri wkh HX0frxqwulhv/ XVD/ dqg Mdsdq lqwr HX0phpehu

vwdwhv wkhuh lv vwurqj vxssruw iru wkh wkhruhwlfdo k|srwkhvhv= d

vljql�fdqw dqg urexvw qhjdwlyh uhodwlrqvkls ehwzhhq wkh devroxwh

vl}h ri wkh wudqvsruw frvw sdudphwhu dqg erwk wkh lpsruwhu frxq0

wu| vl}h dqg fdslwdo0oderu udwlr1 Srrolqj lv kdupixo/ ehfdxvh lw

lv olnho| wr xqghuhvwlpdwh wkh lpsruwdqfh ri wudqvsruw frvw uh0

gxfwlrqv iru uhodwlyho| oderu0ulfk dqg2ru vpdoo frxqwulhv lq wkh

surfhvv ri hfrqrplf lqwhjudwlrq1

Nh| zrugv= judylw| htxdwlrq/ sdqho hfrqrphwulfv

MHO= F66/ I47
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4 Lqwurgxfwlrq4

Wkh frqvlghudwlrq ri wudqvsruwdwlrq frvwv zlwklq wkh hqgrzphqw edvhg

prgho ri krul}rqwdo surgxfw gl�huhqwldwlrq kdv ehhq dq lpsruwdqw sur0

juhvv lq wudgh wkhru| +vhh Nuxjpdq/ 4<;3> Khospdq ) Nuxjpdq/ 4<;8>

Ehujvwudqg/ 4<;</ 4<<3> dv vrph ri wkh prvw lpsruwdqw sursrqhqwv,1

Wkhuh duh qrz qxphurxv h{dpsohv zkhuh wkh edvlf lpsolfdwlrqv ri wkh

prgho kdyh udwkhu vxffhvvixoo| ehhq whvwhg iru elodwhudo wudgh  rzv1 Prvw

ri wkhvh dssolfdwlrqv kdyh exlow rq wkh 2�2�2 Qhz Wudgh Wkhru| iudph0

zrun5 zkhuh elodwhudo wudgh fdq eh h{sodlqhg e| wkuhh Khfnvfkhu0Rkolq

ghwhuplqdqwv +vhh Khospdq )Nuxjpdq/ 4<;8> Khospdq/ 4<;:> hwf1,= wkh

gl�huhqfh lq uhodwlyh idfwru hqgrzphqwv ehwzhhq wkh frxqwulhv +-= phd0

vxulqj wkh glvwdqfh iurp wkh hqgrzphqw srlqw iurp wkh gldjrqdo lq wkh

idfwru er{ lq judsklfdo whupv,> wkh gl�huhqfh lq devroxwh idfwru hqgrz0

phqwv +7= phdvxulqj uhodwlyh frxqwu| vl}h dorqj wkh gldjrqdo lq wkh idf0

wru er{,> dqg wkh vl}h ri elodwhudo hfrqrplf vsdfh +C= phdvxulqj wkh vl}h

ri wkh idfwru er{ lq whupv ri lwv gldjrqdo,1 Wkh prgho kdv ehhq whvwhg iru

erwk elodwhudo ryhudoo wudgh +h1j1 Hjjhu/ 5333, dqg lqwud0lqgxvwu| wudgh

+Kxpphov ) Ohylqvrkq/ 4<<8, |lhoglqj eurdg fruuhvsrqghqfh ehwzhhq

wkh wkhruhwlfdo k|srwkhvhv dqg wkh hpslulfdo �qglqjv1

Krzhyhu/ wkh uhihuhqfh wr wkh wzr0frxqwu| prgho kdg dq lpsruwdqw

frqvhtxhqfh iru hpslulfdo uhvhdufk= lw irvwhuhg wkh rslqlrq wkdw gl�huhqw

frxqwulhv zrxog eh vlploduo| d�hfwhg e| lghqwlfdo fkdqjhv lq wudqvsruw

frvwv +dqg vlploduo| iru fkdqjhv lq rwkhu ghwhuplqdqwv,1 Zh zloo vhh wkdw

wklv lv qrw mxvwl�hg e| wkhru|1

Wklv sdshu suhvhqwv d vw|ol}hg wkuhh0frxqwu| prgho ri wudgh lq gli0

ihuhqwldwhg ydulhwlhv lq wkh suhvhqfh ri lfhehuj wudqvsruwdwlrq frvwv1 Lq

rughu wr uhgxfh wkh sureohp/ ohw*v wklqn derxw h{sruw  rzv dv frpsrv0

lwhv ri wzr frpsrqhqwv= d frxqwu|*v +�, rshqqhvv wr h{sruwv ylv0ã0ylv

4L dp lqghewhg lq Edgl Edowdjl/ Zlokhop Nrkohu dqg Plfkdho Sid�hupd|u iru

khosixo vxjjhvwlrqv dqg glvfxvvlrqv1 L vkrxog olnh wr wkdqn Mrvhi Edxpjduwqhu/ Iulw}

Euhxvv/ Plfkdho Odqghvpdqq/ Shwhu Vwhlqhu/ dqg Dodq Zlqwhuv iru khosixo frpphqwv1
5Wzr jrrgv +rqh krprjhqhrxv/ rqh krul}rqwdoo| gl�huhqwldwhg,/ wzr idfwruv +od0

eru/ fdslwdo,/ dqg wzr frxqwulhv1
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wkh zkroh zruog dqg lwv glvwulexwlrq ri h{sruw vkduhv dfurvv lpsruwhu +�,

frxqwulhv +��� ' �ff � h{sruwv��

h{sruwv�
,61 Wkurxjkrxw wkh sdshu/ zh frqfhqwudwh

rq wkh odwwhu dqg hqylvdjh wkh lpsdfw ri shufhqwdjh fkdqjhv lq wudqv0

sruw frvwv rq shufhqwdjh fkdqjhv udwkhu wkdq shufhqwdjh srlqw fkdqjhv

lq ���
71 Zh ghulyh wkh k|srwkhvhv e| phdqv ri qxphulfdo vlpxodwlrqv1

Wklv uhvxowv lq wzr lpsruwdqw frqfoxvlrqv iru wkh hpslulfdo dqdo|vlv=

41 Dq lqfuhdvh lq wudqvsruwdwlrq frvwv ehwzhhq h{sruwlqj frxqwu| �

dqg lpsruwlqj frxqwu| � h{klelwv d qhjdwlyh h�hfw rq ���1 Wklv hi0

ihfw lv wkh odujhu/ wkh vpdoohu wkh uhvshfwlyh lpsruwhu frxqwu| +�, lv1

Wklv lpsolhv wkdw wkhru| fdvwv grxew rq wkh dvvxpswlrq ri lghqwlfdo

wudqvsruw frvw sdudphwhuv dfurvv lpsruwhu frxqwulhv +dovr fdoohg

�srrodelolw|�, dqg |lhogv wkh k|srwkhvlv wkdw wkh wudqvsruwdwlrq

frvw sdudphwhu vkrxog eh h{shfwhg wr eh wkh odujhu +wkh vpdoohu lq

devroxwh ydoxh,/ wkh odujhu wkh uhvshfwlyh lpsruwhu frxqwu| lv zlwk

uhvshfw wr wkh uhvw ri wkh zruog1

51 Wkh lpsdfw ri wudqvsruwdwlrq frvwv rq elodwhudo h{sruw vkduhv lv

dovr qrw lqghshqghqw ri wkh lpsruwhu*v uhodwlyh idfwru hqgrzphqw1

Zh vkrz wkdw wkh kljkhu dq lpsruwhu*v +�, fdslwdo oderu udwlr ylv0ã0

ylv doo rwkhu frxqwulhv/ wkh orzhu wkh lpsdfw ri wudqvsruwdwlrq frvwv

rq wkh h{sruwhu*v elodwhudo h{sruw vkduh1 Wklv lv d vhfrqg dujxphqw

zklfk fdvwv wkhruhwlfdo grxew rq wkh srrodelolw| ri judylw| gdwd1

Zh whvw rxu k|srwkhvhv hvwlpdwlqj d sdqho ri elodwhudo h{sruw vkduhv

ri 49 RHFG frxqwulhv +lqfoxglqj 47 HX phpehu frxqwulhv/ wkh XVD

dqg Mdsdq, lqwr wkh 47 HX frxqwulhv ryhu wkh shulrg 4<<604<<:1 Wklv

doorzv xv wr frpsuhkhqvlyho| dffrxqw iru doo wlph0lqyduldqw lq xhqfhv

dv klvwrulf/ jhrjudsklfdo/ fxowxudo dqg rwkhu wlhv ehwzhhq frxqwulhv dv

zhoo dv iru doo lq xhqfhv/ zklfk duh lqyduldqw lq wkh elodwhudo glphqvlrq

6Wklv uhgxfhv wkh sureohp lq vr idu/ dv h{sruwhu surshuwlhv gr qr pruh sod| dq|

uroh zkhq orrnlqj dw h{sruw vkduhv1
7D frqfhqwudwlrq rq shufhqwdjh srlqw fkdqjhv lq h{sruw vkduhv zrxog ohdg wr pruh

wulyldo frqfoxvlrqv ehfdxvh ri wkh erxqghgqhvv ri dq h{sruw vkduh ehwzhhq 3 dqg 41
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olnh f|foh h�hfwv e| wkh lqfoxvlrq ri xqrevhuyhg h�hfwv1 Wkh srrolqj

