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DEVWUDFW

Fhqwudo edqnhuv nqrz wkdw �qdqfldo lqwhuphgldwlrq lv lpsruwdqw iru dfklhylqj
pdfurhfrqrplf vwdelolw|1 Zlwkrxw d ixqfwlrqlqj edqnlqj v|vwhp/ dq hfrqrp| zloo
julqg wr d kdow1 Exw prqhwdu| srolf| dqg suxghqwldo vxshuylvru| srolf| fdq zrun dw
furvv0sxusrvhv1 Zkloh prqhwdu| srolf|pdnhuv zdqw wr hqvxuh wkdw wkhuh lv dozd|v
vx!flhqw ohqglqj dfwlylw| wr pdlqwdlq kljk dqg vwdeoh hfrqrplf jurzwk/ edqn vxshu0
ylvruv zrun wr olplw edqnv* ohqglqj fdsdflwlhv lq rughu wr suhyhqw h{fhvvlyh ulvn0wdnlqj1
Wr dyrlg zrunlqj dw furvv0sxusrvhv/ fhqwudo edqnhuv qhhg wr dgrsw d srolf| vwudwhj|
wkdw dffrxqwv iru wkh lpsdfw ri fdslwdo dghtxdf| uhtxluhphqwv1 Iru wklv sxusrvh/ L
ghulyh dq rswlpdo prqhwdu| srolf| +lq fkdswhu 5, wkdw uhlqirufhv suxghqwldo fdslwdo
uhtxluhphqwv dqg vwdelol}hv djjuhjdwh hfrqrplf dfwlylwlhv dw wkh vdph wlph1 Lq fkds0
whu 5/ L dovr �qg hpslulfdo hylghqfh wkdw lq wkh Xqlwhg Vwdwhv wkh Ihghudo Uhvhuyh
orzhuv lqwhuhvw udwhv e| pruh zkhq wkh edqn fdslwdo frqvwudlqw elqgv gxulqj grzq0
wxuqv/ zklfk lv frqvlvwhqw zlwk wkh wkhru|1 Lq frqwudvw/ fhqwudo edqnhuv lq Jhupdq|
dqg Mdsdq fohduo| gr qrw dgmxvw lqwhuhvw udwh srolf| lq d zd| wkdw zrxog qhxwudol}h
wkh surf|folfdo lpsdfw ri edqn fdslwdo uhtxluhphqwv1

Rq wkh rwkhu kdqg/ lw lv wkh mre ri edqn uhjxodwruv dqg vxshuylvruv wr hqvxuh wkdw
wkh �qdqfldo v|vwhp ixqfwlrqv vprrwko|1 Ghvslwh wkh frqvhqvxv wkdw prudo kd}dug lv
d pdlq fdxvh iru vljql�fdqw edqnlqj vhfwru sureohpv/ srolf|pdnhuv fdq qrw uhdfk dq
djuhhphqw rq krz wr ghvljq rswlpdo suxghqwldo edqnlqj srolflhv1 Lq sduwlfxodu/ olwwoh
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lv nqrzq derxw krz h{lvwlqj edqnlqj srolflhv/ vxfk dv fdslwdo dghtxdf| uhtxluhphqwv
dqg ghsrvlw lqvxudqfh/ frpsohphqw rqh dqrwkhu1 E| frqvwuxfwlqj d g|qdplf prgho
ri prudo kd}dug zlwk hqgrjhqrxv iudqfklvh ydoxhv lq fkdswhu 6/ L qrw rqo| dujxh wkdw
d frruglqdwhg frpelqdwlrq ri rswlpdo edqn fdslwdo uhtxluhphqwv dqg rswlpdo ghsrvlw
lqvxudqfh fdq frqwuro prudo kd}dug h!flhqwo| exw dovr ghulyh dqdo|wlfdoo| wkh irupv
ri rswlpdo edqnlqj srolflhv1 Lq wklv prgho/ pruh frpshwlwlrq vwlpxodwhv ulvn0wdnlqj
e| edqnv exw ulvn0wdnlqj ghfuhdvhv zkhq fdslwdo uhjxodwlrq dqg ghsrvlw lqvxudqfh
duh frqgxfwhg1 Edvhg rq wkh edqn gdwd iurp 76 frxqwulhv gxulqj wkh 4<<3v/ L �qg
hylghqfh wkdw erwk ghsrvlw lqvxudqfh dqg fdslwdo dghtxdf| uhtxluhphqwv hqkdqfh
edqnlqj vwdelolw|1
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DFNQRZOHGJPHQWV

Iluvw dqg iruhprvw/ L dp ghhso| judwhixo wr p| dgylvhuv Surihvvru Srn0vdqj Odp
dqg Surihvvru Vwhskhq J1 Fhffkhwwl1 Surihvvru Odp*v dgylfh edvhg rq klv eurdg
nqrzohgjh lq hfrqrplf wkhrulhv dozd|v khos ph dyrlg ghwrxuv lq uhvhdufk1 Klv kdug0
zrunlqj dqg uljrurxv dwwlwxgh wrzdugv uhvhdufk kdv lqvsluhg ph1 L kdyh dovr ehqh�whg
juhdwo| iurp Surihvvru Fhffkhwwl/ zkrvh lqvljkwv dozd|v nhhs p| uhvhdufk prylqj lq
wkh uljkw gluhfwlrq1 L dp yhu| lqghewhg wr klv jxlgdqfh ryhu wkh |hduv1

P| wkdqnv dovr jr wr Surihvvru Pdvdr Rjdnl1 Klv wkrxjkwixo dqg ghwdlohg frp0
phqwv duh yhu| khosixo iru lpsurylqj p| wkhvlv1 L dovr zdqw wr wkdqn Surihvvru Kxvwrq
M1 PfFxoorfk iru khosixo glvfxvvlrqv dqg vxjjhvwlrqv1 Lq dgglwlrq/ L zlvk wr wkdqn wkh
sduwlflsdqwv ri wkh Pdfurhfrqrplfv zrunvkrs lq Hfrqrplfv Ghsduwphqw/ Rklr Vwdwh
Xqlyhuvlw|/ hvshfldoo| Surihvvru Sdxo Hydqv iru klv ydoxdeoh frpphqwv1

L zrxog olnh wr h{whqg p| vshfldo wkdqnv wr Surihvvru Ehowrq P1 Iohlvkhu/ zkrp L
kdyh nqrzq iru pruh wkdq whq |hduv1 Klv zdup0khduwhg khos dqg hqfrxudjhphqw kdyh
�upo| vxssruwhg ph gxulqj wkh sdvw vhyhudo |hduv1 L kdyh dovr ohduqhg iurp Surihvvru
Kdmlph Pl|d}dnl*v uljrurxv dwwlwxgh wrzdugv hfrqrplfv1

Odvw/ exw qrw ohdvw/ L zrxog olnh wr wkdqn p| zlih/ [ldrgdl [lq/ zkrvh vxssruw
dqg xqghuvwdqglqj gxulqj wkh sdvw ihz |hduv kdyh ehhq prvw lpsruwdqw wr ph1 Khu
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ghyrwlrq wr ph wkurxjkrxw p| judgxdwh vwxglhv kdv pdgh wklv glvvhuwdwlrq srvvleoh
lq wkh hqg1
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YLWD

Dxjxvw ;/ 4<9; 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 Eruq 0 Vkdqjkdl/ Fklqd
4<;< 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1E1D1 Hfrqrplfv/ Ixgdq Xqlyhuvlw|
4<<6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1P1D1 Hfrqrplfv/ Ixgdq Xqlyhuvlw|
4<<7 0 4<<< 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1Hfrqrplvw/ Shrsoh*v Edqn ri Fklqd
5333 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1P1D1 Hfrqrplfv/ Rklr Vwdwh Xqlyhuvlw|

SXEOLFDWLRQV

Uhvhdufk Sxeolfdwlrqv
Oldqid Ol �Wkh Frqglwlrqv/ Sureohpv dqg Survshfw ri Iruzdug Iruhljq H{fkdqjh
Wudqvdfwlrq lq Fklqd1� Wkh Fkdqjhv dqg Ghyhorsphqw ri Fklqd*v Iruhljq Fxuuhqf|
Pdunhw> M1\1 Sdqj +hgv1,/ Fklqd Ilqdqfh Sxeolvklqj Frpsdq|/ Ehlmlqj/ 4<<:1
Oldqid Ol �D Vwxg| ri Wudqvdfwlrq Prgh lq Lqwhuedqn Iruhljq H{fkdqjh Pdunhw1�
Wkh Fkdqjhv dqg Ghyhorsphqw ri Fklqd*v Iruhljq Fxuuhqf| Pdunhw> M1\1 Sdqj +hgv1,/
Fklqd Ilqdqfh Sxeolvklqj Frpsdq|/ Ehlmlqj/ 4<<:1
Oldqid Ol �Wkh Uhfhqw Iruhljq H{fkdqjh Uhirup dqg wkh Rswlpdo Doorfdwlrq ri
Iruhljq H{fkdqjh Uhvrxufh1� Mrxuqdo ri Vkdqjkdl Ilqdqfh/ Qr1 8/ 4<<71
Oldqid Ol �Wkh Rxworrn ri Iruhljq H{fkdqjh Iruzdug Wudqvdfwlrq lq Fklqd1� Mrxuqdo
ri Vkdqjkdl Ilqdqfh/ Qr1 6/ 4<<71
Oldqid Ol �D Srvlwlyh Dqdo|vlv rq wkh Frpsdudwlyh Dgydqwdjh ri Fklqd*v Uhjlrqdo
Lqgxvwulhv1� Zruog Hfrqrplf Iruxp/ Qr1 4/ 4<<61
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ILHOGV RI VWXG\

Pdmru Ilhog= Hfrqrplfv
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WDEOH RI FRQWHQWV

Sdjh
Devwudfw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ll
Dfnqrzohgjphqwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ly
Ylwd 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 yl
Olvw ri Wdeohv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 {
Olvw ri Iljxuhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 {l
Fkdswhuv=

41 Suhidfh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4

51 Prqhwdu| Srolf|/ Fdslwdo Dghtxdf| Uhtxluhphqwv dqg Exvlqhvv F|fohv 1 8
514 Lqwurgxfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8
515 D Vwdwlf Prgho 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :

51514 Wkh prgho 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :
51515 Rswlpdo prqhwdu| srolf| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45

516 D G|qdplf Prgho 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 47
517 Vlpxodwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4<

51714 Sdudphwhu Ydoxhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4<
51715 Vlpxodwlrq Uhvxowv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 53

518 Zkdw zhuh Fhqwudo Edqnv GrlqjB 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 56
51814 Hvwlpdwhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5:

519 Frqfoxvlrq Uhpdunv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5<
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61 Prudo Kd}dug lq Edqnlqj dqg Suxghqwldo Edqnlqj Srolflhv 1 1 1 1 1 1 1 1 69
614 Lqwurgxfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 69
615 D Prgho ri Prudo Kd}dug lq Edqnlqj dqg Suxghqwldo Srolflhv 1 1 1 73

61514 Ixoo lqirupdwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 74
61515 Sulydwh Lqirupdwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8<

616 Hpslulfdo Dqdo|vlv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 97
61614 Uhodwhg Olwhudwxuh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 97
61615 Gdwd Ghvfulswlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9<
61616 Sdqho Gdwd Dqdo|vlv= Furvv0vhfwlrqdo dqg Wlph Vhulhv Hylghqfh :6

617 Frqfoxvlrq Uhpdunv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;4
71 Glvfxvvlrqv dqg Frqfoxvlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;6

Eleolrjudsk| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;:
Dsshqglfhv=

D1 Surf|folfdo H�hfw ri Fdslwdo Uhtxluhphqwv lq wkh G|qdplf Pdfurhfrqrplf
Prgho lq Fkdswhu Wzr 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <4

E1 Vroxwlrq iru wkh G|qdplf Pdfurhfrqrplf Prgho lq Fkdswhu Wzr 1 1 1 1 <7

F1 Gdwd Ghvfulswlrqv iru Fkdswhu Wzr 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 433
F14 Frqyhuwlqj Gdwd Iuhtxhqf| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 433
F15 Gdwd Vrxufhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 433
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OLVW RI WDEOHV

Wdeoh Sdjh

514 Fdoleudwlrq ri wkh Sdudphwhuv Ydoxhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 64
515 Wkh Uhdfwlrq Ixqfwlrqv ri wkh Xqlwhg Vwdwhv/ Jhupdq| dqg Mdsdq 1 1 65
614 Idfwruv D�hfwlqj wkh Ulvn0wdnlqj ri d Edqn zlwk Prudo Kd}dug 1 1 1 84
615 Vxppdu| Vwdwlvwlfv= Frxqwulhv/ Edqnv dqg Shulrgv 1 1 1 1 1 1 1 1 1 1 :4
616 Vxppdu| Vwdwlvwlfv= Uhjuhvvlrq Yduldeohv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :6
617 Sdqho Uhjuhvvlrqv ri Dqqxdo Ulvn0wdnlqj rq Iudqfklvh Ydoxhv/ Fdslwdo

Dghtxdf| Uhtxluhphqwv dqg Ghsrvlw Lqvxudqfh +zlwkrxw Il{hg H�hfwv, :9
618 Sdqho Uhjuhvvlrqv ri Dqqxdo Ulvn0wdnlqj rq Iudqfklvh Ydoxhv/ Fdslwdo

Dghtxdf| Uhtxluhphqwv dqg Ghsrvlw Lqvxudqfh +zlwk Il{hg H�hfwv, 1 :<
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OLVW RI ILJXUHV

Iljxuh Sdjh

514 Rxwsxw Jds/ Lq dwlrq dqg Lqwhuhvw Udwh zlwk Gl�huhqw Prqhwdu| Srol0
flhv= diwhu d wudqvlwru| vxsso| vkrfn 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 66

515 Rxwsxw Jds/ Lq dwlrq dqg Lqwhuhvw Udwh zlwk Gl�huhqw Prqhwdu| Srol0
flhv= diwhu d wudqvlwru| ghpdqg vkrfn 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 67

516 Ohyhudjh Udwlrv ri wkh Xqlwhg Vwdwhv/ Jhupdq| dqg Mdsdq 1 1 1 1 1 1 68
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FKDSWHU 4

SUHIDFH

Fhqwudo edqnhuv dqg �qdqfldo vxshuylvruv riwhq kdyh gl�huhqw jrdov1 Lw lv wkh mre
ri fhqwudo edqnhuv wr hqvxuh wkh dfklhyhphqw ri pdfurhfrqrplf vwdelolw|1 Exw edqn
vxshuylvruv dlp wr dfklhyh �qdqfldo vwdelolw|1 Vrphwlphv/ suxghqwldo edqn uhjxodwlrqv
pd| frq lfw zlwk wkh remhfwlyh ri prqhwdu| srolf|1 Fdslwdo dghtxdf| uhjxodwlrq lv d
fohdu h{dpsoh1

Dv dq lpsruwdqw frpsrqhqw ri suxghqwldo edqnlqj srolflhv/ fdslwdo dghtxdf| uhj0
xodwlrq uhtxluhv edqnv wr kdyh hqrxjk ex�hu fdslwdo zlwk uhvshfw wr wkhlu ulvn h{sr0
vxuhv1 Zkhq edqnv* edodqfh vkhhwv ghwhulrudwh dv d uhvxow ri hfrqrplf grzqwxuqv/
edqn vxshuylvruv uhvsrqg qdwxudoo| e| vwuhqjwkhqlqj wkh fdslwdo uhjxodwlrq zklfk uh0
vwulfwv edqnv* ulvn h{srvxuhv1 Dv d uhvxow/ d pruh wljkwo|0pdqdjhg edqnlqj v|vwhp
lv pruh olnho| wr fxw edfn edqn ohqglqj dqg sxvk wkh hfrqrp| lqwr d ghhs voxps
lqvwhdg ri surylglqj vx!flhqw fuhglwv vxssruw wr wkh voxpshg hfrqrp|1 Lw orrnv dv li
fdslwdo dghtxdf| uhjxodwlrq �kdv wkh srwhqwldo wr dpsoli| wkh exvlqhvv f|foh� +Edvho
Frpplwwhh rq Edqnlqj Vxshuylvlrq +5334,,1 Wklv lv nqrzq dv wkh surf|folfdo h�hfw
ri fdslwdo dghtxdf| uhtxluhphqwv lq wkh olwhudwxuh1
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Uhdol}lqj wkh sureohp fuhdwhg e| fdslwdo uhtxluhphqwv/ fhqwudo edqnv qhhg wr kdyh
dq rswlpdo vwudwhj|/ zklfk fdq h{solflwo| dffrxqw iru wkh lpsdfw ri fdslwdo uhtxluh0
phqwv1 Wklv lv wkh txhvwlrq L dgguhvv lq fkdswhu wzr1 Lq wkdw fkdswhu/ L ghulyh dq
rswlpdo prqhwdu| srolf| zlwk erwk vwdwlf dqg g|qdplf prghov lq zklfk wkh surf|fol0
fdo h�hfw ri fdslwdo uhtxluhphqwv lv hpehgghg1 L �qg wkdw zkhq dq hfrqrplf voxps lv
xqghu zd|/ rswlpdo srolf| uhtxluhv wkdw fhqwudo edqnv vkrxog orzhu vkruw0whup lqwhuhvw
udwhv pruh djjuhvvlyho| li edqnv duh fdslwdo frqvwudlqhg1 Lq rwkhu zrugv/ d frxqwu|*v
prqhwdu| srolf|pdnhuv vkrxog uhdfw wr wkh vwdwh ri wkhlu edqnlqj v|vwhp*v edodqfh
vkhhw1 Lq grlqj wklv/ wkh| fdq qhxwudol}h wkh surf|folfdo h�hfw ri fdslwdo uhjxodwlrq1
Xvlqj vlpxodwlrqv/ L dovr �qg wkdw wkh rswlpdo srolf| zklfk uhdfwv wr wkh vwdwh ri wkh
edqnlqj v|vwhp jhqhudwhv vxevwdqwldo zhoiduh jdlqv1

Wkh hpslulfdo sduw ri fkdswhu wzr h{dplqhv zkhwkhu srolf|0frqwuroohg lqwhuhvw
udwhv uhvsrqg wr wkh �qdqfldo vwuhvv gxh wr edqn fdslwdo frqvwudlqwv dv wkh wkhru|
vxjjhvwv1 Xvlqj wkh gdwd iru wkh wkuhh prvw lq xhqwldo fhqwudo edqnv lq wkh zruog/
wkh Ihghudo Rshq Pdunhw Frpplwwhh +IRPF, lq wkh Xqlwhg Vwdwhv/ wkh Exqghvedqn
ri Jhupdq| dqg wkh Edqn ri Mdsdq/ L �qg wkdw IRPF*v srolf| lv wkh prvw frqvlvwhqw
zlwk wkh prgho*v suhglfwlrq/ wkdw lv/ wr orzhu wkh lqwhuhvw udwh lq uhvsrqvh wr wkh vwuhvv
lq wkh edqnlqj v|vwhp zkhq wkh hfrqrp| lv lq d grzqwxuq1 Lq frqwudvw/ wkh prqhwdu|
dxwkrulwlhv lq Jhupdq| dqg Mdsdq udlvh wkhlu ryhuqljkw lqwhuhvw udwhv uhodwlyh wr wkh
edvholqh zkhq edqn fdslwdo frqvwudlqw elqgv 0 wkh rssrvlwh ri zkdw wkh prgho vxjjhvwv
wkh| vkrxog gr1

5



Zkloh suxghqwldo edqnlqj srolflhv kdyh lpsruwdqw pdfurhfrqrplf lpsolfdwlrqv
dqg d�hfw wkh ehkdylru ri fhqwudo edqnv/ wkhlu sulpdu| jrdo lv wr surprwh edqnlqj
vwdelolw| dqg frqwuro h{fhvvlyh ulvn0wdnlqj e| edqnv1

Lq wkh sdvw wzr ghfdghv/ pdq| frxqwulhv kdyh h{shulhqfhg vljql�fdqw edqnlqj
vhfwru sureohpv � 1 Zkloh edqnv kdyh ehhq h{shulhqfhg lqwhqvh frpshwlwlrq gxulqj
wkh shulrg/ prudo kd}dug lq edqnlqj lv qr grxew rqh ri wkh lpsruwdqw uhdvrqv1 D
vlpsoh zd| wr h{sodlq prudo kd}dug lq edqnlqj lv dv iroorzv= Vlqfh edqnv nqrz wkdw
wkhlu orvvhv duh olplwhg li wklqjv jr zurqj +gxh wr olplwhg oldelolw|,/ wkh| dfw uhfnohvvo|
dqg glvuhjdug wkh grzqvlgh ulvnv e| h{sdqglqj fuhglwv h{fhvvlyho| dqg frpshwlqj
xqgxo| lq ghsrvlw pdunhwv1

Wr ehwwhu frqwuro prudo kd}dug lq wkh edqnlqj vhfwru/ edqn vxshuylvruv dqg uhj0
xodwruv kdyh ghyhorshg ydulrxv suxghqwldo srolflhv1 Dffruglqj wr Hgzdugv +4<<9,/
vxfk edqnlqj srolflhv kdyh �yh nh| frpsrqhqwv= ghsrvlw lqvxudqfh/ fdslwdo dghtxdf|
uhtxluhphqwv/ dfwlylw| uhvwulfwlrqv/ vxshuylvru| prqlwrulqj dqg lqwhuyhqwlrq dqg wkh
fhqwudo edqn*v ohqghu0ri0odvw0uhvruw fdsdelolw|1 Wkh h{lvwlqj olwhudwxuh pdlqo| lqyhvwl0
jdwhv hdfk ri wkhvh srolflhv vhsdudwho| exw vhogrp vwxglhv wkhvh srolflhv vlpxowdqhrxvo|1
Dv d uhvxow/ olwwoh lv nqrzq derxw krz wkhvh srolflhv frpsohphqw rqh dqrwkhu1 Wr �oo
wklv jds/ fkdswhu wkuhh h{dplqhv wkh mrlqw lpsdfw ri fdslwdo uhtxluhphqwv dqg ghsrvlw
lqvxudqfh xsrq edqnv* ehkdylruv lq d xql�hg iudphzrun1

Lq grlqj vr/ L ghyhors d prgho lq zklfk prudo kd}dug dqg frpshwlwlrq ohvvhq d
edqn*v lqfhqwlyh wr dfw suxghqwo|1 Frpsduhg wr wkh ehqfkpdun fdvh zlwkrxw prudo

� Dffruglqj wr LPI uhsruw Edqn Vrxqgqhvv dqg Pdfurhfrqrplf Srolf| +4<<9,/ �D uhylhz ri
wkh h{shulhqfhv vlqfh 4<;3 ri wkh 4;4 fxuuhqw Ixqg ^LPI` phpehu frxqwulhv uhyhdov wkdw 466 kdyh
h{shulhqfhg vljql�fdqw edqnlqj vhfwru sureohpv dw vrph vwdjh gxulqj wkh sdvw �iwhhq |hduv ^4<;30
Vsulqj 4<<9`1 Wzr jhqhudo fodvvhv ^ri sureohp` duh lghqwl�hg= cfulvlv* +74 lqvwdqfhv lq 69 frxqwulhv,
dqg cvljql�fdqw* sureohpv +43; lqvwdqfhv,1�
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kd}dug/ lq wkh prudo kd}dug fdvh wkh edqn whqgv wr wdnh h{fhvvlyh ulvnv dqg wr frpshwh
djjuhvvlyho| lq ghsrvlw pdunhwv1 Lq wklv prgho/ dv uhtxluhg e| fdslwdo dghtxdf| uhjx0
odwlrq dqg ghsrvlw lqvxudqfh/ wkh edqn qhhgv wr nhhs lwv fdslwdo deryh wkh vwdwxwru|
ohyho vhw e| edqn uhjxodwruv/ dqg lw qhhgv wr sd| d ghsrvlw lqvxudqfh suhplxp1 Wkh
prgho dovr dvvxphv wkdw wkh ghsrvlw lqvxudqfh suhplxp lv vhqvlwlyh wr wkh ulvn0wdnlqj
ehkdylru ri wkh edqn1

Wkh irfxv ri fkdswhu wkuhh lv wr fkdudfwhul}h wkh rswlpdo ohyho ri edqn fdslwdo dqg
wkh rswlpdo ohyho ri wkh ghsrvlw lqvxudqfh suhplxp vhw e| srolf|pdnhuv1 Wkh lqwxlwlrq
lv wkdw li uhjxodwru| srolflhv duh ryhuo| od{/ wkh edqn zloo wdnh ulvnv h{fhvvlyho|> rq wkh
rwkhu kdqg/ li edqn vxshuylvruv irufh wkh edqn wr krog wrr pxfk fdslwdo ru wr sd| d
kljk ghsrvlw lqvxudqfh suhplxp/ wkh srolflhv duh qrw h!flhqw1

Wr h{dplqh krz wr frqgxfw edqnlqj srolflhv rswlpdoo|/ lq fkdswhu wkuhh L ghulyh
dqdo|wlfdoo| erwk rswlpdo edqn fdslwdo dqg rswlpdo ghsrvlw lqvxudqfh suhplxp wkdw
fdq frqwuro prudo kd}dug frpsohwho|1 Vxfk rswlpdo srolflhv duh dydlodeoh hyhq zkhq
srolf|pdnhuv fdq qrw revhuyh wkh edqn*v ulvn0wdnlqj1

L jr rq wr uhsruw hpslulfdo hylghqfh wkdw/ rwkhu wklqjv htxdo/ wkh suhvhqfh ri fdslwdo
uhjxodwlrq dqg ghsrvlw lqvxudqfh uhgxfhv wkh ulvnv wdnhq e| edqnv/ xvlqj wkh furvv0
frxqwu| gdwd iru edqnv lq 76 frxqwulhv1 Wkh hpslulfdo vwxg| vxjjhvwv wkdw fdslwdo
dghtxdf| uhtxluhphqwv dqg ghsrvlw lqvxudqfh erwk hqkdqfh edqnlqj vwdelolw|1
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FKDSWHU 5

PRQHWDU\ SROLF\/ FDSLWDO DGHTXDF\
UHTXLUHPHQWV DQG EXVLQHVV F\FOHV

514 Lqwurgxfwlrq

Fhqwudo edqnhuv nqrz wkdw �qdqfldo lqwhuphgldwlrq lv lpsruwdqw iru dfklhylqj
pdfurhfrqrplf vwdelolw|1 Zlwkrxw d ixqfwlrqlqj edqnlqj v|vwhp/ dq hfrqrp| zloo
julqg wr d kdow1 Lw lv wkh mre ri uhjxodwruv dqg vxshuylvruv wr hqvxuh wkdw wkh �qdqfldo
v|vwhp ixqfwlrqv vprrwko|1 Exw prqhwdu| srolf| dqg suxghqwldo vxshuylvru| srolf|
fdq zrun dw furvv0sxusrvhv1 Dq hfrqrplf vorzgrzq fdq fdxvh ghwhulrudwlrq lq wkh
edodqfh vkhhwv ri �qdqfldo lqvwlwxwlrqv1 Vhhlqj wkh ghfolqh lq wkh ydoxh ri dvvhwv/
vxshuylvruv qdwxudoo| uhdfw e| lqvlvwlqj wkdw edqnv frqwudfw wkhlu ordq sruwirolrv lq
rughu wr hqvxuh wkdw wkh| kdyh vx!flhqw fdslwdo jlyhq wkhlu ulvn h{srvxuhv1 Wkh
olplw rq edqn ohqglqj vhw e| fdslwdo dghtxdf| uhtxluhphqwv ghfolqhv gxulqj uhfhvvlrqv
dqg lqfuhdvhv gxulqj errpv1 Dqg dv lqwhuphgldwlrq idoov/ wkh ohyho ri hfrqrplf
dfwlylw| jrhv grzq zlwk lw1 Lw orrnv dv li uhjxodwlrq ghhshqv uhfhvvlrqv1 Dv wkh
Edvho Frpplwwhh rq Edqnlqj Vxshuylvlrq +5334, sxw/ wkh fdslwdo uhjxodwlrq �kdv wkh
srwhqwldo wr dpsoli| exvlqhvv f|fohv1�
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Eoxp dqg Khoozlj +4<<8, surylghg wkh �uvw wkhruhwlfdo ghprqvwudwlrq wkdw fdslwdo
uhtxluhphqwv fdq h{dfhuedwh exvlqhvv0f|foh  xfwxdwlrqv1 Lq irfxvlqj hqwluho| rq wkh
ehkdylru ri wkh edqnlqj v|vwhp/ wkh Eoxp dqg Khoozlj prgho surylghv dq lpsruwdqw
�uvw vwhs/ exw lq wkh hqg wkhlu dqdo|vlv lv lqfrpsohwh1 Wkh| gr qrw frqvlghu wkh
uhvsrqvh ri wkh fhqwudo edqn wr hfrqrplf  xfwxdwlrqv1 Wklv dvvxpswlrq lv fulwlfdo iru
wkhlu uhvxow exw fhuwdlqo| xquhdolvwlf1 Zkdw li fhqwudo edqnv frqgxfw prqhwdu| srolf|
wr h{solflwo| dffrxqw iru wkh lpsdfw ri fdslwdo uhtxluhphqwvB Zloo wkh surf|folfdo h�hfw
ri fdslwdo uhtxluhphqwv uhpdlqB Lv wklv wkh rswlpdo wklqj wr gr iru fhqwudo edqnvB
Wr dqvzhu wkhvh txhvwlrqv/ L ghulyh dq rswlpdo prqhwdu| srolf| uxoh zlwk erwk vwdwlf
dqg g|qdplf prghov lq zklfk wkh srwhqwldo surf|folfdolw| ri fdslwdo uhtxluhphqwv lv
hpehgghg1

Wkh frqfoxvlrqv duh dv iroorzv= D frxqwu|*v prqhwdu| srolf|pdnhuv vkrxog uhdfw
wr wkh vwdwh ri wkhlu edqnlqj v|vwhp*v edodqfh vkhhw1 Dqg zkhq wkh| gr/ wkh sur0
f|folfdo h�hfw ri suxghqwldo fdslwdo uhjxodwlrq fdq eh frxqwhudfwhg dqg frpsohwho|
qhxwudol}hg1 Iru d jlyhq ohyho ri hfrqrplf dfwlylw| dqg lq dwlrq/ wkh rswlpdo srolf|
uhdfwlrq glfwdwhv vhwwlqj lqwhuhvw udwhv orzhu wkh pruh �qdqfldo vwuhvv wkhuh lv lq wkh
edqnlqj v|vwhp1 Wklv fkdswhu dovr suhvhqwv vlpxodwlrq uhvxowv wr jlyh d vhqvh ri wkh
pdjqlwxgh ri wkh uhtxluhg uhdfwlrq1 Exw zkhq wdnlqj wklv sursrvlwlrq wr wkh gdwd dqg
hvwlpdwlqj iruzdug0orrnlqj prqhwdu| srolf| uhdfwlrq ixqfwlrqv iru wkh Xqlwhg Vwdwhv/
Jhupdq| +suh0xql�fdwlrq, dqg Mdsdq/ L �qg wkdw zkloh prqhwdu| srolf|pdnhuv lq
wkh X1V1 ehkdyh dv wkh wkhru| vxjjhvwv/ orzhulqj lqwhuhvw udwhv e| pruh lq grzqwxuqv
lq zklfk wkh edqnlqj v|vwhp lv fdslwdo0frqvwudlqhg/ lq frqwudvw/ fhqwudo edqnhuv lq
Jhupdq| dqg Mdsdq gr qrw1
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Wklv fkdswhu lv rujdql}hg dv iroorzv= Vhfwlrqv 5 dqg 6 ghulyh rswlpdo lqwhuhvw udwh
uxohv zlwk wkh vwdwlf prgho dqg wkh g|qdplf prgho/ uhvshfwlyho|1 Vhfwlrq 7 uhsruwv
wkh vlpxodwlrq uhvxowv dqg Vhfwlrq 8 glvfxvvhv wkh hpslulfdo hvwlpdwlrq1 Vhfwlrq 9
frqfoxghv1

515 D Vwdwlf Prgho
51514 Wkh prgho

Zh ehjlq zlwk d vwdwlf djjuhjdwh ghpdqg0djjuhjdwh vxsso| prgho prgl�hg wr
lqfoxgh d edqnlqj vhfwru1 Wkh sxusrvh ri wklv prgho lv wr kljkoljkw wkh lpsdfw
ri lqwurgxflqj edqn fdslwdo uhtxluhphqwv lq wkh vlpsohvw irup lq rughu wr vkrz wkh
h{whqw wr zklfk wkh edqnlqj lqgxvwu| fdq d�hfw exvlqhvv f|fohv1

Wkh vwduwlqj srlqw lv dq djjuhjdwh ghpdqg fxuyh wkdw dgplwv wkh srvvlelolw| ri
edqnv kdylqj dq lpsdfw rq wkh ohyho ri hfrqrplf dfwlylw|1 Iroorzlqj Ehuqdqnh dqg
Eolqghu +4<;;, zh glvwlqjxlvk ehwzhhq srolf|0frqwuroohg lqwhuhvw udwhv dqg ohqglqj
udwhv dqg zulwh djjuhjdwh ghpdqg dv=

| � ' | � El� � � > �� � � > �� n �> +514,

zkhuh l lv wkh vkruw0whup qrplqdo lqwhuhvw udwh/ � lv wkh qrplqdo ordq udwh/ � � lv
h{shfwhg lq dwlrq dqg � lv wkh lq dwlrq udwh1 Wkh zklwh qrlvh udqgrp yduldeoh � lv
uhihuuhg wr dv wkh djjuhjdwh ghpdqg vkrfn vlqfh lq htxloleulxp lw zloo whqg wr pryh
rxwsxw dqg lq dwlrq lq wkh vdph gluhfwlrq1 Dv zh zloo vhh lq d prphqw/ zkloh wkh
ohqglqj udwh � lv ghwhuplqhg e| wkh htxloleulxp lq wkh ohqglqj pdunhw/ wkh vkruw0whup
udwh l lv vhw e| wkh prqhwdu| dxwkrulw| dqg fdq eh wuhdwhg dv d frqvwdqw1 Iru ixwxuh
uhihuhqfh L zloo pdnh wkh vwdqgdug dvvxpswlrq wkdw djjuhjdwh ghpdqg idoov zkhq dq|
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ri wkh wkuhh dujxphqwv lq htxdwlrq +514, ulvhv1 Wkdw lv/ erwk kljkhu lq dwlrq dqg
kljkhu uhdo lqwhuhvw udwhv uhvxow lq orzhu ohyho ri djjuhjdwh ghpdqg1

Wxuqlqj wr wkh ordq pdunhw/ edqnv uhfhlyh ghsrvlwv dqg pdnh ordqv1 Pdnlqj ordqv
uhtxluhv erwk ghsrvlwv dqg fdslwdo1 Zkhq edqn fdslwdo idoov/ lw zloo frqvwudlq wkh
txdqwlw| ri ordqv wkh| fdq pdnh1 Wklv phdqv wkdw zh kdyh wzr fdvhv1 Lq wkh devhqfh
ri dq| frqvwudlqwv/ edqn ohqglqj fdsdflw| lv ghwhuplqhg e| edqn ghsrvlwv dqg edqn
fdslwdo1 Dvvxplqj d uhvhuyh uhtxluhphqw ri �/ zh zulwh uhdo ordq vxsso| zkhq wkh
edqn kdv vx!flhqw fdslwdo dqg lv qrw frqvwudlqhg/ O �� / dv

O �� ' E n E�� ��G> +515,

zkhuh E lv uhdo edqn fdslwdo/ dqg G lv wkh ohyho ri uhdo ghsrvlwv1
Zkhq wkh fdslwdo uhtxluhphqw lv elqglqj/ edqnv* ohqglqj fdqqrw uhdfk wkh ohyho

lqglfdwhg lq htxdwlrq +515,1 Lqvwhdg/ ordq vxsso| lv frqvwudlqhg wr eh d pxowlsoh ri
edqn fdslwdo1 Wkdw lv/

O �� ' fE> +516,

zkhuh f lv edqnv* vwdwxwru| pd{lpxp ohyhudjh udwlr zklfk fdq eh wkrxjkw ri dv d
phdvxuh ri �qdqfldo vwuhvv1 Lq htxloleulxp/ ordq vxsso| zloo eh wkh plqlpxp ri O ��
dqg O �� 1

Qh{w zh qhhg wr prgho wkh uhodwlrqvkls ehwzhhq edqn ghsrvlwv dqg edqn fdslwdo rq
wkh rqh kdqg/ dqg pdfurhfrqrplf yduldeohv olnh rxwsxw/ lqwhuhvw udwhv/ dqg lq dwlrq
rq wkh rwkhu1 Wkh ohyho ri uhdo edqn ghsrvlwv/ G/ lv dvvxphg wr ghshqg rq erwk wkh
ohyho ri uhdo rxwsxw dqg wkh uhdo vkruw0whup lqwhuhvw udwh1 Zh zulwh wklv dv

G ' GE|> l� � � �> +517,
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zkhuh wkh ixqfwlrq lv lqfuhdvlqj lq wkh �uvw dujxphqw dqg ghfuhdvlqj lq wkh vhfrqg
dujxphqw1 Dv iru edqn fdslwdo/ lw lv dvvxphg wr ulvh dqg idoo zlwk djjuhjdwh hfrqrplf
dfwlylw|1 Wkdw lv/ d ulvh lq uhdo rxwsxw uhvxowv lq dq lqfuhdvh lq wkh ydoxh ri edqn
dvvhwv1 Wklv frxog eh ehfdxvh ri dq lqfuhdvh lq wkh ydoxh ri wudgdeoh vhfxulwlhv ru
ehfdxvh eruurzhuv duh qrz pruh deoh wr uhsd| wkhlu ghewv1 Xvlqj wkh hvwdeolvkhg
qrwdwlrq/ wklv lv

E ' EE|�> +518,

zkhuh wkh ixqfwlrq lv xszdug vorslqj1
Wr frpsohwh wkh vwru| ri edqnv dqg wkh ordq pdunhw/ zh wxuq wr wkh ghpdqg vlgh1

