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Devwudfw

Wklv sdshu lqyhvwljdwhv zkhwkhu shhu h�hfwv sod| dq lpsruwdqw uroh lq uhwluhphqw vdylqjv

ghflvlrqv1 Zh xvh lqglylgxdo gdwd iurp wkh vwd� ri d xqlyhuvlw| wr vwxg| zkhwkhu lqglylgxdo

ghflvlrqv wr hquroo lq d Wd{ Ghihuuhg Dffrxqw sodq vsrqvruhg e| wkh xqlyhuvlw| +dqg wkh

fkrlfh ri wkh pxwxdo ixqg yhqgru iru shrsoh zkr fkrrvh wr hquroo, duh d�hfwhg e| wkh ghflvlrqv

ri rwkhu hpsor|hhv lq wkh vdph ghsduwphqw1 Wr ryhufrph wkh lghqwl�fdwlrq sureohpv/ zh

vhsdudwh wkh ghsduwphqwv lqwr vxe0jurxsv +dorqj jhqghu/ vwdwxv/ djh/ dqg whqxuh olqhv, dqg

zh lqvwuxphqw wkh dyhudjh sduwlflsdwlrq ri hdfk shhu jurxs e| wkh vdodu| ru whqxuh vwuxfwxuh

lq wklv jurxs1 Rxu uhvxowv vxjjhvw wkdw shhu h�hfwv duh lpsruwdqw1 Zh �qg vljql�fdqw rzq0

jurxs shhu h�hfw rq sduwlflsdwlrq dqg rq yhqgru*v fkrlfh/ exw qr furvv0jurxs shhu h�hfwv1
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Orz ohyhov ri vdylqjv lq wkh Xqlwhg Vwdwhv kdyh jhqhudwhg vxevwdqwldo lqwhuhvw lq wkh txhvwlrq

ri zkdw ghwhuplqhv vdylqjv ghflvlrqv1 D ydvw olwhudwxuh kdv vwxglhg wkh lpsdfw ri Wd{ Ghihuuhg

Dffrxqwv +khuhdiwhu/ WGD,/ vxfk dv Lqglylgxdo Uhwluhphqw Dffrxqwv +LUD, dqg 734+n,v/ rq uh0

wluhphqw vdylqjv ghflvlrqv/� dqg/ frqfxuuhqwo|/ wkh lpsdfw ri wkhvh sodqv* ihdwxuhv rq hquroophqw

dqg frqwulexwlrq udwhv1 D qxpehu ri vwxglhv dwwhpswhg wr dvvhvv wkh h�hfw ri hfrqrplf lqfhq0

wlyhv rq lqglylgxdo ehkdylru dqg irxqg pl{hg hylghqfh1 Wkh suhvhqfh ri d pdwfklqj frqwulexwlrq

iurp wkh hpsor|hu kdv jhqhudoo| ehhq irxqg wr eh fruuhodwhg zlwk kljkhu sduwlflsdwlrq udwhv/ exw

wkh ohyho ri wkh pdwfk udwh grhv qrw vhhp wr pdwwhu12 Dv Ehuqkhlp +4<<<, srlqwv rxw/ pdwfklqj

dovr vhuyhv dv d ghylfh wr irfxv wkh hpsor|hhv* dwwhqwlrq1 Wklv vxjjhvwv wkdw sxuh hfrqrplf

lqfhqwlyhv duh qrw vx�flhqw wr h{sodlq vdylqjv ehkdylru1 Uhfhqw vwxglhv hpskdvl}h wkh uroh ri

qrq0hfrqrplf lqfhqwlyhv vxfk dv �qdqfldo hgxfdwlrq dqg lqhuwld1 Pdguldq dqg Vkhd +5333e,

vkrz wkdw ghidxow uxohv kdyh dq hqruprxv lpsdfw rq hpsor|hhv* sduwlflsdwlrq/ frqwulexwlrq/ dqg

dvvhw doorfdwlrq1 Zkhq wkh| duh hquroohg e| ghidxow lq d WGD/ yhu| ihz hpsor|hhv rsw rxw1

Ixuwkhu/ prvw hpsor|hhv gr qrw fkdqjh wkh ghidxow frqwulexwlrq udwh ru wkh ghidxow doorfdwlrq ri

dvvhwv1 Ehuqkhlp dqg Jduuhww +4<<9, dqg Ed|hu/ Ehuqkhlp dqg Vfkro} +4<<;, vwxg| wkh uroh ri

�qdqfldo hgxfdwlrq1 Wkh| suhvhqw hylghqfh wkdw �qdqfldo hgxfdwlrq whqgv wr eh uhphgldo� exw

wkdw lw lqfuhdvhv sduwlflsdwlrq lq wkh sodq/ vxjjhvwlqj wkdw hpsor|hhv pd| qrw eh deoh wr jdwkhu

wkh qhfhvvdu| lqirupdwlrq rq wkhlu rzq1

Wklv sdshu frqwulexwhv wr wklv olwhudwxuh e| vwxg|lqj wkh uroh ri shhu h�hfwv lq WGD sduwlfl0

sdwlrq dqg ghflvlrqv uhodwhg wr wkh sodq1 Wkhuh kdv qhyhu ehhq d vwxg| ri shhu h�hfwv rq vdylqj

ghflvlrqv1 Wklv lv vxusulvlqj/ ehfdxvh wkh wkhruhwlfdo olwhudwxuh vxjjhvwv dw ohdvw wzr uhdvrqv zk|

shhuv sod| d uroh lq wklv frqwh{w1 Iluvw/ wkh sodqv duh vx�flhqwo| vxewoh wkdw wkhlu dgydqwdjhv

duh qrw reylrxv wr vrphrqh zkr kdv qrw wkrxjkw fduhixoo| derxw lw1 Hyhq zkhq shrsoh fkrrvh

wr sduwlflsdwh/ wkh| pd| odfn wkh lqirupdwlrq qhfhvvdu| wr pdnh lqyhvwphqw ghflvlrqv1 Wkh hyl0

ghqfh suhvhqwhg e| Pdguldq dqg Vkhd +5333e, vxjjhvwv wkdw d odujh sursruwlrq ri shrsoh gr qrw
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wklqn derxw wkhvh ghflvlrqv dw doo1 Wkh olwhudwxuh rq lqirupdwlrqdo fdvfdghv +Edqhumhh +4<<5,/

Holvrq dqg Ixghqehuj +4<<6,, surylgh uhdvrqv zk| lqirupdwlrq +fruuhfw ru qrw, rewdlqhg iurp

fr0zrunhuv pd| eh dq lpsruwdqw idfwru lq ghflglqj zkhwkhu wr sduwlflsdwh dqg krz wr lqyhvw�

jlylqj ulvh wr shhu h�hfwv1 Vhfrqg/ vdylqjv ghflvlrqv pd| eh lq�xhqfhg e| vrfldo qrupv ru eholhiv

derxw vrfldo qrupv1 E| revhuylqj fr0zrunhuv/ shrsoh fdq ohduq derxw wkh surshu ehkdylru ri

wkhlu vrfldo jurxs/ dv hpskdvl}hg e| prghov ri frqiruplw| +h1j1 Ehuqkhlp +4<<7,,= Lqglylgxdov

pd| zdqw wr pdlqwdlq wkh vdph frqvxpswlrq ohyho dv zkdw lv frpprq lq wkhlu vrfldo jurxs1

Wkhuh lv d jurzlqj hpslulfdo olwhudwxuh rq shhu h�hfwv zklfk hvvhqwldoo| irfxvhv rq vrfldo

ehkdylru/ dqg wkh dgrswlrq ri qhz whfkqrorjlhv1e Pdqvnl +4<<6, surylghv d irupdo h{srvlwlrq

ri wkh hfrqrphwulf lvvxhv wkdw lghqwli|lqj shhu h�hfwv lqyroyhv1 Fruuhodwlrq ri ehkdylru zlwklq

shhu jurxsv lv qrw qhfhvvdulo| gxh wr wkh idfw wkdw phpehuv ri wkh jurxs gluhfwo| lq�xhqfh hdfk

rwkhu1 Iluvw/ phpehuv ri wkh vdph jurxs vkduh d frpprq hqylurqphqw/ zklfk pd| lq�xhqfh

wkhlu ehkdylru1 Vhfrqg/ h{fhsw zkhq lqglylgxdov duh udqgrpo| dvvljqhg wr d shhu jurxs/ shrsoh

zlwk vlplodu suhihuhqfhv whqg wr ehorqj wr wkh vdph jurxs1 Erwk ri wkhvh jhqhudwh d fruuhodwlrq

ehwzhhq jurxs ehkdylru dqg lqglylgxdo ehkdylru zklfk grhv qrw lqglfdwh dq| fdxvdo uhodwlrqvkls

ehwzhhq wkh wzr1 Ilqdoo|/ wkhuh pd| eh d fdxvdo uhodwlrqvkls ehwzhhq wkh fkdudfwhulvwlfv ri wkh

shhu jurxs phpehuv dqg lqglylgxdo ehkdylru zklfk grhv qrw uh�hfw hlwkhu ohduqlqj ru frqiruplw|1

Iru h{dpsoh/ uhgolqlqj e| duhdv phdqv wkdw wkh udfldo frpsrvlwlrq ri rqh*v qhljkerukrrg gluhfwo|

d�hfwv wkh suredelolw| wkdw rqh fdq jhw d pruwjdjh1 Vlploduo|/ hpsor|hhv zrunlqj lq �upv zkhuh

rwkhu shrsoh duh zhoo sdlg pd| gluhfwo| ehqh�w iurp vrph ri wkhvh dgydqwdjhv1 Wklv lv zkdw

Pdqvnl +4<<6, fdoov dq h{rjhqrxv vrfldo h�hfw1

Lq wklv sdshu/ zh dvn zkhwkhu wkh ghflvlrqv ri hpsor|hhv ri d odujh xqlyhuvlw| wr hquroo lq

wkh WGD sodq/ dqg wkh yhqgru wkh| fkrrvh rqfh hquroohg/ duh d�hfwhg e| wkh ghflvlrqv ri wkhlu

froohdjxhv lq wkh vdph ghsduwphqw1 Zh ehjlq e| suhvhqwlqj dq lqwuljxlqj h{dpsoh/ qdpho| wkh

gl�huhqfhv lq sduwlflsdwlrq udwhv dprqj wkh xqlyhuvlw|*v oleudulhv1 Dowkrxjk dyhudjh vwd� vdodu|

dqg h{shulhqfh duh yhu| vlplodu dfurvv oleudulhv/ sduwlflsdwlrq udwhv duh yhu| gl�huhqw1 Wklv

vxjjhvwv wkdw wkh fruuhodwlrq ri hpsor|hhv ehkdylru zlwklq oleudulhv pd| eh gxh wr shhu h�hfwv1
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Lq wkh uhpdlqghu ri wklv sdshu/ zh irfxv rq wkh ghflvlrqv ri wkh dgplqlvwudwlyh dqg vxssruw

vwd� ri wkh xqlyhuvlw| dv d zkroh1 Wkhuh duh vhyhudo uhdvrqv zk| wkh lghqwl�fdwlrq ri shhu h�hfwv

lv hdvlhu lq wklv frqwh{w wkdq lq rwkhu vlwxdwlrqv suhylrxvo| vwxglhg1 Iluvw/ wkh hpsor|hhv vkduh

d frpprq surjudp/ fhqwudoo| rujdql}hg e| wkh xqlyhuvlw|1 Ehqh�wv lqirupdwlrqdo vhvvlrqv duh

lghqwlfdo iru doo ghsduwphqwv lq wkh xqlyhuvlw|1 Wkh sduwlfxodu ghsduwphqw lq zklfk rqh zrunv

wkhuhiruh grhv qrw d�hfw wkh ohyho ri lqsxwv surylghg e| wkh �up wr khos wkh hpsor|hhv pdnh wkhlu

WGD ghflvlrqv1 Vhfrqg/ hpsor|hhv gr qrw fkrrvh wr zrun iru d sduwlfxodu ghsduwphqw ehfdxvh

lw pdgh hquroophqw lq wkh WGD sodq hdvlhu1 Lw lv vwloo srvvleoh iru surshqvlw| wr vdyh wr eh

fruuhodwhg zlwklq ghsduwphqwv1 Iru h{dpsoh/ hfrqrplvwv suredeo| nqrz pruh derxw WGD sodqv

wkdq sk|vlflvwv/ dqg wkxv duh pruh olnho| wr sduwlflsdwh hyhq li zh frqwuro iru hduqlqjv ohyhov1

