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�ë W?|hL_ýU|ðL?

D qxpehu ri uhfhqw hpslulfdo vwxglhv ñqg frqyhujhqfh wrzdugv sxufkdvlqj srzhu sdulw| +SSS, lq

wkh orqj uxq/ vhh h1j1 Iurrw dqg Urjrò +4<<7,/ Urjrò +4<<9,/ Lvdug +4<<8, dqg PdfGrqdog +4<<8,

dqg wkh uhihuhqfhv wkhuhlq1 Dffruglqjo|/ fkdqjhv lq qrplqdo h{fkdqjh udwhv rxwzhljk fkdqjhv lq

grphvwlf sulfhv uhodwlyh wr iruhljq sulfhv lq wkh orqj uxq/ dqg uhdo h{fkdqjh udwhv h{klelw uhyhuvlrq

wrzdugv wkhlu frqvwdqw htxloleulxp udwhv1 Wkh vshhg ri uhyhuvlrq lv krzhyhu uhodwlyho| orz1 Frq0

vhqvxv hvwlpdwhv ri wkh kdoi olih ri d ghyldwlrq iurp dq htxloleulxp ohyho ydu| lq wkh udqjh ri 518

wr 9 |hduv iru lqgxvwuldo frxqwulhv1 Dqrwkhu frpprq ñqglqj lv wkdw wkh vxssruw iru orqj uxq SSS

lv vwurqjhu lq gdwd vdpsohv grplqdwhg e| prqhwdu| vkrfnv/ iru lqvwdqfh iurp kljk lqðdwlrqdu|

shulrgv/ wkdq lq vdpsohv suhvxphgo| grplqdwhg e| uhdo vkrfnv vxfk dv surgxfwlylw| fkdqjhv dqg

glvfryhu| ri qdwxudo uhvrxufhv/ vhh h1j1 Sdwho +4<<3, dqg Fkhxqj dqg Odl +5333,1 Lq wkh odwwhu w|sh

ri vdpsohv/ uhdo h{fkdqjh udwh ehkdylrxu lv riwhq lqglvwlqjxlvkdeoh iurp d udqgrp zdon1 Pruhryhu/

wkh vxssruw iru SSS lv riwhq vwurqjhu lq vwxglhv wkdw hpsor| zkrohvdoh sulfhv/ zlwk d odujhu vkduh ri

sulfhv rq wudgdeohv/ udwkhu wkdq frqvxphu sulfhv1 Djdlqvw vxfk d edfnjurxqg/ wklv vwxg| suhvhqwv

uhvxowv zklfk vhhp wr eh h{fhswlrqv zlwklq wkh olwhudwxuh1

Wklv sdshu whvwv iru SSS ehwzhhq Qruzd| dqg lwv wudglqj sduwqhuv xvlqj frqvxphu sulfh lqglfhv1

Lw hpsor|v txduwhuo| gdwd iurp wkh srvw Euhwwrq Zrrgv ryhu wkh shulrg 4<:5=404<<:=71 Wklv shulrg

fryhuv qxphurxv uhdo vkrfnv wr wkh Qruzhjldq hfrqrp| vxfk dv uhydoxdwlrqv ri Qruzhjldq rlo dqg

jdv uhvhuyhv wkurxjk glvfryhu| ri qhz ñhogv dqg ðxfwxdwlrqv lq rlo sulfhv1 Qhyhuwkhohvv/ lw ñqgv

vwurqj vxssruw iru SSS/ xskhog e| h1j1 d uhpdundeo| vwdeoh htxloleulxp uhdo h{fkdqjh udwh ryhu wkh

vdpsoh shulrg1 Pruhryhu/ lw lv glvfryhuhg wkdw wkh kdoi olih ri d jlyhq ghyldwlrq iurp wkh htxloleulxp

udwh lv rqo| derxw 4 425 |hduv$

Wkh sdshu dujxhv/ krzhyhu/ wkdw jryhuqphqw srolflhv dqg wkh Qruzhjldq v|vwhp ri zdjh edujdlqlqj

qhhg wr eh wdnhq lqwr dffrxqw zkhq h{sodlqlqj wkhvh ñqglqjv udwkhu wkdq lqwhusuhwlqj wkhp dv phuh

lqglfdwlrqv ri uhodwlyho| vwurqj duelwudjh suhvvxuh1

Wr xqghuslq wkh SSS wkhru| zkloh wdnlqj lqwr frqvlghudwlrq wkh qdwxuh ri vkrfnv wkdw kdyh

klw wkh Qruzhjldq hfrqrp|/ wkh sdshu gudzv rq wkh _Gxwfk glvhdvh% olwhudwxuh zkhuh wkh hòhfwv ri

uhydoxdwlrqv ri qdwxudo uhvrxufhv rq qrplqdo dqg uhdo h{fkdqjh udwhv duh dprqj wkh pdlq lvvxhv/

vhh h1j1 Frughq dqg Qhdu| +4<;5, dqg Euxqr dqg Vdfkv +4<;5,1 Dffruglqjo|/ wkh SSS wkhru|

fdq eh irxqghg rq dq lqwhuwhpsrudo rswlplvlqj prgho wkdw doorzv iru vxfk uhydoxdwlrqv ri qdwlrqdo

zhdowk1 Lw dsshduv wkdw vxfk vkrfnv/ lq wkhru|/ gr qrw srvh d juhdwhu fkdoohqjh wr wkh SSS wkhru|

wkdq wkh Edodvvd Vdpxhovrq wkhruhp/ zklfk kdv uhfhlyhg olwwoh vxssruw lq whvwv ri SSS ehwzhhq

lqgxvwuldolvhg frxqwulhv dw frpsdudeoh ohyhov ri lqfrph/ vhh Edodvvd +4<97,/ Vdpxhovrq +4<97, dqg

Iurrw dqg Urjrò +4<<7, lqwhu dold iru dq ryhuylhz ri wkh hpslulfdo hylghqfh1

Wklv sdshu dovr frqvlghuv idfwruv wkdw duh olnho| wr dòhfw wkh dgmxvwphqw ri d uhdo h{fkdqjh udwh

wrzdugv lwv htxloleulxp ohyho1 Lq sduwlfxodu/ lw dujxhv wkdw fhqwudolvhg zdjh edujdlqlqj/ zklfk lv

d ihdwxuh ri d qxpehu ri vpdoo dqg rshq lqgxvwuldolvhg hfrqrplhv/ pd| vshhg xs wkh dgmxvwphqw

ri wkh uhdo h{fkdqjh udwh wrzdugv lwv htxloleulxp udwh/ vhh h1j1 Fdopiruv dqg Gulïoo +4<;;,1 Iru

lqvwdqfh/ e| uhvsrqglqj wr dgyhuvh vkrfnv wr wkh surñwdelolw| ri wkh vhfwru iru wudgdeohv e| zdjh

prghudwlrq1 Wklv frqwulexwlrq ri fhqwudolvhg zdjh edujdlqlqj lv zhoo nqrzq lq wkh olwhudwxuh rq

zdjh irupdwlrq exw vhhpv wr kdyh hvfdshg dwwhqwlrq lq wkh SSS olwhudwxuh/ fi1 Dxnuxvw +4<::,

dqg Uágvhwk dqg Kroghq +4<<3,1 Iru h{dpsoh/ furvv frxqwu| glòhuhqfhv lq wkh shuvlvwhqfh ri uhdo

h{fkdqjh udwhv gr qrw vhhp wr eh fodvvlñhg dorqj wklv glphqvlrq/ vhh h1j1 Fkhxqj dqg Odl +5333,1
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Wkhuhe|/ wklv sdshu dovr vkhgv oljkw rq wkh frpprqo| revhuyhg qrq0qhxwudolw| ri qrplqdo h{0

fkdqjh udwh uhjlphv zlwk uhvshfw wr wkh ehkdylrxu ri uhdo h{fkdqjh udwhv/ vhh h1j1 Pxvvd +4<;9,

dqg Vwrfnpdq +4<;6,1 Iru lqvwdqfh/ uhdo h{fkdqjh udwhv riwhq iroorz udqgrp zdonv lq vdpsohv iurp

ðrdwlqj uhjlphv/ exw whqg wr glvsod| phdq uhyhuwlqj ehkdylrxu lq vdpsohv iurp vwdeoh h{fkdqjh

udwh uhjlphv1 Wklv hpslulfdo uhjxodulw| lv riwhq uhjdughg dv dq dqrpdo| dqg lv vhogrp h{sodlqhg1

Pxvvd +4<;9,/ krzhyhu/ vxjjhvwv wkdw hfrqrplf srolflhv frqgxfwhg lq frqmxqfwlrq zlwk d ñ{hg

h{fkdqjh udwh uhjlph fdq qhxwudolvh wkh hòhfwv iurp uhdo vkrfnv dqg pljkw h{sodlq wkhlu idloxuh

wr kdyh shupdqhqw hòhfwv rq uhdo h{fkdqjh udwhv1 Wklv sdshu hoderudwhv ixuwkhu rq krz ñvfdo

dqg h{fkdqjh udwh srolflhv fdq eh/ ru duh/ xvhg wr dòhfw wkh uhdo h{fkdqjh udwhv/ exw dggv wkdw

vxfk srolflhv duh pruh olnho| wr eh dgrswhg e| vpdoo dqg rshq hfrqrplhv wkdw duh pruh h{srvhg

wr lqwhuqdwlrqdo duelwudjh suhvvxuh/ zklfk lwvhoi lv olnho| wr vshhg xs wkh frqyhujhqfh1 Pruhryhu/

zdjhv pd| eh vhw wkurxjk fhqwudolvhg ru frruglqdwhg edujdlqlqj lq vxfk hfrqrplhv zklfk pd| dovr

frqwulexwh wr phdq uhyhuvlrq lq uhdo h{fkdqjh udwhv1 Lw iroorzv wkdw vxfk dgglwlrqdo dwwulexwhv ri

dq hfrqrp| qhhg wr frqwuroohg iru/ zkhq dvvhvvlqj wkh sduwldo hòhfw ri d qrplqdo h{fkdqjh udwh

uhjlph rq wkh ehkdylrxu ri d uhdo h{fkdqjh udwh1

Wklv sdshu whvwv iru wkh SSS wkhru| e| h{dplqlqj lwv lpsolfdwlrqv iru wkh ehkdylrxu ri erwk

wkh uhdo dqg qrplqdo h{fkdqjh udwhv/ vhh vxevhfwlrq 5141 Pruh vshflñfdoo|/ lw whvwv zkhwkhu= +l, wkh

Qruzhjldq uhdo h{fkdqjh udwh lv d vwdwlrqdu| surfhvv zlwk d frqvwdqw htxloleulxp udwh/ +ll, grphvwlf

dqg iruhljq sulfhv kdyh v|pphwulfdo dqg sursruwlrqdo hòhfwv rq wkh Qruzhjldq qrplqdo h{fkdqjh

udwh lq wkh orqj uxq zkloh +lll,/ dq| rwkhu yduldeoh grhv qrw dòhfw wkh qrplqdo h{fkdqjh udwh1 Wkh

sdshu dovr dgguhvvhv wkh frqwhqwlrxv lvvxh ri zkhwkhu wkh SSS wkhru| lv iru wkh qrplqdo h{fkdqjh

udwh ru iru sulfhv ru iru erwk= lw lv frqfhuqhg zlwk wkh lvvxh ri zkhwkhu lw lv wkh qrplqdo h{fkdqjh

udwh wkdw dgmxvwv xsrq ghyldwlrqv iurp wkh sdulw| dqg eulqjv derxw wkh frqyhujhqfh ru zkhwkhu lw

lv sulfhv/ ru erwk1 Li wkh wkhru| lv dssolhg wr h1j1 grphvwlf sulfhv/ lpsolfdwlrqv vlplodu wr +ll, dqg

+lll, dsso| wr wkhp dv zhoo1

Wr xqghuwdnh wkh hpslulfdo dqdo|vlv/ d zlgh udqjh ri prghov zlwklq xqlyduldwh dqg pxowlyduldwh

iudphzrunv duh xvhg1 Lpsolfdwlrq +l, lv h{dplqhg zlwklq wkh iudphzrun ri d xqlyduldwh prgho

iru wkh uhdo h{fkdqjh udwh zkloh lpsolfdwlrqv +ll, dqg +lll, duh whvwhg zlwklq d pxowlyduldwh v|vwhp

iudphzrun1 Wkh yduldeoh vhw lq wkh v|vwhp dqdo|vlv lqfoxghv wkh qrplqdo h{fkdqjh udwh/ grphvwlf

dqg iruhljq frqvxphu sulfhv/ grphvwlf dqg iruhljq lqwhuhvw udwhv/ Qruzhjldq ñqdqfldo lqyhvwphqw

deurdg dqg rlo sulfhv1 Prvw ri wkhvh yduldeohv duh frpprqo| xvhg wr prgho qrplqdo h{fkdqjh

udwhv dqg wr whvw iru SSS/ vhh h1j1 Iudqnho dqg Urvh +4<<8,/ Mxvholxv +4<<5, dqg Mrkdqvhq dqg

Mxvholxv +4<<5,1 Lq wkh v|vwhp iudphzrun/ wkh hpslulfdo dqdo|vlv lv edvhg rq d ixoo v|vwhp zkhuh

doo ri wkh yduldeohv duh uhjdughg dv hqgrjhqrxv/ dqg rq d sduwldo v|vwhp zkhuh d vxevhw ri wkhvh duh

frqvlghuhg dv jlyhq iru wkh sxusrvh ri dqdo|vlv1 Wkh v|vwhp dqdo|vlv +ixoo dqg sduwldo, dssolhv wkh

pxowlyduldwh frlqwhjudwlrq surfhgxuh ghyhorshg e| Mrkdqvhq +4<;;/ 4<<8,/ dqg suhylrxvo| xvhg e|

h1j1 Mxvholxv +4<<5, dqg Mrkdqvhq dqg Mxvholxv +4<<5, lq wkhlu lqyhvwljdwlrqv ri SSS zlwk uhihuhqfh

wr Ghqpdun dqg wkh XN/ uhvshfwlyho|1 Wkh whvw iru zkhwkhu wkh SSS lv d wkhru| iru wkh h{fkdqjh

udwh dqg ru iru sulfhv fdq eh fduulhg rxw dv dq lqwhjudwhg sduw ri wklv surfhgxuh1

Vlqfh wkh v|vwhp iudphzrun wuhdwv erwk sulfhv dqg wkh qrplqdo h{fkdqjh udwh dv hqgrjhqrxv

yduldeohv/ lw dyrlgv srvvleoh eldv lq wkh uhvxowv gxh wr lqydolg d sulrul dvvxpswlrqv/ vhh Lvdug +4<<8,

dqg Nuxjpdq +4<:;, lqwhu dold1 Ehvlgh wkdw/ li wkh sulfhv dqg wkh h{fkdqjh udwh duh irxqg wr dgmxvw

xsrq d jlyhq ghyldwlrq iurp wkh sdulw|/ wkh uhdo h{fkdqjh udwh pd| dgmxvw idvwhu wrzdugv lwv htxl0
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oleulxp ohyho wkdq li rqo| rqh ri wkhp dgmxvwv1 Wkxv dgglwlrqdo lqvljkw lqwr wkh dgmxvwphqw surfhvv

ri wkh uhdo h{fkdqjh udwh fdq eh jdlqhg e| uhjduglqj wkhvh yduldeohv dv hqgrjhqrxv1 Ixuwkhupruh/

li erwk wkh grphvwlf sulfhv dqg wkh qrplqdo h{fkdqjh udwh wxuq rxw wr dgmxvw xsrq d ghyldwlrq iurp

wkh sdulw|/ wkh qrplqdo h{fkdqjh udwh surfhvv fdqqrw eh frqvlghuhg dv vxshu h{rjhqrxv iru +wkh

orqj uxq sdudphwhuv ri, wkh sulfh surfhvv/ vhh Hqjoh/ Khqgu| dqg Ulfkdug +4<;6, dqg Mrkdqvhq

+4<<8/ fk1 ;,1 Wkdw lv/ wkh sulfh surfhvv pd| qrw eh lqyduldqw wr d srvvleoh fkdqjh iurp d vwdeoh

wr d ðrdwlqj h{fkdqjh udwh srolf|1 Wkh txhvwlrq ri zkhwkhu ru qrw wkh Qruzhjldq sulfh surfhvv

zloo zlwkvwdqg d vzlwfk wr d ðrdwlqj h{fkdqjh udwh uhjlph kdv ehhq d vxemhfw ri wkh Qruzhjldq

ghedwh rq wkh fkrlfh ri d prqhwdu| srolf| wdujhw/ doehlw rq wkhruhwlfdo jurxqgv/ vhh wkh duwlfohv lq

Fkulvwldqvhq dqg Tyljvwdg +4<<:,/ lq sduwlfxodu Kroghq +4<<:, dqg Uágvhwk +4<<:d,1

Wkh sdshu surfhhgv dv iroorzv= Vhfwlrq 5 rxwolqhv wkh SSS wkhru| dqg frqvlghuv idfwruv wkdw

pd| dòhfw wkh dgmxvwphqw wrzdugv wkh orqj uxq htxloleulxp1 Lq sduwlfxodu/ vxevhfwlrq 514 ghñqhv

wkh devroxwh dqg wkh uhodwlyh yhuvlrq ri wkh SSS wkhru|/ vshflñhv lwv lpsolfdwlrqv dqg ròhuv dq

dowhuqdwlyh ryhuylhz ri wkh sdshu e| srlqwlqj rxw zkhuh wkhvh duh whvwhg1 Vhfwlrq 6 suhvhqwv d eulhi

ryhuylhz ri wkh Qruzhjldq hfrqrp| irfxvlqj rq idfwruv wkdw vhhp uhohydqw iru wkh lqwhusuhwdwlrqv

ri uhvxowv1

Vhfwlrq 7 xqghuwdnhv wkh dqdo|vlv lq wkh xqlyduldwh iudphzrun1 Krzhyhu/ lw vwduwv zlwk d

judsklfdo dqdo|vlv ri Qruzhjldq frqvxphu sulfhv/ wkh frqvxphu sulfhv lq wkh wudglqj frxqwulhv dqg

wkh wudgh zhljkwhg qrplqdo h{fkdqjh udwh/ zklfk lv dprqj wkh pdlq remhfwv ri dqdo|vlv1

Vhfwlrq 8 frqwdlqv wkh dqdo|vlv lq wkh v|vwhp iudphzrun1 Vxevhfwlrq 814 prwlydwhv dqg lqwur0

gxfhv wkh yduldeohv dqg lqyhvwljdwhv wkhlu wlph vhulhv surshuwlhv1 Vxevhfwlrq 815 glvfxvvhv wkh fkrlfh

ehwzhhq d ixoo yhfwru dxwruhjuhvvlyh +YDU, prgho dqg d frqglwlrqdo YDU prgho1 Wkh fkrlfh lv

pdgh glïfxow e| wkh srvvleoh vwdwlrqdulw| ri rlo sulfhv +dqg khqfh d frlqwhjudwlqj uhodwlrq e| lwvhoi,1

Vxevhfwlrq 816 hpsor|v d YDU prgho wr ghwhuplqh wkh qxpehu ri orqj uxq uhodwlrqv ehwzhhq wkh

yduldeohv dqg wkhlu lghqwlñfdwlrq/ dqg wr whvw wkh ydolglw| ri xvlqj d frqglwlrqdo YDU prgho lq wkh

ixuwkhu dqdo|vlv1 Vxevhfwlrq 817 ghulyhv d frqglwlrqdo YDU prgho dqg hydoxdwhv wkh urexvwqhvv ri

wkh uhvxowv rewdlqhg iurp wkh YDU prgho1 Lq dgglwlrq/ srvvleoh hqgrjhqhlw| ri sulfhv lv irupdoo|

whvwhg1

Vhfwlrq 9 uhlwhudwhv wkh pdlq frqfoxvlrqv zkloh wkh dsshqgl{ suhvhqwv ghñqlwlrqv dqg vrxufhv

ri yduldeohv dqg ròhuv d vhqvlwlylw| dqdo|vlv ri wkh pdlq uhvxowv lq vhfwlrq 81

2ë èýhUü@tð?} TLêih T@hð|) Eèèèä

Vxevhfwlrq 514 ghñqhv wkh devroxwh dqg wkh uhodwlyh yhuvlrqv ri wkh SSS wkhru|/ od|v rxw lwv lpsol0

fdwlrqv iru wkh ehkdylrxu ri uhdo dqg qrplqdo h{fkdqjh udwhv dqg srlqwv rxw zkhuh wkhvh duh whvwhg

lq wkh sdshu1 Vxevhfwlrq 515 suhvhqwv wkh hfrqrplf udwlrqdoh iru wkh SSS wkhru| wrjhwkhu zlwk

d eulhi uhylhz ri wkh hpslulfdo hylghqfh rq wkh glòhuhqw dssurdfkhv wr mxvwli| wkh wkhru|1 Qh{w/

vxevhfwlrq 516 frqvlghuv idfwruv wkdw pd| lqðxhqfh krz idvw d uhdo h{fkdqjh udwh frqyhujhv wrzdugv

lwv htxloleulxp ohyho1 Idfwruv eurxjkw lqwr irfxv duh= fhqwudolvhg zdjh edujdlqlqj dqg ñvfdo dqg

h{fkdqjh udwh srolflhv wkdw fdq eh dgrswhg e| vpdoo dqg rshq hfrqrplhv wr suhvhuyh wkhlu frpshwl0

wlyhqhvv/ hvshfldoo| xsrq glvfryhu| ri d qdwxudo uhvrxufh1 Lw lv dujxhg wkdw vxfk idfwruv duh olnho| wr

vshhg xs wkh dgmxvwphqw ri wkh uhdo h{fkdqjh udwh wrzdugv lwv htxloleulxp/ wkurxjk wkhlu hòhfwv rq

grphvwlf sulfhv dqg wkh qrplqdo h{fkdqjh udwh1 Wklv hoderudwlrq ròhuv d iudphzrun wr dvvhvv wkh

srvvleoh lqðxhqfh ri wkh Qruzhjldq zdjh dqg sulfh vhwwlqj v|vwhp dqg wkdw ri wkh jryhuqphqw*v
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srolflhv rq wkh uhdo h{fkdqjh udwh ehkdylrxu1

5141 Ghñqlwlrqv dqg lpsolfdwlrqv

Wkh devroxwh yhuvlrq ri wkh SSS wkhru| uhodwhv wkh qrplqdo h{fkdqjh udwh wr wkh udwlr ehwzhhq

wkh grphvwlf dqg iruhljq sulfh ohyhov dv

H @ S@S i = +514,

Khuh H lv wkh qrplqdo h{fkdqjh udwh/ wkdw lv wkh sulfh ri grphvwlf fxuuhqf| shu xqlw ri iruhljq

fxuuhqf|/ S lv wkh grphvwlf jhqhudo sulfh ohyho dqg S i lv wkh iruhljq jhqhudo sulfh ohyho1 Lq wkh

Fdvvholdq ylhz ri SSS wkh qrplqdo h{fkdqjh udwh h{klelwv d whqghqf| wr frqyhujh wrzdugv wkh

uhodwlyh sulfh ohyho +S@S i ,> vhh Fdvvho +4<55, dqg h1j1 PdfGrqdog +4<<8,1 Wkxv wkh uhodwlyh sulfh

ohyho fdq eh lqwhusuhwhg dv wkh htxloleulxp qrplqdo h{fkdqjh udwh/ wkh udwh wr zklfk wkh dfwxdo

h{fkdqjh udwh +H, uhyhuwv wr lq wkh orqj uxq14 Wkh dfwxdo h{fkdqjh udwh pd| krzhyhu eh iuhtxhqwo|

dzd| iurp lwv htxloleulxp ohyho/ iru vkruw dqg orqj shulrgv/ rzlqj wr fkdqjhv lq qxphurxv hfrqrplf

dqg srolwlfdo idfwruv1

Wkh uhodwlyh yhuvlrq ri wkh SSS wkhru| doorzv iru dq dgglwlrqdo whup lq htxdwlrq +514,/ iru

lqvwdqfh ð lq htxdwlrq +515,1

H @ ðS@S i +515,

ð fdq dovr eh lqwhusuhwhg dv wkh htxloleulxp ohyho ri wkh uhdo h{fkdqjh udwh1 Wkh uhodwlyh yhuvlrq

lv ghñqhg e| d frqvwdqw htxloleulxp uhdo h{fkdqjh udwh glòhuhqw iurp 4/ rssrvhg wr wkh devroxwh

yhuvlrq ri wkh wkhru|/

U ì HS i@S @ ð= +516,

Wkh SSS wkhru|/ lq erwk yhuvlrqv/ lpsolhv d frqvwdqw uhdo h{fkdqjh udwh lq wkh orqj uxq1 Lq

Fdvvho*v ylhz/ wkh qrplqdo h{fkdqjh udwh dgmxvwv wr rxwzhljk fkdqjhv lq wkh uhodwlyh sulfh ohyho

+S@S i , dqg hqvxuhv wkh frqvwdqf| ri wkh uhdo h{fkdqjh udwh1 Vshflñfdoo|/ d fkdqjh lq h1j1 S lv qrw

rxwzhljkhg e| d fkdqjh lq S i dorqh ru e| d frpelqdwlrq ri fkdqjhv lq S i dqg H> exw rqo| e| d

fkdqjh lq H1 Wkh rssrvlqj ylhz lv wkdw wkh SSS uhodwlrq ghwhuplqhv grphvwlf sulfhv +S , iru d

jlyhq ohyho ri iruhljq sulfhv dqg qrplqdo h{fkdqjh udwh/ hvshfldoo| iru d uhodwlyho| vpdoo hfrqrp|

zlwk d ñ{hg h{fkdqjh udwh/ fi1 Hglvrq dqg Noryodqg +4<;:, dqg Jlrydqlql +4<;;,1 Dqrwkhu ylhz

lv wkdw erwk wkh qrplqdo h{fkdqjh udwh dqg wkh grphvwlf sulfhv duh vlpxowdqhrxvo| ghwhuplqhg lq

wkh SSS htxdwlrq/ vhh Lvdug +4<<8/ ss1 8<, dqg PdfGrqdog +4<<8,1

Wkh SSS wkhru| dovr lpsolhv d v|pphwu| dqg d sursruwlrqdolw| uhvwulfwlrq rq grphvwlf dqg

iruhljq sulfhv lq d qrplqdo h{fkdqjh udwh htxdwlrq/ ru dowhuqdwlyho| rq wkh h{fkdqjh udwh dqg rqh

ri wkh sulfhv lq d sulfh htxdwlrq1 Wkhvh uhvwulfwlrqv iroorz iurp wkh lpsolhg frqvwdqf| ri wkh uhdo

h{fkdqjh udwh1 Wkhvh fdq eh ghñqhg zlwklq wkh frqwh{w ri htxdwlrq +517,/ zklfk lv irupxodwhg e| d

voljkw jhqhudolvdwlrq ri htxdwlrq +515, dqg wdnlqj orjv ghqrwhg e| vpdoo ohwwhuv/ khuh dqg hovhzkhuh

lq wklv sdshu

�Rëëë|üi TLð?| Lu M@*@?Ui |Lê@h_t êüðUüc ð? tTð|i Lu @** |i4TLh@h) ãýU|ý@|ðL?tc |üi i Uü@?}i h@|i êð** @*ê@)t |i?_ë
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h @ oq ð . ä4sý ä5si = +517,

ä4 dqg ä5 ghqrwh frqvwdqw hodvwlflwlhv1 Wkh frqyhqwlrq ri lqwhusuhwlqj Juhhn ohwwhuv zlwkrxw vxe0

vfulsw w wr ghqrwh frqvwdqw sdudphwhuv lv iroorzhg wkurxjkrxw wkh sdshu1 Wkh v|pphwu| uhvwulfwlrq

fdq eh ghñqhg e| ä4 @ ä5 @ ä> zkloh wkh sursruwlrqdolw| uhvwulfwlrq fdq eh irupdolvhg e| ä @ 4=

Qhhgohvv wr vd|/ wkh SSS wkhru| dovr lpsolhv wkh devhqfh ri dq| rwkhu yduldeoh/ vd| z> iurp d

orqj uxq uhodwlrq ehwzhhq wkh qrplqdo h{fkdqjh udwh dqg grphvwlf dqg iruhljq sulfhv1 Iru h{dpsoh/

wkh frhïflhqw ri z vkrxog eh }hur li lw lv dgghg wr htxdwlrq +517,/ wkrxjk z pd| kdyh vkruw uxq

hòhfwv rq wkh qrplqdo h{fkdqjh udwh1

Wklv sdshu whvwv iru wkh SSS wkhru| e| h{dplqlqj hdfk ri lwv lpsolfdwlrqv1 Wkxv dq dowhuqdwlyh

ryhuylhz ri wkh hpslulfdo dqdo|vlv fdq eh edvhg rq wkh deryh h{srvlwlrq dv iroorzv= Vhfwlrq 7

vkhgv oljkw rq wkh hpslulfdo ydolglw| ri htxdwlrqv +514,0+516,1 Wkhuh/ htxdwlrq +516, surylghv wkh

irxqgdwlrq iru wkh xqlyduldwh dqdo|vlv ri wkh uhdo h{fkdqjh udwh1 Vhfwlrq 8 lv frqfhuqhg zlwk

whvwlqj iru wkh v|pphwu| dqg sursruwlrqdolw| uhvwulfwlrqv/ vhh htxdwlrq +517,/ dqg iru wkh devhqfh

ri orqj uxq hòhfwv ri rwkhu yduldeohv z> zkhuh z zloo eh d yhfwru ri yduldeohv wkdw duh frpprqo|

uhjdughg dv lpsruwdqw ghwhuplqdqwv ri wkh Qruzhjldq h{fkdqjh udwh1 Pruhryhu/ vhfwlrq 8 irupdoo|

whvwv zkhwkhu ru qrw erwk wkh qrplqdo h{fkdqjh udwh dqg sulfhv uhvsrqg wr ghyldwlrqv iurp wkh

SSS dqg frqwulexwh wr uh0hvwdeolvk wkh sdulw|1 Wkh hylghqfh lq idyrxu ri wkh SSS wkhru| zloo eh

vwuhqjwkhqhg li qrqh ri lwv lpsolfdwlrqv lv uhmhfwhg1

5151 Hfrqrplf udwlrqdoh

Wklv vxevhfwlrq rxwolqhv wkuhh glòhuhqw exw frpsohphqwdu| irxqgdwlrqv iru wkh SSS wkhru|1 Iluvw/

lw uhylhzv wkh wzr pdlq dqg roghvw mxvwlñfdwlrqv iru wkh SSS/ qdpho| wkh SSS dv d orqj uxq

qhxwudolw| sursrvlwlrq dqg wkh frpprglw| duelwudjh ylhz1 Wkh qhxwudolw| sursrvlwlrq ylhz grhv

qrw dgguhvv wkh hòhfwv ri uhdo vkrfnv zkloh wkh frpprglw| duelwudjh ylhz fdq eh fulwlflvhg iru dq

xqvdwlvidfwru| wuhdwphqw ri qrq0wudgdeohv jrrgv dqg vhuylfhv1 Wkhvh vkruwfrplqjv duh h{solflwo|

dgguhvvhg e| wkh wklug dssurdfk/ khuh fdoohg _wkh vwuxfwxudo dssurdfk%/ zklfk glylghv wkh hfrqrp|

lqwr d vhfwru iru wudgdeohv dqg d vhfwru iru qrq0wudgdeohv dqg h{dplqhv wkh vkruw uxq dqg orqj uxq

hòhfwv ri uhdo vkrfnv/ vxfk dv surgxfwlylw| vkrfnv dqg glvfryhu| ri qdwxudo uhvrxufhv1 Suhvhqwdwlrq

ri wkh odwwhu dssurdfk gudzv h{whqvlyho| rq wkh _Gxwfk glvhdvh% olwhudwxuh1

D orqj uxq qhxwudolw| sursrvlwlrq= Zlwklq wkh fodvvlfdo txdqwlw| wkhru| ri prqh|/ wkh SSS

wkhru| lv uhjdughg dv d orqj uxq qhxwudolw| sursrvlwlrq/ vhh h1j1 Vdpxhovrq +4<97,/ Rïfhu +4<:9,

dqg PfFdooxp +4<<9/ ss1 65,1 Dffruglqjo|/ dq lqfuhdvh lq h1j1 wkh grphvwlf prqh| vxsso|

xowlpdwho| ohdg wr dq htxlsursruwlrqdwh fkdqjh lq qrplqdo yduldeohv/ lqfoxglqj wkh sulfh ri iruhljq

h{fkdqjh/ ohdylqj wkh uhdo sulfh ru wkh uhdo h{fkdqjh udwh xqfkdqjhg1

Wklv ylhz vxjjhvwv d eurdg phdvxuh ri wkh jhqhudo sulfh ohyho wr eh xvhg lq whvwlqj iru wkh

SSS wkhru|/ vhh h1j1 Rïfhu +4<::,1 Wklv ehfdxvh wkh qrplqdo h{fkdqjh udwh lv lqwhusuhwhg dv

wkh uhodwlyh sulfh ri grphvwlf dqg iruhljq prqh| zklfk lv ghñqhg e| wkh eurdghvw phdvxuh ri wkh

jhqhudo sulfh ohyhov1

Wkh qhxwudolw| sursrvlwlrq ylhz lv riwhq vxssruwhg e| hpslulfdo hylghqfh/ vlqfh wkh SSS wkhru|

lv vhogrp uhmhfwhg lq gdwd vdpsohv iurp kljk lqðdwlrqdu| shulrgv zkhq prqhwdu| vkrfnv duh olnho|

wr eh suhgrplqdqw/ vhh h1j1 Iurrw dqg Urjrò +4<<7,/ Urjrò +4<<9, dqg PdfGrqdog +4<<8,1

:



Wkh frpprglw| duelwudjh ylhz= Wkh SSS wkhru| lv frpprqo| xqghuslqqhg e| dvvxplqj

frpprglw| duelwudjh ehwzhhq rshq hfrqrplhv1 Iroorzlqj wklv ylhz/ sulfhv ri wudgdeohv whqg wr

htxdolvh dfurvv frxqwulhv zkhq phdvxuhg lq wkh vdph fxuuhqf|=

Sl @ HS
i
l > ; l= +518,

Sl dqg S
i
l ghqrwh wkh sulfh ri jrrg l lq wkh grphvwlf dqg iruhljq fxuuhqf|/ uhvshfwlyho|1 Htxdwlrqv

olnh +518, duh frpprqo| uhihuuhg wr dv wkh odz ri rqh sulfh1 Wkh devroxwh yhuvlrq ri wkh SSS wkhru|

lv ghulyhg e| dvvxplqj wkdw S dqg S i duh djjuhjdwhv ri wkh vdph vhw ri sulfhv zlwk htxdo zhljkwv/

vhh h1j1 Urjrò +4<<9,1

D krvw ri lvvxhv duh riwhq udlvhg djdlqvw wkh ydolglw| ri odz ri rqh sulfh1 Iru lqvwdqfh/ +l,

doo jrrgv duh qrw wudghg/ khqfh wkh srvvlelolw| ri duelwudjh grhv qrw h{lvw iru qrqwudghg jrrgv/

+ll, hyhq wudghg jrrgv duh qrw krprjhqrxv/ wkxv wkh| qhhg qrw frppdqg wkh vdph sulfh/ +lll,

wkhuh duh wudqvdfwlrq frvwv wkdw ohdg wr d zhgjh ehwzhhq sulfhv dfurvv frxqwulhv/ +ly, sulfhv duh

vhw lq dffrugdqfh zlwk wkh pdunhw frqglwlrqv zlwklq d jlyhq hfrqrp| +sulflqj wr pdunhw, dqg duh

wkhuhiruh olnho| wr glòhu dfurvv pdunhwv/ vhh h1j1 Urjrò +4<<9,/ Nuxjpdq +4<;:, dqg Jrogehuj dqg

Nqhwwhu +4<<:, dqg wkh uhihuhqfhv wkhuhlq1 Dfwxdoo|/ qxphurxv hpslulfdo vwxglhv ñqg shuvlvwhqw

ghyldwlrqv iurp wkh odz ri rqh sulfh/ hyhq iru kljko| wudghg frpprglwlhv/ vhh h1j1 Hqjoh dqg Urjhu

+4<<9, dqg Jrogehuj dqg Nqhwwhu +4<<:,1

Wkh djjuhjdwlrq iurp sulfhv dw wkh plfur ohyho wr jhqhudo sulfh ohyhov lv dovr vxemhfwhg wr

fulwlflvp1 Lw lv srlqwhg rxw wkdw djjuhjdwh sulfhv/ lq jhqhudo/ duh qrw frpsrvhg ri wkh vdph vhw ri

sulfhv dw plfur ohyhov gxh wr yduldwlrqv lq frqvxpswlrq dqg surgxfwlrq sdwwhuqv dfurvv frxqwulhv1

Iru d vlplodu uhdvrq/ hyhq sulfhv ri wkh vdph vhw ri jrrgv gr qrw hqwhu wkh djjuhjdwhv zlwk vlplodu

zhljkwv ryhu wlph/ lq jhqhudo1 Wkhuhiruh/ djjuhjdwh sulfh ohyhov riwhq phdvxuh wkh sulfhv ri glòhuhqw

edvnhwv ri jrrgv dfurvv frxqwulhv dqg ryhu wlph1 Frqvhtxhqwo|/ wkh| duh olnho| wr glòhu iurp hdfk

rwkhu zkhq phdvxuhg lq wkh vdph fxuuhqf|/ hyhq zkhq wkh odz ri rqh sulfh krogv dw wkh plfur

ohyho1

Hpslulfdo vwxglhv wkdw vxevfuleh wr wkh frpprglw| duelwudjh ylhz hpsor| sulfh djjuhjdwhv wkdw

frqwdlqv d uhodwlyho| odujh qxpehu ri sulfhv rq wudgdeohv/ h1j1 h{sruw ru lpsruw sulfhv/ zkrohvdoh

sulfh lqglfhv1 Pruhryhu/ wkh| xvh wkh uhodwlyh SSS wkhru| e| +lpsolflwo|, dvvxplqj frqvwdqw wudqv0

dfwlrq frvwv/ frqvwdqw pdun0xsv dqg frqvwdqw glòhuhqfhv lq frpprglw| edvnhwv dfurvv frxqwulhv1

