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E1 Lpsolhg Uhdo Udwh Uxoh

Wkh lpsolfdwlrqv ri d srolf| uxoh olnh +4, iru wkh f|folfdo ehkdylru ri wkh hfrqrp|

zloo ri frxuvh ghshqg rq wkh vljq dqg pdjqlwxgh ri wkh vorshfrh!flhqwv/ q dqg � 1 Wr

jdlq wkh edvlf lqwxlwlrq/ frqvlghu wkh lpsolhg uxoh iru wkh +h{0dqwh, uhdo udwh wdujhw/
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W � ZW lv wkh orqj uxq htxloleulxp uhdo

udwh1: Zh dvvxph wkdw wkh uhdo udwh lv vwdwlrqdu| dqg lv ghwhuplqhg e| qrq0prqhwdu|

idfwruv lq wkh orqj uxq/ frqvlvwhqw zlwk frqyhqwlrqdo zlvgrp1 Dffruglqjo|/ooW lv d

frqvwdqw dqg lv lqghshqghqw ri prqhwdu| srolf|1

Dv htxdwlrq +5, pdnhv fohdu/ wkh vljq ri wkh uhvsrqvh ri wkhuhdoudwh wdujhw wr

fkdqjhv lq h{shfwhg lq dwlrq dqg wkh rxwsxw jds ghshqgv rq zkhwkhuq lv juhdwhu ru

ohvv wkdq rqh dqg rq wkh vljq ri � / uhvshfwlyho|1 Urxjko| vshdnlqj/ wr wkh h{whqw wkdw

orzhu uhdo udwhv vwlpxodwh hfrqrplf dfwlylw| dqg lq dwlrq +dv lpsolhg e| vwdqgdug

pdfurhfrqrplf prghov dqg dv shufhlyhg e| srolf|pdnhuv dqg pdunhw sduwlflsdqwv

dolnh,/ lqwhuhvw udwh uxohv fkdudfwhul}hg e| q : � zloo whqg wr eh vwdelol}lqj/ zkloh

wkrvh zlwk q � � duh olnho| wr eh ghvwdelol}lqj ru/ dw ehvw/ dffrpprgdwlyh ri vkrfnv

wr wkh hfrqrp|1; D vlplodu orjlf dssolhv wr wkh vljq ri � +l1h1h/ vwdelol}lqj li � :

:
Qrwh wkdw uu

�

w
lv dq �dssur{lpdwh� uhdo udwh vlqfh wkh iruhfdvw krul}rq iru lq dwlrq zloo jhqhudoo|

gl�hu iurp wkh pdwxulw| ri wkh vkruw whup qrplqdo udwh xvhg dv d prqhwdu| srolf| lqvwuxphqw1
;Dqrwkhu zd| wr prgho dffrpprgdwlrq ri lq dwlrq zrxog wr eh doorz iru hqgrjhqrxv dgmxvwphqw

ri wkh wdujhw lq dwlrq udwh/ ��= Zh ylhz wklv dssurdfk dv d v|psdwkhwlf dowhuqdwlyh wr wkh rqh zh

wdnh ri irfxvlqj rq zkhwkhu wkh vorsh frh!flhqw � lv ohvv wkdq xqlw|1 Zh rsw wr wuhdw �� dv d frqvwdqw

dqg lqvwhdg ohw � fkdudfwhul}h wkh ghjuhh ri dffrpprgdwlrq iru wzr uhdvrqv= Iluvw/ wklv dssurdfk kdv

wkh dgydqwdjh ri sduvlprq| 0 wkhuh lv qr qhhg wr prgho wkh dgmxvwphqw ri ��1 Vhfrqg/ dv d pdwwhu

ri orjlf/ lw lv d sulrul uhdvrqdeoh wr wuhdw �� dv frqvwdqw vlqfh lw lv phdqw wr uh hfw dq rswlpxp iru

lq dwlrq wkdw lv lqghshqghqw ri fxuuhqw hfrqrplf frqglwlrqv1 Lq rxu urexvwqhvv h{huflvhv/ krzhyhu/

zh gr ohw �� ydu| zlwklq hdfk vxe0vdpsoh1 Wr iruhvkdgrz/ zh �qg wkdw wkh pdjqlwxgh ri � vhhpv wr

gr d ehwwhu mre ri fdswxulqj wkh ghjuhh ri dffrpprgdwlrq wkdq dq| wlph yduldwlrq lq ��/ frqvlvwhqw

zlwk wkh dssurdfk zh wdnh1
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f( ghvwdelol}lqj li � � f,1 Zh wkxv kdyh ehqfkpdunv Eq ' �c � ' f� wr hydoxdwh

gl�huhqfhv lq wkh hvwlpdwhg srolf| uxohv dfurvv wlph

F1 Lqwhuhvw Udwh Vprrwklqj dqg H{rjhqrxv Vkrfnv

Devhqw dq| ixuwkhu prgl�fdwlrq/ wkh srolf| uhdfwlrq ixqfwlrq jlyhq e| htxdwlrq

+4, lv wrr uhvwulfwlyh wr ghvfuleh dfwxdo fkdqjhv lq wkh Ixqgv udwh1 Wkhuh duh dw ohdvw

wkuhh uhdvrqv zk|1 Iluvw/ wkh vshfl�fdwlrq dvvxphv dq lpphgldwh dgmxvwphqw ri wkh

dfwxdo Ixqgv udwh wr lwv wdujhw ohyho/ dqg wkxv ljqruhv wkh Ihghudo Uhvhuyh*v whqghqf|

wr vprrwk fkdqjhv lq lqwhuhvw udwhv1< Vhfrqg/ lw wuhdwv doo fkdqjhv lq lqwhuhvw udwhv ryhu

wlph dv uh hfwlqj wkh Ihghudo Uhvhuyh*v v|vwhpdwlf uhvsrqvh wr hfrqrplf frqglwlrqv1

Vshfl�fdoo|/ lw grhv qrw doorz iru dq| udqgrpqhvv lq srolf| dfwlrqv/ rwkhu wkdq wkdw

dvvrfldwhg zlwk plv0iruhfdvwv ri wkh hfrqrp|1 Wklug/ lw dvvxphv wkdw wkh Ihghudo

Uhvhuyh kdv shuihfw frqwuro ryhu lqwhuhvw udwhv/ l1h1/ lw vxffhhgv lq nhhslqj wkhp dw wkh

ghvluhg ohyho +h1j1/ wkurxjk qhfhvvdu| rshq pdunhw rshudwlrqv,1

Zh uhod{ wkhvh dvvxpswlrqv e| h{whqglqj wkh prgho lq d vwudljkwiruzdug zd|1 Lq

sduwlfxodu zh vshfli| wkh iroorzlqj uhodwlrqvkls iru wkh dfwxdo Ixqgv udwh/ o|=
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?3�/ dqg zkhuh 4 � 4E��1 �| lv d }hur phdq h{rjhqrxv

lqwhuhvw udwh vkrfn/ dqg wkh Ixqgv udwh wdujhw oW
|
lv jlyhq e| +4,1 Htxdwlrq 6 srvwxodwhv

sduwldo dgmxvwphqw ri wkh Ixqgv udwh wr wkh wdujhw o
W

|
� Vshfl�fdoo|/ hdfk shulrg wkh

Ihghudo Uhvhuyh dgmxvwv wkh Ixqgv udwh wr holplqdwh d iudfwlrq E� � 4� ri wkh jds

ehwzhhq lwv fxuuhqw wdujhw ohyho dqg vrph olqhdu frpelqdwlrq ri lwv sdvw ydoxhv1 Zh

lqwhusuhw 4 dv dq lqglfdwru ri wkh ghjuhh ri vprrwklqj ri lqwhuhvw udwh fkdqjhv1

Wkhuh duh wzr gl�huhqw +exw frpsdwleoh, lqwhusuhwdwlrqv ri wkh � vkrfnv wkdw suh0

vhuyh wkh vslulw ri wkh ruljlqdo prgho1 Iluvw/ wkhvh glvwxuedqfhv pljkw uh hfw xqiruh0

<Vhh dovr Uxghexvfk ^4<<8` iru hylghqfh rq wkh vhuldo fruuhodwlrq ri lqwhuhvw udwh fkdqjhv1 Zk|

wklv vprrwklqj rffxuv lv eh|rqg wkh vfrsh ri wklv sdshu/ wkrxjk d qxpehu ri h{sodqdwlrqv duh irxqg

lq wkh olwhudwxuh/ lqfoxglqj ihdu ri glvuxswlrq ri �qdqfldo pdunhwv +Jrrgiulhqg ^4<<4`,/ ru xqfhuwdlqw|

derxw wkh h�hfwv ri lqwhuhvw udwh fkdqjhv +Vdfn ^4<<:`,1
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jhw krul}rqv iru hdfk yduldeoh> +6, uhod{lqj wkh frqvwudlqw rq wkh lqwhufhsw wkdw doorzv

xv wr lghqwli| ZW> +7, sdudphwhu vwdelolw| zlwklq vxe0vdpsohv> +8, d edfnzdug orrnlqj

yduldwlrq ri rxu srolf| uhdfwlrq ixqfwlrq1 Zh ghprqvwudwh wkdw lq hdfk lqvwdqfh/ wkh

lqvljkwv iurp wkh edvholqh fdvh uhpdlq lqwdfw1

41 Dowhuqdwlyh Phdvxuhv

Zh �uvw uh0hvwlpdwh wkh uhdfwlrq ixqfwlrq xvlqj gl�huhqw phdvxuhv ri wkh rxwsxw

jds dqg lq dwlrq1 Zh frqvlghu wzr dowhuqdwlyh phdvxuhv ri wkh rxwsxw jds= +d, wkh

ghyldwlrq ri +orj, JGS iurp d �wwhg txdgudwlf ixqfwlrq ri wlph> dqg +ll, wkh ghyldwlrq

ri wkh xqhpsor|phqw udwh iurp d vlplodu wlph wuhqg/ zlwk wkh vljq ri wkh uhvxowlqj

vhulhv vzlwfkhg14: Ilqdoo|/ zh frqvlghu rqh dowhuqdwlyh phdvxuh ri lq dwlrq= wkh udwh

ri fkdqjh ri wkh frqvxphu sulfh lqgh{ +FSL,1

Wdeoh LLL uhsruwv wkh hvwlpdwhv iru wkh wzr pdlq vxeshulrgv1 Wkh nh| uhvxowv

iurp wkh edvholqh fdvh duh urexvw wr wkh xvh ri dowhuqdwlyh rxwsxw jds dqg lq dwlrq

phdvxuhv1 Lq idfw/ erwk wkh vljqv dqg pdjqlwxghv ri wkh hvwlpdwhg sdudphwhuv uhpdlq

odujho| xqfkdqjhg1 Wkhuh lv/ krzhyhu/ rqh plqru gl�huhqfh= wkh hvwlpdwhg rxwsxw jds

frh!flhqw iru wkh Yrofnhu0Juhhqvsdq vxeshulrg/ wkrxjk srvlwlyh/ lv qrz lqvljql�fdqw

xqghu wkh wkuhh vshfl�fdwlrqv1 Dw wkh vdph wlph/ wkhuh uhpdlqv d vwulnlqj gl�huhqfh

lq wkh hvwlpdwhg vorsh frh!flhqw iru lq dwlrq dfurvv vxe0shulrgv= ohvv wkdq rqh ehiruh

Yrofnhu/ juhdwhu wkdq rqh xqghu Yrofnhu0Juhhqvsdq/ zlwk srlqwv hvwlpdwhv yhu| forvh

wr wkrvh rewdlqhg lq wkh edvholqh fdvh1

51 Dowhuqdwlyh Krul}rqv

Lq wkh edvholqh fdvh zh dvvxph wkdw wkh Ihghudo Uhvhuyh orrnv dkhdg rqh txduwhu

iru erwk lq dwlrq dqg wkh rxwsxw jds1 Zh qrz frqvlghu doorzlqj iru dowhuqdwlyh�dqg/

lq rxu rslqlrq/ pruh uhdolvwlf�wdujhw krul}rqv iru wkh vdph yduldeohv1 Wdeoh LY uhsruwv

uhvxowv iru E& ' e/ ^ ' �� dv zhoo dv E& ' e/ ^ ' 2�/ l1h1 wkh Ihg lv dvvxphg wr kdyh d

wdujhw krul}rq ri rqh |hdu iru lwv lq dwlrq wdujhw dqg ri rqh +ru wzr, txduwhuv iru wkh

rxwsxw1 Zh ylhz wkhvh ydoxhv dv urxjko| frqvlvwhqw zlwk lqirupdo glvfxvvlrqv ri srolf|