dvvxpswlrq lv uhod{hg e| hvwlpdwlqj d vhhplqjo| xquhodwhg uhjuhvvlrq

+7L-, vhw0xs/ zklfk surylghv prvw h!flhqw sdudphwhu hvwlpdwhv1

Wkh dvvxpswlrq ri srrodelolw| ri wkh sdudphwhuv dfurvv lpsruwhuv lv

vljql�fdqwo| uhmhfwhg1 Pruhryhu/ wkh hvwlpdwhg sdudphwhuv iru wudqv0

sruwdwlrq frvwv duh dqdo|}hg zlwk uhvshfw wr wkhlu uhodwlrqvkls zlwk

wkh lpsruwhu frxqwulhv* vl}h dqg fdslwdo0oderu udwlr1 Hpslulfdo hylghqfh

vwurqjo| frq�upv rxu wkhruhwlfdo k|srwkhvlv iru wudqvsruw frvwv= lq de0

vroxwh ydoxhv/ wkh wudqvsruw frvw sdudphwhuv duh vljql�fdqwo| vpdoohu iru

wkh odujhvw lpsruwlqj frxqwulhv dqg2ru wkh lpsruwlqj frxqwulhv zlwk wkh

kljkhvw fdslwdo0oderu udwlrv1

Lq wklv zd|/ wkh sdshu pd| frqwulexwh wr wkh glvfxvvlrq derxw wkh

�sx}}oh ri krph0eldv�/ zklfk kdv vwduwhg zlwk PfFdooxp +4<<8, dqg

kdv ehhq vxuyh|hg e| Revwihog ) Urjr� +5333,1 Wkh odwwhu surylgh dovr

lqvljkwv lq wkh uhodwlrqvkls ehwzhhq wudgh frvwv dqg krph0eldv1 Wkh

suhvhqw sdshu lghqwl�hv d uhodwlrqvkls ehwzhhq wkh lpsruwdqfh ri wudgh

frvwv dqg fkdudfwhulvwlfv ri wudglqj sduwqhuv lq whupv ri vl}h dqg uhodwlyh

idfwru hqgrzphqwv1 Zh pd| frqfoxgh wkdw srrolqj wkh gdwd lv kdupixo/

ehfdxvh rq wkh dyhudjh rqh vxevwdqwldoo| xqghuhvwlpdwhv wkh lpsruwdqfh

ri wudqvsruw frvw uhgxfwlrqv hvshfldoo| iru wkh �srruhu� dqg uhodwlyho|

oderu0ulfk frxqwulhv1 Wkhq/ wkh srwhqwldo h�hfwv ri hfrqrplf lqwhjudwlrq

h1j1 ri wkh Fhqwudo dqg Hdvwhuq Hxurshdq Hfrqrplhv lq wkh surfhvv ri

Hdvwhuq Hqodujhphqw ri wkh HX/ ri Ph{lfr lq wkh QDIWD lqwhjudwlrq/

ru wkh Vrxwk0Dphulfdq frxqwulhv lq wkh hfrqrplf lqwhjudwlrq ri wkh wzr

Dphulfdv duh dovr olnho| wr eh grzqzdug eldvhg1

Wkh sdshu lv rujdql}hg dv iroorzv= vhfwlrq 5 suhvhqwv wkh wkhruhwlfdo

prgho> lq vhfwlrq 6 wkh hpslulfdo vhw0xs lv ghvfulehg lq pruh ghwdlo>

hpslulfdo uhvxowv duh suhvhqwhg lq vhfwlrq 7 dqg glvfxvvhg lq vhfwlrq 8>

vhfwlrq 9 frqfoxghv1
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5 Wkhruhwlfdo Edfnjurxqg

Dvvxph d prgho zkhuh d vlqjoh krul}rqwdoo| gl�huhqwldwhg jrrg lv wudghg

ehwzhhq wkuhh frxqwulhv ri gl�huhqw vl}h dqg2ru fdslwdo0oderu udwlr1 Hvsh0

fldoo|/ zh duh lqwhuhvwhg lq krz elodwhudo h{sruw vkduhv +elodwhudo h{sruwv

dv shufhqw ri d frxqwu|*v ryhudoo h{sruwv/ l1h1 ���, duh d�hfwhg e| fkdqjhv

lq lfhehuj wudqvsruw frvwv1 Dffruglqj wr wkh deryh phqwlrqhg hpslulfdo

lqwhuhvwv zh wu| wr zrun rxw zkhwkhu dqg krz fkdqjhv lq wudqvsruw frvwv

zloo ghshqg rq erwk wkh vl}h dqg wkh uhodwlyh idfwru hqgrzphqw ri wkh

lpsruwlqj frxqwu|1

: Iljxuh 4 	

Lpdjlqh d zruog zkhuh rqh odujh +�,/ rqh phglxp0vl}hg +�,8/ dqg rqh

vpdoo +�, frxqwu| surgxfh dqg wudgh d vlqjoh krul}rqwdoo| gl�huhqwldwhg

jrrg zlwk wzr idfwruv ri surgxfwlrq +fdslwdo/g/ dqg oderu/ u, dw srvvleo|

gl�huhqw wudqvsruw frvwv ehwzhhq sdluv ri frxqwulhv +vhh Iljxuh 4,91 Iru

uhdvrqv ri vlpsolflw| ohw*v dvvxph d udwkhu vlpsoh dqg vw|ol}hg surgxfwlrq

whfkqrorj|/ zklfk xvhv fdslwdo lq wkh vhw0xs ri ydulhwlhv +�up0vshfl�f

�{hg frvwv, dqg oderu lq wkh surgxfwlrq surfhvv rqo|1 Khuh/ zh suhvhqw

wkh sduw ri wkh prgho iru frxqwu| �> iru wkh ixoo vhw0xs wkh uhdghu lv

uhihuuhg wr wkh Dsshqgl{=

u� ' ?�E%�� n %�� n %��� +4,

g� ' ?�

zkhuh % lqglfdwhv wkh txdqwlw| ri hdfk ydulhw| surgxfhg lq wkh uhvshf0

wlyh h{sruwhu frxqwu| ehlqj grxeo| lqgh{hg1 Wkh �uvw vxevfulsw uhihuv

8Iru rxu sxusrvh wkh vl}h ri E lv luuhohydqw/ vlqfh zh duh rqo| wdonlqj derxw vkduhv1
9Wklv lpsolhv wkdw doo elodwhudo wudgh lv lqwud0lqgxvwu| jrrgv wudgh1 Wkh fkrlfh

ri d prgho zlwkrxw d krprjhqhrxv vhfwru ehvlghv prgho vlpsolflw| fdq dovr eh mxv0

wl�hg zkhq orrnlqj dw wkh frxqwu| vdpsoh lq wkh hpslulfdo dqdo|vlv1 Wklv frqwdlqv

doprvw rqo| HX frxqwulhv +qrwh wkdw rqo| wkh XVD dqg Mdsdq duh lqfoxghg dv qrq0HX

h{sruwlqj frxqwulhv,1 Krzhyhu/ lqwud0lqgxvwu| wudgh ri RHFG frxqwulhv lq pdqxidf0

wxuhv dprxqwhg wr ;:0;< shufhqw ryhu wkh shulrg 4<<304<<7 +fdofxodwlrqv edvhg rq

wkh Juxeho0Or|g lqgh{ fdofxodwhg iurp elodwhudo VLWF 60gljlw �jxuhv> RHFG/ 4<<;,1
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wr wkh vhqglqj +surgxflqj, frxqwu|/ dqg wkh vhfrqg vxevfulsw lqglfdwhv

wkh frxqwu|/ zkhuh wkh jrrg lv frqvxphg= hdfk frxqwu| surgxfhv iru

wkh krph pdunhw dqg iru erwk iruhljq pdunhwv1 Khqfh/ d frxqwu|*v sur0

gxfwlrq iru wkh iruhljq pdunhw srvvleo| gl�huv dfurvv sduwqhu frxqwulhv

dqg iurp wkh vkduh ri surgxfwlrq iru wkh krph pdunhw1 Wr eh dv vlpsoh

dv srvvleoh/ wkh vl}h ri wkh fdslwdo vwrfn lv htxlydohqw wr wkh qxpehu ri

ydulhwlhv surgxfhg +?,:1 Qrwh wkdw idfwru vxssolhv kdyh ehhq uhvfdohg wr

frph xs zlwk xqlwdu| lqsxw frh!flhqwv1

Zh dsso| wkh xvxdo Gl{lw ) Vwljolw} +4<::, FHV ghpdqg dvvxpswlrqv

iru krul}rqwdoo| gl�huhqwldwhg jrrgv dqg dvvxph lfhehuj wudqvsruw frvwv1

Li d ydulhw| lv h{sruwhg/ dq h{sruwhu lq � kdv wr vkls dq dprxqw ri

|k ' E� n �k� ru |� ' E� n � ��/ uhvshfwlyho|/ zklfk ghshqgv rq wkh

frxqwu| ri ghvwlqdwlrq1 Dffruglqj wr rxu prgho irupxodwlrq/ txdqwlwlhv

iru d iruhljq pdunhw +%��/ %��, douhdg| lqfoxgh wkh uhvshfwlyh dprxqw

ri wkh ydulhw|/ zklfk lv zdvwhg lq wkh wudqvsruwdwlrq surfhvv1 0 : � lv

wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq ydulhwlhv1 Wklv |lhogv ghpdqg iru

grphvwlfdoo| surgxfhg jrrgv

%�� ' R30� r03�
� .� +5,

zlwk .� gh�qlqj ryhudoo idfwru lqfrph lq frxqwu| � +C(��,/ wkh sulfh

djjuhjdwru +vhh h1j1 Pdunxvhq ) Yhqdeohv/ 4<<9,

r� ' d?�E|kR��
�30 n ?�R

�30
� n ?�E|�R��

�30o�*E�30� +6,

:Qrwh wkdw d uhod{dwlrq ri wklv dvvxpswlrq zrxog rqo| frpsolfdwh wkh prgho vwuxf0

wxuh1 Rxu pdlq phvvdjh wkdw wkh lpsdfw ri wudqvsruw frvwv lv uhodwhg wr lpsruwhu

frxqwu| vl}h dqg idfwru hqgrzphqwv lv qrw fuxfldoo| ghshqglqj rq wklv whfkqrorj|

fkrlfh= wkh prgho frxog hdvlo| eh h{whqghg wr rqh zkhuh fdslwdo lv dovr xvhg lq wkh

surgxfwlrq surfhvv/ dv orqj dv wkh fdslwdo lqwhqvlw| iru surgxfwlrq lv vpdoohu wkdq iru

�{hg frvwv lq wkh �up ru ydulhw| vhw0xs1 Dgglwlrqdoo|/ zh duh qrw gluhfwo| lqwhuhvwhg

lq h{sodlqlqj wkh rffxuuhqfh ri �upv exw wkhlu dfwlylw| lq whupv ri surgxfwlrq dqg

h{sruwv1 Wklv fdq eh prvw h!flhqwo| wdfnohg e| wkh suhvhqwhg whfkqrorj|/ zklfk

surylghv wkh vdph lqvljkwv dv wkh h{whqghg prgho1
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dqg wkh uhvshfwlyh duelwudjh frqglwlrqv iru iruhljq ghpdqg iru frxqwu|

�*v jrrgv lqfoxglqj wkh orvv lq txdqwlw| iurp wkh wudqvsruwdwlrq surfhvv

%��

%��
'

�
R�

R�

�
30

|�30k +7,

%��

%��
'