Wkh dgrswlrq ri wkh uhodwlyh SSS wkhru| fdq dovr eh mxvwlñhg e| wkh odfn ri xsgdwhg vhulhv iru sulfh

ohyhov zkloh lqglfhv iru jhqhudo sulfh ohyhov duh sxeolvkhg uhjxoduo| e| jryhuqphqwv15 D ihz uhfhqw

hpslulfdo vwxglhv kdyh dovr doorzhg iru qrq0olqhdu dgmxvwphqw gxh wr suhvxpdeo| odujh wudqvdfwlrq

frvwv/ vhh h1j1 Gxpdv +4<<5, dqg Wd|oru/ Shho dqg Vduqr +5333,1

Wkh frpprglw| duelwudjh ylhz lv frqvlvwhqw zlwk hpslulfdo vwxglhv wkdw e| hpsor|lqj zkrohvdoh

sulfh lqglfhv dqg ru orqj vdpsohv ri gdwd ñqg vxssruw lq idyrxu ri wkh SSS wkhru|1 Wkhvh vwxglhv/

krzhyhu/ vxjjhvw wkdw duelwudjh suhvvxuh lv wrr zhdn wr eulqj derxw d udslg sulfh frqyhujhqfh/ dqg

hòhfwlyho| devhqw dw vpdoo ghyldwlrqv iurp wkh htxloleulxp ohyho gxh wr odujh wudqvdfwlrq frvwv1
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Wkh vwuxfwxudo dssurdfk= Edodvvd +4<97, dqg Vdpxhovrq +4<97, wdnh lqwr dffrxqw wkh hòhfwv

ri sulfhv rq qrq0wudgdeoh jrrgv dqg vhuylfhv dqg srlqw rxw wkdw surgxfwlylw| glòhuhqfhv ehwzhhq

frxqwulhv pd| lqgxfh shuvlvwhqw ghyldwlrqv iurp SSS ehwzhhq wkhvh frxqwulhv1 Wkh| vkrz wkdw

sulfhv ri qrq0wudgdeohv dqg khqfh djjuhjdwh sulfhv ulvh zlwk dq lqfuhdvh lq surgxfwlylw|1 Wkxv/

kljkhu grphvwlf surgxfwlylw| jurzwk ohdg wr d uhdo dssuhfldwlrq ri wkh h{fkdqjh udwh1 Dovr/ lw

iroorzv wkdw dq| rwkhu uhdo vkrfn wkdw udlvhv wkh jurzwk lq grphvwlf sulfhv rq qrq0wudgdeohv uhodwlyh

wr wkhlu iruhljq frxqwhusduwv zloo lqlwldoo| kdyh d vlplodu hòhfw rq wkh uhdo h{fkdqjh udwh1

Iru lqvwdqfh/ d glvfryhu| ri qdwxudo uhvrxufhv ru dq| rwkhu uhdo vkrfn/ zklfk lqfuhdvhv wkh

frqvxpswlrq rssruwxqlwlhv ri dq hfrqrp|/ zloo qrupdoo| lqfuhdvh wkh ghpdqg iru erwk wudgdeohv

dqg qrq0wudgdeohv1 Wkh ghpdqg iru wudgdeohv fdq eh vdwlvñhg e| lpsruw dw jlyhq lqwhuqdwlrqdo

sulfhv zkloh qrq0wudgdeohv kdyh wr eh surgxfhg dw krph/ dw kljkhu sulfhv lq jhqhudo1 Dv d uhvxow/

wkh uhdo h{fkdqjh udwh zloo dssuhfldwh/ vhh h1j1 Frughq +4<;7,1 D ulvh lq jryhuqphqw h{shqglwxuhv

lv dqrwkhu srsxodu h{dpsoh/ vlqfh wkh| duh eholhyhg wr eh eldvhg wrzdugv qrq0wudgdeoh jrrgv dqg

vhuylfhv1 Dffruglqjo|/ dq lqfuhdvh lq jryhuqphqw h{shqglwxuhv udlvhv wkh sulfh ri qrq0wudgdeohv dqg

wkhuhe| eulqj derxw d uhdo dssuhfldwlrq1

Krzhyhu/ uhdo vkrfnv rwkhu wkdq vkrfnv wr wkh surgxfwlrq whfkqrorj| rqo| fdxvh whpsrudu|

fkdqjhv lq wkh uhdo h{fkdqjh udwh xqghu idluo| vwdqgdug frqglwlrqv1 Euxqr dqg Vdfkv +4<;5,/ dprqj

rwkhuv/ vkrz zlwklq dq lqwhuwhpsrudo rswlplvlqj iudphzrun wkdw glvfryhu| ri qdwxudo uhvrxufhv ru

wkhlu uhydoxdwlrq ohdyh wkh orqj uxq uhdo h{fkdqjh udwh xqdòhfwhg/ li= +l, wkhuh duh frqvwdqw uhwxuqv

wr vfdoh lq wkh vhfwru iru wudgdeohv dqg qrq0wudgdeohv/ +ll, oderxu irufh lv preloh ehwzhhq wkh

wzr vhfwruv zkloh +lll,/ fdslwdo lv preloh ehwzhhq wkh vhfwruv dqg ehwzhhq frxqwulhv1 Xqghu wkhvh

frqglwlrqv/ wkh vxsso| ri qrq0wudgdeohv lv shuihfwo| hodvwlf1 Khqfh doo ghpdqg vkrfnv duh devruehg

e| rxwsxw fkdqjhv dw xqfkdqjhg sulfhv ri qrq0wudgdeohv/ vhh dovr Frughq +4<;7,1 Dv d uhvxow/

wkh udwlr ehwzhhq wkh sulfhv ri qrqwudgdeohv dqg wudgdeohv/ vd| Sqw@Swu> uhpdlqv frqvwdqw/ dqg

frqvhtxhqwo| wkh uhdo h{fkdqjh udwh U wrr1

Wkh lpsolhg frqvwdqf| ri wkh htxloleulxp uhdo h{fkdqjh udwh/ dv lq wkh uhodwlyh yhuvlrq ri wkh

SSS wkhru|/ fdq eh h{srvlwhg dv iroorz1 Vxssrvh wkdw Sqw@Swu @ á > lq wkh orqj uxq/ zkhuh á lv

ghwhuplqhg e| wkh surgxfwlrq whfkqrorj| lq erwk vhfwruv1 Dvvxph wkdw wkh jhqhudo sulfh ohyhov

dw krph dqg deurdg duh krprjhqrxv lq vhfwrudo sulfh ohyhov/ dv h1j1 wkh grphvwlf sulfh ohyho lq

htxdwlrq +519,/ zkhuh æ lv wkh zhljkw ri wkh sulfh rq wudgdeohv1 Ixuwkhupruh/ wkdw iruhljq frxqwulhv

kdyh d vlplodu hfrqrplf vwuxfwxuh vxfk wkdw S iqw@S
i
wu @ ái 1

S @ S æwuS
4ýæ
qw +519,

Wkhq/ wkh htxloleulxp uhdo h{fkdqjh udwh fdq eh ghñqhg dv wkh frqvwdqw á4ýæ
i

i @á4ýæ lq htxdwlrq
+51:, zklfk fdq eh lqwhusuhwhg dv ð lq htxdwlrq +516,1

U ì HS i@S @ HS iwuá4ýæ
i

i @Swuá
4ýæ @ HS iwuá

4ýæi
i @HS iwuá

4ýæ @ á4ýæ
i

i @á4ýæ ì ð +51:,

Qrwh wkdw wkh htxloleulxp uhdo h{fkdqjh udwh lv htxdo wr 4/ dv lq wkh devroxwh yhuvlrq ri wkh

SSS wkhru|/ lq wkh devhqfh ri furvv frxqwu| glòhuhqfhv lq surgxfwlrq whfkqrorjlhv dqg lq wkh

frqvwuxfwlrq ri jhqhudo sulfh ohyhov/ l1h1 æi @ æ= Lq wkh vkruw uxq/ wkh uhdo h{fkdqjh udwh zloo

dssuhfldwh ru ghsuhfldwh li h1j1 Sqw@Swu A á ru Sqw@Swu ? á> uhvshfwlyho|1
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Wkh ghulyhg htxloleulxp uhdo h{fkdqjh udwh lv qrw lqfrqvlvwhqw zlwk orqj uxq fxuuhqw dffrxqw

edodqfh1 D ulvh lq frqvxpswlrq rssruwxqlwlhv/ gxh wr h1j1 glvfryhu| ri rlo/ dqg wkh hqvxlqj ulvh lq

Sqw@Swu> zloo ohdg wr d wudqvihu ri surgxfwlrq idfwruv iurp wkh vhfwru iru +qrq0rlo, wudgdeohv wr wkh

vhfwru iru qrqwudgdeohv/ dqg wkhuhe| wr d ghfolqh lq wkh vhfwru iru wudgdeohv/ zklfk lv whuphg dv wkh

_Gxwfk glvhdvh%/ vhh h1j1 Frughq dqg Qhdu| +4<;5,1 Dv d uhvxow/ wkh qrq0rlo wudgh vxusoxv zloo idoo

exw wkh wrwdo wudgh vxusoxv qhhg qrw ghwhulrudwh vlqfh wkh h{sruw ri rlo fdq pdnh xs iru wkh idoo lq

wkh qrq0rlo wudgh vxusoxv1 Lqwhuwhpsrudo rswlplvlqj ehkdylrxu e| frqvxphuv lpsolhv wkdw Sqw@Swu

lv deryh á> rqo| dv orqj wkh vhfwru iru wudgdeohv lv odujhu wkdq uhtxluhg wr hqvxuh orqj uxq fxuuhqw

dffrxqw edodqfh1 Sqw@Swu zloo uhwxuq wr lwv orqj uxq ohyho á > zkloh U zloo uhwxuq wr á
4ýæi
i @á4ýæ ì ð>

zkhq wkh vhfwru iru +qrq0rlo, wudgdeohv kdv uhdfkhg d ohyho wkdw grhv qrw frpsurplvh wkh hfrqrp|*v

delolw| wr sd| iru lwv lpsruwv/ fi1 Euxqr dqg Vdfkv +4<;5,1

Wkh qh{w vxevhfwlrq hoderudwhv rq wkh dgmxvwphqw wrzdugv wkh orqj uxq htxloleulxp1 Hvshfldoo|/

rq wkh uroh ri fhqwudolvhg ru frruglqdwhg zdjh edujdlqlqjv dqg ri ñvfdo dqg h{fkdqjh udwh srolflhv lq

frxqwhudfwlqj d ghyldwlrq iurp wkh htxloleulxp wr h1j1 dyrlg wkh Gxwfk glvhdvh1 Vhfwlrq 6 vxjjhvwv

wkdw wkh ihdwxuhv glvfxvvhg ehorz pd| kdyh sod|hg dq lpsruwdqw uroh lq ghwhuplqlqj wkh frxuvh ri

wkh Qruzhjldq qrplqdo dqg uhdo h{fkdqjh udwhv lq wkh srvw Euhwwrq Zrrgv hud1

5161 Vshhg ri dgmxvwphqw wrzdugv wkh orqj uxq

Ehvlgh wkh qdwxuh ri d vkrfn/ pdunhw lpshuihfwlrqv sod| d pdlq uroh lq ghwhuplqlqj krz idvw d uhdo

h{fkdqjh udwh +U, frqyhujhv wrzdugv lwv htxloleulxp ohyho1 Diwhu dq xqh{shfwhg prqhwdu| vkrfn/

iru h{dpsoh/ wkh dgmxvwphqw lv frpprqo| h{shfwhg wr wdnh iurp 4 wr 5 |hduv ehfdxvh ri phqx frvwv

dqg zdjh frqwudfwv ri glòhuhqw ohqjwkv1 Jhqhudoo|/ wkh dgmxvwphqw wlph zloo dovr ghshqg xsrq wkh

ghjuhh ri lqwhuqdwlrqdo frpshwlwlrq dqg rq krz idvw surgxfwlrq idfwruv duh wudqvihuuhg iurp vhfwruv

wkdw duh dgyhuvho| dòhfwhg e| d vkrfn wr wkrvh wkdw duh h{shulhqflqj d errp iroorzlqj wkh vkrfn1

Dv qrwhg hduolhu/ lqwhuqdwlrqdo frpshwlwlrq lv eholhyhg wr eh zhdn gxh wr wdulò dqg qrq0wdulò

frvwv dqg/ dffruglqj wr vrph dffrxqwv/ hòhfwlyho| devhqw dw vpdoo ghyldwlrqv iurp wkh htxloleulxp

ohyho gxh wr odujh wudqvdfwlrq frvwv1 Wkh lqwud0frxqwu| uhdoorfdwlrq ri uhvrxufhv lv dovr eholhyhg wr

eh vorz/ h1j1 ehfdxvh ri vorz oderxu prelolw| dfurvv vhfwruv1 Wkxv/ wkh surgxfw sulfhv lq wkhvh

vhfwruv fdq ghyldwh iurp wkhlu htxloleulxp ohyhov iru d orqj shulrg dqg lqklelw wkh uhdo h{fkdqjh

udwh wr uhdfk lwv htxloleulxp udwh iru dw ohdvw wkh vdph shulrg1 Qrwh wkdw d voxjjlvk dgmxvwphqw ri

wkh sulfhv ri qrq0wudgdeohv fdq ghod| wkh dgmxvwphqw ri wkh uhdo h{fkdqjh udwh/ hyhq lq wkh devhqfh

ri h1j1 phqx frvwv/ zdjh frqwudfwv dqg lpshglphqwv wr lqwhuqdwlrqdo frpshwlwlrq/ l1h1 hyhq zkhq

wkh odz ri rqh sulfh krogv lq wkh vhfwru iru wudgdeohv1

Voxjjlvk dgmxvwphqw wr wkh htxloleulxp ohyho ri wkh uhdo h{fkdqjh udwh fdq eh irupdolvhg e|

htxloleulxp fruuhfwlrq prghov iru grphvwlf sulfhv dqg wkh qrplqdo h{fkdqjh udwh/ dv

üsw @ .òs+hý +sý si ,,wý4 . uhvlgxdo/ +51;,

ühw @ ýòh+hý +sý si ,,wý4 . uhvlgxdo1 +51<,

ü ghñqhv wkh ñuvw glòhuhqfh rshudwru/ wkurxjkrxw wklv sdshu1 Wkhvh prghov duh ghulyhg xqghu

wkh dvvxpswlrq ri qr furvv frxqwu| glòhuhqfhv lq surgxfwlrq whfkqrorjlhv dqg lq wkh frqvwuxfwlrq

ri jhqhudo sulfh ohyhov> vhh htxdwlrq +51:,1 Frqvhtxhqwo|/ wkh odz ri rqh sulfh krogv iru djjuhjdwh
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sulfhv lq wkh orqj uxq/ l1h1 devroxwh SSS1 Wkh whup +hý +sý si ,, uhsuhvhqwv d ghyldwlrq iurp wkh

devroxwh SSS/ zkloh òs dqg òh ghqrwh wr zkdw h{whqw üsw dqg ühw uhvsrqg wr wkh ghyldwlrq lq wkh

vxevhtxhqw shulrg1 Lq jhqhudo/ iruhljq sulfhv pd| dovr dgmxvw/ exw iru vlpsolflw| wkh| duh dvvxph wr

eh xquhvsrqvlyh/ zklfk lv qrw xqolnho| lq wkh fdvh ri d vpdoo krph frxqwu|1 Wkh uhvlgxdov uhsuhvhqw

odjjhg dqg frqwhpsrudu| hòhfwv ri ühw> üs
i
w dqg ri rwkhu uhohydqw idfwruv1

516141 Fhqwudolvhg zdjh vhwwlqj dqg jryhuqphqw srolflhv

Fhqwudolvhg ru frruglqdwhg zdjh edujdlqlqj ehwzhhq oderxu dqg hpsor|huv xqlrqv lv d pdunhw

lpshuihfwlrq wkdw pd| qhyhuwkhohvv frqwulexwh wr idvw dgmxvwphqw wrzdugv wkh htxloleulxp ohyho1

Lw kdv riwhq ehhq srlqwhg rxw wkdw fhqwudolvhg zdjh edujdlqlqjv whqg wr wdnh lqwr dffrxqw wkh

hòhfwv ri dgyhuvh vkrfnv wr wkh ryhudoo hfrqrp| e| h1j1 zdjh prghudwlrq/ vhh h1j1 Fdopiruv dqg

Gulïoo +4<;;, dqg Mdfnpdq +4<<3,1 Hvshfldoo|/ hòhfwv ri vkrfnv wkdw pd| dòhfw wkh yldelolw| ri wkh

vhfwru iru wudgdeohv jlyhq lwv olplwv wr ròvhw kljkhu idfwru frvwv e| d udlvh lq surgxfw sulfhv1 Vxfk

uhvwudlqwv duh exlow lqwr wkh Vfdqglqdyldq prgho ri lqðdwlrq/ vhh Dxnuxvw +4<::, dqg Fdopiruv

+4<::,1 Wklv prgho ròhuv d eoxhsulqw wr suhvhuyh lqwhuqdwlrqdo frpshwlwlyhqhvv dqg wr dyrlg d

wudqvihu ri uhvrxufhv iurp wkh vhfwru iru wudgdeohv wr wkh vhfwru iru qrqwudgdeohv iroorzlqj d vkrfn1

Dffruglqjo|/ wkh zdjh vhwwohphqw lq wkh vhfwru iru wudgdeohv lv dgrswhg e| wkh vhfwru iru qrq0

wudgdeohv1 Dq h{srvlwlrq ri wklv prgho pd| eh xvhixo lq foduli|lqj lwv lpsolfdwlrqv iru wkh ehkdylrxu

ri sulfhv dqg wkh uhdo h{fkdqjh udwh1

Wkh Vfdqglqdyldq prgho ri lqðdwlrq lv d wzr vhfwru prgho ghulyhg xqghu frqglwlrqv vlplodu wr

wkrvh lq h1j1 Euxqr dqg Vdfkv +4<;5,/ qrwhg deryh1 Frqvhtxhqwo|/ wkh zdjh vkduh/ ru dowhuqdwlyho|

wkh uhwxuq rq fdslwdo/ lv wkh vdph dfurvv vhfwruv ryhu wlph1 Li zh dgg wkh frqglwlrq wkdw wkh

djjuhjdwh sulfh ohyho lv ghñqhg dv deryh e| htxdwlrq +519,/ wkh prgho fdq eh suhvhqwhg lq wkh

jurzwk irup dv iroorzv=

üswu> w @ ühw .üs
i
wu> w +5143,

üzwu> w @ üswu> w .ütwu> w +5144,

üzqw> w @ üzwu> w +5145,

üsqw> w @ üzqw> w ýütqw> w +5146,

üsw @ æüswu> w . +4ý æ,üsqw> w +5147,

Htxdwlrq +5143, iroorzv iurp wkh odz ri rqh sulfh lq wkh vhfwru iru wudgdeohv/ zkloh +5144,

vwdwhv wkdw zdjh jurzwk lq wklv vhfwru htxdov wkh vxp ri wkh sulfh jurzwk +üswu> w, dqg wkh oderxu

surgxfwlylw| +ütwu> w,= Wklv vxp lv uhihuuhg wr dv wkh _pdlq frxuvh% ru wkh _Vfdqglqdyldq sdwk% ri

zdjh jurzwk1 Htxdwlrq +5145, lqglfdwhv wkdw wkh zdjh jurzwk lq wkh vhfwru iru qrq0wudgdeohv iroorzv

wkh zdjh jurzwk lq wkh vhfwru iru wudgdeohv1 Wklv surshuw| lv riwhq frqvlghuhg dv wkh kdoopdun ri

wklv prgho/ vhh h1j1 Q|prhq +4<<4,1 Sulfhv lq wkh vhfwru iru qrq0wudgdeohv duh vhw dv d frqvwdqw

pdun xs rq xqlw oderxu frvwv/ khqfh wkhlu jurzwk htxdov zdjh jurzwk lq h{fhvv ri surgxfwlylw|

jurzwk/ vhh htxdwlrq +5146,1 Ilqdoo|/ htxdwlrq +5147, ghñqhv wkh jurzwk udwh lq djjuhjdwh sulfhv

+lqðdwlrq,1
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üsw @ ühw .üs
i
wu> w . +4ý æ,+ütwu> w ýütqw> w, +5148,

Wkh prgho lpsolhv wkdw grphvwlf lqðdwlrq lv htxdo wr wkh udwh ri qrplqdo h{fkdqjh udwh gh0

suhfldwlrq +ühw,> jurzwk udwh lq lqwhuqdwlrqdo sulfhv rq wudgdeohv +üs
i
wu> w, dqg wkh surgxfwlylw|

glòhuhqfh ehwzhhq wkh vhfwru iru wudgdeohv dqg qrq0wudgdeohv/ vhh htxdwlrq +5148,1 Wkh hòhfw ri

wkh surgxfwlylw| glòhuhqfh ghshqgv rq wkh vkduh ri sulfhv ri qrq0wudgdeohv lq djjuhjdwh sulfhv/

vlqfh surgxfwlylw| jurzwk lq wkh vhfwru iru wudgdeohv dòhfwv wkh zdjh jurzwk dqg wkhuhe| wkh sulfh

jurzwk lq wkh vhfwru iru qrq0wudgdeohv1 Lq d uhodwlyho| rshq hfrqrp|/ ghñqhg e| d odujh æ/ wkh

hòhfwv ri surgxfwlylw| glòhuhqfhv rq üsw fdq eh qhjoljleoh1

Wkh Edodvvd0Vdpxhovrq wkhruhp iroorzv gluhfwo| iurp wklv prgho li zh dvvxph d vlplodu lqðdwlrq

surfhvv lq iruhljq frxqwulhv1 Frqvlghu wkh uhdo h{fkdqjh udwh lq jurzwk udwh whupv=

üuw ì ühw .üs
i
w ýüsw

@ ühw . iüsiwu> w . +4ý æi ,+ütiwu> w ýütiqw> w,j ý iühw .üsiwu> w .
+4ý æ,+ütwu> w ýütqw> w,j

@ +4ý æi ,+ütiwu> w ýütiqw> w,ý +4ý æ,+ütwu> w ýütqw> w, ì åw +5149,

Htxdwlrq +5149, vxjjhvwv wkdw wkh uhdo h{fkdqjh udwh dssuhfldwhv li wkh glòhuhqfh lq wkh surgxfwlylw|

jurzwk ehwzhhq wkh grphvwlf vhfwruv iru wudgdeohv dqg qrq0wudgdeohv lv kljkhu wkdq wkdw lq deurdg1

Lq wkh devhqfh ri vxfk glòhuhqfhv dfurvv frxqwulhv dqg æi @ æ/ wkh uhdo h{fkdqjh udwh zloo eh

frqvwdqw/ l1h1 åw @ 3= Wkh uhdo h{fkdqjh udwh pd| eh frqvwdqw iru d qxpehu ri rwkhu uhdvrqv wrr/

dv hylghqw e| htxdwlrq +5149,1

Wkh Vfdqglqdyldq prgho ri lqðdwlrq ghvfulehv wkh orqj uxq jurzwk lq zdjhv dqg sulfhv/ ru

dowhuqdwlyho|/ ròhuv d qrupdwlyh dffrxqw ri wkh zdjh ehkdylrxu1 Lq uhdolw|/ jurzwk lq zdjhv dqg

sulfhv lv xqolnho| wr iroorz wklv prgho lq wkh vkruw uxq1 Dprqj rwkhuv/ f|folfdo idfwruv dqg zdjh0

zdjh hòhfwv dfurvv vhfwruv pd| eh suhvhqw lq wkh vkruw uxq/ dw ohdvw/ fi1 Uágvhwk dqg Kroghq +4<<3,

dqg Q|prhq +4<<4,1 Qhyhuwkhohvv/ wkh prgho vxjjhvwv wkdw djjuhjdwh sulfhv whqg wr dgmxvw vxfk

wkdw wkh uhdo h{fkdqjh udwh frqyhujhv wrzdugv lwv htxloleulxp ohyho1 Wkxv li zdjh dqg sulfh vhwwhuv

dgkhuh wr wklv prgho/ wkh uhdo h{fkdqjh udwh lv olnho| wr dgmxvw idvwhu wrzdugv wkh htxloleulxp ohyho

frpsduhg zlwk wkh fdvh zkhq wkh| gr qrw1

Dssursuldwh ñvfdo srolflhv kdyh ehhq phqwlrqhg dprqj phfkdqlvpv wkdw fdq hqfrxudjh dg0

khuhqfh wr d zdjh dqg sulfh ehkdylrxu vxjjhvwhg e| wkh Vfdqglqdyldq prgho/ vhh h1j1 Dxnuxvw

+4<::,1 Lq wklv uhjdug/ wd{ fxwv/ vxevlglhv dqg ru vhohfwlyh lqfuhdvh lq jryhuqphqw h{shqglwxuhv

fdq eh wudghg iru zdjh dqg sulfh prghudwlrq lq wkh idfh ri h1j1 ghpdqg vkrfnv/ vhh dovr Frughq

+4<;5,1 Vxfk phdvxuhv/ ghqrwhg dv lqfrph srolf|/ kdyh ehhq hpsor|hg lq h1j1 Qruglf frxqwulhv/

ehvlgh ohjlvodwlyh dfwlrqv wr frqwdlq zdjh dqg sulfh jurzwk lq h{fhvv ri wkh Vfdqglqdyldq sdwk/ vhh

Fdopiruv +4<<3,1

Wkh dgglwlrqdo sdudphwhuv òe dqg òj> uhvshfwlyho|/ lq wkh htxloleulxp fruuhfwlrq prgho ri

grphvwlf sulfhv uhfrjqlvh wkh srvvleoh frqwulexwlrq ri fhqwudolvhg zdjh edujdlqlqj lwvhoi/ dqg ri

lqfrph srolflhv lq lqfuhdvlqj wkh vshhg ri dgmxvwphqw wrzdugv wkh htxloleulxp1
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üsw @ .+òs . òe . òj,+hý +sý si ,,wý4 . uhvlgxdo1 +514:,

Qrplqdo h{fkdqjh udwh srolf| fdq dovr frqwulexwh wr pdlqwdlq wkh frpshwlwlyhqhvv ri wkh vhfwru

iru wudgdeohv e| dòhfwlqj wkh ehkdylrxu ri wkh qrplqdo h{fkdqjh udwh1 Wkh Gxwfk glvhdvh olwhudwxuh

glvfxvvhv iuhtxhqw ghydoxdwlrqv/ ru suhyhqwlrq ri dq dssuhfldwlrq wkdw zrxog rwkhuzlvh kdyh wdnhq

sodfh lq wkh idfh ri uhydoxdwlrq ri qdwxudo uhvrxufhv/ dv phdvxuhv wr dyrlg ðxfwxdwlrqv lq wkh uhdo

h{fkdqjh udwh/ vhh h1j1 Frughq +4<;5,1 D vwdeoh qrplqdo h{fkdqjh udwh srolf| pd| lwvhoi kdyh

vlplodu hòhfwv rq wkh uhdo h{fkdqjh udwh/ hyhq lq wkh devhqfh ri vxfk _h{fkdqjh udwh surwhfwlrq%

srolflhv/ dv wkh| duh fdoohg1

Wkh lqðxfhqh ri d vwdeoh qrplqdo h{fkdqjh udwh srolf| fdq eh uhfrjqlvhg e| wkh dgglwlrqdo whup

lq wkh qrplqdo h{fkdqjh udwh surfhvv irupxodwhg deryh

ühw @ ýòh+hý +sý si ,,wý4 ý òf+hý h,wý4 . uhvlgxdo +514;,

Khuh òf lqglfdwhv krz idvw wkh fhqwudo edqn holplqdwhv d ghyldwlrq iurp wkh fhqwudo sdulw|/ zklfk

lv xvxdoo| vhw htxdo wr wkh shufhlyhg htxloleulxp qrplqdo h{fkdqjh udwh1

Dq dpsoh ri hylghqfh vxjjhvwv wkdw fhqwudo edqnv txlwh riwhq ghñqh wkh htxloleulxp qrplqdo

h{fkdqjh udwh lq wkh oljkw ri wkh SSS wkhru|/ hlwkhu e| xvlqj djjuhjdwh frqvxphu sulfhv/ zkrohvdoh

sulfhv/ xqlw oderxu frvwv ru dqrwkhu uhodwhg phdvxuh/ vhh h1j1 Fdvvho +4<55,/ Rïfhu +4<:9,/ Lvdug

+4<<8, dqg Klqnoh dqg Prqwlho +4<<<,1 Li h lv vhw htxdo wr s ý si / vxssrvhg wr eh ñ{hg iru wkh
dujxphqwv vdnh/ wkh dxwkrulwlhv fdq vshhg xs wkh frqyhujhqfh ri wkh qrplqdo h{fkdqjh udwh wr lwv

htxloleulxp ohyho/ s ý si > dqg wkhuhe| dovr wkh dgmxvwphqw ri wkh uhdo h{fkdqjh udwh wrzdugv lwv
htxloleulxp1

Lw lv/ krzhyhu/ pruh uhdolvwlf wr dvvxph wkdw h lv vhw htxdo wr h1j1 +s ý si , lq d fkrvhq edvh
shulrg wú= Wkxv/ wkh dfwxdo qrplqdo h{fkdqjh udwh h zloo eh gudzq wrzdugv glòhuhqw _htxloleuld%
h ì +s ý si ,wú dqg +s ý si ,w> zklfk fdq vorz grzq wkh frqyhujhqfh wrzdugv wkh h{fkdqjh udwh
htxloleulxp= Exw/ li h lv dgmxvwhg iuhtxhqwo|/ l1h1 wú lv fkdqjhg iuhtxhqwo|/ frqyhujhqfh wrzdugv wkh
h{fkdqjh udwh htxloleulxp zloo eh vshhghg xs1 Pruhryhu/ hyhq li h lv qrw dgmxvwhg iuhtxhqwo|/ d

vwdeoh h{fkdqjh udwh srolf| lv olnho| wr frqwdlq h{fhvvlyh ðxfwxdwlrqv lq wkh qrplqdo h{fkdqjh udwh

dqg nhhs lw forvh wr/ li qrw htxdo wr/ lwv htxloleulxp ohyho1 D fkrlfh ri dqrwkhu phdvxuh uhodwhg wr

sý si lv olnho| wr kdyh d vlplodu hòhfw rq wkh qrplqdo dqg uhdo h{fkdqjh udwhv/ exw suredeo| zlwk
orzhu vwuhqjwk1

H{fkdqjh udwh surwhfwlrq srolflhv fdq eh lqwhusuhwhg dv iuhtxhqw fkdqjhv lq h> dqg ru dv dyrlgdqfh

ri vkruw whup ghyldwlrqv ehwzhhq h dqg h lq wkh idfh ri dssuhfldwlrq suhvvxuh1

Wkh hòhfwv rq wkh uhdo h{fkdqjh udwh ehkdylrxu ri h1j1 fhqwudolvhg zdjh edujdlqlqj/ ñvfdo dqg

h{fkdqjh udwh srolflhv duh vxppdulvhg ehorz1

Wkh uhdo h{fkdqjh udwh surfhvv= Wr dyrlg pruh qrwdwlrq/ dvvxph wkdw üsiw @ 3> wkhq d fkdqjh

lq wkh uhdo h{fkdqjh udwh üuw ghshqgv rq wkh ohyho ri wkh uhdo h{fkdqjh udwh lq wkh iroorzlqj zd|=

üuw ì ühw ýüsw ýüsiw @ ý+òh . òs . òe . òj . òf,+hý +sý si ,,wý4 . uhvlgxdo
üuw @ ý+òh . òs . òe . òj . òf,uwý4 . uhvlgxdo +514<,
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Htxdwlrq +514<,/ zklfk lv rewdlqhg e| xvlqj +514:, dqg +514;,/ vxjjhvwv wkdw wkh uhdo h{fkdqjh

udwh lv d vwdwlrqdu| surfhvv zkhq +òh.òs, A 3> l1h1 zkhq duelwudjh suhvvxuh h{lvwv1 Wkh dgmxvwphqw

wrzdugv wkh orqj uxq htxloleulxp zloo eh vorz/ krzhyhu/ li +òh.òs, lv vpdoo/ xqohvv wkh frxqwu| kdv

d ñ{hg h{fkdqjh udwh uhjlph> fhqwudolvhg zdjh edujdlqlqj dqg ru dfwlyh jryhuqphqw srolflhv dlphg

dw pdlqwdlqlqj wkh frpshwlwlyhqhvv1 Vxfk ihdwxuhv lqfuhdvh wkh dgmxvwphqw wrzdugv wkh orqj uxq

htxloleulxp1 Li +òh.òs, lv vpdoo/ wkh qrplqdo h{fkdqjh udwh lv ðrdwlqj dqg wkh oderxu pdunhw qru

wkh jryhuqphqw frqfhuq wkhpvhoyhv zlwk frpshwlwlyhqhvv ri wkh hfrqrp|/ l1h1 òf @ òe @ òj @ 3/

wkh uhdo h{fkdqjh udwh pd| dsshdu wr iroorz d udqgrp zdon lq vpdoo vdpsohv ri gdwd1

Wkh lpsolhg hòhfwv ri wkh qrplqdo h{fkdqjh udwh uhjlph rq wkh uhdo h{fkdqjh udwh ehkdylrxu

duh frqvlvwhqw zlwk wkh revhuydwlrqv wkdw uhdo h{fkdqjh udwhv whqg wr glvsod| d vwdwlrqdu| ehkdylrxu

zlwklq ñ{hg h{fkdqjh udwh uhjlphv dqg dsshdu wr iroorz udqgrp zdonv xqghu ðrdwlqj uhjlphv/ vhh

h1j1 Pxvvd +4<;9, dqg Vwrfnpdq +4<;6,1 Lw kdv ehhq dujxhg wkdw d vwdeoh h{fkdqjh udwh uhjlph

kdyh d vwdelolvlqj hòhfwv rq wkh h{shfwdwlrqv derxw wkh ixwxuh frxuvh ri d qrplqdo h{fkdqjh udwh/

vhh Pxvvd +4<;9,1 Pruhryhu/ d vwdeoh h{fkdqjh udwh srolf| lv riwhq edfnhg xs e| ñvfdo srolflhv wkdw

kdyh d vwdelolvlqj hòhfw rq wkh qrplqdo h{fkdqjh udwh dqg sulfhv1

Wkh dqdo|vlv lq wklv vhfwlrq kdv/ krzhyhu/ irfxvhg rq wkh uroh ri fhqwudolvhg ru frruglqdwhg zdjh

vhwwlqj dqg lqfrph srolflhv lq dòhfwlqj wkh uhdo h{fkdqjh udwh ehkdylrxu wkurxjk wkhlu lqðxhqfh rq

grphvwlf sulfhv1 D vwdeoh qrplqdo h{fkdqjh udwh srolf| fdq dovr lqðxhqfh wkh uhdo h{fkdqjh udwh

ehkdylrxu e| wkh fkrlfh ri dq dssursuldwh fhqwudo sdulw|/ ru wkurxjk udslg holplqdwlrq ri ghyldwlrqv

iurp wkh sdulw|1 Lq jhqhudo/ fhqwudolvhg zdjh edujdlqlqj/ lqfrph srolflhv dqg vwdeoh h{fkdqjh udwh

srolflhv duh +mrlqw, ihdwxuhv ri uhodwlyho| vpdoo +lqgxvwuldolvhg, hfrqrplhv wkdw wdnhv lqwhuqdwlrqdo

sulfhv dv jlyhq dqg kdyh uhodwlyho| odujh vhfwruv iru wudgdeohv/ l1h1 hfrqrplhv wkdw duh h{srvhg wr

uhodwlyh odujh duelwudjh suhvvxuh1 Lw iroorzv wkdw vxfk dgglwlrqdo ihdwxuhv qhhg wr eh wdnhq lqwr

dffrxqw zkhq dvvhvvlqj wkh sduwldo hòhfw ri d qrplqdo h{fkdqjh udwh uhjlph rq wkh uhdo h{fkdqjh

udwh ehkdylrxu1

Wkh qh{w vhfwlrq vnhwfkhv vrph ri wkh pdlq ihdwxuhv ri wkh Qruzhjldq hfrqrp|/ wkh zdjh dqg

sulfh vhwwlqj ehkdylrxu dqg ri wkh xvh h1j1 lqfrph srolflhv dqg h{fkdqjh udwh srolflhv wr suhvhuyh

wkh frpshwlwlyhqhvv ri wkh hfrqrp|/ lq wkh idfh ri frqvlghudeoh ghpdqg vkrfnv1 Wklv ryhuylhz zloo

eh khosixo lq lqwhusuhwlqj wkh hpslulfdo uhvxowv1 Iru h{dpsoh/ wr dvfuleh wkh idyrxudeoh hylghqfh

iru wkh SSS wkhru| lq wkh suhvhqw gdwd vhw wr wkh Qruzhjldq vwdeoh h{fkdqjh udwh srolflhv dqg ru

wr duelwudjh suhvvxuh zrxog eh txlwh plvohdglqj1

ôë Aüi ûLhêi}ð@? iUL?L4)

Wkh Qruzhjldq hfrqrp| lv uhodwlyho| vpdoo/ rshq dqg frpprglw| edvhg uhodwlyho| wr prvw ri wkh

rwkhu +zhvwhuq, Hxurshdq hfrqrplhv1 Wkh vxp ri lwv h{sruw dqg lpsruw lv pruh wkdq 426 ri lwv

JGS/ zklfk lv doprvw wkh wzlfh ri wkdw iru h1j1 Iudqfh/ Jhupdq| dqg Lwdo|/ vhh Kdogdqh +4<<:,1