4:
Zh vzlwfk wkh vljq ri wkh vhulhv lq rughu wr suhvhuyh wkh vljq lqwhusuhwdwlrq iru sdudphwhu �1
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wdfwlfv e| Ihghudo Uhvhuyh r!fldov114;1 Rqh irupdo udwlrqdoh lv wkdw wkhvh krul}rqv duh

urxjko| lq olqh frqyhqwlrqdo zlvgrp uhjduglqj wkh odj zlwk zklfk prqhwdu| srolf|

d�hfwv hlwkhu yduldeoh1 Lq hlwkhu fdvh/ wkh uhvxowv duh txdolwdwlyho| yhu| vlplodu wr

wkrvh uhsruwhg lq Wdeoh LL1

61 Xquhvwulfwhg Lqwhufhsw

Dv zh glvfxvvhg/ rxu dssurdfk lghqwl�hv wkh lq dwlrq wdujhw ZW e| dvvxplqj wkdw

wkh htxloleulxp uhdo udwh ooW lv nqrzq dqg htxdo wr wkh revhuyhg dyhudjh uhdo udwh ryhu

wkh uhohydqw vdpsoh shulrg1 Khuh zh uhod{ wkdw dvvxpswlrq dqg wuhdw oW dv xqrevhuyhg/

dw wkh frvw ri ohdylqj ZW xqlghqwl�hg +rqo| k � oo
W

� Eq���ZW lv lghqwl�hg,1 Wdeoh Y

uhsruwv wkh hvwlpdwhv iru wkh uhpdlqlqj sdudphwhuv wkxv rewdlqhg1 Wkh rqo| vljql�fdqw

gl�huhqfh uhodwlyh wr rxu edvholqh hvwlpdwhv ri Wdeoh LL lv jlyhq e| wkh lqvljql�fdqfh

ri wkh rxwsxw jds frh!flhqw zkhq wkh uxoh lv hvwlpdwhg iru wkh ixoo Yrofnhu0Juhhqvsdq

vdpsoh shulrg1 Wklv �qglqj lv uhplqlvfhqw ri wkdw rewdlqhg zkhq yduldeohv rwkhu wkdq

wkh edvholqh zhuh xvhg +vhh Wdeoh LLL,1

71 Vxevdpsoh Vwdelolw|

Zh qh{w h{soruh wkh vwdelolw| ri sdudphwhuv zlwklq hdfk vxe0vdpsoh1 Dprqj rwkhu

wklqjv/ wklv h{huflvh shuplwv xv wr uhod{ wkh dvvxpswlrq wkdw wkh lq dwlrq wdujhw ZW lv

frqvwdqw zlwklq wkh hvwlpdwlrq shulrg1 Lw lv frqfhlydeoh/ iru h{dpsoh/ wkdw wkhuh zdv

dq xszdug vkliw lq wkh wdujhw gxulqj wkh shulrg ri ulvlqj lq dwlrq lq wkh 4<:3v1

D vlpsoh dqg qdwxudo zd| wr surfhhg lv wr dvvxph wkdw wkh srolf| uhdfwlrq ixqfwlrq

lv vwdeoh gxulqj wkh whqxuh ri wkh Ihghudo Uhvhuyh fkdlupdq lq fkdujh dw wkh wlph/

exw pd| ydu| dfurvv Fkdluphq1 Li zh wdfn wkh eulhi shulrg ri Ploohu +:;=40:<=6, rq wr

Exuqv +:3=40:;=4,/ wkhq hdfk vxe0shulrg pd| eh glylghg lqwr wzr uhjlphv ri urxjko|

htxdo ohqjwk1 Iru wkh suh04<:< vdpsoh zh wkxv kdyh= Pduwlq +93=409<=7, dqg Exuqv0

Ploohu +:3=40:<=5,1 Iru wkh srvw04<:<= Yrofnhu +:<=60;9=7, dqg Juhhqvsdq +;:=40<9=7,1

Dv glvfxvvhg hduolhu/ hvwlpdwlqj wkh srolf| uxoh ryhu vkruw vdpsohv fdq jhqhudwh

lpsuhflvh hvwlpdwhv/ jlyhq wkh olplwhg qxpehu ri revhuydwlrqv1 Dffruglqjo|/ zh dgrsw

4;Vhh/ h1j1/ wkh txrwdwlrq e| Juhhqvsdq deryh1
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wkh iroorzlqj surfhgxuh= Zh �uvw hvwlpdwh wkh uhdfwlrq ixqfwlrq iru hdfk edvholqh

shulrg +suh0Yrofnhu ru Yrofnhu0Juhhqvsdq,/ exw doorzlqj iru d vkliw dfurvv Fkdluphq

lq hdfk ri wkh frh!flhqwv +e| phdqv ri dssursuldwh gxpplhv,1 Vhfrqg/ zh uh0hvwlpdwh

wkh uxoh diwhu frqvwudlqlqj doo wkh sdudphwhuv iru zklfk wkdw vkliw zdv irxqg wr eh

lqvljql�fdqw lq wkh �uvw vwdjh wr eh frqvwdqw dfurvv Fkdluphq/ zkloh doorzlqj iru vkliwv

lq wkh uhpdlqlqj sdudphwhuv1 Wkh uhvxowlqj hvwlpdwhv duh uhsruwhg lq Wdeoh YL1 Zh

suhvhqw hvwlpdwhv iru wzr gl�huhqw wdujhw krul}rqv iru lq dwlrq dqg wkh rxwsxw jds=

+4/4, dqg +7/4,14<

Frqvlghu �uvw wkh suh0Yrofnhu shulrg1 Lqwhuhvwlqjo|/ qr vljql�fdqw gl�huhqfh dulvhv

dfurvv Fkdluphq lq hlwkhu wkh ydoxh ri wkh lq dwlrq wdujhw Z
W/ ru lq wkh lq dwlrq

frh!flhqw q1 Wkh srlqw hvwlpdwhv iru wkh lq dwlrq wdujhw +lq wkh 80: shufhqw udqjh,

duh vrphzkdw deryh wkh edvholqh hvwlpdwhv iru wkh ixoo suh0Yrofnhu vdpsoh/ wkrxjk

qrw vljql�fdqwo| vlqfh wkh vwdqgdug huuruv duh qrz udwkhu odujh1 Wkh hvwlpdwhg ydoxh

iru wkh lq dwlrq frh!flhqw lv ehorz xqlw| dqg lv lq olqh zlwk wkh edvholqh hvwlpdwhv1

Wkh rqo| qrwdeoh ghsduwxuh iurp wkh edvholqh fdvh lv wkdw wkh rxwsxw jds frh!flhqw

lv lqvljql�fdqw xqghu Pduwlq*v whqxuh/ exw srvlwlyh dqg vljql�fdqw xqghu Exuqv dqg

Ploohu1

Rxu surfhgxuh ghwhfwv ihz urexvw gl�huhqfhv dfurvv wkh Yrofnhu dqg Juhhqvsdq

hudv1 Dv lq wkh suh0Yrofnhu hud/ wkh hvwlpdwhv ZW dqg q duh vwdeoh dfurvv fkdluphq1

Hvwlpdwhv iru hdfk sdudphwhu/ ixuwkhu/ duh forvh wr wkrvh rewdlqhg lq wkh edvholqh

fdvh1 Zlwk d rqh0shulrg krul}rq iru erwk lq dwlrq dqg wkh rxwsxw jds/ wkh frh!flhqw

rq wkh odwwhu lv forvh wr }hur +dqg lqvljql�fdqw, xqghu Yrofnhu/ exw lv srvlwlyh dqg

vljql�fdqw xqghu Juhhqvsdq1 Rq wkh rwkhu kdqg/ zkhq wkh wdujhw krul}rq iru lq dwlrq

lv irxu txduwhuv/ wklv gl�huhqfh ydqlvkhv1 Wkh hvwlpdwhg frpprq ydoxh lv srvlwlyh dqg

vljql�fdqw1 Lq dgglwlrq/ wkh hvwlpdwhv xqghu wkh +7/4, krul}rq srlqw wr d vljql�fdqw

lqfuhdvh lq wkh ghjuhh ri vprrwklqj ri lqwhuhvw udwh fkdqjhv xqghu Juhhqvsdq/ dv

4<Vlqfh zh dovr gxpp| doo wkh lqvwuxphqwv/ zh rqo| xvh rqo| wzr lqvwuxphqw odjv lq rxu vxevdp0

soh vwdelolw| dqdo|vlv/ wkxv nhhslqj wkh wrwdo qxpehu ri lqvwuxphqwv +dqg wkh ghjuhhv ri iuhhgrp,

frpsdudeoh wr wkh rwkhu vshfl�fdwlrqv1
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uh hfwhg lq wkh vljql�fdqwo| kljkhu hvwlpdwh ri wkh sdudphwhu 41

Dv d �qdo fkhfn rq vxevdpsoh vwdelolw| zh h{soruh wkh h�hfwv ri uhprylqj wkh

�uvw wkuhh |hduv ri wkh Yrofnhu uhjlph iurp wkh hqwluh Yrofnhu0Juhhqvsdq vdpsoh1

Dv zh glvfxvvhg/ ryhu wkh shulrg 4<:<=7 0 4<;5=7/ wkh rshudwlqj surfhgxuhv ri wkh

Ihghudo Uhvhuyh lqyroyhg wdujhwlqj qrq0eruurzhg uhvhuyhv dv rssrvhg wr wkh Ihghudo

Ixqgv udwh153 Qrwh/ krzhyhu/ wkdw rxu vshfl�fdwlrq doorzv iru wkh srvvlelolw| wkdw

qrq0eruurzhg uhvhuyhv pd| eh wkh srolf| lqvwuxphqw vlqfh lw lqfoxghv dq huuru whup

lq wkh lqwhuhvw udwh htxdwlrq zklfk frxog uh hfw wkh h�hfw ri prqh| ghpdqg vkrfnv1

Lq wklv lqvwdqfh/ doo wkdw lv ehlqj dvvxphg lv wkdw wkh Ihg vhwv qrq0eruurzhg uhvhuyhv

wr dfklhyh d wdujhw lqwhuhvw udwh lq h{shfwdwlrq/ dv gh�qhg e| wkh uhdfwlrq ixqfwlrq154

Qrqhwkhohvv/ zh uh0hvwlpdwh wkh Yrofnhu0Juhhqvsdq uhdfwlrq ixqfwlrq iru wkh shulrg

;5=70<9=7/ wkxv h{foxglqj wkh shulrg ri qrq0eruurzhg uhvhuyhv wdujhwlqj155 Wkh fru0

uhvsrqglqj uhvxowv/ iru wzr dowhuqdwlyh krul}rqv/ duh vkrzq lq wkh erwwrp sdqho ri

Wdeoh YL1

Rqfh djdlq/ wkh hvwlpdwhv ri q�wkh frh!flhqw dvvrfldwhg zlwk h{shfwhg lq dwlrq�

duh deryh xqlw| dqg qrw vwdwlvwlfdoo| gl�huhqw iurp wkh edvholqh fdvh +wkrxjk wkh

hvwlpdwh iru wkh +4/4, krul}rq lv qrlv|,561 Rq wkh rwkhu kdqg/ wkh hvwlpdwhv ri ��wkh

frh!flhqw phdvxulqj wkh vhqvlwlylw| wr wkh f|folfdo yduldeoh�doo ehfrph yhu| vpdoo

