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Devwudfw

Wklv sdshu glvfxvvhv wkh ydulrxv fkdqqhov wkurxjk zklfk vwdelol}d0
wlrq srolflhv d�hfw sryhuw| lq ghyhorslqj frxqwulhv1 Lw ehjlqv e| uh0
ylhzlqj vrph ri wkh uhfhqw hylghqfh rq sryhuw| udwhv1 Wkh vhfrqg sduw
surylghv d wd{rqrplf uhylhz ri wkh ydulrxv fkdqqhov wkurxjk zklfk
pdfurhfrqrplf srolflhv d�hfw wkh srru/ zlwk d sduwlfxodu hpskdvlv rq
wkh uroh ri wkh oderu pdunhw1 Wkh wklug sduw suhvhqwv dq dqdo|wlfdo
iudphzrun wkdw fdswxuhv vrph ri wkh pdlq ihdwxuhv ri wkh xuedq oderu
pdunhw lq ghyhorslqj frxqwulhv/ dqg vwxglhv wkh h�hfwv ri �vfdo dgmxvw0
phqw rq zdjhv/ hpsor|phqw/ dqg sryhuw|1 Wkh irxuwk sduw suhvhqwv
furvv0frxqwu| uhjuhvvlrqv olqnlqj pdfurhfrqrplf yduldeohv dqg sryhuw|
udwhv1 Dowkrxjk wkh uhvxowv vkrxog eh wuhdwhg zlwk fduh jlyhq wkh uho0
dwlyho| vkruw vdpsoh vl}h/ wkh| vxjjhvw wkdw lq�dwlrq kdv dq dgyhuvh
h�hfw rq sryhuw|1 Wkh vkduh ri vxevlglhv dqg rwkhu wudqvihuv lq sursru0
wlrq ri jryhuqphqw h{shqglwxuh lv vljql�fdqwo| fruuhodwhg zlwk sryhuw|
rqo| lq vxe0Vdkdudq Diulfd1 Wkh odvw sduw glvfxvvhv ydulrxv uhvhdufk
shuvshfwlyhv1

MHO Fodvvl�fdwlrq Qxpehuv= I74/ M64/ M97
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Xqghuvwdqglqj dqg dvvhvvlqj wkh glvwulexwlrqdo dqg sryhuw| h�hfwv ri vwd0
elol}dwlrq surjudpv uhpdlqv d srolf| lvvxh ri frqvlghudeoh lpsruwdqfh iru
hfrqrplvwv1 Wkhuh kdv ehhq jurzlqj uhfrjqlwlrq/ iru lqvwdqfh/ ri wkh idfw
wkdw dvvhvvlqj wkh ehqh�wv dqg frvwv ri glvlq�dwlrq srolflhv hqwdlov dq lq0
whuwhpsrudo wudgh0r�1 Lq sduwlfxodu/ lw lv zhoo uhfrjql}hg wkdw wkh odujh
exgjhwdu| fxwv wkdw kdyh ehhq dvvrfldwhg lq vrph fdvhv zlwk vwdelol}dwlrq
h�ruwv kdyh idoohq glvsursruwlrqdwho| rq vrfldo vshqglqj/ wkhuhe| zruvhqlqj
wkh soljkw ri orzhu0lqfrph jurxsv lq wkh vkruw whup1 Dw wkh vdph wlph/
krzhyhu/ lw kdv ehhq srlqwhg rxw wkdw wkhvh jurxsv whqg dovr wr eh wkh rqhv
prvw dgyhuvho| d�hfwhg e| kljk lq�dwlrq> wr wkh h{whqw wkdw �vfdo dxvwhulw|
ohdgv wr d gxudeoh uhgxfwlrq lq wkh udwh ri sulfh lqfuhdvhv/ wkh srru pd|
ehqh�w iurp jryhuqphqw vshqglqj fxwv lq wkh orqjhu uxq1 Lw lv wkhuhiruh
lpsruwdqw wr fduhixoo| hydoxdwhg wkh qhw ehqh�wv +lq suhvhqw ydoxh whupv,
wkdw wklv wudghr� hqwdlov1

Vxusulvlqjo| hqrxjk/ krzhyhu/ wkh hylghqfh h{dplqlqj wkh olqnv ehwzhhq
vwdelol}dwlrq srolflhv dqg wkh srru uhpdlqv idluo| olplwhg1 Ydulrxv frxqwu|0
vshfl�f +ru uhjlrq0vshfl�f, vwxglhv ghdolqj zlwk hfrqrplf dgmxvwphqw dqg
wkh srru kdyh ehhq sxeolvkhg lq uhfhqw |hduv> exw wkh| riwhq uhpdlq kljko|
ghvfulswlyh zkhq lw frphv wr dvvhvvlqj wkh h�hfw ri pdfurhfrqrplf yduldeohv
rq sryhuw|1 Lq dgglwlrq/ dowkrxjk lw lv zhoo uhfrjql}hg wkdw wkh srru riwhq
jhqhudwh d vl}deoh vkduh ri wkhlu lqfrph iurp zdjh hpsor|phqw/ wkh uroh
ri wkh oderu pdunhw lq wkh wudqvplvvlrq ri pdfurhfrqrplf srolf| vkrfnv wr
orzhu0lqfrph jurxsv +sduwlfxoduo| wkrvh orfdwhg lq wkh xuedq vhfwru, kdv qrw
ehhq ixoo| h{soruhg1 Xqghuvwdqglqj wklv uroh lv doo wkh pruh lpsruwdqw jlyhq
wkh shfxoldulwlhv dqg lpshuihfwlrqv wkdw riwhq fkdudfwhul}h wkh oderu pdunhw
lq ghyhorslqj frxqwulhv1

Wkh suhvhqw vwxg| dwwhpswv wr frqwulexwh wr wkh fxuuhqw ghedwh dw wzr
eurdg ohyhov= lw h{dplqhv/ dw wkh frqfhswxdo ohyho/ wkh uroh ri wkh oderu pdu0
nhw lq wkh wudqvplvvlrq ri srolf| vkrfnv wr wkh srru/ dqg surylghv vrph
txdqwlwdwlyh hylghqfh rq wkh h�hfw ri pdfurhfrqrplf idfwruv rq sryhuw|1
Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq LL surylghv d
eulhi uhylhz ri wkh uhfhqw hylghqfh rq sryhuw| lq ghyhorslqj frxqwulhv/ zlwk
sduwlfxodu hpskdvlv rq Odwlq Dphulfd dqg vxe0Vdkdudq Diulfd1 Wkh ydulrxv
fkdqqhov wkurxjk zklfk vwdelol}dwlrq srolflhv d�hfw sryhuw| duh glvfxvvhg lq
Vhfwlrq LLL1 Erwk gluhfw dqg lqgluhfw h�hfwv +wkurxjk/ iru lqvwdqfh/ lq�dwlrq
dqg djjuhjdwh ghpdqg, duh dqdo|}hg1 Wkh uroh ri wkh oderu pdunhw lv dovr
glvfxvvhg lq jhqhudo whupv1 Vhfwlrq LY ghyhorsv dq dqdo|wlfdo iudphzrun
wkdw fdswxuhv lq d pruh irupdo zd| wkh uroh ri wkh oderu pdunhw lq wkh
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wudqvplvvlrq phfkdqlvp ri pdfurhfrqrplf srolf| vkrfnv1 Wkh prgho lqfru0
srudwhv vhyhudo lpsruwdqw dqg zhoo0grfxphqwhg ihdwxuhv ri wkh oderu pdunhw
lq ghyhorslqj frxqwulhv= h�flhqf| zdjhv/ d odujh lqirupdo vhfwru/ oderu pdu0
nhw vhjphqwdwlrq/ d khwhurjhqhrxv dqg lpshuihfwo| preloh oderu irufh/ dqg
zdjh �h{lelolw| lq wkh lqirupdo hfrqrp|1� Vhfwlrq Y h{dplqhv wkh lpsdfw
dqg vwhdg|0vwdwh h�hfwv ri d fxw lq jryhuqphqw vshqglqj�d w|slfdo phdvxuh
lq vwdelol}dwlrq surjudpv1 Vhfwlrq YL surylghv vrph furvv0vhfwlrq hfrqrphw0
ulf hylghqfh rq wkh lpsdfw ri pdfurhfrqrplf idfwruv rq sryhuw|1 Vhfwlrq
YLL lghqwl�hv vhyhudo srwhqwldoo|0iuxlwixo duhdv iru ixwxuh uhvhdufk1 Ilqdoo|/
Vhfwlrq YLLL vxppdul}hv wkh pdlq uhvxowv ri wkh dqdo|vlv dqg hoderudwhv rq
lwv srolf| lpsolfdwlrqv1

2 �L�ih|)G 5L4i +iUi?| ,��_i?Ui

Iljxuh 4/ zklfk lv edvhg rq wkh gdwd frpslohg e| Fkhq dqg Udydoolrq +4<<:,/
vkrzv wkh hyroxwlrq ri sryhuw| lq ydulrxv uhjlrqv ri wkh ghyhorslqj zruog
gxulqj wkh shulrg 4<;:0<61 Wkh lqglfdwru glvsod|hg lq wkh ohiw sdqho lv wkh
khdgfrxqw lqgh{ +wkh sursruwlrq ri lqglylgxdov ru krxvhkrogv hduqlqj ohvv
wkdq d jlyhq devroxwh ohyho ri lqfrph/ ru sryhuw| olqh,/ zklfk phdvxuhv wkh
lqflghqfh ri sryhuw|/ zkhuhdv wkh rqh glvsod|hg rq wkh uljkw lv wkh sryhuw|
jds +wkh dyhudjh vkruwidoo ri wkh lqfrph ri wkh srru zlwk uhvshfw wr wkh
sryhuw| olqh/ pxowlsolhg e| wkh khdgfrxqw lqgh{,/ zklfk phdvxuhv wkh ghswk
ri sryhuw|12 Erwk lqglfdwruv ghslfw d vlplodu slfwxuh= wkh lqflghqfh ri sryhuw|
lv wkh kljkhvw lq Vrxwk Dvld dqg vxe0Vdkdudq Diulfd/ dqg/ dsduw iurp Hdvw
Dvld/ olwwoh surjuhvv kdv ehhq dfklhyhg gxulqj wkh shulrg lq uhgxflqj sryhuw|
udwhv1 Lq Odwlq Dphulfdq dqg wkh Fduleehdq/ dqg shukdsv pruh vr lq vxe0
Vdkdudq Diulfd/ sryhuw| kdv lq idfw lqfuhdvhg voljkwo|1 Lq frxqwulhv olnh
Ph{lfr iru lqvwdqfh/ iroorzlqj wkh fulvlv ri 4<<70<8/ wkh lqflghqfh ri sryhuw|
lqfuhdvhg vljql�fdqwo|1

Wkh hylghqfh dovr vxjjhvwv wkdw wkh glvwulexwlrq ri wkh srru ehwzhhq
uxudo dqg xuedq duhdv ydulhv frqvlghudeo| dfurvv uhjlrqv1 Wklv lv sduwlfx0
oduo| fohdu zkhq frpsdulqj Odwlq Dphulfd dqg vxe0Vdkdudq Diulfd1 Lq d
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frxqwu| olnh Fkloh/ iru lqvwdqfh/ sryhuw| lv hyhqo| glvwulexwhg ehwzhhq uxudo
dqg xuedq duhdv +Dqu�ltxh}/ Frzdq/ dqg Gh Juhjrulr/ 4<<;,1 E| frqwudvw/
lq vxe0Vdkdudq Diulfd/ wkh srru duh frqfhqwudwhg lq uxudo duhdv1 Dffruglqj
wr wkh gdwd frpslohg e| Vdkq/ Grurvk/ dqg \rxqjhu +4<<:/ Fkdswhu 5,/ iru
lqvwdqfh/ wkh vkduh ri wkh qdwlrqdo sryhuw| udwh dffrxqwhg iru e| uxudo duhdv
lq wkh odwh 4<;3v dqg hduo| 4<<3v zdv :; shufhqw lq Farwh g*Lyrluh/ 99 shu0
fhqw lq Jdpeld/ :5 shufhqw lq Jkdqd/ <3 shufhqw lq Nhq|d dqg Wdq}dqld/
;; shufhqw lq Pdgdjdvfdu/ <; shufhqw lq Pdodzl/ dqg :4 shufhqw lq ]dp0
eld1� Dffruglqj wr Zruog Edqn hvwlpdwhv/ wkuhh0irxuwkv ri wkh srru lq Farwh
g*Lyrluh lq 4<<8 zhuh hvwlpdwhg wr kdyh ehhq lq uxudo duhdv +Zruog Edqn/
4<<:/ s1 44,1

Wkh vrxufhv ri lqfrph ri wkh uxudo srru dqg wkh xuedq srru dovr gli0
ihu vljql�fdqwo|1 Wkh uxudo srru lq pdq| frxqwulhv lq vxe0Vdkdudq Diulfd/
iru lqvwdqfh/ duh suhgrplqdqwo| vhoi0hpsor|hg dqg frqwlqxh wr uho| rq gl0
uhfw hduqlqjv iurp djulfxowxudo surgxfwlrq dv wkhlu pdlq vrxufh ri lqfrph�
dowkrxjk lqfrph iurp vdodulhg hpsor|phqw dqg vhoi0hpsor|phqw lq vpdoo
hqwhusulvhv kdyh ehfrph lpsruwdqw lq vrph frxqwulhv1e Wkh gdwd frpslohg
e| Vdkq hw do1 +4<<:,/ iru lqvwdqfh/ lqglfdwh wkdw lq frxqwulhv olnh Farwh
g*Lyrluh/ Jkdqd/ Jxlqhd/ Pdgdjdvfdu/ dqg Wdq}dqld/ pruh wkdq <3 shufhqw
ri wkh uxudo zrunhuv zhuh vhoi0hpsor|hg lq wkh hduo| 4<<3v/ uh�hfwlqj wkh
grplqdqfh ri rzq0dffrxqw djulfxowxuh dqg/ wr d ohvvhu h{whqw/ vpdoo dqg pl0
fur hqwhusulvhv lq pdqxidfwxulqj dqg vhuylfhv1 E| frqwudvw/ wkh xuedq srru
duh w|slfdoo| vhoi0hpsor|hg zrunhuv lq yhu| vpdoo hqwhusulvhv lq wkh lqirupdo
+qrqzdjh, vhfwru> exw wkhlu lqfrphv whqg wr �xfwxdwh forvho| zlwk fkdqjhv lq
dfwlylw| lq wkh irupdo hfrqrp|/ ehfdxvh ri wkh hdvh ri hqwu| lq wkh lqirupdo
vhfwru dqg wkh ghjuhh ri prelolw| ri wkh oderu irufh ehwzhhq wkh wzr vhfwruv1

Wkh glvwulexwlrq ri srru krxvhkrogv ehwzhhq uxudo dqg xuedq duhdv kdv
lpsruwdqw lpsolfdwlrqv iru vwxglhv dlphg dw dvvhvvlqj wkh h�hfw ri vkruw0
whup vwdelol}dwlrq srolflhv rq sryhuw|1 Lqfrph fkdudfwhulvwlfv vxjjhvw/ iru
lqvwdqfh/ wkdw wkh uxudo srru duh ohvv yxoqhudeoh/ dqg wkh xuedq srru pruh
yxoqhudeoh/ wr pdfurhfrqrplf srolf| vkrfnv1 Wkh uhdvrq lv wkdw wkh fxvk0
lrqlqj h�hfw ri frqvxpswlrq iurp rzq0djulfxowxudo surgxfwlrq lv qrw dv kljk
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lq wkh fdvh ri wkh xuedq srru1 Dw wkh vdph wlph/ wkh xuedq srru whqg wr
ehqh�w pruh wkdq wkh uxudo srru iurp irrg vxevlglhv1 Wkxv/ odujh fxwv lq
jryhuqphqw vxevlglhv pd| kdyh d odujhu h�hfw rq wkh xuedq srru1 Erwk h{0
dpsohv vxjjhvw wkdw vwxglhv irfxvlqj rq wkh h�hfwv ri vwdelol}dwlrq surjudpv
rq wkh srru vkrxog irfxv pruh rq wkh hyroxwlrq ri xuedq sryhuw| lq Odwlq
Dphulfd/ zkhuhdv wkrvh irfxvlqj rq vxe0Vdkdudq Diulfd vkrxog irfxv pruh
rq wkh ehkdylru ri uxudo sryhuw| udwhv�dqg h{shfw pdfurhfrqrplf yduldeohv
wr sod| d pxfk ohvv vljql�fdqw uroh/ frpsduhg wr vwuxfwxudo idfwruv1

Qhyhuwkhohvv/ wkhuh duh dw ohdvw wzr uhdvrqv wr vxjjhvw wkdw xqghuvwdqglqj
dqg dvvhvvlqj wkh h�hfw ri pdfurhfrqrplf idfwruv rq xuedq sryhuw| hyhq lq
wkh frqwh{w ri vxe0Vdkdudq Diulfdq frxqwulhv lv lpsruwdqw1 Iluvw/ phdvxuhv
ri uxudo dqg xuedq sryhuw| udwhv�vxfk dv wkrvh glvfxvvhg e| Vdkq hw do1
+4<<:/ Fkdswhu 5,�duh riwhq pdgh rq wkh edvlv ri h{shqglwxuh gdwd wkdw
duh qrw surshuo| gh�dwhg dfurvv uhjlrqv/ rzlqj wr wkh odfn ri dssursuldwh
uhjlrqdo gh�dwruv1 Dffrxqwlqj iru wkh gl�huhqfh ehwzhhq wkh frvw ri olylqj
ehwzhhq xuedq dqg uxudo duhdv lv qhyhuwkhohvv fuxfldo iru sryhuw| dvvhvvphqw/
lq sduw ehfdxvh sulfhv duh w|slfdoo| kljkhu lq xuedq duhdv1 Pd}xpgdu +4<<6,
iru lqvwdqfh hvwlpdwhv wkdw lq Nhq|d lq wkh odwh 4<;3v/ wkh qrplqdo lqfrph
gl�huhqwldo ehwzhhq uxudo dqg xuedq duhdv zdv dv kljk dv 7=4/ dqg wkh frvw
ri olylqj lq xuedq duhdv zdv 93 shufhqw kljkhu1D Zlwkrxw sulfh lqglfhv +dqg
wkxv uhodwlyh zhljkwv, wkdw dffrxqw iru frqvxpswlrq sdwwhuqv lq erwk duhdv/
wkh gl�huhqfh ehwzhhq wkh lqflghqfh ri sryhuw| lq uxudo dqg xuedq duhdv
lv prvw olnho| ryhuvwdwhg1 Vhfrqg/ lq pdq| frxqwulhv udslg uxudo0wr0xuedq
pljudwlrq kdv d�hfwhg wkh uhjlrqdo glvwulexwlrq ri sryhuw| lq wkh sdvw ihz
|hduv1S Lq vxfk fdvhv/ xuedq sryhuw|/ dowkrxjk qrw dv vhyhuh dv lw lv lq uxudo
duhdv/ pd| eh d jurzlqj sureohp1. Jlyhq wkh zruvhqlqj wuhqg ri sryhuw|
lq xuedq duhdv lq vxe0Vdkdudq Diulfd dqg wkh jurzlqj lpsruwdqfh ri wkh
lqirupdo vhfwru/ lw lv lpsruwdqw wr xqghuvwdqg wkh g|qdplfv ri wklv vhfwru
dw erwk wkh plfur0 dqg pdfurhfrqrplf ohyhov lq rughu wr ghvljq h�hfwlyh
srolflhv dlphg dw dvvhvvlqj xuedq sryhuw|1
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Vkruw0uxq vwdelol}dwlrq srolflhv pd| d�hfw sryhuw| wkurxjk ydulrxv fkdqqhov1
Dqdo|wlfdoo|/ lw lv frqyhqlhqw wr glvwlqjxlvk ehwzhhq gluhfw fkdqqhov/ vxfk dv
gluhfw h�hfwv rq sxeolf vhfwru hpsor|phqw ru lqfrph wkurxjk fkdqjhv lq
wudqvihuv dqg vxevlglhv,/ dqg lqgluhfw h�hfwv rshudwlqj wkurxjk

� fkdqjhv lq djjuhjdwh ghpdqg +ru rxwsxw/ li h{fhvv fdsdflw| lqlwldoo|
h{lvwv, dqg hpsor|phqw>

� fkdqjhv lq wkh udwh ri hfrqrplf jurzwk>

� fkdqjhv lq lq�dwlrq dqg wkh uhohydqw h{shqglwxuh sulfh gh�dwru iru wkh
srru>

� fkdqjhv lq wkh uhdo h{fkdqjh udwh1H

��� BL�ih?4i?| , Ti?_�|�hi

Wkh gluhfw fkdqqhov wkurxjk zklfk vwdelol}dwlrq surjudpv d�hfw wkh srru
rshudwh wkurxjk sxeolf vhfwru od|r�v dqg fxwv lq jryhuqphqw h{shqglwxuh
rq wudqvihuv dqg vxevlglhv1b Lq wkh devhqfh ri d vdihw| qhw +ru xqhpsor|0
phqw ehqh�w vfkhph,/ �vfdo frqvrolgdwlrq wkurxjk sxeolf vhfwru od|r�v pd|
udlvh gluhfwo| wkh sryhuw| udwh1 D vkdus uhgxfwlrq lq wudqvihuv uhgxfhv lq0
frph gluhfwo|/ zkhuhdv d uhgxfwlrq lq vxevlglhv rq jrrgv ru vhuylfhv wkdw duh
frqvxphg e| wkh srru orzhuv wkhlu sxufkdvlqj srzhu1�f Erwk pd| zruvhq
sryhuw|/ zlwk wkh odwwhu h�hfw ghshqglqj rq wkh frqvxpswlrq0h{shqglwxuh
sdwwhuq ri wkh srru1

