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Ilqdqfldo Olehudol}dwlrq dqg Edqnlqj Fulvhv
lq Hphujlqj HfrqrplhvW

Ehww| F1 Gdqlho
Ghsduwphqw ri Hfrqrplfv

Xqlyhuvlw| dw Doedq| 0 VXQ\
Doedq|/ Q\ 45555

dqg
Ghsduwphqw ri Hfrqrplfv

Xqlyhuvlw| ri Fdoliruqld 0 Vdqwd Fux}
Vdqwd Fux}/ FD <8397

Mrkq Edloh| Mrqhv
Ghsduwphqw ri Hfrqrplfv

Xqlyhuvlw| dw Doedq| 0 VXQ\
Doedq|/ Q\ 45555

Mxqh 4/ 5334

Devwudfw

Lq wklv sdshu/ zh surylgh d wkhruhwlfdo h{sodqdwlrq ri zk| �qdqfldo olehudol}dwlrq
lv olnho| wr jhqhudwh �qdqfldo fulvhv lq hphujlqj pdunhw hfrqrplhv1 Zh �uvw vkrz wkdw
xqghu �qdqfldo uhsuhvvlrq wkh djjuhjdwh fdslwdo vwrfn dqg edqn qhw zruwk duh erwk
olnho| wr eh orz1 Wklv ohdgv d qhzo| olehudol}hg edqn wr eh kljko| ohyhuhg/ ehfdxvh wkh
pdujlqdo surgxfw ri fdslwdo�dqg wkxv ordq lqwhuhvw udwhv�duh kljk1 Wkh kljk uhwxuqv
rq fdslwdo/ krzhyhu/ dovr pdnh ghidxow xqolnho|/ dqg wkh| hqfrxudjh wkh edqn wr uhwdlq
doo ri lwv hduqlqjv1 Dv wkh edqn*v qhw zruwk jurzv/ djjuhjdwh fdslwdo ulvhv/ wkh pdujlqdo
surgxfw ri fdslwdo idoov dqg d edqnlqj fulvlv ehfrphv pruh olnho|1 Dowkrxjk wkh edqn
idfhv frq lfwlqj lqfhqwlyhv wrzdug ulvn0wdnlqj/ dv qhw zruwk frqwlqxhv wr jurz wkh edqn
zloo ehfrph lqfuhdvlqjo| fdxwlrxv1 Qxphulfdo uhvxowv vxjjhvw wkdw wkh edqn zloo uhgxfh
lwv ulvn/ e| uhgxflqj lwv ohyhudjh/ ehiruh lvvxlqj glylghqgv1 Zh dovr �qg wkdw jryhuqphqw
edlorxwv/ zklfk doorz ghidxowlqj edqnv wr frqwlqxh uxqqlqj/ lqgxfh vljql�fdqwo| pruh
ulvn0wdnlqj wkdq wkh oldelolw| olplwv dvvrfldwhg zlwk vwdqgdug edqnuxswf|1

� Wkh dxwkruv zrxog olnh wr wkdqn Nhq Ehdxfkhplq/ Plfkdho Grroh| dqg vhplqdu sduwlflsdqwv dw wkh Lq0
whuqdwlrqdo Prqhwdu| Ixqg/ wkh Xqlyhuvlw| ri Fdoliruqld 0 Vdqwd Fux}/ wkh Xqlyhuvlw| dw Doedq|/ dqg wkh
Ihghudo Uhvhuyh Edqnv ri Vdq Iudqflvfr dqg Fklfdjr iru khosixo frpphqwv rq hduolhu gudiwv1



Ilqdqfldo Olehudol}dwlrq dqg Edqnlqj Fulvhv lq Hphujlqj Hfrqrplhv

4 Lqwurgxfwlrq

Lq wklv sdshu zh h{soruh wkh olqn ehwzhhq �qdqfldo olehudol}dwlrq dqg �qdqfldo fulvhv1 Wklv

olqn zdv qrwhg dv hduo| dv 4<;8 lq d sdshu e| Gld}0Dohmdqgur1 Pruh uhfhqwo|/ Ndplqvn| dqg

Uhlqkduw +4<<:, �qg wkdw lq 4; ri wkh 59 edqnlqj fulvhv wkh| vwxg|/ wkh �qdqfldo vhfwru kdg

uhfhqwo| ehhq olehudol}hg1 Fdsulr dqg Nolqjhelho +4<<9, frqfoxgh wkdw edqnv duh pxfk pruh

olnho| wr idlo lq d olehudol}hg uhjlph wkdq xqghu �qdqfldo uhsuhvvlrq1 Ilqdqfldo olehudol}dwlrq

kdv dovr ehhq flwhg dv d srvvleoh fxosulw lq wkh Dvldq �qdqfldo fulvlv e| Fruvhwwl/ Shvhqwl dqg

Urxelql +4<<;, dqg Ixupdq dqg Vwljolw} +4<<;,1

Khoopdq/ Pxugrfn dqg Vwljolw} +5333, h{sodlq wklv uhodwlrqvkls dv d uhvxow ri krz edqnv

frqvwuxfw wkhlu ordq sruwirolrv1 Zkhq d edqn*v qhw zruwk dqg iudqfklvh ydoxh duh orz/ wkh

oldelolw| olplwv surylghg e| edqnuxswf| dqg2ru jryhuqphqw edlorxwv fxw r� wkh orzhu sruwlrq

ri lwv uhwxuq glvwulexwlrq1 Lq wkh devhqfh ri r�vhwwlqj uhjxodwlrq/ wklv hqfrxudjhv edqnv wr

dvvhpeoh ordq sruwirolrv wkdw duh ulvnlhu wkdq zrxog eh vrfldoo| rswlpdo1 Grroh| +5333, dqg

Grroh| dqg Vklq +5333, irfxv rq wkh zd| lq zklfk ghsrvlw lqvxudqfh pdnhv ghsrvlwruv ohvv

zloolqj wr suhyhqw edqnv iurp �dssursuldwlqj� wkhlu ghsrvlwv1 Edvhg rq wkhvh lghdv/ srolf|

glvfxvvlrqv kdyh irfxvhg rq juhdwhu wudqvsduhqf|/ ehwwhu edqn vxshuylvlrq/ dqg rq wkh frvwv

dqg ehqh�wv ri edlorxwv1

Wklv sdshu surylghv dq dowhuqdwlyh dqg frpsohphqwdu| h{sodqdwlrq ri zk| �qdqfldo uh0

suhvvlrq ohdgv wkh edqnlqj vhfwru wr eh xqghu0fdslwdol}hg/ dqg zk| �qdqfldo olehudol}dwlrq
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fuhdwhv lqfhqwlyhv iru h{fhvvlyh ulvn0wdnlqj1 Rxu dssurdfk ghsduwv iurp wkh h{lvwlqj olwhud0

wxuh lq wzr lpsruwdqw zd|v1 Wkh �uvw lv wkdw zh fduhixoo| prgho wkh edqn*v qhw zruwk dv dq

hyroylqj vwrfn yduldeoh/ vr wkdw glylghqg ghflvlrqv duh lpsruwdqw1 Wkh nh| ghflvlrq lq rxu

prgho lv qrw wkh fkrlfh ehwzhhq kljk0ulvn dqg orz0ulvn ordqv/ exw wkh fkrlfh ehwzhhq udlvlqj

ordqdeoh ixqgv wkurxjk uhwdlqhg hduqlqjv ru wkurxjk ghsrvlwv1 Wkh vhfrqg gl�huhqfh lv wkdw

zh frqvlghu wkh zd| lq zklfk d frxqwu|*v vwrfn ri sk|vlfdo fdslwdo hyroyhv ryhu wlph dqg krz

lw d�hfwv edqn ghflvlrqv1 Lq sduwlfxodu/ fkdqjhv lq wkh djjuhjdwh fdslwdo vwrfn fdq d�hfw wkh

ulvnlqhvv ri edqn ordqv/ zkloh fkdqjhv lq edqn htxlw| dqg wkh txdqwlw| ri ordqv fdq d�hfw

wkh fdslwdo vwrfn1 Ehfdxvh ri wkhvh g|qdplf lqwhudfwlrqv/ rxu prgho fdq h{sodlq zk| edqnv

lq frxqwulhv wkdw kdyh h{shulhqfhg �qdqfldo olehudol}dwlrq whqg wr jurz udslgo| dw �uvw dqg

wkhq hqwhu d fulvlv shulrg vrph wlph diwhu wkh olehudol}dwlrq1 Rxu prgho dovr h{sodlqv zk|

wkhvh edqnv duh olnho| wr hqwhu �qdqfldo olehudol}dwlrq zlwk yhu| olwwoh qhw zruwk1

Zh frqvlghu dq hphujlqj hfrqrp| zkhuh doo fdslwdo lv ixqghg e| edqn ordqv iurp d

prqrsro| edqn1 Rxu edqn*v lqfhqwlyh vwuxfwxuh kdv wzr hvvhqwldo ihdwxuhv1 Wkh �uvw lv

olplwhg oldelolw| lqgxfhg e| edqnuxswf| ru jryhuqphqw edlorxwv/ zklfk fxwv r� wkh orzhu wdlo

ri wkh edqn*v uhwxuq glvwulexwlrq dqg hqfrxudjhv ulvn0wdnlqj ehkdylru1 Wkh vhfrqg ihdwxuh

lv wkh edqn*v prqrsro| iudqfklvh1 Wklv phdqv wkdw �qdqfldo orvvhv uhgxfh/ li qrw holplqdwh/

wkh edqn*v vwuhdp ri prqrsro| uhqwv/ dqg wkxv hqfrxudjh ulvn0dyhuvh ehkdylru14 Wkhvh

wzr lqfhqwlyhv vxjjhvw wkdw dv d edqn dffxpxodwhv pruh htxlw|/ lw zloo ehfrph lqfuhdvlqjo|

ulvn0dyhuvh1 Wkh edqn*v lqfhqwlyhv/ krzhyhu/ dovr ghshqg fulwlfdoo| rq wkh djjuhjdwh vwrfn ri

4 Khoopdq/ Pxugrfn dqg Vwljolw} +5333, glvfxvv lq vrph ghwdlo krz lqfuhdvhg edqn frpshwlwlrq uhgxfhv wkhvh
prqrsro| uhqwv/ ohdglqj wr ulvnlhu ehkdylru1 Wr wkh h{whqw wkdw olehudol}hg pdunhwv hqmr| pruh frpshwlwlrq
wkdq rxu prgho shuplwv/ rxu uhvxowv xqghuvwdwh wkh olnholkrrg ri d edqnlqj fulvlv1
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fdslwdo1 Zlwk ghfuhdvlqj uhwxuqv wr fdslwdo/ wkh lqwhuhvw udwh fkdujhg rq ordqv pxvw idoo dv

wkh djjuhjdwh vwrfn ri fdslwdo lqfuhdvhv1 Dqg wkhvh orzhu lqwhuhvw udwhv pdnh lw pruh olnho|

wkdw wkh edqn zloo qrw eh deoh wr sd| edfn lwv ghsrvlwruv1 Wklv phdqv wkdw wkh h�hfw ri

lqfuhdvlqj d edqn*v htxlw| lv qr orqjhu fohdu> zkloh d edqn idflqj wkh vdph glvwulexwlrq ri

uhwxuqv rq lwv ordqv zloo eh ohvv ulvn| zkhq lw kdv kljkhu htxlw|/ d edqn zlwk kljkhu htxlw|

pljkw eh rshudwlqj lq dq hqylurqphqw zkhuh wkh uhwxuqv rq lwv ordqv duh ulvnlhu1 Lq rwkhu

zrugv/ wkh edqn*v ghidxow ulvn frxog dw wlphv eh lqfuhdvlqj lq wkh edqn*v htxlw|1 Wkh jrdo ri

wklv sdshu lv glvhqwdqjoh wkhvh lqwhudfwlrqv iru d qhzo| olehudol}hg hfrqrp|1

Wkh vwduwlqj srlqw iru wkh vhtxhqfh ri hyhqwv wkdw zh vwxg| lv �qdqfldo uhsuhvvlrq1 Xqghu

�qdqfldo uhsuhvvlrq/ wkh jryhuqphqw shjv wkh lqwhuhvw udwhv rq ghsrvlwv dqg ordqv/ dqg sur0

klelwv fdslwdo rxw rzv1 Zh vkrz wkdw xqghu wklv uhjlph/ ghsrvlwv/ ordqv dqg edqn qhw zruwk

duh doo orz/ vr wkdw dq hfrqrp| hphujlqj iurp uhsuhvvlrq lv fkdudfwhul}hg e| d kljko| sur0

gxfwlyh fdslwdo vwrfn exw olplwhg edqn qhw zruwk1 Pruhryhu/ wkh edqn idfhv d +ohjdo, ohyhudjh

frqvwudlqw wkdw uhvwulfwv lwv udwlr ri ordqv wr qhw zruwk1 Wkxv hyhq li d qhzo| olehudol}hg edqn

lv ixoo| ohyhuhg/ wkh ordqv lw fdq pdnh duh olplwhg1 Wkhq wkh vdph kljk uhwxuqv wr fdslwdo wkdw

pdnh ohqglqj ghvludeoh dovr lpso| wkdw wkh edqn/ dowkrxjk kljko| ohyhuhg/ idfhv olwwoh ghidxow

ulvn1 Wkh kljk uhwxuqv wr ohqglqj ixuwkhu lpso| wkdw wkh edqn zloo uhwdlq lwv hduqlqjv/ vr wkdw

d qhzo| olehudol}hg edqn vhhv lwv qhw zruwk lqlwldoo| jurz1 Wkh slyrwdo sduw ri wkh vhtxhqfh

rffxuv rqfh wkh edqn kdv dffxpxodwhg vrph htxlw|1 Lw lv dw wklv srlqw/ zkhq wkh edqn lv

vwloo kljko| ohyhuhg exw wkh fdslwdo vwrfn lv odujhu�dqg ohvv surgxfwlyh�wkdw d edqnlqj fulvlv

lv prvw olnho|1 Li wkh edqn fdq zhdwkhu wklv shulrg/ lw zloo wudqvlwlrq wr d uhjlph ri orzhu

