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Devwudfw

Wklv sdshu vwxglhv whfkqrorj| srolf| zlwklq wkh frqwh{w ri dq U)G0edvhg jurzwk prgho1

Zh �uvw xvh furvv0frxqwu| gdwd wr grfxphqw vhyhudo hpslulfdo uhjxodulwlhv uhjduglqj wkh

uhodwlrqvkls ehwzhhq sxeolf vxssruw wr uhvhdufk dqg lplwdwlqj/ dqg uhodwlyh lqfrph ohyhov1

Zh wkhq frqvwuxfw d prgho lq zklfk wkh srvvlelolw| ri frs|lqj iruhljq lghdv wkurxjk d

whfkqrorj| wkdw h{klelwv glplqlvklqj lplwdwlrq rssruwxqlwlhv lv vx!flhqw wr dffrxqw iru wkh

revhuyhg dyhudjh sdwwhuqv1 Zh dovr �qg wkdw srolf| lqwhuyhqwlrq fdq surgxfh lpsruwdqw

zhoiduh ehqh�wv> fdslwdo dffxpxodwlrq vxevlglhv vkrz d voljkwo| odujhu frqwulexwlrq wr wkh

zhoiduh lpsuryhphqw wkdq U)G vxssruw1

Nh| zrugv= uhvhdufk> lplwdwlrq> srolf|> jurzwk> wudqvlwlrqdo g|qdplfv

MHO Fodvvl�fdwlrq Frghv= R6;> R44

WL zlvk wr wkdqn Hplolr Grpðqjxh}/ Dp| M1 Jodvv/ Mdqh H1 Lkulj/ Dxekln Nkdq/ Wkrpdv Rvdqj/ Fkulv

Sdssdjhrujlrx/ E1 Udylnxpdu/ dqg Doh{ Zropdq iru frpphqwv1 L dp dovr judwhixo wr Urehuw H1 Hyhqvrq iru

nlqgo| vxsso|lqj wkh gdwd1



4 Lqwurgxfwlrq

Jryhuqphqwv dfwlyho| vxssruw wkh dffxpxodwlrq ri nqrzohgjh1 Sxeolf uhvhdufk surjudpv/ olnh

xqlyhuvlw| uhvhdufk judqwv dqg wkh hvwdeolvkphqw ri lqgxvwuldo uhvhdufk oderudwrulhv/ wu| wr

surprwh lqyhqwlrq dqg lqqrydwlrq1 Sxeolf vxevlgl}dwlrq ri whfkqrorj| lplwdwlrq/ rq wkh rwkhu

kdqg/ idflolwdwhv whfkqrorj| gl�xvlrq> srolf| dfwlrqv qrz lqfoxgh sxeolf hgxfdwlrq/ whfkqlfdo

dgylvru| vhuylfhv iru srwhqwldo dgrswhuv/ dqg wudlqlqj surjudpv iru vflhqwlvwv dqg hqjlqhhuv1

Uxvwlfklql dqg Vfkplw} +4<<4, surylgh qxphurxv h{dpsohv zklfk looxvwudwh wkh lpsruwdqfh ri

uhvhdufk dqg lplwdwlrq srolflhv lq hfrqrplf jurzwk1

Wkh olwhudwxuh kdv dovr uhfrjql}hg wkh h{lvwhqfh ri zlgh whfkqrorj| srolf| glvsdulwlhv dfurvv

frxqwulhv1 Wkh h{whqg dqg ghwhuplqdqwv ri wkhvh gl�huhqfhv duh qrw krzhyhu zhoo xqghuvwrrg1

Dv Vwrqhpdq dqg Glhghuhq*v +4<<7, vwxg| vxjjhvwv/ wklv lv hvshfldoo| wuxh lq wkh fdvh ri lpl0

wdwlrq srolf|1 Wkh qhhg iru d ghhshu dqdo|vlv ri wkh ghwhuplqdqwv ri lplwdwlrq srolf|/ dqg lwv

lqwhudfwlrq zlwk sxeolf uhvhdufk surjudpv/ ehfrphv hyhq pruh lpsruwdqw zkhq zh frqvlghu

wkdw wkh gl�xvlrq ri iruhljq whfkqltxhv lv d pdlq vrxufh ri surgxfwlylw| jurzwk lq erwk dg0

ydqfhg dqg ghyhorslqj frxqwulhv +Hdwrq dqg Nruwxp 4<<9/ dqg Frh hw do1 4<<:,1 Lq wklv sdshu/

zh �uvw xvh furvv0frxqwu| gdwd rq uhvhdufk dqg lplwdwlrq vxevlglhv wr xqfryhu krz wkh| ydu|

dorqj wkh hfrqrplf ghyhorsphqw surfhvv1 Zh wkhq frqvwuxfw d prgho/ dqg vkrz wkdw doorzlqj

iru wkh srvvlelolw| ri dftxlulqj iruhljq whfkqrorj| wkurxjk d whfkqrorj| wkdw h{klelwv glplq0

lvklqj lplwdwlrq rssruwxqlwlhv lv vx!flhqw wr uhsurgxfh wkh revhuyhg sdwwhuqv1 Rxu uhvxowv

vxjjhvw wkdw iruhljq lghdv duh wkh nh| gulylqj irufh ehklqg lplwdwlrq srolf|1

Zh �qg wkh iroorzlqj hpslulfdo uhjxodulwlhv1 +l, Wkh udwlr ri lplwdwlrq wr uhvhdufk vxssruw

ghfuhdvhv zlwk wkh ohyho ri hfrqrplf ghyhorsphqw> Uxvwlfklql dqg Vfkplw} +4<<4, dovr �qg

wklv sx}}olqj vw|ol}hg idfw/ ohdylqj lwv h{sodqdwlrq wr ixwxuh uhvhdufk1 +ll, Wkh wrwdo whfkqrorj|

srolf| h{shqglwxuh dqg uhvhdufk vxevlg| vkduhv lqfuhdvh dorqj wkh frqyhujhqfh sdwk1 Dqg +lll,

wkh vkduh ri jryhuqphqw lqyhvwphqw lq lplwdwlrq glvsod|v d kxps vkdsh1

Wr uhsurgxfh wkh deryh hylghqfh/ zh exlog d qrq0vfdoh U)G0edvhg jurzwk prgho14 Lq

rxu iudphzrun/ whfkqlfdo surjuhvv rffxuv hlwkhu e| lplwdwlqj iruhljq lghdv ru lqyhqwlqj qhz

rqhv15 Wkh wzr dfwlylwlhv duh frpsohphqwdu|1 Erwk lplwdwlrq dqg uhvhdufk duh frvwo|/ exw

4Vhh Hlfkhu dqg Wxuqryvn| +4<<<, iru d ghwdlohg glvfxvvlrq rq qrq0vfdoh prghov ri jurzwk1
5Wkh lplwdwlrq ri iruhljq whfkqltxhv dqg surgxfwv e| grphvwlf surgxfhuv lv qrw wkh rqo| irup ri whfkqrorj|

wudqvihu1 Wkhuh duh rwkhu fkdqqhov vxfk dv IGL/ lqwhuqdwlrqdo olfhqvlqj djuhhphqwv/ mrlqw yhqwxuhv/ dqg wxuqnh|
surmhfwv1 Zkdw uhdoo| pdwwhuv/ krzhyhu/ lv wkdw wkh wudqvplvvlrq dqg dvvlplodwlrq ri qhz lghdv lv qrw dxwrpdwlf/
dqg lv frvwo|/ hvshfldoo| lq wkh fdvh ri iruhljq whfkqltxhv +Sdfn dqg Vdjjl 4<<:,1 Zh irfxv rq lplwdwlrq ehfdxvh
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wkh iruphu lv fkhdshu +Pdqv�hog hw do1 4<;4,1 Dv wkh whfkqrorjlfdo jds ghfuhdvhv/ lplwdwlrq

ehfrphv pruh h{shqvlyh/ jhqhudwlqj d qhjdwlyh h{whuqdolw| iurp fxuuhqw U)G h�ruw wr ixwxuh

lplwdwlrq surgxfwlylw|1 Zh orrn dw hfrqrplf ghyhorsphqw dv wkh wudqvlwlrq sdwk wrzdug d qhz

vwhdg|0vwdwh zlwk kljkhu ohyhov ri lqfrph1 Zh vwxg| g|qdplfv xvlqj kljk0ghjuhh sro|qrpldo

dssur{lpdwlrqv> lq wklv/ zh iroorz wkh phwkrg sursrvhg e| Mxgg +4<<5,1

Zkdw shuplwv wkh prgho wr uhsolfdwh wkh hylghqfh rq sxeolf vxssruw wr uhvhdufk dqg lpl0

wdwlrq lv wkh lqwhudfwlrq ehwzhhq wzr rssrvlqj irufhv lqgxfhg e| wkh lplwdwlrq whfkqrorj|1 Dv

d frxqwu| fdwfkhv xs zlwk wkh pruh dgydqfhg qdwlrqv/ erwk wkh lplwdwlrq surgxfwlylw| dqg

wkh qhjdwlyh h{whuqdolw| ghfolqh1 Wkh iruphu h�hfw uhgxfhv wkh lqfhqwlyh wr vxssruw lplwdwlrq/

zkhuhdv wkh odwwhu hqfrxudjhv erwk uhvhdufk dqg frs|lqj vxevlglhv1

Zh dovr dvn wkh iroorzlqj txhvwlrq= Krz grhv whfkqrorj| srolf| d�hfw hfrqrplf ghyho0

rsphqwB Zh �qg wkdw wkh frpsohwh devhqfh ri srolf| lqwhuyhqwlrq fdq surgxfh lpsruwdqw

gl�huhqfhv zlwk uhvshfw wr hfrqrplhv wkdw iroorz wkh vrfldo rswlpxp1 Dw wkh vwhdg|0vwdwh/

wkh uhodwlyh ohyho ri rxwsxw shu fdslwd fdq idoo ehorz 93 shufhqw/ zklfk lpsolhv d orvv lq frq0

vxpswlrq ri pruh wkdq : shufhqw1 Wkh prgho suhglfwv wkdw wkh frqwulexwlrq ri sk|vlfdo fdslwdo

dffxpxodwlrq vxevlglhv lv voljkwo| odujhu wkdq wkh rqh ri whfkqrorj| srolf|1 Zh rewdlq wklv

uhvxow xvlqj d uhodwlyho| vpdoo/ hpslulfdoo|0vxssruwhg pdun0xs1

Uhohydqw sdshuv iru rxu zrun duh Uxvwlfklql dqg Vfkplw} +4<<4,/ Vhjhuvwurp +4<<4,/ Mr0

ydqrylf dqg PdfGrqdog +4<<7,/ Krxvhu +4<<:,/ dqg Gdylgvrq dqg Vhjhuvwurp +4<<;,1 Wkhvh

sdshuv hqgrjhqrxvo| ghwhuplqh wkh rswlpdo doorfdwlrqv erwk wr lplwdwlrq dqg uhvhdufk1 Wkh|

duh/ krzhyhu/ forvhg0hfrqrp| prghov lq zklfk lplwdwlrq wdujhwv grphvwlfdoo| jhqhudwhg lghdv1

Jurvvpdq dqg Khospdq +4<<4,/ Jodvv dqg Vdjjl +4<<;,/ Fxuulh hw do1 +4<<<,/ Ydq Hondq

+4<<9,/ dqg Shuh}0Vhedvwldq +iruwkfrplqj, duh jhqhudo htxloleulxp rshq0hfrqrp| prghov ri

jurzwk lq zklfk erwk lplwdwlrq dqg lqqrydwlrq duh frvwo| dfwlylwlhv1 Dv rxu zrun/ wkh �uvw

wkuhh ri wkhvh vwxglhv h{soruh krz U)G vxevlglhv d�hfw hfrqrplf jurzwk/ dqg wkh odvw wkuhh

sdshuv rewdlq dq htxloleulxp lq zklfk lplwdwlrq dqg lqqrydwlrq fdq frh{lvw lq wkh vdph frxqwu|1

Qr rqh/ krzhyhu/ dqdo|}h wkh ghwhuplqdqwv ri whfkqrorj| srolf|/ dqg krz lw fkdqjhv dv lqlwldoo|

srru qdwlrqv ghyhors dqg surjuhvvlyho| ehfrph pruh lqwhjudwhg lq wkh uhvw ri wkh zruog1

Zh surfhhg dv iroorzv1 Vhfwlrq 5 ghvfulehv wkh gdwd rq jryhuqphqw vxssruw ri uhvhdufk

dqg lplwdwlrq1 Vhfwlrq 6 suhvhqwv wkh prgho1 Wkh vrfldo sodqqhu*v sureohp lv vwdwhg lq vhfwlrq

71 Rswlpdo wd{ udwhv duh ghulyhg lq vhfwlrq 81 Vhfwlrq 9 vwxglhv wudqvlwlrqdo g|qdplfv/ dqg lq

lw fdswxuhv zhoo wklv qrwlrq/ dqg pdnhv wkh prgho wudfwdeoh1
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sduwlfxodu/ krz wkh wd{ udwhv ydu| dorqj wkh ghyhorsphqw sdwk/ dqg krz srolf| d�hfwv zhoiduh1

Vhfwlrq 9 frqfoxghv1

5 Jryhuqphqw Vxssruw ri Uhvhdufk dqg Lplwdwlrq

Lq wklv vhfwlrq/ zh xvh lqwhuqdwlrqdo gdwd wr vwxg| wkh uhodwlrqvkls ehwzhhq whfkqrorj| srolf|

dqg d frxqwu|*v uhodwlyh lqfrph ohyho1 Wkh djulfxowxudo vhfwru lv riwhq wkh ehvw vrxufh ri gdwd

iru lvvxhv ri whfkqrorjlfdo fkdqjh1 Rxu fdvh lv qr gl�huhqw1 Dv idu dv zh nqrz/ wkh rqo| vrxufh

ri gdwd derxw lplwdwlrq dqg uhvhdufk vxssruw iru d odujh furvv0vhfwlrq ri frxqwulhv lv wkh rqh

frqvwuxfwhg e| Mxgg/ Er|fh dqg Hyhqvrq +4<;9, iru wkh djulfxowxudo vhfwru1 Lw frqwdlqv gdwd

uhjduglqj sxeolf lqyhvwphqw lq uhvhdufk dqg h{whqvlrq +l1h1/ lplwdwlrq, dv d shufhqwdjh ri wkh

ydoxh ri wkh djulfxowxudo surgxfw1 Wkh Shqq Zruog Wdeohv/ yhuvlrq 819/ surylghv dqqxdo  rzv

ri JGS shu zrunhu1

Zh kdyh gdwd iru :; frxqwulhv iru wkh |hduv 4<95/ 4<98/ 4<9;/ 4<:4/ 4<:7/ 4<:: dqg 4<;316

Lqlwldoo|/ zh zdqw wr h{dplqh zkdw wkh gdwd vd| derxw wkh ixqfwlrqdo irup uhodwlqj uhvhdufk

dqg lplwdwlrq vxevlglhv dqg d frxqwu|*v ohyho ri lqfrph1 Wr gr wklv/ zh frpsxwh hdfk yduldeoh*v

dyhudjh ydoxh iru hyhu| frxqwu| +vhh Dsshqgl{ E,/ dqg uxq wkh iroorzlqj ROV uhjuhvvlrq=

oq +V-c�, @
�[

�'f

d� ^oq+|�,`
� . %� > +4,

zkhuh V-c� lv wkh jryhuqphqw vxssruw vkduh lq rxwsxw lq frxqwu| m> |� lv uhodwlyh JGS shu

zrunhu +UJGSZ, dv d shufhqwdjh ri wkh X1V1 ohyho> %� lv wkh glvwxuedqfh> dqg wkh d�*v duh

wkh uhjuhvvlrq frh!flhqwv1 Zh fkrrvh wkh ghjuhh ri wkh sro|qrpldo Q wkdw pd{lpl}hv wkh

dgmxvwhg0U217 Lq dgglwlrq/ wr pdnh vxuh wkdw dgghg whupv wr wkh sro|qrpldo surylgh ydoxdeoh

lqirupdwlrq/ zh uhtxluh wkdw doo frh!flhqwv pxvw eh vljql�fdqw dw wkh 43 shufhqw ohyho1 Zh dovr

dqdo|}h wkh uhodwlrqvkls iru wkh Pdqnlz/ Urphu dqg Zhlo +4<<5, 550RHFG jurxs1 Jlyhq wkh

orz qxpehu ri revhuydwlrqv lq wklv vhfrqg vdpsoh/ zh olplw wr wzr wkh pd{lpxp sro|qrpldo

ghjuhh wr dyrlg ryhu�wwlqj1

Iljxuh 4 suhvhqwv wkh uhvxowv1 Qh{w wr hdfk fkduw/ s0y lv wkh pd{lpxp s0ydoxh ri wkh

lqglylgxdo vljql�fdqfh ri wkh sro|qrpldo frh!flhqwv> dqg I lv wkh I0vwdwlvwlf uhodwhg wr wkh

