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Devwudfw

Zh h{dplqh wkh uroh ri ylvlelolw| lq lq�xhqflqj jryhuqphqw uhvrxufh doorfdwlrq dfurvv

pxowlsoh sxeolf jrrgv1 Lq dq hohfwrudo iudphzrun/ rxwfrphv duh gh�qhg wr eh ohvv ylvleoh

lq wdvnv li lw lv kdughu wr dvvhvv jryhuqphqw delolw| edvhg rq revhuyhg rxwfrphv1 Vxfk

d *ylvlelolw| h�hfw* glvwruwv uhvrxufh doorfdwlrq wrzdugv pruh ylvleoh jrrgv1 Rxu prgho

surylghv dq h{sodqdwlrq iru jryhuqphqw qhjohfw lq wkh surylvlrq ri vhyhudo hvvhqwldo sxeolf

jrrgv/ ghvslwh wkhlu frqvlghudeoh ehqh�wv1 Lw wkurzv oljkw rq wkh hyhq pruh sx}}olqj

skhqrphqd ri yrwhu dsdwk| wrzdugv vxfk qhjohfw/ dqg wkh irfxv ri srolwlfdo frpshwlwlrq

rq lvvxhv zlwk vpdoo zhoiduh ehqh�wv1 Zh vkrz wkdw/ hyhq wkrxjk juhdwhu ghprfudf| grhv

uhgxfh prudo kd}dug lq jryhuqphqw h�ruw/ wkhuh qhhg qrw eh d prqrwrqlf lpsuryhphqw

lq surylvlrq ri vrph hvvhqwldo sxeolf jrrgv1 Jrrgv2vhuylfhv zlwk orz ylvlelolw| duh pruh

surqh wr pxowlsoh htxloleuld lq uhvrxufh doorfdwlrq/ vxfk wkdw wkh rxwfrph ghshqgv rq yrwhu

h{shfwdwlrqv1 Zh suhvhqw rq hylghqfh rq ohvv dqg pruh ylvleoh sxeolf jrrg rxwfrphv lq

frxqwulhv dw ydu|lqj ohyhov ri ghprfudf|1

lj+�NiatH Ghprfudf|/ Ylvlelolw|/ Sxeolf Jrrgv/ Yrwhu H{shfwdwlrqv/ Idplqhv dqg Pdo0

qxwulwlrq
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Pdq| ghyhorslqj frxqwulhv duh fkdudfwhul}hg e| jryhuqphqwdo qhjohfw ri edvlf dphqlwlhv vxfk

dv dghtxdwh dffhvv wr khdowk dqg hgxfdwlrqdo vhuylfhv1 Dv kdv ehhq srlqwhg rxw e| d qxpehu

ri ghyhorsphqw hfrqrplvwv/ lw lv sduwlfxoduo| sx}}olqj wkdw ghvslwh frqvlghudeoh ehqh�wv/ wkh

surylvlrq ri hvvhqwldo sxeolf jrrgv lv fkdudfwhul}hg qrw mxvw e| jryhuqphqwdo dsdwk|/ exw

pruh vxusulvlqjo|/ e| yrwhu dsdwk| wrzdugv jryhuqphqwdo qhjohfw1� Lq idfw/ zh riwhq revhuyh

srolwlfdo frpshwlwlrq dqg djlwdwlrq rq glphqvlrqv rwkhu wkdq wkh wkrvh wkdw pd| |lhog wkh

juhdwhvw ehqh�wv12 Wklv sdshu wkurzv oljkw rq wkhvh suhfhglqj lvvxhv dqg dvnv wkh iroorzlqj

txhvwlrqv1 Zk| pd| jryhuqphqwv eh jrrg dw surylglqj vrph sxeolf jrrgv/ exw qrw rwkhuvB

Ixuwkhu/ zkdw lv wkh lpsdfw ri wkh h{whqw ri ghprfudwl}dwlrq rq wkh qdwxuh dqg h{whqw

ri sxeolf jrrg surylvlrqB Rxu dqvzhuv irfxv rq wkh uroh ri gl�huhqfhv lq wkh ylvlelolw| ri

sxeolf jrrg rxwfrphv/ dqg glvfxvv zk| uhvrxufh doorfdwlrq e| hohfwhg jryhuqphqwv pd| eh

sduwlfxoduo| vxvhfswleoh wr wklv idfwru1

Vrph rxwfrphv duh lqwulqvlfdoo| ohvv ylvleoh wkdq rwkhuv1 Wr wdnh d vlpsoh h{dpsoh/

Vhq+4<{{, srlqwv rxw wkdw wkh orvv ri olih gxh wr pdoqxwulwlrq lv htxlydohqw wr cwkuhh kxqguhg

Mxper Mhw fudvkhv d gd|/ zlwk qr vxuylyruv/ dqg pruh wkdq kdoi wkh ylfwlpv ehlqj fkloguhq*1

Lq frqwudvw wkh orvv ri olih lq d idplqh ~ frqfhqwudwhg lq vsdfh dqg wlph ~ lv fhuwdlqo| d pruh

ylvleoh rxwfrph1 Vxfk gl�huhqfhv lq ylvlelolw| duh xeltxlwrxv1�

Ylvlelolw| gl�huhqfhv d�hfw sxeolf jrrg surylvlrq ehfdxvh ri dq hvvhqwldo dvshfw ri jry0

huqphqw= Jryhuqphqwv duh uhtxluhg wr surylgh d pxowlsolflw| ri jrrgv dqg vhuylfhv ~ iurp

glvdvwhu uholhi wr gulqnlqj zdwhu/ iurp hgxfdwlrq dqg khdowk wr ghihqfh ~ udwkhu wkdq shuirup
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d vlqjoh zhoo0gh�qhg wdvn1 Olnhzlvh/ yrwhuv* dvvhvvphqw ri d jryhuqphqw*v frpshwhqfh/ dqg

wkhlu yrwlqj ghflvlrqv/ duh edvhg rq wkh jryhuqphqw*v shuirupdqfh rq d yhfwru ri rxwfrphv1

Li rxwfrphv rq vrph wdvnv duh duh ohvv ylvleoh/ lw lv kdughu iru yrwhuv wr dvvhvv d jryhuqphqw*v

delolw| edvhg rq wkhvh wdvnv1 Jryhuqphqwv/ ehlqj lq wkh exvlqhvv ri pd{lpl}lqj uhsxwdwlrq/

duh dzduh ri wklv1 Li rxwfrphv ghshqg erwk rq wkhlu frpshwhqfh dqg wkhlu h�ruw/ wkh| kdyh dq

lqfhqwlyh wr doorfdwh uhvrxufhv dfurvv sxeolf jrrgv vr dv wr h{sorlw gl�huhqfhv lq wkh ylvlelolw|

ri wkhlu rxwfrphv1 Iru vlplodu uhdvrqv/ jrrgv ru vhuylfhv zlwk d odujh qxpehu ri frpsohphq0

wdu| lqsxwv duh olnho| wr eh sodjxhg e| vxfk d cylvlelolw| h�hfw* ~ ehfdxvh khuh djdlq/ lw lv

kdughu wr lvrodwh wkh lpsdfw ri wkh jryhuqphqw*v delolw| dorqh rq wkh ryhudoo rxwfrph1e

Zh lqfrusrudwh wkhvh lghdv ew dgdswlqj Kropvwurp+4<;5/4<<<,*v prgho ri fduhhu frqfhuqv

wr d pxowl0wdvn prgho ri srolwlfdo frpshwlwlrq1D Lq rxu iudphzrun/ zh frpelqh wkh pxowl0

wdvn dvshfw ri jryhuqphqwdo sxeolf jrrg surylvlrq zlwk gl�huhqfhv lq wkh ghjuhh ri ylvlelolw|

dfurvv wdvnv1 Rxu �uvw uhvxow/ ghprqvwudwhv wkdw jryhuqphqwv kdyh dq lqfhqwlyh wr doorfdwh

dq lqh�flhqwo| odujh dprxqw ri uhvrxufhv wrzdugv wkh pruh ylvleoh sxeolf jrrg1 Wklv rffxuv

ehfdxvh wkh hohfwrudo frqfhuqv ri wkh lqfxpehqw jryhuqphqw/ jlyhv lw dq lqfhqwlyh wr vljqdo lwv

frpshwhqfh wr wkh hohfwrudwh e| ghyrwlqj d glvsursruwlrqdwh dprxqw ri uhvrxufhv wr wkh pruh

ylvleoh sxeolf jrrg1 Wklv uhvxow lv vlplodu lq �dyru wr Kropvwurp 0 Plojurp*v+4<<4, zrun rq

wkh uroh ri h{solflw lqfhqwlyhv lq pxowl0wdvn prghov1 Rxu zrun vkrzv wkdw wkhlu lqvljkw fduulhv

ryhu txlwh qdwxudoo| wr d srolwlfdo hfrqrp| zruog zkhuh wkh lqfhqwlyh vwuxfwxuh lv lpsolflw

udwkhu wkdq h{solflw1

Zh wkhq jr rq wr h{dplqh wkh uhvxow ri juhdwhu ghprfudwl}dwlrq lq wkh srolwlfdo vwuxfwxuh

rq jryhuqphqwdo lqfhqwlyhv1 Zkloh ghprfudf| kdv pdq| dvshfwv/ dw ohdvw wr ehjlq zlwk zh

uhvwulfw rxu irfxv wr wkh juhdwhu srolwlfdo frpshwlwlrq wkdw ghprfudwl}dwlrq lpsolhv1 Juhdwhu

ghprfudwl}dwlrq uhvxowv lq d odujhu udwlr ri uhvrxufhv doorfdwhg wr wkh pruh ylvleoh udwkhu wkdq

wkh ohvv ylvleoh sxeolf jrrg1 Wkxv dq lqfuhdvh lq wkh h{whqw ri ghprfudf| kdv wkh srwhqwldo wr

orzhu qdwlrqdo zhoiduh/ ehfdxvh lw pljkw uhvxow lq dq lqh�flhqwo| odujh uhdoorfdwlrq ri uhvrxufhv

wr wkh pruh ylvleoh sxeolf jrrg 0 zh fdoo wklv wkh cylvlelolw|* h�hfw1 Krzhyhu/ wkh lqfuhdvhg

e�hLM*i4t t�U� @t 4@*?�|h�|�L?c ��}� �**�|ih@U) Lh TLLh t@?�|@|�L? 4@) Mi <UL4T*i < �? ThiU�ti*) |��t hitTiU|�
D#i�@|h�TL?|c ai��|| @?_ A�hL*iE�bbbM� i T*Lhi @ 4�*|��|@t! �iht�L? Lu TihuLh4@?Ui �? }L�ih?4i?| M��

hi@�Uh@U�itc M�| |�i�h @?@*)t�t �t ?L| @ML�| i*iU|Lh@* UL?Uih?t� �*tLc |�i�h uLU�t �t *itt L? @**LU@|�L? Lu igLh|

@UhLtt |@t!t @t 4�U� @t �| �t L? L�ih@** igLh|�

6



srvvlelolw| ri orvlqj srzhu wkdw juhdwhu ghprfudwl}dwlrq lpsolhv/ dovr jlyhv wkh lqfxpehqw

dq lqfhqwlyh wr sxw lq juhdwhu h�ruw dqg uhvrxufhv1 Wklv odwwhu lqfhqwlyh h�hfw plwljdwhv

wkh prudo kd}dug sureohp ri wkh lqfxpehqw dqg khqfh juhdwhu ghprfudwl}dwlrq pljkw dovr

lqfuhdvh qdwlrqdo zhoiduh 0 wklv lv wkh vwdqgdug ch�ruw dxjphqwlqj* h�hfw 1 Zh vkrz wkdw wkh

ryhudoo h�hfw rq qdwlrqdo zhoiduh lv dpeljxrxv/ dqg ghshqgv rq wkh uhodwlyh lpsruwdqfh ri

wkh cylvlelolw|* dqg ch�ruw* h�hfwv1 Krzhyhu/ zkdw lv xqdpeljxrxv lv wkdw wkhuh lv jrlqj wr

eh d ghfuhdvh lq wkh udwlr ri ohvv ylvleoh wr pruh ylvleoh sxeolf jrrg wkdw lv vxssolhg zlwk

ghprfudwl}dwlrq1 Lq dgglwlrq/ li zh ljqruh wkh ryhudoo glvwulexwlrqdo dvshfwv ri uhvrxufhv dqg

h�ruw dfurvv wdvnv/ zh fdq fhuwdlqo| vd| wkdw ghprfudwl}dwlrq hqkdqfhv ryhudoo uhvrxufh dqg

h�ruw vxssolhg e| wkh jryhuqphqw1

Wkh deryh dqdo|vlv vxjjhvwv wkdw uhvrxufh doorfdwlrq wrzdugv orz ylvlelolw| sxeolf jrrgv

kdv d whqghqf| wr eh orzhu wkdq zkdw lv rswlpdo1 Krzhyhu/ hyhq li wklv lv wkh fdvh/ lw lv htxdoo|

wuxh wkdw wkhuh duh odujh gl�huhqfhv lq wkh txdolw| dqg txdqwlw| ri sxeolf jrrgv surylghg1