6



Ilqdqfldo Olehudol}dwlrq dqg Edqnlqj Fulvhv lq Hphujlqj Hfrqrplhv

ohyhudjh dqg frqvhuydwlyh ehkdylru1

Zh �qg wkdw wkh edqn*v dwwlwxgh wrzdug ulvn ghshqgv fulwlfdoo| rq krz lwv oldelolw| lv

olplwhg1 Lq sduwlfxodu/ jryhuqphqw edlorxwv/ dv zh gh�qh wkhp/ doorz d ghidxowlqj edqn wr

nhhs uxqqlqj/ doehlw zlwk olwwoh htxlw|1 Edqnuxswf|/ rq wkh rwkhu kdqg/ irufhv wkh edqn wr

vkxw grzq iruhyhu1 Wkh shupdqhqw orvv ri prqrsro| uhqwv pdnhv edqnuxswf| pxfk pruh ri

d ghwhuuhqw> rxu qxphulfdo uhvxowv vkrz wkdw jryhuqphqw edlorxwv lqgxfh idu pruh ulvn0wdnlqj

wkdq wkh oldelolw| olplwv dvvrfldwhg zlwk edqnuxswf|1

Wkh sdshu lv rujdql}hg dv iroorzv1 Lq wkh qh{w vhfwlrq/ zh ghvfuleh wkh ehkdylru ri d

uhsuhvhqwdwlyh �up wkdw idfhv vwrfkdvwlf surgxfwlylw|1 Lq vhfwlrq 6/ zh ghulyh wkh rswlpdolw|

frqglwlrqv iru d prqrsro| edqn wkdw pd{lpl}hv wkh h{shfwhg suhvhqw ydoxh ri lwv glylghqgv/

�uvw xqghu d olehudol}hg uhjlph dqg wkhq xqghu d uhsuhvvhg uhjlph1 Lq vhfwlrq 7/ zh gh0

vfuleh wkh wudqvlwlrq iurp �qdqfldo uhsuhvvlrq wr �qdqfldo olehudol}dwlrq iru wkh hphujlqj

pdunhw hfrqrp|/ erwk dqdo|wlfdoo| dqg wkurxjk d qxphulfdo h{dpsoh1 Lq wkh �qdo vhfwlrq/

zh frqfoxgh1

5 Wkh Uhsuhvhqwdwlyh Ilup

Frqvlghu dq hfrqrp| zkhuh lq hdfk shulrg |c | ' fc �c 2c ���c rxwsxw lv surgxfhg e| d xqlw

pdvv ri h{0dqwh lghqwlfdo sulfh0wdnlqj �upv1 Hdfk �up olyhv wzr shulrgv> dfurvv wlph/ rxwsxw

lv surgxfhg e| ryhuodsslqj jhqhudwlrqv ri wkhvh �upv1 Lq wkh �uvw shulrg ri wkhlu olyhv/ �upv

surfxuh fdslwdo1 Lq wkh vhfrqg/ wkh| surgxfh rxwsxw dv d ixqfwlrq ri wklv fdslwdo vwrfn dqg

wkhlu lglrv|qfudwlf surgxfwlylw| ohyhov1 Dq| sur�wv duh wkhq uhplwwhg wr grphvwlf krxvhkrogv1
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Surgxfwlylw| lv vwrfkdvwlf/ dqg �upv pxvw fkrrvh wkhlu fdslwdo vwrfn ehiruh wkh| revhuyh wkhlu

surgxfwlylw| ohyhov1 Vlqfh �upv duh lghqwlfdo sulru wr uhdol}lqj wkhlu surgxfwlylw| vkrfnv/ hyhu|

�up lq d frkruw fkrrvhv wkh vdph fdslwdo vwrfn1 Ilupv sxufkdvh wkhlu fdslwdo zlwk ixqgv wkh|

eruurz iurp edqnv1 Wklv uh hfwv wkh vw|ol}hg idfw wkdw lq pdq| hphujlqj pdunhw hfrqrplhv/

edqn ordqv �qdqfh doprvw doo lqyhvwphqw1 Wkh grplqdqfh ri edqnv fdq uh hfw/ dprqj rwkhu

wklqjv/ dgydqwdjhv lq wudqvdfwlrqv frvwv wkdw kdyh glvvlsdwhg lq pruh ghyhorshg �qdqfldo

pdunhwv1

514 Whfkqrorjlhv

Wkh rxwsxw ri �up � dw wlph | lv jlyhq e|

t�| ' %�|g
k
�|3�c f 	 k 	 �c

zkhuh g�|3� lv fdslwdo/ sxufkdvhg d shulrg lq dgydqfh/ dqg %�| lv �up �*v uhdol}hg surgxf0

wlylw|1 Zkloh hdfk �up*v surgxfwlylw| uhsuhvhqwv dq lqghshqghqw gudz/ doo �upv lq d frkruw

vkduh d frpprq glvwulexwlrq iru wkhlu surgxfwlylw| ohyhov1 Wklv frpprq glvwulexwlrq lv lwvhoi

vwrfkdvwlf/ krzhyhu/ vr wkdw wkhuh lv djjuhjdwh xqfhuwdlqw|1 Lq sduwlfxodu/ wkh glvwulexwlrq ri

%�| lv ixoo| fkdudfwhul}hg e| wkh yduldeoh @|/ zlwk

8 E%�|m @| ' @f� : 8 E%�|m @| ' @�� c ;%�| 5 5 E@fc @�� c @f 	 @�c +4,

5 E@fc @�� � i% G 8 E%m @f� : fc 8 E%m @�� 	 �j c

vr wkdw frqglwlrqdo glvwulexwlrqv zlwk kljkhu ydoxhv ri @| duh vwrfkdvwlfdoo| grplqdqw1 Zh

dvvxph wkdw @| iroorzv d vwdwlrqdu| Pdunry surfhvv ryhu wkh vhw �1
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Uhfdoo wkdw �upv pxvw fkrrvh wkhlu fdslwdo vwrfn ehiruh wkh| revhuyh wkhlu lglrv|qfudwlf

surgxfwlylw| ohyhov1 Vlqfh �upv duh lghqwlfdo h{0dqwh/ hdfk �up fkrrvhv wkh vdph fdslwdo

vwrfn1 Zlwk d xqlw pdvv ri �upv/ wkh djjuhjdwh surgxfwlrq ixqfwlrq fdq eh h{suhvvhg dv=

t| ' . E%�|m @|�gk
|3�� +5,

515 Wkh Ilup*v Sureohp

Wkh sureohp idflqj d �up eruq dw wlph | lv wr slfn wkh fdslwdo vwrfn wkdw zloo pd{lpl}h lwv

h{shfwhg sur�wv dw wlph |n �/ jlyhq wkh ordq lqwhuhvw udwh �,|n� dqg wkh fxuuhqw surgxfwlylw|

sdudphwhu @|1 Wkh �up zloo ghpdqg hqrxjk edqn ordqv wr sxufkdvh wklv vwrfn1

Jlyhq wkh wlplqj ri fdslwdo sxufkdvhv/ wkh rswlpl}dwlrq sureohp iru dq lqglylgxdo �up

fdq eh vwdwhg dv

4@ 
g|

]
%�|n�:%4�?Eg|�

�
%�|n�g

k
| � �

�,|n� n B
�
g|

�
_8 E%�|n�m @|� c

zlwk wkh vroyhqf| wkuhvkrog %4�? Eg|� gh�qhg e|

%4�? Eg|� '
�
�,|n� n B

�
g�3k

| � +6,

Wkh xvh ri d wuxqfdwhg glvwulexwlrq uh hfwv wkh olplwhg oldelolw| d�rughg e| edqnuxswf|> zkhq

wkh �up lv lqvroyhqw/ lwv uhwxuqv duh dxwrpdwlfdoo| }hur15 Wdnlqj ghulydwlyhv dqg lpsrvlqj

htxdwlrq +6, surgxfhv wkh rswlpdo fdslwdo vwrfn=

gW ��,|n�c @|c %4�?
�
'

#
k%e

�
@|c %

4�?
�

�,|n� n B

$ �
�3k

c +7,

5 Li wkhuh lv dv|pphwulf lqirupdwlrq derxw wkh �up*v rxwsxw/ wkh suhvhqfh ri edqnuxswf| frvwv pdnhv ghew
�qdqflqj rswlpdo1
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%e
�
@|c %

4�? Eg|�
� � .

�
%�|n�m @|c %�|n� : %4�? Eg|�

�
�

Frpelqlqj htxdwlrqv +6, dqg +7, |lhogv

k%e
�
@|c %

4�? Eg|�
�
' %4�? Eg|� �

Zkhq wklv htxdwlrq kdv pxowlsoh vroxwlrqv/ wkh �up �qgv wkh rswlpdo vroyhqf| wkuhvkrog e|

vroylqj

4@ 
%Gk%eE@|c%�'%

d�� 8 E%m @|�o �
k
%e E@|c %�g

W ��,|n�c @|c %�k � �
�,|n� n B

�
gW ��,|n�c @|c %�l c

zkhuh 8 E �m @|� lv wkh frqglwlrqdo glvwulexwlrq iru %�|n�1 Lpsrvlqj htxdwlrq +7, doorzv xv wr

h{suhvv wkh vroyhqf| wkuhvkrog dv d ixqfwlrq ri @|=

%4�? E@|� � @h}4@ 
%Gk%eE@|c%�'%

d�� 8 E%m @|�o � %e E@|c %�
�

�3k � d�� ko � +8,

Wkh prvw lpsruwdqw ihdwxuh ri %4�? E@|� lv wkdw lw grhv qrw ghshqg rq �,|n� ru B1 Lq rwkhu

zrugv/ �upv fkrrvh wkhlu fdslwdo vwrfn lq vxfk d zd| wkdw wkhlu ghidxow udwh grhv qrw ghshqg

rq wkh lqwhuhvw udwh �,|n�1 Frqwlqxlqj/ zh �qg wkh rswlpdo fdslwdo vwrfn gW ��,|n�c @|�=
gW ��,|n�c @|� ' �

%4�? E@|�

�,|n� n B

� �
�3k

� +9,

516 Uhwxuq rq Edqn Ordqv

Rqfh wkh djjuhjdwh surgxfwlylw| sdudphwhu @|n� lv uhdol}hg/ wkh edqn lv uhsdlg lwv ordqv e| wkh

vroyhqw �upv/ dqg lv jlyhq wkh dvvhwv ri wkh lqvroyhqw rqhv1 Lpsrvlqj wkh vroyhqf| wkuhvkrog

jlyhq e| htxdwlrq +6,/ wkh dyhudjh uhwxuq wkdw wkh edqn hduqv rq lwv ordqv wr �upv/ o|n�/ fdq

:
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eh zulwwhq dv

o|n� '
�
�� �h

�
%�|n� 	 %4�? Eg|�

�� @|n��� � �,|n� +:,

n�h
�
%�|n� 	 %4�? Eg|�

�� @|n�� � �. �
%�|n�m @|n�c %�|n� 	 %4�? Eg|�

� �gk3�
| � B � l

�
�

l : f uh hfwv edqnuxswf| h{shqvhv dqg2ru d olplwhg uhvdoh ydoxh iru lglrv|qfudwlf dvvhwv1 l

lv dq lpsruwdqw frpsrqhqw ri d edqn*v ulvn> lq lwv devhqfh B lv olnho| wr eh vr vpdoo�dqg

wkh uhvdoh ydoxh ri wkh dvvhw vr kljk�wkdw d edqn zrxog orvh yhu| olwwoh zkhq d �up jrhv

edqnuxsw1 Qrwh wkdw @|n� lv wkh rqo| whup lq wklv h{suhvvlrq qrw nqrzq dw wlph |1

Zh dvvxph wkdw xqghu �qdqfldo uhsuhvvlrq/ wkh jryhuqphqw shjv lqwhuhvw udwhv lq vxfk

d zd| wkdw ordq udwlrqlqj lv olnho| dqg �up0ohyho ghidxow qhyhu rffxuv1 Zkhq wklv kdsshqv/

htxdwlrq +9, fhdvhv wr krog/ dqg wkh edqn*v uhwxuq uhgxfhv wr wkh shjjhg ydoxh ri �,|n�1 Xqghu

�qdqfldo olehudol}dwlrq/ krzhyhu/ htxdwlrq +9, grhv krog/ vr wkdw wkh dyhudjh uhwxuq fdq eh

zulwwhq dv d ixqfwlrq ri fdslwdo=

o|n� '
�
�� �h

�
%�|n� 	 %4�? E@|�

�� @|n��� � �%4�? E@|� �gk3�
| � B

�
n�h

�
%�|n� 	 %4�? E@|�

�� @|n�� � �. �
%�|n�m @|n�c %�|n� 	 %4�? E@|�

� �gk3�
| � B � l

�
�

Lw lv frqyhqlhqw wr uhzulwh wklv h{suhvvlrq dv

� n o|n� ' Zf E@|n�c @|� n Z� E@|n�c @|�g
k3�
| � +;,

Zkhq �up0ohyho ghidxow lv srvvleoh/ lw iroorzv iurp htxdwlrq +4, wkdw Zf dqg Z��dqg wkxv

o|n��duh vwulfwo| lqfuhdvlqj lq wkh surgxfwlylw| sdudphwhu @|n�16 Htxdwlrq +;, dovr vkrzv

6 Iroorzlqj vwdqgdug dujxphqwv +iru h{dpsoh/ Juhhq/ Pdv0Frooho dqg Zklqvwrq/ 4<<8/ sursrvlwlrq 91G14,/
rqh fdq vhh wkdw �4 lv vwulfwo| lqfuhdvlqj lq dw.4 e| qrwlqj wkdw �4 @ H

