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Olqgd D1 Wrrovhpd
W

VRP0Wkhph H= Ilqdqfldo pdunhwv dqg lqvwlwxwlrqv

Devwudfw

Wklv sdshu frqvlghuv wkh ghjuhh ri frpshwlwlyhqhvv ri wkh Gxwfk

frqvxphu fuhglw pdunhw1 Zh xvh wkh zhoo0nqrzq Euhvqdkdq0Odx phwkrg

wkdw hvwlpdwhv d vwuxfwxudo prgho frqvlvwlqj ri d ghpdqg uhodwlrq dqg

d vxsso| uhodwlrq/ edvhg rq djjuhjdwh gdwd1 Wkh ohyho ri frpshwlwlrq

lv ghulyhg iurp wkh hvwlpdwhg frqmhfwxudo yduldwlrq hodvwlflw|1 Rxu hp0

slulfdo uhvxowv vkrz wkdw wkhuh lv qr hylghqfh ri pdunhw srzhu1

Nh|zrugv= Edqnlqj> pdunhw srzhu> frqvxphu fuhglw

MHO fodvvl�fdwlrq= J54> O46

WGhsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Jurqlqjhq/ S1R1Er{ ;33/ <:33 DY Jurqlq0

jhq/ Wkh Qhwkhuodqgv1 H0pdlo= O1D1WrrovhpdChfr1uxj1qo1 Khosixo uhvhdufk dvvlvwdqfh e|

dqg glvfxvvlrqv zlwk Mdq Mdfrev duh judwhixoo| dfnqrzohgjhg1 Wkh dxwkru dovr zlvkhv

wr wkdqn dq dqrq|prxv uhihuhh/ Fohphqv Nrro/ Shwhu Nrruhpdq/ Urehuw Ohqvlqn/ Ehuw

Vfkrrqehhn/ Hophu Vwhunhq/ Urq Vwrup +Vwdwlvwlfv Qhwkhuodqgv,/ Mre Vzdqn/ dqg sduwlfl0

sdqwv ri wkh HDULH 5333 frqihuhqfh +Odxvdqqh/ Vzlw}huodqg, dqg wkh zrunvkrs cIlqdqfldo

vwuxfwxuh/ edqn ehkdylru/ dqg prqhwdu| srolf| lq wkh HPX* +Rfwrehu 5333/ Jurqlqjhq/

Wkh Qhwkhuodqgv,1
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Wkh h�hfwlyhqhvv ri prqhwdu| srolf| ghshqgv rq wkh shufhlyhg ghjuhh ri lp0

shuihfwlrq ri �qdqfldo pdunhwv1 Zlwk pdunhw iulfwlrqv/ vrph eruurzhuv kdyh

ehwwhu dffhvv wr h{whuqdo ixqgv wkdq rwkhuv1 Dffruglqj wr wkh fuhglw ylhz/

eruurzhuv* �qdqfldo vwuxfwxuh d�hfwv prqhwdu| wudqvplvvlrq1 Dv Ehuqdqnh

dqg Jhuwohu +4<<8/ s1 5;, ghvfuleh lw/ c111 wkh gluhfw h�hfwv ri prqhwdu| srolf|

rq lqwhuhvw udwhv duh dpsol�hg e| hqgrjhqrxv fkdqjhv lq wkh h{whuqdo �qdqfh

suhplxp/ zklfk lv wkh gl�huhqfh lq frvw ehwzhhq ixqgv udlvhg h{whuqdoo| ^111`

dqg ixqgv jhqhudwhg lqwhuqdoo|111*1 Wkh| h{sodlq +s1 67068, wkdw iulfwlrqv lq

�qdqfldo pdunhwv zloo fdxvh dq h{whuqdo �qdqfh suhplxp/ dqg wkdw wkh vl}h

ri wklv suhplxp zloo eh d�hfwhg e| prqhwdu| srolf|1 Vxfk lpshuihfwlrq lq

fdslwdo pdunhwv lv d suhuhtxlvlwh iru wkh fuhglw fkdqqho wr h{lvw1

Ehuqdqnh dqg Jhuwohu +4<<8/ s1 77078, dujxh wkdw �qdqfldo lpshuihfwlrqv

d�hfw qrw rqo| �up ehkdylru exw dovr krxvhkrog eruurzlqj dqg vshqglqj

ghflvlrqv1 Lq sduwlfxodu/ wkh| uhihu wr frqvxphuv* h{shqglwxuhv rq krxvlqj

dqg gxudeoh jrrgv1 Iru krxvlqj/ wkh| glvfxvv krz prqhwdu| srolf| pd|

d�hfw uhvlghqwldo lqyhvwphqw yld wkh pruwjdjh udwh1 Wklv h�hfw pd| eh gxh

wr erwk wkh edqn ohqglqj fkdqqho dqg wkh edqn edodqfh vkhhw fkdqqho1 D

vlplodu uhdvrqlqj dssolhv wr frqvxphu gxudeoh jrrgv ghpdqg/ lq sduwlfxodu

iru gxudeoh jrrgv sxufkdvhg xvlqj frqvxphu fuhglw1 Li lpshuihfwlrqv suhydlo

lq wkh frqvxphu fuhglw pdunhw/ prqhwdu| srolf| pd| d�hfw frqvxphuv* h{0

shqglwxuhv rq gxudeoh jrrgv yld wkh lqwhuhvw udwh rq frqvxphu fuhglw1 Iru

wklv uhdvrq/ lw lv lqwhuhvwlqj wr vhh zkdw nlqg ri lpshuihfwlrqv suhydlo lq

wkh frqvxphu fuhglw pdunhw1 Iru h{dpsoh/ dv|pphwulf lqirupdwlrq pd| eh

suhvhqw1 Eruurzhuv lqhylwdeo| kdyh ehwwhu lqirupdwlrq derxw wkhlu survshfwv

wkdq ohqghuv1 Wklv lvvxh pd| eh sduwlfxoduo| uhohydqw iru frqvxphu fuhglw/

vlqfh lw lv olnho| wkdw edqnv kdyh ohvv sureohpv lq rewdlqlqj lqirupdwlrq

derxw d �up wkdq derxw dq lqglylgxdo djhqw1 Lq wklv sdshu/ zh frqfhqwudwh
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rq dqrwkhu lpsruwdqw w|sh ri iulfwlrq= lpshuihfw frpshwlwlrq dprqj edqnv1

Li vxssolhuv ri fuhglw h{huw pdunhw srzhu wkh| duh olnho| wr qrw ixoo| wudqvplw

fhqwudo edqn*v srolf| fkdqjhv1

Zh dqdo|}h wkh Gxwfk pdunhw iru frqvxphu fuhglw dqg wu| wr phdvxuh wkh

ghjuhh ri frpshwlwlrq1 Dowkrxjk wkh frqvxphu fuhglw pdunhw pd| qrw eh wkh

prvw lqwhuhvwlqj pdunhw lq whupv ri yroxph/ lw lv gh�qlwho| yhu| lqwhuhvwlqj

wr erwk frqvxphuv dqg prqhwdu| dxwkrulwlhv1 Iru h{dpsoh/ lq Iheuxdu| 5333

Vwdwlvwlfv Qhwkhuodqgv dqqrxqfhg wkdw rqh rxw ri wkuhh Gxwfk krxvhkrogv

pdnhv xvh ri frqvxphu fuhglw1 Pdfurhfrqrplf frqfhuqv sod| d uroh dv zhoo1

Ehfdxvh ri lqfrph dqg zhdowk h�hfwv lq frqvxpswlrq dqg wkh srvvleoh h�hfw

ri frqvxphu frq�ghqfh/ wkh vlwxdwlrq lq wkh frqvxphu fuhglw pdunhw olnho|

d�hfwv wkh exvlqhvv f|foh1 Iru prqhwdu| dxwkrulwlhv wkh uhwdlo edqnlqj vhfwru

lv d irfdo srlqw ri lqwhuhvw1 Wkh frqvxphu fuhglw pdunhw lv olnh wkh ghsrvlw

pdunhw fkdudfwhul}hg e| d forvh edqn0fxvwrphu uhodwlrqvkls1 Lq wklv sdshu zh

h{dplqh hpslulfdoo| zkhwkhu edqnv dqg �qdqfh frpsdqlhv duh deoh wr h{huw

pdunhw srzhu rq wkh pdunhw iru uhyroylqj frqvxphu fuhglw/ frqfhqwudwlqj

rq wkh fdvh ri Wkh Qhwkhuodqgv iru wkh shulrg Mdqxdu| 4<<6 0 Dxjxvw 4<<<1

Lq wkh dfdghplf olwhudwxuh rq edqnlqj/ vhyhudo dxwkruv kdyh wulhg wr dvvhvv

wkh ohyho ri frpshwlwlrq lq edqnlqj pdunhwv/ dw gl�huhqw ohyhov ri djjuh0

jdwlrq1 Vrph frqvlghu wkh zkroh ri vxepdunhwv rq zklfk edqnv rshudwh/

vrphwlphv prghoolqj wkh ghsrvlw vlgh h{solflwo| +Vxrplqhq/ 4<<7, exw jhq0

hudoo| frqvlghulqj ghsrvlwv dv lqsxwv +h1j1 Vkd�hu / 4<<6> Pro|qhx{ hw do1/

4<<7> Vkd�hu dqg GlVdoyr/ 4<<7,/ zkloh rwkhuv frqfhqwudwh rq rqh +ruh pruh,

vshfl�f vxepdunhw+v,1 Wkh odwwhu jhqhudoo| frqvlghu rqh ru pruh ri wkh iro0

orzlqj wkuhh pdunhwv= wkh pdunhw iru exvlqhvv ordqv +h1j1 Kdqqdq/ 4<<4>

Qhyhq dqg Uùoohu / 4<<<,/ wkh pruwjdjh pdunhw +h1j1 Vzdqn / 4<<8> Qhyhq

dqg Uùoohu/ 4<<<,/ ru wkh pdunhw iru ghsrvlwv +h1j1 Kdqqdq dqg Oldqj/ 4<<6>

Vzdqn/ 4<<8,1 Wr rxu nqrzohgjh/ wkhuh lv qr vxfk vwxg| wkdw frqvlghuv wkh

pdunhw iru frqvxphu fuhglw1
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Iru Hxurshdq frxqwulhv/ vwxglhv ri pdunhw srzhu lq edqnlqj vhfwruv kdyh

jhqhudoo| irxqg hylghqfh ri prqrsrolvwlf frpshwlwlrq ru frooxvlyh frqgxfw

+vhh Pro|qhx{ hw do1/ 4<<7> Qhyhq dqg Uùoohu/ 4<<<> GhEdqgw dqg Gdylv/

5333> dqg Elnnhu dqg Jurhqhyhog/ 5333,1 Rq wkh rwkhu kdqg/ fdvxdo revhu0

ydwlrq ri wkh odujh dprxqw ri dgyhuwlvhphqwv rq frqvxphu fuhglw lq uhfhqw

|hduv lq Wkh Qhwkhuodqgv vxjjhvwv wkdw frpshwlwlrq lq wklv sduwlfxodu pdu0

nhw lv uhodwlyho| vwurqj1 Rxu hpslulfdo uhvxowv gr lqghhg lqglfdwh wkdw wkh

Gxwfk frqvxphu fuhglw pdunhw lv fkdudfwhul}hg e| shuihfw frpshwlwlrq1

Wklv sdshu surfhhgv dv iroorzv1 Vhfwlrq 5 glvfxvvhv wkh hfrqrphwulf prgho

zh xvh lq rughu wr dvvhvv wkh ohyho ri frpshwlwlrq1 Vhfwlrq 6 ghvfulehv wkh

gdwd rq zklfk wkh dqdo|vlv lv edvhg1 Vhfwlrq 7 suhvhqwv wkh hpslulfdo dqdo|vlv

dqg lwv uhvxowv1 Vhfwlrq 8 frqfoxghv1
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Ydulrxv hfrqrphwulf prghov h{lvw wr whvw zkhwkhu ru qrw �upv h{huw pdunhw

