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Edqn Fdslwdo Uhjxodwlrq Zlwk dqg Zlwkrxw
Vwdwh0Frqwlqjhqw Shqdowlhv

Gdylg D1 Pduvkdoo dqg Hgzdug V1 Suhvfrww�

Vhswhpehu 4/ 5333

Devwudfw

D prudo kd}dug prgho zlwk h{rjhqrxv edqn iudqfklvh ydoxh lv xvhg
wr dqdo|}h edqn fdslwdo uhjxodwlrq1 Edqnv fkrrvh wkhlu fdslwdo vwuxf0
wxuh dv zhoo dv wkh ulvnlqhvv dqg phdq ri wkhlu sruwirolr1 Wkh sruwirolr
phdq lv ghwhuplqhg e| wkh ohyho ri frvwo| vfuhhqlqj1 Vfuhhqlqj dqg
sruwirolr ulvn duh sulydwh lqirupdwlrq/ vr wkhuh duh wzr glphqvlrqv wr
wkh prudo kd}dug sureohp1 Ghsrvlw lqvxudqfh jlyhv edqnv dq lqfhqwlyh
wr krog ohvv fdslwdo/ dqg wr fkrrvh d kljkhu0ulvn/ orzhu0phdq sruwirolr1
Wr plwljdwh wkhvh lqfhqwlyhv/ fdslwdo uhtxluhphqwv zlwk dqg zlwkrxw h{
srvw �qhv duh vwxglhg1 Zh �qg dq hqgrjhqrxv uhyhuvh phdq0yduldqfh
wudgh0r� lq edqnv* sruwirolrv1 Suxghqw edqnv fkrrvh kljk0vfuhhqlqj/
orz0ulvn sruwirolrv dqg duh yluwxdoo| vhoi uhjxodwlqj1 Lpsuxghqw edqnv
fkrrvh orz0vfuhhqlqj/ kljk0ulvn sruwirolrv1 Zlwkrxw vwdwh0frqwlqjhqw
shqdowlhv/ rswlpdo fdslwdo uhjxodwlrqv duh riwhq Y0vkdshg lq edqn iudq0
fklvh ydoxh1 Dgglqj vwdwh0frqwlqjhqw uhjxodwlrq fdq/ vljql�fdqwo| orzhu
fdslwdo uhtxluhphqwv1 Rswlpdo vwdwh0frqwlqjhqw uhjxodwlrqv duh fkdu0
dfwhul}hg e| �qhv rq h{wuhph uljkw0kdqg0wdlo uhwxuqv1

�Dxwkruv* d!oldwlrqv= Ihghudo Uhvhuyh Edqn ri Fklfdjr/ Ihghudo Uhvhuyh Edqn ri Ulfk0
prqg/ uhvshfwlyho|1 Wkh ylhzv h{suhvvhg lq wklv sdshu duh wkrvh ri wkh dxwkruv dqg duh qrw
qhfhvvdulo| wkh ylhzv ri wkh Ihghudo Uhvhuyh Edqn ri Fklfdjr/ wkh Ihghudo Uhvhuyh Edqn
ri Ulfkprqg/ ru wkh Ihghudo Uhvhuyh V|vwhp1
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4 Lqwurgxfwlrq
Wklv sdshu vwxglhv rswlpdo edqn fdslwdo uhjxodwlrq dqg vwdwh0frqwlqjhqw uhj0
xodwlrq lq wkh frqwh{w ri d vlpsoh edqnlqj prgho1 Lq sduwlfxodu/ zh dvn
zkhwkhu fdslwdo uhjxodwlrq fdq eh pdgh pruh h�hfwlyh e| dxjphqwlqj lw zlwk
vwdwh0frqwlqjhqw shqdowlhv/ dvvhvvhg rq wkh edvlv ri wkh edqn*v shuirupdqfh1
Lq rxu prgho/ edqnv duh vrfldoo| xvhixo ehfdxvh wkh| srvvhvv d vshfldo whfkqro0
rj| wkdw doorzv wkhp wr lvvxh ghpdqg ghsrvlwv wkdw surylgh oltxlglw| vhuylfhv
dqg wr pdnh lqyhvwphqwv zlwk kljkhu phdq uhwxuq wkdq rwkhu dvvhwv dydlo0
deoh wr krxvhkrogv1 Wkh nh| fkrlfhv ri wkh edqn duh lwv fdslwdo vwuxfwxuh/
sruwirolr ulvn/ dqg vfuhhqlqj h�ruw +zklfk d�hfwv lwv sruwirolr phdq,1 Wkh
sureohp ri prudo kd}dug/ lqgxfhg e| ghsrvlw lqvxudqfh/ glvwruwv doo wkuhh ri
wkhvh ghflvlrqv uhodwlyh wr wkh vrfldo rswlpxp1 Wkhvh glvwruwlrqv duh sdu0
wldoo| plwljdwhg e| wkh edqn*v frqfhuq iru lwv iudqfklvh ydoxh/ d sur{| iru wkh
h{shfwhg ixwxuh ydoxh ri wkh edqn wkdw lv orvw zkhq wkh edqn ghidxowv1 Zh
frqvlghu krz fdslwdo uhjxodwlrq/ dqg fdslwdo uhjxodwlrq soxv vwdwh0frqwlqjhqw
�qhv/ fdq uhgxfh wkhvh glvwruwlrqv/ dqg krz wkhvh phfkdqlvpv rxjkw wr eh
lpsohphqwhg1

Rxu lqwhuhvw lq wkh srwhqwldo uroh iru vwdwh frqwlqjhqf| lq edqn fdslwdo
uhjxodwlrq lv prwlydwhg e| ghyhorsphqwv lq edqn uhjxodwru| srolf| ryhu wkh
odvw 48 |hduv1 Erwk wkh 4<;; Edvoh Dffrug dqg wkh Ihghudo Ghsrvlw Lqvxudqfh
Frusrudwlrq Uhirup Dfw ri 4<<4 +IGLFLD, pdnh khdy| xvh ri h{ dqwh fdslwdo
uhjxodwlrq1 Wkh Edvoh Dffrug uhtxluhv edqnv wr krog fdslwdo lq sursruwlrq wr
wkh ulvnlqhvv ri wkhlu dvvhwv1 IGLFLD doorzv wkh Ihghudo Ghsrvlw Lqvxudqfh
Frusrudwlrq +IGLF, wr olplw wkh dfwlylwlhv ri edqnv zlwk orz ohyhov ri fdslwdo/
dqg lw hyhq doorzv wkh IGLF wr vkxw d edqn grzq li lwv fdslwdo ohyho ehfrphv
fulwlfdoo| lpsdluhg1

Vlqfh 4<;;/ wkhuh kdv ehhq lqfuhdvlqj glvvdwlvidfwlrq zlwk wkh Dffrug1
Lw dvvhvvhv ulvn rq dq dvvhw0e|0dvvhw edvlv/ udwkhu wkdq rq d sruwirolr edvlv1
Dvvhwv zlwklq wkh vdph ulvn fodvv duh wuhdwhg wkh vdph/ hyhq li wkh| kdyh
zlogo| gl�huhqw ulvnv14 Ixuwkhupruh/ wkh ghyhorsphqw ri vhfxulwl}dwlrq dqg
�qdqfldo ghulydwlyhv doorzv edqnv wr uhsdfndjlqj wkhlu dvvhwv lq zd|v wkdw
orzhu wkhlu fdslwdo uhtxluhphqwv zlwkrxw vxevwdqwlyho| dowhulqj wkhlu ulvnv15

Lq uhvsrqvh/ uhjxodwruv kdyh frqvlghuhg dowhuqdwlyh uhjxodwru| uhjlphv

4Iru h{dpsoh/ wkh 4<;; Dffrug dvvljqv d }hur ulvn zhljkw wr doo RHFG ghew1 Dv d
frqvhtxhqfh/ gxulqj wkh Dvldq �qdqfldo fulvhv/ Nruhdq jryhuqphqw ghew zdv dvvljqhg wkh
vdph ulvn zhljkwlqj dv X1V1 jryhuqphqw ghew1

5Vhh Mrqhv +5333, dqg Plqjr +5333, iru h{dpsohv1
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wkdw lqfrusrudwh ydulrxv ghjuhhv ri vwdwh frqwlqjhqf|1 Dq h{dpsoh lv wkh Gh0
fhpehu 4<<8 dphqgphqw wr wkh Edvoh Dffrug/ nqrzq dv wkh �lqwhuqdo prghov
dssurdfk�/ wkdw ghwhuplqhv wkh fdslwdo uhtxluhphqwv iru odujh edqnv* pdunhw
ulvn16 Xqghu wkh lqwhuqdo prghov dssurdfk/ edqnv uhsruw wkhlu rzq lqwhuqdo
Ydoxh dw Ulvn +YdU, hvwlpdwhv wr wkhlu uhjxodwru1 Wkh uhjxodwru wkhq xvhv
wkhvh uhsruwv wr ghwhuplqh krz pxfk fdslwdo wkh edqn vkrxog krog wr fryhu
lwv pdunhw ulvn1 Uhjxodwruv edfnwhvw wkh uhsruwhg YdUv wr vhh li wkh| duh uhol0
deoh dqg wr hqvxuh wuxwkixo uhsruwlqj e| wkh edqn1 Fdslwdo uhtxluhphqwv pd|
eh lqfuhdvhg li wkh uhsruwhg YdUv xqghusuhglfw wkh h{ srvw iuhtxhqf| ri wdlo
hyhqwv1 Wklv edfnwhvwlqj ihdwxuh lqwurgxfhv dq hohphqw ri vwdwh0frqwlqjhqf|
lqwr wkh uhjxodwru| surfhvv1

D pruh gudpdwlf sursrvdo iru vwdwh frqwlqjhqw uhjxodwlrq lv wkh Ihghudo
Uhvhuyh Erdug*v Suh0Frpplwphqw sursrvdo/ sxw iruwk iru sxeolf frpphqw
lq Mxqh 4<<817 Xqghu wklv sursrvdo/ edqnv zrxog vhw wkhlu rzq uhjxodwru|
fdslwdo vxemhfw wr d shqdow| li/ h{ srvw/ wklv fdslwdo suryhg lqdghtxdwh +djdlq/
dv phdvxuhg e| wkh edqn sruwirolr*v h{0srvw shuirupdqfh,1 Prvw uhfhqwo|/ d
pdmru uhylvlrq wr wkh Edvoh Dffrug lv xqghu frqvlghudwlrq1 Rqh lpsruwdqw
ihdwxuh xqghu frqvlghudwlrq zrxog eh wr xvh edqn lqwhuqdo ulvn udwlqj v|vwhpv
wr ghwhuplqh fdslwdo uhtxluhphqwv iru fuhglw ulvn1 Dv zlwk wkh lqwhuqdo prghov
dssurdfk iru pdunhw ulvn/ wklv ihdwxuh uhtxluhv vhoi0uhsruwlqj e| edqnv1 Vrph
irup ri vwdwh0frqwlqjhqw lqfhqwlyh vwuxfwxuh suhvxpdeo| zrxog eh uhtxluhg
wr lqvxuh wuxwkixo uhsruwlqj dqg prgho dffxudf|1

Lq uhfhqw |hduv/ lqwhuhvw lq vwdwh0frqwlqjhqw uhjxodwlrq dprqj edqn uhjx0
odwruv kdv dedwhg1 Wklv pd| eh xqiruwxqdwh/ vlqfh wkh wkhruhwlfdo olwhudwxuh
kdv dujxhg wkdw vwdwh0frqwlqjhqw uhjxodwlrq lv riwhq zhoiduh0hqkdqflqj/ dv
frpsduhg wr h{ dqwh uhjxodwlrq1 Ixuwkhupruh/ dq| uhjxodwru| uhjlph wkdw
uhtxluhv edqnv wr vhoi0uhsruw pxvw surylgh lqfhqwlyhv iru wkhvh uhsruwv wr eh
dffxudwh dv zhoo dv wr surylgh lqfhqwlyhv iru edqnv qrw wr wdnh wrr pxfk ulvn1
Ghvslwh wkh lpsruwdqfh ri wkhvh lvvxhv/ wkhuh kdyh ehhq uhodwlyho| ihz sdshuv

6Edqn uhjxodwruv pdnh wkh +vrphzkdw duelwudu|, glvwlqfwlrq ehwzhhq pdunhw ulvn dqg
fuhglw ulvn1 Pdunhw ulvn lv wkh ulvn ri d ghfolqh lq edqn dvvhw ydoxhv gxh wr sulfh pryhphqwv
lq �qdqfldo pdunhwv/ zkloh fuhglw ulvn lv wkh ulvn wkdw eruurzhuv pd| ghidxow1 +Wkh 4<;;
Edvoh Dffrugv dsso| rqo| wr fuhglw ulvn1, Zkloh wklv glvwlqfwlrq kdv dozd|v ehhq gxelrxv/
lw lv lqfuhdvlqjo| kdug wr mxvwli| lq d zruog ri ryhu0wkh0frxqwhu ghulydwlyhv/ zkhuh d frxqwhu0
sduw|*v fuhglwzruwklqhvv lv riwhq ghwhuplqhg e| wkh shuirupdqfh ri lwv vhfxulwlhv sruwirolr1
Wkh qhdu0ghidxow ri Orqj Whup Fdslwdo Pdqdjhphqw lq Vhswhpehu 4<<; surylghv d srlqwhg
h{dpsoh1

7Vhh Ihghudo Uhjlvwhu/ Yro1 93/ Qr1 475/ ss1 6;47506;477 dqg Nxslhf dqg R*Eulhq
+4<<8d/e,1

6



wkdw dfwxdoo| h{dplqh wkh uroh ri vwdwh0frqwlqjhqf| lq edqn uhjxodwlrq/ vr
wkhuh duh vwloo pdq| xqdqvzhuhg txhvwlrqv1 Iru h{dpsoh/ wr zkdw h{whqw lv
zhoiduh lpsuryhg e| prylqj iurp wudglwlrqdo w|shv ri edqn uhjxodwlrq +vxfk
dv plqlpdo fdslwdo uhtxluhphqwv, wr vwdwh frqwlqjhqf|B Zkdw zrxog wkh rs0
wlpdo vwdwh0frqwlqjhqw uhjxodwlrq orrn olnhB Duh wkhuh srolwlfdo uhdvrqv zk|
wklv rswlpdo uhjxodwlrq pljkw qrw lpsohphqwdeoh lq sudfwlfhB

414 Vxppdu| ri Uhvxowv

Zh h{dplqh wkh rswlpdo fkrlfhv ri dq xquhjxodwhg edqn/ d edqn uhjxod0
wru zlwk ixoo lqirupdwlrq/ dqg fdslwdo uhjxodwlrqv erwk zlwk dqg zlwkrxw
vwdwh0frqwlqjhqw shqdowlhv zkhq edqn fkrlfh ri ulvn dqg vfuhhqlqj duh sulydwh
lqirupdwlrq1 Iluvw/ zh �qg wkdw ghidxow ulvn lv ghfuhdvlqj dqg glvfrqwlqx0
rxv lq iudqfklvh ydoxh1 Lq sduwlfxodu/ wkhuh h{lvwv d wkuhvkrog iudqfklvh ydoxh
deryh zklfk wkh xquhjxodwhg edqn*v fkrlfhv lpso| yhu| orz ghidxow ulvn1 Wkh
fkrlfhv ri wkhvh kljk iudqfklvh ydoxh edqnv duh yhu| forvh wr wkh vrfldoo| rswl0
pdo fkrlfhv1 Lq wklv vhqvh/ kljk iudqfklvh edqnv duh yluwxdoo| vhoi0uhjxodwlqj1
Iru edqnv zlwk iudqfklvh ydoxh ehorz wklv wkuhvkrog ydoxh/ krzhyhu/ ghidxow
ulvn lq wkh devhqfh ri uhjxodwlrq lv yhu| kljk1 Wkh nh| wdvn ri uhjxodwlrq lv
wr frqwuro wkh lqfhqwlyhv ri wkhvh orzhu iudqfklvh edqnv1

Wkh glvfrqwlqxrxv vkliw lq ghidxow ulvn wkdw rffxuv dw wkh wkuhvkrog iudq0
fklvh ydoxh uhvxowv iurp wkh glvwruwlrqv dvvrfldwhg zlwk ghsrvlw lqvxudqfh1 Lw
kdv ehhq zhoo nqrzq vlqfh Phuwrq +4<::, wkdw ghsrvlw lqvxudqfh h�hfwlyho|
jlyhv wkh edqn d sxw rswlrq rq lwv dvvhwv/ zlwk vwulnh sulfh htxdo wr lwv oldelo0
lw| wr ghsrvlwruv1 Wkh pdlq frqfhuq ri edqnv zlwk iudqfklvh ydoxh ehorz wkh
wkuhvkrog lv wr pd{lpl}h wkh ydoxh ri wklv sxw rswlrq e| fkrrvlqj pd{lpdo
ulvn dqg }hur fdslwdo1 Iru edqnv deryh wkh wkuhvkrog/ wkh pdlq frqfhuq lv
suhvhuylqj iudqfklvh ydoxh e| fkrrvlqj d orz ghidxow ulvn1

Wklv �uvw vhw ri uhvxowv lv frqvlvwhqw zlwk d jrrg ghdo ri hpslulfdo zrun rq
edqn ulvn wdnlqj1 Nhhoh| +4<<3, dujxhv orzhu iudqfklvh ydoxh ohdgv wr pruh
ulvn wdnlqj1 Kh dujxhv wkdw eduulhuv wr hqwu| jdyh edqnv d kljk iudqfklvh
ydoxh xqwlo wkh 4<;3*v dqg wkdw lv zk|/ ghvslwh ghsrvlw lqvxudqfh/ wkhuh zhuh
ihz idloxuhv xqwlo wkh ghuhjxodwlrq ri wkh 4<;3*v1 Ghpvhw}/ Vdlghqehuj/ dqg
Vwudkdq +4<<9, �qg wkdw iudqfklvh ydoxh lv qhjdwlyho| fruuhodwhg zlwk ulvn0
wdnlqj lq edqn gdwd iurp wkh 4<<3v1 Wkh hylghqfh flwhg lq Ehujhu/ Khuulqj/
dqg V}hjr +4<<8, vxjjhvwv wkdw d kljkhu fdslwdo udwlr lv dvvrfldwhg zlwk ohvv
edqn ulvn/ dowkrxjk wkdw wklv uhodwlrqvkls lv riwhq zhdn1 Er|g dqg Jhuwohu
+4<<7, surylgh hylghqfh wkdw gxulqj wkh X1V1 edqnlqj fulvhv ri wkh odwh 4<;3*v
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odujh edqnv wrrn pruh ulvn wkdq vpdoohu edqnv1 Wkh| dujxh wkdw odujh edqnv
zhuh wrr elj wr idlo/ dqg wkxv wkh lpsolflw lqvxudqfh ri wkhlu odujh ghsrvlwv
jdyh wkhp pruh ydoxh iurp wkh ghsrvlw lqvxudqfh sxw rswlrq1

Rxu vhfrqg uhvxow lv wkdw vfuhhqlqj h�ruw +zklfk lqfuhdvhv wkh phdq uhwxuq
lq rxu prgho, lv lqfuhdvlqj lq iudqfklvh ydoxh1 Frpelqhg zlwk rxu �uvw uhvxow/
wklv lpsolhv d vruw ri uhyhuvh phdq0yduldqfh wudgh0r� iru edqnv= Wkrvh edqnv
zkr wdnh rq kljkhu ulvn +orz iudqfklvh edqnv, whqg wr eh wkrvh zkr dovr
gr ohvv vfuhhqlqj/ dqg vr kdyh orzhu0phdq sruwirolrv/ zkloh wkrvh edqnv zkr
lqyhvw lq orzhu0ulvn sruwirolrv +kljk iudqfklvh edqnv, kdyh sruwirolrv zlwk d
kljkhu phdq uhwxuq1 Ixuwkhupruh/ zh �qg wkdw wkh orz iudqfklvh ydoxh edqnv
+wkrvh ehorz wkh wkuhvkrog ydoxh, h{shqg vxevwdqwldoo| ohvv vfuhhqlqj h�ruw
wkdq vrfldoo| rswlpdo1

Zh rewdlq rxu vhfrqg uhvxow ehfdxvh rxu prudo kd}dug sureohp frqwdlqv
erwk d ulvn dqg vfuhhqlqj glphqvlrq1 Wkh ghsrvlw lqvxudqfh sxw rswlrq jlyhv
edqnv � lq sduwlfxodu/ orz iudqfklvh rqhv � dq lqfhqwlyh wr wdnh ulvn1 Exw
dq lqfuhdvh lq ulvn orzhu wkh suredelolw| ri vroyhqf|/ zklfk lq wxuq orzhuv
wkh edqn*v pdujlqdo ehqh�w ri vfuhhqlqj uhodwlyh wr wkdw ri vrflhw|*v1 Lq rxu
hqylurqphqw wkh pdlq zhoiduh frvw ri ghsrvlw lqvxudqfh lv qrw ulvn shu vh/ exw
lqvwhdg wkh qhjdwlyh h�hfw ri ulvn rq vfuhhqlqj1