Krzhyhu/ wkhuh duh ydulrxv idfwruv wkdw vxjjhvw wkdw phdvxulqj wkh h�hfw
ri pdfurhfrqrplf idfwruv e| rqo| orrnlqj dw djjuhjdwh phdvxuhv ri h{shqgl0
wxuh wr dvvhvv wkhlu h�hfw rq wkh srru pd| eh plvohdglqj1 Lw pd| eh dujxhg/
iru lqvwdqfh/ wkdw sxeolf vhfwru od|r�v +sduwlfxoduo| ri wkh ohvv0surgxfwlyh
zrunhuv,/ wr wkh h{whqw wkdw wkh| orzhu ryhudoo jryhuqphqw h{shqglwxuh dqg
uhgxfh suhvvxuhv iru prqhwl}dwlrq ri wkh �vfdo gh�flw/ pd| orzhu lq�dwlrq
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dqg wkhuhiruh jhqhudwh d ehqh�fldo h�hfw iru wkh srru +vhh ehorz,1 Wkh qhw
zhoiduh h�hfw/ wkhuhiruh/ lv dpeljxrxv ehfdxvh ri frq�lfwlqj h�hfwv rq lq0
frph1 Vlploduo|/ lq dgglwlrq wr wkh ohyho h�hfw dvvrfldwhg zlwk uhgxfwlrqv
lq sxeolf h{shqglwxuh/ wkhuh pd| eh d frpsrvlwlrqdo h�hfw= wkh vkduh ri
vrfldo vshqglqj lq wrwdo jryhuqphqw h{shqglwxuh pd| dfwxdoo| lqfuhdvh dw
wkh vdph wlph wkdw ryhudoo vshqglqj lv ehlqj fxw1 Pruhryhu/ wudqvihuv dqg
vxevlglhv pd| idoo erwk dv d shufhqwdjh ri JGS dqg dv d shufhqwdjh ri wrwdo
jryhuqphqw h{shqglwxuh zlwkrxw dq| dgyhuvh h�hfw rq sryhuw| li/ dw wkh vdph
wlph/ lpsuryhg wdujhwlqj ri vrfldo vshqglqj wdnhv sodfh�wkhuhe| lpsurylqj
wkh �rz ri vhuylfhv wr wkh srru1 Lqghhg/ lq vrph surjudpv/ h{shqglwxuh uh0
irupv kdyh ohg wr d uhgluhfwlrq ri khdowk dqg hgxfdwlrq h{shqglwxuhv wrzdug
edvlf2suhyhqwlyh khdowk fduh dqg sulpdu| hgxfdwlrq/ dqg dq lpsuryhphqw
lq wkh wdujhwlqj ri vrfldo vdihw| qhwv�qrwdeo| e| wudqviruplqj jhqhudol}hg
wudqvihuv wr krxvhkrogv lqwr wudqvihuv wdujhwhg wr wkh srru1

H{shqglwxuh uhdoorfdwlrq frqwlqxhv wr eh d pdmru lvvxh lq wkh ghvljq
ri vwdelol}dwlrq surjudpv> wkh odfn ri srolwlfdo lq�xhqfh ri wkh srru/ dqg
suhvvxuhv h{huwhg e| pruh srzhuixo lqwhuhvw jurxsv/ riwhq uhsuhvhqw pdmru
vwxpeolqj eorfnv1 Wkh srlqw/ krzhyhu/ lv wkdw lq fdvhv zkhuh wkh| rffxu lq
vxfk d zd| wkdw wkh| ehqh�w wkh srru/ wkh qhw h�hfw ri �vfdo frqvrolgdwlrq
pd| eh ehqh�fldo�hyhq li wkh uhodwlyh ohyho ri sxeolf h{shqglwxuh idoov1

��2 �}}hi}@|i #i4@?_ @?_ ,4T*L)4i?|

Lqgluhfw h�hfwv ri vwdelol}dwlrq surjudpv rq sryhuw| pd| rffxu wkurxjk erwk
gluhfw dqg lqgluhfw h�hfwv rq wkh ohyho ri djjuhjdwh ghpdqg dqg hpsor|phqw1
Wkh gluhfw h�hfw uhvxowv hvvhqwldoo| iurp uhgxfwlrqv lq jryhuqphqw h{shqgl0
wxuh rwkhu wkdq zdjhv dqg vdodulhv/ dqg wudqvihuv dqg vxevlglhv1 Wkh prvw
lpsruwdqw frpsrqhqw khuh duh fxwv lq fdslwdo h{shqglwxuh�zklfk riwhq rf0
fxuv lq sudfwlfh/ gxh wr wkh gl�fxow| ri fxwwlqj wkh zdjh eloo1 E| uhgxflqj
djjuhjdwh ghpdqg dqg hpsor|phqw/

Dw wkh vdph wlph/ wkhuh duh ydulrxv lqgluhfw fkdqqhov wkurxjk zklfk vwd0
elol}dwlrq phdvxuhv d�hfw djjuhjdwh ghpdqg> prvw rshudwh wkurxjk fkdqjhv
lq sulydwh vshqglqj=

� li sxeolf lqyhvwphqw dqg sulydwh vhfwru lqyhvwphqw duh frpsohphqwdu|
+dv wkh hylghqfh iru prvw ghyhorslqj frxqwulhv vxjjhvwv,/ d fxw lq sxeolf
vhfwru lqyhvwphqw�lq dgglwlrq wr lwv gluhfw h�hfw rq djjuhjdwh ghpdqg
lqglfdwhg hduolhu�pd| uhgxfh wkh surgxfwlylw| ri wkh sulydwh fdslwdo
vwrfn dw wkh pdujlq/ dqg wkxv uhgxfh sulydwh lqyhvwphqw dqg djjuhjdwh
ghpdqg>

:



� dq lqfuhdvhv lq wd{hv vxfk dv dq lqfuhdvh lq wd{ udwhv rq zdjhv ru sur�wv/
pd| uhgxfh sulydwh h{shqglwxuh rq frqvxpswlrq dqg lqyhvwphqw>��

� uhvwulfwlyh fuhglw dqg prqhwdu| srolflhv pd| dovr orzhu sulydwh h{shq0
glwxuh rq frqvxpswlrq dqg lqyhvwphqw/ hlwkhu gluhfwo| ru e| udlvlqj
lqwhuhvw udwhv1�2

� Li wkh uhgxfwlrq lq sxeolf vshqglqj uhvxowv lq d qhw uhgxfwlrq lq djjuh0
jdwh ghpdqg dw wkh ruljlqdo ohyho ri sulfhv dqg lqwhuhvw udwhv/ grphvwlf
dfwlylw| zrxog idoo/ exw wklv frxog dovr ohdg wr dq lqfuhdvh lq sulydwh
h{shqglwxuh= iru lqvwdqfh/ li grphvwlf lqwhuhvw udwhv dgmxvw grzqzdug
lpphgldwho| wr pdlqwdlq sruwirolr htxloleulxp zlwk d uhgxfwlrq lq wkh
ghpdqg iru prqh|/ lqwhuhvw0vhqvlwlyh frpsrqhqwv ri djjuhjdwh ghpdqg
zrxog whqg wr lqfuhdvh/ ru/ dowhuqdwlyho|/ li sruwirolr lpedodqfhv whqg
wr shuvlvw/ wkh h{fhvv vxsso| ri prqh| pd| fdxvh krxvhkrogv wr lq0
fuhdvh fxuuhqw vshqglqj lq rughu wr orzhu wkhlu uhdo kroglqjv ri prqh|
edodqfhv +uhdo edodqfh h�hfw,1

� Hyhq lq wkh devhqfh ri d uhdo edodqfh h�hfw/ wkh uhgxfwlrq lq �qdqflqj
uhtxluhphqwv e| wkh sxeolf vhfwru pd| uhgxfh wkh frvw ru lqfuhdvh
wkh dydlodelolw| ri �qdqfldo uhvrxufhv iru wkh sulydwh vhfwru/ wkhuhe|
lqfuhdvlqj sulydwh vshqglqj>

� li qrplqdo zdjhv duh �h{leoh/ ru li wkh fxw lq sxeolf vshqglqj zdv
iruhvhhq dw wkh wlph wkdw fxuuhqwo| suhydlolqj qrplqdo zdjh frqwudfwv
zhuh hqwhuhg lqwr/ wkh grphvwlf sulfh ohyho frxog idoo vx�flhqwo| wr
lqfuhdvh sulydwh vshqglqj e| dq dprxqw htxlydohqw wr wkh ghfuhdvh lq
sxeolf vshqglqj/ zlwk qr qhw fkdqjh lq wrwdo djjuhjdwh ghpdqg1

Wkh iruhjrlqj glvfxvvlrq vxjjhvwv/ wkhuhiruh/ wkdw wkh h�hfwv ri vwdel0
ol}dwlrq srolflhv rq sryhuw| rshudwlqj wkrxjk fkdqjhv lq djjuhjdwh ghpdqg
duh ohvv fohdu0fxw dv lv riwhq wkrxjkw1 Dowkrxjk wkhuh duh ydulrxv fkdq0
qhov wkurxjk zklfk vxfk srolflhv pd| uhgxfh djjuhjdwh ghpdqg dqg zruvhq
sryhuw| +e| uhgxflqj hpsor|phqw,/ wkhuh duh dovr fkdqqhov wkurxjk zklfk
wkh| pd| ohdg wr dq lqfuhdvh lq djjuhjdwh ghpdqg dqg hpsor|phqw1 Pruh0
ryhu/ wr wkh h{whqw wkdw uhgxfwlrqv lq djjuhjdwh ghpdqg dvvrfldwhg zlwk vwd0
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elol}dwlrq srolflhv dovr ohdg wr d idoo lq lq�dwlrqdu| suhvvxuhv +dv glvfxvvhg
ehorz, wkh| pd| dovr ehqh�w wkh srru1

��� ,UL?L4�U BhL�|�

Vwdelol}dwlrq srolflhv pd| d�hfw wkh srru qrw rqo| wkurxjk wkhlu lpsdfw
rq wkh ohyho ri rxwsxw exw dovr lwv jurzwk udwh ryhu wlph1 Wkh hylghqfh
vxjjhvwv/ lqghhg/ d forvh dqg qhjdwlyh olqn ehwzhhq sryhuw| dqg jurzwk= Gh0
phu| dqg Vtxluh +4<<9,/ iru lqvwdqfh/ uhylhzlqj wkh vxuyh|0edvhg hylghqfh
rq sryhuw| lq d vhohfwhg jurxs ri vxe0Vdkdudq Diulfdq frxqwulhv gxulqj wkh
4<;3v dqg 4<<3v/ frqfoxghg wkdw hfrqrplf jurzwk zdv wkh pdlq idfwru df0
frxqwlqj iru fkdqjhv lq sryhuw|1 Iljxuh 5/ zklfk vkrzv wkh fruuhodwlrq eh0
wzhhq sryhuw| udwhv +erwk uxudo dqg xuedq, dqg jurzwk udwhv iru d odujh
jurxs ri ghyhorslqj frxqwulhv iru wkh shulrg 4<;40<6/ dovr vxjjhvwv wkdw kljk
jurzwk udwhv whqg wr eh dvvrfldwhg zlwk orz sryhuw| udwhv1

Lqgluhfw h�hfwv ri vwdelol}dwlrq surjudpv rq sryhuw| pd| rffxu wkurxjk
erwk gluhfw dqg lqgluhfw h�hfwv rq jurzwk udwhv1 Uhgxfwlrqv lq wudqvihu
sd|phqwv iurp wkh sxeolf vhfwru wr wkh srru +zklfk kdyh qr gluhfw h�hfw rq
djjuhjdwh ghpdqg, uhgxfh glvsrvdeoh lqfrph dqg wkxv kdyh dq lqgluhfw/ qhj0
dwlyh h�hfw rq sulydwh vdylqj1 Orzhu vdylqj pd| d�hfw wkh jurzwk udwh1 Dv
lqglfdwhg hduolhu/ fxwv lq sxeolf vhfwru lqyhvwphqw pd| uhgxfh +lqfuhdvh, sul0
ydwh lqyhvwphqw lq wkh frpsohphqwdu| +vxevwlwxwdelolw|, fdvh/ wkhuhe| orz0
hulqj +udlvlqj, wkh udwh ri hfrqrplf jurzwk1 Wd{ lqfuhdvhv hqfrxudjh hydvlrq
dqg wkh vkliwlqj ri dfwlylwlhv wr wkh lqirupdo hfrqrp| > dv fdq eh lqihuuhg
iurp wkh dqdo|vlv lq Ord|}d +4<<9,/ wkh orvv lq wd{ uhyhqxh pd|/ lq wkh orqjhu
uxq/ uhgxfh wkh jryhuqphqw*v fdsdflw| wr lqyhvw lq lqiudvwuxfwxuh dqg wkxv
orzhu wkh udwh ri hfrqrplf jurzwk li wkhuh lv frpsohphqwdu| ehwzhhq sxeolf
dqg sulydwh fdslwdo irupdwlrq�wkhuhe| lqgluhfwo| udlvlqj sryhuw| udwhv1

Dw wkh vdph wlph/ orzhu lq�dwlrq whqgv wr lqfuhdvh jurzwk udwhv wkurxjk
lwv h�hfw rq wkh ohyho dqg h�flhqf| ri lqyhvwphqw1 Pruh jhqhudoo|/ wr wkh
h{whqw wkdw vwdelol}dwlrq surjudpv duh frqgxflyh wr juhdwhu pdfurhfrqrplf
vwdelolw|/ wkh| zloo ohdg wr kljkhu jurzwk udwhv1 Eohdqh| +4<<9,/ iru lqvwdqfh/
lq d furvv0vhfwlrq vwxg| fryhulqj wkh shulrg 4<;30<3/ vkrzv wkdw pdfurh0
frqrplf lqvwdelolw| +sduwlfxoduo| zkhq phdvxuhg e| wkh �vfdo edodqfh dqg
wkh ghjuhh ri yrodwlolw| ri wkh uhdo h{fkdqjh udwh, kdv d vljql�fdqw qhjdwlyh
h�hfw rq wkh udwh ri hfrqrplf jurzwk dqg srvvleo| dovr d qhjdwlyh h�hfw rq
lqyhvwphqw1�� Urguln +4<<;, rewdlqv vlplodu uhvxowv iru vxe0Vdkdudq Diulfd1
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Wkh srru duh pruh yxoqhudeoh wr lq�dwlrq wkdq kljkhu0lqfrph jurxsv ehfdxvh
ri d ydulhw| ri idfwruv=

� wkhlu lqfrph +zdjhv, lv riwhq gh�qhg lq qrplqdo whupv/ dqg wkh| ri0
whq gr qrw ehqh�w iurp lqgh{dwlrq phfkdqlvpv> wkh hylghqfh vxjjhvwv
lqghhg wkdw uhdo zdjhv whqg wr idoo lq shulrgv ri kljk lq�dwlrq>�e

� wkh| kdyh ihz lq�dwlrq khgjhv�ihz uhdo dvvhwv/ dqg xvxdoo| qr lqgh{hg
�qdqfldo dvvhwv�zlwk zklfk wr lqvxodwh wkhpvhoyhv iurp wkh h�hfw ri
sulfh lqfuhdvhv>

� wkhlu kroglqjv ri fdvk edodqfhv duh vxemhfw wr wkh lq�dwlrq wd{/ zklfk/
dowkrxjk qrw xvxdoo| dffrxqwhg iru lq phdvxulqj sryhuw| ohyhov/ frxog
kdyh d vljql�fdqw qhjdwlyh h�hfw rq wkh zhoiduh ri wkh srru1�D

Doo wkuhh idfwruv vxjjhvw wkdw lq�dwlrq vwdelol}dwlrq zrxog ehqh�w wkh
srru sursruwlrqdwho| pruh wkdq xsshu0lqfrph jurxsv1 Krzhyhu/ d qxpehu ri
plwljdwlqj idfwruv vkrxog eh wdnhq lqwr dffrxqw1 Iluvw/ lq frxqwulhv zkhuh wkh
srru duh vhoi0hpsor|hg +hlwkhu lq wkh lqirupdo xuedq vhfwru ru lq djulfxowxuh/
dv lq pdq| vxe0Vdkdudq Diulfdq frxqwulhv, zkdw pdwwhuv lv qrw vr pxfk wkh
lqfuhdvh lq wkh ryhudoo ohyho ri sulfhv exw udwkhu wkh h{whqw wr zklfk sulfhv ri
wkh jrrgv dqg vhuylfhv wkdw wkh srru frqvxph +wkdw lv/ d surshuo|0zhljkwhg
h{shqglwxuh gh�dwru, lqfuhdvh1 Li/ iru lqvwdqfh/ edvlf vwdsoh irrgv dffrxqw
iru d odujh vkduh ri h{shqglwxuh ri orz0lqfrph krxvhkrogv/ dqg li wkh sulfhv ri
wkhvh frpprglwlhv duh nhsw xqghu frqwuro/ glvlq�dwlrq pd| kdyh olwwoh lpsdfw
rq wkh srru1 Vhfrqg/ wr wkh h{whqw wkdw vwdelol}dwlrq hqwdlov d vkdus gurs lq
djjuhjdwh ghpdqg dqg hpsor|phqw +dv glvfxvvhg hduolhu,/ wkh h{fhvv vxsso|
ri oderu pd|/ hyhu|wklqj hovh htxdo/ ohdg wr ixuwkhu grzqzdug suhvvxuh rq
zdjhv dqg d zruvhqlqj ri wkh soljkw ri wkh srru1

Wklug/ hyhq li kljkhu lq�dwlrq kdv dq dgyhuvh h�hfw rq sryhuw| lq wkh
orqjhu uxq/ wkh iruhjrlqj glvfxvvlrq vxjjhvwv wkdw uhgxflqj lq�dwlrq iurp d
kljk wr d orz ohyho pd| qrw eh ehqh�fldo lq wkh vkruw uxq/ wr wkh h{whqw
wkdw lw lv eurxjkw derxw wkurxjk h{whqvlyh fxwv lq vrfldo surjudpv1 Wkxv/
dv phqwlrqhg lq wkh lqwurgxfwlrq/ wkhuh lv dq lqwhuwhpsrudo wudgh0r�/ zklfk
vxjjhvwv wkdw lw lv wkh qhw suhvhqw ydoxh ri d uhgxfwlrq lq lq�dwlrq wkdw qhhgv
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wr eh dvvhvvhg/ lq rughu wr ghwhuplqh li sulfh vwdelol}dwlrq lv ehqh�fldo wr wkh
srru ru qrw1

Wkh vlwxdwlrq lv/ lq idfw/ pruh frpsolfdwhg wkdq wkdw/ ehfdxvh orzhu lq0
�dwlrq dovr frqwulexwhv lqgluhfwo| wr jurzwk/ dv vkrzq hpslulfdoo| e| Euxqr
dqg Hdvwhuo| +4<<;, dqg Vduho +4<<9,1 Kljkhu jurzwk udwhv lqfuhdvh wkh ohyho
ri lqfrph shu fdslwd/ dqg wkh kljkhu ohyho ri lqfrph whqgv wr orzhu phdvxuhg
sryhuw| udwhv1 Rqh phfkdqlvp wkurxjk zklfk lq�dwlrq d�hfwv jurzwk lv wkh
iroorzlqj1 Lq�dwlrq gulyhv d zhgjh ehwzhhq wkh pdujlqdo uhwxuqv wr uhdo dqg
�qdqfldo fdslwdo> lw wkxv glvwruwv surgxfwlrq lqfhqwlyhv1 Wkh holplqdwlrq ri
wklv glvwruwlrq lqfuhdvhv erwk wkh ohyho dqg udwh ri jurzwk ri rxwsxw1 Lq
wkh prgho ghyhorshg e| J|oidvrq +4<<9,�zlwk uhdo dqg �qdqfldo fdslwdo
duh erwk xvhg dv lqsxwv lq wkh surgxfwlrq surfhvv�lqfuhdvhg sulfh vwdelolw|
lpsuryhv wkh h�flhqf| zlwk zklfk fdslwdo lv xwlol}hg/ dqg wkxv lqfuhdvhv wkh
ixoo0hpsor|phqw ohyho ri rxwsxw lq wkh orqj uxq +wkh vwdwlf rxwsxw jdlq,1 Exw
orzhu lq�dwlrq dovr lqfuhdvhv wkh udwh ri hfrqrplf jurzwk lq wkh suhvhqfh ri
frqvwdqw uhwxuqv wr +eurdg, fdslwdo/ dv hpskdvl}hg lq wkh qhz hqgrjhqrxv
jurzwk olwhudwxuh +Hdvwhuo|/ 4<<6,1 Wkhvh jdlqv fdq/ lq sudfwlfh/ eh vxevwdq0
wldo dv vxjjhvwhg e| wkh vlpxodwlrqv shuiruphg e| J|oidvrq +4<<9,1 Wkxv/ e|
orzhulqj wkh ohyho ri lq�dwlrq +dqg srvvleo| wkh yduldelolw| ri lq�dwlrq, vwd0
elol}dwlrq surjudpv hqkdqfh jurzwk survshfwv e| lpsurylqj wkh doorfdwlrq
ri uhvrxufhv/ wkhuhe| hqkdqflqj wkhlu orqj0whup ehqh�wv wr wkh srru1

��D +i@* , U�@?}i +@|i

Wkh frpelqdwlrq ri h{fkdqjh udwh/ �vfdo/ dqgprqhwdu| srolflhv lpsohphqwhg
lq vwdelol}dwlrq surjudpv riwhq dlpv dw dfklhylqj d ghsuhfldwlrq ri wkh uhdo
h{fkdqjh udwh/ lq rughu wr irvwhu d uhdoorfdwlrq ri uhvrxufhv wrzdug wkh wudg0
deohv vhfwru1 Lq wxuq/ d uhdo ghsuhfldwlrq d�hfwv sryhuw| +dqg lqfrph glvwul0
exwlrq, wkurxjk wzr pdlq fkdqqhov=

� D uhdo ghsuhfldwlrq�eurxjkw derxw hlwkhu wkurxjk d qrplqdo ghsuhfl0
dwlrq ru d idoo lq wkh sulfh ri krph jrrgv�idyruv frqvxphuv ri qrqwudg0
deohv +vxfk dv krxvlqj dqg uhwdlo vhuylfhv, lq jhqhudo/ dqg wkh xuedq
srru lq sduwlfxodu1 Krzhyhu/ lq sudfwlfh/ d uhdo ghsuhfldwlrq lv lp0
sohphqwhg wkurxjk d qrplqdo ghsuhfldwlrq/ zklfk udlvhv wkh grphvwlf
sulfh ri lpsruwhg jrrgv1 Wr wkh h{whqw wkdw vxfk jrrgv duh frqvxphg
e| wkh srru/ wkhuh lv d qhjdwlyh lqfrph h�hfw zklfk pd| r�vhw wkh
uhodwlyh sulfh h�hfw1

� D uhdo ghsuhfldwlrq whqgv wr irvwhu d uhdoorfdwlrq ri uhvrxufhv wrzdug
djulfxowxudo h{sruw dfwlylwlhv/ udlvlqj wkh lqfrph ri h{sruw0furs iduphuv
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dqg uxudo krxvhkrogv +Grurvk dqg Vdkq/ 4<<6,1�S Lq frxqwulhv zkhuh
wkh srru duh suhgrplqdqwo| lq wkh uxudo duhdv/ d uhdo ghsuhfldwlrq zloo
wkhuhiruh udlvh lqfrphv dqg uhgxfh sryhuw|1