Durxqg 425 ri wkh wrwdo h{sruw lv frpprglw| edvhg zklfk lv vrog dw ðxfwxdwlqj zruog sulfhv/ zkloh

lpsruwv duh pdlqo| pdqxidfwxuhg jrrgv zlwk pruh vwdeoh sulfhv1 Lw lv wkhuhiruh h{srvhg wr frqvlg0

hudeoh whupv ri wudgh vkrfnv1 Wkh hfrqrp|*v rshqqhvv lv dovr whvwlñhg e| wkh zhljkw ri sulfhv rq

lpsruwhg jrrgv lq wkh Qruzhjldq frqvxphu sulfh lqgh{ +FSL , zklfk lv derxw 73(1

Lqwhuqdwlrqdo fdslwdo pryhphqwv kdyh ehhq iuhh vlqfh Mxo| 4<<3/ dv d uhvxow ri d ghuhjxodwlrq surfhvv

wkdw vwduwhg lq wkh hduo| 4<;3v/ vhh Rovhq +4<<3,1 Grphvwlf ñqdqfldo pdunhwv zhuh dovr ghuhjx0
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odwhg lq derxw wkh vdph shulrg/ vhh Eædugvhq dqg Noryodqg +5333,1 Wkhvh vwuxfwxudo fkdqjhv kdyh

frqwulexwhg wr odujh ðxfwxdwlrqv lq wkh vdylqj udwh dqg ñqdqfldo lqyhvwphqwv deurdg1 Pruhryhu/

wkh| kdyh dpsolñhg wkh hòhfwv ri rwkhu prqhwdu|/ ñvfdo dqg h{whuqdo vkrfnv wr wkh hfrqrp| dqg

wkhuhe| lqfuhdvhg ðxfwxdwlrqv lq wkh dfwlylw| ohyho/ vhh h1j1 Uágvhwk +4<<:e,1

Qruzd| kdv ehhq d qhw h{sruwhu ri fuxgh rlo vlqfh 4<:8 dqg ri qdwxudo jdv vlqfh 4<::1 Rlo

dqg jdv surgxfwlrq kdv frqvwlwxwhg d idluo| odujh vkduh ri lwv JGS/ urxjko| 43053( vlqfh wkh plg

4<:3v/ vhh Dvodnvhq dqg Emhunkrow +4<;9, dqg Vwdwlvwlfv Qruzd| +4<<;,1 Rlo dqg jdv h{sruwv pdnh

xs d odujh vkduh ri Qruzd|*v wrwdo h{sruw ri jrrgv dqg vhuylfhv1 Iru h{dpsoh/ pruh wkdq 426

ri lw gxulqj wkh shulrg 4<<40<:/ zkhq rlo surgxfwlrq urvh iurp derxw 41: wr 6 ploolrq eduuhov d

gd|/ vhh Vwdwlvwlfv Qruzd| +4<<;,1 Wkh shwurohxp zhdowk kdv ehhq uhydoxhg vhyhudo wlphv gxh wr

odujh rlo sulfh ðxfwxdwlrqv dqg glvfryhu| ri qhz rlo dqg jdv ñhogv1 Lwv vl}h fdq eh jdxjhg e| wkh

jryhuqphqw*v vkduh ri shupdqhqw lqfrph/ zklfk zdv hvwlpdwhg dw ehwzhhq 7; dqg 99 eloolrqv nurqh

lq 4<<:/ vhh Rovhq +4<<:,1 Rlo +dqg jdv, uhyhqxhv kdyh ehhq pdlqo| xvhg wr ñqdqfh qrq0rlo ñvfdo

ghñflwv/ rq dyhudjh 69 eloolrq nurqh iru wkh shulrg 4<;30<91 Wkh h{fhvv uhyhqxhv kdyh ehhq xvhg wr

fryhu qrq0rlo fxuuhqw dffrxqw ghñflwv dqg wr dftxluh ñqdqfldo dvvhwv deurdg1 Wkh odwwhu lq rughu wr

plwljdwh wkh dgyhuvh vkrfnv wr wkh vhfwru iru qrq0rlo wudgdeohv dqg dv suhfdxwlrqdu| vdylqj/ vhh h1j1

Rovhq +4<<:,1 Srvlwlyh qhw hòhfwv ri d ulvh lq rlo sulfhv rq wkh Qruzhjldq JGS/ l1h1 diwhu wdnlqj

dffrxqw ri wkh qhjdwlyh hòhfwv rq wudglwlrqdo h{sruw lqgxvwulhv gxh wr orzhu ghpdqg deurdg/ duh

grfxphqwhg lq h1j1 Hlnd dqg Pdjqxvvhq +4<<;, dqg Prun/ Rovhq dqg P|vhq +4<<7,1

Wkh zdjh vhwwlqj surfhvv lv uhodwlyho| fhqwudolvhg dqg wr d odujh h{whqw jxlghg e| wkh Vfdqglqd0

yldq prgho ri lqðdwlrq/ zklfk dovr ròhuv d txlwh jrrg ñuvw dssur{lpdwlrq wr wkh dfwxdo zdjh dqg

sulfh ehkdylrxu/ vhh h1j1 Uágvhwk dqg Kroghq +4<<3,/ Mrkdqvhq/ N1 +4<<8, dqg Q|prhq +4<<4,1

Wkh fhqwudo zdjh qhjrwldwlrqv xvxdoo| wdnh sodfh hyhu| vhfrqg |hdu exw doorzv iru orfdo zdjh dg0

mxvwphqw lq wkh lqwhuphgldwh |hdu1 Wkhvh dgmxvwphqwv duh riwhq vpdoo frpsduhg zlwk wkh fhqwudoo|

ghwhuplqhg zdjh jurzwk dqg/ dujxdeo|/ wr vrph h{whqw dffrxqwhg iru lq wkh fhqwudo dffrug/ vhh

Uágvhwk dqg Kroghq +4<<3, dqg Kroghq +4<<3, iru ghwdlov1 Lw kdv krzhyhu ehhq srlqwhg rxw wkdw

wkh wrwdo zdjh jurzwk dqg hyhq wkh fhqwudoo| vhw zdjhv kdyh riwhq ehhq deryh wkh pdlq frxuvh1

Qhyhuwkhohvv/ wkh zdjh vkduh lq erwk vhfwruv kdyh ehhq idluo| vwdeoh ryhu wlph1 Wklv kdv ehhq

sduwo| dvfulehg wr jryhuqphqw lqwhuyhqwlrqv dlphg dw gdpshqlqj wkh zdjh dqg sulfh jurzwk/ vhh

h1j1 Fdopiruv +4<<3, dqg Uágvhwk dqg Kroghq +4<<3,1 Gluhfw jryhuqphqw lqwhuyhqwlrqv kdyh prvwo|

rffxuuhg vlqfh wkh hduo| 4<:3v/ zklfk fdq eh lqwhusuhwhg dv d uhðhfwlrq ri d odujh zdjh suhvvxuh

gxh wr wkh hòhfwv iurp rlo zhdowk dqg uhyhqxhv/ vhh wkh klvwru| ri zdjh edujdlqlqjv vlqfh 4<79 lq

Uágvhwk dqg Kroghq +4<<3/ ss1 573,1

Iljxuh 71g vkrzv wkdw wkh +txduwhuo|, lqðdwlrq lq Qruzd| kdv ehhq frpsdudeoh wr wkh lqðdwlrq

lq lwv wudglqj sduwqhuv lq wkh srvw Euhwwrq Zrrgv shulrg/ h{fhsw gxulqj wkh 4<;3v1 Gxulqj wklv

ghfdgh/ wkh Qruzhjldq lqðdwlrq zdv prvwo| deryh wkdw ri wudglqj sduwqhuv*1 Krzhyhu/ qhlwkhu

lq Qruzd| qru lq lwv wudglqj sduwqhuv kdv wkh lqðdwlrq udwh ehhq dw vxïflhqwo| kljk ohyhov wr eh

whuphg dv k|shulqðdwlrq lqglfdwlqj wkh suhgrplqdqfh ri prqhwdu| vkrfnv1

Frqfhuq iru wkh yldelolw| ri wkh vhfwru iru wudgdeohv lv qrw rqo| uhðhfwhg lq wkh fkrlfh ri wkh zdjh

vhwwlqj v|vwhp/ exw vhhpv wr kdyh ehhq wkh jxlglqj sulqflsoh iru wkh jryhuqphqwv lqyroyhphqw lq

zdjh vhwwlqj dqg iru wkh Qruzhjldq h{fkdqjh udwh srolf|/ dw ohdvw vlqfh wkh glvfryhu| ri Qruwk Vhd

rlo1 Wkh jryhuqphqw sod|v dq dfwlyh uroh lq wkh zdjh dqg sulfh vhwwlqj surfhvvhv wr pdlqwdlq wkh

frpshwlwlyhqhvv ri wkh qrq0rlo vhfwru iru wudgdeohv1 D shupdqhqw jryhuqphqw frpplvvlrq vhuyhv
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wkh fhqwudo zdjh edujdlqhuv e| surylglqj edfnjurxqg lqirupdwlrq dqg rxwolqlqj wkh frqvhtxhqfhv

ri glòhuhqw zdjh vhwwohphqwv1 Dv qrwhg deryh/ wkh jryhuqphqw kdv dovr lqwhuyhqhg gluhfwo| lq wkh

zdjh vhwwlqj surfhvv zkhqhyhu wkh zdjh jurzwk kdv ehhq idu h{fhvv ri wkh pdlq frxuvh1 Lq 4<:6 dqg

4<:80;3/ wd{ fxwv dqg ru lqfuhdvhv lq jryhuqphqw h{shqglwxuhv zhuh wudghg iru zdjh prghudwlrq1

Wkh jryhuqphqw kdv dovr uhgxfhg wd{hv lq dgydqfh ri zdjh edujdlqlqjv lq rughu wr lqðxhqfh wkhlu

rxwfrphv1 Vlqfh wkh hqg ri wkh 4<:3v/ wkh jryhuqphqw lqyroyhphqw lq zdjh qhjrwldwlrqv kdv ehhq

ohvv gluhfw dqg lw kdv wr d odujh h{whqw uhvruwhg wr ohjdo dfwlrqv ru yroxqwdulo| djuhhphqwv wr frqwdlq

jurzwk lq zdjhv dqg sulfhv1 Lq wkh shulrg Vhswhpehu 4<:;0Ghfhpehu 4<:</ 4<;4 dqg odwhu lq 4<;;0

;</ jurzwk lq zdjhv dqg sulfhv zdv uhjxodwhg wkurxjk ohjlvodwlyh dfwlrqv/ vhh Uágvhwk dqg Kroghq

+4<<3,1 Wkhvh zdjh dqg sulfh frqwurov kdg d vljqlñfdqw hòhfw rq wkh zdjh jurzwk gxulqj wkhvh

|hduv/ wkrxjk wkhlu lqlwldo hòhfwv zhuh wr vrph h{whqw rxwzhljkhg e| frpshqvdwru| zdjh jurzwk lq

wkh vxevhtxhqw zdjh vhwwohphqwv/ vhh h1j1 Q|prhq +4<;<,1 Vlqfh 4<<5 wkh jryhuqphqw kdv hqwhuhg

dq djuhhphqw zlwk wkh odujhvw frqihghudwlrq ri zrunhuv xqlrq +OR, wr surylgh qrplqdo h{fkdqjh

udwh vwdelolw| lq h{fkdqjh iru zdjh prghudwlrq zklfk lv whuphg _wkh vrolgdulw| dowhuqdwlyh%1 Lwv

vxffhvv lq whupv ri zdjh prghudwlrq lv frqwhqghg/ krzhyhu/ vhh h1j1 Hymhq dqg Q|prhq +4<<:,

dqg Doh{dqghu/ Juhhq dqg Duqdvrq +4<<:,1

Qruzd| kdv pdlqo| sxuvxhg d srolf| ri h{fkdqjh udwh vwdelolvdwlrq djdlqvw zhvwhuq Hxurshdq

frxqwulhv vlqfh wkh hqg ri Euhwwrq Zrrgv v|vwhp lq 4<:41 Qruzd| sduwlflsdwhg lq wkh Hxurshdq

_vqdnh djuhhphqw% xqwlo 4<:;/ exw olqnhg wkh nurqh wr d wudgh zhljkwhg edvnhw ri fxuuhqflhv/ pdlqo|

frpsrvhg ri zhvwhuq Hxurshdq fxuuhqflhv/ zkhq wkh HUP zdv hvwdeolvkhg1 Vlqfh Rfwrehu 4<<3/

wkh nurqh kdv ehhq vwdelolvhg djdlqvw wkh HFX1 Ghvslwh wkh vwdwhg dlp ri fxuuhqf| vwdelolvdwlrq wkh

ydoxh ri wkh Qruzhjldq nurqh kdv vkrzq uhodwlyho| odujh ðxfwxdwlrqv/ krzhyhu1 Wkh ðxfwxdwlrqv

kdyh ehhq doorzhg iru e| fkdqjhv lq wkh fxuuhqf| edvnhw dqg lq wkh ðxfwxdwlrq pdujlqv dfurvv

wlph1 Lq dgglwlrq/ wkh nurqh kdv ehhq ghydoxhg derxw 43 wlphv vlqfh 4<:5/ prvwo| gxulqj wkh

4<:3v1 Gxulqj wkh 4<;3v/ wkh <15( ghydoxdwlrq ri wkh nurqh lq Pdl 4<;9 vwdqgv rxw1 Wklv dovr

pdunv d vzlwfk wr d qr0ghydoxdwlrq vwdqfh/ vlqfh wkh nurqh kdv qrw ehhq ghydoxhg vlqfh wkhq1 Wkh

ghydoxdwlrqv zhuh pdlqo| fduulhg rxw wr fruuhfw iru wkh zhdnhqlqj ri wkh frpshwlwlyhqhvv ri wkh

hfrqrp| gxh wr h{fhvvlyh zdjh dqg sulfh jurzwk/ vhh h1j1 Qrujhv Edqn +4<;:,/ Vnædqodqg +4<;6,

dqg Uágvhwk dqg Kroghq +4<<3,1

Pdmru fkdqjhv lq wkh ydoxh ri wkh nurqh kdyh riwhq frlqflghg zlwk odujh ðxfwxdwlrqv lq rlo sulfhv1

Wkh ghydoxdwlrq lq Pd| 4<;9/ zdv dovr suhfhghg e| d idoo lq rlo sulfhv1 Wkh nurqh zdv doorzhg

wr ðrdw lq Mdqxdu| 4<<: dqg lq wkh dxwxpq ri 4<<; iroorzlqj dq dssuhfldwlrq dqg ghsuhfldwlrq

suhvvxuh/ uhvshfwlyho|1 Wkh ydoxh ri wkh nurqh fkdqjhg e| derxw 43( uhodwlyh wr wkh HFX rq

erwk rffdvlrqv/ zklfk frlqflghg zlwk xqxvxdoo| kljk dqg orz rlo sulfhv/ uhvshfwlyho|/ vhh Qrujhv

Edqn +4<<:/ 4<<;,1 Lq dgglwlrq wr wkhvh srvvleo| rlo sulfh uhodwhg fxuuhqf| fulvhv/ wkh nurqh zdv

dovr doorzhg wr ðrdw djdlqvw wkh HFX lq Ghfhpehu 4<<5/ iroorzlqj d odujh ghsuhfldwlrq suhvvxuh

wuljjhuhg e| wkh fulvlv lq wkh HUP1 Wkh sudfwlfh ri h{fkdqjh udwh vwdelolvdwlrq djdlqvw wkh HFX

zdv uhvxphg eulhð| diwhuzdugv/ exw zlwkrxw irupdo ðxfwxdwlrq pdujlq/ vhh Qrujhv Edqn +4<<8,

dqg Doh{dqghu hw do1 +4<<:,1

Wr vxppdulvh/ wkh Qruzhjldq hfrqrp| lv vpdoo dqg rshq zlwk d odujh h{sruw vkduh ri frp0

prglwlhv dqg khqfh h{srvhg wr odujh ðxfwxdwlrqv lq wkh whupv ri wudgh1 Krzhyhu/ wkh Qruzhjldq

zdjh vhwwlqj v|vwhp/ wkh ñvfdo dqg h{fkdqjh udwh srolflhv kdyh ehhq dlphg wrzdugv suhvhuylqj wkh

lqwhuqdwlrqdo frpshwlwlyhqhvv ri wkh vhfwru iru qrq0rlo wudgdeohv dqg wr dyrlg d jurzwk lq wkh vhfwru
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iru qrq0wudgdeohv dw wkh h{shqvh ri wkh iruphu/ hvshfldoo| vlqfh wkh glvfryhu| ri uhodwlyho| odujh rlo

uhvrxufhv1 Wkhuhiruh/ wkhvh dqg rwkhu srvvleoh uhdo vkrfnv wr wkh hfrqrp| pd| qrw kdyh kdg d

odvwlqj hòhfw rq wkh uhdo h{fkdqjh udwh eh|rqg wkh vkruw uxq1 Lqghhg/ li zdjh dqg sulfh vhwwhuv

dgkhuh wr wkh Vfdqglqdyldq prgho ri lqðdwlrq/ uhdo vkrfnv dòhfwlqj sulfhv wkurxjk ghpdqg duh qrw

h{shfwhg wr odvw eh|rqg wkh frqwudfw shulrg ri wzr |hduv/ dv iru prqhwdu| vkrfnv/ vhh vxevhfwlrq

5161 Wkh qh{w vhfwlrq/ krzhyhu/ gudzv d pruh qxdqfhg slfwxuh ri wkh uhdo h{fkdqjh udwh ehkdylrxu1

eë Ait|ð?} èèè ð? @ ý?ðñ@hð@|i uh@4iêLh!

Wkh qh{w vxevhfwlrq ghvfulehv wkh gdwd vhulhv iru wkh qrplqdo h{fkdqjh udwh dqg grphvwlf dqg

iruhljq frqvxphu sulfhv/ irfxvlqj rq wkhlu uhodwlrq wr hdfk rwkhu lq wkh oljkw ri wkh SSS wkhru|1

Wkhuhdiwhu/ vxevhfwlrq 715 irupdolvhv wkh SSS wkhru| lq d xqlyduldwh iudphzrun dqg hpsor|v dq

dxjphqwhg Glfnh| Ixoohu +DGI, whvw wr h{dplqh zkhwkhu wkh uhdo h{fkdqjh udwh ehkdylrxu lv

frqvlvwhqw zlwk wkh SSS wkhru|1 Wklv vxevhfwlrq dovr glvsod|v wkh lpsolhg htxloleulxp uhdo h{fkdqjh

udwh ryhu wlph wrjhwkhu zlwk d <8( frqñghqfh lqwhuydo wr h{srvh srvvleoh fkdqjhv ryhu wlph1 Vshhg

ri dgmxvwphqw wrzdugv wkh htxloleulxp udwh lv dqrwkhu pdlq lvvxh lq vxevhfwlrq 7151

7141 Sulfhv/ wkh qrplqdo dqg wkh uhdo h{fkdqjh udwh

Iljxuh 714 glvsod|v wkh ydoxh ri wkh Qruzhjldq wudgh zhljkwhg +hòhfwlyh, qrplqdo h{fkdqjh udwh

+H , dqg wkh Qruzhjldq frqvxphu sulfh lqgh{ +FSL , uhodwlyh wr d wudgh zhljkwhg lqgh{ ri iruhljq

frqvxphu sulfhv +FSL i , ryhu wkh shulrg 4<:5=404<<:=71 Wkh wudgh zhljkwv duh suhvhqwhg lq dsshqgl{

D dqg vxjjhvw wkdw Qruzhjldq wudgh lv qrw frqñqhg wr d vlqjoh grplqdqw wudglqj sduwqhu1 Wklv

pdnhv lw pruh uhohydqw wr irfxv rq wkh wudgh zhljkwhg h{fkdqjh udwh dqg sulfhv udwkhu wkdq rq

elodwhudo h{fkdqjh udwhv dqg sulfhv1
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Iljxuh 714= Wudgh zhljkwhg qrplqdo h{fkdqjh udwh/ H/ +vrolg olqh, dqg uhodwlyh frqvxphu sulfhv
ehwzhhq Qruzd| dqg wudglqj sduwqhuv/ FSL2FSL i / +er{hg olqh,1
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Wkh ryhudoo lpsuhvvlrq lv wkdw wkh dfwxdo h{fkdqjh udwh +H, grhv qrw hyroyh lqghshqghqwo| ri wkh

uhodwlyh frqvxphu sulfhv +FSL2FSL i ,/ wkrxjk lw lv pruh yrodwloh wkdq wkh uhodwlyh frqvxphu sulfhv1

Rqh qrwlfhdeoh h{fhswlrq iurp wklv whqghqf| lv wkh uhodwlyho| odujh h{fkdqjh udwh dssuhfldwlrq

xqwlo 4<:92::/ zklfk lv qrw pdwfkhg zlwk d frpsdudeoh idoo lq wkh uhodwlyh frqvxphu sulfhv lq

wklv shulrg1 Iurp wkh odwh 4<:3v wr derxw 4<<5/ krzhyhu/ fkdqjhv lq wkh uhodwlyh frqvxphu sulfhv

dsshdu wr suhfhgh ðxfwxdwlrqv lq wkh h{fkdqjh udwh ðxfwxdwlrqv1 Wkh odujh ghydoxdwlrq lq Pdl

4<;9 lv frpprqo| dvfulehg wr wkh idoo lq rlo sulfhv lq 4<;82;9/ exw wkh ñjxuh vkrzv wkdw lw zdv

dovr suhfhghg e| d ulvh lq wkh uhodwlyh frqvxphu sulfhv1 Wkh h{fkdqjh udwh ðxfwxdwlrqv vlqfh 4<<5/

lq sduwlfxodu/ vhhp wr eh gulyhq e| rwkhu idfwruv wkdq wkh uhodwlyh frqvxphu sulfhv/ vlqfh wkh| duh

uhodwlyho| vwdeoh lq wklv shulrg/ vhh dovr ñjxuh 7151g1 Qhyhuwkhohvv/ lw hyroyhv durxqg wkh uhodwlyh

frqvxphu sulfhv lq wklv shulrg/ frqvlghuhg wr eh wkh htxloleulxp ohyho iru wkh qrplqdo h{fkdqjh

udwh zlwklq wkh SSS iudphzrun/ vhh vxevhfwlrq 5141
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Iljxuh 715= Wkh judskv glvsod| txduwhuo| revhuydwlrqv iru glòhuhqw yduldeohv ryhu shulrg 4<:5=40
4<<:=71 +d, Frqvxphu sulfh lqglfhv iru Qruzd| dqg lwv wudglqj sduwqhuv/ FSL dqg FSL i > uhvshf0
wlyho|1 +e, Txduwhuo| lqðdwlrq udwhv/ ghqrwhg e| Gfsl dqg Gfsli 1 Wkh suhñ{ %G% ghqrwhv wkh
ñuvw glòhuhqfh ü= +f, Txduwhuo| ghsuhfldwlrq udwh/ Gh1 +g, Wkh ghsuhfldwlrq udwh dqg lqðdwlrq
glòhuhqfhv1

Iljxuh 716 vkrzv wkdw wkh qrplqdo h{fkdqjh udwh +H, dqg wkh +uhghñqhg, uhodwlyh frqvxphu

sulfhv +FSL i@FSL , whqg wr rxwzhljk fkdqjhv lq hdfk rwkhu/ hvshfldoo| ehiruh wkh 4<<3v1 Wkxv

ðxfwxdwlrqv lq wkh uhdo h{fkdqjh udwh/ U ì H+FSL i2FSL,> kdyh d vpdoohu udqjh frpsduhg zlwk

wkh ðxfwxdwlrqv lq wkh qrplqdo h{fkdqjh udwh dqg wkh uhodwlyh frqvxphu sulfh ohyho1 Lq wkh odwh

4<;3v dqg hduo| 4<<3v wkh uhdo h{fkdqjh udwh pryhphqwv duh pdlqo| gulyhq e| wkh uhodwlyh frqvxphu

sulfhv grplqdwh vlqfh wkh qrplqdo h{fkdqjh udwh lv uhodwlyho| vwdeoh lq wklv shulrg1 Wkh fdvh lv

wkh rssrvlwh diwhu 4<<52<6 zkhq ðxfwxdwlrqv lq wkh uhdo h{fkdqjh udwh fdq eh doprvw hqwluho|

dvfulehg wr ðxfwxdwlrqv lq wkh qrplqdo h{fkdqjh udwh/ dv wkh uhodwlyh frqvxphu sulfhv duh txlwh

vwdeoh1 Iljxuh 716 dovr lqglfdwhv wkdw wkh whqghqf| ri wkh qrplqdo h{fkdqjh udwh dqg wkh uhodwlyh

frqvxphu sulfhv wr rxwzhljk hdfk rwkhu lv vwurqjhu zkhq wkh ðxfwxdwlrqv duh odujh frpsduhg zlwk

4;
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Iljxuh 716= Qrplqdo h{fkdqjh udwh/ H/ +gdvkhg olqh,/ uhdo h{fkdqjh udwh/ U/ +vrolg olqh, dqg uhodwlyh
frqvxphu sulfhv ehwzhhq wudglqj sduwqhuv dqg Qruzd|/ FSL i@FSL +flufohg olqh,1

zkhq wkh| duh vpdoo1 Wklv lv dssduhqw zkhq wkh shulrg ehiruh h1j1 4<;: lv frqwudvwhg zlwk wkh

shulrg diwhuzdugv1

Iljxuh 716 jlyhv wkh lpsuhvvlrq wkdw wkh uhdo h{fkdqjh udwh lv olnho| wr kdyh hyroyhg durxqg

d frqvwdqw ohyho dqg wkdw wkh udqjh ri ðxfwxdwlrqv pljkw kdyh ghfolqhg ryhu wlph1 Dw ohdvw/ lw lv

qrw reylrxv wkdw lw kdv vwhdglo| lqfuhdvhg ryhu wlph/ dv lpsolhg e| wkh udqgrp zdon k|srwkhvlv ri

uhdo h{fkdqjh udwh/ fi1 Pdun +4<<3,1 Dssduhqwo|/ wkh uhdo h{fkdqjh udwh ehkdylrxu lv pruh forvh

wr d +zhdn, vwdwlrqdu| wlph vhulhv wkdw glvsod|v ðxfwxdwlrqv zlwklq d jlyhq udqjh dqg uhyhuvlrqv

wrzdugv d frqvwdqw phdq ohyho1 Wkh qh{w vxevhfwlrq whvwv wklv lpsuhvvlrq pruh irupdoo|1

7151 Dxjphqwhg Glfnh| Ixoohu +DGI, whvw

Wkh SSS wkhru| lpsolhv wkdw wkh uhdo h{fkdqjh udwh +U, hyroyhv durxqg d frqvwdqw phdq ru

htxloleulxp ohyho/ ð> ryhu wlph/ vhh htxdwlrq +516,1 Wklv sursrvlwlrq fdq eh irupdolvhg dv iroorzv=

Uw @ ð .

s[
l@4

#l+Uwýl ý ð, . %w= +714,

Khuh %w lv wkh huuru whup lq wkh htxdwlrq/ dvvxphg wr eh lghqwlfdoo|/ lqghshqghqwo| qrupdoo|

glvwulexwhg zlwk }hur phdq dqg frqvwdqw yduldqfh/ â5> l1h1 LLGQ+3/ â5,1

Xqghu wkh SSS wkhru|/ wkh +devroxwh, ydoxh ri
Ss
l@4 #l/ khuhdiwhu ghqrwhg dv (> vkrxog eh ohvv

wkdq 41 Rwkhuzlvh U zloo qrw uhyhuw wrzdugv lwv htxloleulxp ohyho ð> l1h1 qrw eh d vwdwlrqdu| surfhvv=

Wkh vshhg ri dgmxvwphqw wrzdugv wkh htxloleulxp ohyho lv lqyhuvho| uhodwhg wr wkh +devroxwh, ydoxh

ri (= U iroorzv d udqgrp zdon surfhvv li ( @ 4/ lq zklfk fdvh hyhu| vkrfn kdv d shupdqhqw hòhfw

rq U/ pdnlqj lw guliw dzd| udqgrpo| iurp dq| ohyho1 Li ( @ 3> hyhu| vkrfn kdv d wudqvlwru| hòhfw

rq U dqg lw zloo ðxfwxdwh udqgrpo| durxqg ð= Wklv fdvh fdq eh lqwhusuhwhg dv d irupdolvdwlrq ri

wkh SSS wkhru| li lw krogv frqwlqxrxvo|1 Exw/ hyhq Fdvvho uhfrjqlvhg wkdw sxufkdvlqj srzhu sdulw|

4<



lv iuhtxhqwo| ylrodwhg dqg d jlyhq ylrodwlrq fdq shuvlvw iru orqj wlph shulrgv/ vhh Fdvvho +4<55,16

Wklv qrwlrq ri wkh SSS wkhru| fruuhvsrqgv wr d ydoxh ri ( 5 +3> 4,=
Uhvwulfwlrqv rq ( fdq eh whvwhg e| hpsor|lqj wkh DGI whvw/ vhh h1j1 Edqhumhh/ Grodgr/ Jdoeudlwk

dqg Khqgu| +4<<6/ fk1 7, iru ghwdlov1 Wkh qxoo k|srwkhvlv xqghu wkh DGI whvw lv wkdw wkh uhdo

h{fkdqjh udwh lv d udqgrp zdon surfhvv/ l1h1 ( @ 41 Wkh dowhuqdwlyh k|srwkhvlv lv wkdw ( lv ohvv

wkdq 4 lq devroxwh ydoxh17 Lq rughu wr vhsdudwh rxw wkh xqrevhuydeoh ð iurp wkh dfwxdo udwh U>

htxdwlrq +714, lv uhskudvhg lq wkh DGI iudphzrun dv iroorz/ zlwk wkh frqvwdqw whup ò ghñqhg dv

ð+4ý (,=

üUw @ òý +4ý (,Uwý4 .
sý4[
l@4

#lüUwýl . %w= +715,

Wklv htxdwlrq zdv hvwlpdwhg e| wkh ROV phwkrg iru d ydoxh ri s htxdo wr 9/ zklfk dsshduhg

vxïflhqwo| kljk wr dyrlg dq| vwuxfwxuh/ h1j1 dxwrfruuhodwlrq/ lq wkh uhvlgxdov1 Wkh frhïflhqwv

ri üUwý7> üUwý8 dqg dovr ri üUwý5> krzhyhu/ dsshduhg wr eh lqvljqlñfdqwo| glòhuhqw iurp }hur

zlwk s0ydoxhv/ 31;7/ 315: dqg 315;/ uhvshfwlyho|1 Mrlqw }hur uhvwulfwlrqv rq wkhvh frhïflhqwv zhuh

dffhswhg e| d I 0whvw dw d s0ydoxh ri 31771 Wdeoh 714 vhwv rxw d sduvlprqlrxv yhuvlrq ri wkh jhqhudo

prgho/ rewdlqhg e| +vhtxhqwldo, rplvvlrq ri wkhvh whupv1

Wkh gldjqrvwlfv ri wkh hvwlpdwhg htxdwlrq gr qrw surylgh vwurqj lqglfdwlrqv ri vwuxfwxuh lq wkh

uhvlgxdov/ lqfuhdvlqj wkh uholdelolw| ri wkh hvwlpdwhv1 Gxh wr vrph rxwolhuv/ krzhyhu/ wkh qrupdolw|

dvvxpswlrq lv ylrodwhg dw wkh 4( ohyho ri vljqlñfdqfh/ fi1 ñjxuh 7181

Wkh qxoo k|srwkhvlv ri ( @ 4> ru htxlydohqwo| ri 4 ý ( @ 3> lv uhmhfwhg dw wkh 8( ohyho +ri

vljqlñfdqfh, zkhq xvlqj wkh Glfnh|0Ixoohu fulwlfdo ydoxhv1 Vlqfh erwk wkh DGI prgho +715, dqg wkh

suhvxphg gdwd jhqhudwlqj surfhvv +714, frqwdlq wkh vdph w|sh ri ghwhuplqlvwlf whup/ d frqvwdqw/

rqh pd| dujxh iru wkh xvh ri fulwlfdo ydoxhv iurp wkh qrupdo glvwulexwlrq1 Zhvw +4<;;, vkrzv wkdw

wkh w0vwdwlvwlfv/ h1j1 +4 ý e(,@VH+e(,> zloo eh dv|pswrwlfdoo| qrupdoo| glvwulexwhg xqghu wkh qxoo
k|srwkhvlv ri xqlw urrw/ li erwk wkh prgho hpsor|hg wr whvw iru xqlw urrw dqg wkh gdwd jhqhudwlqj

surfhvv frqwdlq vdph w|sh ri ghwhuplqlvwlf whupv/ frqvwdqw whup dqg ru wuhqg1 Dffruglqjo|/ wkh

revhuyhg w0ydoxh ý6=38: vkrxog eh frpsduhg zlwk wkh <8( fulwlfdo ydoxh ri 041<8 iurp wkh qrupdo

glvwulexwlrq1 Edqhumhh hw do1 +4<<6/ ss1 438,/ krzhyhu/ uhfrpphqg wkh xvh ri Glfnh|0Ixoohu

glvwulexwlrq lq ñqlwh vdpsohv wr dyrlg ryhuuhmhfwlrq ri d srvvleo| wuxh qxoo k|srwkhvlv1

Wkh rxwfrph ri wkh DGI0whvw lv frqvlvwhqw zlwk wkh SSS wkhru|1 Wkh uhdo h{fkdqjh udwh grhv

qrw vhhp wr eh d udqgrp zdon surfhvv/ exw dq htxloleulxp uhyhuwlqj surfhvv1 Wkh ghulyhg hvwlpdwh

ri wkh htxloleulxp ohyho lv 31459231464 ä 3=<9= Wkh vshhg ri dgmxvwphqw wrzdugv wkh orqj uxq

htxloleulxp lv 31464/ zklfk lv uhodwlyho| idvw1 Wkh kdoi olih ri d jlyhq ghyldwlrq iurp wkh htxloleulxp

uhdo h{fkdqjh udwh lv derxw 9 txduwhuv/ zkloh derxw 526 ri d ghyldwlrq lv holplqdwhg zlwklq d shulrg

ri 43 txduwhuv/ vhh ñjxuh 71718 Wkh qh{w vxevhfwlrq uhwxuqv wr wkh lvvxh ri dgmxvwphqw wrzdugv wkh
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Wdeoh 714= D xqlyduldwh prgho iru wkh uhdo h{fkdqjh udwh1

ü eUw@ 3=459
+6=37;,

ý 3=464
+ý6=38:,

Uwý4ý 3=4;6
+4=;57,

üUwý4. 3=467
+4=599,

üUwý6

Vdpsoh= 4<:5+5, 04<<:+7,/ 436 Txduwhuo| revhuydwlrqv=
wýDGI @ ý6=38:> GI0Fulwlfdo ydoxhv= 8( @ ý5=;;:> 4( @ ý6=7;<

Gldjqrvwlfv
U5 @ 3=434
Vwdqgdug huuru ri uhvlgxdov= eâ @ 3=348
Gxuelq Zdwvrq vwdwlvwlf= GZ @ 4=<8
Dxwrfruuhodwlrq 408= Idu>4ý8+8> <7, @ 3=84^3=::`
DUFK 8= Idufk>4ý8+8> ;<, @ 4=44^3=69`
Qrupdolw|= "5qg+5, @ <=4^3=344`ú

Khwhurvfhgdvwlflw|= Ikhw>[l5 +9> <5, @ 4=;9^3=43`
Khwhurvfhgdvwlflw|= Ikhw>[l[m > +<> ;<, @ 4=5:^3=59`
Prgho vshflñfdwlrq= UHVHW I +4> <;, @ 3=46^3=:5`
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orqj uxq htxloleulxp/ diwhu whvwlqj wkh frqvwdqf| ri wkh htxloleulxp uhdo h{fkdqjh udwh1

7161 Whvwlqj wkh frqvwdqf| ri wkh htxloleulxp uhdo h{fkdqjh udwh

Wkh uhdo h{fkdqjh udwh prgho lq wdeoh 714 zdv hvwlpdwhg uhfxuvlyho| dqg vxemhfwhg wr d qxpehu ri

sdudphwhu frqvwdqf| whvwv lq rughu wr hydoxdwh wkh dvvxpswlrq ri sdudphwhu frqvwdqf|/ lq sduwlfxodu

wkh frqvwdqf| ri ð1 Wkh xsshu sdqho ri ñjxuh 717 vkrzv wkh uhfxuvlyh ROV hvwlpdwhv ri ò dqg ri

ý+4ý(, wrjhwkhu zlwk 5 wlphv wkhlu uhfxuvlyho| hvwlpdwhg vwdqgdug huuruv1 Wkh ryhudoo lpsuhvvlrq
lv ri sdudphwhu vwdelolw| zklfk lv qrw frqwudglfwhg e| wkh Fkrz whvwv/ xvhg wr whvw wkh ryhudoo

vwdelolw| ri wkh prgho1 Krzhyhu/ gxh wr dq rxwolhu lq 4<<:/ wkh 40vwhs xs Fkrz whvw dqg wkh euhdn

srlqw +Qgq, Fkrz whvwv lqglfdwh d sdudphwhu fkdqjh lq 4<<:19

M) �ëe ^ý@h|iht ð? |üðt U@tic tii �}ýhi eëeë Aüi �}ýhi ðt M@ti_ L? @? ú+Eeä 4L_i* uLh |üi hi@* i Uü@?}i h@|ic @
hiuLh4ý*@|ðL? Lu |üi 4L_i* ð? |@M*i eë�ë

Sú _ý44) ñ@hð@M*ic ð_b.^ êð|ü @ ñ@*ýi Lu � ð? �bb.G�c í� ð? �bb.G2 @?_ 3ihL i*tiêüihi ê@t ýti_ |L |@!i @UULý?|
Lu |üi i |hi4i ñ@*ýit ð? �bb.ë Aüðt hitý*|i_ ð? ?LíhiéiU|ðL? Lu |üi T@h@4i|ih UL?t|@?U) @ttý4T|ðL? M) |üi |it|t
i4T*L)i_ @MLñic ð?U*ý_ð?} |üi çüLê |it|tc @| DI *iñi* Lu tð}?ð�U@?Uië �LhiLñihc |üi _ý44) @*tL üi*Ti_ |L ð4ThLñi
|üi 4L_i* _ð@}?Lt|ðUc Uëuë |@M*i eë�ë W? T@h|ðUý*@hc |üi ?Lh4@*ð|) @ttý4T|ðL? hi}@h_ð?} |üi hitð_ý@*t ê@t ?L| hiéiU|i_
@| �fI *iñi*ë Aüi |íú#6 uhL4 |üðt 4L_i* ê@t íôë�e.ë
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Iljxuh 717= Uhdo h{fkdqjh uhvsrqvh zkhq h{srvhg wr d vkrfn ri vl}h 4 lq txduwhu 4/ zkhq wkh uhdo
h{fkdqjh udwh lv dw lwv htxloleulxp ohyho1