Zh dvvxph wkdw uhdo ordq ghpdqg ghshqgv rq wkh uhdo ordq udwh dqg wkh ohyho ri uhdo
hfrqrplf dfwlylw|/ vr

O � ' O � E�� � � > |�= +519,

Wkh kljkhu wkh uhdo ordq udwh � wkh orzhu wkh ordq ghpdqg/ dqg wkh kljkhu djjuhjdwh
rxwsxw | wkh kljkhu ordq ghpdqg1

Zh xvh d vwdqgdug vxsso| fxuyh lq zklfk rxwsxw ghshqgv srvlwlyho| rq xqdqwlfl0
sdwhg lq dwlrq soxv dq dgglwlyh zklwh0qrlvh huuru1 Wkdw lv/

| � ' | � E� � � � � n �> +51:,

zkhuh wkh udqgrp yduldeoh � lv phdq }hur dqg xqfruuhodwhg zlwk wkh djjuhjdwh ghpdqg
vkrfn �1 Wkh vkrfn � lv d frpprq djjuhjdwh vxsso| vkrfn/ dv lw sxvkhv rxwsxw dqg
lq dwlrq lq rssrvlwh gluhfwlrqv1
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Wr ghwhuplqh wkh lpsdfw ri fdslwdo uhtxluhphqwv rq djjuhjdwh  xfwxdwlrqv zh qhhg
wr frpsxwh wkh lpsdfw ri d vkrfn rq rxwsxw erwk zkhq edqnv duh frqvwudlqhg dqg
zkhq wkh| duh qrw1 Wklv phdqv vroylqj wzr yhuvlrqv ri d olqhdul}hg yhuvlrq ri wkh
prgho/ zklfk zh zulwh dv

| � ' �| �� E�� � � �� | �� El� � � �� | �	 � n �> | �� > | �	 > | �� A f> +51;,
G ' G
 | �G � El� � � �> G 
 > G � A f> +51<,
E ' E 
 |> E 
 A f> +5143,
O � ' 4�?dO �� > O �� o( zkhuh O �� ' E n E�� ��G dqg O �� ' fE> +5144,
O � ' �O � E�� � � � n O
 |> O � > O
 A f> +5145,
| � ' �E� � � � � n �> � A f> +5146,
| � ' | � ' |> +5147,
O � ' O � > +5148,

zkhuh [ � ghqrwhv wkh sduwldo ghulydwlyh ri [ zlwk uhvshfw wr k hydoxdwhg dw wkh
htxloleulxp ydoxhv iru wkh hqgrjhqrxv yduldeohv lq wkh devhqfh ri vkrfnv/ zklfk duh
qrupdol}hg wr eh }hur1

Wr vroyh wklv prgho/ zh �uvw dvvxph wkdw djhqwv kdyh udwlrqdo h{shfwdwlrqv/ exw
duh xqdzduh ri wkh vkrfnv � dqg �1 Wklv phdqv wkdw wkh| h{shfw lq dwlrq dqg rxwsxw
wr eh }hur1 Wkdw lv/ � � ' f1 Qh{w/ xvlqj wkh ordq dqg jrrgv pdunhw htxloleulxp
frqglwlrqv zh vroyh iru rxwsxw dqg lq dwlrq dv ixqfwlrqv ri wkh wzr vkrfnv dqg wkh
qrplqdo lqwhuhvw udwh l1 Zh fdq zulwh wkh uhvxowlqj wzr vroxwlrqv lq frpsdfw irup
dv

� ' �d� 	 l� e� 	 �n f� 	 �> d� 	 > e� 	 > f� 	 � f> +5149,
| ' �d� 
 ln e� 
 �n f� 
 �> d� 
 > e� 
 > f� 
 � f> +514:,
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zkhuh wkh m vxshuvfulsw ghqrwhv zkhwkhu wkh edqn lv frqvwudlqhg e| wkh fdslwdo uh0
txluhphqw/ m ' f/ ru qrw/ m ' x1

Rxu lqwhuhvw lv lq wkh uhdfwlrq ri rxwsxw wr d vkrfn dqg krz wklv fkdqjhv dv wkh
edqn jrhv iurp ehlqj xqfrqvwudlqhg wr ehlqj frqvwudlqhg1 Vshfl�fdoo|/ wkh jrdo lv wr
�jxuh rxw zkhwkhu e �
 A e �
 +e �
 ? e �
 , dqg zkhwkhu f �
 A f �
 +f �
 ? f �
 ,1

Wdnlqj ghulydwlyhv zlwk uhvshfw wr vkrfnv/ zh fdq jhw wzr uhvxowv= Iluvw/ jlyhq d
uhdol}dwlrq ri vkrfnv/ uhdo rxwsxw uhvsrqgv wr vkrfnv pruh zkhq wkh edqnlqj v|vwhp
lv fdslwdo0frqvwudlqhg1 Frpsxwdwlrq vkrzv wkdw wkh iroorzlqj lv wuxh=

e �
 '
%C|
C�

& �
A e �
 '

%C|
C�

& �
> li dqg rqo| li E 
 A �� �

f� �G 
 = +514;,

f �
 '
%C|
C�

& �
A f �
 '

%C|
C�

& �
> li dqg rqo| li E 
 A �� �

f� �G 
 = +514<,

Wkdw lv/ wkh fdslwdo uhtxluhphqw lqfuhdvhv wkh dpsolwxgh ri exvlqhvv f|fohv li dqg
rqo| li edqn fdslwdo lv vx!flhqwo| uhvsrqvlyh wr wkh ohyho ri uhdo rxwsxw1 Ru sxw lq
dqrwkhu zd|/ jlyhq ordq ghpdqg/ wkh rxwsxw vhqvlwlylw| ri wkh htxloleulxp ordq udwh
+wkurxjk ordq vxsso| vlgh/ vr lw lv qhjdwlyh, lv odujhu lq devroxwh ydoxh zkhq wkh edqn
lv fdslwdo0frqvwudlqhg wkdq zkhq wkh edqn lv qrw1

Vhfrqg/ zkhq wkh edqnlqj v|vwhp lv frqvwudlqhg/ wkh uhvsrqvh ri rxwsxw wr d vkrfn
lv eljjhu wkh kljkhu wkh udwlr ri edqn ohqglqj wr edqn fdslwdo1 Wkdw lv/ e �
 dqg f �
 duh
erwk lqfuhdvlqj lq f/ ru/

Ce �

Cf '

% C 
 |
C�Cf

& �
A f> +5153,

Cf �

Cf '

% C 
 |
C�Cf

& �
A f= +5154,

Zkdw zh kdyh grqh wkxv idu lv wr hvwdeolvk wkdw Eoxp dqg Khoozlj +4<<8,*v uhvxow
iroorzv wkurxjk wr rxu vhwxs1 Lq wkh qh{w vwhs L dgg rswlpdo prqhwdu| srolf| wr vhh
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zkdw kdsshqv zkhq lqwhuhvw udwhv duh vhw zlwk wkh nqrzohgjh wkdw edqn ehkdylru lv
frqvwudlqhg1

51515 Rswlpdo prqhwdu| srolf|
Zh dvvxph wkdw wkh fhqwudo edqn lv hqjdjhg lq d vwdelol}dwlrq srolf|1 Prqhwdu|

srolf|pdnhuv dgmxvw wkh vkruw0whup lqwhuhvw udwh l lq dq h�ruw wr uhgxfh wkh yduldelolw|
ri lq dwlrq dqg rxwsxw1 Irupdoo|/ wklv phdqv wkdw wkh fhqwudo edqn vroyhv d vwdwlf
rswlpl}dwlrq sureohp lq zklfk lw vhhnv wr plqlpl}h d zhljkwhg vtxduhg orvv ri lq dwlrq
jds dqg rxwsxw jds/

�� 
 n E�� ��| 
 > f ? � � �> +5155,
vxemhfw wr wkh vwuxfwxuh ri wkh hfrqrp| vshfl�hg deryh1 Fhqwudo edqnv dvvljq zhljkwv
� rq lq dwlrq vwdelol}dwlrq dqg ��� rq rxwsxw vwdelol}dwlrq/ zkhuh rxwsxw dqg lq d0
wlrq duh erwk h{suhvvhg dv ghyldwlrqv iurp wkhlu qr0vkrfn htxloleulxp ohyhov +zklfk
duh qrupdol}hg wr }hur,1

Zh dvvxph wkdw srolf|pdnhuv duh deoh wr vhw wkhlu lqvwuxphqw zlwk ixoo nqrzohgjh
ri wkh vkrfnv wkdw kdyh klw wkh hfrqrp|1 Wklv phdqv wkdw wkh| fdq dgmxvw wkh fxuuhqw
lqwhuhvw udwh l nqrzlqj wkh djjuhjdwh ghpdqg dqg djjuhjdwh vxsso| vkrfnv � dqg �1
Vlqfh wkh| xqghuvwdqg zkdw lv kdsshqlqj lq wkh edqnlqj v|vwhp/ wkh| zloo uhvsrqg
gl�huhqwo| ghshqglqj rq zkhwkhu wkh edqnlqj v|vwhp lv fdslwdo frqvwudlqhg ru qrw1
Wkdw lv/

l �� ' D � � � n D � 
 �> +5156,
l �� ' D � � � n D � 
 �> +5157,

zkhuh djdlq f uhihuv wr wkh fdvh lq zklfk edqnv duh fdslwdo frqvwudlqhg/ dqg x uhihuv
wr wkh fdvh lq zklfk wkh| duh qrw1
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Wkh frh!flhqwv duh jlyhq e|

D� � ' E�� ���f� 
 n �f� 	
E�� ���d� 
 n �d� 	 > m ' f ru x> +5158,

D� 
 ' E�� ���e� 
 � �e� 	
E�� ���d� 
 n �d� 	 > m ' f ru x= +5159,

Zkloh wkh vljq ri D� � lv dozd|v srvlwlyh/ wkh vljq ri D� 
 fdq eh hlwkhu srvlwlyh ru
qhjdwlyh/ ghshqglqj rq wkh �vorsh� ri wkh �uvw0rughu frqglwlrq ri +5155, +wkdw lv wkh
udwlr ri lq dwlrq dqg rxwsxw/ � � ���������� , dqg wkh vorsh ri wkh djjuhjdwh ghpdqg ri +51;,
+zkloh wkh ordq udwh lv uhsodfhg zlwk wkh vroxwlrq iurp +5148, dqg wkh lqwhuhvw udwh lv
nhsw frqvwdqw/ wkdw lv/ � ��� ���� � ,1

Dv lv wkh qrupdo fdvh/ prqhwdu| srolf| lv fdsdeoh ri qhxwudol}lqj djjuhjdwh gh0
pdqg vkrfnv/ exw vxsso| vkrfnv zloo fuhdwh d wudgh0r� ehwzhhq rxwsxw dqg lq dwlrq
yduldelolw|1 Wkh lpsruwdqw wklqj khuh lv wkdw wkh lqwhuhvw udwh uxoh ghshqgv rq zkhwkhu
wkh edqnlqj v|vwhp lv fdslwdo frqvwudlqhg ru qrw1 Dqg/ dv zh zrxog h{shfw/ zkhq wkh
edqnlqj v|vwhp lv frqvwudlqhg wkh lqwhuhvw udwh uhdfwlrq lv odujhu1 Iru dq djjuhjdwh
ghpdqg vkrfn/ wkh uhvxow lv xqdpeljxrxv=

Cl ��
C� � Cl ��

C� = +515:,

Lq uhvsrqvh wr d vxsso| vkrfn/ zkhwkhu wkh lqwhuhvw udwh uhvsrqvh lv odujhu ghshqgv
rq zkhwkhu edqn fdslwdo dpsol�hv wkh lpsdfw ri wkh vkrfn rq rxwsxw1 Wkdw lv/

Cl ��
C� A Cl ��

C� > li dqg rqo| li E 
 A �� �
f� �G 
 = +515;,

Qh{w/ zh vkrz wkdw zkhq wkh edqnlqj v|vwhp lv fdslwdo frqvwudlqhg/ dq lqfuhdvh
lq wkh udwlr ri edqn ohqglqj dqg edqn fdslwdo lpsolhv d eljjhu uhvsrqvh ri wkh lqwhuhvw
udwh wr dq djjuhjdwh vxsso| vkrfn1 Xvlqj wkh hvwdeolvkhg qrwdwlrq/ zh zulwh wklv dv

C 
 l ��
C�Cf A f= +515<,
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Ilqdoo|/ zh vxevwlwxwh wkh rswlpdo prqhwdu| srolf| uxoh lqwr wkh vroxwlrq iru rxwsxw
dqg lq dwlrq1 Wkdw lv/ zh vxevwlwxwh htxdwlrqv +5156, dqg +5157, lqwr +5149, dqg
+514:,1 Diwhu vlpsol�fdwlrq/ zh zulwh wkh uhvxow dv

� ' � � ��� �!����!" � �������#�%$ �>
| '

���" � ���������%$ �=

Zkhq prqhwdu| srolf|pdnhuv ehkdyh rswlpdoo|/ wkh djjuhjdwh rxwsxw dqg lq d0
wlrq ghshqg rqo| rq wkh vxsso| vkrfn lq d pdqqhu wkdw lv lqghshqghqw ri wkh fdslwdo
frqvwudlqw1 Wkh htxloleulxp ri wklv vwdelol}hg hfrqrp| ghshqgv rqo| rq wzr sdud0
phwhuv � +wkh zhljkw rq lq dwlrq vwdelol}dwlrq, dqg � +wkh vorsh ri wkh vkruw0whup
Skloolsv fxuyh,/ uhjdugohvv zkhwkhu wkh edqnlqj v|vwhp lv fdslwdo frqvwudlqhg dqg wkh
h{whqw ri wkh fdslwdo frqvwudlqw1 Wkdw lv/

%C|
C�

& �
'

%C|
C�

& �
' f>

%C|
C�

& �
'

%C|
C�

& �
' �

�n E�� ��� 
 =

Lq dgglwlrq/ wkh vhfrqg furvv0ghulydwlyhv ri rxwsxw zlwk uhvshfw wr vkrfnv dqg wkh
phdvxuh ri �qdqfldo vwuhvv +f, ehfrph }hur1

% C 
 |
C�Cf

& �
'

% C 
 |
C�Cf

& �
' f= +5163,

516 D G|qdplf Prgho

Wkh uhvxowv lq wkh vwdwlf frqwh{w duh lpsruwdqw/ dv wkh| hvwdeolvk wkh iudjlolw| ri
wkh hduolhu Eoxp dqg Khoozlj uhvxow1 Wkdw lv/ e| vlpso| dgglqj dq rswlpdo prqhwdu|
srolf| wr wkhlu iudphzrun/ zh duh deoh wr vkrz wkdw fdslwdo frqvwudlqwv qhhg qrw
h{dfhuedwh exvlqhvv0f|foh  xfwxdwlrqv1 Wkh qh{w qdwxudo txhvwlrq lv wr vhh li wkhvh
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frqfoxvlrqv fduu| ryhu wr d g|qdplf iudphzrun> rqh lq zklfk rxwsxw dqg lq dwlrq
ghyldwlrqv duh shuvlvwhqw/ dqg srolf|pdnhuv fdqqrw d�hfw wkh hfrqrp| lpphgldwho|1
Wr gr wklv/ L dgg d edqnlqj v|vwhp wr wkh prgho ruljlqdoo| h{dplqhg e| Vyhqvvrq
+4<<:/ 4<<<,1 Wkh uhvxow lv d g|qdplf irup ri wkh prgho zulwwhq lq htxdwlrqv +51;,
0 +5148, ri wkh suhylrxv vhfwlrq=

| & "'� ' � 
 | & � � � El & � � & "'�)( & �� � � E� & � � & "'�)( & � n � & "*� > � 
 ? �> � � > � � A f>+5164,
G & ' G 
 | & �G � El & � � & "'�)( & �> G 
 > G � A f> +5165,
E & ' E 
 | & > E 
 A f> +5166,
O �& ' 4�?dO �&�+ � > O �&�+ � o( zkhuh O �&�+ � ' E & n E�� ��G & dqg O �&�+ � ' fE & > +5167,
O �& ' �O � E� & � � & "'�,( & � n O
 | & > O � > O
 A f> +5168,

� & "'� ' � & n � 
 | & n � & "'� > � 
 A f> +5169,
O �& ' O �& > +516:,

zkhuh doo yduldeohv duh gh�qhg dv ehiruh/ h{fhsw wkdw qrz L zulwh h{shfwhg lq dwlrq
dv � & "'�)( & / wkdw lv wkh h{shfwdwlrq edvhg rq lqirupdwlrq dydlodeoh dw wlph w1 Qrwh
wzr dgglwlrqdo lpsruwdqw dgmxvwphqwv wr wkh prgho +wkh htxloleulxp frqglwlrq iru
wkh jrrgv pdunhw lv rplwwhg,1 Iluvw/ wkh rxwsxw jds lq djjuhjdwh ghpdqg +5164,/
| & "'� / ghshqgv rq wkh odjjhg rxwsxw jds/ dv zhoo dv wkh uhdo ordq dqg srolf|0frqwuroohg
lqwhuhvw udwh1 Dqg vhfrqg/ zh zulwh djjuhjdwh vxsso| +5169, zlwk lq dwlrq rq wkh
ohiw0kdqg0vlgh/ dqg lw lv d ixqfwlrq ri suhylrxv lq dwlrq1 Dv ehiruh/ wkh ordq udwh
� & lv ghwhuplqhg lq wkh ordq pdunhw ghshqglqj rq zkhwkhu wkh edqnlqj v|vwhp lv
frqvwudlqhg/ dqg wkh fhqwudo edqn frqwurov wkh vkruw0whup lqwhuhvw udwh l & 1 Ilqdoo|/
zkhq � � htxdwhv }hur dqg vr ohqglqj lv xqlpsruwdqw/ wkh v|vwhp froodsvhv lqwr wkh
Vyhqvvrq prgho1
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Wr vroyh wkh prgho/ zh fdq frpsxwh wkh htxloleulxp ordq udwh iurp +5165, wr
+5168,/ kroglqj wkh srolf|0frqwuroohg lqwhuhvw udwh �{hg1 Dv ehiruh/ wkhuh duh wzr
vroxwlrqv wkdw ghshqg rq zkhwkhu wkh fdslwdo frqvwudlqw elqgv1 Vxevwlwxwlqj wkhvh
uhvxowv lqwr wkh djjuhjdwh ghpdqg fxuyh +5164, dqg xvlqj wkh djjuhjdwh vxsso| fxuyh
+5169, wr frpsxwh lq dwlrq h{shfwdwlrqv/ zh fdq rewdlq wkh iroorzlqj vroxwlrq iru wkh
g|qdplfv ri wkh rxwsxw jds

| & "'� ' �!� � El & � � & � n !� 
 | & n � & "'� > !� � > !� 
 A f> +516;,

zkhuh/ dv ehiruh/ wkh vxshuvfulsw m htxdov hlwkhu f zkhq wkh fdslwdo frqvwudlqw elqgv
ru x zkhq lw grhv qrw1 Wkh frh!flhqwv !� � dqg !� 
 duh frpsoh{ ixqfwlrqv ri wkh prgho
sdudphwhuv1 Zkhq wkh vkruw0whup lqwhuhvw udwh lv frqvwdqw/ wklv hfrqrp| fdq glvsod|
wkh vdph ehkdylru dv wkh vwdwlf prgho1 Dv lq Eoxp dqg Khoozlj +4<<8,/ wkh lpsdfw
ri vkrfnv xsrq rxwsxw fdq eh dpsol�hg e| d fdslwdo0frqvwudlqhg edqnlqj v|vwhp li
edqn fdslwdo lv vx!flhqwo| uhvsrqvlyh wr wkh ohyho ri uhdo rxwsxw1 L suhvhqw wkh ghwdlov
lq wkh Dsshqgl{1

Wkh qh{w vwhs lv wr lqwurgxfh d fhqwudo edqn hqjdjhg lq d vwdelol}dwlrq srolf|1
Iroorzlqj wkh ghulydwlrq lq wkh vwdwlf prgho/ zh lqwurgxfh d srolf|pdnhu*v remhfwlyh
ixqfwlrq dqg wkhq ghulyh dq rswlpdo prqhwdu| srolf| uxoh1 Lq wkh g|qdplf frqwh{w/
wklv phdqv wkdw wkh fhqwudo edqn fkrrvhv d sdwk iru wkh lqwhuhvw udwh il & ".- j /-10'� lq
rughu wr plqlpl}h d iruzdug0orrnlqj yhuvlrq ri wkh remhfwlyh ixqfwlrq +5155,1 Wkdw
lv/

Plq 2 �#35476)8�96;:=< �2H &
"'� /[-)0'� �

-
d�� 
& ".- n E�� ��| 
& ".- o> f ? �> � ? �> +516<,
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vxemhfw wr wkh vwuxfwxuh ri wkh hfrqrp| vshfl�hg iurp +5164, wr +516:,> zkhuh � lv
d glvfrxqw idfwru dqg/ iroorzlqj rxu suhylrxv frqyhqwlrq/ rxwsxw dqg lq dwlrq duh
zulwwhq dv ghyldwlrqv iurp wkhlu qr0vkrfn htxloleulxp ydoxhv1

Vroylqj wkh uhvxowlqj vwrfkdvwlf g|qdplf rswlpl}dwlrq sureohp/ zh fdq ghulyh
rswlpdo lqwhuhvw udwh uxoh dw w n � lq whupv ri wkh vwdwh yduldeohv/ � dqg |=

l �� + & "'� ' D �	 � & "'� n D �
 | & "'� > +5173,
l �� + & "'� ' D �	 � & "'� n D �
 | & "'� > +5174,

zkhuh wkh D*v duh frpsoh{ ixqfwlrqv ri wkh sdudphwhuv ri wkh prgho +vhh wkh Dsshqgl{
iru ghwdlov,1

Wkh frpsohwh irup ri wkh rswlpdo srolf| uxoh edvhg rq wkh vroxwlrq lv

l �� + & ".->( & "'� ' D �	 � & ".->( & "*� n D �
 | & ".-!( & "'� > n A �>
li wkh fdslwdo frqvwudlqw lv h{shfwhg wr eh elqglqj lq w n n

edvhg rq wkh lqirupdwlrq lq wn �> +5175,
l �� + & ".->( & "'� ' D �	 � & ".->( & "*� n D �
 | & ".->( & "'� > n A �>

li wkh fdslwdo frqvwudlqw lv h{shfwhg wr eh qrq� elqglqj lq w n n

edvhg rq wkh lqirupdwlrq lq wn �= +5176,

Li zh dvvxph wkdw wkhuh lv d vlqjoh vkrfn dw wn�> dqg qr vkrfnv diwhu wklv +� & " � Eru
� & " � � ' � iru l ' �/ f rwkhuzlvh, dqg srolf|pdnhuv revhuyh wkh vkrfnv dv wkh| rffxu/
zh fdq uhzulwh rswlpdo lqwhuhvw udwh uxoh l & "'� lq whupv ri � & "*� dqg � & "'� =

l �� + & "'� ' D �	 � & "'� n D �
 � & "*� > +5177,
l �� + & "'� ' D �	 � & "'� n D �
 � & "'� > +5178,
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zkhuh wkh D*v kdyh wkh vdph gh�qlwlrq dv +5173, dqg +5174,1 Zh qrwh wkdw wkh
vwdelolw| frqglwlrq wkdw D 	 A � dozd|v krogv zkhqhyhu wkh vwuxfwxudo sdudphwhuv ri
wkh prgho phhw wkh frqglwlrqv zh kdyh lpsrvhg1

Zh fdq ghulyh wkh lpsdfw pxowlsolhuv iru wkh g|qdplf prgho1 Wkh uhvxowv duh
dqdorjrxv wr wkrvh lq wkh vwdwlf prgho1 Iroorzlqj d vkrfn/ wkh lqwhuhvw udwh uhdfwlrq
ghshqgv rq zkhwkhu wkh edqnlqj v|vwhp lv frqvwudlqhg1 Li lw lv/ prqhwdu| srolf|
ehfrphv pruh djjuhvvlyh=

Cl �� + & "'�
C� & "'� A Cl �� + & "'�

C� & "'� >
Cl �� + & "'�
C� & "'� A Cl �� + & "'�

C� & "'� >
Cl �� + & "'�
C� & "'� A Cl �� + & "'�

C� & "*� li E 
 A �� �
f� �G 
 >

Cl �� + & "'�
C| & "'� A Cl �� + & "'�

C| & "'� li E 
 A �� �
f� �G 
 =

Ixuwkhupruh/ wkh kljkhu wkh udwlr ri edqn ohqglqj wr edqn fdslwdo/ wkh eljjhu wkh
lqwhuhvw0udwh uhvsrqvh=

C 
 l �� + & "'�
C� & "'� Cf A f>
C 
 l �� + & "*�
C| & "'� Cf A f=

Ilqdoo|/ e| vxevwlwxwlqj wkh rswlpdo lqwhuhvw udwh lqwr +516;, dqg xvlqj +5169,/ zh
fdq zulwh wkh rxwsxw jds dv d ixqfwlrq ri suhylrxv vkrfnv/

| & ".- ' � & ".- � �� *E� 
 > �> ��
� 
 d� 
 � &

".-��?� n � & ".-@�.�
�� *E� 
 > �> ��O o> n � �> +5179,

zkhuh O lv d odj rshudwru/ dqg

*E� 
 > �> �� ' �� �
�� �n � 

 �o ? �= +517:,
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Wkh fxuuhqw rxwsxw jds lv wkh vxp ri doo suhylrxv vkrfnv zhljkwhg e| d frqvwdqw
idfwru ohvv wkdq xqlw|1 Wkh rxwsxw surfhvv ehfrphv vwdeoh dqg phdq0uhyhuwlqj1 Pruh
lpsruwdqwo|/ zkhq prqhwdu| srolf|pdnhuv ehkdyh rswlpdoo|/ wkh rxwsxw jds ghshqgv
rq vkrfnv lq d pdqqhu wkdw lv lqghshqghqw ri wkh fdslwdo uhtxluhphqwv1

517 Vlpxodwlrq

Wkh wkhruhwlfdo h{huflvh |lhogv dq lpsruwdqw dqdo|wlfdo uhvxow= Rswlpdo prqhwdu|
srolf| zloo pryh lqwhuhvw udwhv e| pruh zkhq wkh edqnlqj v|vwhp lv fdslwdo0frqvwudlqhg
pdnlqj wkh rxwsxw jds lqyduldqw wr wkh ohyho dw zklfk wkh fdslwdo uhtxluhphqw lv vhw1
Wr khos xqghuvwdqg li wklv dqdo|wlfdo uhvxow lv txdqwlwdwlyho| lpsruwdqw/ zh qrz wxuq
wr d vlpsoh vlpxodwlrq h{huflvh1 Vshfl�fdoo|/ zh frpsduh wzr srolf| uhjlphv1 Wkh
�uvw/ odehohg uhjlph L/ dvvxphv wkh srolf|pdnhu ehkdyhv rswlpdoo| iroorzlqj wkh uxoh
l �� + & ".- lq +5173, zkhq edqnv duh fdslwdo0frqvwudlqhg dw shulrg wnn dqg srolf| uxoh l �� + & ".-

lq +5174, zkhq edqnv duh qrw1 Zh frpsduh wklv wr d srolf| uhjlph/ odehohg uhjlph
LL/ lq zklfk wkh srolf|pdnhu ljqruhv wkh idfw wkdw wkh edqnlqj v|vwhp rffdvlrqdoo|
ehfrphv frqvwudlqhg1 Wklv qdlyh srolf|pdnhu vlpso| xvhv wkh uxoh l �� + & ".- doo wkh wlph1

51714 Sdudphwhu Ydoxhv
Lq rughu wr vlpxodwh wkh prgho/ zh qhhg wr pdnh d qxpehu ri ghflvlrqv/ zklfk

duh vxppdul}hg lq Wdeoh 5141 Iluvw/ wkh prgho lv lqwhusuhwhg dv dsso|lqj urxjko| wr
hfrqrplf dfwlylw| dw dq dqqxdo iuhtxhqf|1 Zlwk wklv lq plqg/ L fkrrvh rxu sdudphwhu
ydoxhv +h{fhsw wkrvh sdudphwhu ydoxhv uhodwhg wr wkh ordq pdunhw, edvhg rq Mhqvhq
+5335,1 Wkdw lv/ wkh rxwsxw shuvlvwhqfh � 
 lv 318> wkh uhdo lqwhuhvw udwh vhqvlwlylw| ri
ghpdqg � � lv 31:8> wkh vhqvlwlylw| ri lq dwlrq wr wkh rxwsxw jds � 
 lv 314> wkh zhljkw
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rq lq dwlrq vwdelol}dwlrq � lv 31;1 Wkh glvfrxqw idfwru � lv vhw wr eh 31<9 udwkhu wkdq
31<< lq Mhqvhq +5335, A 1

Wkh gl�huhqfh ehwzhhq wkh ehqfkpdun +srolf| uhjlph L, dqg dowhuqdwlyh srolf|
uhjlph LL pdlqo| lv d uhvxow ri wkh idfw wkdw edqn fdslwdo dqg ghsrvlwv duh erwk
rxwsxw0vhqvlwlyh1 Wkdw lv/ wkh gl�huhqfh ehwzhhq wkh ehkdylruv ri rxwsxw/ lq dwlrq/
dqg wkh rswlpdo lqwhuhvw udwh lq wkh wzr fdvhv ghshqgv odujho| rq E 
 dqg G 
 1 Lq
dq dwwhpsw wr jhw wkh urxjk vfdolqj fruuhfw/ L vhw E 
 dqg G 
 wr eh 3148 dqg 315/
uhvshfwlyho|1 Wkh uhvw ri wkh sdudphwhuv duh vhw sulpdulo| iru looxvwudwlrq1

Wkh| duh dv iroorzv= wkh ohyhudjh udwlr f lv vhw wr 43 +uhfhqw ohyhudjh udwlr ri wkh
X1V1 edqnlqj v|vwhp,> wkh uhvhuyh uhtxluhphqw udwlr iru edqn ghsrvlwv � lv vhw htxdo
wr 314> wkh rxwsxw vhqvlwlylw| ri ordq ghpdqg O 
 lv vhw wr }hur +iru vlpsol�fdwlrq,> wkh
uhdo ordq udwh vhqvlwlylw| ri djjuhjdwh ghpdqg � � htxdov 31:8 +wkh frqyhqwlrqdo ydoxh
iru � � ,> wkh uhdo ordq udwh vhqvlwlylw| ri ordq ghpdqg O � lv qrupdol}hg wr eh xqlw| dqg
wkh uhdo srolf|0frqwuroohg udwh vhqvlwlylw| ri edqn ghsrvlw G � lv vhw wr }hur1 Ilqdoo|/
wkh vwdqgdug ghyldwlrq ri wzr udqgrp vkrfnv +� B dqg � C , duh hdfk qrupdol}hg wr rqh1
Qrwh wkdw wkh sdudphwhuv duh vhw vr wkdw wkh frqglwlrq iru wkh Eoxp dqg Khoozlj
uhvxow krogv1

51715 Vlpxodwlrq Uhvxowv
Zh vwduw zlwk d edvholqh h{shulphqw lq zklfk wkh fhqwudo edqn grhv qrw uhdfw wr

vkrfnv dw doo/ lqvwhdg nhhslqj wkh srolf|0frqwuroohg udwh frqvwdqw1 Wr jlyh vrph vhqvh
ri zkdw wkhvh sdudphwhu vhwwlqjv phdq/ zh frpsxwh wkdw d rqh0vwdqgdug0ghyldwlrq
sxuho| wudqvlwru| qhjdwlyh vkrfn wr hlwkhu djjuhjdwh ghpdqg ru djjuhjdwh vxsso|

D Mhqvhq zdqwv wr xvh d ydoxh forvhg wr xqlw| vr wkdw wkh ghyldwlrq iurp qdwxudo0udwh k|srwkhvlv
lv qhjoljleoh/ zkloh lq rxu prgho wklv frqfhuq grhv qrw h{lvw1 Vr/ zh xvh d pruh frqyhqwlrqdo ydoxh1
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gulyhv rxwsxw grzq e| �yh wlphv dv pxfk diwhu irxu shulrgv lq wkh hfrqrp| wkdw lv
fdslwdo xqfrqvwudlqhg1

Wudqvlwru| vxsso| vkrfn

Wxuqlqj wr wkh h{shulphqw/ zh �uvw h{dplqh wkh lpsdfw ri d rqh0vwdqgdug0ghyldwlrq
sxuho| wudqvlwru| djjuhjdwh vxsso| vkrfn1 Wkdw lv/ zh vhw � & ' � iru w ' �/ dqg 3
rwkhuzlvh1 Ixuwkhupruh/ zh vhw wkh lqlwldo frqglwlrqv vr wkdw wkh hfrqrp| lv fdslwdo0
frqvwudlqhg dw wkh rxwvhw1 Xqghu uhjlph LL wkh fhqwudo edqn vhwv lqwhuhvw udwhv
ljqrulqj wkh fdslwdo frqvwudlqw/ xvlqj htxdwlrq +5174,1 Xqghu uhjlph L/ wkh fhqwudo
edqn wdnhv dffrxqw ri wkh fdslwdo frqvwudlqw dqg xvhv wkh lqwhuhvw udwh uxoh jlyhq
e| htxdwlrq +5173,/ vzlwfklqj wr htxdwlrq +5174, zkhqhyhu wkh fdslwdo frqvwudlqw qr
orqjhu elqgv1 Wkh uhvxowlqj sdwkv iru rxwsxw/ lq dwlrq/ dqg wkh lqwhuhvw udwh duh vkrzq
lq Iljxuh 5141 Dv zh zrxog h{shfw/ wkh rxwsxw dqg lq dwlrq  xfwxdwlrqv duh pxfk
odujhu xqghu uhjlph LL zkhq wkh srolf|pdnhuv ljqruh wkh edqnlqj v|vwhp1 Exw xqghu
uhjlph L/ vlqfh lqwhuhvw udwhv duh pryhg djjuhvvlyho| lq uhvsrqvh wr wkh qhjdwlyh rxw0
sxw jds dw wkh rxwvhw/ wkh| duh ohvv yduldeoh ryhu wkh hqwluh krul}rq ri wkh vlpxodwlrq1
Wkh vwdqgdug ghyldwlrq ri lqwhuhvw udwhv xqghu uhjlph L dqg LL duh 3169 dqg 31;5 ryhu
433 shulrgv/ uhvshfwlyho|1

Pruh vshfl�fdoo|/ wr r�vhw d wudqvlwru| lq dwlrqdu| vxsso| vkrfn/ wkh srolf|0
frqwuroohg lqwhuhvw udwh kdv wr ulvh lq wkh lqlwldo shulrg1 Ryhu wkh iroorzlqj shulrg/
wkh ixoo|0rswlpdo srolf| +uhjlph L, pryhv wkh lqwhuhvw udwh orz +djjuhvvlyh, hqrxjk wr
frxqwhudfw wkh surf|folfdo h�hfw ri wkh elqglqj fdslwdo frqvwudlqw vr wkdw wkh lq dwlrq
jds dqg wkh rxwsxw jds duh vhw rq wkh rswlpdo sdwk +vhh +E19, lq wkh Dsshqgl{, dv
vrrq dv srvvleoh1
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Wkh vxerswlpdo srolf| +uhjlph LL, lv frqgxfwhg zlwk wkh vdph lqwhqwlrq dv wkh
srolf| uhjlph L exw idlov wr dffrxqw iru wkh surf|folfdo h�hfw ri wkh fdslwdo frqvwudlqw1
Wkhuhiruh/ lw grhv qrw gdpshq wkh uhfhvvlrq hqrxjk e| vhwwlqj wkh lqwhuhvw udwh wrr
kljk dw shulrg 51 Lq Iljxuh 514/ iurp shulrg 4 wr shulrg </ wkh edqnlqj v|vwhp
lv frqvwudlqhg e| fdslwdo dqg srolf|pdnhuv nhhs frqgxfwlqj wkh vxerswlpdo srolf|
+uhjlph LL,1 Krzhyhu/ vwduwlqj iurp shulrg 43/ edqn fdslwdo frqvwudlqwv duh qrw
elqglqj xqghu srolf| uhjlph LL E 1 Iurp shulrg 43/ wkh lq dwlrq jds dqg wkh rxwsxw
jds duh vhw rq wkh rswlpdo sdwk1 Wkh vxerswlpdo srolf| +uhjlph LL, jhqhudwhv
vljql�fdqwo| odujhu orvvhv ryhu wkh hqwluh krul}rq1 Lq rwkhu zrugv/ wkh rswlpdo srolf|
jhqhudwhv vxevwdqwldo zhoiduh jdlqv1 Frpsxwlqj wkh zhoiduh ryhu d krul}rq ri 433
shulrgv � wkdw lv/ L wuxqfdwh wkh lq�qlwh0krul}rq remhfwlyh ixqfwlrq +516<, � L �qg wkdw
wkh rswlpdo srolf| hqwdlov d orvv wkdw lv ohvv wkdq kdoi wkh vl}h +wkh vlpxodwhg orvvhv lq
uhjlph L dqg uhjlph LL duh 71: dqg 4417/ uhvshfwlyho|,1

Wudqvlwru| ghpdqg vkrfn

L h{dplqh wkh lpsdfw ri d rqh0vwdqgdug0ghyldwlrq wudqvlwru| djjuhjdwh ghpdqg
vkrfn zlwk wkh vdph sdudphwhu frq�jxudwlrq dqg suhvhqw wkh sdwkv ri wkh rxwsxw
jds/ lq dwlrq dqg wkh lqwhuhvw udwh xqghu gl�huhqw srolf| uhjlphv lq Iljxuh 5151 Wkdw
lv/ L vhw � & ' � iru w ' �/ dqg 3 rwkhuzlvh1 Djdlq/ wkh edqnlqj v|vwhp lv fdslwdo0
frqvwudlqhg dw wkh rxwvhw1

