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L1 Lqwurgxfwlrq

Dq rqjrlqj txhvwlrq lq wkh �hog ri prqh| dqg edqnlqj lv zkhwkhu wkh sulydwh vhfwru vkrxog eh

doorzhg wr fuhdwh prqh|1 Rqh frqfhuq lv zkdw lq d sulydwh prqhwdu| v|vwhp fdq suhyhqw wrr

pxfk prqh| iurp ehlqj surgxfhg1 Lq wklv sdshu/ zh vwxg| sulydwh qrwh lvvxh dqg dgguhvv wkh

rog frqmhfwxuh wkdw qrwh uhghpswlrqv fdq glvflsolqh wkh dprxqw ri qrwhv lvvxhg e| wkh edqnlqj

vhfwru1 Lq rxu prgho/ prqh| lv hvvhqwldo lq idflolwdwlqj wudgh dqg edqnv lvvxh uhghhpdeoh

oldelolwlhv e| wdnlqj lqwr dffrxqw wkh suredelolw| ri uhghpswlrq1 Wklv suredelolw|/ zklfk

ghshqgv rq wkh ehkdylru ri wkh djjuhjdwh edqnlqj vhfwru/ lq xhqfhv hdfk edqn*v ghflvlrq wr

krog uhvhuyhv1 Zh �qg wkdw d sulydwh prqhwdu| v|vwhp pd| qrw rqo| eh vwdeoh exw fdq dovr

lpsuryh zhoiduh zkhq jryhuqphqw fxuuhqf| lv lq vx!flhqwo| vfdufh vxsso|1

Zh vwxg| sulydwh qrwh lvvxh dqg uhghpswlrq e| dphqglqj d prgho ri prqh| lq zklfk

fuhglw lv rwkhuzlvh qrqh{lvwhqw1 Edqnlqj lv pdgh srvvleoh e| wkh lqwurgxfwlrq ri d fohdulqj0

krxvh/ wkdw lv/ d phfkdqlvp iru qrwh h{fkdqjh/ wr d vlpsoh prqhwdu| prgho lq wkh vslulw

ri Nl|rwdnl dqg Zuljkw +4<;<,1 Wkh fohdulqjkrxvh fdq eh lqwhusuhwhg dv d uhfrug0nhhslqj

whfkqrorj| wkdw pdnhv sulydwh prqh| fuhdwlrq srvvleoh iru d vxevhw ri wkh srsxodwlrq/ wkdw

lv/ wkh edqnv1 Ehfdxvh rwkhu irupv ri fuhglw/ vxfk dv ohqghu ri odvw uhvruw/ duh qrw dydlodeoh lq

wkh prgho/ uhghpswlrqv wkurxjk wkh fohdulqjkrxvh lqwurgxfh d uhvhuyh pdqdjhphqw sureohp1

Looltxlg edqnv idfh wkh wkuhdw ri glvvroxwlrq li uhvhuyhv duh lqvx!flhqw wr phhw uhghpswlrqv1

Pxfk ri wkh uhfhqw ghyhorsphqw ri fhqwudo edqnlqj dqg edqnlqj ohjlvodwlrq lv d uhvsrqvh

wr wkh ylhz wkdw sulydwh edqnv duh lqkhuhqwo| xqvwdeoh14 Dowkrxjk �{hg sulfhv lq rxu prgho

suhyhqw dq| irup ri lq dwlrq/ edqnv fdq/ lq sulqflsoh/ dwwhpsw wr ex| jrrgv dqg vhuylfhv

4Vhh Iulhgpdq +4<8<,1 Vhh dovr Ilvfkhu +4<;9,/ dqg uhihuhqfhv wkhuhlq/ iru d glvfxvvlrq fhqwhuhg rq Kd|hn*v
sursrvdov rq sulydwh prqh|1



zlwk d frvwohvv sdshu fxuuhqf| wkdw wkh| fdq lvvxh lq xqolplwhg dprxqwv1 Krzhyhu/ hduo|

sursrqhqwv ri iuhh edqnlqj kdyh dujxhg wkdw d qrwh h{fkdqjh pd| uh x{ sulydwh qrwhv dw d

vshhg wkdw lv vx!flhqw wr suhyhqw ryhulvvxh/ zklfk lv d ylhz nqrzq dv �odz ri uh x{1�5 Lqghhg/

rxu �qglqjv vxjjhvw wkdw dv orqj dv edqnv �qg lw gl!fxow wr eruurz dw vkruw qrwlfh/ wkh �odz

ri uh x{� fdq eh d vx!flhqw irufh wr jxdudqwhh prqhwdu| vwdelolw|1 Pruh vshfl�fdoo|/ zh vkrz

wkdw wkh djjuhjdwh txdqwlw| ri sulydwh prqh| uhpdlqv olplwhg zkhq edqnlqj lv uhodwlyho|

sur�wdeoh1

Wkh olwhudwxuh rq uhvhuyh0kroglqj edqnv lv yroxplqrxv1 Hgjhzruwk +4;;;, zdv wkh �uvw

wr r�hu d wkhru| ri prqh| vxsso| edvhg rq h{shfwdwlrqv derxw wkh vwrfkdvwlf ehkdylru ri

edqnv* dvvhwv dqg oldelolwlhv1 Krzhyhu/ h{lvwlqj prghov ri uhvhuyh lqyhqwru| rswlpl}dwlrq duh

qrw prqhwdu| prghov lq wkdw wkhuh lv qr lq xhqfh ri lqyhqwru| ehkdylru rq wkh htxloleulxp

ydoxh ri prqh| ru djjuhjdwh dfwlylw|16 Vdujhqw dqg Zdoodfh +4<;5, dgguhvvhg wkh zhoiduh

uroh ri sulydwh oldelolwlhv lq dq ryhuodsslqj jhqhudwlrqv prgho ri prqh|/ exw zlwkrxw uhvhuyh0

kroglqj edqnv1 Lq frqwudvw wr suhylrxv zrun/ rxu prgho surylghv d iudphzrun lq zklfk erwk

prqh| dqg edqnlqj kdyh d zhoiduh lpsurylqj uroh1

Wkh uhvw ri wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq LL suhvhqwv wkh prgho1 Vhfwlrq

LLL frqwdlqv d glvfxvvlrq ri zhoiduh/ iroorzhg e| d vkruw lqwhusuhwlyh uhihuhqfh wr vrph klvwrulf

hslvrghv1

5Wkh vshhg ri uhghpswlrqv lq d sulydwh v|vwhp lv frqvlghuhg slyrwdo wr wkh iuhh edqnlqj vfkrro ri wkrxjkw1
Wkh ruljlqv ri wkh �odz ri uh x{� pd| eh wudfhg wr wkh uhdo eloov grfwulqh ri Dgdp Vplwk dqg hduolhu zulwhuv1
Vhh Vfkzduw} +4<<5,/ Zklwh +4<;7,/ dqg uhihuhqfhv wkhuhlq1

6Skloolsv +4<53, prghohg prqh| fuhdwlrq e| lpsrvlqj �{hg uhvhuyh2oldelolw| udwlrv1 Ruu dqg Phoorq +4<94,/
dprqj rwkhuv/ uhwxuqhg wr Hgjhzruwk e| frqvlghulqj wkh ghflvlrq wkhru| wkdw Duurz/ Nduolq/ dqg Vfdui +4<8;,
irupxodwhg iru exvlqhvv lqyhqwrulhv1 Wrelq +4<96, lqwurgxfhg dq h{rjhqrxv ghpdqg iru prqh| wr wkh Skloolsv*v
vwuxfwxuh lq dq dwwhpsw wr uhdfk jhqhudo0htxloleulxp lpsolfdwlrqv1 Iru pruh uhfhqw dwwhpswv ri dgguhvvlqj
wkh sulydwh surylvlrq ri oltxlglw|/ exw zlwkrxw prgholqj prqh| h{solflwo|/ vhh Kropvwuùp dqg Wluroh +4<<;,
dqg uhihuhqfhv wkhuhlq1
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LL1 Wkh Prgho

Iru hdvh ri h{srvlwlrq/ zh �uvw suhvhqw d yhuvlrq ri wkh prgho zlwk d �{hg fxuuhqf| vxsso| dqg

qr sulydwh prqh|1 Qh{w/ edqnv dqg sulydwh prqh| duh lqwurgxfhg1 Wkh vhfwlrq lv frpsohwhg

zlwk d glvfxvvlrq ri wkh edqnv* uhvhuyh pdqdjhphqw sureohp dqg ri prqhwdu| vwdelolw|1

D1 Jryhuqphqw Fxuuhqf|

Khuh zh suhvhqw wkh nh| hohphqwv doorzlqj iru �dw prqh| wr flufxodwh dv d phglxp ri h{fkdqjh1

Wkh hqylurqphqw lq wklv vxevhfwlrq lv forvho| uhodwhg wr wkh rqh lq Nl|rwdnl dqgZuljkw +4<;<,1

