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Ulfdugr M1 Fdedoohur Duylqg Nulvkqdpxuwk|W

Wklv gudiw= Rfwrehu 56/ 5334

Suholplqdu|

Devwudfw

Gxulqj hphujlqj pdunhw fulvhv/ djhqwv pd| eh oltxlg hqrxjk wr eruurz iurp rwkhu

grphvwlf djhqwv/ exw wkh| odfn wkh lqwhuqdwlrqdo oltxlglw| ru froodwhudo wr eruurz iurp

iruhljqhuv � l1h1 wkh| idfh d �yhuwlfdo� vxsso| fxuyh iru lqwhuqdwlrqdo ixqgv1 Lq wklv

vhwwlqj/ zh vkrz wkdw dq +h{0srvw, rswlpl}lqj fhqwudo edqn*v uhvsrqvh wr d fulvlv lv wr

ghihqg wkh h{fkdqjh udwh e| lqmhfwlqj lqwhuqdwlrqdo uhvhuyhv dqg wljkwhqlqj prqhwdu|

srolf|1 Krzhyhu/ zkloh wklv uhvsrqvh lv h{0srvw udwlrqdol}deoh/ lw kdv qhjdwlyh h{0dqwh

frqvhtxhqfhv zkhq grphvwlf �qdqfldo pdunhwv duh xqghughyhorshg/ dv lw uhgxfhv wkh

douhdg| lqvx!flhqw sulydwh vhfwru lqfhqwlyhv wr lqvxuh djdlqvw h{whuqdo fulvhv1 Lqvwhdg/

li d fhqwudo edqn frxog frpplw/ lw vkrxog h{sdqg udwkhu wkdq frqwudfw prqhwdu| sro0

lf|1 Odfnlqj wkh zloolqjqhvv/ fuhglelolw|/ ru ihdvlelolw| wr lpsohphqw dq h{sdqvlrqdu|

prqhwdu| srolf| gxulqj fulvhv kdv lpsruwdqw gudzedfnv1 Lw phdqv olplwlqj lqmhfwlrqv ri

lqwhuqdwlrqdo uhvhuyhv dqg uhvruwlqj wr rwkhu/ pruh frvwo| lqvwuxphqwv/ vxfk dv fdslwdo

frqwurov dqg lqwhuqdwlrqdo oltxlglw| uhtxluhphqwv wr dgguhvv wkh lqvxudqfh sureohp1

MHO Frghv= H3/ H7/ H8/ I3/ I6/ I7/ J4

Nh|zrugv= H{whuqdo vkrfnv/ grphvwlf dqg lqwhuqdwlrqdo oltxlglw|/ prqhwdu| srolf|/

lqwhuqdwlrqdo uhvhuyhv pdqdjphqw/ lqwhuhvw sdulw| ghsduwxuhv/ h{fkdqjh udwh v|vwhpv/

ryhuvkrrwlqj/ ihdu ri  rdwlqj/ frpplwphqw/ g|qdplf lqfrqvlvwhqf|1

WUhvshfwlyho|= PLW dqg QEHU> Qruwkzhvwhuq Xqlyhuvlw|1 Zh wkdqn Udjkx Udmdq dqg Urehuwr Uljrerq

iru frpphqwv/ dv zhoo dv vhplqdu sduwlflsdqwv dw Eurzq/ Fklfdjr/ Froxpeld/ LPI/ PLW/ Qhz \run Ihg/

dqg wkh Zruog Edqn1 Fdedoohur wkdqnv wkh QVI iru �qdqfldo vxssruw1 H0pdlov= fdedooCplw1hgx/ d0

nulvkqdpxuwk|Cqzx1hgx1 Wklv sdshu h{sdqgv dqg uhsodfhv= �D Yhuwlfdo Dqdo|vlv ri Fulvhv dqg Lqwhuyhqwlrq=

Ihdu ri Iordwlqj dqg H{0dqwh Sureohpv/� Dsulo 53341



4 Lqwurgxfwlrq

Hphujlqj hfrqrplhv vx�hu vhyhuh fulvhv zkhq wkh| orvh wkhlu delolw| wr wds lqwhuqdwlrqdo

�qdqfldo pdunhwv1 Krz vkrxog wkh fhqwudo edqn uhvsrqg wr wkhvh fulvhvB Ghvslwh uhfhlylqj

pxfk dwwhqwlrq/ wkhuh lv qr frqvhqvxv rq dq dqvzhu wr wklv txhvwlrq1 Vrph dgyrfdwh d

kdug ghihqvh ri wkh shj/ rwkhuv dq h{sdqvlrqdu| prqhwdu| srolf|/ zlwk wkh zkroh udqjh lq

ehwzhhq fryhuhg dv zhoo14

Zkloh vrph ri wkh gl�huhqfhv lq dgylfh xqgrxewhgo| dulvh iurp wkh idfw wkdw gl�huhqw

vfhqdulrv fdoo iru gl�huhqw uhflshv/ zh wdnh wkh ylhz lq wklv sdshu wkdw pxfk ri wkh frqixvlrq

lv gxh wr wkh odfn ri d iudphzrun zhoo vxlwhg wr dqdo|}h hphujlqj hfrqrplhv dqg wkh uroh

ri d fhqwudo edqn lq wkhp1 Wkh uhflshv riwhq h{wudsrodwh iurp ghyhorshg hfrqrp| dqdo|vhv