srzhu dqg wr hvwlpdwh wkh ghjuhh ri frpshwlwlrq lq d pdunhw +iru h{dpsohv/

vhh Pduwlq/ 4<<6/ fkdswhu 4;,1 Wzr phwkrgv grplqdwh/ hvshfldoo| iru pruh

uhfhqw vwxglhv zlwk uhvshfw wr edqnlqj= �uvw/ wkh phwkrg ri Sdq}du dqg

Urvvh +4<;:,/ dqg vhfrqg/ wkh frqmhfwxudo0yduldwlrq phwkrg ru lwv dowhuqdwlyh

vshfl�fdwlrq jhqhudoo| uhihuuhg wr dv wkh phwkrg ri Euhvqdkdq +4<;5, dqg

Odx +4<;5,1 Zh zloo glvfxvv wkhvh dssurdfkhv ehorz/ frqfhqwudwlqj rq wkh

edqnlqj vhfwru1

Wkh phwkrg ri Sdq}du dqg Urvvh +4<;:, hvwlpdwhv uhgxfhg0irup uhyhqxh

htxdwlrqv iurp edqn0vshfl�f gdwd1 D uhyhqxh htxdwlrq uhodwhv wrwdo uhyhqxh

ri d edqn +wkh ghshqghqw yduldeoh, wr edqn rxwsxw ru dvvhwv/ lqsxw sulfhv/

lqwhuhvw h{shqvhv/ dqg rwkhu frvwv1 Wkh pruh uhfhqw olwhudwxuh jhqhudoo|

dggv d pdunhw ghpdqg htxdwlrq lq zklfk wrwdo edqn rxwsxw ru dvvhwv duh

h{sodlqhg e| pdunhw sulfh +lqwhuhvw udwh,/ djjuhjdwh lqfrph/ sulfh ri d vxe0
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vwlwxwh/ dqg rwkhu h{rjhqrxv yduldeohv1 Wkh v|vwhp ri wkh uhyhqxh htxdwlrqv

dqg wkh ghpdqg htxdwlrq lv hvwlpdwhg xvlqj d v|vwhp hvwlpdwru1 Wkh vxp

ri wkh frh!flhqwv ri wkh lqsxw sulfhv iurp wkh uhyhqxh htxdwlrq kdv ehfrph

nqrzq dv wkh Sdq}du0Urvvh vwdwlvwlf +K,1 Lw fdq eh lqwhusuhwhg dv wkh vxp ri

hodvwlflwlhv ri jurvv uhyhqxh zlwk uhvshfw wr lqsxw sulfhv1 Wkh Sdq}du0Urvvh

vwdwlvwlf surylghv d rqh0wdlohg whvw ri frpshwlwlrq= li K A 3/ dq| irup ri lp0

shuihfw frpshwlwlrq lv uhmhfwhg1 Wklv vkrzv wkh zhdn vsrw ri wkh dssurdfk1

Li K wxuqv rxw wr eh qhjdwlyh/ wkh k|srwkhvlv ri shuihfw frpshwlwlrq fdqqrw

eh uhmhfwhg1 Lq wkdw fdvh/ wkh whvw lv lqfrqfoxvlyh1 Ixuwkhupruh/ wkh lqwhu0

suhwdwlrq ri K dv d vxp ri hodvwlflwlhv lv xqfohdu iurp d wkhruhwlfdo srlqw ri

ylhz1

Wkh frqmhfwxudo0yduldwlrq phwkrg surylghv dq dowhuqdwlyh wrro1 Lw lv edvhg

rq Lzdwd +4<:7,/ zkr lqwurgxfhg d phwkrg wr hfrqrphwulfdoo| hvwlpdwh frq0

mhfwxudo yduldwlrqv1 Wklv dssurdfk dovr lqyroyhv wkh hvwlpdwlrq ri d v|vwhp ri

htxdwlrqv1 Wkh �uvw htxdwlrq ghvfulehv lqyhuvh pdunhw ghpdqg> wkh vhfrqg

htxdwlrq lv d +edqn0vshfl�f, vxsso| ixqfwlrq/ ghulyhg iurp wkh �uvw0rughu

frqglwlrq iru sur�w pd{lpl}dwlrq1 Rqh ri wkh sdudphwhuv ri wkh vxsso|

ixqfwlrq htxdov wkh frqmhfwxudo yduldwlrq +wkh edqn*v dqwlflsdwhg uhvsrqvh ri

lwv ulydov wr dq rxwsxw fkdqjh,/ iurp wkh hvwlpdwh ri zklfk wkh ohyho ri frp0

shwlwlrq lq wkh pdunhw fdq eh lqihuuhg1 Wkh hfrqrphwulf hvwlpdwlrq ri wkh

v|vwhp lqyroyhv dq lghqwl�fdwlrq sureohp/ zklfk zdv vroyhg e| Euhvqdkdq

+4<;5, dqg Odx +4<;5,1 Erwk Euhvqdkdq dqg Odx xvh dq dowhuqdwlyh sdudp0

hwhul}dwlrq jlyhq e| wkh frqmhfwxudo yduldwlrq hodvwlflw| +vhh Glfnvrq/ 4<;4,1

Dovr/ wkh| frqfhqwudwh rq djjuhjdwh gdwd lq wkhlu duwlfohv1 Dowkrxjk wklv lv lq

qr zd| fuxfldo iru wkhlu dqdo|vlv/ zkhq wkh frqmhfwxudo0yduldwlrq+0hodvwlflw|,

phwkrg lv dssolhg wr djjuhjdwh gdwd lw lv jhqhudoo| fdoohg wkh cphwkrg ri

Euhvqdkdq dqg Odx*1 Wklv lv wkh dssurdfk zh zloo xvh lq rxu dqdo|vlv1

8



Wkh frqmhfwxudo yduldwlrq hodvwlflw| ri edqn l lv gh�qhg e|

�� �
gT@T

gt�@t�
/

zkhuh T ghqrwhv djjuhjdwh rxwsxw ri wkh edqn dvvhw xqghu frqvlghudwlrq

dqg t� lv wkh rxwsxw ri edqn l1 Lw ghvfulehv wkh uhvsrqvh ri djjuhjdwh rxwsxw

uhodwlyh wr d fkdqjh lq wkh lqglylgxdo edqn*v rxwsxw/ dv frqmhfwxuhg e| edqn

l1

Dvvxplqj wkdw hdfk edqn*v jrdo lv wr pd{lpl}h lwv sur�wv/ wkh pdunhw htxl0

oleulxp zloo eh fkdudfwhul}hg e| htxdolw| ri pdujlqdo frvw dqg pdujlqdo uhy0

hqxh dv shufhlyhg e| wkh edqn +wklv lv wkh �uvw0rughu frqglwlrq iru sur�w0

pd{lpl}dwlrq,1 Zlwk shuihfw frpshwlwlrq/ wkh shufhlyhg pdujlqdo uhyhqxh

ri wkh edqn htxdov wkh sulfh +lqwhuhvw udwh,1 Dw wkh rwkhu h{wuhph/ iru froox0

vlrq/ lw fruuhvsrqgv wr wkh pdujlqdo uhyhqxh ri wkh zkroh edqnlqj lqgxvwu|1

Dv Vkd�hu +4<<6, h{sodlqv/ wkh edqnlqj lqgxvwu|*v pdujlqdo uhyhqxh fdq eh

ghvfulehg dv lqgxvwu| sulfh S soxv d ixqfwlrq k+�, ri djjuhjdwh rxwsxw dqg

rwkhu h{rjhqrxv yduldeohv/ zkhuh wkh ixqfwlrq k+�, lv gh�qhg dv

k+�, �
T

gT@gS
1

Lw ghvfulehv wkh vhpl0hodvwlflw| ri pdunhw ghpdqg1 Wkh edqn*v shufhlyhg

pdujlqdo uhyhqxh krzhyhu grhv qrw qhhg wr eh htxdo wr wkh lqgxvwu|*v pdujlqdo

uhyhqxh1 Lq idfw/ iru edqn l wkh shufhlyhg pdujlqdo uhyhqxh htxdov S.��k+�,1

Wkh udqjh ri srvvleoh ydoxhv ri wkh frqmhfwxudo yduldwlrq hodvwlflw| � lv jlyhq

e| ^3> 4`1 Wkh wzr srodu fdvhv duh shuihfw frpshwlwlrq/ � @ 3/ dqg shuihfw

frooxvlrq +ru prqrsro|,/ � @ 41 Iru dq| w|sh ri roljrsro|/ � 5 +3> 4,> wkh

vshfl�f fdvh ri v|pphwulf Frxuqrw roljrsro| uhvxowv lq d ydoxh ri � htxdo wr

wkh lqyhuvh ri wkh qxpehu ri edqnv +l1h1 wkh pdunhw vkduh,1 Wklv vkrzv wkdw

� fdq eh xvhg dv d phdvxuh iru wkh ohyho ri frpshwlwlrq1
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514 Wkh Euhvqdkdq0Odx prgho

Wkh phwkrg ri Euhvqdkdq dqg Odx hvwlpdwhv dq djjuhjdwh frqmhfwxudo yduld0

wlrq hodvwlflw| � zklfk fdq eh lqwhusuhwhg dv wkh lqgxvwu| dyhudjh frqmhfwxudo

yduldwlrq hodvwlflw|1 Wkh sdudphwhu � lv hvwlpdwhg iurp d vlpxowdqhrxv v|v0

whp ri wzr htxdwlrqv1 Wkh �uvw htxdwlrq ghvfulehv djjuhjdwh dvvhw txdqwlw|

ghpdqghg T dv d ixqfwlrq ri sulfh +lqwhuhvw udwh, S / lqfrph \ / dqg +dw

ohdvw, rqh rwkhu h{rjhqrxv yduldeoh ]1 Wkh dgglwlrqdo h{rjhqrxv yduldeoh ]

lv lqwurgxfhg lq rughu wr vroyh wkh lghqwl�fdwlrq sureohp lq hvwlpdwlqj �/ iru

zklfk lw lv fuxfldo wkdw S hqwhuv lqwhudfwlyho| zlwk dq h{rjhqrxv yduldeoh1

Lq wklv zd|/ lw ehfrphv srvvleoh iru wkh vorsh ri wkh dvvhw ghpdqg ixqfwlrq

wr fkdqjh dv d uhdfwlrq wr fkdqjhv lq h{rjhqrxv yduldeohv/ zklfk uhvxowv

lq lghqwl�fdwlrq ri � dv zdv vkrzq e| Euhvqdkdq +4<;5, dqg Odx +4<;5,1

Iru frpsohwhqhvv/ rqh pljkw dovr doorz iru rwkhu lqwhudfwlrqv ehwzhhq wkh

yduldeohv ru lqfoxgh rwkhu h{rjhqrxv yduldeohv1 Wkh ghpdqg uhodwlrq fdq

eh lqwhusuhwhg dv d �uvw0rughu orfdo dssur{lpdwlrq ri wkh wuxh djjuhjdwh gh0

pdqg ixqfwlrq1 Wkh vhfrqg htxdwlrq ri wkh v|vwhp lv d vxsso| uhodwlrq edvhg

rq wkh dvvxpswlrq ri sur�w pd{lpl}dwlrq glvfxvvhg deryh1 Xvlqj d olqhdu4

pdujlqdo frvw +PF, ixqfwlrq/ wkh vxsso| uhodwlrq fdq eh zulwwhq lq uhgxfhg

irup dv S @ ��k+�,.PF.x/ zkhuh x lv dq huuru whup1 Rplwwlqj wkh wlph

vxevfulsw/ wkh Euhvqdkdq0Odx phwkrg wkxv frqvlvwv ri wkh vlpxowdqhrxv hv0

wlpdwlrq ri wkh +qrqolqhdu, v|vwhp

T @ df . d�S . d2\ . d�] . deS] . h +4,

S @ ��
T

d� . de]
. ef . e�T. e2Z� . e�Z2 . x/ +5,

4Vkd�hu +4<<6/ s185, xvhv d wudqvorj frvw ixqfwlrq1 Kh dujxhv wkdw wklv w|sh ri frvw