53Ehuqdqnh dqg Plkry ^4<<;` suhvhqw hylghqfh wkdw ryhu wkh 4<:<=43 0 4<;5 shulrg qrq0eruurzhg

uhvhuyhv zdv wkh rshudwlqj lqvwuxphqw ri prqhwdu| srolf|/ zklfk dffrugv zlwk frqyhqwlrqdo zlvgrp1

Iru wkh uhvw ri wkh wlph wkh| vkrz lw lv uhdvrqdeoh wr wuhdw wkh Ihghudo Ixqgv udwh dv wkh lqvwuxphqw

ri prqhwdu| srolf|1
54Dv zh qrwhg hduolhu/ Jrrgiulhqg +4<<4, dujxhv irufhixoo| wkdw wkh Ihghudo Uhvhuyh glg lqghhg

fkrrvh wdujhwv iru qrq0eruurzhg uhvhuyhv ryhu wklv shulrg xowlpdwho| zlwk dq remhfwlyh iru wkh sdwk

ri wkh lqwhuhvw udwh lq plqg1
55Lq d frpsdqlrq sdshu/ Fodulgd/ Jdol dqg Jhuwohu ^4<<:e`/ zh vkrz wkdw rxu edvholqh vshfl�fdwlrq

lv urexvw wr doorzlqj iru wkh srvvlelolw| wkdw wkh Ihg pd| uhvsrqg wr prqh| jurzwk lqghshqghqwo|

ri lwv suhglfwlyh srzhu iru lq dwlrq1 Wkdw lv/ zh uhmhfw wkh k|srwkhvlv wkdw wkh Ihg zdv wdujhwlqj

prqh| jurzwk1 Rxu uhvxowv duh wkxv frqvlvwhqw zlwk Iulhgpdq dqg Nxwwqhu ^4<<9`1
56Li zh gr qrw uhvwulfw wkh lqwhufhsw wr lghqwli| �

�> wkhq wkh hvwlpdwh ri � lv vljql�fdqwo| deryh

xqlw| dqg wljkwo| hvwlpdwhg iru wkh +4>4, krul}rq/ dv zhoo dv iru wkh +7>4, krul}rq1
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dqg lqvljql�fdqw zkhq zh xvh srvw0;5 gdwd +lq frqwudvw zlwk rxu uhvxowv iru wkh ixoo

Yrofnhu0Juhhqvsdq shulrg,1 Wkxv/ khuh zh fdqqrw uhmhfw wkh k|srwkhvlv wkdw wkh Ihg

kdv h�hfwlyho| sxuvxhg d �sxuh lq dwlrq wdujhwlqj� srolf|1

Lq vxp/ wkh nh| lqvljkwv rewdlqhg wkh edvholqh fdvh duh urexvw wr doorzlqj iru vwuxf0

wxudo fkdqjhv dfurvv Fkdluphq1 Lq sduwlfxodu/ wkh vwulnlqj gl�huhqfh lq wkh uhdfwlrq

ixqfwlrq dfurvv wlph lv wkh ulvh lq wkh vorsh frh!flhqw rq lq dwlrq iurp voljkwo| ohvv

wkdq xqlw| suh0Yrofnhu wr durxqg wzr lq wkh Yrofnhu0Juhhqvsdq hud1

81 Edfnzdug orrnlqj hvwlpdwhv

Zh frpsohwh rxu urexvwqhvv dqdo|vlv e| uhsruwlqj wkh hvwlpdwhv iru gl�huhqw vxe0

shulrgv ri d edfnzdug orrnlqj uxoh ri wkh vruw frqvlghuhg e| Wd|oru +4<<6,1 Rxu

yhuvlrq ri wkdw uxoh fruuhvsrqgv wr vshfl�fdwlrq +7, zlwk erwk & dqg ^ vhw wr ��1

Wdeoh YLL uhsruwv wkh fruuhvsrqglqj uhvxowv1 Doo wkh txdolwdwlyh ihdwxuhv ri rxu edvh0

olqh vshfl�fdwlrq hvwlpdwhv vhhp wr eh krog khuh dv zhoo/ vxjjhvwlqj wkdw wkh| duh qrw

lqkhuhqw wr wkh iruzdug orrnlqj vshfl�fdwlrq ri wkh lqwhuhvw udwh uxoh1 Zkloh zh ylhz

wkh iruzdug orrnlqj vshfl�fdwlrq dv pruh sodxvleoh d sulrul/ wkh lqvljkwv dovr rewdlq

iurp wkh edfnzdug orrnlqj vshfl�fdwlrq1

F1 Glvfxvvlrq ri wkh Hpslulfdo Uhvxowv

Ryhudoo/ rxu hvwlpdwhv srlqw wr wkh h{lvwhqfh ri lpsruwdqw gl�huhqfhv dfurvv shul0

rgv lq wkh vhqvlwlylw| ri prqhwdu| srolf|1 Wklv uhvxow/ ixuwkhu/ dsshduv wr eh d urexvw

ihdwxuh ri wkh gdwd1 Vshfl�fdoo|/ gxulqj wkh suh0Yrofnhu shulrg/ lq uhvsrqvh wr iruh0

fdvwdeoh lq dwlrqdu| suhvvxuhv/ wkh Ihghudo Uhvhuyh whqghg wr ohw uhdo lqwhuhvw udwhv

ghfolqh ru/ dw ehvw/ glg qrw wu| wr udlvh wkhp1 Lq rwkhu zrugv/ zkloh wkh fhqwudo edqn

glg udlvhv qrplqdo udwhv/ lw glg qrw gr vr vx!flhqwo| wr udlvh uhdo udwhv157 Wklv nlqg

57Rxu �qglqj ri d ohvv wkdq rqh0iru0rqh dgmxvwphqw ri wkh qrplqdo udwh wr fkdqjhv lq h{shfwhg

lq dwlrq lv forvho| uhodwhg wr wkh �qglqj ri d vwurqj qhjdwlyh fruuhodwlrq ehwzhhq wkh hvwlpdwhg

h{shfwhg lq dwlrq udwh dqg wkh hvwlpdwhg uhdo udwh e| Plvknlq ^4<;4` dqg rwkhuv lq wkh frqwh{w ri

dq h{sorudwlrq ri wkh Ilvkhu k|srwkhvlv1 Lqwhuhvwlqjo|/ wkh vdpsoh shulrg lq Plvknlq*v sdshu hqgv lq

4<:<=7/ mxvw rqh txduwhu diwhu Yrofnhu ehjdq klv whqxuh dv Ihg fkdlupdq$1 Ixuwkhupruh/ lq vxevhtxhqw

zrun/ Kxl}lqjd dqg Plvknlq ^4<;9` vkrz irupdoo| wkdw wkhuh lv d vkliw lq lqwhuhvw udwh ehkdylru ehiruh
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ri uhvsrqvh fohduo| grhv qrw vwdelol}h lq dwlrq xqghu dq| sodxvleoh ylhz ri wkh olqn0

djhv ehwzhhq uhdo udwhv/ djjuhjdwh ghpdqg/ rxwsxw/ dqg lq dwlrq1 Wkxv/ dffruglqj

wr rxu uhvxowv/ wkh shuvlvwhqw dqg yrodwloh ehkdylru ri lq dwlrq lq wkh suh0Yrofnhu hud

pd| eh sduwo| gxh wr wkh prqhwdu| uxoh lq sodfh/ lqghshqghqwo| ri wkh qdwxuh ri wkh

ixqgdphqwdo vkrfnv zklfk pd| kdyh lpslqjhg rq wkh hfrqrp| gxulqj wkdw shulrg1

E| zd| ri frqwudvw/ xqghu wkh Yrofnhu0Juhhqvsdq uhjlph/ wkh Ihghudo Uhvhuyh kdv

vxevwdqwldoo| udlvhg wdujhw uhdo udwhv lq wkh zdnh ri dq dqwlflsdwhg lqfuhdvh lq lq dwlrq

+rq d wzr0iru0rqh edvlv/ dffruglqj wr d urxjk dyhudjh ri rxu srlqw hvwlpdwhv,1 Wr wkh

h{whqw wkdw d ulvh lq wkh uhdo udwh vorzv grzq wkh ohyho ri hfrqrplf dfwlylw| dqg uholhyhv

lq dwlrqdu| suhvvxuhv/ wkh lqwhuhvw udwh srolf| lq wkh Yrofnhu0Juhhqvsdq hud surylghv

d qdwxudo h{sodqdwlrq iru wkh vwdelolw| ri lq dwlrq h{shulhqfhg e| wkh XV hfrqrp| lq

uhfhqw |hduv1

Lq wkh qh{w vhfwlrq zh  hvk rxw wkh lpsolfdwlrqv ri wkh gl�huhqfhv lq prqhwdu|

srolf| suh0 dqg srvw0Yrofnhu/ xvlqj d vlpsoh pdfurhfrqrplf iudphzrun1

LY1 Lqwhuhvw Udwh Uxohv dqg Hfrqrplf Ioxfwxdwlrqv

Lq wklv vhfwlrq zh dqdo|}h vrph ri wkh pdfurhfrqrplf lpsolfdwlrqv ri wkh hvwl0

pdwhg prqhwdu| srolf| uhdfwlrq ixqfwlrqv1 Zh gr vr lq wkh frqwh{w ri d prqhwdu|

exvlqhvv f|foh prgho zlwk vwlfn| sulfhv1 Zh �uvw suhvhqw wkh prgho*v htxloleulxp

frqglwlrqv/ dqg wkhq dqdo|}h krz wkh surshuwlhv ghshqg rq wkh prqhwdu| srolf| uxoh

lq sodfh1 D frpsuhkhqvlyh dqdo|vlv ri wkh txdqwlwdwlyh surshuwlhv ri wkh prgho lv

eh|rqg wkh vfrsh ri wkh suhvhqw sdshu1 Lqvwhdg/ zh fkrrvh wr irfxv rxu dwwhqwlrq rq

d vshfl�f/ exw +lq rxu rslqlrq, udwkhu lpsruwdqw dqg idvflqdwlqj lvvxh/ qdpho|/ wkh

h{whqw wr zklfk wkh fkdqjh lq wkh v|vwhpdwlf frpsrqhqw ri prqhwdu| srolf| dfurvv

wkh suh0Yrofnhu dqg wkh Yrofnhu0Juhhqvsdq hudv pd| h{sodlq vrph ri wkh gl�huhqfhv

lq wkh ghjuhh ri pdfurhfrqrplf lqvwdelolw|158

dqg diwhu Rfwrehu 4<:<1
58Nhuu dqg Nlqj ^4<<8` dqg Ehuqdqnh dqg Zrrgirug ^4<<:` dovr dqdo|}h wkh srvvlelolw| ri hqgrjh0

qrxv  xfwxdwlrqv lq wkh frqwh{w ri vwlfn| sulfh iudphzrun xqghu dq lqwhuhvw udwh uxoh1
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Wkh edvholqh iudphzrun zh xvh lv d +qrz idploldu, g|qdplf Qhz Nh|qhvldq prgho1

Zh dovr/ krzhyhu/ glvfxvv krz vrph ri wkh uhvxowv h{whqgv wr d pruh frqyhqwlrqdo

pdfurhfrqrplf prgho

D1 D Exvlqhvv F|foh Prgho zlwk Vwlfn| Sulfhv

Rxu edvholqh prgho lv d yhuvlrq ri wkh vwlfn| sulfh prghov irxqg lq Nlqj dqg

Zropdq ^4<<9`/ Zrrgirug ^4<<9/ 4<<;`/ dqg \xq ^4<<9`/ dprqj rwkhuv1 Diwhu orj0

olqhdul}dwlrq durxqg d }hur lq dwlrq vwhdg| vwdwh/ wkh prgho*v htxloleulxp frqglwlrqv

duh vxppdul}hg e| wkh iroorzlqj htxdwlrqv +ljqrulqj dq| frqvwdqwv,=

Z| ' B .dZ|n�ml|o n b %| +9,

%| ' .d%|n�ml|o�
�

j
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o
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|
' q .dZ|n�ml|o n � %| +;,
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W

|
+<,

Htxdwlrq +9, ghvfulehv wkh fkdqjh lq wkh djjuhjdwh sulfh ohyho dv d ixqfwlrq ri h{0

shfwhg ixwxuh lq dwlrq dqg wkh rxwsxw jds�

59 Lw fdq eh ghulyhg iurp wkh djjuhjdwlrq

ri rswlpdo sulfh0vhwwlqj ghflvlrqv e| prqrsrolvwlfdoo| frpshwlwlyh �upv/ lq dq hqyl0

urqphqw lq zklfk hdfk �up dgmxvwv lwv sulfh zlwk d frqvwdqw suredelolw| lq dq| jlyhq

shulrg15: Htxdwlrq +:, frpelqhv d vwdqgdug Hxohu htxdwlrq iru frqvxpswlrq zlwk d

pdunhw fohdulqj frqglwlrq15; Lw lv riwhq lqwhusuhwhg dv dq LV vfkhgxoh/ ghwhuplqlqj