Iru h{dpsoh/ wkh uhodwlyh vxffhvv ri Vul Odqnd/ vwdqgv lq vkdus frqwudvw wr wkh de|vpdo

shuirupdqfh ri lwv qhljkerulqj frxqwulhv lq Vrxwk Dvld1 Dq h{whqvlrq ri wkh ehqfkpdun

prgho/ doorzv iru frpsohphqwdulw| ehwzhhq wkh delolw| ri wkh jryhuqphqw dqg wkh uhvrxufhv

doorfdwhg iru sxeolf jrrgv e| lw1 Lq wklv h{whqvlrq/ zh vkrz wkdw wkh orz ylvlelolw| sxeolf

jrrg/ lv sduwlfxoduo| surqh wr pxowlsoh htxloleuld rxwfrphv1 Rxu dqdo|vlv vxjjhvwv wkdw juhdwhu

olwhudf| dqg srolwlfdo dzduhqhvv/ e| vkliwlqj yrwhu h{shfwdwlrqv/ pljkw khos lpsuryh wkh ohyho

ri sxeolf jrrg surylvlrq ri orz ylvlelolw| sxeolf jrrgv1 Ixuwkhupruh/ zh vkrz wkdw juhdwhu

ghprfudwl}dwlrq uhvxowv lq dq lqyhuvh X vkdshg uhodwlrqvkls ehwzhhq wkh uhodwlyh uhvrxufh

doorfdwlrq ehwzhhq wkh pruh dqg ohvv ylvleoh sxeolf jrrgv1 Lq wklv iudphzrun/ zh vkrz wkdw

wkh lqh�flhqf| lq uhvrxufh doorfdwlrq gxh wr wkh cylvlelolw| h�hfw* lqfuhdvhv dqg lv pd{lpxp

dw vrph lqwhuphgldwh ohyho ri ghprfudf|1 Wkhuhdiwhu wkh jds lq uhvrxufh doorfdwlrq dfurvv wkh

pruh dqg ohvv ylvleoh sxeolf jrrg ghfuhdvhv1

Zh wkhq h{dplqh wkh wkhruhwlfdo suhglfwlrqv rq wkh h�hfwv ri ylvlelolw| rq wkh surylvlrq

ri sxeolf jrrgv dqg vhuylfhv1 Lq sduwlfxodu/ zh orrn dw krz cylvlelolw|*+ri rxwfrphv, lqwhudfwv

zlwk wkh h{whqw ri ghprfudf| wr d�hfwv Jryhuqphqw h�ruwv wr wdfnoh wzr lvvxhv ~ idplqh dqg

pdoqxwulwlrq1 Rxu udwlrqdoh lq h{dplqlqj wkhvh wzr dvshfwv ri irrg surylvlrq lv suhflvho| wkh

gl�huhqfh lq wkh ylvlelolw| ri wkhlu rxwfrphv= Idplqhv/ zklfk lqyroyh d vxgghq dqg vxevwdqwldo
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orvv ri olih duh udwkhu ylvleoh hyhqwv/ dv frpsduhg wr pdoqxwulwlrq zklfk lv pruh lqvlglrxv lq

rffxuuhqfh1 Vhq+4<;5, eulqjv rxw wklv frqwudvw lq ylvlelolw| dqg lwv h�hfwv rq jryhuqphqw*v

lqfhqwlyhv1 Rq idplqh suhyhqwlrq kh qrwhv= c+Lqgld*v, uhdo dfklhyhphqw uhodwhv wr wkh holp0

lqdwlrq ri vxgghq odujh0vfdoh vwduydwlrq dqg idplqhv1 Jlyhq wkh 1srolwlfdo v|vwhp lq Lqgld/

lqfoxglqj wkh delolw| ri qhzvsdshuv dqg rssrvlwlrq sduwlhv wr shvwhu wkh fhqwudo dqg vwdwh jry0

huqphqwv/ lw lv hvvhqwldo wr dyrlg idplqhv iru dq| jryhuqphqw nhhq rq vwd|lqj lq srzhu11* Lq

vkdus frqwudvw/ klv revhuydwlrq rq pdoqxwulwlrq lv= cLqgld*v uhfrug rq holplqdwlqj hqghplf

qrq0dfxwh kxqjhu lv txlwh edg11 Lw lv dpd}lqj wkdw lq d frxqwu| zlwk dv pxfk srolwlfl}dwlrq

dv Lqgld kdv/ wkh vxemhfw ri shuvlvwhqw kxqjhu ri d wklug ri wkh uxudo srsxodwlrq fdq eh vxfk

d wdph lvvxh/11qrq0dfxwh/ uhjxodu vwduydwlrq grhv qrw dwwudfw pxfk dwwhqwlrq lq qhzvsdshuv1

Wkhvh vwdqgdug hyhqwv lq Lqgld vhhp qrw wr eh qhzvzruwk|1*

Zh frpsduh wkh hylghqfh rq idplqh rffxuuhqfh zlwk d furvv0frxqwu| dqdo|vlv ri wkh lqfl0

ghqfh ri pdoqxwulwlrq1 Rxu �qglqjv duh txlwh frqvlvwhqw zlwk wkh rxu wkhruhwlfdo suhglfwlrqv

rq wkh h�hfwv ri ylvlelolw|1 Wkhuh lv lqghhg d exon ri hylghqfh lq vxssruw ri wkh idfw wkdw

ghprfudflhv duh pruh h�hfwlyh lq wdfnolqj idplqhv= Vhq+4<;4, pdnhv wklv revhuydwlrq lq d

frpsdulvrq ri Lqgld dqg Fklqd> Ghyhuhx{+4<<<, uhsruwv wkdw ;3( ri doo idplqh ghdwkv lq

wkh wzhqwlhwk fhqwxu| rffxuuhg lq Fklqd dqg wkh Vrylhw Xqlrq1 Krzhyhu/ rxu dqdo|vlv vkrzv

wkdw ghprfudflhv duh qr ehwwhu wkdq qrq0ghprfudflhv dw wdfnolqj pdoqxwulwlrq/ shukdsv hyhq

zruvh1 Iru lqvwdqfh/ lw lv udwkhu vwulnlqj wkdw zkloh wkhuh kdv ehhq rqo| rqh +vpdoo0vfdoh,

idplqh lq lqghshqghqw Lqgld/ lw olhv lq wkh uhjlrq zlwk wkh kljkhvw udwhv ri pdoqxwulwlrq lq wkh

zruog1S Lq idfw/ wkh Lqgldq Jryhuqphqw*v wudfn uhfrug rq idplqh suhyhqwlrq lv doo wkh pruh

uhpdundeoh/ jlyhq wkh kljk pdoqxwulwlrq juhdwo| lqfuhdvhv wkh suredelolw| ri ghdwk gxulqj

idplqh0olnh frqglwlrqv1 Wklv vxjjhvwv d kxjh h�ruw wrzdugv idplqh suhyhqwlrq dw wkh frvw ri

jurvv qhjohfw ri rwkhu ohvv ylvleoh sxeolf jrrgv lqfoxglqj pdoqxwulwlrq1 Zh eholhyh wkdw wkh

wkhruhwlfdo dqdo|vlv ri srolwlfv ri ylvlelolw| suhvhqwhg ehorz kdv eurdg dssolfdwlrqv wr rwkhu

dvshfwv ri jryhuqphqw uhvrxufh doorfdwlrq dv zhoo1

Vhfwlrq LL jlyhv dq rxwolqh ri wkh ehqfkpdun prgho dqg wkhq surfhhgv wr h{dplqh wkh

lpsdfw ri ghprfudwl}dwlrq rq sxeolf jrrg surylvlrq1 Lq Vhfwlrq LLL zh h{whqg wkh ehqfkpdun

prgho wr vkrz wkh h{lvwhqfh ri pxowlsolflw| ri htxloleuld dqg ghprqvwudwh wkh lpsruwdqfh ri

S�UULh_�?} |L |�i `O� B*LM@* #@|@M@ti E�bb.�c 4Lhi |�@? DfI Lu @** 4@*?L�h�t�i_ U��*_hi? �? _i�i*LT�?}

UL�?|h�it *��i �? 5L�|� �i?|h@* �t�@c 4Lt| Lu |�i4 �? W?_�@�
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yrwhu h{shfwdwlrqv1 Lq vxssruw ri rxu prgho/ zh suhvhqw furvv frxqwu| hylghqfh rq pdoqxwul0

wlrq dqg idplqhv lq Vhfwlrq LY1 Ydulrxv h{whqvlrqv duh glvfxvvhg lq Vhfwlrq Y dqg zh �qdoo|

frqfoxgh lq Vhfwlrq YL1

2 A�i �i?U�4@h! �L_i*

Wkh edvlf vhwxs ri wkh prgho lv wkh iroorzlqj1 Frqvlghu d vlpsoh wzr shulrg prgho/ zkhuh

dq lqfxpehqw jryhuqphqw idfhv dq hohfwlrq dw wkh hqg ri wkh �uvw shulrg1 Dw wkh ehjlqqlqj

ri wkh �uvw shulrg/ wkh jryhuqphqw vxssolhv wzr sxeolf jrrgv/ erwk ri zklfk d�hfw yrwhu

zhoiduh1 Wkh txdqwlw| ri hdfk sxeolf jrrg surylghg lv d ixqfwlrq ri wkh uhvrxufhv doorfdwhg wr

wkdw sduwlfxodu sxeolf jrrg e| wkh jryhuqphqw/ dv zhoo dv wkh frpshwhqfh ri wkh jryhuqphqw1

Yrwhuv duh lqwhuhvwhg lq kdylqj wkh prvw frpshwhqw jryhuqphqw lq srzhu1 Wkhuhiruh/ rq

revhuylqj jryhuqphqwdo shuirupdqfh dfurvv d vhw ri wdvnv/ wkh yrwhu dwwhpswv wr frph xs

zlwk dq hvwlpdwh ri wkh frpshwhqfh ri wkh jryhuqphqw1 Li wkh yrwhu*v hvwlpdwh ri jryhuqphqw

frpshwhqfh lv kljk hqrxjk/ wkh yrwhu uh0hohfwv wkh jryhuqphqw/ rwkhuzlvh vkh uhsodfhv wkh

lqfxpehqw1 Lq wklv odvw shulrg/ wkh jryhuqphqw rqfh djdlq fkrrvhv wr surylgh vrph dprxqw

ri erwk wkh sxeolf jrrgv/ dqg wkh jdph hqgv1 Zh qrz hoderudwh wklv edvlf iudphzrun lq

vrph ghwdlo1

Wkhuh lv dq lqfxpehqw jryhuqphqw ri delolw| �}/ zkhuh �} � Q+��}> �
2
}
,1 Wkh jryhuqphqw

vxssolhv wzr sxeolf jrrgv/ hdfk ri zkrvh rxwsxw lq shulrg w lv |�| zkhuh m 5 id> ej1 Wkh rxwsxw

ri hdfk sxeolf jrrg lv d ixqfwlrq ri erwk wkh jryhuqphqw*v delolw| dqg wkh uhvrxufhv doorfdwhg

ru h�ruw vxssolhg e| lw1 Dw wkh ehjlqqlqj ri hdfk shulrg/ wkh lqfxpehqw jryhuqphqw kdv wrwdo

uhvrxufhv ru h�ruw ri vl}h �H1. Wkh jryhuqphqw doorfdwhv dq xqrevhuydeoh dprxqw ri uhvrxufhv

ru h�ruw hW @ +h@�> hK�, dfurvv wkh wzr sxeolf jrrgv1 Wkh rxwsxw ri sxeolf jrrg D/ lv jlyhq e|

|@| @ �} . h@| .
S?@

�'� �� zkhuh h@| lv wkh h�ruw h{huwhg ru uhvrxufhv vshqw e| wkh jryhuqphqw

lq surylglqj wkh sxeolf jrrg D lq shulrg w1H Lq dgglwlrq wr wkh jryhuqphqw/ wkhuh duh rwkhu

lqsxwv zkrvh txdolw| d�hfwv ryhudoo rxwsxw1 Vr iru h{dpsoh/ rxwsxw lv dovr d ixqfwlrq ri wkh

.A��t U@? Mi _�i |L @ �i@_ |@ UL**iU|i_ i@U� Tih�L_ uhL4 |�i �L|iht Lh |�i }L�ih?4i?|<t hi�i?�i i@h?�?}t

uhL4 i TLh| Lu @ ?@|�h@* hitL�hUi�
HW? 5iU|�L? WWW �i i @4�?i @ ThL_�U|�L? u�?U|�L? |�@| @**L�t uLh UL4T*i4i?|@h�|) Mi|�ii? |�i @M�*�|) Lu

|�i }L�ih?4i?| @?_ hitL�hUit @**LU@|i_ M) �| �? T�ht��| Lu @ |@t!�
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txdolw| ri d exuhdxfudw ru ri wkh sulydwh vhfwru ru iruhljq dlg djhqflhv1b Vlploduo|/ wkh rxwsxw

ri sxeolf jrrg E lv jlyhq e| |K| @ �} . hK| .
S?K

�'� �� zkhuh iru vlpsolflw| zh dvvxph wkdw

�� � Q+3> �2� , lv wkh xqnqrzq delolw| ri doo rwkhu lqsxwv +eh lw d exuhdxfudw/ sulydwh djhqw

ri iruhljq djhqf|, zklfk d�hfw rxwsxw/ zkhuh q@ � qK1 Zh dvvxph wkdw wkh yrwlqj sxeolf

lpshuihfwo| revhuyhv wkh rxwsxw uhdol}dwlrq ri hdfk ri wkh sxeolf jrrg1 Vr/ wkh yrwhu revhuyhv

d }�| zkhuh }�| @ |�| . �� dqg �� � Q+3> �2� ,1

Vr zkdw ghwhuplqhv wkh jryhuqphqw*v fkrlfh ri h�ruw dfurvv ydulrxv sxeolf jrrgvB Zh

dvvxph wkdw wkh lqfxpehqw jryhuqphqw fduhv derxw wzr wklqjv 0 qdwlrqdo zhoiduh dv zhoo dv

wkh chjr uhqwv* wkdw lw hduqv e| vwd|lqj lq srzhu1 Vlqfh zh dvvxph doo yrwhuv wr eh lghqwlfdo/

qdwlrqdo zhoiduh lv lghqwlfdo wr wkh zhoiduh ri d uhsuhvhqwdwlyh yrwhu/ zklfk lv jlyhq e| Z�| @

�|@| . +4 � �,|K|1 Wkh jryhuqphqw*v delolw| wr vwd| lq srzhu lv d ixqfwlrq ri wzr wklqjv 0

wkh h{whqw ri ghprfudwl}dwlrq/ G6 dqg lwv uhsxwdwlrq1 Ri frxuvh/ wkh juhdwhu wkh h{whqw ri

ghprfudf|/ wkh pruh vhqvlwlyh lv wkh jryhuqphqw*v delolw| wr vwd| lq srzhu wr lwv uhsxwdwlrq

iru frpshwhqfh1 Wkh h{whqw ri ghprfudwl}dwlrq lv fdswxuhg e| dq lqgh{G6/ zkhuh zh dvvxph

wkdw G6 htxdov wkh suredelolw| wkdw hohfwlrqv zloo eh khog zkhuh G6 5 ^3> 4`1 Li hohfwlrqv duh

qrw khog +dv lv wkh fdvh zlwk suredelolw| G6,/ wkhq wkh jryhuqphqw*v uhsxwdwlrq lv luuhohydqw

iru lw*v delolw| wr uhpdlq lq srzhu1 Dq lqfuhdvh lq wklv lqgh{ ri ghprfudf|/ lqfuhdvhv wkh

lpsruwdqfh ri uhsxwdwlrq lq ghwhuplqlqj wkh jryhuqphqw*v delolw| wr uhpdlq lq srzhu1 D

jryhuqphqw hduqv chjr uhqwv* U A 3/ hdfk shulrg lw uhpdlqv lq srzhu1 Lq dgglwlrq/ zh doorz

iru d jryhuqphqw wkdw fduhv derxw wkh zhoiduh ri d uhsuhvhqwdwlyh yrwhu1

Wklv vxjjhvwv wkdw wkh jryhuqphqw*v xwlolw| ixqfwlrq lv jlyhq e| wkh iroorzlqj=

Z} @ �

2[

|'�

�|3�Z�|.+4��,^U.�+U+4�G6,.UG6Su+Uh0hohfwlrq,,`.Y + �H�h@|�hK|, +4,

zkhuh � lv wkh glvfrxqw idfwru dqg � 5 ^3> 4` lv wkh zhljkw rq zhoiduh ri wkh yrwhu dqg