�shukdsv zlwk odujhu �qdqfldo pxowlsolhuv� udwkhu wkdq ehlqj exlow zlwk wkh zhdn dqg

vhjphqwhg �qdqfldo vwuxfwxuh ri hphujlqj hfrqrplhv lq plqg1

Wr wklv h�hfw/ zh dgyrfdwh d �yhuwlfdo� iudphzrun1 Wkdw lv/ rqh lq zklfk/ gxulqj d

fulvlv/ +d, wkh vxsso| ri ixqgv iurp lqwhuqdwlrqdo lqyhvwruv lv lqhodvwlf dqg/ +e, grphvwlf

oltxlglw| lv qrw d jrrg vxevwlwxwh iru lqwhuqdwlrqdo oltxlglw|1 Lw lv lq frqwudvw wr wkh vwdqgdug

�krul}rqwdo� iudphzrun/ lq zklfk vxsso| uhpdlqv hodvwlf gxulqj d fulvlv/ doehlw dw d kljkhu

sulfh/ dqg grphvwlf dqg lqwhuqdwlrqdo oltxlglw| duh forvh vxevwlwxwhv15

Rq wkh srvlwlyh vlgh/ rxu iudphzrun vkhgv oljkw rq wkuhh surplqhqw hohphqwv ri revhuyhg

fhqwudo edqn ehkdylru=

Iluvw/ rq lqwhuqdwlrqdo uhvhuyhv pdqdjhphqw= Fhqwudo edqnv lq hphujlqj pdunhwv krog

odujh dprxqwv ri lqwhuqdwlrqdo uhvhuyhv dqg/ lqfuhdvlqjo|/ frqwudfw fuhglw olqhv wr vhfxuh

ixuwkhu uhvhuyhv gxulqj fulvhv1 Lq wkh yhuwlfdo iudphzrun/ lqwhuqdwlrqdo uhvhuyhv duh lqwhu0

qdwlrqdo oltxlglw|1 Vlqfh vxsso| lv lqhodvwlf/ iruhljq lqyhvwruv zloo qrw surylgh lqwhuqdwlrqdo

ixqgv gxulqj d fulvlv dqg djhqwv zlwklq wkh frxqwu| pxvw wdnh h{0dqwh ghflvlrqv wr krdug

wkhvh ixqgv wkhpvhoyhv1 Wkh fhqwudo edqn fdq gr lwv sduw e| dffxpxodwlqj lqwhuqdwlrqdo

uhvhuyhv gxulqj fdslwdo lq rz errpv/ dqg uhyhuvlqj wkhp gxulqj h{whuqdo fulvhv1

Vhfrqg/ rq prqhwdu| srolf|= Uhjdugohvv ri zkdw wkh �r!fldo� h{fkdqjh udwh v|vwhp

pljkw eh/ lq sudfwlfh fhqwudo edqnv w|slfdoo| wljkwhq prqhwdu| srolf| gxulqj h{whuqdo fulvhv/
4Vhh/ h1j1/ Errupdq hw do +5333, iru d vxuyh| ri wkh �riwhq frqwudglfwru|� dujxphqwv dqg hpslulfdo

hylghqfh1
5Zkloh lq yhu| gl�huhqw whupv/ Gruqexvfk +5334, dovr h{suhvvhv klv xqhdvlqhvv derxw wkh dvvxpswlrq wkdw

hphujlqj hfrqrplhv zlwk dffhvv wr prqhwdu| srolf| fdq xvh lw wr errvw dfwlylw|1 Iru h{dpsoh/ lq fulwlfl}lqj

wkh vwdqgdug ylhz/ kh zulwhv= �Wkh orvv ri wkh ohqghu ri odvw uhvruw ^dujxphqw` lv lqwuljxlqj1 Wklv dujxphqw

lv edvhg rq wkh dvvxpswlrq wkdw wkh fhqwudo edqn � udwkhu wkdq wkh wuhdvxu| ru wkh zruog fdslwdo pdunhw � lv

wkh dssursuldwh ohqghu1 Wkhuh lv vxuho| qrwklqj hqfrxudjlqj ri sulqwlqj prqh| wr vdyh edqnv wkdw duh idflqj

dq h{whuqdo gudlq111�
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uhvhpeolqj wkh ehkdylru ri d �{hg h{fkdqjh udwh v|vwhp16 Lq wkh yhuwlfdo ylhz/ prqhwdu|

h{sdqvlrqv lqfuhdvh grphvwlf oltxlglw| exw gr qrw d�hfw wkh vxsso| ri ixqgv iurp lqwhu0

qdwlrqdo lqyhvwruv1 Vlqfh wkh erwwohqhfn idflqj wkh frxqwu| gxulqj d fulvlv lv lqwhuqdwlrqdo

oltxlglw|/ prqhwdu| h{sdqvlrqv kdyh qr rxwsxw h�hfwv1 Rq wkh rwkhu kdqg/ dv wkh vxsso|

ri ixqgv lv lqhodvwlf/ lwv sulfh/ wkh h{fkdqjh udwh/ lv yhu| uhvsrqvlyh wr prqhwdu| srolf|1 D