59Vwulfwo| vshdnlqj/ { uhsuhvhqwv wkh ghyldwlrq ri +orj, rxwsxw iurp lwv qdwxudo udwh/ zkhuh wkh

odwwhu yduldeoh lv gh�qhg dv wkh ohyho ri rxwsxw wkdw zrxog rewdlq xqghu ixoo|  h{leoh sulfhv1 Vhh

Zrrgirug ^4<<9` iru ghwdlov1 Jdoð dqg Jhuwohu ^4<<;` suhvhqw vrph hylghqfh vxjjhvwlqj wkdw +9,

surylghv d jrrg �uvw dssur{lpdwlrq wr wkh g|qdplfv ri lq dwlrq lq wkh Xqlwhg Vwdwhv1
5:Vxfk d sulfh0vhwwlqj vwuxfwxuh zdv �uvw lqwurgxfhg e| lq Fdoyr ^4<;6`/ dqg kdv ehhq iuhtxhqwo|

dgrswhg lq pdfurhfrqrplf dssolfdwlrqv dv d vlpsoh/  h{leoh zd| ri lqwurgxflqj sulfh vwlfnlqhvv1 D

vlplodu iruzdug0orrnlqj Skloolsv fxuyh dulvhv/ krzhyhu/ xqghu dowhuqdwlyh sulfh0vhwwlqj dvvxpswlrqv

+h1j1/ txdgudwlf dgmxvwphqw frvwv ru ghwhuplqlvwlf wlph0ghshqghqw uxohv zlwk vwdjjhuhg sulflqj,1
5;Lw dvvxphv wlph0vhsdudeoh suhihuhqfhv zlwk wlph glvfrxqw idfwru �/ dqg d FUUD shulrg0xwlolw|

zlwk uhodwlyh ulvn dyhuvlrq sdudphwhu �1

4<



wkh fxuuhqw rxwsxw jds dv d ixqfwlrq ri wkh h{0dqwh uhdo udwh dqg h{shfwhg ixwxuh rxw0

sxw1 Lq wkdw frqwh{w/ wkh h{rjhqrxv glvwxuedqfh 5| vxppdul}hv wkh lq xhqfh ri dq|

xqghuo|lqj uhdo gulylqj irufhv +h1j1/ whfkqrorj|/ jryhuqphqw sxufkdvhv/ hwf1,/ dqg fdq

eh lqwhusuhwhg dv wkh h{0dqwh uhdo udwh wkdw zrxog suhydlo xqghu ixoo|  h{leoh sulfhv15<

Ehorz lw lv dvvxphg wkdw i5|j iroorzv dq DU+4, surfhvv

5| ' � 5|3� n 0|

zkhuh m�m 	 �/ dqg i0|j lv zklwh qrlvh1

Htxdwlrqv +;, dqg +<, vshfli| wkh srolf| uxoh1 Wkh| duh wkh wkhruhwlfdo prgho*v

frxqwhusduw wr +4, dqg +6,1 Iru vlpsolflw|/ zh uhvwulfw rxuvhoyhv wr wkh fdvh ri & '

^ ' �/ dqg dvvxph wkdw doo yduldeohv gdwhg | ru hduolhu ehorqj wr lqirupdwlrq vhw l|1

E1 Htxloleulxp G|qdplfv

Zh qrz suhvhqw vrph uhvxowv wkdw duh xvhixo iru fkdudfwhul}lqj krz wkh prqhwdu|

srolf| uxoh d�hfwv wkh g|qdplfv ri wkh prgho dqg/ lq sduwlfxodu/ wkh flufxpvwdqfhv

xqghu zklfk lw pd| rshq xs wkh srvvlelolw| ri vhoi0ixo�oolqj  xfwxdwlrqv1

Gh�qh wkh yhfwru ri hqgrjhqrxv yduldeohv �| ' dZ|c %|c o|3�o
�

1 Diwhu xvlqj +;,

wr vxevwlwxwh iru o
W

|
lq +<,/ dqg vrph uhduudqjlqj/ zh fdq uhzulwh wkh htxloleulxp

frqglwlrqv +9,0+<, dv d �uvw0rughu gl�huhqfh htxdwlrq=

.| �|n� ' � �| n� 5| +43,

zkhuh � dqg � duh pdwulfhv jlyhq e|
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Dv vkrzq lq Eodqfkdug dqg Ndkq ^4<;3`/ wkh qdwxuh ri wkh vhw ri vroxwlrqv wr +43,

klqjhv fulwlfdoo| rq wkh hljhqydoxhv ri �/ dqg wkh idfw wkdw rqo| rqh ri wkh yduldeohv

5<Vhh Zrrgirug ^4<<;` iru d ghwdlohg glvfxvvlrq ri wkh lqwhusuhwdwlrq ri }1
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lq �| lv suhghwhuplqhg +wkh odjjhg lqwhuhvw udwh,1 Ohw >
�
/ >

2
/ dqg >

�
uhsuhvhqw wkh

hljhqydoxhv ri �1 Ohw xv dvvxph/ zlwkrxw orvw ri jhqhudolw|/ wkdw m>
�
m � m>

2
m � m>

�
m1

Khuh zh uhvwulfw rxu glvfxvvlrq wr vwdwlrqdu|/ qrq0h{sorvlyh vroxwlrqv1 Wkhuh duh

wzr fdvhv ri lqwhuhvw1

Vxssrvh �uvw wkdw m>
�
m � m>

2
m : � : m>

�
m/ l1h1 wkh qxpehu ri hljhqydoxhv rxwvlgh wkh

xqlw flufoh htxdov wkh qxpehu ri qrq0suhghwhuplqhg yduldeohv1 Lq wkdw fdvh wkhuh h{lvwv

d xqltxh vwdwlrqdu| htxloleulxp/ lq zklfk Z|/ %|/ dqg o| duh d xqltxho| ghwhuplqhg e|

wkh klvwru| ri ixqgdphqwdo vkrfnv +l1h1/ e| 5|/ 5|3�/ 5|32/111,163

Vxssrvh/ lqvwhdg/ wkdw m>
�
m : � : m>

2
m � m>

�
m/ l1h1/ wkh qxpehu ri hljhqydoxhv rxw0

vlgh wkh xqlw flufoh idoov vkruw ri wkh qxpehu ri qrq0suhghwhuplqhg yduldeohv1 Lq wkdw

fdvh wkh ydoxhv Z|/ %|/ dqg o| fdq qr orqjhu eh slqqhg grzq xqltxho| dv d ixqfwlrq

ri fxuuhqw dqg odjjhg ydoxhv ri ixqgdphqwdo vkrfnv1 Lq idfw wkh qdwxuh ri lqghwhupl0

qdf| lv wzrirog lq wkdw fdvh1
64 Iluvw/ wkh vl}h dqg sdwwhuq ri wkh g|qdplf uhvsrqvh

ri wkh hqgrjhqrxv yduldeohv wr d ixqgdphqwdo vkrfn lv lqghwhuplqdwh1 Vhfrqg/ dqg

shukdsv pruh lqwhuhvwlqjo|/ lq dwlrq/ rxwsxw/ dqg wkh lqwhuhvw udwh pd| dovr uhvsrqg

wr vxqvsrwv lqqrydwlrqv/ l1h1/ qhzv xquhodwhg wr ixqgdphqwdov zklfk hqg xs d�hfwlqj

wkh htxloleulxp sdwk ri wkh hfrqrp| wkurxjk lwv +vhoi0ixo�oolqj, h�hfw rq h{shfwd0

wlrqv1 Lq idfw/ lq wkdw fdvh wkh hfrqrp| pd| glvsod| jhqxlqh vwdwlrqdu| vwrfkdvwlf

 xfwxdwlrqv durxqg wkhlu vwhdg| vwdwh ydoxhv/ hyhq lq wkh devhqfh ri dq| vkrfnv wr

ixqgdphqwdov165 Vxfk vxqvsrw  xfwxdwlrqv/ wkrxjk vwdwlrqdu|/ duh srwhqwldoo| yhu|

shuvlvwhqw/ zlwk wkh ghjuhh ri shuvlvwhqfh phdvxuhg e| wkh �kljkhvw� vwdeoh hljhqydoxh

+l1h1/ >
2
,1

Lqwhuhvwlqjo|/ lq wkh fdvh ri rqh0glphqvlrqdo lqghwhuplqdf| frqvlghuhg khuh/ wkh

uhvsrqvh ri hdfk hqgrjhqrxv yduldeoh wr d vxqvsrw vkrfn lv ixoo| ghwhuplqhg +xs wr

vfdoh,1 Lq idfw/ lq wkh devhqfh ri vkrfnv wr ixqgdphqwdov +5| ' f/ doo |, zh fdq

63Vhh/ h1j1/ Eodqfkdug dqg Ndkq ^4<;3` iru d ghwdlohg glvfxvvlrq1
64Vhh Sursrvlwlrq 6 lq Eodqfkdug dqg Ndkq ^4<;3` dqg wkh uhodwhg glvfxvvlrq lq Jdoð ^4<<;`1
65Vxfk  xfwxdwlrqv fruuhvsrqg wr vwdwlrqdu| vxqvsrw  xfwxdwlrqv lq wkh whuplqrorj| ri Zrrgirug

^4<;9`1
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uhsuhvhqw wkh vwdwlrqdu| htxloleulxp dv

dZ|c %|c o|o
� '

"[

&'f

8& #|3&

zkhuh i#
|
j lv d vhtxhqfh ri vxqvsrw lqqrydwlrqv vdwlvi|lqj wkh pduwlqjdoh0gl�huhqfh

surshuw| +l1h1/ .| #|n�
' f/ doo |, dqg zkhuh i8&/ & ' fc �c 2c ���j lv d vhtxhqfh ri E����

pdwulfhv xqltxho| ghwhuplqhg +xs wr vfdoh, e| wkh sdudphwhuv ri wkh prgho166

Wkh qxpehu ri vwdeoh2xqvwdeoh hljhqydoxhv ri � +dqg/ wkxv/ wkh qdwxuh ri wkh

uhvxowlqj htxloleulxp, ghshqgv/ xowlpdwho| rq wkh ydoxhv wdnhq e| wkh prgho*v h{rjh0

qrxv sdudphwhuv/ lqfoxglqj wkh wkuhh wkdw fkdudfwhul}h wkh lqwhuhvw udwh uxoh +q/ �/ dqg