�
plq

�
{lw.4> {

plq +dw,
��� dw.4

�
/ wkh

h{shfwdwlrq ri d ixqfwlrq wkdw lv lqfuhdvlqj lq {lw.41

;
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wkdw wkh udwh ri uhwxuq lv ghfuhdvlqj lq wrwdo fdslwdo/ dq lpphgldwh frqvhtxhqfh ri ghfuhdvlqj

uhwxuqv1

6 Wkh Prqrsro| Edqn

Zh prgho wkh edqnlqj vhfwru dv d vlqjoh edqn1 Wklv edqn kdv prqrsro| srzhu ryhu ghsrvlwv

lq wkh uhsuhvvhg uhjlph/ dqg/ ehfdxvh ri lqirupdwlrqdo dgydqwdjhv/ prqrsro| srzhu ryhu

ordqv lq erwk wkh uhsuhvvhg dqg olehudol}hg uhjlphv1 Lq dgglwlrq wr pdnlqj wkh prgho pruh

wudfwdeoh/ wklv dvvxpswlrq pdnhv rxu dssurdfk pruh frqvhuydwlyh1 Vlqfh d prqrsro| edqn

lqwhuqdol}hv wkh h�hfw lwv ordqv kdyh rq wkh djjuhjdwh fdslwdo vwrfn/ lw uhfrjql}hv krz lwv

dfwlrqv d�hfw wkh h{shfwhg uhwxuqv dqg ulvnlqhvv ri lwv ordqv1 Frpshwlwlyh edqnv/ zklfk

ljqruh wkhvh h�hfwv/ duh pruh olnho| wr ehkdyh lq d ulvn| idvklrq1 Khoopdq hw do1 +5333,

hpskdvl}h d vlplodu glvwlqfwlrq17 Wr wkh h{whqw wkdw olehudol}dwlrq lqfuhdvhv frpshwlwlrq iru

ordqv/ rxu uhvxowv surylgh d orzhu erxqg rq ulvn0wdnlqj ehkdylru1 Grroh| dqg Fklqq +4<<:,

�qg wkdw olehudol}dwlrq grhv lqfuhdvh frpshwlwlrq lq wkh ordq pdunhw/ exw qrw dv pxfk dv lq

wkh ghsrvlw pdunhw1

Wkh prqrsro| edqn dffhswv ghsrvlwv dqg pdnhv ordqv lq rughu wr pd{lpl}h wkh h{shfwhg

glvfrxqwhg ydoxh ri lwv glylghqg vwuhdp18 Vlqfh wkh edqn pxvw lvvxh lwv ordqv ehiruh lw

revhuyhv wkh djjuhjdwh surgxfwlylw| ohyho/ wkh uhwxuq rq wkhvh ordqv lv xqfhuwdlq1 Wkh edqn

idfhv wzr �qdqfh frqvwudlqwv xqghu erwk wkh uhsuhvvhg dqg wkh olehudol}hg uhjlphv1 Wkh �uvw

7 Lq frqwudvw wr rxu iudphzrun/ Khoopdq hw do1 dqdo|}h d prgho zkhuh edqnv frpshwh iru ghsrvlwv zkloh ordq
udwhv uhpdlq �{hg1
8 Zh dffhsw dv d vw|ol}hg idfw wkdw edqnv duh �qdqfhg sulpdulo| e| ghew frqwudfwv +ghsrvlwv, udwkhu wkdq
zlwk htxlw|1 Zlwk vrph frpsolfdwlrq lq qrwdwlrq/ zh frxog prgho wkh �qdqflqj ri edqnv wkurxjk ghsrvlwv
dv wkh rswlpdo rxwfrph lq d zruog lq zklfk edqn sur�wv duh qrw revhuyhg e| ghsrvlwruv xqohvv wkh ghsrvlwruv
lqfxu d edqnuxswf| frvw1

<
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lv d qrq0qhjdwlylw| frqvwudlqw rq glylghqgv wkdw h�hfwlyho| suhyhqwv edqnv iurp lvvxlqj qhz

qhw zruwk/ d uhvwulfwlrq wkdw lv erwk txlwh frpprq lq wkh olwhudwxuh dqg uhdvrqdeo| frqvlvwhqw

zlwk revhuyhg sudfwlfh19 Wkh vhfrqg frqvwudlqw lv d fdslwdol}dwlrq uhtxluhphqw wkdw olplwv

wkh udwlr ri ordqv wr qhw zruwk/ d uhvwulfwlrq frpprq lq erwk hphujlqj dqg ghyhorshgpdunhwv1

Wrjhwkhu/ wkhvh frqvwudlqwv lpso| wkdw edqnv zlwk qrq0srvlwlyh qhw zruwk pxvw vkxw grzq/

vr wkdw edqnuxswf| lv srvvleoh1 Edqnuxswf| lv xqghvludeoh ehfdxvh wkh prqrsro| edqn zloo

orvh lwv prqrsro| fkduwhu dqg wkh fruuhvsrqglqj prqrsro| uhqwv1

Wkh edqn*v ehkdylru dovr ghshqgv fulwlfdoo| rq wkh uhjxodwru| uhjlph1 Zkhq wkh hfrqrp|

lv lq d uhjlph ri �qdqfldo uhsuhvvlrq/ wkh jryhuqphqw �{hv erwk ghsrvlw dqg ordq udwhv1 Lq

wklv fdvh/ wkh edqn*v ghflvlrq lv d fkrlfh ryhu glylghqgv dqg ghsrvlwv/ wdnlqj dv jlyhq wkh

lqwhuhvw udwhv1 Zh vkrz ehorz wkdw iru uhdvrqdeoh sdudphwhu ydoxhv/ �qdqfldo uhsuhvvlrq zloo

ohdg wr ordq udwlrqlqj/ lq wkdw wkh edqn zloo surylgh ihzhu ordqv wkdq �upv ghpdqg dw wkh

uhjxodwhg ordq lqwhuhvw udwh1 Xqghu �qdqfldo olehudol}dwlrq/ rq wkh rwkhu kdqg/ wkh edqn lv

iuhh wr vhw erwk ghsrvlw dqg ordq udwhv1 Vlqfh wkh edqn lv d sulfh0vhwwhu/ lwv sureohp fdq vwloo

eh h{suhvvhg dv d fkrlfh ryhu glylghqgv dqg ghsrvlwv/ zlwk frqvwudlqwv wkdw fdswxuh wkh ordq

ghpdqg fxuyh dqg dq lqwhuqdwlrqdo duelwudjh frqglwlrq iru ghsrvlw udwhv1

614 Wkh Edqn*v Sureohp

Wkh edqn dffhswv ghsrvlwv iurp grphvwlf djhqwv E�� � Lq wkh olehudol}hg uhjlph/ lw dovr

dffhswv ghsrvlwv iurp iruhljq djhqwv E�W� � Wkh edqn ohqgv lwv ghsrvlwv E� n�W�/ soxv dq|

9 Wkh xvxdo h{sodqdwlrq ri zk| �upv udlvh vr ihz ixqgv e| vhoolqj vwrfn lv wkdw htxlw| pdunhwv vx�hu iurp
h{wuhph sureohpv ri dv|pphwulf lqirupdwlrq1 Juhhqzdog dqg Vwljolw} +4<<6, surylgh d qlfh glvfxvvlrq1
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srvw0glylghqg qhw zruwk E'� _�/ vr wkdw lwv ordqv duh jlyhq e|

u| ' '| � _| n�| n�W
| c +<,

zkloh '|/ wkh edqn*v suh0glylghqg qhw zruwk/ iroorzv

'|n� ' 4@ 
�
'4�?c E� n o|n��u| �

�
� n �K|n�

�
E�| n�W

| �
�
�

Lw lv wkh ydoxh ri '4�? wkdw doorzv xv wr gl�huhqwldwh wzr lpsruwdqw oldelolw| olplwv= edqnuxswf|

dqg jryhuqphqw edlorxwv1 '4�? ' f fkdudfwhul}hv wkh edqnuxswf| uhjlph1 Lq wklv uhjlph/ d

edqn zlwk qrq0srvlwlyh qhw zruwk ghidxowv rq dq| xqsdlg ghsrvlwv dqg vkxwv grzq iruhyhu1

'4�? : f fkdudfwhul}hv wkh jryhuqphqw edlorxw uhjlph1 Lq wklv uhjlph/ d edqn wkdw furvvhv

wkh edlorxw wkuhvkrog kdv lwv qhw zruwk uhvwruhg wr '4�?/ vr wkdw wkh edqn frqwlqxhv wr

rshudwh/ doehlw zlwk d plqlvfxoh dprxqw ri qhw zruwk1: Wklv lv dq hvvhqwldo gl�huhqfh=

edqnuxswf| hqgv wkh edqn*v  rz ri prqrsro| uhqwv> jryhuqphqw edlorxwv gr qrw1 Dv d pdwwhu

ri vhpdqwlfv/ zh zloo xvh wkh whup edqnuxswf| ru �lqvroyhqf|� wr uhihu wr qrq0srvlwlyh qhw

zruwk +'| � f, / dqg wkh eurdghu whup �xqvrxqg� wr uhihu wr qhw zruwk dw ru ehorz wkh

oldelolw| olplw +'| � '4�?,1

Frpelqlqj wkh wzr suhfhglqj htxdwlrqv/ wkh odz ri prwlrq iru qhw zruwk ehfrphv

'|n� ' 4@ 
�
'4�?c E'| � _|�

�
� n �K|n�

�
n u|

�
o|n� � �K|n�

��
�

Lw suryhv xvhixo wr zrun zlwk wkh ohyhudjh udwlr/ �|/ zklfk zh gh�qh dv

: Zh dvvxph wkdw sulru wr ehlqj edlohg rxw/ wkh edqn uhsd|v ghsrvlwruv xs wr wkh srlqw ri lqvroyhqf|1
Lq frqwudvw wr wklv duudqjhphqw/ zklfk h{srvhv ghsrvlwruv wr vrph ulvn/ jryhuqphqw edlorxwv duh w|slfdoo|
dffrpsdqlhg e| d v|vwhp ri ghsrvlw lqvxudqfh1 Zkloh zh kdyh h{foxghg ghsrvlw lqvxudqfh lq rughu wr irfxv rq
wkh h�hfwv ri wkh edlorxwv wkhpvhoyhv/ rxu dqdo|wlfdo uhvxowv gr qrw ghshqg rq wklv dvvxpswlrq1 Dv ghvfulehg
ehorz/ zh dovr frqvlghu dq hfrqrp| zlwk ghsrvlw lqvxudqfh lq rxu qxphulfdo dqdo|vhv1
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�| Eu|c '| � _|� '

;AA?AA=
u|* E'| � _|� c _| 	 '|c

fc _| ' '|c

c

vr wkdw ordqv duh jlyhq e|

u| ' E'| � _|��|� +43,

dqg wkh hyroxwlrq ri wkh edqn*v qhw zruwk lv jlyhq e|=

'|n� ' 4@ 
�
'4�?c E'| � _|�

�
� n �K|n� n �|

�
o|n� � �K|n�

���
� +44,

Qrwh wkdw wkh orzhvw uhwxuq rq ordqv wkdw doorzv wkh edqn wr dyrlg ehlqj xqvrxqg lv

� n o4�?
|n� '

�| � �

�|

�
� n �K|n�

�
n

'4�?

u|
� +45,

Wkh edqn idfhv wzr �qdqfh frqvwudlqwv1 Wkh �uvw lv wkdw glylghqgv fdqqrw eh qhjdwlyh/

zklfk suhyhqwv edqnv iurp lvvxlqj qhz qhw zruwk wr dyrlg edqnuxswf|1 Lq dgglwlrq/ glylghqgv

fdqqrw h{fhhg qhw zruwk/ vr wkdw

f � _| � '|�

Zh dvvxph wkdw lq htxloleulxp/ wkh xsshu frqvwudlqw elqgv rqo| li d edqn kdv ghfoduhg

edqnuxswf|1; Qrwh wkdw wklv qr0qhz0qhw zruwk frqvwudlqw zloo eh flufxpyhqwhg xqohvv wkhuh

lv vrph frvw wr hqwu|1 Zh fdswxuh wklv h�hfw zlwk rxu dvvxpswlrq wkdw wkhuh lv d vlqjoh edqn1

; Zkhq Tplq lv srvlwlyh/ wklv frqglwlrq pxvw eh vxssohphqwhg e| d qr0oltxlgdwlrq frqglwlrq wr suhyhqw wkh
edqn iurp sd|lqj rxw vr pdq| glylghqgv dw wlph w wkdw Tw.4 zrxog dozd|v eh ehorz Tplq1 Zhuh wklv wr
rffxu/ wkh edqn frxog ixqg lwv glylghqg sd|phqwv e| h{sorlwlqj jryhuqphqw edlorxwv1 Lq sudfwlfh/ Tplq lv vr
orz/ dqg wkh ehqh�wv iurp ohyhulqj uhwdlqhg hduqlqjv lqwr ordqv duh vr kljk/ wkdw edqnv zrxog uduho| h{sorlw
wklv rswlrq li lw zhuh dydlodeoh1 Wkh| zrxog eh prvw olnho| wr h{sorlw wkh rswlrq lq wkh uhjlrq T3 ? Tw ? Tplq/
zklfk lv rxwvlgh wkh devruelqj vhw ri qhw zruwk1 Pruhryhu/ wkh wlplqj ri rxu prgho lv vxfk wkdw d edqn zkrvh
qhw zruwk hqwhuv wklv uhjlrq zloo eh edlohg rxw ehiruh lw fdq lvvxh dq| glylghqgv1 Wklv suhyhqwv pdqdjhuv ri
dq xqvrxqg exw vroyhqw edqn iurp �orrwlqj� wkh edqn zlwk glylghqg sd|phqwv1
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Wkh vhfrqg �qdqfh frqvwudlqw lv d fdslwdol}dwlrq uhtxluhphqw1 Wkh udwlr ri ordqv uhodwlyh

wr uhwdlqhg qhw zruwk pxvw qrw h{fhhg dq xsshu erxqg=

f � u| � � � E'| � _|� c � 	 � 	 4�

Lq wkh devhqfh ri vxfk d frqvwudlqw/ d olehudol}hg edqn frxog dwwudfw ghsrvlwv iurp lqwhuqd0

wlrqdo lqyhvwruv wr ixqg dv pdq| ordqv dv lw zlvkhg1 Lq frqwudvw/ d edqn zlwk orz qhw zruwk

wkdw idfhv d ohyhudjh frqvwudlqw zloo kdyh wr exlog xs lwv htxlw| ryhu wlph ehiruh lw fdq ixoo|

ixqg wkh rswlpdo fdslwdo vwrfn1 Qrwh wkdw lq wkh devhqfh ri edlorxwv/ wkhvh �qdqfh frqvwudlqwv

zloo irufh d edqn zlwk qrq0srvlwlyh qhw zruwk wr ghfoduh edqnuxswf| dqg vkxw grzq iruhyhu=