Ehfdxvh zh duh qrw lqwhuhvwhg lq frpprglw| prqh|/ zh dvvxph wkdw frqvxpswlrq jrrgv duh

shulvkdeoh> wkxv/ rqo| �dw prqh| fdq flufxodwh1 Dqrwkhu gl�huhqfh lv wkdw zh zloo dvvxph wkdw

prqh| lv lqlwldoo| fuhdwhg h{rjhqrxvo| dqg ghwhuplqlvwlfdoo| wkurxjk wkh duulydo ri qhzeruq

djhqwv1

Wlph lv glvfuhwh dqg wkh krul}rq lv lq�qlwh1 Lqglylgxdov idfh dq h{srqhqwldo olihwlph1

+Wklv dvvxpswlrq zloo suryh xvhixo lq wkh qh{w vxevhfwlrq/ zkhuh lw vhuyhv dv d ghylfh doorzlqj

iru wkh hqwu| ri edqnv lq wkh hfrqrp|1, D odujh qxpehu/ irupdoo| d frqwlqxxp/ ri lqglylgxdov

lqkdelw wkh hfrqrp|1 Dq lqglylgxdo pd| glh dw wkh hqg ri hdfk shulrg zlwk suredelolw|

B 5 Efc ��1 Lq wkdw hyhqw/ wkh lqglylgxdo zkr glhv lv uhsodfhg lq wkh qh{w shulrg e| d qhzfrphu

zlwk lghqwlfdo fkdudfwhulvwlfv1 Zh qrupdol}h wkh srsxodwlrq vl}h wr eh ri phdvxuh rqh/ vr wkdw

d phdvxuh B ri qhzeruqv hqwhu wkh hfrqrp| lq hyhu| shulrg1

Wkhuh lv d �qlwh qxpehu/ & � �/ ri w|shv ri frqvxpswlrq jrrgv dqg lqglylgxdov1 Doo

frqvxpswlrq jrrgv duh shulvkdeoh dqg lqglylvleoh1 Djhqwv vshfldol}h lq frqvxpswlrq dqg

surgxfwlrq ri jrrgv lq d v|pphwulf idvklrq1 Dw wkh ehjlqqlqj ri hdfk shulrg/ wkhuh lv d dfc �
&
o

frqwlqxxp ri hdfk w|sh1 Lqglylgxdov ri w|sh � fdq rqo| frqvxph jrrg � dqg surgxfh jrrg
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� n � +prgxor &,1 Wkh lqvwdqwdqhrxv xwlolw| ghulyhg iurp frqvxpswlrq lv � : f� Surgxfwlrq

uhtxluhv qr lqsxw h{fhsw iru h�ruwv olqnhg wr glvxwlolw| e : f/ zlwk � : e� Doo lqglylgxdov

pd{lpl}h h{shfwhg glvfrxqwhg xwlolw|/ dqg wkh wlph glvfrxqw idfwru lv �q� Wkh h�hfwlyh glvfrxqw

idfwru/ diwhu ghdwk udwhv duh wdnhq lqwr dffrxqw/ lv q ' E� � B��q 5 Efc ��� Frqvxpswlrq dqg

surgxfwlrq wdnh sodfh rqfh lq d jlyhq shulrg zkhq wzr shrsoh phhw1 Lq hyhu| shulrg/ hdfk

lqglylgxdo lv sdluhg zlwk dqrwkhu dw udqgrp1 Wkh fkdudfwhulvwlfv ri wkh wudglqj sduwqhuv duh

gudzq xqlirupo| iurp wkh uhohydqw srsxodwlrq1 Ehfdxvh & � �c wkhuh lv qr grxeoh frlqflghqfh

ri zdqwv1

Zh dvvxph wkdw d iudfwlrq >S ri wkh qhzeruqv vwduw wkhlu olyhv hdfk zlwk rqh xqlw ri

lqglylvleoh fxuuhqf|/ lqwhusuhwhg dv jryhuqphqw �dw prqh|1 Zh lpsrvh dq xsshu erxqg rq

prqh| kroglqjv1 Lqglylgxdov fdq krog dw prvw rqh xqlw ri fxuuhqf| +ru/ odwhu/ d sulydwh edqn

qrwh,1 Wklv lpsolhv wkdw lq phhwlqjv zkhuh wkhuh lv wudgh/ rqh xqlw ri prqh| lv h{fkdqjhg

iru rqh xqlw ri jrrg/ wkdw lv/ sulfhv duh h{rjhqrxv1 Wkhuh lv qr hqirufhphqw whfkqrorj|/ dqg

lqglylgxdo wudglqj klvwrulhv duh sulydwh lqirupdwlrq1 Wklv suhfoxghv dq| irup ri fuhglw lq wklv

hfrqrp|1 Prqh| lv/ wkhuhiruh/ hvvhqwldo vlqfh rqo| elodwhudo wudgh ri prqh| iru jrrgv fdq

suhyhqw dxwdun|1

Wudgh lv srvvleoh zkhq prqh| kroghuv phhw zlwk d surgxfhu ri wkhlu frqvxpswlrq

jrrg wkdw grhv qrw krog prqh|1 Wkh surgxfhu fdq udqgrpl}h/ dffhswlqj zlwk suredelolw|

k 5 dfc �oc wkh h{fkdqjh ri d xqlw ri klv ru khu surgxfhg jrrg iru d xqlw ri prqh|1 Zh ghqrwh

wkh h{shfwhg glvfrxqwhg olihwlph xwlolw| iru lqglylgxdov kroglqj rqh dqg }hur xqlwv ri prqh| dw

wkh ehjlqqlqj ri d shulrg e| r� dqg rf/ uhvshfwlyho|1 Wudgh wdnhv sodfh zkhq qEr� � rf� : e/

wkdw lv/ zkhq wkh ydoxh ri dftxlulqj prqh| h{fhhgv wkh glvxwlolw| iurp surgxfwlrq1 Wkh

phdvxuh ri lqglylgxdov zlwkrxw prqh| lq hdfk srsxodwlrq w|sh lv ghqrwhg e| �R� Vlploduo|/ wkh
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phdvxuh ri lqglylgxdov zlwk rqh xqlw ri prqh| lq hdfk srsxodwlrq w|sh lv ^ vr wkdw �Rn ^ ' �

&
�

Wkh Ehoopdq htxdwlrqv duh

r� ' RE�n qrf� n E�� R�qr� +4,

dqg

rf ' ^4@ 
k

dkE�e n qr�� n E�� k�qrfo n E�� ^�qrfc +5,

zkhuh R ' k�R lv wkh phdvxuh shu w|sh wkdw lv zloolqj wr dffhsw prqh|� Wkh odz ri prwlrq

dfurvv vwdwhv lv ghvfulehg dv iroorzv1 Dw wkh ehjlqqlqj ri d shulrg/ wkh phdvxuh shu w|sh

vwduwlqj zlwk prqh| lv ^1 Hdfk lqglylgxdo/ zlwk suredelolw| �Rc phhwv zlwk d surgxfhu ri wkh

ghvluhg frqvxpswlrq jrrg dqg zlwk qr prqh|/ zkr lq wxuq dffhswv prqh| zlwk suredelolw|

k� Dv prqh| fkdqjhv kdqgv/ d phdvxuh ri djhqwv/ k�R^c zloo vzlwfk wr }hur prqh| kroglqjv/

dqg dq htxdo phdvxuh dftxluhv prqh|1 Dw wkh hqg ri wkh shulrg/ B^ prqh| kroghuv shu w|sh

glh/ zkloh B >S
&
prqh| kroghuv shu w|sh duh eruq1 Wkh phdvxuh ri prqh| kroghuv shu w|sh dw

wkh ehjlqqlqj ri wkh qh{w shulrg/ ^�c lv wkxv jlyhq e|

^� ' ^ � k�R^ n k�R^ � B^ n B
>S
&
� +6,

Lq d vwhdg| vwdwh/ ^� ' ^ ' >S
&
dqg �R ' �3>S

&
� Lq rxu qrwdwlrq/ zh lpsrvh d v|pphwulf ehkdylru

dfurvv w|shv/ dqg zh uhvwulfw rxu dwwhqwlrq wr v|pphwulf vwhdg| vwdwhv wkurxjkrxw wkh sdshu1