Wkh uhodwlyho| vwdeoh hvwlpdwhv ri ò dqg ri ý+4ý(, lpso| wkdw wkh uhfxuvlyho| ghulyhg hvwlpdwhv
ri ð> wkh htxloleulxp uhdo h{fkdqjh udwh/ duh vwdeoh wrr1 Iljxuh 718 vkrzv wkh hvwlpdwhg ydoxhv ri

U Ht ÷5VH> zkhuh U Ht lv wkh hvwlpdwhg ydoxh ri ð/ ryhu shulrg wkh shulrg 4<:9=4 0 4<<:=71: Wkh
vwdqgdug huuruv kdyh ehhq +uhfxuvlyho|, hvwlpdwhg e| iroorzlqj wkh suhvfulswlrq lq Eædugvhq +4<;<,1

Iljxuh 718 dovr glvsod|v wkh dfwxdo uhdo h{fkdqjh udwh/ U/ lq wkh vdph shulrg1

Wkh hvwlpdwhv ri ð duh uhpdundeo| vwdeoh ryhu wkh shulrg 4<:;=4 wr 4<<:=7/ lq zklfk wkh| duh

dw derxw 31<81 Wkh ð0hvwlpdwhv ehiruh 4<:; duh uhodwlyho| ohvv vwdeoh/ exw wkhq wkh| duh edvhg rq

txlwh ihz revhuydwlrqv1 Wklv lv dovr uhðhfwhg lq wkh uhodwlyho| odujh vwdqgdug huuruv ri wkh hvwlpdwhv

iurp wklv shulrg1 Li zh glvuhjdug wkhvh/ dq hvwlpdwh ri ð dw wlph w . q zkhuh q A 3/ uhpdlqv zhoo

lqvlgh wkh ÷5VH edqg iru d ðýhvwlpdwh dw dq| wlph w iurp 4<:; dqg rqzdugv1 Lw iroorzv wkdw wkh

frqvwdqf| ri ð fdqqrw eh uhmhfwhg dw wkh 8( ohyho lq wklv shulrg1

Ioxfwxdwlrqv ri wkh +dfwxdo, uhdo h{fkdqjh udwh/ U> djdlqvw wkh hvwlpdwhg htxloleulxp ohyho lq

ñjxuh 718/ surylgh pruh lqirupdwlrq derxw krz idvw d jlyhq ghyldwlrq iurp wkh htxloleulxp ohyho lv

holplqdwhg1 Lq wkh ñjxuh/ U ðxfwxdwhv durxqg wkh hvwlpdwhg htxloleulxp udwh xqwlo derxw 4<<31 Lq

wklv shulrg/ prvw ri wkh ghyldwlrqv iurp htxloleulxp vhhp wr eh holplqdwhg zlwklq 405 |hduv1 Wkh

h{fhswlrq lv wkh odwh 4<:3v zkhq wkh ghyldwlrq odvwv derxw 618 |hduv1 U lv deryh lwv htxloleulxp udwh/

l1h1 dw d ghsuhfldwhg ohyho uhodwlyh wr wkh htxloleulxp ohyho/ gxulqj wklv shulrg1 Wklv pd| sduwo| rzh

wr d ghydoxdwlrq ri wkh nurqh e| ;( zlwklq wkh _vqdnh% lq Iheuxdu| 4<:; dqg wkhuhdiwhu/ dyrlgdqfh

ri d uhydoxdwlrq ri derxw 507 ( zlwklq wkh vqdnh lq Rfwrehu 4<:;1 Wkh zdjh dqg sulfh iuhh}h

.W? u@U|c + ,^ ü@t Mii? LM|@ð?i_ M) hiUýhtðñi it|ð4@|ðL? Lu @? @ý|Lhi}hittðñi 4L_i* uLh + êð|ü e *@}tc ðëië
ú+Eeäc êüðUü ðt éýt| @ hi|h@?tuLh4@|ðL? Lu |üi 4L_i* ð? |@M*i eë� êð|ü T ' eë Aüðtc uLh Lýh UL?ñi?ði?Ui ð? _ihðñð?}
|üi ULhhitTL?_ð?} E@t)4T|L|ðUä t|@?_@h_ ihhLhtë út ?L|i_ i@h*ðihc |üi ú+Eeä 4L_i* it|ð4@|i_ L? |üi uý** t@4T*i
ê@t @*tL i4T*L)i_ ð? |üi ð4Tý*ti hitTL?ti @?@*)tðtë +iUýhtðñi it|ð4@|it Lu ò LM|@ð?i_ M) ek*E� 3eõä @hi t*ð}ü|*)
_ðgihi?| uhL4 + ,^ _ýhð?} |üi i@h*) �b.ft Lêð?} |L uiê LMtihñ@|ðL?tc i*tiêüihi |üi) @hi @*4Lt| ð?_ðt|ð?}ýðtü@M*i @t
i TiU|i_ë út tý}}it|i_ M) |üi }h@Tüt uLh |üi hiUýhtðñi it|ð4@|it Lu k @?_ íE�3õäc hiUýhtðñi it|ð4@|it Lu ò LM|@ð?i_
M) ek*E�3eõä @hi hi*@|ðñi*) 4Lhi t|@M*i |ü@? + ,^ ð? |üi 4ð_ �b.ftë
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Iljxuh 718= Uhfxuvlyh vwdwlvwlfv iru wkh DGI prgho lq wdeoh 7141 Wrs sdqho= uhfxuvlyh hvwlpdwhv ri
wkh frqvwdqw whup +ò, ÷5VH dqg ri 0+40(, ÷5VH= Plggoh sdqho= 40vwhs dkhdg uhvlgxdov ÷5VH dqg
40vwhs dkhdg Fkrz whvw vwdwlvwlfv qrupdol}hg e| wkh fulwlfdo ydoxh dw 8( ohyho ri vljqlñfdqfh1 Erwwrp
sdqho= Euhdn srlqw Fkrz whvwv dqg Q0vwhs dkhdg Fkrz whvwv1 Erwk whvw vwdwlvwlfv duh qrupdol}hg e|
wkh dffrvldwhg fulwlfdo ydoxhv dw 8( ohyho1

iurp Vhswhpehu 4<:; wr Ghfhpehu 4<:< dsshdu wr eh dqrwkhu idfwru ehklqg wkh uhdo h{fkdqjh udwh

ghsuhfldwlrq1

Gxulqj wkh 4<<3v/ U lv djdlq prvwo| deryh wkh hvwlpdwhg htxloleulxp ohyho1 Wkh ghyldwlrq lv

deuxswo| holplqdwhg e| wkh uhodwlyho| odujh qrplqdo dssuhfldwlrq lq 4<<:=4/ exw U uhwxuqv wr lwv

suhylrxv ohyho vkruwo| diwhuzdugv/ vhh ñjxuh 7161 Li zh glvuhjdug wklv vlqjoh txduwhu> wkh 4<<3v fdq

eh ghñqhg dv d : |hduv vlqjoh shulrg zlwk U deryh ð= Wklv lqglfdwhv wkdw U kdv ehfrph uhodwlyho|

pruh shuvlvwhqw gxulqj wkh 4<<3v frpsduhg zlwk wkh hduolhu shulrgv1

Wkh lqfuhdvh lq uhdo h{fkdqjh udwh shuvlvwhqfh gxulqj wkh 4<<3v pd| eh uhodwhg wr wkh qr0

ghydoxdwlrq vwdqfh vlqfh wkh odwh 4<;3v dqg ru wkh _vrolgdulw| dowhuqdwlyh% vlqfh 4<<5/ dffruglqj wr

zklfk qrplqdo h{fkdqjh udwh vwdelolw| lv ròhuhg iru zdjh dqg sulfh prghudwlrq/ vhh vhfwlrq 61 D

ydoxh ri U A ð vxjjhvwv wkdw wkh uhdo h{fkdqjh udwh lv olnho| wr dssuhfldwh1 Wklv fdq rffxu wkurxjk

d qrplqdo h{fkdqjh udwh dssuhfldwlrq dqg ru e| d ulvh lq FSL2FSL i = Wkh vrolgdulw| dowhuqdwlyh

dsshdu wr lqklelw wkh uhdo dssuhfldwlrq e| revwuxfwlqj erwk ri wkhvh fkdqqhov1 Hyhq li wkh zdjh

dqg sulfh prghudwlrq gxh wr wklv djuhhphqw lv lqvljqlñfdqw/ dv dujxhg e| h1j1 Hymhq dqg Q|prhq

+4<<:,/ d vwdeoh h{fkdqjh udwh srolf| hqwdlov wkdw wkh uhdo dssuhfldwlrq kdv wr rffxu pdlqo| e| zd|

ri d ulvh lq FSL2FSL i > zklfk xvxdoo| wdnh d orqjhu wlph wkdq d qrplqdo dssuhfldwlrq1

Wkh frlqflghqfh ri uhdo h{fkdqjh udwh shuvlvwhqfh zlwk wkh qr0ghydoxdwlrq vwdqfh dqg wkh vrol0

gdulw| dowhuqdwlyh/ dovr ohqgv vxssruw wr wkh sursrvlwlrq wkdw wkh uhodwlyho| idvw dgmxvwphqw wrzdugv

wkh htxloleulxp ehiruh wkh 4<<3v/ lq sduwlfxodu ehiruh wkh odwh 4<;3v lv wr d odujh h{whqw wkh uh0

vxow ri iuhtxhqw ghydoxdwlrqv gxulqj wkh ghfdgh vwduwlqj iurp derxw wkh plg 4<:3v/ fi1 Uágvhwk

dqg Kroghq +4<<3, dqg Fdopiruv +4<<3,1;Hvshfldoo|/ li wkh vrolgdulw| dowhuqdwlyh kdv lwvhoi ehhq

Hú t|@M*i i Uü@?}i h@|i TL*ðU) ý?_ih |üi ThLtTiU|t Lu ?L4ð?@* @TThiUð@|ðL? ðt @*tL U*@ttð�i_ @t @? Ri Uü@?}i h@|i
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Iljxuh 719= Vrolg olqh vkrzv uhfxuvlyh hvwlpdwhv ri wkh htxloleulxp uhdo h{fkdqjh udwh/ ð> khuh
ghqrwhg e| U Ht1 Wkh uhfxuvlyh hvwlpdwhv kdyh ehhq ghulyhg iru shulrg 4<:8=504<<:=71 Wkh lqlwldo
hvwlpdwh lv edvhg rq 47 revhuydwlrqv iurp shulrg 4<:5=504<:8=71 Wkh gdvkhg olqhv uhsuhvhqwv wkh
<8( frqñghqfh lqwhuydo iru U Ht1 Wkh gdvkhg olqh zlwk flufohv vkrzv wkh dfwxdo uhdo h{fkdqjh udwh/
U> lq wklv shulrg1

lqhòhfwlyh lq eulqjlqj derxw d zdjh dqg sulfh prghudwlrq1

Vxppdu| dqg frqfoxvlrqv= Erwk wkh judsklfdo dqdo|vlv dqg d irupdo whvw frqgxfwhg zlwklq d

xqlyduldwh prgho duh frqvlvwhqw zlwk wkh SSS wkhru|1 Wkh whvw vxjjhvwv wkdw uhdo h{fkdqjh udwh lv

d vwdwlrqdu| surfhvv zklfk frqyhujhv wrzdugv lwv htxloleulxp ohyho1 Whvwv iru sdudphwhu vwdelolw|/

lq sduwlfxodu uhfxuvlyh hvwlpdwhv ri wkh htxloleulxp uhdo h{fkdqjh udwh kdyh qrw uhyhdohg vljqlñfdqw

fkdqjhv lq wkh htxloleulxp udwh ryhu wlph/ dw ohdvw qrw ryhu d 53 |hduv shulrg iurp 4<:;=4 wr 4<<:=71

Wkhrulhv wkdw lpso| d fkdqjh lq wkh htxloleulxp uhdo h{fkdqjh udwh lq wkh idfh ri d glvfryhu| ru d

uhydoxdwlrq ri qdwxudo uhvrxufhv/ idlo wr h{sodlq wklv ñqglqj1

Ghyldwlrqv iurp wkh htxloleulxp udwh duh holplqdwhg uhodwlyho| idvw1 Wkh kdoi olih lv derxw 418

|hduv/ zklfk lv uhodwlyho| idvw zkhq frpsduhg zlwk wkh frqvhqvxv hvwlpdwhv iurp wkh SSS olwhudwxuh

wkdw ydu| iurp 518 wr 9 |hduv iru lqgxvwuldo frxqwulhv1 Wkh phdvxuh ri kdoi olih kdv ehhq vkrzq wr

glvjxlvh idluo| odujh yduldwlrq lq wkh vshhg ri dgmxvwphqw ryhu wlph/ krzhyhu1 Vlqfh frpsdudeoh

uhvxowv duh qrw dydlodeoh iurp wkh olwhudwxuh/ dv lw xvxdoo| irfxvhv rq wkh kdoi olih phdvxuh/ lw lv qrw

srvvleoh wr dvvhvv krz w|slfdo wkh revhuyhg yduldwlrq lq wkh vshhg ri dgmxvwphqw lv1

Lw lv dovr glïfxow wr dvvhvv wkh h{dfw frqwulexwlrq ri hdfk ri wkh idfwruv wkdw pd| kdyh sod|hg

d uroh lq eulqjlqj derxw d udslg dgmxvwphqw1 Qrqhwkhohvv/ li zh frqñqh rxuvhoyhv wr wkh 53 |hduv

shulrg iru zklfk zh kdyh pruh fhuwdlq uhvxowv/ rxu lpsuhvvlrq lv/ wkdw wkh idvw dgmxvwphqw pdlqo|

rzhv wr wkh dfwlyh xvh ri ghydoxdwlrqv xqwlo wkh plg ri 4<;91 Wklv lv frqvlvwhqw zlwk wkh ulvh lq

ThL|iU|ðL?â TL*ðU)c ðëië UL4Ti|ð|ðñi?itt Thitihñð?} TL*ðU)c tii tiU|ðL? 2ëô @?_ ië}ë çLh_i? E�bH2äë Aüðt 4@) T@h|*)
i T*@ð? êü) ð| ðt týTTLh|i_ M) |üi *@MLýh @?_ i4T*L)iht ý?ðL?të 6ýh|üih4Lhic êü) |üi 4L?i|@h) @ý|üLhð|ðitc êüLti
TL*ðUðit ü@ñi |h@_ð|ðL?@**) Mii? }ýð_i_ M) |üi LMéiU|ðñi Lu Thitihñð?} |üi UL4Ti|ð|ðñi?itt Lu |üi iUL?L4)c ü@ñi ?L|
?ii_i_ |L hi|hi@| uhL4 |üi ?Lí_iñ@*ý@|ðL? t|@?Uië
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uhdo h{fkdqjh udwh shuvlvwhqfh gxulqj wkh 4<<3v/ zkhq qr ghydoxdwlrq wdnhv sodfh1 Fhqwudolvhg

edujdlqlqj lwvhoi dsshdu wr eh dqrwkhu h{sodqdwlrq/ vlqfh d jlyhq ghyldwlrq iurp wkh htxloleulxp lv/

rq dyhudjh/ holplqdwhg zlwklq d 405 |hduv shulrg/ zklfk frlqflghv zlwk wkh ohqjwk ri zdjh frqwudfwv1

Exw/ jlyhq wkh uhodwlyh rshqqhvv ri wkh Qruzhjldq hfrqrp|/ wkh duelwudjh suhvvxuh lv dovr olnho| wr

eh uhodwlyho| vwurqj1 Dffruglqjo|/ wkh 405 |hduv shulrg fdq dovr eh lqwhusuhwhg dv wkh wlph odj lq

sulfh vhwwlqj gxh wr phqx frvwv1 Krzhyhu/ li wkh duelwudjh suhvvxuh lv dvvhvvhg lq wkh oljkw ri wkh

hpslulfdo hylghqfh rq odz ri rqh sulfh/ wkhq fhqwudolvhg edujdlqlqj vhhpv wr kdyh kdg d vwurqjhu

lqðxhqfh rq wkh vshhg ri dgmxvwphqw wkdq duelwudjh suhvvxuh/ vhh vxevhfwlrq 5161

Lqfrph srolf|/ lqwhusuhwhg qduurzo| dv fkdqjhv lq ñvfdo srolf| wr lqðxhqfh wkh rxwfrph ri zdjh

vhwwohphqwv/ lv xqolnho| wr kdyh sod|hg d frqvlghudeoh uroh lq eulqjlqj derxw d udslg frqyhujhqfh

wr wkh htxloleulxp1 Wklv ehfdxvh lw kdv qrw ehhq dfwlyho| xvhg gxulqj wklv 53 |hduv shulrg/ dw ohdvw

qrw dv riwhq dqg h{solflw dv ehiruh wkh odwh 4<:3v1 Krzhyhu/ dwwhpswv wr frqwuro jurzwk lq zdjhv

dqg sulfhv wkurxjk ohjdo dfwlrqv lq wkh odwh 4<:3v ru yroxqwdulo| wkurxjk wkh vrolgdulw| dowhuqdwlyh

gxulqj wkh 4<<3v/ kdyh dssduhqwo| nhsw wkh uhdo h{fkdqjh udwh dw d ghsuhfldwhg ohyho uhodwlyh wr lwv

htxloleulxp iru d orqjhu shulrg wkdq lw zrxog rwkhuzlvh kdyh ehhq1 Wkxv ohdglqj wr d vorz grzq

ri wkh frqyhujhqfh wrzdugv wkh htxloleulxp udwh1

Dë Ait|ð?} èèè ð? @ 4ý*|ðñ@hð@|i t)t|i4 uh@4iêLh!

Wkh SSS wkhru| lpsolhv v|pphwu| dqg sursruwlrqdolw| uhvwulfwlrqv rq h1j1 grphvwlf dqg iruhljq

sulfhv lq d orqj uxq qrplqdo h{fkdqjh udwh htxdwlrq/ vhh htxdwlrq +517,1 Lq wkh suhylrxv vhfwlrq/

wkhvh uhvwulfwlrqv zhuh lpsrvhg e| ghñqlwlrq ri wkh uhdo h{fkdqjh udwh1 D qxpehu ri vwxglhv kdyh/

krzhyhu/ txhvwlrqhg wkh sodxvlelolw| ri wkhvh uhvwulfwlrqv lq wkh oljkw ri h1j1 srvvleoh yduldwlrq lq

wkh frqvwuxfwlrq ri djjuhjdwh sulfhv dfurvv frxqwulhv dqg phdvxuhphqw huuruv/ vhh dprqj rwkhuv

Iurrw dqg Urjrò +4<<7,1 Wklv fulwlflvp ñqgv vxssruw lq qxphurxv hpslulfdo vwxglhv wkdw uhsruw

frqvlghudeoh ghyldwlrqv iurp erwk uhvwulfwlrqv/ vhh h1j1 PdfGrqdog +4<<8,

Vlqjoh htxdwlrq prghov dv htxdwlrq +517, kdyh ehhq srsxodu lq whvwlqj iru wkh v|pphwu| dqg

sursruwlrqdolw| uhvwulfwlrqv/ hlwkhu zlwk wkh qrplqdo h{fkdqjh udwh ru wkh grphvwlf sulfhv rq wkh

uljkw kdqg vlgh1 Vxfk whvwv duh srwhqwldoo| eldvhg/ li edvhg rq lqydolg frqglwlrqlqj rq wkh uljkw

kdqg vlgh yduldeohv1 Wudglwlrqdoo|/ wkh fulwlflvp kdv ehhq wkh srvvleoh suhvhqfh ri d vlpxowdqhlw|

eldv dqg wkh vxjjhvwhg uhphg| kdv ehhq xvh ri d pruh dssursuldwh hvwlpdwlrq phwkrg/ wkrxjk

zlwklq d vlqjoh htxdwlrq iudphzrun/ vhh h1j1 Nuxjpdq +4<:;,1 D vlqjoh htxdwlrq iudphzrun lv

krzhyhu rqo| mxvwlñhg iru wkh sxusrvh ri gudzlqj lqihuhqfh rq sdudphwhuv ri lqwhuhvw li wkh uljkw

kdqg vlgh yduldeohv duh zhdno| h{rjhqrxv iru wkh sdudphwhuv ri lqwhuhvw/ vhh Hqjoh hw do1 +4<;6,1

Khqfh/ mrlqw prghoolqj ri wkh yduldeohv lv uhtxluhg wr dyrlg eldvhg lqihuhqfh lq wkh devhqfh ri ydolg

zhdn h{rjhqhlw| dvvxpswlrqv/ zklfk lv rqh ri wkh prwlydwlrqv iru wkh lqfuhdvlqj xvh ri v|vwhp

prghoolqj zkhq whvwlqj hfrqrplf k|srwkhvhv1 Lq dffrugdqfh zlwk d qxpehu ri vxfk vwxglhv/ wkh

suhvhqw vhfwlrq hpsor|v wkh pxowlyduldwh frlqwhjudwlrq surfhgxuh ri Mrkdqvhq +4<;;, wr whvw iru wkh

SSS uhvwulfwlrqv/ vhh h1j1 Mxvholxv +4<<5, dqg Mrkdqvhq dqg Mxvholxv +4<<5,1

Wkh pxowlyduldwh frlqwhjudwlrq surfhgxuh lv hpsor|hg zlwklq yhfwru dxwruhjuhvvlyh +YDU, prg0

hov wkdw qrw rqo| wuhdwv wkh qrplqdo h{fkdqjh udwh dqg grphvwlf dqg iruhljq frqvxphu sulfhv dv

hqgrjhqrxv yduldeohv/ exw dovr d qxpehu ri rwkhu yduldeohv wkdw duh frpprqo| uhjdughg dv lp0

sruwdqw ghwhuplqdqwv ri qrplqdo dqg uhdo h{fkdqjh udwhv/ sduwlfxoduo| rlo sulfhv lq rxu fdvh1 D

zhoo vshflñhg YDU prgho hqdeohv rqh wr gudz ydolg lqihuhqfh rq h1j1 wkh orqj uxq hòhfwv ri d
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yduldeoh dqg/ lq dgglwlrq/ ròhuv d frqyhqlhqw iudphzrun wr whvw zkhwkhu ydolg lqihuhqfh lv ihdvleoh

e| frqglwlrqlqj rq d vxevhw ri yduldeohv/ vhh Hqjoh hw do1 +4<;6, dqg Mrkdqvhq +4<<8/ fk1 ;,1 Erwk

ri wkhvh fdsdelolwlhv duh h{sorlwhg lq wklv vhfwlrq lq wkh iroorzlqj wdvnv=

Wr h{dplqh wkh orqj uxq uhodwlrq ehwzhhq wkh qrplqdo h{fkdqjh udwh dqg wkh sulfhv/ dqg wr

whvw iru orqj uxq hòhfwv ri wkh dgglwlrqdo yduldeohv rq wkhvh/ hvshfldoo| ri rlo sulfhv rq wkh qrplqdo

h{fkdqjh udwh1 Wkh hylghqfh iru d frqvwdqw htxloleulxp uhdo h{fkdqjh udwh lq wkh suhylrxv vhfwlrq

vxjjhvwv wkdw wkh dgglwlrqdo yduldeohv duh xqolnho| wr kdyh orqj uxq hòhfwv rq wkh uhdo h{fkdqjh

udwh1 Whvwv iru wkhlu hòhfwv rq wkh qrplqdo h{fkdqjh udwh dqg wkh sulfhv duh qrw rqo| lqwhuhvwlqj

lq wkhlu rzq uljkw/ exw fdq dovr vkhg oljkw rq zkhwkhu wkh| lqgluhfwo| dòhfw wkh uhdo h{fkdqjh udwh

wkurxjk wkh qrplqdo h{fkdqjh udwh dqg wkh sulfhv1 Iru lqvwdqfh/ rqh fdqqrw h{foxgh wkh srvvlelolw|

wkdw h1j1 rlo sulfhv kdyh dq dssuhfldwlqj hòhfw rq wkh qrplqdo h{fkdqjh udwh zklfk lq wkh orqj

uxq lv fdqfhoohg rxw e| d ulvh lq uhodwlyh sulfhv/ FSL i@FSL/ eurxjkw derxw e| kljkhu rlo sulfhv/

ohdylqj wkh htxloleulxp uhdo h{fkdqjh udwh frqvwdqw1 Lq zklfk fdvh/ rlo sulfhv pd| kdyh frqvlghudeoh

lqðxhqfh rq wkh uhdo h{fkdqjh udwh lq wkh vkruw dqg phglxp uxq1

Vhfrqg/ wr lqyhvwljdwh zkhwkhu dqg wr zkdw h{whqw hdfk ri wkh frqvxphu sulfhv dqg wkh qrplqdo

h{fkdqjh udwh dgmxvwv xsrq d ghyldwlrq iurp wkh sdulw|/ surylghg wkdw lw krogv1 Wkh judsklfdo dqdo0

|vlv lq wkh suhylrxv vhfwlrq kdv uhyhdohg wkdw erwk wkh uhodwlyh sulfh/ FSL i@FSL/ dqg wkh qrplqdo

h{fkdqjh udwh whqg wr dgmxvwv xsrq d ghyldwlrq iurp wkh htxloleulxp h{fkdqjh udwh1 Wkh YDU

iudphzrun/ krzhyhu/ doorzv d pruh uljrurxv dqdo|vlv ri wklv ehkdylrxu/ zklfk fdq eh lqwhusuhwhg dv

whvwv iru zhdn h{rjhqhlw|1 Wkh rxwfrph ri wkhvh kdyh d ehdulqj rq= +d, Wkh vshhg ri dgmxvwphqw

wrzdugv wkh orqj uxq1 Lq sduwlfxodu/ lw fdq surylgh lqirupdwlrq rq wkh uhodwlyh frqwulexwlrq ri

qrplqdo h{fkdqjh udwhv dqg grphvwlf sulfhv lq eulqjlqj derxw dgmxvwphqw wrzdugv wkh orqj uxq/

dowkrxjk lw zloo qrw eh srvvleoh wr lghqwli| wkh frqwulexwlrq ri hdfk ri wkh idfwruv phqwlrqhg hduolhu>

+e, zkhwkhu d fkdqjh lq wkh qrplqdo h{fkdqjh udwh surfhvv lv olnho| wr dòhfw wkh orqj uxq ehkdylrxu

ri grphvwlf sulfhv/ l1h1 zkhwkhu wkh qrplqdo h{fkdqjh udwh lv vxshu h{rjhqrxv iru wkh orqj uxq

ehkdylrxu ri wkh sulfh surfhvv1<

Wkh qh{w vxevhfwlrq prwlydwhv wkh fkrlfh ri wkh yduldeohv wr eh hpsor|hg dqg h{dplqhv wkhlu

wlph vhulhv surshuwlhv1 Vxevhfwlrq 815 glvfxvvhv zkhwkhu wr frqgxfw wkh dqdo|vlv lq d ixoo YDU

prgho ru zlwklq d frqglwlrqdo YDU prgho dqg/ edvhg rq wklv glvfxvvlrq/ surylghv d jxlgh wr wkh

vxevhtxhqw dqdo|vlv1

8141 Fkrlfh ri yduldeohv

Wkh fkrlfh ri yduldeohv lv pdlqo| prwlydwhg e| hduolhu SSS vwxglhv iru rwkhu frxqwulhv/ h1j1 Mxvholxv

+4<<5, dqg Mrkdqvhq dqg Mxvholxv +4<<5,1 Lq dgglwlrq wr wkh +qdwxudo, orj ri H/ FSL dqg FSL i wkdw

kdyh douhdg| ehhq ghñqhg/ wkh iroorzlqj yduldeohv duh lqfoxghg lq wkh lqirupdwlrq vhw= wkh orj ri rlo

sulfh +rlos,/ wkh grphvwlf erqg udwh +UE,/ wkh wudgh zhljkwhg jryhuqphqw erqg udwh +UEi , dqg

d phdvxuh ri qhw ñqdqfldo lqyhvwphqw deurdg uhodwlyh wr wkh Qruzhjldq JGS/ IL1\/ vhh dsshqgl{

E iru suhflvh ghñqlwlrqv143 Wkh gdwd vhw frqvlvwv ri vhdvrqdoo| qrq0dgmxvwhg txduwhuo| revhuydwlrqv
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dqg wkh vdpsoh fryhuv wkh shulrg iurp 4<:4=4 wr 4<<:=7144 Wkh hvwlpdwlrq shulrg krzhyhu vwduw

lq 4<:5=5 rzlqj wr odjv lq yduldeohv1 Wkh yduldeohv/ lqfoxglqj wkh ohyho ri wkh fuxgh rlo sulfh lq XV

grooduv +RLOS,/ duh glvsod|hg lq ñjxuhv 714/ 715/ 814 dqg 8151
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Iljxuh 814= Lqwhuhvw udwhv rq jryhuqphqw erqgv lq Qruzd| dqg lq lwv wudglqj sduwqhuv/ UE dqg
UEi > uhvshfwlyho|1 Wkh shulrg lv 4<:4=404<<:=71

Wkh grphvwlf erqg udwh kdv ehhq fkrvhq lq suhihuhqfh wr wkh prqh| pdunhw udwhv dv wkh odwwhu

glvsod| d txlwh huudwlf ehkdylrxu xqwlo wkh hqg ri 4<:3v/ suredeo| ehfdxvh ri d wklq grphvwlf prqh|

pdunhw dqg lpshglphqwv wr lqwhuqdwlrqdo fdslwdo pryhphqwv/ vhh ñjxuhv 814 dqg 8151 Wkh xvh ri wkh

jryhuqphqw erqg udwh lq wudglqj frxqwulhv lv prwlydwhg e| wkh srolf| ri h{fkdqjh udwh vwdelolvdwlrq

djdlqvw fxuuhqflhv iurp prvw ri wkhvh frxqwulhv/ vhh vhfwlrq 61 Wklv srolf| hqwdlov d forvh olqn

ehwzhhq wkh grphvwlf dqg wkh iruhljq lqwhuhvw udwhv xqghu iuhh lqwhuqdwlrqdo fdslwdo pryhphqwv1

Iljxuh 814/ krzhyhu/ lqglfdwhv odujh jdsv ehwzhhq wkhvh lqwhuhvw udwhv lq wkh 4<:3v dqg 4<;3v1 Wkhvh

fdq eh sduwo| dvfulehg wr wkh Qruzhjldq fdslwdo uhjxodwlrqv zklfk zhuh qrw ixoo| glvpdqwohg ehiruh

4<<3 dqg zhuh uhodwlyho| wljkw gxulqj wkh 4<:3v/ exw pd| dovr uhðhfw ghydoxdwlrq h{shfwdwlrqv dqg

ulvn suhpld gxh wr wkh iuhtxhqw ghydoxdwlrqv lq wklv shulrg1

Wkh rlo sulfh lv lqfoxghg wr whvw iru d orqj uxq rlo sulfh hòhfw rq wkh h{fkdqjh udwh145 Rlo sulfhv/

forvho| olqnhg wr jdv sulfhv/ ròhu dq lqglfdwlrq ri wkh rlo dqg jdv zhdowk dqg ri wkhlu uhyhqxhv rq

d uhjxodu edvlv1 Dv vkrzq lq Vnædqodqg +4<;;,/ fxuuhqw rlo sulfhv kdyh dovr kdg d odujh lpsdfw rq

wkh hvwlpdwhv ri ixwxuh rlo sulfhv dqg wkhuhe| rq hvwlpdwhv ri shupdqhqw lqfrph iurp wkh rlo dqg

jdv/ zklfk duh qrw dydlodeoh rq d uhjxodu edvlv1 Wkxv d srvvleoh hòhfw ri rlo sulfhv rq wkh qrplqdo

h{fkdqjh udwh dqg ru rq sulfhv fdq lqglfdwh zkhwkhu uhydoxdwlrqv ri shwurohxp zhdowk dqg fkdqjhv

lq wkh shupdqhqw lqfrph kdyh dòhfwhg wkh orqj uxq uhdo h{fkdqjh udwh1 Qrwh wkdw rlo sulfhv/ dv

zhoo dv IL1\ wr eh glvfxvvhg ehorz/ duh h{shfwhg wr kdyh vkruw uxq hòhfwv rq wkh uhdo h{fkdqjh
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Iljxuh 815= Iurp wrs ohiw= +d, Wkuhh prqwkv prqh| pdunhw udwh lq Qruzd|/ UV1 +e, Sulfh ri
Euhqw Eohqg fuxgh rlo lq XV grooduv/ RLOS1 +f, Qdwxudo orj ri RLOS/ rlos1 +g, Iruhljqhuv ñqdqfldo
lqyhvwphqw lq Qruzd| vfdohg e| wkh Qruzhjldq JGS/ IL1\1 Wkh shulrg lv 4<:4=404<<:=71

udwh zlwklq wkh SSS iudphzrun/ vhh vxevhfwlrq 5151 D qxpehu ri dxwkruv kdyh dujxhg/ krzhyhu/

wkdw h1j1 rlo sulfhv dovr dòhfw wkh Qruzhjldq qrplqdo dqg uhdo htxloleulxp uhdo h{fkdqjh udwh/ vhh

h1j1 Doh{dqghu hw do1 +4<<:, dqg Kdogdqh +4<<:,1 Dq dvvhvvphqw ri orqj uxq rlo sulfh hòhfwv rq

wkh h{fkdqjh udwh fdq surylgh gluhfw hylghqfh rq wklv lvvxh1

Doo iruhljqhuv qhw ñqdqfldo lqyhvwphqw lq Qruzd| uhodwlyh wr JGS +IL1\ ,/ zklfk lv wkh lqyhuvh

ri qhw ñqdqfldo lqyhvwphqw deurdg uhodwlyh wr JGS/ lv dqrwkhu phdvxuh wkdw fdq eh xvhg wr dvvhvv

wkh srvvleoh hòhfwv ri fkdqjhv lq wkh shwurohxp zhdowk dqg uhyhqxhv rq wkh qrplqdo dqg uhdo

h{fkdqjh udwhv1 Dv qrwhg lq vhfwlrq 6/ jryhuqphqw vdylqjv pdgh srvvleoh e| wkh rlo uhyhqxhv kdyh

ehhq xvhg wr dftxluh ñqdqfldo dvvhwv deurdg1 Wklv lqyhvwphqw/ ru vdylqj/ lv olnho| wr uhðhfw fxuuhqw

uhyhqxhv dqg shufhlyhg ixwxuh uhyhqxhv iurp wkh shwurohxp vhfwru dqg ixwxuh lpsruw eloov1 Lw fdq

wkhuhe| lqglfdwh wkh uhtxluhg vl}h ri wkh vhfwru iru qrq0rlo wudgdeohv/ vlqfh lpsruw h{shqvhv qrw

fryhuhg e| ixwxuh rlo uhyhqxhv dqg uhwxuqv rq dvvhwv deurdg kdyh wr eh phw e| wkh qrq0rlo vhfwru

iru wudgdeohv1 Pryhphqwv lq IL1\ pd| wkhuhiruh lqðxhqfhv wkh qrplqdo dqg uhdo h{fkdqjh udwhv1

Lwv uhohydqfh iru wkh h{fkdqjh udwhv lv dovr vxjjhvwhg e| wkh hòhfwv ri fdslwdo ðrzv rq wkh +uhodwlyh,

ghpdqg dqg vxsso| iru wkh grphvwlf fxuuhqf|/ vhh h1j1 Jlevrq +4<<9,1

Surgxfwlylw| glòhuhqwldov dqg jryhuqphqw vshqglqjv duh rplwwhg iurp wkh dqdo|vlv zlwklq wkh

YDU prghov wr nhhs wkh dqdo|vlv ri wkh orqj uxq wudfwdeoh1 Wkhvh yduldeohv kdyh uhfhlyhg pl{hg

vxssruw lq vwxglhv ri SSS ehwzhhq ghyhorshg frxqwulhv/ lqfoxglqj wkrvh edvhg rq Qruzhjldq gdwd/

vhh Iurrw dqg Urjrò +4<<7,/ Dnudp +5333,/ Vdplhl +4<<;, dqg Hglvrq dqg Noryodqg +4<;:,1 Lq wkh

suhvhqw vwxg|/ wkh orqj uxq uhdo h{fkdqjh udwh kdyh ehhq irxqg wr eh uhpdundeo| frqvwdqw ryhu prvw

ri wkh vdpsoh shulrg/ zklfk lqglfdwhv wkdw wkhvh yduldeohv duh xqolnho| wr kdyh kdg frqvlghudeoh

orqj uxq hòhfwv rq wkh qrplqdo dqg uhdo h{fkdqjh udwhv1 Wkh uhvxowv wr eh rewdlqhg pd| wkhuhiruh

qrw eh vhqvlwlyh wr wkhlu h{foxvlrq1

Ilqdoo|/ lw vkrxog eh qrwhg wkdw wkh fkrvhq vhw ri yduldeohv uhðhfwv rqh ri wkh pdlq remhfwlyhv
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ri wklv sdshu/ zklfk lv wr h{dplqh wkh vkruw dqg orqj uxq ehkdylrxu ri wkh Qruzhjldq qrplqdo

h{fkdqjh udwh1 Lw lv wkhuhiruh olnho| wr hqdeoh d pruh vdwlvidfwru| fkdudfwhulvdwlrq ri wkh qrplqdo

h{fkdqjh udwh ehkdylrxu wkdq wkdw ri wkh rwkhu yduldeohv1 Lw pd| vwloo eh dghtxdwh wr vnhwfk wkh

orqj uxq ehkdylrxu ri wkh rwkhu yduldeohv ru/ dw ohdvw/ looxplqdwh dvshfwv ri lw wkdw kdyh d ehdulqj

rq rxu phwkrgv dqg uhvxowv1 Wkh glvfxvvlrq rq wkh fkrlfh ri d ixoo YDU prgho yhuvxv d frqglwlrqdo