vshfl�fdwlrq pd| eh pruh uhdolvwlf iru wkh fdvh ri ghsrvlwru| lqvwlwxwlrqv1 Krzhyhu/ wkh

hfrqrphwulf hvwlpdwlrq ri wkh prgho zlwk wklv vshfl�fdwlrq uhtxluhv d yduldeoh wkdw gh0

vfulehv wrwdo frvw ri d �up/ ru d edqn lq rxu fdvh1 Vlqfh wklv lqirupdwlrq lv qrw dydlodeoh

iru rxu fdvh/ zh gr qrw xvh wklv vshfl�fdwlrq1
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zkhuh wkh d*v/ e*v/ dqg � duh wkh sdudphwhuv wr eh hvwlpdwhg/ Z� dqg Z2

duh lqsxw sulfhv +h1j1 zdjhv dqg/ iru edqnv/ ghsrvlw ru prqh| pdunhw udwhv,/

dqg h dqg x duh huuru whupv1 Qrwh wkdw wkh sdudphwhu de ri wkh lqwhudfwlrq

whup lq wkh ghpdqg htxdwlrq lv fuxfldo iru wkh lghqwl�fdwlrq ri �> li zh zhuh

wr rplw wkh lqwhudfwlrq whup/ zh frxog rqo| hvwlpdwh �+�@d�, . e� dqg zh

zrxog kdyh rqh hvwlpdwh iru wkh wzr vwuxfwxudo sdudphwhuv � dqg e�1

Vhyhudo suhylrxv vwxglhv kdyh dssolhg wkh Euhvqdkdq0Odx dssurdfk wr edqn0

lqj vhfwruv1 Iru h{dpsoh/ iru XV edqnlqj/ Vkd�hu +4<;<, xvhv wkh phwkrg

wr vkrz wkdw edqnv duh pruh frpshwlwlyh wkdq Frxuqrw frpshwlwlrq1 Iru

wkh Fdqdgldq edqnlqj lqgxvwu| kh rewdlqv d vlplodu uhvxow +Vkd�hu/ 4<<6,1

Vxrplqhq +4<<7, hvwlpdwhv wkh prgho iru wkh fdvh ri Ilqodqg glvwlqjxlvklqj

ehwzhhq wzr shulrgv/ ehiruh dqg diwhu ghuhjxodwlrq/ zlwk wkh vxusulvlqj uh0

vxow wkdw vrph pdunhw srzhu zdv suhvhqw lq wkh edqnlqj vhfwru gxulqj wkh

vhfrqg shulrg zkhuhdv lq wkh �uvw shulrg frpshwlwlrq zdv vwurqj1 D g|0

qdplf yhuvlrq ri wkh dssurdfk zdv dssolhg wr edqnlqj e| Vzdqn +4<<8,1 Kh

frqfoxghv wkdw wkh Gxwfk pdunhwv iru pruwjdjhv dqg vdylqjv zhuh ohvv frp0

shwlwlyh wkdq Frxuqrw frpshwlwlrq/ zlwk wkh ohyho ri frpshwlwlrq lqfuhdvlqj

ryhu wlph iru pruwjdjhv dqg ghfuhdvlqj ryhu wlph iru vdylqjv ghsrvlwv1 ]dug0

nrrkl dqg Iudvhu +4<<;, xvh wkh Euhvqdkdq0Odx phwkrg lq rughu wr dvvhvv

wkh h�hfw ri jhrjudsklfdo ghuhjxodwlrq lq XV edqnlqj/ xvlqj dqqxdo revhu0

ydwlrqv rq wkh lqglylgxdo vwdwhv/ �qglqj rqo| d vpdoo h�hfw vlqfh wkh ohyho ri

frpshwlwlrq zdv douhdg| kljk ehiruh ghuhjxodwlrq1

Zh revhuyh wkdw wkh Euhvqdkdq0Odx dssurdfk uholhv rq vrph lpsruwdqw dv0

vxpswlrqv1 Iluvw/ dv zdv phqwlrqhg deryh/ wkh edqnv duh dvvxphg wr pd{l0

pl}h sur�wv1 Vhfrqg/ edqnv duh dvvxphg wr eh sulfh wdnhuv zlwk uhvshfw wr

lqsxwv1 Wklv pd| eh d uhdolvwlf dvvxpswlrq iru oderu +hvshfldoo| li rqh xvhv

zdjhv dv ghwhuplqhg lq froohfwlyh djuhhphqwv/ dv zh gr ehorz, dv zhoo dv

iru ixqgv rewdlqhg iurp wkh prqh| pdunhw1 Krzhyhu/ li rqh zrxog frqvlghu

prqh| eruurzhg iurp frqvxphuv/ l1h1 ghsrvlwv/ wkh fruuhvsrqglqj lqsxw sulfh

;



+wkh ghsrvlw udwh, pd| qrw eh wdnhq dv jlyhq e| wkh edqnv dqg wkh dvvxps0

wlrq ri sulfh0wdnlqj ehkdylru pd| eh ylrodwhg1 Li edqnv kdyh pdunhw srzhu

lq wkh ghsrvlw pdunhw +l1h1 prqrsvrq| srzhu, lq wkh hvwlpdwlrq ri wkh deryh

v|vwhp wklv zloo eh dwwulexwhg wr wkh fuhglw vlgh dqg uhvxow lq ryhuhvwlpdwlrq

ri wkh ohyho ri pdunhw srzhu lq wkh fuhglw pdunhw +dv h{sodlqhg lq Vkd�hu/

4<<</ s1 4<4,1 Dv Vkd�hu +4<<6/ s1 87, uhpdunv/ wklv dvvxpswlrq lpsolhv

wkdw wkh Euhvqdkdq0Odx whvw ri frpshwlwlrq lv urexvw lq wkh vhqvh wkdw d

�qglqj ri � @ 3 lqglfdwhv wkdw wkhuh lv qr pdunhw srzhu dw doo1 Wklug/ edqnv

duh dvvxphg wr eh ulvn0qhxwudo1 Krzhyhu/ vlqfh � slfnv xs dq| ghyldwlrq

ri sulfh iurp pdujlqdo frvw/ li edqnv duh ulvn dyhuvh dqg wkhuh lv d srvlwlyh

ulvn suhplxp/ wklv pd| uhvxow lq � A 3 hyhq lq wkh frpshwlwlyh htxloleulxp

+Vkd�hu / 4<<</ s1 4;8, dqg wkh uhvxowv ri wkh hpslulfdo dqdo|vlv pxvw eh

lqwhusuhwhg fduhixoo|1 Ilqdoo|/ wkh Euhvqdkdq0Odx phwkrg lv d vwdwlf prgho

wkdw ghvfulehv pdunhw htxloleulxp1 Wkhuhiruh/ zh qrz wxuq wr wkh glvfxvvlrq

ri d g|qdplf h{whqvlrq ri wkhlu prgho1

515 D g|qdplf h{whqvlrq

Uhfhqwo|/ Vwhhq dqg Vdoydqhv +4<<<, ghyhorshg d g|qdplf yhuvlrq ri wkh

Euhvqdkdq0Odx prgho/ edvhg rq dq huuru0fruuhfwlrq iudphzrun1 Wkh| dsso|

lw wr wkh Iuhqfk pdunhw iru iuhvk vdoprq1 Wkhlu prgho ghvfulehv orqj0uxq

uhodwlrqvklsv iru erwk ghpdqg dqg vxsso|/ dqg vkruw0uxq ghyldwlrqv iurp

wkhvh uhodwlrqvklsv1 Iru vlpsolflw|/ zh frqvlghu khuh wkh prgho zlwk odj

ohqjwk htxdo wr rqh1

Ehiruh hvwlpdwlqj wkh g|qdplf v|vwhp/ rqh kdv wr whvw iru wkh rughu ri lq0

whjudwlrq ri doo yduldeohv1 Li wkh yduldeohv duh irxqg wr eh qrq0vwdwlrqdu|/

exw vwdwlrqdu| lq �uvw gl�huhqfhv/ rqh fdq whvw iru frlqwhjudwlrq1 Li wkhuh

duh wzr ru pruh frlqwhjudwlqj uhodwlrqvklsv/ rqh vkrxog wu| wr lghqwli| wkhvh

uhodwlrqvklsv/ �qglqj rqh wkdw uhsuhvhqwv wkh orqj0uxq ghpdqg htxdwlrq dqg

rqh wkdw uhsuhvhqwv wkh orqj0uxq vxsso| htxdwlrq1 Wkhq/ wkh g|qdplf v|vwhp

<



fdq eh hvwlpdwhg1

Wkh orqj0uxq uhodwlrqvklsv duh vlplodu lq vkdsh wr wkh htxdwlrqv ri wkh vwdwlf

prgho/ +4, dqg +5,1 Ohw xv ghqrwh wkh yduldeoh wkdw ghvfulehv wkh vhpl0

hodvwlflw| ri ghpdqg '
_'*_�

e| TW khuh1 Dvvxplqj wkdw wkhuh h{lvwv d vwdeoh

orqj0uxq htxloleulxp dprqj wkh vhw ri ghpdqg yduldeohv dv zhoo dv dprqj

wkh vhw ri vxsso| yduldeohv/ wkh orqj0uxq uhodwlrqvklsv duh jlyhq e|

T @ �f . ��S . �2\ . ��] . �eS] +6,

S @ ��TW . �f . ��T. �2Z� . ��Z2/ +7,

rplwwlqj wkh huuru whupv iru vlpsolflw|/ zkhuh TW lv d ixqfwlrq ri wkh sdudp0

hwhuv iurp wkh orqj0uxq ghpdqg htxdwlrq +6,1

Li wkhuh lv frlqwhjudwlrq/ dv zh dvvxphg deryh/ dq huuru0fruuhfwlrq phfkd0

qlvp fdq eh xvhg wr uhsuhvhqw wkh dgmxvwphqw wrzdugv wkh htxloleulxp sdwkv

+6, dqg +7,1 Vwhhq dqg Vdoydqhv +4<<<, zulwh wkh g|qdplf v|vwhp dv

�T| @ � ^T|3� � ��S|3� � �2\|3� � ��]|3� � �eS]|3�`

.�f . ���S| . �2�\| . ���]| . �e�S]| . %| +8,

�S| @ #
�
S|3� .�TW

|3� � ��T|3� � �2Z�c|3� � ��Z2c|3�

�

.�f�TW

| . �f . ���T| . �2�Z�c| . ���Z2c| .  |1 +9,

Khuh/ wkh vxevfulsw w uhihuv wr revhuydwlrq +ru prqwk, w/ � ghqrwhv wkh

gl�huhqfh rshudwru/ % dqg  duh glvwxuedqfhv/ dqg � dqg # duh sdudphwhuv

wkdw phdvxuh wkh vshhg ri dgmxvwphqw wrzdugv wkh htxloleulxp sdwkv1 Qrwh

wkdw wkh sdudphwhuv �f dqg �f duh rplwwhg khuh ehfdxvh wkh frqvwdqw whupv

zloo eh slfnhg xs e| �f dqg �f/ uhvshfwlyho|1 Lq wklv g|qdplf yhuvlrq ri

wkh Euhvqdkdq0Odx prgho wkhuh duh wzr phdvxuhv iru wkh pdunhw srzhu

sdudphwhu �= � phdvxuhv orqj0uxq pdunhw srzhu dqg �f phdvxuhv vkruw0uxq

pdunhw srzhu1

Wkhuh duh wzr vlpsol�fdwlrqv lq wkh dssurdfk ri Vwhhq dqg Vdoydqhv +4<<<,1

Lq jhqhudo/ wkhlu dvvxpswlrqv zlwk uhvshfw wr h{rjhqhlw| duh wrr vwurqj1
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Iluvw/ wkh| whvw iru frlqwhjudwlrq dprqj wkh vhwv ri ghpdqg dqg vxsso| ydul0