Krzhyhu/ wkhuh duh rwkhu r�vhwwlqj vxsso|0vlgh h�hfwv ri d uhdo h{fkdqjh
udwh ghsuhfldwlrq wkdw pxvw dovr eh wdnhq lqwr dffrxqw1 Ehfdxvh uhvrxufhv
duh uhdoorfdwhg wrzdug wkh wudgdeohv vhfwru/ wkh ghpdqg iru oderu lq wkh
qrqwudgdeohv vhfwru pd| idoo> orzhu hpsor|phqw dqg qrplqdo zdjhv +lq wkh
suhvhqfh ri grzqzdug uljlglw| ri sulfhv, pd| wudqvodwh lqwr d idoo lq uhdo
zdjhv dqg d kljkhu lqflghqfh ri sryhuw|1 Lq sduwlfxodu/ li wkh xuedq srru duh
dovr surgxfhuv ri qrqwudghg jrrgv +dv lv wkh fdvh lq wkh lqirupdo vhfwru,/ wkh
qhw djjuhjdwh h�hfw ri d uhgxfwlrq lq uxudo sryhuw| zloo eh kljko| plwljdwhg1

Wkh uhdo h{fkdqjh udwh ghsuhfldwlrq wkdw riwhq dffrpsdqlhv vwdelol}dwlrq
surjudpv +dw ohdvw lq wkhlu lqlwldo vwdjhv, pd| dovr jhqhudwh lqgluhfw h�hfwv
rq sryhuw|1 Iru lqvwdqfh/ lw kdv ehhq qrwhg wkdw d uhdo ghsuhfldwlrq kdv
riwhq ehhq dffrpsdqlhg zlwk dq lqfuhdvh lq wkh xvhu frvw ri fdslwdo lq wkh
wudgdeohv vhfwru/ ehfdxvh fdslwdo jrrgv +pdfklqhu| dqg htxlsphqw, duh ri0
whq lpsruwhg lq ghyhorslqj frxqwulhv +Orud dqg Rolyhud/ 4<<;,1 Wklv whqgv
wr orzhu lqyhvwphqw lq �{hg fdslwdo dqg/ dv d uhvxow ri frpsohphqwdulw|/
wr uhgxfh wkh ghpdqg iru vnloohg zrunhuv1 Wr wkh h{whqw wkdw vnloohg dqg
xqvnloohg oderu duh qhw vxevwlwxwhv/ wkh ghpdqg iru xqvnloohg zrunhuv pd|
lqfuhdvh/ udlvlqj hpsor|phqw dqg dyhudjh lqfrph ri wkh srru1

��S A�i +L*i Lu |�i w@MLh �@h!i|

Wkh wkuxvw ri wkh iruhjrlqj glvfxvvlrq lv wkdw wkhuh duh d ydulhw| ri fkdqqhov�
zlwk srvvleo| r�vhwwlqj +gluhfw dqg lqgluhfw, h�hfwv�wkurxjk zklfk vwdel0
ol}dwlrq surjudpv d�hfw sryhuw|1 Wkh lpsruwdqfh ri hdfk ri wkhvh fkdqqhov
zloo lq jhqhudo ghshqg rq wkh lqvwlwxwlrqdo fkdudfwhulvwlfv dqg vwuxfwxudo
sdudphwhuv ri lqglylgxdo hfrqrplhv1 Dq lpsruwdqw lpsolfdwlrq ri wkh dqdo0
|vlv lv wkxv wkdw hpslulfdo lqyhvwljdwlrq lv fuxfldo iru dvvhvvlqj wkh h�hfw ri
pdfurhfrqrplf idfwruv rq wkh srru1

Dqrwkhu lpsolfdwlrq lv wkdw wkh oderu pdunhw lv d fuxfldo hohphqw lq xq0
ghuvwdqglqj sryhuw|/ ehfdxvh wkh srru jhqhudwh prvw ri wkhlu lqfrph iurp
oderu vhuylfhv1 Wkh zd| wkh oderu pdunhw rshudwhv/ lq wxuq/ frqglwlrqv
wkh hpsor|phqw dqg zdjh rxwfrphv ri vwdelol}dwlrq srolflhv1 Wkhuh duh/
ri frxuvh/ pruh jhqhudo uhdvrqv wkdq sryhuw| lwvhoi iru irfxvlqj rq wkh uroh
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ri wkh oderu pdunhw lq wkh surfhvv ri pdfurhfrqrplf dgmxvwphqw> zkhwkhu
ru qrw d uhdo ghydoxdwlrq ohdgv wr d uhgxfwlrq lq wkh fxuuhqw dffrxqw gh�flw/
iru lqvwdqfh/ ghshqgv odujho| rq wkh h{whqw wr zklfk uhdo zdjhv duh �h{leoh
grzqzdug1 Qhyhuwkhohvv/ dv orqj dv oderu pdunhw lpshuihfwlrqv suhyhqw dq
h�flhqw doorfdwlrq ri uhvrxufhv/ wkh srru duh olnho| wr eh d�hfwhg1 Pruh suh0
flvho|/ iru vwxglhv irfxvlqj rq wkh uroh ri vkruw0whup pdfurhfrqrplf idfwruv
rq sryhuw|/ lw lv wkh xuedq oderu pdunhw wkdw sod|v d fuxfldo uroh1

Wkhuh duh d qxpehu ri lpsruwdqw lqvwlwxwlrqdo fkdudfwhulvwlfv ri wkh xu0
edq oderu pdunhw lq ghyhorslqj frxqwulhv1�. Lq jhqhudo/ wkh xuedq oderu
pdunhw fdq eh glylghg lqwr irupdo hpsor|phqw +vxfk dv hpsor|phqw lq odujh
sulydwh hqwhusulvhv dqg wkh sxeolf vhfwru, dqg lqirupdo hpsor|phqw1�H Eh0
fdxvh irupdo hpsor|phqw lq pdq| ghyhorslqj frxqwulhv +lq erwk Odwlq Dphu0
lfd dqg vxe0Vdkdudq Diulfd, kdv lqfuhdvhg rqo| vorzo| lq uhfhqw ghfdghv/
zkloh xuedq pljudwlrq kdv ehhq h{whqvlyh/ lqirupdo xuedq hpsor|phqw kdv
lqfuhdvhg gudpdwlfdoo| lq vl}h1�b Lq Nhq|d/ iru lqvwdqfh/ wkh vkduh ri wkh
lqirupdo vhfwru lq hpsor|phqw rxwvlgh djulfxowxuh lv fxuuhqwo| derxw 93 shu0
fhqw1 Lq Jkdqd/ ehwzhhq 4<;3 dqg 4<<3/ hpsor|phqw lq wkh irupdo vhfwru
ghfolqhg vljql�fdqwo|/ ghvslwh d vxevwdqwldo lqfuhdvh +e| 83 shufhqw, ri wkh
qrq0djulfxowxudo oderu irufh1 Hvwlpdwhv e| Fdqdjdudsdmdk dqg Pd}xpgdu
+4<<:/ s1 78, vxjjhvw wkdw pxfk ri wkh h{sdqvlrq lq wkh oderu irufh zdv
devruehg e| wkh lqirupdo vhfwru/ zkrvh vl}h lqfuhdvhg iurp 69 wr 78 shu0
fhqw ri wkh wrwdo +djulfxowxudo dqg qrq0djulfxowxudo, oderu irufh1 Wkh xuedq
srru duh dovr glvsursruwlrqdwho| hpsor|hg lq wkh lqirupdo vhfwru1 Lq Fkloh/
iru lqvwdqfh/ lq 4<<7 63 shufhqw ri hpsor|phqw lq wkh wrwdo srsxodwlrq zdv
lqirupdo> lw zdv 78 shufhqw dprqjvw wkh srru +Dqu�ltxh}/ Frzdq/ dqg Gh
Juhjrulr/ 4<<;,1

Zrunhuv lq wkh irupdo vhfwru w|slfdoo| kdyh kljkhu ohyhov ri hgxfdwlrq
wkdq lqirupdo vhfwru zrunhuv> wkh uhdvrq lv wkdw irupdo vhfwru �upv kdyh ehw0
whu whfkqrorjlhv> rshudwlqj wkhvh whfkqrorjlhv uhtxluh kljkhu0vnloohg zrunhuv
dqg pruh rq0wkh0mre0wudlqlqj1 Kljkhu zdjhv doorz �upv wr uhgxfh wxuqryhu
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frvwv iru kljko|0vnloohg zrunhuv1 D vwxg| ri wkh pdqxidfwxulqj lqgxvwu| lq
Nhq|d/ iru lqvwdqfh/ irxqg d yhu| vljql�fdqw h�hfw ri �up vl}h rq zdjhv
+Eljvwhq dqg Kruwrq/ 4<<;,1 Wkh gl�huhqfh shuvlvwv diwhu frqwuroolqj iru
+revhuydeoh, oderu txdolw| gl�huhqfhv dqg zrunlqj frqglwlrqv1 Whqxuh lv
dovr orqjhu lq odujhu �upv1 Erwk idfwv vxjjhvw lqghhg wkdw �upv pd| sd|
pruh wr uhgxfh +frvwo|, oderu wxuqryhu1 Wkh| pd| dovr sd| pruh wr hqkdqfh
surgxfwlylw|/ dwwudfw ehwwhu zrunhuv/ dqg pdlqwdlq or|dow| dqg prudoh/ lq
olqh zlwk h�flhqf| zdjh wkhrulhv1

Wkh frqyqhwlrqdo ylhz lv wkdw wkh xuedq lqirupdo oderu pdunhw lv fkdu0
dfwhul}hg e| hdvh ri hqwu|/ d kljk ghjuhh ri zdjh �h{lelolw|/ dqg olplwhg oderu
surwhfwlrq1 Krzhyhu/ ghvslwh wkh devhqfh ri uhvwulfwlrqv wr hqwu| lq wkh lqiru0
pdo vhfwru/ xuedq rshq xqhpsor|phqw lv riwhq kljk lq ghyhorslqj frxqwulhv/
dqg whqgv wr d�hfw erwk vnloohg dqg xqvnloohg zrunhuv +zklfk dffrxqw iru
wkh pdmrulw| ri wkh srru,1 Wklv hylghqfh vxjjhvw wkdw wkh h{whqw ri oderu
prelolw| ehwzhhq wkh irupdo dqg wkh lqirupdo vhfwruv/ dowkrxjk yhu| kljk/
lv qrw shuihfw1

e � 6Lh4@* 6h@4i�Lh!

Wklv vhfwlrq suhvhqwv d pdfurhfrqrplf prgho ri d vpdoo rshq ghyhorslqj
hfrqrp| wkdw surylghv d xvhixo iudphzrun iru wkh dqdo|vlv ri wkh uroh ri wkh
oderu pdunhw lq wkh wudqvplvvlrq ri pdfurhfrqrplf srolflhv wr wkh srru12f

Wkuhh fdwhjrulhv ri djhqwv duh dvvxphg wr rshudwh lq wkh hfrqrp| frqvlghuhg=
�upv/ krxvhkrogv/ dqg wkh jryhuqphqw12� Wkh qrplqdo h{fkdqjh udwh lv
�{hg1 Wkh hfrqrp| frqvlvwv ri wzr pdmru vhjphqwv= wkh irupdo hfrqrp|
dqg wkh lqirupdo vhfwru1 Wkh fdslwdo vwrfn lq hdfk surgxfwlrq vhfwru lv
�{hg zlwklq wkh wlph iudph ri wkh dqdo|vlv1 Wkh oderu irufh +zklfk lv dovr
frqvwdqw, lv khwhurjhqhrxv dqg frqvlvwv ri vnloohg dqg xqvnloohg zrunhuv1

e�� A�i 6Lh4@* 5iU|Lh

Surgxfwlrq lq wkh irupdo hfrqrp| frqvlvwv ri dq h{sruwdeoh jrrg/ dqg uh0
txluhv erwk w|shv ri oderu1 Iru vlpsolflw|/ wrwdo rxwsxw ri h{sruwdeohv lv
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dvvxphg wr eh vrog deurdg122 Wkh sulfh ri h{sruwv lv �{hg rq zruog pdu0
nhwv> wkh ghpdqg iru h{sruwv lv wkxv lq�qlwho| hodvwlf/ lpso|lqj wkdw wkh
yroxph ri h{sruwv lv vxsso|0ghwhuplqhg1 Vhwwlqj wkh zruog sulfh ri h{sruwv
wr xqlw| lpsolhv wkdw wkh grphvwlf sulfh ri h{sruwv lv wkxv htxdo wr wkh qrp0
lqdo h{fkdqjh udwh/ H1 Ohw \f ghqrwh surgxfwlrq ri h{sruwdeohv vhfwru/ q7
dqg qL hpsor|phqw ohyhov ri vnloohg dqg xqvnloohg oderu +phdvxuhg lq qdw0
xudo xqlwv,/ dqg h wkh ohyho ri h�ruw surylghg e| hdfk vnloohg zrunhu1 Wkh
ohyho ri h�ruw surylghg e| dq xqvnloohg zrunhu lv frqvwdqw dqg qrupdol}hg
wr xqlw| iru vlpsolflw|1 Dvvxplqj d Free0Grxjodv surgxfwlrq whfkqrorj|
|lhogv2�

\f @ +hq7,
kq�3kL > 3 ? � ? 4= +4,

Jhqhudol}lqj wkh vshfl�fdwlrq ghyhorshg e| Dj�hqru dqg Dl}hqpdq +4<<<,/
wkh h�ruw ixqfwlrq lv gh�qhg dv

h @ 4��+



$S7
,�> 3 ? � ? 4> � � 3> +5,

zkhuh $S7 ghqrwhv wkh frqvxpswlrq zdjh iru vnloohg zrunhuv lq wkh h{sruwdeoh
vhfwru/ dqg 
 � $S7 wkh uhvhuydwlrq zdjh1 Htxdwlrq +5, lqglfdwhv wkdw dq
lqfuhdvh lq vnloohg zrunhuv* frqvxpswlrq zdjh uhodwlyh wr wkhlu uhvhuydwlrq
zdjh udlvhv wkh ohyho ri h�ruw1 H�ruw lv dovr frqfdyh lq $S7 1 Li h�ruw lv
lqghshqghqw ri uhodwlyh zdjhv +� @ 3,/ ru li wkh frqvxpswlrq zdjh lv htxdo
wr wkh uhvhuydwlrq zdjh/ h @ 4��1 2e

Zkhuhdv vnloohg zrunhuv ghwhuplqh wkh ohyho ri h�ruw rq wkh edvlv ri wkh
frqvxpswlrq zdjh/ surgxfhuv ghwhuplqh rqo| wkh surgxfw zdjh/ $7 1 Vxssrvh
wkdw wkh frqvxphu sulfh lqgh{ lv d zhljkwhg/ jhrphwulf dyhudjh ri wkh sulfh
ri lpsruwhg jrrgv/ H�dvvxplqj wkdw wkh iruhljq0fxuuhqf| sulfh ri wkhvh
jrrgv lv qrupdol}hg wr xqlw|�dqg wkh sulfh ri qrqwudgdeohv/ S� =

S @ H�3BS B
� > 3 ? � ? 4> +6,

zkhuh � phdvxuhv wkh vkduh ri krph jrrgv lq wrwdo h{shqglwxuh1
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Ohw } @ H@S� ghqrwh wkh uhodwlyh sulfh ri lpsruwv lq whupv ri qrqwudg0
deohv> } zloo eh uhihuuhg wr lq zkdw iroorzv dv wkh uhdo h{fkdqjh udwh1 E|
gh�qlwlrq/ wkhuhiruh/ S @ }3BH/ vr wkdw

$S7 @ }B$7= +7,

D elqglqj plqlpxp zdjh iru xqvnloohg zrunhuv lv lq sodfh lq wkh irupdo
hfrqrp|1 Iru d jlyhq ohyho ri wkh plqlpxp zdjh/ �upv lq wkh irupdo vhfwru
ghwhuplqh hpsor|phqw ohyhov dqg wkh surgxfw zdjh hduqhg e| vnloohg zrunhuv
vr dv wr pd{lpl}h sur�wv dqg plqlpl}h wkh frvw ri vnloohg oderu lq h�flhqf|
xqlwv1 Irupdoo|/ ohw $6 eh wkh uhdo plqlpxp zdjh +phdvxuhg lq whupv ri
wkh sulfh ri h{sruwdeohv, hduqhg e| xqvnloohg zrunhuv lq wkh irupdo vhfwru1
Dvvxplqj wkdw �upv lqfxu qr klulqj ru �ulqj frvwv/ wkh ghflvlrq sureohp lv
wkxv

pd{
?7 c?L c/7

�f @

�
^4��+




}B$7
,�`q7

�k
q�3kL � $7q7 � $6qL >

zlwk } dqg $6 wdnhq dv jlyhq1
Wkh �uvw0rughu frqglwlrqv iru wklv rswlpl}dwlrq sureohp duh=

�+
qL
hq7

,�3k^4��+



}B$7
,�` @ $7 > +8,

+4� �,

�
qL
hq7

�
3k

@ $6> +9,

��+
qL
hq7

,�3k�+



}B$7
,� @ $7 = +:,

Wkh �uvw wzr frqglwlrqv htxdwh wkh uhdo qhw pdujlqdo surgxfw ri hdfk
fdwhjru| ri oderu wr wkh uhohydqw uhdo zdjh/ zkhuhdv wkh wklug ghwhuplqhv
zdjhv vxfk wkdw wkh ohyho ri h�ruw lv rswlpdo1 Frqglwlrqv +8, dqg +:, fdq eh
vroyhg wr |lhog=

$7 @
+4 . �,�*�


}B
@ �+}>
,> �5 ? 3> �l A 3> +;,

zklfk lqglfdwhv wkdw wkh h�flhqf| zdjh iru vnloohg zrunhuv lv qhjdwlyho|
uhodwhg wr wkh uhdo h{fkdqjh udwh dqg srvlwlyho| wr wkh rssruwxqlw| frvw ri
h�ruw1 Iru d jlyhq ohyho ri wkh surgxfw zdjh/ uhdo h{fkdqjh udwh ghsuhfldwlrq
+uhvxowlqj iurp d idoo lq wkh sulfh ri qrqwudgdeohv,/ lqfuhdvhv wkh frqvxpswlrq
zdjh dqg wkxv whqgv wr udlvh wkh ohyho ri h�ruw�doorzlqj �upv wr uhgxfh wkh
surgxfw zdjh lq htxloleulxp1
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Wkh ghpdqg ixqfwlrqv iru oderu fdq eh ghulyhg iurp wkh deryh htxdwlrqv
dv=

q_7 @ q_7+
3

$7 >
3

$6,> q_L @ q_L +
3

$7 >
3

$6,= +<,

Htxdwlrqv +<, lqglfdwh wkdw dq lqfuhdvh lq wkh surgxfw zdjh iru erwk
fdwhjrulhv ri zrunhuv uhgxfhv wkh ghpdqg iru erwk fdwhjrulhv ri oderu1

Vxevwlwxwlqj wkhvh uhvxowv lq htxdwlrq +4, dqg xvlqj +;, |lhogv wkh vxsso|
ixqfwlrq ri h{sruwdeohv=

\ r
f @ \ r

f+
3

$7 >
3

$6, @ \ r
f+

n
} >

3

$6,= +43,

e�2 A�i W?uLh4@* ,UL?L4)

Ilupv lq wkh lqirupdo hfrqrp| surgxfh d qrqwudghg jrrg/ zklfk uhtxluhv
rqo| xqvnloohg oderu dqg lv xvhg rqo| iru �qdo frqvxpswlrq1 Wkh sulfh ri
wklv jrrg lv �h{leoh/ dqg dgmxvwv wr holplqdwh h{fhvv ghpdqg1

Whfkqrorj| iru wkh surgxfwlrq ri wkh qrqwudghg jrrg lq wkh lqirupdo
vhfwru lv fkdudfwhul}hg e| ghfuhdvlqj uhwxuqv wr oderu=

\� @ q#� > 3 ? � ? 4> +44,

zkhuh \� ghqrwhv rxwsxw ri krph jrrgv/ dqg q� wkh txdqwlw| ri oderu
hpsor|hg lq wkh lqirupdo hfrqrp|1 Surgxfhuv pd{lpl}h sur�wv jlyhq e|
}3�\� � $�q� / zkhuh $� ? $6 ghqrwhv wkh uhdo zdjh lq wkh lqirupdo
vhfwru/ phdvxuhg lq whupv ri wkh sulfh ri h{sruwdeohv12D Sur�w pd{lpl}dwlrq
|lhogv wkh idploldu htxdolw| ehwzhhq pdujlqdo uhyhqxh dqg pdujlqdo frvw/
$� @ \ �

�@}/ iurp zklfk oderu ghpdqg fdq eh ghulyhg dv

q_� @ +
$�}

�
,�*E#3��> q_�� ? 3> +45,

zkhuh $�} phdvxuhv wkh surgxfw zdjh lq wkh lqirupdo vhfwru1 Vxevwlwxwlqj
htxdwlrq +45, lq +44, |lhogv wkh vxsso| ixqfwlrq iru jrrgv surgxfhg lq wkh
lqirupdo vhfwru=

\ r
� @ +

$�}

�
,#*E#3��> \ r�

� ? 3= +46,
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e�� OL�ti�L*_t

Wkhuh duh rqo| wzr fdwhjrulhv ri krxvhkrogv lq wkh hfrqrp|= dq _xsshu0
lqfrph% krxvhkrog zklfk frqvlvwv ri doo zrunhuv/ vnloohg dqg xqvnloohg/ hp0
sor|hg lq wkh irupdo hfrqrp|/ dqg d _orzhu0lqfrph% krxvhkrog zklfk frq0
vlvwv ri doo zrunhuv hpsor|hg lq wkh lqirupdo hfrqrp|1 Wklv vwuxfwxuh lv
dgrswhg iru dqdo|wlfdo wudfwdelolw|12S Wkh nh| gl�huhqfh ehwzhhq xsshu0
dqg orzhu0lqfrph krxvhkrogv lv wkdw wkh iruphu vdyhv d iudfwlrq ri lwv fxu0
uhqw glvsrvdeoh uhvrxufhv dqg dffxpxodwhv zhdowk lq wkh irup ri d wudgdeoh
lqwhuhvw0ehdulqj erqg/ zkhuhdv wkh odwwhu vshqgv doo ri lwv lqfrph1 Erwk
fdwhjrulhv ri krxvhkrogv vxsso| oderu lqhodvwlfdoo| dqg frqvxph/ lq dgglwlrq
wr wkh qrqwudghg jrrg surgxfhg lq wkh lqirupdo vhfwru/ dq lpsruwhg jrrg
zklfk lv lpshuihfwo| vxevwlwxwdeoh iru wkh krph jrrg1