6Zh h{foxghg sodqqhg hfrqrplhv +Hdvwhuq Hxursh/ Vrylhw Xqlrq/ dqg Fklqd, ehfdxvh wkhlu jryhuqphqw
vxssruw �jxuhv gr qrw uh hfw pdunhw idloxuh1 Zh dovr jhw ulg ri ]dpeld ehfdxvh lwv h{whqvlrq dqg uhvhdufk
vxssruw vkduhv fkdqjhg yhu| gudpdwlfdoo| iru yhu| vpdoo yduldwlrqv ri lwv JGS shu fdslwd ohyho1

7Ghq Kddq dqg Pdufhw +4<<3, hvwdeolvk wkdw wkhvh h{srqhqfldwhg sro|qrpldov fdq dssur{lpdwh dq| ixqfwlrq
7- ' sE+� e| ohwwlqj � jr wr lq�qlw|1 Zh dovr uxq ROV uhjuhvvlrqv xvlqj vwdqgdug sro|qrpldov/ exw wkh 7-2 zdv

dozd|v orzhu1 Wkh sdudphwhu �*v xsshu erxqg zdv �f1
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Iljxuh 4= Sxeolf Vhfwru Uhvhdufk dqg H{whqvlrq H{shqglwxuhv dv d Shufhqwdjh ri wkh Ydoxh ri
Djulfxowxudo Surgxfw
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whvw ri wkhlu mrlqw vljql�fdqfh1 Wkh wzr fkduwv dw wkh wrs vd| wkdw/ h{fhsw iru wkh yhu| ohvv

ghyhorshg frxqwulhv/ wkhuh h{lvwv d srvlwlyh uhodwlrqvkls ehwzhhq uhodwlyh lqfrph ohyhov dqg wkh

vkduh ri jryhuqphqw vxssruw wr uhvhdufk1 Iru orz ohyhov ri ghyhorsphqw/ zh revhuyh d vslnh1 Lw

fdq eh wkh uhvxow ri ryhu�wwlqj wkh gdwd1 Exw lqwhuhvwlqjo|/ dv zloo eh vhhq odwhu/ rxu prgho*v

suhglfwlrqv fdq r�hu dq h{sodqdwlrq iru wklv w|sh ri sdwwhuq1

Wkh gdwd rq h{whqvlrq2lplwdwlrq vxssruw gr qrw surylgh d frpsohwho| fohdu slfwxuh1 Wkh

dgmxvwhg olqh vkrzv wkh vdph lqlwldo lqyhvwphqw vslnh irup dv wkh uhvhdufk vxssruw fdvh1 Zkhq

zh orrn dw wkh zkroh :;0frxqwu| vdpsoh/ d kxps vkdsh ehkdylru dulvhv1 Lplwdwlrq vxevlglhv

lqfuhdvh zlwk wkh ohyho ri ghyhorsphqw/ exw rqo| xs wr vrph srlqw diwhu zklfk wkh| ghfolqh1

Wkh 550RHFG jurxs fkduw/ rq wkh rwkhu kdqg/ vd|v wkdw iru wkh prvw dgydqfhg frxqwulhv d

frqvwdqw vxevlgl}dwlrq udwh lv zkdw ehvw �wv wkh gdwd1

Wkh sdwwhuq iroorzhg e| lplwdwlrq srolf| lv vkrzq wr eh txlwh gl�huhqw iurp wkh rqh glv0

sod|hg e| uhvhdufk srolf|1 Zkhq zh orrn dw wkh vxp ri erwk irupv ri jryhuqphqw vxssruw

wr whfkqlfdo surjuhvv/ wkh fkduwv h{klelw wkh vdph uhodwlrqvkls zlwk lqfrph ohyhov dv uhvhdufk

vxssruw/ zklfk zh glvfxvvhg deryh1 Ilqdoo|/ orrnlqj dw wkh erwwrp ri Iljxuh 4/ zh fdq vhh

d fohdu whqghqf| ri wkh udwlr ri lplwdwlrq wr uhvhdufk vxssruw wr ghfuhdvh zlwk wkh ohyho ri

hfrqrplf ghyhorsphqw lq erwk vdpsohv1

Iru frxqwu|0jurxsv wkdw gl�hu lq wkhlu ohyhov ri lqfrph/ dqg iru rxu wzr vdpsohv/ Wdeoh

4 suhvhqwv ghvfulswlyh vwdwlvwlfv= wkh phdq/ wkh plqlpxp dqg pd{lpxp/ dqg wkh vwdqgdug

ghyldwlrq1 Li zh xvh wkh udwlr ri wkh phdq ydoxh wr wkh vwdqgdug ghyldwlrq wr dvvhvv glvshu0

vlrq/ erwk uhvhdufk dqg h{whqvlrq vwdwlvwlfv vd| wkdw whfkqrorj| srolf| ydulhv ohvv dprqj pruh

ghyhorshg qdwlrqv1 Orrnlqj dw wkh wrwdo vxssruw qxpehuv/ iru h{dpsoh/ zh vhh wkdw wkh prvw

dgydqfhg qdwlrqv kdyh d pxfk kljkhu phdq wkdq wkh 47|� shufhqwloh frxqwu| fodvv/ exw erwk

jurxsv kdyh vlplodu vwdqgdug ghyldwlrqv1 Orrnlqj dw wkh �jxuhv iru wkh udwlr ri h{whqvlrq wr

uhvhdufk vxssruw/ iroorzlqj wkh vdph orjlf vxjjhvwv wkdw ohvv dgydqfhg frxqwulhv/ rq wkh rwkhu

kdqg/ h{klelw ohvv yduldwlrq rq wkh zhljkwv ri lplwdwlrq dqg uhvhdufk lq whfkqrorj| srolf|/ ehlqj

lplwdwlrq wkh rqh wkdw grplqdwhv1

Lq dgglwlrq/ Wdeoh 4 vxppdul}hv wkh dyhudjh sdwwhuqv wkdw zh irxqg ehiruh1 Frxqwulhv lq wkh

47|� shufhqwloh duh wkh rqhv wkdw suhvhqw wkh �dqrpdorxv� ehkdylru/ vkrzlqj dyhudjhv qxpehuv

wkdw dozd|v h{fhhg wkh orz0plggoh lqfrph jurxs +l1h1/ qdwlrqv zlwk UJGSZ 5 ^47=4(> 5;(`,1

Iru wkh uhvw ri frxqwu| jurxsv/ wkh hylghqfh rq whfkqrorj| srolf| vkrzv wkh iroorzlqj uhjxodul0

wlhv1 Iluvw/ wkh vkduh ri sxeolf lqyhvwphqw lq lplwdwlrq vhhpv wr glvsod| d kxps vkdsh> vwduwlqj

8



Wdeoh 4= Vxppdu| Vwdwlvwlfv= Phdqv/ Vwdqgdug Ghyldwlrqv/ Plqlpd dqg Pd{lpd

Uhvhdufk+(, H{whqvlrq+(, WrwdoVxssruw+(, H{w1ryhuUhv1+(,

UJGSZ Udqjh
Phdq V1G1

^Plq/ Pd{`

Phdq V1G1

^Plq/ Pd{`

Phdq V1G1

^Plq/ Pd{`

Phdq V1G1

^Plq/ Pd{`

Ehorz 47(

^4714(05;(`

^5;14(0:3(`

Pruh wkdq :314(

1

3195 317:

^3146/ 41<:`

3178 3147

^314;/ 31:3`

31<6 319;

^315</ 51::`

4184 31:9

^319:/ 6137`

31<6 31;6

^3146/ 613<`

3185 3197

^3147/ 5166`

31:; 3195

^3149/ 6149`

3198 316;

^313:/ 4179`

4187 415:

^3159/ 8139`

31<: 31:5

^3175/ 6136`

41:4 4133

^3183/ 7164`

5149 31<5

^31;</ 61;6`

478 93

^7;/ 64;`

444 43<

^57/ 683`

44; 48;

^65/ :<9`W

87 88

^</ 54<`

:;0frxqwu| Vdpsoh

550RHFG Vdpsoh

1

31;4 3197

^3146/ 6137`

4164 31;9

^314;/ 6137`

31:9 319;

^313:/ 6149`

3196 3169

^313:/ 4188`

4189 413;

^3159/ 8139`

41<7 4143

^3175/ 7164`

448 443

^</ :<9`W

97 87

^</ 544`
W Lq Iljxuh 4/ wkh revhuydwlrq wkdw surylghv wkh pd{lpxp zdv holpdwhg wr udlvh wkh vl}h ri

wkh vkrzq gdwd1

dw dq dyhudjh ri 3=85 shufhqw iru orz0plggoh lqfrph frxqwulhv/ udlvhv xs wr 3=:; iru kljk0plggoh

lqfrph hfrqrplhv/ dqg wkhq ghfolqhv wr 3=98 shufhqw iru wkh prvw dgydqfhg jurxs1 Vhfrqg/

erwk sxeolf uhvhdufk dqg wrwdo sxeolf vxssruw lqfuhdvh zlwk lqfrph ohyhov1 Vshfl�fdoo|/ wkh

iruphu*v dyhudjh wulsohv dorqj wkh ghyhorsphqw sdwk/ dqg wkh odwwhu pruh wkdq grxeohv1 Wklug/

wkh udwlr ri lplwdwlrq wr uhvhdufk vxssruw lv lqyhuvho| uhodwhg wr wkh ohyho ri hfrqrplf ghyhors0

phqw1 Zh vhh wkdw wklv udwlr lv/ rq dyhudjh/ doprvw wkuhh wlphv eljjhu iru wkh ohvv dgydqfhg

frxqwulhv wkdq iru wkh prvw lqgxvwuldol}hg jurxs1

Dowkrxjk/ wr wkh ehvw ri rxu nqrzohgjh/ jrrg gdwd rq lplwdwlrq dqg uhvhdufk vxssruw iru

d odujh furvv0vhfwlrq ri frxqwulhv gr qrw h{lvw rxwvlgh djulfxowxuh/ Iljxuh 5 vkrzv wkdw wkh

srvlwlyh uhodwlrqvkls ehwzhhq sxeolf uhvhdufk h�ruw dqg lqfrph ohyhov dovr krogv dw ohdvw iru

wkh 550RHFG jurxs1 Wkh vwudljkw olqh lv dq ROV uhjuhvvlrq olqh zklfk wxuqv rxw wr eh yhu|

vljql�fdqw/ zlwk d s0ydoxh iru wkh vorsh frh!flhqw ri 517H071

6 Wkh Prgho

Zh lqwurgxfh lplwdwlrq lq d yhuvlrq ri Mrqhv* +4<<8, U)G0edvhg jurzwk prgho1 Zh frq0

vlghu dq hfrqrp| lq zklfk wkh oderu irufh lqfuhdvhv dw udwh q1 Wkhuh duh wzr w|shv ri �upv=

frqvxpswlrq0jrrgv surgxfhuv/ dqg lqwhuphgldwh0jrrgv pdqxidfwxuhuv1 Wkh odwwhu lqyhvw uh0

9



Iljxuh 5= Jurvv Grphvwlf U)G H{shqglwxuh +JHUG, Ilqdqfhg e| Jryhuqphqw dv Shufhqwdjh
ri JGS lq RHFG Frxqwulhv/ 4<;40<5 Dyhudjh

0,0

0,5

1,0

1,5

2,0

0 20 40 60 80 100

RGDPW

Vrxufh= Pdlq Vflhqfh dqg Whfkqrorj| Lqglfdwruv/ RHFG/ 4<<<

vrxufhv lq U)G wr ohduq qhz ghvljqv iru qhz w|shv ri surgxfhu gxudeohv1 Zkhq d qhz ghvljq

lv ohduqhg/ wkh �up wkdw devruev wklv nqrzohgjh dftxluhv d shushwxdo sdwhqw1 Wklv doorzv wkh

�up wr pdqxidfwxuh wkh qhz ydulhw|/ dqg sudfwlfh prqrsro| sulflqj18 Lq wklv hfrqrp|/ wkhuh

dovr h{lvwv d jryhuqphqw wkdw froohfwv oxps0vxp wd{hv/ dqg xvhv wkh uhyhqxhv wr wd{2vxevlgl}h

wkh sxufkdvh ri lqwhuphgldwh jrrgv e| �qdo0jrrgv surgxfhuv dqg wkh U)G dfwlylw|1

Wkh �qdo0jrrgv vhfwru lv pdgh xs ri d odujh qxpehu ri lghqwlfdo �upv1 Dw dq| wlph shulrg

w/ wkh| surgxfh dq krprjhqhrxv rxwsxw \| xvlqj oderu O| dqg d ydulhw| ri lqwhuphgldwh fdslwdo

jrrgv {�| dffruglqj wr wkh iroorzlqj FHV whfkqrorj|=

\| @ Ok
|

%] �|

f
{
E�3k��
�| gl

& �

�

> 3 ? � ? 4 > � A 3 = +5,

Lqwhuphgldwh0jrrgv duh frpsohphqwdu| zkhq � ? 4> wkh| duh vxevwlwxwhv li � A 41

Lqwhuphgldwh0jrrgv pdqxidfwxuhuv eruurz fdslwdo wkdw lv doorfdwhg wr surgxflqj h{lvwlqj

ydulhwlhv ri surgxfhu gxudeohv dqg wr U)G1 Dw dq| srlqw lq wlph w/ wkh U)G dfwlylw| lqfuhdvhv

wkh pdvv ri surgxfhu gxudeoh w|shv D| dydlodeoh iru �qdo rxwsxw surgxfwlrq dffruglqj wr wkh

iroorzlqj djjuhjdwh U)G whfkqrorj|=

D|n� �D| @ � D
�
|

;?
=Ub

U| .

%
U�|

�
� D�

|

D|

�q&b<@
> > � 5 +3> 4, > � A 3 > ! A 3> D| � D�

| 1 +6,

Wkdw lv/ �upv ohduq qhz ghvljqv hlwkhu e| lqyhvwlqj lq lqqrydwlrq UU| ru lq lplwdwlrq U�|1

Frs|lqj wdujhwv dq lqwhuqdwlrqdo nqrzohgjh srro ri vl}h D�
| wkdw jurzv h{rjhqrxvo| dw udwh

8Surgxfhuv duh dvvxphg wr eh xqdeoh wr flufxpyhqw wkh orfdo prqrsro| e| lpsruwlqj lqwhuphgldwh jrrgv

iurp wkh uhvw ri wkh zruog1

:



j�� 19 Wklv �ode0htxlsphqw� irup lpsolhv wkdw wkh U)G lqsxw lv surgxfhg zlwk wkh vdph

whfkqrorj| dv frqvxpswlrq jrrgv> fdslwdo dqg oderu duh mxvw vkliwhg iurp surgxfwlrq ri �qdo

jrrgv lqwr surgxfwlrq ri qhz ghvljqv1 Lq htxdwlrq +6,/ ! fdswxuhv �lqwhuwhpsrudo nqrzohgjh

vslooryhuv� lq ohduqlqj1 Wkh sdudphwhu � frqwurov iru wkh idfw wkdw wzr ru pruh uhvhdufkhuv fdq

frph xs zlwk wkh vdph lghd hlwkhu e| fkdqfh ru ehfdxvh ri U)G udfhv1 Vlqfh 3 ? � ? 4/ d

�frqjhvwlrq h{whuqdolw|� ru/ lq rwkhu zrugv/ gxsolfdwlrq ri h�ruw lv suhvhqw1

Lq htxdwlrq +6,/ wkh whup lq eudfnhwv fdswxuhv wkh h�hfw ri lplwdwlrq lq wkh hfrqrp|*v

whfkqlfdo surjuhvv1 Orfdo �upv lqyhvw uhvrxufhv lq rughu wr devrue wkh lqirupdwlrq qhhghg

wr uhsolfdwh qhz surgxfwv lqyhqwhg deurdg1 Lw gl�huv iurp lqqrydwlrq lq wkdw wkh qxpehu

ri jrrgv wkdw fdq eh frslhg dw dq| srlqw lq wlph lv olplwhg wr wkh �qlwh qxpehu wkdw kdyh

ehhq glvfryhuhg hovhzkhuh1: Wkh vshfl�fdwlrq lqfrusrudwhv dq dgydqwdjh ri �edfnzdugqhvv�>

zh duh dvvxplqj wkdw wkh frvw ri lplwdwlqj iruhljq ghvljqv ghfuhdvhv dv wkh zruogzlgh vwrfn

jhwv uhodwlyho| odujhu1; Wkh U)G whfkqrorj| dovr doorzv lplwdwlrq wr ehfrph pruh h{shqvlyh

wkdq lqqrydwlrq1 D ydoxh ri � ohvv wkdq rqh zrxog lpso| wkdw vrph iruhljq lghdv* whfkqlfdo

vshfl�fdwlrqv duh yhu| frpsoh{/ dqg wkh frvw ri devruelqj wkhp lv uhodwlyho| kljk frpsduh

wr wkh frvw ri lqyhqwlqj d qhz rqh1 Vlqfh D| lv lq wkh ghqrplqdwru/ wkhuh h{lvw �glplqlvklqj

lplwdwlrq rssruwxqlwlhv/� zklfk lpso| d qhjdwlyh h{whuqdolw| iurp fxuuhqw U)G lqyhvwphqw wr

ixwxuh lplwdwlrq surgxfwlylw|> kljkhu ohyhov ri U)G h�ruw wrgd| pd| ghfuhdvh wkh uhodwlyh vl}h

ri wkh lqwhuqdwlrqdo srro ri lghdv/ wkxv pdnlqj frs|lqj pruh frvwo| lq wkh ixwxuh1