deohv vhsdudwho|1 Ehfdxvh wkh v|vwhp lv vlpxowdqhrxv/ rqh vkrxog whvw iru

frlqwhjudwlrq dprqj doo yduldeohv lq wkh v|vwhp dqg lghqwli| wzr frlqwhjudw0

lqj uhodwlrqvklsv dv ghpdqg dqg vxsso| dv phqwlrqhg deryh1 Vhfrqg/ wkh

idfw wkdw Vwhhq dqg Vdoydqhv gr qrw wuhdw wkh Euhvqdkdq0Odx prgho dv d

vlpxowdqhrxv v|vwhp lpsolhv wkdw wkhuh lv d vlpsol�fdwlrq lq wkhlu v|vwhp

~+8,/+9,�1 Iru h{dpsoh/ lq wkh ghpdqg htxdwlrq +8, wkhuh lv rqo| dq huuru0

fruuhfwlrq whup iru wkh ghyldwlrq iurp wkh orqj0uxq ghpdqg htxloleulxp>

wkhuh lv qr whup wkdw uhsuhvhqwv wkh h�hfwv ri d ghyldwlrq iurp wkh orqj0uxq

vxsso| htxloleulxp1 D vlplodu revhuydwlrq fdq eh pdgh iru wkh vxsso| htxd0

wlrq +9,1 Vlqfh wkh Euhvqdkdq0Odx prgho frqvlvwv ri d vlpxowdqhrxv v|vwhp/

rqh vkrxog lqfoxgh lq hdfk htxdwlrq wkh ghyldwlrqv ri erwk orqj0uxq uhodwlrq0

vklsv1 Vwhhq dqg Vdoydqhv +4<<<, wkxv lpsolflwo| dvvxph vrph dgmxvwphqw

sdudphwhuv wr htxdo }hur1 Pruh suhflvho|/ wkh| dvvxph zhdn h{rjhqhlw| ri

wkh orqj0uxq ghpdqg +vxsso|, uhodwlrqvkls lq wkh vkruw0uxq vxsso| +ghpdqg,

htxdwlrq1 Zh zloo frqvlghu wkh dssolfdwlrq ri wklv g|qdplf dssurdfk wr wkh

Gxwfk frqvxphu fuhglw pdunhw lq wkh qh{w vhfwlrq1

Wr frqfoxgh rxu glvfxvvlrq ri wkh g|qdplf h{whqvlrq ri wkh Euhvqdkdq0Odx

dssurdfk/ zh phqwlrq wkdw Vzdqn +4<<8, kdv dssolhg d vlplodu h{whqvlrq

edvhg rq dq huuru0fruuhfwlrq phfkdqlvp wr edqnv1 Krzhyhu/ klv dssurdfk

lv edvhg rq wzr pdunhwv/ rqh iru +pruwjdjh, ordqv dqg rqh iru ghsrvlwv1 Lw

lv edvhg rq d ghpdqg htxdwlrq wkdw ghvfulehv ghpdqg iru ordqv/ d vxsso|

htxdwlrq wkdw ghvfulehv wkh vxsso| ri ghsrvlwv/ dqg d frvw ixqfwlrq iru edqnv

wkdw uhodwhv wkh wzr pdunhwv1 Dvvxplqj wkdw wkh edqn lv ulvn qhxwudo dqg

pd{lpl}hv wkh h{shfwhg vxp ri lwv suhvhqw dqg glvfrxqwhg ixwxuh sur�wv

e| vhwwlqj ordq dqg ghsrvlw udwhv/ Vzdqn ghulyhv wzr �uvw0rughu frqglwlrqv

wkdw ghvfuleh wkh ehkdylru ri wkh edqn1 Wkhvh htxdwlrqv fdq eh frpsduhg

wr wkh vxsso| htxdwlrq ri wkh Euhvqdkdq0Odx phwkrg/ zklfk vkrxog dovr

eh lqwhusuhwhg dv d �uvw0rughu frqglwlrq iru sur�w pd{lpl}dwlrq1 Wkh wzr
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htxloleulxp frqglwlrqv ghvfuleh krz wkh edqn ghwhuplqhv wkh ordq udwh dqg

wkh ghsrvlw udwh/ uhvshfwlyho|1 Hdfk htxdwlrq lqyroyhv d sdudphwhu wkdw

fruuhvsrqgv wr �/ wkh frqmhfwxudo yduldwlrq hodvwlflw|1 Lq wklv zd|/ Vzdqn lv

deoh wr phdvxuh pdunhw srzhu lq erwk pdunhwv1 Vlqfh wkh suhvhqw sdshu lv

pruh sduwldo lq wkh vhqvh wkdw zh frqfhqwudwh rq rqh sduwlfxodu pdunhw/ zh

gr qrw xvh klv dssurdfk khuh1

� 
��� ��
��������

Wkh vdpsoh shulrg ri rxu vwxg| lv Mdqxdu| 4<<6 0 Dxjxvw 4<<<1 Ehfdxvh ri

wkh dydlodelolw| ri gdwd rq d prqwko| edvlv/ zh duh deoh wr frq�qh rxuvhoyhv

wr d uhodwlyho| vkruw dqg uhfhqw shulrg1 Wklv lv lpsruwdqw vlqfh wkh qxpehu

ri dfwruv lq wkh pdunhw kdv fkdqjhg gudpdwlfdoo| lq wkh odvw ghfdghv gxh

wr phujhuv dqg wdnhryhuv1 Wkh prvw uhfhqw phujhu ehwzhhq odujh dfwruv

wrrn sodfh lq 4<<3 +DEQ dqg DPUR,/ vr zhoo ehiruh wkh shulrg xqghu

frqvlghudwlrq khuh1 Wkh suhflvh vwduw ri wkh shulrg zdv sduwo| glfwdwhg e| wkh

idfw wkdw wkh gh�qlwlrqv ri wkh udz gdwd rq zklfk zh edvhg rxu gdwd vhw duh

gl�huhqw ehiruh dqg diwhu wklv prqwk1 Rq wkh rwkhu kdqg/ lw lv dq lqwhuhvwlqj

vwduwlqj srlqw vlqfh lq Mdqxdu| 4<<6 wkh Vhfrqg Hxurshdq Edqnlqj Gluhfwlyh/

zklfk surylghv wkh ohjdo iudphzrun iru furvv0erughu edqnlqj lq wkh Hxurshdq

Xqlrq/ fdph lqwr irufh1

Vlqfh edqn0vshfl�f gdwd duh qrw dydlodeoh iru doo yduldeohv uhtxluhg iru wkh

Gxwfk frqvxphu fuhglw pdunhw/ zh xvh djjuhjdwh gdwd1 Zlwk uhvshfw wr

frqvxphu fuhglw/ zh fdq glvwlqjxlvk dprqj uhyroylqj dqg �{hg fuhglw1 Uh0

yroylqj fuhglw uhihuv wr d fuhglw olplw/ xs wr zklfk wkh frqvxphu fdq eruurz

dq| dprxqw/ dqg wkh dprxqw ri fuhglw dfwxdoo| xvhg fdq eh dgmxvwhg +xszdug

ru grzqzdug, dw dq| wlph1 Il{hg fuhglw uhihuv wr d �{hg dprxqw eruurzhg1

Wkdw lv/ d frqvxphu jhwv d ordq ri �{hg vl}h zklfk kh fdqqrw dgmxvw/ dqg

kdv wr uhsd| wklv dprxqw soxv lqwhuhvw dffruglqj wr vrph jlyhq uhsd|phqw
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vfkhph1 Zh frqfhqwudwh rq uhyroylqj fuhglw15 Zh uhpdun wkdw zh phd0

vxuh wkh dprxqw ri fuhglw rxwvwdqglqj/ qrw wkh fuhglw olplwv/ l1h1 zh gr qrw

phdvxuh xqxvhg frpplwphqwv1 Wkh gdwd doorz xv wr glvwlqjxlvk ehwzhhq

frpphufldo edqnv dqg �qdqfh frpsdqlhv/ zklfk jhqhudoo| duh vxevlgldulhv

ri edqnv ru lqvxudqfh frpsdqlhv +Ydq Hzlmn dqg Vfkrowhqv / 4<<</ s1 63;,1

Krzhyhu/ hvwlpdwlqj wkh prgho iru wkhvh wzr jurxsv vhsdudwho| pd| qrw

jlyh fruuhfw uhvxowv/ vlqfh wkh ordqv ri wkh jurxsv duh forvh vxevwlwxwhv wr

frqvxphuv1 Wkhuhiruh/ zh zloo qrw suhvhqw wkrvh uhvxowv lq juhdw ghwdlo1 Zh

zloo frqfhqwudwh rq wkh wrwdo uhyroylqj frqvxphu fuhglw lvvxhg e| wkhvh wzr

jurxsv ri dfwruv lq wkh pdunhw/ dqg zh zloo jhqhudoo| uhihu wr wkhp dv edqnv1

Ixuwkhu/ fuhglw fdug fuhglw dv zhoo dv frqvxphu fuhglw surylghg e| pxqlfl0

sdo prqh|0ohqglqj lqvwlwxwlrqv dqg pdlo0rughu �upv +zklfk wrjhwkhu kdyh d

pdunhw vkduh ri ohvv wkdq 43(, duh qrw lqfoxghg lq wkh dqdo|vlv1 Wkh gdwd zh

xvh lq rughu wr hvwlpdwh wkh Euhvqdkdq0Odx prgho zloo eh glvfxvvhg ehorz1

Iru d ghwdlohg ryhuylhz ri wkh gdwd dqg lwv vrxufhv/ vhh wkh Dsshqgl{1

Lq jhqhudo/ d v|vwhp ri ghpdqg dqg vxsso| htxdwlrqv vkrxog eh hvwlpdwhg

xvlqj vwrfnv/ qrw  rzv1 Iurp wkh vwdqgdug sruwirolr prgho/ vwrfnv duh fru0

uhodwhg zlwk |lhogv1 Vr/ iru wkh djjuhjdwh rxwsxw ri uhyroylqj frqvxphu

fuhglw T zh xvh wkh qrplqdo txdqwlw| ri uhyroylqj fuhglw rxwvwdqglqj1 Vlqfh

wkh udz gdwd frqfhuq wkh txdqwlw| rxwvwdqglqj shu xowlpr ri wkdw prqwk/ zh

frpsxwh dq dyhudjh lq rughu wr lqfuhdvh suhflvlrq +lq sduwlfxodu zlwk uhvshfw

wr S > vhh ehorz, dqg orrvh rqh revhuydwlrq/ l1h1 Mdqxdu| 4<<61 Qrwh wkdw

wklv txdqwlw| lv qhw ri lqwhuhvw dqg frvw sd|phqwv/ zkhuh frvw sd|phqwv uhihu

wr frvwv rwkhu wkdq lqwhuhvw dqg uhsd|phqw ri wkh sulqflsdo/ iru h{dpsoh wr

5Wkh pdlq uhdvrq zk| zh gr qrw suhvhqw uhvxowv iru �{hg fuhglw lv wkdw wkh gdwd dydlodeoh

rq �{hg fuhglw irufh xv wr xvh  rzv +l1h1 qhzo| lvvxhg ordqv, lqvwhdg ri vwrfnv +wkh dprxqw

ri ordqv rxwvwdqglqj, 0 vhh ehorz1 Dovr/ wkh gdwd lqfoxgh wkh wrwdo dprxqw ri frvw dqg

lqwhuhvw wr eh sdlg gxulqj wkh frpsohwh whup ri wkh ordq zkhuhdv wkh whupv ri wkh ordqv

duh xqnqrzq/ lpso|lqj wkdw wkh frpsxwhg sulfh yduldeoh lv phuho| d sur{| iru wkh dfwxdo

lqwhuhvw udwh1 Iru wkhvh uhdvrqv/ dqg ehfdxvh wkh hvwlpdwlrq uhvxowv duh yhu| glvdssrlqwlqj

lq wkh vhqvh wkdw kdugo| dq| yduldeoh lv vljql�fdqw dqg wkh -2*v duh yhu| orz/ zh gr qrw

suhvhqw wkh uhvxowv1
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dgplqlvwudwlyh frvwv1