Frqvlghu �uvw wkh xsshu0lqfrph krxvhkrog1 Lwv lqfrph frqvlvwv ri wrwdo
rxwsxw ri h{sruwdeohv/ \ r

f / dqg lqwhuhvw lqfrph rq kroglqjv ri wudghg erqgv/
lWEW/ zkhuh lW lv wkh zruog lqwhuhvw udwh +dvvxphg frqvwdqw, dqg EW wkh
iruhljq0fxuuhqf| ydoxh ri wkhvh kroglqjv12. Wrwdo frqvxpswlrq h{shqglwxuh/
f-/ ghshqgv srvlwlyho| rq erwk glvsrvdeoh lqfrph dqg fxuuhqw zhdowk=2H

f- @ �+\ r
f . lWEW � W , .  EW> 3 ? � ? 4>  A 3> +47,

zkhuh W +phdvxuhg lq whupv ri wkh sulfh ri h{sruwdeohv, ghqrwhv oxps0vxp
wd{hv sdlg e| wkh xsshu0lqfrph krxvhkrog1

Wkh krxvhkrog*v vwrfn ri erqgv/ EW/ hyroyhv ryhu wlph dffruglqj wr

bEW @ \ r
f . lWEW � W � f->

wkdw lv/ xvlqj +47,=

bEW @ +4� �,+\ r
f . lWEW � W ,�  EW= +48,

Wkh xsshu0lqfrph krxvhkrog frqvxphv lpsruwhg jrrgv +lq txdqwlw| fU-,
dv zhoo dv krph jrrgv +lq txdqwlw| f�- ,1 Dvvxplqj d Free0Grxjodv vxe0
xwlolw| ixqfwlrq/ wkh doorfdwlrq ri wrwdo frqvxpswlrq h{shqglwxuh dprqj
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wkhvh jrrgv lv jlyhq e|

fU- @ +4� �,f-> f�- @ �}f-> +49,

zkhuh �/ dv lqglfdwhg hduolhu/ phdvxuhv wkh vkduh ri krph jrrgv lq wrwdo
h{shqglwxuh1

Uhvrxufhv ri wkh orzhu0lqfrph krxvhkrog +phdvxuhg lq whupv ri h{sruwd0
eohv, frqvlvw ri wrwdo lqfrph jhqhudwhg lq wkh lqirupdo hfrqrp|/ }3�\ r

� 1 Doo
lqfrph lv vshqw rq frqvxpswlrq/ f� =

f� @ }3�\ r
� = +4:,

Dvvxplqj iru vlpsolflw| dq doorfdwlrq uxoh dfurvv frqvxpswlrq jrrgv wkdw
lv vlplodu wr wkh xsshu0lqfrph krxvhkrog*v |lhogv

fU� @ +4� �,f� > f�� @ �}f� = +4;,

e�e A�i �@h!i| uLh W?uLh4@* 5iU|Lh BLL_t

Wkh htxloleulxp frqglwlrq ri wkh pdunhw iru lqirupdo vhfwru jrrgv fdq eh
zulwwhq dv=

\ r
� @ f�- . f�� =

Xvlqj htxdwlrqv +46,/ +49, dqg +4;,/ wklv frqglwlrq ehfrphv

\ r
� +$�}, @ �}+f- . f� ,= +4<,

e�D A�i W?uLh4@* w@MLh �@h!i|

Frqvlghu qrz wkh lqirupdo oderu pdunhw1 Wkh ghpdqg iru oderu lv ghulyhg
iurp sur�w pd{lpl}dwlrq dqg lv jlyhq e| htxdwlrq +45,1 Ghwhuplqlqj wkh
vxsso| ri oderu lqyroyhv wzr vwhsv1 Iluvw/ lq olqh zlwk wkh _ox{xu| xqhpsor|0
phqw% k|srwkhvlv/ vnloohg zrunhuv zkr duh xqdeoh wr rewdlq d mre lq wkh iru0
pdo vhfwru suhihu wr uhpdlq xqhpsor|hg udwkhu wkdq vhhn hpsor|phqw lq wkh
lqirupdo hfrqrp|12b Vhfrqg/ wkh vxsso| ri xqvnloohg zrunhuv lq wkh irupdo
vhfwru/ qrL / lv dvvxphg wr fkdqjh judgxdoo| ryhu wlph dv d ixqfwlrq ri zdjh
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gl�huhqwldov dfurvv vhfwruv1 Zdjh dqg hpsor|phqw survshfwv duh iruphg rq
wkh edvlv ri suhydlolqj frqglwlrqv lq wkh oderu pdunhw1 Wkxv/ ghqrwlqj e|
qRL wkh frqvwdqw qxpehu ri xqvnloohg zrunhuv lq wkh oderu irufh/ wkh vxsso|
ri oderu lq wkh lqirupdo vhfwru/ qRL � qrL / lv dovr jlyhq dw dq| srlqw lq wlph1
Wkh htxloleulxp frqglwlrq ri wkh oderu pdunhw lq wkh lqirupdo hfrqrp| fdq
frqvhtxhqwo| eh zulwwhq dv

qRL � qrL @ q_� +$�},= +53,

Zlwk zdjhv lq wkh lqirupdo vhfwru dgmxvwlqj frqwlqxrxvo| wr htxloleudwh
vxsso| dqg ghpdqg iru oderu/ wklv htxdwlrq |lhogv=�f

$� @ $� +
3

}>
n
qrL ,> C$�@C} @ �4> +54,

zklfk lqglfdwhv wkdw d ghsuhfldwlrq ri wkh uhdo h{fkdqjh udwh kdv d qhjd0
wlyh h�hfw rq wkh pdunhw0fohdulqj zdjh1 Wklv lv ehfdxvh/ zlwk oderu vxsso|
frqvwdqw/ oderu ghpdqg fdqqrw fkdqjh�zklfk lq wxuq uhtxluhv wkh surgxfw
zdjh wr uhpdlq frqvwdqw1 Dq lqfuhdvh lq wkh qxpehu ri zrunhuv vhhnlqj hp0
sor|phqw lq wkh irupdo hfrqrp| kdv d srvlwlyh h�hfw rq wkh pdunhw0fohdulqj
zdjh1

Pljudwlrq �rzv duh ghwhuplqhg e| h{shfwhg lqfrph rssruwxqlwlhv/ dorqj
wkh olqhv ri Kduulv dqg Wrgdur +4<:3,1�� Wkh h{shfwhg zdjh lq wkh irupdo
hfrqrp| lv htxdo wr wkh plqlpxp zdjh zhljkwhg e| wkh suredelolw| ri eh0
lqj kluhg lq wkh h{sruwdeohv vhfwru1 Dvvxplqj wkdw klulqj lq wkdw vhfwru lv
udqgrp/ wklv suredelolw| fdq eh dssur{lpdwhg e| wkh udwlr ri fxuuhqwo| hp0
sor|hg zrunhuv wr wkrvh vhhnlqj hpsor|phqw/ q_L@q

r
L 1 Wkh h{shfwhg zdjh lq

wkh lqirupdo hfrqrp| lv vlpso| wkh jrlqj zdjh/ vlqfh wkhuh duh qr eduulhuv
wr hqwu| lq wkdw vhfwru1 Wkxv/ wkh vxsso| ri xqvnloohg zrunhuv lq wkh irupdo
vhfwru hyroyhv ryhu wlph dffruglqj wr

bqrL @ �

+
$6q

_
L

qrL
� $�

,
> � A 3> +55,

zkhuh � ghqrwhv wkh vshhg ri dgmxvwphqw1 Lpsolflw lq wkh deryh irupxod0
wlrq lv wkh dvvxpswlrq wkdw zrunhuv hpsor|hg lq wkh lqirupdo vhfwru gr qrw
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hqjdjh lq rq0wkh0mre vhdufk1 Dv vxjjhvwhg e| Dj�hqru +4<<:d,/ wklv dvvxps0
wlrq fdq eh prwlydwhg e| wkh h{lvwhqfh ri lqirupdwlrqdo lqh�flhqflhv1 Wkh
oderu pdunhw lq pdq| ghyhorslqj frxqwulhv lv fkdudfwhul}hg e| wkh odfn ri
lqvwlwxwlrqv fdsdeoh ri surfhvvlqj dqg surylglqj lq d wlpho| pdqqhu uhohydqw
lqirupdwlrq rq mre rssruwxqlwlhv wr srwhqwldo dssolfdqwv1 Dv d uhvxow/ vhdufk
dfwlylwlhv iru xqvnloohg zrunhuv lq wkh irupdo vhfwru riwhq uhtxluh/ olwhudoo|
vshdnlqj/ zdlwlqj iru mre r�huv dw idfwru| jdwhv1

e�S BL�ih?4i?|

Wkh jryhuqphqw frqvxphv rqo| lpsruwhg jrrgv dqg �qdqfhv lwv h{shqglwxuh
wkurxjk oxps0vxp wd{hv rq vnloohg zrunhuv=

W @ jU > +56,

zkhuh jU ghqrwhv wkh iruhljq0fxuuhqf| ydoxh ri jryhuqphqw lpsruwv1

e�. #)?@4�U 6Lh4

Wkh g|qdplf vwuxfwxuh ri wkh prgho lv ghulyhg lq Dsshqgl{ L1 Dv vkrzq
wkhuh/ wkh g|qdplfv ri wkh prgho/ fdq eh irupxodwhg lq whupv ri wkh vl}h ri
wkh xqvnloohg oderu irufh vhhnlqj hpsor|phqw lq wkh irupdo hfrqrp|/ qrL / dqg
wkh xsshu0lqfrph krxvhkrog*v kroglqjv ri wudghg erqgv/ EW1 D nh| ihdwxuh ri
wkh prgho lv wkdw/ dv lpsolhg e| htxdwlrq +55,/ lq wkh orqj uxq wkh xqvnloohg
zdjh udwlr�wkh udwlr ri zdjhv hduqhg e| xqvnloohg zrunhuv lq wkh irupdo
dqg lqirupdo vhfwruv�pxvw eh htxdo wr wkh lqyhuvh ri wkh hpsor|phqw udwlr
lq wkh irupdo hfrqrp|=

$6@�$� @ �qrL@�q
_
L = +57,

Wklv htxdwlrq lqglfdwhv wkdw/ dv orqj dv wkh plqlpxp zdjh h{fhhgv wkh
lqirupdo vhfwru zdjh +dv lv wkh fdvh khuh,/ xqvnloohg xqhpsor|phqw zloo
hphujh lq htxloleulxp1 Dv vkrzq lq Dsshqgl{ L/ lq dgglwlrq wr frqglwlrq
+57,/ lq wkh vwhdg| vwdwh wkh fxuuhqw dffrxqw pxvw eh lq htxloleulxp1 Iurp
wkh vwhdg|0vwdwh vroxwlrqv ri E dqg qrL / wkh htxloleulxp ydoxhv ri wkh _vkruw0
uxq% yduldeohv/ wkh uhdo h{fkdqjh udwh dqg wkh uhdo zdjh lq wkh lqirupdo
hfrqrp|/ fdq eh ghulyhg1

Wkh vwhdg|0vwdwh htxloleulxp ri wkh prgho lv ghslfwhg lq Iljxuh 71 Wkh
orfxv EE jlyhv wkh frpelqdwlrqv ri EW dqg qrL iru zklfk erqg kroglqjv
uhpdlq frqvwdqw/ zkhuhdv wkh orfxv OO ghslfwv wkh frpelqdwlrqv ri EW dqg
qrL iru zklfk wkh vl}h ri wkh xqvnloohg oderu irufh vhhnlqj hpsor|phqw lq wkh
irupdo vhfwru grhv qrw fkdqjh ryhu wlph1 Wkh vwdelolw| frqglwlrq ghvfulehg lq
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Dsshqgl{ L/ xqghu wkh dvvxpswlrq wkdw wkh zruog lqwhuhvw udwh lv qhjdwlyho|
uhodwhg wr wkh hfrqrp|*v vwrfn ri erqgv/ uhtxluhv OO wr eh vwhhshu wkdq
EE1 Wkh vwhdg|0vwdwh htxloleulxp rewdlqv dw srlqw H1 Li wkh hfrqrp|*v
lqlwldo srvlwlrq lv dw/ vd|/ srlqw D�fkdudfwhul}hg e| d qhjdwlyh gl�huhqwldo
ehwzhhq wkh h{shfwhg zdjh lq wkh irupdo dqg wkh lqirupdo vhfwruv/ dqg
d fxuuhqw dffrxqw gh�flw�wkh wudqvlwlrq wrzdug wkh vwhdg| vwdwh zloo eh
fkdudfwhul}hg e| d judgxdo uhgxfwlrq lq erqg kroglqjv dqg d idoo lq wkh
vl}h ri wkh xqvnloohg oderu irufh vhhnlqj hpsor|phqw lq wkh irupdo vhfwru1
Eh|rqg srlqw D� +orfdwhg rq OO,/ wkh h{shfwhg lqfrph gl�huhqwldo wxuqv
srvlwlyh +ehfdxvh wkh frqwlqxrxv lq�rz ri zrunhuv lq wkh lqirupdo vhfwru
wkdw rffxuv gxulqj wkh �uvw skdvh ri dgmxvwphqw sxwv grzqzdug rq zdjhv
wkhuh, dqg wkh vxsso| ri xqvnloohg oderu wr wkh irupdo hfrqrp| ehjlqv wr
lqfuhdvh1 Kroglqjv ri iruhljq dvvhwv frqwlqxh wr ghfolqh/ krzhyhu/ xqwlo wkh
vwhdg|0vwdwh srvlwlrq lv uhdfkhg dw H=

D judsklfdo looxvwudwlrq ri wkh sduwldo/ orqj0uxq htxloleulxp srvlwlrq ri
wkh oderu pdunhw/ dgdswhg iurp Dj�hqru +4<<:e,/ lv suhvhqwhg lq Iljxuh 81
Sdqho D ghslfwv wkh ghpdqg ixqfwlrqv iru oderu lq wkh irupdo vhfwru1 Wkh
ghpdqg fxuyh iru vnloohg oderu/ q_7 / lv grzqzdug0vorslqj/ ehfdxvh lw lv qhjd0
wlyho| uhodwhg wr $7/ wkh zdjh hduqhg e| vnloohg zrunhuv1 Vnloohg xqhpsor|0
phqw lv jlyhq lq Sdqho D e| wkh glvwdqfh ehwzhhq wkh vxsso| ri vnloohg oderu
dqg wkh htxloleulxp srlqw rq wkh ghpdqg fxuyh +srlqw J,1 Wkh ghpdqg
fxuyh iru xqvnloohg oderu/ q_L / lv dovr grzqzdug0vorslqj ehfdxvh vnloohg dqg
xqvnloohg zrunhuv duh jurvv frpsohphqwv1 Fxuyh KK lq Sdqho E ghslfwv wkh
uhodwlrqvkls ehwzhhq wkh vxsso| ri xqvnloohg zrunhuv lq wkh irupdo vhfwru/
qrL / jlyhq e| htxdwlrq +57,/ dqg hpsor|phqw ri xqvnloohg zrunhuv lq wkh
irupdo vhfwru/ q_L 1 Lw lv ghulyhg e| xvlqj wkh pdunhw0fohdulqj frqglwlrq +54,~
wdnlqj } dv jlyhq�wr holplqdwh $� lq +57,1 KK kdv d srvlwlyh vorsh wkdw
lv juhdwhu wkdq xqlw|/ dv lpsolhg e| wkh dvvxpswlrq wkdw $6 A $� 1 Wkh
gl�huhqfh ehwzhhq srlqwv E +orfdwhg rq wkh 780ghjuhh olqh, dqg E

�

+orfdwhg
rq KK, jlyhv xqvnloohg xqhpsor|phqw1 Fxuyh Y Y lv jlyhq e| qRL �qrL > lw lv
wkxv d olqhdu wudqvirupdwlrq ri KK1 Lw ghwhuplqhv wkh vxsso| ri oderu +dqg
wkxv dfwxdo hpsor|phqw, lq wkh lqirupdo hfrqrp| +srlqw E��,1 Jlyhq wkh
oderu ghpdqg fxuyh lq wkh lqirupdo vhfwru/ q_� / wkh pdunhw0fohdulqj zdjh
lv ghwhuplqhg dw srlqw F lq Sdqho F1 Wkh srvlwlyh uhodwlrqvkls ehwzhhq wkh
vnloohg zrunhuv* zdjh dqg wkh lqirupdo vhfwru zdjh�rewdlqhg e| frpelqlqj
+;,/ +54,/ dqg +57,�lv glvsod|hg dv fxuyh ZZ lq Sdqho G1 Wkxv/ xqhp0
sor|phqw ri erwk fdwhjrulhv ri oderu�_txdvl0yroxqwdu|% xqhpsor|phqw ri
vnloohg zrunhuv dqg _zdlw% xqhpsor|phqw ri xqvnloohg zrunhuv�suhydlov lq
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Wkh prgho ghyhorshg lq wkh suhylrxv vhfwlrq fdq eh xvhg wr dqdo|}h wkh oderu
pdunhw dqg lqfrph h�hfwv ri d ydulhw| ri pdfurhfrqrplf srolf| vkrfnv wkdw
kdyh riwhq ehhq sduw ri vwdelol}dwlrq surjudpv lpsohphqwhg lq ghyhorslqj
frxqwulhv1 Jlyhq wkh looxvwudwlyh qdwxuh ri wkh h{huflvh/ wklv sdshu olplwv lwvhoi
wr dq dqdo|vlv ri wkh lpsdfw dqg vwhdg|0vwdwh h�hfwv ri d fxw lq jryhuqphqw
vshqglqj rq lpsruwhg jrrgv1��

D�� 5|i@_)�5|@|i ,giU|t

Dv vkrzq lq Iljxuh 9/ d uhgxfwlrq lq jryhuqphqw vshqglqj rq lpsruwhg
jrrgv jU ohdgv lq wkh orqj uxq wr dq lqfuhdvh lq wkh vwrfn ri wudghg erqgv
dqg d uhgxfwlrq lq wkh vxsso| ri xqvnloohg oderu lq wkh irupdo vhfwru1 Wkh
qhz htxloleulxp lv dw H�/ orfdwhg dw wkh lqwhuvhfwlrq ri wkh qhz fxuyh E�E�

dqg O�O�1 Lqwxlwlyho|/ wkh uhgxfwlrq lq jU kdv wzr h�hfwv1 Wkh �uvw lv wkdw
lw orzhuv wd{hv dqg wkxv vwlpxodwhv frqvxpswlrq ri wkh xsshu0lqfrph krxvh0
krog1 Dw wkh lqlwldo ohyho ri vxsso| ri lqirupdo vhfwru jrrgv +wkdw lv/ dw wkh
lqlwldo ohyho ri zdjhv dqg wkh uhdo h{fkdqjh udwh,/ wkh uhdo h{fkdqjh udwh
pxvw dssuhfldwh1 Wklv dssuhfldwlrq udlvhv vnloohg zrunhuv* h�flhqf| zdjh lq
wkh irupdo vhfwru> wklv whqgv wr orzhu ghpdqg iru erwk fdwhjrulhv ri zrunhuv1
Wkh uhgxfwlrq lq oderu ghpdqg orzhuv wkh suredelolw| ri hpsor|phqw lq wkh
irupdo hfrqrp| dqg wkxv h{shfwhg lqfrph wkhuh1 Wklv whqgv wr orzhu wkh
vxsso| ri xqvnloohg oderu lq wkh irupdo hfrqrp|1�e

Wkh vhfrqg h�hfw uhvxowv iurp wkh idfw wkdw d fxw lq sxeolf vshqglqj
rq lpsruwhg jrrgv orzhuv gluhfwo|/ dw wkh lqlwldo vwuxfwxuh ri uhodwlyh sulfhv/
wkh lqlwldo wudgh gh�flw> iru wkh fxuuhqw dffrxqw wr uhpdlq lq htxloleulxp/
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wkh vxusoxv ri wkh vhuylfhv dffrxqw pxvw lqfuhdvh1 Wklv fdq kdsshq rqo|
wkurxjk dq lqfuhdvh lq wkh vwrfn ri wudgdeoh erqgv1 Ri frxuvh/ erwk h�hfwv
rffxu vlpxowdqhrxvo|> wkh uhgxfwlrq lq wkh wudgh gh�flw wkdw uhvxowv iurp wkh
uhgxfwlrq lq sxeolf vshqglqj rq lpsruwv lv plwljdwhg e| wkh lqfuhdvh lq wkh
frqvxpswlrq ri lpsruwhg jrrgv e| wkh xsshu0lqfrph krxvhkrog1 Ehfdxvh
wkh ghpdqg iru vnloohg zrunhuv idoov/ wkh orqj0uxq h�hfw ri wkh vkrfn lv dq
lqfuhdvh lq wkh xqhpsor|phqw udwh ri vnloohg zrunhuv1 Zkhwkhu xqhpsor|0
phqw ri xqvnloohg zrunhuv ulvhv ru idoov zrxog vhhp wr eh d sulrul dpeljxrxv>
erwk wkh vxsso| ri/ dqg wkh ghpdqg iru/ xqvnloohg oderu idoo lq wkh irupdo
hfrqrp|1 Dv vkrzq lq Dsshqgl{ L/ krzhyhu/ lw fdq eh hvwdeolvkhg wkdw gh0
pdqg idoov e| pruh wkdq vxsso|> wkh qhw rxwfrph lv wkxv dq lqfuhdvh lq wkh
ohyho ri xqhpsor|phqw/ dv zhoo dv wkh udwh ri xqhpsor|phqw ri xqvnloohg
oderu1

Wkh lqfuhdvh lq oderu vxsso| lq wkh lqirupdo vhfwru sxwv grzqzdug suhv0
vxuh rq wkh pdunhw0fohdulqj zdjh �$��wkhuhe| rxwzhljklqj wkh srvlwlyh hi0
ihfw ri wkh uhdo dssuhfldwlrq1�D Wkh surgxfw zdjh wkhuh +�$� �}, xqdpeljx0
rxvo| idoov/ wkhuhe| doorzlqj oderu ghpdqg wr lqfuhdvh dv zhoo1 Wkxv/ lqiru0
pdo vhfwru zdjhv duh surf|folfdo +uhodwlyh wr rxwsxw lq wkh irupdo hfrqrp|,/
zkhuhdv rxwsxw dqg hpsor|phqw lq wkdw vhfwru duh frxqwhuf|folfdo1