Zh xvh erog ohwwhuv/ vxfk dv tc dv d vkruw uhsuhvhqwdwlrq ri wkh fruuhvsrqglqj olvw ri yduldeohv

lqgh{hg e| vwdwhv/ vxfk dv Erfc r���

Ghilqlwlrq 41 D prqhwdu| vwhdg|0vwdwh htxloleulxp iru wkh hfrqrp| zlwkrxw edqnlqj lv dq

duud| Etc Rc ^� vdwlvi|lqj wkh Ehoopdq htxdwlrqv +4, dqg +5, dqg lv vxfk wkdw k ' � dwwdlqv wkh
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pd{lpxp lq +5,/ zkloh R ' �3>S
&

dqg ^ ' >S
&
�

Lq rughu wr ghprqvwudwh wkh h{lvwhqfh ri d prqhwdu| vwhdg|0vwdwh htxloleulxp iru wklv

hfrqrp|/ zh �uvw uhvwulfw ehkdylru e| lpsrvlqj k ' � dqg wkhq vkrz wkdw wklv frqvwudlqw lv

qrqelqglqj1 Wklv frqvwudlqw/ wrjhwkhu zlwk +4, dqg +5,/ |lhogv

E�� qE�� R� ^��Er� � rf� ' R�n ^ec +7,

dqg wkh frqvwudlqw lv qrqelqglqj zkhq qEr� � rf� : e iru wkh R dqg ^ ri wkh vwhdg|0vwdwh

gh�qlwlrq1 Xvlqj +7,/ zh fdq zulwh wklv frqglwlrq dv

R '
�� >S

&
: E

�

q
� ��E

�

�*e� �
�� +8,

Wkh deryh h{suhvvlrq vxjjhvwv wkdw wkh ydoxh ri dftxlulqj prqh| lv kljkhu zkhq prqh| lv

uhodwlyho| vfdufh/ wkdw lv/ zkhq >S lv orz/ dqg zkhq djhqwv duh vx!flhqwo| sdwlhqw1 Zh kdyh

vkrzq wkh iroorzlqj1

Sursrvlwlrq 41 Li q lv vx!flhqwo| forvh wr rqh/ wkhuh h{lvwv d prqhwdu| vwhdg|0vwdwh htxl0

oleulxp iru wkh hfrqrp| zlwkrxw edqnlqj1

E1 Sulydwh Prqh|

Zh qrz lqwurgxfh d uhfrug0nhhslqj whfkqrorj|/ zklfk zh fdoo d fohdulqjkrxvh ru qrwh h{0

fkdqjh1 Phpehu edqnv fdq ghsrvlw uhvhuyhv zlwk wkh fohdulqjkrxvh e| uhfruglqj wkh df0

fhswdqfh ri prqh| lq wudgh phhwlqjv1 Lq dgglwlrq wr wkh iudfwlrq >S shu w|sh ri qhzeruq

lqglylgxdov vwduwlqj zlwk fxuuhqf|/ wkhuh lv qrz d iudfwlrq >K vwduwlqj zlwk fohdulqjkrxvh
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phpehuvkls sulylohjhv1 Zh zloo uhihu wr wkhvh lqglylgxdov dv edqnv/ dqg wr wkh qrqphpehuv

dv qrqedqnv1 Edqnv duh lghqwlfdo wr qrqedqnv uhjduglqj doo wkh sk|vlfdo hohphqwv vr idu suh0

vhqwhg1 Lq sduwlfxodu/ wkh phdvxuh ri qhzeruq edqnv lv v|pphwulfdoo| glylghg lqwr & w|shv/

zlwk edqn w|sh � frqvxplqj jrrg � dqg surgxflqj jrrg � n � +prgxor &,1

Edqnv fdq/ krzhyhu/ lvvxh wkhlu rzq shuvrqdo fxuuhqflhv�edqn qrwhv�lq lqglylvleoh

dprxqwv +rqh dw d wlph, dqg dw qr frvw1 Wkh fohdulqjkrxvh nhhsv d uhvhuyh edodqfh iru hdfk

phpehu1 Zkhq edqn � surgxfhv d jrrg iru vrpherg| lq d elodwhudo phhwlqj lq h{fkdqjh

iru prqh|/ wkh edodqfh ri � lv fuhglwhg e| rqh xqlw1 Wkh �ghsrvlwhg� prqh| lv vxevhtxhqwo|

ghvwur|hg1 Li wkh prqh| ghsrvlwhg dv uhvhuyhv lv d qrwh lvvxhg e| edqn �c wkhq/ lq dgglwlrq/

wkh edodqfh ri � lv ghelwhg e| rqh xqlw1 Wklv surfhvv fruuhvsrqgv wr qrwh uhghpswlrq1

Phpehuvkls wr wkh fohdulqjkrxvh lv dvvxphg wr eh frqglwlrqdo rq wkh delolw| wr phhw

uhghpswlrqv1 Li wkh yroxph ri d edqn*v qrwhv uhghhphg h{fhhgv lwv uhvhuyh edodqfh dw dq|

srlqw lq wlph/ wkh phpehuvkls lv whuplqdwhg1 Wklv fruuhvsrqgv wr edqn glvvroxwlrq1 Diwhu

glvvroxwlrq/ wkh iruphu phpehu frqwlqxhv klv ru khu olih dv d qrqedqn/ wkdw lv/ dv dq lqglylgxdo

zlwkrxw qrwh lvvxlqj ru qrwh uhfrug0nhhslqj sulylohjhv1 Ehfdxvh d qrwh fdq flufxodwh dprqj

qrqedqnv iru d orqj wlph/ wkh dvvxphg glvvroxwlrq uxoh fruuhvsrqgv wr uhjxodwlrq wkdw lv pxfk

zhdnhu wkdq 433( uhvhuyh uhtxluhphqwv1 Rwkhu plqlpxp edodqfhv frxog eh frqvlghuhg/ exw

iru wkh sxusrvhv ri wklv sdshu/ wkh fxwr� olqh ri }hur edodqfhv lv wdnhq dv d qrupdol}dwlrq1

Qh{w zh dgguhvv wkh txhvwlrq ri krz wkh dprxqw ri qhz qrwhv lvvxhg e| edqnv ghshqgv

rq wkh sur�wdelolw| ri wkh edqnlqj vhfwru1 E| sur�wdelolw|/ zh phdq wkh h{wud xwlolw|/ ru

vhljqlrudjh/ wkdw edqnv fdq ghulyh uhodwlyh wr qrqedqnv iurp wkh srvvleoh � rdw� ri wkhlu

qrwhv1 Wklv � rdw� lv srvvleoh vlqfh/ lq jhqhudo/ wkhuh zloo eh d odj ehwzhhq wkh shulrg zkhq

wkh edqn hqmr|v frqvxpswlrq e| lvvxlqj d qhz qrwh dqg wkh shulrg zkhq wkh qrwh lv uhghhphg
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e| wkh fohdulqjkrxvh1 Wkxv/ edqnv duh jxdudqwhhg d kljkhu iuhtxhqf| ri frqvxpswlrq wkdq

qrqedqnv1 Wkhuhiruh/ wkh kljkhu wkh wlph0glvfrxqw udwhv/ wkh kljkhu wkh h{shfwhg glvfrxqwhg

xwlolw| ri edqnv uhodwlyh wr qrqedqnv1

Zh dvvxph qr ixuwkhu shqdowlhv iru edqnv wkdw uhdfk qhjdwlyh uhvhuyhv rwkhu wkdq wkh

orvv ri edqnlqj sulylohjhv1 Zh dfwxdoo| �qg lw frqyhqlhqw wr dvvxph wkdw forvhg edqnv duh

jlyhq d xqlw ri fxuuhqf| lpphgldwho| diwhu glvvroxwlrq1 Wkxv/ lq wkh zruvw0fdvh vfhqdulr ri

d kljk yroxph ri uhghpswlrqv iroorzhg e| glvvroxwlrq/ edqnv uhvwduw olih lq wkh ehvw srvvleoh

vwdwh iru qrqedqnv1 Lqghshqghqwo| ri wkhlu ohyho ri uhvhuyhv ru qrwhv lq flufxodwlrq/ edqnv

zloo/ wkhuhiruh/ fkrrvh wr ghsrvlw zlwk wkh fohdulqjkrxvh dq| prqhwdu| surfhhgv iurp wudgh

phhwlqjv1

Wkh idfw wkdw edqnv dozd|v ghsrvlw prqhwdu| surfhhgv dv uhvhuyhv wxuqv wkh xsshu

erxqg rq prqh| kroglqjv lqwr d qrqelqglqj frqvwudlqw iru edqnv/ dowkrxjk lw lv elqglqj

iru qrqedqnv1 Wklv dv|pphwu| ruljlqdwhv iurp wkh wuhdwphqw ri uhvhuyhv dv d jdwkhulqj

ri lqirupdwlrq derxw sdvw wudghv/ zklfk hqwdlov d fuhglw duudqjhphqw iru edqnv wkdw lv qrw

dydlodeoh wr qrqedqnv17 Khqfh/ lq dgglwlrq wr wkh dgydqwdjhv iurp vhljqlrudjh/ edqnv duh lq

d vhqvh h{hpsw iurp wkh kroglqj uhtxluhphqwv wkdw rwkhuv duh vxemhfw wr1

F1 Uhvhuyh Pdqdjhphqw

Lq rxu prgho/ dq lqglylgxdo edqn lv frqfhuqhg derxw wkh ghflvlrqv e| rwkhu edqnv wr dffx0

pxodwh uhvhuyhv1 Iru dq lqglylgxdo edqn/ dq lqfuhdvhg uhghpswlrq udwh zrxog whqg wr uhgxfh

wkh  rdw ri klv ru khu rzq qrwhv dqg zrxog uhtxluh wkh +frvwo|, exlogxs ri dgglwlrqdo uhvhuyhv