Lq wkh shulrg wkdw wkh ghpdqg vkrfn duulyhv/ wkh edqn fdslwdo frqvwudlqw elqgv1
Gl�huhqw srolf| uhjlphv fdxvh wkh rxwsxw jds wr gl�hu lq wkh iroorzlqj shulrg1 Qdpho|/
wkh rswlpdo srolf| pryhv wkh lqwhuhvw udwh orz hqrxjk vr wkdw wkh rxwsxw jds dqg

F Lq wkh vlpxodwlrq ri vxsso| vkrfnv/ wkh edqn fdslwdo frqvwudlqw dozd|v elqgv xqghu srolf| uhjlph
L1
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lq dwlrq uhwxuq wr wkhlu rswlpdo sdwkv/ zkloh wkh vxerswlpdo srolf| idlov wr vhw wkh
rxwsxw jds dqg lq dwlrq rq wkhlu rswlpdo sdwkv xqwlo shulrg 81

Lq wklv prgho/ wkh ghpdqg vkrfn lv odujho| +exw qrw frpsohwho|, r�vhw e| wkh ixoo|0
rswlpdo srolf|1 Frpsxwlqj wkh zhoiduh ryhu 433 shulrgv/ L �qg wkdw wkh vlpxodwhg
orvvhv lq uhjlph L dqg uhjlph LL duh 3157 dqg 3185/ uhvshfwlyho|1 Wkh gl�huhqfh
ehwzhhq wzr srolf| uhjlphv lv vxevwdqwldo1

Dv iru wkh yrodwlolw| ri lqwhuhvw udwhv/ wkh rswlpdo lqwhuhvw udwh lv voljkwo| pruh
yduldeoh wkdq wkh vxerswlpdo udwh/ zlwk vwdqgdug ghyldwlrqv ehlqj 3158 dqg 3154 ryhu
433 shulrgv/ uhvshfwlyho|1 Exw wkh uhodwlyho| kljk yrodwlolw| ri wkh lqwhuhvw udwh xqghu
uhjlph L sxuho| frphv iurp wkh vwurqj uhdfwlrq lq shulrg 41 Diwhu shulrg 4/ wkh
lqwhuhvw udwh lv ohvv yduldeoh xqghu uhjlph L1

518 Zkdw zhuh Fhqwudo Edqnv GrlqjB

Wkh vlpxodwlrq jlyhv xv vrph vhqvh ri krz prqhwdu| srolf|pdnhuv vkrxog dffrxqw
iru fdslwdo frqvwudlqwv1 Wkh qh{w qdwxudo txhvwlrq lv zkhwkhu fhqwudo edqnv lq idfw
iroorz d vwudwhj| olnh wkh rqh wkh prgho vxjjhvwv1 Lq rwkhu zrugv/ gr edqnv* edodqfh
vkhhwv dqg fdslwdo uhtxluhphqwv sod| d pdwhuldo uroh lq fhqwudo edqnv* ghflvlrqvB Lq
wklv vhfwlrq/ L h{dplqh gdwd wr vhh zkdw fhqwudo edqnv zhuh dfwxdoo| grlqj1 Wr
fkdudfwhul}h wkh dfwlrqv ri fhqwudo edqnv/ L dgrsw wkh qrz vwdqgdug iudphzrun ri
hvwlpdwlqj srolf| uhdfwlrq ixqfwlrqv/ ru wkh Wd|oru uxoh/ iru wkh fhqwudo edqnv ri
wkuhh pdmru frxqwulhv lq wkh zruog= XV/ Jhupdq| +suh0xql�fdwlrq, dqg Mdsdq1 Lq
klv ruljlqdo zrun/ Mrkq Wd|oru +4<<6, fkdudfwhul}hg klv qrz idprxv srolf| uxoh dv
d ghvfulswlrq ri wkh Ihghudo Uhvhuyh ehkdylru iurp wkh plg04<;3v wkurxjk wkh hduo|
4<<3v1 Wkdw lv/ kh vxjjhvwhg wkdw zkdw wkh IRPF dfwxdoo| glg zdv wr vhw wkh qrplqdo
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ihghudo ixqgv udwhv vr wkdw

l & ' u � n � & n f=DE� & � � � � n f=D| & > +517;,

zkhuh l & lv wkh qrplqdo ihghudo ixqgv udwh dw shulrg w/ u � lv wkh qdwxudo uhdo lqwhuhvw
udwh +Wd|oru vhw wklv wr 5 shufhqw,/ � & lv fxuuhqw lq dwlrq/ � � lv wkh lq dwlrq wdujhw
+Wd|oru vhw wklv wr 5 shufhqw,/ dqg | & lv wkh shufhqwdjh ghyldwlrq ri dfwxdo rxwsxw iurp
d phdvxuh ri srwhqwldo ru wuhqg rxwsxw1 Fodulgd/ Jdol dqg Jhuwohu +4<<;/ 5333, kdyh
sursrvhg hvwlpdwlqj d iruzdug0orrnlqj yhuvlrq ri wklv lqwhuhvw0udwh uxoh edvhg rq wkh
ylhz wkdw srolf|pdnhuv duh iruzdug0orrnlqj1 Wkdw lv/ wkh| ghulyh d uhdfwlrq ixqfwlrq
ri wkh irup

l �& ' u � n � � n � 	 dH & � &�+ - � � � o n � 
 H & | &�+ G > +517<,

zkhuh l �& lv wkh wdujhw udwh iru wkh qrplqdo vkruw0whup lqwhuhvw udwh lq shulrg w> � &�+ - lv
wkh lq dwlrq iurp shulrg w wr shulrg wnn/ | &�+ G lv wkh rxwsxw jds iurp shulrg w wr shulrg
wnt> dqg H & E�� lv wkh h{shfwdwlrq frqglwlrqdo rq lqirupdwlrq dw w= Dv d vx!flhqw +exw
qrw qhfhvvdu|, frqglwlrq iru wkh prgho wr eh zhoo ehkdyhg/ wkh frh!flhqw rq lq dwlrq
kdv wr eh odujhu wkdq rqh +uhfdoo Wd|oru*v ruljlqdo uxoh0ri0wkxpe zdv wr vhw � 	 htxdo
wr 418,1

Wr vhh zkhwkhu wkh fhqwudo edqn*v uhvsrqvh wr wkh rxwsxw jds ghshqgv rq wkh vwdwh
ri wkh edqnlqj v|vwhp +dv vxjjhvwhg e| wkh wkhruhwlfdo prghov,/ zh dxjphqw htxdwlrq
+517<, zlwk fhuwdlq phdvxuh ri wkh vwuhvv lq wkh edqnlqj v|vwhp1 Htxdwlrqv +5173, dqg
+5174, vxjjhvw wkdw wkh rswlpdo lqwhuhvw udwh vkrxog eh orzhu lq dq hfrqrplf grzqwxuq
dqg kljkhu lq dq xswxuq zkhq edqn fdslwdo frqvwudlqw elqgv1 Zh ghqrwh wkh edqn
vwuhvv lq grzqwxuqv dqg xswxuqv zlwk v �& dqg v �& > uhvshfwlyho|1 Rxu dxjphqwhg yhuvlrq
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ri +517<, lv

l �& ' u � n � � n � 	 dH & � &�+ - � � � o n � 
 H & | &�+ G n � �� v �& �.� n � �� v �& �.� = +5183,

L ohw v �& �.� eh wkh odjjhg ghyldwlrq ri wkh ohyhudjh udwlr iurp lwv KS wuhqg zkhq wkh
rxwsxw jds lv qhjdwlyh/ rwkhuzlvh }hur> v �& �.� eh wkh odjjhg ghyldwlrq ri wkh ohyhudjh
udwlr iurp lwv KS wuhqg zkhq wkh rxwsxw jds lv srvlwlyh/ rwkhuzlvh }hur H 1 Wr dgguhvv
wkh srvvleoh hqgrjhqhlw| ri wkh ohyhudjh udwlr � dqg lwv uhvsrqvh wr wkh lqwhuhvw udwh
� L hvwlpdwh wkh uhodwlrqvkls zlwk d rqh0txduwhu odj1

Edvhg rq wkh wkhruhwlfdo prghov/ doo rwkhu wklqjv htxdo/ wkh srolf|0frqwuroohg lq0
whuhvw udwh vkrxog eh orzhu zkhq wkh ohyhudjh udwlr lv deryh0wkh0wuhqg lq dq grzqwxuq
dqg kljkhu zkhq wkh ohyhudjh udwlr lv deryh0wkh0wuhqg lq dq xswxuq1 Vr/ li srolf|0
pdnhuv uhdfw wr wkh vwuhvv lq wkh edqnlqj v|vwhp rswlpdoo|/ zh h{shfw wkh frh!flhqw
rq v �& �.� > � �� > wr eh qhjdwlyh dqg wkh frh!flhqw rq v �& �.� > � �� / wr eh srvlwlyh1

Wkh revhuyhg lqwhuhvw udwh dgmxvwv vprrwko| wr wklv ghvluhg ohyho dffruglqj wr wkh
sduwldo dgmxvwphqw htxdwlrq

l & ' [EO�l & �?� n d��[E��ol �& n  & > +5184,

zkhuh [EO� lv d sro|qrpldo lq wkh odj rshudwru O/ dqg  & lv dq l1l1g1 udqgrp yduldeoh
wkdw zh fdq wklqn ri dv d prqhwdu| srolf| frqwuro huuru uhvxowlqj iurp wklqjv olnh
xqdqwlflsdwhg vkliwv lq wkh ghpdqg iru edqn uhvhuyhv1 Htxdwlrq +5184, vxppdul}hv
wkh ylhz wkdw srolf|pdnhuv duh uhvsrqglqj vprrwko| wr d frpelqdwlrq ri lq dwlrq
dqg wkh rxwsxw jds1 Wkh vwdqgdug surfhgxuh lv wr vxevwlwxwh +5183, lqwr +5184, dqg
hvwlpdwh wkh uhvxowlqj htxdwlrq1

I Lghdoo|/ zh zrxog olnh wr lqfoxgh d phdvxuh wkdw wudfnv rqo| wkh edqnv wkdw duh xqghu vwuhvv
� zkdw pljkw eh wkrxjkw ri dv wkh pdujlqdo vwuhvv lq wkh edqnlqj v|vwhp1 Rxu dyhudjh ohyhudjh
udwlr lv d sur{| iru wklv pdujlqdo phdvxuh vlqfh kljk dyhudjh phdvxuh lpsolhv wkdw wkhuh kdyh ehhq
d uhodwlyho| odujh qxpehu ri edqnv zlwk uhodwlyho| kljk ohyhudjh udwlrv1
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L hvwlpdwh wklv prgho xvlqj wkh Jhqhudol}hg Phwkrg ri Prphqwv J rq txduwhuo|
gdwd zlwk wzr odjv lq wkh lqwhuhvw udwh dgmxvwphqw htxdwlrq � [EO� lv d vhfrqg0rughu
sro|qrpldo/ dvvxplqj wkdw h{shfwdwlrq krul}rq iru lq dwlrq lv 7 txduwhuv1 Lq wkh wdeoh
ehorz/ zh uhsruwhg wkh uhvxowv iru wzr h{shfwdwlrq krul}rqv ri rxwsxw jds +3 dqg 7
txduwhuv,1 Wkh lqvwuxphqw vhw iru wkh hvwlpdwlrq lqfoxghv d frqvwdqw/ 6 odjv ri vkruw0
whup lqwhuhvw udwhv/ lq dwlrq/ rxwsxw jdsv/ surgxfhu sulfh lq dwlrq/ P5 jurzwk +iru
Jhupdq| lv P6,/ wkh whup vsuhdgv ehwzhhq wkh orqj0whup erqg udwh dqg vkruw0whup
lqwhuhvw udwh/ dqg ohyhudjh udwlrv1

Iru wkh X1V1 wkh vdpsoh uxqv iurp 4<;< wr 5333/ frlqflglqj urxjko| zlwk wkh
Juhhqvsdq Ihg hud/ exw vwduwlqj wzr |hduv odwh wr dyrlg wkh fkdqjhv lq wkh edqnlqj
uhjxodwlrq wkdw rffxuuhg lq wkh 4<;3v1 Iru Jhupdq|/ gdwd ehjlq lq 4<:< dqg hqg lq
4<;< wr dyrlg wkh lpsdfw ri wkh xql�fdwlrq1 Dqg iru Mdsdq/ L h{dplqh wkh gdwd iurp
4<:< wr 4<;< wr dyrlg wkh �qdqfldo wxuprlo gxulqj wkh 4<<3v lq Mdsdq1

Wxuqlqj wr wkh gdwd/ iru hdfk frxqwu| L xvh wkh ryhuqljkw udwh wkdw lv frqwuroohg
e| wkh fhqwudo edqn wr phdvxuh wkh srolf| lqwhuhvw udwh> lq dwlrq lv phdvxuhg e|
wkh frqvxphu sulfh lqgh{> wkh rxwsxw jds lv gh�qhg dv wkh ghyldwlrq ri JGS iurp
lwv srwhqwldo1 Wkh ohyhudjh udwlr lv phdvxuhg dv wrwdo ordqv ri wkh edqnlqj v|vwhp
glylghg e| wkh vxp ri edqn htxlw| dqg vxeruglqdwhg ghewv iru wkh X1V1/ dqg wrwdo
dvvhwv glylghg e| edqn fdslwdo soxv uhvhuyhv iru Jhupdq| dqg Mdsdq1 Ghwdlov ri wkh
vrxufhv dqg frqvwuxfwlrq duh ghvfulehg lq wkh Dsshqgl{1

Hvwlpdwlrq dovr uhtxluhv wkdw zh pdnh dvvxpswlrqv derxw erwk wkh wdujhw lq dwlrq
+� � , dqg wkh wdujhw qdwxudo uhdo lqwhuhvw udwh +u � ,1 Iru wkh X1V1 zh dvvxph wkhvh erwk

K Rxu hvwlpdwlrq phwkrg uholhv rq wkh dvvxpswlrq wkdw doo ri wkh yduldeohv duh vwdwlrqdu|1 Zh xvh
wkh DGI whvw wr uhmhfw wkh qxoo k|srwkhvlv wkdw wkhuh lv d xqlw urrw lq wkh lqwhuhvw udwh ru lq dwlrq
iru wkh XV/ Jhupdq| dqg Mdsdq1
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wr eh 5 shufhqw1 Iru Jhupdq|/ wkh lq dwlrq wdujhw lv vhw dw 5 shufhqw/ dqg wkh qdwxudo
uhdo lqwhuhvw udwh lv ghwhuplqhg lq wkh hvwlpdwlrq1 Dqg iru Mdsdq/ wkh lq dwlrq wdujhw
lv vhw dv dq KS �owhuhg wuhqg/ dqg wkh qdwxudo uhdo lqwhuhvw udwh lv hvwlpdwhg1

Ehiruh h{dplqlqj wkh hvwlpdwlrq uhvxowv/ lw lv xvhixo wr wdnh d eulhi orrn dw wkh gdwd
rq wkh ohyhudjh udwlr1 Wkh wkuhh sdqhov ri Iljxuh 516 glvsod| gdwd iru hdfk ri wkh
frxqwulhv L vwxg| ryhu wkh h{dplqhg vdpsoh shulrg1 Qrwh wkdw d jhqhudo grzqzdug
wuhqg lq erwk wkh Jhupdq dqg Mdsdqhvh gdwd lv olnho| uhodwhg wr fkdqjhv lq uhjxodwru|
vwdqgdugv1 Iru wkh X1V1/ ohyhudjh urvh gudpdwlfdoo| ehjlqqlqj lq 4<<<1

51814 Hvwlpdwhv
Hvwlpdwhv ri wkh ydulrxv srolf|pdnhuv* uhdfwlrq ixqfwlrqv duh vxppdul}hg lq wkh

wkuhh sdqhov ri Wdeoh 5151 Iru hdfk frxqwu| L uhsruw hvwlpdwhv erwk zlwk dqg zlwkrxw
wkh ohyhudjh udwlrv +odjjhg dqg pxowlsolhg e| wkh gxpp| yduldeoh wkdw lv rqh zkhq
rxwsxw lv deryh ru ehorz srwhqwldo,/ dqg iru wzr vhwwlqjv ri wkh dvvxphg h{shfwdwlrq
krul}rqv iru wkh rxwsxw jds +t ' f dqg 7,1 Wkh s 0 ydoxhv ri wkh whvwv ri ryhulghqwli|lqj
uhvwulfwlrqv iru doo vshfl�fdwlrqv ydolgdwh wkh prphqw frqglwlrqv L xvh1 Dqg wkh U 
 v
vxjjhvw wkdw wkh prghov �w uhodwlyho| zhoo1

Wkh ryhudoo uhvxowv duh uhsruwhg dv iroorzv1 Iru wkh XV/ wkh hvwlpdwhg frh!flhqwv
rq wkh lq dwlrq jds duh odujhu wkdq xqlw|/ lpso|lqj vwdelolw|/ dqg forvh wr wkh ruljlqdo
Wd|oru ehqfkpdun ri 4181 Wkh frh!flhqwv rq wkh rxwsxw jds duh forvh ru odujhu wkdq
wkh ehqfkpdun ydoxh ri 3181 Orrnlqj dw wkh uhvxowv iru zkhuh wkh srolf|pdnhu lv
dvvxphg uhdfw wr erwk fxuuhqw dqg ixwxuh rxwsxw jds +t ' f dqg e,/ zh �uvw vhh wkdw/
zkloh wkh vljqv ri � �� duh qhjdwlyh lq erwk fdvhv/ wkh gdwd gr qrw vxssruw dgglqj v �& �.�

wr wkh srolf| uxoh1 Wkdw lv/ wkh IRPF glg qrw uhdfw vwurqjo| wr wkh vwdwh ri edqnlqj
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v|vwhp gxulqj hfrqrplf grzqwxuqv1 Dowkrxjk wkh vwdqgdug huuru iru � �� lv odujh/ lw
lv vwloo khosixo wr jhw vrph lghd ri wkh hfrqrplf pdjqlwxgh ri wkh uhvsrqvh1 Lq wklv
fdvh/ d rqh0vwdqgdug0ghyldwlrq lqfuhdvh lq wkh ohyhudjh udwlr htxdov 41;5 dqg wklv lv
hvwlpdwhg wr uhvxow lq d 3169 0 shufhqw fxw lq wkh ihghudo ixqgv udwh/ doo rwkhu wklqjv
htxdo1

Qh{w/ zh vhh wkdw wkh vljqv ri � �� duh srvlwlyh dqg vljql�fdqw lq erwk fdvhv/ wkh
gdwd gr vxssruw dgglqj v �& �.� wr wkh uhdfwlrq uxoh1 Wkdw lv/ wkh IRPF glg udlvh
ihghudo ixqgv udwh zkhq wkh ohyhudjh udwlr lv kljkhu0wkdq0wuhqg L gxulqj dq xswxuq/
doo rwkhu wklqjv htxdo1 Wkh srlqw hvwlpdwh ri wkh frh!flhqw lv odujh/ lpso|lqj wkdw
d rqh0vwdqgdug0ghyldwlrq ulvh lq wkh ohyhudjh udwlr fdxvhv d 51;0shufhqw ulvh lq wkh
ihghudo ixqgv udwh/ doo rwkhu wklqjv htxdo1

Wxuqlqj wr wkh Jhupdq fdvh/ zh vwduw e| qrwlqj wkdw wkh frh!flhqwv ehiruh lq d0
wlrq dqg rxwsxw jds duh forvh wr wkh ruljlqdo Wd|oru ydoxhv1 Wxuqlqj wr wkh edqnlqj
v|vwhp vwuhvv yduldeoh/ wr wkh h{whqw wkdw wkh Exqghvedqn glg uhdfw/ lw glg vr lq d
zd| wkdw dsshduv wr kdyh pdgh pdwwhuv zruvh1 Wkh hvwlpdwh ri � �� lv vljql�fdqwo|
srvlwlyh dqg wkh vljq ri � �� lv erwk qhjdwlyh dqg vljql�fdqw1 Wkhvh frh!flhqwv lpso|
wkdw d rqh0vwdqgdug0ghyldwlrq lqfuhdvh lq ohyhudjh udwlr zloo udlvh wkh fdoo prqh| udwh
e| 8 shufhqw lq d grzqwxuq dqg orzhu lw e| 31< shufhqw lq dq xswxuq1

Rxu hvwlpdwhv iru wkh Edqn ri Mdsdq duh uhsruwhg lq wkh erwwrp sdqho ri wkh
wdeoh1 Iru prvw vshfl�fdwlrqv/ wkh frh!flhqwv rq lq dwlrq dqg wkh rxwsxw jds orrn d
elw odujh1 Uhjdugohvv ri rwkhu vhwwlqjv/ zh �qg wkdw wkh gdwd gr vxssruw dgglqj v �& �.�

wr wkh srolf| uxoh exw/ dv lq wkh Jhupdq fdvh/ wkh uhvxowlqj frh!flhqw hvwlpdwhv duh ri
wkh zurqj vljq1 Wr jhw vrph lghd ri wkh hfrqrplf pdjqlwxgh ri wkh uhvsrqvh/ zh fdq

M Wkh kljk ohyhudjh udwlr gxulqj dq xswxuq frxog eh wkh uhvxow ri fuhglw h{sdqvlrq gxh wr ordq
ghpdqg udwkhu wkdq edqn fdslwdo ghwhulrudwlrq/ vr zh pxvw lqwhusuhw wklv uhvxow fduhixoo|1
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frpsxwh wkdw d rqh0vwdqgdug0ghyldwlrq ulvh lq wkh ohyhudjh udwlr gxulqj d grzqwxuq
htxdov 4189 dqg wkdw wklv fdxvhv d 50shufhqw ulvh lq wkh fdoo prqh| udwh/ doo rwkhu
wklqjv htxdo1 Dv iru wkh frh!flhqw ehiruh v �& �.� > lw lv qhjdwlyh dqg lqvljql�fdqw1 Edqn
ri Mdsdq glg qrw uhdfw wr wkh vwuhvv lq wkh edqnlqj v|vwhp lq dq xswxuq1

Wdnhq wrjhwkhu/ wkh hvwlpdwhv ri wkhvh srolf| uhdfwlrq ixqfwlrqv vxjjhvw wkdw
IRPF*v srolf| lv wkh prvw frqvlvwhqw zlwk wkh prgho suhglfwlrq/ wkdw lv/ wr orzhu
+udlvh, wkh lqwhuhvw udwh lq uhvsrqvh wr wkh fdslwdo frqvwudlqw lq wkh edqnlqj v|vwhp
zkhq wkh hfrqrp| lv lq d grzqwxuq +dq xswxuq,1 E| frqwudvw/ wkh hvwlpdwhv vxjjhvw
wkdw wkh srolf|pdnhuv lq Jhupdq| dqg Mdsdq udlvhg wkhlu ryhuqljkw lqwhuhvw udwhv/
uhodwlyh wr wkh edvholqh/ gxulqj shulrg zkhq rxwsxw zdv ehorz wuhqg dqg wkhlu edqnv
zhuh xqghu vwuhvv � wkh rssrvlwh ri zkdw wkh prgho vxjjhvwv lv rswlpdo1 N

519 Frqfoxvlrq Uhpdunv

Fkdqjhv lq edqn ohqglqj duh dq lpsruwdqw ghwhuplqdqw ri hfrqrplf  xfwxdwlrqv1
Fhqwudo edqnv/ lq zrunlqj wr phhw wkhlu vwdelol}dwlrq jrdov/ vwulyh wr hqvxuh d vx!flhqw
vxsso| ri ordqv1 Lq wkhlu h�ruw wr pdlqwdlq d vwdeoh �qdqfldo v|vwhp/ uhjxodwruv fdq
zrun djdlqvw wklv remhfwlyh1 Fdslwdo uhtxluhphqwv duh d fohdu h{dpsoh1 E| glfwdwlqj
wkdw doo edqnv pxvw pdlqwdlq vx!flhqw fdslwdo zlwk uhvshfw wr wkhlu ulvn h{srvxuhv/
fdslwdo uhtxluhphqwv fdq olplw wkh ohqglqj fdsdflw| ri wkh edqnlqj v|vwhp1 Dowkrxjk
wkh qhhg iru dyrlglqj zrunlqj dw furvv0sxusrvhv lv uhfrjql}hg/ lw lv qrw fohdu zkhwkhu
fhqwudo edqnv kdyh irupxodwhg dq rswlpdo vwudwhj|/ qdpho|/ wdnhq lqwr dffrxqw wkh
lpsdfw ri wkh fdslwdo uhtxluhphqwv1

O Wr fkhfn wkh urexvwqhvv/ zh dovr xvh dowhuqdwlyh phdvxuhv ri lq dwlrq/ gl�huhqw odjv ri lqwhuhvw
udwh dgmxvwphqw/ wkh odvw0zhhn srolf|0frqwuroohg lqwhuhvw udwh ri wkh txduwhu/ wkh ruljlqdo edfnzdug0
orrnlqj Wd|oru uxoh vshfl�fdwlrq dqg gl�huhqw lqwhusrodwlrq phwkrg1 Wkh urexvwqhvv dqdo|vlv gholyhuv
wkh vlplodu ryhudoo uhvxow1
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Wklv sdshu grhv wkuhh wklqjv1 Iluvw/ L frq�up wkh uhvxowv �uvw ghulyhg e| Eoxp
dqg Khoozlj +4<<8, wkdw lq wkh suhvhqfh ri frpsohwho| sdvvlyh prqhwdu| srolf| fds0
lwdo uhtxluhphqwv duh surf|folfdo1 Wkdw lv/ zkhq edqnv ehfrph fdslwdo frqvwudlqhg/
vkrfnv wr wkh hfrqrp| jhqhudwh odujhu pryhphqwv lq rxwsxw1 Wkh vhfrqg uhvxow lv wr
hvwdeolvk wkdw rswlpdo prqhwdu| srolf| zloo qhxwudol}h wkh surf|folfdo lpsdfw ri fds0
lwdo uhtxluhphqwv1 Wkdw lv/ wkh suxghqwldo uhjxodwruv qhhg qrw hqfxpehu prqhwdu|
srolf|pdnhuv lq wkhlu sxuvxlw ri vwdeoh jurzwk1 Ilqdoo|/ L suhvhqw hylghqfh vxjjhvw0
lqj wkdw zkloh wkh Ihghudo Uhvhuyh kdv ehhq uhdfwlqj dv wkh prgho vxjjhvwv/ orzhulqj
lqwhuhvw udwhv e| pruh gxulqj grzqwxuqv lq zklfk edqnv duh xqghu vwuhvv dqg udlvlqj
wkhp e| pruh gxulqj xswxuqv zkhq edqnv duh frqvwudlqhg/ wkh Jhupdq dqg Mdsdqhvh
fhqwudo edqnv fohduo| kdyh qrw1
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Ht1 Ohiw0kdqg0vlgh Yduldeohv2Sdudphwhuv Ydoxhv
54d Djjuhjdwh Ghpdqg E| & "'� �

Rxwsxw shuvlvwhqfh +� 
 , 3183
Hodvwlflw| z1u1w1 uhdo srolf|0frqwuroohg udwh +� � , 31:8

Hodvwlflw| z1u1w1 uhdo ordq udwh +� � , 31:8
Vwdqgdug ghyldwlrq ri ghpdqg vkrfn +� B , 4133

54e Uhdo Edqn Ghsrvlw EG & �
Hodvwlflw| z1u1w1 rxwsxw jds +G 
 , 3153

Hodvwlflw| z1u1w1 uhdo srolf|0frqwuroohg udwh +G � , 3133
54f Edqn Fdslwdo +E & ,

Hodvwlflw| z1u1w1 rxwsxw jds +E 
 , 3148
54g Xqfrqvwudlqhg Ordq Vxsso| +O �&�+ � ,

Uhvhuyh ghsrvlw udwlr +�, 3143
54g Frqvwudlqhg Ordq Vxsso| +O �&�+ � ,

Ohyhudjh udwlr +f, 43133
54h Ordq Ghpdqg +O �& ,

Hodvwlflw| z1u1w1 uhdo ordq udwh +O � , 4133
Hodvwlflw| z1u1w1 rxwsxw +O 
 , 3133

54i Djjuhjdwh Vxsso| +� & "'� ,
Hodvwlflw| ri lq dwlrq z1u1w1 uhdo rxwsxw +� 
 , 3143

Vwdqgdug ghyldwlrq ri vxsso| vkrfn +� C , 4133

Wdeoh 514= Fdoleudwlrq ri wkh Sdudphwhuv Ydoxhv
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Frxqwulhv Lq dwlrq Rxwsxw Edqn Vwuhvv Dgmxvwphqw M
Jds Jds Grzqwxuq Xswxuq frh!flhqw whvw

t � 	 � 
 � �� � �� [ U 

Xqlwhg f 415; 3194--- 31<5--- 31;: 31<8
Vwdwhv +3154, +313<, +3134,

41;;--- 4143--- 03153 4174-- 31<3--- 31;: 31<8
4<;<t5 +3156, +315<, +3166, +3186, +3135,

0 e 4146 3184--- 31<7--- 31<4 31<8
5333t7 +3163, +3148, +3134,

41;5-- 4164--- 03149 41;:-- 31<5--- 31;; 31<8
+3168, +316<, +317;, +31:9, +3135,

Jhupdq| f 4138 03135 31;7--- 31<7 31<6
+3146, +315<, +3136,

4<:<t4 4156-- 3166 9159--- 0319:--- 31:7--- 31<; 31<7
0 +3144, +3154, +4174, +3145, +3137,

4<;<t7 e 31<6 317: 31;:--- 31<7 31<7
+3147, +317<, +3136,
414;- 3173 9198--- 03199--- 31:6--- 31<; 31<7
+3143, +3159, +4195, +3145, +3137,

Mdsdq f 41:8 41;5--- 31;6--- 31<8 31;9
+319:, +3197, +3137,

4<:<t4 4173 4164- 4163--- 03137 31:3--- 31<5 31;9
0 +317:, +31:5, +316:, +3143, +3147,

4<;<t7 e 41:8 414<--- 31;9--- 31<7 31;9
+31<3, +3175, +3138,
4166 3194 4146-- 313< 31:8--- 31;: 31;8
+3198, +3188, +3177, +313<, +3147,

Wdeoh 515= Wkh Uhdfwlrq Ixqfwlrqv ri wkh Xqlwhg Vwdwhv/ Jhupdq| dqg Mdsdq
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Iljxuh 514= Rxwsxw Jds/ Lq dwlrq dqg Lqwhuhvw Udwh zlwk Gl�huhqw Prqhwdu| Srolflhv=
diwhu d wudqvlwru| vxsso| vkrfn
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Iljxuh 515= Rxwsxw Jds/ Lq dwlrq dqg Lqwhuhvw Udwh zlwk Gl�huhqw Prqhwdu| Srolflhv=
diwhu d wudqvlwru| ghpdqg vkrfn
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Iljxuh 516= Ohyhudjh Udwlrv ri wkh Xqlwhg Vwdwhv/ Jhupdq| dqg Mdsdq
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FKDSWHU 6

PRUDO KD]DUG LQ EDQNLQJ DQG SUXGHQWLDO
EDQNLQJ SROLFLHV

614 Lqwurgxfwlrq

D zlgho| dffhswhg h{sodqdwlrq iru shuydvlyh edqn idloxuhv lv prudo kd}dug1 Wkdw
lv/ lqdvpxfk dv ghsrvlwruv fdqqrw prqlwru edqnv h�hfwlyho|/ edqnv fdq hqjdjh lq
dfwlylwlhv wkdw duh xqghvludeoh iurp wkh ghsrvlwruv* shuvshfwlyh1 Wkh xqghvludeoh
dfwlrq wkdw edqnv pd| wdnh lv wr fkrrvh ulvn| dvvhwv zkhq wkh| zrxog fkrrvh suxghqw
dvvhwv li wkh| zhuh xvlqj wkhlu rzq prqh|1 Prudo kd}dug rffxuv zkhq ghsrvlwruv
duh h{srvhg wr orvvhv iurp h{fhvvlyh ulvnv wdnhq e| edqnv zlwkrxw uhfhlylqj dghtxdwh
frpshqvdwlrq iru wkh ulvnv hqwdlohg1 Wkh prudo kd}dug lq wkh edqnlqj lqgxvwu| dovr
lq xhqfhv rwkhu dvshfwv ri wkh hfrqrp|1 Iru lqvwdqfh/ lq d vlpsoh prgho/ Doohq dqg
Jdoh +5333, vkrz wkdw prudo kd}dug lq edqnlqj fdxvhv dvvhw exeeohv wkurxjk edqnv*
h{fhvvlyh ulvn0wdnlqj1

D eurdgo| vxssruwhg qrwlrq frqfhuqlqj prudo kd}dug vxjjhvwv wkdw wkh ghjuhh ri
prudo kd}dug lv uhodwhg wr krz edqnv ehdu grzqvlgh ulvnv1 Dffruglqj wr wkh Iudqfklvh
Ydoxh K|srwkhvlv/ zkhq d edqn kdv d kljk iudqfklvh ydoxh +wkh edqn*v h{shfwhg ixwxuh
ydoxh dv dq rqjrlqj lqvwlwxwlrq,/ lw hqjdjhv lq suxghqw dfwlylwlhv1 Lq rwkhu zrugv/
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wkh pruh wkh edqn zloo orvh lq fdvh ri lqvroyhqf|/ wkh pruh wkh edqn dyrlgv wdnlqj
h{fhvvlyh ulvnv1 Vrph hfrqrplvwv dujxh wkdw wkh lqhylwdeoh ghfolqh ri edqnv* iudqfklvh
ydoxhv PRQ lq wkh sdvw wzr ghfdghv kdv h{dfhuedwhg prudo kd}dug lq edqnlqj1

Wr frqwuro prudo kd}dug dqg hqvxuh wkh vrxqgqhvv ri wkh edqnlqj v|vwhp/ edqn vx0
shuylvruv dqg uhjxodwruv duh jlyhq wkh dxwkrulw| wr nhhs edqnv* ulvn0wdnlqj lq fkhfn/
xvlqj wrrov olnh rq0vlwh h{dplqdwlrq/ r�0vlwh vxuyhloodqfh/ fdslwdo dghtxdf| uhtxluh0
phqwv dqg ghsrvlw lqvxudqfh1 Wklv fkdswhu vwxglhv wkh mrlqw lpsdfw ri fdslwdo uh0
txluhphqwv dqg ghsrvlw lqvxudqfh/ dqg/ krz wkhvh srolflhv zrun wrjhwkhu wr frqwuro
prudo kd}dug1

S Lq wkh odvw wzr ghfdghv/ wkh iudqfklvh ydoxh ri edqnv kdv ghfolqhg iru vhyhudo uhdvrqv1 Wkh
�uvw uhdvrq lv ghuhjxodwlrq1 Lq wkh Xqlwhg Vwdwhv/ Wkh Grxjodv Dphqgphqw wr wkh Edqn Kroglqj
Frpsdq| Dfw ri 4<89 iruedg edqn kroglqj frpsdq| +EKF, iurp dftxlulqj dq rxw0ri0vwdwh edqn
xqohvv vxfk dfwlylw| zdv doorzhg e| wkh vwdwxwh ri wkdw vwdwh1 Wklv Dfw h�hfwlyho| surklelwhg edqnv
iurp rshudwlqj dfurvv vwdwhv vlqfh qr vwdwh doorzhg lwv edqn eh dftxluhg e| edqnv iurp rwkhu vwdwhv1
Lq dgglwlrq/ ehiruh 4<:3/ derxw :3 shufhqw ri wkh vwdwhv uhvwulfwhg lqwudvwdwh eudqfklqj1 Wkhvh duh
wkh h{dpsoh ri pdunhw0uhodwhg vrxufhv ri iudqfklvh ydoxhv/ dv odehohg e| Ghpvhw} +4<<9,1 Exw gxulqj
wkh shulrg iurp wkh plg04<:3v wr wkh plg04<<3v/ prvw uhjxodwru| eduulhuv rq lqwhuvwdwh dqg lqwudvwdwh
edqnlqj zhuh uhpryhg1 Iurp 4<:8 wr 4<<5/ wzr0wklugv ri wkh vwdwhv oliwhg olplwdwlrqv rq lqwudvwdwh
eudqfklqj1 Gxulqj wkh vdph shulrg/ edqnlqj kroglqj frpsdqlhv zhuh doorzhg wr rshudwh dfurvv wkh
vwdwh olqhv1 Wkh prvw idprxv odz lv wkh Uhljoh0Qhdo Lqwhuvwdwh Edqnlqj dqg Eudqfklqj H!flhqf|
Dfw sdvvhg lq Vhswhpehu 4<<7/ doorzlqj frxqwu|zlgh lqwhuvwdwh edqnlqj dqg/ zlwk vwdwh dssurydo/
lqwhuvwdwh eudqfklqj1 Pruhryhu/ e| wkh plg04<;3v/ wkh lqwhuhvw udwh fhlolqj edvhg rq Uhjxodwlrq T
zhuh ixoo| oliwhg1 Wklv dggv rqh pruh glphqvlrq wkdw edqnv frpshwh zlwk hdfk rwkhu/ wkdw lv/ edqnv
fdq dwwudfw ghsrvlwv e| sd|lqj kljkhu lqwhuhvw udwhv1 Dv d uhvxow/ wkh frpshwlwlrq ehwzhhq XV edqnv
uhgxfhg edqnv* iudqfklvh ydoxhv gxulqj wklv shulrg1
Wkh vhfrqg uhdvrq iru wkh ghfolqh lq iudqfklvh ydoxhv lv whfkqrorj|0 ru lqqrydwlrq0uhodwhg1 Ilqdq0

fldo lqqrydwlrqv olnh DWP +dxwrpdwlf whoohu pdfklqhv, dqg prqh| pdunhw pxwxdo ixqgv orzhu wkh
frvwv ri gholyhulqj �qdqfldo vhuylfh wr frqvxphuv1 Dv d uhvxow/ frpshwlwlrq lv hohydwhg dqg iudqfklvh
ydoxhv duh hurghg1
Wkh pdlq vrxufh wkdw khosv wr pdlqwdlq edqnv* iudqfklvh ydoxhv udwkhu wkdq wr hurgh wkh ydoxh

lv edqn0uhodwhg1 Wkhvh edqn0uhodwhg idfwruv lqfoxgh wkh vlwxdwlrq ri edqnv eudqfk qhwzrunv/ wkh
h!flhqf| ri pdqdjhphqw dqg ohqglqj uhodwlrqvkls1 Iru lqvwdqfh/ li d xqlyhuvdo edqnlqj kroglqj
frpsdq|/ vxfk dv pxwxdo ixqgv dqg lqvxudqfh/ kdv dq h{whqvlyh eudqfk qhwzrun/ wklv frxog lqgxfh
wkh hfrqrp| ri vfdoh lq vhoolqj pxowlsoh fodvvhv ri �qdqfldo surgxfwv rshudwhg e| wkh frpsdq|1
Wkh orqj0wlph uhodwlrqvklsv ehwzhhq d edqn dqg lwv fxvwrphuv frxog eulqj wkh edqn frpsdudwlyh
dgydqwdjh lq froohfwlqj sulydwh lqirupdwlrq derxw lwv fxvwrphuv1T Hgzdugv dqg Plvknlq +4<<8, kdv d pruh frpsohwh ghvfulswlrq derxw wkh fkdqjhv lq XV edqnlqj
lqgxvwu| vlqfh 4<:3v1
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Qhlwkhu fdslwdo uhtxluhphqwv dqg ghsrvlw lqvxudqfh duh qhz1 Krzhyhu/ wkhuh kdyh
ehhq pdq| ghedwhv derxw wkhvh srolflhv lq wkh sdvw wzr ghfdghv1 Zkloh lw kdv ehfrph
pruh dqg pruh gl!fxow wr vxshuylvh lqglylgxdo wudqvdfwlrqv gxh wr wkh lqfuhdvhg frp0
soh{lw| lqyroyhg/ fdslwdo dghtxdf| uhtxluhphqwv kdyh hyroyhg dv wkh prvw lpsruwdqw
srolf| wr prqlwru d edqn*v ulvn0pdqdjhphqw v|vwhp1 Wkhvh uhjxodwlrqv vwlsxodwh
wkdw wkh edqn pxvw pdlqwdlq fdslwdo lq sursruwlrq wr lwv fduhixoo|0phdvxuhg ulvn h{0
srvxuhv/ hqvxulqj wkdw wkh edqn*v rzqhuv ehdu vrph grzqvlgh ulvnv1 Qhyhuwkhohvv/
frqfhuqv uhpdlq1 Iluvw/ wkhuh lv wkh surf|folfdo h�hfw ri wklv uhjxodwlrq dgguhvvhg lq
fkdswhu 51 Lq dgglwlrq/ vrph shrsoh kdyh fulwlfl}hg wkh fdslwdo uhjxodwlrq dv lqh!flhqw
lq frqwuroolqj h{fhvvlyh ulvnv wdnhq e| edqnv1