Iru wkh sulfh yduldeoh S zh xvh lqwhuhvw dqg frvw sd|phqwv glylghg e| txdq0

wlw|1 Wr eh pruh suhflvh/ S lv gh�qhg dv wrwdo lqwhuhvw dqg frvw sd|phqwv lq

wkh prqwk xqghu frqvlghudwlrq/ glylghg e| wkh txdqwlw| ri fuhglw rxwvwdqg0

lqj T/ wlphv 4331 Zh lqwhusuhw S dv wkh lqwhuhvw udwh rq uhyroylqj frqvxphu

fuhglw +rq d prqwko| edvlv,1

Wkh yduldeoh \ lq wkh wkhruhwlfdo prgho uhsuhvhqwv lqfrph/ dqg lq hpslu0

lfdo vwxglhv lw xvxdoo| uhihuv wr JGS1 Gdwd rq JGS krzhyhu gr qrw h{lvw

rq d prqwko| edvlv iru Wkh Qhwkhuodqgv1 Wkh frpprqo| xvhg dowhuqdwlyh lv

lqgxvwuldo surgxfwlrq +dq lqgh{ qxpehu zlwk edvh 4<<8@433,1 Wkh vljq ri

wkh lqfrph hodvwlflw| lv dpeljxrxv1 Lqfrph fdq eh lqwhusuhwhg dv delolw| wr

sd|1 Rq wkh rqh kdqg/ wklv pd| uhihu wr delolw| wr sd| iru frqvxphu fuhglw/

lpso|lqj d srvlwlyh frh!flhqw1 Rq wkh rwkhu kdqg/ lw pd| uhihu wr delolw|

wr sd| iru wkh jrrgv erxjkw zlwk frqvxphu fuhglw/ lq wkh vhqvh wkdw d kljk

lqfrph pd| lpso| ohvv qhhg iru frqvxphu fuhglw1 Wklv h{sodqdwlrq lpsolhv

d qhjdwlyh vljq1 Dq dowhuqdwlyh lqwhusuhwdwlrq ri \ lv wkdw ri d phdvxuh ri

jhqhudo hfrqrplf dfwlylw| ru frqglwlrqv1 Lq wkdw fdvh/ dq dowhuqdwlyh yduldeoh

wkdw frxog eh xvhg lv frqvxphu frq�ghqfh1 Vlqfh frqvxphu frq�ghqfh sur0

ylghv lqirupdwlrq rq frq�ghqfh dqg h{shfwdwlrqv ri frqvxphuv zlwk uhvshfw

wr hfrqrplf dfwlylw|/ lq wklv lqwhusuhwdwlrq lw fdq edvlfdoo| shuirup wkh vdph

uroh dv JGS lq wkh prgho1

Lq jhqhudo/ lq dssolfdwlrqv ri wkh Euhvqdkdq0Odx phwkrg wr edqnlqj pdunhwv

d prqh| pdunhw lqwhuhvw udwh lv fkrvhq iru wkh rwkhu h{rjhqrxv yduldeoh

lq wkh ghpdqg htxdwlrq/ ]1 Wklv udwh fdq eh lqwhusuhwhg dv wkh sulfh ri

d vxevwlwxwh/ dq h{rjhqrxv yduldeoh wkdw lv xvhg riwhq lq dssolfdwlrqv ri

wkh Euhvqdkdq0Odx dssurdfk1 Lq rxu fdvh/ zh qhhg wkh vkruw0uxq +prqh|0

pdunhw, udwh lq wkh vxsso| htxdwlrq/ dv zloo eh glvfxvvhg ehorz1 Iru ] zh

wkhuhiruh fkrrvh wr xvh wkh orqj0uxq udwh +430|hdu jryhuqphqw erqg |lhog,1

Dowhuqdwlyho|/ zh frxog xvh wkh pruwjdjh udwh1 Wkh pruwjdjh udwh fdq eh
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lqwhusuhwhg dv wkh sulfh ri d vxevwlwxwh/ dqg wkh fruuhvsrqglqj sdudphwhu

lv h{shfwhg wr eh srvlwlyh1 Krzhyhu/ wkh pruwjdjh udwh forvho| iroorzv wkh

orqj0uxq udwh/ dqg wkh uhvxowv gr qrw ghshqg pxfk rq wkh udwh zh xvh1

Dv lqsxw sulfhv zh xvh krxuo| zdjh udwhv +ghqrwhg e| Z�, dqg wkh prqh|

pdunhw udwh +Z2,1 Z� lv dq lqgh{ zlwk edvh 4<<3@433/ dqg lv edvhg rq

froohfwlyh djuhhphqwv rq zdjhv lq wkh edqnlqj vhfwru1 Z2 lv wkh lqwhuhvw

udwh rq 60prqwk ordqv wr orfdo dxwkrulwlhv/ wkh xvxdo fkrlfh iru wkh prqh|0

pdunhw udwh lq Wkh Qhwkhuodqgv1 Dq dowhuqdwlyh udwh wkdw frxog eh xvhg iru

Z2 lv wkh ghsrvlw udwh1 Iru �qdqfh frpsdqlhv/ krzhyhu/ wkh ghsrvlw udwh

zrxog qrw eh d jrrg fkrlfh vlqfh wkh| jhqhudoo| gr qrw rewdlq ixqgv iurp

ghsrvlwv1 Ixuwkhupruh/ lq wkh olwhudwxuh wkh prqh| pdunhw udwh lv xvxdoo|

lqwhusuhwhg dv wkh dssursuldwh pdujlqdo frvw iru edqnv1 Zh frqyhuwhg wkh

lqwhuhvw udwhv +l1h1 ] dqg Z2, wr d prqwko| edvlv dqg frpsxwhg wkhp dv

d shufhqwdjh1 Lq wklv zd|/ wkhlu gh�qlwlrqv fruuhvsrqg wr wkdw ri wkh sulfh

yduldeoh1 Iru dq ryhuylhz ri wkh gdwd/ vhh Iljxuh 41

Ilqdoo|/ zh uhpdun wkdw zh gr qrw gh dwh qrplqdo yduldeohv1 Wkhuh duh

vhyhudo uhdvrqv wr dfw dv vxfk1 Iluvw/ prqh| looxvlrq sod|v d uroh lq wkh

fdvh ri frqvxphu fuhglw1 Zh gr qrw h{shfw wkh dyhudjh Gxwfk frqvxphu

wr lqyhvwljdwh klv uhdo lqwhuhvw sd|phqwv rq frqvxphu fuhglw1 Suredeo|/ kh

zloo frqfhqwudwh rq qrplqdo ydoxhv1 Vhfrqg/ lq dwlrq lq Wkh Qhwkhuodqgv

kdv ehhq uhodwlyho| frqvwdqw ryhu wkh shulrg xqghu frqvlghudwlrq +durxqg

5( shu |hdu,1 Wklv lpsolhv wkdw wkh pdlq h�hfw ri lq dwlrq/ li dq|/ zloo eh

wkdw ri d wuhqg1 Wkhuhiruh/ zh xvh qrplqdo yduldeohv lq rxu dqdo|vlv dqg

lqfoxgh d ghwhuplqlvwlf wuhqg dv d uhjuhvvru1 Wklug/ zh revhuyh wkdw Vkd�hu

+4<<6/ s1 88, vxjjhvwv wkdw txdolwdwlyh gl�huhqfhv ehwzhhq uhdo dqg qrplqdo

vshfl�fdwlrqv ri wkh Euhvqdkdq0Odx prgho duh qrw wr eh h{shfwhg1
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Iljxuh 4= Gxwfk frqvxphu fuhglw pdunhw gdwd +Mdqxdu| 4<<6 0 Dxjxvw 4<<<,1

49



� ��������� �����
�


Iru wkh hpslulfdo dqdo|vlv ri wkh Gxwfk frqvxphu fuhglw pdunhw/ zh vwduw

e| frpsdulqj wkh sulfh S wr wkh pd{lpxp dxwkrul}hg udwh ri lqwhuhvw rq

frqvxphu fuhglw/ zklfk lv ghwhuplqhg e| wkh Gxwfk jryhuqphqw61 Edqnv duh

qrw doorzhg wr vhw wkhlu frqvxphu fuhglw udwh deryh wklv pd{lpxp udwh1 Wkh

pd{lpxp udwh lv dgmxvwhg zkhqhyhu lqglfdwruv ri wkh fdslwdo dqg prqh|

pdunhwv vkrz wkdw wkhuh kdv ehhq d cfrqvlghudeoh* fkdqjh vlqfh wkh suhylrxv

dgmxvwphqw1 Lq wkh shulrg xqghu frqvlghudwlrq/ wkhuh kdyh ehhq 44 dgmxvw0

phqwv +zkhuh wkh �uvw zdv rq Mdqxdu| 4vw/ 4<<6,1 Dowkrxjk wklv lpsolhv

wkdw wkhuh lv qrw pxfk yduldwlrq lq wkh pd{lpxp udwh/ zh gr h{shfw S dqg

wkh pd{lpxp udwh wr fkdqjh lq wkh vdph jhqhudo gluhfwlrq1

Wkh sulfh yduldeoh S lv frqyhuwhg wr dq dqqxdo lqwhuhvw udwh7 lq rughu wr

frpsduh lw wr wkh pd{lpxp dqqxdo udwh1 Iljxuh 5 vkrzv wkh lqwhuhvw udwh iru

uhyroylqj frqvxphu fuhglw rq dqqxdo edvlv dv zhoo dv wkh pd{lpxp udwhv iru

ydulrxv fuhglw olplwv1 Wkh kljkhu wkh fuhglw olplw/ wkh orzhu lv wkh pd{lpxp

udwh81 Iru h{dpsoh/ wkh xsshu fxuyh uhsuhvhqwv wkh pd{lpxp udwh iru d

fuhglw olplw lq ehwzhhq 3 dqg 5833 jxloghuv1 Iurp wkh �jxuh/ zh frqfoxgh

wkdw wkh dyhudjh dfwxdo frqvxphu fuhglw lqwhuhvw udwh vhw e| wkh edqnv lv

vwulfwo| ehorz hyhq wkh orzhvw pd{lpxp udwh +l1h1 wkh udwh wkdw fruuhvsrqgv

wr wkh fdwhjru| ri kljkhvw fuhglw olplwv,1

Wkh pd{lpxp udwhv iru ydulrxv fuhglw olplwv iru uhyroylqj fuhglw duh shu0

ihfwo| fruuhodwhg zlwk hdfk rwkhu +dv zhoo dv zlwk wkrvh iru �{hg fuhglw,/

dqg wkhuhiruh zlwk uhvshfw wr wkh fruuhodwlrq frh!flhqwv lw grhv qrw pdwwhu

zklfk olplw zh fkrrvh1 Wkh fruuhodwlrq frh!flhqw ri wkh pd{lpxp udwh zlwk

6Gdwd rq wkh pd{lpxp udwh kdyh ehhq rewdlqhg iurp wkh Qhwkhuodqgv Plqlvwu| ri

Hfrqrplf D�dluv1
7Iru frqyhuwlqj wkh sulfh yduldeoh wr dq dqqxdo edvlv zh xvh wkh irupxod �ffdE� n

�*�ff��2 3 �o1
8Wkh fdwhjrulhv ri fuhglw olplwv duh 305833/ 583308333/ 8333043333/ 43333048333/ 483330