�
R�

R�

�
30

|�30�

Sur�wv ri hdfk �up lq � +surgxflqj d vlqjoh ydulhw| rqo|, duh jlyhq

e|

Z� ' ER� ��u��E%�� n %�� n %���� �g� +8,

zkhuh �u� +�g�, ghqrwhv wkh idfwru uhzdug iru oderu +fdslwdo,1 Iurp

}hur sur�wv lpsolhg e| iuhh hqwu|/ wkh �uvw rughu frqglwlrqv dqg +4, zh

|lhog

R� ' �u�

0

0� �
+9,

�g� '
�u�u�

g�E0� ��

Qrwh wkdw wklv odvw surshuw| wkdw uhodwlyh zdjhv lq hdfk frxqwu| duh d

olqhdu ixqfwlrq ri lwv uhodwlyh idfwru hqgrzphqw vwhpv iurp rxu uhvwulfwlyh

whfkqrorj| fkrlfh1 Ilqdoo|/ zh qhhg wkh uhvwulfwlrq ri edodqfhg wudgh lq

hdfk frxqwu| lq rughu wr forvh wkh v|vwhp

?�R�E%�� n %��� ' ?�R�%�� n ?�R�%�� +:,

zkhuh wkh ohiw kdqg vlgh uhihuv wr frxqwu| �*v zruog h{sruwv dqg wkh

uljkw kdqg vlgh wr lwv zruog lpsruwv hdfk lqfoxglqj wudqvsruw frvwv1

Ehfdxvh ri wkh qrq0olqhdulwlhv lqyroyhg e| wkh frqvlghudwlrq ri wudqv0

sruwdwlrq frvwv/ wkh v|vwhp fdqqrw eh vroyhg dqdo|wlfdoo|1 Zh wkhuhiruh

vroyh wkh v|vwhp qxphulfdoo| lq rughu wr ghulyh wkh wkhruhwlfdo k|srwkhvhv

derxw zkhwkhu ru qrw dqg krz wkh h�hfw ri d fkdqjh lq elodwhudo wudqv0

sruw frvwv ghshqgv rq wkh uhfhlylqj frxqwu|*v vl}h dqg fdslwdo oderu udwlr

+vhh wkh Dsshqgl{ iru wkh xqghuo|lqj sdudphwhu ydoxhv,1 Iru frxqwu| �

wklv phdqv zkhwkhu dqg krz lwv wzr h{sruw vkduhv +��� dqg ���, duh

:



d�hfwhg lq gl�huhqw zd|v iurp d vlplodu fkdqjh lq wkh wzr wudqvsruw frvw

sdudphwhuv1 Xvlqj +5,/ +7,/ dqg +9, wrjhwkhu/ wkh wzr vkduhv ri frxqwu|

� fdq eh uhzulwwhq dv
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Khqfh/ wkh uhvshfwlyh vkduh rqo| ghshqgv rq wkh uhodwlyh wudqvsruw frvwv

zlwk frxqwu| �/ wkh uhodwlyh zdjhv dqg vdohv shu eudqg lq wkh krph

pdunhw ri wkh wzr sduwqhu frxqwulhv1 Iljxuh 5 ghprqvwudwhv wkdw d fh0

whulv sdulexv fkdqjh ri wkh elodwhudo wudqvsruw frvw sdudphwhu qhjdwlyho|

d�hfwv wkh uhvshfwlyh h{sruw vkduh/ zklfk dv d jhqhudo surshuw| lv lqgh0

shqghqw ri wkh vl}h dqg2ru uhodwlyh idfwru hqgrzphqw ri wkh lpsruwhu

frxqwu|1

: Iljxuh 5 	

Krzhyhu/ lq wkh odujhu frxqwu| +�, wkh elodwhudo lpsruw ohyho lv odujhu

dv frpsduhg wr wkh vpdoohu frxqwu| +�,1 Rq wkh rwkhu kdqg/ wkh odujhu

frxqwu| lv ohvv rshq wkdq wkh vpdoohu rqh1 Khqfh/ frxqwu| � vhuyhv lwv

krph pdunhw pruh wkdq sursruwlrqdoo| pruh wkdq wkh vpdoohu rqh1 Zh

wkhuhiruh �qg wkdw wkh odujhu wkh uhvshfwlyh lpsruwhu frxqwu| lv/ wkh ohvv

wkh h{sruwhu*v vkduh lv d�hfwhg e| dq lqfuhdvh lq elodwhudo wudqvsruw frvwv1

Wklv fdq eh ghprqvwudwhg e| orrnlqj dw wkh h�hfwv ri vpdoo fkdqjhv ri

wudqvsruwdwlrq frvwv rq elodwhudo h{sruw vkduhv wr erwk wkh vpdoo dqg wkh

odujh lpsruwlqj frxqwu| +vhh Iljxuh 6,;1 Wkh frqfoxvlrq lv wkh iroorzlqj=

;Zh djdlq xqghuslq wkdw rqo| shufhqw fkdqjhv duh irfxvvhg1 Wkh gl�huhqfhv lq

wkh vorshv ri wkh orj h{sruw vkduh fxuyhv iru wkh wzr frxqwulhv lq Iljxuh 5 fdq eh

dssur{lpdwhg e| sorwwlqj wkh fkdqjhv lq orj h{sruw vkduhv dffruglqj wr vpdoo fkdqjhv

lq wkh uhvshfwlyh orj wudqvsruwdwlrq frvw sdudphwhuv durxqg dq duelwudu| srlqw rq wkh

fxuyhv1 Qrupdol}lqj wkh rxwfrph lq uhodwlrq wr wkh lqlwldo vkduhv jlyhv wzr fxuyhv/

zklfk lq wklv vpdoo duhd duh forvh wr vwudljkw olqhv ri gl�huhqw vorsh1 Lq rxu hpslulfdo

dssolfdwlrq/ zh �qg wkdw dyhudjh wudqvsruw frvwv iru elodwhudo HX lpsruwv rq wkh

dyhudjh dprxqw wr derxw w @ 4=36/ zkhuh � lv phdvxuhg e| f1l1i12i1r1e1 qxpehuv1

Wkhuhiruh/ lq Iljxuh 6 zh fdq frqfhqwudwh rq wkh uhjlrq wr wkh ohiw lq Iljxuh 51

;



odujhu frxqwulhv duh ohvv rshq wkdq vpdoohu rqhv/ dqg wkh odujhu wklv krph

pdunhw eldv +dovr fdoohg �vhoi0vx!flhqf|�,/ wkh ohvv vhqvlwlyh duh h{sruw

vkduhv wr d fkdqjh lq elodwhudo wudqvsruwdwlrq frvwv dv frpsduhg wr d

vpdoohu frxqwu|1

: Iljxuh 6 	

: Iljxuh 7 	

: Iljxuh 8 	

Iljxuh 7 dqg Iljxuh 8 ghprqvwudwh wkdw wkh qhjdwlyh lpsdfw ri wudqv0

sruwdwlrq frvwv rq elodwhudo h{sruwv lv lqghshqghqw ri zkhwkhu wkh lp0

sruwlqj frxqwu| lv uhodwlyho| zhoo0hqgrzhg zlwk fdslwdo ru qrw1 Pruh0

ryhu/ zh �qg wkdw wkhru| vxjjhvwv wkdw dq lpsruwlqj frxqwu|*v uhodwlyh

idfwru hqgrzphqw kdv dq lpsdfw rq krz frxqwu| �*v h{sruw vkduh wr lw

lv d�hfwhg<1 Rqh fdq vhh wkdw lqghshqghqwo| ri zkhwkhu wkh lpsruwlqj

frxqwu| lv uhodwlyho| odujh ru qrw/ lwv vkduh lq frxqwu| �*v zruog h{sruwv

lv wkh ohvv vwurqjo| d�hfwhg wkh odujhu lwv fdslwdo0oderu udwlr lv1 Li d

frxqwu| lv uhodwlyho| zhoo hqgrzhg zlwk fdslwdo/ lw kdv d frpsdudwlyh dg0

ydqwdjh lq uxqqlqj ydulhwlhv +vhwwlqj xs �upv,1 Gl{lw ) Vwljolw} +4<::,

frqvxphu suhihuhqfhv wkhq lpso| wkdw frxqwu| �*v h{sruwv wr frxqwulhv

zlwk d kljkhu frpsdudwlyh dgydqwdjh lq uxqqlqj surgxfw olqhv duh ohvv

d�hfwhg e| fkdqjhv lq wudqvsruwdwlrq frvwv/ ehfdxvh oryh iru ydulhw| grp0

lqdwhv wkh suhvvxuh rq frvwv1 Fdslwdo0ulfk frxqwulhv duh ohvv d�hfwhg lq

whupv ri C(� wkdq rwkhuv zlwk d frpsdudwlyh dgydqwdjh lq surgxfwlrq/

zklfk duh ohvv surwhfwhg e| wkh frqvxphuv* wdvwh iru ydulhw|1 Wklv uhvxowv

lq d srvlwlyh lpsdfw rq wkh uhvshfwlyh elodwhudo h{sruw uhodwlrqvkls iurp

frxqwu| �*v srlqw ri ylhz1 Li zh lqfuhdvh wkh fdslwdo0oderu udwlr ri d

vlqjoh frxqwu| lq wkh zruog hfrqrp|/ wklv lpsolhv wkdw wkh zkroh zruog

zloo uhglvwulexwh sduw ri lwv h{sruw vkduhv iurp hdfk rwkhu frxqwu| wr wklv

frxqwu| zlwk dq lqfuhdvhg frpsdudwlyh dgydqwdjh lq uxqqlqj surgxfw

<Wklv djdlq fdq eh vkrzq e| sorwwlqj wkh fkdqjhv lq h{sruw vkduhv dffruglqj wr

vpdoo fkdqjhv lq wkh uhvshfwlyh wudqvsruwdwlrq frvw sdudphwhuv durxqg dq duelwudu|

srlqw rq wkh wzr fxuyhv/ qrz fruuhvsrqglqj wr gl�huhqw fdslwdo0oderu udwlrv1

<



olqhv +lq d g|qdplf frqwh{w zh zrxog vd| dq dgydqwdjh lq lqqrydwlqj

qhz surgxfwv,1

Wr vxppdul}h/ rxu frpsdudwlyh vwdwlf dqdo|vlv doorzv xv wr gudz wkh

iroorzlqj frqfoxvlrqv derxw wkh h�hfwv ri d fkdqjh lq elodwhudo wudqvsruw

frvwv rq dq lpsruwlqj frxqwu|*v vkduh lq dq duelwudu| frxqwu|*v zruog

h{sruwv +doo fkdqjhv duh xqghuvwrrg wr eh fhwhulv sdulexv,=

� wkh odujhu wkh wudqvsruwdwlrq frvwv ehwzhhq wzr frxqwulhv/ wkh

vpdoohu wkh lpsruwhu frxqwu|*v vkduh lq wkh sduwqhu frxqwu|*v h{0

sruwv>

� wklv fkdqjh lq wkh h{sruw vkduh lv wkh vpdoohu/ wkh odujhu wkh lp0

sruwhu frxqwu| lv>

� wklv fkdqjh lq wkh h{sruw vkduh lv wkh vpdoohu/ wkh kljkhu wkh

fdslwdo0oderu udwlr lq wkh lpsruwlqj frxqwu|1

Khqfh/ iurp d wkhruhwlfdo srlqw ri ylhz zh h{shfw dq h{sruwhu*v vkduh

wr vpdoo frxqwulhv zlwk d orz fdslwdo0oderu udwlr wr eh prvw qhjdwlyho|

d�hfwhg e| d fkdqjh lq wudqvsruw frvwv1 Rq wkh rwkhu kdqg/ zh h{shfw

wkh plqlpxp srvvleoh h�hfw rq lwv vkduh wr odujh fdslwdo0oderu ulfk frxq0

wulhv1 Wklv udlvhv dq dgglwlrqdo h{sodqdwlrq wr wkh frqyhqlhqw qhz wudgh

wkhru| dujxphqwv ri zkdw h{sodlqv elodwhudo wudgh uhodwlrqv= rshqqhvv

ehwzhhq frxqwu| sdluv +ru hyhq uhjlrqv, ri vlplodu vl}h exw sdluzlvh gli0

ihuhqw uhodwlyh idfwru hqgrzphqwv gl�huv vr pxfk/ ehfdxvh gl�huhqfhv

lq idfwru hqgrzphqwv lpso| gl�huhqfhv lq wkh lpsruwdqfh ri elodwhudo

wudqvsruwdwlrq frvwv1 Rq wkh rwkhu kdqg dqg vlplodu wr wkh odwwhu/ lw dovr

fdq h{sodlq zk| rshqqhvv lv vr gl�huhqw dfurvv frxqwu| sdluv ri gl�hu0

hqw vl}h/ ehfdxvh wkh| dovr idfh gl�huhqfhv lq wkh lpsruwdqfh ri elodwhudo

wudqvsruwdwlrq frvwv1

6 D VXU Huuru Frpsrqhqwv Judylw| Prgho

Dffruglqj wr wkh wkhruhwlfdo edfnjurxqg/ zh kdyh wr dffrxqw iru wkh wzr

phqwlrqhg dvshfwv ri srvvleoh gl�huhqfhv ehwzhhq sdudphwhuv +hvshfldoo|
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wkh wudqvsruw frvw sdudphwhu, dfurvv lpsruwlqj frxqwulhv ri gl�huhqw vl}h