Su+Uh0hohfwlrq, lv wkh suredelolw| ri uh0hohfwlrq dqg Y +, lv wkh uhqw hduqhg e| wkh jryhuqphqw

wkurxjk qrw vshqglqj uhvrxufhv ru h�ruw zkhuh Y � A 3> Y �� A 31
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Wklv eulqjv xv wr wkh lvvxh ri wkh suhflvh srolwlfdo vwuxfwxuh lq wkh hyhqw wkdw hohfwlrqv wdnh

sodfh1 Yrwhuv revhuyh qrlv| phdvxuhv ri wkh jryhuqphqw*v shuirupdqfh }@> }K dqg duulyh dw

d shufhswlrq ri jryhuqphqwdo frpshwhqfh1 Lq dgglwlrq wr wkh yrwhu shufhswlrq ri wkh delolw|

ri wkh lqfxpehqw/ wkhuh lv d fhuwdlq qrq0hfrqrplf dvshfw wr hohfwlrqv zklfk dggv ixuwkhu

xqfhuwdlqw| wr wkh hohfwrudo surfhvv1 Wklv qrq0hfrqrplf udqgrp yduldeoh �/ fdq eh wkrxjkw

wr eh wkh uhodwlyh cfkdulvpd*/ vhqvh ri kxpru ru jrrg orrnv ri wkh lqfxpehqw dv djdlqvw wkdw ri

d udqgrpo| gudzq fkdoohqjhu dqg lv glvwulexwhg qrupdoo|/ l1h1 � � Q+3> �2#,1 Wkh fkdoohqjhu

lv udqgrpo| gudzq dqg lv ri h{shfwhg delolw| ��1�f

Wkh deryh prgho lv vlplodu wr Kropvwurp*v+4<;5, fduhhu frqfhuqv prgho1 Jlyhq wkh

devhqfh ri h{solflw frqwudfwxdo lqfhqwlyhv ehwzhhq wkh yrwhu dqg wkh jryhuqphqw/ wkh prgho

lv qdwxudoo| vxlwhg wr d srolwlfdo hfrqrp| vhwwlqj1 Krzhyhu/ wkh deryh prgho gl�huv lq wkdw

wkh jryhuqphqw idfhv d pxowlsolflw| ri wdvnv1 Zh qrz vroyh iru wkh htxloleulxp ri wkh prgho/

vwduwlqj iurp wkh odvw shulrg1

Lq wkh vhfrqg dqg odvw shulrg/ vlqfh wkh jryhuqphqw lv qrw frqfhuqhg derxw uh0hohfwlrq/ wkh

jryhuqphqw*v rswlpdo fkrlfh ri h�ruw zloo eh gulyhq vroho| e| wkh zhljkw lw jlyhv wr qdwlrqdo

zhoiduh1 Ri frxuvh/ li � @ 3/ wkhq wkh jryhuqphqw lq srzhu zrxog hduq uhqwv htxdo wr �H1

Khqfh lq ghwhuplqlqj wkh jryhuqphqw*v rswlpdo h�ruw fkrlfh lq wkh odvw shulrg/ zh frpsohwho|

ljqruh dq| uhsxwdwlrqdo lqfhqwlyh ri wkh jryhuqphqw +l1h1 � @ 4,/

pd{
e@2ceK2

�+�|@2 . +4� �,|K2, . Y + �H � h@2 � hK2,=

Wdnlqj �uvw rughu frqglwlrqv/ zh rewdlq/

CX}@Ch@2 @ ��. CY@Ch@2 @ 3

CX}@ChK2 @ �+4� �, . CY@ChK2 @ 3=

Qrwlfh wkdw vr orqj dv jryhuqphqw doorfdwlrq ri h�ruw dfurvv wkh wzr wdvnv duh vxevwlwxwhv/

dq lqfuhdvh lq wkh zhljkw dvvljqhg wr sxeolf jrrg D zloo uhvxow lq d uhgxfwlrq lq wkh dprxqw

ri uhvrxufhv doorfdwhg wr wkh vxsso| ri sxeolf jrrg E1 Wkhuhiruh/ lq wklv fdvh qdwlrqdo

zhoiduh+htxdo wr wkh zhoiduh ri wkh uhsuhvhqwdwlyh yrwhu, lv jlyhq e|/

Z�2 @ �|W@2 . +4� �,|WK2 @ � ^�} . hW@2` . +4� �, ^�} . hWK2`
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zkhuh hW�2 lv rewdlqhg iurp wkh �uvw rughu frqglwlrqv1

Wkh lpsruwdqw wklqj wr qrwlfh lv wkdw lq wkh odvw shulrg/ wkh yrwhu*v zhoiduh lv jrlqj wr eh

pruh d ixqfwlrq ri jryhuqphqwdo frpshwhqfh/ wkdq lq shulrg 41 Lqghhg/ lq wkh vshfldo fdvh

zkhuh � @ 3/ wkh jryhuqphqw*v odvw shulrg shuirupdqfh lv rqo| d ixqfwlrq ri wkh jryhuqphqw*v

frpshwhqfh1 Lw lv ehfdxvh ri wklv wkdw uhsxwdwlrq pdwwhuv/ vlqfh wkh yrwhu zdqwv wr hohfw wkh

jryhuqphqw zlwk wkh kljkhvw delolw| lq srzhu1 Zh vxppdul}h wkh deryh e| glvfxvvlqj wkh

wlplqj ri wkh jdph1

Wkh Wlplqj= Wkh lqfxpehqw/ zklfk kdv d uhvrxufh hqgrzphqw ri �H revhuyhv G6 dqg fkrrvhv

wr h{shqg d vhw hW ri uhvrxufhv dfurvv wkh wzr sxeolf jrrgv1 Wkhuhdiwhu zlwk suredelolw| G6

hohfwlrqv wdnh sodfh1 Wkhq wkh yrwhu zkr +olnh wkh lqfxpehqw, grhv qrw nqrz wkh delolw| ri

wkh jryhuqphqw/ revhuyhv d qrlv| vljqdo ri wkh sxeolf jrrg } dqg duulyhv dw dq hvwlpdwh ri wkh

jryhuqphqw*v frpshwhqfh1 � lv uhdol}hg dqg wkh yrwhu lq pdnlqj klv yrwlqj fkrlfh frpsduhv

wkh xwlolw| wkdw kh fdq h{shfw li wkh lqfxpehqw lv uh0hohfwhg jryhuqphqw dv frpsduhg wr wkh

xwlolw| iurp d udqgrpo| gudzq fkdoohqjhu1 Hohfwlrqv duh khog dqg wkh hohfwhg jryhuqphqw

ghwhuplqhv sxeolf jrrg rxwsxw1

Kdylqj eulh�| rxwolqhg/ wkh vwuxfwxuh ri wkh jdph/ zh qrz h{dplqh jryhuqphqwdo ghflvlrq

pdnlqj lq wkh �uvw shulrg1

2�� ,^��*�Mh��4 �?@*)t�t

Wkh jryhuqphqw*v srolf| fkrlfhv lq wkh �uvw shulrg duh frpsolfdwhg e| lwv hohfwrudo frqfhuqv1

Uhfroohfw wkdw wkh lqfxpehqw nqrzv zkhwkhu wkhuh duh jrlqj wr eh hohfwlrqv sulru wr fkrrvlqj

lwv h�ruw yhfwru1 Li wkhuh duh qr hohfwlrqv hyhq lq wkh �uvw shulrg/ wkh jryhuqphqw fkrrvhv wkh

h�ruw yhfwru wkdw vroyhv +4,1 Rq wkh rwkhu kdqg/ li hohfwlrqv duh jrlqj wr eh khog/ wkhq wkh

jryhuqphqw*v htxloleulxp h�ruw yhfwru zloo eh d ixqfwlrq ri lwv dwwhpsw wr errvw lwv uhsxwdwlrq

zlwk wkh yrwhuv1

Vlqfh wkh jryhuqphqw*v h�ruw doorfdwlrq lv xqrevhuydeoh/ lw zloo dwwhpsw wr lq�xhqfh wkh

yrwhu*v shufhswlrq ri lw*v delolw| wkurxjk lwv srolf| fkrlfh1 Dv lq Ghzdwulsrqw/ Mhzlww dqg

Wluroh +4<<< d/e,/ wkh yrwhu dwwhpswv wr lqihu wkh jryhuqphqw*v delolw| e| �uvw fdofxodwlqj wkh

mrlqw ghqvlw| ri wkh delolw| � dqg wkh revhuydeohv } @ +}@�> }K�,1 Vlqfh yrwhu*v gr qrw gluhfwo|

revhuyh wkh surgxfwlylw| ri wkh sxeolf jrrg vxssolhg e| wkh jryhuqphqw/ wkh| �uvw fdofxodwh

<



wkh mrlqw ghqvlw| ri wkh revhuydeohv+}�, dqg delolw|+�}, frqglwlrqdo rq d uhvrxufh ru h�ruw

h{shqglwxuh yhfwru h lq shulrg w/ zklfk lv jlyhq e| i+�}> }mh,1 Wklv jlyhv ulvh wr d pdujlqdo

ghqvlw| ri wkh revhuydeohv ai+}mh, @
U
i+�}> }mh,g�}1

D jryhuqphqw wkdw vhhnv uh0hohfwlrq lq rughu wr pd{lpl}h lwv hohfwrudo fkdqfhv zrxog olnh

wr hqkdqfh lwv uhsxwdwlrq zlwk wkh yrwlqj sxeolf1 Wkhuhiruh/ ohw xv h{dplqh krz wkh yrwhu

duulyhv dw klv hvwlpdwh ri wkh jryhuqphqw*v frpshwhqfh/ frqglwlrqdo rq klv qrlv| revhuydwlrq ri

wkh rxwsxw yhfwru/ } dqg wkh jryhuqphqw*v htxloleulxp uhvrxufh ru h�ruw h{shqglwxuh yhfwru/

h
W @ +h@�> hK�,1 Lq sduwlfxodu/ wkh yrwhu*v hvwlpdwh ri wkh jryhuqphqw*v frpshwhqfh lv jlyhq

e|/

H+�}m}> h
W, @

]
�}
i+�}> }mh

W,

ai+}mhW,
g�}=

D jryhuqphqw zlwk hohfwrudo lqfhqwlyhv/ zloo h{huw h�ruw dqg doorfdwh uhvrxufhv dfurvv

erwk wkh sxeolf jrrgv vr dv wr pd{lpl}h wkh suredelolw| ri uh0hohfwlrq1 Revhuyh wkdw lq rxu

vhwxs/ pd{lpl}lqj wkh suredelolw| ri uh0hohfwlrq lv htxlydohqw wr wkh jryhuqphqw dwwhpswlqj

wr pd{lpl}h lwv uhsxwdwlrq iru ehlqj frpshwhqw1 Wkh yrwhu*v hvwlpdwh ri wkh frpshwhqfh ri

wkh lqfxpehqw jryhuqphqw/ diwhu kh qrlvlo| revhuyhv wkh surgxfwlylw| ri wkh sxeolf jrrgv

ehlqj vxssolhg lv H^H+�}m}> h
W,`/ zkhuh wkh �uvw h{shfwdwlrq lv zlwk uhvshfw wr wkh revhuydeoh

shuirupdqfh ri wkh jryhuqphqw dqg wkh vhfrqg h{shfwdwlrq lv zlwk uhvshfw wr wkh delolw| ri

wkh jryhuqphqw1 Wkh jryhuqphqw zloo fkrrvh h @ +h@�> hK�, wr pd{lpl}h klv h{shfwhg xwlolw|/

pd{
e@�ceK�

�Z�| . +4� �,^U. �+U+4�G6, .UG6^H^H+�}> }mh
W`,` . Y + �H � h@| � hK|, +5,

Dvvxplqj dq lqwhulru vroxwlrq/ zh rewdlq wkh �uvw rughu frqglwlrq iru dq htxloleulxp e|

gl�huhqwldwlqj zlwk uhvshfw wr h@�/ zklfk jlyhv ulvh wr/

��. �+4� �,UG6

] ]
�}i+�}> }mh

W,
C ai+}mhW,@Ch@�

ai+}mhW,
g}g� . CY@Ch@� @ 3= +6,

Vlploduo|/ zh dovr rewdlq dq h{suhvvlrq rq gl�huhqwldwlqj zlwk uhvshfw wr hK�1 Wklv

deryh h{suhvvlrq lv mxvw dq dssolfdwlrq wr srolwlfdo hfrqrp| ri Ghzdwulsrqw/ Mhzlww dqg

Wluroh*v+4<<<, uhvxow rq fduhhu frqfhuqv ri pdqdjhuv1 Iluvw/ revhuyh wkdw vlqfh erwk wkh jry0

huqphqw*v frpshwhqfh dqg wkh qrlv| revhuydeoh ri rxwsxw ri hdfk sxeolf jrrg lv qrupdoo|

glvwulexwhg/ wkh mrlqw glvwulexwlrq ri wkh wzr lv dovr qrupdoo| glvwulexwhg1 Lq sduwlfxodu/ wkh

mrlqw glvwulexwlrq ri � dqg } jlyhq wkh h�ruw yhfwru h / lv dovr qrupdoo| glvwulexwhg1 Vlqfh iru

43



vlpsolflw| zh kdyh dvvxphg wkdw wkhuh lv qr fruuhodwlrq dprqjvw wkh huuru whupv/ wkh mrlqw

glvwulexwlrq lv sursruwlrqdo wr/

i+�}> }@�> }K�mh@�> hK�, 2 �h{s

%
+�} � ��},

2

5�2w}
.