fhqwudo edqn wkdw lv wudglqj0r� rxwsxw djdlqvw pdlqwdlqlqj dq lq dwlrq wdujhw/ zloo vhh qr

rxwsxw ehqh�w e| h{sdqglqj/ dqg rqo| lq dwlrq0wdujhw ehqh�wv e| frqwudfwlqj1

Wklug/ rq suhfdxwlrqdu| phdvxuhv= Fhqwudo edqnv riwhq frqvlghu/ dqg lq pdq| lqvwdqfhv

hqdfw/ srolflhv vxfk dv wd{dwlrq ri fdslwdo lq rzv ru pdqgdwhg lqwhuqdwlrqdo oltxlglw| uhtxluh0

phqwv rq edqnv dqg frusrudwlrqv1 Wklv glvfxvvlrq dulvhv qdwxudoo| lq d yhuwlfdo iudphzrun

dv zhoo/ vlqfh wkh h{whqw ri wkh fulvlv lv rqo| ghwhuplqhg e| wkh txdqwlw| ri lqwhuqdwlrqdo

oltxlglw| dydlodeoh wr wkh frxqwu|1 Wklv txdqwlw| lv d�hfwhg e| wkh h{0dqwh ghflvlrqv ri wkhz

sulydwh vhfwru zkr/ xqghu uhdvrqdeoh frqglwlrqv/ xqghulqvxuh djdlqvw wkh h{whuqdo fulvlv +vhh

Fdedoohur dqg Nulvkqdpxuwk|/ 5334d,1 Wkdw lv/ dq xqfrqvwudlqhg sulydwh vhfwru zloo wdnh

dfwlrqv vxfk dv ryhueruurzlqj/ frqwudfwlqj wrr ihz lqwhuqdwlrqdo fuhglw olqhv/ ru plvpdwfk0

lqj pdwxulwlhv dqg ghqrplqdwlrqv/ vxfk wkdw wkh frxqwu| zloo ehfrph ohvv lqwhuqdwlrqdoo|

oltxlg wkdq lv vrfldoo| rswlpdo1

Rq wkh qrupdwlyh vlgh/ kdylqj vkrzq wkdw rxu iudphzrun fdq udwlrqdol}h fhqwudo edqn

ehkdylru lq hphujlqj hfrqrplhv/ zh wxuq wr ghulylqj suhvfulswlrqv iru rswlpdo srolf|1 Zh

uhdfk wkuhh pdlq frqfoxvlrqv1

Iluvw/ ohiw dw lwv glvfuhwlrq/ wkh fhqwudo edqn zloo kdyh d eldv wrzdug lqmhfwlqj wrr pxfk

uhvhuyhv gxulqj fulvhv1 Zkloh h{0srvw lqmhfwlrqv ri uhvhuyhv duh wkh prvw gluhfw phfkdqlvp wr

surylgh vfdufh lqwhuqdwlrqdo oltxlglw| wr wkh sulydwh vhfwru/ wkh dqwlflsdwlrq ri vxfk lqwhuyhq0

wlrq uhgxfhv wkh sulydwh vhfwru*v rzq lqfhqwlyh wr krdug lqwhuqdwlrqdo oltxlglw| iru wkh fulvlv1

Wklv lv vlplodu wr wkh iuhh0lqvxudqfh fulwltxh ri �{hg h{fkdqjh udwh v|vwhpv � sulydwh dqg

sxeolf krduglqj ri lqwhuqdwlrqdo oltxlglw| duh vxevwlwxwhv1 Wkh qryho dvshfw ri rxu dqdo|vlv

lv wkdw zh olqn wkh h{whqw ri wklv sureohp wr wkh ghjuhh ri grphvwlf �qdqfldo ghyhorsphqw/

fuhglelolw| ri wkh frxqwu|*v srvw0fulvlv lq dwlrq wdujhw/ dqg prqhwdu| srolf|  h{lelolw|1

Vhfrqg/ udwkhu wkdq wkh sur0f|folfdo prqhwdu| srolf| zh revhuyh/ wkh rswlpdo prqhwdu|

srolf| lv frxqwhu0f|folfdo1 Prqhwdu| srolf| kdv qr gluhfw lpsdfw rq uhdo dfwlylw| gxulqj

fulvhv/ dv wkh pdlq elqglqj frqvwudlqw lv wkh odfn ri lqwhuqdwlrqdo oltxlglw|1 Krzhyhu/ e| di0

ihfwlqj wkh sulfh ri lqwhuqdwlrqdo oltxlglw| lw lq xhqfhv wkh sulydwh vhfwru*v h{0dqwh ghflvlrqv1