Hyhq zkhq zh uhvwulfw rxu vdpsoh wr wkh vwd�/ zh pd| qrw uhpryh doo ri wklv fruuhodwlrq1 Wklug/

rqfh zh frqwuro iru lqglylgxdo zdjhv ru whqxuh/ wkh dyhudjh zdjh ru whqxuh lq wkh ghsduwphqw grhv

qrw gluhfwo| d�hfw lqglylgxdo hquroophqw ghflvlrqv1 Zh iroorz Fdvh dqg Ndw} +4<<4,/ dqg xvh wklv

dvvxpswlrq wr frqvwuxfw lqvwuxphqwv iru wkh dyhudjh sduwlflsdwlrq lq wkh sodq1 Wkh lqvwuxphqwv

fdq vwloo eh lqydolg li wkhuh lv d fruuhodwlrq ehwzhhq dyhudjh zdjh +ru whqxuh, lq d ghsduwphqw

dqg wkh lqglylgxdo*v xqrevhuyhg surshqvlw| wr vdyh hyhq diwhu frqwuroolqj iru lqglylgxdo zdjh

dqg whqxuh1

Irxuwk/ suhvxpdeo|/ lqglylgxdov lqwhudfw prvwo| zlwk fr0zrunhuv zkr vkduh revhuydeoh fkdu0

dfwhulvwlfv vxfk dv jhqghu/ djh/ ru whqxuh1 Sxw dqrwkhu zd|/ zrphq duh pruh olnho| wr wdon wr

zrphq/ phq wr phq/ dqg qhzo| kluhg hpsor|hhv wr qhzo| kluhg hpsor|hhv1 Wkhuhiruh/ lw lv sodx0

vleoh wkdw wkh uhohydqw shhu jurxs ri dq lqglylgxdo lv d vxe0jurxs ri klv ghsduwphqw1 Zh xvh wklv

suhvxpswlrq wr frqvwuxfw dqrwkhu whvw ri wkh lghqwl�fdwlrq dvvxpswlrq1 Zh uhjuhvv lqglylgxdo

sduwlflsdwlrq rq dyhudjh sduwlflsdwlrq lq klv rzq vxe0jurxs dqg wkh dyhudjh sduwlflsdwlrq lq wkh

rwkhu vxe0jurxsv1 Li wkhuh lv d fruuhodwlrq ehwzhhq wkh lqvwuxphqwv dqg wkh huuru whup dw wkh

ghsduwphqw ohyho/ zh zrxog vhh d +vsxulrxv, srvlwlyh frh�flhqw iru wkh dyhudjh ghflvlrq ri wkh

rwkhu vxe0jurxs lq wkh ghsduwphqw1

Odvwo|/ zh vwxg| wkh fkrlfh ri wkh pxwxdo ixqg yhqgru lq dgglwlrq wr wkh sduwlflsdwlrq

ghflvlrq1 Ehfdxvh yhqgruv r�hu vlplodu vhuylfhv dw vlplodu frvwv/ zh pljkw wklqn wkdw hpsor|hhv

gr qrw ihho yhu| vwurqjo| derxw dq| rqh yhqgru/ dqg wkdw li vrph kdyh d suhihuhqfh iru rqh yhqgru

ryhu dqrwkhu/ wkhvh suhihuhqfhv duh suredeo| qrw fruuhodwhg zlwklq ghsduwphqwv1 Li/ xvlqj wkh
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diruhphqwlrqhg whfkqltxhv/ zh �qg d srvlwlyh dvvrfldwlrq ehwzhhq wkh fkrlfh ri yhqgruv zlwklq

vxe0jurxsv dqg ghsduwphqwv/ lw vkrxog uhlqirufh rxu frq�ghqfh lq wkh suhylrxv �qglqjv1

Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv1 Lq vhfwlrq 5/ zh surylgh hylghqfh iurp

wkh xqlyhuvlw|*v oleudulhv dv dq lqwurgxfwru| h{dpsoh1 Vhfwlrq 6 ghvfulehv wkh ihdwxuhv ri wkh

xqlyhuvlw|*v WGD sodq dqg wkh gdwd1 Lq vhfwlrq 7/ zh suhvhqw wkh uhvxowv rq wkh sduwlflsdwlrq

ghflvlrqv1 Lq vhfwlrq 8/ zh wxuq wr wkh fkrlfh ri yhqgru1 Zh �qg vwurqj hylghqfh ri shhu h�hfwv

iru erwk sduwlflsdwlrq dqg yhqgru fkrlfh1 Vhfwlrq 9 frqfoxghv1

2 �@ti 5|�_)G w�Mh@h�it

Lq wdeoh 4 zh suhvhqw vrph suholplqdu| exw vxjjhvwlyh hylghqfh1 Lw suhvhqwv wkh frqwulexwlrq

udwhv/ vdodu|/ dqg whqxuh ri wkh vwd� lq wkh xqlyhuvlw|*v 44 lqghshqghqw oleudulhv wkdw duh mrlqwo|

dgplqlvwhuhg e| d fhqwudo oleudu| dgplqlvwudwlrq1D Oleudulhv gl�hu lq wkh qxpehu ri vwd� php0

ehuv/ exw wkh frpsrvlwlrq ri wkh vwd� lv vlplodu dfurvv oleudulhv1 Vdodu| dqg |hduv ri vhuylfhv duh

yhu| vlplodu lq doo oleudulhv1 Wkhuh duh uhdvrqv wr eholhyh wkdw wkh dvvljqphqw ri hpsor|hhv wr

d sduwlfxodu oleudu| lv qrw fruuhodwhg zlwk xqrevhuyhg fkdudfwhulvwlfv uhodwhg wr vdylqjv1 Prvw

oleudu| mrev fxuuhqwo| olvwhg lq wkh xqlyhuvlw|*v hpsor|phqw zhe vlwh gr qrw uhtxluh d vshfl�f

frpshwhqfh uhodwhg wr d grpdlq/ exw d jhqhudo hgxfdwlrq dqg oleudu| h{shulhqfh1 Wkh fhqwudo

oleudu| dgplqlvwudwlrq kluhv qhz oleudu| hpsor|hhv1 Lqlwldo dvvljqphqw wr d oleudu|/ wkhuhiruh/

lv prvwo| ghwhuplqhg e| wkh rshqlqj ri d srvlwlrq vxlwdeoh wr wkh dssolfdqw dw wkh wlph kh ru

vkh dssolhg1 Pruhryhu/ |hdu wr |hdu wudqvlwlrqv iurp rqh oleudu| wr dqrwkhu duh h{wuhpho| uduh1

Iurp d wrwdo ri 4/;33 revhuydwlrqv +durxqg 783 hpsor|hhv lq oleudulhv revhuyhg irxu wlphv ryhu

wzr |hduv,/ wkhuh lv rqo| rqh rffxuuhqfh ri dq hpsor|hh vzlwfklqj iurp rqh oleudu| wr dqrwkhu1

Lq vxppdu|/ wkhuh lv qr d sulrul uhdvrq wr wklqn wkdw wkh oleudu| hpsor|hhv* surshqvlw| wr vdyh

vkrxog eh fruuhodwhg dfurvv oleudulhv1 Lq wkh devhqfh ri shhu h�hfwv/ zh vkrxog h{shfw uhodwlyho|

vlplodu sduwlflsdwlrq udwhv iurp rqh oleudu| wr dqrwkhu1

Krzhyhu/ sduwlflsdwlrq udwhv gl�hu vxevwdqwldoo| iurp rqh oleudu| wr dqrwkhu1 Wkh udwhv

ydu| iurp 3147 wr 31:61 Lv wkhuh wrr pxfk yduldqfh lq wkh glvwulexwlrq ri sduwlflsdwlrq udwhv

dfurvv oleudulhv uhodwlyh wr zkdw zh zrxog h{shfw lq wkh devhqfh ri fruuhodwlrq ri ehkdylru
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zlwklq oleudulhvBS Xqghu wkh qxoo k|srwkhvlv wkdw wkh lqglylgxdo suredelolwlhv ri sduwlflsdwlrq

duh lqghshqghqw dqg jlyhq e| wkh hpslulfdo dyhudjh sduwlflsdwlrq udwh s ryhu doo oleudulhv/ wkh

yduldqfh ri sduwlflsdwlrq udwhv dfurvv oleudulhv zrxog eh htxdo wr 3156<1 Krzhyhu/ wkh dfwxdo

hpslulfdo yduldqfh lv 3174;1. Xvlqj d vlpsoh errwvwuds phwkrg/ zh �qg wkdw wkh qxoo k|srwkhvlv

lv uhmhfwhg zlwk d s0ydoxh ri 3137<1 Dowhuqdwlyho|/ dq ROV uhjuhvvlrq ri lqglylgxdo sduwlflsdwlrq

rq wkh dyhudjh sduwlflsdwlrq ri rwkhu hpsor|hhv lq wkh oleudu| ohdgv wr d frh�flhqw ri dyhudjh

sduwlflsdwlrq +3164, wkdw lv vljql�fdqw dw wkh 8( ohyho/ dqg lv qrw d�hfwhg e| frqwuroolqj iru

zdjhv ru |hduv ri vhuylfh1

Vlpsoh hylghqfh iurp d yhu| vpdoo vxevdpsoh +rqh zdyh ri gdwd dqg ohvv wkdq 8( ri wkh

xqlyhuvlw|*v hpsor|hhv, vxjjhvwv wkdw shhu h�hfwv duh suhvhqw1 Ri frxuvh/ wkhuh duh rwkhu srvvleoh

lqwhusuhwdwlrqv ri wklv uhvxow1 Iluvw/ vrph oleudulhv duh pruh suhvwljlrxv wkdq rwkhuv/ dqg wkhuhiruh

wkh kxpdq uhvrxufhv ghsduwphqw ri wkh oleudu| dgplqlvwudwlrq pd| gluhfw wkh prvw frpshwhqw

dssolfdqwv wrzdugv wkrvh oleudulhv +wkh idfw wkdw vdodulhv dqg whqxuh gr qrw ydu| pxfk iurp

rqh oleudu| wr dqrwkhu lv frpiruwlqj exw wkh vwd� frpsrvlwlrq pd| vwloo gl�hu dorqj xqrevhuyhg

vnloo glphqvlrqv fruuhodwhg wr vdylqjv,1 Vhfrqg/ vrph oleudu| vwd� gr kdyh vshfldo vnloov ru

fkdudfwhulvwlfv +iru h{dpsoh/ hpsor|hhv dw wkh Rulhqwdo Vwxglhv Oleudu| duh pruh olnho| wr eh

Dvldq0Dphulfdqv,/ zklfk pd| eh fruuhodwhg zlwk wkhlu surshqvlw| wr vdyh1 Qhyhuwkhohvv/ wklv

glvshuvlrq lv vwulnlqj1

Lq wkh iroorzlqj vhfwlrqv/ zh suhvhqw hylghqfh rq wkh lpsruwdqfh ri shhu h�hfwv rq wkh ghflvlrq

wr hquroo lq wkh WGD dqg rq wkh fkrlfh ri yhqgru xvlqj gdwd iurp wkh xqlyhuvlw| dv d zkroh/

zkhuh wkh dvvxpswlrq ri udqgrp dvvljqphqw wr d ghsduwphqw fdqqrw eh pdgh1
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Wkh xqlyhuvlw| zh vwxg| kdv dssur{lpdwho| 45/833 hpsor|hhv1 Urxjko| 53( ri wkh hpsor|hhv

duh phpehuv ri wkh idfxow|1 Wkh xqlyhuvlw| surylghv uhwluhphqw ehqh�wv wr lwv hpsor|hhv wkurxjk

d wudglwlrqdo shqvlrq sodq dqg d frpsohphqwdu| Wd{0Ghihuuhg0Dffrxqw +WGD, sodq1

Sduw ri wkh wudglwlrqdo shqvlrq sodq lv d Gh�qhg0Frqwulexwlrq +GF, sodq zkhuh d jlyhq

shufhqwdjh ri dq hpsor|hh*v vdodu| lv sxw lqwr dq lqglylgxdo pxwxdo ixqg dffrxqw uxq e| wkh

ixqg pdqdjhu1H Wkh �up frqwulexwhv 618( ri vdodulhv lqwr wklv GF sodq iru vwd� hpsor|hhv dqg

8 wr 43( +ghshqglqj rq whqxuh dqg djh, iru idfxow|1 Wkhuh lv d rqh |hdu zdlwlqj shulrg iru wkh

GF sodq ehqh�w wr ehjlq1

Hpsor|hhv fdq dovr frqwulexwh wr d WGD sodq/ d 736+e, sodqb zklfk kdv qr zdlwlqj shulrg1

Hyhu| hpsor|hh fdq frqwulexwh wr wkh 736+e, sodq dq| shufhqwdjh ri wkhlu vdodu| xs wr wkh

LUV olplw +dssur{lpdwho| '43/333 shu |hdu iru hdfk lqglylgxdo,1 Wkh xqlyhuvlw| grhv qrw pdwfk

frqwulexwlrqv1

Lq erwk wkh GF dqg wkh WGD sodqv/ hpsor|hhv fdq fkrrvh zkhuh wr lqyhvw wkhlu frqwulexwlrqv

iurp dq| qxpehu ri irxu gl�huhqw yhqgruv1 Hdfk yhqgru surylghv d odujh vhohfwlrq ri pxwxdo

ixqgv +durxqg 58 hdfk, wkdw lqfoxgh prqh|0pdunhw ixqgv/ erqgv/ dqg vwrfnv +erwk X1V1 dqg

iruhljq,1 Hdfk ri wkh irxu yhqgruv r�hu yhu| vlplodu vhuylfhv1 Doo yhqgruv doorz fxvwrphuv

wr fkdqjh wkhlu sruwirolrv lq d yhu| �h{leoh zd| wkurxjk wkh skrqh ru wkh lqwhuqhw1 Zh zloo

frqfhqwudwh rq wkh wkuhh eljjhvw yhqgruv zklfk dwwudfw ryhu <3( ri wrwdo frqwulexwlrqv1�f Zh

ghqrwh wkhvh wkuhh yhqgruv U/ G/ dqg Y1

��2 5�44@h) 5|@|�t|�Ut

Wkh xqlyhuvlw| surylghg xv zlwk lqglylgxdo gdwd rq WGD sduwlflsdwlrq dqg frqwulexwlrqv1 Wkh

xqlyhuvlw| froohfwhg irxu zdyhv ri gdwd +Rfwrehu 4<<:/ Mxqh 4<<;/ Rfwrehu 4<<;/ dqg Mxqh 4<<<,
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rq doo wkh hpsor|hhv1 Lqglylgxdo lghqwl�huv duh surylghg vr wkdw wkh irxu zdyhv fdq eh olqnhg1