4,1 Lq wkh qh{w wzr vxevhfwlrq zh h{dplqh wkh uroh ri wkh odwwhu lq ghwhuplqlqj wkh

surshuwlhv ri wkh htxloleulxp1 Rxu hvwlpdwhv vxjjhvw wkh srvvlelolw| ri lqghwhuplqdf|

ru dw ehvw +jlyhq wkh lpsuhflvlrq ri wkh hvwlpdwhv lq vrph fdvhv, qhdu lqghwhuplqdf|

xqghu wkh suh0Yrofnhu uxoh1 Wkh Yrofnhu0Juhhqvsdq uxoh/ rq wkh rwkhu kdqg/ idoov

fohduo| lq wkh ghwhuplqdwh udqjh1 Zh h{soruh wkh lvvxh ri lqghwhuplqdf| lq wkh qh{w

vhfwlrq/ dqg qhdu lqghwhuplqdf| lq wkh vxevhtxhqw rqh1

F1 Lqwhuhvw Udwh Uxohv dqg Hqgrjhqrxv Ioxfwxdwlrqv

Khuh zh lqyhvwljdwh wkh uroh ri wkh lqwhuhvw udwh uxoh dv d srvvleoh vrxufh ri lq0

ghwhuplqdf| dqg hqgrjhqrxv  xfwxdwlrqv1 Rxu vwudwhj| frqvlvwv lq fdoleudwlqj wkh

vlpsoh prgho suhvhqwhg deryh dqg dqdo|}lqj wkh surshuwlhv ri wkh g|qdplfdo v|vwhp

ghvfulelqj wkh fruuhvsrqglqj htxloleulxp1 Iluvw zh dvvljq vrph ehqfkpdun ydoxhv wr

sdudphwhuv j/ B/ dqg b +l1h1/ sdudphwhuv hqwhulqj pdwul{ � rwkhu wkdq wkrvh ghvfule0

lqj wkh srolf| uxoh, vlplodu wr wkh rqhv xvhg e| rwkhu dxwkruv lq wkh olwhudwxuh1 Jlyhq

wkhvh edvholqh ydoxhv/ zh vwxg| wkh surshuwlhv ri wkh prgho*v htxloleulxp xqghu dowhu0

qdwlyh vhwwlqjv iru wkh sdudphwhuv ghvfulelqj wkh lqwhuhvw udwh uxoh1 Lq sduwlfxodu/ zh

h{dplqh wkh prgho*v suhglfwlrqv xqghu lqwhuhvw udwh uxohv vlplodu wr wkrvh hvwlpdwhg

xvlqj srvwzdu Xqlwhg Vwdwhv gdwd1

66Vhh Fodulgd/ Jdoð/ dqg Jhuwohu +4<<:, iru ghwdlov1 Wkh srvvlelolw| ri vxqvsrw  xfwxdwlrqv lq d

prgho vlplodu wr rxuv exw zlwk qr lqwhuhvw udwh vprrwklqj +dqg wkxv qr suhghwhuplqhg yduldeohv,

kdv ehhq dqdo|}hg lq Ehuqdqnh dqg Zrrgirug +4<<:,1
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Rxu edvholqh sdudphwhu ydoxhv duh dv iroorzv1 Zh vhw wkh +txduwhuo|, glvfrxqw

idfwru B wr f�bb/ lpso|lqj dq dqqxdo ulvn0iuhh udwh ri e shufhqw1 Zh vhw j�wkh frh!flhqw

ri uhodwlyh ulvn dyhuvlrq�wr eh htxdo wr �/ dqg b�wkh rxwsxw hodvwlflw| ri lq dwlrq htxdo

wr f��167

Lq Wdeoh YLLL zh uhsruw wkh udqjh ri ydoxhv ri q�wkh frh!flhqw ri h{shfwhg lq d0

wlrq lq wkh lqwhuhvw udwh uxoh�iru zklfk zh fdq uxoh rxw wkh srvvlelolw| ri hqgrjhqrxv

 xfwxdwlrqv/ jlyhq wkh edvholqh ydoxhv iru Ej/ B/ b� dqg dowhuqdwlyh sdudphwhu frq�jx0

udwlrqv iru ��wkh rxwsxw frh!flhqw�dqg 4�wkh lqwhuhvw vprrwklqj sdudphwhu1 Ehfdxvh

ri vsdfh olplwdwlrqv zh mxvw vwuhvv khuh vrph ri wkh txdolwdwlyh uhvxowv wkdw hphujh1

Iluvw/ dv dqwlflsdwhg e| wkh lqwxlwlrq jlyhq lq wkh lqwurgxfwlrq/ zkhwkhu q lv juhdwhu ru

vpdoohu wkdq rqh odujho| ghwhuplqhv zkhwkhu dq h{rjhqrxv vkliw lq h{shfwhg lq dwlrq

lv ydolgdwhg ru qrw e| wkh uhvsrqvh ri wkh prqhwdu| dxwkrulw| dqg/ wkxv/ zkhwkhu lw

lv frqvlvwhqw ru qrw zlwk htxloleulxp168 Vwulfwo| vshdnlqj/ wkdw wkuhvkrog ydoxh iru q

rewdlqv h{dfwo| rqo| zkhq � ' f/ l1h1/ zkhq wkhuh lv qr v|vwhpdwlf uhvsrqvh wr rxwsxw

yduldwlrqv169 Dv zh lqfuhdvh �/ wkh orzhu erxqg iru q jrhv grzq/ wkrxjk wkh ghyldwlrq

iurp xqlw| lv txdqwlwdwlyho| yhu| vpdoo +dqg lqghshqghqw ri 4,1 Vhfrqg/ dv vkrzq lq

wkh wdeoh/ wkh udqjh ri q ydoxhv iru zklfk wkh htxloleulxp lv xqltxh dovr kdv dq xsshu

erxqg1 Lq rwkhu zrugv/ dq �h{fhvvlyh� uhvsrqvh wr fkdqjhv lq h{shfwhg lq dwlrq pd|

67Wkhuh lv qr zlghvsuhdg frqvhqvxv rq wkh ydoxh ri �1 Ydoxhv irxqg lq wkh olwhudwxuh udqjh

iurp 3=38 +Wd|oru ^4<;3`, wr 4=55 +Fkdul hw do1 ^4<<9`,1 Iroorzlqj Zrrgirug ^4<<9`/ zh fkrrvh wkh

lqwhuphgldwh ydoxh 3=63/ zklfk lv frqvlvwhqw zlwk wkh hpslulfdo �qglqjv lq Urehuwv ^4<<8`1
68Zh vkrxog vwuhvv wkdw zh duh qrw frqvlghulqj vrph frpsolfdwlrqv wkdw pd| eh lqwurgxfhg e| �vfdo

srolf| +vhh1 h1j1/ Ohhshu ^4<<4` dqg Zrrgirug ^4<<9`,1 Lq sduwlfxodu/ zh duh lpsolflwo| dvvxplqj wkdw

�vfdo srolf| lv �Ulfdugldq� lq wkh vhqvh wkdw wkh �vfdo dxwkrulw| dvvxphv uhvsrqvlelolw| iru phhwlqj

wkh lqwhuhvw reoljdwlrqv rq jryhuqphqw ghew1 Li wklv frqglwlrq lv qrw phw/ wkhq ghwhuplqdf| lv srvvleoh

zlwk � ? 41 Dv Zrrgirug ^4<<9` vkrzv/ krzhyhu/ gh�flw vkrfnv fdq eh d vrxufh ri uhdo lqvwdelolw| lq

wklv lqvwdqfh1 Zkhwkhu lw lv lpsruwdqw wr dffrxqw iru �vfdo srolf| lq lqwhusuhwlqj wkh suh04<:< hud

lv d lvvxh ghvhuylqj ri ixuwkhu uhvhdufk/ zh wklqn1
69
Nhuu dqg Nlqj ^4<<8` dovr hpskdvl}h wkh vljql�fdqfh ri zhwkhu � lv deryh ru ehorz xqlw| iru

lqghwhuplqdf|1
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dovr ohdg wr vxqvsrw  xfwxdwlrqv1
6:

Wkdw xsshu erxqg dsshduv wr eh lqfuhdvlqj lq/

dqg yhu| vhqvlwlyh wr/ wkh ydoxh ri 41 Qrwlfh/ krzhyhu/ wkdw iru hpslulfdoo| sodxvleoh

ydoxhv ri wkh odwwhu +zklfk lv dozd|v deryh f�D lq rxu hvwlpdwhv,/ wkdw xsshu erxqg

ehfrphv odujho| luuhohydqw/ vlqfh furvvlqj lw zrxog uhtxluh lpsodxvleo| odujh lqfuhdvhv

lq wkh uhdo lqwhuhvw udwh lq uhvsrqvh wr d ulvh lq h{shfwhg lq dwlrq1

Ilqdoo|/ jlyhq wkh edvholqh ydoxhv iru wkh qrq0srolf| sdudphwhuv/ zh frpsxwh wkh

hljhqydoxhv dvvrfldwhg zlwk wzr fdoleudwlrqv ri wkh lqwhuhvw udwh uxoh wkdw duh phdqw

wr eh �uhsuhvhqwdwlyh� ri wkh hvwlpdwhv rewdlqhg iru wkh suh0Yrofnhu dqg Yrofnhu0

Juhhqvsdq hudv lq wkh hpslulfdo zrun glvfxvvhg deryh1 Lq hlwkhu fdvh/ zh uhvwulfw

rxuvhoyhv wr wkh srlqw hvwlpdwhv ri rxu edvholqh vshfl�fdwlrq irxqg lq Wdeoh LL1 Wkh

hljhqydoxhv iru hdfk vhw ri hvwlpdwhv duh uhsruwhg lq Wdeoh L[1

Dv rqh frxog dqwlflsdwh iurp wkh uhvxowv lq Wdeoh YLLL dqg wkh hduolhu glvfxvvlrq

ri rxu hpslulfdo �qglqjv/ wkh hvwlpdwhg lqwhuhvw udwh uxohv iru wkh suh0Yrofnhu shulrg

lpso| wkdw rqo| rqh hljhqydoxh ri � lv rxwvlgh wkh xqlw flufoh> dffruglqjo|/ rqh fdqqrw

uxoh rxw wkh srvvlelolw| ri vhoi0ixo�oolqj  xfwxdwlrqv lq rxwsxw dqg lq dwlrq xqghu

wkdw srolf| uhjlph1 Zkdw gr wkhvh vxqvsrw  xfwxdwlrqv �orrn olnh�B Wkrxjk wkh

dpsolwxgh ri wkrvh  xfwxdwlrqv lv lqghwhuplqdwh +vlqfh lw lv jlyhq e| wkh yduldqfh ri

wkh vxqvsrw vkrfn,/ wkh vl}h ri odujhvw vwdeoh hljhqydoxh lv forvh wr rqh lq erwk fdvhv/

vxjjhvwlqj yhu| vwurqj shuvlvwhqfh1 Wklv lv ixuwkhu looxvwudwhg lq Iljxuh LLL/ zklfk

glvsod|v vlpxodwhg wlph vhulhv iru rxwsxw/ lq dwlrq dqg wkh qrplqdo udwh/ xvlqj rxu

edvholqh hvwlpdwhv ri wkh suh0Yrofnhu uxoh +�uvw urz ri Wdeoh LL,/ dqg jlyhq d vhtxhqfh

ri l1l1g1 vxqvsrw vkrfnv gudzq iurp wkh vwdqgdug qrupdo glvwulexwlrq1

Lq rughu wr jhw vrph lqwxlwlrq iru wkh phfkdqlvpv xqghuo|lqj vxqvsrw  xfwxdwlrqv

lq rxu prgho/ Iljxuh LY glvsod|v wkh lpsxovh uhvsrqvhv ri vhyhudo yduldeohv wr d

vxqvsrw vkrfn1 Wkh vxqvsrw uhdol}dwlrq jhqhudwhv/ rq lpsdfw/ dq lqfuhdvh lq h{shfwhg

lq dwlrq +dv zhoo dv wkh dqwlflsdwlrq ri d vorz uhwxuq wr lwv ruljlqdo ohyho,1 Jlyhq

wkh dvvxphg srolf| uxoh/ wkdw iruhfdvw uhylvlrq ohdgv wr d ulvh lq wkh qrplqdo udwh/