YDU prgho hoderudwhv rq wklv lvvxh1

814141 Wlph vhulhv surshuwlhv

Wlph vhulhv surshuwlhv ri wkh fkrvhq yduldeohv duh whvwhg wr dyrlg frpelqlqj yduldeohv zlwk glòhuhqw

rughu ri lqwhjudwlrq wkdw fdq ohdg wr vsxulrxv uhodwlrqv/ vhh Edqhumhh hw do1 +4<<6/ fk1 6,1 Lqirupd0

wlrq derxw wkh ghjuhh ri lqwhjudwlrq fdq dovr eh xvhixo zkhq lghqwli|lqj srvvleoh orqj uxq uhodwlrqv

ehwzhhq wkh yduldeohv1

Wdeoh 814= DGI whvwv iru xqlw urrw/ frqvwdqw dqg wuhqg lqfoxghg1

Yduldeohv 4ý e( w0DGI DGI+s, n
h 0313<7 06149< 4 7
üh 031;48 0;145;úú 3 6
fsl 031334 031444 8 :
üfsl 031854 071::8úú 7 8
fsli 031339 0416:4 ; 44
üfsli 031684 061;97ú : <
UE 03134; 041484 ; :
üUE 031:57 0918:6úú 9 9
UEi 03138: 051956 6 9
üUEi 0319;9 091:7;úú 6 8
IL1\ 03194< 081466úú : :
rlos 0313:< 051757 8 8
rlosd 0314:3 061;83ú 8 8
RLOS 03138< 041:66 8 9
RLOSd 0313;8 0514<8 8 9
ûL|iG #ðU!i) í6ý**ih Uhð|ðU@* ñ@*ýitG DI ' íôëeD.c
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Wdeoh 814 vhwv rxw wkh uhvxowv iurp DGI whvwv ri qrq0vwdwlrqdu|1 DGI prghov vlplodu wr prgho

+715, zhuh irupxodwhg/ exw zlwk d wuhqg whup/ w/ lq dgglwlrq wr wkh frqvwdqw whup1 Wkh wuhqg zdv

lqfoxghg wr doorz wkh qxoo k|srwkhvlv ri d vwrfkdvwlf wuhqg wr eh whvwhg djdlqvw wkh dowhuqdwlyh ri d

ghwhuplqlvwlf wuhqg1

Wkh DGI whvwv zhuh frqgxfwhg e| vwduwlqj zlwk ; odjv ri d ghshqghqw yduldeoh dqg vhtxhqwldoo|

rplwwlqj odjjhg whupv wkdw dsshduhg wr eh lqvljqlñfdqw/ vd| dw 53( ohyho/ vlqfh dwwhqwlrq zdv dovr

sdlg wr wkh gldjqrvwlfv ri hdfk ri wkh DGI0prghov1 Qrwh wkdw wrr ihz odjv/ l1h1 d orz ydoxh ri

s/ pd| uhvxow lq ryhuuhmhfwlrq ri wkh qxoo k|srwkhvlv zkhq lw lv wuxh/ zkloh wrr pdq| pd| ohdg

wr xqghuuhmhfwlrq ri wkh qxoo k|srwkhvlv zkhq lw lv idovh/ vhh h1j1 Edqhumhh hw do1 +4<<6/ fk1 7,1

Froxpq 7 ri wdeoh 814 vkrzv wkh kljkhvw uhwdlqhg odj/ s/ zkloh froxpq 8 lqglfdwhv wkh qxpehu ri

hvwlpdwhg sdudphwhuv/ n/ lqfoxvlyh d frqvwdqw dqg d wuhqg1 Wkh gdwd vdpsoh fryhuhg wkh shulrg
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4<:5=504<<:=7/ h{fhsw iru rlos dqg RLOS zkrvh wlph vhulhv surshuwlhv zhuh dovr whvwhg rq gdwd iurp

4<:7=4 wr 4<<:=7/ wr frqwuro iru wkh hòhfw ri RSHF L1

Wdeoh 814 lqglfdwhv wkdw wkh ohyho ri h/ fsl/ fsli > UE dqg UEi duh lqwhjudwhg ri rughu 4 vlqfh

wkhlu ñuvw glòhuhqfhv vhhp wr eh lqwhjudwhg ri rughu }hur/ l1h1 vwdwlrqdu|146 IL1\ dsshduv wr eh

d vwdwlrqdu| yduldeoh1 Wkh hylghqfh rq wkh rlo sulfh lv pl{hg1 Wkh lqlwldo whvw vxjjhvwv wkdw rlos

lv dq lqwhjudwhg yduldeoh1 Wkh rlo sulfh vhulhv lv krzhyhu qrwrulrxv iru lwv euhdnv/ dvvrfldwhg zlwk

h1j1 RSHF L/ RSHF LL/ Jxoi Zdu/ vhh ñjxuh 8151 Vwxglhv vkrz wkdw wkh DGI whvw vxòhuv iurp orz

srzhu zkhq wkhuh duh euhdnv lq d vhulhv/ vhh h1j1 Shuurq +4<;<,1 Lqghhg/ d qxpehu ri vwxglhv dujxh

wkdw rlo sulfh lv qrw dq lqwhjudwhg yduldeoh rqfh lqiuhtxhqw fkdqjhv lq lwv phdq duh doorzhg iru/ vhh

h1j1 Shuurq +4<;<,/ Juhhq/ Prun dqg Yddjh +4<<9,/ dqg Kruvqhoo dqg Pdeur +4<<6/ fk1 44,1

Zkhq rlos lv whvwhg rq d vkruwhu vdpsoh/ vwduwlqj iurp 4<:7=4 lqvwhdg ri 4<:5=5/ wr sdvv ryhu wkh

orz rlo sulfhv lq wkh suh0RSHF L shulrg/ wkh DGI whvw uhmhfwv wkh qxoo k|srwkhvlv ri lqwhjudwhgqhvv

dw wkh 8( ohyho/ hyhq wkrxjk wkh rwkhu vkrfnv duh qrw dffrxqwhg iru1 Wkh qxoo k|srwkhvlv ri

lqwhjudwhgqhvv iru wkh ohyho ri wkh rlo sulfh/ RLOS/ lv qrw uhmhfwhg hyhq zkhq wkh vdpsoh vwduwv lq

4<:7=4/ krzhyhu1 Lq jhqhudo/ wkh wlph vhulhv surshuwlhv ri d yduldeoh fduu| ryhu wr lwv qrq0olqhdu

wudqvirupdwlrq/ vhh Judqjhu dqg Kdoopdqq +4<<4,1 Rqh srvvleoh h{sodqdwlrq iru wkh lqfrqvlvwhqf|

pd| eh wkdw deuxsw fkdqjhv lq RLOS duh wr vrph h{whqw vxssuhvvhg lq lwv orj wudqvirupdwlrq/ rlos/

pdnlqj lw _hdvlhu% iru wkh DGI whvw wr uhmhfw wkh qxoo k|srwkhvlv ri lqwhjudwhgqhvv1 Wkh ghflvlrq rq

zkhwkhu ru qrw rlo sulfhv vkrxog eh wuhdwhg dv d qrq0lqwhjudwhg yduldeoh +zlwk lqiuhtxhqw fkdqjhv

lq lwv phdq, lv ohiw wr whvwv wkdw duh frqgxfwhg zlwklq wkh pxowlyduldwh frlqwhjudwlrq iudphzrun1

8151 Fkrlfh ri prghov

Wklv vxevhfwlrq glvfxvvhv wkh fkrlfh ehwzhhq d ixoo yhfwru dxwruhjuhvvlyh +YDU, prgho dqg d

frqglwlrqdo YDU prgho iru wkh sxusrvh ri gudzlqj ydolg lqihuhqfh rq wkh qxpehu ri orqj uxq

uhodwlrqv +frlqwhjudwlqj uhodwlrqv, ehwzhhq yduldeohv dqg rq sdudphwhuv ri lqwhuhvw147 Sdudphwhuv

ri lqwhuhvw ghñqh sduwlfxodu orqj uxq uhodwlrqv ehwzhhq yduldeohv dqg phdvxuh wkhlu uhvsrqvh xsrq

ghyldwlrqv iurp wkhvh orqj uxq uhodwlrqv1 D frqglwlrqdo YDU prgho/ rewdlqhg e| frqglwlrqlqj

rq vrph ri wkh yduldeohv/ fdq vlpsoli| wkh dqdo|vlv dqg lqfuhdvh wkh srzhu ri whvwv rzlqj wr lwv

sduvlprq| uhodwlyh wr d ixoo YDU prgho1 Wkh glvfxvvlrq irfxvhv rq wkh frqglwlrqv iru d yduldeoh wr

eh uhjdughg dv d ydolg frqglwlrqdo yduldeoh/ l1h1 zhdno| h{rjhqrxv iru sdudphwhuv ri lqwhuhvw/ vhh

Hqjoh hw do1 +4<;6,1

D ixoo YDU prgho= D ixoo YDU prgho iru yhfwru [ @ +h> fsl/ UE/ IL1\/ fsli > UEi > rlos,3/
fdq eh irupxodwhg lq d uhgxfhg irup yhfwru htxloleulxp fruuhfwlrq prgho +YHtFP, dv iroorzv=

ü[w @ òñ
3[wý4 .

sý4[
l@4

ýlü[wýl . ï . %w +814,

�ôûL|i |ü@| t|@|ðL?@h) ð?ã@|ðL? h@|itc {SRð @?_ {SRðs c @?_ ?L?ít|@|ðL?@h) ?L4ð?@* ð?|ihit| h@|ic +î @?_ +îs c
ð4T*) ?L?ít|@|ðL?@h) hi@* ð?|ihit| h@|itë Aüðt ðt ?L| UL?tðt|i?| êð|ü |üi 6ðtüih ü)TL|üitðt êüðUü ð4T*ðit @ t|@|ðL?@h)
hi@* ð?|ihit| h@|ië ú ?ý4Mih Lu t|ý_ðitc üLêiñihc hi}@h_ |üi ð?ã@|ðL? h@|i |L Mi ð?|i}h@|i_ Lu Lh_ih �c ië}ë O@*_hýT
E�bbbäë îý| |üi? Lh_ih Lu ð?|i}h@|ðL? ðt ?L| @? ð?üihi?| ThLTih|) Lu @ |ð4i tihðitc Uëuë Oi?_h) E�bbDäë ú |ð4i tihðit
U@? _ðtT*@) @ ?L?ít|@|ðL?@h) Miü@ñðLýh ð? L?i t@4T*i @?_ @ t|@|ðL?@h) Miü@ñðLýh ð? @?L|üih t@4T*ië
�eú }ðñi? ?ý4Mih Lu ñ@hð@M*it @hi t@ð_ |L ULð?|i}h@|ic ðu uLh ð?t|@?Uic |üi) @hi ?L?ít|@|ðL?@h)c Mý| @ *ð?i@h

UL4Mð?@|ðL? Lu |üi4 ðt t|@|ðL?@h)ë ú ULð?|i}h@|ð?} ñiU|Lh ðt _i�?i_ @t UL?tðt|ð?} Lu |üi êið}ü|t%ULiæUði?|t _i�?ð?}
|üi T@h|ðUý*@h ULð?|i}h@|ð?} hi*@|ðL? Mi|êii? |üi ñ@hð@M*itë ú t|@|ðL?@h) ñ@hð@M*i ðt M) ð|ti*u @ ULð?|i}h@|ð?} hi*@|ðL?ë
Aüðt t|ý_) ð?|ihUü@?}iM*) ýti â*L?} hý? hi*@|ðL?âc âi^ýð*ðMhðý4 hi*@|ðL?â uLh âULð?|i}h@|ð?} hi*@|ðL?âë
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+815,

Wkh YHtFP irup lv fkrvhq wr kljkoljkw wkh orqj uxq uhodwlrqv jryhuqlqj wkh yduldeohv/ ñ3[>
dqg wkhlu vshhg ri dgmxvwphqw wrzdugv wkhvh orqj uxq uhodwlrqv/ ò1 ñ3> wkh wudqvsrvh ri ñ> lv d u { :
pdwul{ ri frhïflhqwv zklfk ghñqhv wkh u olqhduo| lqghshqghqw orqj uxq uhodwlrqv ehwzhhq wkh vhyhq

yduldeohv lq [> dw prvw htxdo wr :ý 4 @ 9/ vlqfh doo yduldeohv duh qrw vwdwlrqdu|1 Hohphqw ñm> l ri
ñ3 ghqrwhv wkh zhljkw2frhïflhqw ri yduldeoh m lq wkh lwk orqj uxq uhodwlrq/ m @ h> fsl/ UE/ IL1\/

fsli > UEi dqg rlos/ zkloh l @ 4/ 5/ 111u1 Ghyldwlrqv iurp wkh orqj uxq uhodwlrqv lq d jlyhq shulrg

duh +sduwldoo|, fruuhfwhg2dgmxvwhg lq wkh vxevhtxhqw shulrg1 Udwhv ri dgmxvwphqwv duh frqwdlqhg

lq wkh : { u pdwul{ ò= Hohphqw òm> l ri ò ghqrwhv wkh dgmxvwphqw udwh ri yduldeoh m xsrq ghyldwlrq

iurp wkh lwk orqj uxq uhodwlrq lq shulrg wý4/ 1 Khuh s lv wkh pd{lpxp odj ohqjwk/ ï lv d yhfwru ri

frqvwdqw whupv dqg %w lv d yhfwru ri uhvlgxdov1 ýl v* duh frhïflhqw yhfwruv uhsuhvhqwlqj vkruw uxq

hòhfwv iurp wkh yduldeohv1

Wkh qxpehu ri frlqwhjudwlqj uhodwlrqv/ u> fdq eh ghwhuplqhg e| iroorzlqj wkh Mrkdqvhq surfh0

gxuh dv ghyhorshg lq h1j1 Mrkdqvhq +4<;;/ 4<<8,1 Hïflhqw lqihuhqfh rq wkh edvlv ri wklv surfhgxuh/

krzhyhu/ uhtxluhv wkdw %w lv LLGQ+1,/ l1h1 %w lv lqghshqghqwo| dqg lghqwlfdoo| qrupdoo| glvwulexwhg/

zklfk jhqhudoo| suhvxssrvhv d zhoo vshflñhg prgho1

Krzhyhu/ wkh lqirupdwlrq vhw[ lv xqolnho| wr eh vxïflhqw wr surylgh d uhdvrqdeoh dssur{lpdwlrq

wr wkh xqghuo|lqj surfhvvhv ghwhuplqlqj doo ri wkh yduldeohv lq [> lq sduwlfxodu/ fsli > UEi dqg rlos1

Lqfuhdvlqj wkh odj ohqjwk s fdq eh uhphgldo/ exw vkrfnv dqg vwuxfwxudo fkdqjhv ryhu wlph duh olnho| wr

uhtxluh h{wudqhrxv lqirupdwlrq lq wkh irup ri ghwhuplqlvwlf dqg ru vwrfkdvwlf vwdwlrqdu| yduldeohv/

fi1 Mrkdqvhq dqg Mxvholxv +4<<5,/ dprqj rwkhuv1 H{wudqhrxv vwdwlrqdu| yduldeohv fdq/ krzhyhu/

lqydolgdwh wkh dv|pswrwlf glvwulexwlrqv ri wkh uhohydqw whvw vwdwlvwlfv/ zklfk duh ghulyhg e| pdnlqj

doorzdqfh iru d ghwhuplqlvwlf wuhqg dqg d frqvwdqw/ dw pd{lpxp/ vhh h1j1 Grruqln/ Khqgu| dqg

Qlhovhq +4<<<, dqg Prvfrql dqg Udkehn +4<<<,148Lqfuhdvlqj wkh glphqvlrq ri wkh YDU prgho e|

lqfuhdvlqj wkh qxpehu ri hqgrjhqrxv yduldeohv fdq eh d vroxwlrq/ exw zlwk wkh srvvleoh gudzedfn

wkdw lghqwli|lqj orqj uxq uhodwlrqv lpsolhg e| hfrqrplf wkhru| pd| ehfrph pruh glïfxow1

Wkh qxpehu ri hqgrjhqrxv yduldeohv lq [ lv douhdg| uhodwlyho| kljk/ :/ vr d uhgxfwlrq lv ghvluhg

wr pdnh lw ohvv fxpehuvrph wr lghqwli| lqwhusuhwdeoh orqj uxq uhodwlrqv1 Lq dgglwlrq/ wkh srzhu ri

whvwv iru whvwlqj wkhru| uhvwulfwlrqv rq wkh ñ dqg ò pdwulfhv pd| eh orz zlwklq d ixoo YDU prgho/

jlyhq wkh qxpehu ri sdudphwhuv wr eh hvwlpdwhg rq rxu gdwd vdpsoh ri derxw 433 revhuydwlrqv1

Lq rwkhu zrugv/ ryhusdudphwhulvdwlrq pd| ohdg wr dsshdudqfh ri wudqvlhqw fruuhodwlrq ehwzhhq

xquhodwhg yduldeohv1

�DAüi #ðtçL ThL}h@44i Lu aLü@?ti? @?_ ûði*ti? E�bbôä U@? Mi i4T*L)i_ êüi? |üi @?@*)tðt ðt UL?_ð|ðL?i_ L?
_i|ih4ð?ðt|ðU ñ@hð@M*it Mý| ?L| ðu UL?_ð|ðL?i_ L? t|LUü@t|ðU Et|@|ðL?@h)ä ñ@hð@M*itë
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D frqglwlrqdo YDU prgho= Wkh dqdo|vlv fdq eh vlpsolñhg e| frqglwlrqlqj rq d qxpehu ri

yduldeohv/ hvshfldoo| wkrvh wkdw fdq eh glïfxow wr prgho jlyhq wkh lqirupdwlrq vhw/ dqg frqgxfw

wkh dqdo|vlv zlwklq d frqglwlrqdo YDU prgho1 D frqglwlrqdo prgho fdq e| uhgxflqj wkh glphqvlrq

ri wkh YDU/ lqfuhdvh wkh srzhu ri whvwv dqg vlpsoli| wkh dqdo|vlv lq wkh oljkw ri hfrqrplf wkhru|1

D ydolg frqglwlrqdo prgho/ krzhyhu/ suhvxssrvhv zhdn h{rjhqhlw| ri wkh frqglwlrqlqj yduldeohv iru

sdudphwhuv ri lqwhuhvw/ vhh Hqjoh hw do1 +4<;6, dqg Mrkdqvhq +4<<8/ fk1 ;,1 Rwkhuzlvh/ d frqglwlrqdo

prgho fdq ohdg wr lqhïflhqw ru lqfrqvlvwhqw lqihuhqfh rq wkh sdudphwhuv ri lqwhuhvw1

Wkh ixoo YDU prgho +814, fdq eh dowhuqdwlyho| zulwwhq dv iroorzv=

ü\w @ ò4ñ
3[wý4 .

sý4[
l@4

ý4> lü[wýl . ï4 . %4> w +816,

ü]w @ ò5ñ
3[wý4 .

sý4[
l@4

ý5> lü[wýl . ï5 . %5> w +817,

Wklv irup lv edvhg rq wkh iroorzlqj sduwlwlrq lqwr yhfwruv dqg vxepdwulfhv= [ @ +\> ],> % @ +%4>

%5,> ò @ +ò4> ò5,/ ýl @ +ý4> l> ý5> l, dqg ï @ +ï4> ï5,=

Li \ lv uhjdughg dv d yhfwru ri hqgrjhqrxv yduldeohv wkhq d YDU prgho frqglwlrqdo rq ü]

zrxog eh=

ü\w @ $ü]w . +ò4 ý $ò5,ñ3[wý4 .
sý4[
l@4

+ý4> l ý $ý5> l,ü[wýl . +ï4 ý$ï5, . +%4> w ý $%5> w, +818,

Sdudphwhu yhfwru $ lv d ixqfwlrq ri wkh fryduldqfh pdwul{ ri uhvlgxdo yhfwruv %4> w dqg %5> w dqg wkh

yduldqfh pdwul{ ri %5> w=

Li ò5 @ 3> d frqglwlrq iru wkh zhdn h{rjhqhlw| ri ] iru ñ dqg ò4> ydolg lqihuhqfh rq ñ dqg ò4

fdq eh edvhg rq wkh frqglwlrqdo prgho +818, dorqh zlwkrxw orvv ri lqirupdwlrq uhodwlyh wr wkh ixoo

YDU prgho +814,> vhh Mrkdqvhq +4<<8/ ss1 455,= Iru h{dpsoh/ frqvlvwhqw hvwlpdwlrq ri ò4 edvhg rq

wkh frqglwlrqdo prgho uhtxluhv ò5 @ 3> hyhq li ñ lv nqrzq exw $ 9@ 3= Lq sduwlfxodu/ rqh pd| idovho|
gudz wkh frqfoxvlrq wkdw \ grhv qrw uhvsrqg wr ghyldwlrq iurp d orqj uxq uhodwlrq/ li ò4 9@ 3 exw
ò4 @ $ò5=

Vlqfh wkh Qruzhjldq hfrqrp| lv vpdoo uhodwlyh wr lwv wudglqj sduwqhuv* rqh zrxog d sulrul

eholhyh wkdw fsli > UEi dqg rlos gr qrw uhvsrqg wr glvhtxloleuld lq glòhuhqw Qruzhjldq pdunhwv1

Wklv hqwdlov iroorzlqj fodvvlñfdwlrq ri wkh yduldeohv lq [ lqwr hqgrjhqrxv dqg suhvxphgo| zhdno|

h{rjhqrxv yduldeohv= \ 3 @ +h> fsl/ UE/ IL1\ ,3 zkloh ]3 @ +fsli > UEi > rlos,3= Surylghg wkdw wklv
lv d ydolg fodvvlñfdwlrq dqg wkh frqglwlrqdo prgho lv zhoo vshflñhg/ d suhuhtxlvlwh iru wkh uhvlgxdov/

%f> w ì %4> w ý $%5> w> wr eh LLGQ+1,/ rqh fdq gudz lqihuhqfh rq u/ wkh lghqwlw| ri wkh glòhuhqw

frlqwhjudwlqj yhfwruv lq ñ dqg rq ò4 e| iroorzlqj Kduer/ Mrkdqvhq/ Qlhovhq dqg Udkehn +4<<;,1

Vwdwlrqdu| rlo sulfhv lpso| ò5 9@ 3 = Wkh srvvleoh vwdwlrqdulw| ri rlos/ krzhyhu/ srvhv d sureohp

iru frqgxfwlqj wkh dqdo|vlv zlwklq wkh frqglwlrqdo YDU prgho1 Wkh vxjjhvwhg fodvvlñfdwlrq ri

yduldeohv lqwr \ dqg ] lpsolhv wkdw ò5 fdq eh ghñqhg dv
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+819,

Wkh uhpdlqlqj hohphqwv ri ò fdq eh ghñqhg dv ò4= Li rlos lv d vwdwlrqdu| yduldeoh wkhq lw lv/ e|

lwvhoi/ d frlqwhjudwlqj whup1 Khqfh rqh ri wkh urzv/ iru lqvwdqfh urz n/ lq ñ3 pd| frqwdlq rqo| rqh
qrq }hur frhïflhqw dvvrfldwhg zlwk wkh rloswý4 lq yhfwru [wý4> l1h1 lw zrxog eh vxïflhqw wkdw rqo|
ñrlos> n 9@ 3 iru urz n wr ghñqh d vwdwlrqdu| uhodwlrq= Lq zklfk fdvh/ ürlosw +lq ü]w, zloo uhvsrqg
wr fkdqjhv lq rloswý4> lpso|lqj òrlos> n 9@ 3 dqg khqfh/ ò5 9@ 3= Li rloswý4 vlpxowdqhrxvo| dsshduv
lq wkh htxdwlrqv iru wkh hqgrjhqrxv yduldeohv \> wkhq rlos lv qrw d zhdno| h{rjhqrxv yduldeoh iru

ñrlos> n dqg iru wkh frhïflhqwv uhsuhvhqwlqj wkh uhvsrqvh ri wkh hqgrjhqrxv yduldeohv wr rloswý4>
òm> n 5 ò4 zkhuh m 5 \= Pruhryhu/ wkh srvvlelolw| ri rloswý4 dsshdulqj lq wkh htxdwlrqv iru üfsli
dqg üUEi fdqqrw eh qhjohfwhg/ h1j1 lq wkh oljkw ri wkh vwdjðdwlrq h{shulhqfh iroorzlqj RSHF

L/ zklfk dovr lpsolhv ò5 9@ 3= Wkxv +hyhq, fsli dqg ru UEi zloo qrw eh zhdno| h{rjhqrxv iru

ñrlos> n dqg òm> n> zkhuh m 5 \ 1 Frqvhtxhqwo|/ lqihuhqfh rq wkh orqj uxq hòhfwv ri rlo sulfhv rq wkh
hqgrjhqrxv yduldeohv/ edvhg rq wkh frqglwlrqdo prgho dorqh/ fdq eh lqydolg1

Ydolg lqihuhqfh ihdvleoh rq d vxevhw ri sdudphwhuv= Zhdn h{rjhqhlw| ri d jlyhq yduldeoh lv/

krzhyhu/ ghñqhg uhodwlyh wr sduwlfxodu sdudphwhuv ri lqwhuhvw1 Wkxv wkh idloxuh ri fsli > UEi dqg

rlos wr eh zhdno| h{rjhqrxv iru h1j1 ñrlos> n dqg òm> n grhv qrw suhfoxgh wkdw wkh| fdq eh wuhdwhg

dv zhdno| h{rjhqrxv iru rwkhu frlqwhjudwlqj yhfwruv lq ñ3 dqg vshhgv ri dgmxvwphqw lq ò4=
Wkh fdvh ri d vwdwlrqdu| frqglwlrqdo yduldeoh uhvhpeohv wkh fdvh ri frlqwhjudwlqj uhodwlrq+v,

ehwzhhq d vhw ri frqglwlrqdo yduldeohv1 Wkh pdwul{ ñ3 fdq eh sduwlwlrqhg dv= ñ3 @ +ñ3|> ñ
3
},> zkhuh

ñ3| ghqrwhv wkh u4 é u frlqwhjudwlqj uhodwlrq+v, wkdw hlwkhu lqyroyh erwk \ dqg ] yduldeohv ru rqo|
\ yduldeohv> zkloh ñ3} ghqrwhv u ý u4 frlqwhjudwlqj uhodwlrqv frpsrvhg h{foxvlyho| ri ] yduldeohv1
Wkh dgmxvwphqw pdwulfhv fdq eh sduwlwlrqhg dv= ò4 @ +ò||> ò|}, dqg ò5 @ +ò}}> ò}|,> zkhuh ò4

frqwdlqv wkh zhljkwv ri ñ3|[wý4 dqg ñ
3
}]wý4 lq wkh \ htxdwlrq zkloh ò5 frqwdlqv wkhlu zhljkwv lq wkh

] htxdwlrq1 D prgho iru ü\ frqglwlrqdo rq ü] dqg d pdujlqdo prgho iru ü] fdq eh irupxodwhg

dv=

ü\w @ $ü]w . +ò|| ý $ò}|,ñ3|[wý4 . +ò|} ý $ò}},ñ3}]wý4 . +81:,

sý4[
l@4

+ý4> l ý $ý5> l,ü[wýl . +ï4 ý $ï5, . +%4> w ý $%5> w,

ü]w @ ò}|ñ
3
|[wý4 . ò}}ñ

3
}]wý4 .

sý4[
l@4

ý5> lü[wýl . ï5 . %5> w +81;,

Dqdo|vlv ri wkh frqglwlrqdo prgho +81:, lv zlwkrxw orvv ri lqirupdwlrq uhodwlyh wr wkh YDU prgho

iru wkh sxusrvh ri gudzlqj lqihuhqfh rq ñ3| dqg ò||> li

+4, ò}| @ 3 dqg +5, ò|} ý $ò}} @ 3>

vhh Khqgu| dqg Pl}rq +4<<6,1 Xqghu wkhvh frqglwlrqv/ ñ3|[wý4rqo| hqwhuv wkh frqglwlrqdo prgho
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zkloh ñ3}]wý4 rqo| hqwhuv wkh pdujlqdo prgho +81;,1 Iru lqvwdqfh/ li ñ
3
}] rqo| frqvlvwv ri rlos> ydolg

lqihuhqfh rq wkh rwkhu u4 srvvleoh frlqwhjudwlqj uhodwlrqv dqg wkh dvvrfldwhg dgmxvwphqw frhïflhqwv

uhtxluhv wkdw wkhvh u4 frlqwhjudwlqj uhodwlrqv duh devhqw iurp wkh htxdwlrqv iru wkh ]0yduldeohv/

] @ +fsli > UEi >rlos,3/ dqg wkdw rlos lv devhqw iurp wkh frqglwlrqdo prgho iru wkh \0yduldeohv/ \

@ +h> fsl/ UE/ IL1\ ,31

Vxppdu| dqg d jxlgh wr wkh vxevhtxhqw dqdo|vlv= Wkh ixoo YDU prgho ghñqhg e| wkh

fkrvhq yduldeohv vhw lv xqolnho| wr surylgh d vdwlvidfwru| fkdudfwhulvdwlrq ri doo yduldeohv xqohvv lw

lv h{whqghg e| ghwhuplqlvwlf dqg qrq0prghoohg vwrfkdvwlf yduldeohv1 Wkh h{whqvlrq pd|/ krzhyhu/

lqydolgdwhv wkh whvw vwdwlvwlfv wr eh hpsor|hg dqg pdnh lw glïfxow wr ghulyh lqwhusuhwdeoh uhvxowv1

Wkh odwwhu frqfhuq pdnh lw hyhq ghvludeoh wr uhgxfh wkh qxpehu ri yduldeohv wr eh prghoohg1 D

frqglwlrqdo YDU prgho fdq eh d vroxwlrq vlqfh yduldeohv zkrvh surfhvvhv duh qrw ri sulpdu| lqwhuhvw

fdq eh frqglwlrqhg rq/ exw rqo| xqghu d fhuwdlq frqglwlrq1 Li rlo sulfhv duh vwdwlrqdu|/ wklv frqglwlrq

zloo qrw eh vdwlvñhg iru wkh sxusrvh ri gudzlqj ydolg lqihuhqfh rq wkh sdudphwhuv ri lqwhuhvw1 Lq

sduwlfxodu/ wkh hòhfwv ri rlo sulfhv rq wkh hqgrjhqrxv yduldeohv pd| qrw eh frqvlvwhqwo| hvwlpdwhg

iurp wkh frqglwlrqdo prgho1 Lqihuhqfh rq d vxevhw ri sdudphwhuv lv |hw ihdvleoh xqghu d vhw ri

zhdnhu frqglwlrqv1

D frpsurplvh zrxog eh wr hpsor| wkh ixoo YDU prgho wr whvw iru wkh qxpehu ri frlqwhjudwlqj

uhodwlrqv/ pdnh dq hòruw wr lghqwli| wkhlu irup/ whvw iru orqj uxq hòhfwv ri rlo sulfhv rq wkh hqgrjh0

qrxv yduldeohv dqg zkhwkhu ru qrw d vxevhw ri yduldeohv duh zhdno| h{rjhqrxv iru sdudphwhuv ri

lqwhuhvw1 Li frqglwlrq +4, lv ixoñoohg iru d vxevhw ri sdudphwhuv/ dw ohdvw/ wr hpsor| d frqglwlrqdo

YDU prgho dqg fkhfn zkhwkhu frqglwlrq +5, lv vdwlvñhg1 Li lw lv/ wr surfhhg e| frqgxfwlqj whvwv iru

+uhpdlqlqj, k|srwkhvhv ri lqwhuhvw zlwklq wkh frqglwlrqdo YDU prgho ru e| whvwlqj wkh urexvwqhvv

ri wkh uhvxowv iurp wkh YDU prgho1

Wkh dqdo|vlv lq vxevhfwlrq 816 dqg 817 lv edvhg rq wklv frpsurplvh1 Wkh pdlq remhfwlyhv ri

wkh dqdo|vlv duh wr whvw iru= +d, wkh v|pphwu| dqg sursruwlrqdolw| uhvwulfwlrqv lpsolhg e| wkh SSS

wkhru| +e, srvvleoh orqj uxq hòhfwv ri rlo sulfhv dqg +f, zkhwkhu ru qrw erwk wkh qrplqdo h{fkdqjh

udwh dqg wkh sulfhv dgmxvw xsrq ghyldwlrqv iurp wkh SSS/ surylghg wkdw lw krogv1 Wkh uhpdlqlqj

vhfwlrqv ri wklv sdshu surfhhg lq wkh iroorzlqj zd|=

î Lq vxevhfwlrq 816= D ixoo YDU prgho lv hpsor|hg wr ghwhuplqh wkh qxpehu ri frlqwhjudwlqj
uhodwlrqv/ u> dqg wr whvw frqglwlrq +4,/ ò}| @ 3> iru wkh srvvleoh zhdn h{rjhqhlw| ri wkh ]

yduldeohv/ fsli > UEi dqg rlos/ iru vshflñf yhfwruv lq ñ> l1h1 ñ|> dqg wkh dvvrfldwhg dgmxvwphqw

frhïflhqwv1 Dq hòruw lv pdgh wr lghqwli| wkhlu irup lq wkh oljkw ri wkh SSS wkhru|/ wkh

xqfryhuhg lqwhuhvw udwh sdulw| +XLS, k|srwkhvlv dqg wkh uhvxowv iurp wkh DGI whvwv1 ñ lv

uhvwulfwhg wr whvw zkhwkhu rlos lwvhoi frqvwlwxwhv d frlqwhjudwlqj uhodwlrq e| ehlqj d vwdwlrqdu|

yduldeoh1 Wkh whvw lv qrw uhmhfwhg dqg rlos dsshduv wr eh wkh rqo| frlqwhjudwlqj whup dprqj

wkh ] yduldeohv1 Wkh prgho lv wkhq xvhg wr whvw iru srvvleoh orqj uxq hòhfwv ri rlos rq wkh

\ 0yduldeohv> l1h1 wr whvw wkh qxoo k|srwkhvlv ri ò|} @ 3=

î Lq vxevhfwlrq 817= Dvvxplqj wkdw frqglwlrq +4, krogv/ d frqglwlrqdo YDU prgho lv irupx0

odwhg zlwk \ @ +h> fsl/ UE/ IL1\ ,3 dqg ] @ +fsli > UEi > rlos,31 Wkh qxpehu ri frlqwhjudwlqj
uhodwlrqv u lv wdnhq iurp wkh YDU prgho1 Wkh prgho lv hpsor|hg wr whvw wkh ydolglw| ri frqgl0

wlrqlqj rq ] e| fkhfnlqj li frqglwlrq +5,/ ò|} ý$ò}} @ 3> lv vdwlvñhg/ zklfk vhhpv wr eh wkh
fdvh1 Wkxv rlos dsshduv wr eh uhgxqgdqw lq wkh frqglwlrqdo prgho iru \= D pruh sduvlprqlrxv
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frqglwlrqdo prgho lv ghulyhg e| h{foxglqj rlos +dqg vrph ri wkh dvvrfldwhg ghwhuplqlvwlf ydul0

deohv, iurp wkh frqglwlrqdo prgho1 Wkh h{foxvlrq ri rlos uhgxfhv wkh qxpehu ri wkh qxpehu

ri frlqwhjudwlqj uhodwlrqv e| rqh/ wr u ý 41 Wkh uhvxowlqj sduvlprqlrxv frqglwlrqdo prgho lv
xvhg wr fkhfn wkh urexvwqhvv ri wkh uhvxowv iurp wkh ixoo YDU prgho dqg wr whvw wkh zhdn

h{rjhqhlw| ri fsl/ UE dqg IL1\ iru wkh sdudphwhuv ri lqwhuhvw lq wkh qrplqdo h{fkdqjh udwh

htxdwlrq1

8161 Wkh YDU prgho

Wdeoh 815 ghvfulehv wkh hvwlpdwhg ixoo YDU prgho1 Wkh lqirupdwlrq vhw lv h{whqghg e| ñyh gxpp|

yduldeohv wr wdnh dffrxqw ri wkh rlo sulfh vkrfnv/ RSHF L/ RSHF LL/ Jxoi Zdu dqg wkh rlo sulfh klnh

lq 4<<92<:/ vhh ñjxuh 8151 Lq rughu wr nhhs wkh frlqwhjudwlrq vsdfh wudfwdeoh/ rqo| d vwhs gxpp|

iru RSHF LL +RS5 , lv doorzhg wr hqwhu wkh frlqwhjudwlrq vsdfh1 Wklv wdnhv rq d ydoxh ri 4 iurp

4<:<=4 wr 4<;8=7 dqg }hur hovhzkhuh1 Wkh wkuhh rwkhu rlo sulfh vkrfnv duh frqwuroohg iru e| lpsxovh

gxpplhv/ RS4 > lg<3t6 dqg lg<:t4/ uhvshfwlyho|/ dqg hqwhuhg xquhvwulfwhg1 RS4 wdnhv rq d ydoxh

ri 4 lq 4<:7=4/ 0316 lq 4<:7=5 dqg }hur hovhzkhuh/ zkloh lg<3t6 dqg lg<:t4 wdnh rq d ydoxh ri 4 lq

wkh lqglfdwhg txduwhu/ 04 lq wkh vxevhtxhqw txduwhu dqg }hur hovhzkhuh/ fi1 ñjxuh 8151 Wkh gxpp|

yduldeohv iru wkh rlo sulfh vkrfnv duh odujho| qhhghg wr wdnh dffrxqw ri vljqlñfdqw fkdqjhv lq wkh

rlo sulfh surfhvv vlqfh wkh 4<:3v1 D wlph wuhqg w lv uhvwulfwhg wr wkh frlqwhjudwlrq vsdfh zkloh wkh

frqvwdqw whup lv hqwhuhg xquhvwulfwhg/ dv uhfrpphqghg e| Grruqln hw do1 +4<<<, dqg Kduer hw1

do1 +4<<;, wr vdihjxdug djdlqvw lqydolg lqihuhqfh rq wkh frlqwhjudwlrq udqn/ u= Hvwlpdwlrq ri wkh

xquhvwulfwhg uhgxfhg irup lqglfdwhg wkh qhhg wr lqfoxgh dw ohdvw 8 odjv/ s @ 8> dqg dw ohdvw wzr

fhqwhuhg vhdvrqdo gxpplhv iru wkh ñuvw dqg wkh wklug txduwhu/ FV dqg FV5/ uhvshfwlyho|/ wr dyrlg

dxwrfruuhodwlrq dqg ylrodwlrq ri wkh qrupdolw| dvvxpswlrq iru wkh uhvlgxdov/ fi1 dsshqgl{ F1