Zh xvh wkh irxu zdyhv wrjhwkhu dqg fruuhfw wkh vwdqgdug huuruv iru foxvwhulqj dw wkh lqglylgxdo

ohyho1

D qxpehu ri yduldeohv duh lqfoxghg iru hdfk hpsor|hh dqg hdfk zdyh1 Wdeoh 5 surylghv vxp0

pdu| vwdwlvwlfv ri wkh yduldeohv zh xvh lq wklv vwxg|1 Lw glvsod|v phdqv dqg vwdqgdug ghyldwlrqv

iru wkuhh jurxsv ri hpsor|hhv1 Froxpq +4, lv wkh frpsohwh vdpsoh +erwk vwd� dqg idfxow|,1 Zh

h{foxgh iurp wklv vdpsoh doo hpsor|hhv zrunlqj lq irrg dqg fxvwrgldo vhuylfhv/ ehfdxvh wkhlu

zdjhv dqg frqwulexwlrq ohyhov duh vxevwdqwldoo| ehorz wkrvh lq wkh rwkhu ghsduwphqwv1 Zh h{0

foxgh wkh exvlqhvv vfkrro dv zhoo ehfdxvh zh glg qrw rewdlq wkh euhdngrzq e| ghsduwphqwv zlwklq

wkh vfkrro1�� Lq wrwdo/ wkhvh h{foxghg revhuydwlrqv uhsuhvhqw voljkwo| ohvv wkdq 43( ri wkh lqlwldo

vdpsoh1 Ehfdxvh wkhuh duh vwurqj uhdvrqv wr wklqn wkdw idfxow| duh vruwhg lqwr ghsduwphqwv lq d

zd| wkdw lv fruuhodwhg wr wkhlu surshqvlw| wr vdyh/ zh uhvwulfw wkh dqdo|vlv ri shhu h�hfwv iru wkh

sduwlflsdwlrq ghflvlrq wr wkh vwd�1 Froxpq +5, suhvhqwv ghvfulswlyh vwdwlvwlfv iru wklv vdpsoh1

Vlqfh zh duh uhvwulfwhg wr lqglylgxdov zkr sduwlflsdwh lq wkh WGD zkhq h{dplqlqj wkh fkrlfh

ri yhqgru/ zh zloo suhvhqw uhvxowv iru doo vwd� phpehuv zkr sduwlflsdwh1 Ilqdoo|/ zh suhvhqw wkh

ghvfulswlyh vwdwlvwlfv iru idfxow| lq froxpq +6,1

Sdqho D/ wdeoh 5 glvsod|v ghprjudsklf dqg frpshqvdwlrq fkdudfwhulvwlfv ri wkh xqlyhuvlw|*v

hpsor|hhv1 Wkh dyhudjh vdodu| dprqj vwd� lv d olwwoh ryhu '6</3331 Wkh shufhqwdjh ri pdoh

hpsor|hhv lq rxu pdlq vdpsoh lv 6<(1 Wkh dyhudjh djh lv 73 dqg wkh dyhudjh whqxuh lv :16 |hduv1

Sdqho E/ wdeoh 5 suhvhqwv lqirupdwlrq rq WGD sodq sduwlflsdwlrq dqg fkrlfh ri yhqgruv1 Wkh

dyhudjh sduwlflsdwlrq udwh lv 66( dprqj vwd�1 Wkh vkduh ri frqwulexwlrqv lq yhqgruv G/ U/ dqg

Y duh 67(/ 67(/ dqg 55(/ uhvshfwlyho|1 Sdqho F/ wdeoh 5 suhvhqwv lqirupdwlrq rq ghsduwphqwv1

Rxu vdpsoh lv glylghg lqwr 753 ghsduwphqwv1 Wkh dyhudjh qxpehu ri hpsor|hhv shu ghsduwphqw

lv 65/ dqg wkh phgldq lv 451 Wkh vpdoohvw ghsduwphqw kdv 5 phpehuv1

e �iih ,giU|t �? �@h|�U�T@|�L? #iU�t�L?t

Lq wklv vhfwlrq/ zh �uvw vkrz wkdw sduwlflsdwlrq udwhv duh fruuhodwhg dfurvv ghsduwphqwv/ dqg zh

wkhq suhvhqw hylghqfh zklfk vxjjhvwv wklv fruuhodwlrq lv/ dw ohdvw lq sduw/ gulyhq e| vrfldo h�hfwv1
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Hdfk lqglylgxdo lq wkh �up lv fkdudfwhul}hg e| d yhfwru +|> {> ]> x,1 | lv wkh rxwfrph ri lqwhuhvw1

Lq wklv sdshu zh frqvlghu wzr srwhqwldo rxwfrphv ri lqwhuhvw1 Iluvw/ zh vwxg| sduwlflsdwlrq

ghflvlrqv1 Lq wkdw fdvh/ | lv d gxpp| iru sduwlflsdwlrq lq wkh WGD1 Vhfrqg/ zh vwxg| wkh fkrlfh

ri wkh pxwxdo ixqg yhqgru frqglwlrqdo rq sduwlflsdwlrq1 { lv wkh ghsduwphqw zkhuh wkh hpsor|hh

lv orfdwhg1 +]>x, duh lqglylgxdo fkdudfwhulvwlfv wkdw d�hfw wkh rxwfrph |1 Wkh fkdudfwhulvwlfv

] duh revhuydeohv +vdodu|/ jhqghu/ djh/ dqg |hduv ri vhuylfh,1 x lv dq xqrevhuydeoh vfdodu zklfk

uhsuhvhqwv xqrevhuydeoh fkdudfwhulvwlfv wkdw pljkw d�hfw wkh rxwfrph |/ vxfk dv surshqvlw| wr

vdyh/ wkdw duh qrw fdswxuhg e| wkh revhuydeohv1 Zh dvvxph d olqhdu vshfl�fdwlrq dqg zh vhhn wr

hvwlpdwh wkh prgho/

|� @ �. � aH3�+|m{, . ]�� . x�> +4,

zkhuh l lv dq lqglylgxdo revhuydwlrq/ dqg

aH3�+|m{, @
[

�M%.t��

|�@+Q% � 4,

lv wkh dyhudjh ri | lq ghsduwphqw { +h{foxglqj lqglylgxdo l,1 Q% ghqrwhv wkh qxpehu ri lqglylgx0

dov lq ghsduwphqw {1 H{foxglqj wkh revhuydwlrq ri lqglylgxdo l zkhq frpsxwlqj wkh h{shfwdwlrq

dyrlgv d sxuho| phfkdqlfdo fruuhodwlrq ehwzhhq dyhudjh ghsduwphqwdo sduwlflsdwlrq dqg lqglylg0

xdo sduwlflsdwlrq1

Wkh uhvxowv ri hvwlpdwlqj wklv htxdwlrq e| ROV duh suhvhqwhg lq froxpq +4,/ wdeoh 61 Zh

frqwuro iru jhqghu/ gxpplhv iru hdfk djh ghfdgh/ whqxuh gxpplhv/ dqg vdodu| gxpplhv lqglfdwlqj

lq zklfk ghfloh ri wkh xqlyhuvlw|0zlgh glvwulexwlrq ri vdodulhv wkh lqglylgxdo idoov1 Wkh ROV

frh�flhqw/ lq Sdqho D iru wkh vwd� vdpsoh/ vkrzv wkdw/ frqwuroolqj iru djh/ whqxuh/ dqg vdodu|/

wkhuh lv d vwurqj fruuhodwlrq ehwzhhq lqglylgxdo sduwlflsdwlrq ghflvlrqv dqg dyhudjh sduwlflsdwlrq

lq wkh ghsduwphqw1 Hdfk dgglwlrqdo shufhqwdjh srlqw ri sduwlflsdwlrq lq wkh ghsduwphqw lv

dvvrfldwhg zlwk d 315: shufhqwdjh srlqw lqfuhdvh lq wkh lqglylgxdo*v suredelolw| ri sduwlflsdwlqj

lq wkh WGD1 Lq wdeoh D4/ zh suhvhqw wkh frh�flhqwv ri wkh frqwuro yduldeohv1�2
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Wkh ROV frh�flhqw lv eldvhg dqg fdqqrw eh lqwhusuhwhg dv hylghqfh ri wkh suhvhqfh ri shhu

h�hfwv zkhq wkh huuru whup x lv fruuhodwhg zlwk wkh yduldeoh ri lqwhuhvw aH3�+|m{,1 Wklv fruuh0

odwlrq lv suhvhqw zkhq vrph ri wkh xqrevhuydeoh fkdudfwhulvwlfv zklfk lq�xhqfh dq lqglylgxdo*v

sduwlflsdwlrq +ru yhqgru*v fkrlfh, duh fruuhodwhg dfurvv ghsduwphqwv hyhq lq wkh devhqfh ri dq|

shhu h�hfwv1 Iroorzlqj Pdqvnl*v +4<<6, whuplqrorj|/ wkhvh duh fdoohg cfruuhodwhg h�hfwv*1 Iru h{0

dpsoh/ wkhuh frxog eh gluhfw vruwlqj rq wkh surshqvlw| wr vdyh1 Dowhuqdwlyho|/ prvw ghsduwphqwv

duh uhvsrqvleoh iru klulqj wkhlu vwd� phpehuv1 Wkhuhiruh/ hpsor|hhv pd| doo eh vlplodu ehfdxvh

wkh| kdyh ehhq fkrvhq e| wkh vdph shuvrq/ dqg hdfk shuvrq lq fkdujh ri klulqj pd| hpskdvl}h

gl�huhqw irupv ri frpshwhqfh/ vrph ri zklfk duh txlwh srvvleo| fruuhodwhg zlwk surshqvlw| wr

vdyh +iru h{dpsoh cjrrg* ghsduwphqwv pd| kluh cfrpshwhqw* shrsoh/ dqg frpshwhqw shrsoh pd|

pdnh jrrg �qdqfldo ghflvlrqv,1

e�2 A�L�5|@}i wi@t| 5^�@hit

Wr uxoh rxw wkh srvvlelolw| wkdw wkh fruuhodwlrq ri ehkdylru zlwklq ghsduwphqwv lv gulyhq hqwluho|

e| xqrevhuyhg fkdudfwhulvwlfv/ wkh lghdo h{shulphqw zrxog eh wr doorfdwh hpsor|hhv udqgrpo| wr

ghsduwphqwv +dq h{dpsoh ri udqgrp doorfdwlrq ri urrppdwhv lv vwxglhg lq Vdfhugrwh +5333,,/

ru wr lqgxfh d prgl�fdwlrq ri wkh frqwulexwlrq udwh ri d udqgrp vxevhw ri hpsor|hhv lq vrph

ghsduwphqwv1 Rqh zrxog wkhq qhhg wr frpsduh wkh sduwlflsdwlrq ri wkh qrq d�hfwhg hpsor|hhv

ehwzhhq wkrvh ghsduwphqwv dqg wkh ghsduwphqwv zkhuh qr lqwhuyhqwlrq wrrn sodfh1��

Lq wkh devhqfh ri vxfk dq h{shulphqw/ dyhudjh h{rjhqrxv fkdudfwhulvwlfv ri wkh jurxsv frxog

eh xvhg dv lqvwuxphqwv iru wkh dyhudjh sduwlflsdwlrq +iru d suhylrxv dssolfdwlrq ri wklv vwudw0

hj|/ vhh Fdvh dqg Ndw} +4<<4,,1 Dv zh vdz lq wkh suhylrxv vxevhfwlrq/ whqxuh dqg zdjhv duh

vwurqj ghwhuplqdqwv ri sduwlflsdwlrq lq wkh sodq1 Wkhuhiruh/ dyhudjh zdjhv dqg ru whqxuh lq

wkh ghsduwphqw duh dovr vwurqjo| fruuhodwhg zlwk dyhudjh sduwlflsdwlrq1 Wkxv H+]�m{,/ zkhuh
]� lv d vxevhw ri wkh fkdudfwhulvwlfv ri ] vxfk dv zdjhv ru whqxuh/ fdq srwhqwldoo| eh xvhg dv

dq lqvwuxphqw1 Wkh I0vwdwlvwlf ri wkh �uvw vwdjh fruuhodwlrq ehwzhhq aH3�+|m{, dqg H+]�m{, lv

vwurqj1 Wkhvh yduldeohv duh ydolg lqvwuxphqwv li wkh| gr qrw gluhfwo| d�hfw wkh sduwlflsdwlrq

udwhv +wkurxjk zkdw Pdqvnl fdoov ch{rjhqrxv* vrfldo h�hfwv,/ dqg li wkh| duh qrw fruuhodwhg zlwk

wkh xqrevhuyhg ghwhuplqdqw ri vdylqjv/ wzr srlqwv wr zklfk zh zloo uhwxuq ehorz1
�� ì ��** _itUh�Mi t�U� @? i Tih�4i?| �? 4Lhi _i|@�* �? |�i UL?U*�t�L?�
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Lq froxpqv +5,/ +6,/ dqg +7, ri wdeoh 6 zh uh0hvwlpdwh htxdwlrq +4,/ xvlqj/ uhvshfwlyho|/

wkh sursruwlrq ri lqglylgxdov lq wkh ghsduwphqw zkr idoo lq dq| jlyhq ghfloh ri wkh xqlyhuvlw|0

zlgh glvwulexwlrq/ wkh sursruwlrq ri lqglylgxdov lq hdfk whqxuh fdwhjru|/ dqg erwk wrjhwkhu/ dv

lqvwuxphqwv iru dyhudjh sduwlflsdwlrq1 Wkh wkuhh frh�flhqwv rewdlqhg e| lqvwuxphqwdo yduldeohv

duh vlplodu/ dqg wkh| gurs iurp 315: wr ehwzhhq 3146 dqg 3148/ zklfk lqglfdwhv wkdw wkh ROV

frh�flhqw lv xszdug eldvhg/ suredeo| gxh wr rplwwhg fruuhodwhg h�hfwv1 Wkh frh�flhqw uhpdlqv

vl}hdeoh dqg vljql�fdqw zkhq wkh wzr lqvwuxphqwv duh xvhg wrjhwkhu1 Wkh h�hfw rq sduwlflsdwlrq

ri udlvlqj wkh dyhudjh sduwlflsdwlrq lq wkh ghsduwphqw e| rqh shufhqwdjh srlqw lv odujhu wkdq wkh

h�hfw ri prylqj iurp wkh �uvw wr wkh irxuwk ghfloh lq wkh zdjh glvwulexwlrq1 Wkh vlplodulw| ri

wkh hvwlpdwhv rewdlqhg zlwk wkh wzr dowhuqdwlyh lqvwuxphqwv lv uhdvvxulqj= Dq lghqwl�fdwlrq whvw

zrxog qrw uhmhfw wkh mrlqw ydolglw| ri wkh lqvwuxphqwv1 Dw wkh erwwrp ri wdeoh D4/ wkh I0vwdwlvwlfv

ri wkh �uvw0vwdjh duh uhsruwhg1 Wkhvh vwdwlvwlfv duh odujh +ehwzhhq 48 dqg 63, vkrzlqj wkdw wkh

lqvwuxphqwv duh vljql�fdqwo| fruuhodwhg zlwk wkh sduwlflsdwlrq udwh lq hdfk ghsduwphqw1�e