6:Wklv lv wkh fdvh hpskdvl}hg e| Ehuqdqnh dqg Zrrgirug ^4<<:`1
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exw wkh odwwhu idoov vkruw ri wkh lqfuhdvh lq h{shfwhg lq dwlrq wkurxjkrxw wkh hqwluh

dgmxvwphqw surfhvv1 Dv d uhvxow/ wkh uhdo udwh vkrzv d shuvlvwhqw ghfolqh/ ixholqj

dq h{sdqvlrq lq rxwsxw dqg d ulvh lq lq dwlrq/ wkxv ydolgdwlqj wkh lqlwldo lqfuhdvh

lq h{shfwhg lq dwlrq1 Ryhu wlph/ rxwsxw judgxdoo| uhwxuqv wr wuhqg/ dqg vr gr wkh

qrplqdo udwh dqg lq dwlrq/ dv zhoo dv wkh uhdo udwh1

E| zd| ri frqwudvw/ dv wkh erwwrp sdqho ri Wdeoh L[ lqglfdwhv/ wkh hvwlpdwhg

lqwhuhvw udwh uxoh iru wkh Yrofnhu0Juhhqvsdq shulrg jhqhudwhv wzr hljhqydoxhv zlwk

prgxoxv deryh rqh1 Dv glvfxvvhg deryh/ wklv frqglwlrq lv vx!flhqw wr slq grzq wkh

ohyhov ri rxwsxw dqg lq dwlrq xqltxho| dqg/ wkxv/ wr uxoh rxw dq| lqghshqghqw uroh iru

fkdqjhv lq h{shfwdwlrqv dv d vrxufh ri  xfwxdwlrqv1 Xqghu vxfk d uhjlph/ pdfurhfr0

qrplf  xfwxdwlrqv dulvh rqo| lq wkh suhvhqfh ri vkrfnv wr ixqgdphqwdov16; Lq rwkhu

zrugv/ wkh prqhwdu| srolf| uxoh lq sodfh lv qrw/ lq lwvhoi/ d vrxufh ri pdfurhfrqrplf

lqvwdelolw|1

G1 Qhdu0Lqghwhuplqdf| dqg Ixqgdphqwdo Vkrfnv

Dv zh kdyh mxvw vhhq/ wkh srlqw hvwlpdwhv iru wkh lq dwlrq dqg rxwsxw jds frh!0

flhqwv gxulqj wkh suh0Yrofnhu hud idoo zlwklq wkh lqghwhuplqdf| uhjlrq ri wkh fdqrqlfdo

prgho suhvhqwhg deryh1 Wklv lv wuxh iru doo vshfl�fdwlrqv frqvlghuhg1 Lq vrph fdvhv/

krzhyhu/ wkh vwdqgdug huuruv iru wkh hvwlpdwh ri q duh wrr odujh wr uxoh rxw wkh srvvl0

elolw| wkdw wkh wuxh ydoxh lv xqlw| ru voljkwo| deryh16< Lq wklv erughuolqh lqvwdqfh wkh

hfrqrp| lv mxvw rxwvlgh wkh uhjlrq ri lqghwhuplqdf|1

Hyhq wkrxjk vxqvsrw  xfwxdwlrqv duh qrw ihdvleoh lq wklv fdvh/ krzhyhu/ wkh hfrq0

rp| lv vwloo olnho| wr eh uhodwlyho| xqvwdeoh xqghu wklv nlqg srolf| uhjlph1 D ydoxh ri

6;Dq dqdo|vlv ri wkh h�hfwlyhqhvv dqg ghvludelolw| ri dowhuqdwlyh lqwhuhvw udwh uxohv lq d yhuvlrq

ri rxu prgho dxjphqwhg zlwk vkrfnv wr ixqgdphqwdov fdq eh irxqg lq Urwhpehuj dqg Zrrgirug

^4<<:`/ dprqj rwkhuv1
6<Lq idfw/ lw lv srvvleoh wr �qg frpelqdwlrqv ri uxoh vshfl�fdwlrqv dqg vxeshulrgv zlwklq wkh suh0

Yrofnhu hud iru zklfk wkh srlqw hvwlpdwh iru � lv voljkwo| deryh rqh +wkrxjk qrw vljql�fdqwo| vr,1 Zh

wkdqn dq dqrq|prxv uhihuhh iru wkdw revhuydwlrq/ zklfk hqfrxudjhg xv wr frqgxfw wkh urexvwqhvv

dqdo|vlv irxqg deryh1
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q htxdo ru mxvw deryh xqlw| vxjjhvwv wkdw wkh fhqwudo edqn frphv forvh wr ixoo| dffrp0

prgdwlqj lq dwlrqdu| suhvvxuhv/ e| udlvlqj qrplqdo udwhv wr nhhs uhdo udwhv urxjko|

frqvwdqw1 Wkh devhqfh ri d vwurqj vwdelol}lqj dgmxvwphqw ri wkh uhdo udwh vxjjhvwv/ lq

wxuq/ wkdw ixqgdphqwdo vkrfnv pd| jhqhudwh frqvlghudeoh yrodwlolw| lq lq dwlrq dqg

wkh rxwsxw jds/ dw ohdvw uhodwlyh wr wkh Yrofnhu0Juhhqvsdq w|sh srolf|/ zkhuh wkh

fhqwudo edqn dgmxvwv uhdo udwhv lq d vwurqjo| frxqwhuf|folfdo pdqqhu1

Zh looxvwudwh wklv lvvxh lq wkh frqwh{w ri rxu fdoleudwhg prgho1 Zh vhw wkh shuvlv0

whqfh ri wkh ixqgdphqwdo vkrfn � htxdo wr f�b1 Zh dovr vhw erwk � dqg 4 duh dw wkhlu

hvwlpdwhg ydoxhv iru wkh suh0Yrofnhu shulrg xqghu wkh edvholqh vshfl�fdwlrq +l1h1/ f�2.

dqg f�SH/ uhvshfwlyho|,1 Zh wkhq frpsxwh wkh lpsolhg vwdqgdug ghyldwlrq ri lq dwlrq

dqg wkh rxwsxw jds/ xqghu dowhuqdwlyh ydoxhv ri q ehwzhhq rqh dqg wzr +doo ri zklfk

duh dvvrfldwhg zlwk d ghwhuplqdwh htxloleulxp,1

Wkh uhvxowv duh uhsruwhg lq Wdeoh [1 Iru hdvh ri h{srvlwlrq/ zh qrupdol}h wr

xqlw| wkh vwdqgdug ghyldwlrqv fruuhvsrqglqj wr wkh fdoleudwlrq zlwk q ' 2�f� Wkh

uhvxowv pdnh lw fohdu wkdw wkh f|folfdo uhvsrqvh ri wkh hfrqrp| wr ixqgdphqwdo vkrfnv

lv txlwh vhqvlwlyh wr wkh lq dwlrq frh!flhqw/ hvshfldoo| ryhu wkh hvwlpdwhg udqjh ri

ydoxhv dfurvv wkh suh0Yrofnhu dqg Yrofnhu Juhhqvsdq shulrgv1 Wkxv/ dv q ulvhv iurp

wr rqh wr wzr wkh yrodwlolw| ri erwk rxwsxw dqg lq dwlrq ghfolqhv pruh wkdq lq kdoi/ d

vxevwdqwldo uhgxfwlrq1

H1 H{sorvlyh Sdwkv lq d Frqyhqwlrqdo Vwlfn| Sulfh Prgho

Wkxv idu zh kdyh dqdo|}hg wkh lvvxh ri vwdelolw| zlwklq d Qhz Nh|qhvldq prgho1

Vlqfh wkh hpslulfdo uhohydqfh ri wklv iudphzrun lv d pdwwhu ri vrph frqwuryhuv| +vhh/

h1j1/ Ixkuhu dqg Prruh ^4<<8`,/ zh dovr eulh | orrn dw wkh lpsolfdwlrqv ri rxu hvwl0

pdwhv zlwklq d pruh wudglwlrqdo pdfurhfrqrplf prgho1 Frqvlghu/ wkxv/ wkh iroorzlqj

wh{werrn iudphzrun frqvlvwlqj ri d edfnzdug orrnlqj Skloolsv fxuyh

Z| ' Z|3� n b %|3� n �| +44,
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dqg d �vwdwlf� LV fxuyh

%| ' �

�

j
Eo| � .dZ|n�ml|o� n }| +45,

zkhuh �| dqg }| uhsuhvhqw/ uhvshfwlyho|/ ����_� vxsso| dqg ghpdqg vkrfnv1 Ohw xv

dvvxph/ iru vlpsolflw|/ d iruzdug orrnlqj lqwhuhvw udwh uxoh fkdudfwhul}hg e| vwulfw

lq dwlrq wdujhwlqj=73

o| ' q .dZ|n�ml|o +46,

Dv zlwk wkh Qhz Nh|qhvldq prgho/ wkh g|qdplfv ri wkh v|vwhp duh sduwlfxoduo|

vhqvlwlyh wr wkh ydoxh ri wkh ihhgedfn frh!flhqw q1 Lw lv vlploduo| wuxh wkdw d fulwlfdo

wkuhvkrog iru vwdelolw| lv q : �� Lq wklv frqyhqwlrqdo iudphzrun/ krzhyhu/ q 	 � vlpso|

ohdgv wr h{sorvlyh ehkdylru1 Vwdwlrqdu| vhoi0ixo�oolqj htxloleuld duh qrw srvvleoh vlqfh

lq dwlrq grhv qrw ghshqg rq h{shfwdwlrqv ri wkh ixwxuh1

Wr vhh krz h{sorvlyh g|qdplfv pd| dulvh xqghu d suh0Yrofnhu w|sh srolf| uhjlph/

�uvw frpelqh +44,�+46, wr ghulyh wkh lpsolhg odz ri prwlrq iru lq dwlrq=

Z| '

#
j

j � bE�� q�

$
Z|3� n

#
j b

j � bE�� q�

$
}|3� n �|

Lw fdq eh hdvlo| fkhfnhg wkdw wkh DU+4, surfhvv ghvfulelqj lq dwlrq lv qrq0vwdwlrqdu|

zkhqhyhu q ehorqjv wr wkh lqwhuydo
k
� �

2j

b
c�

l
1 Lq idfw/ wkh surfhvv lv h{sorvlyh li q

olhv lqvlgh wkdw lqwhuydo1 Li q 5

�
��

j

b
c�

�
+wkh pruh lqwhuhvwlqj fdvh,/ wkh lqlwldo

lpsdfw ri hlwkhu w|sh ri vkrfn rq lq dwlrq lv ixuwkhu dpsol�hg ryhu wlph wkurxjk lwv

lqgxfhg h�hfwv rq h{shfwhg lq dwlrq dqg/ wkxv/ wkh h{0dqwh uhdo udwh1 Ri frxuvh/ vxfk

dq htxloleulxp sdwk zrxog ehfrph xqvxvwdlqdeoh lq sudfwlfh/ dqg zrxog suhvxpdeo|

ohdg wr d fkdqjh lq uhjlph1

73Wkh jhqhudol}dwlrq wr d uxoh ri wkh irup jlyhq e| +;,0+<, lv vwudljkiruzdug/ wkrxjk lw frpsolfdwhv

wkh dojheud xqqhfhvvdulo|/ jlyhq rxu jrdov1
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Y1 Vxppdu| dqg Frqfoxglqj Uhpdunv

Lq wklv sdshu zh kdyh surylghg dq hpslulfdo fkdudfwhul}dwlrq ri wkh v|vwhpdwlf

frpsrqhqw ri Xqlwhg Vwdwhv prqhwdu| srolf| lq wkh srvwzdu hud1 Lq rughu wr gr vr/

zh kdyh hvwlpdwhg d vlpsoh iruzdug orrnlqj srolf| uhdfwlrq ixqfwlrq1

Rxu hvwlpdwhv srlqw wr d vljql�fdqw gl�huhqfh lq wkh zd| prqhwdu| srolf| zdv

frqgxfwhg suh dqg srvw odwh 4<:<1 Lq wkh suh0Yrofnhu |hduv/ wkh Ihg w|slfdoo| udlvhg

qrplqdo udwhv e| ohvv wkdq dq| lqfuhdvh lq h{shfwhg lq dwlrq/ wkxv ohwwlqj uhdo vkruw

whup udwhv ghfolqh dv dqwlflsdwhg lq dwlrq urvh1 Rq wkh rwkhu kdqg/ gxulqj wkh Yrofnhu0