4

5

#
+}@� � ��} � h@�,

2

�2w} . �2@
.

+}K� � ��} � hK�,
2

�2w} . �2K .
S?@

�'� �
2

�

$&
=

Zh fdq xvh wkh deryh mrlqw glvwulexwlrq wr rewdlq wkh pdujlqdo glvwulexwlrq zklfk lv sursru0

wlrqdo wr/

ai+}@�> }K�mh@�> hK�, 2 �h{s

%
4

5

#
+}@� � �� � h@�,

2

�2w} . �2@
.

+}K� � ��} � hK�,
2

�2w} . �2K .
S?@

�'� �
2

�

$&

E| wdnlqj orjv dqg gl�huhqwldwlqj wkh deryh h{suhvvlrq zlwk uhvshfw wr h�� dqg h��/ zh

rewdlq/
C ai@Ch@�

ai+}@�> }K�mh@�> hK�,
@

+� � ��}, . �@
+�2w} . �2@ .

S?@
�'� �

2

� ,

E| pdqlsxodwlqj wkh deryh h{suhvvlrq/ zh rewdlq wkh iroorzlqj uhvxow/

fry

#
�}>

aie@�
ai
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Xvlqj wkh idfw wkdw wkh olnholkrrg udwlr kdv }hur phdq/ zh fdq vlpsoli| wkh deryh h{suhv0

vlrq wr duulyh dw wkh iroorzlqj/
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Vlploduo|/ zh fdq rewdlq dq htxlydohqw h{suhvvlrq e| gl�huhqwldwlqj zlwk uhvshfw wr h��/
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Revhuyh wkdw wkh deryh uhvxowv lpso| wkh iroorzlqj derxw jryhuqphqw lqfhqwlyhv wr doorfdwh

h�ruw dfurvv ydulrxv sxeolf jrrgv1 Li wkh yrwhu �qgv sxeolf jrrg D dv pruh ylvleoh wkdq

sxeolf jrrg E +li �2@ ? �2K ,/ wkhq wkh jryhuqphqw zloo rq wkh pdujlq kdyh juhdwhu lqfhqwlyh wr

doorfdwh uhvrxufhv lq surylglqj sxeolf jrrg D udwkhu wkdq sxeolf jrrg E/ vr orqj dv uhvrxufh
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doorfdwlrq dfurvv wkh wzr sxeolf jrrgv duh vxevwlwxwhv+I�2 A 3,1 Wklv dulvhv ehfdxvh wkh

yrwhu zrxog olnh wr hohfw wkh prvw frpshwhqw jryhuqphqw1 Wklv lv wuxh ehfdxvh lq wkh odvw

shulrg/ wkh jryhuqphqw zloo qr orqjhu kdyh d uhsxwdwlrqdo lqfhqwlyh wr prelol}h h�ruw dqg

uhvrxufhv1�� Sxeolf jrrg rxwsxw lq wklv �qdo shulrg/ lv jrlqj wr eh d ixqfwlrq sulpdulo| ri wkh

jryhuqphqw*v frpshwhqfh1 Khqfh wkh yrwhuv zloo kdyh dq lqfhqwlyh wr hohfw wkh jryhuqphqw

zkrp wkh| shufhlyh wr kdyh wkh kljkhvw shufhlyhg delolw|1 Li }@� lv ohvv qrlv| wkdq }K�/ wkh

yrwhu zloo sxw d odujhu zhljkw rq wkh rxwsxw ri sxeolf jrrg D udwkhu wkdq sxeolf jrrg E/ lq

klv dwwhpsw wr dvvhvv jryhuqphqwdo frpshwhqfh1 Wkh jryhuqphqw zloo dffruglqjo| uhvsrqg

wr wklv e| doorfdwlqj pruh uhvrxufhv wrzdugv wkh cpruh ylvleoh* sxeolf jrrg D1 Li # lv gh�qhg

dv wkh gl�huhqfh ehwzhhq h�ruw doorfdwhg ehwzhhq sxeolf jrrg D dqg E/ l1h1 # @ h@� � hK�/

zh kdyh wkh iroorzlqj sursrvlwlrq/

�iNVNt�|�NA Y� Li I�2 A 3 wkhq jryhuqphqw doorfdwlrq ri uhvrxufhv dfurvv wkh wzr sxeolf

jrrgv zloo eh vxfk wkdw ;� 5 ^3> 4`/

+l, iru �@ ? �K dqg � vpdoo hqrxjk/ wkh jryhuqphqw zloo doorfdwh d odujhu vkduh ri wrwdo

uhvrxufhv wr sxeolf jrrg D l1h1 hW
@�
A hW

K�
1

+ll, wkh uhodwlyh vkduh ri wrwdo uhvrxufhv doorfdwh wr sxeolf jrrg D lv dq ghfuhdvlqj ixqfwlrq

ri wkh uhodwlyh ylvlelolw| ri wkh wzr sxeolf jrrgv l1h1 g#@g�@ ? 3 dqg g#@g�K A 31

�iNNuH Vhh Dsshqgl{ 1 �

Wkhuhiruh/ li hohfwrudo frqfhuqv duh vwurqj hqrxjk/ wkh lqfxpehqw zloo eldv uhvrxufh door0

fdwlrq lq idyru ri wkh cpruh ylvleoh* sxeolf jrrg1 Wklv zloo eh wuxh vr orqj dv dq lqfuhdvh lq

uhvrxufhv ghyrwhg wr wkh surylvlrq ri rqh sxeolf jrrg/ lqfuhdvhv wkh pdujlqdo frvw ri doorfdwlqj

uhvrxufhv iru wkh rwkhu sxeolf jrrg1

Wkh srolwlfdo vdolhqfh ri d sxeolf jrrg lv ghwhuplqhg e| wkh h{whqw wr zklfk wkh shuiru0

pdqfh ri d jryhuqphqw lq surylglqj d sduwlfxodu sxeolf jrrg ghwhuplqhv wkh yrwhu*v ghflvlrq

wr hohfw ru uhmhfw wkh jryhuqphqw1�2 Lw lv lqwhuhvwlqj wr revhuyh wkdw wkh lvvxh ru sxeolf jrrg

wkdw lv srolwlfdoo| vdolhqw pljkw kdyh olwwoh wr gr zlwk lwv lpsruwdqfh wr wkh ryhudoo qdwlrqdo
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zhoiduh1 Wr vhh wklv revhuyh wkdw wkh deryh uhvxow krogv iru doo � 5 ^3> 4`1 Wkhuhiruh/ vr orqj dv

d sxeolf jrrg lv uhodwlyho| ylvleoh/ wkh jryhuqphqw zloo kdyh dq lqfhqwlyh wr doorfdwh uhvrxufhv

wrzdugv lw/ hyhq li lwv surylvlrq kdv olwwoh lpsdfw rq yrwhu zhoiduh +l1h1 � lv yhu| vpdoo,1

D sx}}olqj ihdwxuh ri wkh ghyhorsphqw h{shulhqfh ri vrph ghprfudwlf ghyhorslqj frxq0

wulhv/ lv wkh xqghusurylvlrq ri uhvrxufhv iru wkh vrfldo vhfwru1 Iru h{dpsoh/ Guh}h dqg Vhq

+4<<8/ sdjh 44406:, zkhq wdonlqj derxw hgxfdwlrq lq Lqgld revhuyh wkdw _Wkh hpsrzhuphqw

ri edvlf hgxfdwlrq lv vr reylrxv wkdw wkhuh lv vrphwklqj sx}}olqj lq wkh idfw wkdw wkh surpr0

wlrq ri hgxfdwlrq kdv uhfhlyhg vr olwwoh dwwhqwlrq iurp vrfldo dqg srolwlfdo ohdghuv1 Wkh| rq

wr dvvhuw wkdw _zkdw lv shukdsv prvw vwulnlqj ri doo lv wkdw wkh idloxuhv ri jryhuqphqw srolf|

ryhu dq h{whqghg shulrg kdyh suryrnhg vr olwwoh srolwlfdo fkdoohqjh1% Vr dq lvvxh ri lqwhuhvw

lv wkh iroorzlqj1 Zk| lv lw wkdw ghvslwh lwv reylrxv lpsruwdqfh iru ryhudoo ghyhorsphqw/ wkdw

wkhuh lv vxfk xqghusurylvlrq ri uhvrxufhv iru wkh vrfldo vhfwru 0 eh lw khdowk ru hgxfdwlrqB

Wr vhh wklv lw lv lpsruwdqw wr revhuyh wkdw shuirupdqfh ri pdq| sxeolf jrrgv lv d ixqfwlrq

ri jryhuqphqwdo ghflvlrqv dv zhoo dv wkh shuirupdqfh ri d qxpehu ri rwkhu lqsxwv1 Iru

h{dpsoh/ ghod|v lq frqvwuxfwlrq ri dq luuljdwlrq surmhfw pljkw eh d ixqfwlrq ri qrw mxvw wkh

ihghudo jryhuqphqw/ exw dovr dq regxudwh exuhdxfudf|/ iruhljq dlg dqg whfkqrorj|/ sulydwh

lqyhvwruv dqg vr rq1 Wklv vxjjhvwv wkdw vhfwruv zkrvh shuirupdqfh uhtxluhv jrrg shuirupdqfh

ri vhyhudo dvvrfldwhg lqsxwv pljkw eh ohvv ylvleoh1 Wklv vxjjhvwv wkdw gl�huhqfhv lq ylvlelolw|

dfurvv sxeolf jrrgv pljkw dulvh iru uhdvrqv rwkhu wkdq whfkqrorj|1 Zh frq�up wklv lq wkh

iroorzlqj fruroodu| wr wkh deryh sursrvlwlrq1

�NiN,,Bi+ Y� Li I�2 A 3/ � ? �� dqg �@ @ �K/ wkhq ;� 5 ^3> 4` wkh jryhuqphqw zloo doorfdwh

d odujhu vkduh ri uhvrxufhv wrzdugv sxeolf jrrg D li q@ ? qK1

Wkhuhiruh/ li sxeolf jrrg D uhtxluhv ihzhu frpsohphqwdu| lqsxwv/ lw lv cpruh ylvleoh* wr wkh

sxeolf/ hyhq li lw lv uhodwlyho| lpsruwdqw lq zhoiduh whupv +l1h1� lv odujh,1

Wkh deryh revhuydwlrq lv qrwhzruwk| ehfdxvh lw pljkw khos surylgh xv zlwk d foxh iru

wkh srru shuirupdqfh ri jryhuqphqwv lq fhuwdlq vhfwruv ri wkh hfrqrp|1 Iru h{dpsoh/ dffhvv

wr hgxfdwlrq lv qrw mxvw d ixqfwlrq ri wkh fhqwudo jryhuqphqw surylglqj juhdwhu uhvrxufhv

wrzdugv hgxfdwlrq/ exw lv dovr d ixqfwlrq ri doo wkh rwkhu idfwruv wkdw ghwhuplqh wkh dffhvv wr

hgxfdwlrq dqg olwhudf| ri wkh srsxodwlrq 0 vrph ri zklfk pd| eh d ixqfwlrq ri idfwruv rwkhu
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wkdq wkh txdolw| ri wkh exuhdxfudf|1��

Wkh deryh glvfxvvlrq kdv khoshg hpskdvl}h wkh lpsruwdqfh ri wkh ylvlelolw| ri d sxeolf

jrrg/ lq xqghuvwdqglqj jryhuqphqwdo lqfhqwlyhv wrzdugv doorfdwlqj uhvrxufhv dfurvv sxeolf

jrrgv1 Krzhyhu/ lw lv lpsruwdqw wr revhuyh wkdw wkhuh pljkw eh vhyhudo idfwruv wkdw plwljdwh

djdlqvw wkh h�hfw wkdw zh kdyh glvfxvvhg deryh1 Zh frqvlghu hdfk ri wkhvh h�hfwv lq wkh odvw

vhfwlrq ri wkh sdshu1

2�2 #i4LUh@U) @?_ ��M*�U BLL_ �hL��t�L?

Lq wklv vhfwlrq zh dqdo|}h wkh lpsdfw ri dowhuqdwlyh lqvwlwxwlrqdo vwuxfwxuhv rq wkh lqfhq0

wlyhv iru sxeolf jrrg surylvlrq1 Lq sduwlfxodu/ zh h{dplqh wkh lpsdfw ri ghprfudwl}dwlrq rq

jryhuqphqwdo lqfhqwlyhv iru doorfdwlqj uhvrxufhv dqg h�ruw1

Ghprfudf| dqg hohfwlrqv surylgh srolwlfdo frpshwlwlrq dqg khosv pdnh jryhuqdqfh pruh

h�hfwlyh ehfdxvh ri doohyldwlqj wkh prudo kd}dug sureohp +Ihuhmrkq/ 4<;9, ru plwljdwlqj wkh

dgyhuvh vhohfwlrq sureohpv +Urjr�/ 4<<3,1 E| zhhglqj rxw lqfrpshwhqw srolwlfldqv dqg jlylqj

wkrvh lq srzhu dq lqfhqwlyh wr sxw lq h�ruw/ ghprfudflhv duh eholhyhg wr surylgh wkh uljkw

lqfhqwlyhv iru h�hfwlyh jryhuqdqfh dqg sxeolf jrrg surylvlrq1 Wkhuh lv e| qrz frqvlghudeoh

hylghqfh wkdw vxjjhvwv wkdw ghprfudf| lv d phwd0lqvwlwxwlrq wkdw lpsuryhv jryhuqphqwdo

shuirupdqfh dqg wkh orw ri lwv flwl}hqv rq pdq| glphqvlrqv1�e Juhdwhu ghprfudwl}dwlrq ri

srolwlfdo lqvwlwxwlrqv kdv wzr glvwlqfw frpsrqhqwv wkdw qhhg wr eh frqvlghuhg1 Iluvw/ dqg prvw

lpsruwdqwo|/ ghprfudf| hqfrxudjhv srolwlfdo frpshwlwlrq1 Krzhyhu/ juhdwhu srolwlfdo iuhhgrp

lv exw rqh frpsrqhqw ri ghprfudwl}dwlrq1 Lq dgglwlrq/ juhdwhu ghprfudf| lv dovr dffrpsdqlhg

e| juhdwhu flylo uljkwv/ suhvv iuhhgrp dqg wudqvsduhqf| ri lqvwlwxwlrqv1 Wr ehjlq zlwk/ lq

wklv vhfwlrq/ zh frq�qh rxu dqdo|vlv wr h{dplqlqj wkh lpsdfw ri juhdwhu ghprfudwl}dwlrq rq

jryhuqphqwdo lqfhqwlyhv wr sxw lq h�ruw dqg uhvrxufhv1 Vxevhtxhqwo|/ zh dovr h{dplqh wkh
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lpsdfw ri juhdwhu flylo iuhhgrp dqg wudqvsduhqf| rq sxeolf jrrg surylvlrq1