D�2 Ah@?t�|�L?@* #)?@4�Ut

Wkh wudqvlwlrqdo g|qdplfv dvvrfldwhg zlwk d uhgxfwlrq lq jryhuqphqw vshqg0
lqj rq lpsruwhg jrrgv duh dovr looxvwudwhg lq Iljxuh 91 Wkh lpsdfw h�hfwv
rshudwh lq wkh vdph gluhfwlrq dv wkh orqj0uxq h�hfwv ghvfulehg hduolhu= dq lq0
fuhdvh lq frqvxpswlrq ri grphvwlf dqg lpsruwhg jrrgv ri wkh xsshu0lqfrph
krxvhkrog/ d uhdo dssuhfldwlrq/ d ulvh lq vnloohg zrunhuv* zdjhv/ dqg d uhgxf0
wlrq lq wkh ghpdqg iru erwk fdwhjrulhv ri zrunhuv1 Wkh uhgxfwlrq lq oderu
ghpdqg orzhuv wkh suredelolw| ri hpsor|phqw +dqg wkxv h{shfwhg lqfrph,
lq wkh irupdo hfrqrp|1 Wkh h�hfw ri wkh uhdo dssuhfldwlrq rq wkh surgxfw
zdjh lq wkh lqirupdo hfrqrp| lv qrz frpsohwho| r�vhw e| dq lqfuhdvh lq
wkh uhdo zdjh wkhuh> dv d uhvxow/ wkh gl�huhqwldo ehwzhhq h{shfwhg zdjhv lq
wkh irupdo dqg lqirupdo vhfwruv xqdpeljxrxvo| idoov�wkhuhiruh uhgxflqj rq
lpsdfw wkh �rz ri oderu lq wkh irupdo hfrqrp| + bqrL +3, ? 3,1 Wkh uhdvrq
zk| lpsdfw pryhphqwv lq } dqg $� h{dfwo| r�vhw hdfk rwkhu lv ehfdxvh qrL
fdqqrw fkdqjh rq lpsdfw1 Dv d uhvxow/ wkh surgxfw zdjh lq wkh lqirupdo
vhfwru/ }$� / fdqqrw fkdqjh hlwkhu/ dv fdq eh lqihuuhg iurp htxdwlrq +53,1
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Wkxv/ rxwsxw dqg hpsor|phqw lq wkh lqirupdo vhfwru uhpdlq dovr frqvwdqw
rq lpsdfw1

Wkh idoo lq rxwsxw ri h{sruwdeohv +zklfk uhvxowv iurp wkh lqfuhdvh lq
vnloohg zrunhuv* zdjh, dqg wkh h{sdqvlrq lq frqvxpswlrq whqg wr lqfuhdvh
wkh wudgh gh�flw1 Krzhyhu/ wkh fxw lq jryhuqphqw vshqglqj rq lpsruwv rxw0
zhljkv wkhvh rwkhu h�hfwv vr wkdw rq lpsdfw wkh wudgh edodqfh lpsuryhv1
Ehfdxvh wkh vwrfn ri wudghg erqgv fdqqrw fkdqjh rq lpsdfw/ wkh fxuuhqw
dffrxqw pxvw dovr lpsuryh�wkh frxqwhusduw ri zklfk lv dq rxw�rz ri fds0
lwdo/ ru dq lqfuhdvh lq wkh vwrfn ri wudghg erqgv khog e| wkh xsshu0lqfrph
krxvhkrog + bEW

f A 3,1 Ryhu wlph/ wkh dgmxvwphqw surfhvv ohdgv wkh hfrqrp|
prqrwrqlfdoo| iurp srlqw H wr srlqw H�/ zkhuh wkh fxuuhqw dffrxqw lv djdlq
lq htxloleulxp dqg h{shfwhg zdjhv ehwzhhq wkh irupdo dqg lqirupdo vhfwruv
duh htxdo1

Zkdw kdsshqv wr sryhuw| udwhv gxulqj wkh dgmxvwphqw surfhvvB Vxssrvh
wkdw wkh ohjdo plqlpxp zdjh lv xvhg dv wkh sryhuw| olqh/ dqg wkdw dyhudjh
lqfrph lq wkh lqirupdo vhfwru/ \ r

�@q
_
� / lv ohvv wkdq $61 Vxssrvh dovr wkdw

wkh xqhpsor|hg hduq dq +lpsxwhg, lqfrph iurp rzq surgxfwlrq wkdw lv dovr
ohvv wkdq $61 Sryhuw| fdq wkxv eh phdvxuhg lq wkh suhvhqw iudphzrun e|
wkh khdgfrxqw lqgh{/ LM / gh�qhg dv wkh qxpehu ri zrunhuv hpsor|hg lq wkh
lqirupdo vhfwru/ soxv xqhpsor|hg zrunhuv lq wkh irupdo hfrqrp|/ glylghg e|
wkh vl}h ri wkh oderu irufh/ q=

LM @
q_� . +qR7 � q_7, . +qrL � q_L ,

q
>

ru htxlydohqwo|/ jlyhq wkdw q @ qR7 . qrL . q_� =

LM @ 4� +
q_7 . q_L

q
,=

Rq lpsdfw/ dv lqglfdwhg hduolhu/ hpsor|phqw lq wkh lqirupdo vhfwru grhv
qrw fkdqjh/ ehfdxvh wkh surgxfw zdjh uhpdlqv frqvwdqw1 Wkh vxsso| ri
xqvnloohg oderu lq wkh irupdo hfrqrp| uhpdlqv dovr frqvwdqw1 Wkxv/ sryhuw|
lqfuhdvhv dv d uhvxow ri wkh idoo lq wkh ghpdqg iru erwk vnloohg dqg xqvnloohg
oderu lq wkh h{sruwdeohv vhfwru1 Wklv lv dovr wkh fdvh lq wkh orqj uxq1 Wkh
pdlq uhdvrq iru wklv rxwfrph/ krzhyhu/ lv wkdw lq wkh orqj uxq wkh uhdo
h{fkdqjh udwh dssuhfldwhv1 Lq wxuq/ wkh uhdvrq iru wklv lv/ ri frxuvh/ wkh idfw
wkdw lq wkh suhvhqw vhwwlqj wkh fxw lq jryhuqphqw vshqglqj lv dvvrfldwhg zlwk
d uhgxfwlrq lq wd{hv�dqg wkxv dq h{sdqvlrq lq sulydwh vshqglqj1 Fkrrvlqj
dowhuqdwlyh gh�flw �qdqflqj uxohv/ ru frqvxpswlrq ehkdylrudo uxohv/ zrxog
jhqhudwh yhu| gl�huhqw rxwfrphv/ lpso|lqj iru lqvwdqfh rqo| d vkruw0uxq
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lqfuhdvh lq sryhuw|1 Iru lqvwdqfh/ li wkh fxw lq vshqglqj orzhuv wkh ghjuhh
ri prqhwl}dwlrq dqg wkh lq�dwlrq wd{/ wkh srru +dvvxplqj wkdw wkh| krog
wkhlu dvvhwv lq fdvk, zrxog ehqh�w iurp vwdelol}dwlrq/ dv lqglfdwhg hduolhu1
Qhyhuwkhohvv/ wkh srlqw wkdw wkh prgho looxvwudwhv lv wkdw wkh sryhuw| h�hfwv
ri vwdelol}dwlrq srolflhv rshudwh wkurxjk frpsoh{ fkdqqhov lqyroylqj fkdqjhv
lq djjuhjdwh ghpdqg dqg vxsso|/ dqg fkdqjhv lq uhodwlyh sulfhv dqg zdjhv1
Wkh oderu pdunhw sod|v d fulwlfdo uroh lq wkh wudqvplvvlrq surfhvv1

S ,4T�h�U@* ,��_i?Ui

Wkh wkuxvw ri wkh iruhjrlqj glvfxvvlrq lv wkdw lw lv vrphwlphv gl�fxow wr
gudz fohdu0fxw wkhruhwlfdo frqfoxvlrqv uhjduglqj wkh h�hfw ri pdfurhfrqrplf
yduldeohv rq sryhuw|1 Vrphzkdw vxusulvlqjo|/ krzhyhu/ hpslulfdo dqdo|vlv lq
wklv duhd kdv ehhq olplwhg1 Wklv vhfwlrq ehjlqv e| uhylhzlqj vrph uhfhqw
vwxglhv1 Lw wkhq suhvhqwv vrph suholplqdu| hfrqrphwulf uhvxowv iru d furvv0
vhfwlrq ri frxqwulhv1

S�� 6@U|�@*c ,UL?L4i|h�Uc @?_ 5�4�*@|�L? 5|�_�it

H{lvwlqj vwxglhv dqdo|}lqj wkh h�hfw ri pdfurhfrqrplf idfwruv rq sryhuw|
frqvlvw ri wkuhh pdlq w|shv= idfwxdo/ hfrqrphwulf/ dqg pdfur0vlpxodwlrq
vwxglhv1 Vrph ri wkh idfwxdo vwxglhv irfxvlqj rq Odwlq Dphulfd kdyh vxj0
jhvwhg/ iru lqvwdqfh/ wkdw wkh sryhuw| lpsdfw ri h{shqglwxuh srolflhv dgrswhg
lq wkh frqwh{w ri vwdelol}dwlrq +dqg vwuxfwxudo dgmxvwphqw, surjudpv gxulqj
wkh 4<;3v kdv riwhq ehhq qhjdwlyh1�Sc�. Dprqj wkh hfrqrphwulf vwxglhv/ Fdu0
grvr hw do1 +4<<8, dqg Dpdghr dqg Qhul +4<<:, kdyh hpskdvl}hg wkh dgyhuvh
h�hfw ri lq�dwlrq dqg xqhpsor|phqw rq sryhuw| lq Eud}lo1 Dpdghr dqg Qhul
+4<<:,/ lq sduwlfxodu/ vkrz wkdw dowkrxjk lq�dwlrq lpsolhv orzhu shu fdslwd
lqfrph iru doo ghflohv ri wkh glvwulexwlrq/ lwv h�hfw rq shu fdslwd hduqlqjv
lv orzhu iru wkh xsshu0lqfrph krxvhkrogv1 Sxw gl�huhqwo|/ lq�dwlrq kdv d
kljkhu h�hfw rq hduqlqjv ri wkh srru wkdq rq dyhudjh shu fdslwd lqfrph1

Dqrwkhu idfwxdo vwxg| wkdw dwwhpswv wr dvvhvv wkh h�hfw ri pdfurhfr0
qrplf dgmxvwphqw rq sryhuw| lq vxe0Vdkdudq Diulfd lv e| Ghphu| dqg Vtxluh
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+4<<9,1 Wkh| xvh wkh pdfurhfrqrplf srolf| lqgh{ ghyhorshg e| wkh Zruog
Edqn +4<<7, wr gr vr1�H Wkh| vkrz wkdw lpsuryhphqwv lq pdfurhfrqrplf
pdqdjhphqw +dv fdswxuhg e| fkdqjhv lq wkh srolf| lqgh{, duh dvvrfldwhg zlwk
d ghfolqh lq wkh lqflghqfh ri sryhuw|1 Pruh vshfl�fdoo|/ Ghphu| dqg Vtxluh
�qg wkdw iru wkh vl{ Diulfdq frxqwulhv wkdw wkh| frqvlghu�Farwh g*Lyrluh/
Hwklrsld/ Jkdqd/ Nhq|d/ Qljhuld/ dqg Wdq}dqld�sryhuw| ihoo lq frxqwulhv
wkdw lpsuryhg wkhlu pdfurhfrqrplf srolf| uhjlph dqg ghwhulrudwhg lq wkh
rqh fdvh +Farwh g*Lyrluh, lq zklfk lw glg qrw1�b Ghsuhfldwlrq ri wkh uhdo h{0
fkdqjh udwh zdv d nh| idfwru lq wkh pdfurhfrqrplf dgmxvwphqw surfhvv> lw
dovr d�hfwhg idyrudeo| uxudo lqfrphv/ ehqh�wwlqj wkh srru erwk gluhfwo| dqg
lqgluhfwo|1

Vrph rwkhu vwxglhv kdyh xvhg vlpxodwlrq whfkqltxhv wr h{dplqh wkh hi0
ihfw ri pdfurhfrqrplf srolf| vkrfnv rq sryhuw|1 Lq sduwlfxodu/ vhyhudo uhfhqw
sdshuv irfxvlqj rq vxe0Vdkdudq Diulfd kdyh xvhg frpsxwdeoh jhqhudo htxl0
oleulxp +FJH, prghov iru wklv sxusrvh1 Vxeudpdqldq +4<<9,/ iru lqvwdqfh/
hydoxdwhv wkh lpsdfw ri jryhuqphqw srolflhv +dv zhoo dv h{whuqdo vkrfnv, rq
sryhuw| lq Fdphurrq1 Dqrwkhu vwxg| lv wkh rqh e| Vduulv +4<<9,/ zkr h{0
dplqhv wkh h�hfwv ri ydulrxv pdfurhfrqrplf srolf| vkrfnv +d 53 shufhqw
ghydoxdwlrq/ dq lqfuhdvh lq sxeolf lqyhvwphqw vshqglqj �qdqfhg e| d fruuh0
vsrqglqj uhgxfwlrq lq sxeolf fxuuhqw h{shqglwxuh/ dqg d uhgxfwlrq lq sxeolf
vhfwru hpsor|phqw, lq d FJH prgho iru Wdq}dqld1 Doo vkrfnv uhvxow lq
vkruw0whup ghfolqhv lq uhdo lqfrph iru ulfk dqg srru dolnh1 Krzhyhu/ orvvhv
iru wkh qrq0srru duh vljql�fdqwo| kljkhu wkdq wkh orvvhv lqfxuuhg e| wkh srru
+uxudo dqg xuedq,/ uh�hfwlqj wkh orvvhv lq lpsolflw uhqwv1 Lq wkh orqjhu whup/
krzhyhu/ zlwk rxwsxw jurzwk udwhv lqfuhdvlqj dqg lq�dwlrq idoolqj/ lqfrph
jdlqv duh vljql�fdqw iru erwk wkh srru dqg plggoh0lqfrph krxvhkrogv1 Rwkhu
vwx�hv lqfoxgh Erxujxljqrq/ gh Phor/ dqg Vxzd +4<<4,1

D olplwdwlrq ri prvw h{lvwlqj FJH prghov/ krzhyhu/ lv wkdw wkh zdjh
irupdwlrq phfkdqlvpv wkdw duh hpehgghg lq wkhvh prghov riwhq gr qrw fds0
wxuh wkh frpsoh{ lqwhuvhfwrudo uhodwlrqvklsv wkdw duh revhuyhg lq sudfwlfh1
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Dv looxvwudwhg lq wkh dqdo|wlfdo prgho suhvhqwhg hduolhu/ iru lqvwdqfh/ ihhg0
edfn h�hfwv ehwzhhq irupdo dqg lqirupdo vhfwru zdjhv sod| d fulwlfdo uroh
lq wkh wudqvplvvlrq surfhvv ri pdfurhfrqrplf vkrfnv lq d frqwh{w lq zklfk
h�flhqf| frqvlghudwlrqv pdwwhu lq wkh ghwhuplqdwlrq ri irupdo vhfwru zdjhv1
Lw lv wkhuhiruh lpsruwdqw wr xqghuvwdqg ehwwhu wkh gl�huhqfhv wkdw pd| dulvh
ehwzhhq zdjh irupdwlrq dfurvv vhfwruv dqg dffrxqw iru wkhp lq txdqwlwdwlyh
prghov1ef D srvvleoh dssurdfk lv wkh rqh sursrvhg e| Nuhev dqg Pdorqh|
+4<<;,1 Wkh| ghyhors dq h�flhqf| zdjh prgho zlwk oderu wxuqryhu iurp d
ixoo|0vshfl�hg lqglylgxdo rswlpl}dwlrq sureohp/ hvwlpdwhg hfrqrphwulfdoo|
wkh uhvxowlqj txlw udwh ixqfwlrq +xvlqj vxuyh| gdwd iru Ph{lfr,/ dqg xvhg
wkh uhvxowv wr fdoleudwh d pdfurhfrqrplf prgho dqg dvvhvv wkh h�hfw ri ydu0
lrxv pdfurhfrqrplf vkrfnv rq zdjhv dqg hpsor|phqw1 Wklv phwkrgrorj|
fdq lq sulqflsoh eh h{whqghg wr FJH prghov lq rughu wr frqvlghu ydulrxv
fdwhjrulhv ri krxvhkrogv dqg dgguhvv sryhuw| lvvxhv1

S�2 �hLtt��L�?|h) ,UL?L4i|h�U +it�*|t

Wklv vhfwlrq suhvhqwv/ lq d furvv0vhfwlrq hpslulfdo iudphzrun/ vrph suholpl0
qdu| uhvxowv rq wkh uhodwlrqvkls ehwzhhq pdfurhfrqrplf idfwruv dqg sryhuw|1
Wkh pdfurhfrqrplf yduldeohv h{dplqhg lqfoxgh vhyhudo ri wkh yduldeohv glv0
fxvvhg hduolhu/ sxeolf h{shqglwxuh/ lq�dwlrq/ lqfrph jurzwk/ dqg wkh uhdo
h{fkdqjh udwh1 Wkh hvwlpdwlrq phwkrg lv d vlpsoh furvv0frxqwu| ROV uh0
juhvvlrq1 Dv glvfxvvhg lq Dsshqgl{ LL/ wkh vdpsoh lv uhodwlyho| vpdoo +dw
prvw 6; revhuydwlrqv, dqg rqo| rqh gdwd srlqw lv dydlodeoh iru hdfk frxqwu|1
Pruh vshfl�fdoo|/ wkh yduldeohv duh gh�qhg dv iroorzv=

� wkh ghshqghqw yduldeoh lv wkh orjdulwkp ri wkh sryhuw| udwh +OSRY ,/
phdvxuhg e| wkh khdgfrxqw lqgh{ iru wkh srsxodwlrq dv d zkroh>

� LQIO lv wkh lq�dwlrq udwh lq frqvxphu sulfhv>

� OJRYFRQV lv wkh orj ri wkh udwlr ri jryhuqphqw frqvxpswlrq h{0
shqglwxuh ryhu JGS/ zklfk dlpv dw fdswxulqj ohyho h�hfwv ri fkdqjhv
lq sxeolf vshqglqj>

� OWUDQVJGS lv wkh orj ri wkh udwlr ri vxevlglhv dqg rwkhu fxuuhqw
wudqvihuv lq shufhqw ri JGS/ zklfk dovr dlpv dw fdswxulqj ohyho h�hfwv
ri fkdqjhv lq sxeolf h{shqglwxuh>
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� OWUDQV lv wkh orj ri wkh udwlr ri vxevlglhv dqg rwkhu fxuuhqw wudqv0
ihuv lq shufhqw ri h{shqglwxuh/ zklfk dlpv dw fdswxulqj frpsrvlwlrqdo
h�hfwv ri fkdqjhv lq sxeolf vshqglqj>

� OUHDO\ lv wkh orj ri JQS shu fdslwd lq frqvwdqw 4<;: XV grooduv/
dqg fdswxuhv wkh ohyho ri ghyhorsphqw>

� UHDOJU lv wkh dqqxdo jurzwk udwh ri uhdo JQS shu fdslwd>

� OUHDO[O lv wkh orj ri wkh uhdo h�hfwlyh h{fkdqjh udwh lqgh{ +gh�qhg
vxfk wkdw dq lqfuhdvh lv d ghsuhfldwlrq,>

� UHDOH[ lv wkh dqqxdo udwh ri fkdqjh ri wkh uhdo h�hfwlyh h{fkdqjh
udwh>

� OXUEDQ lv wkh orj ri wkh uhodwlyh vkduh ri wkh xuedq srsxodwlrq
uhodwlyh wr wkh wrwdo srsxodwlrq1

Wkh suhylrxv glvfxvvlrq vxjjhvwv wkdw lq�dwlrq vkrxog kdyh d srvlwlyh
h�hfw rq sryhuw|/ zkhuhdv lqfrph shu fdslwd/ wkh jurzwk udwh/ dqg wkh xu0
edql}dwlrq udwh vkrxog kdyh d qhjdwlyh h�hfw1 Wkh h�hfw ri wkh uhdo h{fkdqjh
udwh lv d sulrul dpeljxrxv1 Wkh �vfdo yduldeohv dovr kdyh d sulrul dq dpeljx0
rxv h�hfw1 Wkh h�hfw ri dq dfurvv0wkh0erdug fxw lq wudqvihuv dqg vxevlglhv/
iru lqvwdqfh/ pd| eh qhjdwlyh> exw wr wkh h{whqw wkdw lw lv dffrpsdqlhg e|
ehwwhu wdujhwlqj/ wkhuh pd| eh qr vljql�fdqw h�hfw rq wkh sryhuw| udwh1

Iljxuhv : dqg ; vkrz vfdwwhu gldjudpv ehwzhhq wkh sryhuw| udwh dqg vl{
pdfurhfrqrplf yduldeohv= wkh jurzwk udwh ri uhdo JQS shu fdslwd/ lq�dwlrq/
wkh udwlr ri vxevlglhv dqg rwkhu fxuuhqw wudqvihuv lq sursruwlrq ri JGS dqg
lq sursruwlrq ri wrwdo jryhuqphqw h{shqglwxuh/ dqg wkh ohyho dqg udwh ri gh0
suhfldwlrq ri wkh uhdo h{fkdqjh udwh1e� Wkh sduwldo fruuhodwlrqv vxjjhvw/ iru
erwk wkh ixoo vdpsoh ri ghyhorslqj frxqwulhv +d pd{lpxp ri 6; revhuydwlrqv,
dqg wkh jurxs ri vxe0Vdkdudq Diulfdq frxqwulhv +d pd{lpxp ri 49 revhu0
ydwlrqv, wkdw sryhuw| lv qhjdwlyho| uhodwhg wr wkh udwh ri jurzwk ri rxwsxw
shu fdslwd/ wkh udwlr ri vxevlglhv dqg wudqvihuv +erwk lq sursruwlrq wr JGS
dqg lq sursruwlrq ri h{shqglwxuh,/ dqg srvlwlyho| uhodwhg wr lq�dwlrq1 Wkh
uhodwlrqvkls ehwzhhq sryhuw| dqg wkh uhdo h{fkdqjh udwh grhv qrw dsshdu wr
eh vljql�fdqw1

Wdeohv 4 wr 8 surylgh pruh irupdo hfrqrphwulf hvwlpdwhv ri wkhvh olqnv1
Wdeoh 4 suhvhqwv uhjuhvvlrq uhvxowv iru wkh zkroh vdpsoh ri frxqwulhv +6;
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revhuydwlrqv, zkhq wkh udwlr ri jryhuqphqw frqvxpswlrq h{shqglwxuh ryhu
JGS lv xvhg wr phdvxuh wkh ohyho h�hfw ri �vfdo yduldeoh1 Wkh uhvxowv vxj0
jhvw wkdw lq�dwlrq kdv dozd|v d vljql�fdqw/ srvlwlyh h�hfw rq wkh sryhuw|
udwh1 Wkh frh�flhqw ri wkh uhdo jurzwk udwh ri lqfrph shu fdslwd/ dowkrxjk
qhjdwlyh +dv suhglfwhg,/ lv qrw vljql�fdqw1e2 Wkh frh�flhqw rq lqfrph shu
fdslwd/ e| frqwudvw/ lv qhjdwlyh dqg dozd|v kljko| vljql�fdqw1 Wkh xuedq0
l}dwlrq udwlr/ wkh �vfdo yduldeoh/ dqg wkh uhdo h{fkdqjh udwh +hlwkhu lq ohyho
irup ru lq udwh ri fkdqjh irup, gr qrw kdyh d vwdeoh h�hfw1e�

Wdeoh 5 vkrzv uhvxowv rewdlqhg zkhq wkh udwlr ri wudqvihuv dqg vxevlglhv
lq JGS lv xvhg dv wkh �vfdo yduldeoh/ iru wkh jurxs ri frxqwulhv iru zklfk
wkh gdwd duh dydlodeoh +57 revhuydwlrqv,1 Lq�dwlrq djdlq kdv d vljql�fdqw
lpsdfw rq sryhuw| lq doo uhjuhvvlrqv> doo rwkhu yduldeohv gr qrw dsshdu wr
kdyh d zhoo0ghwhuplqhg h�hfw1 Wkh vkduh ri wudqvihuv dqg vxevlglhv kdv wkh
h{shfwhg qhjdwlyh vljq exw lv erughuolqh vljql�fdqw rqo| zkhuh uhdo lqfrph
shu fdslwd lv h{foxghg +uhjuhvvlrqv 6/ 8 dqg :,1 Zkhq erwk yduldeohv duh
lqfoxghg/ wkh vkduh ri wudqvihuv dqg vxevlglhv ehfrphv lqvljql�fdqw1

Wdeoh 6 glvsod|v uhjuhvvlrq uhvxowv zkhq wkh uhodwlyh vkduh ri wudqvihuv
dqg vxevlglhv lq wrwdo h{shqglwxuh lv xvhg wr phdvxuh wkh frpsrvlwlrqdo
h�hfwv ri �vfdo srolf| iru wkh vdpsoh ri frxqwulhv iru zklfk wkh gdwd duh
dydlodeoh +djdlq/ 57 revhuydwlrqv,1 Wkh uhvxowv duh eurdgo| vlplodu wr wkrvh
rewdlqhg hduolhu> lq sduwlfxodu/ lq�dwlrq dqg uhdo shu fdslwd lqfrph uhpdlq
kljko| vljql�fdqw1 Wkh vkduh ri wudqvihuv dqg vxevlglhv kdv wkh h{shfwhg
qhjdwlyh vljq exw lv djdlq vljql�fdqw rqo| zkhq uhdo lqfrph shu fdslwd lv
h{foxghg +uhjuhvvlrqv 8 dqg :,> zkhq erwk yduldeohv duh lqfoxghg/ wkh vkduh
ri wudqvihuv dqg vxevlglhv lq wrwdo h{shqglwxuh ehfrphv lqvljql�fdqw1 Ilqdoo|/
uhjuhvvlrqv vlplodu wr wkrvh lq Wdeohv 4 wr 6 zlwk erwk wkh vkduh ri wudqvihuv
dqg vxevlglhv lq JGS dqg lq wrwdo h{shqglwxuh zhuh dovr shuiruphg1 Lq qr
uhjuhvvlrq zhuh erwk yduldeohv vljql�fdqw/ dv orqj dv shu fdslwd lqfrph zdv
dovr lqfoxghg dv d uhjuhvvru1

Wdeoh 7 suhvhqwv uhjuhvvlrq uhvxowv iru wkh vxe0vdpsoh ri vxe0Vdkdudq
Diulfdq frxqwulhv1 Wkh qxpehu ri revhuydwlrqv gursv ixuwkhu +wr 49 revhu0
ydwlrqv dw prvw,/ udlvlqj txhvwlrqv derxw wkh ydolglw| ri vwdwlvwlfdo lqihuhqfh
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lq wklv frqwh{w1 Qhyhuwkhohvv/ wkh ryhudoo uhvxowv uhpdlq frqvlvwhqw zlwk
wkrvh rewdlqhg zlwk wkh ixoo vdpsoh1 Lq�dwlrq dqg uhdo lqfrph shu fdslwd
duh kljko| vljql�fdqw/ lq doo uhjuvvlrqv1 Wkh uhdo h{fkdqjh udwh lv erughu0
olqh vljql�fdqw lq uhjuhvvlrq +9,/ vxjjhvwlqj wkdw d uhdo ghsuhfldwlrq orzhuv
sryhuw|�shukdsv e| udlvlqj lqfrph ri uxudo krxvhkrogv/ dv lqglfdwhg hduolhu1
Wkh uhvxowv dovr vxjjhvw lw lv qrw vr pxfk wkh ohyho ri wkh �vfdo yduldeoh wkdw
pdwwhuv/ exw udwkhu fkdqjhv lq wkh frpsrvlwlrq ri sxeolf vshqglqj1 Prvw lp0
sruwdqwo|/ dqg lq frqwudvw wr uhvxowv rewdlqhg iru wkh ixoo vdpsoh/ uhjuhvvlrqv
+43, dqg +45, vkrz wkdw erwk lqfrph shu fdslwd dqg wkh vkduh ri wudqvihuv
dqg vxevlglhv lq wrwdo jryhuqphqw h{shqglwxuh d�hfw vljql�fdqwo| sryhuw|/
dorqj zlwk lq�dwlrq1

Wr frqfoxgh/ dowkrxjk wkh uhvxowv glvfxvvhg khuh duh vxjjhvwlyh/ lw lv lp0
sruwdqw wr qrwh wkhlu olplwdwlrqv1 Dowkrxjk zh dwwhpswhg wr frqwuro iru
ydulrxv pdfurhfrqrplf h�hfwv/ wkh vpdoo qxpehu ri ghjuhhv ri iuhhgrp olp0
lwhg wkh qxpehu ri yduldeohv wkdw frxog eh lqfoxghg lq wkh uhjuhvvlrqv1 Dv d
frqvhtxhqfh/ vrph vwuxfwxudo idfwruv +vxfk dv wkh ghjuhh ri lqfrph lqhtxdo0
lw|/ |hduv ri vfkrrolqj/ ru wkh uhodwlyh vkduh ri h{shqglwxuh rq hgxfdwlrq dqg
khdowk lq wrwdo sxeolf h{shqglwxuh, zhuh qrw lqfoxghg1 Wklv fdq lpso| plv0
shfl�fdwlrq dqg wkxv lqdffxudwh lqihuhqfh dqg uhvxowv1 Wkhuh duh dovr vhyhuh
olplwdwlrqv zlwk wkh gdwd1 Phdvxuhg sryhuw| udwhv lq wkh vdpsoh pd| eh
ryhuvwdwhg wr wkh h{whqw wkdw wkh phdvxuh ri lqfrph uh�hfwv rqo| pdunhw ru
pdunhw0uhodwhg dfwlylwlhv1 H{sdqglqj wkh gdwdedvh xvhg khuh +e| frpelqlqj
wlph0vhulhv dqg furvv vhfwlrq, zrxog surylgh wkh srvvlelolw| wr h{sdqg wkh
udqjh ri yduldeohv wr eh whvwhg1 Ilqdoo|/ lw vkrxog eh qrwhg wkdw wkh uroh ri
wkh oderu pdunhw lv rqo| lpsolflw +ru lqgluhfw, lq wkh uhjuhvvlrq iudphzrun
xvhg deryh1 H{whqglqj wkh dqdo|vlv wr dffrxqw h{solflwo| iru oderu pdunhw
yduldeohv zrxog doorz d pruh suhflvh dvvhvvphqw ri lwv lpsruwdqfh lq wkh
wudqvplvvlrq ri pdfurhfrqrplf srolf| wr sryhuw|1

. 5L4i +iti@hU� �ihtTiU|��it

Wklv vhfwlrq glvfxvvhv vrph srvvleoh duhdv ri lqyhvwljdwlrq wkdw frxog suryh
iuxlwixo lq dqdo|}lqj wkh olqnv ehwzhhq pdfurhfrqrplf idfwruv dqg vwdelol}d0
wlrq1 Lvvxhv glvfxvvhg lqfoxgh wkh dv|pphwulf h�hfwv ri wkh hfrqrplf f|fohv
rq sryhuw|/ wkh uroh ri lqwhuvhfwrudo oderu prelolw|/ wkh olqn ehwzhhq pdfurh0
frqrplf yrodwlolw| +zklfk pd| ru pd| qrw eh srolf|0lqgxfhg, dqg sryhuw|/
dqg wkh xvh ri wlph0vhulhv whfkqltxhv iru hpslulfdo dqdo|vlv1
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Vrph uhfhqw vwxglhv�vxfk dv wkh vwxg| e| Orqgr�qr dqg V}�hnho| +4<<:, rq
Odwlq Dphulfd�kdyh vxjjhvwhg wkdw hfrqrplf f|fohv kdyh dq dv|pphwulf
h�hfw rq sryhuw|1 Uhfhvvlrqv whqg wr lqfuhdvh sryhuw|/ exw h{sdqvlrqv ru
uhfryhu| whqg wr kdyh d pruh olplwhg h�hfw1 Rqh srvvleoh h{sodqdwlrq lv
wkdw uhfhvvlrqv zruvhq sryhuw| +dv zhoo dv lqfrph glvwulexwlrq, ehfdxvh ri
dq dv|pphwulf h�hfw rq hpsor|phqw1 Lq d uhfhvvlrq/ xqvnloohg zrunhuv +zkr
duh riwhq srru, duh wkh �uvw wr orvh wkhlu mrev dv �upv krdug wkh wudlqhg oderu
irufh +vnloohg zrunhuv, gxh wr kljk wxuqryhu frvwv1 Wklv k|srwkhvlv/ dv lqgl0
fdwhg hduolhu/ lv frqvlvwhqw zlwk vrph ri wkh hylghqfh rq zdjh ghwhuplqdwlrq
lq ghyhorslqj frxqwulhv1

Wklv lv lq olqh zlwk wkh frqfoxvlrq uhdfkhg e| Orqgr�qr dqg V}�hnho|
+4<<:,/ zklfk vxjjhvwv wkdw dowkrxjk wkh 4<<3v kdyh ehhq d ghfdgh ri uh0
fryhu| dqg vwdelolw| lq Odwlq Dphulfd/ sryhuw| +dqg lqhtxdolw|, kdyh qrw
ghfolqhg vljql�fdqwo|1 Wkxv/ dowkrxjk d idyrudeoh pdfurhfrqrplf rxwfrph
fdq idflolwdwh sryhuw| doohyldwlrq dqg lpsuryhphqwv lq lqfrph glvwulexwlrq/
lw lv qrw d vx�flhqw frqglwlrq1 Iru sryhuw| wr ghfolqh vljql�fdqwo| lq Odwlq
Dphulfd uhtxluhv dq lqfuhdvh lq hgxfdwlrqdo rssruwxqlwlhv dqg dq lqfuhdvhg
dffhvv wr rzqhuvkls ri rwkhu surgxfwlyh dvvhwv1

.�2 w@MLh �LM�*�|) @UhLtt 5iU|Lht

Dq lpsruwdqw idfwru d�hfwlqj wkh uhvsrqvh ri zdjhv dqg hpsor|phqw ohyhov
+dqg wkxv sryhuw|, wr pdfurhfrqrplf vkrfnv/ dv looxvwudwhg lq wkh prgho
ghyhorshg hduolhu/ lv wkh ghjuhh ri lqwhuvhfwrudo prelolw| ri wkh oderu irufh1
Wkh dydlodeoh hylghqfh rq wkh ghjuhh ri oderu prelolw| dfurvv vhfwruv lq
ghyhorslqj frxqwulhv lv udwkhu vfdqw1 Lq sudfwlfh/ oderu prelolw| ghshqgv
rq d ydulhw| ri idfwruv/ vxfk dv hpsor|phqw surwhfwlrq uhjxodwlrqv +prvw
qrwdeo| dgplqlvwudwlyh uhvwulfwlrqv rq klulqj/ sodqw forvxuh dqg wkh od|0r�
ri shupdqhqw oderu/ dqg wkh jhqhurvlw| ri vhyhudqfh sd|phqwv, dqg rwkhu
plfurhfrqrplf frqvlghudwlrqv/ vxfk dv sur{lplw| dqg idplo| wlhv1 Idoorq dqg
Ulyhurv +4<;<, wdnh wkh idfw wkdw zdjh gl�huhqwldov kdyh dssduhqwo| whqghg
wr zlghq lq idyru ri h{sdqglqj +wudgdeoh, vhfwruv lq wkh xuedq vhfwru lq
Dujhqwlqd/ Fkloh/ Frorpeld/ Ph{lfr/ dqg Xuxjxd| dv lqglfdwlqj ohvv wkdq
shuihfw oderu prelolw|1 Krzhyhu/ gl�huhqfhv lq wkh sdwwhuq ri zdjh irupdwlrq
dfurvv lqgxvwulhv pd| zhoo h{sodlq vxfk pryhphqwv1

Wkhuh lv d qhhg wr h{whqg dqdo|wlfdo uhvhdufk rq wkhvh lvvxhv1ee Hpslul0
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fdoo| dovr/ wkhuh duh uhodwlyho| ihz vwxglhv +qrw rqo| lq vxe0Vdkdudq Diulfd/
exw lq ghyhorslqj frxqwulhv lq jhqhudo, wkdw vkhg oljkw rq wkh lvvxh ri lqwhu0
vhfwrudo oderu prelolw|1 Rqh srvvlelolw| lv wr iroorz wkh dssurdfk ri Glfn0
hqv dqg Odqj +4<;8,/ zklfk uholhv rq vzlwfklqj uhjuhvvlrq dqdo|vlv1eD Wkh
Glfnhqv0Odqj phwkrg fdq eh xvhg wr whvw iru wkh suhvhqfh ri qrq0hfrqrplf
eduulhuv wr irupdo vhfwru hpsor|phqw1 Wkhlu dssurdfk vxjjhvwv srvwxodwlqj
d phfkdqlvp iru doorfdwlrq ri zrunhuv ehwzhhq wkh irupdo dqg lqirupdo vhf0
wruv lq wkh devhqfh ri udwlrqlqj/ edvhg rq zrunhuv iuhh hpsor|phqw fkrlfhv1
Dvvxplqj wkdw zrunhuv kdyh shuihfw lqirupdwlrq dqg zrxog ehkdyh vr dv wr
pd{lpl}h xwlolw| ryhu wkhlu olihwlph/ wkhq wkh| zrxog fkrrvh irupdo vhfwru
hpsor|phqw li wkh qhw suhvhqw ydoxh ri wkhlu lqfrph vwuhdp lq wkh irupdo
hfrqrp| h{fhhghg wkdw ri wkh lqirupdo vhfwru1 Wklv sursrvlwlrq fdq eh
whvwhg e| d vhulhv ri frqvwudlqwv rq wkh vzlwfklqj uhjuhvvlrq1 Hvvhqwldoo|/
li wkh k|srwkhvlv ri zrunhuv* iuhh fkrlfhv ri vhfwruv lv wr eh dffhswhg/ dqg
wdvwhv iru wkh qrq0shfxqldu| dvshfwv ri hpsor|phqw duh lqghshqghqw ri lq0
glylgxdo fkdudfwhulvwlfv +vxfk dv wkh sodfh ri uhvlghqfh/ pdulwdo vwdwxv/ wkh
ohyho ri hgxfdwlrq/ dqg vr rq,/ wkhq rqh zrxog h{shfw wkdw wkh frh�flhqwv
ri wkh yduldeohv ghvfulelqj wkhvh fkdudfwhulvwlfv lq wkh vzlwfklqj htxdwlrq wr
eh htxdo wr wkh frh�flhqwv lq wkh wzr zdjh htxdwlrqv1 Idloxuh wr dffhsw wklv
uhvwulfwlrq fdq eh ylhzhg dv sulpd idflh hylghqfh ri qrq0hfrqrplf eduulhuv
wr hpsor|phqw lq wkh irupdo vhfwru1

Lq sudfwlfh/ dvvhvvlqj wkh ghjuhh ri prelolw| ehwzhhq wkh irupdo dqg lqiru0
pdo vhfwruv lv gl�fxow ehfdxvh gdwd rq pljudwlrq �rzv ehwzhhq wkhvh vhfwruv
duh jhqhudoo| qrw dydlodeoh1 Krzhyhu/ wkh prgho ghyhorshg hduolhu vxjjhvwv
wkdw wkh udwlr ri irupdo vhfwru zdjhv +iru zrunhuv zlwk orz txdol�fdwlrqv,
wr lqirupdo vhfwru zdjhv fdq eh d xvhixo hpslulfdo sur{|1 Wkh prgho/ lq
idfw/ vxjjhvwv dq dpeljxrxv h�hfw ri wkh zdjh gl�huhqwldo rq sryhuw|/ wr wkh
h{whqw wkdw wkh srru duh ylhzhg dv frqvlvwlqj ri doo zrunhuv lq wkh lqirupdo
vhfwru dv zhoo dv wkh rshqo| xqhpsor|hg lq wkh irupdo hfrqrp|1eS D idoo
lq wkh irupdo0lqirupdo zdjh udwlr/ iru lqvwdqfh/ lqfuhdvhv wkh �rz ri +orz0
vnloohg, zrunhuv wr wkh lqirupdo vhfwru1 Wr wkh h{whqw wkdw wkhvh zrunhuv
zhuh suhylrxvo| xqhpsor|hg/ sryhuw| zrxog qrw fkdqjh> exw wr wkh h{whqw
wkdw wkh| zhuh lqlwldoo| hpsor|hg lq wkh irupdo vhfwru/ sryhuw| zrxog qdwx0
udoo| lqfuhdvh1 Vlploduo|/ d ulvh lq wkh zdjh udwlr zrxog kdyh dq dpeljxrxv
h�hfw rq sryhuw| ehfdxvh wkrvh zrunhuv zkr pryh wr wkh irupdo vhfwru wr
vhhn d mre wkhuh pd| zhoo eh xqvxffhvvixo dqg hqg xs mrlqlqj wkh udqnv ri
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wkh xqhpsor|hg1 Zkdw wkh iruhjrlqj glvfxvvlrq vxjjhvwv/ qhyhuwkhohvv/ lv
wkdw dgglqj wkh irupdo0lqirupdo vhfwru zdjh udwlr dv dq lqghshqghqw ydul0
deoh lq wkh w|sh ri sryhuw| uhjuhvvlrqv suhvhqwhg hduolhu pd| eh rqh zd| wr
fdswxuh/ zlwk dssursuldwh dx{loldu| dvvxpswlrqv/ wkh h�hfw ri lqwhuvhfwrudo
oderu �rzv rq sryhuw| udwhv1

.�� �@UhLiUL?L4�U VL*@|�*�|) @?_ �L�ih|)

Wkhuh kdv ehhq olplwhg hylghqfh rq wkh h�hfwv ri pdfurhfrqrplf yrodwlolw|�
dv phdvxuhg/ iru lqvwdqfh/ e| wkh vwdqgdug ghyldwlrqv ri djjuhjdwh rxw0
sxw dqg lq�dwlrq�rq sryhuw| lq ghyhorslqj frxqwulhv lq jhqhudo/ dqg vxe0
Vdkdudq Diulfd lq sduwlfxodu1 Wklv lv lpsruwdqw/ ehfdxvh vxfk yrodwlolw| pd|
eh srolf|0lqgxfhg1 Hylghqfh ri d qhjdwlyh h�hfw pd| surylgh dq dujxphqw lq
idyru ri uxohv0edvhg srolf|pdnlqj1 Wkh hylghqfh iru Odwlq Dphulfd vxjjhvwv
wkdw pdfurhfrqrplf yrodwlolw| kdv whqghg wr zruvhq lqfrph glvwulexwlrq dqg
lqfuhdvh sryhuw| lq wkh uhjlrq1 Wklv rxwfrph lv h{sodlqhg lq sduw e| wkh idfw
wkdw wkh srru duh ohvv zhoo htxlsshg wr frsh zlwk hfrqrplf vkrfnv dqg wkdw
lqfrphv ri wkh srru duh vxevwdqwldoo| pruh vhqvlwlyh wr fkdqjhv lq djjuhjdwh
lqfrph wkdq xsshu0lqfrph jurxsv +Orqgr�qr dqg V}�hnho|/ 4<<:,1 H{whqg0
lqj wklv dqdo|vlv wr rwkhu uhjlrqv�sduwlfxoduo| lq vxe0Vdkdudq Diulfd/ zkhuh
_vwrs0dqg0jr% srolflhv kdyh riwhq fkdudfwhul}hg pdfurhfrqrplf pdqdjhphqw
lq vrph frxqwulhv�zrxog eh zruwkzkloh1

.�e A�4i�5ih�it Ait|t

Wkh xvh ri wlph0vhulhv gdwd wr dqdo|}h wkh uroh ri pdfurhfrqrplf idfwruv
dqg rwkhu ghwhuplqdqwv ri sryhuw| udwhv lq d vlqjoh0frxqwu| frqwh{w zrxog
eh dq lpsruwdqw vwhs iruzdug1 Wr gdwh/ ihz vwxglhv kdyh ehhq frqgxfwhg lq
wkdw frqwh{w1 Dprqj wkhvh duh wkh vwxglhv e| Fdugrvr +4<<5, dqg Fdugrvr
hw do1 +4<<8,1 Wlph0vhulhv gdwd zrxog doorz uhvhdufkhuv wr xvh dq huuru0
fruuhfwlrq iudphzrun wr glvwlqjxlvk ehwzhhq orqj0uxq idfwruv +vxfk dv wkh
ghjuhh ri lqhtxdolw|/ sxeolf h{shqglwxuh rq hgxfdwlrq dqg khdowk, dqg vkruw0
whup pdfurhfrqrplf idfwruv�lqfoxglqj wkh dv|pphwulf h�hfw ri exvlqhvv
f|fohv dooxghg wr hduolhu1

H 5�44@h) @?_ �L?U*�t�L?t

Wkh sxusrvh ri wklv sdshu kdv ehhq wr h{dplqh dqdo|wlfdoo| dqg hpslulfdoo|
wkh ydulrxv fkdqqhov wkurxjk zklfk vwdelol}dwlrq srolflhv d�hfw sryhuw| lq
ghyhorslqj frxqwulhv/ zlwk d sduwlfxodu hpskdvlv rq wkh uroh ri wkh oderu
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pdunhw1 Pdfurhfrqrplf srolflhv pxvw/ ri frxuvh/ eh hydoxdwhg lq whupv ri
wkhlu pdfurhfrqrplf remhfwlyhv> lq dgglwlrq/ krzhyhu/ lw lv lpsruwdqw wr
xqghuvwdqg wkhlu vkruw0whup lpsdfw rq sryhuw|1e. Wklv lvvxh kdv ehhq wkh
vxemhfw ri uhqhzhg lqwhuhvw lq vwxglhv ri hfrqrplf dgmxvwphqw lq ghyhorslqj
frxqwulhv1