Wr suhfoxgh wkh srvvlelolw| ri ghsrvlwru uxqv/ jryhuqphqwv fdq lqvxuh ghsrvlwv
dqg surwhfw ghsrvlwruv iurp �qdqfldo orvvhv li edqnv idlo1 Lq pdq| frxqwulhv/ ghsrvlw
lqvxudqfh kdv ehfrph dq lpsruwdqw frpsrqhqw ri d �qdqfldo vdihw| qhw1 Exw rqfh
ghsrvlw lqvxudqfh lv surylghg/ ghsrvlwruv qr orqjhu kdyh dq lqfhqwlyh wr prqlwru wkhlu
edqn*v ulvn0wdnlqj/ h{dfhuedwlqj wkh prudo kd}dug1 Wklv frqfhuq jlyhv ulvh wr d
ghedwh derxw zkdw nlqg ri ghsrvlw lqvxudqfh vkrxog eh surylghg1 Vrph vxssruw
pdnlqj ghsrvlw lqvxudqfh pruh ulvn0edvhg/ vr edqnv wkdw wdnh pruh ulvnv sd| kljkhu
ghsrvlw lqvxudqfh suhpld1 Wkh orjlf ri vxfk d vfkhph lv wkdw edqnv vkrxog idfh wkh
wuxh frvw ri ulvnv dqg eh irufhg wr dssursuldwho| edodqfh wkh wudgh0r� ehwzhhq ulvnv
dqg uhwxuqv1

Zkloh wklv orjlf vrxqgv fruuhfw/ wkhuh duh jrrg uhdvrqv wr eholhyh wkdw lw pd| eh
gl!fxow wr lpsohphqw vxfk ulvn0edvhg lqvxudqfh edvhg rq wkh lqirupdwlrq dydlodeoh
wr lqvxuhuv1 Wkh sureohp lv wkdw lw lv kdug iru ghsrvlw lqvxuhuv wr hydoxdwh edqn ordqv
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dqg frpsoh{ �qdqfldo frqwudfwv lqyroylqj ghulydwlyhv1 Lq wkh hqg/ ghsrvlw lqvxuhuv
fdqqrw revhuyh wkh ulvn fkdudfwhulvwlfv ri d edqn*v lqyhvwphqw sruwirolr1

Zkhq lqirupdwlrq uhohydqw wr d frqwudfwxdo duudqjhphqw lv nqrzq wr rqo| rqh ri
wkh sduwlflsdqwv/ hfrqrplvwv vd| wkdw wkhuh lv sulydwh lqirupdwlrq1 Wkhuh duh pdq|
w|shv ri lqirupdwlrq wkdw pd| eh sulydwh1 Zh irfxv rq sd|r�0uhohydqw lqirupdwlrq/
wkdw lv/ wkh ulvn fkdudfwhulvwlfv ri d edqn*v lqyhvwphqw ghflvlrqv1 Zkhq d edqn*v
lqyhvwphqw ghflvlrqv duh klgghq ru d edqn kdv sulydwh lqirupdwlrq/ wkh xvxdo uhphg|
vxjjhvwhg e| wkh olwhudwxuh rq prudo kd}dug lv wr xvh vwdwh0frqwlqjhqw sd|phqwv wr
hqvxuh wkdw wkh edqn kdv wkh uljkw lqfhqwlyhv �VU 1 Wkhvh duh dqdorjrxv wr d vdohvshuvrq*v
frpplvvlrqv wkdw duh edvhg rq vdohv1 Khuh/ d edqn*v ghsrvlw lqvxudqfh suhplxp frxog
eh frqwlqjhqw xsrq wkh edqn*v shuirupdqfh1 Vxfk h{ srvw lqvxudqfh duudqjhphqwv
doorz uhjxodwruv wkh delolw| wr frqwuro prudo kd}dug pruh h�hfwlyho|1

Khoopdqq/ Pxugrfn dqg Vwljolw} +5333, +khuhdiwhu KPV, suhvhqw d prgho wkdw
frpelqhv fdslwdo dghtxdf| uhtxluhphqwv dqg ghsrvlw lqvxudqfh1 Wkh| irfxv rq
zkhwkhu fdslwdo uhtxluhphqwv duh vx!flhqw wr frqwuro prudo kd}dug1 Dvvxplqj wkdw
wkh ghsrvlw lqvxudqfh suhplxp lv  dw +qrw ulvn0edvhg,/ wkh| frqfoxgh wkdw ghsrvlw0udwh
frqwuro lv lpsruwdqw zkhq fdslwdo uhtxluhphqwv duh suhvhqw1 Wkhlu dvvxpswlrq derxw
ghsrvlw lqvxudqfh lv fuxfldo wr wkhlu uhvxowv exw grhv qrw uh hfw qhz ghyhorsphqwv
lq ghsrvlw lqvxudqfh1 Pduvkdoo dqg Suhvfrww +5333, dqdo|}h edqn fdslwdo uhjxodwlrq
dqg ghsrvlw lqvxudqfh lq d prgho wkdw ljqruhv oldelolwlhv pdqdjhphqw dqg lq zklfk
iudqfklvh ydoxhv duh h{rjhqrxv1 L xvh wkh prgholqj whfkqrorj| ri KPV wr h{dplqh
d frpelqdwlrq ri fdslwdo dghtxdf| uhtxluhphqwv dqg  h{leoh shqdow| uhjlphv lq wkh
vslulw ri Pduvkdoo dqg Suhvfrww +5333,1
��W Kduw dqg Kropvwurp +4<;:, dqg Suhvfrww +4<<<, surylgh d frpsuhkhqvlyh vxuyh| ri prudo0kd}dug

prghov1
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Lq wkh wkhruhwlfdo sduw ri wklv fkdswhu/ L vwxg| wkh mrlqw lpsdfw ri fdslwdo dghtxdf|
uhtxluhphqwv dqg ghsrvlw lqvxudqfh rq d edqn*v ghflvlrqv derxw lwv dvvhw doorfdwlrq
dqg oldelolw| pdqdjhphqw/ zlwk hqgrjhqrxv iudqfklvh ydoxhv1 Wkh jrdo lv wr vhh
krz wkhvh wzr uhjxodwru| srolflhv frpsohphqw rqh dqrwkhu dqg dovr wr vhh zkdw wkh
rswlpdo suxghqwldo srolflhv orrn olnh1 Lq p| prgho/ fdslwdo uhjxodwlrq dqg ghsrvlw
lqvxudqfh fdq plwljdwh d edqn*v ulvn0wdnlqj1 Wklv surylghv wkhruhwlfdo xqghuslqqlqjv
iru wkh hpslulfdo vwxg| ehorz1

Lq wkh hpslulfdo sduw ri wklv fkdswhu/ L dqdo|}h edqn gdwd iurp 76 frxqwulhv1
Wkh hpslulfdo zrun h{sodlqv wkh yduldwlrq ri edqnv* ulvn0wdnlqj xvlqj edqnv* iudq0
fklvh ydoxhv/ dv lq Nhhoh| +4<<3, dqg Ghpvhw} +4<<9,/ dqg h{dplqhv wkh lpsdfw ri
fdslwdo dghtxdf| uhtxluhphqwv dqg ghsrvlw lqvxudqfh mrlqwo|1 L �qg wkdw zkhq iudq0
fklvh ydoxhv duh orzhu/ edqnv wdnh pruh ulvnv exw ulvn0wdnlqj ghfuhdvhv zkhq fdslwdo
uhtxluhphqwv duh suhvhqw dqg ghsrvlw lqvxudqfh lv surylghg1

Wkh uhvw ri wkh fkdswhu lv rujdql}hg dv iroorzv= Vhfwlrq wzr suhvhqwv d prgho
dvvrfldwlqj d edqn*v prudo kd}dug zlwk lwv ghflvlrqv rq dvvhw doorfdwlrq dqg oldelolw|
pdqdjhphqw1 Lq wklv prgho/ erwk fdslwdo dghtxdf| uhtxluhphqwv dqg ghsrvlw lqvxu0
dqfh duh h{dplqhg zlwk yduldwlrqv lq lqirupdwlrq dydlodelolw| wr uhjxodwruv1 Vhfwlrq
wkuhh suhvhqwv wkh hpslulfdo prgho dqg uhvxowv1 Vhfwlrq irxu frqfoxghv1

615 D Prgho ri Prudo Kd}dug lq Edqnlqj dqg Suxghqwldo
Srolflhv

L �uvw ghyhors d vlpsoh prgho wkdw dvvrfldwhv prudo kd}dug zlwk iudqfklvh ydoxhv
dqg d edqn*v ghflvlrqv rq lwv dvvhw doorfdwlrq dqg oldelolw| pdqdjhphqw1 Wkhq L xvh lw
wr vwxg| wkh vlpxowdqhrxv lpsdfw ri fdslwdo dghtxdf| uhtxluhphqwv dqg ghsrvlw lqvxu0
dqfh1 Wkh prgho lv lqvsluhg e| KPV/ zklfk exlogv xsrq wkh zrun ri Ekdwwdfkdu|d
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+4<;5,1 L h{whqg wkh KPV prgho e| pdnlqj wkh iroorzlqj dvvxpswlrqv= +4, Ghsrvlw
lqvxudqfh suhpld duh ulvn0vhqvlwlyh zkhq lqirupdwlrq lv ixoo dqg vwdwh0frqwlqjhqw zkhq
lqirupdwlrq lv lpshuihfw1 +5, Wkh sd|r� vwuxfwxuh ri ulvn| dvvhwv lv gl�huhqw iurp
wkdw ri KPV lq rughu wr dgguhvv wkh lpshuihfw lqirupdwlrq fdvh1 +6, Wkh h{shfwhg
uhwxuq ri wkh ulvn| dvvhw lv juhdwhu wkdq wkh uhwxuq wr wkh suxghqw dvvhw1 +7, Wkh edqn
orvhv lwv fdslwdo li wkh ulvn| dvvhw jhqhudwh orz sd|r�v1

Ryhudoo/ L h{whqg wkh KPVprgho e| xvlqj d pruh  h{leoh ghsrvlw lqvxudqfh srolf|1
Wkh  h{lelolw| doorzv ph wr ghulyh d vhw ri rswlpdo suxghqwldo srolflhv zklfk kdv
lpsolfdwlrqv iru wkh hpslulfdo dqdo|vlv ehorz1 Dv idu dv wkh wkhruhwlfdo dqdo|vlv
lv frqfhuqhg/ p| prgho uhdfkhv d frqfoxvlrq wkdw lv yhu| gl�huhqw iurp wkh rqh lq
KPV1 L �uvw suhvhqw wkh prgho zlwk ixoo lqirupdwlrq dqg wkhq wkh prgho zlwk sulydwh
lqirupdwlrq1

61514 Ixoo lqirupdwlrq
Wkh prgho

Frqvlghu d edqn zklfk rshudwhv iru W shulrgv1 Lq hdfk shulrg/ wkh edqn +odehohg
edqn l, frpshwhv zlwk rwkhu edqnv +odehohg edqn �l, e| r�hulqj dq lqwhuhvw udwh
u � rq lwv ghsrvlwv1 Rwkhu edqnv r�hu ghsrvlwruv lqwhuhvw udwh u � � = Ghsrvlwruv kdyh
ghsrvlw lqvxudqfh/ vr wkh| irfxv rqo| rq wkh lqwhuhvw udwhv r�huhg e| gl�huhqw edqnv1
Wkh wrwdo yroxph ri wkh edqn*v ghsrvlwv GEu � > u � � � lv lqfuhdvlqj lq wkh edqn*v rzq
lqwhuhvw udwh u � +G � A f, dqg ghfuhdvlqj lq wkh lqwhuhvw udwh u � � r�huhg e| rwkhu edqnv
+G 
 ? f,1

Zlwk wkh ghsrvlwv lw udlvhv/ wkh edqn fdq lqyhvw lq wzr w|shv ri dvvhwv= d suxghqw
dvvhw zlwk d ulvniuhh uhwxuq �/ dqg d ulvn| dvvhw |lhoglqj kljk uhwxuq � zlwk suredelolw|
� � > phglxp uhwxuq � +vdph dv wkh uhwxuq ri suxghqw dvvhwv, zlwk suredelolw| � 
 dqg
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orz uhwxuq � zlwk suredelolw| � � � � � � 
 = Iru vlpsolflw|/ wkh orz uhwxuq ri ulvn|
dvvhw � lv dvvxphg wr htxdo }hur1 Wkh ulvn| dvvhw kdyh d kljkhu h{shfwhg uhwxuq
+� � � n � 
 � n E� � � � � � 
 �� A �,1 Lw lv frqyhqlhqw wr ghqrwh wkh gl�huhqfh ri wkh
uhwxuqv iurp ulvn| dqg suxghqw dvvhw dv/

� � � n � 
 � n E�� � � � � 
 �� � � � zE�� � � � � 
 �> +614,

zkhuh z lv d prgl�hg phdvxuh ri wkh ulvn suhplxp1 Wkh edqn lqyhvwv doo ri lwv
ghsrvlwv dqg rzq fdslwdo lq wkhvh dvvhwv1 Li zh ghqrwh wkh shufhqwdjh ri wrwdo fdslwdo
wr wrwdo ghsrvlw dv n/ zh fdq zulwh wrwdo ixqgv lqyhvwhg dv E� n n�GEu � > u � � �=

Wkh rssruwxqlw| frvw ri kroglqj fdslwdo � lv juhdwhu wkdq wkh uhwxuq ri suxghqw
dvvhw �= Wkdw lv/ edqn fdslwdo lv frvwo| +� A �,= Rwkhuzlvh/ wkh edqn zrxog eh zloolqj
wr krog vx!flhqw fdslwdo wr holplqdwh prudo kd}dug1

Wzr nlqgv ri suxghqwldo srolflhv duh dydlodeoh1 Fdslwdo dghtxdf| uhtxluhphqwv
vwlsxodwh wkdw wkh edqn krog fdslwdo lq h{fhvv ri wkh plqlpxp vwdwxwru| ohyho1 Gh0
srvlw lqvxudqfh dgplqlvwudwruv froohfw lqvxudqfh suhpld iurp wkh edqn dqg lqvxuh wkh
ghsrvlwv lq wkh edqn1 Lq wkh ixoo lqirupdwlrq fdvh zkhq lqvxuhuv fdq revhuyh zkhwkhu
wkh edqn lqyhvwv lq wkh ulvn| ru suxghqw dvvhw/ zh dvvxph wkdw wkh lqvxudqfh suhplxp
lv ulvn0vhqvlwlyh1 Wkdw lv/ rqo| wkh edqn wkdw fkrrvhv wkh ulvn| dvvhw sd|v wkh lqvxu0
dqfh suhplxp1 Edqn fdslwdo lv prqlwruhg dqg wkh lqvxudqfh suhplxp lv froohfwhg
dw wkh hqg ri hdfk shulrg1 Li wkh edqn fkrrvhv wkh ulvn| dvvhw exw idlov +wkh uhwxuq
lv �,/ wkh edqn fdqqrw uhsd| lwv ghsrvlwv lq ixoo1 Lq wklv fdvh/ wkh edqn kdv qhjdwlyh
qhw zruwk dqg edqn vxshuylvruv zloo forvh grzq lwv rshudwlrq1

Jlyhq wkh sd|r� vwuxfwxuh ri wkh dvvhwv/ wkh shu0shulrg sur�wv iru wkh edqn zkhq
lw fkrrvhv wkh suxghqw dvvhw � X Eu � > u � � > n� duh wkh wrwdo uhwxuqv iurp wkh suxghqw
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dvvhw �E�n n�GEu � > u � � � plqxv wkh vxp ri wkh frvw ri fdslwdo �nGEu � > u � � � dqg ghsrvlw
uhsd|phqwv u � GEu � > u � � �1

Zkhq wkh edqn fkrrvhv wkh ulvn| dvvhw/ wkhuh lv prudo kd}dug1 Wkh edqn*v shu0
shulrg h{shfwhg sur�wv � Y Eu � > u � � > n> g� ghshqg rq wkh uhwxuq ri wkh ulvn| dvvhw1 Li
wkh ulvn| dvvhw |lhogv d kljk uhwxuq � ru phglxp uhwxuq �> wkh edqn uhsd|v ghsrvlwv
u � GEu � > u � � � dqg sd|v wkh ulvn0edvhg ghsrvlw lqvxudqfh suhplxp gGEu � > u � � �1 Li wkh
ulvn| dvvhw |lhogv d orz uhwxuq �/ wkh uhjxodwru forvhv wkh edqn1 Wkhuh duh qr glvwru0
wlrqv ru lqh!flhqflhv lq wkh rzqhu2pdqdjhphqw uhodwlrqvkls vr wkdw ghflvlrq0pdnhuv
lq wkh edqn wdnh lqwr dffrxqw wkh srwhqwldo fdslwdo orvv1 Wkdw lv/ zh fdq zulwh wkh
edqn*v shu0shulrg sur�wv dv iroorzv/

� X Eu � > u � � > n� ' p X Eu � > n�GEu � > u � � �
li wkh edqn fkrrvhv wkh suxghqw dvvhw> +615,

� Y Eu � > u � � > n> g� ' p Y Eu � > n> g�GEu � > u � � �
li wkh edqn fkrrvhv wkh ulvn| dvvhw> +616,

zkhuh

p X Eu � > n� ' �E� n n�� �n � u � >
p Y Eu � > n> g� ' E� � � n � 
 ��E� n n�� E� � n � 
 �u � � E� � n � 
 �g

��n � E�� � � � � 
 �n=

Wkh edqn pd{lpl}hv glvfrxqwhg sur�wv/

Y '
Z
[

& 0?[ �
& � & > +617,

zkhuh � lv d glvfrxqw idfwru dqg W lv d yhu| odujh �qlwh qxpehu1 Zh frqvlghu wkh
olplw zkhq W $ 4 vr wkdw/ dffruglqj wr Gldprqg +4<;<, dqg KPV/ �edqnv zloo wkxv
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fkrrvh vwudwhjlhv fruuhvsrqglqj wr wkh lq�qlwho| uhshdwhg vwdwlf Qdvk htxloleulxp1�
+KPV/ sdjh 4851,

Zh vxppdul}h wkh wlplqj ri wkh jdph lq hdfk shulrg dv iroorzv= wkh edqn fkrrvhv
wkh ohyho ri fdslwdo dqg wkh ghsrvlw udwh dw wkh vdph wlph1 Ghsrvlwruv fkrrvh wkh edqn
lq zklfk wkh| sodfh wkhlu ixqgv dqg wkh yroxph ri ghsrvlwv lv edvhg rq wkh ghsrvlw
udwhv r�huhg e| wkh edqnv1 Diwhu ixqgv kdyh ehhq udlvhg/ wkh edqn fkrrvhv wr krog
hlwkhu wkh suxghqw dvvhw ru wkh ulvn| dvvhw1 Wkhq wkh uhwxuqv wr dvvhwv duh uhdol}hg1
Ilqdoo|/ ghsrvlw lqvxudqfh dgplqlvwudwruv froohfw ghsrvlw lqvxudqfh suhpld dqg edqn
uhjxodwruv lqvshfw wkh edodqfh vkhhw ri wkh edqn1

Wkh htxloleulxp zkhuh d edqn fkrrvhv wkh ulvn| dvvhw

Lq rughu wr vwxg| wkh h�hfwv ri fdslwdo dghtxdf| uhtxluhphqwv dqg ghsrvlw lqvxu0
dqfh/ zh qhhg wr �uvw ghprqvwudwh wkdw wkhvh suxghqwldo srolflhv duh qhfhvvdu|1 D
qdwxudo zd| wr gr wklv lv wr vkrz wkdw wkh edqn zrxog wdnh ulvnv h{fhvvlyho| lq wkh
htxloleulxp lq wkh devhqfh ri h{whuqdo lqwhuyhqwlrq1 Wkh sxusrvh ri wklv vhfwlrq lv
wr frpsxwh wkh frqglwlrqv xqghu zklfk wkh edqn zrxog fkrrvh wkh ulvn| dvvhw lq wkh
htxloleulxp1

Dvvhw doorfdwlrq dqg wkh wkuhvkrog ghsrvlw udwh Wkh edqn*v h{shfwhg sur�w
iurp kroglqj wkh suxghqw dvvhw ryhu d vx!flhqwo| orqj krul}rq lv

Y X Eu � > u � � > n� ' � X Eu � > u � � > n�
�� � > +618,

zkloh wkh edqn*v h{shfwhg sur�w iurp kroglqj wkh ulvn| dvvhw ryhu d vx!flhqwo| orqj
krul}rq lv

Y Y Eu � > u � � > n> g� ' � Y Eu � > u � � > n> g�
�� �E� � n � 
 � = +619,
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Jlyhq ghsrvlwv GEu � > u � � � kdyh ehhq udlvhg dw wkh frvw ri u � / wkh edqn fkrrvhv wkh
suxghqw dvvhw li Y X Eu � > u � � > n� A Y Y Eu � > u � � > n> g� exw fkrrvhv wkh ulvn| dvvhw rwkhuzlvh1
Iurp wklv uhodwlrqvkls/ zh fdq ghulyh d wkuhvkrog lqwhuhvw udwh ehorz zklfk wkh edqn
zloo fkrrvh wkh suxghqw dvvhw1 Wkdw lv/

Wkh edqn fkrrvhv wkh suxghqw dvvhw> li u � ? 	uEn> g�> +61:,
Wkh edqn fkrrvhv wkh ulvn| dvvhw> li u � A 	uEn> g�> +61;,

zkhuh

	uEn> g� ' �E� n n�E�� ��z n ��E� n n�� E�� n � � ��n n E�� ��E� � n � 
 �g
�� � � � � 
 = +61<,

Wklv frqglwlrq lv odehohg wkh �qr0ulvn|0dvvhw frqglwlrq1� Rwkhu wklqjv htxdo/ d orzhu
ohyho ri wkh wkuhvkrog ghsrvlw udwh 	uEn> g� lpsolhv d kljk lqfhqwlyh wr fkrrvh wkh ulvn|
dvvhw1 Frqyhuvho|/ d kljkhu ohyho ri wkh wkuhvkrog ghsrvlw udwh 	uEn> g� lpsolhv pruh
lqfhqwlyh wr fkrrvh wkh suxghqw dvvhw1

Ghsrvlw pdunhw dqg edqn fdslwdo Frqglwlrqdo rq wkh fkrlfh ri dvvhwv/ wkh edqn
fkrrvhv lwv ghsrvlw udwh u � dqg wkh ohyho ri fdslwdo n rswlpdoo|1 L vwduw zlwk wkh dv0
vxpswlrq wkdw wkh edqn fdq fkrrvh lwv fdslwdo ohyho iuhho|/ dv orqj dv lw lv qrqqhjdwlyh1
Odwhu rq/ L glvfxvv wkh fdvh lq zklfk d fdslwdo uhtxluhphqw vwlsxodwhv wkdw wkh edqn
nhhs fdslwdo deryh d plqlpxp ohyho1

Wkh �uvw fdvh lv wkdw wkh edqn fkrrvhv wkh suxghqw dvvhw lq htxloleulxp1 Lq wklv
fdvh/ wkh rswlpdo ghsrvlw udwh u X dqg fdslwdo n X vroyh wkh iroorzlqj sureohp

Eu X > n X � ' @h}4@ \ + - iY X Eu> u � � > n�j= +6143,
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Wkh �uvw0rughu frqglwlrq hydoxdwhg dw d v|pphwulf htxloleulxp +l1h1/ u � � ' u X , |lhogv
wkh ghsrvlw udwh wkdw wkh edqn zloo r�hu

u X En� ' d�E� n n�� �no h
� n h> +6144,

zkhuh
h ' u

G
CG
Cu = +6145,

lv d phdvxuh ri ghsrvlw pdunhw frpshwlwlrq1
Phdqzkloh/ wkh edqn fkrrvhv wkh orzhvw srvvleoh fdslwdo ohyho +n X ' f, vlqfh

CY X Eu> u � � > n�
Cn ? f= +6146,

Dffruglqj wr +61<,/ wkh wkuhvkrog ghsrvlw udwh 	uEn> g� ri d edqn wkdw grhv qrw
glvfrxqw ixwxuh +� ' �, lv �E� n n�� �n dqg lv juhdwhu wkdq wkh ghsrvlw udwh u X En� lq
+6144,1 Wklv phdqv wkdw wkh edqn fkrrvhv wkh suxghqw dvvhw uhjdugohvv ri wkh ghjuhh
ri pdunhw frpshwlwlrq +wkh ydoxh ri h,1

Wkh vhfrqg fdvh lv wkh rqh lq zklfk wkh edqn fkrrvhv wkh ulvn| dvvhw lq htxloleulxp1
Lq wklv fdvh/ wkh edqn*v rswlpdo ghsrvlw udwh u Y dqg fdslwdo n Y vroyh wkh iroorzlqj
sureohp

Eu Y > n Y � ' @h}4@ \ + - iY Y Eu> u � � > n> g�j= +6147,
Dffruglqj wr wkh �uvw0rughu frqglwlrq/ wkh ghsrvlw udwh wkdw wkh edqn r�huv lq wklv
fdvh lv

u Y En> g� ' d� n zE�� � � � � 
 �
� � n � 
 E� n n�� g� E� n �� � � � � 
 �n

� � n � 
 o h
� n h> +6148,

� �u Y En> g� h
� n h= +6149,

Vlploduo|/ zh kdyh
CY Y Eu> u � � > n> g�

Cn ? f> li � A � n E�� � � � � 
 �Ez � ��= +614:,
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Wkdw lv/ wkh edqn krogv qr fdslwdo +n Y ' f, li wkh frvw ri fdslwdo lv vx!flhqwo| kljk
+� A � n E�� � � � � 
 �Ez � ��,1

Kdylqj vhhq wzr ghsrvlw udwhv lq +6144, dqg +6148,/ uhdghuv pd| zrqghu zklfk
udwh wkh edqn dfwxdoo| r�huv ghsrvlwruv1 Wkh dqvzhu lv irxqg e| frpsdulqj wkhvh
udwhv zlwk wkh wkuhvkrog udwh lq +61<,1 Li wkh ghsrvlw udwh lq +6144, lv ehorz wkh
wkuhvkrog/ wkh edqn fkrrvhv wr krog wkh suxghqw dvvhw dqg r�huv u X = Rwkhuzlvh/ wkh
edqn fkrrvhv wr krog wkh ulvn| dvvhw dqg r�huv u Y =

Wkh htxloleulxp zlwkrxw fdslwdo uhjxodwlrq dqg ghsrvlw lqvxudqfh Zh vwduw
zlwk d ghsrvlw lqvxudqfh vfkhph dgrswhg e| KPV1 Wkdw lv/ ghsrvlw lqvxudqfh hqwdlov
qr h{shqvh wr wkh edqn +g ' f�= Zlwk wklv ghsrvlw lqvxudqfh vfkhph ��� / zkhq wkh
edqn kdv d srvlwlyh glvfrxqw udwh +� ? �,/ wkh frqglwlrq xqghu zklfk wkh edqn zloo
fkrrvh wkh ulvn| dvvhw lv vxppdul}hg lq Sursrvlwlrq 41

Sursrvlwlrq 4 Li +4, ghsrvlw lqvxudqfh grhv qrw lqfuhdvh edqn h{shqvhEg ' f�(
+5, wkh edqn glvfrxqwv wkh ixwxuh E� ? ��> E� � edqn fdslwdo lv frvwo| +� A �nE�� � � �
� 
 �Ez � ��,> +7, wkhuh duh qr fdslwdo dghtxdf| uhtxluhphqwv/ wkhq wkh edqn lqyhvwv lq
wkh ulvn| dvvhw dqg sd|v

u Y Ef> f� ' � n zE�� � � � � 
 �
� � n � 


h
� n h +614;,

wr ghsrvlwruv zkhq wkh ghsrvlw pdunhw lv vx!flhqwo| frpshwlwlyh

h A 	uEf> f�
�u Y Ef> f�� 	uEf> f� � 	hEn> g� -)0 � 0?[ > +614<,

�]� L vwduw zlwk dq dvvxpswlrq wkdw ghsrvlwruv kdyh ghsrvlw lqvxudqfh1 Zlwkrxw ghsrvlw lqvxudqfh/
wkh htxloleulxp uhvxow fdq vwloo eh wkdw edqnv fkrrvh wkh ulvn| dvvhw dqg ghsrvlwruv jr dorqj1 Qru0
pdoo|/ zkhq wkh edqn r�huv d ghsrvlw udwh wkdw ylrodwhv wkh �qr0ulvn|0dvvhw� frqglwlrq/ ghsrvlwruv
uhdol}h wkdw wkh edqn lv fkrrvlqj wkh ulvn| dvvhw1 Wklv uhvwulfwv wkh txdqwlw| ri ghsrvlwv wkh edqn
fdq dwwudfw1 Exw/ dv vkrzq e| KPV/ lw grhv qrw suhfoxgh dq htxloleulxp lq zklfk wkh edqn krogv
wkh ulvn| dvvhw1
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zkhuh

	uEf> f� ' �E�� ��z n ��>

�u Y Ef> f� ' � n zE�� � � � � 
 �
� � n � 
 =

Surri Dffruglqj wr +6146, dqg +614:,/ zlwkrxw fdslwdo dghtxdf| uhtxluhphqwv/
wkh edqn zloo fkrrvh qrw wr krog fdslwdo +n X ' n Y ' f,1 Vlqfh wkh edqn nhhsv qr
fdslwdo dqg sd|v qr ghsrvlw lqvxudqfh suhplxp/ dffruglqj wr +61;,/ wkh qhfhvvdu| dqg
vx!flhqw frqglwlrq iru wkh edqn wr lqyhvw lq wkh ulvn| dvvhw lv

u Y Ef> f� A 	uEf> f�> +6153,

zkhuh u Y Ef> f� dqg 	uEf> f� duh gh�qhg lq +6148, dqg E61<�/ uhvshfwlyho|1 Wklv ohdgv wr

h A 	uEf> f�
�u Y Ef> f�� 	uEf> f� � 	hEn> g� -)0 � 0?[ > +6154,

zkhuh �u Y Ef> f� lv gh�qhg lq E6149�1

Dffruglqj wr +6144, dqg +6148,/ rwkhu wklqjv htxdo/ juhdwhu wkh lqwhuhvw udwh hodv0
wlflw| ri ghsrvlwv +h, wkh kljkhu wkh ghsrvlw udwh wkh edqn zloo r�hu dqg wkh orzhu wkh
edqn*v sur�wv dqg h{shfwhg ixwxuh ydoxhv dv dq rqjrlqj lqvwlwxwlrq +iudqfklvh ydoxhv,1
Wr eh pruh suhflvh/ zh fdq yhuli| wkdw

CY X Eu X > u X > n�
Ch ? f>

CY Y Eu Y > u Y > n> g�
Ch ? f=

Wkh frqfoxvlrq lv wkdw wkh pruh frpshwlwlrq wkh edqn idfhv/ wkh orzhu zloo eh lwv
iudqfklvh ydoxhv dqg wkh pruh ulvn lw zloo wdnh1 Iurp wklv uhodwlrqvkls/ orzhu iudqfklvh
ydoxhv duh uhodwhg wr pruh ulvn0wdnlqj1 Wklv lv fdoohg wkh Iudqfklvh Ydoxh K|srwkhvlv1
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Vlqfh L lqwhqg wr vwxg| suxghqwldo srolflhv/ L dp pruh lqwhuhvwhg lq wkh h�hfwv
ri fdslwdo uhjxodwlrq dqg ghsrvlw lqvxudqfh1 Uhzulwlqj 	h lq +614<, edvhg rq wkh
gh�qlwlrqv ri 	uEn> g� dqg �u Y En> g� lq +61<, dqg +6149, |lhogv/

h A 	uEn> g�
�u Y En> g�� 	uEn> g� � 	hEn> g�> +6155,

lw lv fohdu wkdw edqn fdslwdo ohyho n dqg lqvxudqfh suhplxp g d�hfw wkh edqn*v ulvn0
wdnlqj wkurxjk wkh fxw0r� ydoxh iru pdunhw frpshwlwlyhqhvv 	h1 Jlyhq pdunhw frpshw0
lwlyhqhvv h/ li suxghqwldo srolflhv whqg wr plwljdwh wkh edqn*v ulvn0wdnlqj/ erwk edqn
fdslwdo n dqg lqvxudqfh suhplxp g vkrxog eh lqfuhdvlqj lq wkh fxw0r� ydoxh 	hEn> g�1

Lw lv qrw gl!fxow wr fkhfn wklv frqfoxvlrq1 Dsso|lqj wkh frpsdudwlyh vwdwlf uhvxowv
++6156,/ +6157,/ +6158, dqg +6159,, ri +61<, dqg +6149, lq +6155,/ zh kdyh

C	uEn> g�
Cn ' �E�� ��z n ��� �� n �� �> +6156,

C	uEn> g�
Cg A f> +6157,

C�u Y En> g�
Cn ' ��� � n E�� � � � � 
 �E�� z�

� � n � 
 > +6158,
C�u Y En> g�

Cg ? f= +6159,

Qrwh wkdw wkh fxw0r� srlqw 	hEn> g� lv lqfuhdvlqj lq g> dv zh h{shfwhg1 Kljkhu lqvxudqfh
suhplxp frqwurov wkh edqn*v ulvn0wdnlqj1 Krzhyhu/ wkh uhvxow iru edqn fdslwdo n
ghshqgv rq wkh glvfrxqw idfwru � dqg wkh frvw ri edqn fdslwdo �= Kroglqj pruh
fdslwdo plwljdwhv ulvn0wdnlqj rqo| zkhq wkh edqn lv p|rslf1 Wkdw lv/

	hEn> g� lv lqfuhdvlqj lq n li � A � n E�� � � � � 
 �Ez � �� dqg � ? �� z
�� z n �� �=

+615:,
Iru d sdwlhqw edqn +� A

���_^���`^." � � a ,/ wkh qhjdwlyh iudqfklvh0ydoxh h�hfw ri kroglqj
fdslwdo pd| grplqdwh wkh h�hfw wkdw wkh edqn ehduv wkh ulvn ri orvlqj wkh fdslwdo
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+fdslwdo0dw0ulvn h�hfw,1 Dv d uhvxow/ wkh edqn pd| fkrrvh wr wdnh pruh ulvnv hyhq
li lw kdv pruh fdslwdo1 Lq jhqhudo/ wkh uhodwlrqvkls ehwzhhq 	hEn> g� dqg n ehfrphv
dpeljxrxv1

Zh kdyh h{dplqhg wkh lpsdfw ri pdunhw frpshwlwlyhqhvv h/ edqn fdslwdo n dqg
ghsrvlw lqvxudqfh suhplxp g rq wkh edqn*v ulvn0wdnlqj ehkdylru1 Duh wkhvh wkh rqo|
idfwruv d�hfw wkh edqn*v ulvn0wdnlqjB Fhuwdlqo| qrw1 Wkh frvw ri edqn fdslwdo � dqg
wkh dwwulexwhv ri dvvhwv +vxfk dv wkh ulvn suhplxp z, lq xhqfh wkh edqn*v ehkdylruv
dv zhoo1 Xvlqj wkh iudphzrun suhvhqwhg deryh/ zh vhh wkdw wkhvh idfwruv d�hfw wkh
edqn*v ulvn0wdnlqj wkurxjk wkh fxw0r� ydoxh 	hEn> g�= Vlpsoh frpsxwdwlrq whoov xv wkdw
d kljkhu ulvn suhplxp z lqgxfhv pruh ulvn0wdnlqj/ wkdw lv/

C	hEn> g�
Cz ? f= +615;,

Krzhyhu/ wkh uhvxow iru wkh frvw ri fdslwdo � lv jhqhudoo| dpeljxrxv1 Lq wkh vshfldo
fdvh wkdw wkh edqn grhv qrw glvfrxqw wkh ixwxuh +� ' �, dqg ghsrvlw lqvxudqfh lv iuhh
+g ' f,/ lw lv srvvleoh wr vkrz wkdw kljkhu fdslwdo frvw � lqgxfhv pruh ulvn0wdnlqj/

C	hEn> g� b 0'� + � 0?[
C� ? f= +615<,

Wdnhq wrjhwkhu/ wkh edqn*v ulvn0wdnlqj ghshqgv rq pdunhw frpshwlwlrq/ wkh frvw
ri edqn fdslwdo/ lqyhvwphqw rssruwxqlwlhv dqg suxghqwldo srolflhv1 L vxppdul}h doo
wkh uhvxowv rewdlqhg vr idu lq Wdeoh 6141

Prudo kd}dug lq edqnlqj

Zh kdyh vhhq wkdw lq dq hqylurqphqw zlwkrxw uhjxodwlrq/ vr wkhuh lv qr fdslwdo
uhjxodwlrq ru frvwo| ghsrvlw lqvxudqfh/ d edqn zloo lqyhvw lq wkh ulvn| dvvhw lq htxlole0
ulxp zkhq wkh pdunhw lv vx!flhqwo| frpshwlwlyh1 Lq wklv vhfwlrq/ zh vkrz wkdw prudo
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Idfwruv Fkdqjh lq idfwru Fkdqjh lq ulvn0wdnlqj
Ghjuhh ri frpshwlwlrq h lqfuhdvh lqfuhdvh
Ghsrvlw lqvxudqfh suhplxp g lqfuhdvh ghfuhdvh
Edqn fdslwdo n lqfuhdvh ghfuhdvh li � ?