Wkhvh uhvxowv duh frqvlvwhqw zlwk wkh olplwhg hpslulfdo hylghqfh rq wkh lq0
whudfwlrq ehwzhhq edqn ordq txdolw| dqg ulvn1 Ehujhu +4<<8, vkrzv wkdw edqnv
zlwk kljk fdslwdo dqg orz sruwirolr ulvn whqg wr kdyh kljkhu uhwxuqv rq htxlw|1
Wklv srvlwlyh uhodwlrqvkls lv vwurqjhvw iru wkh kljkhvw ulvn edqnv +zklfk zrxog
eh wkh edqnv zlwk wkh orzhvw iudqfklvh ydoxh lq rxu iudphzrun,1 Dv qrwhg
e| Jdq +4<<<,/ wklv uhvxow dsshduv wr frqwudglfw wkh xvxdo �qdqfh0wkhruhwlf
lqwxlwlrq wkdw orzhu sruwirolr ulvn eh dvvrfldwhg zlwk orzhu sur�wdelolw|1 Krz0
hyhu/ wklv uhvxow lv frqvlvwhqw zlwk wkh ehkdylru ri rxu prgho1 Lq dgglwlrq/ rxu
uhvxowv duh frqvlvwhqw zlwk hylghqfh ri wkuliw ehkdylru gxulqj wkh vdylqjv dqg
ordq fulvlv1 Ehqvwrq dqg Fdukloo +4<<7, dqg Zklwh +4<<4, dujxh wkdw wkuliwv
wkdw idlohg zhuh wkrvh wkdw lqyhvwhg lq vhfwruv zlwk zklfk wkh| kdg olwwoh
h{shulhqfh/ vxfk dv frpphufldo uhdo hvwdwh1 Zklwh +4<<4, qrwhv wkdw Wh{dv
wkuliwv glg idu pruh srruo| lq uhdo hvwdwh ohqglqj dw wkdw wlph wkdq Wh{dv
edqnv1 Kh dujxhv wkdw wkh edqnv kdg d jrrg ghdo ri h{shulhqfh lq wklv vruw ri
uhdo hvwdwh ohqglqj/ zkloh wkuliwv kdg rqo| uhfhqwo| ehhq shuplwwhg wr hqjdjh
lq wklv vruw ri ohqglqj iroorzlqj ghuhjxodwlrq1 Wkhvh sdwwhuqv duh frqvlvwhqw
zlwk lqvx!flhqw ru lqh�hfwlyh vfuhhqlqj e| wkh wkuliwv wkdw xowlpdwho| idlohg1

Rxu wklug uhvxow frqfhuqv wkh rswlpdo lpsohphqwdwlrq ri sxuh fdslwdo uh0
txluhphqwv1 Pdq| glvfxvvlrqv ri fdslwdo uhtxluhphqwv irfxv rq fdslwdo dv d
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fxvklrq wr surwhfw wkh edqn lqvxudqfh ixqg1 Lq rxu prgho/ wkhuh duh qr ghdg0
zhljkw frvwv ri idloxuh uhvroxwlrq/ vr wkhuh lv qr dgydqwdjh iurp �fxvklrqlqj�
wkh lqvxudqfh ixqg1 Udwkhu/ lq rxu prgho fdslwdo uhtxluhphqwv lpsuryh zho0
iduh e| dowhulqj wkh lqfhqwlyhv ri orz iudqfklvh0ydoxh edqnv1 Lq sduwlfxodu/
lqfuhdvhg uhjxodwru| fdslwdo orzhuv wkh vwulnh sulfh ri wkh ghsrvlw lqvxudqfh
sxw rswlrq/ pdnlqj prudo kd}dug d ohvv dwwudfwlyh fkrlfh iru orz iudqfklvh
edqnv1 Lq dgglwlrq/ fdslwdo kdv wkh reylrxv h�hfw ri gluhfwo| uhgxflqj wkh
suredelolw| ri edqnuxswf|/ zlwk wkh dwwhqgdqw orvv ri ixwxuh edqn ydoxh1

Vrphzkdw vxusulvlqjo|/ zh �qg wkdw wkh rswlpdo uhjxodwru| fdslwdo ohyho
lv qrq0prqrwrqlf lq iudqfklvh ydoxh1 Wkh rswlpdo fdslwdo uhtxluhphqw ulvhv
zlwk iudqfklvh ydoxh/ exw rqo| xs wr d srlqw1 Wkhuhdiwhu/ rswlpdo uhjxodwru|
fdslwdo idoov vwhhso| zlwk iudqfklvh ydoxh xqwlo wkh wkuhvkrog iudqfklvh ohyho/
dw zklfk srlqw wkh lqfhqwlyhv ri edqnv duh zhoo doljqhg zlwk wkrvh ri wkh
uhjxodwru1 Iru iudqfklvh ydoxhv deryh wklv srlqw/ plqlpdo fdslwdo uhtxluhphqwv
duh xqqhfhvvdu|1

Rxu irxuwk vhw ri uhvxowv frqfhuqv wkh rswlpdo zd| wr dxjphqw fdslwdo
uhtxluhphqwv zlwk h{ srvw �qhv1 Dgglqj h{ srvw �qhv wr fdslwdo uhjxodwlrqv
fdq eh h�hfwlyh lq ghwhuulqj ulvn0wdnlqj ehkdylru dqg uhsuhvhqwv dq lpsuryh0
phqw ryhu sxuh fdslwdo uhjxodwlrq1 Lq sduwlfxodu/ zkhq wkh rswlpdo �qh lv
lpsohphqwhg wkhuh lv ohvv ri d qhhg wr lpsrvh vxerswlpdoo| kljk fdslwdo uh0
txluhphqwv1 Wzr w|shv ri �qhv dulvh dv sduw ri wkh rswlpdo uhjxodwru| uhjlph1
Iluvw/ �qhv duh lpsrvhg rq edqnv zkhq wkh| h{shulhqfh kljk uhwxuqv/ orzhu0
lqj fdslwdo uhtxluhphqwv uhodwlyh wr d fdslwdo uhjxodwlrq uhjlph1 Wklv w|sh ri
�qh vfkhgxoh lv urexvw lq rxu qxphulfdo uhvxowv1 Ilqlqj wkh kljkhvw uhwxuqv
dfwv wr ghwhu h{fhvvlyh ulvn wdnlqj1 Wkhvh �qhv duh dvvhvvhg zlwk yhu| orz
suredelolw| zkhq wkh edqn fkrrvhv wkh rswlpdo ohyho ri sruwirolr ulvn/ exw
wkh| duh dvvhvvhg zlwk d pxfk kljkhu suredelolw| li edqnv ghyldwh iurp wklv
rswlpdo ulvn ohyho1 Vhfrqg/ zh �qg iru vrph sdudphwhul}dwlrqv wkdw lw lv dovr
rswlpdo wr �qh edqnv wkdw h{shulhqfh orz sur�wv1 Wkh sxusrvh ri wklv vhfrqg
�qh lv wr lqgxfh edqnv wr fkrrvh wkh rswlpdo ohyho ri vfuhhqlqj1

Wkhuh duh d qxpehu ri lvvxhv wkdw zh gr qrw dgguhvv1 Iluvw/ rxu vr0
fldo zhoiduh ixqfwlrq lv wkdw w|slfdoo| xvhg lq wkh sxeolf �qdqfh olwhudwxuh=
Wkh zhoiduh fulwhulrq lv wkh xwlolw| ri wkh uhsuhvhqwdwlyh krxvhkrog1 Lq xvlqj
wklv dssurdfk/ krzhyhu/ zh ljqruh dq| zhoiduh frvwv dvvrfldwhg zlwk furvv0
vhfwlrqdo zhdowk uhglvwulexwlrq1 Iru h{dpsoh/ zkhq d edqn fkrrvhv wr h{sorlw
wkh vdihw| qhw e| wdnlqj rq h{fhvv ulvn/ zhdowk +lq whupv ri h{shfwhg ydoxh,
lv wudqvihuuhg wr wkh r�hqglqj edqn iurp wd{sd|lqj krxvhkrogv +li idloxuh
uhvroxwlrq lv �qdqfhg e| wd{hv, ru iurp rwkhu edqnv +li idloxuh uhvroxwlrq lv
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�qdqfhg e| dvvhvvphqwv rq wkh edqnlqj lqgxvwu|,1 Grhv wklv }hur0vxp wudqv0
ihu uhsuhvhqw d vrfldo frvwB Fhuwdlqo|/ wudqvihuv iurp kdug0zrunlqj wd{sd|huv
wr wkh Fkduohv Nhdwlqjv ri wkh zruog zrxog eh uhjdughg dv hwklfdoo| txhvwlrq0
deoh e| prvw shrsoh1 Suhyhqwlqj vxfk wudqvihuv pd| eh d pdmru prwlydwlrq
lq ghvljqlqj edqn uhjxodwlrq1 Lq wklv sdshu/ krzhyhu/ zh gr qrw frqvlghu wklv
vrxufh ri vrfldo zhoiduh orvv1

Vhfrqg/ zh kdyh sodfhg wkh oltxlglw| ydoxh ri lqvxuhg ghsrvlwv lq krxvh0
krog*v xwlolw| ixqfwlrq1 Wklv vlpsol�hv rxu prgho/ exw uhqghuv lw xqvxlwdeoh
iru dvvhvvlqj phfkdqlvpv wkdw uhod{ wkh dprxqw ri ghsrvlw lqvxudqfh1 Wr
dgguhvv wkhvh txhvwlrqv/ d pruh ixqgdphqwdo wkhru| ri ghpdqg ghsrvlwv lv
qhhghg/ srvvleo| d yduldwlrq ri wkh Gldprqg dqg G|eylj +4<;6, iudphzrun1
+Vhh/ iru h{dpsoh/ Jruwrq dqg Zlqvwrq +4<<<,1, Wklug/ lq rxu prgho d edqn
lv mxvw d �up zlwk dffhvv wr d sduwlfxodu lqyhvwphqw whfkqrorj| dqg zlwk wkh
uljkw wr lvvxh lqvxuhg ghsrvlwv1 Ri frxuvh/ edqnv dfwxdoo| ixqfwlrq dv �qdqfldo
lqwhuphgldulhv/ dqg wklv uroh pd| ohdg wr uhjxodwru| lpsolfdwlrqv wkdw zh gr
qrw dgguhvv1 Ilqdoo|/ zh gr qrw dgguhvv wkh djhqf| sureohp ehwzhhq edqn
pdqdjhuv dqg edqn vkduhkroghuv1 +Vhh Ghzdwudsrlqw dqg Wluroh +4<<6, dqg
Ehvdqnr dqg Ndqdwdv +4<<9,1,

415 Olwhudwxuh

Rxu sdshu exlogv rq wkh ydvw olwhudwxuh rq edqn uhjxodwlrq1 Wkh fodvvlf zrunv
rq wkh h�hfw ri ghsrvlw lqvxudqfh duh Phuwrq +4<::, dqg Nduhnhq dqgZdoodfh
+4<:;,1 Erwk ri wkhvh sdshuv frqvlghuhg ixoo lqirupdwlrq/ frpsohwh pdunhw
hqylurqphqwv dqg vkrzhg wkdw wkh ghsrvlw lqvxudqfh jlyhv edqnv lqfhqwlyhv
wr wdnh ulvn1 Wkhuh kdyh ehhq wzr vwudqgv wr wkh vxevhtxhqw olwhudwxuh1
Iluvw/ wkhuh lv d odujh olwhudwxuh wkdw h{dplqhv wkh uhvsrqvh ri d edqn wr
dq h{rjhqrxv fkdqjh lq fdslwdo uhjxodwlrqv1 Wkh vxevwdqwlyh lpsolfdwlrqv
ri wkhvh sdshuv ghshqg rq dvvxpswlrqv derxw edqn suhihuhqfh rughulqjv1
Udwkhu wkdq vxppdul}lqj wklv olwhudwxuh/ zh uhihu wkh lqwhuhvwhg uhdghu wr
Fdohp dqg Ure +4<<<, dqg wkh uhihuhqfhv wkhuhlq1

Wkh vhfrqg vwudqg ri wkh edqn uhjxodwlrq olwhudwxuh h{solflwo| irfxvhv rq
wkh sureohp ri sulydwh lqirupdwlrq1 Sulydwh lqirupdwlrq lv w|slfdoo| prghoohg
hlwkhu dv xqrevhuyhg fkdudfwhulvwlfv ru xqrevhuyhg dfwlrq +�prudo kd}dug�,1
Dq hduo| sdshu lq wklv olwhudwxuh lv Fkdq/ Juhhqedxp/ dqg Wkdnru +4<<5,/
zklfk vhsdudwho| frqvlghuhg erwk w|shv ri sulydwh lqirupdwlrq1 Lq wkh hq0
ylurqphqw zlwk xqrevhuyhg fkdudfwhulvwlfv/ wkh| irxqg wkdw dfwxduldoo| idlu
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lqvxudqfh zdv lqh!flhqw1 Lq Jldppdulqr/ Ohzlv/ dqg Vdsslqjwrq +4<<6,/
erwk edqn w|sh dqg edqn h�ruw duh xqrevhuyhg1 Krzhyhu/ wkh glvwulexwlrq
ri wkh edqn*v uhwxuq/ lv sxeolf lqirupdwlrq1 Frqvhtxhqwo|/ wkhuh lv qr zhoiduh
jdlq iurp uhjxodwlrq wkdw lv frqwlqjhqw rq wkh edqn*v shuirupdqfh1 Fdpsehoo/
Fkdq/ dqg Pdulqr +4<<5, h{dplqh fdslwdo uhjxodwlrqv lq dq xqrevhuyhg fkdu0
dfwhulvwlfv prgho zkhuh d edqn fdq fkrrvh d kljk ru orz uhwxuq surmhfw zlwk
gl�huhqw ulvn fkdudfwhulvwlfv1 Dv lq rxu zrun/ wkh| dvvxph wkdw ghsrvlwv jhq0
hudwh oltxlglw| vhuylfhv18 Wkh| frqvlghu wkh ydoxh ri kdylqj d vhoi0lqwhuhvwhg
uhjxodwru prqlwru wkh edqn1 Er|g/ Fkdqj/ dqg Vplwk +4<<;, xvh wkh frvwo|
vwdwh yhul�fdwlrq sdudgljp1 Wkhlu prgho lv jhqhudo htxloleulxp dqg irfxvhv
rq wkh ehvw zd| wr ixqg srwhqwldo orvvhv wr wkh ghsrvlw lqvxuhu1 Lq frqwudvw
zlwk pxfk ri wkh olwhudwxuh/ wkhlu sdshu h{solflwo| prghov wkh uroh ri edqnv
dv lqwhuphgldulhv1

Wkuhh rwkhu uhfhqw sdshuv duh forvho| uhodwhg wr rxu zrun1 Qdjdudmdq dqg
Vhdo| +4<<;, frqvlghuv vwdwh0frqwlqjhqw uhjxodwlrq1 Wkh| �qg wkdw h{ srvw
vwdwh0frqwlqjhqw �qhv fdq vxssruw ixoo0lqirupdwlrq doorfdwlrqv lq d prudo kd}0
dug prgho dqg lq dq dgyhuvh vhohfwlrq prgho +wkrxjk qrw erwk vlpxowdqh0
rxvo|,1 Lq wkhlu prudo kd}dug prgho/ edqnv frqwuro wkh fkdudfwhulvwlfv ri wkh
uhwxuq glvwulexwlrq1 Wkh rswlpdo uhjxodwru| phfkdqlvp irfxvhv rq uhodwlyh
shuirupdqfh1 Wkdw lv/ edqnv duh �qhg zkhq wkh edqn grhv srruo| exw wkh
pdunhw grhv zhoo1 Xqolnh rxu prgho/ wkh| gr qrw kdyh d zhoo0gh�qhg vrfldo
zhoiduh ixqfwlrq ru d wkhru| ri fdslwdo vwuxfwxuh ghwhuplqdwlrq1 Ehvdqnr dqg
Ndqdwdv +4<<9, lv shukdsv forvhvw wr rxu sdshu lq wkdw wkh| lqfrusrudwh hi0
iruw wkdw d�hfwv uhwxuqv exw jhqhudwhv glvxwlolw|1 Xqolnh rxu zrun/ wkh| prgho
edqn lqvlghuv zkr udlvh fdslwdo iurp rxwvlgh lqyhvwruv1 Dv lq wkhlu sdshu/ d
vxerswlpdoo| orz ohyho ri h�ruw lv vxssolhg lq wkh xquhjxodwhg fdvh1 Rxu sdshu
exlogv rq wkhlu lqvljkwv e| lqfrusrudwlqj d irupdo zhoiduh fulwhulrq/ lqwurgxf0
lqj d oltxlglw| ydoxh iru ghsrvlwv +zklfk lpsolhv d zhgjh ehwzhhq wkh frvw ri
htxlw| dqg ghsrvlw ixqglqj,/ frqvlghulqj dowhuqdwlyh edqn iudqfklvh ydoxhv/
dqg doorzlqj iru d ulfkhu glvwulexwlrq ri uhwxuqv1 Lq dgglwlrq/ zh dgguhvv wkh
srwhqwldo zhoiduh jdlqv iurp vwdwh0frqwlqjhqw uhjxodwlrq1 Rqh �qdo uhohydqw
zrun lv d uhfhqw sdshu e| Pdwxwhv dqg Ylyhv +5333,/ zkr frqvlghu d prudo
kd}dug sureohp lq dq hfrqrp| zkhuh edqnv kdyh pdunhw srzhu1 Pdunhw
srzhu surylghv dq lqfhqwlyh iru edqnv wr dyrlg ulvn/ vlplodu wr wkh uroh wkdw
iudqfklvh ydoxh sod|v lq rxu prgho1 Wkh| wkhq vwxg| wkh wudgh0r�v ehwzhhq
wkh vrfldo frvwv wr edqnuxswf| dqg wkh zhoiduh orvvhv iurp pdunhw srzhu1

8Jruwrq dqg Zlqwrq +4<<<, dovr pdnh wklv dvvxpswlrq1
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Wkh| gr qrw vwxg| h{ srvw vwdwh0frqwlqjhqw uhjxodwru| phfkdqlvpv1

416 Vwuxfwxuh ri Sdshu

Lq vhfwlrq 5 ri wkh sdshu/ zh ghvfuleh rxu prgho ri edqnlqj1 Lq vhfwlrq 6/
zh fkdudfwhul}h wkh rswlpdo fkrlfhv ri wkh xquhjxodwhg edqn dqg wkh ixoo0
lqirupdwlrq uhjxodwru1 Vhfwlrq 7 ghvfulehv wkh uhjxodwru| uhjlphv zh frq0
vlghu1 Vhfwlrq 8 ghvfulehv wkh uhvxowv iurp rxu qxphulfdo h{huflvhv iru wkh
xquhjxodwhg edqn/ wkh ixoo0lqirupdwlrq uhjxodwru/ dqg sxuh fdslwdo vwuxfwxuh
uhjxodwlrq1 Lq vhfwlrq 9/ zh glvfxvv rxu qxphulfdo uhvxowv iru fdslwdo uhjxod0
wlrq zlwk vwdwh0frqwlqjhqw lqfhqwlyhv1 Vhfwlrq : vxppdul}hv rxu frqfoxvlrqv
dqg vxjjhvwv gluhfwlrqv iru ixwxuh uhvhdufk1

5 D Vlpsoh Vwdwlf Prgho ri Edqnlqj

514 Krxvhkrogv

Wkhuh duh wzr shulrgv dqg d vlqjoh frqvxpswlrq jrrg1 Wkhuh lv d odujh qxp0
ehu ri lghqwlfdo ulvn0qhxwudo krxvhkrogv/ zkr frqvxph lq wkh vhfrqg shulrg
rqo|1 Wkh krxvhkrogv rzq doo dvvhwv lq wkh hfrqrp| dqg frqvxph doo rxwsxw1
Lq wkh �uvw shulrg/ wkh krxvhkrog uhfhlyhv dq hqgrzphqw ri rqh xqlw ri wkh
frqvxpswlrq jrrg1 Wkh khdg ri wkh krxvhkrog/ zkr zh fdoo wkh �edqnhu�/
wkhq ghflghv krz pxfk ri wklv hqgrzphqw wr xvh dv edqn fdslwdo g1 Wkh
uhpdlqghu ri wkh hqgrzphqw/ � � g/ lv wkhq sxw lq vrph rwkhu edqn dv d
ghpdqg ghsrvlw1 Zh dvvxph wkdw krxvhkrogv fdqqrw ghsrvlw ixqgv zlwk wkh
edqnhu lq wkhlu rzq krxvhkrog1 Ghpdqg ghsrvlwv duh jryhuqphqw lqvxuhg/
dqg sd| r� rqh xqlw ri wkh frqvxpswlrq jrrg lq wkh vhfrqg shulrg iru hdfk
xqlw lqyhvwhg lq wkh �uvw shulrg1 Lq dgglwlrq wr lwv shfxqldu| sd|r�/ d xqlw ri
edqn ghsrvlwv surylghv oltxlglw| vhuylfhv zlwk xwlolw| ydoxh 4 : f1 Sdudphwhu
4 fdq eh lqwhusuhwhg dv wkh edqn*v frvw ri fdslwdo uhodwlyh wr ghsrvlw �qdqflqj1