dqg uhodwlyh idfwru hqgrzphqwv1

Wklv fdq eh grqh e| vhwwlqj xs wkh sureohp dv d 7L- prgho/ zkhuh

hdfk htxdwlrq uhihuv wr dqrwkhu lpsruwhu frxqwu| dqg h{sruwhu h�hfwv duh

wuhdwhg dv udqgrp1 Zh iroorz Khospdq +4<;:, dqg Kxpphov ) Ohylq0

vrkq +4<<8, lq wkh irupxodwlrq ri wkh Khfnvfkhu0Rkolq uhjuhvvruv/ zklfk

duh ghulyhg iurp dq| Qhz Wudgh Wkhru| iudphzrun zlwk gl�huhqwldwhg

jrrgv=

C��| ' *?EC(��| nC(��|� +43,

7��| ' *?
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� �
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C(��|

C(��| nC(��|
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C(��|

C(��| nC(��|

�2
&

-��| ' m *? C(��|
��|

� *?
C(��|

��|

m

zkhuh C uhsuhvhqwv wkh vl}h ri wkh elodwhudo idfwru vsdfh lq whupv ri uhdo

C(� / �4 	 7 � *?Ef�D� phdvxuhv wzr frxqwulhv* vlplodulw| lq vl}h

lq whupv ri uhdo C(� / dqg f � - lv d phdvxuh iru wkh gl�huhqfh eh0

wzhhq wzr frxqwulhv lq whupv ri uhodwlyh idfwru hqgrzphqwv1 � uhihuv

wr srsxodwlrq dqg C(� shu fdslwd lv frpprqo| lq xvh dv d sur{| iru

fdslwdo0oderu udwlrv +vhh dovr Ndogru/ 4<96, 1 Zh dgglwlrqdoo| lqfoxgh

d gxpp| +.��,/ zklfk wdnhv wkh ydoxh �/ li erwk wkh h{sruwhu dqg wkh

lpsruwhu frxqwu| wdnh sduw lq wkh Hxurshdq Hfrqrplf Duhd +HHD,/ dqg

d f hovh1 Ilqdoo|/ wkh orj ri elodwhudo wudqvsruw frvwv hqwhuv dv dq h{0

sodqdwru| yduldeoh +A��,1 Wkh orj ri wkh vkduh ri frxqwu| �*v h{sruwv wr

frxqwu| � dv shufhqw ri frxqwu| �*v zruog h{sruwv lv wkhq h{sodlqhg dv

���| ' q��A�� n q2�C��| n q��7��| n qe�-��| n qD�.�� n k� n b|� n ���|

+44,

zkhuh k� lv wkh frqvwdqw/ b|� duh �{hg wlph h�hfwv/ dqg vxevfulsw �

lqglfdwhv wkdw wkh frh!flhqwv duh qrw srrohg dfurvv lpsruwhu frxqwulhv1

Dv phqwlrqhg deryh/ zh wuhdw h{sruwhu h�hfwv dv udqgrp/ zklfk lpsolhv

���| ' >�� n D��| +45,
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zlwk >�� dv wkh xqrevhuydeoh h{sruwhu vshfl�f udqgrp huuru frpsr0

qhqw/ dqg D ��| ghqrwlqj wkh uhpdlqghu glvwxuedqfh431 Zkhq wklqnlqj

derxw frxqwu| �*v h{sruw vkduh dv srvvleo| ehlqj ghshqghqw ri lwv vkduh

wr rwkhu frxqwulhv/ wkh vwdqgdug fryduldqfh pdwul{ iru d +rqh0zd|, hu0

uru frpsrqhqwv prgho kdv wr eh dgmxvwhg dqg dgglwlrqdo furvv0htxdwlrqv

huuru frpsrqhqwv kdyh wr eh hvwlpdwhg1

Dv lq wkh vwdqgdug fdvh/ wkh vhw ri yduldeohv kdv wr eh wudqviruphg

dssursuldwho| lq rughu wr dffrxqw iru wklv/ zkhuh wkh wudqvirupdwlrq

pdwul{ ghshqgv rq wkh zhljkw ri wkh hvwlpdwhg Zlwklq dqg Ehwzhhq

yduldqfhv

el3�*2���| ' el3�*2~��|q� n
el3�*2���| +46,

zkhuh � ghqrwhv wkh yhfwru ri h{sruw vkduh revhuydwlrqv/ ~ lv wkh

pdwul{ ri lqghshqghqw yduldeohv dqg

el3�*2 ' P
3�*2
� 
 � n P3�*2

D 
' +47,

zkhuh � ' U� 
aA / zlwk U� dv dq lghqwlw| pdwul{ ri vl}h � +l1h1 wkh

qxpehu ri h{sruwhuv/ lq rxu fdvh 49,/ dqg aA dv d txdgudwlf pdwul{ ri vl}h

A +l1h1 wkh qxpehu ri |hduv hdfk elodwhudo h{sruw uhodwlrqvkls lv revhuyhg/

lq rxu fdvh 8, zlwk �*A dv wkh hqwulhv lq hdfk fhoo1 ' lv gh�qhg dv

U�A �� / zkhuh �A whoov xv krz pdq| revhuydwlrqv duh dydlodeoh iru hdfk

lpsruwhu1 P� ' AP> n PD dqg PD erwk duh � �� hvwlpdwhg yduldqfh

frpsrqhqw pdwulfhv/ zkhuh� uhihuv wr wkh qxpehu ri htxdwlrqv +l1h1 ri

lpsruwhuv/ lq rxu fdvh 47> qrwh wkdw lpsruwhu htxdwlrqv duh vwdfnhg lq

+46,,1 Lq rxu fdvh/ PD fdq eh hvwlpdwhg e| L�'L*E� � ��EA � �� dqg

P� e| L��L*E� � ��/ vhh Edowdjl +4<<8, s1 4371 Iroorzlqj Dphpl|d

+4<:4, zh uhsodfh L ' d��c ���c �� o e| wkh �A �� pdwul{ ri uhvlgxdov

43Qrwh wkdw wkh lpsruwhu0vshfl�f hvwlpdwlrq ri sdudphwhuv eulqjv wklv prgho*v huuru

vwuxfwxuh forvh wr rqh zlwk elodwhudo xqrevhuyhg h�hfwv +vhh Hjjhu ) Sid�hupd|u/

5333,1
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iurp Zlwklq uhjuhvvlrqv rq hdfk htxdwlrq441 D w|slfdo judylw| sdqho lv

xqedodqfhg vxl jhqhulv dv qr frxqwu| uhsruwv h{sruwv wr lwvhoi1 Wkhuhiruh/

lq rxu fdvh wkh ghqrplqdwru ri erwk P� dqg PD ghyldwhv iurp wkh xvxdo

irupxodwlrq zkhuh E� � �� lv uhsodfhg e| � 1 Wkh xqedodqfhgqhvv dovr

ghpdqgv iru d uhirupxodwlrq ri L 1 Qrwh wkdw L kdv vl}h �A�� 1 Khqfh/

wr rewdlq surshu hvwlpdwhv iru wkh yduldqfh frpsrqhqwv pdwulfhv/ L kdv

wkh iroorzlqj hqwulhv

���� ' �
`�|��?3|+Re
��� c li � 9' � / hovh f1 +48,

Vlploduo|/ iru wkh udqgrp wudqvirupdwlrq ri wkh gdwd pdwul{/ zh kdyh

wr frqvwuxfw d edodqfhg gdwd vhw dqg uhsodfh wkh plvvlqj ydoxhv iru revhu0

ydwlrqv zkhuh � ' � zlwk f wr hqvxuh surshu wudqvirupdwlrq1 Ri frxuvh/

diwhu wudqviruplqj wkh gdwd zh fdq gurs wkhvh revhuydwlrqv djdlq1

7 Gdwd dqg Hvwlpdwlrq Uhvxowv

Zh hvwlpdwh d sdqho ri elodwhudo uhdo h{sruw vkduhv +elodwhudo h{sruwv dv

shufhqw ri d frxqwu|*v zruog h{sruwv, ri 47 HX frxqwulhv/ wkh XVD dqg

Mdsdq lq 47 HX frxqwulhv +wuhdwlqj Ehojlxp dqg Ox{hperxuj wrjhwkhu

dv d vlqjoh frxqwu|, ryhu wkh shulrg 4<<604<<:1 Qrplqdo h{sruw �jxuhv

lq XVG duh iurp RHFG +Prqwko| Vwdwlvwlfv ri Lqwhuqdwlrqdo Wudgh,/ dqg

frqyhuwhg wr uhdo qxpehuv e| h{sruw sulfh gh dwruv +RHFG/ Hfrqrplf

Rxworrn, zlwk 4<<8 dv wkh edvh |hdu1 RHFG*v Qdwlrqdo Dffrxqwv +Yro0

xph 4, vwdwlvwlfv surylgh gdwd rq srsxodwlrq/ qrplqdo C(� lq XVG dqg

C(� gh dwruv +wr frqyhuw C(� gdwd wr uhdo qxpehuv dv zhoo,1 Wkh orj

ri wkh uhodwlrq ehwzhhq elodwhudo f1l1i1 dqg i1r1e1 �jxuhv phdvxuhv wudqv0

sruwdwlrq frvwv1 Dffruglqj wr wkh qdwxudo xqedodqfhgqhvv ri elodwhudo

wudgh gdwd/ zh frph xs zlwk 4383 revhuydwlrqv1

: Wdeoh 4 	

44Zdoodfh ) Kxvvdlq +4<9<, sursrvh wr xvh ROV uhvlgxdov1 Dphp|ld +4<:4, vxj0

jhvwv wr uhsodfh X e| wkh uhvshfwlyh Zlwklq0w|sh uhvlgxdov +vhh dovr Suxfkd/ 4<;8>