Wkh vlqjoh htxdwlrq dqg v|vwhp gldjqrvwlf whvwv lq wdeoh 815 vkrz wkdw wkh fkrvhq prgho iru0

pxodwlrq lv deoh wr hqvxuh doprvw LLGQ+1, uhvlgxdov/ zkhq mxgjhg dw wkh vlqjoh htxdwlrq ohyho ru dw

wkh v|vwhp ohyho1 Wkh gldjqrvwlfv gr qrw uhmhfw wkh qxoo k|srwkhvhv ri devhqfh ri dxwrfruuhodwlrq

xs wr 8 odjv/ DUFK w|sh khwhurvfhgdvwlflw| xs wr rughu 7 dqg wkh qxoo k|srwkhvhv ri qrupdoo|

glvwulexwhg uhvlgxdov dw wkh 8( ohyho1 Rqh h{fhswlrq lv wkh grphvwlf erqg udwh +UE, htxdwlrq/

zkrvh uhvlgxdov gr qrw vhhp wr eh qrupdoo| glvwulexwhg hyhq dw wkh 4( ohyho1 Iljxuh 816 vxjjhvwv

wkdw wkh uhmhfwlrq ri wkh qrupdolw| k|srwkhvlv iru wkh UE uhvlgxdov pdlqo| rzhv wr h{fhvv nxuwrvlv/

wkh vwdwlvwlfv lv 4186 exw lw vkrxog eh forvh wr }hur xqghu wkh qxoo k|srwkhvlv ri qrupdolw|1 Wkhuh

duh dovr d ihz uhodwlyho| odujh rxwolhuv wkdw fdq eh dvvrfldwhg zlwk wkh lqfuhdvh lq wkh Qruzhjldq

erqg udwhv lq 4<;5 dqg zlwk wkh HUP fulvlv lq 4<<5/ exw wkhvh vhhp wr pdwwhu ohvv/ vhh ñjxuh

8141 Wkh glvwulexwlrq ri wkh uhvlgxdov iurp wkh qrplqdo h{fkdqjh udwh htxdwlrq/ h0uhvlgxdov/ dovr

dsshduv wr vxòhu iurp h{fhvv nxuwrvlv dqg iurp rqh rxwolhu lq 4<:92::1 Wkh qrupdolw| dvvxpswlrq

iru h0uhvlgxdov lv krzhyhu qrw uhmhfwhg dw wkh 4( ohyho vlqfh wkh s0ydoxh lv 7(1

Wkh YDU prgho zdv dovr hvwlpdwhg zlwkrxw wkh gxpp| yduldeohv dqg d frpsdulvrq ri wkh

vwdqgdug huuruv ri uhvlgxdov zlwk dqg zlwkrxw gxpp| yduldeohv/ eâ dqg eâmû#c uhvshfwlyho|/ lqglfdwh
wkdw wkh rlo sulfh gxpplhv duh pdlqo| uhohydqw iru h{sodlqlqj wkh rlo sulfh surfhvv dqg wr vrph

h{whqw wkh h{fkdqjh udwh surfhvv1 Lw lv wkh lpsxovh gxpp| lg<:t4 zklfk vhhpv wr pdwwhu iru wkh

h{fkdqjh udwh htxdwlrq/ fi1 ñjxuhv 715 dqg 7171

Iljxuh 817 glvsod|v wkh 40vwhs dkhdg uhfxuvlyho| hvwlpdwhg uhvlgxdov ÷5VH dqg iruhfdvw dqg

euhdn0srlqw Fkrz whvwv iru wkh YDU prgho/ vfdohg e| wkhlu fulwlfdo ydoxhv dw wkh 8( ohyho1 Wkh
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Iljxuh 816= Uhvlgxdo fkdudfwhulvwlfv lq wkh ixoo YDU prgho1 Vfdohg uhvlgxdov +lq wkh ñuvw dqg
wkh wklug froxpq, dqg wkh glvwulexwlrq ri uhvlgxdov +lq wkh vhfrqg dqg wkh irxuwk froxpq, iurp
hdfk ri wkh vhyhq htxdwlrqv lq wkh YDU prgho1 Wkh uhvlgxdo glvwulexwlrqv duh sorwwhg djdlqvw wkh
vwdqgdug qrupdo glvwulexwlrq iru frpsdulvrq1 Wkh phdvxuhv iru vnhzqhvv dqg h{fhvv nxuwrvlv duh
dovr uhsruwhg1 Wkh shulrg lv 4<:5=504<<:=71

YDU prgho dsshduv wr kdyh uhodwlyho| frqvwdqw sdudphwhuv ryhu wlph/ dw ohdvw iurp 4<;: dqg

rqzdugv1 Wkhuh duh d ihz h{fhswlrqv1 Wkh rxwolhuv dprqj wkh UE uhvlgxdov vhhp wr voljkwo| lqfuhdvh

wkh hvwlpdwhv ri wkhlu vwdqgdug huuru ryhu wlph1 Wkh IL1\ uhvlgxdov glvsod| odujh ðxfwxdwlrqv lq

4<<92<:1 Wkh uhmhfwlrq ri wkh qxoo k|srwkhvhv ri sdudphwhu vwdelolw| lq wkh YDU prgho dv d zkroh/

e| wkh 40vwhs dkhdg Fkrz whvwv dqg euhdn srlqw Fkrz whvwv lq 4<<:/ lv dssduhqwo| fdxvhg e| wkhvh

ðxfwxdwlrqv1 Wkh uhmhfwlrq lv krzhyhu dw wkh vwulfw 8( ohyho dqg wkh Q0vwhs dkhdg iruhfdvw Fkrz

whvwv gr qrw uhmhfw wkh qxoo k|srwkhvhv ri sdudphwhu vwdelolw| lq wkh YDU prgho1

816141 Frlqwhjudwlrq dqdo|vlv zlwklq wkh YDU prgho

Sdqho LL ri wdeoh 815 uhsruwv wkh hvwlpdwhg hljhqydoxhv +eç,> wkh wudfh whvw vwdwlvwlfv +Wudfh, dqg pd{
hljhqydoxh whvw vwdwlvwlfv +Pd{,1 Wkhvh surylgh lqirupdwlrq rq wkh frlqwhjudwlrq udqn/ u= Whvwlqj

wkh frlqwhjudwlrq udqn dprxqwv wr whvwlqj wkh qxpehu ri hljhqydoxhv glòhuhqw iurp }hur1 Lq wkh

wudfh whvw/ wkh qxoo k|srwkhvlv lv wkdw hljhqydoxhv çl @ 3> l @ u . 4> u . 5> 1119> zkloh wkh ñuvw u

hljhqydoxhv duh qrq0}hur1 Lw uhmhfwv wkh qxoo k|srwkhvlv ri u é 6 djdlqvw wkh dowhuqdwlyh k|srwkhvlv
ri u è 7 dw wkh 4( ohyho1 Wkh pd{ hljhqydoxh whvw/ zklfk whvw wkh qxoo k|srwkhvlv ri çl @ 3 djdlqvw
wkh dowhuqdwlyh k|srwkhvlv ri çl.4 @ 3/ iru l @ 3> 4/ 111u> uhmhfwv wkh qxoo k|srwkhvlv ri u @ 4 djdlqvw

wkh dowhuqdwlyh ri u @ 5 dw wkh 8( ohyho1 Wkh pd{ hljhqydoxh whvw dovr frphv txlwh forvh wr uhmhfwlqj

wkh qxoo k|srwkhvhv ri u @ 5 dqg u @ 6 djdlqvw wkh dowhuqdwlyh ri u @ 6 dqg u @ 7> uhvshfwlyho|1
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Iljxuh 817= Frqvwdqf| vwdwlvwlfv iru wkh YDU prgho/ rewdlqhg e| uhfxuvlyh hvwlpdwlrq ri wkh YDU
prgho ryhu shulrg 4<;9=704<<:=71 Rqh0vwhs uhvlgxdov ÷5VHw iru hdfk htxdwlrq lq wkh YDU prgho1
Rqh0vwhs dkhdg Fkrz vwdwlvwlfv +4xs Fkrzv,/ Q0vwhs dkhdg Fkrz vwdwlvwlfv +Qxs Fkrzv, dqg euhdn
srlqw Fkrzv +Qgq Fkrzv, iru wkh YDU prgho1 Wkh Fkrz vwdwlvwlfv duh vfdohg e| wkhlu +rqh0rò,
fulwlfdo ydoxhv dw wkh 8( ohyho ri vljqlñfdqfh1

Erwk whvw vwdwlvwlfv lqglfdwh wkh srvvlelolw| ri u @ 8 vlqfh wkhlu ydoxhv duh rqo| voljkwo| ehorz wkhlu

<8( txdqwlohv1

Wkh wdexodwhg fulwlfdo ydoxhv iurp Mrkdqvhq +4<<8, dqg Rvwhuzdog0Ohqxp +4<<5, pd| krzhyhu

eh orzhu wkdq wkh wuxh fulwlfdo ydoxhv/ vlqfh wkh| kdyh ehhq ghulyhg xqghu wkh dvvxpswlrq ri dw

prvw wzr ghwhuplqlvwlf yduldeohv/ wkh frqvwdqw whup dqg wkh wlph wuhqg1 Wkh lqfoxvlrq ri wkh vwhs

gxpp| RS5 lq wkh frlqwhjudwlrq vsdfh dqg wkh xquhvwulfwhg lpsxovh gxpplhv RS4 dqg RS4ý4
pd| udlvh wkh +wuxh, fulwlfdo ydoxhv/ exw shukdsv qrw wkh xquhvwulfwhg fhqwhuhg gxpplhv/ lg<3t6/

lg<:t4/ FV dqg FV5 wkdw txlfno| frqyhujh wr }hur/ fi1 Grruqln hw do1 +4<<<,1 Lqfoxvlrq ri dgglwlrqdo

ghwhuplqlvwlf yduldeohv zkrvh hòhfw gr qrw glh rxw dv|pswrwlfdoo| jhqhudoo| ohdg wr kljkhu fulwlfdo

ydoxhv dqg pruh frqvhuydwlyh whvwv iru frlqwhjudwlrq udqn1 Krzhyhu/ jlyhq wkh vwurqj uhmhfwlrq ri

u é 6 e| wkh wudfh whvw dqg wkh idluo| vwdeoh hvwlpdwhv ri wkh hljhqydoxhv/ zh surfhhg xqghu wkh

whqwdwlyh dvvxpswlrq ri u @ 7/ vhh ñjxuh 8181 Rxu frqñghqfh lq wkh wudfh whvw udwkhu wkdq rq wkh

pd{ hljhqydoxh whvw uhvwv rq Prqwh Fduor h{shulphqwv vxjjhvwlqj wkdw wkh iruphu whvw lv uhodwlyho|

pruh urexvw wr h{fhvv nxuwrvlv +dqg vnhzqhvv, lq wkh uhvlgxdov wkdq wkh odwwhu/ vhh h1j1 Fkhxqj

dqg Odl +4<<6,1

Wdeoh 816 whvwv uhvwulfwlrqv rq wkh ñ dqg ò pdwulfhv zkhq u lv vhw wr 7= Sdqho L whvwv uhvwulfwlrqv

rq urzv/ ñ3l> l @ 4> 5> 6/ 7> ri ñ3 pdwul{ lq rughu wr dvfhuwdlq wkh lghqwlw| ri wkh suhvxphgo| 7
olqhduo| lqghshqghqw orqj uxq uhodwlrqv1 Lghqwlñfdwlrq ri 7 lqwhusuhwdeoh frlqwhjudwlqj uhodwlrqv

fdq vxevwdqwldwh wkh fkrlfh ri u @ 7= Wkh uhvwulfwlrqv rq ñ3 duh whvwhg urz e| urz/ zkhuh hdfk ri
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Wdeoh 815= Wkh YDU prgho
Phwkrg= Mrkdqvhq
YDU prgho ri rughu= 8
Hqgrjhqrxv yduldeohv +\ ,= h/ fsl/ UE/ IL1\/ fsli > UEi dqg rlos
Frqglwlrqdo yduldeohv +uhvwulfwhg,= w dqg RS5
Xquhvwulfwhg yduldeohv= Frqvwdqw/ RS4/ RS4ý4/ lg<3t6/ lg<:t4/ FV dqg FV5
Vdpsoh= Vhdvrqdoo| qrq0dgmxvwhg txduwhuo| gdwd/ 4<:5=504<<:=71

L1 Vlqjoh htxdwlrq dqg v|vwhp gldjqrvwlfv
\ Idu>4ý8+8> 87, "5qg+5, Idufk>4ý7+7> 84, eâ eâ m û#
h 31;;^3183` 915;^3137`ú 3176^31:<` 313456 313467
fsl 4138^3173` 41;9^3173` 3156^31<5` 31338 31338
UE 3196^319;` 45138^3133`úú 3175^31;3` 31337 31337
IL1\ 4153^3165` 3183^31:;` 4174^3157` 31348 31348
fsli 41<<^3143` 413<^318;` 313;^31<<` 31336 31337
UEi 4134^3175` 5198^315:` 315;^31;<` 31336 31336
rlos 31:8^3193` 3143^31<8` 4135^3193` 31437 3149:

Idu>4ý8+578> 469, "5qg+47,
YDU 4155^313<` 4:165^3157`

LL1 Frlqwhjudwlrq udqn
u 3 4 5 6 7 8 9 :
olno 689<=< 6933=7 6955=: 6973=3 6989=8 699<=5 69:8=5 69::=4eç 3=78 3=68 3=63 3=59 3=55 3=44 3=37

K3 = u @ 3 u é 4 u é 5 u é 6 u é 7 u é 8 u é 9
Wudfh 547=6úú 486=7úú 43;=;úú :5=6úú 74=5 48=< 6=:
<8( 479=:8 447=<9 ;9=<9 95=94 75=53 58=7: 45=6<
<<( 48:=86 457=94 <8=6; :3=55 7;=8< 63=98 49=6<

Pd{ 94=3úú 77=9ú 69=8 64=4 58=6 45=5 6=:4
<8( 7<=7 77=3 6:=8 64=8 58=8 4<=3 45=6

ûL|iG 5ii |@M*i eë� uLh _i|@ð*të eâ � û# t|@?_@h_ ihhLh Lu hitð_ý@*t êüi? @** hit|hðU|i_

@?_ ý?hit|hðU|i_ _ý44) ñ@hð@M*it @hi *iu| Lý| uhL4 |üi Vú+ 4L_i*ë Ah@Ui _i?L|it

|üi |h@Ui t|@|ðt|ðUt @?_ �@ _i?L|it |üi 4@ íið}i?ñ@*ýi t|@|ðt|ðUtë Aüi Uhð|ðU@* ñ@*ýit

uLh |üi |it|t @hi uhL4 aLü@?ti? E�bbDä @?_ ït|ihê@*_íwi?ý4 E�bb2äc hitTiU|ðñi*)ë

wkh urzv uhsuhvhqwv d frlqwhjudwlrq yhfwru xqghu wkh qxoo k|srwkhvlv1 Vlqfh doo yduldeohv lq [ duh

dvvxphg wr eh lqwhjudwhg ri rughu rqh/ L+4,/ dw prvw/ wkh lpsolhg frlqwhjudwlqj uhodwlrq/ h1j1 eñ3l[>
lv vwdwlrqdu| xqghu wkh qxoo k|srwkhvlv dqg L+4, xqghu wkh dowhuqdwlyh k|srwkhvlv1 Wkhvh whvwv duh

wkh pxowlyduldwh dowhuqdwlyh wr wkh xqlyduldwh DGI whvwv/ exw zlwk wkh qxoo k|srwkhvlv ehlqj wkdw

ri vwdwlrqdulw| dqg qrw ri qrq0vwdwlrqdulw|1hñ34 ghñqhv d uhodwlrq ehwzhhq wkh qrplqdo h{fkdqjh udwh dqg grphvwlf dqg iruhljq frqvxphu
sulfhv zkhuh wkh sulfhv duh dvvxphg wr eh v|pphwulfdoo| uhodwhg wr wkh h{fkdqjh udwh1 Wklv uh0

vwulfwlrq lv dffhswhg dw d s0ydoxh ri 3148 zlwk _fruuhfw% vljqv iru erwk wkh grphvwlf dqg iruhljq

sulfhv1 Wkh hvwlpdwhg frhïflhqwv duh 0318: dqg 318:/ uhvshfwlyho|1 eñ34> lq wkh vhfrqg urz/ ghñqhv
d uhodwlrq lq vwulfw dffrugdqfh zlwk wkh SSS wkhru| e| lpsrvlqj erwk wkh v|pphwu| dqg sursru0

wlrqdolw| uhvwulfwlrqv rq wkh grphvwlf dqg iruhljq sulfhv1 Wkh vwdwlrqdulw| ri wklv SSS whup/ eñ34[
@ hý fsl. fsli > fdq eh dffhswhg dw d s0ydoxh ri 313:1 Wklv uhvxow dsshduhg wr eh txlwh urexvw wr
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Wdeoh 816= Whvwlqj iru orqj uxq uhodwlrqv dqg zhdn h{rjhqhlw|/ wkh YDU prgho1
L1 Uhvwulfwlrqv rq urzv ri ñ3

h fsl UE IL=\ fsli UEi rlos w RS5 "5+=,hñ34 4 ý3=8: 3 3 3=8: 3 3 3 3 9=9<^3=48`eñ34 4 ý4 3 3 4 3 3 3 3 43=49^3=3:`

hñ35 ý3=9< 3 4 3 3 ý4 3 3 3 :=87^3=44`eñ35 3 3 4 3 3 ý4 3 3 3 4<=34^3=33`úú

eñ36 3 3 3 4 3 3 3 3 3=35 :=46^3=46`eñ37 3 3 3 3 3 3 4 ý3=36 ý3=7; 8=85^3=47`
LL1 Whvwlqj zhdn h{rjhqhlw|/ frqglwlrq +4,= ò}| @ 3=

m "5+7,
UEi = òUEi > 4 @ òUEi > 5 @ òUEi > 6 @ òUEi > 7 @ 3> <=5: ^3=39`
fsli òfsli > 4 @ òfsli > 5 @ òfsli > 6 @ òfsli > 7 @ 3> <=68 ^3=38`
rlos = òrlos> 4 @ òrlos> 5 @ òrlos> 6 @ òrlos> 7 @ 3> 55=<4 ^3=33`úú

eòrlos> 7 "5+9,

rlos = hñ3 _ òrlos> 4 @ òrlos> 5 @ òrlos> 6 @ 3> ý 3=4:
+3=39,

45=9: ^3=38`

eòh> 4 "5+;,

h = eñ34 _ òh> 5 @ òh> 6 @ òh> 7 @ 3> ý 3=45
+3=37,

46=33 ^3=44`

LLL1 Whvwlqj ò|} @ 3=
m h fsl UE IL=\ fsli UEi rlos w RS5hñ34 ú ú ú ú ú ú 3 ú úhñ35 ú ú ú ú ú ú 3 ú úhñ36 ú ú ú ú ú ú 3 ú úeñ37 3 3 3 3 3 3 4 ú úhñ3 @ +hñ34> hñ35> hñ36> eñ37,3 = "5+6, @ 8=85 ^3=47`

h = hñ3 _ òh> 7 @ 3> "5+7, @ 8=8: ^3=56`

fsl hñ3 _ òfsl> 7 @ 3> "5+7, @ 9=67 ^3=4;`

UE = hñ3 _ òUE> 7 @ 3> "5+7, @ :=49 ^3=46`

IL=\ = hñ3 _ òIL=\> 7 @ 3> "5+7, @ 9=77 ^3=4:`

hñ3_ òh> 7 @ òfsl> 7 @ òUE> 7 @ òIL=\> 7 @ 3> "5+:, @ <=66 ^3=56`
ûL|iG Aüi t|@h ú ð?_ðU@|it @? ý?hit|hðU|i_ ULiæUði?| ñ@*ýië Aüi Ui**t üi@_ð?} eòrlos> 7
@?_ eòh> 4UL?|@ð? it|ð4@|it Lu |üi ý?hit|hðU|i_ ULiæUði?|të ú Rh% t)4ML*ðtit @ *itt

hit|hðU|i_ ñiU|Lh Lh 4@|hð ë _ ðt ýti_ |L ð?_ðU@|i |ü@| hit|hðU|ðL?t @hi |it|i_ éLð?|*)ë
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Iljxuh 818= Uhfxuvlyh hvwlpdwhv ri hljhqydoxhv edvhg rq wkh YDU prgho1 Iru lqvwdqfh/ px4 ghqrwhv
wkh uhfxuvlyh hvwlpdwhv ri ç4= Wkh lqlwldo hvwlpdwlrq shulrg lv 4<:5=504<;7=71

d zlgh udqjh ri glòhuhqw vshflñfdwlrq ri wkh YDU prgho1 Dsshqgl{ F lqglfdwhv wklv iru fkdqjhv

lq wkh qxpehu ri odjv lq wkh YDU prgho dqg ru h{foxvlrq ri wkh gxpp| yduldeohv1 Wklv dsshqgl{

wdexodwhv whvw uhvxowv iru wkh pdlq k|srwkhvhv/ iru 43 glòhuhqw vshflñfdwlrq ri wkh YDU prgho1hñ35 ghñqhv d olqhdu uhodwlrq ehwzhhq wkh lqwhuhvw udwh vsuhdg +UEýUEi , dqg wkh qrplqdo
h{fkdqjh udwh/ zklfk lv hqwhuhg xquhvwulfwhg1 Wkh vwdwlrqdulw| ri wklv uhodwlrq lv qrw uhmhfwhg dqg

lw hqwdlov iroorzlqj orqj uxq uhodwlrq iru wkh grphvwlf lqwhuhvw udwh= UE @ UEi . 3=9<h1 Wklv

uhodwlrq uhvhpeohv d fhqwudo edqn*v lqwhuhvw udwh uhvsrqvh ixqfwlrq xqghu d srolf| ri h{fkdqjh udwh

wdujhwlqj1 Wkh whvw ri eñ35 vkrzv wkdw wkh lqwhuhvw udwh vsuhdg lv qrw vwdwlrqdu| e| lwvhoi> dv lpsolhg
e| wkh XLS k|srwkhvlv1 H{shulphqwdwlrq zlwk glòhuhqw prgho vshflñfdwlrq/ krzhyhu/ vxjjhvwhg

wkdw wklv uhvxow lv txlwh vhqvlwlyh wr vshflñfdwlrq ri wkh YDU prgho/ +qrw uhsruwhg,1

Wkh qrq0uhmhfwlrq ri eñ36 dv d frlqwhjudwlrq yhfwru/ lpso|lqj IL1\ lv d vwdwlrqdu| yduldeoh/ lv lq

olqh zlwk wkh uhvxow iurp wkh DGI whvw1 Vlploduo|/ eñ37 lpsolhv wkdw rlos lv e| lwvhoi d frlqwhjudwlqj
whup zlwk d _eurnhq% ghwhuplqlvwlf wuhqg= Wkh qrq0uhmhfwlrq ri wklv k|srwkhvlv ohqgv vxssruw wr

wkh sursrvlwlrq wkdw rlo sulfh lv d vwdwlrqdu| surfhvv lq wklv gdwd vdpsoh/ rqfh lqiuhtxhqw fkdqjhv

lq lwv phdq ohyho duh dffrxqwhg iru/ vhh dovr dsshqgl{ F1

Lghqwlñfdwlrq ri wkh 7 frlqwhjudwlqj uhodwlrqv vxevwdqwldwhv wkh fkrlfh ri u @ 7 dqg vxjjhvwv

wkdw wkhuh lv rqo| rqh frlqwhjudwlqj uhodwlrq ehwzhhq wkh iruhljq ghqrplqdwhg yduldeohv ] @ +fsli >

UEi / rlos,/ wkh rlo sulfh lwvhoi/ eñ37[> zklfk fdq eh lqwhusuhwhg dv eñ3}]/ fi1 htxdwlrqv +81:, dqg +81;,1
Sdqho LL ri wkh wdeoh vwduwv rxw e| whvwlqj zkhwkhu fsli / UEi dqg rlos fdq eh wuhdwhg dv zhdno|

h{rjhqrxv yduldeohv iru doo ri wkh frlqwhjudwlrq yhfwruv dqg wkh dvvrfldwhg dgmxvwphqw frhïflhqwv/

wkdw lv/ iru ñ3 dqg ò1 Wkh zhdn h{rjhqhlw| ri UEi dqg fsli lv eduho| dffhswhg dw wkh 8( ohyho exw
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uhmhfwhg ri rlos/ hyhq dw wkh 4( ohyho1

Sdqho LL wkhq whvwv zkhwkhu rlos fdq eh wuhdwhg dv zhdno| h{rjhqrxv iru d sduwldo ñ3 dqg ò= D
7 { < pdwul{ hñ3 lv ghñqhg iru wklv sxusrvh/ vhh sdqho LLL1 Wkh frhïflhqw ri rlos lv vhw wr }hur lq
wkh ñuvw wkuhh urzv zkloh wkh irxuwk urz lv ghñqhg dv eñ37 lq sdqho L1 Wkh uhvwulfwlrqv ghñqlqj hñ3duh
dffhswhg dw d s0ydoxh ri 31471 Wkh uhvwulfwlrqv hñ3 _ òrlos> 4 @ òrlos> 5 @ òrlos> 6 @ 3 pdnh vxuh wkdw
rqo| eñ37[ +ru eñ3}] , hqwhuv wkh rlos htxdwlrq/ vhh sdqho LL1 Dq| rwkhu olqhdu frpelqdwlrq ehwzhhq
wkh yduldeohv lq [ lv eduuhg iurp hqwhulqj wkh rlos htxdwlrq= Wkhvh uhvwulfwlrqv/ zklfk fruuhvsrqg

wr frqglwlrq +4, iru wkh zhdn h{rjhqhlw| ri rlos iru d sduwldo ñ3 dqg ò> duh qrw uhmhfwhg dw wkh vwulfw
8( ohyho1 Wkh xquhvwulfwhg frhïflhqw hvwlpdwh ri eñ37[ lq wkh rlos htxdwlrq lv 0314:/ dqg glòhuv

vljqlñfdqwo| iurp }hur1 Wkh whvw uhvxow vxssohphqwv wkh hylghqfh iru wuhdwlqj rlos dv d vwdwlrqdu|

yduldeoh lq wkh vdpsoh dw kdqg1

D mrlqw whvw ri wkh zhdn h{rjhqhlw| ri fsli / UEi dqg frqglwlrq +4, iru wkh zhdn h{rjhqhlw| ri

rlos zdv uhmhfwhg dw wkh 4( ohyho1 \hw hfrqrplf lqwxlwlrq vxjjhvwv wkdw lw lv xqolnho| wkdw wkhvh

iruhljq ghqrplqdwhg yduldeohv uhvsrqg wr ghyldwlrqv iurp wkh orqj uxq uhodwlrqv jryhuqlqj wkh

uhodwlyho| vpdoo Qruzhjldq vxe0pdunhwv/ ghñqhg e| h1j1 wkh frlqwhjudwlqj uhodwlrqv deryh/ eñ34[>hñ35[ dqg eñ36[= D shukdsv pruh sodxvleoh h{sodqdwlrq iru wkh uhmhfwlrq ri wkh mrlqw whvw pd| eh wkdw
wkh YDU prgho lv ryhusdudphwulvhg uhodwlyh wr wkh qxpehu ri revhuydwlrqv1 Lw lv zhoo nqrzq wkdw

ryhusdudphwulvdwlrq riwhq ohdgv wr dsshdudqfh ri wudqvlhqw fruuhodwlrq ehwzhhq xquhodwhg yduldeohv

lq vpdoo vdpsohv1

Wkh odvw urz ri sdqho LL whvwv wkh zhdn h{rjhqhlw| ri qrplqdo h{fkdqjh udwh iru doo frlqwhjudwlrq

yhfwruv lq ñ3 h{fhsw eñ34> dqg iru ò4 h{fhsw òh> 4= Wkh lpsrvhg uhvwulfwlrqv duh dffhswhg dqg lpsolhv
wkdw rqo| wkh SSS yhfwru +eñ34[, hqwhuv wkh h{fkdqjh udwh htxdwlrq zlwk d zhljkw riý3=45=Dsshqgl{
F vkrzv wkdw wklv uhvxow lv txlwh urexvw dfurvv wkh glòhuhqw vshflñfdwlrqv ri wkh YDU prgho1 Lw

lv vkrzq wkdw wkh zhljkw rqo| ydulhv lq wkh udqjh ri +031468/ 031433,/ dfurvv wkh 43 glòhuhqw prgho

vshflñfdwlrqv1

Sdqho LLL iroorzv wkh vdph surfhgxuh dv lq sdqho LL wr whvw zkhwkhu rlos kdv dq| orqj uxq hòhfw

rq wkh \ yduldeohv/ h> fsl > UE dqg IL1\1 Qrz/ doo rwkhu srvvleoh olqhdu frpelqdwlrqv ri wkh yduldeohv

lq [ duh ohw lqwr wkh htxdwlrqv iru wkh \ yduldeohv/ h{fhsw rlos1 Iru h{dpsoh/ hñ3 _ òh> 7 @ 3 whvwv
zkhwkhu rlos fdq eh h{foxghg iurp wkh qrplqdo h{fkdqjh udwh htxdwlrq1 Wkhvh uhvwulfwlrqv duh

dffhswhg dw wkh 8( ohyho zkhq sodfhg htxdwlrq e| htxdwlrq iru doo wkh \ yduldeohv/ ru mrlqwo| rq

doo 7 htxdwlrqv1 Dsshqgl{ F lqglfdwhv wkh urexvwqhvv ri wklv uhvxow1

Wr vxppdulvh/ wkh uhvxowv lq wdeoh 816 duh frqvlvwhqw zlwk u @ 7= Rqh ri wkh lghqwlñhg frlqwh0

judwlqj uhodwlrq frqirupv zlwk wkh SSS wkhru| vlqfh wkh v|pphwu| dqg sursruwlrqdolw| uhvwulfwlrqv

duh qrw uhmhfwhg dw wkh 8( ohyho1 Wkh rlo sulfh +rlos, kdv dsshduhg wr eh d frlqwhjudwlqj uhodwlrq e|

lwvhoi dqg fkdqjhv lq wkh rlo sulfh +ürlos, lq d jlyhq shulrg kdyh ehhq irxqg wr uhvsrqg wr wkh ohyho

ri wkh rlo sulfh lq d vwdelolvlqj zd|1 Pruh lpsruwdqwo|/ wkh rlo sulfh vhhpv wr kdyh d vwdwlvwlfdoo|

vljqlñfdqw hòhfw rq qhlwkhu h qru rq fsl/ UE dqg IL1\1 Wdeoh 816 dovr surylghv vrph vxssruw iru

frqglwlrq +4, iru ydolg frqglwlrqlqj rq fsli > UEi dqg rlos/ lq d frqglwlrqdo YDU prgho iru h/ fsl/

UE dqg IL1\1

Krzhyhu/ wkh ixoo YDU prgho lv ryhusdudphwulvhg/ zklfk pd| ohdg wr xqghuuhmhfwlrq ri idovh

qxoo k|srwkhvhv dqg pdnh urrp iru wudqvlhqw fruuhodwlrq ehwzhhq xquhodwhg yduldeohv1 Khqfh/

vrph ri wkh rewdlqhg uhvxowv duh frqvlghuhg dv lqglfdwlyh udwkhu wkdq ñup hylghqfh1 Lq wkh qh{w

vxevhfwlrq/ wkh sduvlprqlrxv frqglwlrqdo YDU prgho whvwv wkh urexvwqhvv ri h1j1 wkh v|pphwu|
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dqg sursruwlrqdolw| uhvwulfwlrq/ dqg rwkhu k|srwkhvhv ri lqwhuhvw1

8171 Wkh frqglwlrqdo YDU prgho

Wklv vxevhfwlrq surfhhgv xqghu wkh dvvxpswlrq wkdw frqglwlrq +4, iru wkh zhdn h{rjhqhlw| ri fsli >

UEi dqg rlos lv vdwlvñhg iru wkh sdudphwhuv ri lqwhuhvw1 Lw vwduwv rxw e| irupxodwlqj d frqglwlrqdo

YDU prgho wr fkhfn zkhwkhu frqglwlrq +5,/ l1h1 ò|} ý $ò}} @ 3> iru wkh zhdn h{rjhqhlw| ri wkhvh
yduldeohv lv ixoñoohg1 Vlqfh wkhuh lv rqo| rqh frlqwhjudwlqj whup dprqj wkhvh ] yduldeohv/ rlos lwvhoi/

d whvw ri wklv frqglwlrq dprxqwv wr whvwlqj iru wkh suhvhqfh ri rlos lq wkh frqglwlrqdo YDU prgho iru

wkh \ yduldeohv1 Wkhuhdiwhu/ d sduvlprqlrxv frqglwlrqdo YDU prgho lv ghulyhg wr whvw k|srwkhvhv

ri lqwhuhvw1

Wdeoh 817 ghñqhv d frqglwlrqdo YDU prgho iru wkh hqgrjhqrxv yduldeohv/ h/ fsl/ UE dqg IL1\1

Wklv prgho lv ghulyhg e| }hur uhvwulfwlrqv rq vrph ri wkh sdudphwhuv ri d frqglwlrqdo prgho wkdw

fruuhvsrqghg gluhfwo| wr wkh ixoo YDU prgho/ fi1 htxdwlrq +81:,1 Wkh hqgrjhqrxv yduldeohv kdyh

irxu odjv zkloh uhodwlyh fkdqjhv lq wkh frqglwlrqlqj yduldeohv/ üUEi > ürlos dqg üfsli > hqwhu

xquhvwulfwhg zlwk xs wr 5 dqg 6 odjv/ uhvshfwlyho|1 Gxh wr frqglwlrqlqj rq rlos/ wkh lpsxovh

gxpp| iru wkh Jxoi Zdu +lg<3t6 , dovr ehfdph lqvljqlñfdqw dw wkh 8( ohyho exw qrw wkh gxpplhv

iru RSHF L dqg wkh rlo sulfh ulvh lq 4<<:/ RS4/ RS4ý4 dqg lg<:t4/ uhvshfwlyho|1 Wkh prgho zdv
hvwlpdwhg zkhq fsliwý4> UE

i
wý4> rloswý4> RS5 dqg w zhuh uhvwulfwhg wr wkh frlqwhjudwlrq vsdfh zkloh

wkh uhpdlqlqj gxpp| yduldeohv dqg wkh frqvwdqw whup hqwhuhg xquhvwulfwhg1

Wkh uhvlgxdov iurp wkh frqglwlrqdo prgho dsshdu wr kdyh wkh vdph surshuwlhv dv wkh uhvlgxdov

iurp wkh ixoo YDU prgho1 Wkhuh duh qr vljqlñfdqw ylrodwlrqv ri wkh k|srwkhvhv ri qr uhvlgxdo

dxwrfruuhodwlrq xs wr rughu 8/ qr khwhurvfhgdvwlflw| xs wr rughu 7 dqg qr ylrodwlrq ri wkh qrupdolw|

dvvxpswlrq iru prvw ri wkh uhvlgxdov h{fhsw wkh UE0uhvlgxdov/ dv hduolhu1 Iljxuh 819 lqglfdwhv wkdw

wkh prgho kdv idluo| vwdeoh sdudphwhuv/ lq sduwlfxodu wkh htxdwlrqv iru wkh qrplqdo h{fkdqjh udwh

dqg frqvxphu sulfhv1 Wkhuh duh vljqv ri fkdqjhv lq wkh UE dqg IL1\ htxdwlrqv/ exw qrw vwurqjhu

wkdq lq wkh ixoo YDU prgho/ fi1 ñjxuh 8171

Sdqho LL ri wdeoh 817 whvwv frqglwlrq +5, iru wkh zhdn h{rjhqhlw| ri fsli / UEi dqg rlos e| whvwlqj

zkhwkhu rlos hqwhuv dq| ri wkh htxdwlrqv iru wkh hqgrjhqrxv yduldeohv149 Wkh whvwv duh vlplodu wr

wkh whvwv shuiruphg lq sdqho LLL ri wdeoh 816 dqg duh frqgxfwhg xqghu wkh dvvxpswlrq ri u @ 7=

Frqglwlrq +5, vhhpv wr eh vdwlvñhg iru doo ri wkh htxdwlrqv zkhq whvwhg htxdwlrq e| htxdwlrq dqg

mrlqwo| iru doo htxdwlrqv/ dw durxqg wkh 8( ohyho1

rlos grhv qrw kdyh vwdwlvwlfdoo| vljqlñfdqw hòhfw rq dq| ri wkh hqgrjhqrxv yduldeohv lq wkh

frqglwlrqdo prgho ri wdeoh 817/ dqg lv wkhuhiruh ohiw rxw iurp wkh prgho wrjhwkhu zlwk RS5/ dqg

wkh wuhqg w1 Wkh wuhqg dsshduhg wr eh uhohydqw rqo| lq wkh rlo sulfh yhfwru/ eñ7> vhh sdqho L lq wdeoh
8161 Wdeoh 818 suhvhqwv d frqglwlrqdo prgho zlwkrxw wkhvh yduldeohv/ ghqrwhg dv wkh sduvlprqlrxv

frqglwlrqdo YDU prgho1

Wkh uhvlgxdo surshuwlhv iurp wkh frqglwlrqdo prgho lq wdeoh 817 vhhp wr kdyh fduulhg ryhu zkhq

mxgjhg dw wkh 8( ohyho1 Wkh uhvlgxdo vwdqgdug huuruv kdyh voljkwo| lqfuhdvhg iru doo htxdwlrqv1 Lq

dgglwlrq/ wkh whvwv iru sdudphwhu vwdelolw| vkrzv uhodwlyho| vwurqjhu vljqv ri sdudphwhu lqvwdelolw|

lq 4<<:/ pdlqo| ehfdxvh ri wkh IL1\ htxdwlrq/ vhh ñjxuh 81:1

�SûL|i |ü@| ðu UL?_ð|ðL? E2ä ðt t@|ðt�i_c UTðs c +îs U@? Mi hi}@h_i_ @t êi@!*) i L}i?Lýt uLh |üi T@h@4i|iht Lu
ð?|ihit| iñi? ðu |üi) hitTL?_ |L Lð*Të
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Wdeoh 817= Wkh frqglwlrqdo YDU prgho1
Phwkrg= Mrkdqvhq
Frqglwlrqdo YDU prgho ri rughu= 7
Hqgrjhqrxv yduldeohv +\ ,= h/ fsl/ UE dqg IL1\