Iru vlpsolflw| ri h{srvlwlrq/ zh wxuq qrz wr h{dplqlqj wkh vrfldo sodqqhu*v sureohp1 Ixuwkhu

lqirupdwlrq derxw wkh ghfhqwudol}hg vhwxs zloo eh surylghg zkhq zh vwxg| rswlpdo srolf|1 Iru

d ghwdlohg ghvfulswlrq ri wkh ghfhqwudol}hg hfrqrp|/ vhh Dsshqgl{ D1

9Wkh h{rjhqhlw| ri wkh odz ri prwlrq ri wkh lqwhuqdwlrqdo srro ri lghdv lpsolhv wkdw zh devwudfw iurp wkh idfw

wkdw grphvwlf lqqrydwlrq pljkw |lhog qhz jrrgv wkdw zloo dgg xs wr wkh lqwhuqdwlrqdo srro ri ghvljqv1 Zh gr lw

iru vlpsolflw|1 Qrwlfh/ krzhyhu/ wkdw wklv h�hfw zloo eh vpdoo iru orz ohyhov ri hfrqrplf ghyhorsphqw ehfdxvh dw

wklv vwdjh lqqrydwlrq lqyhvwphqw lv uhodwlyho| orz1
:D vx!flhqw frqglwlrq iru wklv wr eh wkh fdvh lv wkdw ��

| : �|n� dw dq| |1 Zh wkhq qhhg wr dvvxph wkdw #

lv vx!flhqwo| vpdoo/ exw wklv uhtxluhphqw kdv qr h�hfw rq wkh lqwhulru vroxwlrq rswlpdo doorfdwlrqv1 Vlqfh ��

| D

�| dw hdfk gdwh/ ��

| E� n }�z� D �|n� pxvw dovr krog1 Dgglwlrqdoo|/ dw dq| srlqw lq wlph/ wkh lqwhulru vroxwlrq
rswlpdo doorfdwlrqv duh d ixqfwlrq ri # |�6er ��

| � Iru dq| rswlpdo vhtxhqfh t�5�
"

5'|/ zh fdq wkhq dozd|v �qg d
vx!flhqwo| odujh ��

| dqg d vx!flhqwo| vpdoo # iru zklfk wkh deryh frqglwlrq krogv1 Iru h{dpsoh/ uhgh�qh ��
| dv

���
| ' ��

| E�n }�z �E� n 0�/ dqg # dv #� ' #

E�n}Dz �E�n0�
/ zlwk 0 : f> wkh| jhqhudwh wkh vdph rswlpdo doorfdwlrqv

ehfdxvh ���
| #� ' ��

| #1
;Vhh Qhovrq dqg Skhosv +4<99,/ iru h{dpsoh/ iru d ghwdlohg h{sodqdwlrq1

;



7 Wkh Sodqqhu*v Sureohp dqg wkh Vwhdg| Vwdwh

Srolf|pdnhuv kdyh wkh srzhu wr wd{2vxevlgl}h �upv dqg frqvxphuv1 Wkhlu jrdo lv wr holplqdwh

pdunhw lpshuihfwlrqv vr dv wr pdnh wkh prgho*v yduldeohv iroorz wkhlu vrfldoo| rswlpdo wlph

sdwkv1 Ohw N| dqg F| ghqrwh wkh frxqwu|*v sk|vlfdo fdslwdo vwrfn dqg djjuhjdwh frqvxpswlrq

dw gdwh w/ uhvshfwlyho|1 Wkh iruphu htxdov
U
�|

f
{�| gl +D�{| lq wkh v|pphwulf htxloleulxp/ zlwk

�{| @ {�| ;l,/ dqg ghsuhfldwhv dw udwh �1 Wkh fhqwudo sodqqhu fkrrvhv wkh vhtxhqfh ri doorfdwlrqv

iU�|>UU|>N|> F|j
"
|'f wr pd{lpl}h wkh olihwlph xwlolw| ri wkh uhsuhvhqwdwlyh frqvxphu vxemhfw

wr wkh ihdvlelolw| frqvwudlqwv ri wkh hfrqrp|

pd{
t�|c-U|c-�|cg|�

"[

|'f

�|

5
97
�
�|
u|

��3j
� 4

4� �

6
:8 > +7,

vxemhfw wr

\| @ D
1
|O

k
| N

�3k
| > +8,

N|n� � +4� �,N| @ \| �F| �UU| �U�|> +9,

D|n� �D| @ � D
�
|

;?
=Ub

U| .

%
U�|

�
� D�

|

D|

�q&b<@
> > +:,

D�
|n�

D�
|

@ 4 . j�� > +;,

O|n�

O|
@ 4 . q > +<,

Nf> Ofc Df> D�f jlyhq>

zkhuh � lv wkh glvfrxqw idfwru1 Htxdwlrq +8, lv wkh zhoo0nqrzq Free0Grxjodv irup lq zklfk

surgxfwlrq ixqfwlrq +5, wdnhv dw wkh djjuhjdwh ohyho> zkhuh � @ �

�
� +4� �,1 \| fdq eh

lqwhusuhwhg dv wkh Jurvv Grphvwlf Surgxfw ri wkh hfrqrp| dw gdwh w1 H{suhvvlrq +9, uhsuhvhqwv

wkh hfrqrp|*v exgjhw frqvwudlqw dv zhoo dv wkh odz ri prwlrq ri wkh fdslwdo vwrfn1

Zh qrz uhvwulfw rxu dwwhqwlrq wr wkh shuihfw0iruhvljkw htxloleulxp edodqfhg jurzwk sdwk

lq zklfk wkh jurzwk udwhv ri doo yduldeohv lq wkh prgho duh frqvwdqw1 Ohw {W dqg J% ghqrwh

<



wkh rswlpdo doorfdwlrq dqg wkh jurzv jurzwk udwh ri yduldeoh { dw vwhdg|0vwdwh/ uhvshfwlyho|>

dqg gh�qh j% dv J% � 41 Htxdolw| +9, lpsolhv wkdw jt @ j� @ jg @ j-U @ j-� 1 Iurp U)G

whfkqrorj| +:,/ zh vhh lpphgldwho| wkdw ehfdxvh j-U @ j-� / lw pxvw eh wuxh wkdw j�� @ j�/

rwkhuzlvh j� fdqqrw eh frqvwdqw1 Wkh ydoxh ri wkh udwlr
��|
�|

wkhq uhpdlqv lqyduldqw dorqj wkh

edodqfhg jurzwk sdwk1 Khqfh/ htxdwlrq +:, lpsolhv wkdw

J
�3�
� @ Jb

- 1 +43,

H{suhvvlrqv +8,/ +<, dqg +43,/ lq wxuq/ lpso| wkdw wkh jurzwk udwh ri rxwsxw lv jlyhq e|

Jt @ +4 . q,
�3�

�3�3b
1
k 1< +44,

Wkh prgho grhv qrw wkhuhiruh glvsod| vfdoh h�hfwv rq wkh vwhdg|0vwdwh jurzwk udwhv> wkh| duh

h{rjhqrxv/ h{foxvlyho| slqqhg grzq e| wkh surgxfwlrq dqg U)G whfkqrorjlhv1 Lq wkh orj0uxq/

srolf| rqo| kdv ohyho h�hfwv1 Jurzwk h�hfwv duh krzhyhu srvvleoh dorqj wkh wudqvlwlrq1

8 Rswlpdo Wd{ Srolf|

Lq rughu wr nqrz wkh jryhuqphqw*v rswlpdo srolflhv/ zh qhhg wr frpsduh wkh frppdqg rswlpxp

doorfdwlrqv wr wkh rqhv ri wkh ghfhqwudol}hg hfrqrp|1 Wkh fhqwudo sodqqhu fkrrvhv wd{ udwhv vr dv

wr htxdol}h sulydwh dqg vrfldo uhwxuqv1 Lq rxu iudphzrun/ wkhuh duh irxu vrxufhv ri pdunhw idloxuh1

Iluvw/ prqrsro| sulflqj ri surgxfhu gxudeohv lpsolhv wkdw wkh dprxqw ri lqwhuphgldwh jrrgv

uhqwhg e| �qdo0jrrgv surgxfhuv lv wrr orz iurp wkh vrfldo sodqqhu*v ylhzsrlqw/ wkxv jhqhudwlqj

dq lqvx!flhqw vwrfn ri fdslwdo lq wkh hfrqrp|1 Wkh rwkhu wkuhh pdunhw idloxuh vrxufhv d�hfw

wkh U)G doorfdwlrq1 Frqjhvwlrq h{whuqdolwlhv dqg glplqlvklqj lplwdwlrq rssruwxqlwlhv pdnh

wkh sulydwh U)G lqyhvwphqw eh wrr kljk/ zkhuhdv lqwhuwhpsrudo nqrzohgjh vslooryhuv kdyh wkh

rssrvlwh h�hfw1 Wkh vrfldo sodqqhu zloo wkhq wd{2vxevlgl}h wkh sxufkdvh ri lqwhuphgldwh0jrrgv/

dqg wkh U)G dfwlylw|1

Iru vlpsolflw|/ zh dvvxph wkdw wkh jryhuqphqw udlvhv uhyhqxh wkurxjk +qrq0glvwruwlrqdu|,

oxps0vxp wd{hv sdlg e| frqvxphuv/ dqg lv frqvwudlqhg wr pdlqwdlqlqj d edodqfhg exgjhw dw

hdfk gdwh> wkdw lv/

��| @ ��|U�| . � U|UU| .
] �|

f

�%�| {�| gl/ iru doo w> +45,

zkhuh ��| lv wkh oxps0vxp wd{> �%�| lv wkh udwh dw zklfk wkh sxufkdvh ri surgxfw l lv vxevlgl}hg

dw w> dqg � U| dqg ��| duh wkh udwhv dw zklfk wkh jryhuqphqw vxevlgl}hv lqyhvwphqw lq uhvhdufk

dqg lplwdwlrq/ uhvshfwlyho|1

43



Wkh frqfdylw| ri wkh surgxfwlrq dqg U)G whfkqrorjlhv jxdudqwhhv wkdw rxwsxw zloo eh

glvwulexwhg hyhqo| ryhu doo dfwlylwlhv1 Iurp wkh sodqqhu*v sureohp/ wkh �uvw rughu frqglwlrq

zlwk uhvshfw wr sk|vlfdo fdslwdo lqyhvwphqw jlyhv wkh lqwhuwhpsrudo vhtxhqfh ri vrfldoo| rswlpdo

djjuhjdwh frqvxpswlrqv/

F|n� @ ^� +4 . u|n�,`
�

j +4 . q,�3
�

j F|> +46,

zkhuh

u| @ +4� �,
\|

N|
� �1 +47,

Frqglwlrq +46, lv vwdqgdug1 Lw lpsolhv wkdw/ dw wkh rswlpxp/ wkh jurvv jurzwk udwh ri wkh

xwlolw| ydoxh ri frqvxpswlrq shu fdslwd pxvw htxdo wkh glvfrxqwhg uhwxuqv wr vdylqj/ wdnlqj

lqwr dffrxqw srsxodwlrq jurzwk1 Wkdw lv/ lqglylgxdov pxvw eh lqgl�huhqw ehwzhhq frqvxplqj

rqh dgglwlrqdo xqlw ri rxwsxw wrgd| dqg vdylqj lw/ frqvxplqj wkh surfhhgv wrpruurz1 Iurp

h{suhvvlrq +46,/ zh ghgxfh wkdw wkh fhqwudo sodqqhu htxdwhv wkh pdujlqdo surgxfwlylw| ri lq0

whuphgldwh jrrgv wr wkhlu pdujlqdo surgxfwlrq frvw/ jlyhq e| wkh hfrqrp|*v lqwhuhvw udwh +u|,

soxv wkh ghsuhfldwlrq udwh1

Wkh frpshwlwlyh htxloleulxp rswlpdolw| frqglwlrq iru sk|vlfdo fdslwdo lv gl�huhqw1 Dvvxph

wkdw rqh xqlw ri udz fdslwdo fdq eh frvwohvvo| frqyhuwhg lqwr rqh xqlw ri dq| w|sh ri surgxfhu

gxudeoh/ dqg wkdw lqwhuphgldwh jrrgv duh uhqwhg udwkhu wkdq vrog1 Lqwhuphgldwh0jrrgv sur0

gxfhuv dfw dv prqrsrolvwv/ wdnlqj wkh �qdo0rxwsxw pdqxidfwxuhuv* lqyhuvh ghpdqg ixqfwlrq dv

jlyhq1 Wkh vroxwlrq wr wkhlu sureohp lv zhoo nqrzq= prqrsrolvwv fkdujh d pdun0xs ryhu pdu0

jlqdo frvw> dqg lq wkh v|pphwulf htxloleulxp/ dvvxplqj wkdw wkh qxpehu ri �upv lv odujh/ wkh

pdun0xs htxdov wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq lqwhuphgldwh fdslwdo jrrgv1 Dw wlph w/

wkh uhqwdo sulfh ri ydulhw| l +s�|, lv wkhq jlyhq e|

s�| @
u| . �

� +4� �,
@ �s| > iru doo l1 +48,

Lq rughu wr holplqdwh wklv lqh!flhqf|/ wkh pdunhw sulfh sdlg e| �qdo0jrrgv surgxfhuv qhw

ri vxevlglhv +s�|+4��%|�,, pxvw eh htxdol}hg wr wkh surgxfhu0gxudeohv pdujlqdo frvw1 Htxdwlrq

+48, lpsolhv wkdw wkh rswlpdo srolf| lv wr vxevlgl}h wkh sxufkdvh ri lqwhuphgldwh jrrgv dw udwh

�%|� @ 4� � +4� �, @ ��%|> iru doo l 5 +3> D|,= +49,

Wkh fhqwudo sodqqhu zloo fkrrvh � U| dqg ��| vr dv wr pdnh wkh ghfhqwudol}hg hfrqrp| U)G

lqyhvwphqw htxdo wkh vrfldoo| rswlpdo dprxqw1 Erwk uhvhdufk dqg lplwdwlrq zloo frh{lvw lq
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htxloleulxp ehfdxvh ri wkh h{lvwhqfh ri glplqlvklqj uhwxuqv wr U)G h�ruw1 Iurp wkh sodqqhu*v

sureohp IRFv zlwk uhvshfw wr wkh U)G dfwlylwlhv/ zh �qg wkdw wkh vrfldoo| rswlpdo udwlr ri

lplwdwlrq wr uhvhdufk lv
U�|

UU|

@

�
� D�

|

D|

� qb

�3b

1 +4:,

Lw vwdwhv wkdw wkh zhljkw ri lplwdwlrq lq wrwdo U)G lqyhvwphqw ulvhv zlwk wkh whfkqrorjlfdo jds/

rwkhu wklqjv frqvwdqw1

Ohw W| ghqrwh wkh uhodwlyh vl}h ri wkh prgl�hg lqwhuqdwlrqdo srro ri ghvljqv/
# ��|
�|

1 Lq whupv

ri U| @ UU| .U�|/ U)G whfkqrorj| +:, fdq eh zulwwhq dv

D|n� �D| @ �D
�
|U

b
|

�
4 . W

qb

�3b

|

��3b
1 +4;,

Xvlqj htxdwlrqv +46,/ +47,/ +4:,/ +4;,/ dqg wkh IRF zlwk uhvshfw wr hlwkhu uhvhdufk ru lplwdwlrq

h�ruw/ zh rewdlq wkh Hxohu htxdwlrq wkdw jryhuqv wkh g|qdplfv ri wkh vrfldoo| rswlpdo U)G

lqyhvwphqw/

4.u|n� @
� +D|n� �D|,

U|

;A?
A=

U|n�

� +D|n2 �D|n�,

5
97D|n2 �D|n�

D|n�

3
EC!� ��

W
q b

�3b

|n�

4 . W
q b

�3b

|n�

4
FD. 4

6
:8.

