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Iheuxdu| 53/ 5334

�Suhsduhg iru wkh frqihuhqfh lq krqru ri Dvvdi Ud}lq/ Who0Dyly Xqlyhuvlw|/ Pdufk 53341
|Hduolhu gudiwv ri wklv sdshu zhuh suhvhqwhg lq 4<<; dw Kduydug/ Zkduwrq/ PLW/ Vwdq0

irug/ OVH/ dqg dw wkh 4<<; Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk Vxpphu Lqvwlwxwh1

Iroorzlqj rxu lqlwldo suhvhqwdwlrqv ri wklv sdshu/ lwv dssurdfk kdv ixuqlvkhg wkh zrunkruvh

iudphzrun iru dq lpsruwdqw vxevhtxhqw olwhudwxuh wkdw kdv pdgh vxevwdqwldo dgydqfhv1

Vhh/ iru h{dpsoh/ Edffkhwwd dqg ydq Zlqfrrs +5333,/ Ghyhuhx{ dqg Hqjho +5333,/ Hq0

jho +4<<<,/ dqg Revwihog dqg Urjr� +5333d/ 5333e,1 Zh gr qrw dwwhpsw wr vxuyh| wkdw

olwhudwxuh khuh> vhh Revwihog +5333, iru d uhfhqw glvfxvvlrq1 Wklv yhuvlrq ri rxu ruljlqdo

sdshu/ krzhyhu/ dggv rqo| voljkw uhylvlrqv dqg fruuhfwlrqv wr Qdwlrqdo Exuhdx ri Hfrqrplf

Uhvhdufk Zrunlqj Sdshu 99<7 +Dxjxvw 4<<;,1 Zh kdyh ehq�whg iurp khosixo frpphqwv

iurp Sdror Shvhqwl/ Dodq Vwrfnpdq/ dqg Fhgulf Wlooh1 Uhpdlqlqj huuruv duh rxuv dorqh1

Vxssruw iurp d Qdwlrqdo Vflhqfh Irxqgdwlrq judqw wr wkh QEHU lv dfnqrzohgjhg zlwk

wkdqnv1
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4Jhqhudo0htxloleulxp prghov ri h{fkdqjh0udwh ulvn w|slfdoo| iroorz Oxfdv +4<;5, lq dv0

vxplqj wkdw doo sulfhv duh ixoo|  h{leoh1 Vhh Vyhqvvrq +4<;8,/ Krgulfn +4<;<,/ Hqjho +4<<5,/

dqg Revwihog dqg Urjr� +4<<9/ fk1 ;, iru uhohydqw h{whqvlrqv1
5Vhh/ iru h{dpsoh/ Pxvvd +4<;9,/ Ed{whu dqg Vwrfnpdq +4<;<,/ Iorrg dqg Urvh +4<<8,/

dqg Revwihog +4<<;,1
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6Revwihog +4<<;, glvfxvvhv rwkhu uhfhqw frqwulexwlrqv wr wklv olwhudwxuh1 Udqnlq +4<<;,

ghyhorsv d yhu| lqwhuhvwlqj dqdo|vlv ri d vpdoo rshq hfrqrp| zlwk frpsohwh dvvhw pdunhwv

dqg frpshwlwlyh surgxfwlrq/ lq zklfk prqrsrolvwlf oderu vxssolhuv suhvhw prqh| zdjhv1

Zkloh +olnh xv, kh h{dplqhv wkh srvlwlyh h�hfwv ri prqhwdu| xqfhuwdlqw|/ kh grhv qrw

v|vwhpdwlfdoo| h{soruh wkh zhoiduh h�hfwv ri srolflhv1 Dq hduolhu frpsohwh0pdunhwv prgho

zlwk qrplqdo uljlglwlhv lv wkdw ri Vyhqvvrq dqg ydq Zlmqehujhq +4<;<,1 Vyhqvvrq dqg

ydq Zlmqehujhq +4<;<,/ exloglqj rq Vyhqvvrq*v +4<;9, forvhg0hfrqrp| prgho/ surylgh dq

hduo| glvfxvvlrq ri sulfh0vhwwlqj lq dgydqfh e| pd{lpl}lqj �upv idflqj xqfhuwdlqw|1 Wkh

dsshqgl{ wr Vyhqvvrq +4<;9, eulh | glvfxvvhv wkh zhoiduh lpsdfw ri dq lq�qlwhvlpdo ghjuhh

ri prqh|0vxsso| yduldelolw|/ exw vxfk kljkhu0prphqw h�hfwv duh qrw wkh pdlq irfxv ri klv

sdshu1

-
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7D odujh h�hfw ri ulvn idfwruv rq h{fkdqjh udwh ohyhov zdv vxjjhvwhg e| Iudqnho dqg