Frqglwlrqdo yduldeohv/ uhvwulfwhg= fsliwý4> UE
i
wý4> rloswý4> w dqg RS5

Frqglwlrqdo yduldeohv/ xquhvwulfwhg= üfsliw > ===üfsl
i
wý6> üUE

i
w > ==üUE

i
wý5>

ürlosw> ===ürloswý5> RS4/ RSý4/ lg<:t4/ Frqvwdqw > FV w dqg FV wý5=
Vdpsoh= Vhdvrqdoo| qrq0dgmxvwhg txduwhuo| gdwd/ 4<:5=504<<:=71

L1 Vlqjoh htxdwlrq dqg v|vwhp gldjqrvwlfv
Idu>4ý8+8> 94, "5qg+5, Ikhw>[l5 +74> 57, Idufk>4ý7+7> 8;, eâ

h 41:3^3148` 4169^3184` 315:^4133` 3153^31<7` 1344<
fsl 4195^314:` 4159^3186` 317;^31<;` 3148^31<9` 13383
UE 4175^3156` ;196^3134`ú 316;^4133` 317:^31:9` 13369
IL1\ 41;4^3145` 3183^31:;` 31<5^3194` 317<^31:8` 1347<

Iydu>4ý8+;3> 4:5, "5>yqg +;, Iykhw> [l5+743> 4:8,

YDU 4137^3175` 4315;^3158` 3168^4133`

LL1 Whvwlqj zhdn h{rjhqhlw|/ frqglwlrq +5,= ò|} ý $ò}} @ 3=
m "5+7,

h = hñ3 _ òh> 7 @ 3> = 9=78^3=4:`

fsl = hñ3 _ òfsl> 7 @ 3> = 9=74^3=4:`

UE hñ3 _ òUE> 7 @ 3> = 43=63^3=37`ú

IL=\ = hñ3 _ òIL=\> 7 @ 3> = 7=:3^3=65`

"5+<,hñ3 _ òh> 7 @ òfsl> 7 @ òUE> 7 @ òIL=\> 7 @ 3> = 49=87^3=39`

ûL|i= hñ3ðt _i�?i_ @t ð? |@M*i Dëôë 5ii |@M*i eë� uLh _i|@ð*t @MLý| |üi |it|të

817141 Frlqwhjudwlrq dqdo|vlv zlwklq wkh sduvlprqlrxv frqglwlrqdo YDU prgho

Wkh frlqwhjudwlrq dqdo|vlv surfhhgv xqghu wkh dvvxpswlrq ri wkuhh frlqwhjudwlqj uhodwlrqv/ u @ 6>

vlqfh wkh 7wk frlqwhjudwlqj whup rlos kdv ehhq ohiw rxw iurp wkh frqglwlrqdo prgho1 Wkh uhpdlqv

ri ñ dqg ò pdwulfhv fdq eh lqwhusuhwhg dv ñ| dqg ò|| / dv lq htxdwlrq +81:,1 Wdeoh 819 uhsruwv wkh

uhvxowv zkhq uhvwulfwlrqv duh sodfhg rq ñ3| dqg ò|| pdwulfhv1
Sdqho L vkrzv wkdw wkh SSS k|srwkhvlv/ XLS k|srwkhvlv dqg wkh vwdwlrqdulw| ri IL1\ duh qrw

uhmhfwhg dw wkh 8( ohyho / zkhq whvwhg lqglylgxdoo| ru mrlqwo|1 Iljxuh 81; glvsod|v wkh whvw vwdwlvwlfv

zkhq SSS uhvwulfwlrqv ghñqhg e| eñ34 duh lpsrvhg uhfxuvlyho|1 Wkh ñjxuh lqglfdwhv wkdw wkh SSS
k|srwkhvlv lv _hdvlo|% dffhswhg e| wkh gdwd/ dw ohdvw iurp 4<;81 Qrwlfh dovr wkdw wkh lqwhuhvw udwh

vsuhdg +UE0UEi , lv qr orqjhu dphqghg e| wkh qrplqdo h{fkdqjh udwh +h,> zklfk lpsolhv wkdw wkh

lqwhuhvw udwh vsuhdg lv vwdwlrqdu| e| lwvhoi1

Sdqho LL ri wdeoh 819 uhsruwv wkh xquhvwulfwhg hvwlpdwhv ri wkh hohphqwv ri wkh ò|| pdwul{ zkhq

doo urzv ri ñ3| pdwul{ duh uhvwulfwhg/ dv vkrzq lq sdqho L1 Wkh ñuvw urz frqwdlqv wkh hvwlpdwhg

zhljkwv ri wkh wkuhh frlqwhjudwlqj yhfwruv lq wkh qrplqdo h{fkdqjh udwh htxdwlrq1 Wkh hvwlpdwhg

zhljkwv duh frqvlvwhqw zlwk wkh uhvxowv iurp wkh ixoo YDU prgho lq wdeoh 8161 Wkh| lqglfdwh wkdw

rqo| wkh SSS yhfwru eñ34[ hqwhuv vljqlñfdqwo| lq wkh qrplqdo h{fkdqjh udwh htxdwlrq zlwk d zhljkw

ri 031441 Wklv zhljkw lv txlwh forvh wr wkh hvwlpdwhg zhljkw zlwklq wkh ixoo YDU prgho/ 03145/
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Iljxuh 819= Frqvwdqf| vwdwlvwlfv iru wkh irxu htxdwlrq frqglwlrqdo YDU prgho lq wdeoh 8171 Wrs
sdqho= Rqh0vwhs uhvlgxdov ÷5VHw1 Plggoh sdqho= Fkrz vwdwlvwlfv iru hdfk ri wkh irxu htxdwlrqv1
Erwwrp sdqho= Fkrz vwdwlvwlfv iru wkh frqglwlrqdo v|vwhp1 Doo Fkrz vwdwlvwlfv duh vfdohg e| wkhlu
+rqh0rò, fulwlfdo ydoxhv dw wkh 8( ohyho ri vljqlñfdqfh1 Wkh lqlwldo hvwlpdwlrq shulrg lv 4<:5=50
4<;7=71

fi1 dovr dsshqgl{ F1 Wkh forvhqhvv ri wkhvh hvwlpdwhv vxssohphqw wkh hylghqfh lq idyrxu ri wkh

suhvxphg zhdn h{rjhqhlw| ri UEi > fsli dqg rlos/ dw ohdvw iru wkh sdudphwhuv ri lqwhuhvw lq wkh

qrplqdo h{fkdqjh udwh htxdwlrq1 Wkh vhfrqg urz ri wkh hvwlpdwhg ò|| pdwul{ lqglfdwhv wkdw üfsl

uhvsrqgv srvlwlyho| wr ghyldwlrq iurp wkh sxufkdvlqj srzhu sdulw| dqg wr wkh lqwhuhvw udwh vsuhdg1

Wkh vsuhdg fdq eh lqwhusuhwhg dv wkh h{shfwhg udwh ri ghsuhfldwlrq/ lq dffrugdqfh zlwk wkh XLS

k|srwkhvlv1 Wkh xquhvwulfwhg hvwlpdwhv ri wkh hohphqwv ri wkh ò|| pdwul{ dovr vxjjhvw wkdw eñ34[ lv

vljqlñfdqw qhlwkhu lq wkh üUE htxdwlrq qru lq wkh üIL=\ htxdwlrq1

Wkh xquhvwulfwhg hvwlpdwh ri wkh zhljkw ri IL=\wý4 lq wkh üIL=\ htxdwlrq lv lqvljqlñfdqw dw

wkh 8( ohyho / zlwk d w0ydoxh ri 041571 Wkh hvwlpdwhg zhljkw ri wkh lqwhuhvw udwh vsuhdg lq wkh üUE

htxdwlrq lv dovr d erughuolqh fdvh zlwk d w0ydoxh ri 041<71 Wkh lqvljqlñfdqfh ri IL=\ pljkw rzh

wr lqdghtxdwh prghoolqj ri üIL=\> zklfk jhqhudoo| ohdgv wr kljkhu vwdqgdug huuruv ri uhvlgxdov

dqg frhïflhqw hvwlpdwhv dqg wr eldvhg frhïflhqw hvwlpdwhv1 Wklv lqwhusuhwdwlrq ohqgv vxssruw

iurp wkh DGI whvw zkhuh xs wr : odjv ri üIL=\ duh vljqlñfdqw zkloh wkh frhïflhqw hvwlpdwh

ri IL=\wý4 lv 03195> vhh wdeoh 8141 Wklv vxjjhvwv wkdw d odujhu lqirupdwlrq vhw/ dqg ru yduldeohv
ri pruh uhohydqfh iru wkh ehkdylrxu ri üIL=\ duh uhtxluhg wr rewdlq pruh suhflvh hvwlpdwhv ri

IL=\wý4 dqg lq prghoolqj üIL=\= Vlploduo|/ wkh üUE htxdwlrq pljkw dovr ehqhñw iurp d zlghqlqj
ri wkh lqirupdwlrq vhw/ h1j1 e| lqfoxglqj vkruw whup grphvwlf dqg iruhljq lqwhuhvw udwhv1 Pruhryhu/

e| wdnlqj surshu dffrxqw ri uhjxodwlrqv rq fdslwdo pryhphqwv/ lq sduwlfxodu gxulqj wkh 4<:3v

dqg wkh hduo| 4<;3v1 Iru lqvwdqfh/ e| doorzlqj iru vhsdudwh htxloleulxp whupv ehiruh dqg diwhu
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Wdeoh 818= Wkh sduvlprqlrxv frqglwlrqdo YDU prgho1
Phwkrg= Mrkdqvhq
Frqglwlrqdo YDU prgho ri rughu= 7
Hqgrjhqrxv yduldeohv +\ ,= h/ fsl/ UE dqg IL1\

Frqglwlrqdo yduldeohv/ uhvwulfwhg= fsliwý4 dqg UE
i
wý4

Frqglwlrqdo yduldeohv/ xquhvwulfwhg= üfsliw > ===üfsl
i
wý6> üUE

i
w > ===üUE

i
wý5>

ürlosw> ===ürloswý5> RS4/ RSý4/ lg<:t4/ Frqvwdqw > FV w dqg FV wý5=
Vdpsoh= Vhdvrqdoo| qrq0dgmxvwhg txduwhuo| gdwd/ 4<:5=504<<:=71

L1 Vlqjoh htxdwlrq dqg v|vwhp gldjqrvwlfv
Idu>4ý8+8> 97, "5qg+5, Ikhw>[l5 +69> 65, Idufk>4ý7+7> 94, eâ

h 41:4^3148` 4157^3187` 3166^4133` 3138^31<<` 13455
fsl 414<^3165` 51<<^3155` 317:^31<6` 3144^31<;` 13387
UE 41;5^3145` 43164^3134`ú 317;^31<;` 3173^31;4` 13369
IL1\ 3188^31:7` 415;^3186` 4164^3155` 4155^3164` 13487

Iydu>4ý8+;3> 4;6, "5>yqg +;, Iykhw> [l5+693> 583,

YDU 4136^3177` 461;6^313<` 317;^41333`
ûL|iG 5ii |@M*i eë� uLh _i|@ð*t @MLý| |üi |it|të

wkh glvpdqwolqj ri Qruzhjldq iruhljq h{fkdqjh udwh uhjxodwlrqv lq 4<<3/ fi1 ñjxuh 8141 D pruh

vdwlvidfwru| prghoolqj ri üIL=\ dqg üUE lv krzhyhu qrw dprqj wkh pdlq frqfhuqv ri wklv vwxg|

dqg lv wkhuhiruh qrw sxuvxhg ixuwkhu1

Sdqho LLL whvwv uhvwulfwlrqv rq wkh ihhgedfn frhïflhqwv +zhljkwv, mrlqwo| zlwk wkh uhvwulfwlrqv

rq wkh ñ3| pdwul{ +lq doo fdvhv exw rqh, dqg vxssruw wkh lpsuhvvlrq iurp sdqho LL1 Wkh ñuvw urz

vkrzv wkdw wkh h{foxvlrq ri wkh vhfrqg dqg wkh wklug frlqwhjudwlqj uhodwlrqv iurp wkh qrplqdo

h{fkdqjh udwh htxdwlrq lv dffhswhg dw d s0ydoxh ri 313<1 Wkh whvwv lq wkh vhfrqg/ wklug dqg wkh

irxuwk urz vxjjhvw wkdw fsl dgmxvwv wr glyhujhqfh iurp SSS/ wkdw lv/ òfsl>4 lv qrw }hur= Wkh vhfrqg

dqg wkh wklug urz ri sdqho LLL vkrzv wkdw wkh zhdn h{rjhqhlw| ri fsl iru doo frlqwhjudwlqj uhodwlrqv

lv uhmhfwhg dw wkh 8( ohyho1 Wkh irxuwk urz whvwv h{solflwo| iru wkh devhqfh ri wkh SSS yhfwru +eñ34[,
iurp wkh frqvxphu sulfh htxdwlrq dqg vkrzv uhmhfwlrq dw wkh 8( ohyho1 Wkh uhpdlqlqj whvwv lq

sdqho LLL whvw zkhwkhu wkh SSS yhfwru lv devhqw iurp wkh htxdwlrqv iru UE dqg IL1\/ htxdwlrq e|

htxdwlrq dqg mrlqwo|1 Lq sduwlfxodu/ wkh ñqdo urz whvwv wkh devhqfh ri wkh lqwhuhvw udwh vsuhdg dqg

IL1\/ mrlqwo| zlwk wkh devhqfh ri wkh SSS yhfwru iurp wkh UE dqg IL1\ htxdwlrqv1 Wkh lpsrvhg

uhvwulfwlrqv duh qrw uhmhfwhg zkhq mxgjhg dw wkh 8( ohyho1

Sdqho LY vkrzv wkh wkuhh orqj uxq uhodwlrqv wrjhwkhu zlwk wkhlu zhljkwv lq wkh irxu htxdwlrqv

iru wkh hqgrjhqrxv yduldeohv1 Wkh ò|| pdwul{ kdv ehhq lpsrvhg wzr dgglwlrqdo }hur uhvwulfwlrqv/

uhodwlyh wr wkh odvw urz lq sdqho LLL1 Wkhvh mrlqw uhvwulfwlrqv duh dovr whvwhg uhfxuvlyho| iurp 4<;8

dqg rqzdugv lq ñjxuh 81;1 Wkh judskhg ydoxhv ri wkh whvw vwdwlvwlfv gr qrw vkrz uhmhfwlrq ri wkhvh

dw wkh 8( ohyho/ lq dq| shulrg iurp 4<;8 wr wkh hqg ri wkh vdpsoh lq 4<<:=71

Wkh hohphqwv ri wkh ò|| pdwul{ duh pruh suhflvho| hvwlpdwhg lq sdqho LY vlqfh wkhlu hvwlpdwhg

vwdqgdug huuruv duh voljkwo| orzhu wkdq lq sdqho LL1 Wdnhq dw idfh ydoxh/ wkh hvwlpdwh ri eòh>4 >
qrz 0313;:/ lv voljkwo| orzhu wkdq wkh xquhvwulfwhg hvwlpdwh ri 031441 Wkh eò|| pdwul{ vkrz wkdw
IL=\ rqo| dgmxvwv wr lwv rzq ohyho dqg wkdw rqo| UE dsshduv wr uhvsrqg wr wkh ohyho ri IL=\= D

mrlqw whvw zlwk d }hur uhvwulfwlrq rq IL=\ lq wkh üUE0htxdwlrq lv krzhyhu dffhswhg dw wkh 8(

ohyho1 Wkh "5+49, whvw vwdwlvwlfv lv 581< zlwk dw s0ydoxh ri 31391 Wklv lpsolhv wkdw IL=\ fdq eh

78



Wdeoh 819= Whvwv iru orqj uxq uhodwlrqv dqg zhdn h{rjhqhlw|/ frqglwlrqdo YDU prgho1
L1 Whvwlqj k|srwkhvhv e| uhvwulfwlrqv rq urzv ri ñ3|

h fsl UE IL=\ fsli UEi "5+6,

4 eñ34 = 4 ý4 3 3 4 3 = 5=56^3=86`

5 eñ35 = 3 3 4 3 3 ý4 = :=44^3=3:`

6 eñ36 = 3 3 3 4 3 3 = 9=:7^3=3;`eñ3| = eñ34 _ eñ35 _ eñ36 = "5+<, @ 4:=58 ^3=38`
LL1 Xquhvwulfwhg hvwlpdwhv ri ò||

eò|| 4 5 6
üh = eòh>4 eòh>5 eòh>6
üfsl = eòfsl>4 eòfsl>5 eòfsl>6
üUE = eòUE>4 eòUE>5 eòUE>6
üIL=\ = eòIL=\>4 eòIL=\>5 eòIL=\>6

@

eò|| 4 5 6
üh = ý 3=445

+3=38<,
ý 3=367
+3=437,

ý 3=3;4
+3=47<,

üfsl = 3=388
+3=359,

3=453
+3=379,

3=385
+3=39:,

üUE = ý 3=34:
+3=34:,

ý 3=393
+3=364,

ý 3=3;:
+3=377,

üIL=\ = ý 3=34<
+3=3:7,

ý3=338
+3=464,

ý 3=567
+3=4;<,

LLL1 Whvwlqj zhdn h{rjhqhlw|

4= eñ3 _ òh>5 @ òh>6 @ 3> "5+44, 4:=9<^3=3<`

5= òfsl>4 @ òfsl>5 @ òfsl>6 @ 3> "5+6, @ 53=6<^3=35`ú

6= eñ3 _ òfsl>4 @ òfsl>5 @ òfsl>6 @ 3> "5+45, @ 59=<3^3=34`úú

7= eñ3 _ òfsl>4 @ 3> "5+43, @ 56=67^3=34`úú

8= eñ3 _ òUE>4 @ 3> "5+43, @ 4;=9;^3=38`

9= eñ3 _ òIL=\>4 @ 3> "5+43, @ 4:=67^3=3:`

:= eñ3 _ òUE>4 @ òIL=\>4 @ 3> "5+44, @ 4;=;9^3=39`

;= eñ3 _ òUE>4 @ òIL=\>4 @ òh>5 @ òh>6 @ 3> "5+46, 4<=5;^3=45`

LY1 eò||eñ3|[
eò||eñ3|[ @

59999997
üh = ý 3=3;:

+3=36<,
3 3

üfsl = 3=384
+3=354,

3=43;
+3=374,

3

üUE = 3 ý 3=373
+3=356,

ý 3=3:4
+3=369,

üIL=\ = 3 3 ý 3=538
+3=487,

6::::::8

599997
hý +fslý fsli ,

UE ýUEi

IL=\

6::::8 >
="5+48, @ 53=97^3=48`

ûL|i= Aüi hitý*|t ð? |üðt |@M*i @hi M@ti_ L? |üi 4L_i* ð? |@M*i DëDë
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Iljxuh 81:= Frqvwdqf| vwdwlvwlfv iru wkh irxu htxdwlrq frqglwlrqdo YDU prgho lq wdeoh 8181 Wrs
sdqho= Rqh0vwhs uhvlgxdov ÷5VHw1 Plggoh sdqho= Fkrz vwdwlvwlfv iru hdfk ri wkh irxu htxdwlrqv1
Erwwrp sdqho= Fkrz vwdwlvwlfv iru wkh frqglwlrqdo v|vwhp1 Doo Fkrz vwdwlvwlfv duh vfdohg e| wkhlu
+rqh0rò, fulwlfdo ydoxhv dw wkh 8( ohyho ri vljqlñfdqfh1 Wkh lqlwldo hvwlpdwlrq shulrg lv 4<:5=50
4<;7=71

wuhdwhg dv d zhdno| h{rjhqrxv yduldeoh zkhq prghoolqj h> fsl dqg UE1 Wklv/ krzhyhu/ grhv qrw

dsso| wr UE zkhq prghoolqj wkh qrplqdo h{fkdqjh udwh1 Hyhq wkrxjk eñ34[ lv devhqw iurp wkh

UE htxdwlrq/ fi1 frqglwlrq +4,/ lw _vkduhv% eñ35[ zlwk wkh fsl htxdwlrq wkdw frqwdlqv eñ34[= Khqfh
UE lv qrw zhdno| h{rjhqrxv iru eñ341 Frqvhtxhqwo|/ ydolg lqihuhqfh rq wkh orqj uxq sdudphwhuv
lq wkh qrplqdo h{fkdqjh udwh htxdwlrq lv qrw zduudqwhg rq wkh edvlv ri d frqglwlrqdo prgho iru

wkh qrplqdo h{fkdqjh udwh dorqh1 Lw uhtxluhv d mrlqw frqglwlrqdo prgho iru dw ohdvw h> fsl dqg

UE14:Ixuwkhupruh/ d fkdqjh lq wkh surfhvv iru rqh ri wkh yduldeohv lv olnho| wr lqgxfh d fkdqjh lq

wkh surfhvv iru wkh rwkhu yduldeoh1

Wr vxppdulvh/ wkh uhvxowv iurp wkh +sduvlprqlrxv, frqglwlrqdo YDU prgho duh frqvlvwhqw zlwk

wkh uhvxowv iurp wkh ixoo YDU prgho1 Dffruglqjo|/ wkh v|pphwu| dqg sursruwlrqdolw| uhvwulfwlrqv

lpsolhg e| wkh SSS wkhru| duh qrw uhmhfwhg1 Pruhryhu/ rlo sulfhv dqg ñqdqfldo lqyhvwphqw deurdg

gr qrw kdyh orqj uxq hòhfwv rq wkh qrplqdo h{fkdqjh udwh1 Wkhlu hòhfwv rq wkh grphvwlf frqvxphu

sulfhv dqg lqwhuhvw udwhv kdyh dovr ehhq irxqg wr eh lqvljqlñfdqw1 Grphvwlf frqvxphu sulfhv uh0

vsrqg srvlwlyho| wr wkh lqwhuhvw udwh vsuhdg/ zklfk fdq eh lqwhusuhwhg dv dq lqglfdwru ri h{shfwhg

ghsuhfldwlrq1 Pruh lpsruwdqwo|/ wkh| uhvsrqg wr ghyldwlrq iurp wkh SSS lq d vwdwlvwlfdoo| vljqlñ0

fdqw zd|/ dqg frqwulexwh wr uh0hvwdeolvk wkh sxufkdvlqj srzhu sdulw| lq wkh orqj uxq1 Wklv lv qrw

�.ú*|ih?@|ðñi*)c ñ@*ð_ ð?uihi?Ui L? |üi T@h@4i|iht Lu ð?|ihit| ð? |üi ?L4ð?@* i Uü@?}i h@|i i^ý@|ðL? hi^ýðhit éLð?|
4L_i**ð?} Lu UTðë V@*ð_ 4L_i**ð?} Lu UTðc üLêiñihc U@??L| Mi Týhtýi_ ý?*itt +î ðt 4L_i**i_ë
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Iljxuh 81;= Uhfxuvlyh hqfrpsdvvlqj whvwv iru wkh frqglwlrqdo YDU prgho lq wdeoh 8181 Wkh xsshu
judsk vkrzv wkh uhfxuvlyh whvw vwdwlvwflv zkhq rqo| wkh SSS uhvwulfwlrqv duh lpsrvhg1 Wkh orzhu
judsk vkrzv wkh uhfxuvlyh vwdwlvwflv zkhq doo uhvwulfwlrqv ghñqhg lq sdqho LLL ri wkh wdeoh duh mrlqwo|
lpsrvhg1 Wkh lqlwldo hvwlpdwlrq shulrg lv 4<:5=504<;7=71

rqo| frqvlvwhqw zlwk wkh ylhz wkdw wkh SSS lv d wkhru| iru erwk wkh qrplqdo h{fkdqjh udwh dqg

sulfhv/ exw dovr zlwk wkh Vfdqglqdyldq prgho ri lqðdwlrq/ vhh vxevhfwlrq 5161

Së çL?U*ýtðL?t

Ghvslwh wkh hphujlqj frqvhqvxv rq wkh ydolglw| ri sxufkdvlqj srzhu sdulw| +SSS, ehwzhhq wudglqj

frxqwulhv lq wkh orqj uxq/ lw lv frpprqo| uhmhfwhg lq gdwd suhgrplqdqwo| h{srvhg wr uhdo vkrfnv1

Wklv sdshu kdv suhvhqwhg qryho uhvxowv djdlqvw wklv edfnjurxqg1 Lw kdv whvwhg iru SSS ehwzhhq

Qruzd| dqg lwv wudglqj sduwqhuv e| h{dplqlqj lwv lpsolfdwlrqv iru wkh ehkdylrxu ri uhdo dqg qrplqdo

h{fkdqjh udwhv1 Wkh hpslulfdo uhvxowv kdv ehhq edvhg rq txduwhuo| gdwd iurp wkh srvw Euhwwrq

Zrrgv shulrg lq zklfk wkh Qruzhjldq hfrqrp| kdv ehhq h{srvhg wr qxphurxv uhdo vkrfnv vxfk

dv glvfryhulhv ri rlo dqg jdv uhvrxufhv dqg wkhlu uhydoxdwlrqv wkurxjk pdmru vkrfnv wr rlo sulfhv1

Qhyhuwkhohvv/ wkh hpslulfdo hylghqfh rewdlqhg e| hpsor|lqj d zlgh udqjh ri hpslulfdo prghov kdv

ehhq irxqg wr eh frqvlvwhqw zlwk wkh SSS wkhru|1

Wkh hylghqfh vxjjhvwv wkdw wkh uhdo h{fkdqjh udwh lv d vwdwlrqdu| surfhvv zklfk frqyhujhv

wrzdugv dq htxloleulxp ohyho wkdw kdv ehhq uhpdundeo| vwdeoh ryhu prvw ri wkh vdpsoh shulrg1

Pruhryhu/ wkh kdoi olih ri d jlyhq ghyldwlrq iurp wkh htxloleulxp udwh lv derxw 4 dqg 425 |hduv/

zklfk lv uhodwlyho| idvw zkhq frpsduhg zlwk wkh frqvhqvxv hvwlpdwhv iurp wkh ydvw SSS olwhudwxuh1

Wkh phdvxuh ri kdoi olih kdv ehhq vkrzq wr glvjxlvh idluo| odujh yduldwlrq lq wkh vshhg ri dgmxvwphqw

ryhu wlph/ krzhyhu1 Wkh v|pphwu| dqg sursruwlrqdolw| uhvwulfwlrqv lpsolhg e| wkh SSS wkhru| duh

qrw uhmhfwhg dqg wkh dgglwlrqdo yduldeohv/ lqfoxglqj rlo sulfhv/ kdyh qrw ehhq irxqg wr kdyh orqj uxq

hòhfwv rq wkh qrplqdo h{fkdqjh udwh dqg sulfhv1 Ixuwkhupruh/ wkh SSS wkhru| kdv ehhq irxqg wr

fkdudfwhulvh wkh orqj uxq ehkdylrxu ri erwk wkh qrplqdo h{fkdqjh udwh dqg grphvwlf sulfhv1 Erwk
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yduldeohv uhvsrqg wr ghyldwlrqv iurp wkh SSS dqg frqwulexwh wr uh0hvwdeolvk wkh sdulw| lq wkh orqj

uxq1 Wkh uhvsrqvh ri wkh qrplqdo h{fkdqjh udwh lv krzhyhu irxqg wr eh doprvw wzlfh wkh vl}h ri

wkdw iru wkh grphvwlf sulfhv1

Wkh uhodwlyho| idvw frqyhujhqfh ri wkh uhdo h{fkdqjh udwh wrzdugv lwv htxloleulxp udwh kdv ehhq

lqwhusuhwhg dv d uhðhfwlrq ri wkh dfwlyh xvh ri ghydoxdwlrqv xqwlo wkh plg ri 4<;9/ fhqwudolvhg zdjh

edujdlqlqj dqg wr srvvleo| vwurqj lqwhuqdwlrqdo duelwudjh suhvvxuh rzlqj wr wkh rshqqhvv ri wkh

Qruzhjldq hfrqrp|1 Wkh uhodwlyho| vwurqj uhvsrqvh ri wkh qrplqdo h{fkdqjh udwh wr ghyldwlrqv

iurp wkh sdulw|/ frpsduhg zlwk wkdw ri grphvwlf sulfhv/ lv frqvlvwhqw zlwk wklv lqwhusuhwdwlrq1

Wkh hpslulfdo dqdo|vlv vkrzv wkdw wkh surfhvvhv ghwhuplqlqj wkh h{fkdqjh udwh/ frqvxphu sulfhv

dqg lqwhuhvw udwhv duh lqwhughshqghqw/ l1h1 qrw zhdno| h{rjhqrxv iru hdfk rwkhuv orqj uxq sdudph0

whuv1 Lw iroorzv wkdw d fkdqjh lq wkh surfhvv iru rqh ri wkh yduldeohv lv olnho| wr lqgxfh d fkdqjh lq

wkh surfhvv iru wkh rwkhu yduldeohv1 Iru lqvwdqfh/ d fkdqjh iurp h{fkdqjh udwh wdujhwlqj wr lqðdwlrq

wdujhwlqj lpsolhv d vlpxowdqhrxv fkdqjh lq wkh h{fkdqjh udwh surfhvv/ iurp vwdeoh wr ðrdwlqj/ dqg

lq wkh lqwhuhvw udwh surfhvv1 Lq wkh odwwhu fdvh/ lqwhuhvw udwhv zloo qr orqjhu vkdgrz wkh iruhljq

lqwhuhvw udwhv wr nhhs wkh h{fkdqjh udwh vwdeoh exw ehfrph pruh dwwxqhg wr wkh grphvwlf dfwlylw|

ohyho lq rughu wr dfklhyh wkh lqðdwlrq wdujhw1 Lw lv wkhuhiruh qrw xqolnho| wkdw d fkdqjh iurp h{0

fkdqjh udwh wdujhwlqj wr lqðdwlrq wdujhwlqj dòhfwv wkh sulfh ghwhuplqlqj surfhvv/ dv srlqwhg rxw

e| Kroghq +4<<:, dqg Uágvhwk +4<<:d, lqwhu dold1

Wklv sdshu kdv dujxhg wkdw rqh qhhgv wr wdnh lqwr dffrxqw lqvwlwxwlrqdo ihdwxuhv ri dq hfrqrp|

lq rughu wr dvvhvv wkh sduwldo hòhfw ri h1j1 d qrplqdo h{fkdqjh udwh uhjlph/ ru fhqwudolvhg zdjh

vhwwlqj/ rq wkh uhdo h{fkdqjh udwh ehkdylrxu1 Dq hpslulfdo dvvhvvphqw kdv krzhyhu ehhq ohiw wr

ixwxuh vwxglhv vlqfh lw lv olnho| wr lqyroyh d furvv frxqwu| gdwd vhw1 Rqh srvvleoh zd| wr surfhhg

zrxog eh wr prgho h1j1 wkh kdoi olih ri d ghyldwlrq iurp d uhdo h{fkdqjh udwh htxloleulxp xvlqj

gdwd rq wkh ghjuhh ri fhqwudolvdwlrq dqg ru frruglqdwlrqv ri zdjh vhwwlqj/ ghjuhh ri rshqqhvv dqg

e| wdnlqj lqwr dffrxqw wkh qdwxuh ri ñvfdo dqg h{fkdqjh udwh srolflhv ri hdfk frxqwu|1 Wkh odwwhu/

srvvleo| e| wdnlqj lqwr dffrxqw wkh ghjuhh ri fhqwudo edqn lqghshqghqfh/ zklfk xvxdoo| pdnh d

fhqwudo edqn ohvv glvsrvhg wr xqghuwdnh ghydoxdwlrqv lq rughu wr pdnh xs iru ghwhulrudwlrq lq wkh

frpshwlwlyhqhvv ri dq hfrqrp|1 D furvv frxqwu| vwxg| dorqj wkh vnhwfkhg olqhv pljkw dgg zhljkw

wr wkh lqwhusuhwdwlrq ri uhvxowv lq wklv sdshu dqg wkurz pruh oljkw rq wkh hpslulfdo uhjxodulwlhv

hqfrxqwhuhg lq wkh SSS olwhudwxuh1

+iuihi?Uit

Dnudp/ T1 I1 +5333,= Zkhq grhv wkh rlo sulfh dòhfw wkh Qruzhjldq h{fkdqjh udwhB Duehlgvqrwdw

B/ Qrujhv Edqn/ Rvor1

Doh{dqghu/ Z1 H1/ M1 K1 Juhhq dqg E1 Duqdvrq +4<<:,= D prqhwdu| srolf| iudphzrun iru Qruzd|=

wkh rswlrqv1 Lq Fkulvwldqvhq/ D1 E1 dqg M1 I1 Tyljvwdg +Hgv,= Fkrrvlqj d prqhwdu| srolf|

wdujhw1 Vfdqglqdyldq Xqlyhuvlw| Suhvv/ Rvor1

Dvodnvhq/ M1 dqg R1 Emhunkrow +4<;9,= Fhuwdlqw| htxlydohqfh phwkrgv lq wkh pdfurhfrqrplf

pdqdjhphqw ri shwurohxp uhvrxufhv1 Lq M1 S1 Qhdu| dqg V1 Y1 Zlmqehujhq +Hgv,= Qdwxudo

uhvrxufhv dqg wkh pdfurhfrqrp|1 Edvlo Eodfnzhoo/ R{irug1

Dxnuxvw/ R1 +4<::,= Lqðdwlrq lq wkh rshq hfrqrp|= Qruzhjldq prgho1 Lq O1 E1 Nohlq dqg Z1 V1

Vadodqw +Hgv,= Zruog zlgh lqðdwlrq1 Wkhru| dqg uhfhqw h{shulhqfh1 Eurrnlqjv1 Zdvklqjwrq
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G1 F1

Edodvvd/ E1 +4<97,= Wkh sxufkdvlqj srzhu grfwulqh= D uhdssudlvdo1 Mrxuqdo ri Srolwlfdo Hfrqrp|/

:5/ 8;70<91

Edqhumhh/ D1/ M1 Grodgr/ M1 Z1 Jdoeudlwk dqg G1 I1 Khqgu| +4<<6,=Fr0lqwhjudwlrq/ huuru0fruuhfwlrq/

dqg wkh hfrqrphwulf dqdo|vlv ri qrq0vwdwlrqdu| gdwd1 R{irug Xqlyhuvlw| Suhvv/ R{irug1

Euxqr/ P1 dqg M1 Vdfkv +4<;5,= Hqhuj| dqg uhvrxufh doorfdwlrq= D g|qdplf prgho ri wkh _Gxwfk

Glvhdvh%1 Uhylhz ri Hfrqrplf Vwxglhv/ 7</ 8/ ;780;8<1

Eædugvhq/ J1 +4<;<,= Wkh hvwlpdwlrq ri orqj uxq frhïflhqwv iurp huuru fruuhfwlrq prghov1 R{irug

Exoohwlq ri Hfrqrplfv dqg Vwdwlvwlfv/ 84/ 67806831

Eædugvhq/ J1 dqg M1 W1 Noryodqg +5333,= Vkdnhq ru vwluuhgB Ilqdqfldo ghuhjxodwlrq dqg wkh

prqhwdu| wudqvplvvlrq phfkdqlvp lq Qruzd|1 Wkh Vfdqglqdyldq Mrxuqdo ri Hfrqrplfv/

iruwkfrplqj1

Fdopiruv/ O1 +4<::,= Lqðdwlrq lq Vzhghq1 Lq O1 E1 Nohlq dqg Z1 V1 Vadodqw +Hgv,= Zruog zlgh

lqðdwlrq1 Wkhru| dqg uhfhqw h{shulhqfh1 Eurrnlqjv1 Zdvklqjwrq G1 F1

Fdopiruv +4<<3,= Zdjh irupdwlrq dqg pdfurhfrqrplf srolf| lq wkh Qruglf frxqwulhv= D vxppdu|1

Lq O1 Fdopiruv +Hg,= Zdjh irupdwlrq lq wkh Qruglf Frxqwulhv1 VQV Iruodj dqg R{irug

Xqlyhuvlw| Suhvv/ R{irug1

Fdopiruv/ O1 dqg M1 Gulïoo +4<;;,= Edujdlqlqj vwuxfwxuh/ frusrudwlvp dqg pdfurhfrqrplf shu0

irupdqfh1 Hfrqrplf Srolf|/ 9/ 470941

Fkulvwldqvhq/ D1 E1 dqg M1 I1 Tyljvwdg +4<<:,= Fkrrvlqj d prqhwdu| srolf| wdujhw1 Vfdqglqdyldq

Xqlyhuvlw| Suhvv/ Rvor1

Fdvvho/ J1 +4<55,= Prqh| dqg iruhljq h{fkdqjh diwhu 4<471 Frqvwdeoh ) Fr1 OWG1 Orqgrq1

Fkhxqj/ \1 Z1 dqg N1 V1 Odl +4<<6,= Ilqlwh vdpsoh vl}hv ri Mrkdqvhq*v olnholkrrg udwlr whvwv iru

frlqwhjudwlrq1 R{irug Exoohwlq ri Hfrqrplfv dqg Vwdwlvwlfv/ 88/ 646065;1

Fkhxqj/ \1 Z1 dqg N1 V1 Odl +5333,= Rq furvv0frxqwu| glòhuhqfhv lq wkh shuvlvwhqfh ri uhdo

h{fkdqjh udwhv1 Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ 83/ 6:806<:1

Frughq/ Z1 P1 +4<;5,= H{fkdqjh udwh surwhfwlrq1 Lq U1 Q1 Frrshu/ S1 E1 Nhqhq/ M1 E1 G1 Pdfhgr

dqg M1 Y1 \shuvhoh1 +hgv,= Wkh lqwhuqdwlrqdo prqhwdu| v|vwhp xqghu ðh{leoh h{fkdqjh udwhv1

Edoolqjhu Sxeolvklqj Frpsdq|/ Fdpseulgjh/ Pdvvdfkxvhwwv1

Frughq/ Z1 P1 +4<;7,= Errplqj vhfwru dqg Gxwfk Glvhdvh hfrqrplfv= Vxuyh| dqg frqvrolgdwlrqv1