7Zh duh lpsolflwo| pdnlqj wkh dvvxpswlrq wkdw vrflhw| kdv wkh fdsdelolw| ri dftxlulqj lqirupdwlrq derxw
d phdvxuh ri edqnv dqg fdqqrw prqlwru qrqedqnv1 Wklv lqirupdwlrqdo ylhz ri wkh qrwh h{fkdqjh irupdoo|
uhtxluhv wkdw qrwhv eh gdwhg zlwk wkh wlph ri lvvxh1 Iru hdvh ri h{srvlwlrq/ zh vkdoo/ krzhyhu/ pdnh vshfl�f
dvvxpswlrqv derxw wkh uhghpswlrq surfhvv wkdw glvshqvhv zlwk gdwlqj qrwhv lq rxu qrwdwlrq1

;



lq rughu wr dyrlg glvvroxwlrq1 Wkh �odz ri uh x{� wkxv frphv iurp dq h{whuqdolw| suhvhqw lq

wkh djjuhjdwlrq ri wkh edqnlqj vhfwru dqg jrhv eh|rqg wkh h{rjhqrxv ghpdqg iru uhvhuyhv

hpskdvl}hg e| Hgjhzruwk +4;;;,18

Iru vlpsolflw|/ zh dvvxph wkdw wkh fohdulqjkrxvh uhghhpv qrwhv khog e| qrqedqnv zkr

glh dqg wkdw qrwhv lvvxhg e| phpehuv lq jrrg vwdqglqj zkr odwhu idlo ru glh duh vwloo krqruhg1

Dv d uhvxow ri wkh �uvw dvvxpswlrq/ d edqn dozd|v nqrzv wkh yroxph ri klv ru khu qrwhv lq

flufxodwlrq diwhu uhghpswlrqv rffxu1 Dv d uhvxow ri wkh vhfrqg dvvxpswlrq/ qrwh kroghuv idfh

qr ulvn ri ghidxow/ dqg wkh pdunhw ydoxh ri qrwhv lvvxhg e| glvvroyhg ru ghdg edqnv lv suhvhuyhg

vlqfh wkh qrwhv frxqw dv ydolg uhvhuyhv1 Wkxv/ qrwh kroghuv gr qrw kdyh wr fduh derxw wkh

lghqwlw| ri wkh lvvxhu1 Wkhvh dvvxpswlrqv doorz xv wr uhvwulfw rxu dwwhqwlrq wr wkh fdvh zkhuh

doo qrwhv lq flufxodwlrq duh htxdoo| ydoxdeoh19

Zh ixuwkhu dvvxph wkdw wkh edqnlqj vwdwxv ri dq| sduwlflsdqw lq d wudgh phhwlqj lv

sulydwh lqirupdwlrq dqg zloo ljqruh wkh srvvlelolw| ri prqh|0iru0prqh| h{fkdqjhv1 Wkh iruphu

uhvwulfwlrq lpsolhv wkdw edqnv lvvxlqj qrwhv lq rughu wr frqvxph/ qrw nqrzlqj zkhwkhu wkhlu

wudglqj sduwqhuv duh dovr edqnv/ idfh wkh ulvn wkdw wkhlu qrwhv duh uhghhphg lpphgldwho|1

Wkhvh dvvxpswlrqv duh pdgh iru hdvh ri h{srvlwlrq dqg duh qrw hvvhqwldo iru rxu uhvxowv1

Zh fdq qrz uhsuhvhqw wkh pd{lpl}dwlrq sureohp ri qrqedqnv e| wkh vdph Ehoopdq

htxdwlrqv +4, dqg +5, wkdw duh ghulyhg lq wkh suhylrxv fdvh zkhq doo prqh| fuhdwlrq lv dvvxphg

wr eh h{rjhqrxv1 Zh qrz lqwhusuhw r� wr eh wkh h{shfwhg glvfrxqwhg ydoxh ri d qrqedqn zlwk

rqh xqlw ri prqh| +fxuuhqf| ru qrwh,1 Wkh ydoxh ri d qrqedqn zlwkrxw prqh| lv vwloo ghqrwhg

e| rf� Iljxuh 4 suhvhqwv wkh vhtxhqfh ri hyhqwv dw shulrg |1

8Wkhuh lv qr iuhh hqwu| lq rxu prgho vlqfh wkh phdvxuh ri hqwudqwv lq wkh edqnlqj vhfwru lv h{rjhqrxv1
9Wkh odfn ri ghidxow ulvn rq qrwhv lv odujho| d vlpsoli|lqj dvvxpswlrq1 E| uxolqj rxw uhsxwdwlrq h�hfwv/ zh

fdq frqfhqwudwh rq wkh uroh ri wkh uh x{ sulqflsoh dorqh lq glvflsolqlqj qrwh lvvxh e| edqnv1

<



| $ �oc6 $ wudgh phhwlqjv dqg uhvhuyh ghsrvlwv $ eluwkv

dqg ghdwkv $ �o�c6�c� $ edodqfh dgmxvwphqwv $ | n �

Iljxuh 4= Vhtxhqfh ri Hyhqwv

Frqvlghu d edqn zlwk uhvhuyh edodqfh o dqg zlwk txdqwlw| 6 ri klv ru khu suhylrxvo|

lvvxhg qrwhv vwloo lq flufxodwlrq1 Dw wkh ehjlqqlqj ri wkh shulrg/ wkh vwdwh iru wkh edqn lv

Eoc6�c dqg klv ru khu h{shfwhg glvfrxqwhg xwlolw| lv �oc6� Li wkh edqn wudghv gxulqj d shulrg/

wkh wudgh lv hlwkhu dq rssruwxqlw| wr lvvxh d qhz qrwh ru wr ghsrvlw d xqlw ri fxuuhqf| ru

qrwh zlwk wkh fohdulqjkrxvh1 Wkhq ghdwk ru vxuylydo rffxuv1 Li wkh edqn lvvxhv d qhz qrwh

dqg wkh uhflslhqw lv dovr d edqn/ wkh idfw wkdw wkh qhz qrwh lv ghsrvlwhg dqg grhv qrw hqwhu

flufxodwlrq lv pdunhg e| dgglqj wr wkh vwdwh wkh lqglfdwru � ' f +Eo�c6�c �� ' Eo � �c6c f�,1

Li wkh qhz qrwh hqwhuv flufxodwlrq ehfdxvh lw kdv ehhq lvvxhg wr d qrqedqn zkr vxuylyhv/ zh

kdyh wkdw � ' � +Eo�c6�c �� ' Eoc6n �c f�,1 Wkh whup �oc6c� ghqrwhv d edqn djhqw*v h{shfwhg

glvfrxqwhg ydoxh lq vwdwh Eoc6c �� diwhu wudgh exw ehiruh wkh xqfhuwdlqw| derxw wkh  rdw ri klv

ru khu rog qrwhv lv uhyhdohg1 Wkh qhz uhvhuyh edodqfhv duh fdofxodwhg e| wkh fohdulqjkrxvh dw

wkh hqg ri hdfk shulrg dqg ghshqg rq wkh hfrqrp|zlgh wudghv1 Iurp lwv qhz edodqfh/ hdfk

edqn fdq lqihu wkh qhz dprxqw ri lwv qrwhv wkdw uhpdlq lq flufxodwlrq1 D qhzeruq edqn lv

dvvxphg wr hqwhu lqwr wkh hfrqrp| zlwk Eoc6� ' Efc f�1

Ehfdxvh qrwhv duh wuhdwhg lqglvwlqjxlvkdeo| e| wkh qrqedqn sxeolf/ wkh suredelolw|

wkdw d qrwh lq flufxodwlrq jhwv uhghhphg lv lqyduldqw wr wkh lvvxhu*v lghqwlw|1 Zh ohw Z ghqrwh

wklv suredelolw|/ zklfk lv hqgrjhqrxv lq rxu prgho1 Iru � � 6c d edqn wkdw lv lq vwdwh

43



Eoc6c �� mxvw ehiruh ghsrvlwv duh fohduhg idfhv wkh suredelolw|
�
63�

�

�
Z�E� � Z�63�3� wkdw �

ri klv ru khu rog qrwhv +6 � � lq wrwdo, duh uhghhphg1 Wdnlqj lqwr dffrxqw wkdw wkh edqn

vzlwfkhv wr h{shfwhg glvfrxqwhg xwlolw| r� li d qhjdwlyh uhvhuyh edodqfh dwwdlqv/ zh �qg wkdw

wkh uhodwlrqvkls dprqj wkh fxuuhqw � dqg wkh qh{w shulrg*v � lv jlyhq e|

�oc6c� ' q
[

f$�$6
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�
Z�E�� Z�63�3��o3�c63�

n q
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o	�$6

�
63�
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�
Z�E�� Z�63�3�r�� +9,

Dw wkh wlph ri wudgh phhwlqjv/ dq lqglylgxdo edqn lq vwdwh Eoc6� fkrrvhv zkhwkhu wr

lpsuryh klv ru khu uhvhuyhv e| dffhswlqj prqh| lq h{fkdqjh iru surgxfwlrq zlwk suredelolw|