Juhhqvsdq hud wkh Ihg udlvhg uhdo dv zhoo dv qrplqdo vkruw whup lqwhuhvw udwhv lq

uhvsrqvh wr kljkhu h{shfwhg lq dwlrq1 Wkxv/ rxu uhvxowv ohqg txdqwlwdwlyh vxssruw wr

wkh ylhz wkdw wkh dqwl0lq dwlrqdu| vwdqfh ri wkh Ihg kdv ehhq vwurqjhu lq wkh sdvw

wzr ghfdghv1

Ilqdoo|/ zh kdyh dujxhg wkdw wkh suh0Yrofnhu uxoh pd| kdyh frqwdlqhg wkh vhhgv

ri pdfurhfrqrplf lqvwdelolw| wkdw vhhphg wr fkdudfwhul}h wkh odwh 93v dqg :3v1 Lq

sduwlfxodu/ zh kdyh vkrzq wkdw lq wkh frqwh{w ri d fdoleudwhg vwlfn| sulfh prgho/

wkh suh0Yrofnhu uxoh ohdyhv rshq wkh srvvlelolw| ri exuvwv ri lq dwlrq dqg rxwsxw wkdw

uhvxow iurp vhoi0ixo�oolqj fkdqjhv lq h{shfwdwlrqv1 Dw ehvw/ wkh suh0Yrofnhu uxoh grhv d

frqvlghudeo| zruvh mre wkdq wkh Yrofnhu0Juhhqvsdq srolf| ri lqvxodwlqj wkh hfrqrp|

iurp ixqgdphqwdo vkrfnv1

Rqh lpsruwdqw txhvwlrq rxu sdshu udlvhv exw grhv qrw dqvzhu lv wkh iroorzlqj=

Zk| lv lw wkdw gxulqj wkh suh04<:< shulrg wkh Ihghudo Uhvhuyh iroorzhg d uxoh wkdw

zdv fohduo| lqihulru B1 Dqrwkhu zd| wr orrn dw wkh lvvxh lv wr dvn zk| lw lv wkdw wkh

Ihg pdlqwdlqhg shuvlvwhqwo| orz vkruw whup uhdo udwhv lq wkh idfh ri kljk ru ulvlqj

lq dwlrq1 Rqh srvvlelolw|/ hpskdvl}hg e| Gh Orqj ^4<<:`/ lv wkdw wkh Ihg wkrxjkw

wkh qdwxudo udwh ri xqhpsor|phqw dw wklv wlph zdv pxfk orzhu wkdq lw uhdoo| zdv +ru

htxlydohqwo|/ wkdw wkh rxwsxw jds zdv pxfk vpdoohu,1 Wkhuh lv frqvlghudeoh dqhfgrwdo

hylghqfh wr vxssruw wklv lqwhusuhwdwlrq/ wkrxjk lw lv qrw fohdu zk| wkh Ihg vkrxog

kdyh khog wklv ylhz ryhu vxfk d orqj shulrg ri wlph1
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Dqrwkhu vrphzkdw uhodwhg srvvlelolw| lv wkdw/ dw wkdw wlph/ qhlwkhu wkh Ihg qru

wkh hfrqrplfv surihvvlrq xqghuvwrrg wkh g|qdplfv ri lq dwlrq yhu| zhoo174 Lqghhg/ lw

zdv qrw xqwlo wkh plg0wr0odwh 4<:3v wkdw lqwhuphgldwh wh{werrnv ehjdq hpskdvl}lqj

wkh devhqfh ri d orqj uxq wudgh0r� ehwzhhq lq dwlrq dqg rxwsxw1 Wkh lghdv wkdw

h{shfwdwlrqv pd| pdwwhu lq jhqhudwlqj lq dwlrq dqg wkdw fuhglelolw| lv lpsruwdqw

lq srolf|0pdnlqj zhuh vlpso| qrw zhoo hvwdeolvkhg gxulqj wkdw hud1 Zkdw doo wklv

vxjjhvwv lv wkdw lq xqghuvwdqglqj klvwrulfdo hfrqrplf ehkdylru/ lw lv lpsruwdqw wr

wdnh lqwr dffrxqw wkh vwdwh ri srolf|0pdnhu*v nqrzohgjh ri wkh hfrqrp| dqg krz

lw pd| kdyh hyroyhg ryhu wlph1 Dqdo|}lqj srolf|0pdnlqj iurp wklv shuvshfwlyh/ zh

wklqn/ zrxog eh d kljko| xvhixo xqghuwdnlqj175

FROXPELD XQLYHUVLW\

QHZ \RUN XQLYHUVLW\ DQG XQLYHUVLWDW SRPSHX IDEUD

QHZ \RUN XQLYHUVLW\

74Vhh/ h1j1/ Furxvkruh ^4<<9` iru hylghqfh ri v|vwhpdwlf eldv lq lq dwlrq iruhfdvwv gxulqj wkdw

shulrg1
75Vrph uhfhqw zrun lq wkdw gluhfwlrq fdq eh irxqg lq Vdujhqw ^4<<;`1

5<



Uhihuhqfhv

Ehuqdqnh/ Ehq/ dqg Loldq Plkry/ �Phdvxulqj Prqhwdu| Srolf|/� Txduwhuo| Mrxuqdo

ri Hfrqrplfv/ F[LLL +Dxjxvw 4<<;,/ ;9<0<351

Ehuqdqnh/ Ehq/ dqg Plfkdho Zrrgirug/ �Lq dwlrq Iruhfdvwv dqg Prqhwdu| Srolf|/�

Mrxuqdo ri Prqh|/ Fuhglw dqg Edqnlqj/ [[LY +4<<:,/ 98609;71

Eodqfkdug/ Rolylhu dqg Fkduohv P1 Ndkq/ �Wkh Vroxwlrq ri Olqhdu Gl�huhqfh Prghov

xqghu Udwlrqdo H{shfwdwlrqv/� Hfrqrphwulfd/ [OYLLL +4<;3,/ 4638046441

Fdoyr/ Jxloohupr/ �Vwdjjhuhg Sulfhv lq d Xwlolw| Pd{lpl}lqj Iudphzrun/� Mrxuqdo ri

Prqhwdu| Hfrqrplfv/ [LL +4<;6,/ 6;606<;1

Fkdul/ Y1Y1/ Odzuhqfh Fkulvwldqr/ dqg Pduwlq Hlfkhqedxp/ �H{shfwdwlrq Wudsv dqg

Glvfuhwlrq/� Qruwkzhvwhuq Xqlyhuvlw|/ plphr/ 4<<:1

Fkdul/ Y1Y1/ Sdwulfn M1 Nhkrh/ dqg Hoohq U1 PfJudwwdq/ �Vwlfn| Sulfh Prghov ri wkh

Exvlqhvv F|foh= Fdq wkh Frqwudfw Pxowlsolhu Vroyh wkh Shuvlvwhqfh Sureohp/� Ihghudo

Uhvhuyh Edqn ri Plqqhdsrolv/ Vwd� Uhsruw 54:/ 4<<91

Fodulgd/ Ulfkdug/ dqg Pdun Jhuwohu/ �Krz wkh Exqghvedqn Frqgxfwv Prqhwdu| Sro0

lf|/ � lq F1 Urphu dqg G1 Urphu hgv1 Uhgxflqj Lq dwlrq= Prwlydwlrq dqg Vwudwhj|

+Fklfdjr= Fklfdjr Xqlyhuvlw| Suhvv/ 4<<9,1

Fodulgd/ Ulfkdug/ Mrugl Jdoð/ dqg Pdun Jhuwohu/ �Prqhwdu| Srolf| Uxohv dqg Pdfur0

hfrqrplf Vwdelolw|= Hylghqfh dqg Vrph Wkhru|/� QEHU Zrunlqj Sdshu qr1 9775/

4<<:1

Fodulgd/ Ulfkdug/ Mrugl Jdoð/ dqg Pdun Jhuwohu/ �Wkh Vflhqfh ri Prqhwdu| Srolf|/�

xqsxeolvkhg pdqxvfulsw/ 4<<;d1

Fodulgd/ Ulfkdug/ Mrugl Jdoð/ dqg Pdun Jhuwohu/ �Prqhwdu| Uxohv lq Sudfwlfh= Vrph

Lqwhuqdwlrqdo Hylghqfh/� Hxurshdq Hfrqrplf Uhylhz/ [OLL +4<<;e,/ 43660439;1

Furxvkruh/ Ghdq/ �Lq dwlrq Iruhfdvwv= Krz Jrrg Duh Wkh|B� Exvlqhvv Uhylhz/

Ihghudo Uhvhuyh Edqn ri Sklodghoskld/ +4<<9,/ 480581
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Gh Orqj/ M1 Eudgirug/ �Dphulfd*v Shdfhwlph Lq dwlrq= wkh 4<:3v� lq F1 Urphu dqg

G1 Urphu hgv1 Uhgxflqj Lq dwlrq= Prwlydwlrq dqg Vwudwhj|/ +Fklfdjr= Fklfdjr

Xqlyhuvlw| Suhvv/ 4<<:,1

Iulhgpdq/ Ehqmdplq P1/ dqg Nhqqhwk Q1 Nxwwqhu/ �D Sulfh Wdujhw iru X1V1 Prqhwdu|

Srolf|B Ohvvrqv iurp wkh H{shulhqfh zlwk Prqh| Jurzwk Wdujhwv/� Eurrnlqjv Sdshuv

rq Hfrqrplf Dfwlylw|/ 4590467/ 4<<91

Ixkuhu/ Mh�uh| F1/ dqg Jhrujh U1 Prruh/ �Lq dwlrq Shuvlvwhqfh/� Txduwhuo| Mrxuqdo

ri Hfrqrplfv/ [OLY +4<<8,/ 45:048<1

Jdoð/ Mrugl/ �Vroylqj Olqhdu G|qdplf Prghov zlwk Vxqvsrw Htxloleuld/� plphr/ 4<<;1

Jdoð/ Mrugl/ dqg Pdun Jhuwohu �Lq dwlrq G|qdplfv= D Vwuxfwxudo Hfrqrphwulf Dqdo|0

vlv/� plphr/ 4<<;1

Jhuwohu/ Pdun/ �Frpphqwv rq Iulhgpdq dqg Nxwwqhu � Eurrnlqjv Sdshuv rq Hfr0

qrplf Dfwlylw|/ ::0458/ 4<<91

Jrrgiulhqg/ Pduylq/ �Lqwhuhvw Udwhv dqg wkh Frqgxfw ri Prqhwdu| Srolf|/� Fduqhjlh0

Urfkhvwhu Frqihuhqfh Vhulhv rq Sxeolf Srolf|/ [[[LY +4<<4,/ :0631

Kdqvhq/ Oduv S1/ �Odujh Vdpsoh Surshuwlhv ri Jhqhudol}hg Phwkrg ri Prphqwv Hvwl0

pdwruv/� Hfrqrphwulfd/ O +4<;5,/ 435<043871

Kxl}lqjd/ Mrkq dqg Iuhghulf V1 Plvknlq/ �Prqhwdu| Srolf| Uhjlph Vkliwv dqg wkh

Xqxvxvdo Ehkdylru ri Uhdo Lqwhuhvw Udwhv/� Fduqhjlh0Urfkhvwhu Frqihuhqfh Vhulhv rq

Sxleolf Srolf|/ [[LY +4<;9,/ 56405:71

Nhuu/ Zlooldp/ dqg Urehuw J1 Nlqj/ �Olplwv rq Lqwhuhvw Udwh Uxohv lq wkh LV Prgho/�

Hfrqrplf Txduwhuo|/ O[[[LL +4<<9,/ 7:0:91

Nlqj/ Urehuw J1/ dqg Doh{dqghu O1 Zropdq/ �Lq dwlrq Wdujhwlqj lq d Vw1 Orxlv

Prgho ri wkh 54vw Fhqwxu|� QEHU Zrunlqj Sdshu qr1 883:/ 4<<91

Ohhshu/ Hulf P1/ �Htxloleuld Xqghu Dfwlyh dqg Sdvvlyh Prqhwdu| dqg Ilvfdo Srolflhv/�

Mrxuqdo ri Prqhwdu| Hfrqrplfv/ [[YLL +4<<4,/ 45<047:1
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Plvknlq/ Iuhghulf V1/ �Wkh Uhdo Lqwhuhvw Udwh= dq Hpslulfdo Lqyhvwljdwlrq/� Fduqhjlh0