Wkh revhuyhg sur0f|folfdo srolf| kdv d frvw= E| dgrswlqj d vwudwhj| ri vtxhh}lqj grphvwlf
6Vhh Fdoyr dqg Uhlqkduw +5333, dqg Kdxvpdqq hw do +5334, iru h{whqvlyh grfxphqwdwlrq ri ihdu ri  rdwlqj

dprqj hphujlqj hfrqrplhv zlwk  h{leoh h{fkdqjh udwh uhjlphv1
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fuhglw gxulqj fulvhv/ wkh fhqwudo edqn glvfrxudjhv wkh sulydwh vhfwru wr krdug lqwhuqdwlrqdo

oltxlglw| iru fulvhv1

Frpelqlqj wkhvh uhvxowv/ zh frqfoxgh wkdw wkh rswlpdo fhqwudo edqn srolf| lq wkh yhu0

wlfdo hqylurqphqw lv wr lqmhfw vrph uhvhuyhv gxulqj fulvhv/ vlqfh wklv srolf| zloo orrvhq wkh

lqwhuqdwlrqdo oltxlglw| frqvwudlqw/ exw wr frxqwhudfw wkh h�hfw ri wklv srolf| rq sulydwh lq0

fhqwlyhv e| dq h{sdqvlrqdu| prqhwdu| srolf|1 Wklv uhfrpphqgdwlrq kljkoljkwv dq xqxvxdo

frpplwphqw sureohp/ vlqfh dv zh vdz deryh/ d fhqwudo edqn*v h{0srvw rswlpdo uhvsrqvh zloo

eh wr vxssruw wkh h{fkdqjh udwh e| lqmhfwlqj sohqw| ri uhvhuyhv dqg frqwudfwlqj prqhwdu|

srolf|1

Ilqdoo|/ lq wkh pdq| lqvwdqfhv lq zklfk wkh h{0dqwh rswlpdo vwudwhj| lv qrw srvvleoh �

hlwkhu ehfdxvh ri odfn ri frpplwphqw/ ru gxh wr wkh odfn ri fuhglelolw| ri wkh fhqwudo edqn*v

lq dwlrq wdujhw/ ru ehfdxvh wkh hfrqrp| lv groodul}hg� rxu iudphzrun r�huv d vroxwlrq1

Vlqfh wkh sulplwlyh sureohp lv rqh ri xqghulqvxudqfh/ hlwkhu gluhfw ru lqgluhfw h{0dqwh phd0

vxuhv wkdw lqgxfh wkh sulydwh vhfwru wr fduu| pruh lqwhuqdwlrqdo oltxlglw| lqwr fulvlv vwdwhv

uhgxfh wkh xqghulqvxudqfh sureohp1 Wd{dwlrq ri fdslwdo lq rzv/ lqwhuqdwlrqdo oltxlglw| uh0

txluhphqwv/ ru odujh vwhulol}dwlrqv ri fdslwdo lq rzv duh h{dpsohv ri wkhvh phdvxuhv1 Lq wklv

vhqvh/ rqh fdq ylhz d �{hg h{fkdqjh udwh v|vwhp dv wkh lqvwlwxwlrqdol}dwlrq ri wkh lqdelolw|

wr frpplw wr dq rswlpdo lqwhuqdwlrqdo oltxlglw| pdqdjhphqw vwudwhj| wkurxjk prqhwdu|

srolf|/ dqg wkh frvwv dvvrfldwhg wr fdslwdo lq rz wd{hv dqg uhodwhg phdvxuhv dv wkh frvwv ri

vxfk lqdelolw|1

Rxu dqdo|vlv exlogv rq wkh vwuxfwxuh lq Fdedoohur dqg Nulvkqdpxuwk| +5334d,1 Wkh odw0

whu fkdudfwhul}hv dq hfrqrp| zkhuh wzr irupv ri oltxlglw| �grphvwlf dqg lqwhuqdwlrqdo�

kdyh phdqlqjixo urohv/ dv wkh| uhod{ grphvwlf dqg lqwhuqdwlrqdo �qdqfldo frqvwudlqwv/ uh0

vshfwlyho|17
�8 Gxulqj d fulvlv/ wkhuh lv dq djjuhjdwh vkruwdjh ri lqwhuqdwlrqdo oltxlglw|/ zkloh

grphvwlf oltxlglw| ghwhuplqhv wkh htxloleulxp sulfh ri wkh vfdufh h{whuqdo uhvrxufhv1 Wkh

frqvwudlqhg qdwxuh ri wkh ghpdqg iru lqwhuqdwlrqdo oltxlglw| fuhdwhv d zhgjh ehwzhhq wkh

vrfldo dqg sulydwh ydoxdwlrq ri lqwhuqdwlrqdo oltxlglw| suhvhuydwlrq1 Wkh pruh frqvwudlqhg

ghpdqg lv �l1h1/ wkh pruh olplwhg grphvwlf oltxlglw| lv� wkh pruh vhulrxv lv wkh sulydwh

xqghuydoxdwlrq ri lqwhuqdwlrqdo oltxlglw| dqg khqfh wkh qhhg iru srolf| lqwhuyhqwlrq1
7Rxu dqdo|vlv lv phdqw wr lvrodwh wkh oltxlglw| dqg �qdqfldo pdunhw dvshfwv ri fhqwudo edqn lqwhuyhqwlrqv1

Lq vr grlqj/ zh holplqdwh wkh lpsruwdqw exw ehwwhu xqghuvwrrg jrrgv0oderu pdunhwv glphqvlrqv ri prqhwdu|

dqg h{fkdqjh udwh srolf|1 Doo rxu uhpdunv pxvw eh xqghuvwrrg lq wklv frqwh{w1
8Fklvwldqr hw do +5333, dgguhvv lvvxhv vlplodu wr wkrvh lq rxu h{0srvw rswlpdo prqhwdu| srolf| dqdo|vlv1