53333/ 53333063333/ dqg 63333083333 jxloghuv1
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Iljxuh 5= Frqvxphu fuhglw udwh S / frqyhuwhg wr dqqxdo edvlv/ dqg pd{lpxp

dqqxdo lqwhuhvw udwhv1

wkh frqvxphu fuhglw udwh S +rq dqqxdo edvlv, lv 31<:1 Wklv kljk ydoxh grhv

qrw frph dv d frpsohwh vxusulvh ehfdxvh lw lv dq hpslulfdo idfw wkdw lqwhuhvw

udwhv duh kljko| fruuhodwhg1 Ixuwkhupruh/ wkh pd{lpxp udwh lv edvhg rq

dq lqglfdwru ri wkh prqh| pdunhw e| frqvwuxfwlrq dqg lw vhhpv uhdvrqdeoh

wr dvvxph +zklfk lv frq�uphg e| rxu hvwlpdwlrq uhvxowv, wkdw wkh dfwxdo

udwh ri lqwhuhvw rq uhyroylqj frqvxphu fuhglw lq d sduwlfxodu prqwk ghshqgv

vwurqjo| rq wkh prqh| pdunhw udwh lq wkdw prqwk1 Wklv lpsolhv wkdw zh

vkrxog lq idfw h{shfw wr revhuyh yhu| kljk fruuhodwlrq frh!flhqwv1

Vxppdul}lqj/ zh fdq vd| wkdw wkh lqwhuhvw udwh rq uhyroylqj frqvxphu fuhglw

lv zhoo ehorz wkh pd{lpxp dxwkrul}hg udwhv1 Ixuwkhu/ wkh fruuhodwlrq eh0

wzhhq wkh lqwhuhvw udwh rq frqvxphu fuhglw dqg wkh pd{lpxp udwhv lv ehorz

41 Li wkh htxloleulxp ri ghpdqg dqg vxsso| revhuyhg lq wkh pdunhw zrxog

eh lq wkh uhjlrq zhuh uhjxodwlrq dfwxdoo| olplwv wkh udwh wkdw edqnv vhw/ zh
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zrxog revhuyh d udwh htxdo wr wkh pd{lpxp dxwkrul}hg udwh/ dqg h{fhvv

ghpdqg1 Krzhyhu/ iurp Iljxuh 5/ zh frqfoxgh wkdw wkh uhjxodwru| udwhv duh

zhoo deryh wkh dfwxdo pdunhw udwhv/ dqg uhjxodwlrq grhv qrw vhhp wr frq0

vwudlq wkh edqnv lq vhwwlqj lqwhuhvw udwhv1 Wklv lpsolhv wkdw h�hfwlyho| wkhuh

lv qr uhjxodwlrq> wkh dfwruv lq wkh pdunhw duh deoh wr vhw wkhlu lqwhuhvw udwhv

lq d sur�w0pd{lpl}lqj zd| dqg wkh Euhvqdkdq0Odx prgho fdq eh dssolhg lq

rughu wr dvvhvv wkh ohyho ri pdunhw srzhu1

Vwdwlf prgho

Qrz zh wxuq wr wkh hvwlpdwlrq ri wkh vwdwlf prgho1 Vlqfh wkh wzr htxd0

wlrqv +4, dqg +5, duh lqwhuuhodwhg ehfdxvh ri wkh xqghuo|lqj hfrqrplf prgho

+wkurxjk wkh vhpl0hodvwlflw| ri pdunhw ghpdqg zklfk dsshduv lq wkh vxs0

so| uhodwlrq,/ rqh vkrxog hpsor| d v|vwhp hvwlpdwru vxfk dv wkuhh0vwdjh

ohdvw vtxduhv +6VOV, ru ixoo lqirupdwlrq pd{lpxp olnholkrrg +ILPO, udwkhu

wkdq d vlqjoh htxdwlrq +olplwhg lqirupdwlrq, phwkrg vxfk dv wzr0vwdjh ohdvw

vtxduhv1 Zh xvh ILPO lq rughu wr hvwlpdwh wkh qrqolqhdu v|vwhp91

Qh{w wr ehlqj d frpsohwh v|vwhp dssurdfk/ wklv hvwlpdwlrq phwkrg kdv vrph

rwkhu dgydqwdjhv1 Iluvw/ ILPO grhv qrw uhtxluh wkh xvh ri lqvwuxphqwv/ dv

grhv 6VOV1 Suhylrxv vwxglhv kdyh xvhg pdq| lqvwuxphqwv +vhh iru h{dpsoh

Vxrplqhq/ 4<<7,1 Dv zh kdyh revhuyhg xvlqj rxu gdwd/ e| ydu|lqj wkh

lqvwuxphqwv lqfoxghg rqh fdq pdqlsxodwh wkh uhvxowv ri wkh hvwlpdwlrq txlwh

d orw1 Vhfrqg/ wkh uhvxowv ri qrqolqhdu 6VOV ghshqg rq wkh vwduwlqj ydoxhv

iru wkh sdudphwhuv1 Zlwk rxu gdwd zh dovr �qg wklv h�hfw dqg zh grxew

zkhwkhu wkh ehvw orfdo vroxwlrq irxqg lv dfwxdoo| wkh joredo vroxwlrq1

Wdeoh 4 suhvhqwv wkh hvwlpdwlrq uhvxowv iru uhyroylqj frqvxphu fuhglw1 Zh

suhvhqw wkuhh vshfl�fdwlrqv1 Lq wkh �uvw/ zh hvwlpdwhg wkh edvlf prgho +dg0

9Iru wkh hfrqrphwulf dqdo|vlv zh xvh HYlhzv/ zklfk pdnhv xvh ri wkh Pdutxdugw

dojrulwkp iru qrqolqhdu hvwlpdwlrq1
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mxvwhg iurp wkh v|vwhp ~+4,/+5,�,

T @ df . d�S . d2\ . d�] . deS] . dDWUHQG . h +:,

S @ ��TW . ef . e�T. e2Z� . e�Z2 . x/ +;,

zkhuh TW @
'

@�n@e~
1 Zh lqfoxgh d ghwhuplqlvwlf wuhqg +wkdw htxdov p iru

wkh pwk revhuydwlrq, lq wkh ghpdqg htxdwlrq1 Wkh vljq ri wkh frh!flhqw

ri wkh wuhqg lv h{shfwhg wr eh srvlwlyh/ vlqfh wkhuh kdv ehhq d frqvlghudeoh

fkdqjh ri dwwlwxgh ri frqvxphuv lq idyru ri frqvxphu fuhglw/ hyhq lq wklv

uhfhqw shulrg xqghu frqvlghudwlrq1 Iurp Iljxuh 4/ wkh dprxqw ri uhyroylqj

frqvxphu fuhglw T lv fohduo| lqfuhdvlqj ryhu wlph1 Ehfdxvh \ dqg WUHQG

duh vwurqjo| fruuhodwhg zlwk hdfk rwkhu dv zhoo dv zlwk T/ zklfk pd| lpso|

pxowlfroolqhdulw|/ zh dovr hvwlpdwhg wkh deryh v|vwhp zlwkrxw \ dv zhoo dv

zlwkrxw WUHQG1 Lq hdfk fdvh/ zh holplqdwhg qrqvljql�fdqw sdudphwhuv

+h{fhsw iru wkh fuxfldo sdudphwhu �,/ dqg suhvhqw wkh uhvxowlqj �qdo prgho1

Vlqfh 4<<:/ wkhuh h{lvwv d pd{lpxp wr wkh dprxqw ri lqwhuhvw sd|phqwv rq

frqvxphu fuhglw wkdw d frqvxphu fdq ghgxfw iurp lqfrph ehiruh wd{hv hyhu|

|hdu1 Wkhuhiruh/ zh lqfoxghg d gxpp| +zklfk htxdov }hur ehiruh Mdqxdu|

4<<: dqg rqh iurp wkdw prqwk rq, lq wkh ghpdqg htxdwlrq lq rughu wr doorz

iru d ghpdqg ghfuhdvh gxh wr wklv wd{ phdvxuh1 Lqwxlwlyho|/ zh glg qrw h{shfw

wklv gxpp| wr eh yhu| lpsruwdqw/ vlqfh wkh pd{lpxp dqqxdo ghgxfwlrq kdv

ehhq durxqg 8/333 jxloghuv +43/333 jxloghuv iru d pduulhg frxsoh, zklfk zh

eholhyh wr eh uhodwlyho| kljk1 Lqghhg/ lq doo vshfl�fdwlrqv/ wkh frh!flhqw

ri wkh gxpp| zdv qrw vljql�fdqwo| gl�huhqw iurp }hur +dv h{shfwhg, dqg

wkhuhiruh zh rplw wklv yduldeoh lq wkh glvfxvvlrq ri wkh uhvxowv1

Wkh dgmxvwhg U2 lv kljk iru +doprvw, doo hvwlpdwhg htxdwlrqv1 Xqiruwxqdwho|/

wkh Gxuelq0Zdwvrq vwdwlvwlfv duh orz1 Wklv lv d frpprq sureohp lq wkh hp0

slulfdo olwhudwxuh xvlqj wkh vwdwlf Euhvqdkdq0Odx dssurdfk1 Khuh/ lw pd| eh

fdxvhg lq sduwlfxodu e| wkh xvh ri prqwko| vwrfnv iru uhyroylqj fuhglw1 Wkh

hvwlpdwhg vljqv ri ] dqg wkh lqsxw sulfh Z� frqwudvw rxu h{shfwdwlrqv1 Wkh
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Edvlf prgho Zlwkrxw \ Zlwkrxw WUHQG

Ghpdqg +:,

frqvwdqw 6:333 +4619;, 63647 +45135, 96468 +;165,

S 053788 +091:;, 053844 +09188, 0953<6 +0<133,

\ 0:41<: +0618:, :4169 +5136,

] 077996 +0;199, 07:485 +0<13:, 0<<;99 +044185,

S] 78:64 +91;8, 7;66: +:169, 439<44 +<134,

WUHQG 454137 +4;19<, 43<147 +53149,

Dgm1 U2 31<< 31<; 31<8

GZ 3184 3174 3197

Vxsso| +;,

TW 3133347 +3193, 03133445 +031;<, 3133455 +318:,

frqvwdqw 51:9 +:195, 51<: +918:, 71<7 +51<5,

T 7166H038 +61;<, 816;H038 +6185, 3133344 +513<,

Z� 03136 +0818;, 03136 +071;:, 03138 +05176,

Z2 4143 +451<5, 414; +4316:, 4185 +714<,

Dgm1 U2 31;< 31;: 318<

GZ 31<8 31;6 3195

Wdeoh 4= Hvwlpdwlrq uhvxowv iru wkh v|vwhp ~+:,/+;,�= frh!flhqw hvwlpdwhv/

zlwk fruuhvsrqglqj w0vwdwlvwlfv lq sduhqwkhvlv1 GZ@Gxuelq0Zdwvrq vwdwlv0

wlf1

orqj0uxq udwh ri lqwhuhvw ] pd| qrw vlpso| shuirup wkh uroh ri d vxevwlwxwh

sulfh khuh1 Wkhuh pd| eh rwkhu h�hfwv dv zhoo1 Iru h{dpsoh/ wkh orqj0uxq

lqwhuhvw udwh pd| d�hfw frqvxphuv* lpsuhvvlrqv ru h{shfwdwlrqv ri jhqhudo

+ixwxuh, lqwhuhvw udwh ghyhorsphqwv1 Vxfk h�hfwv pd| h{sodlq zk| lwv frhi0

�flhqw lv qhjdwlyh1 Wkh pdunhw srzhu sdudphwhu �/ wkh frh!flhqw ri TW/ lv

dovr irxqg wr eh qhjdwlyh lq rqh ri wkh vshfl�fdwlrqv1 Dowkrxjk wkh qhjdwlyh

vljq ri � lv qrw zkdw zh suhglfwhg lq vhfwlrq 5/ lw lv qrw qhfhvvdulo| zurqj1

Lw phdqv wkdw sulfh lv ehorz pdujlqdo frvw1 Iru dq lqglylgxdo edqn/ wklv lv

srvvleoh whpsrudulo| iru h{dpsoh ehfdxvh ri xqh{shfwhg orvvhv ru dv d uh0

vxowv ri dq dwwhpsw wr lqfuhdvh pdunhw vkduh1 Zh hvwlpdwh d pdunhw0dyhudjh

ydoxh iru � zklfk pdnhv lw ohvv olnho| wr �qg d qhjdwlyh ydoxh1 Krzhyhu/
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wkh hvwlpdwh ri � lv yhu| forvh wr }hur lq doo fdvhv dqg wkh fruuhvsrqglqj