_|n� ' u|n� ' '|n� ' fc;� : f1 Zh dvvxph wkdw lqwhuhvw udwhv duh vxfk wkdw u| lv srvlwlyh

iru '| : f1

Wkh edqn*v jrdo lv pd{lpl}h wkh suhvhqw glvfrxqwhg ydoxh ri lwv glylghqgv1< Lq uhfxuvlyh

irup/ wklv sureohp lv

T E'|c @|� ' 4@ 
f$�|$�c f$_|$'|

_| n
�

� E� n w�
.| ET E'|n�c @|n��m U|� +46,

vxemhfw wr wkh dffxpxodwlrq htxdwlrq +44,1 Dv lv vwdqgdug/ T E'|c @|� lv wkh ydoxh ri wkh edqn/

khuh gh�qhg ryhu qrq0qhjdwlyh qhw zruwk1 U| ghqrwhv wkh edqn*v lqirupdwlrq vhw1 w lv wkh

joredo udwh ri wlph suhihuhqfh iru krxvhkrogv/ dqg � : � lv wkh edqn*v �glvfrxqw suhplxp1�

Lq d ulvnohvv rshq hfrqrp|/ w dovr jlyhv wkh qhw uhwxuq rq erqgv> vhwwlqj � : � hqvxuhv wkdw

wkh edqn grhv qrw dffxpxodwh qhw zruwk lqgh�qlwho|143

< Wklv fdq eh mxvwl�hg li edqn htxlw| lv d vpdoo iudfwlrq ri wkh sruwirolr ri zhoo0glyhuvl�hg djhqwv1
43Jurvv +4<<7, mxvwl�hv wklv dvvxpswlrq e| dsshdolqj wr vxfk zrunv dv Mhqvrq dqg Phfnolqj +4<:9,/ zkhuh
vkduhkroghuv ihdu wkdw �upv zlwk wrr pxfk fdvk zloo vshqg lw rq pdqdjhphqw shutxlvlwhv1 Ploqh dqg Urehuw0
vrq +4<<9, surylgh d vlplodu mxvwl�fdwlrq1
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615 Wkh Edqn*v Frvw ri Ixqgv xqghu Ilqdqfldo Olehudol}dwlrq

Xqghu �qdqfldo olehudol}dwlrq/ wkh edqn lv iuhh wr dwwudfw ghsrvlwv iurp lqwhuqdwlrqdo lqyhvwruv/

dqg grphvwlf lqyhvwruv duh iuhh wr pryh wkhlu ixqgv deurdg1 Wklv phdqv wkdw wkh edqn*v

ghsrvlw udwhv pxvw vdwlvi| dq lqwhuqdwlrqdo duelwudjh frqglwlrq/ zklfk zh qrz ghulyh1

Zh ehjlq e| frqvlghulqj wkh suredelolw| ri edqnuxswf|1 Lw iroorzv iurp htxdwlrq +:,

wkdw o|n� � �,|n��wkh ehvw uhwxuq rq ordqv rffxuv zkhq doo �upv sd| edfn wkhlu ordqv1 Lw

lv vwudljkwiruzdug wr vhh wkdw zkhq �up0ohyho edqnuxswf| lv qrw srvvleoh/ wkh edqn zloo vhw

lwv ordq udwh/ �,|n�/ dw ohdvw dv kljk dv lwv frvw ri ixqgv/ �K|n�1 Wkh pruh lqwhuhvwlqj fdvh/ ri

frxuvh/ rffxuv zkhq �upv fdq ghidxow1 Vxevwlwxwlqj htxdwlrq +;, lqwr htxdwlrq +45,/ dqg

vhwwlqj '4�? ' f/ doorzv xv wr �qg @f|n�/ wkh orzhvw ohyho ri djjuhjdwh surgxfwlylw| wkdw nhhsv

wkh edqn vroyhqw=

Zf
�
@f|n�c @|

�
n Z�

�
@f|n�c @|

�
gk3�

| '
�| � �

�|

�
� n �K|n�

�
� +47,

Qrwh wkdw @f|n� fdq olh ehorz wkh frqglwlrqdo vxssruw ri @|n�/ lq zklfk fdvh wkh edqn lv dozd|v

vroyhqw/ hyhq wkrxjk �up0ohyho edqnuxswf| fdq rffxu1 Wklv rffxuv zkhq ordqv duh vr olplwhg

wkdw ordq lqwhuhvw udwhv duh kljk/ dqg wkh dyhudjh uhwxuq rq fdslwdo lv dozd|v kljk1 Vlqfh Zf

dqg Zf duh vwulfwo| lqfuhdvlqj lq @|n�/ zkhq edqn0ohyho ghidxow lv srvvleoh @f|n� lv lqfuhdvlqj lq

g| dqg �|> wkh edqn lv pruh olnho| wr ghidxow zkhq lw lv kljko| ohyhudjhg dqg2ru wkh djjuhjdwh

fdslwdo vwrfn lv kljk1

Wkh lqwhuhvw udwh rq ghsrvlwv/ �K|n�/ lv vhw e| ulvn0qhxwudo lqyhvwruv wr hqvxuh wkdw wkh

h{shfwhg uhwxuq rq edqn ghsrvlwv/ dffrxqwlqj iru wkh survshfw ri ghidxow/ htxdov wkh zruog

lqwhuhvw udwh w1 Dvvxplqj wkdw lqyhvwruv kdyh ixoo lqirupdwlrq derxw wkh edqn*v ulvnlqhvv/ lw
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iroorzv wkdw
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zkhuh wkh vhfrqg whup lv wkh dyhudjh uhwxuq rq ghsrvlwv144 Lpsrvlqj wkh gh�qlwlrq ri @f|n�/

lw iroorzv wkdw wkh jurvv lqwhuhvw udwh rq ghsrvlwv pxvw vdwlvi|
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Frpsdudwlyh vwdwlfv fdofxodwlrqv wkhq vkrz wkdw wkh htxloleulxp ghsrvlw udwh lv lqfuhdvlqj

lq ohyhudjh dqg fdslwdo/ dv wkh ghsrvlwruv* uhwxuqv iurp dq lqvroyhqw edqn duh ghfuhdvlqj lq

wkhvh yduldeohv145

616 Wkh Edqn*v Rswlpl}dwlrq Sureohp xqghu Ilqdqfldo Olehudo0
l}dwlrq

Dv d pdwwhu ri qrwdwlrq/ gh�qh @4�?
|n� dv=

Zf
�
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�
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zkhuh/ lq frqwudvw wr wkh gh�qlwlrq ri @f|n� lq htxdwlrq +47,/ zh kdyh qrw uhvwulfwhg '4�? wr

htxdo }hur1

Xqghu �qdqfldo olehudol}dwlrq/ wkh edqn lv iuhh wr vhw erwk ghsrvlw dqg ordq udwhv/ zlwk

wkh ghsrvlw udwhv vdwlvi|lqj dq lqwhuqdwlrqdo duelwudjh frqglwlrq dqg wkh ordq udwhv vhw wr

44Lw iroorzv iurp htxdwlrq +<, wkdw wkh wkh dyhudjh +jurvv, uhwxuq rq ghsrvlwv lv jlyhq e|
Ow +4 . uw.4, @ ^Ow � +Tw � gw,`1 Qrwh wkdw wklv h{suhvvlrq uh hfwv wkh dvvxpswlrq/ glvfxvvhg deryh/ wkdw
wkhuh lv qr ghsrvlw lqvxudqfh1
45Lq shuiruplqj wkhvh fdofxodwlrqv/ lw lv xvhixo wr qrwh wkdw lw iroorzv iurp htxdwlrq +47, wkdw vpdoo fkdqjhv
lq d3w.4 gr qrw d�hfw wkh ghsrvlwru*v h{shfwhg uhwxuqv1
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pd{lpl}h sur�wv1 Uhfdoo wkdw doo fdslwdo lv edqn0�qdqfhg/ vr wkdw g| ' u|1 Wkh edqn*v

sureohp xqghu �qdqfldo olehudol}dwlrq lv wkxv jlyhq e| wkh ydoxh ixqfwlrq vshfl�hg lq htxdwlrq

+46,/ vxemhfw wr wkh ordq ghpdqg fxuyh dv h{suhvvhg lq htxdwlrq +;, dqg wkh ghsrvlw udwh

frqglwlrq jlyhq e| htxdwlrq +49,1 Wkh �uvw rughu frqglwlrqv duh ghulyhg lq Dsshqgl{ D/

zklfk vkrzv wkdw wkh pdujlqdo ydoxh ri qhw zruwk lv

YT|

Y'|
'

�
�|

'| � _|
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x| � �h
�
@|n� : @4�?

|n�

�� @|�
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zkhuh/ lq dq dexvh ri qrwdwlrq/ YT|

Y�|
ghqrwhv wkh ydoxh ri uhod{lqj wkh ohyhudjh frqvwudlqw1 Lq

sduwlfxodu/ YT|

Y�|
zloo eh srvlwlyh rqo| zkhq wkh frqvwudlqw elqgv1 Wkh orzhu erxqg ri xqlw| rq

wkh pdujlqdo ydoxh ri htxlw| uh hfwv wkh edqn*v delolw| wr sd| glylghqgv> dq dgglwlrqdo xqlw

ri qhw zruwk zloo dw d plqlpxp jhqhudwh wkh edqn*v rzqhuv dq dgglwlrqdo xqlw ri glylghqg

lqfrph1 Frqwlqxlqj/ wkh �uvw rughu frqglwlrq iru glylghqgv fdq eh h{suhvvhg dv

��
�

�|

'| � _|

�
YT|

Y�|

� �

�
x|.

�
YT|n�

Y'|n�

���� @|n� : @4�?
|n�c U|

�
� fc +4;,

zlwk wkh edqn sd|lqj glylghqgv rqo| zkhq wkh frqglwlrq krogv dw htxdolw|1 Wkh glylghqg

uxoh jlyhq e| htxdwlrq +4;, fdq eh lqwhusuhwhg dv d frpsdulvrq ehwzhhq wkh h{whuqdo ydoxh

ri qhw zruwk/ jlyhq e| 4/ dqg lwv lqwhuqdo ydoxh wr wkh edqn dv uhwdlqhg hduqlqjv/ YT|

Y'|
/ jlyhq

e| wkh wzr qhjdwlyh whupv1 Wkh ydoxh ri uhwdlqhg hduqlqjv kdv wzr frpsrqhqwv1 Wkh �uvw lv

lwv h�hfw rq wkh edqn*v ordqv1 Uhwdlqlqj hduqlqjv doorzv wkh edqn wr ixqg pruh ordqv> wkh

udwlr �|* E'| � _|� uh hfwv wkh uhodwlyh vwuhqjwkv ri uhwdlqhg hduqlqjv dqg ohyhudjh dv ixqglqj

phfkdqlvpv1 Wkh vhfrqg h�hfw ri uhwdlqlqj hduqlqjv lv wkdw wkh edqn kdv pruh qhw zruwk lq
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wkh ixwxuh�wklv lv fdswxuhg e| wkh frqglwlrqdo h{shfwdwlrq1

Lw iroorzv iurp htxdwlrq +4:, wkdw wkh vhfrqg qhjdwlyh whup lq htxdwlrq +4;, lv erxqghg

deryh e| ��*�1 Uhfdoo wkdw � : �1 Wkhq zkhq � lv forvh wr �/ dv zh qrupdoo| h{shfw

lw wr eh/ htxdwlrq +4;, lpsolhv wkdw wkh edqn sd|v qr glylghqgv zkhq ohyhudjh frqvwudlqw lv

�vwurqjo|� elqglqj1 Wklv ohdgv wr wkh iroorzlqj sursrvlwlrq1

Sursrvlwlrq 4 Zkhq wkh edqn*v lqfhqwlyhv wr wdnh rq ohyhudjh duh kljk/ vr duh lwv lqfhqwlyhv
wr uhwdlq hduqlqjv1

Qrwh wkdw wkh edqn pljkw uhwdlq doo ri lwv hduqlqjv hyhq li wkh ohyhudjh frqvwudlqw lv qrw

fxuuhqwo| elqglqj1 Lq sduwlfxodu/ li wkh ohyhudjh frqvwudlqw elqgv lq hqrxjk ihdvleoh ixwxuh

vwdwhv/ wkh lqwhuqdo ydoxh ri uhwdlqhg hduqlqjv zloo eh vx!flhqwo| kljk wr uxoh rxw fxuuhqw

glylghqgv1 Wklv fdq eh vhhq e| vroylqj htxdwlrq +4:, iruzdug wr jhw
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Lq vkruw/ wkh srvvlelolw| ri ixwxuh �qdqfldo frqvwudlqwv d�hfwv wkh edqn*v fxuuhqw ehkdylru/

d uhvxow srlqwhg rxw e| ]hoghv +4<;<, dqg pdq| rwkhuv1 Rq wkh rwkhu kdqg/ htxdwlrq +4;,

vkrzv wkdw=

Sursrvlwlrq 5 Wkh edqn zloo dozd|v eh ohyhudjh0frqvwudlqhg hlwkhu dw suhvhqw ru lq vrph
vroyhqw ixwxuh vwdwh1

Wklv uhvxow iroorzv iurp � : �1 Lq sduwlfxodu/ li wkh ohyhudjh frqvwudlqw lv qrw fxuuhqwo|

elqglqj/ htxdwlrq +4;, fdq krog rqo| li YT|n�

Y'|n�
h{fhhgv 4 lq vrph ixwxuh vwdwh1

Wkh h{dfw ehkdylru ri YT|

Y�|
/ dqg wkxv wkh h{dfw vkdsh ri wkh ydoxh ixqfwlrq/ lv kdughu wr

lghqwli|1 Zh vkrz lq Dsshqgl{ E wkdw
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Sursrvlwlrq 6 Dvvxph wkdw qhw zruwk olhv lq wkh devruelqj vhw
�
'4�?c '4@ 

�
1 Dvvxph ixu0

wkhu wkdw xqghu rswlpdo ehkdylru/ �upv duh dozd|v vrxqg/ vr wkdw

K E'c @� � 8
�
@4�?
|n� m @| ' @('| ' '