Lq wkhlu prgho/ lpshuihfw oltxlglw| vxevwlwxwlrq vwhpv iurp lpshuihfw lqsxw0vxevwlwxwlrq/ dqg wkh idfw wkdw

gl�huhqw lqsxwv duh sdlg lq gl�huhqw fxuuhqflhv1
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Lq rughu wr dqdo|}h wkh fhqwudo edqn*v lqwhuyhqwlrqv wkdw frqfhuq xv khuh/ zh vxshulp0

srvh d prqhwdu| fkdqqho wr wklv hphujlqj pdunhwv/ gxdo0oltxlg|/ vwuxfwxuh1 D prqhwdu|

lqmhfwlrq gxulqj fulvhv idflolwdwhv edqnv* delolw| wr lqwhuphgldwh grphvwlf ordqv dqg khqfh

udlvhv grphvwlf oltxlglw|1 Wklv wrro lv h�hfwlyh rqo| wr wkh h{whqw wkdw prqhwdu| srolf|

gxulqj wkh fulvlv lv qrw vhhq dv vhulrxvo| frpsurplvlqj srvw0fulvlv lq dwlrq wdujhwv1 Wkh

odwwhu frqfhuq lv dovr zkdw olplwv lqmhfwlrqv ri uhvhuyhv h{0srvw +l1h1/ hyhq zkhq wkh lqfhqwlyh

h�hfwv duh vhfrqgdu|,/ dv wkhvh duh qhhghg wr edfn xs srvw0fulvhv lq dwlrq wdujhwv dqg khqfh

suhyhqw vshfxodwlyh dwwdfnv rq wkh fxuuhqf|1

Vhfwlrq 5 suhvhqwv d edvlf prgho ri gxdo0oltxlglw| dqg frqwudvwv wkh vwdqgdug krul}rqwdo

shuvshfwlyh zlwk wkh yhuwlfdo rqh1 Vhfwlrq 6 dggv d ohqglqj fkdqqho iru prqhwdu| srolf|

dqg ghvfulehv wkh remhfwlyhv ri wkh fhqwudo edqn1 Zh vkrz wkdw wkh fhqwudo edqn*v vxejdph

shuihfw vwudwhj| lv wr wljkwhq prqhwdu| srolf| dqg lqmhfw sohqw| ri uhvhuyhv gxulqj fulvhv1

Vhfwlrq 7 ghvfulehv wkh sulydwh vhfwru*v xqghulqvxudqfh sureohp/ wkh vxerswlpdolw| ri wkh

h{0srvw srolflhv/ dqg wkh ydoxh ri fhqwudo edqn frpplwphqw1 Lq Vhfwlrq 8/ zh glvfxvv �{hg

h{fkdqjh udwh v|vwhpv dqg wkh srvvlelolw| ri vxevwlwxwlqj prqhwdu| srolf| zlwk h{0dqwh

phdvxuhv1 Vhfwlrq 9 frqfoxghv dqg lv iroorzhg e| dq dsshqgl{1

5 D Prgho ri Gxdo Oltxlglw| dqg Wkh Yhuwlfdo Ylhz

Wklv vhfwlrq od|v rxw d prgho ri wkh sulydwh vhfwru dqg frqwudvwv wkh krul}rqwdo dqg yhuwlfdo

ylhzv ri h{whuqdo �qdqfldo fulvhv1 Wkh prgho lv dgdswhg iurp Fdedoohur dqg Nulvkqdpxuwk|

+5334,1 Ilupv krog oltxlglw| lq rughu wr frsh zlwk surgxfwlrq vkrfnv +wkh �qdqfldo fulvlv,1

Lq wkh krul}rqwdo ylhz/ lw lv lppdwhuldo iru wkh djjuhjdwh zkhwkhu wklv oltxlglw| lv khog dv

grphvwlfdoo| ru lqwhuqdwlrqdoo| oltxlg dvvhwv1 Lq wkh yhuwlfdo ylhz/ rq wkh rwkhu kdqg/ wkh

glvwlqfwlrq ehwzhhq wkhvh wzr irupv ri oltxlglw| lv fhqwudo iru djjuhjdwh rxwfrphv1

514 Vhwxs

Zh vwxg| dq hfrqrp| h{srvhg wr dq h{whuqdo �qdqfldo fulvlv1 Wkh fulvlv rffxuv dw gdwh 4/

dqg lv iroorzhg e| d �qdo gdwh 5 zkhq �upv uhsd| wkhlu rxwvwdqglqj ghewv1 Zh vwduw wlph

zlwk d gdwh 3/ zklfk lv d ixoo|  h{leoh shulrg zkhq djhqwv pdnh lqyhvwphqw dqg �qdqflqj

ghflvlrqv1 Wkh shulrgv duh lqgh{hg e| w @ 3> 4> 5/ dqg wkhuh lv d vlqjoh +wudghdeoh, jrrg1