w0vwdwlvwlfv duh vpdoo lq devroxwh ydoxh/ lqglfdwlqj wkdw � lv qrw vljql�fdqwo|

gl�huhqw iurp }hur1 Xvlqj dowhuqdwlyh yduldeohv/ l1h1 wkh pruwjdjh udwh iru ]

dqg frqvxphu frq�ghqfh iru \ / grhv qrw dowhu wkh uhvxowv lq dq lpsruwdqw

zd|1 Dovr/ hvwlpdwlqj wkh prgho ~+:,/+;,� iru edqnv dqg �qdqfh frpsdqlhv

vhsdudwho|/ zh �qg wkdw iru erwk jurxsv/ � lv qrw vljql�fdqwo| gl�huhqw iurp

}hur1 Frqfoxglqj/ Wdeoh 4 vkrzv wkdw rxu gdwd gr qrw vxssruw wkh k|srwkhvlv

ri pdunhw srzhu iru uhyroylqj frqvxphu fuhglw1

G|qdplf prgho

Wkh orz Gxuelq0Zdwvrq vwdwlvwlfv lqglfdwh srvlwlyh vhuldo fruuhodwlrq1 Wklv

frxog lpso| yhu| vljql�fdqw w0vwdwlvwlfv +dv h{sodlqhg lq dq lqwxlwlyh zd| e|

Nhqqhg|/ 4<<;/ s1 4550456,1 Lqghhg/ zh �qg wkdw prvw yduldeohv duh kljko|

vljql�fdqw1 Krzhyhu/ �/ wkh sdudphwhu ri lqwhuhvw lv qrw vljql�fdqw lq dq|

vshfl�fdwlrq zh hvwlpdwhg1 Vwloo/ wklv vxjjhvwv wkdw lw pd| eh lqwhuhvwlqj

wr xvh d g|qdplf prgho vxfk dv wkh rqh glvfxvvhg lq vhfwlrq 5151 Zh kdyh

frqvlghuhg wkh hvwlpdwlrq ri wkh +vlpsol�hg, v|vwhp ~+8,/+9,� zlwk wkh gdwd

dv ghvfulehg deryh dqg vrph dowhuqdwlyhv iru \ dqg ] dv zhoo1 Iru lghqwl�0

fdwlrq/ lq wkh ghpdqg htxdwlrq zh qhhg d yduldeoh ] vxfk wkdw ]/ S / dqg

S] duh qrw wrr vwurqjo| fruuhodwhg/ exw vxfk wkdw dw ohdvw S] grhv fruuhodwh

zlwk wkh ghshqghqw yduldeoh T1 Lw wxuqv rxw wkdw wklv lv kdug wr �qg1

Wkh pdlq uhdvrq zk| hyhq wkh vlpsol�hg vshfl�fdwlrq ri Vwhhq dqg Vdoydqhv

+4<<<, fdqqrw eh hvwlpdwhg vhhpv wr eh pxowlfroolqhdulw| +lq sduwlfxodu lq wkh

ghpdqg htxdwlrq,1 Vhyhudo uhpdunv fdq eh pdgh khuh1 Iluvw/ wkh sureohp

lv uhodwhg wr wkh idfw wkdw rxu vdpsoh shulrg lv uhodwlyho| vkruw dqg kdsshqv

wr eh d shulrg ri f|folfdo xsvzlqj1 Vlqfh lw lv qrw srvvleoh wr rewdlq gdwd

ryhu d orqjhu shulrg/ wklv lpsolhv d odfn ri yduldwlrq lq wkh gdwd/ hyhq li zh

fkrrvh dowhuqdwlyh yduldeohv1 D vlplodu sureohp lv hqfrxqwhuhg e| Vwrfn dqg

Zdwvrq +4<<6,1 Wkh| frqvlghu wkh lghqwl�fdwlrq ri d prqh| +P4, ghpdqg
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htxdwlrq1 Wkh odfn ri d frlqwhjudwlqj uhodwlrqvkls ehwzhhq wkh yduldeohv

P4/ lqfrph/ dqg dq lqwhuhvw udwh lq wkhlu dqdo|vlv ri wkh srvw0zdu shulrg

fdq eh h{sodlqhg e| h{fhvvlyh pxowlfroolqhdulw|1 Erwk lqwhuhvw udwhv dqg

lqfrph kdyh ulvhq vwhdglo| zkhuhdv wkhuh zdv h�hfwlyho| qr jurzwk lq uhdo

edodqfhv/ suhyhqwlqj xqltxh lghqwl�fdwlrq ri wkh frlqwhjudwlqj uhodwlrqvkls1

Vhfrqg/ wkh pxowlfroolqhdulw| pd| eh suhvhqw lq wkh vwdwlf yhuvlrq ri wkh

prgho dv zhoo1 Krzhyhu/ zh fdq xvh d v|vwhp hvwlpdwru iru wkdw yhuvlrq1

Dovr/ lq hvwlpdwlqj wkh huuru0fruuhfwlrq yhuvlrq zh kdyh wr xvh dgglwlrqdo

uljkw0kdqg0vlgh yduldeohv lq wkh vhqvh wkdw doo uljkw0kdqg0vlgh yduldeohv duh

lqfoxghg zlwk rqh odj dv zhoo dv lq �uvw gl�huhqfhv/ zklfk uhlqirufhv wkh

sureohp1 Wkh pxowlfroolqhdulw| sureohp lv uhodwhg wr wkh glphqvlrq ri wkh

hvwlpdwhg htxdwlrq +vhh Khqgu|/ 4<<8/ s1 5:7,> lq wkh g|qdplf prgho/ lw

vlpso| ehfrphv wrr vhyhuh1 Wklug/ wkh pdmru xqghvludeoh frqvhtxhqfh ri

pxowlfroolqhdulw| lv wkdw lw lpsolhv orz w0ydoxhv iru wkh frh!flhqwv ri wkh

fruuhodwhg yduldeohv +Nhqqhg|/ 4<<;/ s1 4;704;8,1 Lq wkh hvwlpdwlrq ri wkh

vwdwlf prgho/ wkh frh!flhqwv ri wkrvh yduldeohv gr/ krzhyhu/ wxuq rxw wr eh

vljql�fdqwo| gl�huhqw iurp }hur1 Ixuwkhupruh/ wkh pdunhw srzhu yduldeoh

TW grhv qrw ehorqj wr wkh vhw ri froolqhdu yduldeohv/ vxjjhvwlqj wkdw wkh

pxowlfroolqhdulw| sureohp grhv qrw d�hfw wkh vljql�fdqfh ri wkh sdudphwhu

ri lqwhuhvw lq wklv vwxg|/ �1

D �qdo lvvxh lq wkh hvwlpdwlrq ri wkh g|qdplf prgho lv wkdw ri vwdwlrqdulw|

ri wkh pdunhw srzhu yduldeoh TW1 Zh frpsxwhg wklv yduldeoh xvlqj wkh vwdwlf

sdudphwhu hvwlpdwhv iurp Wdeoh 4 +dv lq Vwhhq dqg Vdoydqhv/ 4<<<, lq rughu

wr ghwhuplqh lwv rughu ri lqwhjudwlrq1 Lw wxuqhg rxw wkdw zh fdqqrw uhmhfw

wkh k|srwkhvlv wkdw TW lv vwdwlrqdu| +l1h1 ri lqwhjudwlrq rughu 3, iru dq|

uhdvrqdeoh vljql�fdqfh ohyho1 Wklv lpsolhv wkdw lw vkrxog qrw eh lqfoxghg lq

wkh orqj uxq ri wkh g|qdplf prgho1 Wklv zrxog dovr lqglfdwh wkdw lq wkh

orqj uxq/ wkhuh lv qr pdunhw srzhu/ frq�uplqj rxu vwdwlf hvwlpdwlrq uhvxowv1
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Lq wklv sdshu/ zh lqyhvwljdwhg hpslulfdoo| wkh ohyho ri frpshwlwlrq lq wkh

Gxwfk pdunhw iru uhyroylqj frqvxphu fuhglw xvlqj wkh Euhvqdkdq0Odx ds0

surdfk1 Rxu dqdo|vlv lqglfdwhv wkdw wklv pdunhw lv fkdudfwhul}hg e| shuihfw

frpshwlwlrq1 Wklv frqfoxvlrq lv gl�huhqw iurp wkh uhvxowv ri vwxglhv ri pdu0

nhw srzhu lq edqnlqj vhfwruv ri vhyhudo Hxurshdq frxqwulhv zklfk jhqhudoo|

�qg hylghqfh ri prqrsrolvwlf frpshwlwlrq ru frooxvlyh frqgxfw +3 ? � � 4,1

Rqh h{sodqdwlrq frxog eh wkdw frqvxphu fuhglw vhuyhv dv d orvv ohdghu wr

edqnv/ dwwudfwlqj qhz folhqwv wkdw wkh| fdq vhoo rwkhu +sur�wdeoh, vhuylfhv dv

zhoo/ exw qrw hduqlqj wkh edqn dq| sur�wv lwvhoi1

Dv zh phqwlrqhg lq vhfwlrq 4/ lpshuihfwlrq lq fdslwdo pdunhwv lv d suhuhtxl0

vlwh iru wkh fuhglw fkdqqho wr h{lvw1 Rqh pd| zrqghu krz wr uhfrqfloh wklv

vwdwhphqw zlwk rxu hpslulfdo uhvxowv1 Grhv rxu �qglqj ri shuihfw frpshwl0

wlrq lpso| wkdw wkh fuhglw fkdqqho lv qrw uhohydqwB Qr1 Iluvw/ lw lv lpsruwdqw

wr uhdol}h wkdw edqnv pd| zhoo kdyh pdunhw srzhu lq jhqhudo/ wkh ohyho ri

zklfk pd| ydu| dprqj gl�huhqw vxepdunhwv1 Ehfdxvh wkh frqvxphu fuhglw

pdunhw lv vpdoo frpsduhg wr wkh wrwdo edqnlqj lqgxvwu|/ lw pd| zhoo eh wkh

fdvh wkdw wkhuh lv shuihfw frpshwlwlrq lq wklv vxepdunhw zkhuhdv edqnv kdyh

pdunhw srzhu lq rwkhu/ odujhu vxepdunhwv1 Wklv lv frq�uphg e| wkh �qglqjv

ri rwkhu dxwkruv1 Vhfrqg/ wkh uhvxow wkdw edqnv gr qrw dexvh pdunhw srzhu

lq wkh frqvxphu fuhglw pdunhw grhv qrw lpso| wkdw wkh pdunhw lv iulfwlrqohvv1

Lw vhhpv uhdvrqdeoh wr dvvxph wkdw wkhuh lv dv|pphwulf lqirupdwlrq lq wklv

pdunhw/ lq wkh vhqvh wkdw wkh frqvxphuv wkhpvhoyhv duh ehwwhu lqiruphg zlwk

uhvshfw wr wkhlu survshfwv wkdq wkh edqnv1
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Wkh vdpsoh shulrg lv Mdqxdu| 4<<6 0 Dxjxvw 4<<<1 Vrph ri wkh gdwd kdyh