�
' fc ;' 5 �

'4�?c '4@ 
�
c @ 5 �c

Wkhq wkh ydoxh ixqfwlrq T E'|c @|� G
�
'4�?c '4@ 

��� $ ?n lv frqfdyh lq '|1

H{whqglqj wklv sursrvlwlrq wr wkh fdvh zkhuh ghidxow lv srvvleoh lv qrw vwudljkwiruzdug1

Frroh| dqg Txdgulql +5333, vkrz lq d vlplodu iudphzrun/ krzhyhu/ wkdw zkhq ghidxow lv

vx!flhqwo| xqolnho|/ Sursrvlwlrq 6 vwloo krogv1 Zkhq wklv lv wkh fdvh/ edqnv zlwk kljk qhw

zruwk zloo lq jhqhudo eh pruh ulvn dyhuvh1 Exloglqj rq wkh glvfxvvlrq lq Ploqh dqg Urehuwvrq

+4<<9,/ Iljxuh 4 surylghv vrph lqwxlwlrq1 Wkh khdy| olqh lq Iljxuh 4 lv wkh edqn*v ydoxh

ixqfwlrq/ T E'�1 Zkloh wkh ixqfwlrq lv frqfdyh ryhu srvlwlyh ydoxhv ri qhw zruwk/ wkh zd| lq

zklfk edqnuxswf| erxqgv wkh edqn*v ydoxh dw }hur pdnhv wkh ydoxh ixqfwlrq frqyh{ ryhudoo146

Wkh edqn*v dwwlwxghv wrzdug ulvn wkxv ghshqg rq wkh uhodwlyh suredelolw| ri edqnuxswf|1

Wr vhh wklv srlqw pruh fohduo|/ frqvlghu wkh htxlw| ydoxh 'f1 Vxssrvh wkdw wkh edqn

kdv wkh fkrlfh ehwzhhq 'f dqg d orwwhu| ryhu d udqjh ri qhw zruwk fhqwhuhg durxqg 'f/

zklfk lq Iljxuh 4 lv eudfnhwhg e| �}��~�1 Dvvxplqj wkdw qhw zruwk rxwfrphv duh xqlirupo|

glvwulexwhg ryhu wklv udqjh/ lw wxuqv rxw wkdw edqnuxswf| lv frpprq hqrxjk wr pdnh wkh

edqn suhihu wkh orwwhu|1 Lq sduwlfxodu/ wkh h{shfwdwlrq ri wkh ydoxh ixqfwlrq ryhu wkh orwwhu|/

zklfk fdq eh dssur{lpdwhg e| .Tf/ h{fhhgv wkh ydoxh ri wkh fhuwdlq rxwfrph Tf ' T E'f�1

Qrz wxuq wr wkh vhfrqg/ kljkhu htxlw| ydoxh '�/ dqg vxssrvh wkdw wkh edqn lv suhvhqwhg zlwk

d orwwhu| fhqwhuhg durxqg '�1 Lq wklv fdvh/ edqnuxswf| lv vx!flhqwo| xqolnho| wr pdnh wkh

edqn suhihu wkh fhuwdlq rxwfrph wr wkh orwwhu|1 Lq sduwlfxodu/ wkh h{shfwdwlrq ri wkh ydoxh
46Whfkqlfdoo|/ zh lpsrvh wkh edqnuxswf| wkuhvkrog lq wkh odz ri prwlrq iru qhw zruwk/ vr wkdw wkh ydoxh
ixqfwlrq lv gh�qhg rqo| iru Tw � 31
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ixqfwlrq ryhu wkh orwwhu|/ zklfk fdq eh dssur{lpdwhg e| .T�/ lv ohvv wkh ydoxh ri wkh fhuwdlq

rxwfrph T� ' T E'��1

Wkh h�hfwv ri jryhuqphqw edlorxwv duh looxvwudwhg lq Iljxuh 4 e| wkh �edlorxw olplw� olqh1

Qrwh wkdw hyhq wkrxjk wkh htxlw| wkuhvkrog dvvrfldwhg zlwk edlorxwv lv yhu| forvh wr }hur/

+o|lqj ehwzhhq f dqg 'f,/ wkh orzhu erxqg rq wkh ydoxh ixqfwlrq lv idluo| odujh/ uh hfwlqj wkh

kljk uhwxuqv dvvrfldwhg zlwk d vpdoo fdslwdo vwrfn1 Uhshdwlqj wkh dqdo|vlv ri wkh suhylrxv

sdudjudsk vkrzv wkdw jryhuqphqw edlorxwv pdnh wkh orwwhu| pxfk pruh dwwudfwlyh wkdq xqghu

edqnuxswf|1 Wkh srvvlelolw| ri ghidxow lv pxfk ohvv dsshdolqj xqghu edqnuxswf| wkdq zlwk

edlorxwv/ ehfdxvh edqnuxswf| whuplqdwhv wkh edqn*v prqrsro| iudqfklvh1

Rqh xquhdolvwlf ihdwxuh ri Iljxuh 4 lv wkdw wkh wzr orwwhulhv gl�hu rqo| lq wkhlu frqglwlrqdo

phdqv1 Lq wkh ixoo prgho/ krzhyhu/ wkh frqglwlrqdo phdq dqg wkh frqglwlrqdo yduldqfh ri

ixwxuh qhw zruwk duh frpsolfdwhg qrq0olqhdu ixqfwlrqv ri fxuuhqw qhw zruwk dqg surgxfwlylw|1

D edqn zlwk kljk qhw zruwk zloo qrw idfh wkh vdph ohyhudjh0ulvn wudgh0r� dv d edqn zlwk

orz qhw zruwk1 Zh zloo uhwxuq wr wklv lvvxh lq vrph ghwdlo lq vhfwlrq 7/ zkhq zh frqvlghu wkh

wudqvlwlrq sdwk iru d qhzo| olehudol}hg hfrqrp|1

617 Wkh Edqn*v Rswlpl}dwlrq Sureohp xqghu Uhsuhvvlrq

Wkh �qdqfldoo| uhsuhvvhg edqnlqj v|vwhp gl�huv iurp wkh olehudol}hg v|vwhp lq wzr zd|v1

Iluvw/ wkh jryhuqphqw �{hv wkh lqwhuhvw udwh wkh edqn lv doorzhg wr sd| rq ghsrvlwv dqg wkh

udwh lw lv doorzhg wr fkdujh iru ordqv1 Ghyhorsphqw hfrqrplvwv +iru h{dpsoh/ Vkdz/ 4<:6,

kdyh wudglwlrqdoo| dgyrfdwhg vxfk srolflhv dv d zd| ri hqfrxudjlqj lqyhvwphqw1 Zh dvvxph

4<
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vshfl�fdoo| wkdw wkh ordq udwh lv shjjhg dw=

�, ' �K n 1c

zkhuh wlph vxevfulswv duh rplwwhg ehfdxvh udwhv duh frqvwdqw1 Wkh ghsrvlw dqg ordq udwhv

dovr vdwlvi|=

� n �K n 1 	 � E� n w� 	 � n �K n �1� +4<,

Vhfrqg/ wkh jryhuqphqw surklelwv fdslwdo rxw rzv/ vr wkdw uhvlghqwv fdqqrw sxufkdvh

iruhljq dvvhwv zlwk kljkhu uhwxuqv1 Wkhvh uhvwulfwlrqv vkxw grzq wkh fdslwdo dffrxqw ri

wkh edodqfh ri sd|phqwv1 Zlwk grphvwlf lqwhuhvw udwhv ehorz wkh udwh ri wlph suhihuhqfh/

iruhljq djhqwv gr qrw sxufkdvh grphvwlf dvvhwv/ dqg grphvwlf djhqwv duh surklelwhg iurp

sxufkdvlqj iruhljq dvvhwv1 Vlqfh wkh edqn fdqqrw dwwudfw iruhljq ghsrvlwv zlwk wkh uhsuhvvhg

lqwhuhvw udwhv/ lwv rqo| vrxufhv ri ixqgv duh lwv uhwdlqhg hduqlqjv dqg wkh ghsrvlwv grphvwlf

krxvhkrogv krog/ vr wkdw ordqv duh jlyhq e|=

u| ' '| � _| n�|� +53,

Wkh edqn fdq fkrrvh wr dffhsw doo ghsrvlwv wkh krxvhkrogv zdqw wr pdnh dw wkh uhvwulfwhg

ghsrvlw udwh/ �|

�
�K
�
/ exw zlwkrxw fkdqjlqj lqwhuhvw udwhv/ lw fdqqrw lqfuhdvh ghsrvlwv eh|rqg

wklv dprxqw147 Wklv lqwurgxfhv dq dgglwlrqdo frqvwudlqw=

�| � � n
�|

�
�K
�

'| � _|
� +54,

47Lq wkh lqwhuhvw ri euhylw| dqg fodulw| zh kdyh rplwwhg d irupdo glvfxvvlrq ri wkh frqvxphu*v sureohp1 Wkh
hvvhqwldo sduw ri rxu dujxphqw/ krzhyhu/ lv vlpso| wkdw wkh edqn fdqqrw dwwudfw pruh ghsrvlwv e| udlvlqj
lqwhuhvw udwhv1 D irupdo wuhdwphqw ri wkh frqvxphu*v sureohp xqghu �qdqfldo olehudol}dwlrq lv hyhq pruh
vxshu xrxv/ dv surgxfwlrq uhtxluhv qr oderu dqg wkh edqn kdv dffhvv wr lqwhuqdwlrqdo fdslwdo pdunhwv1
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Zh wxuq qrz wr ghvfulelqj d shuihfw iruhvljkw vwhdg| vwdwh/ zlwk rxu uhvxowv dovr dsso|lqj

wr vwrfkdvwlf  xfwxdwlrqv ru judgxdo jurzwk durxqg wklv vwhdg| vwdwh/ e| wkh frqwlqxlw| ri

wkh ydoxh ixqfwlrq148 Dq lpsruwdqw pdlqwdlqhg dvvxpswlrq lv wkdw wkh fdslwdo vwrfn lv vr

orz wkdw �upv qhyhu jr edqnuxsw149 Zh dovr dvvxph wkdw ordq lqwhuhvw udwhv duh vr orz wkdw

�upv dffhsw dq| ordqv wkdw wkh edqn lv zloolqj wr pdnh1

Wkh edqn*v sureohp xqghu �qdqfldo uhsuhvvlrq lv jlyhq e| wkh ydoxh ixqfwlrq vshfl�hg lq

htxdwlrq +46,/ vxemhfw wr wkh frqvwudlqw rq ghsrvlwv jlyhq deryh e| htxdwlrq +54,1 Zkhq wkh

ghsrvlw frqvwudlqw lv qrw elqglqj/ wkh �uvw rughu frqglwlrq zlwk uhvshfw wr ohyhudjh lv jlyhq

e|

YT|

Y�|

'
'| � _|
� E� n w�

YT|n�

Y'|n�
1 : fc

vr wkdw wkh edqn dozd|v fkrrvhv pd{lpxp ohyhudjh +�| ' 7�, zkhq wkh ghsrvlw frqvwudlqw lv

qrw elqglqj1

Ohw _W| ghqrwh wkh odujhvw glylghqg wkdw wkh edqn fdq lvvxh dqg vwloo vxssruw wkh ghsrvlw

ohyho �|

�
�K
�
=

_W| ' '| �
�|

�
�K
�

� � �
� +55,

Zkhq glylghqgv duh ehorz wklv dprxqw/ _| 	 _W| / wkh ghsrvlw frqvwudlqw jlyhq e| htxdwlrq

+54, elqgv dqg wkh ghulydwlyh zlwk uhvshfw wr glylghqgv lv

YT|

_|
' ��

�
� n �K n 1

� E� n w�

�
YT|n�

Y'|n�
� +56,

48Zh duh lpsolflwo| dvvxplqj wkdw wkh edqn ylhzv �qdqfldo olehudol}dwlrq dv uhodwlyho| xqolnho|> zkhq �qdqfldo
olehudol}dwlrq lv lpplqhqw/ wkh edqn lv pruh zloolqj wr uhwdlq lwv hduqlqjv1
49Zkhq wkh fdslwdo vwrfn lv vr orz wkdw �upv qhyhu ghidxow/ wkh edqn idfhv qr ghidxow ulvn/ hyhq li djjuhjdwh
surgxfwlylw| lv vwrfkdvwlf1 Wkhq hyhq li ghsrvlwv dqg fdslwdo duh qrw frqvwdqw/ wkh uhvxowv zh ghulyh ehorz zloo
krog dv orqj dv wkh edqn kdv hqrxjk qhw zruwk wr vxssruw wkh ghsrvlw ohyho Ew

�
le
�
/ l1h1/

�
# � 4

�
Tw A Ew

�
le
�
/

lq hyhu| vwdwh1
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Exw zkhq _| : _W| / vr wkdw wkh ghsrvlw frqvwudlqw qr orqjhu elqgv/ lw zloo eh wkh fdvh wkdw

�| ' 7� dqg wkh ghulydwlyh zlwk uhvshfw wr glylghqgv lv

YT|

_|
' ��

�
� n �K n �1

� E� n w�

�
YT|n�

Y'|n�
� +57,

Lw lv srvvleoh iru '|�_W| wr wdnh rq d ydoxh vxfk wkdw wkh ghulydwlyh jlyhq e| htxdwlrq +56,

lv srvlwlyh/ zkloh wkh ghulydwlyh jlyhq e| htxdwlrq +57, lv qhjdwlyh14: Zkhq wklv kdsshqv/

wkh edqn uhwdlqv mxvw hqrxjk hduqlqjv wr vxssruw �|

�
�K
�
1 Li wkh edqn lqfuhdvhv lwv glylghqgv

eh|rqg _W| / lw zloo kdyh wr vkhg ghsrvlwv +dqg wkxv lqfrph, dw wkh udwh ri ohyhudjh/ exw li lw

uhgxfhv glylghqgv/ lwv ixwxuh lqfrph jurzv dw dq xqohyhudjhg udwh/ dv ghsrvlwv duh dw wkhlu

pd{lpxp1

Sursrvlwlrq 7 Lq d vwhdg| vwdwh xqghu �qdqfldo uhsuhvvlrq/ wkh edqn*v glylghqgv zloo vdwlvi|
htxdwlrq +55,1