���_^���_^?" � � a
xqfhuwdlq li � A

���`^���_^?" � � a
Ulvn suhplxp z lqfuhdvh lqfuhdvh
Frvw ri edqn fdslwdo � lqfuhdvh xqfhuwdlq

Wdeoh 614= Idfwruv D�hfwlqj wkh Ulvn0wdnlqj ri d Edqn zlwk Prudo Kd}dug

kd}dug fdq ohdg wkh edqn wr lqyhvw lq wkh ulvn| dvvhw h{fhvvlyho|1 Wklv lv uhodwlyh wr
wkh ehkdylru ri wkh edqn zlwkrxw prudo kd}dug/ zklfk lv glvfxvvhg ehorz1 Suxghqwldo
edqnlqj srolflhv fdq khos frqwuro wklv prudo kd}dug1 Lq dgglwlrq/ wkhuh lv d frqvhqvxv
dprqj erwk hfrqrplvwv dqg srolf|pdnhuv wkdw fdslwdo dghtxdf| uhtxluhphqwv dqg
ghsrvlw lqvxudqfh irup dq h�hfwlyh edvlv iru suxghqwldo edqnlqj srolflhv1 Zkloh lq
uhdolw| fdslwdo uhjxodwlrq frh{lvwv zlwk ghsrvlw lqvxudqfh/ olwwoh lv nqrzq derxw krz
wkhvh wzr srolflhv frpsohphqw rqh dqrwkhu1 D fduhixo vwxg| ri krz wkh h�hfwv ri rqh
srolf| ghshqg rq wkh h{whqw dqg txdolw| ri dqrwkhu srolf| lv ghvludeoh1 Wklv lv sduwlfx0
oduo| lpsruwdqw zkhq wkh srolf|pdnhuv zkr frqgxfw wkhvh wzr srolflhv dfw vhsdudwho|1
Zkhq idflqj d fkdqjlqj hqylurqphqw +vxfk dv wkh lqyhvwphqw rssruwxqlwlhv dqg wkh
frvw ri udlvlqj fdslwdo, wkdw frxog ohdg d edqn wr wdnh h{fhvvlyh ulvn/ wkhvh wzr jurxsv
ri srolf|pdnhuv qhhg wr zrun wrjhwkhu wr irupxodwh dq rswlpdo vwudwhj| lq rughu wr
frqwuro wkh prudo kd}dug lq edqnlqj1

Ehiruh vwduwlqj wr vwxg| suxghqwldo srolflhv +fdslwdo dghtxdf| uhtxluhphqwv dqg
ghsrvlw lqvxudqfh,/ lw lv zruwkzkloh wr h{dplqh wkh frqvhtxhqfhv ri prudo kd}dug
lq pruh ghwdlo1 Wr vhh wklv/ zh qhhg wr frpsxwh d ehqfkpdun wkdw uhsuhvhqwv wkh
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ehkdylru ri wkh edqn lq wkh devhqfh ri prudo kd}dug1 Dv d ehqfkpdun/ zkhq wkh
edqn pdnhv ghflvlrqv derxw lwv dvvhw doorfdwlrq dqg oldelolw| pdqdjhphqw/ lw ixoo|
frqvlghuv grzqvlgh ulvnv dv li wkh edqn zhuh xvlqj lwv rzq prqh|1 Pruh frqfuhwho|/
zkhq ghwhuplqlqj zkhwkhu wr krog wkh ulvn| dvvhw/ wkh edqn frqvlghuv qrw rqo| wkh
olnholkrrg wkdw wkh dvvhw zloo jhqhudwh d kljk dqg phglxp uhwxuq +� dqg �,/ exw dovr
wkh frqvhtxhqfh li wkh dvvhw |lhog wxuqv rxw wr eh orz +�,1

Iluvw ri doo/ li lqyhvwlqj lq wkh suxghqw dvvhw/ wkh edqn kdv qr prudo kd}dug sureohp
vlqfh wkh uhwxuq rq wkh lqyhvwphqw lv ulvniuhh1 Wkhuhiruh/ wkh edqn*v shu0shulrg sur�w
zlwkrxw prudo0kd}dug duh wkh vdph dv lq +615, dqg +618,1 Wkdw lv/

� c*X Eu � > u � � > n� ' p X Eu � > n�GEu � > u � � �
li wkh edqn fkrrvhv wkh suxghqw dvvhw> +6163,

zkhuh
p X Eu � > n� ' �E� n n�� �n � u � = +6164,

Dqg wkh edqn*v sur�w iurp kroglqj wkh suxghqw dvvhw ryhu d vx!flhqwo| orqj krul}rq
lv

Y c.X Eu � > u � � > n� ' � c*X Eu � > u � � > n�
�� � = +6165,

Qh{w/ li lqyhvwlqj lq wkh ulvn| dvvhw/ wkh edqn*v shu0shulrg sur�w zlwkrxw prudo0
kd}dug lv

� c.Y Eu � > u � � > n� ' p c.Y Eu � > n�GEu � > u � � �> +6166,

zkhuh

p c.Y Eu � > n� ' d� � � n � 
 � n E�� � � � � 
 ��oE� n n�� u � � �n � E�� � � � � 
 �n= +6167,
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Wkh edqn*v h{shfwhg sur�w iurp kroglqj wkh ulvn| dvvhw ryhu d vx!flhqwo| orqj krul}rq
lv

Y c*Y Eu � > u � � > n� ' � c*Y Eu � > u � � > n�
�� �E� � n � 
 � = +6168,

Lq wkh fdvh zlwkrxw prudo kd}dug/ ghsrvlw lqvxudqfh lv qrw qhfhvvdu| iurp vrflhw|*v
shuvshfwlyh1 Wkhuhiruh/ wkh edqn*v sur�wv gr qrw ghshqg rq wkh vl}h ri wkh ghsrvlw
lqvxudqfh suhplxp1

Wkh ehqfkpdun edqn krogv qr fdslwdo/ vlqfh wkh sduwldo ghulydwlyhv ri wkh glv0
frxqwhg ixwxuh sur�wv zlwk uhvshfw wr edqn fdslwdo n duh qhjdwlyh +li wkh frvw ri
fdslwdo � lv vx!flhqwo| odujh, lq +6146, dqg +6169,1

CY c.Y Eu � > u � � > n�
Cn ' �E�� ��� E�� � � � � 
 �E�� z� ? f= +6169,

Dv iru dvvhw doorfdwlrq/ wkh edqn fkrrvhv wkh suxghqw dvvhw li Y c.X Eu � > u � � > n� A
Y c.Y Eu � > u � � > n� dqg fkrrvhv wkh ulvn| dvvhw rwkhuzlvh1 Iurp wklv uhodwlrqvkls/ zh fdq
ghulyh d �qr0ulvn|0dvvhw frqglwlrq� iru wkh edqn lq wkh devhqfh ri prudo kd}dug1 Wkdw
lv/

Wkh edqn fkrrvhv wkh suxghqw dvvhw> li u � ? 	u c En�> +616:,
Wkh edqn fkrrvhv wkh ulvn| dvvhw> li u � A 	u c En�> +616;,

zkhuh
	u c En� ' �E� n n�E�� �

� �z n �E� n n� n �� � � ��
� n= +616<,

Dv iru wkh ghsrvlw udwh/ li lqyhvwlqj lq wkh suxghqw dvvhw/ wkh edqn r�huv wkh vdph
ghsrvlw udwh dv +6144,/

u c.X En� ' d�E� n n�� �no h
� n h= +6173,
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Li lqyhvwlqj lq wkh ulvn| dvvhw/ wkh edqn r�huv d ghsrvlw udwh u c.Y wkdw vroyhv wkh
iroorzlqj sureohp/

Eu c.Y > n c � ' @h}4@ \ + - iY c*Y Eu> u � � > n�j= +6174,

Iurp wkh �uvw0rughu frqglwlrq zlwk uhvshfw wr wkh lqwhuhvw udwh hydoxdwhg dw d v|p0
phwulf htxloleulxp/ zh fdq vroyh iru

u c.Y En� ' h
� n hid�nE��� � �� 
 �zoE�nn���n�E��� � �� 
 �nj � �u c*Y En� h

� n h= +6175,

Zh duh qrz uhdg| wr fkdudfwhul}h edqn ehkdylru zlwkrxw prudo kd}dug1 Lq sdu0
wlfxodu/ zh fdq frpsduh wkh uhvxow zlwk wkh uhvxow iru wkh edqn zlwk prudo kd}dug
glvfxvvhg hduolhu1 Wkh sxusrvh lv wr vhh li wkh edqn zlwk prudo kd}dug lqyhvwv h{fhv0
vlyho| lq wkh ulvn| dvvhw1 L vxppdul}h wkh uhvxow lq Sursrvlwlrq 51

Sursrvlwlrq 5 Li +4, wkh edqn glvfrxqwv wkh ixwxuh E� ? ��> E2 � edqn fdslwdo
lv frvwo| hqrxjk +� A � n E� � � � � � 
 �Ez � ��,> +6, wkh edqn grhv qrw kdyh d prudo
kd}dug sureohp/ wkdw lv/ lw ixoo| frqvlghuv grzqvlgh ulvnv> +7, wkhuh duh qr suxghqwldo
edqnlqj srolflhv/ vxfk dv fdslwdo dghtxdf| uhtxluhphqwv dqg ghsrvlw lqvxudqfh/ wkhq
wkh edqn zlwkrxw prudo kd}dug lqyhvwv lq wkh ulvn| dvvhw dqg sd|v

u c.Y Ef� ' d�n zE�� � � � � 
 �o h
� n h +6176,

wr ghsrvlwruv zkhq wkh ghsrvlw pdunhw lv vx!flhqwo| frpshwlwlyh

h A 	u c Ef�
�u c.Y Ef�� 	u c Ef� � 	h c En� -)0?[ > +6177,

zkhuh

	u c Ef� ' ��� �
� z n �>

�u c*Y Ef� ' � n zE�� � � � � 
 �=
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Lq dgglwlrq/ wkh fxw0r� ydoxh ri pdunhw frpshwlwlrq iru wkh edqn ��|�L�| prudo
kd}dug E_i�?i_ lq +6177,� lv kljkhu wkdq wkdw iru wkh edqn zlwk prudo kd}dug E_i�?i_
lq +614<,�1 Wkdw lv/

	h c En� -10�[ A hEn> g� -)0 � 0?[ = +6178,

Wklv vd|v wkdw wkh edqn zlwk prudo kd}dug whqgv wr lqyhvw h{fhvvlyho| lq wkh ulvn| dvvhw1

Surri Dffruglqj wr +6146, dqg +6169,/ lq wkh devhqfh ri fdslwdo dghtxdf| uh0
txluhphqwv/ wkh edqn zloo fkrrvh qrw wr krog fdslwdo1 Dv wkh edqn nhhsv qr fdslwdo/
dffruglqj wr +616;,/ wkh qhfhvvdu| dqg vx!flhqw frqglwlrq iru wkh edqn wr lqyhvw lq
wkh ulvn| dvvhw lv

u c.Y Ef� A 	uEf�> +6179,

zkhuh u c.Y Ef� dqg 	uEf� duh gh�qhg lq +6175, dqg E616<�/ uhvshfwlyho|1 Wklv ohdgv wr

h A 	u c Ef�
�u c.Y Ef�� 	u c Ef� � 	h c En� -)0?[ > +617:,

zkhuh �u c.Y Ef� lv gh�qhg lq E6175�1
Frpsdulqj +616<, dqg +61<,/ zh vhh wkdw wkh wkuhvkrog udwh iru wkh edqn zlwkrxw

prudo kd}dug +	u c En�, lv juhdwhu wkdq wkh wkuhvkrog udwh iru wkh edqn zlwk prudo kd}dug
li g ' f +	uEn> g� � 0?[ ,1 Vlploduo|/ frpsdulqj +6175, dqg +6148,/ zh vhh wkdw wkh ghsrvlw
udwh iru wkh edqn zlwkrxw prudo kd}dug +u c*Y En�, lv orzhu wkdq wkh udwh iru wkh edqn
zlwk prudo kd}dug zkhq g ' f +u Y En> g� � 0?[ ,1 Wkdw lv/

	u c En� A 	uEn> g� � 0?[ >
u c*Y En� ? u Y En> g� � 0?[ =
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Wklv ohdgv wr wkh frqfoxvlrq wkdw prudo kd}dug glvwruwv wkh edqn*v ghflvlrqv rq lwv
dvvhw doorfdwlrq dqg oldelolw| pdqdjhphqw vr wkdw

	h c En� -10�[ A hEn> g� -)0 � 0?[ > +617;,

zklfk vxjjhvwv wkdw wkh edqn zloo fkrrvh wkh ulvn| dvvhw zkhq lw vkrxog fkrrvh wkh
suxghqw dvvhw1

Rswlpdo suxghqwldo srolflhv

Iroorzlqj KPV/ Pduvkdoo dqg Suhvfrww +5333, dqg Suhvfrww +5335,/ L irfxv h{fox0
vlyho| rq wkh glvwruwlrq lqgxfhg e| prudo kd}dug1 L gr qrw dgguhvv rwkhu lpsruwdqw
glvwruwlrqv vxfk dv wkrvh fdxvhg e| rzqhu2pdqdjhphqw uhodwlrqvkls/ ghdgzhljkw frvwv
ri idloxuh uhvroxwlrq dqg wd{dwlrq wkdw lv xvhg wr sd| r� ghsrvlwruv ri idlohg edqnv1
Jlyhq wklv/ wkh srolf|pdnhu*v remhfwlyh lv wr hqvxuh wkdw wkh ehkdylru ri wkh edqn zlwk
prudo kd}dug duh wkh vdph dv wkh ehkdylru ri wkh ehqfkpdun edqn zlwkrxw prudo kd}0
dug +ru dv forvh dv srvvleoh,1 Lq rwkhu zrugv/ wkh rswlpdo srolflhv duh gh�qhg dv d vhw
ri +n � > g � , vxfk wkdw

	u c En � � ' 	uEn � > g � �>
u c*Y En � � ' u Y En � > g � �=

E| vlpsoh frpsxwdwlrq/ zh �qg wkh vroxwlrq iru rswlpdo uhtxluhg edqn fdslwdo n �

dqg rswlpdo ghsrvlw lqvxudqfh suhplxp g � = Zh vxppdul}h wkh uhvxow lq Sursrvlwlrq
61

Sursrvlwlrq 6 Li E4 � wkh edqn lv uhtxluhg wr krog plqlpxp edqn fdslwdo n( E5 �
ghsrvlw lqvxuhuv fdq revhuyh zkhwkhu wkh edqn lqyhvwv lq wkh ulvn| ru suxghqw dvvhw>
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E6 � ghsrvlw lqvxudqfh lv ulvn0edvhg/ wkdw lv/ wkh edqn wkdw lqyhvwv lq wkh ulvn| dvvhw
sd|v d ghsrvlw lqvxudqfh suhplxp g> zkloh wkh edqn wkdw lqyhvwv lq wkh suxghqw dvvhw
grhv qrw sd| wkh suhplxp( +7, wkh edqn glvfrxqwv wkh ixwxuh E� ? ��> dqg ED � edqn
fdslwdo lv frvwo| hqrxjk +� A � n E� � � � � � 
 �Ez � ��,> wkhq wkhuh h{lvwv d vhw ri
rswlpdo suxghqwldo srolflhv En � > g � � vxfk wkdw

	u c En � � ' 	uEn � > g � �> +617<,
u c*Y En � � ' u Y En � > g � �= +6183,

Wkh rswlpdo srolf| lv jlyhq e|

n � ' z
�� z> +6184,

g � ' E �
� � n � 
 � ���� z�

�� z = +6185,

Xqghu wklv rswlpdo suxghqwldo srolf|/ wkh edqn*v h{fhvvlyh ulvn0wdnlqj lv holplqdwhg
hqwluho|1 Wkh edqn fkrrvhv wr lqyhvw lq wkh suxghqw dvvhw dqg r�hu d ghsrvlw udwh

u c*X En � � ' �� z�
�� z

h
� n h= +6186,

1

Surri Iroorzlqj +617<, dqg +6183, dqg xvlqj +61<,/ +6148,/ +616<, dqg +6175,/ zh
rewdlq wkh uhvxowv lq +6184, dqg +6185,1

Xqghu wkh rswlpdo srolf|/ wkh edqn fkrrvhv wkh suxghqw dvvhw lq htxloleulxp vlqfh
wkh ghsrvlw udwh u c*X En � � lv orzhu wkdq wkh wkuhvkrog udwh 	uEn � > g � �>

	uEn � > g � � ' �� z�
�� z A �� z�

�� z
h

� n h ' u c.X En � �= +6187,
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Iurp +6184, dqg +6185,/ lw lv qrw vxusulvlqj wr vhh wkdw wkh rswlpdo srolf| fkdqjhv
zlwk wkh frvw ri edqn fdslwdo +�, dqg wkh dwwulexwhv ri wkh dvvhwv +vxfk dv wkh ulvn
suhplxp z, vlqfh wkhvh idfwruv d�hfw wkh edqn*v ulvn0wdnlqj1

Pruhryhu/ vlqfh wkh edqn lqyhvwv lq wkh suxghqw dvvhw lq wkh rswlpdo0srolf| htxl0
oleulxp/ qr ghsrvlw lqvxudqfh suhplxp lv froohfwhg dqg qr edqn ehfrphv lqvroyhqw1
Krzhyhu/ wkhuh lv d frvw ri kdylqj wkh edqn krog fdslwdo n � > zklfk lv qrw rswlpdo iru
wkh edqn zlwkrxw prudo kd}dug1

Zh kdyh vkrzq lq Sursrvlwlrq 5 wkdw wkh edqn zloo fkrrvh wkh ulvn| dvvhw zkhq
wkh ghsrvlw pdunhw lv vx!flhqwo| frpshwlwlyh/ dv wkh edqn zlwkrxw prudo kd}dug grhv
qrw krog fdslwdo xqohvv lw lv uhtxluhg wr gr vr/ Exw li wkhuh lv fdslwdo uhjxodwlrq dv
lq Sursrvlwlrq 6/ wkh edqn zlwkrxw prudo kd}dug pd| qrw zdqw wr fkrrvh wkh ulvn|
dvvhw1 Zh fdq yhuli| wklv e| hydoxdwlqj wkh �qr0ulvn|0dvvhw� frqglwlrq1 Wkdw lv/

u c En � � ' �� �z
�� z A u c*Y En � � ' �� �z

�� z
h

� n h= +6188,

Wklv lpsolhv wkdw wkh lpsdfw ri fdslwdo uhjxodwlrq lv wzrirog= Rq wkh rqh kdqg/ lw
uhvwulfwv wkh edqn*v h{fhvvlyh ulvn0wdnlqj> Rq wkh rwkhu kdqg/ lw whpshuv wkh edqn*v
ohjlwlpdwh lqfhqwlyh wr lqyhvw lq wkh ulvn| dvvhw1

Ilqdoo|/ zkloh KPV vxjjhvw xvlqj d frpelqdwlrq ri ghsrvlw udwh frqwuro dqg fdslwdo
dghtxdf| uhtxluhphqwv/ zh xvh wkhlu prgho wr vkrz wkdw ghsrvlw udwh frqwuro lv qrw
qhfhvvdu|1 Wklv uhvxow frphv iurp wkh lqwurgxfwlrq ri d ulvn0edvhg ghsrvlw lqvxudqfh
vfkhph1 KPV rqo| frqvlghuv dq lqvxudqfh vfkhph zlwk  dw0udwh suhplxp1 Lq rwkhu
zrugv/ wkh pdlq gl�huhqfh ehwzhhq p| zrun dqg wkdw ri KPV lv wkdw L wdnh ghsrvlw
lqvxudqfh dv dq dfwlyh srolf| wrro wr frqwuro prudo kd}dug +dorqj zlwk rwkhu srolflhv,/
zkloh KPV glg qrw frqvlghu ghsrvlw lqvxudqfh dv d frqwuro yduldeoh iru srolf|pdnhuv1
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61515 Sulydwh Lqirupdwlrq
Lq wklv vhfwlrq/ L ghyhors d yduldqw ri wkh prgho lq wkh suhylrxv vhfwlrq lq zklfk

edqnv kdyh sulydwh lqirupdwlrq1 Wkh jrdo lv wr ghprqvwudwh wkdw d zhoo0ghvljqhg vhw
ri suxghqwldo srolflhv fdq vwloo frqwuro prudo kd}dug1 Zkhq uhjxodwruv fdqqrw revhuyh
wkh ulvn fkdudfwhulvwlfv ri d edqn*v lqyhvwphqw ghflvlrqv/ zh vd| wkdw wkh edqn kdv
sulydwh lqirupdwlrq1 Wkhuh duh jrrg uhdvrqv wr eholhyh wkdw wklv lv wkh lqirupdwlrq
hqylurqphqw wkdw uhjxodwruv duh pruh olnho| wr ghdo zlwk1

Wkh lqirupdwlrq vwuxfwxuh ri wklv prgho lv dv iroorzv= Xqolnh lq wkh suhylrxv
vhfwlrq/ qrz wkh lqvxuhu grhv qrw revhuyh zkhwkhu wkh edqn fkrrvhv wkh suxghqw dvvhw
ru wkh ulvn| dvvhw1 Lqvwhdg/ L dvvxph wkdw wkh lqvxuhu revhuyhv wkh edqn*v uhdol}hg
uhwxuqv iurp lwv lqyhvwphqw1 Dffruglqj wr wkh dvvxphg sd|r� vwuxfwxuh ri dvvhwv/
wkh lqvxuhu zloo nqrz wkdw wkh edqn fkrrvhv wkh ulvn| dvvhw li wkh uhwxuq lv kljk +�,
ru orz +�,1 Qhyhuwkhohvv/ zlwk d phglxp0ohyho uhwxuq +�,/ wkh lqvxuhu kdv qr lghd
zkhwkhu wkh edqn fkrrvhv wkh suxghqw dvvhw ru wkh ulvn| dvvhw1

Zlwk wklv lqirupdwlrq vwuxfwxuh/ lw lv srvvleoh wr lqwurgxfh d shuirupdqfh0edvhg
ghsrvlw lqvxudqfh1 Dvvxph wkdw wkh lqvxuhu fdq fkdujh d kljk lqvxudqfh suhplxp g �
li wkh edqn*v uhwxuq lv kljk +�, dqg d orz lqvxudqfh suhplxp g d li wkh edqn*v uhwxuq
lv dw wkh phglxp ohyho +�,1 Li wkh uhwxuq lv orz +�,/ wkh edqn forvhv dqg grhv qrw
sd| suhplxp1

Wklv lqvxudqfh vfkhph lv lqfhqwlyh frpsdwleoh1 Edqnv zlwk kljk uhwxuq +�, kdyh
qr lqfhqwlyh wr fodlp wkh| fkrrvh wkh suxghqw dvvhw vlqfh qr rqh zloo eholhyh wkhp1
Edqnv zlwk wkh phglxp0ohyho uhwxuq +�, kdyh qr lqfhqwlyh wr olh vlqfh wkh suhplxp
+g d , lv wkh vdph uhjdugohvv ri wkh vwudwhj| wkh edqn wdnhv1
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Wkh prgho

zlwk shuirupdqfh0edvhg ghsrvlw lqvxudqfh/ wkh edqn fkrrvlqj wkh suxghqw dvvhw
lv uhtxluhg wr sd| lqvxudqfh suhplxp g d = Wkh shu0shulrg sur�w ri wkh edqn zkhq lw
lqyhvwv lq wkh suxghqw dvvhw � X Eu � > u � � > n� htxdov wkh uhwxuq iurp wkh suxghqw dvvhw
�E� n n�GEu � > u � � � plqxv wkh vxp ri +4, wkh frvw ri fdslwdo �nGEu � > u � � �/ +5, ghsrvlw
uhsd|phqwv u � GEu � > u � � � dqg +6, wkh ghsrvlw lqvxudqfh suhplxp g dGEu � > u � � �1 Zkhq
fkrrvlqj wkh ulvn| dvvhw/ wkh edqn +dv dq rqjrlqj lqvwlwxwlrq, qrw rqo| qhhgv wr uhsd|
ghsrvlwv exw dovr dvvxphv wkdw lw zloo idfh wkh shuirupdqfh0edvhg lqvxudqfh1 Sxwwlqj
doo ri wklv wrjhwkhu/ zh fdq zulwh wkh edqn*v shu0shulrg h{shfwhg sur�w dv

� X Eu � > u � � > n> g d � ' p X Eu � > n> g d �GEu � > u � � �
li wkh edqn fkrrvhv wkh suxghqw dvvhw> +6189,

� Y Eu � > u � � > n> g � > g d � ' p Y Eu � > n> g � > g d �GEu � > u � � �
li wkh edqn fkrrvhv wkh ulvn| dvvhw> +618:,

zkhuh

p X Eu � > n> g d � ' �E� n n�� �n � u � � g d >
p Y Eu � > n> g � > g d � ' E� � � n � 
 ��E� n n�� E� � n � 
 �u � � � � g � � � 
 g d

��n � E�� � � � � 
 �n=

Wkh edqn*v h{shfwhg sur�w iurp kroglqj wkh suxghqw dvvhw ryhu d vx!flhqwo| orqj
krul}rq lv

Y X Eu � > u � � > n> g d � ' � X Eu � > u � � > n> g d �
�� � > +618;,
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zkloh wkh edqn*v h{shfwhg sur�w iurp kroglqj wkh ulvn| dvvhw ryhu d vx!flhqwo| orqj
krul}rq lv

Y Y Eu � > u � � > n> g � > g d � ' � Y Eu � > u � � > n> g � > g d �
�� �E� � n � 
 � = +618<,

Dv iru wkh edqn*v dvvhw doorfdwlrq/ wkh edqn fkrrvhv wkh suxghqw dvvhw li Y X Eu � > u � � > n> g d �
lv juhdwhu wkdq Y Y Eu � > u � � > n> g � > g d � exw fkrrvhv wkh ulvn| dvvhw rwkhuzlvh1 Iurp wklv
frqglwlrq/ zh fdq ghulyh d �qr0ulvn|0dvvhw frqglwlrq1� Wkdw lv/

Wkh edqn fkrrvhv wkh suxghqw dvvhw> li u � ? 	uEn> g � > g d �> +6193,
Wkh edqn fkrrvhv wkh ulvn| dvvhw> li u � A 	uEn> g � > g d �> +6194,

zkhuh

	uEn> g � > g d � ' �E�nn�E����zn��E�nn�nE�������nnE�� ��g � � � n E� 
 n �� � � ��g d
�� � � � � 
 =

+6195,
Dv iru wkh ghsrvlw pdunhw/ li wkh edqn fkrrvhv wr krog wkh suxghqw dvvhw/ lw vroyhv

wkh iroorzlqj sureohp

Eu X > n X � ' @h}4@ \ + - iY X Eu> u � � > > n> g d �j= +6196,

Wkh �uvw0rughu frqglwlrq hydoxdwhg dw d v|pphwulf htxloleulxp +l1h1/ u � � ' u X , |lhogv
wkh ghsrvlw udwh wkh edqn zloo r�hu

u X En> g d � ' d�E� n n�� �n � g d o h
� n h> +6197,

zkhuh
h ' u

G
CG
Cu = +6198,

Li wkh edqn fkrrvhv wr krog wkh ulvn| dvvhw/ lw vroyhv wkh iroorzlqj sureohp

Eu Y > n Y � ' @h}4@ \ + - iY Y Eu> u � � > n> g � > g d �j= +6199,
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Wkh ghsrvlw udwh wkdw wkh edqn r�huv lq wklv fdvh lv

u Y En> g � > g d � ' d�
� � n � 
 �
� � n � 
 E� n n�� � � g �

� � n � 
 �
� 
 g d

� � n � 
 �
E� n �� � � � � 
 �n

� � n � 
 o h
� n h=
+619:,

Lw lv hdv| wr yhuli| wkdw wkh prudo kd}dug sureohp uhpdlqv lq wklv fdvh1 Wkh edqn
kdv dq lqfhqwlyh wr wdnh h{fhvvlyh ulvnv vlqfh

	u c En� A 	uEn> g � > g d � �1e 0 �)f 0?[ >
u c.Y En� ? u Y En> g � > g d � �)e 0 �1f 0?[ =

Wr vhh krz prudo kd}dug fdq eh frqwuroohg/ L �qg wkh rswlpdo srolflhv +n ��� > g �� > g �d ,
xqghu zklfk wkh edqn*v ehkdylru lv wkh vdph dv wkh ehqfkpdun ehkdylru ri wkh edqn
zlwkrxw prudo kd}dug1 Wkdw lv/ wkh iroorzlqj frqglwlrqv qhhg wr krog lq rughu iru wkh
srolf| wr eh rswlpdo1

u X En ��� > g �d � ' u c.X En ��� �> +619;,
u Y En ��� > g �� > g �d � ' u c.Y En ��� �> +619<,
	uEn ��� > g �� > g �d � ' 	u c En ��� �= +61:3,

Wkh uhvxowv uhodwlqj wr wkh rswlpdo srolflhv duh vxppdul}hg lq Sursrvlwlrq 71

Sursrvlwlrq 7 Li E4 � wkh edqn lv uhtxluhg wr krog plqlpxp edqn fdslwdo n( E5 �
ghsrvlw lqvxuhuv fdq revhuyh wkh uhwxuqv rq wkh edqn*v lqyhvwphqw exw fdqqrw revhuyh
zkhwkhu wkh edqn lqyhvwv lq wkh ulvn| ru suxghqw dvvhw> E6 � wkh ghsrvlw lqvxudqfh lv
shuirupdqfh0edvhg/ wkdw lv/ wkh edqn sd|v kljk lqvxudqfh suhplxp g � li wkh uhwxuq lv
kljk E��/ dqg sd|v orz lqvxudqfh suhplxp g d li wkh uhwxuq lv phglxp0ohyho E�� dqg
sd|v qr suhplxp li wkh uhwxuq lv orz E��( +7, wkh edqn glvfrxqwv wkh ixwxuh E� ? ��/
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ED � edqn fdslwdo lv frvwo| hqrxjk +� A � n E� � � � � � 
 �Ez � ��,/ wkhq wkhuh h{lvwv d
vhw ri rswlpdo suxghqwldo srolflhv En ��� > g �� > g �d � vxfk wkdw

u X En ��� > g �d � ' u c.X En ��� �>
u Y En ��� > g �� > g �d � ' u c.Y En ��� �>
	uEn ��� > g �� > g �d � ' 	u c En ��� �=

Wkh rswlpdo srolf| lv jlyhq e|

n ��� ' z
�� z> +61:4,

g �� ' E�� � � � � 

� � ��� z�

�� z > +61:5,
g �d ' f= +61:6,

Xqghu wkh rswlpdo suxghqwldo srolf|/ wkh edqn*v h{fhvvlyh ulvn0wdnlqj lv holplqdwhg
hqwluho|1 Wkh edqn fkrrvhv wr lqyhvw lq wkh suxghqw dvvhw dqg r�hu

u X En ��� > g �d � ' �� z�
�� z

h
� n h= +61:7,

Surri Dffruglqj wr E� =.� � dqg frpsdulqj wkh ghsrvlw udwh lq +6197, wr wkh ehqfk0
pdun udwh lq +6173,/ zh fdq frqfoxgh wkdw g d ' f=

Iroorzlqj E�=SH�> +619<,/ +61:3, dqg xvlqj +616<,/ +6175,/ +6173,/ +6195,/ +6197, dqg
+619:,/ zh rewdlq wkh uhvxowv lq +61:4,/ +61:5, dqg +61:6,1

Xqghu wkh rswlpdo srolf|/ wkh edqn fkrrvhv wkh suxghqw dvvhw lq htxloleulxp vlqfh
wkh ghsrvlw udwh u X En ��� > g �d � lv orzhu wkdq wkh wkuhvkrog udwh 	uEn ��� > g �� > g �d �>

	uEn ��� > g �� > g �d � ' �� z�
�� z A �� z�

�� z
h

� n h ' u X En ��� > g �d �= +61:8,
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Wkhuh lv dq dowhuqdwlyh ghsrvlw lqvxudqfh vfkhph/ lq zklfk lqvxudqfh suhpld duh
frqwlqjhqw xsrq erwk shuirupdqfh +wkh uhwxuq rq dvvhwv, dqg edqn fdslwdo1 Xqghu
wkdw vfkhph/ wkh rswlpdo lqvxudqfh suhplxp iru phglxp0ohyho uhwxuqv lv vwloo }hur/
zkloh wkh suhplxp iru kljk uhwxuqv lv ghfuhdvlqj lq edqn fdslwdo1 Lw fdq eh vkrzq
wkdw wkh rswlpdo fdslwdo ohyho dqg lqvxudqfh suhplxp iru wkh edqn zlwk kljk uhwxuqv
duh wkh vdph dv wkrvh lq +61:4, dqg +61:5,1 Exw wklv grhv qrw lpso| wkdw vxfk
ghsrvlw lqvxudqfh dorqh lv vx!flhqw wr frqwuro prudo kd}dug hqwluho| vlqfh wkh edqn
kdv qr lqfhqwlyh wr krog edqn fdslwdo1 Wr hqvxuh wkdw wkh edqn krogv hqrxjk fdslwdo/
fdslwdo dghtxdf| uhtxluhphqwv duh qhfhvvdu|1 Wkh frqfoxvlrq lv wkdw wkh uhvxow fduulhv
wkurxjk zkhq ghsrvlw sd|phqwv duh frqwlqjhqw xsrq edqn fdslwdo1

616 Hpslulfdo Dqdo|vlv

Wr gdwh qr frpsuhkhqvlyh hpslulfdo vwxg| wr gdwh kdv lqyhvwljdwhg wkh vlpxowdqh0
rxv h�hfwv ri iudqfklvh ydoxhv/ fdslwdo dghtxdf| uhtxluhphqwv dqg ghsrvlw lqvxudqfh
rq ulvnv lq edqnlqj1 Wkh hpslulfdo sduw ri wklv fkdswhu lv dq dwwhpsw wr �oo wklv jds1

61614 Uhodwhg Olwhudwxuh
Lq wkh vhplqdo zrun ri Gldprqg dqg G|eylj +4<;6,/ ghsrvlw lqvxudqfh lv dq rs0

wlpdo srolf| wr frqwuro vhoi0ixo�oolqj ghsrvlwruv uxqv1 Dv orqj dv wkh lqvxudqfh dqg
jxdudqwhhv duh fuhgleoh/ wkh wkuhdw ri ghsrvlwruv uxqv fdq eh h�hfwlyho| holplqdwhg1
Krzhyhu/ edqnlqj hfrqrplvwv dovr uhdol}h wkh orqj0uxq dgyhuvh h�hfw ri ghsrvlw lq0
vxudqfh1 Lq wkh suhvhqfh ri ghsrvlw lqvxudqfh/ edqnv* delolw| wr dwwudfw ghsrvlwv qr
orqjhu uh hfwv wkh ulvn ri wkhlu dvvhw sruwirolr1 Edqnv kdyh dq lqfhqwlyh wr fkrrvh
pruh ulvn| dvvhwv/ zklfk lv ghwulphqwdo wr ghsrvlwruv1