Wkhvh 5VOV uhvxowv dorqh gr qrw frqvwlwxwh gh�qlwlyh hylghqfh/ ehfdxvh wkh wzr frqglwlrqv

qhfhvvdu| iru wkh ydolglw| ri wkh zdjh dqg whqxuh yduldeohv dv lqvwuxphqwv pd| idlo1 Iluvw/ wkhuh

pd| eh d gluhfw h{rjhqrxv h�hfw ri dyhudjh zdjhv ru whqxuh lq wkh ghsduwphqw rq dq lqglylgxdo*v

sduwlflsdwlrq/ hyhq diwhu frqglwlrqlqj iru rqh*v zdjh1 Iru h{dpsoh/ kljk zdjh hpsor|hhv fdq uh0

txluh wkhlu dgplqlvwudwru wr froohfw dqg glvvhplqdwh lqirupdwlrq rq dydlodeoh ehqh�wv/ zklfk pd|

wulfnoh grzq wr orz0sdlg hpsor|hhv dv zhoo1 Vhfrqg/ xqrevhuyhg fkdudfwhulvwlfv fruuhodwhg zlwk

surshqvlw| wr vdyh +h1j1 _frpshwhqfh%, frxog zhoo eh fruuhodwhg zlwk wkh ghsduwphqw*v dyhudjh

zdjh/ hyhq diwhu frqglwlrqlqj iru dq lqglylgxdo*v zdjh1 Iru h{dpsoh/ surihvvruv* vdodulhv lq wkh

zhoo uhqrzqhg ghsduwphqwv pd| eh kljkhu wkdq lq rwkhu ghsduwphqwv/ dqg wkhvh ghsduwphqwv

pd| dovr eh deoh wr kluh pruh frpshwhqw vwd�1

D vlpsoh zd| wr dvvhvv zkhwkhu 5VOV khosv wr vroyh wkh sureohp lv wr uhsodfh wkh sduwlflsdwlrq

yduldeoh zlwk djh yduldeohv1 Reylrxvo|/ djh fdqqrw eh d�hfwhg e| wkh djh ri froohdjxhv wkurxjk

shhu h�hfwv1 Dq ROV uhjuhvvlrq ri lqglylgxdo djh rq dyhudjh djh lq wkh ghsduwphqw +frqwuroolqj

iru jhqghu dqg vdodu|, surgxfhv d srvlwlyh dqg vljql�fdqw frh�flhqw1 Krzhyhu/ zkhq dyhudjh

djh lv lqvwuxphqwhg zlwk dyhudjh vdodu| lq wkh ghsduwphqw/ wkh frh�flhqw lv pxfk vpdoohu dqg
�eA�i 6�t|@|�t|�Ut @hi LM|@�?i_ M) h�??�?} |�i �ht| t|@}i @| |�i _iT@h|4i?| *i�i*� A�i) @hic |�ihiuLhic UL?tih�
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lqvljql�fdqw1 Wklv vxjjhvwv wkdw wkh LY vwudwhj| fdq eh vxffhvvixo lq uhprylqj fruuhodwhg h�hfwv1

Lq wkh qh{w wzr vhfwlrqv/ zh surylgh dgglwlrqdo hylghqfh wr uhlqirufh rxu frq�ghqfh lq wkhvh

uhvxowv1

e�� #�gihi?|�@* ,giU|t �UULh_�?} |L #iT@h|4i?| 5�3i

Rxu pdlq frqfhuq lv wkdw wkh ROV dqg 5VOV uhvxowv pd| eh slfnlqj xs d fruuhodwlrq ehwzhhq

xqrevhuyhg wdvwhv ru xqrevhuyhg lqsxwv zlwklq ghsduwphqwv/ udwkhu wkdq gluhfw lq�xhqfh iurp

froohdjxhv1 Lq rwkhu zrugv/ dyhudjh sduwlflsdwlrq lq wkh ghsduwphqw +ru wkh dyhudjh zdjhv dqg

whqxuh wkdw zh xvh dv lqvwuxphqwv, pljkw eh d sur{| iru d ghsduwphqw0ohyho �{hg h�hfw1 Krz fdq

zh glvfulplqdwh ehwzhhq wkh wzr k|srwkhvhv +wkh dyhudjh sduwlflsdwlrq lq wkh ghsduwphqw lv d

sur{| iru d ghsduwphqwdo �{hg h�hfw yhuvxv lw uh�hfwlqj wkh lq�xhqfh ri rwkhuv rq dq lqglylgxdo*v

ehkdylru,B

Zh fdqqrw surylgh d gh�qlwlyh whvw edvhg rq rxu revhuydwlrqdo gdwd/ exw wkh iroorzlqj revhu0

ydwlrq vxjjhvwv zh vkrxog frqvlghu krz rxu hvwlpdwhv ydu| zlwk wkh vl}h ri wkh ghsduwphqw1�D Ohw

xv frqvlghu wkh ROV fdvh1 Qrwh wkdw xqghu erwk k|srwkhvhv/ wkh dyhudjh sduwlflsdwlrq lv d sur{|

+phdvxuhg zlwk huuru, iru dq xqghuo|lqj odwhqw yduldeoh +wkh ehkdylru ri wkh dfwxdo shhuv ri dq

lqglylgxdo lq rqh fdvh/ dqg wkh frpprq surshqvlw| wr vdyh lq wkh ghsduwphqw lq wkh rwkhu fdvh,1

Wkhuhiruh/ wkh ROV uhjuhvvlrq lq erwk fdvhv jlyhv d grzqzdug eldvhg hvwlpdwh ri wkh sdudphwhu

ri lqwhuhvw1 Krzhyhu/ wkh wzr k|srwkhvhv kdyh v|pphwulfdo lpsolfdwlrqv iru wkh uhodwlrqvkls

ehwzhhq ghsduwphqw vl}h dqg wkh vl}h ri wkh ROV frh�flhqw1 Lq wkh fdvh zkhuh wkh fruuhodwlrq

lv gxh hqwluho| wr wkh suhvhqfh ri d ghsduwphqwdo �{hg h�hfw/ zh vkrxog vhh wkh frh�flhqw ehlqj

forvhu wr rqh lq odujhu ghsduwphqwv/ ehfdxvh wkh ghsduwphqw*v xqghuo|lqj surshqvlw| wr vdyh zloo

eh ehwwhu phdvxuhg lq odujhu ghsduwphqwv1 Lq wkh fdvh zkhuh wkh frh�flhqw slfnv xs d fdxvdo

h�hfw ri rqh*v froohdjxhv* ehkdylru/ zh duh olnho| wr vhh wkh uhodwlrqvkls jr wkh rwkhu zd|= Wkh

dfwxdo shhu jurxs ri dq hpsor|hh lv suhvxpdeo| rqo| d vxevhw ri doo wkh froohdjxhv lq klv ru

khu ghsduwphqw/ pruh ru ohvv �{hg lq vl}h1 Vr dv ghsduwphqwv jhw odujhu/ wkh phdvxuhphqw huuru

lqfuhdvhv/ dqg wkh dwwhqxdwlrq lq ROV vkrxog ehfrph odujhu dv zhoo1 Wkhuhiruh/ li wkh fruuhodwlrq

lv odujho| vsxulrxv/ wkh frh�flhqw vkrxog eh eljjhu lq odujh ghsduwphqwv/ zkhuhdv li lw lv gxh wr

vrfldo h�hfwv/ wkh frh�flhqw vkrxog eh vpdoohu lq odujh ghsduwphqwv1 Wkh vdph dujxphqw fdq
�D ì @hi }h@|iu�* |L 5i?_��* ��**@�?@|�@? uLh TL�?|�?} �t �? |��t _�hiU|�L?�

45



eh dssolhg wr wkh 5VOV uhvxowv1�S

Lq sdqhov E dqg F ri wdeoh 6/ zh suhvhqw wkh uhvxowv iru wkh ghsduwphqwv zlwk ohvv wkdq

53 hpsor|hhv dqg pruh wkdq 53 hpsor|hhv/ uhvshfwlyho|1�. Wkh uhvxowv lq froxpq +4, frq�up

wkdw wkh ROV frh�flhqwv suhvhqwhg lq sdqho D uh�hfw vrphwklqj rwkhu wkdq shhu h�hfwv= Wkh

frh�flhqw lv odujhu lq odujh ghsduwphqwv wkdq lq vpdoo ghsduwphqwv1 Krzhyhu/ wkh 5VOV uhvxowv

duh pruh hqfrxudjlqj= Wkh hvwlpdwhg h�hfw lv wzlfh dv odujh lq vpdoo ghsduwphqwv wkdq lq odujh

ghsduwphqwv1 Wklv fdq eh vhhq dv vxjjhvwlyh hylghqfh wkdw 5VOV hvwlpdwhv dw ohdvw sduwldoo|

ryhufrph wkh fruuhodwhg h�hfwv sureohp1

e�e wLL!�?} @| 5�M�BhL�Tt `�|��? #iT@h|4i?|t

Dfwxdo shhu jurxsv duh lq pdq| fdvhv vpdoohu wkdq ghsduwphqwv1 Dv qrwhg e| Pxqvkl +5333e,/

wklv idfw fdq eh xvhg wr khos lghqwli| shhu h�hfwv1 Li shhu jurxsv duh rqo| d vxevhw ri hdfk

ghsduwphqw/ wkhuh lv dq d sulrul uhvwulfwlrq rq wkh sdwwhuq ri shhu h�hfwv= Wkhuh vkrxog eh qr

h�hfwv ri wkh sduwlflsdwlrq ri phpehuv ri wkh rwkhu vxe0jurxsv rq wkh phpehuv ri rqh vxe0jurxs1

Wkhuh duh vxe0jurxsv zlwklq ghsduwphqwv zkhuh shhu h�hfwv fdq eh h{shfwhg wr eh vwurqjhu wkdq

iru wkh ghsduwphqw dv d zkroh1 Iru h{dpsoh/ qhzo| kluhg hpsor|hhv pd| wdon pruh wr rwkhu

qhzo| kluhg hpsor|hhv wkdq wr hvwdeolvkhg hpsor|hhv/ dqg ylfh0yhuvd1 Pruhryhu/ li hvwdeolvkhg

hpsor|hhv kdyh douhdg| pdgh wkhlu ghflvlrqv/ wkh| duh qrw olnho| wr eh d�hfwhg e| zkdw qhzo|

kluhg hpsor|hhv gr +vlqfh ghflvlrqv duh uduho| uhyhuvhg diwhu d ohqjwk ri whqxuh,1 Zrphq suredeo|

wdon pruh wr zrphq wkdq wr phq/ dqg phq pruh wr phq wkdq wr zrphq1

Khuh/ zh iroorz dq lghd ghyhorshg e| Pxqvkl +5333e, zklfk sursrvhv wr uhjuhvv lqglylgxdo

sduwlflsdwlrq iru hdfk vxe0jurxs vhsdudwho| rq wkh sduwlflsdwlrq lq wkhlu rzq dqg lq wkh rwkhu

vxe0jurxs1�H Li wkhuh lv d ghsduwphqw0ohyho fruuhodwhg h�hfw/ lw vkrxog fdxvh wkh frh�flhqw ri

dyhudjh furvv0jurxs sduwlflsdwlrq wr eh srvlwlyh +hyhq lq wkh devhqfh ri shhu h�hfwv,1�b Lq rwkhu

zrugv zh uxq/
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|& @ �&H+|m{> n, . �&H+|m{> �n, . ]�& . x&> +5,

zkhuh n lv wkh vxe0jurxs zlwklq d ghsduwphqw +zh dvvxph wkdw hdfk ghsduwphqw lv sduwlwlrqhg

lqwr wzr vxe0jurxsv zlwk n @ 3 ru n @ 4, dqg |& lv wkh rxwfrph ri dq lqglylgxdo lq jurxs n1 Zh

qrwh �n wkh frpsohphqw ri n1 Dv ehiruh/ zh doorz iru wkh srvvlelolw| ri d fruuhodwlrq ehwzhhq x&

dqg {1 Li zh eholhyh wkdw furvv0jurxs h�hfwv duh }hur +wkdw lv/ wkh sdudphwhu �& lv htxdo wr 3,

dqg wkdw wkh huuru whupv lq hdfk vxe0jurxs duh fruuhodwhg wkhq zh fdq hvwlpdwh htxdwlrq +5, e|

ROV ru 5VOV/ dqg whvw zkhwkhu wkh hvwlpdwh a�& lv 312f Li a�& lv gl�huhqw iurp 3/ lw zloo lqglfdwh

wkdw wkhuh duh fruuhodwhg ru h{rjhqrxv h�hfwv dw wkh ghsduwphqwdo ohyho/ dqg wklv eldvhg rxu

suhylrxv hvwlpdwh1 Li a�& lv htxdo wr 3/ lw zloo lqglfdwh wkdw suhylrxv hvwlpdwhv zhuh qrw eldvhg e|

dq| fruuhodwhg ru h{rjhqrxv h�hfwv wkdw duh dw ohdvw lq sduw frpprq wr wkh hqwluh ghsduwphqw1