Wkh edqnhu wkhq wdnhv lq lqvxuhg ghsrvlwv wrwdoolqj ( iurp rwkhu krxvh0
krogv/ dqg lqyhvwv wkh wrwdo g n( lq d sruwirolr ri dvvhwv1 Vlqfh wkh hqgrz0
phqw shu edqn lv xqlw|/ d v|pphwulf doorfdwlrq kdv

g n( ' �� +4,

Zh lpsrvh htxdwlrq +4, dv d frqvwudlqw ri wkh prgho1 Wkdw lv/ wkh uhsuh0
vhqwdwlyh edqn*v sruwirolr lv olplwhg wr eh ri vl}h rqh1 Rqh fdq wklqn ri wklv
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dvvxpswlrq dv dq h{wuhph yhuvlrq ri wkh olplwv lpsrvhg e| pdqdjhuldo vsdq
ri frqwuro1

Wkh edqnhu wkhq frqvwuxfwv wkh edqn*v sruwirolr1 Iru vlpsolflw|/ zh gr
qrw prgho wkh lqglylgxdo dvvhwv lq wkh sruwirolr1 Udwkhu/ zh dvvxph wkdw
wkh sruwirolr uhwxuq/ ghqrwhg o/ kdv d orj qrupdo glvwulexwlrq zlwk phdq >
dqg yduldqfh j21 Wkh edqnhu fkrrvhv j gluhfwo|/ vxemhfw wr wkh frqvwudlqw
wkdw j 5 dj4�?c j4@ o +zkhuh j4�? dqg j4@ duh srvlwlyh sdudphwhuv,1 Wkh
phdq ri wkh edqn*v sruwirolr lv ghwhuplqhg e| j dqg e| wkh edqnhu*v fkrlfh
ri vfuhhqlqj h�ruw 7 � f wr xvh lq hydoxdwlqj dowhuqdwlyh dvvhwv iru wkh edqn*v
sruwirolr1 Wklv vfuhhqlqj h�ruw kdv xwlolw| frvw �7/ zlwk sdudphwhu � : f1
Wkh phdq ri wkh sruwirolr lv d ixqfwlrq >E7c j�1 Lw lv dvvxphg wkdw >E7c j� lv
erxqghg/ dqg wkdw

>7 � fc >j � fc

>77 � fc >jj � fc

>7j � f�

Wkh dvvxpswlrq wkdw >7j � f fdswxuhv wkh lghd wkdw ulvnlhu surmhfwv duh
kdughu wr vfuhhq1 Wkh dvvxpswlrq >j � f lqfrusrudwhv d qrq0qhjdwlyh uhod0
wlrqvkls ehwzhhq ulvn dqg phdq uhwxuq1 Zh doorz >j : f iru frpsohwhqhvv1
Li doo dvvhwv zhuh pdunhw wudghg/ >j : f zrxog eh lqfrpsdwleoh zlwk ulvn
qhxwudolw|1 Krzhyhu/ edqn sruwirolrv lqfoxgh qrq0pdunhw wudghg dvvhwv vxfk
dv uhdo hvwdwh dqg frpphufldo dqg lqgxvwuldo ordqv1 Wkhuh pd| eh whfkqrorj0
lfdo uhdvrqv zk| kljk phdq dvvhwv ri wkhvh w|shv duh dvvrfldwhg zlwk juhdwhu
ulvn1 Ixuwkhupruh/ doorzlqj >j : f shuplwv d juhdwhu ydulhw| ri uhvxowv1 Iru
h{dpsoh/ >j ' f lpsolhv wkdw wkh edqn*v fkrlfh ri j lv dozd|v hlwkhu j4�? ru
j4@ / zkloh >j : f doorzv iru lqwhulru fkrlfhv ri j1 Lq rxu qxphulfdo h{shul0
phqwv zh wdnh >j ' f dv rxu edvholqh fdvh1 Lq rxu qxphulfdo vlpxodwlrqv/ zh
dvvxph wkh iroorzlqj ixqfwlrqdo irup iru >E7c j�=

>E7c j� ' >4@ � E>4@ � >4�?� i T d�@77 � @jjo c +5,

zkhuh >4@ / >4�?/ @7/ dqg @j duh srvlwlyh sdudphwhuv zlwk >4@ � >4�?1
Ohw 8 E�m7c j� dqg s E�m7c j� ghqrwh wkh orj qrupdo fgi dqg orj qrupdo

ghqvlw| zlwk phdq >E7c j� dqg yduldqfh j21 Wkh edqn lv vxemhfw wr olplwhg
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oldelolw|/ vr wkh h{shfwhg edqn sd|r� lq wkh vhfrqg shulrg/ �/ lv

� �
] "

(
do �(o s Eom7c j� _o� +6,

Wkh krxvhkrog sxufkdvhv frqvxpswlrq lq wkh vhfrqg shulrg xvlqj lwv edqn
ghsrvlwv soxv wkh sur�wv iurp wkh edqnhu*v dfwlylwlhv/ ohvv d oxps vxp wd{/
zlwk h{shfwhg ydoxh A / xvhg e| wkh ghsrvlw lqvxuhu wr sd| r� wkh ghsrvlwruv
ri idlohg edqnv1 Wklv phdq wd{ ohyho lv jlyhq e|

A '
] (

f
d( � oo s Eom7c j� _o� +7,

Wkhuhiruh/ wkh h{shfwhg krxvhkrog frqvxpswlrq� lv vxemhfw wr wkh frqvwudlqw

� � ( n � � A +8,

Lq dgglwlrq/ zh dvvrfldwh zlwk wkh edqn d iudqfklvh ydoxh � +lq xqlwv ri
frqvxpswlrq jrrg,1 Iudqfklvh ydoxh vwdqgv iru wkh ixwxuh ydoxh ri wkh edqn
dv dq rqjrlqj lqvwlwxwlrq1 Wklv iudqfklvh ydoxh lv orvw +erwk wr wkh edqn dqg
wr vrflhw|, li wkh edqn ghidxowv rq lwv reoljdwlrqv wr ghsrvlwruv1 Wkdw lv/ �
fdqqrw eh vrog wr vdwlvi| fodlpv ri wkh edqn*v oldelolw| kroghuv1 Zh wklqn
ri � dv uhsuhvhqwlqj wkh sruwlrq ri edqn ydoxh wlhg xs lq lwv suh0hvwdeolvkhg
uhodwlrqvklsv zlwk eruurzhuv19

Krxvhkrog xwlolw| lv d olqhdu ixqfwlrq ri frqvxpswlrq/ oltxlglw| vhuylfhv
surylghg e| ghsrvlwv/ wkh glvxwlolw|1 ri vfuhhqlqj h�ruw/ dqg wkh h{shfwhg
iudqfklvh ydoxh1 Vlqfh iudqfklvh ydoxh lv orvw li wkh edqn ghidxowv/ dq hyhqw
zlwk suredelolw| 8 E(m7c j�/ wkh sureohp idfhg e| wkh edqnhu lv=

4@ 
�c(c7cj

� n 4( � �7 n E�� 8 E(m7c j��� +9,

vxemhfw wr htxdwlrqv +6,/ +8,/ dqg

f � ( � �c j4�? � j � j4@ c 7 � f� +:,

Qrwh wkdw htxdwlrq +7, lv dq htxloleulxp frqglwlrq vr wkh edqn wdnhv wd{hv A
dv h{rjhqrxv zkhq vroylqj sureohp +9,1

Zh fdq uh0zulwh wkh edqn*v sureohp lq shukdsv d pruh lqwxlwlyh zd|1
Xvlqj htxdwlrq +6,/ zh fdq zulwh edqn sureohp +9, dv iroorzv=

9Gldprqg dqg Udmdq +4<<;, glvfxvv dw ohqjwk wkh wkhruhwlfdo lpsolfdwlrqv ri qrq0
wudqihudelolw| ri wkh ydoxh ri edqn0eruurzhu uhodwlrqvklsv1
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Xquhjxodwhg Edqn Sureohp

4@ 
(c7cj

] (

f
E( � o� s Eom7c j� _on4(n> E7c j���8 E(m7c j���7n��A +;,

vxemhfw wr lqhtxdolwlhv +:,1 Wkh �uvw whup lq htxdwlrq +;, lv wkh sd|r� ri
wkh ghsrvlw lqvxudqfh sxw rswlrq zlwk vwulnh sulfh (1 Wkh vhfrqg whup lv
wkh ydoxh ri oltxlglw| vhuylfhv uhfhlyhg iurp ghsrvlwv1 Wkh wklug whup lv wkh
phdq uhwxuq wr wkh edqn*v sruwirolr1 Wkh irxuwk whup lv wkh h{shfwhg orvv lq
iudqfklvh ydoxh gxh wr wkh srvvlelolw| ri ghidxow/ dqg wkh �iwk whup lv wkh orvw
xwlolw| gxh wr vfuhhqlqj dfwlylw|1

Wr vroyh iru dq htxloleulxp/ zh vroyh sureohp +9, +ru sureohp +;,, vxemhfw
wr +:, dqg wuhdw +7, dv dq htxloleulxp frqglwlrq1

515 Uhjxodwru

Zh pdnh wkh dvvxpswlrq wkdw wkh uhjxodwru vhhnv wr pd{lpl}h wkh xwlolw|
ri wkh uhsuhvhqwdwlyh krxvhkrog/ dv jlyhq lq wkh pd{lpdqg ri htxdwlrq +9,/
vxemhfw wr htxdwlrqv +6,/ +7,/ +8,/ dqg +:,1: Wkh gl�huhqfh ehwzhhq wkh
uhjxodwru*v sureohp dqg wkh edqn*v sureohp lv wkdw wkh edqn wdnhv wkh ohyho
ri wd{hv dv h{rjhqrxv/ zkloh wkh uhjxodwru wdnhv lqwr frqvlghudwlrq wkh zd|
edqnv* fkrlfhv ghwhuplqh wkh oxps0vxp wd{1

Vxssrvh wkh uhjxodwru frxog revhuyh dqg frqwuro wkh edqn*v fkrlfhv ri
i7c(c jj1 Vxevwlwxwlqj htxdwlrqv +6,/ +7,/ dqg +8, lqwr htxdwlrq +9,/ rqh
rewdlqv=

Ixoo Lqirupdwlrq Uhjxodwru*v Sureohp

4@ 
7c(cj

4( n > E7c j�� �8 E(m7c j�� �7 n � +<,

vxemhfw wr lqhtxdolwlhv +:,1 Qrwh wkdw/ h{fhsw iru frqvwdqw whupv xqd�hfwhg e|
wkh fkrlfh yduldeohv +lqfoxglqj A lq wkh edqn*v sureohp,/ wkh rqo| gl�huhqfh
ehwzhhq sureohpv +;, dqg +<, lv wkdw sureohp +;, lqfoxghv wkh sd|r� wr wkh

:Ri frxuvh/ uhjxodwruv remhfwlyhv qhhg qrw eh wkh vdph dv vrflhw|*v/ lq zklfk fdvh djhqf|
sureohpv pd| dulvh ehwzhhq uhjxodwruv dqg wd{sd|huv1 Zh devwudfw iurp wkhvh lpsruwdqw
lvvxhv1
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ghsrvlw lqvxudqfh sxw rswlrq1 Rwkhu wkdq wklv rswlrq frpsrqhqw/ wkh edqn*v
dqg uhjxodwru*v lqfhqwlyhv duh lghqwlfdo1 Wkhuhiruh/ wklv prgho irfxvhv h{fox0
vlyho| rq zhoiduh glvwruwlrqv iurp prudo kd}dug lqgxfhg e| ghsrvlw lqvxudqfh1
Rwkhu srwhqwldo glvwruwlrqv wkdw uhjxodwruv pljkw eh frqfhuqhg derxw lqfoxgh
ghdgzhljkw frvwv ri idloxuh uhvroxwlrq/ glvwruwlrqdu| wd{dwlrq wkdw pljkw eh
xvhg wr sd| r� ghsrvlwruv ri idlohg edqnv/ zhoiduh orvvhv gxh wr zhdowk uhglv0
wulexwlrq iurp wd{sd|huv wr edqnhuv h{sorlwlqj wkh vdihw| qhw/ dqg v|vwhplf
fulvhv wkdw pljkw eh wuljjhuhg e| zlghvsuhdg edqn idloxuhv1 Rxu prgho grhv
qrw dgguhvv wkhvh srwhqwldoo| lpsruwdqw lvvxhv1

516 Gljuhvvlrq rq dfwxduldoo| idlu ghsrvlw lqvxudqfh suh0
plxpv

D frpsdulvrq ri sureohpv +<, dqg +;, vxjjhvwv wkdw wkh uhjxodwru| rswlpxp
frxog eh dfklhyhg li wkh uhjxodwru zhuh wr lpsrvh dq lqvxudqfh suhplxp wkdw
ydulhv zlwk (c 7c dqg jc dffruglqj wr] (

f
E( � o� s Eom7c j� _o� +43,

Wr gr vr/ krzhyhu/ zrxog uhtxluh wkh uhjxodwru wr revhuyh wkh edqn*v fkrlfh
ri 7 dqg j� Lq rxu glvfxvvlrq ri uhjxodwru| phfkdqlvpv/ zh dvvxph wkdw 7
dqg j duh sulydwh lqirupdwlrq1 Wkhuhiruh/ d �ulvn0edvhg� ghsrvlw lqvxudqfh
suhplxp ri wklv w|sh lv qrw ihdvleoh1 Qrwh wkdw wkh rswlpxp fdqqrw eh
dfklhyhg e| lpsrvlqj d suhplxp htxdo wr wkh remhfw lq +43, hydoxdwhg dw
wkh uhjxodwru *v rswlpdo fkrlfh ri i7c(c jj c qru zrxog lw eh dfklhyhg e| d
suhplxp htxdo wr +43, hydoxdwhg dw wkh edqn*v fkrlfhv xqghu wkh lqvxudqfh
suhplxp uhjlph1 Lq erwk ri wkhvh fdvhv wkh edqn uhjdugv wkh suhplxp dv
�{hg/ vr lw grhv qrw r�vhw wkh frqyh{ sd|r� vwuxfwxuh lqwurgxfhg e| wkh whupU(
f E( � o� s Eom7c j� _o lq sureohp +;,1

6 Fkdudfwhul}lqj wkh Edqn dqg Uhjxodwru|
Rswlpd

614 Xquhjxodwhg Edqn*v Sureohp

Ohw 7W/ (W / dqg jW ghqrwh wkh vroxwlrq wr sureohp +;, 1 Wkh iroorzlqj
sursrvlwlrq fkdudfwhul}hv wkhvh fkrlfhv ri wkh xquhjxodwhg edqn1
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Sursrvlwlrq 4

41 (W : f

51 Li � ' fc (W ' ��

61 Vxssrvh f 	 (W 	 �1 Kroglqj 7W dqg jW �{hg/

Y(W

Y�
	 f dqg

Y(W

Y4
: f

71 Li >r lv vx!flhqwo| vpdoo/ 7W ' f1

81 Vxssrvh 7W : f1 Kroglqj (W dqg jW �{hg/

Y7W

Y�
: fc

Y7W

Y�
	 f

+Surri lq Dsshqgl{ D,1

Sduw 4 ri sursrvlwlrq 4 vd|v wkdw wkh xquhjxodwhg edqn qhyhu fkrrvhv
433( fdslwdo �qdqflqj1 Sduw 5 vwdwhv wkdw d }hur iudqfklvh ydoxh edqn dozd|v
fkrrvhv }hur fdslwdo1 E| frqwlqxlw|/ zh fdq wkhq lqihu wkdw wklv uhvxow dovr
krogv iru edqnv zlwk iudqfklvh ydoxh vx!flhqwo| orz1 Sduw 6 ri sursrvlwlrq
4 kdv d vlpsoh lqwhusuhwdwlrq= Dv wkh ydoxh ri frqwlqxhg vxuylydo lqfuhdvhv/
edqnv fkrrvh wr krog pruh fdslwdo +orzhu (W,> exw dv wkh ydoxh ri oltxlglw|
vhuylfhv lqfuhdvhv +kljkhu 4,/ edqnv krog ohvv fdslwdo1 Wkh lqwhusuhwdwlrq ri
sduw 8 lv vlplodu1 Lqfuhdvlqj 7 kdv wzr vdoxwdu| h�hfwv rq wkh pd{lpdqg lq
sureohp +;,= lw lqfuhdvhv >E7c j� dqg lw ghfuhdvhv �8 E(m7c j�1 Dv � lqfuhdvhv/
wklv vhfrqg h�hfw ehfrphv lqfuhdvlqjo| lpsruwdqw/ lqfuhdvlqj wkh htxloleulxp
fkrlfh ri 71

Lq sduwv 6 dqg 8 ri sursrvlwlrq 4 zh vljq wkh sduwldo ghulydwlyhv ri (W dqg
7W zlwk uhvshfw wr sdudphwhuv ri wkh prgho1 Wkh wrwdo ghulydwlyhv fdqqrw eh
vljqhg ehfdxvh wkh vljq ri wkh furvv0sduwldo ghulydwlyh zlwk uhvshfw wr i(c7j
ri wkh pd{lpdqg lq sureohp +;, lv dpeljxrxv1 Lq sduwlfxodu/ ohw 8 *? E%m>c j�
dqg s *? E%m>c j�ghqrwh wkh orj qrupdo fxpxodwlyh glvwulexwlrq ixqfwlrq dqg
suredelolw| ghqvlw| ixqfwlrq zlwk phdq > dqg yduldqfh j2� Qrwh wkdw 8 *? lv
uhodwhg wr 8 e|

8 E%m7c j� ' 8 *?E%m>E7c j�c j�c
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zkhuh > E7c j� lv wkh vfuhhqlqj ixqfwlrq1 Wkh furvv0sduwldo ghulydwlyh zlwk
uhvshfw wr i(c7j ri wkh pd{lpdqg lq sureohp +;, lv

>7
k
8 *?
> E(m>c j�� �s *?> E(m>c j�

l
zkhuh zh xvh

87E(m7c j� ' 8 *?
> E(m>c j�>71

Dffruglqj wr ohppd 7 lq dsshqgl{ D/ 8 *?
> E(m>c j� 	 f1 Krzhyhu/ s *?> E(m>c j�

fdqqrw eh xqdpeljxrxvo| vljqhg1 +D vlplodu dpeljxlw| zrxog dulvh li zh
zhuh wr dvvxph qrupdolw|/ lq zklfk fdvh s>E(Wm7c j� 	 f1, Kdylqj vdlg wklv/
zh doprvw dozd|v �qg lq rxu qxphulfdo vlpxodwlrqv wkdw wkh wrwdo h�hfw ri
lqfuhdvlqj � kdv wkh vdph vljq dv wkh sduwldo h�hfwv ghvfulehg lq sursrvlwlrq
41

Sursrvlwlrq 4 grhv qrw glvfxvv wkh ehkdylru ri jW1 Wklv fkrlfh yduldeoh
lv vrphzkdw pruh gl!fxow wr dqdo|}h ehfdxvh lw d�hfwv erwk wkh yduldqfh
dqg +yld wkh vfuhhqlqj ixqfwlrq >E7c j� , wkh phdq ri wkh edqn*v sruwirolr
uhwxuq1 Dv d uhvxow/ 8j fdqqrw eh xqdpeljxrxvo| vljqhg1 Krzhyhu/ zh fdq
jhw vrph lqwhuhvwlqj dqdo|wlf uhvxowv iru wkh fdvh zkhuh erwk >j dqg >jj duh
vx!flhqwo| vpdoo1 Iru wkh sdudphwhul}dwlrq ri >E7c j� zh xvh/ rqh fdq pdnh
erwk 4@ d>jo dqg 4@ m>jjmvpdoo e| fkrrvlqj d vx!flhqwo| vpdoo ydoxh iru
sdudphwhu @j1 Lq sursrvlwlrq 5/ zh vkrz wkdw li 4@ d>jo dqg 4@ m>jjm duh
vx!flhqwo| vpdoo/ jW lv qhyhu lqwhulru1 Udwkhu/ wkh edqn*v rswlpdo fkrlfh ri
ulvn lv hlwkhu j4�? ru j4@ 1 Ixuwkhupruh/ dv iudqfklvh ydoxh lqfuhdvhv/ wkhuh
frphv d srlqw dw zklfk wkh edqn*v rswlpdo fkrlfh ri ulvn vkliwv glvfrqwlqxrxvo|
iurp j4�? wr j4@ �

Sursrvlwlrq 5 Iru 4@ d>jo dqg 4@ m>jjm vx!flhqwo| vpdoo/

41 jW ' j4�? ru j4@ �

51 Li � ' fc jW ' j4@ �

61 Il{ i7Wc (Wj1 Wkhuh h{lvwv � vxfk wkdw jW ' j4@ c ;� 	 �/ dqg jW '
j4�?c ;� : ��

+Surri lq Dsshqgl{ D,1

Sursrvlwlrq 514 lpsolhv wkdw zkhq >j lv orz/ edqnv hqgrjhqrxvo| vruw
lqwr ulvn0vhhnlqj edqnv +orz iudqfklvh ydoxh edqnv zkr fkrrvh jW ' j4@ ,
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dqg suxghqw edqnv +kljk iudqfklvh ydoxh edqnv zkr fkrrvh jW ' j4�?,1 Iru
kljkhu ydoxhv ri >j/ zh �qg lq rxu qxphulfdo vlpxodwlrqv wkdw lqwhulru ydoxhv
ri j gr hphujh lq htxloleulxp1 Krzhyhu/ wkh glvwlqfwlrq ehwzhhq ulvn0vhhnlqj
yv1 suxghqw edqnv frqwlqxhv wr eh xvhixo dv d txdolwdwlyh ghvfulswlrq ri
edqn ehkdylru1 Zh �qg wkdw/ iru vx!flhqwo| orz iudqfklvh ydoxhv/ edqnv
vhw jW ' j4@ dqg (W ' � +l1h1/ }hur fdslwdo, lq dq h�ruw wr pd{lpl}h
wkh ydoxh ri wkh ghsrvlw lqvxudqfh sxw rswlrq1 Iru kljkhu iudqfklvh ydoxhv/
wkh dgydqwdjh ri h{sorlwlqj wklv sxw rswlrq duh rxwzhljkhg e| wkh orvv lq
iudqfklvh ydoxh/ vr edqnv uhgxfh wkhlu suredelolw| ri idloxuh e| uhgxflqj jW

dqg2ru (Wglvfrqwlqxrxvo|1
Iru �{hg (W dqg 7W Sursrvlwlrq 516 jlyhv d frpsdudwlyh vwdwlf uhvxow

iru jW frpsdudeoh wr wkrvh jlyhq lq sursrvlwlrq 4 iru (W dqg jW= jW lv
+zhdno|, ghfuhdvlqj lq �1 Iru vx!flhqwo| vpdoo >j wkhvh wzr uhvxowv vxjjhvw
d vruw ri �uhyhuvh phdq0yduldqfh wudgh0r��= Dv � lqfuhdvhv/ jW ghfuhdvhv
zkloh >+7Wc jW� lqfuhdvhv1

615 Uhjxodwru*v sureohp xqghu ixoo lqirupdwlrq

Ohw (oe}c 7oe}/ dqg joe} ghqrwh wkh vroxwlrqv wr sureohp +<,1 Wkhvh rswl0
pdo fkrlfhv ri wkh uhjxodwru xqghu ixoo lqirupdwlrq duh fkdudfwhul}hg e| wkh
iroorzlqj sursrvlwlrq1

Sursrvlwlrq 6

41 (oe} : f�

51 Li (oe} lv lqwhulru/ Y(oe}

Y�
	 f dqg Y(oe}

Y4
: f

61 Li joe} lv lqwhulru dqg >j lv vx!flhqwo| vpdoo/ Yjoe}

Y�
	 f

71 Li 7oe} : f/ wkhq Y7oe}

Y�
: f dqg Y7oe}

Y�
	 f�

+Surri lq Dsshqgl{ D,1

Wkh lqwhusuhwdwlrq ri sursrvlwlrq 6 lv dqdorjrxv wr wkdw ri sursrvlwlrq 4
iru wkh xquhjxodwhg edqn1 Iru wkh uhjxodwru/ wkhuh lv qr uhvxow dqdorjrxv wr
sursrvlwlrq 514/ vlqfh wkhuh lv qr whqvlrq ehwzhhq wkh ulvn ri orvw iudqfklvh
ydoxh dqg wkh jdlq iurp hqkdqflqj wkh ydoxh ri wkh ghsrvlw lqvxudqfh sxw
rswlrq1 Lq idfw/ wkh rqo| uhdvrq wkdw joe} pljkw h{fhhg j4�? lv wkh phdq0
hqkdqflqj h�hfw ri kljkhu yduldqfh wkurxjk d srvlwlyh ydoxh ri >j1
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7 Uhjxodwru| Phfkdqlvpv
Lq wkh suhylrxv vhfwlrq zh vdz wkdw wkh edqn*v remhfwlyh ixqfwlrq +;, gli0
ihuv iurp wkh remhfwlyh ri wkh uhjxodwru +<,1 Dv d uhvxow/ wkh fkrlfhv ri wkh
xquhjxodwhg edqn zloo jhqhudoo| eh vxerswlpdo iurp wkh shuvshfwlyh ri wkh
uhjxodwru1 Li wkh edqn*v fkrlfhv ri i7c(c jj zhuh revhuydeoh wr wkh uhjxodwru/
wkh vroxwlrq wr sureohp +<, frxog eh lpsohphqwhg1 Krzhyhu/ d fuxfldo gli0
�fxow| idfhg e| pdnhuv ri uhjxodwru| srolf| lv wkdw wkh glvwulexwlrq ri edqn
sruwirolr uhwxuqv lv lpshuihfwo| revhuydeoh1 Dv glvfxvvhg lq wkh lqwurgxfwlrq/
wkh Edvoh Frpplwwhh lv fxuuhqwo| vwuxjjolqj zlwk wkh lqdffxudf| ri lwv 4<;;
�exfnhwv� dssurdfk wr phdvxulqj edqn sruwirolr ulvn1 Wr fdswxuh wklv ixq0
gdphqwdo xqrevhuydelolw| ri edqn sruwirolr ulvn/ zh dvvxph wkdw wkh edqn*v
fkrlfh ri i7c jj lv sulydwh lqirupdwlrq/ xqdydlodeoh wr wkh uhjxodwruv1 Wkh
edqn*v fkrlfh ri (/ krzhyhu/ fruuhvsrqgv wr wkh edqn*v fdslwdo vwuxfwxuh/
zklfk fohduo| lv sxeolf lqirupdwlrq1

Zh ixuwkhu pdnh wkh dvvxpswlrq wkdw wkh uhdol}hg uhwxuq o wr wkh edqn*v
sruwirolr lv revhuydeoh1 +Lq vhfwlrq 915/ ehorz/ zh zloo sduwldoo| uhod{ wklv
dvvxpswlrq1, Lq wkh fdvh ri wkh edqn*v wudglqj sruwirolr/ wklv dvvxpswlrq ds0
sur{lpdwhv uhdolw|1 Iru h{dpsoh/ erwk wkh suh0frpplwphqw sursrvdo dqg wkh
edfnwhvwlqj ihdwxuh ri wkh lqwhuqdo prghov dssurdfk uho| rq wkh revhuydelolw|
ri uhdol}hg uhwxuqv wr wkh edqn*v sruwirolr ri pdunhwhg vhfxulwlhv1 Wkh uhwxuq
wr wkh edqn*v ordq sruwirolr lv rqo| lpshuihfwo| revhuyhg e| uhjxodwruv1 Lq
dvvxplqj revhuydelolw| ri o/ zh duh dvvxplqj wkdw edqn h{dplqhuv fdq irup
d idluo| jrrg hvwlpdwh ri wkh fxuuhqw ydoxh ri d edqn*v ordq errn/ hyhq li wkh|
fdqqrw dffxudwho| dvvhvv wkh suredelolw| glvwulexwlrq ri lwv ixwxuh ydoxh1

Lq wklv vhfwlrq zh frqvlghu wzr uhjxodwru| phfkdqlvpv= Edqn fdslwdo
uhjxodwlrq/ dqg rswlpdo vwdwh0frqwlqjhqw uhjxodwlrq1

714 Edqn Fdslwdo Uhjxodwlrq

Lq wkh frqwh{w ri rxu prgho/ edqn fdslwdo uhjxodwlrq fruuhvsrqgv wr kdylqj
wkh uhjxodwru fkrrvh d ydoxh iru ghsrvlwv (S@R 5 dfc �o/ dqg ohwwlqj wkh edqn
wkhq vroyh sureohp +;, vxemhfw wr wkh frqvwudlqw wkdw ( � (S@R1 Zh ghqrwh
wkh rswlpdo fkrlfhv ri wkh edqn xqghu wklv uhjxodwru| uhjlph e| i7S@Rc jS@Rj1

D irupdo vwdwhphqw ri wkh sureohp lv dv iroorzv=

Edqn Fdslwdo Uhjxodwlrq Sureohp=
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4@ 
7c(cjc(S@RMdfc�o

4( n > E7c j�� �8 E(m7c j�� �7 n � +44,

vxemhfw wr htxdwlrq +7,/ dqg wkh lqfhqwlyh frqvwudlqwv wkdw

i(c7c jj ' @h} 4@ 
($(S@Rc7cj

] (

f
E( � o� s Eom7c j� _on4(n> E7c j���8 E(m7c j���7n��A

zkhuh i(c7c jj duh vxemhfw wr lqhtxdolwlhv +:,1

715 Rswlpdo Vwdwh0Frqwlqjhqw Uhjxodwlrq

Zh dvvxph wkdw wkh uhjxodwru fdq revhuyh wzr yduldeohv fruuhodwhg zlwk wkh
edqn*v fkrlfhv= ( dqg o1 Edqn fdslwdo uhjxodwlrq rqo| h{sorlwv wkh revhuy0
delolw| ri (1 Wkh rswlpdo uhjxodwru| phfkdqlvp h{sorlwv revhuydelolw| ri
erwk ri wkhvh yduldeohv1 Zh prgho wklv phfkdqlvp dv d �qh }E(c o�/ zklfk lv
d ixqfwlrq ri wkh edqn*v fkrlfh ri ( dqg ri wkh uhdol}hg uhwxuq o1 Wkh �qh lv
dvvhvvhg djdlqvw wkh edqn h{ srvw1 Uhjxodwruv froohfw wkh �qh/ sd| d uhvrxufh
frvw ri � shu xqlw ri froohfwhg �qh/ dqg uhedwh wkh uhpdlqghu wr krxvhkrogv
dv d uhgxfwlrq lq wkhlu oxps0vxp wd{1 Zh lpsrvh wkh uhvrxufh frvw ehfdxvh
wkh vslulw ri rxu dqdo|vlv lv wr xvh �qhv wr d�hfw edqn ehkdylru/ qrw wr xvh
uhjxodwruv dv d ghylfh iru wudqvihuulqj zhdowk wr krxvhkrogv1 Ehvlghv/ lw lv
uhdvrqdeoh wr dvvxph wkdw wkhuh lv vrph dgplqlvwudwlyh frvw wr froohfw �qhv1

Zh lpsrvh wzr uhvwulfwlrqv rq wkh �qh vfkhgxohv1 Iluvw/ zh uhtxluh �qhv
wr eh qrq0qhjdwlyh1 Zh pdnh wklv dvvxpswlrq ehfdxvh rxu wkhru| ri fdslwdo
vwuxfwxuh lv edvhg rq lqvroyhqf| dqg wudqvihuv iurp wkh IGLF frxog dozd|v eh
pdgh wr nhhs wkh edqn vroyhqw1 Vhfrqg/ zh uhtxluh �qhv wr vdwlvi| d olplwhg
oldelolw| frqvwudlqw1; Pruh irupdoo|/ �qhv duh erxqghg e|

f � }E(c o� � 4@ ifc o �(j� +45,

Wkh sureohp iru wkh uhjxodwru lv qrz

Rswlpdo Vwdwh0Frqwlqjhqw Uhjxodwlrq Sureohp=
;Rqh dovr pljkw zdqw wr lpsrvh dq xsshu erxqg rq �qhv1 Iru vrph glvwulexwlrqv/ zlwk

ulvn qhxwudolw| dqg d frqwlqxxp ri uhwxuqv/ qr vroxwlrq pd| h{lvw ehfdxvh wkh dojrulwkp
zrxog wu| wr lpsrvh kljkhu dqg kljkhu �qhv rq d vpdoohu dqg vpdoohu vhw ri wkh uhwxuqv1
+Vhh Pluuohhv/ 4<<<,1 Wklv lv qrw d sureohp iru rxu qxphulfdo h{huflvhv/ vlqfh zh glvfuhwl}h
wkh vsdfh ri srvvleoh uhwxuqv1
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4@ 
(c7cjc}Eucu�

4(n> E7c j���7��8 E(m7c j�n��
] "

f
�}E(c o�s Eom7c j� _o +46,

vxemhfw wr htxdwlrq +45,/ wr wkh lqfhqwlyh frqvwudlqwv

i(c7c jj ' @h} 4@ 
(c7cj

] (

f
E( � o� s Eom7c j� _o n 4( n > E7c j�

��7 � �8 E(m7c j� n � �
] "

(
}E(c o�s Eom7c j� _o � Ac

zkhuh i(c7c jj duh vxemhfw wr lqhtxdolwlhv +:,/ dqg zkhuh wd{hv duh qrz
A '

U(
f d( � oo s Eom7c j� _o � U"

f E� � ��}E(c o�s Eom7c j� _o1 Wkh odvw whup
lq +46, uhsuhvhqwv wkh uhvrxufhv xvhg wr froohfw wkh �qhv1 Ilqdoo|/ qrwh wkdw
vshfli|lqj wkh �qh dv d ixqfwlrq ri i(c oj lv htxlydohqw wr kdylqj wkh �qh
gh�qhg rqo| ryhu o zlwk wkh uhjxodwru lq dgglwlrq fkrrvlqj wkh edqn*v fdslwdo
ohyho1 Iru wklv uhdvrq/ zh vrphwlphv uhihu wr wklv uhjxodwru| uhjlph dv fdslwdo
uhjxodwlrq dxjphqwhg zlwk vwdwh frqwlqjhqw shqdowlhv1

8 Uhvxowv iurpQxphulfdo Vroxwlrq ri wkhPrgho=
Xquhjxodwhg Edqn/ Ixoo0Lqirupdwlrq Uhjx0
odwru/ dqg Sxuh Fdslwdo Uhjxodwlrq

814 Edvholqh Sdudphwhul}dwlrq

Lq wklv vxevhfwlrq/ zh ghvfuleh uhvxowv iurp qxphulfdoo| vroylqj sureohpv
+;,/ +<,/ dqg +44, iru d ydulhw| ri sdudphwhul}dwlrqv1 Zh ghihu rxu qxphulfdo
dqdo|vlv ri sureohp +46, xqwlo vhfwlrq 91

Zh vwduw zlwk wkh iroorzlqj edvholqh sdudphwhul}dwlrq=

� 4 ' f�fD

� � ' �

� >4�? ' ��fD

� >4@ ' ��.D

4<



� j4�? ' f��

� j4@ ' ��D

� @r ' D

� @j ' f

Zh wklqn ri wkh wlph ehwzhhq shulrg 4 dqg shulrg 5 dv rqh |hdu/ vr wkh
8( frvw0ri0ixqglqj dgydqwdjh ri ghsrvlwv ryhu fdslwdo lpsolhg e| rxu fkrlfh
ri 4 vhhpv sodxvleoh1 Zlwk >E7c j� jlyhq e| htxdwlrq +5,/ sdudphwhu � lv hv0
vhqwldoo| d qrupdol}dwlrq1< Sdudphwhu >4�? lv wkh sruwirolr phdq wkdw zrxog
rewdlq li wkhuh zhuh }hur ulvn dqg }hur vfuhhqlqj/ vr lw lv qdwxudo wr vhw lw
wr d ydoxh dssur{lpdwlqj wkh ulvn0iuhh udwh1 Rxu fkrlfhv iru >4@ / j4�?/ dqg
j4@ duh vrphzkdw pruh duelwudu|1 Wkh| lpso| wkdw qr sruwirolr fdq kdyh
d phdq h{fhvv uhwxuq deryh :3( ru d vwdqgdug ghyldwlrq deryh 483(/ dqg
doo sruwirolrv kdyh d vwdqgdug ghyldwlrq ri dw ohdvw 63(1 Wkhvh ydoxhv duh
shukdsv vrphzkdw kljk +hvshfldoo| wkh vshfl�fdwlrq iru j4�?, exw wkh| duh
frqyhqlhqw iru looxvwudwlqj wkh surshuwlhv ri wkh prgho1 Zh gr frqvlghu d
ydulhw| ri dowhuqdwlyh vshfl�fdwlrqv iru wkhvh sdudphwhuv1 Zh kdyh qr fohdu
jxlgh iru vhwwlqj @r vr zh vwduw zlwk d ydoxh ri 8/ dqg wkhq frqvlghu dowhuqd0
wlyh vshfl�fdwlrqv1 Ilqdoo|/ dv glvfxvvhg hduolhu/ vhwwlqj @j ' f lv d qdwxudo
vwduwlqj srlqw lq d prgho zlwk ulvn0qhxwudo djhqwv1

Iljxuh 4 sorwv i(Wc(oe}c(S@Rj +sdqho D,/ i7Wc 7oe}c 7S@Rj +sdqho E,/ dqg
ijWc joe}c jS@Rj +sdqho F, dv ixqfwlrqv ri � 5 dfc �o iru wkh edvholqh prgho1 Lq
hdfk ri wkhvh sdqhov/ wkh vrolg olqh jlyhv wkh rswlpdo fkrlfhv ri wkh xquhjxodwhg
edqn +l1h1/ wkh vroxwlrq wr sureohp +;,,/ wkh gdvkhg olqh jlyhv wkh rswlpdo
fkrlfhv ri wkh uhjxodwru zlwk ixoo lqirupdwlrq +wkh vroxwlrq wr sureohp +<,,/
dqg wkh grw0gdvkhg olqh jlyhv wkh htxloleulxp ydoxhv xqghu rswlpdo fdslwdo
uhjxodwlrq +wkdw lv/ wkh ydoxhv dvvrfldwhg zlwk wkh vroxwlrq wr sureohp +44,,1
Lq dgglwlrq/ zh uhsruw wkh htxloleulxp ydoxhv iru wkh suredelolw| ri ghidxow
+sdqho G,/ wkh phdq ri wkh edqn*v sruwirolr +sdqho H,/ dqg wkh ydoxh ri wkh
vrfldo zhoiduh fulwhulrq/ jlyhq e| wkh pd{lpdqg ri sureohp +<, +sdqho I,1

Frqvlghu �uvw d frpsdulvrq ri wkh xquhjxodwhg edqn*v fkrlfhv zlwk wkh
ixoo0lqirupdwlrq uhjxodwru| rswlpxp1 Wkhuh duh �yh srlqwv lq sduwlfxodu
wr qrwh iurp Iljxuh 41 Iluvw/ wkh zd| fkrlfh yduldeohv i7Wc (Wc jWj dqg

<Frqvlghu htxdwlrq +5,1 Li erwk � dqg dv zhuh grxeohg/ wkh htxloleulxp ydoxh ri V
zrxog eh kdoyhg/ exw doo doorfdwlrqv dqg xwlolw| ydoxhv zrxog uhpdlq xqfkdqjhg1
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i7oe}c (oe}c joe}j fkdqjh dv � lqfuhdvhv fruuhvsrqg wr wkh sduwldo ghulydwlyhv
glvfxvvhg lq sursrvlwlrqv 4/ 5/ dqg 61 Wkdw lv/ wkh vljqv ri wkh wrwdo ghuly0
dwlyhv ri wkhvh fkrlfh yduldeohv zlwk uhvshfw wr � duh wkh vdph dv wkrvh ri
wkh sduwldo ghulydwlyhv1 Lq sduwlfxodu/ wkh edqn*v dqg uhjxodwru*v fkrlfh ri
vfuhhqlqj lv hyhu|zkhuh lqfuhdvlqj lq �/ hyhq wkrxjk/ iru wkh kljkhu �*v/ wkh
udwh ri lqfuhdvh lv yhu| vpdoo +lpshufhswleoh iurp wkh judsk,1

Vhfrqg/ wkhuh lv d wkuhvkrog iudqfklvh ydoxh � +dssur{lpdwho| 31758 lq
wklv sdudphwhul}dwlrq, dw zklfk edqn ulvn0vhhnlqj vkliwv glvfrqwlqxrxvo| wr
suxghqw ehkdylru1 Dw wklv iudqfklvh ydoxh/ qrw rqo| grhv jW vkliw iurp j4@ 

wr j4�?/ exw zh dovr vhh d mxps lq 7W1 Wkhvh h�hfwv lqgxfh d glvfrqwlqxrxv
gurs lq wkh suredelolw| ri ghidxow iurp 3175 wr qhdu }hur1

Wklug/ iru � 	 �/ wkhuh lv d srwhqwldo orvv lq vrfldo zhoiduh iurp wkh de0
vhqfh ri edqn uhjxodwlrq1 Lq sduwlfxodu/ wkh ydoxh ri wkh uhjxodwru*v remhfwlyh
ixqfwlrq hydoxdwhg dw i7Wc (Wc jWj +vrolg olqh lq sdqho I, lv vxevwdqwldoo| eh0
orz wkdw hydoxdwhg dw i7oe}c (oe}c joe}j1 Ixuwkhupruh/ wklv jds lqfuhdvhv dv
� lqfuhdvhv iurp }hur wr �1 Dv � lqfuhdvhv/ wkh edqn lv pruh ydoxdeoh wr
vrflhw|/ |hw +iru � 	 �, wkh dfwlrqv ri wkh xquhjxodwhg edqn gr qrw surwhfw
wklv ydoxh vx!flhqwo| djdlqvw ghidxow1