Lq rxu iudphzrun/ juhdwhu ghprfudwl}dwlrq pdnhv wkh lqfxpehqw*v olnholkrrg ri vwd|lqj

lq srzhu/ pruh vhqvlwlyh wr klv dfwxdo shuirupdqfh1 Lq dq lpshuihfw ghprfudf|/ hyhq dq lq0

frpshwhqw jryhuqphqw pljkw pdqdjh wr krog rq wr srzhu1 Krzhyhu/ zh duh ohvv olnho| wr vhh

vxfk d shuvlvwhqfh lq srzhu/ dv ghprfudwlf lqvwlwxwlrqv wdnh urrw dqg ehfrph pruh h�flhqw1

Zh prgho dq lqfuhdvh lq ghprfudwl}dwlrq dqg wkh frqfrplwdqw lqfuhdvh lq srolwlfdo frpsh0

wlwlrq lq d vlpsoh zd|1 Lq sduwlfxodu/ zlwk juhdwhu ghprfudf|/ wkh lqfxpehqw*v olnholkrrg ri

vwd|lqj lq srzhu lv pruh vhqvlwlyh wr klv dfwxdo shuirupdqfh dqg dffrpsdq|lqj uhsxwdwlrq1

Wkhuhiruh/ juhdwhu ghprfudf| jlyhv wkh lqfxpehqw juhdwhu lqfhqwlyhv wr prelol}h dqg doorfdwh

uhvrxufhv lq d pdqqhu vr dv wr hqkdqfh wkh suredelolw| ri uhpdlqlqj lq srzhu1 Juhdwhu gh0

prfudwl}dwlrq kdv wzr glvwlqfw h�hfwv rq jryhuqphqwdo lqfhqwlyhv1 Iluvw/ wkh wkuhdw ri orvlqj

srzhu kdv d srvlwlyh lqfhqwlyh h�hfw dqg vsxuv wkh jryhuqphqw wr juhdwhu h�ruw lq prelol}lqj

dqg glvwulexwlqj uhvrxufhv h�flhqwo|1 Wklv lv wkh vwdqgdug ehqh�w wkdw dulvhv zkhq hohfwlrqv

frqwuro prudo kd}dug rq wkh sduw ri wkh lqfxpehqw +vhh Ihuhmrkq/ 4<;9,1 Zh fdoo wklv wkh

ch�ruw dxjphqwlqj h�hfw* ri juhdwhu ghprfudf|1 Krzhyhu/ lq d zruog zkhuh d pxowlsolflw|

ri sxeolf jrrgv duh surylghg/ jryhuqphqwv kdyh dq dgglwlrqdo lqfhqwlyh1 Lq sduwlfxodu/ lq

rughu wr hqkdqfh lwv uhsxwdwlrq zlwk yrwhuv/ wkh jryhuqphqw kdv dq lqfhqwlyh wr doorfdwh dq

lqh�flhqwo| odujh dprxqw ri uhvrxufhv dzd| iurp wkh ohvv ylvleoh dqg wrzdugv wkh pruh ylv0

leoh sxeolf jrrg1 Zh fdoo wklv wkh cylvlelolw| h�hfw* ri hohfwlrqv1 Vr zkdw lv wkh qhw h�hfw ri

juhdwhu ghprfudwl}dwlrq rq jryhuqphqwdo lqfhqwlyhv wr prelol}h dqg doorfdwh uhvrxufhv dfurvv

frpshwlqj sxeolf jrrgvB Zh h{dplqh wkh lpsdfw ri juhdwhu ghprfudwl}dwlrq rq jryhuqphq0

wdo lqfhqwlyhv 0 qhw ri wkh cylvlelolw| h�hfw* dqg wkh ch�ruw hqkdqflqj* h�hfw lq wkh iroorzlqj

sursrvlwlrq1

�iNVNt�|�NA YY� Dq lqfuhdvh lq wkh lqgh{ ri ghprfudwl}dwlrq uhvxowv lq/

+l, dq lqfuhdvh lq wkh djjuhjdwh h�ruw doorfdwhg wrzdugv sxeolf jrrg surylvlrq/

+ll, d ulvh lq wkh udwlr ri wkh pruh ylvleoh wr wkh ohvv ylvleoh sxeolf jrrg li I�2 A 31

�iNNuH Vhh Dsshqgl{1�

Dv phqwlrqhg hduolhu/ juhdwhu ghprfudwl}dwlrq kdv dq ch�ruw dxjphqwlqj* h�hfw wkdw lq0

fuhdvhv wkh wrwdo uhvrxufhv dydlodeoh iru surylvlrq ri doo sxeolf jrrgv1 Lq dgglwlrq/ wkh cylvlelo0

lw| h�hfw* uhvxowv lq wklv dxjphqwhg uhvrxufh slh ehlqj glvsursruwlrqdwho| doorfdwhg lq idyru
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ri wkh uhodwlyho| pruh ylvleoh sxeolf jrrg1 Wklv jlyhv ulvh wr ydulrxv srvvlelolwlhv/ zklfk duh

shukdsv ehvw fdswxuhg lq Iljxuh L1

Lqvhuw Iljxuh L khuh

Wkhuh duh wkuhh srvvlelolwlhv ri wkh uhodwlyh vl}h ri wkh ch�ruw dxjphqwlqj h�hfw* dqg wkh

cylvlelolw| h�hfw* zlwk juhdwhu ghprfudwl}dwlrq=

+l, Li wkh cylvlelolw| h�hfw* lv odujh dqg wkh ch�ruw dxjphqwlqj* h�hfw lv vpdoo/ wkhq dq

lqfuhdvh lq wkh shuirupdqfh ri wkh pruh ylvleoh sxeolf jrrg frphv dw wkh frvw ri zruvhqlqj

shuirupdqfh ri wkh ohvv ylvleoh sxeolf jrrg1�D Lq rwkhu zrugv/ erwk wkh devroxwh dprxqw ri

uhvrxufhv+ru h�ruw, dqg wkh vkduh ri wrwdo uhvrxufhv doorfdwhg wr wkh ohvv ylvleoh sxeolf jrrg/

frphv grzq zlwk juhdwhu ghprfudwl}dwlrq1

+ll, Li prvw ri wkh lqfuhdvh lq h�ruw gxh wr dq lqfuhdvh lqG6 lv doorfdwhg wrzdugv wkh pruh

ylvleoh sxeolf jrrg/ wkhq juhdwhu ghprfudf| pljkw qrw uhvxow lq d uhgxfwlrq lq wkh devroxwh

dprxqw ri wkh ohvv ylvleoh sxeolf jrrg/ exw dq lqfuhdvh lq wkh dprxqw ri wkh pruh ylvleoh

sxeolf jrrg1

+lll, Li juhdwhu ghprfudf|/ kdv d gudpdwlf ch�ruw dxjphqwlqj h�hfw* zkloh wkh cylvlelolw|

h�hfw* lv uhodwlyho| vpdoo ru prghudwh/ wkhq wkhuh zloo eh dq lqfuhdvh lq wkh devroxwh dprxqw

ri uhvrxufhv +ru h�ruw, ghyrwhg wr erwk wkh ohvv dqg pruh ylvleoh sxeolf jrrg1

Hdfk ri wkh deryh wkuhh h�hfwv duh fdswxuhg lq wkh fruuhvsrqglqjo| odehohg fxuyhv lq

Iljxuh L1 Krzhyhu/ zkdw lv ri lqwhuhvw lv wkdw txlwh luuhvshfwlyh ri wkh vl}h ri wkh uhodwlyh

pdjqlwxgh ri wkh cylvlelolw|* dqg ch�ruw dxjphqwlqj* h�hfwv/ ghprfudwl}dwlrq uhvxowv lq d ulvh

lq wkh udwlr ri wkh shuirupdqfh ri wkh uhodwlyho| pruh ylvleoh sxeolf jrrgv1 Zh qrz h{dplqh

krz wkhvh h�hfwv ri ghprfudf| rq sxeolf jrrg surylvlrq xqghu d pruh jhqhudo surgxfwlrq

ixqfwlrq/ |lhoglqj erwk vlplodu dv zhoo dv dgglwlrqdo lqvljkwv rq wkh lpsdfw ri ylvlelolw|1

� #L VL|ih , TiU|@|�L?t �@||ihq

Rxu dqdo|vlv vr idu kdv vkrzq wkdw orz ylvlelolw| sxeolf jrrgv/ vxfk dv khdowk/ vdqlwdwlrq ru

wkh txdolw| ri hgxfdwlrq fdq uhfhlyh vfdqw dwwhqwlrq/ sduwlfxoduo| lq ghprfudflhv1 Krzhyhu/
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zh pxvw uhdglo| dgplw wkdw wkhuh lv zlgh yduldwlrq lq wkh h{shulhqfh ri frxqwulhv/ dw vlplodu

ohyhov ri ghprfudf|/ ru hyhq dfurvv uhjlrqv zlwklq frxqwulhv1 Iru lqvwdqfh/ wkh vwdwh ri Nhudod

lq Lqgld/ erdvwv udwhv ri olwhudf| dqg fklog pruwdolw| wkdw duh idu vxshulru wr wkrvh lq rwkhu

sduwv ri wkh frxqwu|1 Qhljkerulqj Vul Odqnd/ zlwk d frpsdudeoh ohyho ri ghprfudf| dv Lqgld/

kdv grqh d glvwlqfwo| ehwwhu mre lq wkh surylvlrq ri hgxfdwlrq/ khdowk dqg rwkhu vrfldo zhoiduh

vhuylfhv ~ dqg wkhvh lvvxhv duh fhqwudo lvvxhv lq lwv hohfwlrqv1 Dovr/ lw lv kdug wr eholhyh wkdw

vxfk uhodwlyh qhjohfw ri orz ylvlelolw| sxeolf jrrgv lv wuxh lq kljko| ghprfudwlf frxqwulhv1

Wr dgguhvv wkhvh frqfhuqv/ zh uhwxuq wr pruh jhqhudo surgxfwlrq ixqfwlrq/ ruljlqdoo|

sursrvhg +dv rssrvhg wr wkh dgglwlyho| vhsdudeoh fdvh frqvlghuhg lq wkh ehqfkpdun prgho,1

Zh �qg wkdw doorzlqj iru frpsohphqwdulw| ehwzhhq wdohqw dqg h�ruw lq wklv pdqqhu |lhogv

vrph lqwhuhvwlqj dgglwlrqdo lqvljkwv/ zkloh suhvhuylqj wkh edvlf uhvxow suhvhqwhg lq wkh hduolhu

vhfwlrq1

Frqvlghu |� @ �}+h� . n, . 	?�

�'� . %�1
�S Xvlqj wklv pruh jhqhudo surgxfwlrq ixqfwlrq/ wkh

rswlpdo h�ruw ohyho wr eh h{shqghg rq wdvn l lv jlyhq e| wkh vroxwlrq wr wkh htxdwlrq ehorz1

��

+h� . n, .
j2
�

Ee�n&�j2
w

@ F@+h@> hK, +;,

Wkh ohiw0kdqg vlgh ri wkh htxdwlrq lv wkh h{suhvvlrq htxlydohqw wr wkdw lq htxdwlrq +{,/ iru

wkh pdujlqdo ehqh�w iurp dgglwlrqdo h�ruw/ dqg wkh uljkw kdqg vlgh uhsuhvhqwv pdujlqdo frvw

ri h�ruw1 Qrwh wkdw zlwk frpsohphqwdulw| ehwzhhq h�ruw dqg delolw|/ wkh pdujlqdo ehqh�w

ydulhv zlwk wkh ohyho ri h�ruw1 Dv d uhvxow/ wkhuh frxog eh pxowlsoh htxloleulxp h�ruw ohyhov lq

hlwkhu wdvn1

Lqvhuw Iljxuhv LL +d, dqg +e, khuh

�Otji�B|�NA YH Sxeolf jrrgv zklfk uhtxluh d odujhu qxpehu ri frpsohphqwdu| lqsxwv duh

pruh olnho| wr vx�hu iurp d pxowlsolflw| ri htxloleuld lq wkh h{whqw ri uhvrxufhv doorfdwhg e|

wkh jryhuqphqw1

Dv vhhq lq Iljxuhv LL+d, dqg +e, wkh qxpehu ri htxloleulxp h�ruw ohyhov ghshqg xsrq wkh

vkdsh ri wkh pdujlqdo ehqh�w fxuyh1 Frqvlghu wkh vorsh ri wklv fxuyh=
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Iru vpdoo ydoxhv ri wkh qrlvh whup/ vd| �@/ wkh vorsh ri pdujlqdo ehqh�w ixqfwlrq lv

ghfuhdvlqj dw doo ohyhov ri h�ruw/ khqfh wklv fxuyh lv grzqzdug vorslqj iru doo h@1 Krzhyhu/

iru d vx�flhqwo| odujh qrlvh frpsrqhqw �K ru d odujh qxpehu ri frpsohphqwdu| lqsxwv/

q> +4 �
j
2

K

EeKn&�2�j
2

w

, lv srvlwlyh dw orzhu ohyhov ri h�ruw lq wdvn e ~ khqfh wkh pdujlqdo ehqh�w

fxuyh lv xszdug vorslqj lq wklv udqjh1 �.