R{irug Hfrqrplf Sdshuv/ 69/ 68<06;31

Frughq/ Z1 P1 dqg Qhdu| +4<;5,= Errplqj vhfwru dqg gh0lqgxvwuldolvdwlrq lq d vpdoo rshq

hfrqrp|1 Wkh Hfrqrplf Mrxuqdo/ <5/ 69;/ ;580;7;1

Grruqln/ M1 dqg G1 I1 Khqgu| +4<<9,= Hpslulfdo hfrqrphwulf prghoolqj xvlqj SfJlyh iru Zlq0

grzv1 Wlpehuodnh Frqvxowlqj/ Orqgrq1
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Grruqln/ M1 dqg G1 I1 Khqgu| +4<<:,= Prghoolqj g|qdplf v|vwhpv xvlqj SfIlpo <13 iru Zlqgrzv1

Wlpehuodnh Frqvxowlqj/ Orqgrq1

Grruqln/ M1/ G1 I1 Khqgu| dqg E1 Qlhovhq +4<<<,= Lqihuhqfh lq frlqwhjudwlqj prghov= XN P4 uhylv0

lwhg1 Lq P1 PfDohhu dqg O1 R{oh| +Hgv,= Sudfwlfdo lvvxhv lq frlqwhjudwlrq dqdo|vlv1 Eodfnzhoo

Sxeolvkhuv/ R{irug1

Gxpdv/ E1 +4<<5,= G|qdplf htxloleulxp dqg wkh uhdo h{fkdqjh udwh lq vsdwldoo| vhsdudwhg zruog1

Uhylhz ri Ilqdqfldo Vwxglhv/ 8/ 48604;31

Hglvrq/ K1 dqg M1 W1 Noryodqg +4<;:,= D txdqwlwdwlyh uhdvvhvvphqw ri wkh sxufkdvlqj srzhu

sdulw| k|srwkhvlv= Hylghqfh iurp Qruzd| dqg wkh Xqlwhg Nlqjgrp1 Mrxuqdo ri Dssolhg

Hfrqrphwulfv/ 5/ 63<06661

Hlnd/ W1 dqg N1 D1 Pdjqxvvrq +4<<;,= Glg Qruzd| jdlq iurp wkh 4<:<0;8 rlo sulfh vkrfnB1

Glvfxvvlrq sdshu 5431 Vwdwlvwlfv Qruzd|/ Rvor1

Hqjoh/ F1 dqg M1 K1 Urjhuv +4<<9,= Krz zlgh lv wkh erughuB Dphulfdq Hfrqrplf Uhylhz/ ;9/

4445044581

Hqjoh/ U1 I1 +4<;5,= Dxwruhjuhvvlyh frqglwlrqdo khwhurvfhgdvwlvlw| zlwk hvwlpdwhv ri wkh yduldqfh

ri Xqlwhg Nlqjgrp lqðdwlrqv1 Hfrqrphwulfd/ 83/ <;:0433:1

Hqjoh/ U1 I1/ G1 I1 Khqgu| dqg M1 I1 Ulfkdug +4<;6,= H{rjhqhlw|1 Hfrqrphwulfd/ 84/ 5/ 5::06371

Hulfvvrq/ Q1/ G1 I1 Khqgu| dqg J1 H1 Pl}rq +4<<;,= H{rjhqhlw|/ frlqwhjudwlrq/ dqg hfrqrplf

srolf| dqdo|vlv1 Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv1 49/ 7/ 6:306;:1

Hymhq/ V1 dqg U1 Q|prhq +4<<:,= Kdu vrolgdulwhwvdowhuqdwlyhw elgudww wlo ody oáqqvyhnvw l lqgxv0

wulhqB Duehlgvqrwdw 4<<:251 Qrujhv Edqn/ Rvor1

Iorrg/ U1 dqg Q1 Pdulrq +4<<;,= Shuvshfwlyhv rq wkh uhfhqw fxuuhqf| fulvhv olwhudwxuh1 QEHU

Zrunlqj Sdshu 96;3/ Pdvvdfkxvhwwv1

Iudqnho/ M1 D1 dqg D1 N1 Urvh +4<<8,= Hpslulfdo uhvhdufk rq qrplqdo h{fkdqjh udwhv1 Lq J1

Jurvvpdq dqg N1 Urjrò +Hgv,= Kdqgerrn ri Lqwhuqdwlrqdo Hfrqrplfv/ yro1 LLL/ Fk1 66/

49;<04:5<1 Hovhylhu Vflhqfh E1 Y1

Iurrw/ N1 dqg N1 Urjrò +4<<7,= Shuvshfwlyhv rq SSS dqg wkh orqj uxq uhdo h{fkdqjh udwhv1 QEHU

Zrunlqj Sdshu Qr1 7<851

Jrogehuj/ S1 N1 dqg P1 P1 Nqhwwhu +4<<:,= Jrrgv sulfhv dqg h{fkdqjh udwhv= Zkdw kdyh zh

ohduqhgB Mrxuqdo ri Hfrqrplf Olwhudwxuh1 [[[Y/ 4576045:51

Judqjhu/ F1 Z1 M1 dqg M1 Kdoopdq +4<<4,= Orqj phpru| vhulhv zlwk dwwudfwruv1 R{irug Exoohwlq

ri Hfrqrplfv dqg Vwdwlvwlfv/ 86/ 440591

Judqjhu/ F1 Z1 M1 dqg W1 Whu�dvyluwd +4<<6,= Prghoolqj qrq0olqhdu hfrqrplf uhodwlrqvklsv1 R{irug

Xqlyhuvlw| Suhvv/ R{irug1

Juhhq/ V1 O1/ N1 D1 Prun dqg N1 Yddjh +4<<9,= Shuvlvwhqw vkrfnv dqg wudqvlwru| lqqrydwlrqv lq

fuxgh rlo sulfhv/ 4;9504<<61 Plphr/ Ed|oru Xqlyhuvlw|1

84



Jlevrq/ G1 K1 +4<<9,= Lqwhuqdwlrqdo ñqdqfh= H{fkdqjh udwhv dqg lqwhuqdwlrqdo ðrzv lq wkh lqwhu0

qdwlrqdo v|vwhp1 Orqjpdq Jurxs/ Hqjodqg1

Jlrydqlql/ D1 +4<;;,= H{fkdqjh udwhv dqg wudghg jrrgv sulfhv1 Mrxuqdo ri Lqwhuqdwlrqdo Hfr0

qrplfv/ 57/ 7809;1

Kdogdqh/ D1 J1 +4<<:,= Wkh prqhwdu| iudphzrun lq Qruzd|1 Lq D1 E1 Fkulvwldqvhq dqg M1 I1

Tyljvwdg +Hgv,= Fkrrvlqj d prqhwdu| srolf| wdujhw1 Vfdqglqdyldq Xqlyhuvlw| Suhvv/ Rvor1

Kdoozrrg/ F1 S1 dqg U1 PdfGrqdog +4<<7,= Lqwhuqdwlrqdo prqh| dqg ñqdqfh1 Eodfnzhoo Sxeolvk0

huv/ R{irug1

Kduer/ L1/ V1 Mrkdqvhq/ E1 Qlhovhq dqg D1 Udkehn +4<<;,= D|vpswrwlf lqihuhqfh rq frlqhwjudwlqj

udqn lq sduwldo v|vwhpv1 Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv1 49/ 7/ 6;;06<<1

Khqgu|/ G1 I1 +4<<8,= G|qdplf Hfrqrphwulfv1 R{irug Xqlyhuvlw| Suhvv/ R{irug1

Khqgu|/ G1 I1 dqg J1 H1 Pl}rq +4<<6,= Hydoxdwlqj g|qdplf hfrqrphwulf prghov e| hqfrpsdvv0

lqj wkh YDU1 Lq S1 F1 E1 Skloolsv +Hg,= Prghov/ phwkrgv dqg dssolfdwlrqv ri hfrqrphwulfv1

Eodfnzhoo sxeolvkhuv/ R{irug1

Kroghq/ V1 +4<<:,= Frpphqw rq %D prqhwdu| srolf| iudphzrun iru Qruzd|= wkh rswlrqv% e| Z1

H1 Doh{dqghu/ M1 K1 Juhhq dqg E1 Duqdvrq1 Lq D1 E1 Fkulvwldqvhq dqg M1 I1 Tyljvwdg +Hgv,=

Fkrrvlqj d prqhwdu| srolf| wdujhw1 Vfdqglqdyldq Xqlyhuvlw| Suhvv/ Rvor1

Kruvqhoo/ S1 dqg U1 Pdeur +4<<6,= Rlo pdunhwv dqg sulfhv1 R{irug Xqlyhuvlw| Suhvv/ R{irug1

Lvdug/ S1 +4<<8,= H{fkdqjh udwh hfrqrplfv1 Fdpeulgjh Xqlyhuvlw| Suhvv/ Fdpeulgjh1

Mdfnpdq/ U1 +4<<3,= Zdjh irupdwlrq lq wkh Qruglf frxqwulhv ylhzhg iurp dq lqwhuqdwlrqdo shu0

vshfwlyh1 Lq O1 Fdopiruv +Hg,= Zdjh irupdwlrq lq wkh Qruglf Frxqwulhv1 VQV Iruodj dqg

R{irug Xqlyhuvlw| Suhvv/ R{irug1

Mdutxh/ F1 P1 dqg D1 N1 Ehud +4<;3,= Hïflhqw whvwv iru qrupdolw|/ krprvfhgdvwlflw| dqg vhuldo

lqghshqghqfh ri uhjuhvvlrq uhvlgxdov1 Hfrqrplf Ohwwhuv/ 9/ 588058<1

Mrkdqvhq/ N1 +4<<8,= Qruzhjldq zdjh fxuyhv1 R{irug Exoohwlq ri Hfrqrplfv dqg Vwdwlvwlfv/ 8:/

55<057:1

Mrkdqvhq/ V1 +4<;;,= Vwdwlvwlfdo dqdo|vlv ri frlqwhjudwlrq yhfwruv1 Mrxuqdo ri Hfrqrplf G|qdplf

dqg Frqwuro/ 45/ 56405871

Mrkdqvhq/ V1 +4<<8,= Olnholkrrg edvhg lqihuhqfh lq frlqwhjudwhg yhfwru dxwruhjuhvvlyh prghov1 R{0

irug Xqlyhuvlw| Suhvv/ R{irug1

Mrkdqvhq/ V1 dqg N1 Mxvholxv +4<<5,= Whvwlqj vwuxfwxudo k|srwkhvhv lq d pxowlyduldwh frlqwhjudwlrq

dqdo|vlv ri wkh SSS dqg wkh XLS iru XN1 Mrxuqdo ri Hfrqrphwulfv/ 86/ 54405771

Mruh/ D1 V1/ W1 Vnmhushq dqg D1 U1 Vzhqvhq +4<<;,= Whvwlqj iru sxufkdvlqj srzhu sdulw| dqg

lqwhuhvw udwh sdulwlhv rq Qruzhjldq gdwd1 Vwxglhv lq Dssolhg Lqwhuqdwlrqdo Hfrqrplfv/ 4/

930;71 Zruog Vflhqwlñf Sxeolvklqj/ Vlqjdsruh1
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Mxvholxv/ N1 +4<<5,= Grphvwlf dqg iruhljq hòhfwv rq sulfhv lq dq rshq hfrqrp|= Wkh fdvh ri

Ghqpdun1 Mrxuqdo ri Srolf| Prghoolqj/ 47/ 7/ 734075;1

Nuxjpdq/ S1 +4<:;,= Sxufkdvlqj srzhu sdulw| dqg h{fkdqjh udwhv= Dqrwkhu orrn dw wkh hylghqfh1

Mrxuqdo ri lqwhuqdwlrqdo hfrqrplfv/ ;/ 6<:073:1

Nuxjpdq/ S1 +4<;:,= Sulflqj wr pdunhw zkhq wkh h{fkdqjh udwh fkdqjhv1 Lq V1 Z1 Duqgw dqg

M1 G1 Ulfkdugvrq +Hgv,= Uhdo0ñqdqfldo olqndjhv dprqj rshq hfrqrplhv1 Fdpeulgjh1 Pdv0

vdfkxvhwwv/ PLW Suhvv1

Wd|oru/ P1 S1/ G1 D1 Shho dqg O1 Vduqr +5333,= Qrqolqhdu phdq0uhyhuvlrq lq uhdo h{fkdqjh udwhv=

Wrzdugv d vroxwlrq wr wkh Sxufkdvlqj Srzhu Sdulw| Sx}}ohv1 Lqwhuqdwlrqdo Hfrqrplf Uhylhz/

iruwkfrplqj1

PdfGrqdog/ U1 +4<<8,= Orqj uxq h{fkdqjh udwh prghoolqj= D vxuyh| ri uhfhqw hylghqfh1 LPI

Vwdò Sdshuv/ 75/ 6/ 76:07;91

PdfNlqqrq/ M1 J1 +4<<4,= Fulwlfdo ydoxhv iru fr0lqwhjudwlrq whvwv1 Lq U1 I1 Hqjoh dqg F1 Z1 M1

Judqjhu +Hgv,= Orqj uxq hfrqrplf uhodwlrqvklsv1 R{irug Xqlyhuvlw| Suhvv/ R{irug1

PfFdooxp/ E1 W1 +4<<9,= Lqwhuqdwlrqdo Prqhwdu| Hfrqrplfv1 R{irug Xqlyhuvlw| Suhvv/ R{irug1

Prvfrql/ U1 dqg D1 Udkehn +4<<<,= Frlqwhjudwlrq udqn lqihuhqfh zlwk vwdwlrqdu| uhjuhvvruv lq

YDU prghov1 Hfrqrphwulf Mrxuqdo/ 5/ :90<41

Pxvvd/ P1 +4<;9,= Qrplqdo h{fkdqjh udwh uhjlphv dqg wkh ehkdylrxu ri uhdo h{fkdqjh udwhv=

hylghqfh dqg lpsolfdwlrqv1 Fduqhjlh Urfkhvwhu Frqihuhqfh Vhulhv rq Sxeolf Srolf|/ 58/ 44:0

5471

Qdxj/ E1 +4<<3,= Lpsruwyroxp rj lpsruwsulvhu1 Duehlgvqrwdw 4<<32;/ Qrujhv Edqn/ Rvor1

Qrujhv Edqn +4<;:,= Qruzhjldq iruhljq h{fkdqjh srolf|1 Qrujhv Edqnv Vnuliwvhulh/ Qr1 491

Qrujhv Edqn/ Rvor1

Qrujhv Edqn +4<<8,= Qruzhjldq prqhwdu| srolf| dqg ñqdqfldo pdunhwv1 Qrujhv Edqnv Vnuliwvhulh/

Qr1 581 Qrujhv Edqn/ Rvor1

Qrujhv Edqn +4<<:,= Hfrqrplf Exoohwlq 4<<:241 Qrujhv Edqn/ Rvor1

Qrujhv Edqn +4<<;,= Hfrqrplf Exoohwlq 4<<;271 Qrujhv Edqn/ Rvor1

Q|prhq/ U1 +4<;<,= Prghoolqj zdjhv lq wkh vpdoo rshq hfrqrp|= Dq huuru fruuhfwlrq prgho ri

Qruzhjldq pdqxidfwxulqj zdjhv1 R{irug Exoohwlq ri Hfrqrplfv dqg Vwdwlvwlfv/ 84/ 564058;1

Q|prhq/ U1 +4<<4,= D vpdoo olqhdu prgho ri zdjh dqg sulfh0lqðdwlrq lq wkh Qruzhjldq hfrqrp|1

Mrxuqdo ri Dssolhg Hfrqrphwulfv/ 9/ 588059<1

Rïfhu/ O1 K1 +4<:9,= Wkh sxufkdvlqj srzhu sdulw| wkhru| ri h{fkdqjh udwhv= D uhylhz duwlfoh1

LPI Vwdò Sdshu/ 56/ 40861

Rovhq/ N1 +4<<3,= Wkh glvpdqwolqj ri Qruzhjldq iruhljq h{fkdqjh uhjxodwlrqv1 Hfrqrplf Exoohwlq

4<<326/ Qrujhv Edqn/ Rvor1
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Rovhq/ "1 +4<<:,= Frpphqw rq _Wkh prqhwdu| iudphzrun lq Qruzd|% e| D1 J1 Kdogdqh1 Lq D1

E1 Fkulvwldqvhq dqg M1 I1 Tyljvwdg +Hgv,= Fkrrvlqj d prqhwdu| srolf| wdujhw1 Vfdqglqdyldq

Xqlyhuvlw| Suhvv/ Rvor1

Rvwhuzdog0Ohqxp/ P1 +4<<5,= D qrwh zlwk iudfwlohv ri wkh dv|pswrwlf glvwulexwlrq ri wkh pd{lpxp

olnholkrrg frlqwhjudwlrq udqn whvw vwdwlvwlfv= Irxu fdvhv1 R{irug Exoohwlq ri Hfrqrplfv dqg

Vwdwlvwlfv/ 87/ 79407:51

Sdwho/ M1 +4<<3,= Sxufkdvlqj srzhu sdulw| dv d orqj uxq uhodwlrq1 Mrxuqdo ri Dssolhg Hfrqrphwulfv/

8/ 7/ 69:06:<1

Shuurq/ S1+4<;<,= Wkh juhdw fudvk/ wkh rlo vkrfn dqg wkh xqlw urrw k|srwkhvlv1 Hfrqrphwulfd/ 8:/

4694047351

Udpvh|/ M1 E1 +4<9<,= Whvwv iru vshflñfdwlrq huuruv lq fodvvlfdo olqhdu ohdvw vtxduhv uhjuhvvlrq

dqdo|vlv1 Mrxuqdo ri wkh Ur|do Vwdwlvwlfdo Vrflhw| E/ 64/ 68306:41

Urjrò/ N1 +4<<9,= Wkh sxufkdvlqj srzhu sdulw| sx}}oh1 Mrxuqdo ri Hfrqrplf Olwhudwxuh1 [[[LY/

97:099;1

Uágvhwk/ D1 +4<<:d,= Prqhwdu| srolf| remhfwlyhv lq Qruzd|1 Lq D1 E1 Fkulvwldqvhq dqg M1 I1

Tyljvwdg +Hgv,= Fkrrvlqj d prqhwdu| srolf| wdujhw1 Vfdqglqdyldq Xqlyhuvlw| Suhvv/ Rvor1

Uágvhwk/ D1 +4<<:e,= Zk| kdv xqhpsor|phqw ehhq vr orz lq Qruzd|B Lq M1 H1 Gáoyln dqg D1 K1

Vwhhq +Hgv,= Pdnlqj Vrolgdulw| Zrun1 Vfdqglqdyldq Xqlyhuvlw| Suhvv 4<<:1

Uágvhwk/ D1 dqg V1 Kroghq +4<<3,= Zdjh irupdwlrq lq Qruzd|1 Lq O1 Fdopiruv +Hg,= Zdjh

irupdwlrq lq wkh Qruglf Frxqwulhv1 VQV Iruodj dqg R{irug Xqlyhuvlw| Suhvv/ R{irug1

Vdplhl/ K1 +4<<;,= Qruzd|= Vhohfwhg lvvxhv1 LPI Vwdò Frxqwu| Uhsruw Qr1 <;2441

Vdpxhovrq/ S1 +4<97,= Wkhruhwlfdo qrwhv rq wudgh sureohpv1 Uhylhz ri Hfrqrplf dqg Vwdwlvwlfv/

79/ 4780871

Vnædqodqg/ K1 +4<;6,= Qruvn ydoxwdnxuvsrolwlnn1 Shqjhu rj Nuhglww/ 4<;624/ 4570468/ Qrujhv

Edqn/ Rvor1

Vnædqodqg/ K1 +4<;;,= Qrujh rj romhq 0 jdpoh hoohu q|h xwirugulqjhu1 Vrvldoánrqrphq/ 44/ 70431

Vwdwlvwlfv Qruzd| +4<<;,= Rlo dqg jdv dfwlylw|= Vwdwlvwlfv dqg dqdo|vlv1 Vwdwlvwlfv Qruzd|/ Rvor1

Vwrfnpdq/ D1 F1 +4<;6,= Uhdo h{fkdqjh udwhv xqghu dowhuqdwlyh qrplqdo h{fkdqjh udwh v|vwhpv1

Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh/ 5/ 47:04991

Whu�dvyluwd/ W1 +4<<;,= Prghoolqj hfrqrplf uhodwlrqvklsv zlwk vprrwk wudqvlwlrq uhjuhvvlrqv1 Lq

D1 Xoodk dqg G1 H1 Jlohv +Hgv,= Kdqgerrn ri Dssolhg Hfrqrplf Vwdwlvwlfv/ Fk1 48/ 83:08851

Pdufho Ghnnhu/ Lqf1 Qhz \run1

Zhvw/ N1 G1 +4<;;,= Dv|pswrwlf qrupdolw|/ zkhq uhjuhvvruv kdyh d xqlw urrw1 Hfrqrphwulfd/ 89/

46<:0474;1

Zklwh/ K1 +4<;3,= D khwhurvnhgdvwlflw|0frqvlvwhqw fryduldqfh pdwul{ hvwlpdwru dqg d gluhfw whvw

iru khwhurvnhgdvwlflw|1 Hfrqrphwulfd/ 7;/ ;4:0;6;1
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úTTi?_ðUit

Dsshqgl{ D olvwv wkh wudgh zhljkwv iru Qruzd|*v pdlq wudglqj sduwqhuv/ xvhg lq frqvwuxfwlqj wkh

wudgh zhljkwhg h{fkdqjh udwh1 Wkh frxqwulhv olvwhg lq wkh wdeoh duh dovr nqrzq dv edvnhw frxqwulhv1

Wkh wudgh zhljkwhg h{fkdqjh udwh lv d zhljkwhg dyhudjh ri wkh ydoxh ri wkhvh frxqwulhv* fxuuhqflhv

phdvxuhg lq Qruzhjldq nurqh1 Dsshqgl{ E surylghv wkh ghñqlwlrqv dqg vrxufhv ri wkh gdwd xvhg

lq wklv vwxg|1 Dsshqgl{ F whvwv vrph ri wkh pdlq k|srwkhvhv zlwklq glòhuhqw vshflñfdwlrqv ri wkh

ixoo YDU prgho1 Wklv h{huflvh lv sduwo| phdqw dv dq looxvwudwlrq ri wkh urexvwqhvv ri uhvxowv/ wr

glòhuhqw w|shv ri prgho +plv,vshflñfdwlrqv/ hyhq wkrxjk wkh xvxdo glvwulexwlrqv ri whvw vwdwlvwlfv

duh xqolnho| wr eh ydolg1

ú Ah@_i êið}ü|t

Wdeoh 914= Wudgh zhljkwv edvhg rq lpsruw vkduhv ri edvnhw frxqwulhv

Dxvwuld Ehojlxp Fdqdgd Ghqpdun Ilqodqg Iudqfh Jhupdq|
31347 31366 31353 313:: 3137< 31377 314:8

Lwdo| Mdsdq Qhwkhuodqg Vzhghq Vzlw}huodqg XN XVD
31366 31396 31374 31539 3134< 31467 313<5

ûL|iG ,@Uü ULý?|h) ðt @ttð}?i_ @ êið}ü| i^ý@* |L ð|t @ñih@}i ð4TLh| tü@hic ð?

|üi |L|@* ð4TLh| uhL4 |üi �e ULý?|hðit ð? |üðt |@M*ië Aüiti �e ULý?|hðit êihi |üi

M@t!i| ULý?|hðit ý?|ð* ïU|LMih �bbfë Aüi @ñih@}i ð4TLh| tü@hit @hi M@ti_ L?

_@|@ uLh TihðL_ �b.Hí�bH.c tii û@ý} E�bbfc TTë �fôäë

î #@|@ _i�?ð|ðL?t

Xqohvv vwdwhg rwkhuzlvh/ wkh yduldeohv olvwhg ehorz duh wdnhq iurp wkh gdwd edvh iru ULPLQL/

wkh txduwhuo| pdfurhfrqrphwulf prgho xvhg lq Qrujhv Edqn1 Wkh pdlq vrxufhv iru ULPLQL*v

gdwd edvh duh Txduwhuo| Qdwlrqdo Dffrxqwv/ ILQGDWU/ WUROO; / RHFG PHL dqg LIV1 Wkhvh

gdwd edvhv duh pdlqwdlqhg e| Vwdwlvwlfv Qruzd|/ Qrujhv Edqn/ Qrujhv Edqn/ RHFG dqg LPI/

uhvshfwlyho|1 Wkh ULPLQL qdphv ri wkh yduldeohv duh lqglfdwhg lq vtxduh eudfnhwv ^`1 Qrwh wkdw

wklv sdshu hpsor|v vhdvrqdoo| xqdgmxvwhg txduwhuo| gdwd1

FSL = Frqvxphu sulfh lqgh{ iru Qruzd|/ 4<<4 @ 41 ^FSL`1

FSL i = Wudgh zhljkwhg dyhudjh ri frqvxphu sulfh lqglfhv iru Qruzd|*v wudglqj sduwqhuv1 Phdvxuhg

lq iruhljq fxuuhqf|/ 4<<4 @ 41 ^SFNRQN`1

FJ = Sxeolf frqvxpswlrq h{shqglwxuhv/ ñ{hg 4<<8 sulfhv/ Ploo1 Qruzhjldq nurqh +QRN,1 ^FR`1

FV = Fhqwhuhg vhdvrqdo gxpp| yduldeoh +phdq }hur, iru wkh ñuvw txduwhu lq hdfk |hdu1 Lw lv 31:8

lq wkh ñuvw txduwhu dqg 03158 lq hdfk ri wkh wkuhh rwkhu txduwhuv/ iru hyhu| |hdu1

H = Wudgh zhljkwhg qrplqdo ydoxh ri QRN/ 4<<4 @ 41 ^SEYDO`1
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IL1\ = D phdvxuh ri iruhljqhuv +doo,/ qhw ñqdqfldo lqyhvwphqw lq Qruzd|/ ñ{hg 4<<4 sulfhv/ Ploo1

QRN1 Frqvwuxfwhg e| wdnlqj wkh ñuvw glòhuhqfh ri qhw iruhljq ghewv vkduh ri JGS/ ^O]1\`/

l1h1 IL1\ @ üO]1\1

j = Sxeolf h{shqglwxuhv* vkduh ri JGS/ l1h1 j @ +FJ.MJ,@\ =

lg;9t5 = Lpsxovh gxpp| uhodwhg wr wkh rlo sulfh idoo lq 4<;91 Lw kdv d ydoxh ri 4 lq 4<;9=5 dqg

}hur hovhzkhuh1

lg<3t6 = Lpsxovh gxpp| iru wkh Jxoi Zdu1 Lw kdv d ydoxh ri 4 lq 4<<3=6/ 04 lq 4<<3=7 dqg }hur

hovhzkhuh1

lg<:t4 = Lpsxovh gxpp| uhodwhg wr wkh rlo sulfh klnh lq 4<<92<:1 Lw kdv d ydoxh ri 4 lq 4<<:=4/ 04

lq 4<<:=5 dqg }hur hovhzkhuh1

MJ = Sxeolf h{shqglwxuhv iru jurvv uhdo lqyhvwphqw/ ñ{hg 4<<8 sulfhv/ Ploo1 QRN1 ^MR`1

RLOS = Sulfh shu eduuho ri Euhqw Eohqg fuxgh rlo lq XV grooduv1 Vrxufh WUROO;/ vhulhv qr1

T5334:451

RS4 = Lpsxovh gxpp| iru RSHF L1 Lw kdv d ydoxh ri 4 lq 4<:7=4/ 0316 lq 4<:7=5 dqg }hur hovhzkhuh1

RS5 = Vwhs gxpp| iru RSHF LL1 Lw kdv d ydoxh ri 4 ryhu shulrg 4<:<=404<;8=7 dqg }hur hovhzkhuh1

T = Ydoxh dgghg shu xqlw oderxu frvw lq Qruzd|1 Wkh lqyhuvh ri ydoxh dgghg edvhg xqlw oderxu

frvwv1 42^OSH1\`1

Ti = Ydoxh dgghg shu xqlw oderxu frvw lq wudglqj sduwqhuv1 Wkh lqyhuvh ri wudgh zhljkwhg dyhudjh

ri ydoxh dgghg edvhg xqlw oderxu frvwv1 42^P1OSH`1

U = Wudgh zhljkwhg uhdo h{fkdqjh udwh/ ghñqhg dv U @ +H { FSL i ,2FSL = ^USEYDO`1

UE = \lhog rq 9 |hduv Qruzhjldq jryhuqphqw erqgv/ txduwhuo| dyhudjh1 ^U1EV`1

UEi = QRN edvnhw0zhljkwhg dyhudjh ri lqwhuhvw udwhv rq orqj whup iruhljq erqgv1 ^U1ENXU`1

UV = 6 prqwk Hxur nurqh lqwhuhvw udwh1 ^UV`1

X = Wrwdo xqhpsor|phqw udwh/ iudfwlrq ri oderxu irufh h{foxvlyh vhoi hpsor|hg dqg rq oderxu

pdunhw surjudpv1 ^XWRW`1

\ = Jurvv grphvwlf surgxfw iru Qruzd|1 Ploo1 QRN/ ñ{hg 4<<8 sulfhv1 ^\`1

ç 5i?tð|ðñð|) @?@*)tðt Lu 4@ð? hitý*|t

Khuh vrph ri wkh pdlq uhvxowv duh whvwhg zlwklq glòhuhqw vshflñfdwlrq ri wkh ixoo YDU prgho

dqdo|vhg lq vhfwlrq 81 Wkh glòhuhqw vshflñfdwlrqv fdq eh suhihuuhg rq wkh edvlv ri wkhlu sduvlprq|/

kljkhu ghjuhhv ri iuhhgrp ru ehfdxvh ri glvwdvwh iru wkh xvh ri gxpp| yduldeohv lq jhqhudo/ ru iru

wkh zd| wkh| kdyh ehhq vshflñhg dqg xvhg lq wklv vwxg|1 Iru frqyhqlhqfh dqg wudqvsduhqf|/ wkh

YDU prgho lv rqo| fkdqjhg lq wzr glòhuhqw zd|v1 Iluvw/ wkh k|srwkhvhv duh whvwhg zlwklq YDU

prghov wkdw rqo| glòhu iurp hdfk rwkhu lq wkh qxpehu ri odjv1 Qh{w/ doo gxpp| yduldeohv lqfoxglqj

vhdvrqdo gxpplhv duh h{foxghg iurp wkh prgho dqg k|srwkhvhv duh whvwhg e| fkdqjlqj wkh qxpehu
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ri odjv lq wkh YDU prgho1 Dqrwkhu vlpsolñfdwlrq lv wkdw rqo| wkrvh k|srwkhvhv duh whvwhg zklfk

duh ri gluhfw uhohydqfh iru wkh wkhph ri wklv vwxg|1 Wklv h{huflvh vhuyhv wzr sxusrvhv=

Iluvwo|/ lw vxevwdqwldwh wkh fkrlfh ri wkh YDU prgho lq wdeoh 815 dv dq dssur{lpdwlrq wr wkh

gdwd jhqhudwlqj surfhvv1 Qrwh wkdw qrqh ri wkh rwkhu prghov lq wkh wdeoh ehorz kdyh uhvlgxdov

zklfk duh qrupdoo| glvwulexwhg dqg duh iuhh ri dxwrfruuhodwlrq1

Vhfrqgo|/ lw ohqgv vrph fuhglelolw| wr wkh uhvxowv uhsruwhg lq wklv vwxg|1 Wklv e| vkrzlqj

wkdw wkh pdlq k|srwkhvhv duh qrw xwwhuo| lqfrqvlvwhqw zlwk wkh gdwd1 Qrwh krzhyhu/ wkdw wkh

uhvxowv duh rqo| lqglfdwlyh/ lq sduwlfxodu wkh s0ydoxhv lq vtxduh eudfnhwv1 Wklv ehfdxvh wkh

uhvlgxdov duh lq jhqhudo qrw LLGQ+1,1 Wkh whvw vwdwlvwlfv iru wkh dxwrfruuhodwlrq whvwv dqg wkh

qrupdolw| whvwv duh uhsruwhg dv d uhplqghu ri wklv1
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Wdeoh 915= Whvwv ri k|srwkhvhv zlwklq glòhuhqw vshflñfdwlrqv ri wkh YDU prgho1
L1 Ghñqlqj k|srwkhvhv

h fsl UE IL=\ fsli UEi rlos w RS5

d, eñ34 4 ý4 3 3 4 3 3 3 3

e, eñ37 3 3 3 3 3 3 4 ú ú
f, òfsl @ 3 = òfsl> 4 @ òfsl> 5 @ òfsl> 6 @ òfsl> 7 @ 3

g, eñ34 _ hòh @ 3 = eñ34_ òh> 5 @ òh> 6 @ òh> 7 @ 3

h, hñ3 _ hòrlos @ 3 = hñ3_ òh> 7 @ òfsl> 7 @ òUE> 7 @ òIL=\> 7 @ 3
LL1 Fkdqjlqj odj ohqjwk s

K 3 YDU+8, YDU+7, YDU+6, YDU+5, YDU+4,eñ34 43=49^=3:` 45=43^=37` <=98^=3<` 48=76^3=34` 9=87^=59`eñ37 8=85^=47` 9=65^=43` 8=5;^3=48` 5=68^3=83` :=:7^=38`
òfsl @ 3 4;=94^=33` 57=<8^=33` 4;=98^=33` 5;=:3^=33` <8=73^=33`eñ34 _ hòh @ 3
+eòh>4, 46=33^=44`

+ý3=454,
48=83^3=38`
+ý3=445,

44=59^=4<`
+ý3=437,

48=<<^=37`
+ý3=455,

54=<4^=34`
+ý3=433,hñ3 _ hòrlos @ 3 <=67^=56` 47=93^3=37` <=45^=57` 46=5;^=3:` 47=7;^=37`

Iydu>4ý8+1, 4=56^=3<` 4=67^=34` 4=9:^=33` 4=83^=33` 4=:3^=33`

"y> 5qg +47, 4:=65^=57` 57=74^=37` 64=53^=34` 78=4:^=33` 85=67^=33`
LLL1 H{foxglqj doo gxpplhv dqg fkdqjlqj s

K 3 YDU+8, YDU+7, YDU+6, YDU+5, YDU+4,eñ34 7=7:^=68` 7=59^=6:` 7=8;^=66` 43=<<^=36` 9=49^=4<`eñ37 6=34^=6<` 4=54^=:8` 6=59^=68` 44=;3^=34` ;=:3^=36`
òfsl @ 3 56=89^=33` 45=4<^=35` 4:=95^=33` 64=88^=33` :6=:3^=33`eñ34 _ hòh @ 3
+eòh>4, <=79^=55`

+ý3=465,
;=4<^=65`
+ý3=463,

;=8<^=5;`
+ý3=436,

46=<;^=38`
+ý3=468,

4;=78^=34`
+ý3=446,hñ3 _ hòrlos @ 3 7=94^=:4` 7=63^=:8` 8=5:^=96` 49=;6^=35` 45=44^=43`

I ydu>4ý8+1, 4=4:^=48` 4=3:^=64` 4=73^=33` 4=67^=34` 4=::^=33`

"y> 5qg +47, 83=85^=33` 8:=95^=33` 9:=<<^=33` :3=85^=33` :8=;<^=33`
ûL|iG è@?i* W= @ä |üi èèè hi*@|ðL? ðt t|@|ðL?@h)c Mä |üi Lð*T ðt @ ULð?|i}h@|ð?} |ih4 M)

ð|ti*uë ú _i?L|it @? ý?hit|hðU|i_ ULiæUði?|ë Uä UTð ðt êi@! i L}i?Lýt ð? |üi t)t|i4c

ðëië _Lit ?L| hitTL?_ |L @?) Lu |üi _ðti^ýð*ðMhð@ ð? |üi Vú+ 4L_i*ë _ä L?*) |üi èèè

hi*@|ðL? i?|iht |üi i Uü@?}i h@|i i^ý@|ðL?ë iä Lð*T _Lit ?L| i?|ih @?) Lu |üi i^ý@|ðL?

uLh |üi _L4it|ðU ñ@hð@M*itc ic UTðc +î @?_ 6Wëvc ðëië Lð* ThðUi _Lit ?L| ü@ñi *L?} hý?

igiU|t L? @?) Lu |üiti ñ@hð@M*itë è@?i* WWG Aüi ü)TL|üitit _i�?i_ @MLñi @hi |it|i_

êð|üð? |üi uý** Vú+ 4L_i* uLh _ðgihi?| ?ý4Mih Lu *@}të Oihi Vú+EDä ðt @t ð? |@M*i Dë2ëeòh>4 ðt |üi @_éýt|4i?| ULiæUði?| @ttLUð@|i_ êð|ü |üi èèè |ih4 ð? |üi i Uü@?}i

h@|i i^ý@|ðL?ë Aüi ?ý4Miht ð? i@Uü Lu |üi UL*ý4?t @hi "5 |it|t t|@|ðt|ðUt ý?_ih |üi

_ðgihi?| ?ý** ü)TL|üititë Aüi t^ý@hi Mh@U!i|t UL?|@ð? |üi Tíñ@*ýit ý?_ih |üi ?ý**

ü)TL|üititë Aüiti @hi ?L| ñ@*ð_ tð?Ui |üi hitð_ý@*t _L ?L| ü@ñi WW#ûEëä

ThLTih|ðitë Aüi Et)t|i4ä |it|t uLh @ý|LíULhhi*@|ðL? @?_ ?Lh4@*ð|)c t|hL?}*) hiéiU|t

|üi ü)TL|üitit |ü@| |üi hitð_ý@*t ð? |üðt t)t|i4 @hi ð? TLttittðL? Lu týUü

ThLTih|ðit ð? 4Lt| Lu |üi U@titë hñ3 ðt _i�?i_ ð? T@?i* WWW Lu |@M*i Dëôë

è@?i* WWWG Ait|t |üi t@4i ü)TL|üitit @t @MLñic Mý| êð|üð? Vú+ 4L_i*t êüðUü _L ?L|

ð?U*ý_i _ý44) ñ@hð@M*it @| @**ë ûL|i |ü@| eñ37 ðt _i�?i_ êð|üLý| ïè2 ð? |üðt U@tië
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