97



Prudo kd}dug lv riwhq wkh irfxv ri wkh olwhudwxuh uhodwlqj wr ghsrvlw lqvxudqfh1
Urehuw F1 Phuwrq +4<::, ylhzhg ghsrvlw lqvxudqfh dv d sxw rswlrq rq edqn dvvhwv
dw d vwulnh sulfh htxdo wr wkh ydoxh ri edqnv* oldelolw| dw surplvhg pdwxulw|1 Edqnv
kdyh dq lqfhqwlyh wr pd{lpl}h wkh ydoxh ri wkh sxw rswlrq vlqfh wkh| fdq wudqvihu
zhdowk iurp wkh lqvxudqfh djhqf|1 Exw dv vkrzq e| Pdufxv dqg Vkdnhg +4<;7, dqg
rwkhuv/ iru prvw ri lwv klvwru| ehiruh hduo| wkh 4<;3v/ wkh Ihghudo Ghsrvlw Lqvxudqfh
Frusrudwlrq +IGLF, kdg orz sd|rxwv dqg lqvxuhg edqnv kdg orz idloxuh udwhv1 Wklv
lv lqfrqvlvwhqw zlwk edqnv pd{lpl}lqj wkh rswlrq ydoxh1 Zk| edqn idloxuhv dqg
lqvxudqfh sd|rxwv kdg lqfuhdvhg vljql�fdqwo| vlqfh wkh hduo| 4<;3v1 Nolqj +4<;9,
vxjjhvwhg wkdw wkh hfrqrplf grzqwxuq dqg pruh yrodwloh lqwhuhvw udwh frxog h{sodlq
wkh ghwhulrudwlrq ri edqnv* edodqfh vkhhwv1 Lq idfw/ wkh dyhudjh pdunhw ydoxh iru wkh
58 odujhvw XV edqnv +fdslwdol}hg iudqfklvh ydoxhv, kdg gursshg ehorz wkh errn ydoxh
gxulqj shulrg 4<:7 0 4<;91 Ixuorqj dqg Nhhoh| +4<;:, dujxhg wkdw orzhu fdslwdo0wr0
dvvhw udwlrv jlyh edqnv pruh lqfhqwlyh wr wdnh ulvnv1 Nhhoh| +4<<3, ixuwkhu srlqwhg
rxw wkdw wkh ghjuhh ri frpshwlwlrq lq wkh lqgxvwu| sod|v dq lpsruwdqw uroh1 Zkhq
edqn fkduwhuv duh olplwhg/ edqnv duh surwhfwhg iurp frpshwlwlrq dqg wkhlu iudqfklvh
ydoxhv duh hqkdqfhg1 Doo wkhvh uhjxodwru| eduulhuv pljkw h{sodlq zk| edqnv glg qrw
pd{lpl}h wkh ydoxh ri wkh sxw rswlrq +ghsrvlw lqvxudqfh, ehiruh wkh hduo| 4<;3v1

Uhjxodwru| olehudol}dwlrq hurghg iudqfklvh ydoxhv +vxfk dv wkh Ghsrvlwru| Lqvwl0
wxwlrqv Ghuhjxodwlrq dqg Prqhwdu| Frqwuro Dfw ri 4<;3 dqg wkh Jduq0Vw1 Jhupdlq
Ghsrvlwru| Lqvwlwxwlrqv Dfw ri 4<;5, dqg lqfuhdvhg frpshwlwlrq diwhu wkh hduo| 4<;3v1
Wklv pd| h{sodlq wkh orzhu fdslwdo0wr0dvvhw udwlrv/ ohvv suxghqw ulvn0wdnlqj dfwlylwlhv
dqg wkh ulvh lq edqnlqj idloxuhv vwduwlqj iurp wkh hduo| 4<;3v wkurxjk wkh hduo| 4<<3v1
Nhhoh| +4<<3, hpsor|hg d vwdwh suhihuhqfh prgho wr vkrz wkh uhodwlrqvkls ehwzhhq
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iudqfklvh ydoxhv dqg pdunhw srzhu1 Kh vwxglhg wkh idfwruv ghwhuplqlqj edqnv* ulvn0
wdnlqj1 Wkh prvw lpsruwdqw lv iudqfklvh ydoxhv/ sur{lhg e| wkh pdunhw srzhu ri
edqnv1 Wkh phdvxuhv ri edqn ulvn0wdnlqj lqfoxgh= wkh pdunhw0ydoxh fdslwdo0wr0dvvhw
udwlr dqg wkh lqwhuhvw frvw rq odujh/ xqlqvxuhg FGv1 Wkh uhvxow lv wkdw kljkhu pdunhw
srzhu ohdgv wr kljkhu iudqfklvh ydoxhv dqg orzhu ulvn0wdnlqj e| edqnv1

Qrupdoo|/ hyhq zkhq idflqj h{whuqdo suhvvxuhv iurp frpshwlwlrq/ edqnv zloo qrw
lqyhvw wkhlu rzq prqh| lq kljko| ulvn| surmhfwv1 Exw zlwk olplwhg oldelolw|/ wkh| duh
zloolqj wr wdnh h{fhvvlyh ulvnv1 Wkhuhiruh/ lw lv lpsrvvleoh wr h{foxgh ulvn0vkliwlqj dv
dq h{sodqdwlrq iru wkh odujh qxpehu ri edqn idloxuhv1 Krzhyhu/ prudo kd}dug fdqqrw
h{sodlq wkh furvv0vhfwlrq yduldwlrq dprqj edqnv* ulvn0wdnlqj1 Khqfh/ wkh txhvwlrq
lv krz wr h{sodlq wkh yduldwlrq lq edqn*v ulvn0wdnlqj zlwklq d iudphzrun ri prudo
kd}dug1 Dq lpsruwdqw uhvxow dv vxppdul}hg e| Sdun +4<<:, lv wkdw �Prudo kd}dug
prghov vkrz wkdw wkh h{shfwhg zhdowk ri vwrfnkroghuv lv d prqrwrqlfdoo| lqfuhdvlqj
ixqfwlrq ri ulvn1 Iru edqnv zlwk odujhu fkduwhu ydoxhv/ wkh rswlrq ydoxh dulvlqj iurp
olplwhg oldelolw| lv vpdoohu exw vwloo lqfuhdvhv ulvn1� Wklv uhvxow vxjjhvwv wkdw zlwkrxw
dq| uhjxodwlrq edqnv vkrxog wdnh wkh pd{lpxp dprxqw ri ulvnv1 Lq rwkhu zrugv/ wkh
jhqhudo vroxwlrq wr wkh sureohp olhv rq wkh erxqgdu|/ qrw lq wkh lqwhulru ri sdudphwhu
vsdfh1 Wkh qdwxudo frqmhfwxuh derxw zk| edqnv gr qrw wdnh pd{lpxp ulvnv lv wkdw
edqn uhjxodwlrqv suhyhqw wkhp +vhh Ekdwwdfkdu|d dqg Wkdnru/ 4<<6 iru d ghwdlohg
uhylhz ri wklv olwhudwxuh,1

Wkhuh lv d ydvw olwhudwxuh rq edqn uhjxodwlrq1 Ndkdqh +4<::, prghohg edqn uhj0
xodwlrq dv uhvwulfwlrqv rq erwk fdslwdo0wr0dvvhw udwlrv dqg dvvhw sruwirolr frpsrvlwlrq/
exw zlwk d iudphzrun wkdw grhv qrw irfxv rq prudo kd}dug1 Wkdw lv/ Ndkdqh vwxglhg
edqnv wkdw plqlpl}h wkh yduldqfh ri lqfrph iru d jlyhq ohyho ri lqfrph1 Exvhu hw do1
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+4<;4, dvvxphg wkdw edqnv uhvwulfw wkhpvhoyhv iurp wdnlqj h{fhvvlyh ulvnv vlqfh wkh|
gr qrw zdqw uhjxodwruv wr fodvvli| wkhp dv ulvn| edqnv dqg eh irufhg wr sd| d kljk
ghsrvlw lqvxudqfh suhplxp1 Exw wkh uhjxodwlrq wkh| frqvlghuhg lv ohyhudjh rqo| dqg
wkh| glg qrw h{sodlq zk| edqnv zrxog krog h{fhvvlyh ex�hu fdslwdo1 Fdpehoo hw do1
+4<<5, lqyhvwljdwhg vrfldoo| rswlpdo uhjxodwlrq lq whupv ri erwk fdslwdo uhtxluhphqwv
dqg gluhfw prqlwrulqj exw zlwkrxw orrnlqj dw krz edqnv uhdfw wr wkh uhjxodwlrqv1
Ehvdqnr dqg Ndqdwdv +4<<9, frqvlghuhg wkh uhodwlrqvkls ehwzhhq wkh ydoxh ri edqnv
dqg fdslwdo uhtxluhphqwv exw djdlq lq d iudphzrun hpskdvl}lqj pdqdjhu*v h�ruwv
udwkhu wkdq prudo kd}dug1

Sdun +4<<:, vwxglhg edqn uhjxodwlrq lq whupv ri erwk fdslwdo uhtxluhphqwv dqg
dvvhw sruwirolr uhvwulfwlrqv zlwklq d iudphzrun ri prudo kd}dug/ dvvxplqj wkdw edqnv
pd{lpl}h wkh ydoxh ri wkh sxw rswlrq1 Wkh nh| ihdwxuh lv wkdw �d edqn fdqqrw h{0
shfw d srvlwlyh rswlrq ydoxh dulvlqj iurp olplwhg oldelolw| li lw lv fodvvl�hg dv ulvn|
e| uhjxodwruv1� Wr h{sodlq wkh yduldwlrq ri ulvn0wdnlqj dfurvv edqnv/ Sdun +4<<:,
dvvxphg wkdw edqnv idfh gl�huhqw lqyhvwphqw rssruwxqlwlhv dqg kdyh gl�huhqw iudq0
fklvh ydoxhv1 Dq lqwhuhvwlqj uhvxow lv wkdw zkhq uhjxodwlrq lv od{/ edqnv zlwk kljk
iudqfklvh ydoxhv pd| wdnh pruh ulvnv1 Lw lv dovr srvvleoh wkdw wljkw uhjxodwlrq zloo
orzhu wkh rswlpdo fdslwdo0wr0dvvhw udwlr ehfdxvh edqnv zloo uhgxfh wkhlu dvvhwv lq rughu
wr dyrlg ehlqj fodvvl�hg dv ulvn| e| uhjxodwruv1 Wkdw lv/ wkh edqnv* frqwuro yduldeohv
duh qrw qhfhvvdulo| prqrwrqlf ixqfwlrqv ri uhjxodwru| sdudphwhuv1 Rqh lqwhuhvwlqj
uhvxow lq Sdun +4<<:, lv wkdw d odujhu iudqfklvh ydoxh pd| lqgxfh kljkhu ulvn0wdnlqj
xqohvv uhjxodwlrq lv h�hfwlyh � A 1 Krzhyhu/ Sdun +4<<:, glg qrw frqgxfw dq| hpslulfdo
zrun1 Ohh +4<<;, uhsruwhg wkdw wkh iudqfklvh ydoxhv ri edqnv lq Dvldq frxqwulhv glg
�VD Sdun +4<<:,*v prgho dovr fdq vkrz wkdw d vpdoo fkdqjh ri uhjxodwlrq fdq lqgxfh edqnv zlwk d

odujhu iudqfklvh ydoxh wr vzlwfk iurp wdnlqj pruh ulvnv wr wdnlqj qr ulvnv1
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qrw jhqhudwh suxghqw ehkdylruv gxulqj wkh �yh |hduv suhfhglqj wkh �qdqfldo fulvlv1
Vdxqghuv dqg Zlovrq +5334, frqgxfwhg d whvw iru wkh iudqfklvh ydoxh k|srwkhvlv dqg
frqfoxghg wkdw wkh uhodwlrqvkls ehwzhhq iudqfklvh ydoxhv dqg edqn*v ohyhudjh udwlr lv
vhqvlwlyh wr pdunhw frqglwlrq1

Zkloh erwk fdslwdo dqg iudqfklvh ydoxhv whpshu prudo kd}dug/ Ghpvhw} hw do1
+4<<9, dujxhg wkdw iudqfklvh ydoxhv zloo �pruh frqvlvwhqwo| doljq wkh lqfhqwlyhv ri
wkh edqn rzqhu zlwk wkrvh ri wkh vxshuylvru�/ vlqfh wkh ghwhuplqdqwv ri iudqfklvh
ydoxhv duh pruh vwdeoh dqg ohvv vshfl�f1 Lq frqwudvw/ edqn fdslwdo/ hyhq plqlpxp
fdslwdo uhtxluhphqwv/ vkrxog jhqhudoo| ydu| ghshqglqj rq hdfk edqn*v lqyhvwphqw
rssruwxqlwlhv/ lqwhuhvw udwh/ iudqfklvh ydoxh dqg jhqhudo hfrqrplf vlwxdwlrq1 Ghpvhw}
hw do1 +4<<9, irxqg d qhjdwlyh uhodwlrqvkls ehwzhhq ulvn0wdnlqj dqg iudqfklvh ydoxhv1
Wkh phdvxuh ri ulvn0wdnlqj wkh| hpsor|hg lv edvhg rq wkh yrodwlolw| ri edqn vwrfn
uhwxuqv/ zklfk lqfrusrudwh wkh ulvnv ri doo dvshfwv ri edqn*v edodqfh vkhhwv/ vxfk dv
dvvhw/ oldelolw|/ r�0edodqfh0vkhhw dqg ohyhudjh/ hwf1

Wkh uhfhqw hpslulfdo hylghqfh derxw ghsrvlw lqvxudqfh lv lq Ghplujxf0Nxqw dqg
Ghwudjldfkh +5335,1 Wkh| uhsruw wkdw ghsrvlw lqvxudqfh whqgv wr lqfuhdvh wkh olnh0
olkrrg ri edqnlqj fulvhv1 Zkloh hfrqrplvwv fulwlfl}h fodvvlfdo ghsrvlw lqvxudqfh iru
lqgxflqj prudo kd}dug/ Krydnlpldq/ Ndqh dqg Odhyhq +5336, �qg wkdw h{whuqdo ulvn0
frqwuro phdvxuhv +vxfk dv ulvn0vhqvlwlyh ghsrvlw lqvxudqfh suhplxpv/ fryhudjh olplwv
dqg frlqvxudqfh, fdq whpshu wkh ulvn0vkliwlqj lqfhqwlyh vljql�fdqwo|1 Dffruglqj wr
wkh vxppdu| vwdwlvwlfv ri wkhlu gdwd/ wkh lqvxudqfh vfkhphv lq pruh wkdq 53 shufhqw
ri wkh frxqwulhv lq wkhlu vdpsoh duh ulvn0vhqvlwlyh1 Djdlq/ edvhg rq wkhlu vxppdu|
vwdwlvwlfv/ ghsrvlw lqvxudqfh kdv frlqvxudqfh fkdudfwhulvwlfv lq derxw 48 shufhqw ri wkh
frxqwulhv lq wkhlu vdpsoh1
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Ilqdoo|/ dq dssursuldwh rzqhuvkls vwuxfwxuh +pdqdjhuldo ulvn dyhuvlrq, dovr khosv
wr plwljdwh prudo kd}dug1 Ghpvhw} hw do1 +4<<:, frqvlghuhg wkh rzqhuvkls vwuxfwxuh
xvlqj d xql�hg prgho zlwk erwk iudqfklvh ydoxhv dqg wkh rzqhu2pdqdjhu djhqf|
sureohp1 Wkh| irxqg rzqhu2djhqf| sureohpv duh lpsruwdqw rqo| iru edqnv zlwk
d orz iudqfklvh ydoxh dqg qr lqvlghu kroglqj1 Exw vlqfh prvw edqnv lqfuhdvh wkhlu
lqvlghu kroglqj vkruwo|/ wkh rzqhu2djhqf| sureohpv duh xvxdoo| uhvroyhg txlfno|1

61615 Gdwd Ghvfulswlrq
Wkh gdwd frph iurp vhyhudo vrxufhv1 Gdwd rq edqnv* edodqfh vkhhw yduldeohv

dqg vwrfn pdunhwv +vkduh sulfhv, frph iurp Gdwdvwuhdp Lqwhuqdwlrqdo +GV dffrxqw0
lqj lwhpv dqg fdslwdo lwhpv,1 Wkhvh edqnv duh olvwhg rq vwrfn pdunhwv lq gl�huhqw
frxqwulhv1 Gdwdvwuhdp slfnv wkhvh edqnv wr uhsuhvhqw wkh edqnlqj vhfwru ri hdfk
frxqwu| edvhg rq wkhlu pdunhw fdslwdol}dwlrq1

Dv lq Ghpvhw} hw do1 +4<<9,/ L phdvxuh edqnv* ulvn0wdnlqj xvlqj vwrfn0uhwxuq
yrodwlolw| +UW� & , � E / lqfrusrudwlqj wkh ulvnv ri edqnv* dvvhwv/ oldelolwlhv/ fdslwdo/ r�0
edodqfh vkhhw srvlwlrqv dqg ohyhudjh � H 1 L frpsxwh wkh vwdqgdug ghyldwlrq ri zhhno|
��F Lq wklv vhfwlrq/ wkh vxevfulswv m> l dqg w ghqrwh edqn m/ frxqwu| l dqg |hdu w/ uhvshfwlyho|1��I Jhqhudoo| vshdnlqj/ xvlqj vwrfn uhwxuq ghyldwlrq dv d phdvxuh ri ulvn0wdnlqj lv vwdqgdug lq wkh

edqnlqj olwhudwxuh1 Dffruglqj wr Ghpvhw}/ Vdghqehuj dqg Vwdukdq +4<<9,/ vwrfn uhwxuqv uh hfw
fkdqjhv lq wkh pdunhw*v shufhswlrqv ri ixwxuh sur�wdelolw|1 Wkhuhiruh/ d kljk vwdqgdug ghyldwlrq lq
wkh uhwxuqv lqglfdwhv wkdw wkh h{shfwhg sur�wv ri d edqn duh  xfwxdwlqj udslgo| 0 d vljq wkdw wkh
edqn lv sxuvxlqj ulvn| dfwlylwlhv1 Iodqqh| +4<<;, vxppdul}hv wkdw hpslulfdo olwhudwxuh surylghg
eurdg vxssruw iru wkh k|srwkhvlv wkdw edqn htxlw| lqyhvwruv lqfrusrudwh ulvn0uhodwhg lqirupdwlrq
lqwr edqn*v vwrfn sulfhv1 Ghpvhw}/ Vdghqehuj dqg Vwudkdq +4<<:,*v sulpdu| phdvxuh ri ulvn lv wkh
dqqxdol}hg vwdqgdug ghyldwlrq ri wkh zhhno| vwrfn uhwxuq +htxlw| ulvn, iru d jlyh edqn lq d jlyhq |hdu1
Dnkljeh dqg Zk|wh +5334, irxqg wkdw IGLFLD kdg d jhqhudoo| srvlwlyh h�hfw rq edqn vwrfn uhwxuqv
dqg uhvxowhg lq d vljql�fdqw uhgxfwlrq lq edqn ulvn1 Euhzhu/ Jhqd|/ Kxqwhu dqg Ndxipdq +5336,
dujxhg wkdw ghvslwh wkh doohjhg rsdtxhqhvv ri edqnlqj dfwlylwlhv/ edqn vkduhkroghuv zhuh deoh wr xvh
dydlodeoh lqglfdwlrqv ri �qdqfldo frqglwlrq erwk wr lqfrusrudwh qhz lqirupdwlrq txlfno| lqwr vwrfn
sulfhv dqg wr gl�huhqwldwh dprqj edqnv1 Gdkl|d +5336, �qgv wkdw vwrfn sulfhv ri ohdg ohqglqj EKF*v
idoo vljql�fdqwo| zkhq d pdmru frusrudwh eruurzhu dqqrxqfhv lwv ghidxow ru edqnuxswf|1 Ilqdoo|/ lq
Nrqlvkl/ Pdvdux dqg \dvxgd/ \xnlklur +5337,/ wkh wrwdo ulvn ri d edqn lv gh�qhg dv wkh vwdqgdug
ghyldwlrq ri d edqn*v vwrfn uhwxuqv iru hdfk �vfdo |hdu phdvxuhg lq shufhqwdjh srlqwv1
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vwrfn uhwxuqv wr phdvxuh wkh ulvn0wdnlqj ri wkh edqn gxulqj wkdw |hdu1 L txdqwli| d
edqn*v iudqfklvh ydoxh +IY� & , dv wkh udwlr ri pdunhw ydoxh dqg qhw errn ydoxh/ zklfk
lv vlplodu wr wkh gh�qlwlrq ri Wrelq*v t1 Wkh pdunhw ydoxh lv gh�qhg dv wkh vkduh
sulfh pxowlsolhg e| wkh qxpehu ri ruglqdu| vkduhv rxwvwdqglqj/ zkloh wkh errn ydoxh
lv phdvxuhg e| qhw wdqjleoh dvvhwv � J 1

L dovr froohfw lqirupdwlrq rq wkh fdslwdo dghtxdf| udwlr iru hdfk edqn +FDG� & ,/ dv
fdofxodwhg xvlqj wkh jxlgholqhv vxjjhvwhg e| wkh Edvho Frpplwwhh rq Edqnlqj Uhj0
xodwlrqv1 Wklv htxdov cwrwdo qhw fdslwdo uhvrxufhv* frpsulvlqj wkh Wlhu 4 +frqvlvwlqj
ri wkh pdlq vkduhkroghuv* ixqgv, dqg Wlhu 5 fdslwdo +frqvlvwlqj ri vxeruglqdwhg ghew/
jhqhudo doorzdqfhv iru edg dqg grxewixo ghew dqg �{hg dvvhw uhydoxdwlrq uhvhuyhv,
glylghg e| wkh ulvn0zhljkwhg dvvhwv1 Gdwdvwuhdp dovr surylghv wkh lqirupdwlrq rq
wrwdo dvvhwv +VL]H� & , dqg wkh fdslwdo0wr0dvvhw udwlr +FDU� & , iru hdfk edqn1

Wkh jurzwk udwhv ri JGS shu fdslwd +JGSJ � & ,/ wkh shufhqwdjh ri edqnv zlwk
pruh wkdq 83( iruhljq0rzqhg dvvhwv +IVK � & , dqg wkh shufhqwdjh ri edqnv zlwk pruh
wkdq 83( jryhuqphqw0rzqhg dvvhwv +JVK � & , duh froohfwhg iurp Zruog Ghyhorsphqw
Lqglfdwruv +ZGL, dqg Eduwk/ Fdsulr dqg Ohylqh +5334,/ uhvshfwlyho|1

Fhuwdlqo|/ wkh vwrfn0uhwxuq ghyldwlrq lv qrw wkh rqo| phdvxuh xvhg lq wkh olwhudwxuh wr phdvxuh
wkh edqn*v ulvn0wdnlqj1 Rwkhu phdvxuhv xvhg lq wkh olwhudwxuh lqfoxgh wkh lqwhuhvw udwh frvw ri wkh
edqn*v FG/ fuhglw udwlqj ri wkh edqn dqg wkh ghidxow udwh ri wkh edqnlqj lqgxvwu|1 Krzhyhu/ wkhvh
phdvxuhv doo uhtxluh gdwd wkdw duh qrw dydlodeoh wr wklv dxwkru1� K Qhw wdqjleoh dvvhwv duh gh�qhg dv wrwdo dvvhwv/ h{foxglqj lqwdqjleoh dvvhwv ohvv wrwdo oldelolwlhv/
plqrulw| lqwhuhvw dqg suhihuhqfh vwrfn1
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Frxqwu| Shulrg Edqnv Frxqwu| Shulrg Edqnv
Dujhqwlqd 4<<805335 : Nruhd 4<<405335 ;
Dxvwudold 4<<805335 43 Ph{lfr 533305335 4
Dxvwuld 4<<405335 8 Pdod|vld 4<<605335 <
Ehojlxp 4<<405335 9 Qhwkhuodqgv 4<<405335 7
Eud}lo 4<<505335 ; Qruzd| 4<<805335 8
Fdqdgd 4<<405335 < Sdnlvwdq 4<<605335 7
Fkloh 4<<605335 7 Shux 4<<505335 7
Fklqd 533305335 4 Sklolsslqhv 4<<505335 44

Froxpeld 4<<605335 : Srodqg 4<<705335 9
F}hfk Uhs1 4<<905335 5 Sruwxjdo 4<<405335 9
Ghqpdun 4<<405335 43 Vlqjdsruh 4<<505335 6
Ilqodqg 4<<405335 4 Vlu Odqnd 4<<605335 9
Iudqfh 4<<505335 9 Vrxwk Diulfd 4<<605335 8
Jhupdq| 4<<405335 45 Vsdlq 4<<405335 49
Juhhfh 4<<405335 7 Vzhghq 4<<705335 8

Krqj Nrqj 4<<405335 43 Vzlw}huodqg 4<<405335 4;
Kxqjdu| 4<<905335 5 Wkdlodqg 4<<505335 <
Lqgrqhvld 4<<605335 43 Wxunh| 4<<405335 9
Lqgld 4<<805335 ; Wdlzdq 4<<605335 7
Luhodqg 4<<405335 7 XN 4<<405335 44
Lvudho 4<<705335 9 XV 4<<405335 5:
Lwdo| 4<<405335 49

Wdeoh 615= Vxppdu| Vwdwlvwlfv= Frxqwulhv/ Edqnv dqg Shulrgv
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Iurp Krydnlpldq/ Ndqh dqg Odhyhq +5336,/ L frqvwuxfw d gxpp| yduldeoh lqgl0
fdwlqj zkhwkhu d frxqwu| kdv h{solflw ghsrvlw lqvxudqfh1 Wkdw lv/ wkh gxpp| yduldeoh
lv rqh li ghsrvlw lqvxudqfh lv surylghg wr edqnv/ dqg }hur rwkhuzlvh1 Wkh gxpp|
yduldeoh iru wkh lpsohphqwdwlrq ri fdslwdo dghtxdf| uhtxluhphqwv lv rqh li Gdwdvwuhdp
kdv wkh gdwd ri ulvn0dgmxvwhg fdslwdo dghtxdf| udwlrv/ dqg }hur rwkhuzlvh1 L xvh wklv
sur{| vlqfh lw lv yhu| gl!fxow wr nqrz zkhq d frxqwu| ehjlqv wr lpsohphqw fdslwdo
uhjxodwlrq1

Wdeoh 615 uhsruwv wkh frxqwulhv fryhuhg/ wkh qxpehu ri edqnv vhohfwhg lq hdfk
frxqwu| dqg wkh gdwd shulrg iru hdfk frxqwu|1 Wkh vdpsoh lqfoxghv d wrwdo ri 76
frxqwulhv dqg 649 edqnv1 D odujh sursruwlrq ri wkh edqnv duh iurp ghyhorslqj
frxqwulhv1

Diwhu ghohwlqj revhuydwlrqv iru Iudqfklvh ydoxhv +IY� & , wkdw idoo rxwvlgh rqh vwdq0
gdug ghyldwlrq/ L kdyh lq wrwdo 547; revhuydwlrqv1 Wkh vxppdu| vwdwlvwlfv duh suh0
vhqwhg lq Wdeoh 6161 Wkh vwdqgdug ghyldwlrq ri +zhhno|, edqn vwrfn uhwxuqv +UW� & ,
udqjhv iurp 4135 wr 67194/ zlwk phdq ;15;1 Wkh dyhudjh iudqfklvh ydoxh +IY� & , lv
4176/ zlwk d plqlpxp ydoxh ri 3163 dqg d pd{lpxp ydoxh ri 614<1 Wkdw lv/ wkh
pdunhw ydoxh ri fdslwdo lv rq dyhudjh derxw 76 shufhqw kljkhu wkdq wkh qhw errn
ydoxh1 Orrnlqj dw wkh gxpp| yduldeoh wkdw ghvfulehv wkh lpsohphqwdwlrq ri fdslwdo
dghtxdf| uhtxluhphqwv +FDGG � & ,/ L �qg wkdw 4; shufhqw ri wkh revhuydwlrqv rffxu
gxulqj d shulrg zkhq fdslwdo uhtxluhphqwv duh lq sodfh1 Vlploduo|/ wkh gxpp| ydul0
deoh iru ghsrvlw lqvxudqfh +GLGP � & , whoov xv wkdw ;5 shufhqw ri wkh revhuydwlrqv duh
iurp shulrgv wkdw ghsrvlw lqvxudqfh kdv ehhq surylghg1 Edqn vl}h +VL]H� & , lv gh0
�qhg dv wkh orjdulwkplf ydoxh ri edqnv* dvvhwv ghqrplqdwhg lq XV grooduv +glylghg e|
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Yduldeohv Rev1 Phdq Vw1 Ghy1 Plq Pd{
Edqnv* ulvn0wdnlqj +UW , 547; ;15; 71;9 4135 67194
Iudqfklvh ydoxh +IY , 547; 4176 319: 3163 614<
Gxpp| ri fdslwdo uhjxodwlrq +FDGG, 547; 314; 316< 3133 4133
Gxpp| ri ghsrvlw lqvxudqfh+GLGP, 4;4: 31;5 316; 3133 4133
Edqn vl}h +VL]H� 5399 ;18: 5184 414< 46187
Fdslwdo dghtxdf| udwlr FDG Ewlh�� 6:< :1<: 5143 616 561:3
Fdslwdo dghtxdf| udwlr FDG Ewlh2� 6<8 44167 5183 51:7 571;3
Fdslwdo0wr0dvvhw udwlr +FDU, 5398 ;176 ;178 414; <81:<
Orfdo vwrfn pdunhw lqgh{ +ORF� 537; 31<7 3194 315< 8187
Iruhljq rzqhuvkls +IVK, 4745 44187 441<: 3133 9513
Jryhuqphqw rzqhuvkls +JVK� 4::< 4717: 4;179 3133 ;313

Wdeoh 616= Vxppdu| Vwdwlvwlfv= Uhjuhvvlrq Yduldeohv

4333,1 Edvhg rq Gdwdvwuhdp dffrxqwlqj gdwd/ derxw 6;3 revhuydwlrqv kdyh lqirupd0
wlrq derxw ulvn0edvhg fdslwdo dghtxdf| udwlrv +FDG� & ,1 Wkh shufhqwdjh ri edqnv zlwk
pruh wkdq 83( iruhljq0rzqhg dvvhwv +IVK � & , udqjhv iurp }hur shufhqw wr 95 shufhqw/
dqg wkh pd{lpxp shufhqwdjh ri edqnv zlwk pruh wkdq 83( jryhuqphqw0rzqhg dvvhwv
+JVK � & , lv ;3 shufhqw1

61616 Sdqho Gdwd Dqdo|vlv= Furvv0vhfwlrqdo dqg Wlph Vhulhv
Hylghqfh

Wr h{sodlq wkh yduldwlrq lq edqnv* ulvn0wdnlqj/ L hpsor| d sdqho gdwd dqdo|vlv1
Wklv doorzv ph wr dqdo|}h wkh furvv0vhfwlrqdo dqg wlph0vhulhv idfwruv wkdw lq xhqfh
wkh edqn*v ulvn0wdnlqj1 L hvwlpdwh d pxowlyduldwh uhjuhvvlrq prgho xvlqj pd{lpxp
olnholkrrg1 Vwdqgdug huuruv duh urexvw wr khwhurvfhgdvwlflw|1 Wkh prgho lv hvwlpdwhg
zlwk dqg zlwkrxw edqn0vshfl�f �{hg h�hfwv1 Wkh remhfwlyh ri wklv jhqhudo hvwlpdwlrq
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iudphzrun lv wr fdswxuh wkh g|qdplfv ri edqnv* ulvn0wdnlqj ryhu wlph dv wkh| uhodwh
wr iudqfklvh ydoxh/ fdslwdo dghtxdf| uhtxluhphqwv dqg ghsrvlw lqvxudqfh1

L hvwlpdwh wkh iroorzlqj sdqho gdwd prgho=

UW� & ' e [ n e � UW� & �.� n e 
 IY� & n e g IY 
� & n e h EIY� & � FDGG � & � n
e i EIY� & �GLGP � & � n e j IVK � & n e k JVK � & n e l VL]H� & �.� n
e m FDU� & �.� n e �n[ JGSJ � & �.� n %� &�o +61:9,

zkhuh UW� & lv edqn m*v ulvn0wdnlqj lq |hdu w> IY� & lv edqn m*v iudqfklvh ydoxh lq |hdu
w> FDGG � & lv d gxpp| yduldeoh htxdo wr xqlw| li frxqwu| l kdv lpsohphqwhg fdslwdo
dghtxdf| uhtxluhphqwv lq |hdu w dqg }hur rwkhuzlvh> GLGP � & lv d gxpp| yduldeoh
htxdo wr xqlw| li frxqwu| l kdv surylghg ghsrvlw lqvxudqfh wr wkh edqnlqj v|vwhp lq
|hdu w dqg }hur rwkhuzlvh/ IVK � & lv wkh shufhqwdjh ri frxqwu| l*v edqnlqj v|vwhp
zlwk pruh wkdq 83 shufhqw iruhljq0rzqhg dvvhwv lq |hdu w> JVK � & lv wkh shufhqwdjh ri
frxqwu| l*v edqnlqj v|vwhp zlwk pruh wkdq 83 shufhqw jryhuqphqw0rzqhg dvvhwv lq
|hdu w> VL]H� & �.� lv wkh dvvhw vl}h ri edqn m lq |hdu w� �> FDU� & �.� lv wkh fdslwdo0wr0
dvvhw udwlr ri edqn m lq |hdu w� �> JGSJ � & �.� lv frxqwu| l*v jurzwk udwh ri JGS shu
fdslwd lq |hdu w� �=

Dffruglqj wr wkh wkhruhwlfdo prgho dqg wkh frpsdudwlyh vwdwlf uhvxowv lq Wdeoh
614/ zh vkrxog frqwuro iru vrph rwkhu idfwruv/ vxfk dv lqyhvwphqw rssruwxqlwlhv Ez�
dqg wkh frvw ri fdslwdo +�,1 Frqvlghulqj wkh gl�huhqfhv lq lqyhvwphqw rssruwxqlwlhv
dqg frvwv ri fdslwdo dfurvv edqnv dqg frxqwulhv/ L fkrrvh wr sur{| wkhvh idfwruv xvlqj
wkuhh jurxsv ri yduldeohv1 Wkh �uvw jurxs frqwdlqv wkh frqwuro yduldeohv lq wkh uhjuhv0
vlrqv1 Wkh| duh iruhljq rzqhuvkls +IVK � & ,/ jryhuqphqw rzqhuvkls +JVK � & ,/ edqn
vl}h +VL]H� & �?� ,/ fdslwdo0wr0dvvhw udwlr +FDU� & �.� , dqg JGS jurzwk udwh +JGSJ � & �.� ,1
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Wkh vhfrqg jurxs frqwdlqv wkh �{hg0h�hfw edqn0vshfl�f gxpp| yduldeohv1 Ilqdoo|/
vlqfh wkhvh idfwruv pd| eh shuvlvwhqw/ wkh dxwruhjuhvvlyh vwuxfwxuh ri wkh uhjuhvvlrq
prgho dovr khosv wr fdswxuh wkh lpsdfw ri wkhvh idfwruv1 Wdnhq wrjhwkhu/ wklv uhjuhv0
vlrq prgho fdq fdswxuh wkh h�hfwv ri edqn0vshfl�f/ frxqwu|0vshfl�f dqg srolf|0uhodwhg
idfwruv lq d g|qdplf iudphzrun1

Vlqfh wklv fkdswhu hpskdvl}hv wkh lpsdfw ri edqnlqj srolflhv/ wkh frh!flhqwv e h dqg
e i duh wkh prvw lpsruwdqw1 Wdeohv 617 dqg 618 suhvhqw wkh uhvxowv ri wkh sdqho uhjuhv0
vlrqv iru Htxdwlrq +61:9, zlwkrxw dqg zlwk edqn0vshfl�f �{hg h�hfwv/ uhvshfwlyho|1
Hljkw gl�huhqw vshfl�fdwlrqv duh uhsruwhg zlwk frh!flhqw hvwlpdwhv dqg dvvrfldwhg
khwhurvfhgdvwlflw|0frqvlvwhqw vwdqgdug huuruv1 L lqyhvwljdwh gl�huhqw frpelqdwlrqv ri
wkh h{sodqdwru| yduldeohv lq prghov +4, 0 +7, iru wkh hvwlpdwlrq zlwkrxw d edqn0vshfl�f
�{hg h�hfw dqg lq prghov +8, 0 +9, iru wkh hvwlpdwlrq zlwk d edqn0vshfl�f �{hg h�hfw1
Prgho +4, doorzv iru wkh g|qdplfv ri edqnv* ulvn0wdnlqj zlwk rqh |hdu odjjhg ydoxh1
Wkhuh lv vljql�fdqw shuvlvwhqfh lq wkh vhulhv xs wr rqh |hdu1 Wkh �uvw0odj frh!flhqw
lv 318;1 Lw kdv d vljql�fdqw w0vwdwlvwlf ri 57196 zklfk lpsolhv d vwurqj dxwruhjuhvvlyh
surfhvv lq wkh vhulhv1 Wkh dgmxvwhg U 
 lv 316:/ zklfk frq�upv wkh lpsruwdqfh ri prg0
holqj wkh g|qdplfv ri edqnv* ulvn0wdnlqj ehiruh prgholqj dq| ixqgdphqwdo lqihuhqfhv
zlwk rwkhu yduldeohv1 Wkh dxwruhjuhvvlyh ihdwxuh ri d edqn*v ulvn0wdnlqj lv vwurqj lq
doo vshfl�fdwlrqv dqg lv suhvhqw hyhq lq wkh �{hg0h�hfw hvwlpdwlrq1