� \|n�

D|n�

<A@
A> 1

+4<,

Dw wkh rswlpxp/ wkh sodqqhu pxvw eh lqgl�huhqw ehwzhhq lqyhvwlqj rqh dgglwlrqdo xqlw ri

rxwsxw lq lqwhuphgldwh0jrrgv surgxfwlrq dqg U)G1 Wkh UKV ri htxdwlrq +4<, lv wkh vrfldo

uhwxuq wr U)G1 Rqh dgglwlrqdo xqlw ri U)G lqsxw jhqhudwhv bE�|n�3�|�
-|

qhz lghdv iru qhz

w|shv ri surgxfhu gxudeohv1 Hdfk ri wkhvh qhz ghvljqv zloo lqfuhdvh qh{w shulrg*v rxwsxw e|

1t|n�
�|n�

/ dqg U)G surgxfwlrq e|
k
bE�|n23�|n��

-|n�

l
3�

wlphv
_�|n2

_�|n�
> zkhuh

k
bE�|n23�|n��

-|n�

l
3�

jlyhv wkh

vkdgrz sulfh ri rqh dgglwlrqdo ghvljq/ zklfk pxvw htxdo lwv pdujlqdo +vrfldo, frvw1

Zh qrz ghwhuplqh wkh frpshwlwlyh htxloleulxp doorfdwlrq wr U)G1 Iuhh hqwu| lq wkh

surgxfhu0gxudeohv vhfwru lpsolhv wkdw/ dw hdfk lqvwdqw lq wlph/ wkh dprxqw lqyhvwhg lq ohduq0

lqj pxvw htxdo wkh suhvhqw ydoxh ri wkh lghdv1 Zh zloo kdyh wkhq wzr }hur0sur�w htxloleulxp

frqglwlrqv/ rqh iru uhvhdufk dqg dqrwkhu iru lplwdwlrq1 Wkh| fdq eh vwdwhg irupdoo| dv iroorzv=

UU| +4� � U|, @ Y| � D
�
| Ub

U| > +53,

dqg

U�| +4� ��|, @ Y| � D
�
|

%
U�|

�
� D�

|

D|

�q&b
> +54,

zkhuh Y| lv wkh suhvhqw ydoxh ri dq| sdwhqw uljkw dw gdwh w � qrwlfh wkdw doo ghvljqv duh dolnh lq

surgxfwlylw| whupv/ uhjdugohvv ri zkhwkhu wkh| duh frslhg ru fuhdwhg iurp vfudwfk1 Frpelqlqj
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h{suhvvlrqv +53, dqg +54,/ zh rewdlq wkh rswlpdo udwlr ri lplwdwlrq wr uhvhdufk lqyhvwphqw lq

wkh frpshwlwlyh htxloleulxp zlwk wd{hv=

U�|

UU|
@

%�
4� � U|

4� ��|

��
� D�

|

D|

�qb& �

�3b

1 +55,

Iurp htxdwlrqv +4:, dqg +55,/ zh �qg wkdw wr dfklhyh lwv jrdo wkh jryhuqphqw pxvw vxevlgl}h

uhvhdufk dqg lplwdwlrq dw wkh vdph udwh> wkdw lv/

��| @ � U| @ ��-| iru doo w= +56,

Wkh uhdvrq lv wkdw erwk uhvhdufk dqg lplwdwlrq frqwulexwh lq wkh vdph zd| wr jhqhudwh nqrzo0

hgjh vslooryhuv1 Lq rughu zrugv/ wkh h{whuqdolwlhv ghshqg rq wkh wrwdo dprxqw ri ghvljqv D|/

uhjdugohvv ri krz wkh| duh ohduqhg1

Iru �3�-|n�
�3�-|

vx!flhqwo| forvh wr 4/ Dsshqgl{ D vkrzv wkdw wkh rswlpdo U)G vxevlg| udwh

lv

��-| * 4�

d�3�E�3k�oE�3k�
E�37�%c|n��

-|n�

t|n�

5
7! � ��

3
C A

q b
�3b
|n�

�nA

q b
�3b
|n�

4
D
6
8. � �

1 +57,

Xqolnh wkh vrfldo sodqqhu/ �upv gr qrw wdnh lqwr dffrxqw wkh h{lvwhqfh ri glplqlvklqj uhwxuqv

lq ohduqlqj gxh wr gxsolfdwlrq ri h�ruw1 Wkh| htxdwh pdujlqdo frvwv wr dyhudjh/ lqvwhdg ri pdu0

jlqdo/ U)G surgxfwlylw|1 Dv d frqvhtxhqfh/ ��-| pd| lqfuhdvh zlwk sdudphwhu �1 Wkh udwh dw

zklfk U)G pxvw eh vxevlgl}hg ghfolqhv zlwk wkh pdun0xs udwlr fkdujhg e| lqwhuphgldwh0jrrgv

pdqxidfwxuhuv/ ^� +4� �,`3�1 Wklv rffxuv ehfdxvh wkh pdun0xs lqgxfhg e| prqrsro| sulflqj

lv luuhohydqw iru wkh fhqwudo sodqqhu/ exw lw udlvhv wkh sulydwh uhwxuqv iurp U)G lqyhvwphqw1

Wkh whupv �/ !/ dqg ��

3
C A

q b
�3b
|n�

�nA

q b
�3b
|n�

4
D fdswxuh wkh h�hfw ri fxuuhqw U)G rq ixwxuh surgxfwlylw|/

zklfk wkh ghfhqwudol}hg hfrqrp| grhv qrw lqwhuqdol}h> wkh wklug rqh/ lq sduwlfxodu/ uhsuhvhqwv

wkh qhjdwlyh h{whuqdolw| fdxvhg e| glplqlvklqj lplwdwlrq rssruwxqlwlhv1 Wkh U)G vkduh -|n�

t|n�

zhljkwv wkh lqflghqfh ri wkh odvw wzr h{whuqdo h�hfwv ehfdxvh wkh| ghshqg rq ixwxuh lqyhvw0

phqw146 Zkhwkhu wkh vrfldo sodqqhu lpsrvhv d wd{ ru d vxevlg| wr U)G fohduo| ghshqgv rq

wkh prgho sdudphwhuv* ydoxhv1

Ehfdxvh lw lv rswlpdo wr vxevlgl}h wkh wzr U)G dfwlylwlhv dw wkh vdph udwh/ sxeolf vxssruw

wr lplwdwlrq dqg uhvhdufk duh jlyhq e| ��-|U�| dqg ��-|UU|/ uhvshfwlyho|1 Htxdwlrq +4:, wkhq

46Iurp htxdwlrq +4<,/ lw lv hdv| wr vhh wkdw wkh h{whuqdolwlhv d�hfw wkh rswlpdo U)G vkduh lq wkh vdph
gluhfwlrq dv wkh rswlpdo U)G wd{ udwhv1 Vxevwlwxwlqj iru lw zrxog qrw wkhq dowhu rxu frqfoxvlrqv/ exw zrxog
pdnh h{suhvvlrq +57, fxpehuvrph1
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Wdeoh 5= Sdudphwhu Ydoxhv Xvhg lq wkh Vlpxodwlrqv

Fkdqjlqj Sdudphwhuv* ydoxhv

Frqvwdqw

Sdudphwhuv* ydoxhv
Fdvh � � Lpsolhg ! Fdoleudwhg �

� 3197 4 4 3158 31<5 5136

� 31<9 5 4 318 31;7 31;6

� 314 6 4 31:8 31:9 3175

q 31347 7 5 3158 31<5 516

� 31459 8 5 318 31;7 4136

WW 3174 9 5 31:8 31:9 318;

lpsolhv wkdw wkh udwlr ri lplwdwlrq wr uhvhdufk sxeolf vxssruw htxdov

�� |U�2

�� |UU2

@

�
� D�

|

D|

� q b

�3b

1 +58,

Wklv uhvxow kdv dq lpsruwdqw lpsolfdwlrq1 Vlqfh lq rxu prgho wkh uhodwlyh vl}h ri wkh lqwhuqd0

wlrqdo srro ri ghvljqv lv lqyhuvho| uhodwhg wr wkh frxqwu|*v ohyho ri hfrqrplf ghyhorsphqw/ zh

kdyh dfwxdoo| irxqg wkdw wkh udwlr ri lplwdwlrq wr uhvhdufk vxssruw ghfuhdvhv zlwk wkh ohyho ri

hfrqrplf ghyhorsphqw1 Wklv lv frqvlvwhqw zlwk wkh hpslulfdo hylghqfh suhvhqwhg lq Vhfwlrq 51

Wkh uhdvrq lv wkdw wkh vpdoohu wkh qxpehu ri lghdv iurp zklfk d frxqwu| fdq fkrrvh/ wkh orzhu

wkh dyhudjh surgxfwlylw| ri lplwdwlrq1

9 Wudqvlwlrqdo G|qdplfv

Qh{w/ zh glj ghhshu rq krz srolf| ydulhv dorqj wkh ghyhorsphqw sdwk/ dqg dvvhvv krz srolf|

d�hfwv zhoiduh1 Wkh htxloleulxp doorfdwlrqv duh ghvfulehg e| wkh ghflvlrq uxohv/ ru srolf|

ixqfwlrqv1 Wkh prgho krzhyhu grhv qrw gholyhu forvhg irup vroxwlrqv iru wkhp1 Olqhdul}lqj

wkh v|vwhp durxqg wkh vwhdg|0vwdwh lv qrw xvhixo ehfdxvh rxu jrdo lv wr vwxg| wkh dgmxvwphqw

sdwk iru vwdwh vsdfh srlqwv wkdw olh idu dzd| iurp wkh vwhdg|0vwdwh1 Zh wkhuhiruh fkrrvh wr

qxphulfdoo| dssur{lpdwh wkh vroxwlrqv1 Dsshqgl{ D surylghv d ghwdlohg ghvfulswlrq ri wkh

phwkrg iroorzhg1 Lq wklv vhfwlrq/ zh �uvw fkrrvh ydoxhv iru wkh gl�huhqw sdudphwhuv/ dqg wkhq

suhvhqw wkh g|qdplfv uhvxowv1

914 Fdoleudwlrq

Wdeoh 5 vkrzv wkh sdudphwhu ydoxhv xvhg wr fduu| rxw rxu vlpxodwlrqv1 Zh dvvljq ydoxhv ri 3=<9

wr wkh glvfrxqw idfwru +�,/ dqg 3=4 wr wkh ghsuhfldwlrq udwh +�,1 Iurp N|godqg dqg Suhvfrww

47



+4<<4,/ zh wdnh d oderu vkduh ri 3=97 +�,1 Zh vhw wkh jurzwk udwh ri wkh srsxodwlrq +q, wr 4=7(

shu |hdu/ wkh dyhudjh ydoxh iru wkh Xqlwhg Vwdwhv gxulqj wkh shulrg 4<8304<;31 Zh dvvljq wr

wkh rxwsxw shu fdslwd jurzwk udwh wkh dyhudjhg ydoxh lq wkh Pdqnlz/ Urphu dqg Zhlo +4<<5,

lqwhuphgldwh vdpsoh/ 5=5(1 Iurp Grprzlw}/ Kxeedug dqg Shwhuvhq +4<;;,/ zh wdnh d pdun0xs

udwlr ri 4=68147 Hvwlpdwhv ri wkh lqyhuvh ri wkh lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq ehwzhhq

suhvhqw dqg ixwxuh frqvxpswlrq jr iurp 4 wr 6=8 +Kdoo 4<;;/ dqg Dwwdqdvlr dqg Zhehu 4<<6,>

zh uxq wkh h{shulphqwv iru wzr gl�huhqw ydoxhv= � @ 4 dqg � @ 51

Wkh fdoleudwlrq ri wkh U)G whfkqrorj| sdudphwhuv lv pruh sureohpdwlf1 Wkhuh duh qrw

uholdeoh hvwlpdwhv ri �1 Glqrsrxorv dqg Wkrpsvrq +iruwkfrplqj, �qg ydoxhv ri � dv orz dv

3=4:/ zkhuhdv Mrqhv dqg Zlooldpv +4<<<, vkrz wkdw 3=8 frxog eh d orzhu erxqg1 Jlyhq wkdw

wkh olwhudwxuh grhv qrw surylgh pxfk jxlgdqfh/ zh fduu| rxw d vhqvlwlylw| dqdo|vlv/ dqg suhvhqw

uhvxowv iru � htxdo 3=58/ 3=8/ dqg 3=:81 Htxdwlrq +4:, vd|v wkdw W| htxdov wkh udwlr ri lplwdwlrq wr

uhvhdufk vxssruw1 Edvhg rq rxu djulfxowxudo gdwd/ wkh dyhudjh udwlr ri h{whqvlrq +ru lplwdwlrq,

wr uhvhdufk vxssruw iru wkh lqgxvwuldol}hg zruog lv yhu| forvh wr 3=74 erwk lq 4<:3 dqg 4<;3148

Wklv lv wkh ydoxh wkdw zh dvvljq wr W W1 Wkhuh duh qrw dq| hpslulfdo hvwlpdwhv ri wkh sdudphwhu

�1 Dv Sduhqwh dqg Suhvfrww +4<<7,/ zh slfn wkh ydoxh ri � iru zklfk wkh sodqqlqj vroxwlrq ehvw

�wv wkh Mdsdqhvh rxwsxw gdwd/ wdnlqj dv jlyhq wkh uhvw ri sdudphwhuv* ydoxhv1 Lq sduwlfxodu/ zh

xvh wkh idfw wkdw Mdsdq* shu fdslwd rxwsxw pryhg iurp 4< shufhqw wr :7 shufhqw ri X1V1 rxwsxw

gxulqj 4<83 wr 4<;31

Xvlqj wkh vwhdg|0vwdwh doorfdwlrqv lq wkh frppdqg rswlpxp/ zh gluhfwo| rewdlq wkh uh0

pdlqlqj prgho*v sdudphwhuv iurp wkh deryh rqhv1 Wkh lpsolhg ydoxh ri ! frphv iurp htxdwlrq

+44,1 Wkh edodqfhg jurzwk sdwk uhdo lqwhuhvw udwh fdq eh rewdlqhg iurp htxdwlrqv +44, dqg

+46,> uW htxdov ; shufhqw li � @ 4/ dqg 43=6 shufhqw zkhq � @ 51

915 Wkh Lplwdwlrq ri Iruhljq Lghdv dqg U)G Vxssruw

Zh qrz vkrz wkdw wkh h{lvwhqfh ri glplqlvklqj lplwdwlrq rssruwxqlwlhv doorzv wkh prgho wr

dffrxqw iru wkh uhvw ri dyhudjh sdwwhuqv uhjduglqj wkh uhodwlrqvkls ehwzhhq U)G vxssruw dqg

hfrqrplf ghyhorsphqw suhvhqwhg lq vhfwlrq 51

Zh orrn dw wkh htxloleulxp ehkdylru ri wkh prgho lq uhvsrqvh wr wzr vlpxowdqhrxv vkrfnv/

47Wkh| hvwlpdwh d surgxfhu gxudeoh pdunxs udwlr xvlqj hohfwurqlf dqg hohfwulf htxlsphqw gdwd1 Ixuwkhupruh/
wkh| dgmxvw lw wr vhsdudwh rxw �{hg frvwv/ zklfk duh frpsohwho| devhqw lq rxu prgho1

48Wkh h{dfw qxpehuv fdq eh irxqg lq Mxgg hw do1 +4<;9/ sdjh ;9,1 Wkh lqgxvwuldol}hg jurxs frqwdlqv wkh
qdwlrqv wkdw lq 4<;3 zhuh RHFG phpehuv/ h{fhsw iru Juhhfh/ Sruwxjdo/ Vsdlq/ dqg Wxunh|1
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rqh wr hdfk vwdwh yduldeoh1 Jlyhq wkh surfhgxuh wkdw zh iroorz wr fdoleudwh wkh sdudphwhu