Wkh �uvw sduw ri wkh sdshu surylghg d uhylhz ri wkh hylghqfh rq sryhuw|/
zlwk sduwlfxodu dwwhqwlrq wr wkh uhfhqw h{shulhqfh ri Odwlq Dphulfd dqg
vxe0Vdkdudq Diulfd1 Wkh vhfrqg sduw surylghg dq dqdo|wlfdo ryhuylhz ri wkh
ydulrxv fkdqqhov wkurxjk zklfk pdfurhfrqrplf srolflhv d�hfw wkh srru1 Lw
zdv dujxhg/ lq sduwlfxodu/ wkdw d uhgxfwlrq lq jryhuqphqw h{shqglwxuh rq
wudqvihuv dqg vxevlglhv +zkhwkhu lw lv phdvxuhg dv d sursruwlrq ri JGS ru
dv d sursruwlrq ri wrwdo vshqglqj, grhv qrw qhfhvvdulo| kxuw wkh srru li lw lv
dffrpsdqlhg e| d ehwwhu wdujhwlqj ri ehqh�wv1

Wkh wklug sduw suhvhqwhg dq dqdo|wlfdo iudphzrun wkdw fdswxuhv vrph
ri wkh pdlq ihdwxuhv ri oderu pdunhwv lq ghyhorslqj frxqwulhv�d odujh lq0
irupdo vhfwru/ h�flhqf| zdjhv dqg plqlpxp zdjh ohjlvodwlrq lq wkh irupdo
hfrqrp|/ dqg lpshuihfw prelolw| ri wkh xqvnloohg oderu irufh dfurvv vhfwruv1
Xqhpsor|phqw ri erwk vnloohg dqg xqvnloohg zrunhuv zdv vkrzq wr hphujh
lq htxloleulxp/ ghvslwh zdjh �h{lelolw| lq wkh lqirupdo vhfwru1 Vnloohg xq0
hpsor|phqw hphujhv ehfdxvh wkh rssruwxqlw| frvw ri ohlvxuh lv orz dqg2ru
wkh uhvhuydwlrq zdjh lv kljkhu wkdq wkh jrlqj zdjh lq wkh lqirupdo vhfwru/
zkhuhdv xqvnloohg xqhpsor|phqw uhvxowv iurp _zdlw% ru _txhxlqj% frqvlg0
hudwlrqv lq wkh wudglwlrq ri Kduulv dqg Wrgdur +4<:3,1 Wkh prgho zdv xvhg
wr vwxg| wkh pdfurhfrqrplf h�hfwv ri �vfdo dgmxvwphqw/ qdpho| d uhgxf0
wlrq lq jryhuqphqw vshqglqj1 Wkh dqdo|vlv vxjjhvwhg/ lq sduwlfxodu/ wkdw d
uhgxfwlrq lq jryhuqphqw vshqglqj rq lpsruwv ohdgv lq wkh orqj uxq wr dq
lqfuhdvh lq xqhpsor|phqw ri erwk fdwhjrulhv ri oderu dqg dq lqfuhdvh lq
sryhuw| udwhv�zlwk wkh srru gh�qhg dv wkh xqhpsor|hg dqg wkrvh zrunhuv
hpsor|hg lq wkh lqirupdo vhfwru1 Krzhyhu/ lw zdv qrwhg wkdw wkhvh uhvxowv
zhuh yhu| vhqvlwlyh wr wkh vwuxfwxuh ri wkh prgho dqg/ lq sduwlfxodu/ rq wkh
�qdqflqj uxoh ri jryhuqphqw h{shqglwxuh1 D fxw lq vshqglqj wkdw zrxog ohdg
wr d orzhu ghjuhh ri prqhwl}dwlrq dqg wkxv orzhu lq�dwlrq frxog jhqhudwh d
srvlwlyh h�hfw rq wkh lqfrphv ri wkh srru dqg wkxv uhgxfh wkh lqflghqfh ri
sryhuw| lq wkh orqj uxq1

Wkh irxuwk sduw surylghg d eulhi ryhuylhz ri vrph ri wkh h{lvwlqj hpslu0
lfdo vwxglhv irfxvlqj rq wkh h�hfw ri pdfurhfrqrplf dgmxvwphqw rq sryhuw|/
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dqg suhvhqwhg vrph suholplqdu| furvv0frxqwu| hfrqrphwulf uhvxowv irfxvlqj
rq vrph ri wkh idfwruv lghqwl�hg lq wkh suhylrxv vhfwlrqv/ vxfk dv rxwsxw
jurzwk/ wkh uhdo h{fkdqjh udwh/ uhdo jryhuqphqw h{shqglwxuh +glvwlqjxlvk0
lqj erwk ohyho h�hfwv dqg frpsrvlwlrqdo h�hfwv/ dv phdvxuhg iru lqvwdqfh e|
wkh vkduh ri vxevlglhv dqg rwkhu wudqvihuv lq wrwdo sxeolf h{shqglwxuh,/ dqg
lq�dwlrq1 Dowkrxjk wkh uhvxowv vkrxog eh wuhdwhg zlwk fduh jlyhq wkh vkruw
vdpsoh vl}h/ wkh| vxjjhvw wkdw lq�dwlrq kdv dq dgyhuvh h�hfw rq sryhuw|1
Vxevlglhv dqg rwkhu wudqvihuv +erwk lq sursruwlrq ri JGS dqg lq sursru0
wlrq ri wrwdo jryhuqphqw h{shqglwxuh, gr qrw kdyh d vljql�fdqw h�hfw lq wkh
ixoo vdpsoh/ exw wkh vkduh ri vxevlglhv dqg rwkhu wudqvihuv lq sursruwlrq ri
jryhuqphqw h{shqglwxuh dsshduv wr eh vljql�fdqwo| fruuhodwhg zlwk sryhuw|
lq vxe0Vdkdudq Diulfd1 Rqh lpsolfdwlrq ri wkh uhvxow rq lq�dwlrq/ ri frxuvh/
lv wkdw dw ohdvw lq wklv glphqvlrq wkhuh lv qr _wudgh0r�% ehwzhhq vwdelol}d0
wlrq dqg wkh remhfwlyh ri sryhuw| uhgxfwlrq1 Fxwv lq wkh vkduh ri wudqvihuv
dqg vxevlglhv lq wrwdo jryhuqphqw h{shqglwxuh vhhp wr kdyh d vljql�fdqwo|
dgyhuvh h�hfw rq sryhuw|/ sduwlfxoduo| lq vxe0Vdkdudq Diulfd1 Qhyhuwkhohvv/
ixuwkhu hpslulfdo dqdo|vlv lv qhfhvvdu| wr fruurerudwh wkhvh uhvxowv dqg xq0
ghuvwdqg ehwwhu wkh h�hfw ri vwdelol}dwlrq srolflhv +dqg dgmxvwphqw phdvxuhv/
pruh jhqhudoo|, rq wkh srru1

Wkh odvw sduw glvfxvvhg ydulrxv uhvhdufk shuvshfwlyhv1 Lw zdv qrwhg/ iru
lqvwdqfh/ wkdw lqirupdo hylghqfh vxjjhvwv wkdw hfrqrplf f|fohv whqg wr kdyh
dq dv|pphwulf h�hfw rq sryhuw|> uhfhvvlrqv whqg wr lqfuhdvh sryhuw| udwhv/
exw h{sdqvlrqv ru uhfryhu| whqgv wr kdyh d olplwhg h�hfw1 Rqh uhdvrq pd|
eh oderu krduglqj= wkh srru +uhodwlyho| xqvnloohg zrunhuv, whqg wr orvh wkhlu
mrev idvwhu lq d grzqwxuq/ srvvleo| ehfdxvh ri kljkhu wudlqlqj dqg wxuqryhu
frvwv iru wkh pruh vnloohg1eH Whvwlqj iru vxfk h�hfwv lv/ krzhyhu/ gl�fxow lq
pdq| fdvhv ehfdxvh lw uhtxluhv vx�flhqwo| orqj wlph0vhulhv1 Dq h{whqvlrq ri
wkh furvv0frxqwu| hfrqrphwulf uhvxowv suhvhqwhg khuh wr h{solflwo| dffrxqw
iru wkh vwuxfwxuh ri wkh oderu pdunhw dqg wkh uroh ri oderu pdunhw yduldeohv
lq wkh wudqvplvvlrq ri pdfurhfrqrplf srolf| vkrfnv zrxog eh dq lpsruwdqw
duhd ri lqyhvwljdwlrq1 Iru lqvwdqfh/ oderu pdunhw uhjxodwlrqv/ e| uhgxflqj
wkh ghpdqg iru xqvnloohg oderu lq wkh irupdo hfrqrp| pd| whqg wr udlvh
sryhuw| lq erwk wkh vkruw dqg wkh orqj whup1eb Wkh h{shulhqfh dovr vxjjhvwv
wkdw frxqwulhv wkdw kdyh pdqdjhg wr uhgxfh sryhuw| gudpdwlfdoo| kdyh doo
w|slfdoo| ehhq deoh wr lqfuhdvh wkh ghpdqg iru xqvnloohg oderu udslgo|1 Wr wkh
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h{whqw wkdw oderu pdunhw lpshuihfwlrqv kdpshu wkh fuhdwlrq ri mrev/ wkhuh
pd| eh d forvh olqn ehwzhhq uhirupv dlphg dw lpsurylqj wkh ixqfwlrqlqj
ri wkh oderu pdunhw dqg srolflhv dlphg dw doohyldwlqj sryhuw| lq ghyhorslqj
frxqwulhv1
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Dsshqgl{ L
Vroxwlrq dqg G|qdplf Irup

Wkh �uvw vwhs lq vroylqj wkh prgho lv wr ghwhuplqh wkh vkruw0uxq pdunhw0
fohdulqj vroxwlrqv ri wkh uhdo h{fkdqjh udwh dqg wkh uhdo zdjh lq wkh lqirupdo
vhfwru +phdvxuhg lq whupv ri wkh sulfh ri h{sruwv,1 Wr gr vr/ vxevwlwxwh +43,
lq +47, wr jlyh

f- @ �^\ r
f+}, . lWEW � W ` .  EW=

Wklv htxdwlrq fdq eh zulwwhq dv

f- @ !+
n
}>

n

EW>
3

W ,= +D4,

zkhuh
!5 @ �+C\ r

f@C},> !�W @ �lW .  > !A @ ��=
D uhdo ghsuhfldwlrq/ dq lqfuhdvh lq wkh vwrfn ri wudghg erqgv/ ru d idoo lq

wd{hv vwlpxodwh frqvxpswlrq1
Vlploduo|/ vxevwlwxwlqj +46, lq +4:, |lhogv

f� @ }3�\ r
� +$�},= +D5,

Xvlqj wkh htxloleulxp vroxwlrq iru $� / htxdwlrq +54,/ lq +D5,/ dqg xvlqj
+D4,/ wkh htxloleulxp frqglwlrq ri wkh pdunhw iru qrqwudghg jrrgv/ htxdwlrq
+4<,/ fdq eh zulwwhq dv

\ r
� ^$� +}> q

r
L ,}` @ �}^!+}>EW>W , . f� `>

wkdw lv/ xvlqj +D5,=

\ r
� ^$� +}> q

r
L ,}` @

�

4� �
}!+}>EW>W ,= +D6,

Htxdwlrq +D6, fdq eh vroyhg iru wkh htxloleulxp uhdo h{fkdqjh/ }=

} @ �+
3

qrL >
3

EW>
n
W ,> +D7,

zkhuh

�?r
L
@ �
3�\ r�

� +
C$�
CqrL

,> ��W @
�+�lW .  ,


+4� �,
> �A @ � ��


+4� �,
=

dqg/ zlwk d c�* ghqrwlqj d vwhdg|0vwdwh ydoxh=


 @ \ r�

� +4 .
C$�
C}

,� �

4� �
+�f- . !5,>
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wkdw lv/ ehfdxvh wkh �uvw whup lq wkh h{suhvvlrq iru 
 lv }hur iurp +54,=


 @ � �

4� �
^�f- . �+

C\ r
f

C}
,` ? 3>

Dq lqfuhdvh lq wd{hv/ iru lqvwdqfh/ orzhuv frqvxpswlrq ri wkh xsshu0
lqfrph krxvhkrog dqg fuhdwhv h{fhvv vxsso| lq wkh pdunhw iru lqirupdo vhfwru
jrrgv1 Wkh uhdo h{fkdqjh udwh pxvw wkhuhiruh ghsuhfldwh wr uhvwruh htxlole0
ulxp1

Vxevwlwxwlqj wklv uhvxow lq wkh lqirupdo oderu pdunhw htxloleulxp frqgl0
wlrq +htxdwlrq +54,, |lhogv=

$� @ �+
n
qrL >

n

EW>
3

W ,= +D8,

zkhuh

�?r
L
@ +

C$�
C}

,�?r
L
. +

C$�
CqrL

,> ��W @ +
C$�
C}

,��W > �A @ +
C$�
C}

,�A =

Dq lqfuhdvh lq wkh vxsso| ri xqvnloohg oderu lq wkh irupdo vhfwru/ iru lq0
vwdqfh/ fuhdwhv dq h{fhvv ghpdqg iru oderu lq wkh lqirupdo hfrqrp|/ wkhuhe|
sxwwlqj xszdug suhvvxuh rq zdjhv wkhuh1

Wkh vhfrqg vwhs lv wr vxevwlwxwh +43, iru \ r
f / +D7, iru } lq wkh uhvxowlqj

htxdwlrq/ dqg wkh jryhuqphqw exgjhw frqvwudlqw +56, wr holplqdwh W lq wkh
xsshu0lqfrph krxvhkrog*v exgjhw frqvwudlqw/ htxdwlrq +48,1 Wklv jlyhv

bEW @ +4� �, ^\ r
f ^�+q

r
L >E

W> jU,` . lWEW � jU `�  EW>

zklfk fdq eh zulwwhq dv

bEW @ J+
3

qrL >
q

EW>
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jU,> +D9,

zlwk

J?r
L
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C\ r
f

C}
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L
>

J}U @ +4� �,^+
C\ r

f

C}
,�A � 4` @ �+4� �,

%
4� �+C\ r

f@C},

�f- . �+C\ r
f@C},

&
=

dqg

J�W @ +4� �,^lW . +
C\ r

f

C}
,��W `�  >

wkdw lv
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J�W @ +4��,lW
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4� �+C\ r

f@C},

�f- . �+C\ r
f@C},

&
� 

%
4 .

+4� �,+C\ r
f@C},

�f- . �+C\ r
f@C},

&
= +D:,

Lq jhqhudo/ wkh vljq ri J�W lv lqghwhuplqdwh1 Lq zkdw iroorzv lw zloo eh
dvvxphg wkdw wkh zhdowk h�hfw/ dv phdvxuhg e|  / lv vx�flhqwo| odujh wr
hqvxuh wkdw J�W ? 31Df

Wkh odvw vwhs lv wr ghwhuplqh wkh �rz fkdqjhv lq oderu vxsso| wr wkh
irupdo vhfwru1 Vxevwlwxwlqj +;, lq wkh vhfrqg htxdwlrq ri +<, |lhogv q_L @
q_L +}> $6,/ wkdw lv/ xvlqj +D7,=

q_L @ O+
3

qrL >
3

EW>
n
jU,=

Vxevwlwxwlqj wklv uhvxow/ wrjhwkhu zlwk +D8, iru $� lq +55, |lhogv

bqrL @ �

+
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r
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qrL
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wkdw lv
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�qrL
� �}

U
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Htxdwlrq +D;, vkrzv/ lq sduwlfxodu/ wkdw dq lqfuhdvh lq qrL whqgv wr
orzhu pljudwlrq �rzv wrzdugv wkh irupdo hfrqrp|/ dv d uhvxow ri wkuhh hi0
ihfwv1 Iluvw/ lw orzhuv wkh ghpdqg iru oderu lq wkh irupdo vhfwru> wkh uhdvrq
lv wkdw e| lqfuhdvlqj zdjhv lq wkh lqirupdo hfrqrp|/ lw orzhuv wkh vxsso|
ri lqirupdo vhfwru jrrgv/ wkhuhe| uhtxlulqj d uhdo dssuhfldwlrq wr pdlqwdlq
htxloleulxp lq wkh pdunhw iru wkhvh jrrgv +vhh +D7,,1 Dv d uhvxow/ wkh hi0
�flhqf| zdjh lqfuhdvhv/ wkhuhe| uhgxflqj wkh ghpdqg iru erwk vnloohg dqg
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xqvnloohg zrunhuv1 Vhfrqg/ lw orzhuv +dw d jlyhq ohyho ri wkh ghpdqg iru od0
eru lq wkh irupdo hfrqrp|, wkh hpsor|phqw suredelolw|1 Wkhvh wzr h�hfwv
frpelqh wr uhgxfh wkh h{shfwhg zdjh lq wkh irupdo vhfwru1 Wklug/ lw orz0
huv wkh vxsso| ri oderu lq wkh lqirupdo vhfwru�zklfk whqgv wr lqfuhdvh wkh
pdunhw0fohdulqj zdjh/ dqg wkxv wkh rssruwxqlw| frvw ri txhxhlqj1 Doo wkuhh
h�hfwv frpelqh wr uhgxfh pljudwlrq �rzv iurp wkh lqirupdo vhfwru wr wkh
irupdo hfrqrp|1

Htxdwlrqv +D9, dqg +D;, uhsuhvhqw wkh g|qdplf htxdwlrqv ri wkh v|vwhp1
Xvlqj d olqhdu dssur{lpdwlrq durxqg wkh vwhdg| vwdwh |lhogv%

bqrL
bEW
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%
��?r

L
���W

J?r
L

J�W
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qrL � �qrL
EW � �EW

&
= +D<,

Qhfhvvdu| dqg vx�flhqw frqglwlrqv iru +D<, wr eh orfdoo| vwdeoh duh wkdw
wkh pdwul{ ri frh�flhqwv kdv

� d qhjdwlyh wudfh +��?r
L
. J�W ? 3,/ zklfk jxdudqwhhv dw ohdvw rqh

qhjdwlyh urrw>

� d srvlwlyh ghwhuplqdqw/ zklfk hqvxuhv wkdw wkh urrwv duh ri wkh vdph
vljq=

� @ �+J�W�?r
L
�J?r

L
��W, A 3=

Wkh �uvw frqglwlrq lv dozd|v vdwlv�hg1 Wkh vhfrqg frqglwlrq uhtxluhv/ dv
vkrzq lq Iljxuh 7/ wkdw wkh vorsh ri OO eh vwhhshu lq devroxwh ydoxh wkdq
wkh vorsh ri EE1

Xvlqj +D9, dqg +D;,/ lw fdq uhdglo| eh vkrzq wkdw d uhgxfwlrq lq jU
orzhuv qrL dqg lqfuhdvhv EW=

g�qrL
gjU

@
�+��WJ}U ��}UJ�W,



A 3>

g �EW

gjU
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�+�}UJ?r
L
��?r

L
J}U ,

�
? 3>

Xvlqj wkhvh uhvxowv/ lw fdq eh hvwdeolvkhg iurp +D7, dqg +D8, wkdw wkh
uhdo h{fkdqjh udwh dssuhfldwhv lq wkh orqj uxq +g}@gjU A 3, dqg wkdw zdjhv
lq wkh lqirupdo vhfwru idoo +g�$�@gjU A 3,1 Iurp +57,/ �qrL @ $6�q_L@�$� 1 Wkh
h�hfw ri jU rq wkh ohyho ri xqvnloohg xqhpsor|phqw lq wkh irupdo vhfwru lv
wkxv

g+�qrL � �q_L ,
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wkdw lv
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Ehfdxvh g�q_L@gjU ? 3 dqg $6@�$� A 4/ wkh �uvw whup rq wkh uljkw0kdqg
vlgh lv qhjdwlyh1 Wkh vhfrqg whup lv dovr qhjdwlyh/ ehfdxvh g�$�@gjU A 31
Wkxv/ xqhpsor|phqw ri xqvnloohg oderu dovr lqfuhdvhv1 Wkh h�hfw rq wkh
xqvnloohg xqhpsor|phqw udwh lv

g

gjU
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�qrL � �q_L

�qrL
, @

g

gjU
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�qrL
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wkdw lv/ xvlqj +57,=

g

gjU
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6
g�$�
gjU

? 31

Wkxv/ wkh xqhpsor|phqw udwh lqfuhdvhv dovr/ lpso|lqj wkdw oderu ghpdqg
idoov e| pruh wkdq oderu vxsso| lq sursruwlrqdo whupv1
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Dsshqgl{ LL
Gdwd Vrxufhv dqg Frxqwu| Olvwv

Wkh pdlq vrxufh ri wkh gdwd lv wkh 4<<; Zruog Ghyhorsphqw Lqglfdwruv
FG0URP surgxfhg e| wkh Zruog Edqn1 Wkh yduldeohv duh phdvxuhg dv
gh�qhg lq wkh wh{w1 wkh frxqwu| jurxsv duh dv iroorzv1

Uhjuhvvlrqv zlwk wkh frpsohwh vdpsoh duh edvhg rq wkh iroorzlqj olvw ri
frxqwulhv +|hdu ri revhuydwlrq lq sduhqwkhvhv,= Dojhuld +4<<8,/ Edqjodghvk
+4<<80<9,/Ehqlq +4<<8,/ Exuxqgl +4<<3,/ Fkloh +4<<7,/ Frorpeld +4<<5,/
Grplqlfdq Uhsxeolf +4<<5,/ Hfxdgru +4<<7,/ Ho Vdoydgru +4<<5,/ Jdpeld
+4<<5,/ Jkdqd +4<<5,/ Jxlqhd0Elvvdx +4<<4,/ Krqgxudv +4<<5,/ Lqgld +4<<7,/
Lqgrqhvld +4<<3,/ Mdpdlfd +4<<5,/ Mrugdq +4<<4,/ Nhq|d +4<<5,/ Ohvrwkr
+4<<6,/ Pdodzl +4<<30<4,/ Pdod|vld +4<;<,/ Pdxulwdqld +4<<3,/ Pdxulwlxv
+4<<5,/ Prurffr +4<<30<4,/ Qhsdo +4<<80<9,/ Qljhuld +4<<50<6,/ Sdnlvwdq
+4<<4,/ Sdudjxd| +4<<4,/ Sklolsslqhv +4<<4,/ Uzdqgd +4<<6,/ Vul Odqnd
+4<<30<4,/ Wdq}dqld +4<<4,/ Wkdlodqg +4<<5,/ Wrjr +4<;:0;<,/ Wulqlgdg dqg
Wredjr +4<<5,/ Wxqlvld +4<<3,/ Xjdqgd +4<<6,/ Yhqh}xhod +4<;<,/ ]dpeld
+4<<6,/ ]lpedezh +4<<30<4,1