Phhvh +4<;:,/ edvhg rq sduwldo0htxloleulxp lqwxlwlrq1 Krgulfn +4<;<,/ xvlqj d yhuvlrq

ri Vyhqvvrq*v +4<;8, fdvk0lq0dgydqfh prgho zlwk d yduldeoh yhorflw| ri prqh|/ vkrzhg

wkh h�hfw ri kljkhu0prphqw ixqgdphqwdov rq h{fkdqjh udwhv lq d  h{leoh0sulfh/ jhqhudo

htxloleulxp vhwwlqj/ exw klv uhvwulfwlyh prqh|0ghpdqg vshfl�fdwlrq lpsolhg d jhqhudoo|

prghudwh h�hfw ri prqhwdu| ulvn idfwruv1 Lq rxu vhwxs/ lq zklfk wkh lqwhuhvw vhpl0hodvwlflw|

ri prqh| ghpdqg pd| eh dq| qhjdwlyh qxpehu/ wkh h{fkdqjh0udwh ohyho h�hfw ri h{fkdqjh

ulvn fdq sodxvleo| eh dq rughu ri pdjqlwxgh kljkhu wkdq lq Krgulfn*v1

/
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8Pruh irupdoo|/ qrwlfh wkdw iru wkh doorfdwlrq lq ht1 +46,/ Krph dqg Iruhljq lqwhuwhp0

srudo pdujlqdo udwhv ri frqvxpswlrq vxevwlwxwlrq duh htxdo iru hyhu| ixwxuh vwdwh ri qdwxuh1

Vlqfh ohlvxuh lv d qrqwudghg jrrg/ wkhuh duh qr xqh{sorlwhg jdlqv iurp wudgh dqg lqwhu0

qdwlrqdo wudgh lq vhfxulwlhv wkhuhiruh lv uhgxqgdqw1 Zlwkrxw wkh dvvxpswlrq wkdw lqlwldoo|

E @ 3/ wklv zrxog qrw qhfhvvdulo| eh wkh fdvh1 Vkrfnv wkdw ohg wr whpsrudu| fkdqjhv lq

wkh uhdo lqwhuhvw udwh frxog wkhq lqgxfh fxuuhqw dffrxqw pryhphqwv1 ^Vhh ht1 +59, rq s1

:; ri Revwihog dqg Urjr� +4<<9,`1
9Rqh uhdvrq iru wklv htxdolw|/ ri frxuvh/ lv wkdw zh kdyh fkrvhq wkh xwlolw| ixqfwlrq vr

wkdw h{shqglwxuh vkduhv duh wkh vdph dv srsxodwlrq vkduhv1 Wkdw dvvxpswlrq lv sodxvleoh

dqg frqyhqlhqw exw hdvlo| uhod{hg1
:Uhfdoo iurp +8, wkdw S @ HS � dozd|v krogv1 Qrwh wkhq/ e| htv1 +7,/ +;,/ +45,/ dqg

@
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;Zkloh wklv sdshu dvvxphv wkh odz ri rqh sulfh dqg sulflqj lq surgxfhuv* fxuuhqflhv/

h{whqvlrqv vxfk dv Ghyhuhx{ dqg Hqjho +5333, prgho wkh idloxuh ri wkh odz ri rqh sulfh dw

wkh frqvxphu ohyho dv zhoo dv wkh dssduhqw uljlglw| ri doo frqvxphu sulfhv +hyhq wkrvh ri

lpsruwhg uhwdlo jrrgv, lq orfdo fxuuhqf| whupv1 D ghedwh kdv dulvhq ryhu wkh lpsruwdqfh ri

glvwlqjxlvklqj ehwzhhq dfwxdo lpsruw sulfhv dqg wkh uhwdlo sulfhv frqvxphuv sd| iru jrrgv