Wkhuh lv d xqlw phdvxuh ri grphvwlf �upv/ hdfk hqgrzhg zlwk z xqlwv ri froodwhudo/

lq wkh irup ri uhfhlydeohv duulylqj dw gdwh 51 Wkhvh gdwh 5 jrrgv kdyh froodwhudo ydoxh wr

iruhljqhuv +h1j1/ sulph h{sruwv,/ zkr duh zloolqj wr ohqg djdlqvw lw dw gdwhv 3 dqg 4 dw wkh

7



udwh lWf dqg lW� iurp shulrg 3 wr 4/ dqg 4 wr 5/ uhvshfwlyho|1 Iruhljqhuv sod| qr rwkhu uroh lq

rxu prgho1

Grphvwlf �upv dovr kdyh dffhvv wr d surgxfwlrq whfkqrorj|1 Exloglqj d sodqw ri vl}h n dw

gdwh 3 uhtxluhv wkhp wr lqyhvw f+n, � zlwk f+=, � 3/ f� A 3 dqg f�� A 3 � zklfk |lhogv gdwh

5 rxwsxw sursruwlrqdo wr wkh vl}h ri wkh sodqw +vhh ehorz,1 Vlqfh grphvwlf �upv kdyh qr

uhvrxufhv dw gdwh 3/ wkh| pxvw lpsruw wkh fdslwdo jrrgv dqg eruurz iurp iruhljqhuv/ gfcs /

wr �qdqfh wklv lqyhvwphqw1 Wkh �qdqflqj dqg lqyhvwphqw ghflvlrqv duh wdnhq wr pd{lpl}h

h{shfwhg sodqw sur�wv dw gdwh 51 Wr nhhs pdwwhuv vlpsoh/ zh vkdoo dvvxph wkdw hdfk �up

lv uxq e| d grphvwlf hqwuhsuhqhxu2pdqdjhu zkr kdv ulvn qhxwudo suhihuhqfhv ryhu gdwh 5

frqvxpswlrq ri wkh vlqjoh jrrg1

Ilupv idfh vljql�fdqw �qdqfldo frqvwudlqwv1 Qhlwkhu wkh sodqwv qru wkhlu h{shfwhg rxwsxw

duh ydoxhg dv froodwhudo e| iruhljqhuv1 Zkhq uhdo lqyhvwphqwv duh xqghuwdnhq/ �upv pruwjdjh

d sduw ri wkhlu lqwhuqdwlrqdo froodwhudo lq vhfxulqj iruhljq ixqgv1 Doo �qdqflqj lv grqh yld

ixoo| froodwhudol}hg ghew frqwudfwv/ wkxv/ gfcs � z1

515 Gdwh 4 �qdqflqj qhhgv dqg Fulvhv

Iru wkh uhpdlqghu ri wklv dqg wkh qh{w vhfwlrq/ ohw xv wdnh dv jlyhq doo gdwh 3 ghflvlrqv � n

dqg gfcs� dqg irfxv rq wkh fulvlv shulrg1 Zh gh�qh d fulvlv dv dq hyhqw lq zklfk �qdqfldo

frqvwudlqwv elqg iru �upv1 Ohw xv qrz wxuq wr gh�qlqj wkh �qdqflqj qhhg/ prghoolqj wkh

h{lvwhqfh ri wzr glvwlqfw �qdqfldo pdunhwv/ dqg h{sodlqlqj krz �qdqfldo frqvwudlqwv pd|

frph wr elqg1

Lq rxu hfrqrp| wkh �qdqflqj qhhg vwhpv iurp wkh srvvlelolw| ri dq lglrv|qfudwlf surgxf0

wlrq vkrfn1 Wkh sodqwv ri rqh0kdoi ri wkh �upv uhfhlyh d vkrfn dw gdwh 4 wkdw orzhuv rxwsxw

shu sodqw iurp D wr d1 Wklv surgxfwlylw| ghfolqh fdq eh r�vhw e| uhlqyhvwlqj �n +� � 4,

jrrgv/ wr jlyh gdwh 5 rxwsxw ri/

�D+�,n @ +d. ��,n � Dn> zkhuh � � D� d=

Zh dvvxph wkdw wkh uhwxuq rq uhlqyhvwphqw h{fhhgv wkh lqwhuqdwlrqdo lqwhuhvw udwh= ��4 A

lW�1 Wklv phdqv wkdw �upv zloo eruurz dv pxfk dv srvvleoh wr �qdqfh uhlqyhvwphqw1 Zh vkdoo

vd| wkdw d fulvlv rffxuv li �upv duh fxuwdlohg lq wkhlu gdwh 4 uhlqyhvwphqw/ � ? 4/ ghvslwh wkh

idfw wkdw ��4 A lW�1 Li wklv lv wkh fdvh/ wkhq �upv duh �qdqfldoo| frqvwudlqhg dw gdwh 41 Rxu

dvvxpswlrqv rq sdudphwhuv duh vxfk wkdw wklv lv wkh fdvh lq htxloleulxp +vhh wkh dsshqgl{,1