D qrlvlhu rxwfrph lq wdvn e dovr lqfuhdvhv wkh rswlpxp h�ruw ohyho lq wdvn d/ jlyhq

vxevwlwxwdelolw| ri h�ruw dfurvv wdvnv1 Wklv udlvhv wkh pdujlqdo frvw ri wdvn e dw doo h�ruw

ohyhov+l1h1 vkliwv wkh |0lqwhufhsw, 1�H1

Iljxuhv LL+d, dqg +e, ghslfw wkhvh fdvhv ri d vpdoo ydoxh ri �@ dqg d odujh ydoxh ri �K

uhvshfwlyho|1 Dv vhhq lq Iljxuh LL+e,/ d odujh �K uhvxowv qrw rqo| lq d orzhu pdujlqdo ehqh�w/

exw dovr d kljkhu pdujlqdo frvw iru e> khqfh wkh pdujlqdo frvw ri h�ruw fdq h{fhhg wkh pdujlqdo

ehqh�w dw }hur h�ruw lq jrrg e1 Dv d uhvxow/ wkhuh fdq eh pxowlsoh +vwdeoh,htxloleuld iru wdvn

e/ exw d xqltxh htxloleulxp h�ruw ohyho lq wdvn d1

Wkxv/ sxeolf jrrgv zlwk orz ylvlelolw| ri rxwfrphv/ ru zlwk pxowlsoh frpsohphqwdu| lqsxwv

duh pruh vxvfhswleoh wr pxowlsoh htxloleuld1 Dq hfrqrp| frxog eh fdxjkw lq d orz0htxloleulxp

wuds lq wkh surylvlrq ri vxfk sxeolf jrrgv/ dv vhhq lq Iljxuh LL+e,1 Li wkh hohfwrudwh h{shfwv

orz h�ruw e| wkh jryhuqphqw exw vhhv d odujh rxwsxw uhdol}hg/ lw lv pruh olnho| wr fuhglw vxfk

dq rxwfrph wr fkdqfh/ ru wr frpsohphqwdu| lqsxwv udwkhu wkdq wr wkh jryhuqphqw*v delolw|>

khqfh wkh jryhuqphqw kdv olwwoh lqfhqwlyh wr sxw lq h�ruw1

Rq wkh euljkwhu vlgh/ krzhyhu/ lw lv suhflvho| lq wkh fdvh ri vxfk sxeolf jrrgv wkdw wkhuh

fdq eh d vljql�fdqw lpsuryhphqw lq rxwfrphv ehfdxvh ri vd|/ sxeolf dzduhqhvv ru phgld

fdpsdljqv1 E| lqfuhdvlqj yrwhuv* h{shfwdwlrq ri jryhuqphqw*v +htxloleulxp, h�ruw/ vxfk fdp0

sdljqv lqfuhdvh wkh jryhuqphqw*v lqfhqwlyh wr sxw lq h�ruw ~ ehfdxvh/ zlwk kljkhu h{shfwhg

h�ruw/ jrrg rxwfrphv duh dwwulexwhg pruh wr wkh jryhuqphqw*v delolw| udwkhu wkdq wr wkh

delolw| ri frpsohphqwdu| lqsxwv ru wr sxuh oxfn1
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Wkh skhqrphqrq ghvfulehg khuh dffrugv zlwk wkh lghd wkdw yrwhu dsdwk| fdq ohdg wr

lqihulru rxwfrphv/ exw wkdw d pruh yljrurxv hohfwrudwh fdq vljql�fdqwo| lpsuryh rxwfrphv

rq uhodwlyho| orz ylvlelolw| sxeolf jrrgv vxfk dv khdowk +pdoqxwulwlrq,/ hgxfdwlrq/ vdqlwdwlrq

hwf1/ udwkhu wkdq lq kljk ylvlelolw| hyhqwv vxfk dv idplqh/ zdu ru glvdvwhu uholhi dorqh1�b

Lq wkh devhqfh ri vxfk frqfhuwhg ghpdqgv iru ehwwhu jryhuqphqw krzhyhu/ ghprfudf|

frxog dfwxdoo| zruvhq pdwwhuv lq orz ylvlelolw| sxeolf jrrgv1

Iljxuhv LLL+d, dqg +e, frqvlghu wkh lpsdfw ri dq lqfuhdvh lq wkh ghjuhh ri ghprfudf| rq

wkh pdujlqdo ehqh�w dqg pdujlqdo frvw fxuyhv ri erwk wdvnv1 Dq lqfuhdvh lq wkh ghjuhh ri

ghprfudf| vkliwv wkh pdujlqdo ehqh�w fxuyh xszdugv +dv vhhq iurp htxdwlrq+;,,/ dqg wklv vkliw

lv odujhu iru wkh kljk0ylvlelolw| wdvn1 Krzhyhu/ zlwk vxevwlwxwdelolw|/ wkh uhvxowlqj lqfuhdvh lq

rswlpxp +htxloleulxp, h�ruw ohyho lq hlwkhu wdvn/ vkliwv xs wkh PF fxuyh iru wkh rwkhu wdvn

dv zhoo1

Lqvhuw Iljxuhv LLL +d, dqg +e, khuh

Lq wkh fdvh ri wkh kljk0ylvlelolw| wdvn/ wkhuh lv dozd|v dq lqfuhdvh lq wkh rswlpxp ohyho ri

h�ruw/ vwduwlqj iurp wkh xqltxh lqlwldo htxloleulxp1 Wklv vkliwv xs wkh pdujlqdo frvw fxuyh

iru jrrg e1 Dw wkh lqlwldo orz0h�ruw htxloleulxp +l1h1 hW
K
@ 3,/ wkh vl}h ri wkh vkliwv lq wkh

pdujlqdo ehqh�w dqg pdujlqdo frvw fxuyhv ghshqgv xsrq wkh uhodwlyh pdjqlwxghv ri
7w

&n
j2
K

&�j2
w

dqg F@K+h@> hK @ 3,= _e
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uhvshfwlyho|1

Iru vpdoo lqfuhdvhv lq wkh ghjuhh ri ghprfudf|/ wkh qhz pdujlqdo frvw fxuyh dw wkh orz

h�ruw htxloleulxp iru jrrg e olhv deryh wkh qhz pdujlqdo ehqh�w fxuyh ~ hyhq li wkh vl}h ri

wkh vkliw lq wkh odwwhu lv juhdwhu1 Iru vpdoo lqfuhdvhv lq wkh ghjuhh ri ghprfudf|/ wkh wkh

orz0ylvlelolw| wdvn frxog uhpdlq vwxfn dw wkh orz htxloleulxp wuds/ hyhq dv wkh htxloleulxp

h�ruw lq wkh kljk ylvlelolw| wdvn lqfuhdvhv1 Wkxv wkh h�ruw jds ehwzhhq wkh wzr wdvnv lqlwldoo|

lqfuhdvhv1

Iru odujhu lqfuhdvhv lq G6/ wkh xszdug vkliw lq wkh pdujlqdo ehqh�w fxuyh hyhqwxdoo|

grplqdwhv wkh vkliw lq wkh frvw fxuyh +surylghg wkh ghjuhh ri vxevwlwxwlrq dfurvv wdvnv/ F@K
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lv qrw wrr odujh,1 Iru d vx�flhqwo| kljk ghjuhh ri ghprfudf| wkhq/ wkh rxwfrph lq wkh

orz0ylvlelolw| wdvn kdv d xqltxh kljk0h�ruw htxoleulxp dv zhoo/ vxfk wkdw ixuwkhu lqfuhdvhv lq

ghprfudf| eulqj grzq wkh h�ruw jds ehwzhhq wkh wzr wdvnv1

Zh vxppdul}h wkh deryh uhvxowv lq wkh iroorzlqj sursrvlwlrq1

�iNVNt�|�NA YYY� Dq lqfuhdvh lq G6 zruvhqv wkh jds ehwzhhq wkh uhvrxufhv doorfdwhg eh0

wzhhq wkh pruh dqg ohvv ylvleoh sxeolf jrrgv xswr vrph lqwhuphgldwh ohyho ri ghprfudf| aG61

Krzhyhu/ iru G6 A aG6/ wkh gl�huhqfhv lq uhvrxufhv doorfdwhg ehwzhhq wkh wzr sxeolf jrrgv

frphv grzq1

�iNNuH Vhh Dsshqgl{ 1 �

Wkxv/ doorzlqj iru lqwhudfwlrq ehwzhhq h�ruw dqg delolw| lq wkh surylvlrq ri sxeolf jrrgv

surylghv xv zlwk wzr dgglwlrqdo lqvljkwv1 Iluvw/ lw vkrzv wkdw kljkhu yrwhu h{shfwdwlrqv fdq

sod| d fuxfldo uroh lq jhqhudwlqj ehwwhu rxwfrphv lq wkh surylvlrq ri orz ylvlelolw| sxeolf

jrrgv vxfk dv khdowk/ vdqlwdwlrq ru hgxfdwlrq +dv rssrvhg wr idplqh uholhi ru ghihqfh gxulqj

zdu,1 Wr wklv hqg/ lw vxjjhvwv d uroh iru dfwlyh sxeolf dzduhqhvv dqg pdvv frppxqlfdwlrq

fdpsdljqv1 Dovr jrrg jryhuqphqwv fdq kdyh vslooryhu h�hfwv eh|rqg wkhlu whqxuh lq r�fh= e|

udlvlqj wkh h{shfwdwlrqv ri wkh hohfwrudwh/ wkh| frxog shupdqhqwo| lpsuryh pdwwhuv1 Vhfrqg/

zh �qg wkdw wkh lpsdfw ri juhdwhu ghprfudf| rq wkh surylvlrq ri orz0ylvlelolw| sxeolf jrrgv

qhhg qrw eh prqrwrqlf ~ zkloh juhdwhu ghprfudf| fdq zruvhq pdwwhuv +dv vhhq lq wkh hduolhu

vhfwlrq, dw lqlwldo vwdjhv/ wklqjv gr lpsuryh dw vx�flhqow| kljk ohyhov ri ghprfudf|1

e ,��_i?Ui

Lq wklv vhfwlrq zh suhvhqw hylghqfh iurp d zlgh ydulhw| ri vrxufhv wr vxjjhvw krz wkh cylvlelolw|

h�hfw* d�hfwv jryhuqphqwdo uhvrxufh doorfdwlrq wrzdugv ydulrxv sxeolf jrrgv dqg vhuylfhv1 Lq

d vhulhv ri h{dpsohv zh h{dplqh vrph hylghqfh wkdw vxjjhvwv wkdw wkh udwlr ri jryhuqphqw

h{shqglwxuh rq wkh pruh ylvleoh wr wkh ohvv ylvleoh sxeolf jrrg lv lqfuhdvlqj lq wkh dprxqw

ri ghprfudwl}dwlrq/ xswr vrph lqwhuphgldwh ohyho ri ghprfudf|1 Gxh wr gdwd olplwdwlrqv/ zh

riwhq irfxv rq rxwfrphv udwkhu wkdq dfwxdo h{shqglwxuh doorfdwlrqv1 Wkh lpphgldwh gl�fxow|

lq dq hpslulfdo lpsohphqwdwlrq ri wkh deryh surmhfw lv wr pdnh wkh fdvh wkdw gl�huhqw sxeolf

jrrgv ru lqghhg chyhqwv* kdyh xqdpeljxrxv gl�huhqfhv lq ylvlelolw|1 Lq rughu wr pdnh d fdvh/
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zh vwduw zlwk wkh prvw zhoo nqrzq h{dpsoh 0 idplqhv dqg pdoqxwulwlrq1

e�� 6@4�?it @?_ �@*?�|h�|�L?

Lq whupv ri wkhlu ylvlelolw|/ idplqhv dqg pdoqxwulwlrq duh d vwulnlqj frqwudvw1 Idplqhv lqyroyh d

vxgghq dqg vxevwdqwldo orvv ri olih zlwklq d yhu| vkruw wlph iudph1 Wkh h�hfw ri pdoqxwulwlrq

lv qrw dv gudpdwlf ~ |hw lw lv qr ohvv d nloohu/d txlhw dqg xqrewuxvlyh rqh1 Dffruglqj wr

Ghyhuhx{+4<<<,/ wkh ryhudoo h{fhvv pruwdolw| dvvrfldwhg zlwk idplqhv lq wkh wzhqwlhwk fhqwxu|

lv hvwlpdwhg dw :3 ploolrq1 Wkh Zruog Khdowk Rujdql}dwlrq hvwlpdwhv wkdw rxw ri 4419 ploolrq

ghdwkv dprqj fkloguhq xqghu �yh lq ghyhorslqj frxqwulhv lq 4<<8 dorqh/ 916 ploolrq ~ ru dv

pxfk dv 87 ( ~ zhuh dvvrfldwhg zlwk pdoqxwulwlrq12f \hw pdoqxwulwlrq lv vrphwklqj wkdw jrhv

odujho| xqqrwlfhg suhflvho| ehfdxvh ri lwv lqqdwh orz ylvlelolw|1 Wkh uhvrxufhv ri srolwlfldqv

dqg srolwlfdo sduwlhv duh fkdqqhol}hg wr rwkhu pruh ylvleoh glphqvlrqv ri srolwlfdo frpshwlwlrq1

Dv vxjjhvwhg e| rxu dqdo|vlv/ lq d srolwlfdo htxloleulxp/ erwk yrwhuv dqg srolwlfldqv udwlrqdoo|

fkrrvh wr sxw ohvv zhljkw rq ohvv ylvleoh sxeolf jrrgv/ hyhq li vxfk sxeolf jrrgv pd|eh pxfk

pruh lpsruwdqw iru qdwlrqdo zhoiduh1

D uhpdundeoh �qglqj ri uhfhqw idplqh dqdo|vlv/ zklfk uxqv frxqwhu wr frqyhqwlrqdo zlv0

grp/ lv wkdw wkh sulph fdxvh ri d idplqh lv riwhq qrw irrg vkruwdjh1 Wklv skhqrphqrq ri

sryhuw| dplgvw sohqw| gxulqj d idplqh lv qrz zhoo grfxphqwhg12�

Hyhq pruh vwulnlqj lv wkh frqwudvw ehwzhhq wkh lqflghqfh ri idplqhv lq ghprfudflhv dqg

qrq0ghprfudflhv= Ghyhuhx{+5333, grfxphqwv wkh wroo wdnhq e| idplqhv lq wkh wzhqwlhwk fhq0

wxu| ~ rqo| 463/333 ri wkh :3 ploolrq ghdwkv kdyh rffxuuhg lq ghprfudflhv$22 Fklqd dqg wkh