�/ zh xvh Mdsdqhvh qxpehuv1 H{wudsrodwlqj iurp suh0Zruog Zdu LL gdwd/ Fkulvwldqr +4<;<,

hvwlpdwhv wkdw wkh Mdsdqhvh fdslwdo vwrfn lq 4<79 zdv rqo| 45 shufhqw ri lwv suh0zdu vwhdg|0

vwdwh ydoxh1 Lq wxuq/ zh slfn wkh vkrfn wr wkh uhodwlyh vl}h ri wkh lqwhuqdwlrqdo nqrzohgjh srro

vr dv wr pdnh shu fdslwd rxwsxw 4< shufhqw ri lwv vwhdg|0vwdwh ohyho1 Dvvxplqj wkdw wkh X1V1

zdv lq vwhdg|0vwdwh lq 4<83/ wklv lpsolhv lqlwldo ydoxhv iru wkh fdslwdo vwrfn dqg wrwdo idfwru

surgxfwlylw| +WIS, ri 7=< shufhqw dqg 89=6 shufhqw ri wkh X1V1 ohyho/ uhvshfwlyho|1 Vwduwlqj

iurp wkhvh lqlwldo frqglwlrqv/ zh uxq vlpxodwlrqv iru vl{ wulsohv +�> �> �, wkdw gholyhu vrfldo

vroxwlrqv frqvlvwhqw zlwk Mdsdq*v frqyhujhqfh vshhg +vhh Wdeoh 5,149

Iljxuh 6 suhvhqwv wkh dgmxvwphqw sdwkv iru vhohfwhg yduldeohv1 Vwduwlqj iurp wkh vdph

uhodwlyh vwrfnv ri whfkqrorj| dqg fdslwdo/ wkh frppdqg rswlpxp +F1R1, dqg wkh }hur0wd{

frpshwlwlyh htxloleulxp +F1H1, iroorz yhu| gl�huhqw sdwkv1 Wkh glvfuhsdqf| ehwzhhq wkh wzr

htxloleulxp doorfdwlrqv lv zkdw lqgxfhv wd{ srolf|1 Dv zh vdz/ htxdwlrq +49,/ surgxfhu gxudeohv

duh dozd|v vxevlgl}hg dw wkh vdph udwh1 U)G srolf|/ rq wkh rwkhu kdqg/ lv vwdwh0ghshqghqw1

Wkh erwwrp kdoi ri Iljxuh 6 ghslfw wkh vhulhv ri wkh udwlrv ri U)G dqg U)G vxssruw wr rxwsxw1

Wkh �uvw wklqj wkdw zh revhuyh lv wkdw dq U)G vxevlg| lv wkh rswlpdo srolf| rqo| li glplqlvklqj

uhwxuqv wr U)G duh vx!flhqwo| zhdn1 Zkhq � lv vpdoo/ rq wkh frqwudu|/ U)G udfhv jhqhudwh

ryhulqyhvwphqw/ dqg dq U)G wd{ ehfrphv rswlpdo1

Wr xqghuvwdqg zk| sxeolf vxssruw wr U)G ghfolqhv dv � ulvhv/ qrwh wkdw wkh dprxqw

ri jryhuqphqw jlyhdzd|v ulvhv erwk zlwk wkh vxevlgl}dwlrq udwh dqg wkh U)G vkduh1 Uhfdoo

dovr rxu dssur{lpdwlrq/ jlyhq e| htxdwlrq +57,= wkh vxevlgl}dwlrq udwh ghfolqhv erwk zlwk

wkh uhodwlyh vl}h ri wkh lqwhuqdwlrqdo srro ri lghdv dqg � +wkh qhjdwlyh h{whuqdolw| h�hfw,1

U)G lqyhvwphqw lq wxuq ghfolqhv zlwk lwv surgxfwlylw|/ dqg zlwk lwv rssruwxqlw| frvw/ wkdw

lv/ wkh lqwhuhvw udwh1 D odujhu � phdqv d vwurqjhu suhihuhqfh iru frqvxpswlrq vprrwklqj/

zklfk jhqhudwhv orzhu lqyhvwphqw1 Dv zh vhh lq Iljxuh 6/ wkh lqwhuhvw udwh pxvw wkhq ulvh wr

uhgxfh wkh vdylqj udwh dqg fohdu wkh �qdqfldo pdunhw/ ehfdxvh iru � A 4 suhvhqw dqg ixwxuh

frqvxpswlrq duh frpsohphqwdu|> wkxv uhgxflqj wkh U)G vkduh1 Lq dgglwlrq/ vlqfh lqyhvwphqw

lq U)G orzhuv/ wkh ydoxh ri � qhhghg wr uhsurgxfh wkh Mdsdqhvh frqyhujhqfh vshhg ulvhv1 Erwk

wklv vwurqjhu glplqlvklqj lplwdwlrq rssruwxqlw| h�hfw dqg wkh odujhu lqwhuhvw udwh uhgxfh wkh

49Zh gr qrw suryh irupdoo| wkdw wkh vwdeoh dgmxvwphqw sdwk lv xqltxh1 Hlfkhu dqg Wxuqryvn| +iruwkfrplqj,/
krzhyhu/ hvwdeolvk vx!flhqw frqglwlrqv iru wklv wr eh vr lq d yhu| vlplodu iudphzrun1 Wkrvh frqglwlrqv duh
htxlydohqw wr uhtxlulqj wkdw �n b1 	 � dqg k : �

2
lq rxu prgho1 Lw wxuqv rxw wkdw wkh fdoleudwhg sdudphwhuv

ixo�o wkhvh uhvwulfwlrqv1 Ixuwkhupruh/ gxulqj wkh lqqxphudeoh vlpxodwlrqv/ zh dozd|v irxqg wkh vdph vwdeoh dup/

lqghshqghqw ri wkh lqlwldo jxhvv xvhg wr dssur{lpdwh wkh ghflvlrq uxohv/ dqg wkh lqlwldo ydoxhv ri wkh vwdwh ydoxhv1
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Iljxuh 6= Dgmxvwphqw Sdwkv dqg Rswlpdo Whfkqrorj| Srolf|/ � @ 31:8 h{fhsw zkhq qrwlfhg
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rswlpdo dprxqwv ri uhvhdufk dqg lplwdwlrq vxevlglhv1

Iru � @ 3=:8/ wkh prgho lv ixoo| frqvlvwhqw zlwk wkh sdwwhuqv vxjjhvwhg e| wkh gdwd1 H{fhsw

iru wkh lqlwldo |hduv/ wkh U)G vxssruw vkduh +U.L, lqfuhdvhv dv rxwsxw pryhv wrzdugv wkh

vwhdg|0vwdwh1 Iroorzlqj wkh vdph orjlf dv deryh/ wkh idvw ghfolqh lq wkh lqwhuhvw udwh lv ehklqg

wkh lqlwldoo| udslg lqfuhdvh lq U)G vxssruw � qrwlfh wkdw lq htxdwlrq +57, d odujhu U)G vkduh

dovr frqwulexwhv wr pdnh wkh U)G vxevlgl}dwlrq udwh ohvv qhjdwlyh +ru pruh srvlwlyh,1 Diwhu

durxqg 8 shulrgv/ wkh U)G vkduh vwduwv jrlqj grzq/ dqg vr grhv lwv vxssruw vkduh1 Lw lv wkh

uhvxow ri wkh ghfolqh lq wkh uhodwlyh vl}h ri wkh lqwhuqdwlrqdo srro ri ghvljqv/ zklfk uhgxfhv wkh

surgxfwlylw| ri lplwdwlrq1 Wklv h�hfw fdq dovr eh revhuyhg lq Iljxuh 6 e| orrnlqj dw uhvhdufk

lqyhvwphqw/ zklfk ehjlqv lqfuhdvlqj vljql�fdqwo| rqo| diwhu 8 shulrgv1 Diwhu 48 shulrgv/ lqwhuhvw

udwhv dqg U)G vkduhv duh yhu| forvh wr wkhlu vwhdg|0vwdwh ydoxhv1 Wkh ghfuhdvh lq wkh qhjdwlyh

h{whuqdolw|/ lqgxfhg e| wkh vkulqnlqj uhodwlyh vl}h ri wkh lqwhuqdwlrqdo srro ri ghvljqv/ wkhq

ehfrphv wkh grplqdqw irufh/ udlvlqj U)G vxssruw dorqj wkh ghyhorsphqw sdwk1

Wkh lqwhudfwlrq ehwzhhq wkh qhjdwlyh h{whuqdolw|/ wkh ghfuhdvlqj lplwdwlrq surgxfwlylw|/

dqg wkh ghfolqlqj lqwhuhvw udwhv lv uhvsrqvleoh iru wkh xsv dqg grzqv iroorzhg e| U)G vxssruw

dw hduo| vwdjhv ri ghyhorsphqw1 Wklv surylghv d srvvleoh h{sodqdwlrq iru wkh ehkdylru ri wkh

uhvhdufk dqg lplwdwlrq dgmxvwhg olqh zlwklq wkh 47|� shufhqwloh frxqwu|0jurxs lq Iljxuh 41

Dw d pruh glvdjjuhjdwhg ohyho/ wkh prgho fdq dovr uhsurgxfh wkh hpslulfdo hylghqfh1 Wklv

lv vkrzq e| wkh irxuwk urz ri fkduwv1 Vxssruw wr lplwdwlrq lv wkh prvw lpsruwdqw frpsrqhqw

gxulqj wkh �uvw ghfdghv/ dqg glvsod|v d kxps vkdsh ehfdxvh ri wzr rssrvlqj irufhv1 Iluvw/ wkh

ghfuhdvh dorqj wkh ghyhorsphqw sdwk lq wkh vl}h ri wkh qhjdwlyh h{whuqdolw| jhqhudwhg e| wkh

h{lvwhqfh ri glplqlvklqj lplwdwlrq rssruwxqlwlhv sxvkhv wkh lplwdwlrq vxevlgl}dwlrq udwh xs1

Vhfrqg/ wkh ghfolqh lq wkh uhodwlyh lplwdwlrq surgxfwlylw| sxvkhv grzq wkh zhljkw ri frs|lqj lq

whfkqrorj| srolf|1 Wkh iruphu grplqdwhv dw orz ohyhov ri hfrqrplf ghyhorsphqw/ zkhuhdv wkh

odwwhu grhv odwhu rq1 Zh fdq dovr vhh wkdw wkh sxeolf uhvhdufk lqyhvwphqw vkduh ulvhv ryhu wlph

� wkh wzr irufhv qrz sxvk lq wkh vdph gluhfwlrq1 Uhvhdufk dqg uhvhdufk vxssruw hyhqwxdoo|

ryhufrph lplwdwlrq dqg lplwdwlrq vxssruw dv wkh pdlq frpsrqhqwv ri U)G1

916 Srolf| H�hfwv

Ilqdoo|/ zh vwxg| krz srolf| d�hfwv orqj0uxq rxwsxw ohyhov/ dqg zhoiduh1 Wklv uhtxluhv frp0

sdulqj wkh sodqqlqj vroxwlrq wr wkh }hur0wd{ frpshwlwlyh htxloleulxp1 Wdeoh 6 suhvhqwv zhoiduh

phdvxuhv/ dqg wkh uhodwlyh ohyhov ri rxwsxw/ WIS/ dqg sk|vlfdo fdslwdo dw wkh frpshwlwlyh htxl0
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Wdeoh 6= Vwhdg| Vwdwh Uhodwlyh Ehorz0Wuhqg Ohyhov ri Rxwsxw/ Whfkqrorj|/ dqg Fdslwdo iru wkh
Frpshwlwlyh htxloleulxp +F1R1 htxdov 433,/ dqg Zhoiduh Orvv +shufhqwdjh,

F1H1 Zhoiduh

Orvv

Uhodwlyh

Rxwsxw Ohyho Uhodwlyh WSI

Uhodwlyh

Fdslwdo ohyho

� � @ 4 � @ 5 � @ 4 � @ 5 � @ 4 � @ 5 � @ 4 � @ 5

3158

318

31:8

614

713

:1:

614
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;:17

9;14

871<

<417

:715

9617

43514

;:14

:81<

43815

<513

;615

9719

8317

731:

9:1:

8813

791<

oleulxp vwhdg|0vwdwh1

Wkh ghfhqwudol}hg hfrqrp| grhv qrw wdnh lqwr dffrxqw glplqlvklqj uhwxuqv wr U)G1 Zkhq

wkhvh duh vwurqj/ qrq0vxevlgl}hg sulydwh �upv lqyhvw pruh uhvrxufhv lq ohduqlqj wkdq wkh fhqwudo

sodqqhu/ hqglqj xs zlwk kljkhu whfkqrorj| vwrfn dw wkh vwhdg|0vwdwh1 Dv glplqlvklqj uhwxuqv wr

U)G ghfolqh/ wkh vrfldo uhwxuq wr ohduqlqj qhz lghdv ryhuwdnh wkh sulydwh uhwxuq/ dqg hyhqwxdoo|

wkh rssrvlwh vfhqdulr hphujhv1

Wkh frpshwlwlyh htxloleulxp dozd|v jhqhudwhv orzhu ohyhov ri rxwsxw/ dqg wkh gl�huhqfh

lqfuhdvhv zlwk �1 Wkh uhdvrq lv wkh orz ghjuhh ri fdslwdo dffxpxodwlrq1 Iru h{dpsoh/ iru d

ydoxh ri � ri 3=8/ wkh ohyhov ri rxwsxw dqg fdslwdo iru wkh ghfhqwudol}hg htxloleulxp duh ohvv wkdq

:8 dqg 88 shufhqw ri wkh frppdqg rswlpxp vwhdg|0vwdwh ohyhov/ uhvshfwlyho|1 Wkhvh �jxuhv

jr grzq wr 97 dqg 7: shufhqw zkhq � htxdov 3=:8/ zklfk uhsuhvhqwv d orvv ri rqh wklug ri

rxwsxw1 Wklv grhv qrw krzhyhu lpso| wkdw wkh ehqh�w ri fruuhfwlqj wkh pdunhw idloxuh lqgxfhg

e| prqrsro| sulflqj rxwzhljkv wkh jdlq iurp whfkqrorj| srolf|1 Qrwlfh wkdw wkh whfkqrorjlfdo

jds lv sduwo| uhvsrqvleoh iru wkh orz ohyhov ri fdslwdo1 Lq rughu wr dvvhvv wkh frqwulexwlrq ri

wkhvh wzr w|shv ri srolflhv/ zh frpsduh wkh vrfldo rswlpxp rxwfrph wr wzr gl�huhqw vfhqdulrv1

Lq wkh �uvw rqh/ rqo| rswlpdo U)G wd{dwlrq lv lpsohphqwhg1 Lq wkh vhfrqg rqh/ rqo| wkh

sxufkdvh ri surgxfhu gxudeohv lv vxevlgl}hg1 Zh fduu| rxw wklv dqdo|vlv iru wkh � @ 3=:8 fdvh

ehfdxvh lw lv wkh rqh wkdw jhqhudwhv srvlwlyh U)G vxssruw udwhv/ zklfk lv zkdw zh revhuyh lq

wkh gdwd1

Zkhq wkh jryhuqphqw phuho| h{hfxwhv U)G srolf|/ whfkqrorj| uhdfkhv lwv vrfldo rswlpxp

ohyho1 Iurp htxdwlrqv +8,/ +47, dqg +48,/ wkh uhodwlyh fdslwdo vwrfn wkhq htxdov ^+4��,�`
�

k 1 Iru

rxu sdudphwhu ydoxhv/ wklv h{suhvvlrq wdnhv rq 95=6 shufhqw/ dqg rxwsxw lv ;7=8 shufhqw ri wkh

frppdqg rswlpxp ohyho1 Li/ rq wkh rwkhu kdqg/ rqo| wkh pdunhw idloxuh jhqhudwhg e| prqrsro|

sulflqj lv holplqdwhg/ htxdwlrqv +8,/ +47, dqg +48, irufh wkh vwrfn ri fdslwdo phdvxuhg lq shu

4<



fdslwd0h!flhqf| xqlwv
�

g

�1*ku

�
wr htxdo lwv vrfldo rswlpxp1 Htxdwlrq +8, wkhq vd|v wkdw wkh

uhodwlyh ohyhov ri rxwsxw dqg fdslwdo duh wkh vdph/ dqg htxdo uhodwlyh WIS wr wkh srzhu ri �
k
1

Wkh qxphulfdo dqdo|vlv lpsolhv wkdw lq wklv vfhqdulr uhodwlyh WIS dqg rxwsxw ohyhov duh ;9=:

dqg ;3=3 shufhqw li � @ 4/ dqg <6=3 dqg ;<=6 shufhqw li � @ 5/ uhvshfwlyho|1 Frpsdulqj wr wkh

qxpehuv lq Wdeoh 6/ zh vhh wkdw wkh h�hfw rq rxwsxw ri jryhuqphqw*v uhdfwlrq wr prqrsro|

sulflqj dovr lqfuhdvhv WSI> iru h{dpsoh/ lw jrhv iurp :8=< xs wr ;9=: shufhqw iru � @ 41 Wkh

uhdvrq lv wkdw d odujhu ��% surylghv lqfhqwlyhv wr lqfuhdvh U)G lqyhvwphqw/ uhgxflqj wkh qhhg

wr vxevlgl}h lw/ dv zh vhh lq htxdwlrq +57,1

Wkh U)G srolf| frqwulexwlrq wr orqj0uxq rxwsxw/ wkhuhiruh/ rxwzhljkv wkh rqh ri surgxfhu0

gxudeoh vxevlglhv zkhq wkh suhihuhqfh iru frqvxpswlrq vprrwklqj lv zhdnhu/ dqg wkh rwkhu zd|

urxqg1 Wklv rffxuv ehfdxvh wkh odwwhu ghshqgv rqo| rq wkh pdun0xs udwlr/ zkhuhdv wkh iruphu

ghfuhdvhv zlwk � gxh wr wkh uhdvrqv h{srvhg ehiruh/ djhqwv duh zloolqj wr vdful�fh ohvv suhvhqw

frqvxpswlrq dqg � qhhg wr ulvh1 Lq wkh prvw dgydqfhg qdwlrqv/ wkh vkduh ri wrwdo sxeolf

vxssruw wr uhvhdufk dqg h{whqvlrq lv durxqg 5=8 shufhqw +Iljxuh 4,/ dqg wkh rqh ri uhvhdufk

vxevlglhv lv derxw 4 shufhqw +Iljxuh 5,1 Wkh uhvxowv iru wkh � @ 5 fdvh ehwwhu �w wkrvh qxpehuv1