dqg Edowdjl/ 4<<8 iru dq ryhuylhz,1 Qrwh wkdw lpsruwhu vshfl�f uhvlgxdov duh qrz

qrw vwdfnhg1
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Wdeoh 4 suhvhqwv wzr w|shv ri jhqhudol}hg ohdvw vtxduhv +Cu7, uhjuhv0

vlrq uhvxowv1 Lq dq| uhjuhvvlrq wlph h�hfwv duh wuhdwhg dv �{hg1 Iluvw/

wkh srrolqj dvvxpswlrq lv uhod{hg lq d uljrurxv zd| dqg wudglwlrqdo huuru

frpsrqhqwv uhjuhvvlrqv duh hvwlpdwhg iru hdfk frxqwu| sdlu dvvxplqj lp0

sruwhuv dv lqghshqghqw iurp hdfk rwkhu +odehohg dv .�,1 Vhfrqg/ �u7

uhjuhvvlrqv rq wkh surshuo| wudqviruphg gdwd jlyh wkh uhtxhvwhg 7L-

huuru frpsrqhqwv prgho frh!flhqwv +odehohg dv .� � 7L-,1

Uhjduglqj wkh Krqgd +4<;8, Odjudqjh pxowlsolhu whvwv lq Wdeoh 4/ zh

�qg wkdw ljqrulqj h{sruwhu0vshfl�f khwhurvnhgdvwlflw| ri wkh uhvlgxdov

dqg uxqqlqj vlpsoh �u7 uhjuhvvlrqv dprqj wkh lpsruwhuv zrxog ohdg wr

lqh!flhqw hvwlpdwhv451 Krzhyhu/ frpsdulqj wkh ihdvleoh Cu7 hvwlpdwhv

+.�, zlwk wkhlu �{hg h�hfwv prgho frxqwhusduwv +qrw uhsruwhg, e| d

Kdxvpdq whvw lqglfdwhv wkh vxshulrulw| ri wkh Cu7 hvwlpdwru lq whupv ri

h!flhqf| lq rxu dssolfdwlrq1 Dw d �uvw jodqfh zh vhh wkdw furvv0htxdwlrq

yduldqfh frpsrqhqwv pdwwhu d orw uhvxowlqj lq uhodwlyho| odujh gl�huhqfhv

ehwzhhq wkh lpsruwhu0vshfl�f .� dqg wkh .� � 7L- vwdqgdug huuruv1

Wklv uh hfwv wkh h{sruwhu +ru lpsruwhu, frxqwulhv* wdvwhv lq fkrrvlqj wkhlu

wudglqj sduwqhuv dovr ehvlghv wkh lq xhqfh ri uhodwlyh dqg devroxwh idfwru

hqgrzphqwv1 Dv rqh zrxog kdyh h{shfwhg/ lq doprvw doo fdvhv elodwhudo

wudqvsruwdwlrq frvwv h{klelw d vljql�fdqwo| qhjdwlyh lpsdfw rq elodwhudo

h{sruw vkduhv1 Dxwrfruuhodwlrq lv qr sureohp lq rxu dssolfdwlrq ohdglqj

wr dq lqvljql�fdqw fruuhodwlrq frh!flhqw ehwzhhq wkh zlwklq uhvlgxdov

dqg wkh odjjhg zlwklq uhvlgxdov iru wkh dyhudjh lpsruwhu frxqwu|461

8 Dvvhvvlqj Srrodelolw|

Zh iroorz wzr olqhv lq dvvhvvlqj srrodelolw| ri elodwhudo wudgh  rz gdwd1

Iluvw/ zh dgguhvv d frqyhqwlrqdo whvw ri srrolqj lq wkh wudglwlrq ri Ur|

+4<8:,/ ]hooqhu +4<94, dqg PfHour| +4<::,1 Vhfrqgo|/ zh dqdo|}h wkh uh0

45Wkh whvw vwdwlvwlf lv edvhg rq wkh vtxduh urrw ri wkh Euhxvfk0Sdjdq Odjudqjh

pxowlsolhu vwdwlvwlf dqg fruuhfwo| dvvxphv wkdw wkh dowhuqdwlyh k|srwkhvlv lv rqh0vlghg

udwkhu wkdq wzr0vlghg1
46Wklv lv dovr qrw vxusulvlqj uhjduglqj rxu fkrlfh ri h{sruw vkduhv udwkhu wkdq

h{sruw ohyhov1
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odwlrqvkls ehwzhhq lpsruwhu frxqwu| vl}h dqg wkh hvwlpdwhg wudqvsruwd0

wlrq frvw sdudphwhuv lq wkh vslulw ri Vd{rqkrxvh +4<::,471

Wkhuh lv qrz d uhodwlyho| ulfk olwhudwxuh rq whvwv ri gdwd srrodelo0

lw| zkhq xvlqj sdqho gdwd1 Krzhyhu/ li huuru frpsrqhqwv prghov duh

hvwlpdwhg wkh shuirupdqfh ri prvw ri wkh dydlodeoh whvw sulqflsohv lv uho0

dwlyho| srru dqg hlwkhu wkh Ur| ) ]hooqhu whvw ru PfHour|*v +4<::, h{whq0

vlrq wr wkh zhdnhu phdq vtxduh huuru +PVH, fulwhuld vkrxog eh xvhg +vhh

Edowdjl/ 4<;4,1 Zh iroorz wkh olqhv ri PfHour| +4<::,/ zkr irupxodwhv

dovr zhdnhu PVH fulwhuld lq dgglwlrq wr wkh vwurqj rqh481 Zh frpsduh

wkh lpsruwhu0vshfl�f hvwlpdwlrq uhvxowv zlwk wkhlu srrohg frxqwhusduwv

+vhh wkh odvw wzr sdluv ri urzv lq Wdeoh 4> wkh hvwlpdwhg sdudphwhuv duh

wkhq uhvwulfwhg= q�& ' q2& ' ��� ' q�&,1

Frpsdulqj wkh srrohg hvwlpdwruv lqfoxglqj �{hg lpsruwhu h�hfwv

zlwk wkh wzr lpsruwhu0vshfl�f dssurdfkhv |lhogv 8 0vwdwlvwlfv ri 716<4

+.�, dqg 451;54 +.� � 7L-,1 Wkhvh 8 0vwdwlvwlfv duh dv|pswrwlfdoo|

glvwulexwhg dv 8 �E�e�c HbS(
s
f�D� dqg 8 �E�e�c HbS(

s
H�eS�/ zkhuh wkh odvw

whup lq sduhqwkhvhv lv wkh vtxduh urrw ri wkh dvvrfldwhg qrqfhqwudolw|

sdudphwhu1 Wkh iruphu vwdwlvwlf uhihuv wr wkh vwurqj phdq vtxduh huuru

fulwhulrq ri srrodelolw| dqg wkh odwwhu dssolhv d zhdn phdq vtxduh hu0

uru fulwhulrq iroorzlqj PfHour| +4<::,1 Erwk wkh vwurqj dqg wkh zhdn

fulwhulrq uhmhfw srrodelolw| dw wkh �I ohyho1

Jlyhq wkdw srrolqj lv uhmhfwhg iurp dq hfrqrphwulf srlqw ri ylhz/

zh surfhhg wr wkh vhfrqg vwhs ri dqdo|vlv= wkh h{sodqdwlrq ri wkh frh!0

flhqw ri wkh wudqvsruwdwlrq frvw idfwru1 Iroorzlqj Vd{rqkrxvh +4<::, dq

lpsruwdqw txhvwlrq kdv wr eh dgguhvvhg1 Wkh txdolw| ri wkh hvwlpdwhg

47Vhh dovr Zlqwhuv +4<;4, iru dq dssolfdwlrq lq wkh dqdo|vlv ri wkh ghwhuplqdqwv ri

hvwlpdwhg sduwldo dgmxvwphqw iru Eulwlvk lqgxvwu| sulfhv1
48Wkh zhdnqhvv ri wkh uhvshfwlyh PVH fulwhuld ghshqgv rq wkh sdudphwhu ri qrq0

fhqwudolw| +�PQW , ri wkh uhihuhqfh I 0glvwulexwlrq= I 3�3 @ ++P � 4,>P+QW �

N3,> ��

PQW
,1 Wkh vwurqj fulwhulrq uhtxluhv ��

PQW
@ 3=81 Wkh wzr zhdn fulwhuld lpso|

�
�

PQW
@ !

PQW
+vhh PfHour|/ 4<::/ iru ixuwkhu ghwdlov, dqg �

�

PQW
@ +P � 4,N3/

uhvshfwlyho|1 Edowdjl +4<<8, jlyhv dq ryhuylhz ryhu gl�huhqw whvwv ri srrodelolw|1 Edo0

wdjl +4<;4, surylghv hylghqfh rq wkh zhoo shuirupdqfh ri PfHour|*v whvw dv frpsduhg

wr wkh Ur| ) ]hooqhu whvw1
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sdudphwhuv lq whupv ri vljql�fdqfh ohyho gl�huv dfurvv htxdwlrqv/ zklfk lv