Wkhuh frxog vwloo eh d sureohp zlwk wkh ROV yhuvlrq ri wklv whvw= Li zrphq dqg phq duh

grlqj gl�huhqw mrev/ d gl�huhqw shuvrq frxog eh lq fkdujh ri klulqj wkhp ru wkh vdph shuvrq frxog

hpskdvl}h gl�huhqw vnloov +phq dqg zrphq zrxog wkhq lq h�hfw irup wzr gl�huhqw cghsduwphqwv*,1

Wkh vdph frxog dsso| wr whqxuh/ li wkh shuvrq lq fkdujh ri klulqj kdg fkdqjhg +dowkrxjk lw lv

gl�fxow wr lpdjlqh wkdw lw zrxog kdsshq lq doo ghsduwphqwv dw wkh vdph wlph,1 Krzhyhu/ zkhq

zh frpelqh wkh vxe0jurxsv dqg wkh 5VOV vwudwhj|/ zh zrxog qhhg wr whoo frpsolfdwhg vwrulhv wr

h{sodlq zk| doo furvv0jurxs h�hfwv duh }hur1 Iru h{dpsoh/ zkhq zh xvh wkh vdodu| lqvwuxphqw/

zh doorz iru wkh idfw wkdw d zrpdq zlwk kljk surshqvlw| wr vdyh zrxog eh pruh olnho| wr zrun

lq d ghsduwphqw zkhuh vdodulhv duh kljk1 Iru h{dpsoh/ li kljko| sdlg idfxow| kluhg kljk vdylqjv

hpsor|hhv/ lw zrxog ohdg wr d srvlwlyh a�&/ xqohvv rqo| zrphq idfxow| zhuh lqyroyhg lq wkh

klulqj ri zrphq hpsor|hhv/ dq lpsodxvleoh dvvxpswlrq1 Iru doo wkh vxe0jurxsv zh frqvlghu/ lw

vhhpv uhdvrqdeoh wr frqvlghu wkdw wkh huuru whup vkrxog eh fruuhodwhg dfurvv vxe0jurxsv zlwklq

ghsduwphqw1 Wdnlqj wkh uhvxowv wrjhwkhu vkrxog wkhuhiruh jlyh xv d jrrg lghd ri wkh suhvhqfh ri

shhu h�hfwv lq uhwluhphqw sodq ghflvlrqv1

Lq wdeoh 7/ zh suhvhqw wkh uhvxowv rq shhu h�hfwv dprqj vxe0jurxsv1 Wkh �uvw wzr froxpqv

suhvhqw wkh uhvxowv iru wkh sduwlflsdwlrq ri lqglylgxdov lq jurxs 4/ dqg wkh odvw wzr froxpqv
2fA�i �?t|h�4i?|t @hi UL?t|h�U|i_ @t |�i i TiU|@|�L? Lu |�i t�Mti| ~� �? ~ �? i@U� t�M�}hL�T uLh i@U� _iT@h|�
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suhvhqw wkh uhvxowv iru wkh sduwlflsdwlrq ri lqglylgxdov lq jurxs 51 Lq hdfk sdqho/ wkh �uvw olqh

glvsod|v wkh h�hfw ri wkh dyhudjh sduwlflsdwlrq ri phpehuv ri jurxs 4 dqg wkh vhfrqg olqh glvsod|v

wkh h�hfw ri wkh dyhudjh sduwlflsdwlrq ri phpehuv ri jurxs 51 Wkh wklug olqh uhsruwv wkh s0ydoxh

iru wkh whvw wkdw wkh wzr frh�flhqwv duh htxdo1 Froxpqv +4, dqg +6, uhsruw wkh ROV uhvxowv/

froxpqv +5, dqg +7, uhsruw wkh 5VOV uhvxowv xvlqj erwk vdodu| dqg whqxuh dv lqvwuxphqwv1

Lq sdqho D/ zh suhvhqw wkh h�hfw ri wkh dyhudjh sduwlflsdwlrq eurnhq grzq e| jhqghu1 Lq

froxpqv +4, dqg +5, ri wdeoh 6/ zh vhh wkdw sduwlflsdwlrq ri wkh ihpdoh hpsor|hhv lv vljql�fdqwo|

d�hfwhg e| wkh dyhudjh sduwlflsdwlrq ri rwkhu zrphq +wkh ROV dqg LY frh�flhqwv rq ihpdoh

sduwlflsdwlrq duh uhvshfwlyho| 3153 dqg 3165 dqg doo duh vljql�fdqw, exw qrw e| wkdw ri phq +wkh

frh�flhqwv duh uhvshfwlyho| 313: dqg 031448 dqg qrqh ri wkhp duh vljql�fdqw,1 Wkh htxdolw| ri

frh�flhqwv ri rzq0 dqg furvv0jurxsv lv uhmhfwhg lq erwk fdvhv1 V|pphwulfdoo|/ wkh sduwlflsdwlrq

ri wkh pdoh hpsor|hhv vhhpv wr eh d�hfwhg e| sduwlflsdwlrq ri rwkhu phq/ exw qrw e| wkh

sduwlflsdwlrq ri zrphq/ dowkrxjk wkh ROV frh�flhqwv duh qrw vwdwlvwlfdoo| gl�huhqw iurp hdfk

rwkhu1

Lq sdqhov E/ F/ dqg G/ zh uhshdw wkh h{huflvh e| euhdnlqj wkh vdpsoh dffruglqj wr whqxuh

+ehorz 6 |hduv dqg deryh : |hduv,/ djh +ehorz ru deryh 69,/ dqg idfxow| vwdwxv +zh vwloo irfxv

rq wkh ghflvlrqv ri wkh vwd�,1 Lq doo fdvhv/ zh pljkw h{shfw wr �qg srvlwlyh furvv0jurxs h�hfwv/

ehfdxvh wkhuh lv qr vwurqj d sulrul uhdvrq wr eholhyh wkdw shhu h�hfwv duh frpsohwho| devhqw dfurvv

wkhvh vxe0jurxsv1 Lq doo fdvhv/ krzhyhu/ furvv0jurxs frh�flhqwv duh yhu| vpdoo +vrphwlphv qhj0

dwlyh, dqg lqvljql�fdqw/ zkloh rzq0jurxs h�hfwv duh dozd|v srvlwlyh1 Htxdolw| ri wkh frh�flhqwv

lv uhmhfwhg dw wkh 43( ohyho ru ehvw lq prvw fdvhv1 Zkhq htxdolw| lv qrw uhmhfwhg/ lw lv ehfdxvh wkh

frh�flhqw ri wkh rzq0jurxs lv vpdoohu/ dqg qrw vljql�fdqwo| gl�huhqw iurp }hur/ qhyhu ehfdxvh

wkdw ri wkh furvv0jurxs h�hfw lv odujh1

Wkhvh uhvxowv/ wdnhq wrjhwkhu/ vxjjhvw erwk wkdw wkhuh duh qr shhu h�hfwv dfurvv wkhvh vxe0

jurxsv zlwklq wkh ghsduwphqwv dqg wkdw wkh 5VOV uhvxowv rq rzq0jurxs dyhudjh sduwlflsdwlrq

duh qrw vsxulrxv1

Lq sdqho H/ zh suhvhqw d whvw edvhg rq wkh rssrvlwh lghd1 Lq wkh xqlyhuvlw|/ ghsduwphqwv

duh jurxshg lqwr odujhu xqlwv +vxfk dv oleudulhv ru wkh phglfdo vfkrro,/ zklfk zh lpsurshuo|

fdoo vfkrrov1 Wkhuh duh 753 ghsduwphqwv glvwulexwhg dprqj 67 vfkrrov lq rxu vdpsoh1 Zh

uhjuhvv lqglylgxdo sduwlflsdwlrq rq ghsduwphqw sduwlflsdwlrq dqg dyhudjh sduwlflsdwlrq ri rwkhu
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ghsduwphqwv lq wkh vdph vfkrro1 D srvlwlyh frh�flhqw rq rwkhu ghsduwphqwv lq wkh vdph vfkrro

zrxog vxjjhvw wkdw wkhuh lv d vsxulrxv fruuhodwlrq/ dw ohdvw dw wkh vfkrro ohyho1 Wkh frh�flhqwv

ri wkh rzq ghsduwphqw duh hvvhqwldoo| xqd�hfwhg +frpsduhg wr wdeoh 6,/ dqg wkh frh�flhqw ri

wkh rwkhu xqlwv zlwklq wkh vfkrro duh vpdoo dqg lqvljql�fdqw1

Wkh uhvxowv rq sduwlflsdwlrq vxjjhvw wkdw wkh ghflvlrqv ri lqglylgxdov zlwklq rqh*v shhu jurxs

lq�xhqfh rqh*v ghflvlrq1 Wkh| lqglfdwh wkdw shrsoh pd| vkduh wkhlu nqrzohgjh derxw wkh sodq

+dqg srvvleo| rwkhu vdylqjv phfkdqlvpv,1 Pdguldq dqg Vkhd +5333d, kdyh uhsolfdwhg wkhvh

vshfl�fdwlrqv lq dqrwkhu frqwh{w +iru d odujh khdowk lqvxudqfh frpsdq|, dqg �qg vlplodu uhvxowv

wr wkrvh zh suhvhqw khuh1 Wkh| dovr suhvhqw lqwhuhvwlqj dgglwlrqdo hylghqfh1 Lq wkh �up/ doo wkh

hpsor|hhv kluhg diwhu 4<<; zhuh dxwrpdwlfdoo| hquroohg lq wkh WGD1 Pdguldq dqg Vkhd +5333e,

kdg suhylrxvo| vkrzq wkdw d yhu| odujh iudfwlrq ri wkhvh hpsor|hhv uhpdlqhg hquroohg lq wkh

WGD1 Lqwhuhvwlqjo|/ wkh| vkrz wkdw wkh yduldwlrqv lq sduwlflsdwlrq dfurvv ghsduwphqwv fdxvhg e|

wkh yduldwlrq lq wkh qxpehu ri hpsor|hhv hquroohg xqghu dxwrpdwlf hquroophqw grhv qrw suhglfw

odujhu sduwlflsdwlrq1 Wklv lv zkdw zh h{shfw li zrunsodfh h�hfwv rshudwh wkurxjk glvfxvvlrq dqg

lqirupdwlrq vkdulqj udwkhu wkdq wkurxjk sxuh ghvluh iru frqiruplw|= Suhvxpdeo| wkh dxwrpdwlf

hquroohhv jdyh yhu| olwwoh wkrxjkw wr wkh sureohp/ dqg pd| hyhq qrw nqrz wkdw wkh| duh hquroohg1

Zh zrxog wkhuhiruh qrw h{shfw wkdw wkhlu hquroophqw zrxog wuljjhu dq| hquroophqw dprqj wkhlu

shhuv1

Li wklv lqwhusuhwdwlrq lv fruuhfw/ wkhq zh pljkw dovr h{shfw wr vhh rwkhu ghflvlrqv wr eh fruuh0

odwhg zlwk rwkhu shrsoh*v ghflvlrqv zlwklq wkh shhu jurxs1 Li hpsor|hhv vkduh lqirupdwlrq derxw

wkh sodq lq wkh zrunsodfh/ wkh| suhvxpdeo| dovr vkduh lqirupdwlrq derxw wkhlu ghflvlrqv1 Iru

h{dpsoh/ dvvhw doorfdwlrq dqg wkh fkrlfh ri yhqgru duh olnho| wr eh lq�xhqfhg e| shhu ghflvlrqv1

Lq wkh qh{w vhfwlrq/ zh wkhuhiruh irfxv rq wkh fkrlfh ri yhqgruv1

D �iih ,giU|t L? Vi?_Lh ��L�Uit

Zh kdyh gdwd rq wkh vkduhv wkdw hdfk sduwlflsdqw lq wkh WGD doorfdwhv wr hdfk yhqgru1 Wklv

gdwd lv sduwlfxoduo| xvhixo/ ehfdxvh wkhvh yhqgruv r�hu yhu| vlplodu vhuylfhv dw vlplodu sulfhv1

Wkxv/ wkhuh lv ohvv suhvxpswlrq wkdw lqglylgxdov pd| eh vruwhg e| ghsduwphqw dffruglqj wr

wkhlu lqwulqvlf suhihuhqfh iru rqh yhqgru yhuvxv dqrwkhu1 Wkh uhdghu pd| remhfw wkdw li yhqgruv
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duh uhdoo| vr vlplodu/ wkhq wkh fkrlfh ri yhqgru lv ri qr vljql�fdqfh/ dqg wkhuhiruh wkhuh lv qr

sduwlfxodu uhdvrq wr vwxg| lw12� Krzhyhu/ wkh yhu| idfw wkdw wkh ghflvlrq lv qrw ri juhdw hfrqrplf

uhohydqfh pdnhv lw ohvv olnho| wkdw shrsoh duh jrlqj wr ihho vwurqjo| derxw lw/ dqg wkhuhiruh wkdw

fruuhodwhg h�hfwv duh jrlqj wr eh suhvhqw1 Lq wklv vhqvh/ wkh uhvxowv rq yhqgru*v fkrlfh duh

lqwhuhvwlqj lq frpelqdwlrq zlwk wkh uhvxowv rq sduwlflsdwlrq/ ehfdxvh li zh �qg qr hylghqfh ri

shhu h�hfwv rq yhqgru*v fkrlfh/ lw zloo fdvw grxew rq wkh uhvxowv rq sduwlflsdwlrq1 Wkh uhyhuvh lv

wuxh dv zhoo1

Ixuwkhupruh/ hyhq li zh zhuh frqylqfhg e| wkh uhvxowv suhvhqwhg lq wkh suhylrxv vhfwlrq wkdw

wkhuh duh lqghhg shhu h�hfwv lq sduwlflsdwlrq/ hylghqfh rq shhu h�hfwv lq yhqgru fkrlfh zloo fdvw

vrph oljkw rq wkh phfkdqlvpv wkurxjk zklfk wkhvh h�hfwv rshudwh1 Shhu h�hfwv rq sduwlflsdwlrq

pljkw eh gulyhq hlwkhu e| sxuh shhu suhvvxuh ru e| ohduqlqj h�hfwv1 Shhu suhvvxuh dulvhv zkhq

lqglylgxdov lplwdwh wkh ehkdylru ri rwkhu shrsoh ehfdxvh wkh| wklqn lw lv wkh surshu wklqj wr

gr1 Rwkhu shrsoh*v ehkdylru lqirupv wkhp ri wkh suhydohqw qrup +dv lq wkh fdvh ri frqwudfhswlyh

xvh lq Edqjodghvk/ zklfk lv vwxglhg e| Pxqvkl +5333e,,1 Lq wkh fdvh ri ohduqlqj +dv lq wkh

fdvh ri wkh _juhhq uhyroxwlrq% lq Lqgld/ vwxglhg e| Irvwhu dqg Urvhq}zhlj +4<<8,/ dqg Pxqvkl