Irxuwk/ iru � : � wkh fkrlfhv ri wkh xquhjxodwhg edqn dqg wkh vrfldoo|
rswlpdo fkrlfhv duh yluwxdoo| lghqwlfdo1 Qxphulfdoo|/ (W lv vwloo voljkwo| deryh
(oe} dqg 7W lv voljkwo| ehorz 7oe}/ exw wkhvh glvfuhsdqflhv duh qhjoljleoh1 Lq
wklv vhqvh/ kljk iudqfklvh ydoxh edqnv duh yluwxdoo| vhoi0uhjxodwlqj1 Wkh rqo|
uroh iru uhjxodwlrq lv wr d�hfw lqfhqwlyhv iru wkh orz iudqfklvh ydoxh edqnv1

Iliwk/ zh �qg d vruw ri uhyhuvh phdq0yduldqfh wudgh0r� lq htxloleulxp/
vlqfh jW lv +zhdno|, ghfuhdvlqj lq �/ zkloh >E7Wc jW� lv vwulfwo| lqfuhdvlqj lq
�1 Wklv/ li zh revhuyhg dq hfrqrp| zlwk d glvwulexwlrq ri iudqfklvh ydoxhv/
zh zrxog �qg wkdw kljkhu0ulvn edqnv kdyh sruwirolrv zlwk orzhu phdq uhwxuqv1

Ohw xv qrz frqvlghu wkh lpsolfdwlrqv ri wkh edvholqh sdudphwhul}dwlrq iru
rswlpdo edqn fdslwdo uhjxodwlrq/ sureohp +44,1 Dffruglqj wr Iljxuh 4/ edqn
fdslwdo uhjxodwlrq lv h�hfwlyh dw prylqj 7 dqg j forvhu wr wkh ixoo0lqirupdwlrq
uhjxodwru| rswlpxp1 Iru � 	 �/ (S@R lv ehorz wkh rswlpdo fkrlfhv ri erwk
wkh xquhjxodwhg edqn dqg wkh ixoo0lqirupdwlrq uhjxodwru1 Lq sduwlfxodu/ zh
�qg wkdw (S@R iroorzv d �Y�0vkdshg sdwwhuq dv � lqfuhdvhv1 Wklv Y0vkdsh
zdv irxqg lq prvw sdudphwhul}dwlrqv zh kdyh wulhg1

Ohw xv frqvlghu zk| wklv uhvxow frphv derxw1 Uhfdoo wkdw wkh zhgjh eh0
wzhhq wkh edqn*v remhfwlyh dqg wkh uhjxodwru*v remhfwlyh lv wkh h{shfwhg ydoxh
ri wkh ghsrvlw lqvxudqfh sxw rswlrq1 Wklv rswlrq kdv vwulnh sulfh (/ vr uhgxf0
lqj( e| uhjxodwru| �dw uhgxfhv wkh ydoxh ri wklv rswlrq/ wkhuhe| uhgxflqj wkh
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glvfuhsdqf| ehwzhhq edqn dqg uhjxodwru| remhfwlyhv1 Lq dgglwlrq/ uhgxflqj
(S@R gluhfwo| uhgxfhv wkh suredelolw| ri ghidxow1 Ri frxuvh/ wklv dfwlrq lv qrw
zlwkrxw frvw/ vlqfh ghsrvlwv surylgh oltxlglw| ydoxh wr vrflhw|1

Dv � lqfuhdvhv iurp }hur/ wkh ydoxh ri wkh edqn wr wkh uhjxodwru lqfuhdvhv>
wkh fdslwdo uhjxodwru uhvsrqgv e| ixuwkhu uhgxflqj wkh ghidxow suredelolw| e|
uhgxflqj (S@R1 Zkloh wklv uhgxfhv wkh ydoxh ri wkh sxw rswlrq/ wkh edqn vwloo
uhjdugv wkh sxw rswlrq dv wkh pdlq irfxv ri ydoxh fuhdwlrq/ vlqfh lw vhwv jS@R

dw j4@ 1 Krzhyhu/ dw d iudqfklvh ydoxh h� fruuhvsrqglqj wr wkh erwwrp ri wkh
�Y� +durxqg 314 lq wkh edvholqh sdudphwhul}dwlrq,/ (S@R kdv ehhq uhgxfhg
wr wkh srlqw zkhuh wkh sxw rswlrq kdv olwwoh ydoxh1 Dv d uhvxow/ wkh edqn
vkliwv glvfrqwlqxrxvo| iurp j4@ wr j4�?� Zkloh wkh sxw rswlrq qr orqjhu dfwv
dv d vljql�fdqw zhgjh ehwzhhq edqn dqg uhjxodwru| remhfwlyhv/ wkh edqn*v
fkrlfhv gr qrw |hw frlqflgh zlwk wkh vrfldo rswlpxp1 Wkh glvwruwlrq lv qrz
wkh vxerswlpdo ydoxh ri ( wkdw lv lpsrvhg e| wkh fdslwdo uhjxodwru/ zklfk lq
wxuq lpsolhv d vfuhhqlqj ohyho 7S@R 	 7oe}/ wkh vrfldoo| rswlpdo ohyho1 Qrwlfh
wkdw/ dw wklv srlqw/ wkh htxloleulxp ghidxow suredelolw| xqghu rswlpdo fdslwdo
uhjxodwlrq lv vxerswlpdoo| orz1 Wkh ixoo0lqirupdwlrq uhjxodwru zrxog suhihu wr
wrohudwh d voljkwo| kljkhu ghidxow udwh wr dyrlg sd|lqj wkh kljk frvw ri fdslwdo
lpsolhg e| (S@R1 Dv � lqfuhdvhv iurp h� wr �/ wkh uhjxodwru vhwv (S@R htxdo wr
pd{lpdo ydoxh ri ( wkdw lqgxfhv edqnv wr fkrrvh j4�?1 Wklv ydoxh lqfuhdvhv
zlwk � xqwlo/ dw �/ wkh lqfhqwlyhv ri wkh xquhjxodwhg edqn duh +yluwxdoo|,
doljqhg zlwk wkrvh ri wkh uhjxodwru/ dw zklfk srlqw (S@R �' (W �' (oe}1

Zkloh rswlpdo fdslwdo uhjxodwlrq grhv qduurz wkh jds ehwzhhq wkh fkrlfhv
ri wkh xquhjxodwhg edqn dqg wkh fkrlfhv ri wkh ixoo0lqirupdwlrq uhjxodwru/
wkhuh lv vwloo urrp iru lpsuryhphqw lq wkh uhjxodwru| remhfwlyh ixqfwlrq1 Lq
vhfwlrq 9/ ehorz/ zh frqvlghu zkhwkhu ixuwkhu lpsuryhphqw lv srvvleoh e|
dxjphqwlqj fdslwdo uhjxodwlrq zlwk vwdwh0frqwlqjhqw �qhv1

815 Dowhuqdwlyh Sdudphwhul}dwlrqv

Lq wklv vxevhfwlrq/ zh shuwxue lqglylgxdo sdudphwhuv dzd| iurp wkh edvholqh
fdvh +ohdylqj doo rwkhu sdudphwhuv dw wkh edvholqh ydoxhv,1 Iluvw/ frqvlghu wkh
h�hfw ri uhgxflqj >4@ wr 418 +lpso|lqj d 83( pd{lpdo phdq qhw uhwxuq wr
wkh edqn*v sruwirolr,1 Wkh ehkdylru ri wklv sdudphwhul}dwlrq lv txdolwdwlyho|
wkh vdph dv wkdw ri wkh edvholqh sdudphwhul}dwlrq1 Krzhyhu/ iru orz ydoxhv
ri �/ (oe} lv orzhu1 Wkh uhdvrq lv wkdw zlwk >E7c j� jlyhq e| htxdwlrq +5,
wkh orzhu ydoxh ri >4@ uhgxfhv wkh pdujlqdo ydoxh ri vfuhhqlqj1 Dv d uhvxow/
wkh phdq sruwirolr uhwxuq lv orzhu/ vr d orzhu ydoxh ri (oe} lv qhhghg wr

55



frqwuro ghidxow suredelolw|1 Vlploduo|/ (S@R lv orzhu lq wklv fdvh wkdq lq wkh
edvholqh fdvh1 Wkh phvvdjh khuh lv wkdw li d edqn*v lqyhvwphqw rssruwxqlw|
vhw ghwhulrudwhv/ vwulfwhu fdslwdo vwdqgdugv duh fdoohg iru1

Vhfrqg/ vxssrvh zh grxeoh 4 wr 3141 Wklv lqfuhdvhv wkh frvw ri fdslwdo/ vr
rswlpdo ( lv kljkhu1 Lq sduwlfxodu/ zh �qg wkdw (oe} ' (W ' � iru � 	 �./
hyhq wkrxjk � +wkh ydoxh ri � dw zklfk jW vkliwv iurp j4@ wr j4�?, lv rqo|
3171 Qrw vxusulvlqjo|/ (S@R lv dovr kljkhu lq wklv fdvh wkdq lq wkh edvholqh
fdvh1

Wklug/ vxssrvh zh lqfuhdvh wkh pdujlqdo ydoxh ri vfuhhqlqj e| vhwwlqj @r '
�f1 Wklv lqfuhdvhv wkh pdujlqdo ydoxh ri vfuhhqlqj/ vr 7 lqfuhdvhv/ lpso|lqj
d kljkhu sruwirolr phdq1 Wklv kljkhu phdq uhwxuq uhgxfhv wkh suredelolw| ri
ghidxow vx!flhqwo| vr wkdw fdslwdo lv qr orqjhu xvhg e| hlwkhu wkh xquhjxodwhg
edqn ru wkh ixoo0lqirupdwlrq uhjxodwru wr frqwuro ghidxow1 Lq sduwlfxodu/ (W '
(oe} ' � iru doo � 5 dfc �o1 Zh vwloo jhw wkh Y0vkdshg sdwwhuq iru (S@R/
dowkrxjk wkh ydoxhv ri (S@R duh kljkhu wkdq lq wkh edvholqh fdvh1 Lq frqwudvw/
zkhq zh uhgxfh @r wr 4/ wkh pdujlqdo ydoxh ri vfuhhqlqj lv vr orz wkdw/ iru
doo � 5 dfc �o/ 7W ' 7oe} ' 7S@R ' f1 Qrz/ ghidxow lv frqwuroohg rqo| e| (
dqg j/ vr/ xqolnh wkh edvholqh/ (oe} 	 �c ;� : f1

Irxuwk/ ohw xv frqvlghu wkh h�hfw ri srvlwlyh ydoxhv iru @j1 Zlwk @j '
f��/ erwk wkh ixoo0lqirupdwlrq uhjxodwru dqg wkh fdslwdo uhjxodwru fkrrvh wkh
pd{lpdo ydoxh ri j iru vpdoo exw srvlwlyh ydoxhv ri �1 Wkdw lv/ iru orz
iudqfklvh ydoxh edqnv wkh ehqh�w ri lqfuhdvlqj wkh sruwirolr phdq e| fkrrvlqj
d kljk ydoxh ri j h{fhhgv wkh frvw lq lqfuhdvhg ghidxow ulvn1 Krzhyhu/ zh vwloo
jhw d uhyhuvh phdq0yduldqfh wudgh0r� lq htxloleulxp= Iru wkh xquhjxodwhg
edqn/ wkh ixoo0lqirupdwlrq uhjxodwru/ dqg wkh fdslwdo uhjxodwru/ j lv +zhdno|,
ghfuhdvlqj lq � zkloh >E7c j� lv vwulfwo| lqfuhdvlqj1 Vlqfh jS@R qrz htxdov
j4@ iru orz � +lq sduwlfxodu/ iru � 	 f�2D lq wklv sdudphwhul}dwlrq,/ wkh
exughq ri uhgxflqj ghidxow ulvn idoov sulpdulo| rq fdslwdo vwuxfwxuh1 Dv d
uhvxow/ (S@R lv orzhu wkdq lq wkh edvholqh sdudphwhul}dwlrq1 Wkh ohvvrq khuh
lv wkdw li wkh uhwxuq wr juhdwhu ulvn lqfuhdvhv/ fdslwdo uhjxodwlrq pxvw eh pruh
vwulqjhqw1

Zkhq zh ixuwkhu lqfuhdvh @j wr 316/ wkhvh h�hfwv duh pdjql�hg wr wkh
srlqw zkhuh wkhuh lv d txdolwdwlyh fkdqjh lq wkh lpsolfdwlrqv ri wkh prgho1
Wklv fdvh lv glvsod|hg lq Iljxuh 51 Qrz/ lw lv rswlpdo wr wdnh rq pd{lpdo
ulvn/ uhjdugohvv ri wkh iudqfklvh ydoxh1 Wkdw lv/ jW ' joe} ' jS@R ' j4@ c iru
doo ��43 Krzhyhu/ wkh glvwlqfwlrq ehwzhhq ulvn0vhhnlqj dqg suxghqw edqnv vwloo

43Zh wulhg ydoxhv ri # dv kljk dv 43/333 zlwkrxw �qglqj dq h{fhswlrq wr wklv uhvxow1
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dssolhv1 Edqnv zlwk iudqfklvh ydoxh ehorz d fulwlfdo ydoxh � +dssur{lpdwho|
f�D� lq wklv sdudphwhul}dwlrq, duh sulpdulo| frqfhuqhg zlwk pd{lpl}lqj wkh
ydoxh ri wkh ghsrvlw lqvxudqfh sxw rswlrq1 Wkh| fkrrvh d kljk ulvn ri ghidxow1
Dw � ' �/ ghidxow ulvn gursv glvfrqwlqxrxvo|/ ehfdxvh wkh edqn glvfrqwlqx0
rxvo| lqfuhdvhv fdslwdo iurp f wr ryhu ;3(1 +Wkdw lv/ wkh edqn uhgxfhv (W

iurp � wr f��2D1, Lq rwkhu zrugv/ wkh suxghqw edqnv frqwuro ghidxow ulvn e|
lqfuhdvlqj fdslwdo/ udwkhu wkdq e| uhgxflqj sruwirolr ulvn1 Wkh ulvn0uhwxuq
wudgh0r� lpsolhg e| @j ' f�� lv vr idyrudeoh wkdw kljk iudqfklvh ydoxh edqnv
dfw pruh dv wudglqj lqvwlwxwlrqv wkdq ghsrvlwru| lqvwlwxwlrqv1 Vlploduo|/ wkh
ixoo lqirupdwlrq uhjxodwru frqwurov ulvn zlwk fdslwdo udwkhu wkdq e| uhgxflqj
j1 Qrwlfh wkdw dw � ' f�f./ wkh rswlpdo ydoxh ri (oe} gursv iurp 4 wr f�e.144

Wkh �qdo sdudphwhul}dwlrq zh glvfxvv uhgxfhv wkh pd{lpdo dqg plqlpdo
yduldqfh ri wkh edqn*v sruwirolr uhwxuq1 Lq sduwlfxodu/ zh shuwxue wkh edvholqh
sdudphwhul}dwlrq e| vhwwlqj j4@ ' f�S dqg j4�? ' f��1 Wkh pdlq h�hfw
ri orzhulqj wklv ulvn sur�oh lv wr lqfuhdvh rswlpdo ( +ghfuhdvh fdslwdo, iru
wkh edqn/ ixoo0lqirupdwlrq uhjxodwru/ dqg fdslwdo uhjxodwru1 Lq sduwlfxodu/
wkh xquhjxodwhg edqn dqg wkh ixoo0lqirupdwlrq uhjxodwru vhw ( ' � iru doo
� 5 dfc ��o� Wkh rswlpdo fdslwdo uhjxodwlrq grhv orzhu ( wr durxqg 31; iru
� ' f��/ exw (S@R uhwxuqv wr d ydoxh ri � iru � � f�21 Wklv uhvxow lv qr
vxusulvh= Lq dq hqylurqphqw ri orzhu ulvn/ ohvv vwulqjhqw fdslwdo uhjxodwlrq lv
dssursuldwh1

9 Uhvxowv iru wkh Rswlpdo Vwdwh0Frqwlqjhqw
Uhjxodwru*v Sureohp

Lq wklv vhfwlrq/ zh uhsruw uhvxowv iru wkh fdvh zkhuh qrq0qhjdwlyh �qhv duh
doorzhg dv dq dgglwlrqdo uhjxodwru| ghylfh1 Lq wklv fdvh/ wkh uhjxodwru pxvw
dovr fkrrvh d ixqfwlrq/ } E(c o�/ udwkhu wkdq vlpso| fkrrvlqj d fdslwdo uh0
txluhphqw sdudphwhu1 Wr rewdlq qxphulfdo uhvxowv/ zh pxvw pds wkh lq�qlwh0
glphqvlrqhg vsdfh ri fdqglgdwh } ixqfwlrqv lqwr vrph �qlwh0glphqvlrqhg sd0
udphwhu vsdfh1 Rqh zd| wr gr vr zrxog eh wr dvvxph d ixqfwlrqdo irup +vxfk
dv dq ?|�0rughu sro|qrpldo,/ dqg wkhq wr vroyh qxphulfdoo| iru wkh rswlpdo
sdudphwhuv1 Zh irxqg wklv dssurdfk wr eh h{wuhpho| lqh!flhqw frpsxwdwlrq0

44Wklv lv wkh uhdvrq zk| wkh �Y�0vkdshg sdwwhuq iru Gfds qr orqjhu krogv lq wklv sdud0
phwhul}dwlrq1 Guhj gursv wr phhw Gfds dw vxfk d orz ydoxh ri # wkdw wkhuh lv qr qhhg iru
Gfds wr ulvh wr phhw Guhj=
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doo|/ shukdsv gxh wr wkh glvfrqwlqxlwlhv +grfxphqwhg/ iru h{dpsoh/ lq Iljxuh
4, lq wkh edqn*v uhvsrqvh wr vpdoo fkdqjhv lq wkh prgho sdudphwhuv1 Lqvwhdg/
zh xvhg yhuvlrqv ri olqhdu surjudpplqj phwkrgv ghyhorshg iru phfkdqlvp
ghvljq sureohpv145 Vshfl�fdoo|/ zh glvfuhwl}h erwk wkh vwdwh vsdfh dqg wkh
fkrlfh vhwv1 Iroorzlqj Jurvvpdq dqg Kduw +4<;6,/ zh wkhq orrs ryhu hdfk
glvfuhwh lqyhvwphqw dqg ghsrvlw fkrlfh/ �qg wkh ydoxh ri lpsohphqwlqj hdfk
frpelqdwlrqv/ dqg wkhq wdnh wkh pd{lpxp1 Wkh sureohp ri lpsohphqwlqj
hdfk frpelqdwlrq ri fkrlfh yduldeohv lv irupxodwhg dv d olqhdu surjudp146

Wkh vwdwh vsdfh lv glvfuhwl}hg e| lpsrvlqj d vhw ri � n � erxqgdu|
srlqwv/ ieo�j�n�

�'� 1 Dq �0srlqw julg ryhu o lv frqvwuxfwhg e| vhwwlqj o� htxdo
wr . domeo� 	 o � eo�n�o1 Vlqfh wkh glvwulexwlrq ri o ghshqgv rq wkh fkrlfh ydul0
deohv/ wkh vwdwh vsdfh glvfuhwl}dwlrq ydulhv dv wkh fkrlfh yduldeohv fkdqjh1
Iru h{dpsoh/ lq wkh edvholqh sdudphwhul}dwlrq zlwk j ' j4�?/ wkh h{shfwhg
uhwxuq lq wkh udqjh ri uhwxuqv +519/5313` zdv dssur{lpdwho| 51:8/ zkloh iru
j ' j4@ lw zdv dssur{lpdwho| 71561 Zh xvh wklv dssurdfk ehfdxvh lw doorzv
xv wr nhhs rxu glvfuhwh glvwulexwlrq vlplodu wr wkh orj qrupdo glvwulexwlrq1 Li
zh kdg nhsw wkh julg srlqwv �{hg/ wkh uhvxowlqj glvfuhwh glvwulexwlrq zrxog
gl�hu vxevwdqwldoo| iurp orj qrupdolw| iru vrph ydoxhv ri wkh fkrlfh yduldeohv1

Lq rxu qxphulfdo h{huflvhv zh xvh wkh iroorzlqj frduvh julgv=

� eo 5 if�fff�c f�.c f�bc ��fc ���c ��Dc 2�fc 2�Sc 2f�fj
� ( 5 if�ffc f�f�c f�f2c ���c ��ffj
� 7 5 if�22c f�2�c f�2ec f�2Dc f�2Sc f��fj
� j 5 if��c ��Dj
� � 5 if�ffc f�fDc f��fc ���c f�Dfj

Jlyhq(/ wkh rswlpdo �qh vfkhgxoh } E(c o� iru wklv sureohp lv vlpso| d yhfwru
zlwk wkh vdph glphqvlrq dv wkh julg ryhu o� Ilqdoo|/ iru wkh uhvrxufh frvw shu
xqlw ri froohfwhg �qhv zh vhw � ' f�f�1