d uhohydqw lqirupdwlrq zkhq h{sodlqlqj wkhvh sdudphwhuv1 Vd{rqkrxvh

wkhuhiruh vxjjhvwv wr wudqvirup wkh prgho dqg wr hvwlpdwh lw e| Cu7

udwkhu wkdq �u71 Wkh dssursuldwh Cu7 wudqvirupdwlrq lv edvhg rq wkh

yduldqfh fryduldqfh pdwul{ hvwlpdwhv ri wkh wudqvsruwdwlrq frvw sdudp0

hwhuv iurp wkh 7L- prgho dqg dq �u7 uhjuhvvlrq ri wkhvh sdudphwhuv

rq lpsruwhu vl}h dqg fdslwdo oderu udwlr1 Wkh uhvxowlqj vwdqgdug huuru ri

wklv odwwhu uhjuhvvlrq lv wkh vhfrqg lqjuhglhqw iru wkh dssursuldwh Cu7

wudqvirupdwlrq ri erwk wkh ghshqghqw +l1h1 wkh wudqvsruwdwlrq frvw sd0

udphwhuv, dqg wkh lqghshqghqw yduldeohv +l1h1 orj ri lpsruwhu JGS dqg

fdslwdo0oderu udwlr,/ frpsduh dovr Zlqwhuv +4<;4,1

: Wdeoh 5 	

Wdeoh 5 suhvhqwv gl�huhqw uhjuhvvlrq uhvxowv iurp wklv wudqviruphg

prgho1 Iluvw +U,/ wkh wudqvsruwdwlrq frvw sdudphwhu lv h{sodlqhg e|

erwk lpsruwhu vl}h dqg fdslwdo0oderu udwlr1 Wklv jlyhv d vljql�fdqwo|

srvlwlyh frh!flhqw iru wkh odwwhu yduldeoh +dffruglqj wr rxu wkhruhwlfdo

h{shfwdwlrqv, exw lw ohdyhv wkh iruphu frh!flhqw lqvljql�fdqw1 Krzhyhu

wklv lv gxh wr d pxowlfroolqhdulw| ehwzhhq vl}h dqg fdslwdo0oderu udwlr lq

wkh vdpsoh ri HX frxqwulhv1 Vhfrqg/ wkuhh w|shv ri dqdo|vlv ri yduldqfh

+DQRYD, duh suhvhqwhg491 Lq wkh �uvw +UU,/ wkh frxqwu| vdpsoh lv vsolw

lqwr 6 jurxsv dffruglqj wr wkhlu vl}h +wkh odujhvw 7/ wkh phglxp 9 dqg wkh

vpdoohvw 7 frxqwulhv, dqg lqwr wkuhh jurxsv dffruglqj wr wkhlu fdslwdo0

oderu udwlr +wkh fdslwdo0oderu udwlr ri wkh 7 ehvw/ 9 phglxp dqg 7 zruvw

fdslwdo0hqgrzhg lpsruwhuv,1 Iurp wkh vwdqgdug huuruv zh vhh wkdw wklv

lv wrr ghpdqglqj dffruglqj wr wkh dydlodeoh ghjuhhv ri iuhhgrp1 Wkhq

+UUU, zh uxq dq DQRYD rq wkh gl�huhqw jurxsv ri vl}h rqo|1 Zh �qg

d vljql�fdqwo| srvlwlyh gl�huhqfh lq wkh wudqvsruw frvw sdudphwhuv eh0

wzhhq wkh odujhvw dqg wkh vpdoohvw jurxs ri lpsruwhuv4:1 Qh{w +UT ,/

49Qrwh wkdw wkh xqghuo|lqj gdwd kdyh suhylrxvo| ehhq wudqvihuuhg dffruglqj wr

Vd{rqkrxvh +4<::,1
4:Qrwh wkdw wkh xqghuo|lqj vsolw ri wkh frxqwu| vdpsoh vhhpv mxvwl�hg zkhq orrnlqj

dw wkhlu glvwulexwlrq lq whupv ri uhdo JGS1
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wkh vdph lv grqh iru wkh gl�huhqw jurxsv ri fdslwdo0oderu udwlrv rqo|1

Erwk/ wkh prvw dqg wkh phglxp uhodwlyho| fdslwdo0ulfk frxqwulhv kdyh

vljql�fdqwo| kljkhu wudqvsruw frvw sdudphwhuv wkdq wkh ohdvw fdslwdo0ulfk

rqhv1 Ilqdoo|/ Vshdupdq*v +4<37, udqn fruuhodwlrq frh!flhqw ehwzhhq

wudqvsruw frvw sdudphwhu dqg erwk lpsruwhu vl}h dqg fdslwdo0oderu udwlr

lv fdofxodwhg dqg jlyhv d vljql�fdqwo| srvlwlyh fruuhodwlrq ehwzhhq wkh

wudqvsruwdwlrq frvw sdudphwhu hvwlpdwhv dqg erwk lpsruwhu frxqwu| vl}h

dqg fdslwdo0oderu udwlr1 Lq vxp/ zh jhw d frqfoxvlyh slfwxuh/ zklfk zlgho|

frlqflghv zlwk rxu wkhruhwlfdo sulruv1 Lqghhg wkh lpsruwhu frxqwu| vl}h

dqg lwv fdslwdo0oderu udwlr kdyh d srvlwlyh lpsdfw rq wkh wudqvsruwdwlrq

frvw sdudphwhu +dw ohdvw zkhq qrw hqwhulqj vlpxowdqhrxvo| lq uhjuhvvlrq

dqdo|vlv,/ zklfk phdvxuhv wkh lpsruwdqfh ri fkdqjhv lq wudqvsruw frvwv1

Zh frph xs zlwk wrr orz hvwlpdwhv lq devroxwh ydoxh hvshfldoo| iru

wkh �srruhu� HX hfrqrplhv olnh Juhhfh/ Sruwxjdo dqg Vsdlq +l1h1 wkh

frxqwulhv ri wkh vr0fdoohg Vrxwkhuq Hqodujhphqw,1 Wkh srrohg prgho

olnho| ryhuhvwlpdwhv wkh lpsruwdqfh ri rwkhu h{sodlqlqj idfwruv iru wkhvh

frxqwulhv1

Wr vxp xs/ zh surylgh hylghqfh wkdw wkh frpprqo| dvvxphg srrod0

elolw| ri elodwhudo wudgh  rz gdwd lv olnho| wr eh uhmhfwhg e| wkh fruuh0

vsrqglqj whvwv1 Pruhryhu/ zh fdq frqfoxgh iurp wkh uhvxowv iru wkh h{0

wuhph fdvhv ri rxu dqdo|vlv ri yduldqfh +frpsdulqj wkh odujhvw zlwk wkh

vpdoohvw frxqwulhv, wkdw hpslulfdo hylghqfh lv zlgho| lq dffrugdqfh zlwk

wkh wkhruhwlfdo k|srwkhvhv wkdw erwk lpsruwhu frxqwu| vl}h dqg fdslwdo0

oderu udwlr duh qhjdwlyho| fruuhodwhg zlwk wkh lpsdfw ri wudqvsruw frvwv

rq dq h{sruwhu*v fruuhvsrqglqj elodwhudo h{sruw vkduh4;1 Ljqrulqj wkh

lpsruwhu0vshfl�f lpsdfw ri wudqvsruwdwlrq frvwv rq wkh dyhudjh ohdgv wr

d vxevwdqwldo xqghuhvwlpdwlrq ri wkh lpsruwdqfh ri wudqvsruwdwlrq frvwv

iru wkh vpdoo dqg2ru wkh uhodwlyho| oderu0ulfk frxqwulhv1

4;Wkh urexvwqhvv ri rxu uhvxowv frxog eh xqghuslqqhg e| wkhlu lqghshqghqfh ri

zkhwkhu wudqvsruw frvwv duh phdvxuhg e| f1l1i12i1r1e1 uhodwlrqv ru glvwdqfh qxpehuv1

Krzhyhu/ uhvxowv rq wkh odwwhu duh qrw uhsruwhg lq rughu wr vdyh vsdfh dqg ehfdxvh

glvwdqfh lv khog wr eh d zhdnhu sur{| iru wudqvsruw frvwv1
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9 Frqfoxvlrqv

Suhylrxv hpslulfdo uhvhdufk rq wkh ghwhuplqdqwv ri elodwhudo wudgh yro0

xphv dvvxphg wkdw doo wkh hvwlpdwhg sdudphwhuv duh lghqwlfdo dfurvv el0

odwhudo uhodwlrqvklsv1 Wklv sdshu frqfhqwudwhv rq wkh dqdo|vlv ri elodwhudo

h{sruw vkduhv dqg lqyhvwljdwhv wkh txhvwlrq ri srrodelolw| ri sdudphwhuv

lq wkh hvwlpdwlrq ri judylw| prghov1 D vlpsoh Qhz Wudgh Wkhru| prgho

ri wkuhh frxqwulhv lv xvhg wr irupxodwh wzr k|srwkhvhv iru elodwhudo wudgh

uhodwlrqv lq wkh suhvhqfh ri wudqvsruwdwlrq frvwv=

41 Wkh odujhu dq lpsruwlqj frxqwu|/ wkh ohvv d fkdqjh lq wudgh frvwv

d�hfwv lwv vkduh iru dq duelwudu| h{sruwhu1 Wklv frqwudglfwv wkh

dvvxpswlrq ri srrodelolw|1

51 Wkh kljkhu dq lpsruwlqj frxqwu|*v fdslwdo oderu udwlr/ wkh ohvv d

fkdqjh lq wudgh frvwv d�hfwv lwv vkduh iru dq duelwudu| h{sruwhu1

Wklv frqwudglfwv wkh dvvxpswlrq ri srrodelolw| dv zhoo1

Zh �qg vwurqj hylghqfh wkdw wkh srrodelolw| dvvxpswlrq lv lqghhg

uhmhfwhg iru elodwhudo h{sruw vkduhv lq d sdqho ri wkh 47 HX phpehu

frxqwulhv1 Uhjduglqj wkh wkhruhwlfdo prgho zh dovr �qg vwurqj hylghqfh

wkdw erwk d odujhu vl}h dqg d kljkhu fdslwdo0oderu udwlr ri dq lpsruwhu

frxqwu| lqghhg vljql�fdqwo| orzhu wkh qhjdwlyh lpsdfw ri wudqvsruw frvwv

rq lwv vkduh lq dq duelwudu| frxqwu|*v zruog h{sruwv1 Rxu uhvxowv doorz xv

wr frqfoxgh wkdw wudqvsruwdwlrq frvw uhgxflqj phdvxuhv zrxog pruh zrun

lq idyru ri h{sruw vkduhv wr wkh uhodwlyho| oderu0ulfk dqg vpdoo frxqwulhv

wkdq wr wkh uhodwlyho| fdslwdo0ulfk dqg odujh rqhv/ zklfk vkrxog eh df0

frxqwhg iru lq hpslulfdo dssolfdwlrqv1 Lq rxu dssolfdwlrq/ wkh uhvwulfwlrq

ri sdudphwhu krprjhqhlw| dfurvv lpsruwhuv ohdgv wr d vxevwdqwldo xqghu0

hvwlpdwlrq ri wkh lpsruwdqfh ri wudqvsruwdwlrq frvwv e| derxw Sf � .f

shufhqw iru wkh Vrxwk0Hxurshdq hfrqrplhv1

Wklv surylghv lqvljkwv wkdw erwk wkh hydoxdwlrq ri srolf| phdvxuhv

dqg wkh surmhfwlrq ri wudglqj srwhqwldov vkrxog eh edvhg rq xqsrrohg

hvwlpdwhv li ghjuhhv ri iuhhgrp doorz iru lw/ vlqfh srrohg prghov olnho|

xqghuhvwlpdwh wkh srwhqwldo lqwhjudwlrq h�hfwv ri uhodwlyho| oderu0ulfk
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hfrqrplhv/ h1j1 wkh Fhqwudo dqg Hdvwhuq Hxurshdq Frxqwulhv ru wkh