wkdw ruljlqdwh deurdg1 Revwihog +5333, r�huv d pruh ghwdlohg glvfxvvlrq/ dqg dujxhv wkdw

idloxuh ri wkh odz ri rqh sulfh dw wkh frqvxphu ohyho lv frqvlvwhqw zlwk h{shqglwxuh0vzlwfklqj

h�hfwv ri h{fkdqjh udwh fkdqjhv vxfk dv wkrvh zh dqdo|}h ehorz1
<Pruh uhdolvwlf g|qdplfv zrxog uhvxow iurp wkh dvvxpswlrq ri Fdoyr0vw|oh pxowlshulrg

vwdjjhuhg sulfh vhwwlqj> vhh Nlpedoo +4<<8,/ iru h{dpsoh1 Zh irujr wkdw uhdolvp khuh wr

rewdlq vlpsohu dqg pruh dffhvvleoh uhvxowv/ dqg ohdyh wkh lqfoxvlrq ri Fdoyr frqwudfwv iru

ixwxuh uhvhdufk1
43Rqh pxvw eh fduhixo lq lqwhusuhwlqj d vwrfkdvwlf yhuvlrq ri wkh prgho li rqh dvvxphv

wkdw vxsso| dozd|v dffrpprgdwhv ghpdqg xqghu vwlfn| sulfhv1 Iru odujh hqrxjk vkrfnv

wkh yroxqwdu| sduwlflsdwlrq frqvwudlqw zloo eh ylrodwhg/ dv Fruvhwwl dqg Shvhqwl +4<<;,

vwuhvv1 Wkxv/ wkh uhvxowv ri rxu vwrfkdvwlf prgho xqghu vwlfn| sulfhv vkrxog eh ylhzhg

dv dssur{lpdwh1 Wkh dssur{lpdwlrq fdq eh pdgh duelwudulo| suhflvh e| orrnlqj dw hyhu0

+
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Dv zh zhuh fduhixo wr srlqw rxw lpphgldwho| diwhu ht1 +59,/ wkh whup
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dulvhv hqwluho| iurp Mhqvhq*v lqhtxdolw|/ zkhuhdv lw lv wkh whup

� +�fs�>w � �fs>w,

dorqh wkdw ghshqgv rq ulvn dyhuvlrq +jlyhq wkh fryduldqfhv lq sduhqwkhvhv,1 Wkxv/ lw lv

wkh odwwhu whup wkdw lv pruh surshuo| odehohg �ulvn suhplxp1� D vhfwlrq ri Hqjho +4<<<,

lv ghyrwhg wr glvfxvvlrq ri wklv srlqw1 Dv lv riwhq grqh lq wkh olwhudwxuh/ krzhyhu/ zh

zloo vrphwlphv dexvh odqjxdjh dqg uhihu wr wkh vxp ri wkh wzr suhfhglqj whupv dv d ulvn

suhplxp/ vlqfh wkdw lv wkh whup h{dplqhg lq pdq| hpslulfdo vwxglhv ri iruhljq h{fkdqjh

pdunhw h{fhvv uhwxuqv1 Vhh Hqjho +4<<5, iru d wkhruhwlfdo frqwh{w zlwklq zklfk wkh glv0

wlqfwlrq lv lpsruwdqw1
4:Wkh h{fkdqjh udwh ulvn suhplxp lv frqyhqwlrqdoo| gh�qhg dv wkh gl�huhqfh ehwzhhq

wkh orj iruzdug h{fkdqjh udwh dqg wkh h{shfwhg ixwxuh orj vsrw h{fkdqjh udwh +dowkrxjk

zh kdyh douhdg| qrwhg Hqjho*v 4<<5 fruuhfwlrq wr wkh frqyhqwlrqdo gh�qlwlrq,1 Fryhuhg
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lqwhuhvw sdulw| hqvxuhv wkdw wkh iruzdug h{fkdqjh udwh ohyho Iw reh|v wkh duelwudjh uhodwlrq
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Iw