2f5L�hUiG �@}i Dc `O� B*LM@* #@|@M@ti L? ���*_ BhL�|� @?_ �@*?�|h�|�L?c �bb.�
2�A�i )i@h Lu |�i Bhi@| �i?}@* 6@4�?i �? W?_�@ E�be�� �@t @ )i@h ��ihi L�|T�| �@t 4�U� ��}�ih |�@?

|�i Thi��L�t )i@h( tL @*tL �? |�i U@ti Lu |�i �@?}*@_it� u@4�?iE�b.e�G |�i _�t|h�U|t |�@| �ihi �Lht| ��| M)

|�i u@4�?i �ihi |�i L?it |�@| �@_ |�i *@h}it| M�4Tih �@h�it| �? |�i Thi��L�t )i@h( _�h�?} |�i Wh�t� u@4�?i

Lu �HeS�eHc |�ihi �ihi *@h}i i TLh|t Lu uLL_}h@�? �ihi hiTLh|i_� 5ii 5i?E�bbf� uLh @ _�tU�tt�L? Lu |�iti @?_

L|�ih u@4�?i LUU�hhi?Uit�
22�u |�i |��h|) |�hii hiULh_i_ u@4�?it �? |�i |�i?|�i|� Ui?|�h) @h}�@M*) L?*) L?i �@t �? @ u�?U|�L?�?}

_i4LUh@U) � ?@4i*) |�i �@�@h@t�|h@ u@4�?i Lu �b.e� W?_ii_c }��i? |�i _h@4@|�U _iU*�?i �? uLL_ @�@�*�

@M�*�|) Lu @hL�?_ .fIc �| �t Lu|i? U�|i_ @t @ U@ti Lu @ t�UUittu�* }L�ih?4i?|@* hitTL?ti h@|�ih |�@? L|�ih�

��ti� `��*i u@4�?i _@|@ �t ?L|Lh�L�t*) �?hi*�@M*ic #i�ihi� < *�t| �t Tih�@Tt |�i 4Lt| U@hiu�*G ��}ih�@E�bf��
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Vrylhw Xqlrq wrjhwkhu dffrxqw iru ryhu ;3 ( ri doo idplqh ghdwkv lq wkh wzhqwlhwk fhqwxu|1

Wklv frqwudvw krogv xs lq whupv ri wkh shufhqwdjh ri wkh qdwlrqdo srsxodwlrq orvw gxh wr

idplqhv dv zhoo1 Wkh Juhdw Ohds idplqh lq Fklqd nloohg 718( ri Fklqd*v srsxodwlrq1 Dv

uhfhqwo| dv lq wkh hduo| 4<<3v/ 45048( ri Qruwk Nruhd*v srsxodwlrq zdv orvw wr idplqh1 Lq

frqwudvw wkh vroh idplqh wkdw rffxuuhg lq Lqgld uhvxowhg lq d orvv ri zhoo ehorz 3134 shufhqw

ri wkh srsxodwlrq12� Vhq+4<{{, frqwudvwv wkh lqflghqfh ri idplqhv lq Fklqd dqg Lqgld ryhu

wkh odvw �iw| |hduv ~ dv frpsduhg wr Fklqd*v �yh idplqhv wkdw nloohg 7918 ploolrq lq Fklqd

ryhu wkh sdvw fhqwxu|/ lqghshqghqw Lqgld kdv vhhq rqo| d vlqjoh idplqh iru zklfk wkh xsshu

hvwlpdwh ri wkh ghdwk wroo zdv 463/3331

D frxsoh ri h{sodqdwlrqv kdyh ehhq sxw iruwk iru wkhvh udwkhu gudpdwlf gl�huhqfhv lq

idplqh suhyhqwlrq dqg uholhi dfurvv ghprfudflhv dqg qrq0ghprfudflhv12e Wkh �uvw lv wkh idfw

wkdw/ lq d ghprfudf|/ wkh srsxodfh lv lq d ehwwhu srvlwlrq wr yrlfh lwv ghpdqgv wr hohfwhg

uhsuhvhqwdwlyhv ~ ehfdxvh lw fdq rxvw edg shuiruphuv iurp r�fh wkurxjk hohfwlrqv 0 wklv lv

wkh h�hfw ri srolwlfdo frpshwlwlrq1 D uhodwhg idfwru lghqwl�hg lv wkh uroh sod|hg e| d iuhh suhvv

xqghu d ghprfudf|= Q1Udp+4<;{, grfxphqwv krz wkh suhvhqfh ri d iuhh suhvv wkdw fulwlfdoo|

h{dplqhv d jryhuqphqw*v shuirupdqfh jdoydql}hv wkh jryhuqphqw lqwr juhdwhu h�ruw 0 wklv lv

wkh wudqvsduhqf| h�hfw wkdw zh wdonhg derxw1

Wklv vhfwlrq ri wkh sdshu lv yhu|/ yhu| suholplqdu| ~ sohdvh gr qrw txrwh

Wkh lqfhqwlyh h�hfwv ri juhdwhu srolwlfdo frpshwlwlrq dqg wudqvsduhqf| frxog lqghhg eh

yhu| sodxvleoh uhdvrqv iru vxshulru jryhuqphqw shuirupdqfh lq idplqh suhyhqwlrq lq ghprf0

udflhv1 Krzhyhu/ lw zrxog wkhq eh uhdvrqdeoh wr h{wudsrodwh wkdw vxfk lqfhqwlyh h�hfwv pxvw

lqfuhdvh jryhuqphqw h�ruwv lq rwkhu duhdv dv zhoo1 Lq oljkw ri rxu wkhruhwlfdo dqdo|vlv/ zh

duh lpphgldwho| gudzq wr dvvhvv wkh uhfrug rq kxqjhu dqg pdoqxwulwlrq1 Jlyhq lwv pxfk
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orzhu ylvlelolw| dqg lwv vhyhuh lpsdfw rq pruwdolw|/ erwk gxulqj idplqhv dqg rwkhuzlvh/ zh

dgguhvv wkh txhvwlrq= Zkdw lv wkh uhfrug ri ghprfudflhv/ zklfk duh vr h�hfwlyh lq wdfnolqj

idplqhv/ zlwk uhjdug wr pdoqxwulwlrqB Rxu suholplqdu| furvv0frxqwu| dqdo|vlv vxjjhvwv= qrw

dq| ehwwhu wkdq qrq0ghprfudflhv/ shukdsv zruvh1 Zh suhvhqw vrph ri rxu dqdo|vlv ehorz1

Vlqfh gdwd rq jryhuqphqw h{shqglwxuhv lq lpsrvvleoh wr rewdlq dw d glvdjjuhjdwhg furvv

frxqwu| ohyho/ zh gluhfwo| irfxv rq rxwfrphv1 Wkh gdwd rq pdoqxwulwlrq lv rewdlqhg iurp wkh

ZKR Joredo gdwdedvh rq Fklog Jurzwk dqg Pdoqxwulwlrq+4<<:,1 Rxu ghshqghqw yduldeoh lv

wkh shufhqwdjh ri pdoqrxulvkhg fkloguhq xqghu �yh |hduv ri djh/ dv d shufhqwdjh ri doo fkloguhq

xqghu wklv djh1 Rxu lqgh{ ri ghprfudf| lv d wudqvirupdwlrq ri wkh Iuhhgrp Krxvh lqgh{/

dqg lv lghqwlfdo wr wkh rqh xvhg e| Urguln+4<<<, dqg rwkhuv1 Zh frqwuro iru vrph lpsruwdqw

idfwruv wkdw zh eholhyh d�hfw wkh ghjuhh ri pdoqxwulwlrq1 Iruhprvw lv wkh fdorulh dydlodelolw|

shu fdslwd1 Wklv gdwd lv rewdlqhg iurp wkh IDR Vwdwlvwlfv \hduerrn iru ydulrxv |hduv1 Zh

dovr frqwuro iru wkh ghjuhh ri lqhtxdolw|/ dv phdvxuhg e| wkh Lqfrph Jlql/ rewdlqhg iurp wkh

kljk txdolw| gdwd lq Ghlqlqjhu dqg Vtxluh+4<<9,/ dqg ihpdoh dgxow olwhudf| dv uhsruwhg lq

wkh Kxpdq Ghyhorsphqw Uhsruw+4<<:,1 Ixuwkhu/ wkh ZKR Joredo gdwdedvh+4<<:,uhsruwv

vxevwdqwldo uhjlrqdo gl�huhqfhv lq wkh suhydohqfh ri pdoqxwulwlrq12D Khqfh/ zh lqwurgxfh

uhjlrqdo gxpplhv iru Vrxwk Dvld/ Vxe0Vdkdudq Diulfd dqg Odwlq Dphulfd12S Rxu gdwd rq

pdoqxwulwlrq fryhuv 77 frxqwulhv ryhu d wlph shulrg ehwzhhq 4<;: dqg 4<<81 Wkhuh duh

pxowlsoh revhuydwlrqv iru vrph frxqwulhv/ dqg doo frxqwulhv duh qrw fryhuhg iru doo |hduv lq

wklv wlph shulrg1 Iru hdfk gdwd srlqw rq pdoqxwulwlrq/ wkh lqghshqghqw yduldeohv xvhg duh

iurp wkh forvhvw suhylrxv |hdu iru zklfk gdwd lv dydlodeoh1 Zh xvh wkh phdq ri wkh revhuydwlrqv

dydlodeoh iru hdfk frxqwu| ryhu wklv shulrg1

Wkh slfwxuh wkdw hphujhv iurp rxu dqdo|vlv lv wkdw hfrqrplhv zlwk d kljkhu ghjuhh ri

ghprfudf| duh qr ehwwhu dw wdfnolqj pdoqxwulwlrq wkdq wkrvh zlwkrxw1 Lq jhqhudo/ wkh fr0

h�flhqw rq ghprfudf| lv hlwkhu vljql�fdqw srvlwlyh/ srvlwlyh exw lqvljql�fdqw ru qhjdwlyh
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The figure above is a partial residual plot of a measure of malnutrition (i.e. percentage of
children at or below five years of age) against the democracy index, (as modified  from
the Freedom House data).  The other control variables used to graph this plot include:
calorie availability per capita, per capita income, female adult literacy,  corruption indices
and region dummies.



dqg lqvljql�fdqw1 Wkxv/ zh frqfoxgh iurp rxu furvv0frxqwu| dqdo|vlv wkdw jlyhq wkhlu vwuln0

lqj vxffhvv ri ghprfudflhv rq idplqh suhyhqwlrq/ wkhlu odfn ri vlplodu dgydqwdjh lq wdfnolqj

pdoqxwulwlrq lv htxdoo| vwulnlqj12.

Lq wkh fdvh ri Lqgld/ wkh frqwudvw ehwzhhq lwv shuirupdqfh lq idplqh suhyhqwlrq dqg

pdoqxwulwlrq lv sduwlfxoduo| uhpdundeoh= Lwv vxffhvv dw idplqh uholhi dqg suhyhqwlrq lv h{0

fhswlrqdoo| kljk/ mxvw dv lwv udwhv ri pdoqxwulwlrq duh dprqj wkh kljkhvw lq wkh zruog1 Wkh

ZKR uhsruwv wkdw ryhu 83 ( ri pdoqrxulvkhg fkloguhq dfurvv ghyhorslqj frxqwulhv lq wkh

zruog olyh lq Vrxwk Fhqwudo Dvld � prvw ri wkhvh lq Lqgld1 Vxfk pdoqxwulwlrq pdnhv fkloguhq

pruh vxvfhswleoh wr glvhdvh1 Ixuwkhu/ lw lv suhflvho| wkh pdoqrxulvkhg zkr duh pruh olnho|

wr glh/ vkrxog idplqh0olnh frqglwlrqv suhydlo1 Lq wklv vhqvh/ wkhvh kljk udwhv ri pdoqxwulwlrq

pdnh wkh vxffhvv lq idplqh suhyhqwlrq lq Lqgld hyhq pruh ri d vwulnlqj vxffhvv1 Lqghhg/ lw

eulqjv krph rxu srlqw derxw wkh srolwlfv ri ylvlelolw| zlwk juhdwhu irufh= Wkh orz udwhv ri

idplqh lqflghqfh fdqqrw eh dwwulexwhg wr ehwwhu ryhudoo khdowk ri wkh srsxodwlrq/ jlyhq wkh

kljk lqflghqfh ri pdoqxwulwlrq1 Lw vxjjhvwv vxevwdqwldo h�ruw rq wkh sduw ri wkh jryhuqphqw

lq dyhuwlqj glvdvwhuv zlwk kljk ylvlelolw|/ dqg vxevwdqwldo qhjohfw ri ohvv ylvleoh/ exw htxdoo|

lpsruwdqw lvvxhv1

D , |i?t�L?t

Lq wklv vhfwlrq zh eulh�| rxwolqh vrph ri wkh qhjohfwhg dvshfwv ri wkh uhodwlrqvkls ehwzhhq

ylvlelolw| dqg wkh doorfdwlrq ri uhvrxufhv iru sxeolf jrrgv1

Qj|jiN}jAj�|+e YajN,N}+ BAa X�t�O�,�|+H

Shukdsv wkh prvw lpsruwdqw gudzedfn ri rxu prgho lv wkdw zh kdyh qhjohfwhg h{dplqlqj wkh

lpsdfw ri khwhurjhqhlw| ri wkh srsxodwlrq/ rq wkh qdwxuh ri sxeolf jrrg surylvlrq1