+5333d,,/ lqglylgxdov duh frqyhujlqj rq wkh rswlpdo hfrqrplf ghflvlrq wkurxjk lqwhudfwlrqv zlwk

wkhlu shhu jurxs1 Shhu h�hfwv rq wkh ghflvlrq wr vdyh iru uhwluhphqw lv suredeo| d uhvxow ri erwk

qrup h�hfwv dqg ohduqlqj h�hfwv1 Krzhyhu/ shhu h�hfwv rq yhqgru fkrlfh lv pruh olnho| wr eh gxh

wr ohduqlqj h�hfwv ehfdxvh wkh fkrlfh ri d sduwlfxodu yhqgru suredeo| grhv qrw kdyh wkh vwdwxv

ri d suhydohqw qrup1 Sxw dqrwkhu zd|/ li zh vhh wkdw sduwlflsdqwv lq wkh WGD duh lq�xhqfhg e|

ghflvlrqv lq wkhlu zrunsodfh derxw zklfk yhqgru wr fkrrvh/ lw suredeo| phdqv wkh| duh wklqnlqj

wkdw wkh| duh ohduqlqj vrphwklqj derxw wkh uljkw hfrqrplf ghflvlrqv iurp frqyhuvdwlrqv zlwk

wkhlu iulhqgv122

Wdeoh 8 suhvhqwv wkh edvlf uhvxowv rq yhqgru fkrlfh1 Wkh ghshqghqw yduldeoh lv wkh sursruwlrq

ri dq lqglylgxdo*v WGD frqwulexwlrq zklfk lv lqyhvwhg zlwk rqh ri wkhvh yhqgruv1 Wkh lqghshq0

ghqw uhjuhvvru ri lqwhuhvw lv wkh dyhudjh ri wklv vkduh iru hyhu| sduwlflsdqw lq wkh ghsduwphqw/

h{fhsw wkh lqglylgxdo1
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Iru hdfk yhqgru/ wkh �uvw froxpq suhvhqwv wkh ROV uhvxowv/ wkh vhfrqg froxpq suhvhqwv wkh

5VOV uhvxowv/ xvlqj wkh sursruwlrq ri shrsoh zkr idoo lqwr hdfk whqxuh fdwhjru| dv lqvwuxphqwv12�

Lq wkh wklug froxpq/ zh suhvhqw wkh 5VOV hvwlpdwh diwhu frqwuroolqj iru vdpsoh vhohfwlrq1 Zh

qhhg wr frqwuro iru vdpsoh vhohfwlrq ehfdxvh wkh vdph idfwruv zklfk pdnh shrsoh pruh olnho| wr

sduwlflsdwh pd| pdnh wkhp pruh olnho| wr fkrrvh rqh yhqgru udwkhu wkdq dqrwkhu +iru h{dpsoh

li zhoo lqiruphg shrsoh erwk vdyh pruh dqg fkrrvh d jlyhq yhqgru,/ zklfk zrxog wkhq lqwurgxfh

d fruuhodwlrq ehwzhhq wkh xqrevhuyhg yduldeoh lq rxu hvwlpdwlqj htxdwlrq dqg wkh htxdwlrq

ghwhuplqlqj vhohfwlrq lq wkh vdpsoh1 Zh frqwuro iru vdpsoh vhohfwlrq xvlqj d surfhgxuh �uvw

vxjjhvwhg e| Khfnpdq dqg Uree +4<;9,/ wkhq hoderudwhg e| Dkq dqg Srzhoo +4<<6,/ zklfk lv

wr frqglwlrq rq wkh suredelolw| ri vhohfwlrq lq wkh vdpsoh1 Xqolnh Khfnpdq*v +4<:<, ruljlqdo

surfhgxuh ri frqwuroolqj e| wkh Ploov udwlr/ wklv uhtxluhv lqvwuxphqwv iru sduwlflsdwlrq lq wkh

WGD zklfk gr qrw lq�xhqfh wkh fkrlfh ri yhqgru frqglwlrqlqj rq sduwlflsdwlrq1 Iruwxqdwho|/ vxfk

lqvwuxphqwv duh dydlodeoh lq wklv fdvh/ vlqfh frqglwlrqdo rq vhuylfh/ vdodu| lq�xhqfhv sduwlflsdwlrq/

exw qrw yhqgru fkrlfh1 Lq sudfwlfh/ zh �uvw uhjuhvv lqglylgxdo sduwlflsdwlrq rq lqglylgxdo zdjh/

djh/ jhqghu/ dqg whqxuh/ dqg wkh qxpehu ri lqglylgxdov zkr idoo lq hdfk ghfloh ri wkh xqlyhuvlw|

zdjh glvwulexwlrq lq wkh ghsduwphqw +wklv lv wkh uhgxfhg irup fruuhvsrqglqj wr froxpq +5, lq

wdeoh D4,1 Zh wkhq fdofxodwh wkh suhglfwhg ydoxh ri sduwlflsdwlrq dqg wkh vtxduh suhglfwhg ydoxh/

dqg zh lqfoxgh wkhvh yduldeohv lq wkh �uvw dqg vhfrqg vwdjhv1 Lghqwl�fdwlrq lv qrw orvw/ vlqfh zh

xvh whqxuh lq wkh ghsduwphqw dv dq lqvwuxphqw iru fkrlfh ri yhqgru lq wkh ghsduwphqw1

Sdqho D suhvhqwv wkh uhvxowv lq wkh zkroh vdpsoh/ dqg sdqho E suhvhqwv wkh uhvxowv iurp

ghsduwphqwv zkhuh wkhuh duh dw ohdvw 48 sduwlflsdqwv1 Lq sdqho D/ iru wkh wkuhh yhqgruv/ wkh

ROV frh�flhqwv duh vpdoohu wkdq wkh LY frh�flhqwv1 Wkh| duh yhu| vpdoo dqg vwdwlvwlfdoo|

qrw gl�huhqw iurp 3 lq wkh fdvh ri yhqgru G dqg yhqgru Y1 Lq frqwudvw/ wkh LY frh�flhqw duh

odujh dqg vljql�fdqw1 Wkh| duh dovr yhu| vlplodu iurp yhqgru wr yhqgru1 Wkh| lqglfdwh wkdw

zkhq wkh vkduh lqyhvwhg lq d jlyhq yhqgru e| rwkhu frqwulexwruv lq rqh*v ghsduwphqw udlvhv

e| 4 shufhqwdjh srlqw/ rqh*v vkduh ri lqyhvwphqw zlwk wklv yhqgru udlvhv e| kdoi d shufhqwdjh

srlqw1 Frqwuroolqj iru vdpsoh vhohfwlrq grhv qrw d�hfw wklv frh�flhqw1 Wklv vxjjhvwv wkdw wkh
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surshqvlw| wr vdyh lv qrw v|vwhpdwlfdoo| fruuhodwhg zlwk yhqgru fkrlfh1 Wklv frq�upv wkdw wkh

idfwruv zklfk lq�xhqfh sduwlflsdwlrq gr qrw dw wkh vdph wlph lq�xhqfh yhqgru fkrlfh1 Wkhuhiruh/

lw jlyhv xv vrph frq�ghqfh wkdw lqglylgxdov* suhihuhqfhv iru d sduwlfxodu yhqgru duh xqolnho| wr

gl�hu v|vwhpdwlfdoo| iurp rqh ghsduwphqw wr dqrwkhu/ hyhq li surshqvlw| wr sduwlflsdwh grhv1

Lq Sdqho E/ zh uhvwulfw wkh vdpsoh wr ghsduwphqwv zkhuh dw ohdvw 48 vwd� hpsor|hhv sduwlfl0

sdwh lq wkh WGD1 Wkh ROV frh�flhqwv lq Sdqho E duh pxfk odujhu wkdq lq Sdqho D zkhuhdv wkh

LY frh�flhqwv ri Sdqho E duh voljkwo| vpdoohu wkdq lq Sdqho D1 Wklv sdwwhuq lv vlplodu wr zkdw

zh irxqg iru sduwlflsdwlrq1

Wdeoh 9 suhvhqwv wkh 5VOV uhvxowv rq wkh h�hfwv ri sduwlflsdwlrq ri ghsduwphqw phpehuv

eurnhq grzq e| jurxsv1 Zh fdqqrw suhvhqw dq| uhvxowv eurnhq grzq e| whqxuh/ vlqfh whqxuh

lv rxu rqo| lqvwuxphqw1 Krzhyhu/ zh suhvhqw uhvxowv e| djh/ jhqghu/ dqg idfxow|1 Djdlq/ furvv0

jurxs h�hfwv duh devhqw lq doo fdvhv dqg iru doo yhqgruv/ zkloh rzq0jurxs h�hfwv duh srvlwlyh

dqg odujh lq doo fdvhv/ h{fhsw iru wkh phq lq wkh fdvh ri yhqgru U1 Wkh sdwwhuqv duh wkhuhiruh

frpsdudeoh wr zkdw zh kdyh vhhq lq wkh fdvh ri sduwlflsdwlrq1

S �L?U*�t�L?

Lq wklv sdshu/ zh vhw rxw wr vwxg| wkh uroh ri shhu jurxs h�hfwv rq wkh ghflvlrq wr sduwlflsdwh

lq wkh WGD dqg rq wkh fkrlfh ri yhqgru dprqj sduwlflsdqwv1 Lghqwli|lqj hqgrjhqrxv vrfldo

h�hfwv lv doprvw dq lpsrvvleoh wdvn lq prvw fdvhv zkhuh dvvljqphqw wr d shhu jurxs lv qrw

udqgrp1 Prvw lqglylgxdov* ghflvlrqv zlwklq d vrfldo jurxs duh fruuhodwhg iru uhdvrqv zklfk kdyh

qrwklqj wr gr zlwk wkh idfw wkdw lqglylgxdov duh lplwdwlqj hdfk rwkhu1 Wkhlu ghflvlrqv pd| eh

lq�xhqfhg e| frpprq yduldeohv/ revhuyhg ru xqrevhuyhg/ vxfk dv wdvwh/ edfnjurxqg/ ru frpprq

hqylurqphqwdo idfwruv1 Wkh dssolfdwlrq vwxglhg lq wklv sdshu lv d idyrudeoh fdvh/ vlqfh lqglylgxdov

lq wkh xqlyhuvlw| vkduh wkh vdph sodq dqg wkh vdph surjudp lqsxwv1 Dq lpsruwdqw vrxufh ri

fruuhodwlrq ehwzhhq lqglylgxdo*v ehkdylru lv wkhuhiruh holplqdwhg1

Zh uhfrjql}h/ krzhyhu/ wkdw wkh sduwlflsdwlrq ri lqglylgxdov zlwklq ghsduwphqwv pd| eh

fruuhodwhg ehfdxvh wkh| pd| vkduh d frpprq surshqvlw| wr vdyh1 Diwhu lqvwuxphqwlqj dyhu0

djh sduwlflsdwlrq lq wkh ghsduwphqw zlwk wkh glvwulexwlrq ri zdjhv lq wkh ghsduwphqw ru wkh

glvwulexwlrq ri |hduv ri vhuylfh/ d vwurqj h�hfw ri dyhudjh sduwlflsdwlrq zlwklq vxe0jurxsv lq d
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ghsduwphqw +dorqj jhqghu/ vhuylfh/ vwdwxv/ ru djh olqhv, shuvlvwv1 Lq frqwudvw/ zh �qg qr h�hfw ri

wkh sduwlflsdwlrq lq wkh rwkhu vxe0jurxs zlwklq wkh ghsduwphqw1 Wkh vdph uhvxowv duh rewdlqhg

iru wkh fkrlfh ri yhqgru dprqj sduwlflsdqwv wr wkh WGD1 Zh lqwhusuhw wkhvh uhvxowv dv yhu|

vxjjhvwlyh hylghqfh wkdw ghflvlrqv wdnhq lq rqh*v shhu jurxs lq�xhqfh rqh*v ghflvlrq wr sduwlf0

lsdwh dqg wkh fkrlfh ri wkh pxwxdo ixqg yhqgru1 Zkhq sduwlflsdwlrq lqfuhdvhv e| 4 shufhqw lq

wkh ghsduwphqw/ rqh*v sduwlflsdwlrq lqfuhdvhv e| 3148 shufhqw1 Zkhq wkh dyhudjh vkduh ri wkh

frqwulexwlrq lqyhvwhg lq rqh yhqgru lqfuhdvhv e| 4 shufhqw/ rqh*v vkduh lq wklv yhqgru lqfuhdvhv