�oc6 5 dfc �o� Qrqedqnv zloo dozd|v djuhh wr h{fkdqjh wkhlu prqh| kroglqjv iru frqvxpswlrq1

Krzhyhu/ d frqfhuq derxw wkhlu ohyho ri uhvhuyhv pd| lqgxfh edqnv wr ehkdyh gl�huhqwo| zkhq

ghflglqj zkhwkhu wr lvvxh d qrwh lq h{fkdqjh iru frqvxpswlrq1 Zh ohw �oc6 5 dfc �o ghqrwh wkh

suredelolw| wkdw d edqn lq vwdwh Eoc6� lvvxhv d qrwh1 Dv ehiruh/ zh ohw R ghqrwh wkh iudfwlrq

ri wkh srsxodwlrq shu w|sh wkdw lv zloolqj wr surgxfh jrrgv lq h{fkdqjh iru prqh|/ dqg ohw

^ ghqrwh wkdw iudfwlrq wkdw lv zloolqj wr sd| prqh| iru frqvxpswlrq� Khqfh/ � dqg � duh

uhodwhg wr � dqg ! dffruglqj wr

�oc6 ' ^4@ 
�oc6

k
�oc6E�en �on�c6cf� n E�� �oc6��oc6cf

l
n

R4@ 
�_c6

q
�oc6 d�n _�oc6n�c� n E�� _��o3�c6cfo n E�� �oc6��oc6cf

r
n

E�� R� ^��oc6cf +:,

zkhuh _ lv wkh suredelolw| wkdw d qhz qrwh hqwhuv flufxodwlrq ehfdxvh lw lv lvvxhg wr d qrqedqn
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zkr vxuylyhv1

Wkh odz ri prwlrq iru wkh glvwulexwlrq ri djhqwv dfurvv vwdwhv lv pruh frpsoh{ qrz wkdq

lq wkh fdvh zlwkrxw edqnv1 Zh ohw +f ghqrwh wkh vwhdg|0vwdwh phdvxuh shu w|sh ri qrqedqnv

zlwkrxw prqh| dw wkh ehjlqqlqj ri d shulrg/ dqg +� lv wkh phdvxuh ri qrqedqnv zlwk prqh|/

eh lw fxuuhqf| ru qrwh� Zh ohw %oc6 ghqrwh wkh vwhdg|0vwdwh phdvxuh shu w|sh ri edqnv lq

vwdwh Eoc6� dw wkh ehjlqqlqj ri d shulrg� Lq dgglwlrq/ zh ohw 5 ghqrwh wkh phdvxuh ri edqnv

wkdw vx�hu glvvroxwlrq dw wkh hqg ri d shulrg� Zh ohw Akc� c! ghqrwh wkh frqwlqxrxv pdsslqj

lpsolhg e| wkh vwudwhjlhv k/ �/ dqg !1 Wkh ixqfwlrq Akc� c! pdsv E c)c 5� lqwr wkh qh{w shulrg*v

glvwulexwlrq1 Zh irupdoo| ghvfuleh wklv pdsslqj lq wkh Dsshqgl{1 Lq zkdw iroorzv/ zh ohw

� dqg ! ghqrwh wkh lqqhu surgxfwv
S

oc6 �oc6%oc6 dqg
S

oc6 �oc6%oc6/ uhvshfwlyho|1 Zh qh{w

gh�qh d v|pphwulf vwhdg| vwdwh dffruglqj wr zkhwkhu qrwhv flufxodwh dprqj qrqedqnv1

Ghilqlwlrq 51 D prqhwdu| vwhdg|0vwdwh htxloleulxp zlwk edqnlqj lv dq duud| Etc�c�c�c!c Rc

^c c)c 5�vdwlvi|lqj wkh Ehoopdq htxdwlrqv +4,/ +5,/ +9,/ dqg +:,/ vxfk wkdw k ' � dwwdlqv wkh

pd{lpxp lq +5,> E�c!� dwwdlqv wkh pd{lpxp lq +:,> E c)c 5� ' Akc� c!E c)c 5� +glvwulexwlrqv

uhpdlq frqvwdqw,> dqg R ' +f n � / ^ ' +� n ! / Z ' B n E� � B�� / _ ' E� � B�+f*Rc dqg

5 � B>K +glvvroxwlrq dqg hqwu| udwhv duh frpsdwleoh,1

Wkh odvw wkuhh uhtxluhphqwv ghvhuyh vrph glvfxvvlrq1 D qrwh khog e| d qrqedqn lv

dozd|v uhghhphg xsrq ghdwk1 Lw lv dovr uhghhphg zkhq wkh qrqedqn lv deoh wr wudgh lw lq d

phhwlqj zlwk d edqn surgxfhu/ dqg wkh qrqedqn vxuylyhv/ dq hyhqw rffxuulqj zlwk suredelolw|

E�� B�� � Zh wkxv uhtxluh wkdw lq d vwhdg| vwdwh/ Z ' B n E�� B�� 1 Wkh suredelolw| wkdw d

qhz qrwh lv lvvxhg wr d qrqedqn zkr vxuylyhv +suredelolw| E�� B�+f,/ frqglwlrqdo wkdw prqh|

lv dffhswhg lq wudgh +suredelolw| R,c lv wkxv _ ' E� � B�+f*R1 Ilqdoo|/ uhfdoo wkdw 5 lv wkh
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phdvxuh ri edqnv h{lwlqj wkh vhfwru lq d vwhdg| vwdwh/ zkloh B>K lv wkh phdvxuh ri qhzeruq

edqnv1 Wkxv/ xqohvv 5 � B>Kc wkh odvw uhtxluhphqw lq wkh gh�qlwlrq/ wkh rxw rz ri edqnv

fdqqrw eh phw e| dq htxlydohqw lq rz ri qhzeruqv lqwr wkh edqnlqj vhfwru1

G1 Prqhwdu| Vwdelolw|

Lq wklv vhfwlrq/ zh vwxg| wkh txhvwlrq ri zkhwkhu wkh fohdulqjkrxvh uhghpswlrq phfkdqlvp lv

vx!flhqw wr fuhdwh d vhoi0glvflsolqlqj edqnlqj vhfwru1 Rxu uhvwulfwlrqv ri surgxfwlrq/ prqh|

kroglqjv/ dqg wudgh dqrq|plw| lpso| wkdw jrrgv hlwkhu h{fkdqjh iru prqh| dw �{hg sulfhv ru

gr qrw h{fkdqjh dw doo1 Wkh lqwurgxfwlrq ri edqnlqj fdqqrw/ wkhuhiruh/ fuhdwh d vwhdg| vwdwh

zlwk lq dwlrq lq rxu prgho1 Krzhyhu/ wkh txhvwlrq ri zkhwkhu prqhwdu| vwdelolw| lv rewdlqhg

fdq eh irupxodwhg dv wkh txhvwlrq ri zkhwkhu d prqhwdu| vwhdg|0vwdwh htxloleulxp lq zklfk

edqnv lvvxh qrwhv h{lvwv1

Rxu htxloleulxp gh�qlwlrq grhv qrw uxoh rxw wkh srvvlelolw| ri vrph edqn idloxuhv

+5 : f,1 Edqnv wdnlqj dgydqwdjh ri wkh vhljqlrudjh rssruwxqlwlhv lq rxu prgho duh w|slfdoo|

looltxlg/ dqg wkhuh lv/ wkhuhiruh/ dw ohdvw d vpdoo suredelolw| ri h{fhvv uhghpswlrqv/ iroorzhg e|

glvvroxwlrq1 Wkh txhvwlrq lv/ wkxv/ zkhwkhu edqnv kdyh wkh surshu lqfhqwlyhv wr exlog uhvhuyhv

dqg wr olplw qrwh lvvxh dw ohyhov wkdw lqgxfh qrqedqnv wr dffhsw wkhlu lqwulqvlfdoo|0xvhohvv

slhfhv ri sdshu1 Zh vkrz ehorz wkdw sulydwh edqnv zloo olplw wkhlu qrwh lvvxh lq hfrqrplhv

zkhuh wkh udwh ri glvfrxqwlqj lv vpdoo1 Lq sduwlfxodu/ lw iroorzv wkdw wkh vwhdg|0vwdwh ydoxh ri

wkh glvvroxwlrq udwh gxh wr h{fhvvlyh qrwh lvvxh/ 5c lv gulyhq wr }hur dv q dssurdfkhv xqlw|1

Rxu dujxphqw rq wkh h{lvwhqfh ri d prqhwdu| htxloleulxp zlwk edqnlqj surfhhgv e|

dsshdolqj wr d �{hg0srlqw dujxphqw xvhg lq Dl|djdul dqg Zdoodfh +4<<4,1: Zh surfhhg e|