Hw

+4 . l
�

w.4,=

Wdnlqj orjv ri erwk vlghv ri wkh fryhuhg lqwhuhvw sdulw| uhodwlrq/ vxevwlwxwlqj ht1 +58, dqg

lwv Iruhljq frxqwhusduw/ dqg pdnlqj xvh ri wkh SSS uhodwlrqvkls +8, |lhogv wkh orjdulwkplf

ulvn suhplxp dv

iw � Hw+hw.4, @ yw � y
�

w
> +64,

zkhuh yw � y
�

w
lv jlyhq e| ht1 +5;,1 Qrwh wkdw wklv lv h{dfwo| wkh vdph whup wkdw hqwhuv

lqwr wkh h{fkdqjh udwh ohyho ulvn suhplxp lq ht1 +63,/ h{fhsw wkdw wkh whup*v h�hfw rq wkh

h{fkdqjh udwh ohyho lv pxowlsolhg e| d idfwru ri 4@�l%1 Zh dujxh odwhu wkdw wklv pxowlsolfdwlyh

idfwru lv olnho| wr eh vljql�fdqwo| juhdwhu wkdq 41 Zkloh htv1 +5;,/ +63,/ +64,/ dqg +65, doo

krog zkhwkhu rxwsxw sulfhv duh vwlfn| ru  h{leoh/ wkh ydoxh ri wkh ulvn suhplxp pd|/ ri

frxuvh/ ghshqg rq wkh ghjuhh ri sulfh  h{lelolw|1
4;Krgulfn +4<;<, irxqg olwwoh vxssruw lq wkh gdwd iru d prgho lq zklfk h{fkdqjh udwh

ohyhov ghshqg rq wkh frqglwlrqdo yduldqfhv ri prqh| vxsso| dqg lqgxvwuldo rxwsxw/ prghohg

dv jhqhudol}hg DUFK surfhvvhv1 Krzhyhu/ klv whvwv frpsulvh rqo| d vpdoo vxevhw ri wkh

srvvleoh ulvn idfwruv wkdw frxog eh dw zrun1
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�Hw ifvj lq wklv htxdwlrq ghvhuyh frpphqw1

Kljkhu h{shfwhg ixwxuh +orj, frqvxpswlrq kdv wzr frxqwhuydlolqj h�hfwv rq wkh htxloleulxp

sulfh ohyho/ rwkhu wklqjv htxdo1 E| uhgxflqj ghvluhg vdylqj dqg wkhuhe| lqfuhdvlqj wkh uhdo

+dqg qrplqdo, lqwhuhvw udwh/ lw uhgxfhv prqh| ghpdqg dqg sxwv xszdug suhvvxuh rq wkh

fxuuhqw sulfh ohyho1 Rq wkh rwkhu kdqg/ kljkhu h{shfwhg ixwxuh frqvxpswlrq udlvhv h{shfwhg

ixwxuh prqh| ghpdqg dqg khqfh orzhuv h{shfwhg lq dwlrq/ lqflslhqwo| uhgxflqj wkh fxuuhqw

qrplqdo lqwhuhvw udwh dqg sxwwlqj grzqzdug suhvvxuh rq wkh fxuuhqw sulfh ohyho1 Li % A 4�

lpso|lqj d uhodwlyho| lqhodvwlf uhvsrqvh ri prqh| ghpdqg wr wkh qrplqdo lqwhuhvw udwh�wkh

�uvw h�hfw lv grplqdqw1
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53Wkh prqh| vkrfn kdv qr uhdo h�hfwv eh|rqg wkh shulrg lw rffxuv/ lq frqwudvw wr wkh

prgho ri Revwihog dqg Urjr� +4<<8,/ ehfdxvh wkh fxuuhqw dffrxqw lv }hur lq htxloleulxp

lq wklv prgho1 Iru wkh vdph uhdvrq dv lq wkh prgho ri Revwihog dqg Urjr� +4<<8,/ wkhuh

lv qr h{fkdqjh0udwh ryhuvkrrwlqj lq uhvsrqvh wr prqhwdu| vkrfnv1
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54Xqghu wkh dvvxpswlrqv pdgh lq vhfwlrq 6/ surgxfwlylw| vkrfnv duh fruuhodwhg zlwk

h{fkdqjh udwhv dqg frqvxpswlrq rqo| wr wkh h{whqw wkdw prqhwdu| srolf| uhdfwv v|vwhp0

dwlfdoo| wr wkhp1 Jlyhq wkdw wkh prqh|0vxsso| surfhvv dvvxphg lq wklv vhfwlrq doorzv qr