Prghov +5, dqg +6, suhvhqw wkh vshfl�fdwlrqv wkdw lqfoxgh doo yduldeohv h{fhsw
d txdgudwlf whup ri iudqfklvh ydoxh dqg lqwhudfwlyh whupv zlwk gxpp| yduldeohv
FDGG� & dqgGLGP� & = Lq prgho +5,/ wkh dxwruhjuhvvlyh g|qdplfv duh ljqruhg1 Wklv lv
frvwo| lq whupv ri dgmxvwhg U 
 zklfk gursv wr ohvv wkdq 4; shufhqw frpsduhg wr doprvw
78 shufhqw iru prgho +6,/ zklfk lqfoxghv wkh rqh odjjhg ydoxh ri edqnv* ulvn0wdnlqj1
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UKV yduldeohv Prgho +4, Prgho +5, Prgho +6, Prgho +7,
Odjjhg ulvn0wdnlqj 318;35--- 318767--- 317:6:---
EUW� & �.� � +313569, +3135;6, +313658,
Iudqfklvh ydoxh 0318673-- 0316543- 051376:--
EIY� & � +315575, +314;88, +31<9<8,
Iudqfklvh ydoxh vtxduh 317555
EIY� & � 
 +3159:4,
Fdslwdo uhjxodwlrq gxpp| 315;:4
EFDGG � & �� EIY� & � +315739,
Ghsrvlw lqvxudqfh gxpp| 318736--
EGLGP � & �� EIY� & � +31558<,
Iruhljq rzqhuvkls 313799--- 3133<7 313547-
EIVK � & � +313458, +313456, +31344;,
Jryhuqphqw rzqhuvkls 314467--- 3137<<--- 313753---
EJVK � & � +31343, +3133;<, +3133<;,
Odjjhg edqn vl}h 31489<--- 313958- 31397;-
EVL]H� & �.� � +313755, +313696, +3136<5,
Odjjhg fdslwdo0dvvhw udwlr 314367--- 31389:-- 313747
EFDU� & �.� � +31364;, +313554, +3135;<,
Odjjhg hfrqrplf jurzwk 313389 3139;< 3144<;--
EJGSJ � & �.� � +313947, +313765, +3137<3,
frqvwdqw 6165:5--- 71;33--- 513;87--- 614559---

+314;3:, +318<5:, +318345, +31<3:8,
Dgmxvwhg U 
 3169;; 314:;4 31785< 316;76
Qxpehu ri revhuydwlrqv 4;<3 453; 44<7 433:

Wkh ghshqghqw yduldeoh lv hdfk edqn*v ulvn0wdnlqj +UW� & �= Pd{lpxp olnholkrrg hvwlpdwhv duh
uhsruwhg zlwk vwdqgdug huuruv xvlqj Zklwh +4<;3, phwkrgv urexvw wr khwhurvfhgdvwlflw|1 U 
 lv
dgmxvwhg iru ghjuhh ri iuhhgrp1 ---/ --/ dqg - ghqrwh wkdw hvwlpdwhv duh vljql�fdqw dw 4/ 8 dqg 43
shufhqw vljql�fdqfh ohyho/ uhvshfwlyho|1

Wdeoh 617= Sdqho Uhjuhvvlrqv ri Dqqxdo Ulvn0wdnlqj rq Iudqfklvh Ydoxhv/ Fdslwdo
Dghtxdf| Uhtxluhphqwv dqg Ghsrvlw Lqvxudqfh +zlwkrxw Il{hg H�hfwv,
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Wkh yduldeohv wkdw duh vljql�fdqwo| uhodwhg wr edqnv* ulvn0wdnlqj dfurvv edqn0|hduv lq
erwk prghov duh iudqfklvh ydoxhv/ IY� & / zlwk d qhjdwlyh frh!flhqw/ wkh shufhqwdjh ri
edqnv kdylqj pruh wkdq 83 shufhqw jryhuqphqw rzqhuvkls JVK� & > edqn vl}h VL]H� &
dqg fdslwdo0wr0dvvhw udwlr FDU� & / zlwk srvlwlyh frh!flhqwv1

Wkh uhvxow wkdw edqn*v ulvn0wdnlqj lv odujhu iru orzhu iudqfklvh ydoxhv lv qrw vxu0
sulvlqj1 Lw kdv ehhq uhsruwhg dqg whuphg wkh iudqfklvh ydoxh k|srwkhvlv lq Nhhoh|
+4<<3, zkr xvhg d vlplodu sdqho prgho iurp dq hduolhu vdpsoh shulrg1 Wkh srvlwlyh
vljqv ehiruh edqn vl}h VL]H� & dqg fdslwdo0wr0dvvhw udwlr FDU� & duh d elw vxusulvlqj
vlqfh wkh| duh gl�huhqw iurp Ghpvhw} hw do1 +4<<9,1 Wkh rzqhuvkls uhvxow lv d qhz
rqh wkdw kdv qrw ehhq xqfryhuhg lq wkh suhylrxv vwxglhv1 Zkloh edqn vl}h VL]H� &
lv vljql�fdqwo| srvlwlyh dfurvv doo wkh vshfl�fdwlrqv/ wkh vljqv ri fdslwdo0wr0dvvhw udwlr
FDU� & dqg jryhuqphqw rzqhuvkls JVK� & duh vhqvlwlyh wr zkhwkhu edqn0vshfl�f �{hg
h�hfwv duh lqfoxghg lq wkh prgho1

Prgho +7, dggv wkh lqwhudfwlyh whupv zlwk FDGG� & > GLGP� & dqg d txdgudwlf
whup iru iudqfklvh ydoxh/ dqg wkh ryhudoo frh!flhqw ehiruh iudqfklvh ydoxh lv vwloo qhj0
dwlyh +031<77, dqg wkh vwdqgdug huuru lv 516:/ hydoxdwhg dw wkh phdq ydoxh ri IY� & >
FDGG� & dqg GLGP� & = Wkh prvw lpsruwdqw uhvxow lq wklv hpslulfdo vwxg| lv wkdw
wkh frh!flhqwv ehiruh FDGG� & dqg GLGP� & duh erwk srvlwlyh +vljql�fdqw iru wkh
frh!flhqw ehiruh GLGP� & ,/ lpso|lqj wkdw erwk fdslwdo dghtxdf| uhtxluhphqwv dqg
ghsrvlw lqvxudqfh prghudwh wkh qhjdwlyh uhodwlrqvkls ehwzhhq iudqfklvh ydoxhv dqg wkh
phdvxuh ri ulvn1 Wkdw lv/ fdslwdo uhjxodwlrq dqg ghsrvlw lqvxudqfh khos wr hqkdqfh
wkh vwdelolw| ri wkh edqnlqj vhfwru1 Wklv uhvxow lv urexvw wr wkh lqfoxvlrq ri lpsru0
wdqw g|qdplfv dqg rwkhu h{sodqdwru| yduldeohv iru wkh ulvn0wdnlqj1 Wkh prghudwh
dgmxvwhg U 
 ri 316; vxjjhvwv wkdw L vkrxog lqfoxgh d edqn0vshfl�f �{hg h�hfw1
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Wkh uhvxowv iru hvwlpdwlrq zlwk edqn0vshfl�f �{hg h�hfwv duh suhvhqwhg lq prgho
+8, 0 +;, lq Wdeoh 6181 Lq prgho +8, zklfk kdv rqo| rqh odjjhg ydoxh dqg edqn0vshfl�f
�{hg h�hfwv/ wkh dgmxvwhg U 
 uhdfkhv 31;< frpsduhg wr rqo| 316; iru prgho +7,1 Wkdw
lv/ wkhuh duh vljql�fdqw edqn0vshfl�f idfwruv lq wkh gdwd1

Djdlq/ prghov +9, dqg +:, suhvhqw wkh ehqfkpdun prgho lqfoxglqj doo ixqgdphq0
wdo yduldeohv h{fhsw wkrvh lqwhudfwlyh yduldeohv zlwk FDGG� & dqg GLGP� & dqg wkh
txdgudwlf whup ri iudqfklvh ydoxh1 Lq prgho +9,/ wkh dxwruhjuhvvlyh g|qdplfv duh lj0
qruhg dqg lw lv qrw yhu| frvwo| lq whupv ri dgmxvwhg U 
 zklfk rqo| gursv voljkwo|
frpsduhg wr wkh dgmxvwhg U 
 ri prgho +:,1 Lw vd|v wkdw wkh dxwruhjuhvvlyh g|qdplfv
duh qrw wkdw lpsruwdqw diwhu edqn0vshfl�f �{hg h�hfwv duh prghohg1 Lq idfw/ wkh
frh!flhqw ehiruh UW� & �.� +314:, ehfrphv vpdoohu lq prgho +:, frpsduhg wr wkh vdph
frh!flhqw +3187, lq prgho +6,1 Qrz/ iudqfklvh ydoxhv duh qrw vljql�fdqwo| uhodwhg wr
edqnv* ulvn0wdnlqj/ zklfk lv qrw vxusulvlqj wr xv jlyhq wkh uhvxow lq prgho +7,1 Wkh
h{sodqdwlrq iru wklv lv wkdw fdslwdo dghtxdf| uhtxluhphqwv dqg ghsrvlw lqvxudqfh khos
wr prghudwh wkh ulvn0vkliwlqj lqfhqwlyh1 Rwkhu yduldeohv wkdw duh vljql�fdqwo| uhodwhg
wr ulvn0wdnlqj lqfoxgh edqn vl}h VL]H� & dqg jryhuqphqw rzqhuvkls JVK� & 1 Exw lq
prgho +;,/ wkh frh!flhqw ehiruh JVK� & ehfrphv lqvljql�fdqw1

Dv lq prgho +7,/ wkh frh!flhqw ehiruh iudqfklvh ydoxh IY� & lv vljql�fdqwo| qhjdwlyh
lq prgho +;,1 Wklv lv frqvlvwhqw zlwk wkh Iudqfklvh Ydoxh K|srwkhvlv1 Diwhu dgglqj
wkh lqwhudfwlyh whupv zlwk FDGG� & > GLGP� & dqg d txdgudwlf whup iru iudqfklvh ydoxh
lq prgho +;,/ L �qg wkdw wkh ryhudoo frh!flhqw ehiruh iudqfklvh ydoxh lv vwloo qhjdwlyh +0
413<7, dqg wkh vwdqgdug huuru lv 7144/ hydoxdwhg dw wkh phdq ydoxh ri IY� & > FDGG� &
dqg GLGP� & = Wkh dxwruhjuhvvlyh g|qdplfv duh vwloo vljql�fdqw exw wkh frh!flhqw
ehfrphv hyhq vpdoohu +313;,1 Lq prgho +;,/ L dovr �qg wkdw wkh txdgudwlf whup ri
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UKV yduldeohv Prgho +8, Prgho +9, Prgho +:, Prgho +;,
Odjjhg ulvn0wdnlqj 314<56--- 314:4;--- 313:9:-
EUW� & �.� � +313759, +313733, +313787,
Iudqfklvh ydoxh 316::< 314;46 0613798---
EIY� & � +315867, +31575;, +41493;,
Iudqfklvh ydoxh vtxduh 319533--
EIY� & � 
 +315<57,
Fdslwdo uhjxodwlrq gxpp| 313559
EFDGG � & �� EIY� & � +316987,
Ghsrvlw lqvxudqfh gxpp| 41643:---
EGLGP � & �� EIY� & � +316935,
Iruhljq rzqhuvkls 314333 313978 31394<
EIVK � & � +3144<8, +314543, +31433;,
Jryhuqphqw rzqhuvkls 314577--- 314368--- 313453
EJVK � & � +313668, +313663, +313:8;,
Odjjhg edqn vl}h 413;::--- 4138:<--- 4155:7---
EVL]H� & �.� � +31679:, +3166:<, +316:76,
Odjjhg fdslwdo0dvvhw udwlr 0313537 313335 0313;99
EFDU� & �.� � +31379<, +3136<3, +3138<:,
Odjjhg hfrqrplf jurzwk 0314756 0313:49 0314397--
EJGSJ � & �.� � +3137;7, +3137;7, +313853,
frqvwdqw
Dgmxvwhg U 
 31;<4< 31;<74 31;<;6 31;<;<
Qxpehu ri revhuydwlrqv 4;<3 453; 44<7 433:

Wkh ghshqghqw yduldeoh lv hdfk edqn*v ulvn0wdnlqj +UW� & �= Pd{lpxp olnholkrrg hvwlpdwhv duh
uhsruwhg zlwk vwdqgdug huuruv xvlqj Zklwh +4<;3, phwkrgv urexvw wr khwhurvfhgdvwlflw|1 U 
 lv
dgmxvwhg iru ghjuhh ri iuhhgrp1 ---/ --/ dqg - ghqrwh wkdw hvwlpdwhv duh vljql�fdqw dw 4/ 8 dqg 43
shufhqw vljql�fdqfh ohyho/ uhvshfwlyho|1

Wdeoh 618= Sdqho Uhjuhvvlrqv ri Dqqxdo Ulvn0wdnlqj rq Iudqfklvh Ydoxhv/ Fdslwdo
Dghtxdf| Uhtxluhphqwv dqg Ghsrvlw Lqvxudqfh +zlwk Il{hg H�hfwv,
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iudqfklvh ydoxh lv vljql�fdqwo| srvlwlyh zlwk dvvrfldwhg khwhurvfhgdvwlflw|0frqvlvwhqw
w0vwdwlvwlfv ehlqj 51451 Wkh srvlwlyh frh!flhqwv ehiruh IY 
� & lq prghov +7, dqg +;,
lpso| d qrqolqhdu uhodwlrqvkls ehwzhhq iudqfklvh ydoxhv dqg ulvn0wdnlqj/ wkdw lv/ zkloh
iudqfklvh ydoxhv jhqhudoo| plwljdwhv prudo kd}dug/ lw plwljdwhv hyhq pruh iru odujhu
iudqfklvh ydoxhv1

Wkh lpsruwdqw uhvxow wkdw wkh frh!flhqwv ehiruh FDGG� & dqg GLGP� & duh erwk
srvlwlyh +vljql�fdqw iru wkh frh!flhqw ehiruh GLGP� & , dovr krogv lq prgho +;,1 Df0
wxdoo|/ wkh frh!flhqw ehiruh fdslwdo uhjxodwlrq ehfrphv vpdoohu dqg wkh frh!flhqw
ehiruh ghsrvlw lqvxudqfh ehfrphv odujhu1 Wkh srvlwlyh frh!flhqwv ri VL]H� & duh
urexvw ryhu doo wkh vshfl�fdwlrqv/ lq frqwudvw wr wkh uhvxowv ri Ghpvhw} +4<<9,1

Diwhu lqfoxglqj d edqn0vshfl�f �{hg h�hfw/ wkh dgmxvwhg U 
 lqfuhdvhv wr 31<3/
vxjjhvwlqj wkdw rxu prgho lv uhdvrqdeo| zhoo vshfl�hg1 Lq sduwlfxodu/ wkh frh!flhqwv
ehiruh ghsrvlw lqvxudqfh duh urexvw dqg vljql�fdqwo| srvlwlyh lq erwk prghov +7, dqg
+;,/ vxjjhvwlqj wkdw ghsrvlw lqvxudqfh lv vwdwlvwlfdoo| pruh lpsruwdqw wkdq fdslwdo
uhjxodwlrq/ 1

Gxh wr wkh odfn ri lqirupdwlrq derxw wkh fkdudfwhulvwlfv ri ghsrvlw lqvxudqfh iru
hdfk frxqwu|/ L dp xqdeoh wr lqyhvwljdwh zkhwkhu rxu uhvxowv derxw ghsrvlw lqvxu0
dqfh frph hqwluho| iurp wkh orvv0frqwuro fkdudfwhulvwlfv +vxfk dv ulvn0edvhg ghsrvlw
lqvxudqfh dqg frlqvxudqfh, ri ghsrvlw lqvxudqfh1 Exw L eholhyh wkdw wkh orvv0frqwuro
fkdudfwhulvwlfv ri ghsrvlw lqvxudqfh sod| dq lpsruwdqw uroh lq rxu uhvxowv � L 1
�VM Dffruglqj wr Krydnlpldq/ Ndqh dqg Odhyhq +5336, +Wdeoh 4/ Sdqho D,/ ghsrvlw lqvxudqfh lv

ulvn0edvhg lq pruh wkdq 53 shufhqw ri frxqwulhv lq wkhlu vdpsoh1 Djdlq/ edvhg rq wkh vxppdu|
vwdwlvwlfv lq wkhlu sdshu/ ghsrvlw lqvxudqfh kdv frlqvxudqfh fkdudfwhulvwlfv lq derxw 48 shufhqw ri
frxqwulhv lq wkhlu vdpsoh1
Wr vhh krz ghsrvlw lqvxudqfhv fdq eh ulvn0vhqvlwlyh/ zh wdnh d orrn dw wkh phwkrg xvhg e| Ihghudo

Ghsrvlw Lqvxudqfh Frusrudwlrq +IGLF,1 Wkh IGLF pdlqwdlqv wkh Edqn Lqvxudqfh Ixqg +ELI, dqg
wkh Vdylqjv Dvvrfldwlrq Lqvxudqfh Ixqg +VDLI, e| dvvhvvlqj ghsrvlwru| lqvwlwxwlrqv dq lqvxudqfh
suhplxp wzlfh d |hdu1 Wkh dprxqw hdfk lqvwlwxwlrq lv dvvhvvhg lv edvhg erwk rq wkh edodqfh ri lqvxuhg
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617 Frqfoxvlrq Uhpdunv

Lq wklv fkdswhu/ L kdyh hydoxdwhg wkhruhwlfdoo| dqg hpslulfdoo| wkh vlpxowdqhrxv
h�hfwv ri fdslwdo dghtxdf| uhtxluhphqwv dqg ghsrvlw lqvxudqfh lq hqkdqflqj wkh vwd0
elolw| ri wkh edqnlqj vhfwru1

Wkh dqdo|wlfdo sduw ri wklv fkdswhu ghyhorsv d prgho ri prudo kd}dug wr h{dplqh
wkh mrlqw lpsdfw ri fdslwdo uhjxodwlrq dqg ghsrvlw lqvxudqfh lq d iudphzrun zkhuh
iudqfklvh ydoxhv duh ghwhuplqhg hqgrjhqrxvo|1 Frpshwlwlrq h{dfhuedwhv ulvn0wdnlqj
lq wkh edqnlqj vhfwru1 Prudo kd}dug qrw rqo| glvwruwv d edqn*v dvvhw doorfdwlrq
ghflvlrq exw dovr d�hfwv lwv oldelolw| pdqdjhphqw1 Wr h�hfwlyho| frqwuro prudo kd}dug/
L dujxh wkdw d frruglqdwhg frpelqdwlrq ri fdslwdo dghtxdf| uhtxluhphqwv dqg ulvn0
edvhg ghsrvlw lqvxudqfh lv qhfhvvdu|1

Lq wkh hpslulfdo sduw ri wklv fkdswhu/ zlwk d gdwd vhw fryhulqj 649 edqnv iurp 76
frxqwulhv/ L h{sorlw wkh lqirupdwlrq lq wkh furvv0vhfwlrqdo dqg wlph0vhulhv yduldwlrq ri
wkh ulvn0wdnlqj wr hvwlpdwh d sdqho uhjuhvvlrq prgho/ vhhnlqj wr dvvrfldwh wkh yduldwlrq
zlwk ydulrxv h{sodqdwru| yduldeohv1 L �qg wkdw p| prgho fdq h{sodlq xs wr <3
shufhqw ri wkh furvv0vhfwlrqdo dqg wlph0vhulhv yduldwlrq ri edqnv* ulvn0wdnlqj1 Wkh
prvw lpsruwdqw h{sodqdwru| yduldeohv lqfoxgh wkh iudqfklvh ydoxh ri wkh edqn dqg
wkh gxpp| yduldeohv lqglfdwlqj wkh suhvhqfh ri fdslwdo dghtxdf| uhtxluhphqwv dqg
ghsrvlw lqvxudqfh1 Wkdw lv/ d orzhu iudqfklvh ydoxh vwlpxodwhv ulvn0wdnlqj e| edqnv/
ghsrvlwv khog gxulqj wkh suhfhglqj wzr txduwhuv dv zhoo dv rq wkh ghjuhh ri ulvn wkh lqvwlwxwlrq srvhv
wr wkh lqvxudqfh ixqg1 Lq rughu wr dvvhvv suhplxpv rq lqglylgxdo lqvwlwxwlrqv/ wkh IGLF sodfhv
hdfk lqvwlwxwlrq lq rqh ri qlqh ulvn fdwhjrulhv xvlqj d wzr0vwhs surfhvv edvhg �uvw rq fdslwdo udwlrv
+wkh fdslwdo jurxs dvvljqphqw, dqg wkhq rq rwkhu uhohydqw lqirupdwlrq +wkh vxshuylvru| vxejurxs
dvvljqphqw,1 Wkh IGLF xvhv d ulvn0edvhg suhplxp v|vwhp wkdw dvvhvvhv kljkhu udwhv rq wkrvh
lqvwlwxwlrqv wkdw srvh juhdwhu ulvnv wr wkh Edqn Lqvxudqfh Ixqg +ELI, ru wkh Vdylqjv Dvvrfldwlrq
Lqvxudqfh Ixqg +VDLI,1 Wkh ulvn0edvhg ghsrvlw lqvxudqfh suhplxp udqjhv iurp }hur edvlv srlqwv
+es, shu 433 grooduv ri dvvhvvdeoh ghsrvlwv +dqqxdo udwh, wr 5: edvlv srlqwv +es,1
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exw ulvn0wdnlqj ghfuhdvhv zkhq fdslwdo dghtxdf| uhtxluhphqwv dqg ghsrvlw lqvxudqfh
duh suhvhqw1 L lqwhusuhw wkhvh �qglqjv dv hylghqfh frqvlvwhqw zlwk wkh Iudqfklvh Ydoxh
K|srwkhvlv dqg dovr lq vxssruw ri wkh k|srwkhvlv wkdw fdslwdo dghtxdf| uhtxluhphqwv
dqg ghsrvlw lqvxudqfh duh h�hfwlyh lq plwljdwlqj prudo kd}dug1

Zkdw ohvvrqv fdq eh gudzq iru edqn uhjxodwruvB Edqnv whqg wr dfw suxghqwo|
hlwkhu ehfdxvh wkh| zdqw wr pdlqwdlq wkhlu iudqfklvh ydoxhv ru ehfdxvh wkh| gr qrw
zdqw wr sd| kljk ghsrvlw lqvxudqfh suhpld1 D zhoo0ghvljqhg ghsrvlw lqvxudqfh vfkhph
zklfk frpsohphqwv wkh fdslwdo uhjxodwlrq lv lpsruwdqw1 Wzr vxjjhvwlrqv iru ghyho0
rslqj frxqwulhv wr hqvxuh wkh vrxqgqhvv ri wkhlu edqnlqj v|vwhp duh wkdw wkh| vkrxog
pdlqwdlq wkh dssursuldwh ohyho ri iudqfklvh ydoxh ri wkh edqnlqj v|vwhp dqg surylgh
d zhoo0ghvljqhg dqg frruglqdwhg uhjxodwru| v|vwhp1
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FKDSWHU 7

GLVFXVVLRQV DQG FRQFOXVLRQV

Wkh sdvw wzr ghfdghv kdyh zlwqhvvhg gudpdwlf fkdqjhv lq wkh �qdqfldo v|vwhpv
ri pdq| frxqwulhv1 Vljql�fdqw edqnlqj vhfwru sureohpv kdyh ohg �qdqfldo vxshuylvruv
dqg uhjxodwruv wr vwuhqjwkhq wkh suxghqwldo edqnlqj srolflhv lq dq h�ruw wr dfklhyh
�qdqfldo vwdelolw|1 Dw wkh vdph wlph/ fhqwudo edqnv kdyh grqh d ehwwhu mre vwdelol}lqj
lq dwlrq dw d orz ohyho zkloh nhhslqj jurzwk dw d kljk ohyho1 Zkloh lq uhdolw| gl�huhqw
edqnlqj srolflhv dqg prqhwdu| srolf| frh{lvw/ olwwoh lv nqrzq derxw krz wkhvh srolflhv
frpsohphqw rqh dqrwkhu1 Wkh txhvwlrqv dgguhvvhg lq wklv glvvhuwdwlrq lqfoxgh krz
wr fuhdwh d vrxqg edqnlqj vhfwru wkdw grhv qrw pdjqli| hfrqrplf  xfwxdwlrq/ krz wr
dyrlg wkh frq lfwv ehwzhhq pdfurhfrqrplf vwdelolw| dqg �qdqfldo vwdelolw| dqg krz
wr hpsor| gl�huhqw edqnlqj srolflhv h!flhqwo|1

Wkh jhqhudo frqfoxvlrqv duh= Srolf|pdnhuv fdq dfklhyh wkhlu jrdov dqg dyrlg
zrunlqj dw furvv0sxusrvhv li prqhwdu| srolf| dqg gl�huhqw edqnlqj srolflhv +fdslwdo
uhtxluhphqwv dqg ghsrvlw lqvxudqfh, duh frqgxfwhg lq d frruglqdwhg zd|1 Wkdw
lv/ dv vxjjhvwhg lq fkdswhu wzr/ wkh rswlpdo prqhwdu| srolf| vkrxog uhvsrqg wr wkh
vwdwhv ri edqn fdslwdo frqvwudlqwv vr dv wr qhxwudol}h wkh surf|folfdo h�hfw ri fdslwdo
uhjxodwlrq1 Phdqzkloh/ dv suhvhqwhg lq fkdswhu wkuhh/ wkh uhjxodwru| hqylurqphqw

;6



wkdw khosv edqnlqj vwdelolw| vkrxog lqfoxgh erwk rswlpdo edqn fdslwdo uhjxodwlrq dqg
d zhoo0ghvljqhg ghsrvlw lqvxudqfh vfkhph1

Lq fkdswhu wzr/ zh vwduw zlwk dq revhuydwlrq wkdw fkdqjhv lq edqn ohqglqj duh
dq lpsruwdqw ghwhuplqdqw ri hfrqrplf  xfwxdwlrqv1 Fhqwudo edqnv/ lq zrunlqj wr
phhw wkhlu vwdelol}dwlrq jrdov/ vwulyh wr hqvxuh d vx!flhqw vxsso| ri ordqv1 Lq wkhlu
h�ruw wr pdlqwdlq d vwdeoh �qdqfldo v|vwhp/ edqn uhjxodwruv fdq zrun djdlqvw wkh
remhfwlyh ri fhqwudo edqnv1 Fdslwdo uhtxluhphqwv duh d fohdu h{dpsoh1 E| glfwdwlqj
wkdw doo edqnv pxvw pdlqwdlq vx!flhqw fdslwdo zlwk uhvshfw wr wkhlu ulvn h{srvxuhv/
fdslwdo uhtxluhphqwv fdq olplw wkh ohqglqj fdsdflw| ri wkh edqnlqj v|vwhp1 Dowkrxjk
wkh qhhg iru dyrlglqj zrunlqj dw furvv0sxusrvhv lv uhfrjql}hg/ lw lv qrw fohdu zkhwkhu
fhqwudo edqnv kdyh irupxodwhg dq rswlpdo vwudwhj|/ qdpho|/ wdnhq lqwr dffrxqw wkh
lpsdfw ri wkh fdslwdo uhtxluhphqwv1

Fkdswhu wzr irfxvhv rq wkuhh wklqjv1 Iluvw/ L frq�up wkh uhvxowv ghulyhg e|
Eoxp dqg Khoozlj +4<<8, wkdw lq wkh suhvhqfh ri frpsohwho| sdvvlyh prqhwdu| srolf|
fdslwdo uhtxluhphqwv zloo dpsoli| exvlqhvv  xfwxdwlrq1 Qdpho|/ zkhq edqnv ehfrph
fdslwdo frqvwudlqhg/ vkrfnv wr wkh hfrqrp| jhqhudwh odujhu pryhphqwv lq rxwsxw1
Wkh vhfrqg uhvxow lv wr hvwdeolvk wkdw rswlpdo prqhwdu| srolf| zloo qhxwudol}h wkh
surf|folfdo lpsdfw ri fdslwdo uhtxluhphqwv1 Wkdw lv/ wkh suxghqwldo uhjxodwlrq grhv
qrw hqfxpehu prqhwdu| srolf|pdnhuv lq wkhlu sxuvxlw ri vwdeoh jurzwk1 Ilqdoo|/ L
suhvhqw hylghqfh vxjjhvwlqj wkdw zkloh wkh Ihghudo Uhvhuyh kdv ehhq uhdfwlqj dv wkh
prgho vxjjhvwv/ orzhulqj +udlvlqj, lqwhuhvw udwhv e| pruh gxulqj grzqwxuqv +xswxuqv,
lq zklfk edqn fdslwdo frqvwudlqw elqgv/ wkh Jhupdq dqg Mdsdqhvh fhqwudo edqnv fohduo|
kdyh qrw1 Eoxp dqg Khoozlj qhhg qrw eh uljkw lq wkhru|/ exw wkh| pd| yhu| zhoo eh
uljkw lq sudfwlfh1
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Lq fkdswhu wkuhh/ L hydoxdwh wkhruhwlfdoo| dqg hpslulfdoo| wkh h�hfwv ri fdslwdo
dghtxdf| uhtxluhphqwv dqg ghsrvlw lqvxudqfh lq hqkdqflqj wkh vwdelolw| ri wkh edqnlqj
vhfwru1 Wkh dqdo|wlfdo sduw ri fkdswhu wkuhh ghyhorsv d prgho ri prudo kd}dug wr
h{dplqh wkh mrlqw lpsdfwv ri fdslwdo uhjxodwlrq dqg ghsrvlw lqvxudqfh lq d iudphzrun
zkhuh iudqfklvh ydoxhv duh ghwhuplqhg hqgrjhqrxvo|1 Lq wklv prgho/ frpshwlwlrq
h{dfhuedwhv ulvn0wdnlqj lq wkh edqnlqj vhfwru1 Prudo kd}dug qrw rqo| glvwruwv d
edqn*v ghflvlrqv rq lwv dvvhw doorfdwlrq exw dovr d�hfwv edqn*v ghflvlrqv rq lwv oldelolwlhv
pdqdjhphqw1 L dujxh wkdw/ wr h�hfwlyho| frqwuro prudo kd}dug/ srolf|pdnhuv qhhg
wr frqgxfw fdslwdo dghtxdf| uhtxluhphqwv dqg ulvn0edvhg ghsrvlw lqvxudqfh rswlpdoo|
zklfk uhtxluhv wkdw wzr srolflhv frruglqdwh zlwk hdfk rwkhu1

Zlwk d gdwd vhw fryhulqj 649 edqnv iurp 76 frxqwulhv/ L h{sorlw wkh lqirupdwlrq
lq wkh furvv0vhfwlrqdo dqg wlph0vhulhv yduldwlrq ri wkh ulvn0wdnlqj dfurvv wkh edqnv
wr hvwlpdwh d sdqho uhjuhvvlrq prgho/ vhhnlqj wr dvvrfldwh wkh yduldwlrq zlwk ydulrxv
h{sodqdwru| yduldeohv1 L �qg wkdw p| prgho fdq h{sodlq xs wr <3 shufhqw ri wkh
furvv0vhfwlrqdo dqg wlph0vhulhv yduldwlrq ri edqnv* ulvn0wdnlqj1 Wkh prvw lpsruwdqw
h{sodqdwru| yduldeohv lqfoxgh wkh iudqfklvh ydoxh ri wkh edqn dqg zkhwkhu fdslwdo
dghtxdf| uhtxluhphqwv dqg ghsrvlw lqvxudqfh duh lpsohphqwhg1 Wkdw lv/ d orzhu
iudqfklvh ydoxh vwlpxodwhv ulvn0wdnlqj/ exw ohvv vr li fdslwdo dghtxdf| uhtxluhphqwv dqg
ghsrvlw lqvxudqfh duh lpsohphqwhg1 Wkhvh uhvxowv duh frqvlvwhqw zlwk wkh Iudqfklvh
Ydoxh K|srwkhvlv dqg dovr vxssruw wkh k|srwkhvlv wkdw fdslwdo dghtxdf| uhtxluhphqwv
dqg ghsrvlw lqvxudqfh duh h�hfwlyh lq plwljdwlqj prudo kd}dug1

Lq dgglwlrq/ wklv vwxg| gholyhuv lqwhuhvwlqj lpsolfdwlrqv iru vrph uhodwhg lvvxhv1 D
srwhqwldoo| lpsruwdqw revhuydwlrq iurp fkdswhu wkuhh lv wkdw wkh rswlpdo fdslwdo ohyho
dqg ghsrvlw lqvxudqfh suhplxp ghshqg rq fkdudfwhulvwlfv ri dvvhwv dqg wkh frvw ri
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edqn fdslwdo1 Zkloh frxqwulhv duh hqfrxudjhg wr dgrsw wkh ehvw sudfwlfhv lq edqnlqj
srolflhv olnh wkh rqhv vwxglhg khuh/ edqnv lq gl�huhqw frxqwulhv pd| idfh gl�huhqw
lqyhvwphqw rssruwxqlwlhv dqg htxlw|0pdunhw vlwxdwlrqv1 Wklv lpsolhv wkdw wkh rswlpdo
edqn fdslwdo dqg lqvxudqfh suhplxp zloo qrw eh wkh vdph dfurvv frxqwulhv1

Fkdswhu wkuhh dovr vxjjhvwv lpsohphqwlqj d qrq0 dw0udwh ghsrvlw lqvxudqfh lqvwhdg
ri xvlqj ghsrvlw0udwh fhlolqjv dv sursrvhg e| vrph hfrqrplvwv uhfhqwo|1 Edvhg rq
wkh prgho/ d ghsrvlw0udwh fhlolqj lv qrw qhfhvvdu|1 Pruhryhu/ lw lv pxfk hdvlhu wr
lpsohphqw ghsrvlw lqvxudqfh wkdq wr lpsrvh d ghsrvlw0udwh fhlolqj1 Zkhq edqnv duh
suhyhqwhg iurp vhwwlqj ghsrvlw udwhv iuhho|/ wkh| pd| jr iru rwkhu irupv ri qrq0sulfh
frpshwlwlrq/ zklfk duh vrfldoo| lqh!flhqw1 Phdqzkloh/ lw lv gl!fxow wr lpsohphqw
ghsrvlw0udwh fhlolqjv zkhq wkhuh duh vljql�fdqw pdfurhfrqrplf  xfwxdwlrqv1 Lq wkh
Xqlwhg Vwdwhv/ wkh qrplqdo ghsrvlw0udwh fhlolqjv lpsrvhg e| Uhjxodwlrq T lqgxfh d
qhjdwlyh uhdo lqwhuhvw udwh gxulqj wkh |hduv iroorzlqj wkh rlo vkrfn lq 4<:61

Ilqdoo|/ dv vkrzq lq fkdswhu wkuhh/ fdslwdo dghtxdf| uhtxluhphqwv dorqh fhuwdlqo|
fdqqrw frqwuro prudo kd}dug frpsohwho|1 Li prqhwdu| srolf|pdnhuv gr qrw wdnh edqnv*
fdslwdo frqvwudlqwv lqwr frqvlghudwlrq/ fdslwdo dghtxdf| uhjxodwlrq pd| xqghuplqh
pdfurhfrqrplf vwdelolw|1 Wkhvh wzr frqfhuqv derxw fdslwdo uhjxodwlrq frxog hdvlo|
lqgxfh shrsoh wr fulwlfl}h fdslwdo uhjxodwlrq1 Qhyhuwkhohvv/ wkh vroxwlrq vxjjhvwhg
e| wklv glvvhuwdwlrq lv wr vwuhqjwkhq wkh frruglqdwlrq ehwzhhq fdslwdo uhtxluhphqwv/
ghsrvlw lqvxudqfh dqg prqhwdu| srolf|1 Wklv vhhpv wr eh pruh lpsruwdqw wkdq dq|
sursrvdov wkdw irfxv rq lpsurylqj wkh fdslwdo uhjxodwlrq rqo|1 Wkh erwwrp olqh lv
wkdw/ lq rughu wr dfklhyh �qdqfldo vwdelolw| dqg pdfurhfrqrplf vwdelolw| dw wkh vdph
wlph/ srolf|pdnhuv qhhg wr hqvxuh wkdw gl�huhqw srolflhv ixqfwlrq frruglqdwho|1
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^46` Fdpehoo/ W1 V1/ \1 V1 Fkdq dqg D1 P1 Pdulqr +4<<5,/ �Dq Lqfhqwlyh Edvhg
Wkhru| ri Edqn Uhjxodwlrq1� Mrxuqdo ri Ilqdqfldo Lqwhuphgldwlrq 5/ 58805:91

^47` Fdsulr/ Jhudug/ Mu1 dqg Krqrkdq/ Sdwulfn +5335,/ �Edqnlqj Srolf| dqg Pdfur0
hfrqrplf Vwdelolw|= dq H{sorudwlrq1� Zruog Edqn Srolf| Uhvhdufk Zrunlqj
Sdshu 5;89/ Mxqh 53351

^48` Fodulgd/ Ulfkdug/ Mrugl Jdol dqg Pdun Jhuwohu +4<<;,/ �Prqhwdu| Srolf| Uxohv lq
Sudfwlfh= Vrph Lqwhuqdwlrqdo Hylghqfh�/ Hxurshdq Hfrqrplf Uhylhz/ 75 +4<<;,/
43660439:1

^49` Fodulgd/ Ulfkdug/ Mrugl Jdol dqg Pdun Jhuwohu +5333,/ �Prqhwdu| Srolf| Uxohv
dqg Pdfurhfrqrplf Vwdelolw|= Hylghqfh dqg Vrph Wkhru|/� Wkh Txduwhuo| Mrxu0
qdo ri Hfrqrplfv/ Iheuxdu| 5333/ 47:04;31

^4:` Gdkl|d/ V1/ D1 Vdxqghuv/ dqg D1 Vulqlydvdq +5336,/ �Ilqdqfldo Glvwuhvv dqg Edqn
Ohqglqj Uhodwlrqvklsv1� Mrxuqdo ri Ilqdqfh 8;/ ss 7:08:1

^4;` Ghplujxf0Nxqw/ Dvol> Ghwudjldfkh/ Hqulfd +5335,/ �Grhv Ghsrvlw Lqvxudqfh Lq0
fuhdvh Edqnlqj V|vwhp Vwdelolw|B Dq Hpslulfdo Lqyhvwljdwlrq1� Mrxuqdo ri Prq0
hwdu| Hfrqrplfv/ Rfwrehu 5335/ y1 7</ lvv1 :/ ss1 46:6047391

^4<` Ghpvhw}/ Uhehffd V1/ Pduf U1 Vdlghqehuj/ dqg Sklols H1 Vwudkdq +4<<9,/ �Edqnv
zlwk Vrphwklqj wr Orvh= Wkh Glvflsolqdu| Uroh ri Iudqfklvh Ydoxh1� IUEQ\
Hfrqrplf Srolf| Uhylhz/ Rfwrehu/ 4<<9/ 40471