:Dl|djdul dqg Zdoodfh +4<<4, uhvwulfw wkh vhw ri vwudwhjlhv xqghu frqvwudlqwv wkdw lpso| srvlwlyh frqvxps0
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�uvw uhvwulfwlqj qrqedqnv wr dozd|v dffhsw prqh| +k ' �,1 Qh{w zh uhvwulfw edqnv wr edfn

qrwh lvvxh e| 433( uhvhuyhv rq d udqjh ri wkh vwdwh vsdfh lqgh{hg e| d frqvwdqw -1 Edqnv lq

wklv udqjh duh dovr uhvwulfwhg wr dffhsw prqh| lq wudgh phhwlqjv1 Wkh uhvwulfwlrqv iru edqnv

uhdg �oco ' � dqg �oco ' f iru o � -� Qrquhvwulfwhg edqnv hqmr| vhljqlrudjh xqwlo wkh plqlpxp

uhvhuyh edodqfh - lv uhdfkhg1 Ehfdxvh hyhu| qhzeruq edqn vwduwv lq vwdwh Eoc6� ' Efc f�/

- fdq eh fkrvhq vx!flhqwo| odujh vr wkdw E c)c 5� ' Akc� c!E c)c 5� lpsolhv 5 	 B>K iru dq|

Ekc�c!� vdwlvi|lqj rxu uhvwulfwlrqv1 Lq rwkhu zrugv/ zh fdq erxqg iurp deryh wkh phdvxuh ri

glvvroxwlrqv/ 5c vr wkdw lw frqirupv zlwk wkh prqhwdu| vwhdg|0vwdwh gh�qlwlrq e| frqwuroolqj/

wkurxjk wkh fkrlfh ri -c wkh pdvv ri edqnv wkdw iroorz 433( uhvhuyh uhtxluhphqwv1

Wkhq zh surfhhg e| frqvwuxfwlqj d fruuhvsrqghqfh/ �c dv iroorzv1 Jlyhq Etc�c�c�c!c

 c)c 5�c zh ghwhuplqh R/ ^/ Z/ dqg _ iurp wkh vwhdg|0vwdwh gh�qlwlrq dqg Etc�c�� dv wkh

uljkw vlgh ri +4,/ +5,/ +9, dqg +:,1 Lq dgglwlrq/ zh ghwhuplqh E�c!� dffruglqj wr wkh deryh

uhvwulfwlrqv iru o � - dqg dv wkh fruuhvsrqghqfh ri grplqdqw vwudwhjlhv wkdw dwwdlqv wkh

pd{lpxp lq +:, iru o : -� Ilqdoo|/ wkh qhz phdvxuhv ryhu vwdwhv duh jlyhq e| Akc� c!E c)c 5� 1

Wkh h{lvwhqfh ri d uhvwulfwhg prqhwdu| vwhdg| vwdwh wkhq iroorzv vlqfh � vdwlv�hv wkh frqglwlrqv

ri Ndnxwdql*v �{hg0srlqw wkhruhp1;

Wkh odvw vwhs lv wr dujxh wkdw wkh uhvwulfwlrqv duh qrqelqglqj zkhq q lv vx!flhqwo| odujh1

Uhjduglqj qrqedqnv/ d vx!flhqw frqglwlrq wr wkdw h�hfw iroorzv iurp wkh vdph dujxphqw

hpsor|hg lq wkh suhylrxv fdvh zlwk qr sulydwh prqh|1 Wr dq lqglylgxdo qrqedqn/ wkh idfw

wlrq/ dqg wkhq wkh| surfhhg e| frqvwuxfwlqj d fruuhvsrqghqfh pdsslqj wkh surgxfw ri wkh vsdfhv ri h{shfwhg
glvfrxqwhg ydoxhv/ vwudwhjlhv/ dqg glvwulexwlrqv lqwr lwvhoi1 Wkh| vkrz wkdw wklv fruuhvsrqghqfh kdv d �{hg
srlqw/ zklfk wkh| fdoo d uhvwulfwhg vwhdg| vwdwh1 Ilqdoo|/ wkh| �qg vx!flhqw frqglwlrqv rq sdudphwhuv jxdudq0
whhlqj wkdw wkh lqlwldoo| lpsrvhg frqvwudlqwv duh qrw elqglqj1 Zkhq sdudphwhuv vdwlvi| vxfk frqglwlrqv/ wkh
�{hg srlqw lv dfwxdoo| dq +xquhvwulfwhg, vwhdg| vwdwh zlwk srvlwlyh frqvxpswlrq1

;Zh dvvxph dq xsshu erxqg +N>N, rq wkh vwdwh vsdfh iru edqnv vr wkdw wklv vsdfh ehfrphv frpsdfw1
Ehfdxvh � A 3/ wkh phdvxuh ri edqnv zkr vxuylyh xqwlo wkh| uhdfk d vwdwh rxwvlgh wklv xsshu erxqg fdq eh
pdgh duelwudulo| vpdoo e| wkh fkrlfh ri d vx!flhqwo| odujhN1 Khqfh/ wklv frpsdfwqhvv uhvwulfwlrq lv lqqrfxrxv1
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wkdw rwkhu qrqedqnv zlwkrxw prqh|/ dv zhoo dv qhzeruq edqnv/ duh zloolqj wr dffhsw prqh|

zlwk suredelolw| rqh lpsolhv d orzhu erxqg rq R1 Wkxv/ li q lv vx!flhqwo| kljk vr wkdw wkh

lqhtxdolw| lq +8, krogv/ wkh frqvwudlqw k ' � lv qrqelqglqj1

Zh fdq dovr pdqlsxodwh htxdwlrqv +4,/ +5,/ +9,/ dqg +:, wr vkrz wkdw iru q vx!flhqwo|

odujh/ wkh uhvwulfwlrqv iru edqnv duh dovr qrqelqglqj1 Qrwlfh wkdw li �oco ' f lv qrqelqglqj

iru o � -c wkhq �oco ' � lv dovr qrqelqglqj iru o � -( rwkhuzlvh/ edqnv zrxog eh fkrrvlqj

d irup ri dxwdun| diwhu uhdfklqj d ohyho ri uhvhuyhv o � -c zklfk lv fohduo| vxerswlpdo1 Zh

qrz vkrz wkdw �oco ' f lv qrqelqglqj iru o � -1 Lw vx!fhv wr vkrz wkdw �fcf � r� fdq

eh pdgh duelwudulo| odujh e| slfnlqj q vx!flhqwo| forvh wr rqh lq d uhvwulfwhg vwhdg| vwdwh1

E| lvvxlqj d qrwh dw vwdwh Eoc o�/ d edqn idfhv/ zlwk srvlwlyh suredelolw|/ wkh srvvlelolw| ri

orvlqj �fcf � r� ru pruh lq wkh hyhqw ri h{fhvv uhghpswlrqv1 Qh{w zh vkrz wkdw wklv frvw

rxwzhljkv wkh vkruw0uxq jdlq ri lvvxlqj dq dgglwlrqdo qrwh/ �� Irupdoo|/ htxdwlrq +:, lpsolhv

wkdw �oco ' f li �n_�ococ�nE��_��o3�cocf 	 �ococf� Vlqfh �ococ� 	 �ococfc wklv lqhtxdolw| lv wuxh

li � 	 E�� _�E�ococf � �o3�cocf�� Iurp +9,/ zh kdyh wkdw

�ococf ��o3�cocf ' q
o3�[
�'f

�
o

�

�
Z�E�� Z�o3�E�o3�co3� � �o3�3�co3�� n qZoE�fcf � r���

Wkh deryh h{suhvvlrq lv erxqghg ehorz e| qZoE�fcf � r��� Wkxv/ �oco ' f li � 	

E�� _� q ZoE�fcf � r�� iru doo o � -� Vlqfh �� _ : B dqg Zo � Bo : fc wkh frqfoxvlrq iroorzv

li �fcf � r� lv vx!flhqwo| odujh1

Zh qrz hvwdeolvk wkdw �fcf� r� $ 4 dv q $ �� Wkh ydoxh ixqfwlrqv wkdw vroyh +9, dqg

+:, duh lqfuhdvlqj lq _/ wkh suredelolw| wkdw d qhz qrwh hqwhuv flufxodwlrq1 Zh surfhhg e|

vkrzlqj wkdw vroxwlrqv wr +9, dqg +:, vdwlvi| wkh deryh olplw hyhq zkhq edqnv duh ghsulyhg ri
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vhljqlrudjh1 +Doo qrwhv duh uhghhphg lqvwdqwo|1, Hyhq lq wkdw h{wuhph fdvh/ wkh edqnv* odujhu

lqyhqwru| fdsdelolw| doorzv wkhp wr frqvxph jrrgv pruh iuhtxhqwo| wkdq qrqedqnv1 Ohw xv

ghqrwh e| ��� wkh h{shfwhg glvfrxqwhg xwlolw| iru d edqn zlwk � uhvhuyhv wkdw lv dwwdlqhg e|

wkh srolf| ri edfnlqj hyhu| qrwh lvvxhg1 Ehfdxvh zh duh zrunlqj zlwk wkh zruvw0fdvh vfhqdulr

wkdw _ ' fc qr qrwh hqwhuv lq flufxodwlrq/ dqg 6 ' f dqg o ' �1 Wkh frxqwhusduwv ri +9, dqg