e| 318 shufhqw rq dyhudjh1

Wkhvh uhvxowv/ li frq�uphg/ kdyh vhyhudo lpsruwdqw lpsolfdwlrqv1 Iluvw/ wkh| frqwulexwh wr

wkh olwhudwxuh rq wkh ghwhuplqdqwv ri uhwluhphqw vdylqjv1 Wkh zrun ri Ehuqkhlp rq �qdqfldo

hgxfdwlrq ++Ehuqkhlp dqg Jduuhww 4<<9,,/ dqg Pdguldq dqg Vkhd +5333e, rq ghidxow uxohv

kdyh vkrzq wkdw hfrqrplf lqfhqwlyhv duh qrw wkh rqo| ghwhuplqdqwv ri vdylqjv ghflvlrqv1 Wklv

sdshu dggv wr wkhvh vwxglhv e| vkrzlqj wkdw shhu h�hfwv duh dqrwkhu vrxufh ri h{wud0hfrqrplf

lq�xhqfh rq shrsoh*v ghflvlrqv1 Lqglylgxdov gr qrw lqvwdqwo| ohduq derxw hfrqrplf rssruwxqlwlhv/

dqg wkhlu hqylurqphqw lv d vwurqj ghwhuplqdqw ri wkhlu hfrqrplf ghflvlrqv1 Orz ohyhov ri vdylqjv

e| Dphulfdq krxvhkrogv kdyh ehhq d vrxufh ri suhrffxsdwlrq iru dfdghplfv dqg srolf| pdnhuv

dolnh1 Uhfrjql}lqj wkdw vdylqjv ghflvlrqv duh lq�xhqfhg e| shhu*v vdylqjv ghflvlrqv frxog eh dq

lpsruwdqw hohphqw wr lpsuryh rxu xqghuvwdqglqj ri wkhvh lvvxhv1 Pruh jhqhudoo|/ uhfrjql}lqj

wkdw wkh �qdqfldo ghflvlrqv ri d pdmrulw| ri shrsoh duh lq�xhqfhg e| wkh dfwlrqv ri rwkhuv vkrxog

eh dq lpsruwdqw hohphqw lq wkh zd| zh lqfrusrudwh lqglylgxdo ghflvlrqv lqwr pdfurhfrqrplf

prghov1 Lq ixwxuh uhvhdufk/ zh sodq wr vwxg| wkh uroh ri shhu h�hfwv lq wkh doorfdwlrq ri dvvhwv1

Vhfrqg/ wkhvh uhvxowv surylgh d srvvleoh udwlrqdoh iru rujdql}lqj 734+n,v durxqg wkh zrun0

sodfh1 Lq wkh fdvh ri wd{ ghihuuhg dffrxqwv zklfk lqglylgxdov fdq dffhvv rq wkhlu rzq dqg rxwvlgh

wkh zrunsodfh +vxfk dv LUDv,/ shrsoh kdyh qr reylrxv shhu jurxs zlwk zklfk wr glvfxvv wkhlu

fkrlfhv1 Wkh vwurqj ghfolqh lq sduwlflsdwlrq lq LUDv iroorzlqj wkh Wd{ Uhirup Dfw ri 4<;9 kdv

ehhq frqvlghuhg dv hylghqfh wkdw dgyhuwlvhphqw dqg lqirupdwlrq duh rqh ri wkh nh| hohphqwv

gulylqj sduwlflsdwlrq udwhv +vhh Ehuqkhlp +4<<<,,1 Zkhq wkh WGD lv rujdql}hg e| hpsor|huv

vxfk dv lq wkh fdvh ri 734+n, sodqv/ fr0zrunhuv ehfrph d qdwxudo jurxs zlwk zklfk wr glvfxvv

lw dv wkh ehqh�wv sdfndjh lv frpprq wr hpsor|hhv/ dqg wkhuhiruh d olnho| frqyhuvdwlrq wrslf1

R�hulqj vdylqjv rswlrqv rujdql}hg durxqg wkh zrunsodfh pd| wkhuhiruh lqfuhdvh wkh ryhudoo ohyho
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ri vdylqjv12e

Lq wklv sdshu/ zh pdnh qr dwwhpsw wr glvwlqjxlvk wkh h�hfw ri ehkdylru iurp wkh h�hfw ri

fkdudfwhulvwlfv zklfk ohg wr wklv ehkdylru1 Dvvxplqj wkdw rxu uhvxowv fdq eh lqwhusuhwhg dv

hylghqfh wkdw wkh vdylqjv ehkdylru ri p| froohdjxhv d�hfwv p| vdylqj ehkdylru/ dq lpsruwdqw

txhvwlrq uhpdlqv xqdqvzhuhg1 Lv lw ehfdxvh L dp lq�xhqfhg e| wkhlu fkdudfwhulvwlfv ru e|

wkhlu dfwlrqv +lq Pdqvnl*v zrugv/ lv wkh vrfldo h�hfw d cfrqwh{wxdo* h�hfw ru dq chqgrjhqrxv*

h�hfw,B Lq rwkhu zrugv/ gr L vdyh pruh ehfdxvh p| froohdjxhv duh wkh w|sh ri shrsoh zkr

vdyh/ ru ehfdxvh L vhh wkhp vdylqj dqg L lplwdwh wkhpB Wklv glvwlqfwlrq kdv vwurqj srolf|

lpsolfdwlrqv ehfdxvh lw ghwhuplqhv zkhwkhu ru qrw wkhuh frxog eh d cpxowlsolhu h�hfw* ri �qdqfldo

hgxfdwlrq1 Li hqgrjhqrxv h�hfwv duh lpsruwdqw/ wkh uroh ri �qdqfldo hgxfdwlrq pd| jr idu eh|rqg

surylglqj lqirupdwlrq wr wkrvh zkr duh gluhfwo| h{srvhg wr lw1 Li d ihz lqglylgxdov hquroo lq wkh

sodq iroorzlqj dq lqirupdwlrq vhvvlrq/ lw pljkw wuljjhu qrq0qhjoljleoh uhshufxvvlrq h�hfwv1 Wklv

h�hfw lv srwhqwldoo| lpsruwdqw zkhq dvvhvvlqj wkh h�hfw ri hgxfdwlrq ru lqirupdwlrq vhvvlrqv rq

frqwulexwlrq ghflvlrqv lq yroxqwdu| uhwluhphqw sodqv vxfk dv 734+n,v1

Zh/ wkhuhiruh/ vhh wklv vwxg| dv d �uvw vwhs lq d eurdghu uhvhdufk djhqgd1 D vlpsoh orrn dw

h{lvwlqj/ qrq0h{shulphqwdo gdwd kdv vxjjhvwhg wkdw shhu h�hfwv pd| eh suhvhqw dqg lpsruwdqw1

wklv zdv frq�uphg e| d ihz lqirupdo frqyhuvdwlrqv zlwk hpsor|hhv1 Lq ixwxuh zrun/ zh sodq wr

dgguhvv wkh vkruwfrplqjv ri wkh suhvhqw vwxg| dqg wr glvhqwdqjoh frqwh{wxdo dqg hqgrjhqrxv

vrfldo h�hfwv1 Zh sodq wr h{soruh wzr gluhfwlrqv1 Iluvw/ zh zrxog olnh wr dgplqlvwhu dq lq0ghswk

vxuyh| wr d vdpsoh ri hpsor|hhv lq wkh xqlyhuvlw|/ lq zklfk zh zrxog dvn derxw wkh nh| vrxufhv

ri lqirupdwlrq wkdw kdyh lqgxfhg lqglylgxdov wr hquroo +ru qrw, lq wkh sodq1 Vhfrqg/ zh duh

sodqqlqj d udqgrpl}hg �qdqfldo hgxfdwlrq h{shulphqw/ zklfk pljkw dowhu wkh sduwlflsdwlrq udwh

ri d udqgrp vxevhw ri hpsor|hhv zlwklq d vxevhw ri udqgrpo| fkrvhq ghsduwphqwv1 Zh zloo wkhq

frpsduh wkh sduwlflsdwlrq udwh ri wkh qrq0d�hfwhg lqglylgxdov lq wkhvh ghsduwphqwv zlwk wkh

sduwlflsdwlrq udwh lq wkh ghsduwphqwv zkhuh qr rqh zdv d�hfwhg1 E| grlqj vr/ zh zloo gluhfwo|

dgguhvv wkh txhvwlrq ri wkh pxowlsolhu ri �qdqfldo hgxfdwlrq h�ruwv1

2e�*|�L�}� �? Th�?U�T*i �| UL�*_ }L i�|�ih �@)�

54



+iuihi?Uit

Edqhumhh/ Deklmlw Y1 +4<<5, cD vlpsoh prgho ri khug ehkdylru1* Txduwhuo| Mrxuqdo ri Hfrqrplfv

Ed|hu/ Sdwulfn/ E1 Grxjodv Ehuqkhlp/ dqg Nduo Vfkro} +4<<;, cWkh h�hfwv ri �qdqfldo hgxfdwlrq

lq wkh zrunsodfh= Hylghqfh iurp d vxuyh| ri hpsor|huv1* Zrunlqj Sdshu/ Qdwlrqdo Exuhdx

ri Hfrqrplf Uhvhdufk

Ehuqkhlp/ E1 Grxjodv +4<<7, cD wkhru| ri frqiruplw|1* Mrxuqdo ri Srolwlfdo Hfrqrp| 435+8,/ ;74~

;::

+4<<<, cWd{dwlrq dqg vdylqj1* Zrunlqj Sdshu :394/ Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk/

Pdufk

Ehuqkhlp/ E1 Grxjodv/ dqg Gdqlho P1 Jduuhww +4<<9, cWkh ghwhuplqdqwv dqg frqvhtxhqfhv ri

�qdqfldo hgxfdwlrq lq wkh zrunsodfh= Hylghqfh iurp d vxuyh| ri krxvhkrogv1* Zrunlqj Sdshu

899:/ Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk/ Mxo|

Ehuwudqg/ Pduldqqh/ Vhqgklo Pxoodlqdwkdq/ dqg Hu}r Oxwwphu +4<<;, cQhwzrun h�hfwv dqg zho0

iduh fxowxuhv1* Zrunlqj Sdshu 9;65/ Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk/ Ghfhpehu

Ehvoh|/ Wlprwk|/ dqg Dqqh Fdvh +4<<7, cGl�xvlrq dv d ohduqlqj surfhvv=Hylghqfh iurp K\Y

frwwrq1* Glvfxvvlrq Sdshu 4:7/ USGV/ Sulqfhwrq Xqlyhuvlw|

Fdvh/ Dqqh/ dqg Oduu| Ndw} +4<<4, cWkh frpsdq| |rx nhhs= Wkh h�hfw ri idplo| dqg qhljk0

erukrrg rq glvdgydqwdjhg |rxwkv1* Zrunlqj Sdshu 6:3;/ Qdwlrqdo Exuhdx ri Hfrqrplf

Uhvhdufk

Holvrq/ Johqq/ dqg Guhz Ixghqehuj +4<<6, cUxohv ri wkxpev iru vrfldo ohduqlqj1* Mrxuqdo ri

Srolwlfdo Hfrqrp| 434+7,/ <6~459

Hqjhq/ Hulf P1/ Zlooldp J1 Jdoh/ dqg Mrkq N1 Vfkro} +4<<9, cWkh looxvru| h�hfw ri vdylqj

lqfhqwlyhv rq vdylqj1* Mrxuqdo ri Srolwlfdo Hfrqrp| 43+7,/ 446~46;

Hydqv/ Zlooldp/ Zlooldq Rdwhv/ dqg Urehuw Vfkzde +4<<5, cPhdvxulqj shhu jurxs h�hfwv=D

prgho ri whhqdjh ehkdylru1* Mrxuqdo ri Srolwlfdo Hfrqrp| 433+8,/ <99~<<4
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Irvwhu/ Dqguhz G1/ dqg Pdun U1 Urvhq}zhlj +4<<8, cOhduqlqj e| grlqj dqg ohduqlqj iurp

rwkhuv= Kxpdq fdslwdo dqg whfkqlfdo fkdqjh lq djulfxowxuh1* Mrxuqdo ri Srolwlfdo Hfrqrp|

436+9,/ 44:9~453<

Jodhvhu/ Hgzdug/ Euxfh Vdfhugrwh/ dqg Mrvh Vfkhlqnpdq +4<<9, cFulph dqg vrfldo lqwhudfwlrqv1*

Txduwhuo| Mrxuqdo ri Hfrqrplfv F[LY+5,/ 835~87;

Nxvnr/ Dqguhd/ Mdphv P1 Srwhued/ dqg Gdylg Z1 Zlofr{ +4<<7, cHpsor|hh ghflvlrqv zlwk

uhvshfw wr 734+n, sodqv= Hylghqfh iurp lqglylgxdo ohyho gdwd1* Zrunlqj Sdshu 7968/ Qdwlrqdo

Exuhdx ri Hfrqrplf Uhvhdufk

Pdguldq/ Euljlwwh/ dqg Ghqqlv Vkhd +5333d, cShhu h�hfwv dqg vdylqjv ehkdylru lq hpsor|hu0

vsrqvruhg vdylqjv sodqv1* Plphr/ Xqlyhuvlw| ri Fklfdjr

+5333e, cWkh srzhu ri vxjjhvwlrq= Lqhuwld lq 734+n, sduwlflsdwlrq dqg vdylqjv ehkdylru1*

Plphr/ Xqlyhuvlw| ri Fklfdjr

Pdqvnl/ Fkduohv +4<<6, cLghqwl�fdwlrq ri h{rjhqrxv vrfldo h�hfwv= Wkh uh�hfwlrq sureohp1* Uh0

ylhz ri Hfrqrplf Vwxglhv 93/ 74<~764

Pxqvkl/ Ndlydq +5333d, cVrfldo qrupv dqg lqglylgxdo ghflvlrqv gxulqj d shulrg ri fkdqjh = Dq

dssolfdwlrq wr wkh ghprjudsklf wudqvlwlrq1* PLPHR

+5333e, cVrfldo qrupv/ zlwk dq dssolfdwlrq wr wkh ghprjudsklf wudqvlwlrq lq Edqjodghvk1*