ehhq rewdlqhg iurp Vwdwlvwlfv Qhwkhuodqgv VwdwOlqh1 Wklv fdq eh irxqg dw

kwws=22dujrq51fev1qo2vwdwzhe2lqgh{qhg1vwp1

T Qrplqdo txdqwlw| ri uhyroylqj frqvxphu fuhglw rxwvwdqglqj dw edqnv dqg

�qdqfh frpsdqlhv qhw ri fruuhvsrqglqj lqwhuhvw dqg frvw sd|phqwv/

frpsxwhg dv wkh dyhudjh ri wkh txdqwlw| dw wkh hqg ri wkh prqwk

xqghu frqvlghudwlrq dqg wkh txdqwlw| dw wkh hqg ri wkh suhylrxv prqwk

+ploolrqv ri jxloghuv,1 Vrxufh= Vwdwlvwlfv Qhwkhuodqgv VwdwOlqh1

S Sulfh ri uhyroylqj frqvxphu fuhglw rxwvwdqglqj dw edqnv dqg �qdqfh frp0

sdqlhv/ rewdlqhg e| glylglqj frvw dqg lqwhuhvw sd|phqwv lq wkh prqwk

xqghu frqvlghudwlrq e| qhw txdqwlw| rxwvwdqglqj T dqg pxowlso|lqj e|

433 +shufhqwdjh,1 S wkxv fruuhvsrqgv gluhfwo| wr wkh prqwko| lqwhuhvw

udwh1 Vrxufh= Vwdwlvwlfv Qhwkhuodqgv VwdwOlqh +iru 4<<604<<: zh frp0

sxwh frvw dqg lqwhuhvw sd|phqwv dv wkh gl�huhqfh ehwzhhq jurvv dqg

qhw txdqwlw| ri frqvxphu fuhglw lvvxhg> iru 4<<;04<<< frvw dqg lqwhuhvw

sd|phqwv duh dydlodeoh gluhfwo|,1

\ Lqgxvwuldo surgxfwlrq +lqgh{ zlwk 4<<8@433,1 Vrxufh= LPI Lqwhuqdwlrqdo

Ilqdqfldo Vwdwlvwlfv +LIV,1 +Zh kdyh xvhg frqvxphu frq�ghqfh dv dq

dowhuqdwlyh1 Wklv yduldeoh surylghv lqirupdwlrq rq frq�ghqfh dqg h{0

shfwdwlrqv ri frqvxphuv zlwk uhvshfw wr ghyhorsphqwv ri Gxwfk hfr0

qrplf dfwlylw|> lw lv phdvxuhg dv wkh edodqfh ehwzhhq srvlwlyh dqg qhj0

dwlyh dqvzhuv wr d txhvwlrqqdluh dv d shufhqwdjh ri wkh wrwdo1 Vrxufh=

Vwdwlvwlfv Qhwkhuodqgv VwdwOlqh1,

] 430|hdu jryhuqphqw erqg |lhog +je|> ruljlqdoo| rq dqqxdo edvlv,> dgmxvwhg

vr dv wr fruuhvsrqg wr d prqwko| edvlv xvlqj ] @ +4 . je|,�*�2 �
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4/ dqg pxowlsolhg e| 433 +shufhqwdjh,1 Vrxufh= Wkrpvrq Ilqdqfldo

Gdwdvwuhdp/ QOEU\OG= QO ehqfkpdun erqg 43 |u +GV,1 +Zh kdyh

xvhg wkh pruwjdjh udwh dv dq dowhuqdwlyh1 Zh xvhg wkh dyhudjh udwh

ri lqwhuhvw ri doo qhzo| uhjlvwhuhg pruwjdjhv iru gzhoolqj krxvhv dqg

frpelqdwlrqv ri gzhoolqj krxvhv dqg exvlqhvv suhplvhv/ dgmxvwhg vr dv

wr fruuhvsrqg wr d prqwko| edvlv dqg pxowlsolhg e| 433 +shufhqwdjh,1

Vrxufh= Vwdwlvwlfv Qhwkhuodqgv VwdwOlqh1,

Z� Krxuo| zdjh udwhv +iurp froohfwlyh djuhhphqwv, lqfoxglqj krolgd| do0

orzdqfh dqg rwkhu ehqh�wv iru edqnv +lqgh{ zlwk 4<<3@433,1 Vrxufh=

Vwdwlvwlfv Qhwkhuodqgv Vrflddo0Hfrqrplvfkh Pddqgvwdwlvwlhn +ydulrxv

lvvxhv,1

Z2 Prqh| pdunhw lqwhuhvw udwh= lqwhuhvw udwh rq 60prqwk ordqv wr orfdo

dxwkrulwlhv> dgmxvwhg vr dv wr fruuhvsrqg wr d prqwko| edvlv +vhh wkh

glvfxvvlrq ri ], dqg pxowlsolhg e| 433 +shufhqwdjh,1 Vrxufh= Vwdwlvwlfv

Qhwkhuodqgv VwdwOlqh1
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Ehuqdqnh/ Ehq V1 dqg Pdun Jhuwohu +4<<8,/ �Lqvlgh wkh eodfn er{= Wkh

fuhglw fkdqqho ri prqhwdu| srolf| wudqvplvvlrq�/ Mrxuqdo ri Hfrqrplf

Shuvshfwlyhv/ <+7,/ 5:�7;1

Elnnhu/ Mdfre D1 dqg Mrkdqqhv P1 Jurhqhyhog +5333,/ �Frpshwlwlrq dqg

frqfhqwudwlrq lq wkh HX edqnlqj lqgxvwu|�/ Nuhglw xqg Ndslwdo/ 66+4,/

95�<;1

Euhvqdkdq/ Wlprwk| I1 +4<;5,/ �Wkh roljrsro| vroxwlrq frqfhsw lv lghqwl0

�hg�/ Hfrqrplfv Ohwwhuv/ 43/ ;:�<51

Gh Edqgw/ Rolylhu dqg H1 Sklols Gdylv +5333,/ �Frpshwlwlrq/ frqwhvwdelolw|

dqg pdunhw vwuxfwxuh lq Hxurshdq edqnlqj vhfwruv rq wkh hyh ri HPX�/

Mrxuqdo ri Edqnlqj dqg Ilqdqfh/ 57/ 4378�43991

Glfnvrq/ Y1 D1 +4<;4,/ �Frqmhfwxudo yduldwlrq hodvwlflwlhv dqg frqfhqwud0

wlrq�/ Hfrqrplfv Ohwwhuv/ :/ 5;4�5;81

Kdqqdq/ Wlprwk| K1 +4<<4,/ �Edqn frpphufldo ordq pdunhwv dqg wkh uroh ri

pdunhw vwuxfwxuh= Hylghqfh iurp vxuyh|v ri frpphufldo ohqglqj�/ Mrxuqdo

ri Edqnlqj dqg Ilqdqfh/ 48/ 466�47<1

Kdqqdq/ Wlprwk| K1 dqg M1 Qhoolh Oldqj +4<<6,/ �Lqihuulqj pdunhw srzhu

iurp wlph0vhulhv gdwd�/ Lqwhuqdwlrqdo Mrxuqdo ri Lqgxvwuldo Rujdql}dwlrq/

44/ 538�54;1

Khqgu|/ Gdylg I1 +4<<8,/ G|qdplf Hfrqrphwulfv/ R{irug Xqlyhuvlw| Suhvv/

R{irug1

Lzdwd/ J1 +4<:7,/ �Phdvxuhphqw ri frqmhfwxudo yduldwlrqv lq roljrsro|�/

Hfrqrphwulfd/ 75+8,/ <7:�<991

Nhqqhg|/ Shwhu +4<<;,/ D Jxlgh wr Hfrqrphwulfv/ irxuwk hglwlrq/ Eodfnzhoo

Sxeolvkhuv/ R{irug/ XN1
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Odx/ Odzuhqfh M1 +4<;5,/ �Rq lghqwli|lqj wkh ghjuhh ri frpshwlwlyhqhvv iurp

lqgxvwu| sulfh dqg rxwsxw gdwd�/ Hfrqrplfv Ohwwhuv/ 43/ <6�<<1

Pduwlq/ Vwhskhq +4<<6,/ Dgydqfhg Lqgxvwuldo Hfrqrplfv/ Eodfnzhoo Sxeolvk0

huv Lqf/ R{irug dqg Fdpeulgjh/ Pdvvdfkxvhwwv1

Pro|qhx{/ Sklo/ G1 P1 Oor|g0Zlooldpv/ dqg Mrkq Wkruqwrq +4<<7,/ �Frp0

shwlwlyh frqglwlrqv lq Hxurshdq edqnlqj�/ Mrxuqdo ri Edqnlqj dqg Il0

qdqfh/ 4;/ 778�78<1

Qhyhq/ Gdplhq dqg Oduv0Khqguln Uùoohu +4<<<,/ �Dq djjuhjdwh vwuxfwxudo

prgho ri frpshwlwlrq lq wkh Hxurshdq edqnlqj lqgxvwu|�/ Lqwhuqdwlrqdo

Mrxuqdo ri Lqgxvwuldo Rujdql}dwlrq/ 4:/ 438<�43:71

Sdq}du/ M1 F1 dqg M1 Q1 Urvvh +4<;:,/ �Whvwlqj iru cprqrsro|* htxloleulxp�/

Mrxuqdo ri Lqgxvwuldo Hfrqrplfv/ 68+7,/ 776�7891

Vkd�hu/ Vkhuuloo +4<;<,/ �Frpshwlwlrq lq wkh X1V1 edqnlqj lqgxvwu|�/ Hfr0

qrplfv Ohwwhuv/ 5</ 654�6561

Vkd�hu/ Vkhuuloo +4<<6,/ �D whvw ri frpshwlwlrq lq Fdqdgldq edqnlqj�/ Mrxu0

qdo ri Prqh|/ Fuhglw/ dqg Edqnlqj/ 58+4,/ 7<�941

Vkd�hu/ Vkhuuloo +4<<<,/ �Wkh frpshwlwlyh lpsdfw ri glvforvxuh uhtxluhphqwv

lq wkh fuhglw fdug lqgxvwu|�/ Mrxuqdo ri Uhjxodwru| Hfrqrplfv/ 48/ 4;6�

4<;1

Vkd�hu/ Vkhuuloo dqg Mdphv GlVdoyr +4<<7,/ �Frqgxfw lq d edqnlqj gxrsro|�/

Mrxuqdo ri Edqnlqj dqg Ilqdqfh/ 4;/ 4396�43;51

Vwhhq/ Iurgh dqg Nmhoo J1 Vdoydqhv +4<<<,/ �Whvwlqj iru pdunhw srzhu xvlqj

d g|qdplf roljrsro| prgho�/ Lqwhuqdwlrqdo Mrxuqdo ri Lqgxvwuldo Rujdql0

}dwlrq/ 4:/ 47:�4::1

Vwrfn/ Mdphv K1 dqg PdunZ1Zdwvrq +4<<6,/ �D vlpsoh hvwlpdwru ri frlqwh0

judwlqj yhfwruv lq kljkhu rughu lqwhjudwhg v|vwhpv�/ Hfrqrphwulfd/ 94+7,/

:;6�;531
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Vxrplqhq/ Pdwwl +4<<7,/ �Phdvxulqj frpshwlwlrq lq edqnlqj= D wzr0surgxfw

prgho�/ Vfdqglqdyldq Mrxuqdo ri Hfrqrplfv/ <9+4,/ <8�4431

Vzdqn/ Mre +4<<8,/ �Roljrsro| lq ordq dqg ghsrvlw pdunhwv= Dq hfrqrphwulf

dssolfdwlrq wr wkh Qhwkhuodqgv�/ Gh Hfrqrplvw/ 476+6,/ 686�6991

Ydq Hzlmn/ Fdvshu dqg Odpehuwxv M1 U1 Vfkrowhqv +4<<<,/ Jhog/ Ilqdqflîoh

Pdunwhq hq Ilqdqflîoh Lqvwhoolqjhq/ Zrowhuv Qrrugkr�/ Jurqlqjhq1

]dugnrrkl/ Dvjkdu dqg Grqdog U1 Iudvhu +4<<;,/ �Jhrjudsklfdo ghuhjxodwlrq

dqg frpshwlwlrq lq X1V1 edqnlqj pdunhwv�/ Ilqdqfldo Uhylhz/ 66/ ;8�<;1
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