Rxu prgho wkhq suhglfwv d voljkwo| kljkhu frqwulexwlrq ri fdslwdo irupdwlrq srolf|1

Wkh zhoiduh phdvxuh lq Wdeoh 6 jlyhv wkh shupdqhqw shufhqwdjh lqfuhdvh lq frpshwlwlyh

htxloleulxp frqvxpswlrq qhfhvvdu| wr pdnh frqvxphuv lqgl�huhqw ehwzhhq iroorzlqj wkh vr0

fldoo| rswlpdo sdwkv dqg iroorzlqj wkh }hur0wd{ ghfhqwudol}hg hfrqrp| vhtxhqfhv1 Zh vhh wkdw

wkh frpsohwh devhqfh ri srolf| lqwhuyhqwlrq surgxfh zhoiduh orvvhv wkdw duh dozd|v ryhu 5 shu0

fhqw/ uhdfklqj : shufhqw iru wkh orz vprrwklqj/ zhdn glplqlvklqj uhwxuqv fdvh1 D kljkhu ghjuhh

ri frqvxpswlrq vprrwklqj fdxvhv gl�huhqfhv ehwzhhq wkh wzr htxloleuld wr ghfolqh1 Li zh orrn

dw wkh zhoiduh phdvxuh/ wkh orvvhv zkhq � @ 5 duh dozd|v orzhu wkdq li � @ 4/ dqg gr qrw ydu|

pxfk zkhq � fkdqjhv1 Wkh srvlwlyh uhodwlrqvkls ehwzhhq wkh orvv phdvxuh dqg � hyhq ydqlvkhv

zkhq � @ 51

: Vxppdu| dqg Frqfoxvlrqv

Xvlqj furvv0frxqwu| gdwd rq jryhuqphqw uhvhdufk dqg h{whqvlrq h{shqglwxuhv lq wkh djulfxo0

wxudo vhfwru/ wklv sdshu kdv grfxphqwhg vhyhudo hpslulfdo uhjxodulwlhv uhjduglqj wkh uhodwlrqvkls

ehwzhhq wkh ohyho ri hfrqrplf ghyhorsphqw dqg sxeolf vxssruw wr uhvhdufk dqg lplwdwlrq1 H{0

fhsw iru frxqwulhv lq wkh 47|� shufhqwloh ri uhodwlyh lqfrph/ zklfk vkrz pruh frpsoh{ ehkdylruv/
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zh fdq vxppdul}hg wkh hylghqfh dv iroorzv1 Iluvw/ wkh vkduh ri sxeolf lqyhvwphqw lq lplwdwlrq

udlvhv zlwk lqfrph dfurvv qdwlrqv wkdw duh dw hduo| vwdjhv ri ghyhorsphqw/ dqg vwdelol}hv +ru

voljkwo| ghfolqhv, dprqj wkh dgydqfhg jurxs1 Vhfrqg/ erwk sxeolf uhvhdufk dqg wrwdo sxe0

olf vxssruw lqfuhdvh zlwk lqfrph ohyhov1 Wklug/ lq wkh furvv0vhfwlrq ri frxqwulhv/ wkh udwlr ri

lplwdwlrq wr uhvhdufk vxssruw lv lqyhuvho| uhodwhg wr wkh ohyho ri hfrqrplf ghyhorsphqw1

Wkh U)G0edvhg jurzwk prgho wkdw zh kdyh suhvhqwhg lqfrusrudwhv wkh srvvlelolw| ri frs|0

lqj iruhljq lghdv wkurxjk d whfkqrorj| wkdw h{klelw glplqlvklqj lplwdwlrq rssruwxqlwlhv1 Wklv

doorzv wkh wudqvlwlrq g|qdplfv ri wkh sursrvhg iudphzrun wr dffrxqw iru wkh deryh dyhudjh

whfkqrorj| srolf| sdwwhuqv1 Dv d frxqwu| fdwfkhv xs zlwk wkh pruh dgydqfhg qdwlrqv/ erwk

wkh lplwdwlrq surgxfwlylw| dqg wkh qhjdwlyh h{whuqdolw| jhqhudwhg e| glplqlvklqj lplwdwlrq

rssruwxqlwlhv ghfolqh1 Wkh iruphu h�hfw uhgxfhv wkh lqfhqwlyh wr vxssruw lplwdwlrq/ zkhuhdv

wkh odwwhu hqfrxudjhv uhvhdufk dqg lplwdwlrq vxevlglhv1 Wkh prgho dovr vkrzv wkdw odujh lq0

fuhdvhv lq U)G lqyhvwphqw/ dqg wkhuhiruh lq lwv vxssruw vkduh duh srvvleoh dw hduo| vwdjhv ri

ghyhorsphqw gxh wr wkh udslg ghfolqh ri lqwhuhvw udwhv1

Frpsdulqj wkh vrfldo rswlpxp dqg wkh frpshwlwlyh htxloleulxp sdwkv/ zh �qg wkdw sxeolf

lqwhuyhqwlrq fdq surgxfh lpsruwdqw ehqh�wv/ dqg wkdw erwk whfkqrorj| dqg fdslwdo dffxpxod0

wlrq srolflhv kdyh d yhu| vlplodu frqwulexwlrq wr wkh zhoiduh lpsuryhphqw1

Ixwxuh uhvhdufk rq wkh ghwhuplqdqwv ri sxeolf lplwdwlrq srolf|/ dqg lwv lqwhudfwlrq zlwk

sxeolf uhvhdufk surjudpv/ vkrxog lqfoxgh wkh frqvwuxfwlrq ri ehwwhu gdwd vhwv/ hvshfldoo| rxw0

vlgh wkh djulfxowxudo vhfwru1 Ixuwkhu zrun lv dovr qhhghg wr dvvhvv wkh uhodwlyh lpsruwdqfh ri

uhvhdufk/ lplwdwlrq/ dqg fdslwdo dffxpxodwlrq vxevlglhv dorqj wkh hfrqrplf ghyhorsphqw sdwk/

dqg txdqwli| wkhlu frqwulexwlrq wr hfrqrplf jurzwk1 Ilqdoo|/ lw zrxog eh lqwhuhvwlqj wr dqdo|}h

krz wkh lqwurgxfwlrq lqwr rxu prgho ri dgglwlrqdo pdunhw idloxuh vrxufhv/ olnh wkh rqhv srlqwhg

rxw e| Mrqhv dqg Zlooldpv +4<<<, dqg Vwrqhpdq dqg Glhghuhq +4<<7,/ d�hfw whfkqrorj| srolf|1
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Dsshqgl{ D

Lq rughu wr vwxg| g|qdplfv/ zh �uvw qhhg wr vwdwh wkh v|vwhp ri htxdwlrqv wkdw fkdudfwhul}h

wkh htxloleulxp doorfdwlrqv1 Uhjduglqj wkh frppdqg rswlpxp/ wkh Hxohu frqglwlrqv iru wkh

frqwuro yduldeohv/ dqg prwlrq htxdwlrqv iru wkh vwdwh yduldeohv kdyh douhdg| ehhq zrunhg rxw

lq wkh pdlq wh{w1 Lq wkh qh{w vhfwlrq/ zh ghulyh wkh rqhv iru wkh ghfhqwudol}hg hfrqrp| zlwk

wd{hv1

D14 Wkh Frpshwlwlyh Htxloleulxp

Lq rxu hfrqrp|/ wkhuh lv d frqwlqxxp ri lghqwlfdo frqvxphuv ri vl}h +4 . q,|OJ dw gdwh w1

Wkh| duh hqgrzhg zlwk rqh xqlw ri oderu lq hdfk shulrg1 Wkhlu suhihuhqfhv duh jlyhq e| wkh

iroorzlqj xwlolw| ixqfwlrq=

X| @
"[

�'|

��3|
#
f�3j� � 4

4� �

$
> +59,

zkhuh f| lv wkh dprxqw ri frqvxpswlrq shu fdslwd lq shulrg w1

Lqsxwv duh qrw preloh/ dqg pxvw eh h{foxvlyho| vxssolhg wr grphvwlf �upv1 Dw hdfk gdwd

w/ frqvxphuv vxsso| wkhlu oderu lqhodvwlfdoo|1 Lq uhwxuq iru wklv vhuylfh/ wkh| uhfhlyh d zdjh

z|1 Zh dvvxph wkh h{lvwhqfh ri d fdslwdo pdunhw wkdw vxssolhv wkh vdylqjv ri frqvxphuv wr

lqwhuphgldwh0jrrgv surgxfhuv wkdw lvvxh vhfxulwlhv1 Wkh htxloleulxp lqwhuhvw udwh u| fohduv wkh

pdunhw dw hdfk srlqw lq wlph1 Wkh uhsuhvhqwdwlyh frqvxphu*v exgjhw frqvwudlqw lv wkhq jlyhq

e|

+4 . q, d|n� @ +4 . u|n�, +d| . z| � f| � ��|, > +5:,

zkhuh d| lv wkh ydoxh/ lq whupv ri rxwsxw/ ri wkh vhfxulwlhv rzqhg e| hdfk frqvxphu1 Frqvxphuv

fkrrvh wkh wlph vhulhv ri frqvxpswlrq wkdw pd{lpl}hv +59, vxemhfw wr +5:,1 Wkh �uvw rughu

frqglwlrq wr wklv sureohp jlyhv wkh Hxohu htxdwlrq iru djjuhjdwh frqvxpswlrq=

F|n� @ ^� +4 . u|n�,`
�

j +4 . q,�3
�

j F| = +5;,

Ilqdo0jrrgv pdqxidfwxuhuv duh sulfh wdnhuv/ dqg hduq }hur sur�wv lq htxloleulxp1 Ehfdxvh

lqwhuphgldwh jrrgv duh uhqwhg udwkhu wkdq vrog/ htxdwlrq +5, lpsolhv wkdw wkh| vroyh wkh iro0

orzlqj sureohp=

pd{
tu| c %�| �

;?
=Ok

|

%] �|

f
{
E�3k��
�| gl

& �

�

� $| O| �

] �|

f
s�| +4� �%�|, {�| gl

<@
> > +5<,
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zkhuh $| lv wkh zdjh udwh1 Iru wkh lqwhulru vroxwlrq wr wklv sureohp/ wkh �uvw rughu frqglwlrqv

duh

$| @ �
\|

O|
+63,

s�| @

�
4� �

4� �%�|

�
Ok
|

%] �|

f
{
E�3k��
�| gm

& �

�
3�

{
E�3k��3�
�| > l 5 +3>D|, 1 +64,

Htxdwlrqv +63, dqg +64, uhsuhvhqw wkh lqyhuvh ghpdqg ixqfwlrqv iru oderu dqg surgxfhu gxudeohv/

uhvshfwlyho|1 Jlyhq wkdw doo lqwhuphgldwh0jrrgv ghvljqv surylgh wkh vdph lpsuryhphqw lq sur0

gxfwlylw|/ zh khuhdiwhu irfxv rq wkh v|pphwulf htxloleulxp lq zklfk fdslwdo lv hyhqo| glvwulexwhg

ryhu doo dydlodeoh w|shv> wkdw lv/ {�| @ �{| iru doo l1

Htxdwlrq +49, vd|v wkdw lw lv rswlpdo wr vxevlgl}h wkh sxufkdvh ri doo lqwhuphgldwh jrrgv dw

wkh vdph udwh/ ��%|1 Htxdwlrqv +64, dqg +48, wkhq lpso| wkdw/ li {�| @ �{| iru doo l/ wkh dprxqw

ri surgxfhu gxudeohv ri d jlyhq w|sh xvhg lq wkh hfrqrp| lv

�{| @
+4� �,2 �

+4� ��%|, +u| . �,

�
\|

D|

�
= +65,

Nqrzlqj wkh jdlqv iurp glvfryhulqj qhz ghvljqv/ lqwhuphgldwh0jrrgv surgxfhuv fkrrvh krz

pxfk fdslwdo wr lqyhvw lq U)G1 Ohw U| @ U�| .UU|1 Iurp htxdwlrqv +53,/ +54, dqg +55,/ zh

fdq zulwh wkh }hur sur�w frqglwlrq iru wrwdo U)G h�ruw dv

+4� � U|,U
�3b
| @ Y| � D

�
|

;?
=4 .

%�
4� � U|

4� ��|

��
� D�

|

D|

�qb& �

�3b

<@
>

�3b

1 +66,

Wkh �upv* rswlpdo doorfdwlrq wr U)G dfurvv wlph zloo eh ghwhuplqhg e| wkh hyroxwlrq ri wkh

ghvljq*v ydoxh Y|/ zklfk lv slqqhg grzq e| wkh iroorzlqj duelwudjh frqglwlrq=

4 . u|n� @
�s|n� �{|n�

Y| . �{|n�
.
Y|n� . +4� �, �{|n�

Y| . �{|n�
= +67,

Wkh UKV uhsuhvhqwv wkh uhwxuq wr hqjdjlqj lq lqwhuphgldwh0jrrgv pdqxidfwxulqj1 Ex|lqj d

sdwhqw uljkw wrgd| dqg pdqxidfwxulqj wkh surgxfwv wkdw zloo eh uhqwhg wrpruurz surylghv d

uhwxuq wkdw htxdov wkh glylghqg +�uvw vxppdqg, soxv wkh fdslwdo jdlq2orvv +vhfrqg vxppdqg,1

Wkh OKV/ lq wxuq/ jlyhv wkh jurvv uhwxuq iurp ohqglqj wr rwkhu �upv1 Wkh deryh h{suhvvlrq

vd|v wkdw/ lq htxloleulxp/ �upv pxvw eh lqgl�huhqw ehwzhhq wkh wzr dowhuqdwlyhv1

Iurp htxdwlrqv +48,/ +56,/ +65,/ +66, dqg +67,/ wkh U)G lqyhvwphqw rswlpdo prwlrq lq wkh

frpshwlwlyh htxloleulxp zlwk wd{hv lv jlyhq e|=

56



+4 . u|n�,

�
U|

D|n� �D|

�
@

^4� � +4� �,` +4� �,

+4� ��-|, +4� ��%c|n�,

�
\|n�

D|n�

�
.