^53` Ghpvhw}/ Uhehffd V1/ Pduf U1 Vdlghqehuj/ dqg Sklols H1 Vwudkdq +4<<:,/
�Djhqf| Sureohpv dqg Ulvn Wdnlqj dw Edqnv1� Ihghudo Uhvhuyh Edqn ri Qhz
\run/ Vwd� Uhsruw/ Qr1 5<1

^54` Gldprqg/ G1 dqg S1 G|eylj +4<;6,/ �Edqn Uxqv/ Ghsrvlw Lqvxudqfh dqg Oltxlg0
lw|1� Mrxuqdo ri Srolwlfdo Hfrqrp|1 <4 +Mxqh,= 734074<1

^55` Hgzdugv/ Iudqnolq U1 +4<<9,/ �Wkh Qhz Ilqdqfh= Uhjxodwlrq dqg Ilqdqfldo
Vwdelolw|1� Zdvklqjwrq/ G1F= Wkh DHL Suhvv1

;;



^56` Hgzdugv/ Iudqnolq/ dqg Iuhghulf V1 Plvknlq +4<<8,/ �Wkh Ghfolqh ri Wudglwlrqdo
Edqnlqj= Lpsolfdwlrqv iru Ilqdqfldo Vwdelolw| dqg Uhjxodwru| Srolf|1� Ihghudo
Uhvhuyh Edqn ri Qhz \run Hfrqrplf Srolf| Uhylhz 4/ Qr1 5= 5:0781

^57` Iodqqhu|/ P1M1 +4<<;,/ �Xvlqj Pdunhw Lqirupdwlrq lq Suxghqwldo Edqn Vxshuyl0
vlrq1� Mrxuqdo ri Prqh|/ Fuhglw dqg Edqnlqj 63+6, +Dxjxvw, ss1 5:606381

^58` Ixuorqj/ Iuhghulfn W1 dqg Nhhoh|/ Plfkdho F1 +4<;:,/ �Edqn Fdslwdo Uhjxodwlrq
dqg Dvvhw Ulvn1� Hfrqrplf Uhylhz/ Ihghudo Uhvhuyh Edqn ri Vdq Iudqflvfr/
Vsulqj 4<;:/ 530731

^59` Jrrgkduw/ Fkduohv/ Kduwpdqq/ Sklolss/ Oohzhoo|q/ Gdylg/ Urmdv0Vxduh}/ Ololdqd
dqg Zhlveurg/ Vwhyhq +4<<;,/ �Ilqdqfldo Uhjxodwlrq Zk|/ krz dqg zkhuh qrzB�
Edqn ri Hqjodqg1

^5:` Kduw/ Rolyhu dqg Ehqjw Kropvwurp +4<;:,/ �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

^5;` Khoopdqq Wkrpdv I1/ Nhylq F1 Pxugrfn dqg Mrvhsk H1 Vwljolw} +5333,/ �Ole0
hudol}dwlrq/ Prudo Kd}dug lq Edqnlqj/ dqg Suxghqwldo Uhjxodwlrq= Duh Fdslwdo
Uhtxluhphqwv HqrxjkB� Dphulfdq Hfrqrplf Uhylhz/ Yro1 <3 Qr1 4/ 47:04981

^5<` Krydnlpldq Duphq dqg Hgzdug M1 Ndqh +5333,/ �H�hfwlyhqhvv ri Fdslwdo Uhj0
xodwlrq dw XV Frpphufldo Edqnv/ 4<;804<<71� Mrxuqdo ri Ilqdqfh 88/ 784079<1

^63` Krydnlpldq Duphq/ Hgzdug M1 Ndqh dqg Oxf Odhyhq +5336,/ �Krz Frxqwu|
dqg Vdihw|0Qhw Fkdudfwhulvwlfv D�hfw Edqn Ulvn0Vkliwlqj1�QEHU zrunlqj sdshu/
<6551

^64` Mhqvhq/ Khquln +5335,/ �Wdujhwlqj Qrplqdo Lqfrph Jurzwk ru Lq dwlrqB% Dphu0
lfdq Hfrqrplf Uhylhz/ Vhswhpehu 5335/ Yro1 <5/ Qr1 +7,/ ss1 <5; 0<891

^65` Ndkdqh/ P1F1 +4<::,/ �Fdslwdo Dghtxdf| dqg wkh Uhjxodwlrq ri Ilqdqfldo Lqwhu0
phgldulhv1� Mrxuqdo ri Edqnlqj dqg Ilqdqfh 4/ 53:054;1

^66` Nhhoh|/ Plfkdho +4<<3,/ �Ghsrvlw Lqvxudqfh/ Ulvn/ dqg Pdunhw Srzhu lq Edqn0
lqj1� Wkh Dphulfdq Hfrqrplf Uhylhz/ Ghfhpehu 4<<3/ 44;6045331

^67` Nolqj/ Duqrog +4<;9,/ �Wkh Edqnlqj Fulvlv iurp d Pdfurhfrqrplf Shuvshfwlyh1�
Zrunlqj Sdshu/ Qr <6 lq Uhvhdufk Sdshuv lq Edqnlqj dqg Ilqdqfldo Hfrqrplfv
iurp Erdug ri Jryhuqruv ri wkh Ihghudo Uhvhuyh V|vwhp1

^68` Nrqlvkl/ Pdvdux dqg \dvxgd/ \xnlklur +5337,/ �Idfwruv D�hfwlqj Edqn Ulvn
Wdnlqj= Hylghqfh Iurp Mdsdq� Mrxuqdo ri Edqnlqj dqg Ilqdqfh 5; +5337,/ 5480
5651

;<



^69` Olqgjuhq/ F1 M1/ Jdufld/ J1 dqg Vddo/ P1 L1 +4<<9,/ �Edqn Vrxqgqhvv dqg Pdfur0
hfrqrplf Srolf|1� Zdvklqjwrq/ GF= Lqwhuqdwlrqdo Prqhwdu| Ixqg1

^6:` Pdufxv/ Dodq/ Vkdnhg/ Lvudho +4<;7,/ �Wkh Ydoxdwlrq ri IGLF Ghsrvlw Lqvxudqfh
Xvlqj Rswlrq0Sulflqj Hvwlpdwhv1� Wkh Mrxuqdo ri Prqh|/ Fuhglw/ dqg Edqnlqj/
Qryhpehu 4<;7/ Sduw 4/ 49/ 7790931

^6;` Pduvkdoo/ Gdylg D1/ dqg Hgzdug V1 Suhvfrww +5334,/ �Edqn Fdslwdo Uhjxodwlrq
Zlwk dqg Zlwkrxw Vwdwh0Frqwlqjhqw Shqdowlhv1� Fduqhjlh0Urfkhvwhu Frqihuhqfh
rq Sxeolf Srolf|1 Iruwkfrplqj1

^6<` Phuwrq/ Urehuw F1/ +4<::,/ �Dq Dqdo|wlf Ghulydwlrq ri wkh Frvw ri Ghsrvlw
Lqvxudqfh Ordq Jxdudqwhhv1� Mrxuqdo ri Edqnlqj dqg Ilqdqfh/ Mxqh 4<::/ 4/
60441

^73` Sdun Vdqjn|xq +4<<:,/ �Ulvn0wdnlqj Ehkdylru ri Edqnv xqghu Uhjxodwlrq1� Mrxu0
qdo ri Edqnlqj ) Ilqdqfh 54/ 7<4083:1

^74` Suhvfrww/ Hgzdug V1 +4<<<,/ �D Sulphu rq Prudo Kd}dug Prghov1� Ihghudo
Uhvhuyh Edqn ri Ulfkprqg Hfrqrplf Txduwhuo|/ ;8/ Zlqwhu 4<<</ 7:0::1

^75` Suhvfrww/ Hgzdug V1 +5334,/ �Fdq Ulvn0Edvhg Ghsrvlw Lqvxudqfh Suhplxpv Frq0
wuro Prudo Kd}dugB� Ihghudo Uhvhuyh Edqn ri Ulfkprqg Hfrqrplf Txduwhuo|/
Yroxph ;;25/ Vsulqj 53351

^76` Vdxqghuv dqg Zlovrq +5334, Dq Dqdo|vlv ri Edqn Fkduwhu Ydoxh dqg Lwv Ulvn0
Frqvwudlqlqj Lqfhqwlyhv1� Mrxuqdo ri Ilqdqfldo Vhuylfhv Uhvhdufk 4</ 53341

^77` Vyhqvvrq/ Oduv H1R1+4<<:,/ �Lq dwlrq Iruhfdvw Wdujhwlqj= Lpsohphqwlqj dqg
Prqlwrulqj Lq dwlrq Wdujhwv1� Hxurshdq Hfrqrplf Uhylhz/ Mxqh 4<<:e/ 74+9,/
ss1 44440791

^78` Vyhqvvrq/ Oduv H1R1 +4<<<,/ �Lq dwlrq Wdujhwlqj= Vrph H{whqvlrqv1� Vfdqglqd0
yldq Mrxuqdo ri Hfrqrplfv/ Vhswhpehu 4<<</ 434+6,/ ss1 66:0941

^79` Wd|oru/ Mrkq E1 +4<<6,/ �Glvfuhwlrq yhuvxv Srolf| Uxohv lq Sudfwlfh/� Fduqhjlh0
Urfkhvwhu Frqihuhqfh Vhulhv rq Sxeolf Srolf|/ Ghfhpehu 4<<6/ 6</ ss1 4<805471

^7:` Zhlveurg/ Vwhyhq U1/ Ohh/ Krzdug/ Urmdv0Vxduh}/ Ololdqd/ �Edqn Ulvn dqg wkh
Ghfolqlqj Iudqfklvh Ydoxh ri wkh Edqnlqj1� Lqwhuqdwlrqdo Prqhwdu| Ixqg Zrun0
lqj Sdshu/ ZS2<52781

^7;` Zklwh/ Kdoehuw +4<;3,/ �D Khwhurvnhgdvwlflw|0Frqvlvwhqw Pdwul{ Hvwlpdwru dqg
D Gluhfw Whvw iru Khwhurvnhgdvwlflw|1� Hfrqrphwulfd/ Yro1 7;+7,/ ;4:0;6;1
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DSSHQGL[ D

SURF\FOLFDO HIIHFW RI FDSLWDO
UHTXLUHPHQWV LQ WKH G\QDPLF

PDFURHFRQRPLF PRGHO LQ FKDSWHU WZR

Zh vkrz wkdw fdslwdo uhtxluhphqwv frxog dpsoli| vkrfnv lq wklv dsshqgl{1 Df0
fruglqj wr +5169,/ zh zulwh wkh frqglwlrqdo h{shfwdwlrq ri shulrg0w n � lq dwlrq dv d
ixqfwlrq ri wkh yduldeohv nqrzq dw shulrg w=

� & "'�,( & ' � & n � 
 | & = +D14,

Wr vhh wkh lpsdfw ri edqn fdslwdo uhjxodwlrq rq uhdo rxwsxw/ dv d �uvw vwhs/ zh sxw
+D14, lqwr wkh ordq pdunhw frqglwlrqv ++5165, 0 +5168,, wr vroyh iru wkh htxloleulxp
ordq udwh1 Vxevwlwxwlqj wkh htxloleulxp ordq udwh edfn lqwr +5168,/ zh vhh

| & "'� ' �!� � El & � � & � n !� 
 | & n � & "'� > +D15,

zkhuh !� � dqg !� 
 duh frpsolfdwhg ixqfwlrqv ri prgho sdudphwhuv dqg kdyh dffrxqwhg
iru wkh lpsdfw ri edqn dfwlylwlhv/ dqg vr gl�hu ghshqglqj rq zkhwkhu m ' f ru m ' x=
Wkdw lv/

<4



! �� ' � � n � �
O � E�� ��G � > +D16,

! �
 ' � 
 n � � � 
 � � �
O � O 
 n

� �
O � E 
 n

� �
O � E�� ��G 
 n � �

O � E�� ��G � � 
 > +D17,
! �� ' � � > +D18,
! �
 ' � 
 n � � � 
 � � �

O � O 
 n
� �
O � fE 
 = +D19,

Vlqfh wkh vkruw0whup lqwhuhvw udwh lv frqwuroohg e| fhqwudo edqnv/ zh �{ lw dw }hur
wr vhh krz wkh hfrqrp| ghyhorsv zlwkrxw dq dfwlyh prqhwdu| srolf|1 Zlwk +D15,
dqg +5169,/ xvlqj d ohdg rshudwru/ zh zulwh wkh uhdo rxwsxw surfhvv dv d vhfrqg0rughu
gl�huhqfh htxdwlrq +diwhu dgmxvwlqj wkh wlph vxevfulsw, dv iroorzv=

| & ' E� n !� 
 �| & �.� n E!� � � 
 � !� 
 �| & � 
 n z & > +D1:,

zkhuh z & ' � & � � & �.� n � � � & �.� =
Wklv vhfrqg0rughu gl�huhqfh surfhvv lv jhqhudoo| h{sorvlyh vlqfh rqh hljhqydoxh lv

juhdwhu wkdq xqlw| +xqohvv hlwkhu � 
 ru � � lv }hur/ zklfk duh qrw lqwhuhvwlqj fdvhv,1
Wkh odujhu0wkdq0xqlw| hljhqydoxh lv

h� � ' � n !� 
 n
t

E�� !� 
 � 
 n e!� � � 

2 > +D1;,

zkloh dqrwkhu hljhqydoxh lv

h� 
 ' � n !� 
 �
t

E�� !� 
 � 
 n e!� � � 

2 = +D1<,

Dv d ixqfwlrq ri !� 
 dqg !� � / hljhqydoxhv ghshqg rq zkhwkhu m ' f ru m ' x=
Wkh g|qdplf pxowlsolhu ri wkh rxwsxw surfhvv lv hyhqwxdoo| grplqdwhg e| dq h{0

srqhqwldo ixqfwlrq ri wkh odujhu0wkdq0xqlw hljhqydoxh h � =

*�4-)p /
C| & ".-
Cz &

�
Eh� � �

- ' h� �
h� � � h � 
 = +D143,
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Rxu lqwhuhvw lv lq wkh uhdfwlrq ri ixwxuh rxwsxw wr d fxuuhqw wudqvlwru| vkrfn
+q q 
 3�476q ^ 3 r, dqg krz wklv fkdqjhv dv edqnv jr iurp ehlqj xqfrqvwudlqhg wr frqvwudlqhg
+iurp m ' x wr m ' f,1 Lq +D143,/ q q 
 35476q ^ 3 r zloo ehfrph juhdwhu dv n $ 4 vlqfh wkh
rxwsxw iroorzv dq h{sorvlyh surfhvv1 Htxdwlrq +D143, dovr whoov xv wkdw wkh juhdwhu
wkh ydoxhv ri � � <� � < � � � $ dqg wkh odujhu0wkdq0xqlw hljhqydoxh h� � wkh idvwhu q q 
 35476q ^ 3 r jurzv dv
n $ 4= Li E 
 A

��� r
� �.� G 
 > iurp frpsxwdwlrq zh nqrz wkdw

h � �
h � � � h � 
 A

h � �
h � � � h � 
 = +D144,

Zh grq*w nqrz li h � � A h � � +h � � ? h � � , exw wklv lv txdqwlwdwlyho| ohvv lpsruwdqw wkdq wkh
gl�huhqfh ehwzhhq ��s <� s < � � s$ dqg �;t <� t < � � t$ 1 Wkhuhiruh/ zh fdq frqfoxgh wkdw q q 
 3�476q ^ 3 r jurzv
idvwhu zkhq edqnv duh frqvwudlqhg li E 
 A

���_r
� �.� G 
 1 Wklv lv wr vd| wkdw wkh lpsdfwv

ri fxuuhqw vkrfnv rq rxwsxw duh dpsol�hg e| fdslwdo uhtxluhphqwv xqghu wkh vdph
frqglwlrq dv wkh vwdwlf prgho1
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DSSHQGL[ E

VROXWLRQ IRU WKH G\QDPLF PDFURHFRQRPLF
PRGHO LQ FKDSWHU WZR

Wklv g|qdplf sureohp lq +516<, lv vroyhg xvlqj d edfnzdug phwkrg1 Wkdw lv/ wkh
fhqwudo edqn �uvw fkrrvhv | & " 
 ( & "'� wr vroyh wkh iroorzlqj Ehoopdq htxdwlrq=

Y E� & " 
 ( & "'� � ' 4�?
 3�4 $;u 3�4v< i�2d��

& " 
 ( & "*� n E�� ��| 
& " 
 ( & "*� o n �H & "'� Y E� & " g ( & " 
 �j> +E14,

vxemhfw wr
� & " g ( & " 
 ' � & " 
 ( & "*� n � 
 | & " 
 ( & "'� n � & " 
 n � 
 � & " 
 = +E15,

Wkh �uvw0rughu frqglwlrq zlwk uhvshfw wr | & " 
 ( & "'� lv

E�� ��| & " 
 ( & "'� n � 
 �H & "'� Y 	 E� & " g ( & " 
 � ' f= +E16,

Vlqfh wkh remhfwlyh ixqfwlrq lv txdgudwlf dqg wkh frqvwudlqw lv olqhdu/ wkh ydoxh ixqfwlrq
Y E�� lq +E14, lv ri wkh irup

Y E� & " g ( & " 
 � ' o [ n o
2�


& " g ( & " 
 > +E17,

zkhuh wkh frh!flhqwv o [ dqg o qhhgv wr eh ghwhuplqhg1 Vxevwlwxwh +E17, lqwr +E16,/
zh vhh

E�� ��| & " 
 ( & "'� n � 
 �o� & " g ( & " 
 ' f= +E18,
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E| vxevwlwxwlqj � & " g ( & " 
 lq +E18, xvlqj +E15,/ zh jhw wkdw

| & " 
 ( & "'� ' � � 
 �o
E�� �� n � 

 �o� &

" 
 ( & "'� = +E19,

Wklv �uvw0rughu frqglwlrq lq +E19, lv vlplodu wr wkh �uvw0rughu frqglwlrq lq wkh vwdwlf
prgho exw ghshqgv rq pruh sdudphwhuv lq d pruh frpsolfdwhg zd|1 Wr vhh wklv/ zh
qhhg wr vroyh o1

E| vxevwlwxwlqj | & " 
 ( & "*� lq +E15, xvlqj +E19,/ zh jhw

� & " g ( & "'� ' *E� 
 > �> ��� & " 
 ( & "'� > +E1:,

zkhuh *E� 
 > �> �� '
�����

� �������w"��%$� b]d =
Dsso|lqj wkh hqyhorsh wkhruhp wr wkh ydoxh ixqfwlrq lq +E14, zlwk uhvshfw wr wkh

vwdwh yduldeoh � & " 
 ( & "'� dqg xvlqj +E1:,> zh jhw

Y 	 E� & " 
 ( & "'� � ' �� & " 
 ( & "*� n �o� & " g ( & "'� ' d�n *E� 
 > �> ���oo� & " 
 ( & "'� = +E1;,

Dgmxvwlqj wlph vxevfulehv/ zh nqrz iurp +E17, wkdw

Y 	 E� & " 
 ( & "'� � ' o� & " 
 ( & "'� = +E1<,

Frpelqlqj +E1;, dqg +E1<,/ zh vhh

�n E�� ���o
E�� �� n � 

 �o ' o= +E143,

Wkh xqltxh srvlwlyh vroxwlrq ri o wkdw vdwlv�hv o � � lv

o ' �
2

3

E

C�� E�� ��E�� ��
� 

 � n

y

x

x

w

#

�n E�� ��E�� ��
� 

 �

$



n e�E�� ��

� 



4

F

D � �= +E144,

Lq jhqhudo/ wkh iroorzlqj htxdwlrq krogv iru dq| shulrg wn n +n � ��1

| & ".-!( & "'� ' � � 
 �o
E�� �� n � 

 �o� &

"?->( & "'� > n � �= +E145,
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Edvhg rq +E145,/ +5164, dqg +5169,/ zh fdq edfn rxw fhqwudo edqnv* rswlpdo uhdfwlrq
ixqfwlrqv=

l �� + & "'� ' D �	 � & "'� n D �
 | & "'� > +E146,
l �� + & "'� ' D �	 � & "'� n D �
 | & "'� > +E147,

zkhuh

D� 	 ' � n �
!� �

� 
 �o
�� �n � 

 �o A f> m ' f ru x> +E148,

D� 
 ' !� 

!� � n

�
!� �

� 

 �o
�� �n � 

 �o A f> m ' f ru x= +E149,

Wkh jhqhudo zd| wr suhvhqw wkh rswlpdo srolf| uxoh lv

l �� + & ".->( & "'� ' D �	 � & ".->( & "*� n D �
 | & ".-!( & "'� > n A �>
li wkh fdslwdo frqvwudlqw lv h{shfwhg wr eh elqglqj lq w n n

edvhg rq wkh lqirupdwlrq lq wn �> +E14:,
l �� + & ".->( & "'� ' D �	 � & ".->( & "*� n D �
 | & ".->( & "'� > n A �>

li wkh fdslwdo frqvwudlqw lv h{shfwhg wr eh qrq� elqglqj lq w n n

edvhg rq wkh lqirupdwlrq lq wn �= +E14;,

Xqghu wkh rswlpdo srolf| khuh/ wkh srolf|pdnhu lv deoh wr qhxwudol}h wkh lpsdfw ri
wkh fdslwdo frqvwudlqw exw zlwk frqwuro odjv1 Jlyhq d uhdol}dwlrq ri d vkrfn dw shulrg
wn�/ wkh rswlpdo lqwhuhvw udwh l & "'� zloo vhw wkh rxwsxw dqg lq dwlrq lq wkh qh{w shulrg
+� & " 
 ( & "'� dqg | & " 
 ( & "*� � rq wkh rswlpdo sdwk vshfl�hg e| +E19, dqg +E1:,1 Vwduwlqj
iurp shulrg w n 2> rxwsxw dqg lq dwlrq gr qrw ghshqg dw doo rq wkh h{lvwhqfh ri d
fdslwdo frqvwudlqw1 +Vhh +5179, iru wkh vroxwlrq iru rxwsxw1 Wkh htxlydohqw h{suhvvlrq
iru lq dwlrq lv rewdlqhg e| vxevwlwxwlqj wklv htxdwlrq lqwr +E19,,1 Zkdw wklv phdqv

<9



lv wkdw iru wkh sxusrvh ri plqlpl}lqj wkh zhljkwhg dyhudjh ri wkh yduldqfh ri rxwsxw
dqg wkh yduldqfh ri lq dwlrq/ rqo| wkh vwdwh ri edqnlqj v|vwhp lq shulrg wn� pdwwhuv
iru l & "'� dqg wkh suredelolwlhv ri klwwlqj wkh fdslwdo frqvwudlqw lq ixwxuh shulrgv mxvw
grq*w pdnh dq| gl�huhqfh dw doo1

Wkhuh duh wzr zd|v wr ghprqvwudwh wkdw wkh vroxwlrq lv rswlpdo iru wkh txhvwlrq
dw kdqg1 Iluvw/ zh fdq vlpsoli| rxu sureohp wkdw plqlpl}hv +516<, vxemhfw wr +5164,0
+516:, lqwr d sureohp wkdw plqlpl}hv +516<, vxemhfw wr rqo| +5169,1 Wklv vd|v wkdw
wkh frqvwudlqwv rwkhu wkdq +5169, duh qrw elqglqj/ zklfk +li srvvleoh, fhuwdlqo| lv d
sduw ri rswlpdo vroxwlrq1 Lq wkh vlpsol�hg sureohp/ wkh svhxgr frqwuro yduldeoh lv
h{shfwhg rxwsxw | & " 
 ( & "'� 1

Dffruglqj wr wkh �uvw0rughu frqglwlrq ri wkh vlpsol�hg sureohp +E19,/ wkh svhxgr
frqwuro yduldeoh +| & " 
 ( & "'� , dw lwv rswlpdo ohyho vkrxog qrw ghshqg rq wkh vwdwh ri fdslwdo
frqvwudlqwv1 Krzhyhu/ edvhg rq +5164,/ rqh frpsrqhqw ri h{shfwhg rxwsxw lv wkh
htxloleulxp ordq udwh � & "'� zklfk ghshqgv rq wkh fdslwdo frqvwudlqw1 Dffruglqj wr
+5165,0+5168, dqg +516:,/ wkh +h{ srvw, uhdo ordq udwhv fdq eh vroyhg edvhg rq wkh
htxloleulxp frqglwlrq ri wkh ordq pdunhw1

� � + & "'� � � & "'� ' �
O � EO
 n O � � 
 � fE 
 �| & "'� > +E14<,
li wkh fdslwdo frqvwudlqw elqgv lq wn �>

� � + & "'� � � & "'� ' �
O � EO
 n O � � 
 �E 
 � E�� ��G 
 � E�� ��G � � 
 �| & "'�

n �
O � E�� ��G � El � + & "*� � � & "*� �> +E153,

li wkh fdslwdo frqvwudlqw grhvq x w elqg lq wn �=

<:



Wkh qh{w txhvwlrq lv li prqhwdu| srolf| +l & "'� ,/ dqrwkhu frpsrqhqw ri | & " 
 ( & "'� / fdq
frxqwhudfw wkh lpsdfw ri fdslwdo frqvwudlqw +rq | & " 
 ( & "'� , hqwluho|1 Lq wkh ohiw0kdqg0
vlgh ri +E19,/ zh vxevwlwxwh wkh htxloleulxp ordq udwh zlwk +E14<, dqg +E153, dqg
wdnh frqglwlrqdo h{shfwdwlrq> lq wkh uljkw0kdqg0vlgh ri +E19,/ zh xvh +5169, dqg wdnh
frqglwlrqdo h{shfwdwlrq1 Wklv |lhogv dq htxdwlrq wkdw fdq eh xvhg wr vroyh iru rswlpdo
vkruw0whup lqwhuhvw udwh1 Wkh vroxwlrq lv +E146, dqg +E147,1

Wkhuh lv dq dowhuqdwlyh zd| wr vlpsoli| wkh sureohp1 Li zh xvh � � El & "'� � � & "'� � n
� � E� & "'� � � & "'� � lq +5164, dv wkh svhxgr frqwuro yduldeoh dqg ghqrwh lw dv u & "'� 1 Wkh
ruljlqdo sureohp fdq eh vlpsol�hg dv iroorzv= Lq shulrg wn �> wkh fhqwudo edqn plql0
pl}hv

Plq�2H &
"'� /[-)0'� �

-
d�� 
& ".- n E�� ��| 
& ".- o> f ? �> � ? �> +E154,

vxemhfw wr

� & ".- ' � & ".-��.� n � 
 | & ".-@�.� n � & "?- > n A � +E155,
| & ".- ' E� 
 n � � � 
 n � � � 
 �| & ".-@�.� � u & ".-@�.� n � & ".- > n A �= +E156,

Xvlqj wkh Ehoopdq htxdwlrq dqg wkh dvvxpswlrq wkdw wkh ydoxh ixqfwlrq lv txdgudwlf/
zh �qg wkh rswlpdo u & "'� = Wkdw lv/

u �& "'� ' �
 | & "'� n � 	 � & "'� > +E157,

zkhuh

� 
 ' � 
 n � � � 
 n � � � 
 n � 

 �o
�� �n � 

 �o > +E158,

� 	 ' � 
 �o
�� �n � 

 �o = +E159,
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Wkh lpsruwdqw ihdwxuh ri wkh rswlpdo u & "*� lv dv iroorzv= Lw lv rswlpdo wkdw wkh
svhxgr frqwuro yduldeoh u �& "'� lv lqghshqghqw rq wkh vwdwh ri fdslwdo frqvwudlqwv1 Exw
rqh frpsrqhqw ri u �& "'� lv wkh htxloleulxp ordq udwh +�� + & "'� � � & "'� � zklfk ghshqgv rq
wkh fdslwdo frqvwudlqw1 Wkh qh{w txhvwlrq lv li prqhwdu| srolf| +l & "'� �� & "'� ,/ dqrwkhu
frpsrqhqw ri u �& "'� > fdq frxqwhudfw wkh lpsdfw ri fdslwdo frqvwudlqwv +rq � � + & "'� � � & "'� ,
hqwluho| vr wkdw

� � El & "*� � � & "'� � n � � E�� + & "'� � � & "'� � ' u �& "'� ' � 
 | & "'� n � 	 � & "'� = +E15:,

Vlqfh zh kdyh

u �& "'� ' � � El �& "'� � � & "'� � n � � E�� + & "*� � � & "'� �> +E15;,

zh fdq vroyh iru rswlpdo uhdo +h{ srvw, srolf|0frqwuroohg lqwhuhvw udwh l �� + & "'� �� & "'� +qrz
ghshqgv rq m dovr, dv

l �� + & "'� � � & "'� ' �
� � du

�& "'� � � � E�� + & "'� � � & "'� �o> +E15<,

zkhuh u �& "'� lv lq +E157, dqg � � + & "'� � � & "'� lv jlyhq e| +E14<, dqg +E153,1 Wkh uhvxowlqj
rswlpdo lqwhuhvw udwhv duh wkh vdph dv +E146, dqg +E147,1 Wdnhq wrjhwkhu/ zh kdyh
ghprqvwudwhg wkdw wkh vroxwlrqv lq +E146, dqg +E147, duh rswlpdo iru wkh txhvwlrq dw
kdqg1
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DSSHQGL[ F

GDWD GHVFULSWLRQV IRU FKDSWHU WZR

F14 Frqyhuwlqj Gdwd Iuhtxhqf|

Zkhq L frqyhuw kljk iuhtxhqf| gdwd lqwr orz iuhtxhqf| gdwd/ L xvh wkh dyhudjh
revhuydwlrq1 Zkhq lqwhusrodwlqj orz iuhtxhqf| wr kljk iuhtxhqf| gdwd +wkh ohyhudjh
udwlrv ri Jhupdq| dqg Mdsdq,/ L �w d orfdo txdgudwlf sro|qrpldo iru hdfk revhuydwlrq
ri wkh orz iuhtxhqf| vhulhv/ wkhq xvh wklv sro|qrpldo wr �oo lq doo revhuydwlrqv ri wkh
kljk iuhtxhqf| vhulhv dvvrfldwhg zlwk wkh shulrg1 Wkh txdgudwlf sro|qrpldo lv iruphg
e| wdnlqj vhwv ri wkuhh dgmdfhqw srlqwv iurp wkh vrxufh vhulhv dqg �wwlqj d txdgudwlf
vr wkdw wkh dyhudjh ri wkh kljk iuhtxhqf| srlqwv pdwfkhv wr wkh orz iuhtxhqf| gdwd
dfwxdoo| revhuyhg1 Iru prvw srlqwv/ rqh srlqw ehiruh dqg rqh srlqw diwhu wkh shulrg
fxuuhqwo| ehlqj lqwhusrodwhg duh xvhg wr surylgh wkh wkuhh srlqwv1 Iru hqg srlqwv/
wkh wzr shulrgv duh erwk wdnhq iurp wkh rqh vlgh zkhuh gdwd lv dydlodeoh1

F15 Gdwd Vrxufhv

41 XV vkruw0whup lqwhuhvw udwh= txduwhuo| dyhudjh ri zhhno| h�hfwlyh ihghudo
ixqgv udwh iurp kwws=22uhvhdufk1vworxlvihg1ruj2iuhg521

51 XV frqvxphu sulfh lqgh{= txduwhuo| dyhudjh ri prqwko| gdwd iurp
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kwws=22uhvhdufk1vworxlvihg1ruj2iuhg521

61 XV srwhqwldo uhdo jurvv grphvwlf surgxfw= txduwhuo| gdwd iurp

kwws=22uhvhdufk1vworxlvihg1ruj2iuhg521

71 XV uhdo jurvv grphvwlf surgxfw= txduwhuo| gdwd iurp

kwws=22uhvhdufk1vworxlvihg1ruj2iuhg521

81 Wrwdo dvvhwv ri XV edqnv= UFIG54:3 lq Fdoo Uhsruwv dydlodeoh dw

kwws=22zzz1fklfdjrihg1ruj2hfrqrplfuhvhdufkdqggdwd2gdwd2ekfgdwdedvh21

91 Wrwdo ordqv ri XV edqnv= UFIG5455 lq Fdoo Uhsruwv dydlodeoh dw

kwws=22zzz1fklfdjrihg1ruj2hfrqrplfuhvhdufkdqggdwd2gdwd2ekfgdwdedvh21

:1 Wrwdo htxlw| ri XV edqnv= UFIG6543 lq Fdoo Uhsruwv dydlodeoh dw

kwws=22zzz1fklfdjrihg1ruj2hfrqrplfuhvhdufkdqggdwd2gdwd2ekfgdwdedvh21

;1 Vxeruglqdwhg ghew ri XV edqnv= UFIG6533 lq Fdoo Uhsruwv dydlodeoh dw

kwws=22zzz1fklfdjrihg1ruj2hfrqrplfuhvhdufkdqggdwd2gdwd2ekfgdwdedvh21

<1 XV prqh| vxsso| +P5, jurzwk= txduwhuo| dyhudjh ri dqqxdol}hg jurzwk ri
prqwko| gdwd iurp kwws=22uhvhdufk1vworxlvihg1ruj2iuhg521

431 XV orqj0whup erqgv lqwhuhvw udwh= txduwhuo| dyhudjh ri prqwko| 430|hdu
Wuhdvxu| udwh iurp kwws=22uhvhdufk1vworxlvihg1ruj2iuhg521

441 XV surgxfhu sulfh lqgh{= txduwhuo| dyhudjh ri prqwko| gdwd

iurp kwws=22uhvhdufk1vworxlvihg1ruj2iuhg521
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451 Jhupdq| vkruw0whup lqwhuhvw udwh= txduwhuo| dyhudjh ri prqwko| fdoo prqh|
udwh iurp Lqwhuqdwlrqdo Ilqdqfldo Vwdwlvwlfv1

461 Jhupdq| frqvxphu sulfh lqgh{= txduwhuo| dyhudjh ri prqwko| gdwd iurp
Lqwhuqdwlrqdo Ilqdqfldo Vwdwlvwlfv1

471 Jhupdq| srwhqwldo uhdo jurvv grphvwlf surgxfw= txduwhuo| gdwd iurp Hfr0
qrplf Rxworrn :6 dv sxeolvkhg e| wkh RHFG1

481 Jhupdq| uhdo jurvv grphvwlf surgxfw= txduwhuo| gdwd iurp Ghxwvfkh Exq0
ghvedqn1

491 Wrwdo dvvhwv ri edqnv/ Jhupdq|= RHFG edqn gdwdedvh1 Wkh dqqxdo gdwd
duh lqwhusrodwhg lqwr txduwhuo| gdwd xvlqj wkh frqyhuvlrq phwkrg glvfxvvhg
deryh1

4:1 Wrwdo htxlw| ri edqnv/ Jhupdq|= RHFG edqn gdwdedvh1 Wkh dqqxdo gdwd
duh lqwhusrodwhg lqwr txduwhuo| gdwd xvlqj wkh frqyhuvlrq phwkrg glvfxvvhg
deryh1

4;1 Jhupdq|prqh| vxsso| +P6, jurzwk= txduwhuo| dyhudjh ri dqqxdol}hg jurzwk
ri prqwko| gdwd iurp Lqwhuqdwlrqdo Ilqdqfldo Vwdwlvwlfv1

4<1 Jhupdq| orqj0whup erqgv lqwhuhvw udwh= txduwhuo| dyhudjh ri prqwko| jry0
huqphqw erqg udwh iurp Lqwhuqdwlrqdo Ilqdqfldo Vwdwlvwlfv1

531 Jhupdq| surgxfhu sulfh lqgh{= txduwhuo| dyhudjh ri prqwko| gdwd iurp Lq0
whuqdwlrqdo Ilqdqfldo Vwdwlvwlfv1
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541 Mdsdq vkruw0whup lqwhuhvw udwh= txduwhuo| dyhudjh ri prqwko| fdoo prqh| udwh
iurp Lqwhuqdwlrqdo Ilqdqfldo Vwdwlvwlfv1

551 Mdsdq frqvxphu sulfh lqgh{= txduwhuo| dyhudjh ri prqwko| gdwd iurp Lqwhu0
qdwlrqdo Ilqdqfldo Vwdwlvwlfv1

561 Mdsdq srwhqwldo uhdo jurvv grphvwlf surgxfw= txduwhuo| gdwd iurp Hfrqrplf
Rxworrn :6 dv sxeolvkhg e| wkh RHFG1

571 Mdsdq uhdo jurvv grphvwlf surgxfw= txduwhuo| gdwd iurp Hfrqrplf Sodqqlqj
Djhqf|1

581 Wrwdo dvvhwv ri edqnv/ Mdsdq= RHFG edqn gdwdedvh1 Wkh dqqxdo gdwd duh
lqwhusrodwhg lqwr txduwhuo| gdwd xvlqj wkh frqyhuvlrq phwkrg glvfxvvhg deryh1

591 Wrwdo htxlw| ri edqnv/ Mdsdq= RHFG edqn gdwdedvh1 Wkh dqqxdo gdwd duh
lqwhusrodwhg lqwr txduwhuo| gdwd xvlqj wkh frqyhuvlrq phwkrg glvfxvvhg deryh1

5:1 Mdsdq prqh| vxsso| +P5, jurzwk= txduwhuo| dyhudjh ri dqqxdol}hg jurzwk
ri prqwko| gdwd iurp Lqwhuqdwlrqdo Ilqdqfldo Vwdwlvwlfv1

5;1 Mdsdq orqj0whup erqgv lqwhuhvw udwh= txduwhuo| dyhudjh ri prqwko| jryhuq0
phqw erqg udwh iurp Lqwhuqdwlrqdo Ilqdqfldo Vwdwlvwlfv1

5<1 Mdsdq surgxfhu sulfh lqgh{= txduwhuo| dyhudjh ri prqwko| gdwd iurp Lqwhu0
qdwlrqdo Ilqdqfldo Vwdwlvwlfv1
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