D �up wkdw uhfhlyhv dq lglrv|qfudwlf vkrfn lv vdlg wr eh glvwuhvvhg1 Wr frsh zlwk wkh

vkrfn/ wkh �up �uvw eruurzv djdlqvw lwv qhw lqwhuqdwlrqdo froodwhudo/

z? � z� gfcs
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gluhfwo| iurp iruhljqhuv1 Diwhu wklv/ lw pxvw wxuq wr wkh grphvwlf �upv wkdw glg qrw uhfhlyh

d vkrfn +�lqwdfw �upv�, iru ixqgv1 Lqwdfw �upv kdyh qr rxwsxw dw gdwh 4 hlwkhu/ vr wkh|

pxvw eruurz iurp iruhljqhuv li wkh| duh wr �qdqfh wkh glvwuhvvhg �upv1 Wkh| fdq gr wklv xs

wr z?1 Exw zk| zrxog lqwdfw �upv ohqg wr glvwuhvvhg �upv dq| pruh wkdq iruhljqhuvB Wkdw

lv/ zk| lv wkh grphvwlf �qdqfldo pdunhw glvwlqfw iurp wkh lqwhuqdwlrqdo �qdqfldo pdunhwB

Zh dvvxph wkdw grphvwlfv ydoxh dv froodwhudo wkh �up*v lqvwdoohg dvvhwv dv zhoo1

Krzhyhu/ vlqfh d shuihfwo| ixqfwlrqlqj grphvwlf �qdqfldo pdunhw lv kdugo| d jrrg gh0

vfulswlrq ri dq hphujlqj hfrqrp| hlwkhu/ dqg wklv ghsduwxuh kdv fhqwudo lpsolfdwlrqv iru

rxu dqdo|vlv/ zh dvvxph wkdw rqo| d iudfwlrq ri wkh rxwsxw iurp grphvwlf lqyhvwphqw fdq eh

sohgjhg wr rwkhu grphvwlfv1 Lw zloo vlpsoli| wkh irupxodh/ zlwkrxw orvv ri lqvljkw/ wr pdnh

wklv d iudfwlrq ri plqlpxp rxwsxw= �dn1 Vlqfh �upv fdq xvh wklv froodwhudo wr eruurz xs wr

wklv dprxqw/ zh uhihu wr �dn dv grphvwlf oltxlglw|19 Olnhzlvh/ vlqfh dw gdwh 4 �upv fdq eru0

urz iurp iruhljqhuv xs wr z? ri lqwhuqdwlrqdo froodwhudo/ zh uhihu wr z? dv wkh lqwhuqdwlrqdo

oltxlglw| gxulqj wkh fulvlv1

Diwhu eruurzlqj djdlqvw z? iurp iruhljqhuv/ glvwuhvvhg �upv eruurz djdlqvw �dn iurp

lqwdfw grphvwlfv/ zkr lq wxuq xvh wkhlu z? wr dffhvv iruhljq ixqgv1 Doo gluhfw eruurzlqj

iurp iruhljqhuv lv grqh dw wkh lqwhuhvw udwh ri lW�1

516 Wkh +vwdqgdug, Krul}rqwdo Ylhz

Lq wkh krul}rqwdo ylhz/ glvwuhvvhg �upv duh frqvwudlqhg lq phhwlqj wkhlu �qdqflqj qhhgv

rqo| wr wkh h{whqw wkdw wkh| kdyh olplwhg oltxlglw|1 Wkhlu wrwdo oltxlglw| ri �dn . z? lv

lqvx!flhqw wr phhw wkhlu surgxfwlrq vkrfn1

Wudqvodwhg lqwr rxu frqwh{w/ wkh krul}rqwdo ylhz lpsolflwo| dvvxphv wkdw wkh frxqwu| dv d

zkroh/ dw wkh pdujlq/ kdv dq lqwhuqdwlrqdo oltxlglw| vodfn1 Lq rwkhu zrugv/ d iruhljqhu zrxog

eh zloolqj wr h{whqg dqrwkhu ordq dw lW� wr vrph grphvwlf �up1 Exw vlqfh glvwuhvvhg �upv

kdyh olplwhg froodwhudo/ lw kdsshqv wkdw wkh zruwk| �up lv qrw glvwuhvvhg1 Wkh vkruwdjh lv lq

wkh oltxlglw| khog e| d glvwuhvvhg �up/ udwkhu wkdq lq wkh frxqwu|*v lqwhuqdwlrqdo oltxlglw|1

Lq rxu prgho/ vlqfh lqwdfw �upv eruurz iurp iruhljqhuv djdlqvw z? dqg ohqg wr glvwuhvvhg

�upv djdlqvw �dn/ wkhuh lv h{fhvv lqwhuqdwlrqdo oltxlglw| li/

4

5
z? A

4

5
�dn= +4,

Vlqfh lqwdfw �upv duh qrw vdwxudwlqj wkhlu lqwhuqdwlrqdo �qdqfldo frqvwudlqw/ wkh lqwhuhvw udwh

wkh| fkdujh rq wkh ordq wr d glvwuhvvhg �up/ djdlqvw grphvwlf froodwhudo ri �dn/ lv vlpso|
9Vlqfh zh gr qrw zdqw lqvxudqfh pdunhwv wr xqgr wkh h{0srvw khwhurjhqhlw|/ zh dvvxph wkdw lglrv|qfudwlf

vkrfnv duh qrq0revhuydeoh dqg qrq0frqwudfwleoh1 Pruhryhu/ zh dvvxph wkdw wkh frruglqdwlrq0iudjloh h{0dqwh

srrolqj htxloleulxp lv qrw ihdvleoh +vhh Fdedoohur dqg Nulvkqdpxuwk| +5334e,,1
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ghwhuplqhg e| wkh duelwudjh frqglwlrq=

l_� @ lW�=

Wrwdo uhlqyhvwphqw lv wkhq ghwhuplqhg e| wkh lqglylgxdo �upv* �qdqfldo frqvwudlqwv=

��n @
z? . �dn

4 . lW�
?