ihhgedfn iurp surgxfwlylw| vkrfnv wr srolf|/ zh wkhuhiruh qhhg qr ixuwkhu dvvxpswlrqv

uhjduglqj wkh vkrfnv � dqg �
�= wkh| gr qrw lq xhqfh ulvn suhpld/ h{shfwhg frqvxpswlrq/

ru wkh h{shfwhg whupv ri wudgh1
55Wkh dqdo|vlv ehfrphv pruh frpsolfdwhg zkhq wkh fryduldqfhv/ udwkhu wkdq ehlqj frq0

vwdqwv/ fdq hyroyh vwrfkdvwlfdoo| ryhu wlph1 Lq wkdw fdvh lqqrydwlrqv lq vhfrqg prphqwv

lq xhqfh wkh h{fkdqjh udwh dqg frqvxpswlrq1 Forvhg0irup vroxwlrqv iru g|qdplf prghov

zlwk wlph0ydu|lqj vhfrqg prphqwv duh r�huhg e| Deho +4<;;, dqg Krgulfn +4<;<,1
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56Zlwk pruh jhqhudo suhihuhqfhv/ erwk wkh ghjuhh ri ulvn dyhuvlrq dqg wkh hodvwlflw|

ri lqwhuwhpsrudo vxevwlwxwlrq zrxog dsshdu vhsdudwho| lq wkh vroxwlrq iru y1 D fhwhulv

sdulexv ulvh lq ulvn dyhuvlrq zrxog udlvh wkh devroxwh ydoxh ri y1 D ulvh lq lqwhuwhpsrudo

vxevwlwxwdelolw|/ e| pdjqli|lqj wkh fxuuhqw frqvxpswlrq uhvsrqvh wr d idoo lq wkh zruog

uhdo lqwhuhvw udwh/ zrxog dovr udlvh wkh devroxwh ydoxh ri y1

Qrwh wkdw iru d forvhg hfrqrp| +q @ 4,/ wkh sulfh ohyho lv ixoo| suhglfwdeoh zlwk vwlfn|

sulfhv dqg wkhuhiruh y @ 31
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57H{foxglqj frqyh{lw| whupv +dv dujxdeo| lv pruh dssursuldwh iru d wkhruhwlfdo h{dpl0

qdwlrq ri wkh h�hfwv ri ulvn,/ wkh ulvn suhplxp zrxog lqvwhdg eh
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58Wklv h�hfw r�huv d srvvleoh lqvljkw lqwr wkh �iruzdug suhplxp sx}}oh1� Wkh sx}}oh lv

wkh hpslulfdo uhjxodulw| wkdw +dfurvv wkh pdmru fxuuhqflhv zlwk  rdwlqj h{fkdqjh udwhv,/

kljk lqwhuhvw udwhv gr qrw vhhp wr eh dvvrfldwhg zlwk h{shfwhg ghsuhfldwlrq1 +Li dq|wklqj/

wkh rssrvlwh lv wuxh1, Vxssrvh wkdw frxqwulhv zlwk kljkhu wuhqg lq dwlrq whqg wr h{shulhqfh

juhdwhu yrodwlolw| lq prqhwdu| srolf| +d idluo| zhoo0grfxphqwhg idfw> vhh/ h1j1/ Dohvlqd

dqg Vxpphuv 4<<6,1 Wkhq/ dfurvv frxqwulhv zlwk uhodwlyho| vlplodu lq dwlrq udwhv +h1j1/

wkh pdlq lqgxvwuldol}hg frxqwulhv,/ lw lv dw ohdvw wkhruhwlfdoo| srvvleoh wkdw wkh iruzdug

suhplxp lv rssrvlwh lq vljq wr wkh h{shfwhg udwh ri ghsuhfldwlrq ri wkh h{fkdqjh udwh1

Hpslulfdoo|/ phdvxuhg prqh|0vxsso| yduldelolw| suredeo| lv wrr vpdoo wr h{sodlq iruzdug0

udwh eldv edvhg rq d prgho olnh rxuv1 Lq uhdolw|/ krzhyhu/ prqhwdu| vkrfnv dovr uhvxow iurp

kdug0wr0phdvxuh prqh|0ghpdqg idfwruv/ vxfk dv xqsuhglfwdeoh vkliwv lq wkh wudqvdfwlrqv

whfkqrorj|1
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