Vrxwk0Dphulfdq hfrqrplhv1 Lq wklv zd|/ ixuwkhu lqvljkwv duh surylghg

lqwr wkh uhodwlrqvkls ehwzhhq wkh lpsruwdqfh ri wudgh eduulhuv dqg fkdu0

dfwhulvwlfv ri wudglqj sduwqhuv lq whupv ri erwk wkhlu vl}h dqg uhodwlyh

idfwru hqgrzphqwv1

: Uhihuhqfhv

Dphpl|d/ Wdnhvkl +4<:4, *Wkh Hvwlpdwlrq ri wkh Yduldqfhv lq d Yduldqfh0

Frpsrqhqwv Prgho/* Lqwhuqdwlrqdo Hfrqrplf Uhylhz 45/ ss1 40461

Dyhu|/ Urehuw E1 +4<::, *Huuru Frpsrqhqwv dqg Vhhplqjo| Xquhodwhg

Uhjuhvvlrqv/* Hfrqrphwulfd 78/ ss1 4<;053<

Edowdjl/ Edgl K1 +4<;3, *Rq Vhhplqjo| Xquhodwhg Uhjuhvvlrqv Zlwk Hu0

uru Frpsrqhqwv/* Hfrqrphwulfd 7;/ ss1 487:04884

Edowdjl Edgl K1 +4<;4, *Srrolqj= Dq H{shulphqwdo Vwxg| ri Dowhuqdwlyh

Whvwlqj dqg Hvwlpdwlrq Surfhgxuhv lq d Wzr0Zd| Huuru Frpsrqhqwv

Prgho/ Mrxuqdo ri Hfrqrphwulfv 4:/ ss1 5407<

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

hvwhu= Zloh|,

Ehujvwudqg/ Mh�uh| K1 +4<;<, *Wkh Jhqhudol}hg Judylw| Htxdwlrq/ Pr0

qrsrolvwlf Frpshwlwlrq/ dqg wkh Idfwru0Sursruwlrqv Wkhru| lq Lqwhuqd0

wlrqdo Wudgh/* Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv :4/ 4760486

Ehujvwudqg/ Mh�uh| K1 +4<<3, *Wkh Khfnvfkhu0Rkolq0Vdpxhovrq Prgho/

wkh Olqghu K|srwkhvlv dqg wkh Ghwhuplqdqwv ri Elodwhudo Lqwud0Lqgxvwu|

Wudgh/* Hfrqrplf Mrxuqdo 433/ ss1 45490455<

Gl{lw/ Dylqdvk/ dqg Mrvhsk H1 Vwljolw} +4<::, *Prqrsrolvwlf Frpshwl0
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wlrq dqg Rswlpxp Surgxfw Glyhuvlw|/* Dphulfdq Hfrqrplf Uhylhz 9:/

ss1 5<:063;1

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

ri wkh Judylw| Htxdwlrq/* Hfrqrplfv Ohwwhuv 99/ 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,

Kdxvpdq/ Mhuu| D1 +4<:;, *Vshfl�fdwlrq Whvwv lq Hfrqrphulfv/* Hfrqr0

phwulfd 79/ ss1 4584045:4

Khospdq/ Hokdqdq +4<;:, *Lpshuihfw Frpshwlwlrq dqg Lqwhuqdwlrqdo Wudgh=

Hylghqfh iurp Irxuwhhq Lqgxvwuldo Frxqwulhv/* Mrxuqdo ri wkh Mdsdqhvh

dqg Lqwhuqdwlrqdo Hfrqrplhv 4/ ss1 950;4

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

Iruhljq Wudgh +Fdpeulgjh/ Pdvv1= PLW Suhvv,

Krqgd/ \x}r +4<;8, *Whvwlqj wkh Huuru Frpsrqhqwv Prgho zlwk Qrq0

qrupdo Glvwxuedqfhv/* Uhylhz ri Hfrqrplf Vwxglhv 85/ ss1 9;409<3

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

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

Mrxuqdo ri Hfrqrplfv 443/ ss1 :<<0;69

Ndogru/ Qlfkrodv +4<96, *Fdslwdo Dffxpxodwlrq dqg Hfrqrplf Jurzwk/*

lq= I1 D1 Oxw} dqg G1 F1 Kdjxh +hgv1,/ Surfhhglqjv ri d Frqihuhqfh Khog

e| wkh Lqwhuqdwlrqdo Hfrqrplfv Dvvrfldwlrq +Orqgrq= Pdfploodq,
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Pdunxvhq/ Mdphv U1/ dqg Dqwkrq| Yhqdeohv +4<<9, *Wkh Wkhru| ri Hq0

grzphqw/ Lqwud0Lqgxvwu|/ dqg Pxowlqdwlrqdo Wudgh/* QEHUZrunlqj Sd0

shu Qr1 885<

PfFdooxp/ Mrkq +4<<8, *Qdwlrqdo Erughuv Pdwwhu= Fdqdgd0X1V1 uhjlrqdo

Wudgh Sdwwhuqv/* Dphulfdq Hfrqrplf Uhylhz ;8/ ss1 9480956

PfHour|/ Pdumrulh E1 +4<::, *Zhdnhu PVH Fulwhuld dqg Whvwv iru Olq0

hdu Uhvwulfwlrqv lq Uhjuhvvlrq Prghov zlwk Qrq0Vskhulfdo Glvwxuedqfhv/*

Mrxuqdo ri Hfrqrphwulfv 9/ ss1 6;<0<7

Revwihog/ Pdxulfh dqg Nhqqhwk Urjr� +5333, *Wkh Vl{ Sx}}ohv lq Lqwhu0

qdwlrqdo Pdfurhfrqrplfv= Lv wkhuh d Frpprq FdxvhB/* QEHU Zrunlqj

Sdshu Qr1 :::: +Fdpeulgjh/ PD= QEHU,

RHFG +4<<;, Wkh Frpshwlwlyhqhvv ri Wudqvlwlrq Hfrqrplhv +Sdulv= RHFG

Surfhhglqjv,

Suxfkd/ Lqjpdu U1 +4<;8, *Rq wkh Dv|pswrwlf H!flhqf| ri Ihdvleoh

Dlwnhq Hvwlpdwruv iru Vhhplqjo| Xquhodwhg Uhjuhvvlrq Prghov Zlwk Hu0

uru Frpsrqhqwv/* Hfrqrphwulfd 85/ ss1 536053:

Ur|/ V1Q1 +4<8:, Vrph Dvshfwv ri Pxowlyduldwh Dqdo|vlv +Qhz \run=

Zloh|,

Vd{rqkrxvh/ Jdu| U1 +4<::, cUhjuhvvlrqv Iurp Vdpsohv Kdylqj Gl�hu0

hqw Fkdudfwhulvwlfv/* Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv 8</ ss1 567056:1

Vshdupdq/ Fkduohv H1 +4<37, *Jhqhudo Lqwhooljhqfh 0 Remhfwlyho| Ghwhu0

plqhg dqg Phdvxuhg/* Mrxuqdo ri Sv|fkrorj| 448/ ss1 53405<5

Zdoodfh/ W1 G1/ dqg Dvklt Kxvvdlq +4<9<, *Wkh Xvh ri Huuru Frpsrqhqwv
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Prghov lq Frpelqlqj Furvv0Vhfwlrq dqg Wlph0Vhulhv Gdwd/* Hfrqrphw0

ulfd 6:/ ss1880:5

Zlqwhuv/ Dodq O1 +4<;4, *Sulfh Dgmxvwphqw dqg Pdunhw Vwuxfwxuh> D

Frpphqw/* Hfrqrplf Mrxuqdo <4/ ss1 4359043631

]hooqhu/ Duqrog +4<94, *Dq H!flhqw Phwkrg ri Hvwlpdwlqj Vhhplqjo|

Xquhodwhg Uhjuhvvlrqv dqg Whvwv iru Djjuhjdwlrq Eldv/* Mrxuqdo ri wkh

Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq 8:/ ss1 67;069;1

; Dsshqgl{

Wkh ixoo v|vwhp ri wkh vlpxodwhg htxdwlrqv lq wkh wkuhh0frxqwu| prgho

lv

Idfwru pdunhwv

u� ' ?�E%�� n %�� n %��� +49,

u� ' ?�E%�� n %�� n %���

u� ' ?�E%�� n %�� n %���

g� ' ?� +4:,

g� ' ?�

g� ' ?�

Ghpdqg dqg Duelwudjh Surgxfwlrq iru wkh uhvshfwlyh krph pdu0

nhwv lv jlyhq e|

%�� ' R30� r03�
� .� +4;,

%�� ' R30� r03�
� .�

%�� ' R30� r03�
� .�
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zlwk wkh fruuhvsrqglqj sulfh djjuhjdwruv

r� ' d?�R
�30
� n ?�E|kR��

�30 n ?�E|BR��
�30o�*E�30� +4<,

r� ' d?�E|kR��
�30 n ?�R

�30
� n ?�E|�R��

�30o�*E�30�

r� ' d?�E|BR��
�30 n ?�E|�R��

�30 n ?�R
�30
� o�*E�30�

dqg wkh duelwudjh frqglwlrqv iru vl{ gl�huhqw h{sruw  rzv

%��
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30

|�30k +53,
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30
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'
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R�

�
30

|�30�

]hur Sur�w Frqglwlrqv

Z� ' ER� � �u��E%�� n %�� n %���� �g� ' f +54,

Z� ' ER� ��u��E%�� n %�� n %���� �g� ' f

Z� ' ER� � �u��E%�� n %�� n %���� �g� ' f

Wudgh Edodqfh Uhvwulfwlrqv

?�R�E%�� n %��� ' ?�R�%�� n ?�R�%�� +55,

?�R�E%�� n %��� ' ?�R�%�� n ?�R�%��

?�R�E%�� n %��� ' ?�R�%�� n ?�R�%��

Vlpxodwlrq Ghwdlov

Lq d �uvw vwhs/ zh dvvxphg frxqwulhv wr gl�hu rqo| lq vl}h/ dowkrxjk wkh

edvlf uhvxow lv qrw d�hfwhg e| d uhod{dwlrq ri wklv dvvxpswlrq1 L suhvxphg

wkh iroorzlqj vl}hv iru wkh frxqwulhv* oderu irufh= u� ' �Dff/ u� ' �fff/
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dqg u� ' 2bff wrjhwkhu zlwk wkh dvvxpswlrq ri lghqwlfdo fdslwdo oderu

udwlrv ri f��1 Qrwh wkdw zh fdq wklqn derxw fdslwdo vwrfnv dv ehlqj

phdvxuhg lq whupv ri d �up*v fdslwdo ghpdqg +lghqwlfdo iru doo �upv lq

wkh wkuhh frxqwulhv,1 Wklv zrxog lpso| wkdw zh dvvxph wkh vdph qxpehu

ri zrunhuv shu �up durxqg wkh zruog/ zkhq wklqnlqj ri wkh qxpehu ri

ydulhwlhv ehlqj htxlydohqw wr wkh qxpehu ri �upv1 L dvvxphg d frqvwdqw

hodvwlflw| ri vxevwlwxwlrq sdudphwhu ri 0 ' 2 dqg lq wkh lqlwldo vlwxdwlrq L

vhw wkh wudqvsruw frvwv sdudphwhuv dw wkh vdph ydoxh= |k ' |� ' |B ' ���1

Khqfh/ 43 shufhqw ri d �up*v h{sruw yroxph jhwv orvw lq wkh vklsphqw

surfhvv1 L wkhq xqghuwdnh wzr h{shulphqwv1 Lq wkh �uvw rqh/ L dowhu wkh

ydoxh ri wkh wudqvsruw frvw sdudphwhu ehwzhhq frxqwu| � dqg frxqwu| �

+|k, iurp ��� xs wr ���. dqg orrn dw wkh dvvrfldwhg fkdqjhv lq wkh vkduh

ri h{sruwv iurp frxqwu| � wr frxqwu| � lq whupv ri frxqwu| �*v ryhudoo

h{sruwv1 Lq wkh vhfrqg h{shulphqw L gr wkh vdph iru h{sruwv ehwzhhq

frxqwu| � dqg frxqwu| �/ exw dowhulqj |� lqvwhdg1 Ilqdoo|/ L frpsduh

wkh fkdqjhv lq h{sruw vkduhv uhvxowlqj iurp lghqwlfdo fkdqjhv lq wkh wzr

wudqvsruw frvw sdudphwhuv dqg �qg wkdw wkh qhjdwlyh h�hfw rq h{sruw

vkduhv lv wkh odujhu/ wkh odujhu wkh sduwqhu frxqwu| lv1

Lq d vhfrqg vwhs dovr gl�huhqfhv lq fdslwdo0oderu udwlrv zhuh dqdo|vhg1

Wkh uhvxowv lq Iljxuh 6 dqg 7 dvvxph wkh deryh phqwlrqhg fdslwdo0oderu

udwlr +f��, iru wkh h{sruwhu dqg rqh sduwqhu frxqwu| zkloh fkdqjlqj rqh

lpsruwlqj frxqwu|*v fdslwdo0oderu udwlr wr f�2D dqg f��D/ uhvshfwlylho|1
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Figure 1: Trade Flows in a Three-Country World