Uhjuhvvlrqv iru wkh vxe0Vdkdudq Diulfd vdpsoh duh edvhg rq wkh iroorzlqj
olvw ri frxqwulhv +|hdu ri revhuydwlrq lq sduhqwkhvhv,= Ehqlq +4<<8,/ Exuxqgl
+4<<3,/ Jdpeld +4<<5,/ Jkdqd +4<<5,/ Jxlqhd0Elvvdx +4<<4,/ Nhq|d +4<<5,/
Ohvrwkr +4<<6,/ Pdodzl +4<<30<4,/ Pdxulwdqld +4<<3,/ Pdxulwlxv +4<<5,/
Qljhuld +4<<50<6,/ Uzdqgd +4<<6,/ Vlhuud Ohrqh +4<;<,/ Wdq}dqld +4<<4,/
Wrjr +4<;:0;<,/ Xjdqgd +4<<6,/ ]dpeld +4<<6,/ ]lpedezh +4<<30<4,1
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Uhihuhqfhv

Dgglvrq/ Wrq|/ dqg Olrqho Ghphu|/ _Wkh Sryhuw| H�hfwv ri Dgmxvwphqw
zlwk Oderu Pdunhw Lpshuihfwlrqv/% lq Oderu Pdunhwv lq dq Hud ri Dgmxvw0
phqw/ hg1 e| Vxvdq Kruwrq/ Udyl Ndqexu/ dqg Glsdn Pd}xpgdu/ wkh Zruog
Edqn +Zdvklqjwrq GF= 4<<7,1

Dj�hqru/ Slhuuh0Ulfkdug/ _Wkh OderuPdunhw dqg Hfrqrplf Dgmxvwphqw/%
LPI Vwd� Sdshuv/ 76 +Mxqh 4<<9,/ 59406681

��/ _Hpsor|phqw H�hfwv ri Vwdelol}dwlrq Srolflhv/% xqsxeolvkhg/ Lq0
whuqdwlrqdo Prqhwdu| Ixqg +Vhswhpehu 4<<:d,1

��/ _Ilvfdo Dgmxvwphqw dqg Oderu Pdunhw G|qdplfv lq dq Rshq Hfrq0
rp|/% xqsxeolvkhg/ Lqwhuqdwlrqdo Prqhwdu| Ixqg +Qryhpehu 4<<:e,1

Dj�hqru/ Slhuuh0Ulfkdug/ dqg Mrvkxd Dl}hqpdq/ _Pdfurhfrqrplf Dg0
mxvwphqw zlwk Vhjphqwhg Oderu Pdunhwv/% iruwkfrplqj/ Mrxuqdo ri Ghyho0
rsphqw Hfrqrplfv +Iheuxdu| 4<<<,1

Dpdghr/ Hgxdugr/ dqgPdufhor Qhul/ _Pdfurhfrqrplf Srolf| dqg Sryhuw|
lq Eud}lo/% Zrunlqj Sdshu Qr1 6;6/ Srqwli�lfld Xqlyhuvlgdgh Fdw�rolfd gr Ulr
gh Mdqhlur/ +Ghfhpehu 4<<:,1

Dqu�ltxh}/ Jxvwdyr/ Nhylq Frzdq/ dqg Mrv�h Gh Juhjrulr/ _Sryhuw| dqg
Pdfurhfrqrplf Srolflhv= Fkloh 4<;:04<<7/% Zrunlqj Sdshu Qr1 5:/ Xqlyhu0
vlgdg gh Fkloh +Mdqxdu| 4<<;,1

Ekdwwdfkdu|d/ Sudelu/ _Uxudo0Xuedq Pljudwlrq lq Hfrqrplf Ghyhors0
phqw/% Mrxuqdo ri Hfrqrplf Vxuyh|v/ : +Vhswhpehu 4<<6,/ 5760;41

Edqhumhh/ Elvzdmlw/ dqg Jdeulhood D1 Exffl/ _Rq0wkh0Mre Vhdufk lq d Gh0
yhorslqj Frxqwu|= Dq Dqdo|vlv Edvhg rq Lqgldq Gdwd rq Pljudqwv/% Hfr0
qrplf Ghyhorsphqw dqg Fxowxudo Fkdqjh/ 76 +Dsulo 4<<8,/ 8980;61

Eljvwhq/ Duqh/ dqg Vxvdq Kruwrq/ _Oderxu Pdunhwv lq vxe0Vdkdudq
Diulfd/% lq Sryhuw| lq vxe0Vdkdudq Diulfd/ hg1 e| Dol J1 Dol dqg Huln Wkru0
ehfnh/ PfPloodq Suhvv +Iruwkfrplqj/ 4<<;,1

Eohdqh|/ Plfkdho I1/ _Pdfurhfrqrplf Vwdelolw|/ Lqyhvwphqw dqg Jurzwk
lq Ghyhorslqj Frxqwulhv/% Mrxuqdo ri Ghyhorsphqw Hfrqrplfv/ 7; +Pdufk
4<<9,/ 7940::1

Ergduw/ Ylqfhqw/ dqg Mhdq Oh Ghp/ _Oderu Pdunhw Uhsuhvhqwdwlrq lq
Txdqwlwdwlyh Pdfurhfrqrplf Prghov iru Ghyhorslqj Frxqwulhv= Dq Dssol0
fdwlrq wr Farwh g*Lyrluh/% LPI Vwd� Sdshuv/ 76 +Mxqh 4<<9,/ 74<0841

Erxujxljqrq/ Iudqfrlv/ Mdlph gh Phor/ dqg Dnlnr Vxzd/ _Glvwulexwlrqdo
H�hfwv ri Dgmxvwphqw Srolflhv= Vlpxodwlrqv iru Dufkhw|sh Hfrqrplhv lq
Diulfd dqg Odwlq Dphulfd/% Zruog Edqn Hfrqrplf Uhylhz/ 8 +Pd| 4<<4,/
64806<1
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Fdqdjdudsdmdk/ Vxgkduvkdq/ dqg Glsdn Pd}xpgdu/ _Hpsor|phqw/ Od0
eru Pdunhwv dqg Sryhuw| lq Jkdqd= D Vwxg| ri Fkdqjhv gxulqj Hfrqrplf
Ghfolqhv dqg Uhfryhu|/% xqsxeolvkhg/ wkh Zruog Edqn +0 4<<:,1

Fdugrvr/ Holdqd/ _Lq�dwlrq dqg Sryhuw|/% Zrunlqj Sdshu Qr1 7339/
Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk +Pdufk 4<<5,1

Fdugrvr/ Holdqd/ U1 Sdhv gh Eduur/ dqg Dqguh Xudql/ _Lq�dwlrq dqg
Xqhpsor|phqw dv Ghwhuplqdqwv ri Lqfrph Lqhtxdolw| lq Eud}lo= Wkh 4<;3v/%
lq Uhirup/ Uhfryhu|/ dqg Jurzwk= Odwlq Dphulfd dqg wkh Plggoh Hdvw/ hg1
e| Uxgljhu Gruqexvfk dqg Vhedvwl�dq Hgzdugv/ Xqlyhuvlw| ri Fklfdjr Suhvv
+Fklfdjr/ Lo1= 4<<8,1

Ghphu|/ Olrqho/ dqg O|q Vtxluh/ _Pdfurhfrqrplf Dgmxvwphqw dqg Sryhuw|
lq Diulfd= Dq Hphujlqj Slfwxuh/%Zruog Edqn Uhvhdufk Revhuyhu/ 44 +Iheux0
du| 4<<9,/ 6<08<1

Glfnhqv/ Zlooldp W1/ dqg Nhylq Odqj/ _D Whvw ri Gxdo Oderu Pdunhw
Wkhru|/% Dphulfdq Hfrqrplf Uhylhz/ :8 +Vhswhpehu 4<;8,/ :<50;381

Grurvk/ Sdxo D1/ dqg Gdylg H1 Vdkq/ _D Jhqhudo Htxloleulxp Dqdo|vlv
ri wkh H�hfw ri Pdfurhfrqrplf Dgmxvwphqw rq Sryhuw| lq Diulfd/% xqsxe0
olvkhg/ Irrg dqg Qxwulwlrq Srolf| Surjudp/ Fruqhoo Xqlyhuvlw| +Lwkdfd/ Qhz
\run= 4<<6,1

Gxu|hd/ Vx}dqqh/ dqg Pljxho V}�hnho|/ _Oderu Pdunhwv lq Odwlq Dphu0
lfd= D Vxsso|0Vlgh Vwru|/% Zrunlqj Sdshu Qr1 6:7/ Lqwhu0Dphulfdq Ghyho0
rsphqw Edqn +Pdufk 4<<;,1

Hdvwhuo|/ Zlooldp/ _Krz Pxfk Gr Glvwruwlrqv D�hfw JurzwkB/% Mrxuqdo
ri Prqhwdu| Hfrqrplfv/ 65 +Qryhpehu 4<<6,/ 4;:05451

Idoorq/ S1 U1/ dqg U1 H1 E1 Oxfdv/ _Mre Vhfxulw| Uhjxodwlrqv dqg wkh
G|qdplf Ghpdqg iru Lqgxvwuldo Oderu lq Lqgld dqg ]lpedezh/% Mrxuqdo ri
Ghyhorsphqw Hfrqrplfv/ 73 +Dsulo 4<<6,/ 5740:81

Ilhogv/ Jdu|/ _Gdwd iru Phdvxulqj Sryhuw| dqg Lqhtxdolw| Fkdqjhv lq
Ghyhorslqj Frxqwulhv/% Mrxuqdo ri Ghyhorsphqw Hfrqrplfv/ 77 +Mxqh 4<<7,/
;:04351

Ilvkorz/ Doehuw/ _Lqhtxdolw|/ Sryhuw| dqg Jurzwk= Zkhuh GrZh VwdqgB/%
lq Dqqxdo Zruog Edqn Frqihuhqfh rq Ghyhorsphqw Hfrqrplfv/ hg1 e|
Plfkdho Euxqr dqg Erulv Sohvnrylf/ wkh Zruog Edqn +Zdvklqjwrq G1F1=
4<<8,1

Jhuvrq/ Sklols U1/ _Sryhuw|/ Lqfrph Glvwulexwlrq/ dqg Hfrqrplf Srolf|
lq wkh Sklolsslqhv/% Zrunlqj Sdshu Qr1 <;253 +Iheuxdu| 4<<;,1

J|oidvrq/ Wkruydogxu/ _Rxwsxw Jdlqv iurp Hfrqrplf Vwdelol}dwlrq/%
Mrxuqdo ri Ghyhorsphqw Hfrqrplfv/ 89 +Mxqh 4<<;,/ ;40<91

Jurrwdhuw/ Fkulvwlddq/ _Wkh Srvlwlrq ri Pljudqwv lq wkh Xuedq Lqirupdo
Oderxu Pdunhw lq Farwh g*Lyrluh/% Mrxuqdo ri Diulfdq Hfrqrplhv/ 4 +Qryhp0
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ehu 4<<5,/ 7490781
��/ _Wkh Ghwhuplqdqwv ri Sryhuw| lq Farwh g*Lyrluh/% Mrxuqdo ri Diulfdq

Hfrqrplhv/ 9 +Mxo| 4<<:,/ 49<0<91
Kduulv/ Mrkq/ dqg Plfkdho S1 Wrgdur/ _Pljudwlrq/ Xqhpsor|phqw dqg

Ghyhorsphqw= D Wzr0Vhfwru Dqdo|vlv/% Dphulfdq Hfrqrplf Uhylhz/ Yro1
93 +Pdufk 4<:3,/ 4590761

Kludwd/ Khohqd/ dqg Mrkq Kxpskuh|/ _Zrunhuv* Uhvsrqvh wr Mre Orvv=
Ihpdoh dqg Pdoh Lqgxvwuldo Zrunhuv lq Eud}lo/% Zruog Ghyhorsphqw/ Yro1
4< +Mxqh 4<<4,/ 9:40;51

Krgglqrw/ Mrkq/ _Zdjhv dqg Xqhpsor|phqw lq dq Xuedq Diulfdq Oderxu
Pdunhw/% Hfrqrplf Mrxuqdo/ 439 +Qryhpehu 4<<9,/ 49430591

Kruwrq/ Vxvdq/ Udyl Ndqexu/ dqg Glsdn Pd}xpgdu/ _Ryhuylhz/% lq
Oderu Pdunhwv lq dq Hud ri Dgmxvwphqw/ Yro1 L/ hg1 e| Vxvdq Kruwrq/ Udyl
Ndqexu/ dqg Glsdn Pd}xpgdu/ wkh Zruog Edqn +Zdvklqjwrq/ GF= 4<<7,1

Nkd|xp/ Prkdpphg/ dqg Mrkq Ed�rh0Erqqlh/ _Lqwhuwhpsrudo Frq0
vxphu Ehkdylru lq Ghyhorslqj Frxqwulhv/% xqsxeolvkhg/ Shqqv|oydqld Vwdwh
Xqlyhuvlw| +Dxjxvw 4<<7,1

Nuhev/ Wrp/ dqg Zlooldp I1 Pdorqh|/ _Txlwwlqj dqg Oderu Wxuqryhu=
Plfurhfrqrplf Hylghqfh dqg Pdfurhfrqrplf Frqvhtxhqfhv/% xqsxeolvkhg/
wkh Zruog Edqn +Rfwrehu 4<<;,1

Ohrqwdulgl/ Pduldqwkl/ _Vhjphqwhg oderu Pdunhwv= Wkhru| dqg Hyl0
ghqfh/% Mrxuqdo ri Hfrqrplf Vxuyh|v/ 45 +Iheuxdu| 4<<;,/ 9604341

Orqgr�qr/ Mxdq Oxlv/ dqg Pljxho V}�hnho|/ _Glvwulexwlrqdo Vxusulvhv diwhu
d Ghfdgh ri Uhirupv= Odwlq Dphulfd lq wkh Qlqhwlhv/% Zrunlqj Sdshu Qr1
685/ Lqwhu0Dphulfdq Ghyhorsphqw Edqn +Dxjxvw 4<<:d,1

��/ _Shuvlvwhqw Sryhuw| dqg H{fhvv Lqhtxdolw|= Odwlq Dphulfd/ 4<:30
4<<8/% Zrunlqj Sdshu Qr1 685/ Lqwhu0Dphulfdq Ghyhorsphqw Edqn +Rfwr0
ehu 4<<:e,1

Orud/ Hgxdugr/ dqg Pdxulflr Rolyhud/ _Pdfur Srolf| dqg Hpsor|phqw
Sureohpv lq Odwlq Dphulfd/% Zrunlqj Sdshu Qr1 6:5/ Lqwhu0Dphulfdq Gh0
yhorsphqw Edqn +Pdufk 4<<;,1

Ord|}d/ Qrupdq Y1/ _Wkh Hfrqrplfv ri wkh Lqirupdo Vhfwru= D Vlp0
soh Prgho dqg Vrph Hpslulfdo Hylghqfh iurp Odwlq Dphulfd/% Fduqhjlh0
Urfkhvwhu Frqihuhqfh Vhulhv rq Sxeolf Srolf|/ Yro1 78 +Mxqh 4<<9,1

Pdhfkohu/ Dqgu�hd/ dqg GdylgZ1 Urodqg0Krvw/ _Hpslulfdo Vshfl�fdwlrqv
iru d Jhqhudo Htxloleulxp Dqdo|vlv ri Oderu Pdunhw Srolflhv dqg Dgmxvw0
phqwv/% Whfkqlfdo Sdshu Qr1 439/ Rujdql}dwlrq iru Hfrqrplf Frrshudwlrq
dqg Hfrqrplf Ghyhorsphqw +Pd| 4<<8,1

Pdorqh|/ Zlooldp I1/ dqg Hgxdugr S1 Ulehlur/ _H�flhqf| Zdjh dqg
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Xqlrq H�hfwv lq Oderu Ghpdqg dqg Zdjh Vwuxfwxuh lq Ph{lfr/% xqsxe0
olvkhg/ wkh Zruog Edqn +Pdufk 4<<;,1

Pdutxh}/ Jxvwdyr/ dqg Hgxdugr Orud/ _Wkh Hpsor|phqw Sureohp lq
Odwlq Dphulfd= Shufhswlrqv dqg Vw|ol}hg Idfwv/% Zrunlqj Sdshu Qr1 6:4/
Lqwhu0Dphulfdq Ghyhorsphqw Edqn +Pdufk 4<<;,1

Pdutxh}/ Jxvwdyr/ dqg Fduphq Sdj�hv0Vhuud/ _Wlhv wkdw Elqg= Hpsor|0
phqw Surwhfwlrq dqg Oderu Pdunhw Rxwfrphv lq Odwlq Dphulfd/% Zrunlqj
Sdshu Qr1 6:6/ Lqwhu0Dphulfdq Ghyhorsphqw Edqn +Pdufk 4<<;,1

Pd}xpgdu/ Glsdn/ _Zdjhv dqg Hpsor|phqw lq Nhq|d/% xqsxeolvkhg/
Diulfd Uhjlrq*v Fklhi Hfrqrplvw*v R�fh/ wkh Zruog Edqn +Mxqh 4<<6,1

��/ _Wkh Vwuxfwxuh ri Zdjhv lq Diulfdq Pdqxidfwxulqj/% xqsxeolvkhg/
wkh Zruog Edqn +Vhswhpehu 4<<7,1

Pruoh|/ Vdpxho D1/ Sryhuw| dqg Lqhtxdolw| lq Odwlq Dphulfd= Wkh Lpsdfw
ri Dgmxvwphqw dqg Uhfryhu| lq wkh 4<;3v/ Mrkqv Krsnlqv Xqlyhuvlw| Suhvv
+Edowlpruh/ Pg= 4<<8,1

Udydoolrq/ Pduwlq/ Sryhuw| Frpsdulvrqv/ Kduzrrg Suhvv +Fkxu/ Vzlw}hu0
odqg= 4<<7,1

Udydoolrq/ Pduwlq/ dqg V1 Fkhq/ _Zkdw Fdq Qhz Vxuyh| Gdwd Whoo xv
derxw Uhfhqw Fkdqjhv lq Glvwulexwlrq dqg Sryhuw|B/%Zruog Edqn Hfrqrplf
Uhylhz/ 44 +Mxqh 4<<:,/ 68:0;51

Urguln/ Gdql/ _Wudgh Srolf| dqg Hfrqrplf Shuirupdqfh lq vxe0Vdkdudq
Diulfd/% Zrunlqj Sdshu Qr1 9895/ Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk
+Pd| 4<<;,1

Vduho/ Plfkdho/ _Qrqolqhdu H�hfwv ri Lq�dwlrq rq Hfrqrplf Jurzwk/%
LPI Vwd� Sdshuv/ 76 +Pdufk 4<<9,/ 4<<05481

Vdkq/ Gdylg H1/ _Hfrqrplf Uhirup dqg Sryhuw|= Dq Ryhuylhz/% lq
Hfrqrplf Uhirup dqg wkh Srru lq Diulfd/ hg1 e| Gdylg H1 Vdkq/ Foduhqgrq
Suhvv +R{irug= 4<<9,1

Vdkq/ Gdylg H1/ Sdxo D1/ Grurvk/ dqg Vwhskhq G1 \rxqjhu/ Vwuxfwxudo
Dgmxvwphqw Uhfrqvlghuhg= Hfrqrplf Srolf| dqg Sryhuw| lq Diulfd/ Fdp0
eulgjh Xqlyhuvlw| Suhvv +Fdpeulgjh= 4<<:,1

Vduulv/ Doh{dqghu K1/ _Pdfurhfrqrplf Srolfhv dqg Krxvhkrog Zhoiduh lq
Wdq}dqld/% lq Hfrqrplf Uhirup dqg wkh Srru lq Diulfd/ hg1 e| Gdylg H1
Vdkq/ Foduhqgrq Suhvv +R{irug= 4<<9,1

Vwdun/ Rghg/ Wkh Pljudwlrq ri Oderu/ Edvlo Eodfnzhoo +R{irug= 4<<4,1
Vxeudpdqldq/ Vkdqndu/ _Yxoqhudelolw| wr Sulfh Vkrfnv xqghu Dowhuqdwlyh

Srolflhv lq Fdphurrq/% lq Hfrqrplf Uhirup dqg wkh Srru lq Diulfd/ hg1 e|
Gdylg H1 Vdkq/ Foduhqgrq Suhvv +R{irug= 4<<9,1

Vzdp|/ D1 Y1/ _D Vlpsoh Whvw ri wkh Qxwulwlrq0Edvhg H�flhqf|0Zdjh
Prgho/% Mrxuqdo ri Ghyhorsphqw Hfrqrplfv/ 86 +Mxqh 4<<:,/ ;80<;1
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Whdo/ Iudqflv/ _Wkh Vl}h dqg Vrxufhv ri Hfrqrplf Uhqwv lq d Ghyhorslqj
Frxqwu| Pdqxidfwxulqj Oderu Pdunhw/% Hfrqrplf Mrxuqdo/ 439 +Mxo| 4<<9,/
<960:91

Yhlg|dqdwkdq/ Jhhwkd/ _Frqvxpswlrq/ Oltxlglw| Frqvwudlqwv dqg Hfr0
qrplf Ghyhorsphqw/% Mrxuqdo ri Pdfurhfrqrplfv/ 48 +Vxpphu 4<<6,/ 8<40
9431

\rxqjhu/ Vwhskhq/ _Oderu Pdunhw Frqvhtxhqfhv ri Uhwuhqfkphqw iru
Flylo Vhuydqwv lq Jkdqd/% lq Gdylg H1 Vdkq/ Hfrqrplf Uhirup dqg wkh
Srru lq Diulfd/ Foduhqgrq Suhvv +R{irug= 4<<9,1

Zruog Edqn/ Zrunhuv lq Dq Lqwhjudwlqj Zruog/ Zruog Ghyhorsphqw Uh0
sruw +Zdvklqjwrq/ GF= 4<<8,1

��/ _Sryhuw| lq Farwh g*Lyrluh= D Iudphzrun iru Dfwlrq/% xqsxeolvkhg/
wkh Zruog Edqn +Mxqh 4<<:,1
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 Figure 1
Developing Countries: Poverty Measures 1/

Source:  Ravallion and Chen (1997, p. 374).
1/ Using an international poverty line of $1 a day per person at 1985 purchasing power parity. 
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Figure 2
Latin America: Poverty and Inflation, 1970-95 1/
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Source:  Londoño and Székely (1997) and International Financial Statistics.

1/  Extreme poverty is one U.S. dollar a day, in 1985 ppp-adjusted U.S. dollars.  Moderate  poverty 
is two U.S. dollars a day, in 1985 ppp-adjusted U.S. dollars.
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Cut in Government Spending on Home Goods 
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