45Vhh Suhvfrww +4<<<, iru d ghvfulswlrq ri wklv olwhudwxuh dqg uhihuhqfhv wr lw1
46Zh fdq suryh wkdw wkhuh lv qr dgglwlrqdo ydoxh wr doorzlqj udqgrpl}dwlrq lq wkh dv0

vljqphqw ri edqnv wr ghsrvlw0lqyhvwphqw sdluv/ vr zh gr qrw zruu| derxw wklv srvvlelolw|1
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914 Uhvxowv iru wkh Edvlf Ilqhv Prgho

Lq wklv vxevhfwlrq zh frqvlghu wkh vroxwlrq wr sureohp +46, zkhq wkh rqo|
uhvwulfwlrqv �qhv lv lqhtxdolw| +45,1 Iljxuh 6 uhsruwv uhvxowv iru wkh edvholqh
sdudphwhul}dwlrq1 Lw lv dqdorjrxv wr Iljxuh 4/ h{fhsw wkdw lw xvhv wkh glvfuhwh
vroxwlrq phwkrg dqg lqfoxghv wkh vroxwlrq wr wkh rswlpdo vwdwh0frqwlqjhqw
uhjxodwlrq sureohp +46, dv zhoo dv wkh vroxwlrqv wr sureohpv +;,/ +<,/ dqg
+44,1 Wkhuh duh wzr srlqwv wr qrwh iurp Iljxuh 61 Iluvw/ wkh rswlpdo fkrlfhv ri
wkh xquhjxodwhg edqn/ wkh ixoo0lqirupdwlrq uhjlph/ dqg wkh fdslwdo uhjxodwlrq
uhjlph fruuhvsrqg idluo| forvho| wr wkrvh glvsod|hg lq Iljxuh 4 Iru h{dpsoh/
wkh rswlpdo fdslwdo uhjxodwlrqv duh vwloo Y0vkdshg1 Wklv vlplodulw| lqglfdwhv
wkdw wkh glvwruwlrqv lqgxfhg e| rxu glvfuhwl}dwlrq gr qrw revfxuh wkh hvvhqwldo
surshuwlhv ri rxu prgho1

Vhfrqg/ doorzlqj wkh uhjxodwru wr lpsrvh vwdwh0frqwlqjhqw �qhv lq dgglwlrq
wr fdslwdo uhtxluhphqwv shuplwv d vljql�fdqw lpsuryhphqw lq zhoiduh uhodwlyh
wr wkh sxuh fdslwdo uhjxodwlrq fdvh1 Lq wklv h{dpsoh/ h{fhsw iru � ' f��D/
wkh rswlpdo �qhv uhjlph lpsohphqwv wkh vdph +glvfuhwh, ydoxhv ri i7c(c jj
dv rswlpdo ixoo0lqirupdwlrq uhjxodwlrq/ vr wkh rqo| zhoiduh orvv zrxog eh wkh
frvwv iurp lpsrvlqj wkh �qhv1 Qrwh lq sduwlfxodu wkdw/ xqolnh sxuh fdslwdo
uhjxodwlrq/ wkhuh lv qr qhhg wr lpsrvh vxerswlpdoo| kljk fdslwdo +uhsuhvhqwhg
e| wkh Y0vkdshg frq�jxudwlrq iru (S@R, zkhq wkh uhjxodwru fdq xvh vwdwh0
frqwlqjhqw �qhv1

Lq Iljxuh 7 zh glvsod| wkh rswlpdo �qh vfkhgxoh iru wkh edvholqh sdudph0
whul}dwlrq zlwk }hur iudqfklvh ydoxh1 Wkh eduv jlyh wkh ydoxh ri wkh rswlpdo
�qh iru hdfk glvfuhwh ydoxh ri o1 Iljxuh 7 dovr glvsod|v wkh frqvwudlqw rq
�qhv lpsrvhg e| olplwhg oldelolw| +wkh reoltxh gdvkhg olqh,1 Iljxuh 8 lv dqdo0
rjrxv wr Iljxuh 7 iru wkh edvholqh sdudphwhul}dwlrq zlwk iudqfklvh ydoxh ri
31481 Iru erwk sdudphwhul}dwlrqv/ wkh E7c j� ' Ef�2Dc f��� lqyhvwphqwv zhuh
rswlpdo dqg wkhuh lv d odujh �qh dw wkh kljkhvw ydoxh ri o lq wkh glvfuhwh
julg1 +Iru wklv sdudphwhul}dwlrq/ wklv kljkhvw ydoxh ri o lv dssur{lpdwho|
51:8/ zklfk lv wkh phdq ri o/ frqglwlrqdo rq 2�S 	 o � 2f1, Lq Iljxuh 7 wkhuh
lv dovr d vpdoohu �qh dw d orz ohyho ri o/ durxqg 41381 Lq erwk h{dpsohv/
prvw ri wkh �qhv duh lpsrvhg rq wkh h{wuhph uljkw wdlo ri wkh glvwulexwlrq1
Zkloh wkh kljkhu ri wkhvh �qhv lv lpsrvhg lqiuhtxhqwo|/ wkh pdjqlwxgh ri wkh
�qh lv txlwh odujh1 Zlwk � ' f +Iljxuh 7, wkh �qh dssurdfkhv wkh olplwhg
oldelolw| frqvwudlqw1 Wkdw lv/ li wklv �qh lv wuljjhuhg/ lw wd{hv dzd| doprvw doo
ri wkh edqn*v sur�wv1 Zlwk � ' f��D/ wkh �qh lv orzhu exw vwloo vxevwdqwldo1
Dffruglqj wr wkhvh uhvxowv/ wkh rswlpdo vwdwh0frqwlqjhqw �qh phfkdqlvp lv wr
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E e7c ej� ^3134/31:` +31:/31<` +31</413` +413/414` +414/418` +418/513` +513/519` +519/5313`
+3155/418, 48/;3;13 7715 813; 4195 3168 3159 413< 85149
+3157/316, 4164 414; 4146 413< 4135 31<; 31<9 31<8

Wdeoh 4= Vhohfwhg olnholkrrg udwlrv zkhq E7c j� ' Ef�2Dc f��� lv lpsohphqwhg1

lpsrvh odujh �qhv dw wkh h{wuhph xsshu wdlo1
Rqh pljkw dvn zk| d �qh lv h�hfwlyh li lw lv lpsrvhg vr lqiuhtxhqwo|1 Lq

sduwlfxodu/ wkh xsshu0wdlo �qh lq Iljxuh 7 lv rqo| lpsrvhg zkhq o 5 E2�Sc 2fo/
dq hyhqw wkdw kdsshqv zlwk suredelolw| 313359 lq htxloleulxp +zkhuh wkh
edqn*v fkrlfhv duh E7c j� ' Ef�2Dc f���,1 Wklv �qh lv h�hfwlyh lq dowhulqj edqn
lqfhqwlyhv ehfdxvh wkh suredelolw| ri ehlqj �qhg zrxog eh pxfk kljkhu li wkh
edqn zhuh wr pdnh wkh vxerswlpdo fkrlfh j ' j4@ 1 Vshfl�fdoo|/ li wkh edqn
fkrvh E7c j� ' Ef�22c ��D� wkh suredelolw| ri wklv uhwxuq zrxog eh 3147751 Lq
rwkhu zrugv/ d �qh lv prvw h�hfwlyh wkh ohvv iuhtxhqwo| lw d�hfwv d edqn wkdw
lv grlqj zkdw lw lv vxssrvhg wr gr dqg wkh pruh iuhtxhqwo| lw d�hfwv d edqn
wkdw lv qrw grlqj zkdw lw lv vxssrvhg wr gr1

Pruh irupdoo|/ zh fdq xqghuvwdqg zk| �qhv duh dvvhvvhg dw wkh uljkw0
kdqg wdlo li zh frqvlghu wkh olnholkrrg udwlr/ wkh udwlr ri wkh suredelolw| xqghu
dq dowhuqdwlyh fkrlfh wr wkdw xqghu wkh uhfrpphqghg fkrlfh1 Wkh lpsru0
wdqfh ri olnholkrrg udwlrv lq prudo kd}dug prghov lv zhoo nqrzq147 Vxssrvh
E7c j� lv wkh lqyhvwphqw ghflvlrq wkh uhjxodwru zdqwv wr lpsohphqw dqg E e7c ej�
lv wkh lqyhvwphqw ghflvlrq wkh uhjxodwru zdqwv wr suhyhqw1 Wkh prvw frvw0
h�hfwlyh lqfhqwlyh phfkdqlvp lv wr sxqlvk wkh djhqw lv lq wkrvh vwdwhv zkhuh

wkh olnholkrrg udwlr sEo�e7cej�
sEo�7cj�

lv kljk1 Dw wkhvh ydoxhv ri o/ wkh �qh ixqfwlrq
sxqlvkhv ghyldwlqj edqnv pxfk pruh iuhtxhqwo| wkdq edqnv zkr frqirup wr
wkh uhjxodwru*v zlvkhv1 Wkdw lv/ wkhuh lv wkh prvw suhyhqwlrq shu groodu ri
�qh dvvhvvhg lq htxloleulxp1

Wdeoh 4 vkrzv wkh olnholkrrg udwlrv iru wzr srvvleoh lqyhvwphqw ghyld0
wlrqv E e7c ej� zkhq E7c j� ' Ef�2Dc f��� lv lpsohphqwhg1 Wkh �uvw urz olvwv
wkh olnholkrrg udwlrv li wkh orz0vfuhhqlqj/ kljk0yduldqfh lqyhvwphqw/ E e7c ej� '
Ef�22c ��D�/ lv wdnhq1 Wkh vhfrqg urz olvwv wkh udwlrv iru d orz0vfuhhqlqj/ orz0
yduldqfh lqyhvwphqw1 Lq wkh �uvw urz/ wkh olnholkrrg udwlr lv dfwxdoo| kljkhvw
rq wkh ohiw0kdqg vlgh ri uhwxuq glvwulexwlrq/ exw ehfdxvh ri olplwhg oldelolw|
qr �qhv fdq eh dvvhvvhg wkhuh1 Lqvwhdg/ zh vhh wkh �qhv lpsrvhg dw wkh

47Vhh/ iru h{dpsoh/ Kduw dqg Kropvwurp +4<;:,1
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uljkw0kdqg vlghg ri wkh glvwulexwlrq1
Zh vwloo kdyh qrw h{sodlqhg zk| wkh uhjxodwru zdqwv wr suhyhqw wkh +3155/418,

lqyhvwphqw udwkhu wkdq/ vd|/ d kljkhu0vfuhhqlqj/ kljk0yduldqfh lqyhvwphqw1
Iru edqnv zlwk orz iudqfklvh ydoxh/ wkh uhjxodwru grhv qrw zdqw wr suhyhqw
ulvn shu vh/ exw lw grhv zdqw wr suhyhqw orz vfuhhqlqj1 Wkh uhdvrq wkh orz0
vfuhhqlqj/ kljk0yduldqfh lqyhvwphqw fkrlfh lv vxfk d frqfhuq wr wkh uhjxodwru
lv wkdw ghsrvlw lqvxudqfh jlyhv edqnv d suhihuhqfh iru ulvn1 Li wkh edqn wdnhv
d kljk0ulvn lqyhvwphqw/ krzhyhu/ wkhuh lv d kljkhu suredelolw| ri lqvroyhqf|
dqg wkh pdujlqdo ehqh�w wr wkh edqn ri vfuhhqlqj ghfolqhv1 Dv d uhvxow/ edqnv
wkdw fkrrvh kljk j dovr whqg wr fkrrvh orz ydoxhv ri 71

Zk| lv wkhuh d �qh dvvhvvhg dw wkh orzhvw ihdvleoh uhwxuq iru wkh 313 iudq0
fklvh ydoxh fdvh/ ghvfulehg lq Iljxuh 7B Wkh uhdvrq iru wklv �qh lv h{wuhpho|
lqwhuhvwlqj dqg ghprqvwudwhv krz uhjxodwlrqv ghvljqhg wr suhyhqw rqh srwhq0
wldo sureohp pd| fdxvh dqrwkhu sureohp dorqj vrph rwkhu glphqvlrq1 Dv zh
mxvw glvfxvvhg/ wkh �qhv rq wkh uljkw0kdqg wdlo duh ghvljqhg wr vwrs wkh edqn
iurp wdnlqj wkh orz0vfuhhqlqj/ kljk0yduldqfh lqyhvwphqw1 Exw wklv ghyldwlrq
lv qrw wkh rqo| lqfhqwlyh frqvwudlqw wkdw elqgv1 Wkh E7c j� ' Ef�2ec f��� lq0
fhqwlyh frqvwudlqw elqgv dv zhoo1 Dv urz 5 lq Wdeoh 4 ghprqvwudwhv/ wkh prvw
h�hfwlyh ihdvleoh uhwxuq lq zklfk wkh uhjxodwru fdq lpsrvh d �qh wr suhyhqw
wklv lqyhvwphqw lv wkh +413/414` uhwxuq1 Wkh uhjxodwru zrxog olnh wr ohy| �qhv
dw orzhu ohyhov ri wkh uhwxuq exw/ djdlq/ olplwhg oldelolw| pdnhv wkdw lqihdvleoh1

Wkh uhdvrq zk| d �qh lv qhhghg wr suhyhqw vxerswlpdoo| orz vfuhhqlqj lv
qrw dv dssduhqw dv lw pd| vhhp1 Dw orz yduldqfh ohyhov/ wkh pdujlqdo wudgh0r�v
ri vfuhhqlqj iru wkh edqn dqg wkh uhjxodwru duh yhu| forvho| doljqhg1 Zh udq
dq h{shulphqw iru wkh edvholqh sdudphwhul}dwlrq zkhuh zh �{hg wkh yduldqfh
dw 316/ dqg ohw edqnv fkrrvh rqo| wkh vfuhhqlqj ohyho1 Lq wklv h{shulphqw/ wkh
vfuhhqlqj ohyho ri 3158 lv lpsohphqwhg zlwkrxw dq| �qhv ehlqj lpsrvhg1 Wklv
pd| eh vxusulvlqj vlqfh wkh lqfhqwlyh frqvwudlqw rq wkh E e7c ej� ' Ef�2ec f���
lqyhvwphqw fkrlfh zdv elqglqj lq wkh edvholqh fdvh1 Zkdw lv jrlqj lv yhu|
vxewoh1 Dv zh vdlg hduolhu/ iru orz yduldqfh lqyhvwphqwv wkh edqn dqg uhjx0
odwru*v lqfhqwlyhv duh urxjko| doljqhg dorqj wkh vfuhhqlqj glphqvlrq1 Zkhq
zh dgg yduldqfh dv d fkrlfh yduldeoh/ wkh uhjxodwru lpsrvhv kljk0uhwxuq �qhv
wr suhyhqw wkh glvdvwurxv orz0vfuhhqlqj/ kljk0yduldqfh lqyhvwphqw1 Exw lq
wklv h{dpsoh/ rqfh d �qh lv dvvhvvhg lw dovr d�hfwv wkh edqn*v pdujlqdo lqfhq0
wlyh wr vfuhhq dw wkh orz ohyho ri yduldqfh$ Hyhq wkrxjk wkh �qh lv lpsrvhg
lqiuhtxhqwo|/ lw lv odujh hqrxjk lq pdjqlwxgh wr uhgxfh wkh pdujlqdo ehqh0
�w iurp vfuhhqlqj/ ohdglqj edqnv wr suhihu d vxerswlpdoo| orz ydoxh ri 71
Dv d uhvxow/ wkh edqn*v dqg uhjxodwru*v pdujlqdo lqfhqwlyhv duh qr orqjhu dv
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forvho| doljqhg1 E| dgglqj �qhv wr suhyhqw wkh orz0vfuhhqlqj/ kljk0yduldqfh
lqyhvwphqw/ wkh uhjxodwru kdv fuhdwhg dq lqfhqwlyh iru wkh edqn wr wdnh d
orz0yduldqfh/ orz0vfuhhqlqj lqyhvwphqw1 Frqvhtxhqwo|/ dq dgglwlrqdo �qh dw
wkh orz uhwxuq ohyho lv dovr qhhghg1

Wr vxppdul}h/ wkhuh duh wzr qrwhzruwk| ihdwxuhv ri wklv h{dpsoh1 Iluvw/
wkh frpelqdwlrq ri yduldqfh dqg vfuhhqlqj gulyhv wkh lqfhqwlyh sureohp1 Wklv
lv sduwlfxoduo| hylghqw dw d iudqfklvh ydoxh ri }hur zkhuh wkhuh lv qr lqfhqwlyh
sureohp dorqj wkh yduldqfh glphqvlrq1 Vhfrqg/ wkh uhjxodwru| uhvsrqvh ri d
kljk0uhwxuq �qh wr suhyhqw wkh orz0vfuhhqlqj/ kljk0yduldqfh ghyldwlrq fuhdwhv
d qhhg iru d orz0uhwxuq �qh lq rughu wr suhyhqw d ghyldwlrq dorqj wkh vfuhhqlqj
orz0yduldqfh glphqvlrq/ zklfk zdv qrw rwkhuzlvh dq lqfhqwlyh frqfhuq1

Wkh frpelqdwlrq ri orz vfuhhqlqj dqg kljk yduldqfh lv wkh pdlq uhjxodwru|
frqfhuq lq wklv sureohp ehfdxvh zlwk kljk ulvn lqyhvwphqwv/ wkh suredelolw|
ri lqvroyhqf| jrhv xs/ glplqlvklqj wkh ydoxh ri vfuhhqlqj wr wkh edqn1 Dv
wkh iudqfklvh ydoxh lqfuhdvhv/ zh zrxog h{shfw wklv ihdwxuh wr ehfrph ohvv ri
d frqfhuq1 Wklv lv suhflvho| zkdw zh irxqg1 Dv iudqfklvh ydoxh lqfuhdvhv/
wkh vl}h ri wkh �qhv lpsrvhg rq wkh uljkw0kdqg vlgh ri wkh wdlo prqrwrqlfdoo|
ghfuhdvhv1 Lqlwldoo| zh vhh wkh �qhv dw wkh orzhu wdlo uhwxuq glvdsshdu xqwlo wkh
iudqfklvh ydoxh uhdfkhv 3153/ dw zklfk srlqw wkh qh{w kljkhvw ohyho ri vfuhhqlqj
lv lpsohphqwhg dqg wkh orz0ohyho �qhv uhwxuq1 Djdlq/ krzhyhu/ wkhvh �qhv
glvdsshdu dv wkh iudqfklvh ydoxh lqfuhdvhv dqg wkhq doo �qhv glvdsshdu e| wkh
wlph wkh iudqfklvh ydoxh uhdfkhv 31731

915 Sudfwlfdo Frqvlghudwlrqv lq Lpsohphqwlqj Vwdwh0
Frqwlqjhqw Ilqhv

Gr wkh uhvxowv ri wklv vhfwlrq r�hu dq| jxlgdqfh wr srolf| pdnhuvB Lw pd|
vhhp srolwlfdoo| lqihdvleoh wr �qh edqnv/ dowkrxjk �qhv zhuh frqvlghuhg xqghu
wkh Ihghudo Uhvhuyh Erdug*v suh0frpplwphqw sursrvdo1 Ilqhv dw wkh orzhu
wdlo ri wkh glvwulexwlrq gr uhvhpeoh wkh sxqlwlyh ihdwxuhv ri wkh surpsw fru0
uhfwlyh dfwlrq surylvlrqv ri IGLFLD1 Lw pljkw eh gl!fxow/ krzhyhu/ wr lpsrvh
�qhv zkhq d edqn shuirupv h{fhswlrqdoo| zhoo1 Wkh edqn frxog dujxh wkdw
vxfk d �qh vfkhgxoh shqdol}hv vnlooixo pdqdjhphqw udwkhu wkdq h{fhvvlyh ulvn1
Vwloo/ �qhv gr uhvhpeoh zduudqwv zklfk duh vrphwlphv lvvxhg lq frqmxfwlrq
zlwk sulydwh ghew frqwudfwv1 D zduudqw jlyhv wkh kroghu wkh rswlrq wr sxu0
fkdvh vwrfn dw d �{hg sulfh1 Li wkh zduudqw sulfh lv vhw kljk hqrxjk/ wkhq
kroghuv zloo rqo| h{huflvh wkhp zkhq wkh lvvxlqj �up grhv h{wuhpho| zhoo/
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wkxv shqdol}lqj/ lq d olplwhg vhqvh/ �up ulvn wdnlqj1 Uhjdugohvv ri zkhwkhu
ru qrw �qhv duh ihdvleoh lq sudfwlfh/ dw d plqlpxp wkhvh �qglqjv vxjjhvw wkdw
h{wuhpho| kljk uhwxuqv vkrxog dfw dv d uhg  dj wr uhjxodwruv1 Lqvwhdg ri d
�qh/ uhjxodwruv frxog xvh wkh uhvxowv wr ghflgh zklfk edqnv wr wdujhw wkhlu
vxshuylvru| uhvrxufhv1 Iru h{dpsoh/ d kljko| ghwdlohg dxglw frxog eh frq0
gxfwhg dqg li h{ dqwh kljk ulvn vwudwhjlhv zhuh dvfhuwdlqhg wkhq uhjxodwru|
vdqfwlrqv frxog eh lpsrvhg148