Urfkhvwhu Vhulhv rq Sxeolf Srolf|/ [Y +4<;4,/ 48405331

Ruskdqlghv/ Dwkdqdvlrv/ �Prqhwdu| Srolf| Uxohv Edvhg rq Uhdo0Wlph Gdwd/� Ihghudo

Uhvhuyh Erdug/ plphr/ 4<<:1

Urehuwv/ Mrkq P1/ �Qhz Nh|qhvldq Hfrqrplfv dqg wkh Skloolsv Fxuyh/� Mrxuqdo ri

Prqh|/ Fuhglw dqg Edqnlqj/ [[YLL +4<<8,/ <:80<;71

Urwhpehuj/ Mxolr/ dqg Plfkdho Zrrgirug/ �Dq Rswlpl}dwlrq0Edvhg Hfrqrphwulf

Iudphzrun iru wkh Hydoxdwlrq ri Prqhwdu| Srolf|/� QEHU Pdfurhfrqrplfv Dqqxdo

+Fdpeulgjh/ PD= PLW Suhvv/ 4<<:,1

Uxghexvfk/ Johqq G1/ �Ihghudo Uhvhuyh Lqwhuhvw udwh Wdujhwlqj/ Udwlrqdo H{shfwd0

wlrqv/ dqg wkh Whup Vwuxfwxuh/� Mrxuqdo ri Prqhwdu| Hfrqrplfv/ [[[Y +4<<8,/

57805:71

Vdfn/ Euldq/ �Xqfhuwdlqw| dqg Judgxdo Prqhwdu| Srolf|/� Ihghudo Uhvhuyh Erdug/

plphr/ 4<<:1

Vdujhqw/ Wkrpdv/ �Wkh Frqtxhvw ri Dphulfdq Lq dwlrq/� xqsxeolvkhg pdqxvfulsw/

4<<;1

Vyhqvvrq/ Oduv H1R1/ �Lq dwlrq Iruhfdvw Wdujhwlqj= Lpsohphqwlqj dqg Prqlwrulqj

Lq dwlrq Wdujhwv/� QEHU Zrunlqj Sdshu Qr1 8:<:/ 4<<91

Wd|oru/ Mrkq E1 �Djjuhjdwh G|qdplfv dqg Vwdjjhuhg Frqwudfwv/� Mrxuqdo ri Srolwlfdo

Hfrqrp|/ O[[[YLLL +4<;3,/ 40561

Wd|oru/ Mrkq E1/�Glvfuhwlrq yhuvxv Srolf| Uxohv lq Sudfwlfh� Fduqhjlh0Urfkhvwhu Vh0

ulhv rq Sxeolf Srolf| [[[L[ +4<<6,/ 4<805471

Zrrgirug/ Plfkdho/ �Vwdwlrqdu| Vxqvsrw Htxloleuld= wkh Fdvh ri Vpdoo Ioxfwxdwlrqv

durxqg d Ghwhuplqlvwlf Vwhdg| Vwdwh/� xqsxeolvkhg pdqxvfulsw/ 4<;91

Zrrgirug/ Plfkdho/ �Frqwuro ri wkh Sxeolf Ghew= D Uhtxluhphqw iru Sulfh Vwdelolw|

B� QEHU Zrunlqj Sdshu Qr1 89;7/ 4<<91
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Zrrgirug/ Plfkdho/ �Rswlpdo Prqhwdu| Srolf| Lqhuwld/� xqsxeolvkhg pdqxvfulsw/

4<<;1

\xq/ Wdfn �Qrplqdo Sulfh Uljlglw|/ Prqh| Vxsso| Hqgrjhqhlw|/ dqg Exvlqhvv F|0

fohv/� Mrxuqdo ri Prqhwdu| Hfrqrplfv/ [[[YLL +4<<9,/ 67806:31
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WDEOH L

DJJUHJDWH YRODWLOLW\ LQGLFDWRUV

Vwdqgdug Ghyldwlrq ri=

Lq dwlrq Rxwsxw

ohyho ks jds ks

Suh0Yrofnhu 51:: 417; 51:4 41;6

Yrofnhu0Juhhqvsdq 514; 31<9 5169 417<

srvw0;5 4133 31:< 5139 4167



WDEOH LL

EDVHOLQH HVWLPDWHV

�W � � � s

Suh0Yrofnhu 7157 31;6 315: 319; 31;67

+413<, +313:, +313;, +3138,

Yrofnhu0Juhhqvsdq 618; 5148 31<6 31:< 31649

+3183, +3173, +3175, +3137,

Vwdqgdug huuruv uhsruwhg lq eudfnhwv1 Wkh vhw ri lqvwuxphqwv lqfoxghv

irxu odjv ri lq dwlrq/ rxwsxw jds/ wkh ihghudo ixqgv udwh/ wkh vkruw0orqj

vsuhdg/ frpprglw| sulfh lq dwlrq dqg zdjh lq dwlrq1



WDEOH LLL

DOWHUQDWLYH YDULDEOHV

�W � � � s

Ghwuhqghg Rxwsxw

Suh0Yrofnhu 714: 31:8 315< 319: 31;34

+319;, +313:, +313;, +3138,

Yrofnhu0Juhhqvsdq 7185 41<: 3188 31:9 315;<

+318;, +3165, +3163, +3138,

Xqhpsor|phqw Udwh

Suh0Yrofnhu 61;3 31;7 3193 3196 31968

+31;:, +3138, +3144, +3137,

Yrofnhu0Juhhqvsdq 7175 5134 3189 31:6 3163;

+3177, +315;, +3174, +3138,

FSL

Suh0Yrofnhu 7189 319; 315; 3198 31764

+3186, +3139, +313;, +3138,

Yrofnhu0Juhhqvsdq 617: 5147 417< 31;; 3146;

+31:<, +3185, +31;:, +3136,

Vwdqgdug huuruv uhsruwhg lq eudfnhwv1 Wkh vhw ri lqvwuxphqwv lqfoxghv

irxu odjv ri lq dwlrq/ rxwsxw jds/ wkh ihghudo ixqgv udwh/ wkh vkruw0orqj

vsuhdg/ frpprglw| sulfh lq dwlrq dqg zdjh lq dwlrq1



WDEOH LY

DOWHUQDWLYH KRUL]RQV

�W � � � s

n@7/ t@4

Suh0Yrofnhu 618; 31;9 3167 31:6 31;68

+4175, +3138, +313;, +3137,

Yrofnhu0Juhhqvsdq 6158 5195 31;6 31:; 31;:9

+3156, +3164, +315;, +3136,

n@7/ t@5

Suh0Yrofnhu 6165 31;; 3167 31:6 31;66

+41;3, +3139, +313<, +3137,

Yrofnhu0Juhhqvsdq 6154 51:6 31<5 31:; 31;;9

+3154, +3167, +3164, +3136,

Vwdqgdug huuruv uhsruwhg lq eudfnhwv1 Wkh vhw ri lqvwuxphqwv lqfoxghv

irxu odjv ri lq dwlrq/ rxwsxw jds/ wkh ihghudo ixqgv udwh/ wkh vkruw0orqj

vsuhdg/ frpprglw| sulfh lq dwlrq dqg zdjh lq dwlrq1



WDEOH Y

XQUHVWULFWHG LQWHUFHSW

� � � � s

Suh0Yrofnhu 514< 319; 315; 3198 31764

+315<, +3139, +313;, +3138,

Yrofnhu0Juhhqvsdq 0315: 5147 417< 31;; 3146;

+4199, +3185, +31;:, +3136,

Vwdqgdug huuruv uhsruwhg lq eudfnhwv1 Wkh vhw ri lqvwuxphqwv lqfoxghv

irxu odjv ri lq dwlrq/ rxwsxw jds/ wkh ihghudo ixqgv udwh/ wkh vkruw0orqj

vsuhdg/ frpprglw| sulfh lq dwlrq dqg zdjh lq dwlrq1



WDEOH YL

VXEVDPSOH VWDELOLW\

�W � � � s

Pduwlq

+4/4, 8149 31;9 3147 31:: 31857

+41:5, +313;, +3149, +3139,

+7/4, :148 31<5 3139 31:5 31:4<

+8188, +313;, +313:, +3138,

Exuqv0Ploohu

+4/4, 8149 31;9 31:; 319< 31857

+41:5, +313;, +314;, +3137,

+7/4, :148 31<5 4157 31;3 31:4<

+8188, +313;, +316<, +3138,

Yrofnhu

+4/4, 61:8 5135 03135 3196 31945

+315;, +3156, +3148, +3137,

+7/4, 5178 516; 319; 31:7 31;37

+317:, +3168, +3163, +3137,

Juhhqvsdq

+4/4, 61:8 5135 31<< 3196 31945

+315;, +3156, +314;, +3137,

+7/4, 5178 516; 319; 31<4 31;37

+317:, +3168, +3163, +3135,

Srvw0;5

+4/4, 6176 418; 3147 31<4 31749

+4157, +31:5, +3175, +3136,

+7/4, 6149 6146 313< 31;5 31;<7

+3143, +3166, +3148, +3135,

Vwdqgdug huuruv uhsruwhg lq eudfnhwv1 Wkh vhw ri lqvwuxphqwv lqfoxghv

wzr odjv ri lq dwlrq/ rxwsxw jds/ wkh ihghudo ixqgv udwh/ wkh vkruw0orqj

vsuhdg/ frpprglw| sulfh lq dwlrq/ dqg zdjh lq dwlrq/ dv zhoo dv wkh vdph

yduldeohv zlwk d pxowlsolfdwlyh vxeshulrg gxpp|1



WDEOH YLL

EDFNZDUG ORRNLQJ HVWLPDWHV

�
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Suh0Yrofnhu 81<8 31;9 316< 319; 318<3

+41<5, +313:, +313;, +3138,

Yrofnhu0Juhhqvsdq 713; 41:5 3167 31:4 3163:

+3189, +315;, +314<, +3138,

Srvw0;5 51<9 5188 03148 31;< 317;9

+315:, +3189, +315;, +3136,

Vwdqgdug huuruv uhsruwhg lq eudfnhwv1 Wkh vhw ri lqvwuxphqwv lqfoxghv

irxu odjv ri lq dwlrq/ rxwsxw jds/ wkh ihghudo ixqgv udwh/ wkh vkruw0orqj

vsuhdg/ frpprglw| sulfh lq dwlrq dqg zdjh lq dwlrq1



WDEOH YLLL

LQGHWHUPLQDF\ DQDO\VLV

� @ 3 � @ 3=8 � @ 3=<

� @ 3 413/ 4715 413/ 751< 413/ 5:5

� @ 3=8 31<;6/ 4:18 31<;6/ 7915 31<;6/ 5:8

� @ 4 31<99/ 531< 31<99/ 7<18 31<99/ 5:;

Iru hdfk sdlu ri +�> �, ydoxhv wkh Wdeoh uhsruwv wkh lqwhuydo ri � ydoxhv

iru zklfk wkh htxloleulxp h{lvwv dqg lv xqltxh1



WDEOH L[

HLJHQYDOXHV IRU FDOLEUDWHG PRGHO

m��m m�2m m��m

Suh0Yrofnhu 418< 31<8 3178

Yrofnhu0Juhhqvsdq 4175 4163 3175

Srvw0;5 418; 4139 3187

Hdfk urz uhsruwv wkh wkuhh prgxol ri wkh hljhqydoxhv ri pdwul{ D

lpsolhg e| wkh fdoleudwhg prgho/ xvlqj edvholqh hvwlpdwhv ri +�> �> �, iru

hdfk shulrg/ irxqg lq Wdeoh LL1



WDEOH [

IXQGDPHQWDO VKRFNV

Vwdqgdug Ghyldwlrq ri=

� Lq dwlrq Rxwsxw jds

5=3 4133 4133

4=8 417; 4169

4=4 518: 5149

4=3 6153 5194



Figure I

Actual Target

Actual versus Target Rates: Pre-Volcker era
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Figure II

Actual Target

Actual versus Target Rates: Volcker-Greenspan era
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Figure III. Simulated Sunspot Fluctuations under Pre−Volcker Rule
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Figure IV. Impulse Responses to a Sunspot Shock
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