�
�37�-c|n�
�37�-|

�
U|n�

D|n2 �D|n�
= +68,

Frpsdulqj h{suhvvlrq +68, wr htxdwlrq +4<,/ zh vhh wkdw li
�37�-c|n�
�37�-|

@ 4/ wkh rswlpdo U)G

vxevlg| udwh lv jlyhq e|

��-| * 4�

d�3�E�3k�oE�3k�
E�37�%c|n��

-|n�

t|n�

5
7! � ��

3
C A

q b
�3b
|n�

�nA

q b
�3b
|n�

4
D
6
8. � �

= +69,

Dw wkh djjuhjdwh ohyho/ pdunhw fohdulqj lv vxppdul}hg e| wkh hfrqrp|*v exgjhw frqvwudlqw1

Zh kdyh vhhq +l, wkdw krxvhkrogv doorfdwh �qdo jrrgv hlwkhu wr frqvxpswlrq ru vdylqjv> dqg

+ll, wkdw lqwhuphgldwh0jrrgv pdqxidfwxuhuv eruurz fdslwdo wr sd| oderu dqg wkh uhqwdo udwh rq

surgxfhu gxudeohv dv U)G zrun lv grqh/ dqg wr pdqxidfwxuh wkh qhz surgxfwv1 Ilqdoo|/ vlqfh

wudgh lv qrw doorzhg lq wkh prgho/ grphvwlf rxwsxw pxvw htxdo grphvwlf h{shqglwxuh1 Wkh

hfrqrp|*v exgjhw frqvwudlqw lv wkhq jlyhq e|

\| @ F| . L| .U|> +6:,

zkhuh L| lv lqyhvwphqw dw gdwh w1 Wkh odz ri prwlrq ri wkh fdslwdo vwrfn lv

N|n� @ +4� �,N| . L|1 +6;,

Lq wkh ghfhqwudol}hg hfrqrp| zlwk wd{hv/ wkh shuihfw iruhvljkw htxloleulxp lv wkh vhw ri vh0

txhqfhv ri sulfhv i$|> u|> �s|j
"

|'f/ doorfdwlrqv i�{|> L|>U�|>UU|> F|j
"

|'f/ dqg srolflhv i��|> ��| > � U| > ��%|j
"

|'f

vxfk wkdw Hxohu frqglwlrq +5;, fkdudfwhul}hv wkh frqvxphuv* ehkdylru/ �upv dvvljq uhvrxufhv

dffruglqj wr htxdwlrqv +55,/ +65, dqg +68,/ wkh jryhuqphqw edodqfhg lwv exgjhw jlyhq lq h{0

suhvvlrq +45,/ dqg pdunhw fohdulqj frqglwlrq +6:, krogv1

D15 Qrupdol}dwlrq

Lq dqdo|}lqj wkh htxloleulxp doorfdwlrqv/ lw lv xvhixo wr uhgh�qh jurzlqj yduldeohv vxfk wkdw

wkh uhvxowlqj qrupdol}hg rqhv uhdfk d vwhdg|0vwdwh1 Jlyhq wkh hfrqrp|*v exgjhw frqvwudlqw/

htxdwlrq +6:,/ zh nqrz wkdw frqvxpswlrq/ sk|vlfdo fdslwdo/ dqg U)G lqyhvwphqw zloo jurz dw

wkh vdph udwh dw vwhdg|0vwdwh1 Surgxfwlrq ixqfwlrq +8, wkhq lpsolhv wkdw rxwsxw jurzwk zloo eh

ghwhuplqhg e| wkh h�hfwlyh0oderu jurzwk udwh1 Khqfh/ wkh dssursuldwh qrupdol}dwlrq idfwru iru
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wkhvh yduldeohv lv D
1

k
| O|1 Ghqrwh qrupdol}hg yduldeoh G| e| aG| @

(|

�
1
k
| u|

1 Qrupdol}hg yduldeohv

duh wkhq phdvxuhg lq shu fdslwd0h!flhqf| xqlwv1 Zh gh�qh

� @ � +� D�
| ,

�3�nb 1

k Ob| = +6<,

Zh vdz lq vhfwlrq 7 wkdw j�� @ j�1 Htxdwlrq +44, wkhq vd|v wkdw � lv d frqvwdqw frh!flhqw1

Lq whupv ri qrupdol}hg yduldeohv/ dq htxloleulxp lv wkh vhw ri vhtxhqfhv ri sulfhv/ qrupdol}hg

doorfdwlrqv
q
aN|> aL|> aU�|> aUU|> aF|

r
"

|'f
/ dqg srolflhv vdwlvi|lqj wkh rswlpdolw| dqg htxloleulxp frq0

glwlrqv1

Uhfdoo wkdw � U| @ ��| @ ��-|1 Wkh iroorzlqj gl�huhqfh htxdwlrq v|vwhp iruphg e| Hxohu

htxdwlrqv +55,/ +5;, dqg +68,/ wkh odzv ri prwlrq +6;, iru N|/ dqg +;, dqg +4;, iru W|/ dssur0

suldwho| qrupdol}hg/ ghvfulehv wkh ghfhqwudol}hg htxloleulxp zlwk wd{hv=

aF|n� J
1

k

�| +4 . q,
�

j @ �

%
4 .

� +4� �,2

+4� �� %|n�, aNk
|n�

� �
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j

aF|> +73,

3
EC aU|n�

4 . W
q b

�3b

|n�

4
FD
�3b
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4 .

� +4� �,2

+4� ��%|n�, aNk
|n�

� �
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4� ��-|

4� ��-c|n�

$
J
�3

1

k
E�3b�

�| � +74,

�

5
7 	-|

E�n?�

4 . W
q b

�3b

|

6
8
�3b

�

^4� �+4� �,` +4� �,

+4� ��-c|n�, +4� ��%|n�,
� W

�3�3b 1

k

|n�
aN�3k
|n� >

aU�|

aUU|

@ W
q b

�3b

| > +75,

aN|n� J
1

k

�| +4 . q, @ aN�3k
| �

aF| �
aU| . +4� �, aN|> +76,

W|n� @

�
4 . j��

J�|

�
W|> +77,

zkhuh

J�| @ 4. � W
�3�3b 1

k
|

aUb
|

�
4 . W

q b

�3b

|

��3b
> +78,

dqg

aU| @ aU�| . aUU|1 +79,

Wkh vdph odzv ri prwlrq dqg lghqwlwlhv dv lq wkh ghfhqwudol}hg fdvh/ h{suhvvlrqv +76,/ +77,/

+78, dqg +79,/ dqg Hxohu frqglwlrqv +46,/ +4:, dqg +4<,/ dssursuldwho| qrupdol}hg/ gh�qh wkh
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vrfldo sodqqlqj sureohp vroxwlrqv1 Wkh vhfrqg ri wkhvh Hxohu htxdwlrqv lv htxlydohqw wr +75,>

wkh rwkhu wzr duh jlyhq e|

aF|n�J
1

k

�|+4 . q,
�

j @

%
�

#
4 .

4� �

aNk
|n�

� �

$& �

j

aF|> +7:,

dqg

3
EC aU|n�

4 . W
q b

�3b

|n�

4
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�3b

. � W
�3�3b 1

k

|n�
aU|n�

3
EC!� � � W

q b

�3b

|n�

4 . W
q b

�3b

|n�
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FD @ +7;,
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#
4 .

4� �

aNk
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k
E�3b�

�|

5
7 	-|

E�n?�

4 . W
q b

�3b
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6
8
�3b

� � � � W
�3�3b 1
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|n�
aN�3k
|n� 1

D16 Qxphulfdo Dssur{lpdwlrq Phwkrg

Iroorzlqj Mxgg +4<<5,/ zh xvh kljk0ghjuhh sro|qrpldov lq wkh vwdwh yduldeohv wr uhsolfdwh

wkh srolf| ixqfwlrqv1 Wkh sdudphwhuv ri wkh dssur{lpdwhg ghflvlrq uxohv duh fkrvhq wr +ds0

sur{lpdwho|, vdwlvi| wkh Hxohu htxdwlrqv ryhu d qxpehu ri srlqwv lq wkh vwdwh vsdfh/ xvlqj

d qrqolqhdu htxdwlrq vroyhu1 D Fkhe|vkhy sro|qrpldo edvlv lv xvhg wr frqvwuxfw wkh srolf|

ixqfwlrqv/ dqg wkh }hurv ri wkh edvlv irup wkh srlqwv dw zklfk wkh v|vwhp lv vroyhg> lq rwkhu

zrugv/ zh xvh wkh phwkrg ri ruwkrjrqdo froorfdwlrq wr fkrrvh wkhvh srlqwv1 Ilqdoo|/ whqvru

surgxfwv ri wkh vwdwhv yduldeohv duh hpsor|hg lq wkh sro|qrpldo uhsuhvhqwdwlrqv1 Wklv phwkrg

kdv suryhq wr eh kljko| h!flhqw lq vlplodu frqwh{wv1 Iru h{dpsoh/ iru wkh rqh0vhfwru jurzwk

prgho/ Mxgg +4<<5, �qgv wkdw wkh dssur{lpdwhg ydoxhv ri wkh frqwuro yduldeohv glvdjuhh zlwk

wkh ydoxhv gholyhuhg e| wkh wuxh srolf| ixqfwlrqv e| qr pruh wkdq rqh sduw lq 43/3331

Iru prvw prghov/ krzhyhu/ zh fdqqrw gluhfwo| dvvhvv krz zhoo wkh sro|qrpldo edvlv ds0

sur{lpdwhv wkh wuxh vroxwlrq> exw wkhuh duh lqgluhfw phdvxuhv1 Iru lqvwdqfh/ dv Mxgg +4<<5,

dujxhv/ zh fdq dvvhv wkh Hxohu htxdwlrq huuru ryhu d odujh qxpehu ri srlqwv xvlqj wkh ds0

sur{lpdwhg uxohv1 Iru h{dpsoh/ li zh hpsor| Hxohu htxdwlrq +7:,/ wkh phdvxuh zloo jlyh wkh

fxuuhqw frqvxpswlrq ghflvlrq huuru wkdw djhqwv xvlqj wkh dssur{lpdwhg uxohv pdnh/ dvvxplqj

wkdw wkh +wuxh, rswlpdo ghflvlrqv zhuh pdgh lq wkh suhylrxv shulrg1 Wkh dffxudf| ulvhv zlwk

wkh ghjuhh ri wkh sro|qrpldov1 Wr uxq rxu vlpxodwlrqv/ zh xvhg sro|qrpldov ri ghjuhh hljkw1

Kljkhu ghjuhhv jdyh pruh dffxudf|/ exw uhvxowv zhuh doprvw lghqwlfdo1 Wkh srolf| ixqfwlrqv

zhuh dssur{lpdwhg xvlqj wkh ixqfwlrqdo irup

oqG| @ �H+oqW|>N|, > G| @ F|>U| >
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Wdeoh 7= Vroxwlrq Dojrulwkp Dffxudf| iru Dqdo|}hg Fdvhv

( ri Huuru iru �Fw.4 ( ri Huuru iru �Uw.4

� � � Dyhudjh Pd{lpxp Dyhudjh Pd{lpxp

Frpsh0

wlyh Htxl0

oleulxp

4

4

4

3158

318

31:8

5136

31;6

3175

3135

3135

3135

313:

313:

313:

3136

3137

313<

3147

314;

3167

Vrfldo

Sodqqhu*v

Vroxwlrq

4

4

4

3158

318

31:8

5136

31;6

3175

313;

313;

313;

3168

3168

3168

3143

3148

3167

3183

31:5

418<

Frpsh0

wlyh Htxl0

oleulxp

5

5

5

3158

318

31:8

516

4136

318;

3135

3135

3135

313:

313:

313:

3138

313:

3149

3158

3168

31:6

Vrfldo

Sodqqhu*v

Vroxwlrq

5

5

5

3158

318

31:8

516

4136

318;

3139

3139

313:

3164

3164

3166

3149

3157

31:8

31;;

4164

6173

zhuh �? ghqrwhv wkh q0ghjuhh Fkhe|vkhy sro|qrpldo ixqfwlrq1 Wkh vwhsv iroorzhg zhuh wkh

iroorzlqj1 Zh �uvw dssur{lpdwhg wkh srolf| ixqfwlrqv iru wkh sodqqlqj sureohp1 Wkhq/ wkhvh

dssur{lpdwlrqv zhuh xvhg wr frpsxwh rswlpdo vwdwh0ghshqghqw wd{ srolf| uxohv iru wkh frp0

shwlwlyh htxloleulxp vroxwlrq1 Wkh surjudpv zhuh zulwwhq lq jdxvv06;9/ dqg duh dydlodeoh xsrq

uhtxhvw1 Wdeoh 7 uhsruwv wkh pd{lpxp dqg dyhudjh Hxohu htxdwlrq huuruv irxqg ryhu d julg

vhdufk ri 43/333 vwdwh vsdfh srlqwv iru wkh fdvhv dqdo|}hg lq wkh sdshu1

Dsshqgl{ E

Wkh iroorzlqj Wdeoh frqwdlqv wkh gdwd suhvhqwhg lq Vhfwlrq 51 Qxpehuv rq JGS shu zrunhu

frph iurp ShqqZruog Wdeohv/ Yhuvlrq 819/ dydlodeoh rq olqh dw kwws=22zzz1qehu1ruj2szw891kwpo1

Iru wkh rwkhu yduldeohv* vrxufhv/ vhh Mxgg/ Er|fh dqg Hyhqvrq +4<;9,1 Zh kdyh gdwd iru wkh

|hduv 4<95/ 4<98/ 4<9;/ 4<:4/ 4<:7/ 4<:: dqg 4<;31 Iru hdfk yduldeoh/ zh frpsxwh wkh dyhudjh

ydoxh1

Phdq Ydoxhv ri JGS shu Zrunhu/ dqg ri Uhvhdufk dqg H{whqvlrq H{shqglwxuhv dv
Shufhqwdjh ri wkh Ydoxh ri Djulfxowxudo Surgxfw= Sxeolf Vhfwru

H{whqvlrq Uhvhdufk H{whqvlrq soxv H{whqvlrq ryhu Uhodwlyh JGS shu
Frxqwu| Vkduh Vkduh Uhvhdufk Vkduh Uhvhdufk +(, Zrunhu +X1V1@433,
Dujhqwlqd 316<4 319<9 413;; 8915;3 7<1639
Dxvwudold 31<98 518;3 61879 6:1744 ;31;84
Dxvwuld 31<33 3175: 4165: 5431945 9317<8

5:



Phdq Ydoxhv ri JGS shu Zrunhu/ dqg ri Uhvhdufk dqg H{whqvlrq H{shqglwxuhv dv
Shufhqwdjh ri wkh Ydoxh ri Djulfxowxudo Surgxfw= Sxeolf Vhfwru/ frqw1

H{whqvlrq Uhvhdufk H{whqvlrq soxv H{whqvlrq ryhu Uhodwlyh JGS shu
Frxqwu| Vkduh Vkduh Uhvhdufk Vkduh Uhvhdufk +(, Zrunhu +X1V1@433,

Edqjodghvk 3148< 31666 317<5 7:187: 431;5<
Ehojlxp 313:8 31;46 31;;; <14:7 :71534
Erolyld 31474 318;9 31:5: 5713<9 4:1447
Eud}lo 41538 31:47 41<4< 49;1:8< 5;154<
Exuxqgl 3196: 31666 31<:3 4<414:6 51984
Fdqdgd 31<55 515;5 61538 731739 ;716:;
Fkloh 31984 31<:3 41954 9:13<4 641749
Frorpeld 31543 3198: 31;9: 641<:< 4:1768
Frvwd Ulfd 31754 31666 31:87 459157< 81;37
F|suxv 31876 31:5; 415:4 :717:: 681<5:
Ghqpdun 318;9 319:7 41593 ;91<69 98186:
Hfxdgru 315:3 31898 31;68 7:1:<< 561<;9
Hj|sw 418;3 3187: 5145: 5;;19:4 47178;
Ho Vdoydgru 314;< 315<; 317;; 9617:: 4<14<3
Hqjodqg 31;98 41539 513:4 :41:94 951678
Hwklrsld 3145: 31463 3158: <:1976 5145<
Ilqodqg 4139< 31844 418;3 53<1347 891949
Iudqfh 3179; 31;;8 41686 851<59 :41:68
Jkdqd 31;36 318;: 416<3 4691;76 ;13;7
Juhhfh 31498 3174< 318;7 6<16;: 691;69
Jxdwhpdod 315:9 3167; 31957 :<17;7 561:;3
Krqgxudv 314:7 31646 317;: 88183< 471463
Lqgld 314<7 31569 31764 ;514:< 918;3
Lqgrqhvld 315;5 31643 318<5 <31<84 :16<6
Ludq 317<: 31893 4138: ;;19;< 831<4;
Luhodqg 31978 41593 41<38 841549 781848
Lvudho 3195: 41:;9 51746 6813;7 881634
Lwdo| 31635 31877 31;79 88184< 981353
Lyru| Frdvw 51387 41459 614;4 4;51747 441598
Mdpdlfd 31475 3178: 318<< 6414;5 531669
Mdsdq 31;76 5193: 61783 651653 6:1988
Mrugdq 31<:3 3176< 4173< 5531;64 5<168:
Nhq|d 41959 31;<3 5184: 4;519<6 81::3
Nruhd1 Uhs1 315;6 3169: 31983 ::1656 4:1558
Olehuld 31555 31459 3167< 4:81;83 :1:6:
Pdgdjdvfdu 4138; 31:67 41:<5 477159; :1687
Pdodzl 51978 417:4 71449 4:<1;:4 61666
Pdod|vld 3168: 31935 31<93 8<1695 55169<
Pdol 613<7 41<9; 81395 48:1533 718:6
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Phdq Ydoxhv ri JGS shu Zrunhu/ dqg ri Uhvhdufk dqg H{whqvlrq H{shqglwxuhv dv
Shufhqwdjh ri wkh Ydoxh ri Djulfxowxudo Surgxfw= Sxeolf Vhfwru/ frqw1

H{whqvlrq Uhvhdufk H{whqvlrq soxv H{whqvlrq ryhu Uhodwlyh JGS shu
Frxqwu| Vkduh Vkduh Uhvhdufk Vkduh Uhvhdufk +(, Zrunhu +X1V1@433,