Wr suryh wkdw wklv fkdudfwhul}hv htxloleulxp/ qrwh wkdw lq d vwhdg| vwdwh 'rr pxvw eh �qlwh/

vr wkdw wkh edqn lvvxhv glylghqgv hyhu| shulrg1 Lw iroorzv wkdw wkh uljkw kdqg ghulydwlyh/

YT n
|n�*Y'|n�/ pxvw htxdo 4 dv dq| qhw zruwk lq h{fhvv ri 'rr jhwv sdlg rxw dv glylghqgv14;

Wkh ohiw0kdqg ghulydwlyh/ YT 3
|n�*Y'|n�/ lv dw ohdvw wklv odujh1 Wkhq lq d qr0ghidxow vwhdg|

vwdwh/ wkh edqn zloo qrw lvvxh glylghqgv lq h{fhvv ri _W| dv orqj dv

� n �K n �1

� E� n w�
: �c

dqg lw zloo qrw lvvxh ihzhu wkdq _W| glylghqgv dv orqj dv

� n �K n 1

� E� n w�
	 ��

4:Qrwh wkdw dw wklv fruqhu/ wkh ghulydwlyh CYw.4

CTw.4
lv qrw zhoo0gh�qhg1 Lqvwhdg/ zh xvh wkh uljkw0kdqg ghulydwlyh

ri Y lq htxdwlrq +56, dqg wkh ohiw0kdqg ghulydwlyh lq wkh ixoo0ohyhudjh fdvh1
4;Dv orqj dv Tw.4 h{fhhgv Ew.4

�
le
�
@
�
# � 4

�
/ wklv zloo eh wkh fdvh lq dq h{sdqglqj dqg2ru  xfwxdwlqj

hfrqrp| dv zhoo1
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Exw wkhvh wzr frqglwlrqv duh jlyhq e| htxdwlrq +4<,1

Uhfdoo wkdw zkhq htxdwlrq +55, krogv/ wkh edqn lv ixoo| ohyhuhg1 Lw lpphgldwho| iroorzv

wkdw wkh edqn*v srvw0glylghqg qhw zruwk lv

'| � _| '
g|

7�
� +58,

Vlqfh fdslwdo lv xvxdoo| orz lq hphujlqj hfrqrplhv/ dqg wkh ohyhudjh wkuhvkrog 7� lv xvxdoo|

kljk/ edqnv lq wkhvh hfrqrplhv zloo xvxdoo| kdyh yhu| olwwoh qhw zruwk1 Lq vkruw/ wkh prgho

lpsolhv d edqnlqj v|vwhp zlwk orz qhw zruwk/ kljk sur�wdelolw|/ dqg d orz lqflghqfh ri

edqnuxswf|/ doo frqvlvwhqw zlwk vw|ol}hg idfwv lq uhsuhvvhg hfrqrplhv14<

7 Wkh Wudqvlwlrq iurp Ilqdqfldo Uhsuhvvlrq wr Ilqdq0
fldo Olehudol}dwlrq

Kdylqj dqdo|}hg wkh edqn*v ehkdylru xqghu erwk uhjlphv/ zh wxuq wr ghvfulelqj krz lw

ehkdyhv dv lw pryhv iurp �qdqfldo uhsuhvvlrq wr �qdqfldo olehudol}dwlrq1 Zlwk olehudol}dwlrq/

lqwhuhvw udwh fhlolqjv duh uhpryhg dqg fdslwdo rxw rzv duh doorzhg1 Gxh wr lqirupdwlrqdo

dgydqwdjhv/ krzhyhu/ �upv vwloo wxuq wr wkh edqn iru �qdqflqj wkhlu fdslwdo vwrfn/ dqg wkh

edqn uhwdlqv lwv prqrsro| lq wkh ordq pdunhw1 Lq wkh iroorzlqj vhfwlrqv zh suhvhqw �uvw

dq dqdo|wlfdo ryhuylhz/ dqg wkhq vrph qxphulfdo h{huflvhv/ wkdw fkdudfwhul}h edqn ehkdylru

diwhu olehudol}dwlrq1
4<Rxu uhvxowv vkrxog krog iru d ydulhw| ri lqvwlwxwlrqdo vshfl�fdwlrqv1 Iru h{dpsoh/ �qdqfldo uhsuhvvlrq lq
Nruhd wrrn wkh irup ri shjjlqj ghsrvlw udwhv dqg ohwwlqj edqnv vhw ordq udwhv/ riwhq dw kljk ohyhov1 Lq wklv
fdvh/ wkh kljk uhwxuqv jhqhudwhg e| d vpdoo fdslwdo vwrfn zrxog fuhdwh lqfhqwlyhv iru ixoo ohyhudjh1 Htxdwlrqv
+55, dqg +58, vkrxog vwloo krog/ dqg Nruhd*v lqlwldo frqglwlrqv dw wkh dgyhqw ri olehudol}dwlrq vkrxog kdyh ehhq
vlplodu wr wkrvh ghvfulehg deryh1
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714 Dqdo|wlfdo Ryhuylhz

Frqvlghu d edqn lq dq hphujlqj pdunhw wkdw kdv mxvw ehhq uhohdvhg iurp �qdqfldo uhsuhvvlrq1

Lq wkh suhfhglqj vhfwlrq/ zh frqfoxghg wkdw xqghu uhsuhvvlrq erwk wkh edqn*v qhw zruwk

dqg wkh djjuhjdwh fdslwdo vwrfn duh orz1 Lw iroorzv wkdw xsrq olehudol}dwlrq/ wkh edqn zloo

suredeo| eh ixoo| ohyhuhg/ ehfdxvh wkh pdujlqdo surgxfw ri fdslwdo�dqg wkxv wkh ordq lqwhuhvw

udwh�zloo eh kljk1 E| ixoo| ohyhulqj/ wkh edqn kdv fkrvhq wkh prvw ulvn| ohjdo rxwfrph1 Wkh

kljk uhwxuqv wr ohqglqj wkdw ohdg wkh edqn wr ixoo| ohyhu/ krzhyhu/ dovr pdnh ghidxow xqolnho|1

Hyhq zkhq edg surgxfwlylw| vkrfnv rffxu/ wkh pdujlqdo surgxfw ri fdslwdo lv vx!flhqwo| kljk

wr nhhs wkh edqn vrxqg1 Pruhryhu/ lw iroorzv iurp Sursrvlwlrq 4 wkdw wkh edqn uhwdlqv doo ri

lwv hduqlqjv> wkh kljk uhwxuqv wr ohqglqj lpso| wkdw wkh lqwhuqdo ydoxh ri uhwdlqhg hduqlqjv

h{fhhgv wkhlu pdunhw ydoxh1 Zlwk kljk dqg uhodwlyho| vdih uhwxuqv wr ohqglqj/ dqg d srolf| ri

uhwdlqlqj hduqlqjv/ wkh qhzo| olehudol}hg edqn zloo vhh lwv qhw zruwk jurz1

Exw dv qhw zruwk dffxpxodwhv/ wkh fdslwdo vwrfn lqfuhdvhv/ wkh pdujlqdo surgxfw ri fdslwdo

idoov/ dqg ulvn ulvhv1 Lw lv dw wklv srlqw wkdw d edqnlqj fulvlv lv prvw olnho|1 Wkh edqn qrz

idfhv frq lfwlqj lqfhqwlyhv1 Rq wkh rqh kdqg/ e| fxwwlqj r� wkh wdlo ri wkh edqn*v uhwxuq

glvwulexwlrq/ edqnuxswf| dqg edlorxwv hqfrxudjh ulvn0wdnlqj ehkdylru1 Rq wkh rwkhu kdqg/

�qdqfldo orvvhv ghsuhvv li qrw hqg wkh edqn*v vwuhdp ri prqrsro| uhqwv/ dqg wkxv hqfrxudjh

ulvn0dyhuvh ehkdylru1 Zkloh lw lv qrw fohdu d sulrul zklfk h�hfw grplqdwhv/ wkh dqdo|vlv ri

wkh suhylrxv vhfwlrq vkrzv wkdw dv wkh edqn dffxpxodwhv pruh htxlw|/ lw zloo ehfrph pruh

ulvn0dyhuvh1 Dw vrph ohyho ri qhw zruwk/ wkh edqn ehjlqv sd|lqj glylghqgv�d edqn wkdw

grhv qrw uhdfk d glylghqg0sd|lqj vwdwh zlwk srvlwlyh suredelolw| kdv qr ydoxh1 Li wkh ydoxh
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ixqfwlrq lv frqfdyh/ dv Sursrvlwlrq 6 vxjjhvwv lw zloo eh/ wklv glylghqg wkuhvkrog fkdudfwhul}hv

wkh edqn*v ehkdylru iru kljkhu dprxqwv ri qhw zruwk dv zhoo1 +Wr vhh wklv/ frqvlghu wkh edqn*v

�uvw0rughu frqglwlrqv zkhq wkh ydoxh ixqfwlrq lv frqfdyh1, Lq sduwlfxodu/ li qhw zruwk h{fhhgv

wkh glylghqg wkuhvkrog/ wkh edqn zloo sd| rxw glylghqgv xqwlo srvw0glylghqg qhw zruwk htxdov

wkh wkuhvkrog ydoxh/ dqg lw zloo wkhq dgrsw wkh vdph ohyhudjh udwlr dv dw wkh wkuhvkrog1

715 Qxphulfdo Phwkrgrorj|

Zh qrz wxuq wr looxvwudwlqj wkh srvw0uhsuhvvlrq vhtxhqfh ri hyhqwv zlwk vrph qxphulfdo

h{huflvh1 Jlyhq wkh vw|ol}hg qdwxuh ri rxu prgho/ zh zloo nhhs wkh ghvfulswlrq ri rxu qxphulfdo

phwkrgrorj| eulhi/ zlwk wkh ghwdlov uhohjdwhg wr Dsshqgl{ F1

Wr vshfldol}h wkh prgho zh dvvxph wkdw dw wlph |/ d �up*v surgxfwlylw|/ %�|/ fdq wdnh rq

wkh kljk ydoxh @M zlwk iuhtxhqf| 4|/ ru wkh orz ydoxh @u zlwk iuhtxhqf| ��4|1 Ohw @| ghqrwh

djjuhjdwh surgxfwlylw|=

@| ' . E%�|m 4|� ' 4|@M n E�� 4|� @u�

Zh dvvxph wkdw wkh Pdunry surfhvv iru wkh suredelolw| sdudphwhu 4| lv vxfk wkdw djjuhjdwh

surgxfwlylw| iroorzv

@| ' E�� #� @|3� n #>@ n �|c

zkhuh >@ lv wkh xqfrqglwlrqdo h{shfwdwlrq ri djjuhjdwh surgxfwlylw|/ �| lv d xqlirupo|0

gvlwulexwhg l1l1g1 yduldeoh/ dqg # 5 Efc �o1

Iru wkh qxphulfdo h{huflvhv/ zh dovr prgli| wkh surgxfwlrq ixqfwlrq vr wkdw

+�| ' %�| dg| n Vok c
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zlwk wkh vkliw sdudphwhu V � f1 Lw wxuqv rxw wkdw wkh uhwxuqv wr fdslwdo lq d qhzo| olehudol}hg

hfrqrp| duh vr kljk wkdw xqohvv V lv vwulfwo| srvlwlyh/ wkh edqn doprvw lpphgldwho| mxpsv

iurp d srvlwlrq ri plqlpdo htxlw| wr ixoo ixqglqj> zkhq V ' f/ wkh edqn �ohdsiurjv� wkh

uhjlrq ri ulvn1

Wkh prgho lv fdoleudwhg dw dq dqqxdo iuhtxhqf|1 Wdeoh 4 suhvhqwv wkh sdudphwhu ydoxhv/

zklfk duh ghvfulehg lq vrph ghwdlo lq Dsshqgl{ F1 D ihz sdudphwhuv duh zruwk qrwlqj khuh1

Iluvw/ zh kdyh vhw wkh ohyhudjh erxqg/ �/ wr 731 Zkloh wklv lv kljkhu wkdq wkh vwdqgdugv

vhw e| wkh Edvoh Dffrug/ lw lv frqvlvwhqw zlwk wkh qrwlrq wkdw qhzo| olehudol}hg edqnv duh

riwhq uhjxodwhg txlwh oljkwo|1 Vhfrqg/ rxu sdudphwhu fkrlfhv lpso| wkdw wkh surgxfwlylw|

lqqrydwlrq �| kdv d vwdqgdug ghyldwlrq htxdo wr 78 shufhqw ri wkh phdq surgxfwlylw| ydoxh ri

319:/ dqg wkdw wkh dxwrfruuhodwlrq ri wkh surgxfwlylw| surfhvv/ �� #/ lv 55 shufhqw1 Lw wxuqv

rxw wkdw xqohvv wkh frqglwlrqdo yduldqfh ri surgxfwlylw| lv kljk uhodwlyh wr lwv frqglwlrqdo

phdq/ wkh edqn wdnhv rq uhodwlyho| olwwoh edqnuxswf| ulvn1 Wklv odujho| uh hfwv wkh prqrsro|

dvvxpswlrq= ehfdxvh wkh edqn lqwhuqdol}hv wkh zd| lq zklfk lqfuhdvlqj wkh fdslwdo vwrfn erwk

ghfuhdvhv wkh uhwxuqv dqg lqfuhdvhv wkh ulvn ri lwv ordqv/ lw lv idluo| xqzloolqj wr ohqg lwvhoi

lqwr d ulvn| srvlwlrq1

Dsshqgl{ F dovr ghvfulehv krz zh �qg wkh ghflvlrq uxohv lpsolhg e| rxu prgho/ dqg krz

zh xvh wkhp wr jhqhudwh wlph vhulhv1 Iru wkh prvw sduw/ wkh qxphulfdo phwkrgv zh xvh wr

vroyh wkh prgho duh yhu| vlplodu wr wkrvh ghvfulehg lq Mrqhv +5333,1
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716 Qxphulfdo Uhvxowv

Iljxuh 5 vkrzv wkh edqn*v ohyhudjh dqg ghidxow udwhv dv ixqfwlrqv ri qhw zruwk iru d surgxf0

wlylw| ohyho/ @|/ ri 319;7/ wkh phgldq ydoxh lq wkh Pdunry fkdlq zh xvh wr dssur{lpdwh @|1