Lq sduwlfxodu/ lq wkh ehqfkpdun prgho/ wkh yrwhu*v ghflvlrq wr uh0hohfw ru uhmhfw wkh lqfxp0

ehqw zdv d ixqfwlrq ri wkh jryhuqphqw*v shufhlyhg delolw|1 Dq| gl�huhqfhv wkdw pljkw h{lvw

ehwzhhq wkh yrwhuv zdv txlwh luuhohydqw lq ghwhuplqlqj wkhlu yrwlqj fkrlfh/ vlqfh doo yrwhuv

zhuh ehwwhu r� zlwk d pruh udwkhu wkdq ohvv deoh jryhuqphqw1 Krzhyhu/ wklv dvvxpswlrq lv

dssursuldwh rqo| vr orqj dv wkh sxeolf jrrg wkdw lv lq txhvwlrq hqjhqghuv orz glphqvlrqdo
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frq�lfw dprqjvw d khwhurjhqhrxv vhw ri yrwhuv1 Lq uhdolw| wkhuh duh d ydulhw| ri sxeolf srolflhv

zkhuh wkh lvvxh lv qrw mxvw mxvw zklfk jryhuqphqw zloo hqodujh wkh vl}h ri wkh qdwlrqdo fdnh/

exw udwkhu krz wkh jryhuqphqw sodqv wr glylgh lw1 Wkh juhdwhu wkh xqghuo|lqj lqhtxdolw|

dprqjvw wkh srsxodwlrq/ wkh kljkhu wkh srwhqwldo lpsruwdqfh ri lghrorj| dqg uhglvwulexwlyh

lvvxhv lq ghwhuplqlqj hohfwrudo rxwfrphv1 Wklv zrxog vxjjhvw wkdw wkh jryhuqphqw*v lqfhqwlyh

wr uhglvwulexwh uhvrxufhv wr errvw lwv hohfwrudo fkdqfhv pljkw kdyh wkh srwhqwldo wr uhlqirufh

ru plwljdwh wkh lqfhqwlyh ri wkh jryhuqphqw wr glyhuw uhvrxufhv wr wkh pruh cylvleoh* sxeolf

jrrg1

Lq dgglwlrq/ wkh ylvlelolw| ri d sxeolf jrrg pljkw lwvhoi eh d ixqfwlrq ri xqghuo|lqj khw0

hurjhqhlw| ri wkh srsxodwlrq1 Vr d iduphu pljkw eh ehwwhu deoh wr dvvhvv wkh uroh ri wkh

jryhuqphqw lq hqvxulqj luuljdwhg �hogv wkdq d shuvrq olylqj lq dq xuedq duhd1

Lq ixuwkhu zrun +lq surjuhvv,/ zh h{dplqh wkh lpsdfw ri yrwhu khwhurjhqhlw| rq wkh srolwlfv

ri ylvlelolw|1 Wkh sdshu dgdswv Ehvoh| dqg Frdwh+5333, wr vkrz wkdw li srolwlfdo frpshwlwlrq

zdv vwurqj hqrxjk/ wkhq wkh srolwlfv ri ylvlelolw| uhpdlqv lpsruwdqw dqg rxu uhvxowv duh

xqd�hfwhg1 Krzhyhu/ li srolwlfdo frpshwlwlrq lv qrw vwurqj hqrxjk/ wkhq lw fdq eh vkrzq wkdw

wkh jryhuqphqw pljkw kdyh dq lqfhqwlyh wr doorfdwh uhvrxufhv lq idyru ri wkh sxeolf jrrgv wkdw

lv suhihuuhg e| lwv rzq frqvwlwxhqf|/ hyhq li wklv jrrg kdsshqv wr eh ohvv ylvleoh1 Zh wkhq jr

rq h{soruh frqglwlrqv xqghu zklfk srolwlfdo frpshwlwlrq lv pruh olnho| wr eh d frpshwlwlrq

dprqjvw wkh delolw| dv djdlqvw wkh lghrorj| ri wkh srolwlfdo sduwlflsdqwv1

CiBAtVBijAW+ BAa $j6NWiBW+H

Juhdwhu ghprfudf|/ doprvw e| gh�qlwlrq phdqv pruh srolwlfdo frpshwlwlrq dqg wkh srvvlelolw|

ri orvv ri hohfwlrqv1 Krzhyhu/ dv dujxhg irufhixoo| e| Vhq +4<<<,/ ghprfudf| uhvxowv lq juhdwhu

srolwlfdo dqg flylo uljkwv1 Lqghhg Vhq+4<<<, dujxhv/ juhdwhu srolwlfdo dqg flylo uljkwv _111lq0

foxgh wkh srvvlelolw| wr vfuxwlql}h dqg fulwlfl}h dxwkrulwlhv/ wr kdyh wkh iuhhgrp ri srolwlfdo

h{suhvvlrq dqg dq xqfhqvruhg suhvv/ wr hqmr| wkh iuhhgrp wr fkrrvh ehwzhhq gl�huhqw srolw0

lfdo sduwlhv dqg vr rq%1 Juhdwhu srolwlfdo iuhhgrp dqg ghprfudf| kdyh wzr glvwlqfw dvshfwv

zklfk qhhg wr eh kljkoljkwhg1 Wkh �uvw lv wkh iuhhgrp wr fkrrvh dprqjvw frpshwlqj fdqgl0

gdwhv/ wkdw frqvwlwxwhv wkh hvvhqfh ri srolwlfdo frpshwlwlrq1 Vhfrqg/ wkh juhdwhu lqirupdwlrq

dydlodelolw| dffrpsdqlhv ghprfudwl}dwlrq1 Wklv lqfuhdvh lq lqirupdwlrq pljkw eh ehfdxvh ri

wkh iuhhgrp ri srolwlfdo h{suhvvlrq dv zhoo dv wkh hqkdqfhg iuhhgrp ri wkh suhvv1 Zh iroorz
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Jrq}doh}+4<<<, lq odeholqj wklv lqirupdwlrqdo dvshfw ri srolwlfdo iuhhgrp dv lwv wudqvsduhqf|/

zklfk zh dvvxph wr lqfuhdvh zlwk wkh dprxqw ri ghprfudf|1

Lq rxu sdshu wkh hpskdvlv kdv ehhq rq wkh lpsolfdwlrqv ri lqfuhdvhg srolwlfdo frpshwlwlrq

wkdw dffrpsdqlhv juhdwhu ghprfudwl}dwlrq1 Zh ghprqvwudwhg/ wkdw wkh lqfuhdvhg srolwlfdo

frpshwlwlrq wkdw dffrpsdqlhv ghprfudf| uhvxowv pljkw uhvxow lq dq lqh�flhqw vxevwlwxwlrq

ri h�ruw dqg uhvrxufhv dzd| iurp wkh ohvv wr wkh pruh ylvleoh sxeolf jrrg1 Krzhyhu/ dv

dujxhg lq wkh suhfhglqj sdudjudsk/ juhdwhu ghprfudf| lv dovr olnho| wr eh dffrpsdqlhg e|

juhdwhu wudqvsduhqf|1 Vr wkh lvvxh ri lqwhuhvw lv wr h{dplqh wkh lqfhqwlyhv iru sxeolf jrrg

surylvlrq zkhq srolwlfdo frpshwlwlrq lv fruuhodwhg zlwk pruh wudqvsduhqf|1 Zkloh zh gr qrw

ixoo| h{soruh wkh lpsdfw ri wudqvsduhqf|/ zh vxjjhvw krz lw pljkw lpslqjh rq rxu suhfhglqj

dqdo|vlv1

Frqvlghu wkh iroorzlqj h{dpsoh1 Vxssrvh/ wkh revhuydeoh rxwsxw }�� kdv wkh glvwulexwlrq

}�� � Q+3> �+G6,�
2

�
, zkhuh �+G6, � 3/ dqg �� ? 3> ��� A 31 Wkh ehqfkpdun prgho ri wkh

suhfhglqj vhfwlrq fdq eh frqvlghuhg wr eh wkh vshfldo fdvh zkhuh � @ 41 Lq dgglwlrq/ lq

rughu wr vroyh h{solflwo| iru htxloleulxp h�ruw ohyhov/ zh zrun zlwk wkh vshfldo fdvh zkhuh

f+h�> h�, @ h2
�
. 5nh�h� . h2

�
/ zkhuh n 5 +3> 4, lv wkh ghjuhh ri vxevwlwxwdelolw| ehwzhhq

h�ruw lq wkh wzr wdvnv1 Xqghu wkhvh dvvxpswlrqv/ frqvlghu wkh lpsdfw ri dq lqfuhdvh lq

ghprfudf| rq wkh jryhuqphqw*v lqfhqwlyh wr doorfdwh h�ruw dfurvv wkh wzr sxeolf jrrgv1

Juhdwhu ghprfudf| e| lqfuhdvlqj srolwlfdo frpshwlwlrq hqkdqfhv wkh dv|pphwu| lq h�ruw

doorfdwlrq dfurvv wkh wzr sxeolf jrrgv1 Krzhyhu/ qrz juhdwhu ghprfudf| lv dovr dffrpsdqlhg

e| hqkdqfhg wudqvsduhqf|1 Krzhyhu/ juhdwhu wudqvsduhqf| uhgxfhv wkh lqfhqwlyhv iru wkh

jryhuqphqw wr lqh�flhqwo| doorfdwh uhvrxufhv lq idyru ri wkh pruh ylvleoh wdvn1 Dw yhu|

kljk+orz, ohyhov ri ghprfudf|/ wkh wudqvsduhqf| h�hfw lv olnho| wr grplqdwh+eh grplqdwhg

e|, wkh ylvlelolw| h�hfw1 Lq wkh iroorzlqj sursrvlwlrq zh vkrz wkdw wkh dv|pphwu| lq uhvrxufh

doorfdwlrq dfurvv wkh sxeolf jrrgv lv jrlqj wr eh pd{lpl}hg dw vrph lqwhuphgldwh ohyho ri

ghprfudf|1 Wkhuhiruh/ eh|rqg d fhuwdlq wkuhvkrog ohyho ri ghprfudf|/ wkh dv|pphwu| lq

h�ruw doorfdwlrq glplqlvkhv1

Revhuyh wkdw zkloh frqfhswxdoo| glvwlqfw/ wklv uhvxow lv vlplodu lq �dyru wr rxu uhvxowv lq

Vhfwlrq LY1

-�W� �jit�t �NNi �N�A|i�jtH
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Krz zrxog dq lqfuhdvh lq lqfrph dqg uhvrxufhv zlwk wkh jryhuqphqw/ d�hfw wkh ohyho ri

uhvrxufh plvdoorfdwlrq ehwzhhq wkh pruh dqg ohvv ylvleoh sxeolf jrrgB Vxssrvh zh h{shfw

jryhuqphqwv lq ulfkhu frxqwulhv wr kdyh pruh uhvrxufhv wr doorfdwh wr sxeolf jrrg surylvlrq

wkdq srru frxqwulhv1 Lq wklv fdvh wkh pdujlqdo frvw fxuyh ehfrphv �dwwhu1 Revhuyh wkdw

wkh jds ehwzhhq wkh pdujlqdo ehqh�w fxuyhv ehwzhhq wkh pruh dqg ohvv ylvleoh sxeolf jrrgv

frphv grzq dw kljkhu ohyhov ri jryhuqphqw h{shqglwxuh1 Wkhuhiruh/ zkhq wkh jryhuqphqw kdv

d odujhu exgjhw H/ rxw ri zklfk lw kdv wr doorfdwh uhvrxufhv iru sxeolf jrrg surylvlrq/ wkhq

wkh dv|pphwu| lq sxeolf jrrg h{shqglwxuh dfurvv wkh sxeolf jrrgv lv orzhu1 Wklv lpsolhv

wkdw wkh plvdoorfdwlrq ri uhvrxufhv lv olnho| wr eh orzhu lq ulfkhu udwkhu wkdq srru frxqwulhv

0 iru d jlyhq ohyho ri ghprfudf|1

S �L?U*�t�L?

Prvw sxeolf srolflhv dgrswhg dqg sxeolf jrrgv surylghg/ kdyh rxwfrphv zklfk gl�hu lq wkh

h{whqw ri wkhlu ylvlelolw| wr wkh sxeolf1 Zh h{dplqh wkh lpsolfdwlrqv ri gl�huhqfhv lq wkh

cylvlelolw|* ri gl�huhqw sxeolf srolflhv rq wkh qdwxuh ri jryhuqphqw lqwhuyhqwlrq lq wkh sxeolf

duhqd1

Zh duulyh dw wkh iroorzlqj frqfoxvlrqv1 Iluvw/ jryhuqphqwv kdyh d whqghqf| wr doorfdwh

uhvrxufhv wrzdugv wkh pruh ylvleoh sxeolf jrrg1 Rxu iudphzrun khosv h{sodlq zk| srolwlfdo

frpshwlwlrq lv riwhq rq glphqvlrqv rwkhu wkdq wkh rqh wkdw |lhogv wkh juhdwhvw hfrqrplf

ehqh�wv1 Vhfrqg/ juhdwhu ghprfudf| jlyhv jryhuqphqwv pruh ri dq lqfhqwlyh wr plvdoorfdwh

uhvrxufhv lq idyru ri wkh pruh cylvleoh* sxeolf jrrg1 Krzhyhu wkh lpsdfw ri juhdwhu ghprf0

udwl}dwlrq rq qdwlrqdo zhoiduh lv dpeljxrxv/ vlqfh pruh srolwlfdo frpshwlwlrq kdv srvlwlyh

lqfhqwlyh h�hfwv lq wkh irup ri juhdwhu h�ruw rq wkh sduw ri wkh jryhuqphqw1 Wklug/ zh h{0

soruh frqglwlrqv xqghu zklfk pxowlsoh htxloleuld pljkw h{lvw1 Zh rxwolqh dq dujxphqw wr

vxjjhvw zk| zh vkrxog h{shfw pxowlsoh htxloleuld/ lq wkh surylvlrq ri sxeolf jrrgv wkdw uh0

txluh d odujhu qxpehu ri frpsohphqwdu| lqsxwv 0 vxfk dv hgxfdwlrq/ khdowk dqg vdqlwdwlrq1

Rxu dqdo|vlv vxjjhvwv wkdw udlvlqj sxeolf dzduhqhvv derxw wkh lpsruwdqfh ri wkh uroh ri wkh

jryhuqphqw lq vxsso|lqj sxeolf jrrgv vxfk dv hgxfdwlrq dqg khdowk fdq kdyh dq lpsruwdqw

uroh wr sod|1 Lq sduwlfxodu/ e| fkdqjlqj yrwhu h{shfwdwlrqv/ suhylrxvo| dsdwkhwlf jryhuqphqwv

pljkw kdyh dq lqfhqwlyh wr surylgh kljkhu ohyhov ri wkh ohvv ylvleoh sxeolf jrrgv1 Ilqdoo|/

5:



zh vkrz frqglwlrqv xqghu zklfk wkhuh lv d qrq0prqrwrqlf uhodwlrqvkls ehwzhhq wkh h{whqw

ri ghprfudwl}dwlrq dqg wkh h{whqw ri uhvrxufh plvdoorfdwlrq dfurvv wkh wzr sxeolf jrrgv1

Wkh lqh�flhqf| dvvrfldwhg zlwk juhdwhu ghprfudf| lv kljkhvw dw vrph lqwhuphgldwh ohyho ri

ghprfudf| dqg ghfuhdvhv wkhuhdiwhu1
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