D pruh vhulrxv frqfhuq zlwk wkh uhvxowv lq rxu h{dpsohv lv wkdw wkh �qhv
duh qduurzo| wdujhwhg dw uhwxuqv zlwk kljk olnholkrrg udwlrv1 Lq sudfwlfh/
edqnv kdyh vrph frqwuro ryhu wkhlu uhsruwhg hduqlqjv1 Odujh wdujhwhg �qhv
zrxog jlyh edqnv lqfhqwlyhv wr dowhu uhsruwhg qxpehuv/ hyhq wr udlvh h{shqvhv
vr dv wr orzhu uhwxuqv rxw ri wkh �qh udqjh1 Wr kdqgoh wklv frqfhuq zrxog
uhtxluh h{whqglqj wkh prgho vr wkdw edqnv kdyh vrph frqwuro ryhu uhsruwhg
uhwxuqv1 Rqh vlpsoh zd| wr gr wklv lv wr doorz edqnv wr frvwohvvo| ghvwur|
dq| sruwlrq ri wkhlu uhwxuq wkdw wkh| zdqw1 Ri frxuvh/ edqnv zrxog rqo| gr
vr li wkh qhw uhwxuq/ o � }E(c o�/ lv ghfuhdvlqj lq o ryhu vrph uhdol}dwlrqv
ri wkh uhwxuq1 Wkhuhiruh/ wkh rswlpdo vwdwh0frqwlqjhqw uhjxodwru| sureohp lq
wklv hqylurqphqw lv htxlydohqw wr sureohp +46, zlwk wkh dgglwlrqdo frqvwudlqw
wkdw o � }E(c o� eh prqrwrqlfdoo| lqfuhdvlqj lq wkh uhwxuq o1

Iljxuh 9 vxppdul}hv wkh uhvxowv iru wklv sureohp xqghu wkh edvholqh sd0
udphwhul}dwlrq zlwk wklv prqrwrqlflw| frqvwudlqw lpsrvhg1 Iru sxusrvhv ri
frpsdulvrq/ Iljxuh 9 dovr lqfoxghv wkh uhvxowv iurp Iljxuh 6 iru wkh fdslwdo
uhjxodwlrq dqg wkh fdslwdo uhjxodwlrq zlwk �qhv fdvhv1 Dffruglqj wr Iljxuh
9/ olplwlqj qhw uhwxuqv wr eh prqrwrqlf uhgxfhv wkh h!fdf| ri �qhv exw wkh
h�hfw lv rqo| gudpdwlf dw d }hur iudqfklvh ydoxh1 Qrwh lq sduwlfxodu wkdw
wkh uhjxodwru fdq qr orqjhu lqgxfh wkh }hur iudqfklvh ydoxh edqn wr fkrrvh
j ' j4�? zkhq prqrwrqlflw| lv lpsrvhg1 Zkloh fdslwdo udwlrv duh forvh wr
wkrvh ri wkh fdslwdo dqg �qhv fdvh/ wkh prqrwrqlflw| uhtxluhphqw grhv lpso|
pruh vwulqjhqw fdslwdo uhtxluhphqwv dw � ' f�fD1 Wklv vxjjhvwv wkdw wkh pruh
�qhv duh olplwhg wkh forvhu wkh sureohp zloo eh wr wkh sxuh fdslwdo uhjxodwlrq
fdvh1

Lqwhuhvwlqjo|/ ghvslwh wkh vxshulrulw| ri wkh prqrwrqlflw| frqvwudlqw fdvh
wr sxuh fdslwdo uhjxodwlrqv/ zh �qg wkdw iru orz iudqfklvh ydoxhv/ vfuhhqlqj lv
kljkhu xqghu fdslwdo uhjxodwlrqv1 Dssduhqwo|/ wkh �qhv duh h�hfwlyh dw suh0
yhqwlqj wkh orz0vfuhhqlqj/ kljk0yduldqfh ghyldwlrq exw lpsrvlqj wkhvh �qhv

48Frqyhuvdwlrqv zlwk uhjxodwru| shuvrqqho lqglfdwh wkdw wkh| gr wklv lpsolflwo|1 Iru
h{dpsoh/ idvw jurzwk lv frqvlghuhg d srwhqwldo  dj iru vdihw| dqg vrxqgqhvv frqfhuqv1
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pdnhv wkh orz0vfuhhqlqj/ orz0yduldqfh lqyhvwphqw dwwudfwlyh hqrxjk wkdw wkh
edqnv pdnh wkdw fkrlfh1

Iljxuh : uhsruwv rswlpdo �qh vfkhgxohv dqg qhw uhwxuqv iru wkh prqrwrqlf0
lw| fdvh xqghu wkh edvholqh sdudphwhul}dwlrq zlwk � ' f�fD1 Wkh wrs sdqho
olvwv wkh �qh vfkhgxoh dqg wkh erwwrp sdqho olvwv wkh edqn*v qhw uhwxuq1 Lq wkh
qhw uhwxuqv sdqho/ zh ohdyh rxw iudqfklvh ydoxh dqg uhsruw/ o�}E(c o��(� Lq
wklv �jxuh/ zh fdq vhh wkh h�hfw ri wkh prqrwrqlflw| frqvwudlqw1 Wkh surjudp
zdqwv wr lpsrvh �qhv dw wkh kljkhvw udqjh ri uhwxuqv/ zkhuh wkh olnholkrrg ud0
wlr lv kljk/ exw lw lv olplwhg e| wkh prqrwrqlflw| frqvwudlqw1 Lqghhg/ zlwkrxw
wkh prqrwrqlflw| frqvwudlqw doo �qhv zrxog eh lpsrvhg dw wkh kljkhvw uhwxuq
iru wklv sdudphwhul}dwlrq1 Krzhyhu/ zlwk wkh prqrwrqlflw| frqvwudlqw/ wklv
vwudwhj| lv qrw ihdvleoh/ vr lw dovr lpsrvhv �qhv dw wkh vhfrqg kljkhvw ohyho
ri rxwsxw1 Exw qrz/ wkhvh �qhv d�hfw wkh ghvludelolw| ri orz0vfuhhqlqj/ orz0
yduldqfh lqyhvwphqwv dqg dv zh vdz hduolhu/ wkh sureohp pxvw dovr lpsrvh
�qhv dw wkh orzhu hqg ri vroyhqf| udqjh wr suhyhqw wkhvh ghyldwlrqv1

Frvwohvv ghvwuxfwlrq ri uhwxuqv lv qrw wkh rqo| zd| rqh fdq prgho wkh
lghd wkdw edqn*v kdyh vrph frqwuro ryhu wkhlu uhsruwhg uhwxuqv1 Dqrwkhu ds0
surdfk lv wr iroorz Odfnhu dqg Zhlqehuj +4<;<, dqg doorz wkh edqn wr fkdqjh
wkh revhuyhg uhwxuq dw d frvw1 Xowlpdwho|/ wkh pruh ohhzd| wkh edqn kdv lq
uhsruwlqj lwv uhwxuqv wkh ohvv h�hfwlyh �qhv zloo eh dqg wkh pruh uholdqw uhj0
xodwruv zloo eh rq h{ dqwh uhjxodwlrqv olnh fdslwdo uhtxluhphqwv1 Lq jhqhudo/
wkh pruh frqwuro wkh edqn kdv ryhu �qdo uhwxuqv/ eh lw wkurxjk frqwuro ryhu
uhsruwhg uhwxuqv ru wkurxjk frqwuro ri d pruh jhqhudo idplo| ri uhwxuq glv0
wulexwlrqv/49 wkh ohvv h�hfwlyh �qhv zloo eh1 Vwloo/ hyhq lq wklv prghuq hud
ri �qdqfldo ghulydwlyhv/ wkhuh duh vrph olplwv rq wkh delolw| ri lqvwlwxwlrqv
wr frqwuro �qdo uhwxuqv vr ixuwkhu uhvhdufk lqwr wkhvh olplwdwlrqv dqg wkh
h�hfwlyhqhvv ri vwdwh0frqwlqjhqw shqdowlhv vhhpv zduudqwhg1

: Frqfoxvlrqv dqg Gluhfwlrqv iru Ixwxuh Uh0
vhdufk

Lq wklv sdshu/ zh �qg wkdw wkh sxw rswlrq dvvrfldwhg zlwk ghsrvlw lqvxudqfh
lqgxfhv orz iudqfklvh ydoxh edqnv wr fkrrvh rqh ru pruh ri wkh iroorzlqj vr0

49Wkh prvw h{wuhph fdvh zrxog eh li wkhuh h{lvwhg d frpsohwh vhw ri vwdwh0frqwlqjhqw
fodlpv/ lq zklfk fdvh wkh edqn frxog vhoo iruzdug doo hduqlqjv +deryh wkh vroyhqf| frq0
vwudlqw, lq wkrvh vwdwhv zkhuh �qhv zhuh dvvhvvhg1 Lq wklv vhqvh/ rxu uhvxowv fohduo| uhtxluh
d ghjuhh ri pdunhw lqfrpsohwhqhvv1
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fldoo| lqh!flhqw dfwlrqv= vxerswlpdoo| orz fdslwdo> vxerswlpdoo| kljk sruw0
irolr ulvn> dqg2ru vxerswlpdoo| orz vfuhhqlqj h�ruw1 Wkhvh lqh!flhqw fkrlfhv
duh vrfldoo| kdupixo ehfdxvh wkh| lpso| d vxerswlpdoo| kljk ghidxow suredelo0
lw| dqg d vxerswlpdoo| orz phdq uhwxuq wr edqn dvvhwv1 Zh �qg wkdw fdslwdo
uhtxluhphqwv fdq eh xvhixo lq uhgxflqj wkhvh glvwruwlrqv1 Fdslwdo uhtxluh0
phqwv gluhfwo| uhgxfh wkh ghidxow suredelolw|/ dqg dovr dfw wr lqgxfh edqnv
wr lqfuhdvh vfuhhqlqj dfwlylw| dqg wr uhgxfh sruwirolr ulvn1 Krzhyhu/ fdsl0
wdo uhtxluhphqwv duh qrw zlwkrxw vrfldo frvw/ vr fdslwdo uhtxluhphqwv dorqh
jhqhudoo| gr qrw uhfryhu wkh �uvw0ehvw doorfdwlrq1 Zkhq dxjphqwhg zlwk
vwdwh0frqwlqjhqw shqdowlhv/ fdslwdo uhjxodwlrq frphv pxfk forvhu wr wkh �uvw0
ehvw1 Lq sduwlfxodu/ wkhuh lv qrw dozd|v d qhhg iru vxerswlpdoo| kljk fdslwdo1
Krzhyhu/ wkh sduwlfxodu irup wdnhq e| wkh rswlpdo �qh vfkhgxoh lv vrphzkdw
xqxvxdo= Lw lqyroyhv yhu| kljk �qhv dw wkh h{wuhph xsshu wdlo ri wkh glvwul0
exwlrq/ riwhq dffrpsdqlhg e| vpdoo �qhv mxvw deryh wkh edqnuxswf| srlqw1
Ilqhv ri wklv w|sh duh/ wr rxu nqrzohgjh/ qrw xvhg lq sudfwlfh/ wkrxjk dv zh
glvfxvvhg hduolhu/ wkh| uhvhpeoh zduudqwv dqg fdq eh uhsolfdwhg zlwk rwkhu
h{ srvw uhjxodwru| ghylfhv/ vxfk dv lq0ghswk frvwo| dxglwv1

Wzr h{whqvlrqv ri wklv prgho vhhp wr eh ri sduwlfxodu lqwhuhvw1 Iluvw/ rxu
prgho grhv qrw frqvlghu jhqhudo htxloleulxp h�hfwv ri uhjxodwlrq1 Lq sduwlf0
xodu/ wkh uhwxuq wr ghsrvlwv lv �{hg dw xqlw|/ dqg zh gr qrw uhtxluh edqnv
wr vhoo htxlw| fdslwdo wr krxvhkrogv1 Htxloleulxp h�hfwv ri uhjxodwlrq duh ri
lqwhuhvw ehfdxvh wkh sulfh ri htxlw| fdslwdo zrxog ghshqg rq wkh h{shfwhg
sd|r� wr wkh edqn/ zklfk lv fohduo| hqgrjhqrxv wr wkh uhjxodwru| uhjlph1 D
vhfrqg h{whqvlrq zrxog eh wr uhod{ wkh dvvxpswlrq wkdw edqn fkdudfwhulvwlfv
duh revhuydeoh wr wkh uhjxodwruv1 Lw zrxog eh ri lqwhuhvw wr dvvxph wkdw erwk
edqn fkdudfwhulvwlfv/ vxfk dv iudqfklvh ydoxh/ dqg edqn dfwlrqv duh xqrevhuy0
deoh1 Iru h{dpsoh/ fdslwdo uhtxluhphqwv wkdw ghfuhdvh lq iudqfklvh ydoxh/
dv zh vdz iru d udqjh ri iudqfklvh ydoxhv lq Iljxuh 6/ pljkw eh gl!fxow wr
vxssruw1 Lw zrxog dovr eh lqwhuhvwlqj wr doorz edqnv* whfkqrorjlhv wr gl�hu
lq vxfk d zd| wkdw vrph edqnv zhuh pruh surgxfwlyh wkdq rwkhuv1 Lq wkdw
nlqg ri hqylurqphqw/ kljk uhwxuq �qhv pljkw eh ohvv dsshdolqj vlqfh lw zrxog
eh kdug wr glvwlqjxlvk ehwzhhq d kljk surgxfwlylw| edqn dqg dq lpsuxghqw
edqn rq wkh edvlv ri kljk uhwxuqv1 Olwwoh zrun kdv ehhq grqh wr dgguhvv wkhvh
vruwv ri txhvwlrqv lq d edqn uhjxodwlrq prgho1 Rxu qxphulfdo phwkrgv duh
srwhqwldoo| vxlwdeoh wr frqgxfw wklv dqdo|vlv1
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D Surriv ri Sursrvlwlrqv
Ohw 8 *?E�m>c j� dqg s *?E�m>c j� ghqrwh uhvshfwlyho| wkh orj qrupdo fgi dqg sgi
zlwk phdq > dqg yduldqfh j21 Wkh iroorzlqj Ohppd lv xvhg lq wkh surriv ri
wkh sursrvlwlrqv1

Ohppd 7 Li f 	 ( 	 >/ wkhq

8 *?
> E(m>c j� 	 fc dqg

8 *?
j E(m>c j� : f�

+Sduw 4 ri sursrvlwlrq 4/ dorqj zlwk wkh frqvwudlqw ( � � lpso| wkdw f 	
(W 	 >4�? dv orqj d doo sruwirolrv kdyh srvlwlyh h{shfwhg qhw uhwxuq +d qdwxudo
vshfl�fdwlrq,1 Wkhuhiruh/ wkh frqglwlrqv rq ( uhtxluhg iru ohppd 7 krog dw
wkh edqn*v rswlpdo fkrlfhv1,

Surri ri Ohppd 7=

8 *? E(m>c j� ' �

2

%
� n ihu

#
�s
2

*L} E(�� >?
j?

$&
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zkhuh wkh huuru ixqfwlrq ihu lv gh�qhg e|

ihuE%� � 2s
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f
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>e

>2 n j2
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#
>2 n j2

>2
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Iru d udqgrp yduldeoh % zlwk fgi 8 *? E%m>c j�/ >? dqg j? jlyh wkh phdq dqg
vwdqgdug ghyldwlrq ri *L}E%�/ uhvshfwlyho|1 Gl�huhqwldwlqj htxdwlrq +47, zlwk
uhvshfw wr > dqg j/ rqh rewdlqv

8 *?
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Lq htxdwlrq +48,/ wkh vwulfw srvlwlylw| ri ' iroorzv iurp ( : f Wr suryh wkh
ohppd/ lw lv vx!flhqw wr vkrz wkdw#

2 n
>2

j2
�
#
*L}E(�� >?

j2?

$$
: f +49,

dqg #
��

#
*L}E(�� >?

j2?

$$
: f +4:,

Zh �uvw ghprqvwudwh htxdwlrq +49,1

r�}?

%
2 n

>2

j2
�
#
*L}E(�� >?

j2?

$&
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%
j2? � *L}E(� n >? n j2?

#
>2

j2
n �

$&
�

Wkh whup j2?
�
>2

j2
n �

�
lv srvlwlyh/ vr wr suryh +49, lw lv vx!flhqw wr vkrz wkdw

j2? � *L}E(� n >? : f dv iroorzv=

j2? � *L}E(� n >? ' *L}

#
>2 n j2

>2

$
� *L}E(� n

�

2
*L}

#
>e

>2 n j2

$

' *L}

#s
>2 n j2

(

$
: f +4;,

vlqfh ( 	 >1 Vlploduo|/ wr ghprqvwudwh htxdwlrq +4:,/ qrwh wkdw

r�}?

%
��

#
*L}E(�� >?

j2?

$&
' r�}?

k
j2? � *L}E(� n >?

l
: f

e| htxdwlrq +4;,1 Wklv frpsohwhv wkh surri ri wkh Ohppd1

D14 Surri ri Sursrvlwlrq 4

Wkh �uvw0rughu dqg vhfrqg0rughu qhfhvvdu| frqglwlrqv iru wkh vroxwlrq wr
sureohp +;, duh dv iroorzv=

Iluvw rughu frqglwlrq zlwk uhvshfw wr ( G

4n 8 E(m7c j�� �s E(m7c j�
;A?A=
� f li ( ' f
' f li f 	 ( 	 �
� f li ( ' �

<A@A> +4<,
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Li ( lv lqwhulru/ wkh vhfrqg rughu qhfhvvdu| frqglwlrq lv

s E(m7c j�� �s � E(m7c j� 	 f� +53,

Iluvw rughu frqglwlrq zlwk uhvshfw wr j G

] (

f
E( � o � �� sj Eom7c j� _o n >j

;A?A=
� f li j ' j4�?

' f li j4�? 	 j 	 j4@ 

� f li j ' j4@ 

<A@A> +54,

Li j lv lqwhulru/ wkh vhfrqg rughu qhfhvvdu| frqglwlrq lv] (

f
E( � o � �� sjj Eom7c j� _o n >jj 	 f +55,

Iluvw rughu frqglwlrq zlwk uhvshfw wr 7 G

] (

f
E( � o � �� s7 Eom7c j� _o n >7 � �

+ � f li 7 ' f
' f li 7 : f

,
+56,

Li j lv lqwhulru/ wkh vhfrqg rughu qhfhvvdu| frqglwlrq lv] (

f
E( � o � �� s77 Eom7c j� _o n >77 	 f� +57,

Zh qrz xvh wkhvh �uvw0 dqg vhfrqg0rughu frqglwlrqv wr suryh sursrvlwlrq
41

Sursrvlwlrq 414=

8 Efm7c j� ' sEfm7c j� ' f/ exw 4 : f/ vr dw ( ' f wkh ohiw0kdqg vlgh ri
htxdwlrq +4<, lv vwulfwo| srvlwlyh1

Sursrvlwlrq 415=

Li � ' f/ wkh ohiw0kdqg vlgh ri htxdwlrq +4<, lv vwulfwo| srvlwlyh iru doo (1
Sursrvlwlrq 416=

Li (Wlv lqwhulru/ wkhq htxdwlrq +4<, lpsolhv

4 n 8 E(Wm7Wc jW�� �s E(Wm7Wc jW� � f� +58,
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Wr suryh sursrvlwlrq 416/ gl�huhqwldwh htxdwlrq +58, zlwk uhvshfw wr � dqg
4/ dqg lpsrvh lqhtxdolw| +53,1

Sursrvlwlrq 417=

Uhzulwh wkh ohiw0kdqg vlgh ri htxdwlrq +56, dv

>7

%] (

f
E( � o � �� s *?> Eom>c j� _o n �
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� �

Wkh sursrvlwlrq iroorzv iurp
kU(

f E( � o � �� s *?> Eom>c j� _o n �
l
	4�

Sursrvlwlrq 418=

Li 7W lv lqwhulru/ wkhq htxdwlrq +56, lpsolhv] (W

f
E(W � o � �� s7 Eom7Wc jW� _o n >7 E7

Wc jW� � f� +59,

Wr suryh sursrvlwlrq 418/ gl�huhqwldwh htxdwlrq +59, zlwk uhvshfw wr � dqg
xvh 87E(m7c j� ' 8 *?