Wkh �uvw sdqho ri Iljxuh 5 vkrzv uhvxowv iru wkh edqnuxswf| fdvh1 Wklv judsk vkrzv wkdw d

edqn zlwk orz qhw zruwk �uvw ohyhuv ixoo|/ vhwwlqj �| wr lwv xsshu erxqg ri 731 Dv qhw zruwk

frqwlqxhv wr lqfuhdvh/ krzhyhu/ wkh edqn uhgxfhv lwv ohyhudjh vkduso|> e| wkh wlph wkh edqn

ehjlqv wr sd| glylghqgv/ wkh ohyhudjh udwlr kdv gursshg wr ohvv wkdq 81 Wkh edqn*v glylghqg

srolf| lv fkdudfwhul}hg e| wkh glylghqg wkuhvkrog> qhw zruwk lq h{fhvv ri wkh glylghqg wkuhvk0

rog lv sdlg rxw dv glylghqgv/ zkloh edqnv zlwk qhw zruwk ehorz wkh wkuhvkrog uhwdlq doo wkhlu

ixqgv1 Wkh edqnuxswf| ulvn dvvrfldwhg zlwk wkhvh srolflhv lv phdvxuhg rq wkh uljkw0kdqg

yhuwlfdo vfdoh1 Wkh judsk vkrzv wkdw edqnuxswf| ulvn lqlwldoo| lqfuhdvhv lq qhw zruwk/ shdn0

lqj dw derxw 3168 shufhqw ehiruh uhwxuqlqj wr }hur1 Zkloh wkh sdwwhuq ri edqnuxswf| ulvn lv

frqvlvwhqw zlwk wkh dqdo|wlfdo glvfxvvlrq/ wkh ohyhov ri ulvn duh txlwh vpdoo/ dqg lq idfw idoo

zlwklq wkh udqjh ri dssur{lpdwlrq huuru153 Wkh suredelolw| ri ghidxow lv vrphzkdw kljkhu

dw orzhu ydoxhv ri @|/ exw hyhq wkhuh lw uhpdlqv txlwh vpdoo> wkh edqn lv vlpso| xqzloolqj wr

jdpeoh zlwk lwv prqrsro| iudqfklvh1

Wkh vhfrqg sdqho ri Iljxuh 5 vkrzv uhvxowv iru wkh jryhuqphqw edlorxw fdvh154 Zkloh wkh

edqn*v ohyhudjh srolf| lv txdolwdwlyho| vlplodu wr wkh rqh vkrzq lq wkh �uvw sdqho/ wkh vhfrqg

sdqho vkrzv wkdw d edqn rshudwlqj lq d uhjlph ri edlorxwv wdnhv rq pruh ohyhudjh1 Wkh

53Lq wkh uhjlrq uhohydqw iru wklv dqdo|vlv/ wkh glvwulexwlrq ri dw kdv ehhq glvfuhwl}hg lqwr xqlwv wkdw hdfk kdyh
d suredelolw| pdvv ri 3=:9(1
54Zh kdyh dovr dqdo|}hg d fdvh zlwk jryhuqphqw edlorxwv dqg ghsrvlw lqvxudqfh/ zkhuh lew.4 @ �/ vxemhfw
rqo| wr wkh uhvwulfwlrq wkdw Hw +uw.4, � �1 Wklv prgl�fdwlrq lqwurgxfhv d elw pruh ulvn0wdnlqj/ exw lv txlwh
vlplodu wr wkh edlorxw fdvh ghvfulehg khuh1
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dgglwlrqdo ohyhudjh ohdgv wr frqvlghudeo| pruh ulvn> prylqj wr jryhuqphqw edlorxwv lqfuhdvhv

wkh ghidxow ulvn urxjko| wzhqw|0irog1 Lw lv zruwk vwuhvvlqj wkdw '4�? lv txlwh vpdoo> ehfdxvh

ri wkh delolw| wr ohyhu/ d wrhkrog*v zruwk ri htxlw| jhqhudwhv d oxfudwlyh vwuhdp ri prqrsro|

uhqwv1

Iljxuh 6 vkrzv wkh dyhudjhv iurp 8/333 g|qdplf vlpxodwlrqv/ djdlq iru wkh edqnuxswf|

dqg edlorxw fdvhv lq wxuq1 Dv lq Iljxuh 5/ edqnv idfh wkh prvw ghidxow ulvn vrph wlph diwhu

olehudol}dwlrq/ qdpho| lq wkh wklug |hdu diwhu olehudol}dwlrq155 Diwhu wklv srlqw/ vxuylylqj

edqnv pryh rq wr d uhjlph ri orz ohyhudjh dqg plqlpdo ulvn1 Iljxuh 6 dovr vkrzv wkdw

ohyhudjh dqg ghidxow duh pxfk kljkhu xqghu d uhjlph ri jryhuqphqw edlorxwv> lq idfw/ edqnv

rshudwlqj xqghu edqnuxswf| surwhfwlrq qhyhu ghidxow1

Wdnhq dv d zkroh/ Iljxuhv 5 dqg 6 frq�up wkh pdlq frqfoxvlrqv ri wkh dqdo|wlfdo vhfwlrq=

+4, zkhq qhw zruwk lv orz/ wkh edqn uhwdlqv doo ri lwv hduqlqjv> +5, edqnuxswf| ulvn �uvw

lqfuhdvhv exw wkhq ghfuhdvhv lq qhw zruwk> +6, wkh edqn ehfrphv pruh ulvn dyhuvh dv lwv qhw

zruwk jurzv�lq wkh h{huflvh dw kdqg/ wkh edqn holplqdwhv lwv edqnuxswf| ulvn ehiruh sd|lqj

glylghqgv> +7, jryhuqphqw edlorxwv jhqhudwh pxfk pruh ghidxow ulvn wkdq vwdqgdug oldelolw|

olplwv1

8 Frqfoxvlrq

Lq wklv sdshu/ zh surylgh d wkhruhwlfdo h{sodqdwlrq ri zk| �qdqfldo olehudol}dwlrq lv olnho| wr

jhqhudwh �qdqfldo fulvhv lq hphujlqj pdunhw hfrqrplhv1 Zh gr wklv e| vwxg|lqj dq hphujlqj

55Dv d pdwwhu ri wlplqj/ qrwh wkdw wkh ghidxow udwh iru d jlyhq shulrg ghshqgv rq wkh ohyhudjh udwh ri wkh
suhfhglqj shulrg1
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hfrqrp| zkhuh doo fdslwdo lv ixqghg e| ordqv iurp d prqrsro| edqn1 Wkh edqn fdq udlvh

ordqdeoh ixqgv wkurxjk uhwdlqhg hduqlqjv ru wkurxjk ghsrvlwv/ dqg lw idfhv frqvwudlqwv rq

lwv glylghqgv dqg rq wkh udwlr ri lwv ghsrvlwv wr qhw zruwk�lwv ohyhudjh1 D nh| sduw ri rxu

dqdo|vlv lv wkdw zh fduhixoo| prgho wkh g|qdplf lqwhudfwlrqv ehwzhhq wkh edqn*v qhw zruwk/

wkh djjuhjdwh fdslwdo vwrfn dqg wkh uhwxuq vwuxfwxuh ri wkh edqn*v ordqv1 Wklv doorzv xv wr

h{sodlq zk| edqnv lq qhzo| olehudol}hg frxqwulhv whqg wr jurz udslgo| dw �uvw dqg wkhq hqwhu

d fulvlv shulrg vrph wlph diwhu olehudol}dwlrq1

Zh ehjlq e| vkrzlqj wkdw xqghu �qdqfldo uhsuhvvlrq wkh fdslwdo vwrfn dqg edqn htxlw|

duh erwk olnho| wr eh orz1 Wklv ohdgv d qhzo| olehudol}hg edqn wr eh kljko| ohyhuhg/ ehfdxvh

wkh pdujlqdo surgxfw ri fdslwdo�dqg wkxv ordq lqwhuhvw udwhv�duh kljk1 Wkh kljk uhwxuqv

rq fdslwdo/ krzhyhu/ dovr pdnh edqnuxswf| xqolnho|/ dqg wkh| hqfrxudjh wkh edqn wr uhwdlq

doo ri lwv hduqlqjv1 Wkh edqn wkxv vhhv lwv qhw zruwk jurz udslgo|1 Dv qhw zruwk dqg fdslwdo

dffxpxodwh/ wkh pdujlqdo surgxfw ri fdslwdo idoov/ dqg d edqnlqj fulvlv ehfrphv pruh olnho|1

Zkloh wkh srvvlelolw| ri edqnuxswf| jhqhudwhv frq lfwlqj lqfhqwlyhv/ li qhw zruwk frqwlqxhv

wr jurz wkh edqn zloo ehfrph lqfuhdvlqjo| fdxwlrxv1 Dowkrxjk wkh ghjuhh ri ulvn0dyhuvlrq

lv qrw fohdu/ rxu qxphulfdo h{huflvhv vxjjhvw wkdw wkh edqn zloo holplqdwh prvw ri lwv ulvn/

e| uhgxflqj lwv ohyhudjh/ ehiruh lvvxlqj glylghqgv1 Wkh qxphulfdo h{huflvhv dovr frq�up

wkdw jryhuqphqw edlorxwv jhqhudwh pruh ulvn0wdnlqj wkdq gr wkh oldelolw| olplwv surylghg e|

edqnuxswf|/ ehfdxvh wkh| doorz xqvrxqg edqnv wr uhwdlq wkhlu prqrsro| iudqfklvh1

Dowkrxjk wkh prgho lv kljko| vw|ol}hg/ vr wkdw wkh qxphulfdo uhvxowv vkrxog qrw eh wdnhq

olwhudoo|/ wkh| gr vxjjhvw wkdw wkh prqrsro| edqn lv jhqhudoo| zloolqj wr wdnh rq yhu| olwwoh
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ulvn/ hyhq lq wkh suhvhqfh ri jryhuqphqw edlorxwv1 D prqrsro| lq wkh ordq pdunhw surylghv d

yhu| oxfudwlyh iudqfklvh1 Jlyhq wkdw olehudol}dwlrq dovr lqfuhdvhv wkh frpshwlwlrq iru �qdqflqj

�up fdslwdo/ zh ylhz rxu uhvxowv dv surylglqj d orzhu erxqg rq edqn ulvn0wdnlqj1 D xvhixo

olqh ri ixwxuh zrun zloo eh wr ixuwkhu vwxg| wkh h�hfwv ri lqwurgxflqj vxfk frpshwlwlrq1
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Dsshqgl{ D

Iluvw Rughu Frqglwlrqv

Ehjlq e| zulwlqj wkh edqn*v sureohp dv

T E'|c @|� ' 4@ 
f$�|$�c f$_|$'|

_| n
�

� E� n w�

]
@|n�:@4�?

|n�

T E'|n�c @|n�� _8 E@|n� m @|�

n
�

� E� n w�

]
@|n�$@4�?

|n�

T
�
'4�?c @|n�

�
_8 E@|n� m @|� c

vxemhfw wr wkh frqvwudlqwv ghvfulehg lq wkh wh{w1

Wkh �uvw rughu frqglwlrq zlwk uhvshfw wr ohyhudjh lv jlyhq e|=

YT|

Y�|

'
�

� E� n w�

]
@|n�:@4�?

|n�

�
YT|n�

Y'|n�
� Y'|n�

Y�|

�
_8 E@|n� m @|� � f�

Lq d voljkw dexvh ri qrwdwlrq/ zh duh xvlqj YT|

Y�|
wr ghqrwh wkh ydoxh ri uhod{lqj wkh ohyhudjh

frqvwudlqw1 Xvlqj wkh hqyhorsh wkhruhp/ wkh pdujlqdo ydoxh ri wkh ydoxh ixqfwlrq zlwk uhvshfw

wr qhw zruwk fdq eh h{suhvvhg dv=56

YT|

Y'|
'

�

� E� n w�

]
@|n�:@4�?

|n�

�
YT|n�

Y'|n�
� Y'|n�

Y'|

�
_8 E@|n� m @|� +59,

Lw iroorzv iurp htxdwlrq +44, wkdw

Y'|n�

Y�|

' E'| � _|�

�
o|n� � �K|n� n E�� �|�

�
Y�K|n�
Y�|

n
Y�K|n�
Yu|

Yu|

Y�|

�
n �|

Yo|n�
Yu|

Yu|

Y�|

�
c

56Qrwh wkdw CYw

Cg�
w

Cg�
w

CTw
@ CYw

C#�
w

C#�
w

CTw
@ 3/ zkhwkhu wkh lqhtxdolw| frqvwudlqwv rq gw dqg #w elqg ru qrw1 Lq wkh uhjlrqv

zkhuh wkh frqvwudlqwv gr qrw elqg/ wkhvh ghulydwlyhv htxdo }hur iurp d yduldqw ri wkh hqyhorsh wkhruhp1 Lq
wkh uhjlrqv zkhuh wkh frqvwudlqwv gr elqg Cg�

w

CTw
@

C#�
w

CTw
@ 31 Ilqdoo|/ lw iroorzv iurp wkh frqwlqxlw| ri g�w dqg

#�
w lq Tw +zklfk lq wxuq iroorzv iurp wkh Wkhruhp ri wkh Pd{lpxp, wkdw wkh erxqgdulhv ri wkhvh wzr uhjlrqv

duh ri }hur phdvxuh1
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Y'|n�

Y'|
' E'| � _|�

%
� n �K|n� n �|

�
o|n� � �K|n�

�
'| � _|

n

�
E�� �|�

�
Y�K|n�
Yu|

Yu|

Y'|

�
n �|

Yo|n�
Yu|

Yu|

Y'|

�&
c

dqg lw iroorzv iurp htxdwlrq +43, wkdw

Yu|

Y'|
'

�|

'| � _|

Yu|

Y�|

�

Frpelqlqj wkh �yh suhfhglqj htxdwlrqv doorzv xv wr uhzulwh htxdwlrq +59, dv

YT|
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�
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+5:,

Wrwdoo| gl�huhqwldwlqj dqg wkhq lpsrvlqj htxdwlrq +49, uhyhdov wkdw
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Y�|

'
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�� � fc

Lqvhuwlqj wklv uhvxow lqwr htxdwlrq +5:, |lhogv

YT|
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'