Ph{lfr 3153< 315<4 31833 :51387 7:1:<9
Prurffr 4179; 3174< 41;;: 6831466 4:1654
Qhwkhuodqgv 31:;9 61374 61;5: 581;87 ;51<6:
Qhz ]hdodqg 3175< 41864 41<94 5;1367 ;31:89
Qlfdudjxd 31554 316:< 318<< 8;15;3 581595
Qljhuld 31<<6 31;;; 41;;5 4441;43 71454
Qruzd| 4187: 51:9: 71647 881<48 9:1745
Sdnlvwdq 3147< 315:5 31754 871893 431777
Sdqdpd 31:59 3174< 41478 4:616;7 581938
Sdudjxd| 3147; 31796 31944 6513;4 491955
Shux 31943 319;< 415<< ;;18:; 6314;4
Sklolsslqhv 31665 314:9 3183; 4;;187; 4618:7
Sruwxjdo 4133; 417;8 517<6 9:1;;< 5<1943
Uzdqgd 316;7 31498 3187< 56616<8 6198<
Vrxwk Diulfd 31:99 41594 5135: 931:<3 5<1788
Vhqhjdo 513:4 417:< 61883 46<1<:6 :1<96
Vlhuud Ohrqh 31588 31536 3178; 458157; <1499
Vsdlq 3156< 3186< 31::; 771695 891787
Vul Odqnd 31<:< 319;< 4199; 475144< 451687
Vxgdq 41;;8 318<5 517:: 64;1564 ;1578
Vzhghq 31899 41345 418:; 881<<5 :8163;
Vzlw}huodqg 31676 41:;9 5145< 4<1547 ;;1687
V|uld 61494 316<: 6188; :<81::7 6:1<74
Wdlzdq 3147: 31647 31794 791<89 5515<3
Wdq}dqld 31;37 317;8 415<3 49819;: 51:88
Wkdlodqg 31736 317:7 31;:: ;813:4 431556
Wulq1 dqg Wred1 4178; 31999 51457 54<13;9 :81:;5
Wxqlvld 51667 31:34 61367 666148: 53156<
Wxunh| 31577 314:; 31754 46:148; 4:185:
Xjdqgd 41636 31:99 5139< 4:3136; 7154<
Xuxjxd| 31556 316;3 31936 8;18<5 68133:
X1V1 317;8 4136< 41857 791:3: 433
Yhqh}xhod 41346 41593 515:6 ;316<5 ;419<;
Z1 Jhupdq| 3165: 4153; 41867 5:1388 :4189:
]dluh 31;74 31799 4163; 4;31767 71834
]lpedezh 31756 31::9 41533 8717;; ;1;44
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Uhihuhqfhv

^4` Dwwdqdvlr/ R1/ dqg J1Zhehu1 �Frqvxpswlrq/ Wkh Lqwhuhvw Udwh dqg Djjuhjdwlrq1� Uhylhz

ri Hfrqrplf Vwxglhv 93/ 96407</ 4<<61

^5` Fkulvwldqr/ O1M11 �Xqghuvwdqglqj Mdsdq*v Vdylqjv udwh= Wkh Uhfrqvwuxfwlrq K|srwkhvlv1�

Ihghudo Uhvhuyh Edqn ri Plqqhdsrolv Txduwhuo| Uhylhz 46/ 43058/ 4<;<1

^6` Frh/ G1W1/ Khospdq/ H1/ dqg D1Z1 Kr�pdlvwhu1 �Qruwk0Vrxwk U)G Vslooryhuv1� Hfrqrplf

Mrxuqdo 4<:/ 467047</ 4<<:1

^7` Fxuulh/ G1/ Ohylqh/ S1/ Shduopdq/ M1/ dqg P1 Fkxl1 �Skdvhv ri Lplwdwlrq dqg Lqqrydwlrq

lq d Qruwk0Vrxwk Hqgrjhqrxv Jurzwk Prgho1� R{irug Hfrqrplf Sdshuv 4/ 930;;/ 4<<<1

^8` Gdylgvrq/ F1/ dqg S1 Vhjhuvwurp1 �U)G Vxevlglhv dqg Hfrqrplf Jurzwk1� UDQG Mrxuqdo

ri Hfrqrplfv 5</ 87;08::/ 4<<;1

^9` Ghq Kddq/ Z1M/ dqg D1 Pdufhw1 �Vroylqj wkh Vwrfkdvwlf Jurzwk Prgho e| Sdudphwhul}lqj

H{shfwdwlrqv1� Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv ;/ 64067/ 4<<31

^:` Glqrsrxorv/ H1/ dqg S1 Wkrpsvrq1 �Hqgrjhqrxv Jurzwk lq d Furvv0Vhfwlrq ri Frxqwulhv1�

Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ iruwkfrplqj1

^;` Grprzlw}/ L1/ U1J1 Kxeedug dqg E1F1 Shwhuvhq1 �Pdunhw Vwuxfwxuh dqg F|folfdo Ioxfwx0

dwlrqv lq X1V1 Pdqxidfwxulqj1� Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv :3/ 88099/ 4<;;1

^<` Hdwrq/ M1/ dqg V1 Nruwxp1 �Wudgh lq Lghdv= Sdwhqwlqj dqg Surgxfwlylw| lq wkh RHFG1�

Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv 73/ 58405:;/ 4<<91

^43` Hlfkhu/ W1/ dqg V1 Wxuqryvn|1 �Qrq0vfdoh Prghov ri Hfrqrplf Jurzwk1� Hfrqrplf Mrxuqdo

43</ 6<7 0748/ 4<<<1

^44` Hlfkhu/ W1/ dqg V1 Wxuqryvn|1 �Wudqvlwlrq G|qdplfv lq Qrq Vfdoh Prghov1� Mrxuqdo ri

Hfrqrplf G|qdplfv dqg Frqwuro/ iruwkfrplqj1

^45` Jodvv/ D1M1/ dqg N1 Vdjjl1 �Lqwhuqdwlrqdo Whfkqrorj| Wudqvihu dqg wkh Whfkqrorj| Jds1�

Mrxuqdo ri Ghyhorsphqw Hfrqrplfv 88/ 69<06<;/ 4<<;1

^46` Jurvvpdq/ J1P1/ dqg H1 Khospdq1 �Hqgrjhqrxv Surgxfw F|fohv1� Hfrqrplf Mrxuqdo 434/

45470455</ 4<<41
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^47` Kdoo/ U1H11 �Lqwhuwhpsrudo Vxevwlwxwlrq lq Frqvxpswlrq1� Mrxuqdo ri Srolwlfdo Hfrqrp|

<9/ 66<08:/ 4<;;1

^48` Krxvhu/ F11 �Wkh Uroh ri Glplqlvklqj Uhwxuqv lq Qhr0Vfkxpshwhuldq Jurzwk Prghov1�

Hfrqrplf Wkhru| 45/ 668067:/ 4<<;1

^49` Mrqhv/ F1L11 �U)G0Edvhg Prghov ri Hfrqrplf Jurzwk1� Mrxuqdo ri Srolwlfdo Hfrqrp| 436

+7,/ :8<0;7/ 4<<81

^4:` Mrqhv/ F1L/ dqg M1F1 Zlooldpv1 �Wrr Pxfk ri d Jrrg WklqjB Wkh Hfrqrplfv ri Lqyhvwphqw

lq U)G1� plphr/ Vwdqirug Xqlyhuvlw|/ 4<<<1

^4;` Mrydqrylf/ E1/ dqg J1P1 PdfGrqdog1 �Frpshwlwlyh Gl�xvlrq1� Mrxuqdo ri Srolwlfdo Hfrq0

rp| 435 +4,/ 57085/ 4<<71

^4<` Mxgg/ N1O11 �Surmhfwlrqv Phwkrgv iru Vroylqj Djjuhjdwh Jurzwk Prghov1� Mrxuqdo ri

Hfrqrplf Wkhru| 8;/ 7430785/ 4<<51

^53` Mxgg/ P1D1/ M1N1 Er|fh dqg U1H1 Hyhqvrq1 �Lqyhvwlqj lq Djulfxowxudo Vxsso|= Wkh Gh0

whuplqdqwv ri Djulfxowxudo Uhvhdufk dqg H{whqvlrq Lqyhvwphqw1� Hfrqrplf Ghyhorsphqw

dqg Fxowxudo Fkdqjh 69/ ::0446/ 4<;91

^54` N|godqg/ I1H1/ dqg H1F1 Suhvfrww1 �Krxuv dqg Hpsor|phqw Yduldwlrq lq Exvlqhvv F|foh

Wkhru|1� Hfrqrplf Wkhru| 4/ 960;4/ 4<<41

^55` Pdqnlz/ Q1J1/ G1 Urphu dqg G1Q1 Zhlo1 �D Frqwulexwlrq wr wkh Hpslulfv ri Hfrqrplf

Jurzwk1� Txduwhuo| Mrxuqdo ri Hfrqrplfv 43:/ 73:076:/ 4<<51

^56` Pdqv�hog/ H1/ P1 Vfkzduw} dqg V1 Zdjqhu1 �Lplwdwlrq Frvwv dqg Sdwhqwv= Dq Hpslulfdo

Vwxg|1� Hfrqrplf Mrxuqdo <4/ <3:0<4;/ 4<;41

^57` Qhovrq/ J1/ dqg H1 Skhosv1 �Lqyhvwphqw lq Kxpdqv/ Whfkqrorjlfdo Gl�xvlrq/ dqg Hfrqrplf

Jurzwk1� Dphulfdq Hfrqrplf Uhylhz/ 9<0;6/ 4<991

^58` Sdfn/ K1/ dqg N1 Vdjjl/ �Lq rzv ri Iruhljq Whfkqrorj| dqg Lqgljhqrxv Whfkqrorjlfdo

Ghyhorsphqw/� Uhylhz ri Ghyhorsphqw Hfrqrplfv 4/ ;40<;/ 4<<:1

^59` Sduhqwh/ V1O1/ dqg H1F1 Suhvfrww1 �Eduulhuv wr Whfkqrorj| Dgrswlrq dqg Ghyhorsphqw1�

Mrxuqdo ri Srolwlfdo Hfrqrp| 435/ 5<;0654/ 4<<71
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^5:` Shuh}0Vhedvwldq/ I11 �Wudqvlwlrqdo G|qdplfv lq dq U)G0Edvhg Jurzwk Prgho zlwk Lpl0

wdwlrq= Frpsdulqj lwv Suhglfwlrqv wr wkh Gdwd1� Mrxuqdo ri Prqhwdu| Hfrqrplfv/ iruwk0

frplqj1

^5;` Uxvwlfklql/ D1/ dqg M1D1 Vfkplw}1 �Uhvhdufk dqg Lplwdwlrq lq Orqj0uxq Jurzwk1� Mrxuqdo

ri Prqhwdu| Hfrqrplfv 5:/ 5:405<5/ 4<<41

^5<` Vhjhuvwurp/ S1V11 �Lqqrydwlrq/ Lplwdwlrq/ dqg Hfrqrplf Jurzwk1� Mrxuqdo ri Srolwlfdo

Hfrqrp| << +7,/ ;3:0;5:/ 4<<41

^63` Vwrqhpdq/ S1/ dqg S1 Glhghuhq1 �Whfkqrorj| Gl�xvlrq dqg Sxeolf Srolf|1� Hfrqrplf Mrxu0

qdo 437/ <4;0<63/ 4<<71

^64` Ydq Hondq/ U1 �Fdwfklqj Xs dqg Vorzlqj Grzq= Ohduqlqj dqg Jurzwk Sdwwhuqv lq dq

Rshq Hfrqrp|1� Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv 74/ <80444/ 4<<91
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Dsshqgl{ iru uhihuhhv/ qrw iru sxeolfdwlrq

Wkhvh qrwhv duh lqwhqghg wr eh khosixo wr wkh uhdghu fduu|lqj rxw wkh uhihuhhlqj mre1 Wkh|

ghulyh vrph ri wkh dqdo|wlfdo h{suhvvlrqv frqwdlqhg lq wkh sdshu1

Htxdwlrq +8,

Htxdwlrq +5, vd|v wkdw
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> 3 ? � ? 4 > � A 3 =

Jlyhq wkdw doo lqwhuphgldwh0jrrgv ghvljqv surylgh wkh vdph lpsuryhphqw lq surgxfwlylw|/ zh

fdq irfxv rq wkh v|pphwulf htxloleulxp lq zklfk fdslwdo lv hyhqo| glvwulexwhg ryhu doo dydlodeoh

w|shv> wkdw lv/ {�| @ �{| iru doo l1 Lq wkh v|pphwulf htxloleulxp/ wkh fdslwdo vwrfn htxdov

N| @ D| �{|1 Zh fdq wkhq zulwh wkh deryh htxdwlrq dv
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Hxohu frqglwlrqv +46,

Xvlqj d uhfxuvlyh dssurdfk/ wkh Sodqqhu*v sureohp dw gdwh w fdq eh zulwwhq dv
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zkhuh L| lv sk|vlfdo fdslwdo lqyhvwphqw> dqgZ +�, lv d ydoxh ixqfwlrq1 Iru wkh lqwhulru vroxwlrq/

wkh �uvw rughu frqglwlrq +IRF, zlwk uhvshfw wr L| lv
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F|

O|
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4

O|
@ � Zg +D|n�>N|n�, =

Gl�huhqwldwlqj Z +D|>N|,/ htxdwlrq +7<,/ zlwk uhvshfw wr N| dw wkh pd{lpxp/ zh jhw

Zg +D|>N|, @ X �
�
F|

O|

�
+4� �,\|
O|N|

. �Zg +D|n�>N|n�, +4� �, =

Iru rxu xwlolw| ixqfwlrq h{solflw irup/ dqg xvlqj wkh odvw wzr h{suhvvlrqv dqg htxdwlrq +<,/ zh

rewdlqhg frqglwlrq +46,1
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Htxdwlrq +48,

Htxdwlrq +48, lv d vwdqgdug uhvxow lq U)G0edvhg prghov ri jurzwk1 Ohw Y�| eh wkh pdunhw

ydoxh ri ghvljq l1 Wkh hyroxwlrq ri Y�|/ zklfk lv slqqhg grzq e| wkh iroorzlqj duelwudjh

frqglwlrq/ ghwhuplqhv wkh �upv* rswlpdo doorfdwlrq wr U)G dfurvv wlph=

4 . u|n� @
s�c|n� {�c|n�

Y�| . {�c|n�
.
Y�c|n� . +4� �, {�c|n�

Y�| . {�c|n�
= +83,

Wkh UKV uhsuhvhqwv wkh uhwxuq wr hqjdjlqj lq lqwhuphgldwh0jrrgv pdqxidfwxulqj1 Ex|lqj d

sdwhqw uljkw wrgd| dqg pdqxidfwxulqj wkh surgxfwv wkdw zloo eh uhqwhg wrpruurz surylghv d

uhwxuq wkdw htxdov wkh glylghqg +�uvw vxppdqg, soxv wkh fdslwdo jdlq2orvv +vhfrqg vxppdqg,1

Wkh OKV/ lq wxuq/ jlyhv wkh jurvv uhwxuq iurp ohqglqj wr rwkhu �upv1 Wkh deryh h{suhvvlrq

vd|v wkdw/ lq htxloleulxp/ �upv pxvw eh lqgl�huhqw ehwzhhq wkh wzr dowhuqdwlyhv1

Wr rewdlq wkh rswlpdo dprxqw ri surgxfhu gxudeoh l/ zh pxvw ghulyh frqglwlrq +83, zlwk uh0

vshfw wr {�c|n�/ wdnlqj lqwr dffrxqw wkdw wkh sulfh s�| lv jlyhq e| wkh �qdo0rxwsxw pdqxidfwxuhuv*

lqyhuvh ghpdqg ixqfwlrq1 Zh jhw
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Htxdwlrqv +84, dqg +85, lpso| wkdw lq wkh v|pphwulf htxloleulxp
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Dv wkh qxpehu ri �upv jrhv wr lq�qlw|/ vr grhv D|/ dqg zh hqg xs zlwk htxdwlrq +48,1

Htxdwlrq +4:,

Iru wkh lqwhulru vroxwlrq wr sureohp +7<,/ wkh IRFv zlwk uhvshfw wr UU| dqg U�| duh
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uhvshfwlyho|1 Wkh odvw wzr frqglwlrqv jhqhudwh htxdwlrq +4:,1
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Hxohu frqglwlrq +4<,

Vxevwlwxwlqj +4:, lqwr hlwkhu IRF +86, ru +87,/ dqg ohwwlqj U| @ UU| .U�|/ zh jhw
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Gl�huhqwldwlqj +7<, zlwk uhvshfw wr D| dw wkh pd{lpxp/

Z� +D|> N|, @ X �

�
F|

O|

�
� \|

D| O|
. � Z� +D|n�>N|n�,

;AAA?
AAA=
� D

�3�
| Ub

|

5
9997
!. +!� ��,W

qb

�3b

|�
4 . W

qb

�3b

|

�b

6
:::8. 4

<AAA@
AAA>
=

Wkh odvw wzr htxdwlrqv jhqhudwh frqglwlrq +4<,1
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