Figure 2: Country B's Share of Export to a Large Country A ( Π BA ) and a Small Country C ( Π BC )
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Figure 3: Country B's Share of Export to a Large Country A ( Π BA ) and a Small Country C ( Π BC )
Changing Transport Costs and Exports Relative to Initial Situation

∆ΠΒΑ = log ΠΒΑ(tα) − log ΠΒΑ(tα = 1.1); ∆ΠBC = log ΠBC(tγ) - log ΠBC(tγ = 1.1); ∆t = log(t) - log(1.1)

-0.013

-0.011

-0.009

-0.007

-0.005

-0.003

-0.001

0.000 0.002 0.004 0.006 0.008 0.010 0.012 0.014 0.016 0.017 0.019 0.021 0.023 0.025 0.027

Log change in transport cost parameter (∆tα,∆tγ)

L
og

 c
ha

ng
e 

in
 e

xp
or

t s
ha

re

∆  ΠΒA(tα)

∆ ΠΒC(tγ)



Figure 4: The Capital-Labor Ratio and a Log Change in Transport Costs in a Small Country
Changing Transport Costs and Exports Relative to Initial Situation

∆ΠBC = log ΠBC(tγ) - log ΠBC(tγ = 1.1); ∆tγ = log(tγ) - log(1.1)
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Figure 5: The Capital-Labor Ratio and a Change in Transport Costs in a Large Country
Changing Transport Costs and Exports Relative to Initial Situation

∆ΠBA = log ΠBA(tα) - log ΠBA(tα = 1.1); ∆tα = log(tα) - log(1.1)
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Table 1: Estimation Results: Dependent Variable is the Share of a Country's Export to EU-countries as Percent of Total Exports
1993 - 1997 (real figures)

Importing Estimation c.i.f/f.o.b. Intra-EEA Sum of Similarity of Distance in Constant Obser- R2 Likelihood Honda (1985) Hausman
country method relations bilateral bilateral relative factor vations Ratio test Lagrange- test

GDPs GDPs endowments time effects Multiplier test

Belgium- EC -0.405 1.487 0.825 0.971 -0.534 -21.542 75 0.85 16.80 11.17 25.07
  Luxembourg (0.081) (0.789) (0.329) (0.553) (0.389) (8.918) (0.00) (0.00) (0.00)

EC-SUR -0.415 -7.859 0.333 -0.607 -1.509 -2.046 75 0.46 4.61 - -
(0.078) (4.767) (0.165) (0.468) (0.319) (2.586) (0.00) - -

Denmark EC -0.044 0.635 0.619 1.403 -0.002 -15.610 75 0.52 16.35 10.03 23.00
(0.125) (0.781) (0.473) (0.683) (0.358) (12.262) (0.00) (0.00) (0.00)

EC-SUR 0.057 0.017 0.071 1.127 -0.491 -4.887 75 0.47 5.29 - -
(0.114) (4.260) (0.175) (0.534) (0.293) (1.994) (0.00) - -

Germany EC -0.023 1.387 -0.069 -0.007 0.001 3.502 75 0.99 25.70 11.36 3.23
(0.101) (0.697) (0.653) (0.159) (0.190) (19.509) (0.00) (0.00) (0.92)

EC-SUR -0.017 0.836 0.007 -0.351 -0.087 0.849 75 0.97 9.15 - -
(0.077) (0.162) (0.011) (0.136) (0.231) (0.357) (0.00) - -

Finland EC -0.918 -0.433 0.309 0.975 -0.454 -6.983 75 0.58 25.87 10.32 2.37
(0.101) (0.757) (0.579) (0.811) (0.354) (14.673) (0.00) (0.00) (0.97)

EC-SUR -0.952 0.855 0.027 -0.323 -0.056 -0.994 75 0.92 8.19 - -
(0.123) (0.159) (0.015) (0.214) (0.269) (0.320) (0.00) - -

France EC -0.471 1.927 0.392 0.327 0.368 -10.474 75 0.96 24.66 10.99 0.85
(0.099) (0.704) (0.477) (0.214) (0.211) (14.231) (0.00) (0.00) (1.00)

EC-SUR -0.446 5.275 -0.152 0.200 0.166 7.317 75 0.91 17.61 - -
(0.100) (1.235) (0.046) (0.079) (0.143) (0.747) (0.00) - -

Greece EC -0.697 1.902 0.420 0.203 -0.131 -13.125 75 0.86 15.34 9.67 3.30
(0.137) (0.483) (0.458) (0.642) (0.288) (11.268) (0.00) (0.00) (0.91)

EC-SUR -0.750 0.869 0.019 0.153 0.458 -1.591 75 0.55 4.48 - -
(0.149) (0.395) (0.021) (0.140) (0.226) (0.312) (0.00) - -

Great Britain EC -0.256 1.563 0.541 -0.988 -0.295 -15.704 75 0.98 30.67 11.55 14.91
(0.079) (0.619) (0.361) (0.233) (0.253) (10.820) (0.00) (0.00) (0.06)

EC-SUR -0.276 -0.157 0.043 -1.129 -0.568 -0.463 75 0.93 7.09 - -
(0.115) (0.241) (0.016) (0.169) (0.249) (0.478) (0.00) - -

Ireland EC -0.215 0.737 0.022 -0.359 -0.329 -2.511 75 0.54 4.51 11.37 3.09
(0.103) (0.799) (1.117) (1.230) (0.214) (28.123) (0.34) (0.00) (0.93)

EC-SUR -0.151 -0.046 -0.026 -0.908 -0.578 0.343 75 0.58 3.46 - -
(0.083) (0.525) (0.038) (0.426) (0.172) (0.867) (0.01) - -

Italy EC -0.385 2.424 0.612 -0.347 -0.601 -18.115 75 0.93 12.35 11.78 46.94
(0.143) (0.751) (0.426) (0.249) (0.294) (12.712) (0.01) (0.00) (0.00)

EC-SUR -0.323 1.966 -0.005 -0.597 -0.712 -1.497 75 0.54 7.55 - -
(0.103) (0.517) (0.032) (0.277) (0.209) (0.759) (0.00) - -

Netherlands EC -0.133 0.887 0.139 0.100 -0.318 -2.943 75 0.94 0.22 11.33 4.99
(0.102) (0.669) (0.228) (0.434) (0.336) (6.520) (0.99) (0.00) (0.76)

EC-SUR -0.161 -0.185 0.072 0.233 0.272 -1.445 75 0.52 0.40 - -
(0.101) (0.475) (0.024) (0.137) (0.307) (0.282) (0.81) - -

Austria EC -0.457 3.056 -0.031 -1.138 0.036 -3.083 75 0.66 13.68 11.73 2.19
(0.134) (0.721) (0.350) (0.570) (0.378) (9.215) (0.01) (0.00) (0.97)

EC-SUR -0.299 1.151 0.009 -0.991 -0.249 -1.034 75 0.85 2.97 - -
(0.153) (0.285) (0.019) (0.331) (0.345) (0.516) (0.03) - -

Portugal EC -0.669 1.951 1.529 1.374 -0.976 -40.789 75 0.72 5.80 11.63 1.86
(0.183) (0.861) (0.831) (1.112) (0.473) (20.452) (0.21) (0.00) (0.99)

EC-SUR -0.714 -2.781 0.151 -0.291 -1.370 1.041 75 0.60 4.02 - -
(0.139) (2.119) (0.074) (0.264) (0.678) (1.042) (0.01) - -

Sweden EC -0.083 1.326 -0.963 -1.183 -0.238 24.385 75 0.59 8.47 11.87 6.55
(0.088) (1.058) (0.523) (0.874) (0.574) (13.692) (0.08) (0.00) (0.59)

EC-SUR -0.174 0.164 0.021 -0.767 -0.559 -0.208 75 0.84 0.32 - -
(0.080) (0.244) (0.014) (0.198) (0.339) (0.309) (0.86) - -

Spain EC -0.369 1.760 0.316 0.086 -0.528 -8.965 75 0.85 7.04 11.24 9.87
(0.195) (1.009) (0.320) (0.559) (0.505) (9.719) (0.13) (0.00) (0.27)

EC-SUR -0.552 -4.940 0.212 0.184 0.261 46.283 75 0.42 3.37 - -
(0.160) (20.287) (0.749) (0.443) (0.277) (31.437) (0.01) - -

Pooled model EC -0.344 2.725 1.038 0.473 -0.153 -29.682 1050 0.601 121.05 45.07 5.99
(0.031) (0.243) (0.081) (0.090) (0.088) (2.322) (0.00) (0.00) (0.65)

EC-SUR -0.202 0.678 0.032 -0.328 -0.709 -0.350 1050 0.59 1.62 - -
(0.037) (0.110) (0.007) (0.054) (0.086) (0.153) (0.17) - -

Standard errors below coefficients in parentheses. For Likelihood-ratio, Lagrange multiplier and Hausman test statistics p-values are reported.



Table 2: Explaining the SUR C.I.F./F.O.B. Parameter
GLS regression results and Spearman (1904) rank correlation coefficients

Explaining factors Rank correlation

 I II III IV Spearman (1904)
Constant -5.423 -0.623 -0.640 -0.540 -

(2.220) (0.142) (0.125) (0.136) -

GDPj 0.030 - - - 0.163

(0.067) - - - (0.112)
Capital-labor ratioj 0.406 - - - 0.530

(0.202) - - - (0.111)

Importer size

   Largest 4 - 0.382 0.375 - -

- (0.242) (0.176) - -
   Medium 6 - 0.336 0.383 - -

- (0.216) (0.161) - -

Importer capital-labor ratio
   Largest 4 - 0.107 - 0.372 -

- (0.243) - (0.192) -
   Medium 6 - -0.068 - 0.152 -

- (0.216) - (0.176) -

Observations 14 14 14 14 14
R2

0.69 0.79 0.77 0.73 -

Root MSE 0.30 0.33 0.30 0.30 -

Standard errors below coefficients in parentheses.

Dependent variable: SUR c.i.f./f.o.b. parameter (β1)

GLS regressions after Saxonhouse (1977)