PLPHR/ Xqlyhuvlw| ri Shqqv|oydqld

Sdsnh/ Ohvolh H1 +4<<7, cSduwlflsdwlrq lq dqg frqwulexwlrqv wr 734+n, sodqv= Hylghqfh iurp sodq

gdwd1* Mrxuqdo ri Kxpdq Uhvrxufhv

Sdsnh/ Ohvolh H1/ Plwfkhoo Shwhuvhq/ dqg Mdphv P1 Srwhued +4<<6, cGlg 734+n, sodqv uhsodfh

rwkhu hpsor|hu surylghg shqvlrqvB* Zrunlqj Sdshu 7834/ Qdwlrqdo Exuhdx ri Hfrqrplf

Uhvhdufk/ Rfwrehu

Srwhued/ Mdphv P1/ Vwhyhq I1 Yhqwl/ dqg Gdylg D1 Zlvh +4<<9, cKrz uhwluhphqw vdylqj surjudpv

lqfuhdvh vdylqj1* Mrxuqdo ri Hfrqrplf Shuvshfwlyhv 43+7,/ <4~445
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Vdfhugrwh/ Euxfh +5333, cShhu h�hfwv zlwk udqgrp dvvljqphqw= Uhvxowv iru Gduwprxwk urrp0

pdwhv1* Zrunlqj Sdshu :79</ Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk
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Table 1: Participation Rates in the University Libraries 

Rank by Participation Participation Average Average Number of
Level Rate Wage Tenure Staff

(1) (2) (3) (4) (5)

1 0.73 $33,600 12.9 22

2 0.50 $36,300 11.3 28

3 0.47 $34,500 11.2 15

4 0.44 $33,100 9.4 16

5 0.43 $34,600 12.7 7

6 0.38 $29,400 8.7 13

7 0.38 $39,100 11.6 29

8 0.34 $36,200 11.0 235

9 0.32 $32,100 8.8 47

10 0.23 $34,600 10.2 17

11 0.14 $31,600 9.8 7

Notes: Column (2) displays the participation rate in the 403(b) plan in the 11 libraries of the university library system. 
Columns (3) and (4) report average wages and tenure, respectively, in each library. Column (5) reports the number of staff 
employees in each library.



Table 2: Summary Statistics

Complete Staff Faculty
Sample

(1) (2) (3)

Panel A: General Characteristics

Number of employees, 10/97 10,661 8,266 2,362

Number of employees, 06/98 10,762 8,443 2,303

Number of employees, 10/98 10,876 8,627 2,214

Number of employees, 06/99 11,351 9,150 2,181

Salary (mean) $48,330 $39,200 $83,020
[31,930] [22,030] [42,140]

Salary (median) $38,300 $34,500 $72,100

Gender (Male) 0.45 0.39 0.71
[0.50] [0.49] [0.45]

Age 41.8 40.0 48.9
[11.7] [11.1] [11.6]

Tenure (years of service) 8.1 7.3 11.6
[8.8] [7.8] [11.3]

Panel B: TDA Participation and Vendor Choices

Participation in the TDA 0.352 0.327 0.448
plan [0.477] [0.476] [0.497]

Participation in the TDA 0.034 0.030 0.065
plan when Tenure<3 months [0.181] [0.169] [0.239]

Share of Vendor R 0.351 0.342 0.379
[0.455] [0.451] [0.466]

Share of Vendor D 0.325 0.339 0.286
[0.429] [0.434] [0.412]

Share of Vendor V 0.221 0.220 0.223
[0.383] [0.378] [0.395]

Panel C: Departments

Number of Departments 420

Average Size of Departments 32
[51]

Median Size of Departments 12

Notes: Food and custodial services excluded. Business school also excluded.



Table 3: Peer Effects on Participation Decisions for Sub-samples

OLS 2SLS 2SLS 2SLS
Instruments Salary Tenure Tenure

deciles dummies Salary
(1) (2) (3) (4)

PANEL A. STAFF 
Average participation 0.271 0.130 0.134 0.149
in the department (0.035) (0.079) (0.081) (0.062)
Number of Observations 29,863 29,863 29,863 29,863

PANEL B: DEPARTMENTS WITH LESS THAN 20 EMPLOYEES
Average participation 0.210 0.234 0.347 0.300
in the department (0.052) (0.137) (0.136) (0.109)
Number of Observations 4,520 4,520 4,520 4,520

PANEL C: DEPARTMENTS WITH MORE THAN 20 EMPLOYEES
Average participation 0.317 0.087 0.137 0.114
in the department (0.047) (0.090) (0.093) (0.070)
Number of Observations 25,377 25,377 25,377 25,377

Notes: Standard errors are corrected for clustering. 
The regressions include all the control variables listed in table A1.
In column 2,  the instruments are the proportion of employees of the department whose wage
falls into each decile of the  university-wide distribution of wages. In column 3, the instruments are the number 
of employees of the department whose tenure falls into each category. 



 Table 4: Peer Effects on Participation Decisions Among Sub-groups

OLS 2SLS OLS 2SLS
Instruments Salary Salary 

Tenure Tenure
(1) (2) (3) (4)

PANEL A: GROUP 1: FEMALE (17,493 obs.) AND GROUP 2: MALE (11,066 obs.)

Average participation 0.199 0.321 0.093 -0.053
in group 1 (female) (0.045) (0.085) (0.052) (0.092)

Average participation 0.068 -0.115 0.121 0.275
in group 2 (male) (0.040) (0.071) (0.049) (0.085)

p-value of test coeff differ 0.055 0.001 0.727 0.029

PANEL B: GROUP 1: TENURE BELOW 3 YEARS (10,350 obs.) AND GROUP 2: ABOVE 7 YEARS (12,307 obs.) 

Average participation 0.114 0.235 -0.008 -0.107
in group 1 (young) (0.038) (0.083) (0.048) (0.106)

Average participation 0.063 0.048 0.188 0.274
in group 2 (old) (0.034) (0.077) (0.053) (0.139)

p-value of test coeff differ 0.345 0.108 0.008 0.034

PANEL C: GROUP 1: YOUNG (35 AND BELOW, 11,358 obs) AND GROUP 2: OLD (ABOVE 36, 17,269 obs)

Average participation 0.218 0.396 0.031 -0.059
in group 1 (young) (0.042) (0.075) (0.042) (0.073)

Average participation 0.023 -0.206 0.244 0.287
in group 2 (old) (0.044) (0.088) (0.047) (0.092)

p-value of test coeff differ 0.003 0.000 0.003 0.011

PANEL D: GROUP 1: STAFF (23,304 obs.) AND GROUP 2: FACULTY

Average participation 0.187 0.128
in group 1 (female) (0.039) (0.057)

Average participation 0.016 -0.073
in group 2 (male) (0.024) (0.045)

p-value of test coeff differ 0.000 0.008

PANEL E: GROUP 1: DEPARTMENT AND GROUP 2: OTHER DEPARTMENTS IN THE SAME SCHOOL

Average participation 0.262 0.164
in group 1 (own department) (0.036) (0.063)

Average participation 0.027 0.023
in group 2 (other departments) (0.042) (0.042)

p-value of test coeff differ 0.000 0.061

Notes: Standard errors are corrected for clustering. The regressions include all the control variables listed in table A1.
Instruments are the proportion of employees of the department whose wage falls into each decile of the  university-wide 
distribution of wages and the number of employees of the department whose tenure falls into each category. 
In Panel B, only the salary instruments are used.

Group 1 Group 2



Table 5: Peer Effects on Vendor Choice

OLS 2SLS 2SLS OLS 2SLS 2SLS OLS 2SLS 2SLS
(1) (2) (3) (4) (5) (6) (7) (8) (9)

Panel A: All Departments with Number of Participants above 2

Average share of vendor among 0.262 0.511 0.542 0.073 0.633 0.73 -0.084 0.481 0.467
participants in the department (0.047) (0.132) (0.137)  (0.052) (0.275) (0.292) (0.042) (0.218) (0.209)
F-statistic of the first stage 10.3 9.8 3.4 3.0 9.6 8.4

Number of Observations 10,233 10,233 10,233 10,233 10,233 10,233 10,233 10,233 10,233

Control for sample selection No No Yes No No Yes No No Yes

Panel B: Departments with Number of Participants above 15

Average share of vendor among 0.507 0.511 0.539 0.313 0.44 0.478 0.071 0.468 0.489
participants in the department (0.072) (0.146) (0.140)  (0.098) (0.281) (0.271) (0.093) (0.271) (0.262)
F-statistic of the first stage 6.8 8.1 2.9 3.6 6.7 5.9

Number of Observations 7,584 7,584 7,584 7,584 7,584 7,584 7,584 7,584 7,584

Control for sample selection No No Yes No No Yes No No Yes

Notes: Standard errors (corrected for clustering at the individual levels) are in parentheses. All regressions control in addition for gender, salary deciles, and age dummies. 
The excluded instrument in the equation predicting the participation are the proportion of members of the departments who fall in each category of years of service. 

Share of vendor R Share of vendor D Share of vendor V



Table 6: Peer Effects on Vendor Choice Among Sub-groups

Faculty and Staff
Group 1 (Young) Group 2 (Old) Group 1 (Female) Group 2 (Male) Group 1 (Staff)

2SLS 2SLS 2SLS 2SLS 2SLS
Instruments Service Service Service Service Service

dummies dummies dummies dummies dummies
(1) (2) (3) (4) (5)

PANEL A1: Vendor R

Average participation 0.87 0.037 0.681 0.264 0.44
in group 1 (0.358) (0.444) (0.195) (0.225) (0.186)

Average participation 0.025 0.605 -0.141 0.114 0.098
in group 2 (0.223) (0.486) (0.241) (0.381) (0.106)

PANEL A2: Vendor D

Average participation 1.483 0.426 0.812 0.124 0.833
in group 1 (0.522) (0.625) (0.265) (0.267) (0.195)

Average participation -0.284 0.707 -0.26 0.331 -0.094
in group 2 (0.259) (0.256) (0.193) (0.308) (0.112)

PANEL A3: Vendor V

Average participation 0.607 0.021 0.597 -0.162 0.593
in group 1 (0.265) (0.256) (0.229) (0.267) (0.238)

Average participation 0.076 0.683 -0.177 0.393 -0.083
in group 2 (0.284) (0.438) (0.240) (0.434) (0.122)

Number of Observations 4,555 4,576 5,974 3,172 7,252

Notes: Standard errors (corrected for clustering at the individual levels) are in parentheses. All regressions control in addition for gender, salary deciles, and age dummies. 
The excluded instrument in the equation predicting the participation are the proportion of members of the departments who fall in each category of years of service. 

Young (below 45) and Old (above 45) Male and Female



Table A1: Coefficients for All Variables and Controls

OLS 2SLS 2SLS 2SLS
Salary Tenure Tenure and Salary

(1) (2) (3) (4)

Average participation 0.271 0.130 0.134 0.149
in the department (0.035) (0.079) (0.081) (0.062)

Gender (male dummy) -0.063 -0.067 -0.066 -0.066
(0.010) (0.010) (0.010) (0.010)

Age
10 to 19 0.137 0.134 0.134 0.134

(0.030) (0.029) (0.029) (0.029)
20 to 29 0.193 0.189 0.190 0.189

(0.023) (0.023) (0.023) (0.023)
30 to 39 0.190 0.185 0.186 0.186

(0.021) (0.022) (0.022) (0.022)
40 to 49 0.200 0.196 0.196 0.197

(0.022) (0.022) (0.022) (0.022)
50 to 59 0.282 0.279 0.279 0.279

(0.023) (0.023) (0.023) (0.023)
60 to 69 0.347 0.342 0.343 0.343

(0.032) (0.032) (0.032) (0.032)
70 to 79 0.142 0.139 0.139 0.139

(0.059) (0.059) (0.059) (0.059)
Tenure
Less than 1 years -0.174 -0.178 -0.178 -0.177

(0.019) (0.019) (0.019) (0.018)
1 to 2 years -0.096 -0.097 -0.097 -0.097

(0.020) (0.020) (0.020) (0.020)
3 to 4 years -0.039 -0.038 -0.038 -0.038

(0.020) (0.020) (0.020) (0.020)
4 to 7 years -0.031 -0.030 -0.030 -0.030

(0.020) (0.021) (0.020) (0.020)
7 to 12 years -0.002 -0.002 -0.001 -0.002

(0.019) (0.019) (0.019) (0.020)
Salary decile
Decile 1 -0.248 -0.252 -0.252 -0.252

(0.029) (0.029) (0.029) (0.029)
Decile 2 -0.226 -0.231 -0.230 -0.231

(0.029) (0.029) (0.029) (0.029)
Decile 3 -0.202 -0.205 -0.205 -0.205

(0.028) (0.028) (0.028) (0.028)
Decile 4 -0.149 -0.152 -0.152 -0.151

(0.029) (0.029) (0.030) (0.030)
Decile 5 -0.085 -0.087 -0.087 -0.086

(0.030) (0.030) (0.030) (0.030)
Decile 6 -0.004 -0.007 -0.007 -0.007

(0.029) (0.029) (0.029) (0.029)

Number of Obs. 29,863 29,863 29,863 29,863
F-Statistic of the First Stage 15.8 28.9 26.7
Notes: Sample restricted to Staff employees. Food service and business school employees excluded. 
Standard errors corrected for clustering at the individual levels.
In column 2,  the instruments are the proportion of employees of the department whose wage
 falls into each decile of the  university-wide distribution of wages. In column 3, the instruments are the number 
of employees of the department whose tenure falls into each category. In column 4, both sets are used together.