+:, iru ��f dqg ��� duh

��f ' q��f n ^d�e n qE��� � ��f�o +;,

dqg

��� ' q��� n Rd�n qE��f � ����o n ^d�en qE��2 � ����o� +<,

Lq d uhvwulfwhg vwhdg| vwdwh/ R dqg ^ duh erxqghg dzd| iurp }hur iru dq| q 5 Efc ���

Dv lv w|slfdo lq wklv fodvv ri prghov/ ��f $ E���� e� dv q $ �c vr lw vx!fhv iru rxu sxusrvhv wr

vkrz wkdw ��� � r� $ 4 dv q $ �� Zh ghulyh d orzhu erxqg iru ��2 dffruglqj wr

E�� q���2 ' Rd�n qE��� � ��2�o n ^4@ ifc�en qE��� � ��2�j � Rd�n qE��� � ��2�o�

Vlqfh E� � q���� ' Rd� n qE��f � ����o n ^d�e n qE��2 � ����oc zh fdq zrun zlwk ��2 � ��� lq rughu

wr rewdlq wkh lqhtxdolw| d�� qE�� R� ^�oE��2 � ���� � ^en RqE��� � ��f�� Qrz +<, lpsolhv wkdw

d��qE��R�^�oE��q���� � E��qE��R�^��R�� E��qE��R��^enE��qE��R��RqE��f� ����c

ru/ li zh uhduudqjh whupv/

d�� qE�� R� ^�oE�� q���� � E�� q�ER�� ^e� n R2q�n +43,

R^qE�� e� n E�� qE�� R��RqE��f � �����
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Vlploduo|/ h{suhvvlrqv iru rfc r�c dqg r� � rf surpswo| lpso|

d�� qE�� R� ^�oE�� q�r� ' E�� q�R�n R^qE�� e�� +44,

Ehfdxvh ��� � ��f $ e dv q $ �c zh fdq xvh +43, dqg +44, wr frqfoxgh wkdw

*�4
q<�

id�� qE�� R� ^�oE�� q�E��� � r��j � *�4
q<�

iR2qE�� e�� E�� q�^ej�

Vlqfh � : e dqg R lv erxqghg dzd| iurp }hur/ lw iroorzv wkdw wkh uljkw0vlgh olplw lv vwulfwo|

srvlwlyh1 Vlqfh wkh whup E� � q� rq wkh ohiw vlgh frqyhujhv wr }hur/ zh pd| frqfoxgh wkdw

��� � r� $ 4 dv q $ �1 Zh kdyh suryhg wkh iroorzlqj1

Sursrvlwlrq 51 Li q lv vx!flhqwo| forvh wr rqh/ wkhuh h{lvwv d prqhwdu| vwhdg| vwdwh iru wkh

hfrqrp| zlwk edqnlqj1

LLL1 Zhoiduh dqg Rwkhu Uhpdunv

Lq wklv vhfwlrq/ zh frpphqw rq wkh zhoiduh uroh ri sulydwh qrwhv1 Zh �qg wkdw sulydwh

edqn qrwhv lpsuryh zhoiduh zkhq jryhuqphqw fxuuhqf| lv vx!flhqwo| vfdufh1< Dv zh glvfxvv

ehorz/ vrph klvwrulf hslvrghv surylgh hylghqfh ri vxfk d uroh1 Prqhwdu| vwdelolw| zdv riwhq

dwwdlqhg zkhq sulydwh edqnv zhuh shuplwwhg wr jurz vx!flhqwo| odujh vr dv wr kdqgoh zhoo

wkhlu uhghpswlrq surfhvvhv/ dv suhglfwhg e| rxu prgho1

<Dqrwkhu srvvlelolw| lv wkdw sulydwh edqn qrwh lvvxh fdq surylgh d nlqg ri oltxlglw| wkdw lv zhoiduh lpsurylqj
hyhq zkhq rwkhu fxuuhqf| lv qrw vfdufh1 Wkh vwxg| ri wklv srvvlelolw|/ krzhyhu/ lv eh|rqg wkh vfrsh ri wklv
sdshu1
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D1 Zhoiduh

Rqh lpsruwdqw surshuw| ri rxu prgho/ zklfk zdv sduwlfxoduo| xvhixo lq rxu h{lvwhqfh dujxphqw

ri wkh suhylrxv vhfwlrq/ lv wkdw dv wkh glvfrxqw idfwru lqfuhdvhv dqg vr grhv wkh uhzdug iru

ixwxuh frqvxpswlrq/ qrqedqnv zloo djuhh wr dffhsw prqh| dv orqj dv prqh| uhpdlqv uhodwlyho|

vfdufh1 Wkdw vfduflw| lv dvvxuhg e| wkh frqvhuydwlyh lvvxh lqgxfhg e| wkh kljk sur�wdelolw|

ri wkh edqnlqj vhfwru/ wkdw lv/ e| q ehlqj vx!flhqwo| kljk1 Wkh deryh dujxphqw dovr krogv

wuxh lq fdvhv zkhuh fuhdwlrq ri jryhuqphqw fxuuhqf| lv duelwudulo| vpdoo1 Wklv doorzv xv wr

frqfoxgh wkdw iru q vx!flhqwo| kljk/ d prqhwdu| vwhdg| vwdwh zlwk edqnlqj h{lvwv hyhq li

>S ' f1 Lq vxfk d vwhdg| vwdwh/ zlwk rqo| sulydwh qrwhv dqg qr jryhuqphqw prqh|/ wkhuh lv

srvlwlyh frqvxpswlrq/ dqg doo h{shfwhg glvfrxqwhg xwlolwlhv duh srvlwlyh1 Li/ krzhyhu/ edqnv

duh surklelwhg iurp lvvxlqj qrwhv/ wkh rqo| vwhdg| vwdwh wkdw lv dwwdlqhg zkhq jryhuqphqw fxu0

uhqf| lv lq }hur vxsso| lv dxwdun| zlwk }hur xwlolwlhv1 Wkh vdph dujxphqw krogv li jryhuqphqw

fxuuhqf| h{lvwv exw lv h{wuhpho| vfdufh1 Wkhvh uhpdunv dprxqw wr wkh iroorzlqj1

Sursrvlwlrq 61 Li jryhuqphqw fxuuhqf| lv vx!flhqwo| vfdufh +>S lv vx!flhqwo| forvh wr

}hur,/ wkhq zhoiduh lq d prqhwdu| vwhdg| vwdwh zlwk edqnlqj lv vwulfwo| kljkhu wkdq wkdw dwwdlqhg

e| d vwhdg| vwdwh lq zklfk edqnv duh surklelwhg iurp lvvxlqj qrwhv1

E1 Vrph Klvwrulf Hslvrghv

Wkhuh kdyh ehhq vhyhudo h{dpsohv ri sulydwh prqhwdu| v|vwhpv lq uhfhqw klvwru|1 Hqjodqg/

Vfrwodqg/ dqg wkh Xqlwhg Vwdwhv/ dprqj rwkhu frxqwulhv/ h{shulhqfhg sduwldoo| sulydwh prq0

hwdu| v|vwhpv lq wkh hljkwhhqwk dqg qlqhwhhqwk fhqwxulhv1 Hqjodqg doorzhg iru qrwh0lvvxlqj

frxqwu| edqnv1 Wkhvh vpdoo edqnv zhuh qrwrulrxvo| xqvwdeoh/ shukdsv dv d frqvhtxhqfh ri
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uhjxodwlrqv olplwlqj wkhlu vl}h wr qr pruh wkdq vl{ sduwqhuv1 Xqolnh wkh Hqjolvk v|vwhp/ ryhulv0

vxh zdv qrw d sureohp lq wkh Vfrwwlvk v|vwhp/ zkhuh qr sduwqhuvkls uhvwulfwlrqv h{lvwhg1 Wkh

edqnv dffhswhg hdfk rwkhu*v qrwhv dqg hyroyhg d v|vwhp ri qrwh h{fkdqjh1 Lq dgglwlrq/ wkh

flufxodwlrq ri vpdoo qrwhv zdv riwhq ylhzhg dv d qdwxudo uhvsrqvh wr h{whuqdo gudlqv ri frlqv

+vhh Kdqvrq 4<:<> Zklwh 4<;7, 1 Wkh hylghqfh lv pl{hg uhjduglqj wkh h�hfwv ri qrwh0lvvxh

sulylohjhv rq wkh vwdelolw| ri edqnlqj lq wkh Xqlwhg Vwdwhv + vhh Uroqlfn dqg Zhehu 4<;7,1

Xqolnh rxu prgho/ d suhylrxv olwhudwxuh kdv uhodwhg edqnlqj vwdelolw| wr txdolw| frpsh0

wlwlrq dqg pdujlqdo frvwv ri qrwh flufxodwlrq +vhh Nohlq 4<:7> Zklwh 4<;7,1 Frvwv frxog dulvh

iurp uhdo lqyhvwphqwv wkdw hqvxuh sxeolf frq�ghqfh lq wkh uholdelolw| ri wkh lvvxhu1 Krzhyhu/

wr dsshdo wr txdolw| frpshwlwlrq lv sureohpdwlf lq vrph frqwh{wv1 Iru lqvwdqfh/ vwxglhv ri wkh