> E(m>c j�>7 wr jhw

Y7W

Y�
'

8 *?
> E(m>c j�>7U(

f E( � o � �� s77 Eom7c j� _o n >77
: f +5:,

zkhuh wkh odvw lqhtxdolw| lq htxdwlrq +5:, iroorzv iurp htxdwlrq +57,/ ohppd
7/ dqg >7 : f� Wkh surri wkdw Y7W

Y�
	 f lv dqdorjrxv1

Wklv hqgv wkh surri1

D15 Surri ri Sursrvlwlrq 5

Pduvkdoo dqg Yhqndwdudpdq +4<<<, suryhg sursrvlwlrq 5 iru wkh fdvh zkhuh
>j ' f1 Wkh jhqhudol}dwlrq wr >j vdwlvi|lqj htxdwlrq +66, lv vwudljkwiruzdug/
dqg lv vnhwfkhg1

Surri ri sursrvlwlrq 514=

Lw lv vx!flhqw wr vkrz wkdw li htxdwlrq +54, krogv dw htxdolw| wkhq lq0
htxdolw| +55, lv ylrodwhg1 Li htxdwlrq +54, khog dw htxdolw|/ wkhq

( � � '

U(
f osj Eom7c j� _o � >j

8j E(m7c j� +5;,
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Vxevwlwxwh htxdwlrq +5;, lqwr wkh ohiw0kdqg vlgh ri lqhtxdolw| +55, dqg uhdu0
udqjlqj/ rqh rewdlqvk

8jj E(m7c j� U(f osj Eom7c j� _o � 8j E(m7c j� U(f osjj Eom7c j� _o
l

n d>jj8j E(m7c j�� >j8jj E(m7c j�o
+5<,

Wr suryh sursrvlwlrq 514/ lw lv vx!flhqw wr vkrz wkdw iru vx!flhqwo| vpdoo >j
dqg >jj wkh remhfw lq +5<, lv vwulfwo| srvlwlyh/ lpso|lqj wkdw lqhtxdolw| +55,
lv ylrodwhg1 Wr wkdw hqg/ qrwh wkdw
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	 f� +65,

Lqhtxdolw| +65, lv suryhg lq Pduvkdoo dqg Yhqndwdudpdq +4<<</ Ohppd D15/
s1 485,1 Wrjhwkhu/ htxdwlrqv +63, 0 +65, lpso| wkdw wkh remhfw lq htxdwlrq
+5<, lv vwulfwo| srvlwlyh dv orqj dv erwk >j dqg >jj duh vx!flhqwo| vpdoo1

Surri ri sursrvlwlrq 515=

Zh �uvw qrwh wkdw li >j lv vpdoo hqrxjk/ 8jE(m7c j� lv xqdpeljxrxvo|
srvlwlyh1 Lq sduwlfxodu/ vxssrvh
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zkhuh wkh plqlpl}dwlrq lq +66, lv wdnhq ryhu ( 5 dfc �o/ > 5 d>4�?c >4@ o/
j 5 dj4�?c j4@ o14: Li lqhtxdolw| +66, krogv/ wkhq

8jE(m7c j� ' 8 *?
j E(m>c j� n >j8

*?
> E(m>c j� : f +67,

zkhuh wkh lqhtxdolw| lq +67, iroorzv iurp Ohppd 7 lq Dsshqgl{ D1
Xvlqj lqwhjudwlrq e| sduwv/ wkh ohiw0kdqg vlgh ri htxdwlrq +54, fdq eh

zulwwhq ] (

f
8j E(m7c j� _o � �8j E(m7c j� � +68,

Li � ' f dqg lqhtxdolw| +66, krogv/ wkhq ohppd 7 dqg sursrvlwlrq 414 lpso|
wkdw wkh remhfw lq +68, lv vwulfwo| srvlwlyh1

Surri ri sursrvlwlrq 516=

Ohw

� '

U(
f 8j E(m7c j4@ � _o

8j E(m7c j4@ �
�

Ohppd D16 lq Pduvkdoo dqg Yhqndwdudpdq +4<<<, vkrzv wkdw
U (
f

8 *?
j E(�>cj�_o

8 *?
j E(�>cj�

	41 Wkhuhiruh/ � 	4 iru vpdoo hqrxjk >j1 Xvh uhsuhvhqwdwlrq +68, iru wkh
ohiw0kdqg vlgh ri �uvw0rughu frqglwlrq +54,1 Li � 	 �/ wkh �uvw0rughu frqglwlrq
lpsolhv wkdw jW ' j4@ 1 Li � : �/ uhsuhvhqwdwlrq +68, lpsolhv wkdw wkh ohiw0
kdqg vlgh ri +54, lv vwulfwo| qhjdwlyh zkhq hydoxdwhg dw j4@ / lpso|lqj wkdw
jW 9' j4@ 1 Sursrvlwlrq 514 wkhq lpsolhv wkdw jW ' j4�?�

Wklv hqgv wkh surri1

D16 Surri ri Sursrvlwlrq 6

Wkh �uvw0 dqg vhfrqg0rughu qhfhvvdu| frqglwlrqv iru d vroxwlrq wr sureohp
+<, duh dv iroorzv=

4:Wkh uljkw0kdqg vlgh ri htxdwlrq +66, lv vwulfwo| juhdwhu wkdq }hur/ hyhq wkrxjk
I oq
� +3m�> �, @ I oq

� +3m�> �, @ 31 Xvlqj O*K÷slwdo*v uxoh/ rqh fdq vkrz wkdw

olp
G$3

����I oq
� +Gm�> �,

I oq
� +Gm�> �,

���� @ �

�
A 3=

6;



Iluvw rughu frqglwlrq zlwk uhvshfw wr ( G

4� �s E(m7c j�
;A?A=
� f li ( ' f
' f li f 	 ( 	 �
� f li ( ' �

<A@A> +69,

Li ( lv lqwhulru/ wkh vhfrqg rughu qhfhvvdu| frqglwlrq lv

��s � E(m7c j� 	 f� +6:,

Iluvw rughu frqglwlrq zlwk uhvshfw wr j G

>j � �8jE(m7c j�
;A?A=
� f li j ' j4�?

' f li j4�? 	 j 	 j4@ 

� f li j ' j4@ 

<A@A> +6;,

Li j lv lqwhulru/ wkh vhfrqg rughu qhfhvvdu| frqglwlrq lv

>jj � �8jjE(m7c j� 	 f +6<,

Iluvw rughu frqglwlrq zlwk uhvshfw wr 7 G

>7 � � � �87 Eom7c j�
+ � f li 7 ' f

' f li 7 : f

,
+73,

Li 7 lv lqwhulru/ wkh vhfrqg rughu qhfhvvdu| frqglwlrq lv

>77 � �877E(m7c j� 	 f +74,

Zh qrz suryh sursrvlwlrq 6

Sursrvlwlrq 614=

Hydoxdwh wkh ohiw0kdqg vlgh ri htxdwlrq +69, dw ( ' f1

Sursrvlwlrq 6/ sduwv 5/6/ dqg 7=

Wkhvh uhvxowv iroorz e| gl�huhqwldwlqj wkh uhohydqw �uvw0rughu frqglwlrq dw
htxdolw| dqg xvlqj wkh uhohydqw vhfrqg0rughu frqglwlrq1 Dovr xvhg duh Ohppd
7/ dqg wkh idfwv wkdw 8jE(mrc j� : f li >j vdwlv�hv +66, dqg wkdw

8rE(mrc j� ' >r8
*?
> E(m>c j��

Wklv hqgv wkh surri1

6<



Uhihuhqfhv
^4` Ehqvwrq/ Jhrujh M1 dqg Plnh Fdukloo1 �Wkh Fdxvhv ri Frqvhtxhqfhv ri

wkh Wkuliw Glvdvwhu1� Lq Uhvhdufk lq Ilqdqfldo Vhuylfhv= Sulydwh dqg
Sxeolf Srolf| +Hg1 Jhrujh J1 Ndxipdq,/ MDL Suhvv Lqf1/ Juhhqzlfk/
4<<7/436049;1

^5` Ehujhu/ Doohq Q1 �Wkh Uhodwlrqvkls ehwzhhq Fdslwdo dqg Hduqlqjv lq
Edqnlqj/� Mrxuqdo ri Prqh|/ Fuhglw/ dqg Edqnlqj/ 5:/ Pd| 4<<8/ ss1
76507891

^6` Ehujhu/ Doohq Q1/ Khuulqj/ Ulfkdug M1/ dqg Jlrujlr S1 V}hjr1 �Wkh Uroh
ri Fdslwdo lq Ilqdqfldo Lqvwlwxwlrqv/� Mrxuqdo ri Edqnlqj dqg Ilqdqfh/
4</ +4<<8,/ ss1 6<607631

^7` Ehvdqnr/ Gdylg/ dqg Jhrujh Ndqdwdv1 �Wkh Uhjxodwlrq ri Edqn Fdslwdo=
Gr Edqn Fdslwdo Vwdqgdugv Surprwh Edqn Vdihw|/� Mrxuqdo ri Ilqdqfldo
Lqwhuphgldwlrq/ 8/ Dsulo 4<<9/ ss1 49304;61

^8` Ekdwwdfkdu|d/ Vxglswr/ DuqrxgZ1D1 Errw/ dqg Dqmdq Y1 Wkdnru1 �Wkh
Hfrqrplfv ri Edqn Uhjxodwlrq1� Mrxuqdo ri Prqh|/ Fuhglw/ dqg Edqnlqj
63/ Qryhpehu 4<<;/ ss1 :780::31

^9` Er|g/ Mrkq K1/ Fkxq Fkdqj/ dqg Euxfh G1 Vplwk1 �Prudo Kd}dug xqghu
Frpphufldo dqg Xqlyhuvdo Edqnlqj1� Mrxuqdo ri Prqh|/ Fuhglw/ dqg
Edqnlqj 63/ Dxjxvw 4<<;/ sduw 5/ ss1 75907:41

^:` Er|g/ Mrkq K1/ Fkxq Fkdqj/ dqg Euxfh G1 Vplwk1 �Ghsrvlw Lqvxudqfh=
D Uhfrqvlghudwlrq1� IUE Plqqhdsrolv/ Zrunlqj Sdshu/ Qr1 8<6/ Gh0
fhpehu 4<<;1

^;` Er|g/ Mrkq K1/ dqg Pdun Jhuwohu1 �Wkh Uroh ri Odujh Edqnv lq wkh Uh0
fhqw X1V1 Edqnlqj Fulvlv1� Ihghudo Uhvhuyh Edqn ri Plqqhdsrolv Txdu0
whuo| Uhylhz/ 4;/ +Zlqwhu 4<<7,1

^<` Fdohp/ Sdxo dqg Udihdo Ure1 �Wkh Lpsdfw ri Fdslwdo0Edvhg Uhjxod0
wlrq rq Edqn Ulvn0Wdnlqj1�Mrxuqdo ri Ilqdqfldo Lqwhuphgldwlrq/ ;/ 4<<</
64:06851 4<<<1

^43` Fdpsehoo/ Wlp V1/ \xn0Vkhh Fkdq/ dqg Dqwkrq| P1 Pdulqr1 �Dq
Lqfhqwlyh0Edvhg Wkhru| ri Edqn Uhjxodwlrq1� Mrxuqdo ri Ilqdqfldo Lq0
whuphgldwlrq/ 5/ 4<<5/ ss1 58805:91
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^44` Fkdq/ \1V1/ Vwxduw Juhhqedxp/ dqg Dqmdq Wkdnru1 �Lv Idluo| Sulfhg
Ghsrvlw Lqvxudqfh SrvvleohB� Mrxuqdo ri Ilqdqfh 7:/ 4<<5/ ss1 840931

^45` Ghpvhw}/ Uhehffd V1/ dqg Pduf U1 Vdlghqehuj/ dqg Sklols H1 Vwudkdq1
�Edqnv zlwk Vrphwklqj wr Orvh= Wkh Glvflsolqdu| Uroh ri Iudqfklvh
Ydoxh/� Ihghudo Uhvhuyh Edqn ri Qhz \run Hfrqrplf Srolf| Uhylhz/ 5/
4<<9/ ss1 40471

^46` Ghzdwulsrqw/ P1 dqg Mhdq Wluroh1 Wkh Suxghqwldo Uhjxodwlrq ri Edqnv/
PLW Suhvv/ Fdpeulgjh/ PD/ 4<<61

^47` Gldprqg/ Grxjodv/ dqg Sklols G|eylj1 �Edqn Uxqv/ Ghsrvlw Lqvxudqfh/
dqg Oltxlglw|1� Mrxuqdo ri Srolwlfdo Hfrqrp|/ <4/ 4<;6/ ss1 734074<1

^48` Gldprqg/ Grxjodv dqg Udjkxudp Udmdq1 �Oltxlglw| Ulvn/ Oltxlglw|
Fuhdwlrq dqg Ilqdqfldo Iudjlolw|= D Wkhru| ri Edqnlqj�/ plphr/ Xql0
yhuvlw| ri Fklfdjr/ 4<<;1

^49` Iuhl{dv/ [dylhu/ dqg Mhdq0Fkduohv Urfkhw1 Plfurhfrqrplfv ri Edqnlqj/
PLW Suhvv/ Fdpeulgjh/ PD/ 4<<:1

^4:` Jdq/ Mlh/1 �Wkh Fdslwdo0Vwuxfwxuh dqg Dvvhw0Ulvn Ghflvlrqv ri Ilqdqfldo
Lqvwlwxwlrqv= D Wkhru| dqg Vrph Hylghqfh1� Vordq Vfkrro ri Pdqdjh0
phqw/ PLW/ Pdqxvfulsw/ 4<<<1

^4;` Jldppdulqr/ Urqdog P1/ Wudf| U1 Ohzlv/ dqg Gdylg H1P1 Vdsslqjwrq1
�Dq Lqfhqwlyh Dssurdfk wr Edqnlqj Uhjxodwlrq/� Mrxuqdo ri Ilqdqfh
7;/ Vhswhpehu 4<<6/ ss1 4856048751

^4<` Jruwrq/ Jdu| dqg Dqguhz Zlqwrq1 �Oltxlglw| Surylvlrq dqg wkh Vrfldo
Frvw ri Edqn Fdslwdo/� Fduovrq Vfkrro ri Pdqdjhphqw/ Xqlyhuvlw| ri
Plqqhvrwd/ Zrunlqj Sdshu/ Vhswhpehu 4<<;1

^53` Jurvvpdq/ Vdqirug M1 dqg Rolyhu G1 Kduw1 �Dq Dqdo|vlv ri wkh Sulqflsdo0
Djhqw Sureohp1� Hfrqrphwulfd 84 +Mdqxdu| 4<;6,= :0781

^54` Kduw/ Rolyhu dqg Ehqjw Kropvwurp1 �Wkh Wkhru| ri Frqwudfwv1� Lq Dg0
ydqfhv lq Hfrqrplf Wkhru|= Iliwk Zruog Frqjuhvv1 +Hg1 Wuxpdq I1
Ehzoh|, Fdpeulgjh/ Hqjodqg= Fdpeulgjh Xqlyhuvlw| Suhvv/ 4<;:/ ss1
:404881
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^55` Mrqhv/ Gdylg1 �Hphujlqj Sureohpv zlwk wkh Edvho Fdslwdo Dffrug= Uhj0
xodwru| Fdslwdo Duelwudjh dqg Uhodwhg Lvvxhv�/ Mrxuqdo ri Edqnlqj )
Ilqdqfh/ 57/ 5333/ 6806;1

^56` Nduhnhq/ Mrkq K1 dqg Qhlo Zdoodfh1 �Ghsrvlw Lqvxudqfh dqg Edqn Uhj0
xodwlrq= D Sduwldo0Htxloleulxp H{srvlwlrq1� Mrxuqdo ri Exvlqhvv/ 84/
Mxo| 4<:;/ ss1 746076;1

^57` Nhhoh|/ Plfkdho F1 �Ghsrvlw Lqvxudqfh/ Ulvn/ dqg Pdunhw Srzhu lq
Edqnlqj1� Dphulfdq Hfrqrplf Uhylhz/ ;3/ Ghfhpehu 4<<3/ ss1 44;60
45331

^58` Nxslhf/ Sdxo K1 dqg Mdphv R*Eulhq1 �Uhfhqw Ghyhorsphqwv lq Edqn
Fdslwdo Uhjxodwlrq ri Pdunhw Ulvnv/� Zrunlqj Sdshu <80841 Zdvklqjwrq=
Erdug ri Jryhuqruv ri wkh Ihghudo Uhvhuyh V|vwhp/ Ghfhpehu 4<<8d1

^59` Nxslhf/ Sdxo K1 dqg Mdphv R*Eulhq1 �D Suh0frpplwphqw Dssurdfk wr
Fdslwdo Uhtxluhphqwv iru Pdunhw Ulvn/� Zrunlqj Sdshu <80691 Zdvk0
lqjwrq= Erdug ri Jryhuqruv ri wkh Ihghudo Uhvhuyh V|vwhp/ Mxo| 4<<8e1

^5:` Odfnhu/ Mh�uh| dqg Mrkq D1 Zhlqehuj1 �Rswlpdo Frqwudfwv xqghu Frvwo|
Vwdwh Idovl�fdwlrq1� Mrxuqdo ri Srolwlfdo Hfrqrp|/ <:/ Ghfhpehu 4<;</
ss1 4678046961

^5;` Pduvkdoo/ Gdylg dqg Vxex Yhqndwdudpdq1 �Edqn Fdslwdo Vwdqgdugv iru
Pdunhw Ulvn= D Zhoiduh Dqdo|vlv/� Hxurshdq Ilqdqfh Uhylhz/ 5/ 4<<;/
ss1 458048:1

^5<` Pdwxwhv/ Fduphq/ dqg [dylhu Ylyhv1 �Lpshuihfw Frpshwlwlrq/ Ulvn Wdn0
lqj/ dqg Uhjxodwlrq lq Edqnlqj/� Hxurshdq Hfrqrplf Uhylhz/ 77/ 5333/
ss1 40671

^63` Pluuohhv/ Mdphv1 �Wkh Wkhru| ri Prudo Kd}dug dqg Xqrevhuydeoh Eh0
kdylru= Sduw L�/ Uhylhz ri Hfrqrplf Vwxglhv/ 99/ 4<<</ 60541

^64` Phuwrq/ Urehuw1 �Dq Dqdo|wlf Ghulydwlrq ri wkh Frvw ri Ghsrvlw Lqvxu0
dqfh Jxdudqwhhv1� Mrxuqdo ri Edqnlqj dqg Ilqdqfh/ 4/ 4<::/ ss1 60441

^65` Plqjr/ Mrkq M1 �Srolf| Lpsolfdwlrqv ri wkh Ihghudo Uhvhuyh Vwxg| ri
Fuhglw Ulvn Prghov dw Pdmru XV Edqnlqj Lqvwlwxwlrqv�/ Mrxuqdo ri
Edqnlqj dqg Ilqdqfh/ 57/ 5333/ 480661
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^66` Qdjdudmdq/ V1 dqg F1Z1 Vhdoh|1 �Vwdwh0Frqwlqjhqw Uhjxodwru| Phfkd0
qlvpv dqg Idluo| Sulfhg Ghsrvlw Lqvxudqfh/� Mrxuqdo ri Edqnlqj dqg
Ilqdqfh 55/ 4<<;/ ss1 446<044891

^67` Suhvfrww/ Hgzdug V1 �Wkh Suhfrpplwphqw Dssurdfk lq d Prgho ri Uhj0
xodwru| Edqn Fdslwdo1� Ihghudo Uhvhuyh Edqn ri Ulfkprqg Hfrqrplf
Txduwhuo|/ ;6/ Zlqwhu 4<<:/ ss1 560831

^68` Suhvfrww/ Hgzdug V1 �D Sulphu rq Prudo Kd}dug Prghov1� Ihghudo Uh0
vhuyh Edqn ri Ulfkprqg Hfrqrplf Txduwhuo|/ ;8/ Zlqwhu 4<<</ 7:0::1

^69` Urfkhw/ Mhdq0Fkduohv1 �Fdslwdo Uhtxluhphqwv dqg wkh Ehkdylru ri Frp0
phufldo Edqnv/� Hxurshdq Hfrqrplf Uhylhz 69/ 4<<5/ ss1 446:044:;1

^6:` Urfkhw/ Mhdq0Fkduohv1 �Vroyhqf| Uhjxodwlrqv dqg wkh Pdqdjhphqw ri
Edqnlqj Ulvnv/� Hxurshdq Hfrqrplf Uhylhz 76/ 4<<</ ss1 <;40<<31

^6;` Wuhdf|/ Zlooldp I1 dqg Pdun Fduh|1 �Fuhglw Ulvn Udwlqj V|vwhpv dw
Odujh XV Edqnv1� Mrxuqdo ri Edqnlqj dqg Ilqdqfh/ 57/ 5333/ ss1 49:0
5341

^6<` Zklwh/ Odzuhqfh M1 Wkh V)O Ghedfoh/ R{irug Xqlyhuvlw| Suhvv/ Qhz
\run/ 4<<41

^73` Zlooldpvrq/ Vwhskhq G1 �Glvfrxqw Zlqgrz Ohqglqj dqg Ghsrvlw Lqvxu0
dqfh/� Uhylhz ri Hfrqrplf G|qdplfv 4 +4<<;,/ ss1 57905:81
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Iljxuh 9= Vxppdu| vwdwlvwlfv ri vroxwlrqv wr wkuhh sureohpv= rswlpdo fdslwdo
uhjxodwlrq +grwwhg olqhv,/ rswlpdo fdslwdo uhjxodwlrq zlwk �qhv +�-�,/ dqg
rswlpdo fdslwdo uhjxodwlrq zlwk �qhv xqghu wkh frqvwudlqw wkdw qhw lqfrph
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Baseline, monotonicity case, franchise value  = 0.05
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