�|

'| � _|

YT|

Y�|
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|n�

YT|n�

Y'|n�
_8 E@|n� m @|� c

zklfk uhgxfhv wr htxdwlrq +4:, lq wkh pdlq wh{w1

Htxdwlrq +4;, iroorzv lpphgldwho| iurp

Y'|n�

Y_|
' �Y'|n�

Y'|
�
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Dsshqgl{ E

Surri ri Sursrvlwlrq 6

Wr suryh wklv sursrvlwlrq/ xvh htxdwlrq +;, wr uhzulwh wkh odz ri prwlrq iru qhw zruwk dv

'|n� ' � E'|c _|c u|c @|n��

' 4@ 
�
'4�?c E� n o|n��u| �

�
� n �K|n�

�
Eu| � E'| � _|��
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�
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�
u| n Z� E@|n�c @|�u

k
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�
� n �K|n�

�
E'| � _|�

�
�

Zkhq edqnv duh dozd|v vrxqg xqghu rswlpdo ehkdylru/ � E�� : '4�? iru doo srvvleoh ydoxhv

ri @|n�/ dqg �K|n� ' w1 Ohw _W E'� dqg uW E'� ghqrwh wkh edqn*v ghflvlrq uxohv dqg gh�qh

'b ' b'f n E�� b�'�c

_b ' b_W E'f� n E�� b� _W E'�� c

ub ' buW E'f� n E�� b�uW E'�� �

Wkhq lq d qr0ghidxow hqylurqphqw

� E'bc _bc ubc @|n�� � b� E'fc _
W
fc u

W
fc @|n�� n E�� b�� E'�c _

W
�c u

W
�c @|n�� c +5;,

: '4�?c

zkhuh _Wf ' _W E'f� dqg uW
f ' uW E'f�1 Wkh vhfrqg olqh iroorzv iurp � E�� : '4�? dqg frq�upv

wkdw frpelqlqj rswlpdo ghflvlrqv grhv qrw ylrodwh wkh ghidxow wkuhvkrog1

Ehoopdq*v htxdwlrq fdq eh zulwwhq dv

T E'|c @|� ' 4@ 
f$u|$�E'|3_|�c f$_|$'|

_| n
�

� E� n w�
.| iT E� E'|c _|c u|c @|n�� c @|n��j
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Ohw A ghqrwh wkh ixqfwlrqdo rshudwru jlyhq e| wkh uljkw0kdqg0vlgh ri wklv htxdwlrq1 Dv

rxwolqhg lq Oxfdv dqg Vwrnh| +4<;<,/ zh suryh frqfdylw| lq ' e| vkrzlqj wkdw A pdsv

frqfdyh ixqfwlrqv lqwr frqfdyh ixqfwlrqv1 Ohw s E'|c @|� eh frqfdyh dqg lqfuhdvlqj lq '1

+Hyhq zkhq ghidxow lv srvvleoh/ lw lv vwudljkwiruzdug wr vkrz wkdw T h{lvwv dqg lv frqwlqxrxv

dqg lqfuhdvlqj1, Wkhq
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W
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W
�c @|n�� c @|n�� _8 E@|n� m @|�

�
' b EAs� E'fc @|� n E�� b� EAs� E'�c @|� �

Wkh �uvw lqhtxdolw| iroorzv iurp wkh idfw wkdw _b dqg ub duh ihdvleoh exw qrw qhfhvvdulo|

rswlpdo dw 'b1 Wkh vhfrqg lqhtxdolw| krogv ehfdxvh � lv frqfdyh dqg s lv frqfdyh dqg

lqfuhdvlqj lq ' dw hyhu| ydoxh ri @|n�1
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Dsshqgl{ F

Vshfldol}dwlrq/ Fdoleudwlrq dqg Qxphulfdo Phwkrgrorj|

Wr vshfldol}h wkh prgho zh dvvxph wkdw dw wlph |/ d �up*v surgxfwlylw| fdq wdnh rq wkh

kljk ydoxh @M zlwk iuhtxhqf| 4|/ ru wkh orz ydoxh @u zlwk iuhtxhqf| � � 4|/ dqg wkdw wkh

suredelolw| sdudphwhu 4| iroorzv d Pdunry surfhvv1 Lq sduwlfxodu/ zkhq wkh suhylrxv shulrg*v

iuhtxhqf| lv 4|3�/ wkh fxuuhqw iuhtxhqf| zloo frph iurp wkh xqlirup glvwulexwlrq=

4|m 4|3� 9 L
�
4|3� � #

�
4|3� � 4u

�
c 4|3� n #

�
4M � 4|3�

��
�

zlwk f 	 # 	 � dqg f � 4u 	 4M � �1

Ohw @| ghqrwh djjuhjdwh surgxfwlylw|=

@| ' . E%�|m 4|� ' 4|@M n E�� 4|� @uc +5<,

zklfk lv dovr xqlirupo| glvwulexwhg zlwklq Pdunry erxqgv1 Vshfl�fdoo|/ lw iroorzv iurp wkh

Pdunry erxqgv iru 4| +vhh Dsshqgl{ G, wkdw djjuhjdwh surgxfwlylw| iroorzv

@| ' E�� #� @|3� n #>@ n �|c +63,

zlwk wkh xqfrqglwlrqdo h{shfwdwlrq ri djjuhjdwh surgxfwlylw|/ >@/ jlyhq e|

>@ ' @u n
4M n 4u

2
E@M � @u� c

dqg wkh lqqrydwlrq �| iroorzlqj

�|m @|3� 9 L
�
�#

2
E4M � 4u� E@M � @u� c

#

2
E4M � 4u� E@M � @u�

�
�
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Dv ghvfulehg lq wkh pdlq wh{w/ iru wkh qxphulfdo h{huflvhv zh prgli| wkh surgxfwlrq

ixqfwlrq vr wkdw

+�| ' %�| dg| n Vok c

zlwk wkh vkliw sdudphwhu V � f1 Lpsrvlqj wklv prgl�fdwlrq/ wkh �up*v rswlpl}dwlrq sureohp

fdq eh vwdwhg dv=

4@ 
g|

.
�
4@ 

�
@|n� dg| n Vok � �

�,|n� n B
�
g|c 4|n�

�
@M dg| n Vok � �

�,|n� n B
�
g|

���� @|� �
Wkh �uvw eudqfk ri wkh 4@ i�c �j whup zloo eh odujhu zkhq �upv fdq dozd|v uhsd| wkhlu

ordqv/ zkloh wkh vhfrqg eudqfk zloo eh odujhu zkhq orz0surgxfwlylw| +@u/ udwkhu wkdq @M,

�upv ghidxow1 +Qrwh wkdw d �up*v delolw| wr uhsd| ghshqgv rq g| dqg �,|n��erwk ri zklfk duh

nqrzq dw wlph |�udwkhu wkdq @|n�1, Zkhq V : f/ wkh frqglwlrqv wkdw pdnh wkh qr0ghidxow

rswlrq rswlpdo duh gl!fxow wr fkdudfwhul}h157 Lq wkh qxphulfdo h{dpsohv zh suhvhqw ehorz/

krzhyhu/ zh vhw @u ' f/ vr wkdw orz0surgxfwlylw| �upv dozd|v ghidxow1

Qrwh wkdw zkhq wkh �up lv lqvroyhqw/ wkh edqn uhfhlyhv dq dyhudjh uhwxuq ri

@u dg| n Vok � Bg| � lg|

g|
�

Frqwlqxlqj zlwk rxu dvvxpswlrq wkdw orz0surgxfwlylw| �upv dozd|v ghidxow/ lw iroorzv wkdw

wkh dyhudjh uhwxuq wkdw d edqn hduqv rq lwv ordqv wr �upv/ o|n�/ lv jlyhq e|
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�
l� +64,

57Zkhq � @ 3/ wkh rswlpdolw| frqglwlrq lv jlyhq e| htxdwlrq +8,= ^H +dw.4m dw,`
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Hpsor|lqj wklv uhvxow/ Dsshqgl{ G vkrzv wkdw wkh htxloleulxp ghsrvlw udwh pxvw vdwlvi|

�K|n� ' w n
#

2
E4M � 4u�8

�
@f|n� m @|

�2 �|
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��
k@M � @u
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� n

V

g|

��
dg| n Vok3� n l

�
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+65,

Wklv wxuqv rxw wr eh d yhu| vwdeoh dqg wudfwdeoh qxphulfdo uhodwlrqvkls1

Wkh prgho lv fdoleudwhg dw dq dqqxdo iuhtxhqf|1 Wdeoh 4 suhvhqwv wkh sdudphwhu ydoxhv1

Wkh ydoxhv ri k/ B/ dqg w duh idluo| vwdqgdug1 Zh vhw edqnuxswf| frvwv/ l/ dw 58 shufhqw +ri

dvvhwv,/ wkh ydoxh xvhg e| Fduovwurp dqg Ixhuvw +4<<:,1 +Khoopdq/ hw do1/ 5333/ flwh d orvv

udwh ri 83 shufhqw1, Wkhuh lv ohvv jxlgdqfh rq krz wr vhw wkh htxlw| glvfrxqw suhplxp/ �/

dqg zh wkxv vhw lw wr 4134/ wr lqgxfh vrphzkdw fdxwlrxv ehkdylru iurp wkh edqn158 Zh vhw

wkh ohyhudjh erxqg/ �/ wr 73 xqghu wkh dvvxpswlrq wkdw qhzo| olehudol}hg edqnv duh riwhq

uhjxodwhg txlwh oljkwo|1

Wkh surgxfwlylw| sdudphwhuv @u/ @M / 4u dqg 4M duh vhw vr wkdw wkh surgxfwlylw| lqqrydwlrq

�| kdv d vwdqgdug ghyldwlrq htxdo wr 78 shufhqw ri wkh phdq surgxfwlylw| ydoxh ri 319:159

Wkhvh ydoxhv lpso| wkdw � � #/ wkh dxwrfruuhodwlrq ri wkh surgxfwlylw| surfhvv @|/ lv 55

shufhqw1 Dv ghvfulehg lq wkh pdlq wh{w/ xqohvv wkh frqglwlrqdo yduldqfh ri surgxfwlylw| lv

kljk uhodwlyh wr lwv frqglwlrqdo phdq/ wkh edqn wdnhv rq uhodwlyho| olwwoh edqnuxswf| ulvn1

Wkh uhvxowlqj ydoxhv ri 4u dqg 4M lpso| wkdw rq dyhudjh 83 shufhqw ri �upv h{shulhqfh wkh

surgxfwlylw| vkrfn @u dqg ghidxow rq wkhlu ordqv1 Zkloh wklv lv xqgrxewhgo| wrr kljk/ zkdw

pdwwhuv iru rxu dqdo|vlv lv wkh yrodwlolw| ri wkh �up0ohyho ghidxow udwhv/ qrw wkhlu dyhudjh1

Wkhuh lv olwwoh jxlgdqfh rq krz wr vhw wkh surgxfwlrq sdudphwhu V dqg wkh edlorxw wkuhvk0

58Wklv h�hfw lv glvfxvvhg lq pruh ghwdlo lq Mrqhv +5333,1
59Lq sduwlfxodu/ wkh vwdqgdug ghyldwlrq ri wkh lqqrydwlrq xw lv jlyhq e| � +�K � �O, +dK � dO, @

s
451
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rog '4�?1 Wkh ydoxhv xvhg khuh zhuh slfnhg ehfdxvh wkh| zhuh idluo| orz exw vwloo fdsdeoh

ri jhqhudwlqj lqwhuhvwlqj qxphulfdo uhvxowv1 Wkh srvw0uhsuhvvlrq htxlw| hqgrzphqw/ 'f/ zdv

slfnhg lq d vlplodu idvklrq1

Wkh qxphulfdo phwkrgv zh xvh wr vroyh wkh prgho duh yhu| vlplodu wr wkrvh ghvfulehg

lq Mrqhv +5333,1 Lq vroylqj wkh prgho zh dssur{lpdwh wkh frqwlqxrxv glvwulexwlrq iru @|

zlwk d 940vwdwh Pdunry fkdlq +dgdswlqj wkh dssurdfk ghvfulehg lq Wdxfkhq/ 4<;9, zlwk wkh

julgsrlqwv foxvwhuhg lq wkh uhjlrqv zkhuh edqnuxswf| lv prvw olnho|15: Zh dovr dvvxph wkdw

wkh ydoxh ixqfwlrq lv frqfdyh lq qhw zruwk/ vr wkdw wkh edqn*v srolflhv fdq eh ghvfulehg e| d

glylghqg wkuhvkrog1 Wkh ydoxh ixqfwlrqv wkdw zh jhqhudwh duh lq idfw frqfdyh1

Lq dgglwlrq wr �qglqj wkh edqn*v ghflvlrq uxohv/ zh vlpxodwh wlph sdwkv ri wkhvh ghflvlrq

yduldeohv1 Lq hdfk vlpxodwlrq/ wkh edqn lv jlyhq 'f xqlwv ri htxlw| dqg d gudz iurp wkh

+glvfuhwl}hg, lqyduldqw glvwulexwlrq ri @|1 Jlyhq wkh edqn*v qhw zruwk/ '|/ dqg whfkqrorj|/

@|/ wkh srolf| ixqfwlrqv ghvfulehg deryh vshfli| wkh �up*v glylghqgv/ ohyhudjh dqg ghsrvlwv15;

Wkhq dvvxplqj wkh edqn frqwlqxhv wr rshudwh/ qh{w shulrg*v qhw zruwk/ '|n�/ iroorzv

lpphgldwho| iurp htxdwlrq +44, dqg qh{w shulrg*v whfkqrorj|/ @|n�1 Wkh vlpxodwlrq frqwlqxhv

xqwlo '| gursv ehorz wkh wkuhvkrog '4�?/ dqg wkhq wkdw edqn*v klvwru| lv vwruhg1

5:Rq wkh rwkhu kdqg/ zh vroyh iru wkh ghsrvlw udwh lew.4 xvlqj wkh dqdo|wlfdo glvwulexwlrq iru dw.4/ dv htxdwlrq
+65, jhqhudwhv d frqyhujhqw prqrwrqh pdsslqj1
5;Ghflvlrqv iru ydoxhv ri qhw zruwk dqg surgxfwlylw| o|lqj r� wkh �qlwh julg ghvfulehg deryh duh irxqg e|
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