Qdwlrqdo Edqnlqj Hud/ sulru wr wkh hvwdeolvkphqw ri wkh Ihghudo Uhvhuyh v|vwhp lq wkh Xqlwhg

Vwdwhv/ lqglfdwh wkdw wkh sxeolf zdv odujho| lqgl�huhqw ehwzhhq kroglqj edqn qrwhv dqg odzixo

prqh|1 Fkdps/ Zdoodfh/ dqg Zhehu +4<<7, kdyh dujxhg wkdw qdwlrqdo edqnv zhuh qhyhu forvh

wr lvvxlqj qrwhv xs wr wkh olplw wkdw wkh odz zrxog shuplw1 Wkh| frqmhfwxuh wkdw wklv ehkdylru

zdv gxh wr d frqfhuq rq wkh sduw ri edqnv derxw qrwhv qrw vwd|lqj lq flufxodwlrq orqj hqrxjk1

Rxu prgho surylghv d udwlrqdoh iru wkhlu ylhz dqg vkrzv wkdw txdolw| frpshwlwlrq pd| qrw

eh qhfhvvdu| iru edqnlqj vwdelolw|1
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Dsshqgl{

Khuh zh irupdoo| ghvfuleh wkh pdsslqj Akc� c! jryhuqlqj wkh odz ri prwlrq ri E c)c 5�� Iru

vwdwhv vxfk wkdw
S

oc6 %oc6 n +f n +� '
�
&
c wkh deryh pdsslqj lv jlyhq e| wkh uljkw vlgh ri wkh

htxdwlrqv ehorz/ wrjhwkhu zlwk wkh h{suhvvlrqv iurp wkh vwhdg| vwdwh gh�qlwlrq uhodwlqj R/ ^/

_c dqg Z wr +kc�c!,1 Iru qrqedqnv/ zh kdyh

+� ' E�� B�E+� n ^+f � R+�� n
�

&
E5 n B>S�

dqg

+f ' E�� B�E+f � ^+f n R+�� n
B

&
E�� >S � >K��

Iru edqnv/ zh kdyh

5 ' &i[
6D�

63�[
o'f

6[
�'on�

�
6

�

�
Z�E�� Z�63�%oc6 n

[
6Df

6[
o'f

E�� _�%oc6�oc6

�
6

o

�
ZoE�� Z�63o

� [
6D�

6[
o'f

�oc6
�

6

on�

�
Zon�E�� Z�63Eon��%oc6j

dqg

%o�c6� ' E�� B�
[

6D6�

�
6

636�

�
Z636�

E�� Z�6
�i^�o�n636�3�c6%o�n636�3�c6 n

^E�� �o�n636�c6�%o�n636�c6 n R_�o�n636�c63�%o�n636�c63� n

RE�� _��o�n636�n�c6%o�n636�n�c6 n RE�� �o�n636�c6�%o�n636�c6

E
�

&
� R� ^�%o�n636�c6jn Uo�c6�

B n 5

&
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iru doo o�c 6� � fc zkhuh Uo�c6� lv dq lqglfdwru ixqfwlrq wkdw dvvxphv ydoxh � li Eo�c 6�� '

Efc f�c dqg ydoxh f rwkhuzlvh1
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Uhihuhqfhv

Dl|djdul/ V1 Udr/ dqg Zdoodfh/ Qhlo1 �H{lvwhqfh ri Vwhdg| Vwdwhv zlwk

Srvlwlyh Frqvxpswlrq lq wkh Nl|rwdnl0Zuljkw Prgho1� Uhylhz ri Hfrqrplf

Vwxglhv 8; +Rfwrehu 4<<4,= <34�491

Duurz/ Nhqqhwk> Nduolq/ Vdpxho > dqg Vfdui/ Khuehuw1 Vwxglhv lq wkh

Pdwkhpdwlfdo Wkhru| ri Lqyhqwru| dqg Surgxfwlrq1 Vwdqirug = Vwdqirug

Xqlyhuvlw| Suhvv/ 4<8;1

Fkdps/ Euxfh> Zdoodfh/ Qhlo> dqg Zhehu/ Zduuhq H1 �Lqwhuhvw

UdwhvXqghu wkh X1V1 Qdwlrqdo Edqnlqj V|vwhp1� Mrxuqdo ri Prqhwdu|

Hfrqrplfv 67 +Ghfhpehu 4<<7,= 676�8;1

Hgjhzruwk/ Iudqflv \1 �Wkh Pdwkhpdwlfdo Wkhru| ri Edqnlqj1� Mrxuqdo

ri wkh Ur|do Vwdwlvwlfdo Vrflhw| 84 +Pdufk 4;;;,= 446�5:1

Ilvfkhu/ Vwdqoh|1 �Iulhgpdq Yhuvxv Kd|hn rq Sulydwh Prqh|=

Uhylhz Hvvd|1�Mrxuqdo ri Prqhwdu| Hfrqrplfv 4: +Pd| 4<;9,= 766�6<1

Iulhgpdq/ Plowrq1 D Surjudp iru Prqhwdu| Vwdelolw|1 Qhz

\run= Irugkdp Xqlyhuvlw| Suhvv/ 4<8<1

Kdqvrq/ Mrkq U1 LL1 �Prqh| lq wkh Frorqldo Dphulfdq Hfrqrp|= Dq

H{whqvlrq1� Hfrqrplf Lqtxlu| 4: +Dsulo 4<:<,= 5;4�;91

Kropvwuùp/ Ehqjw/ dqg Wluroh/ Mhdq1 �Sulydwh dqg Sxeolf Vxsso| ri

Oltxlglw|1� Mrxuqdo ri Srolwlfdo Hfrqrp| 439 +Iheuxdu| 4<<;,= 4�731

Nl|rwdnl/ Qrexklur dqg Zuljkw/ Udqgdoo +4<;<,1 �Rq Prqh| dv d Phglxp

ri H{fkdqjh�1 Mrxuqdo ri Srolwlfdo Hfrqrp| <: +Dxjxvw 4<;<,= <5:�871
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Nohlq/ Ehqmdplq1 �Wkh Frpshwlwlyh Vxsso| ri Prqh|1� Mrxuqdo ri Prqh|/

Fuhglw dqg Edqnlqj 9 +Qryhpehu 4<:7,= 756�871

Ruu/ Gdqlho1/ dqg Phoorq/ Z1 J1 �Vwrfkdvwlf Uhvhuyh Orvvhv dqg H{sdqvlrq

ri Edqn Fuhglw1� Dphulfdq Hfrqrplf Uhylhz 84 +Vhswhpehu 4<94,=

947�9561

Skloolsv/ Fkhvwhu D1 Edqn Fuhglw= D Vwxg| ri wkh Sulqflsohv dqg

Idfwruv Xqghuo|lqj Dgydqfhv Pdgh e| Edqnv wr Eruurzhuv1 Qhz \run=

Wkh Pdfploodq Frpsdq|/ 4<531

Uroqlfn/ Duwkxu M1/ dqg Zhehu/ Zduuhq H1 �Wkh Fdxvhv ri Iuhh

Edqn Idloxuhv= D Ghwdlohg H{dplqdwlrq1� Mrxuqdo ri Prqhwdu| Hfrqrplfv

47 +Qryhpehu 4<;7,= 59:�<41

Vfkzduw}/ Dqqd M1 �Edqnlqj Vfkrro/ Fxuuhqf| Vfkrro/ Iuhh

Edqnlqj Vfkrro1� Lq Wkh Qhz Sdojudyh= D Glfwlrqdu| ri Prqh| dqg

Ilqdqfh/ hglwhg e| S1 Qhzpdq/P1 Plojdwh/ dqg M1 Hdwzhoo1 4vw hg1

Orqgrq= PdfPloodq Suhvv Olplwhg/ 4<;:1

Vdujhqw/ Wkrpdv1 M1/ dqg Zdoodfh/ Qhlo1 �Wkh Uhdo0Eloov Grfwulqh yhuvxv wkh

Txdqwlw| wkhru|= D Uhfrqvlghudwlrq1� Mrxuqdo ri Srolwlfdo Hfrqrp| <3

+Ghfhpehu 4<;5,= 4545�691

Wrelq/ Mdphv1 �Dq Hvvd| rq wkh Sulqflsohv ri Ghew Pdqdjhphqw1� Lq

Frpplvvlrq rq Prqh| dqg Fuhglw/ Ilvfdo dqg Ghew Pdqdjhphqw Srolflhv/

hglwhg e| Hqjohzrrg Fol�v1 Q1M1= Suhqwlfh0Kdoo/ 4<961

Zklwh/ Odzuhqfh K1 Iuhh Edqnlqj lq Eulwdlq= Wkhru|/ H{shulhqfh/ dqg

Ghedwh/ 4;33�4;781 Fdpeulgjh= Fdpeulgjh Xqlyhuvlw| Suhvv/ 4<;71
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