5z?

4 . lW�
> �� ? 4>

zkhuh wkh vxshuvfulsw k ghqrwhv wkh krul}rqwdo htxloleulxp1 Wkh �uvw lqhtxdolw| uh hfwv

wkdw wkh hfrqrp| kdv qrw xvhg doo lwv lqwhuqdwlrqdo oltxlglw|/ zkloh �� ? 4 lqglfdwhv wkdw

wkh hfrqrp| lv lq d fulvlv= glvwuhvvhg �upv duh xqdeoh wr phhw doo �qdqflqj qhhgv ehfdxvh

ri wkh elqglqj �qdqfldo frqvwudlqw1 Djjuhjdwh gdwh 5 frqvxpswlrq lv/

F� @
4

5

�
+D. d,n .z?

�
4 .

�

4 . lW�

�
. �dn

�
�

4. lW�
� 4

��
+5,

Zh uhihu wr wklv dv wkh krul}rqwdo ylhz/ ehfdxvh wkh sulfh ri ordqv lv qrw d�hfwhg e|

wkh txdqwlw| ri wkhp1 D glvwuhvvhg �up frxog lq sulqflsoh frqwlqxh eruurzlqj dw wkh jlyhq

lqwhuhvw udwh lW�/ dv orqj dv lwv grphvwlf �qdqfldo frqvwudlqw lv uhod{hg1

517 Wkh Yhuwlfdo Ylhz

Lq wklv ylhz/ wkh lqwhuqdwlrqdo vxsso| ri ixqgv wkdw lv idfhg e| hphujlqj hfrqrplhv gxulqj

h{whuqdo fulvhv lv yhuwlfdo1 Wkh pdlq sureohp ri wkh frxqwu| lv qrw wkh lqvx!flhqw oltxlglw|

ri glvwuhvvhg �upv/ exw wkh vkruwdjh ri frxqwu|0zlgh lqwhuqdwlrqdo oltxlglw|1 Lqhtxdolw| +4,

lv uhyhuvhg=
4

5
z? ?

4

5
�dn>

vr wkdw glvwuhvvhg �upv kdyh hqrxjk grphvwlf oltxlglw| wr sd| iru wkh lqwhuqdwlrqdo oltxlglw|

ri wkh lqwdfw �upv1 Krzhyhu/ lqwhuqdwlrqdo oltxlglw| lv vfdufh uhodwlyh wr wkh �qdqflqj qhhg=

n

5
A

z?

4 . lW�
=

Vlqfh doo lqyhvwphqw dw gdwh 4 lv hyhqwxdoo| �qdqfhg e| iruhljqhuv/ wkh vwrfn ri lqwhuqdwlrqdo

oltxlglw| lv doo wkdw ghwhuplqhv lqyhvwphqw lq wklv uhjlrq=

��n @
5z?

4 . lW�
>

zkhuh wkh vxshuvfulsw y vwdqgv iru yhuwlfdo htxloleulxp1 Frqvhtxhqwo|/ djjuhjdwh gdwh 5

frqvxpswlrq lv/

F� @
4

5

�
+D. d,n .

5z?

4 . lW�
�

�
= +6,
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Lq wkh yhuwlfdo uhjlrq/ wkh lqwhuhvw udwh rq ordqv djdlqvw grphvwlf froodwhudo ghsduwv iurp

lW�1 Vlqfh lqwdfw �upv/ dqg qrw iruhljqhuv/ dffhsw dv froodwhudo wkh �dn/ dqg lqwdfw �upv duh

eruurzlqj xs wr wkhlu pd{lpxp fdsdflw| iurp iruhljqhuv dqg ohqglqj wr glvwuhvvhg �upv/

wkh grphvwlf sulfh ri d groodu0ordq/ l_�/ ulvhv deryh l
W

�=

l_� A lW�=

loans loans

id1

i *
1

∆-1

w
1+i*1

i d1

i  =d
1

Figure 1: Equilibrium in the domestic loans market

(a) horizontal (b) vertical

Iljxuh 4 uhsuhvhqwv wkh htxloleulxp ghwhuplqdwlrq ri l_�1 Wkh yhuwlfdo d{lv lv wkh sulfh/

l_�/ zkloh wkh krul}rqwdo d{lv phdvxuhv grphvwlf ordqv ru grphvwlf uhlqyhvwphqw1 Iru l
_
� @ lW�/

lqwdfw �upv hodvwlfdoo| vxsso| wkhlu lqwhuqdwlrqdo oltxlglw| wr glvwuhvvhg �upv1 Krzhyhu/ dw

wkh srlqw z?@+4 . lW�,/ lqwdfw �upv uxq rxw ri lqwhuqdwlrqdo oltxlglw|/ dqg wkh vxsso| fxuyh

wxuqv yhuwlfdo1 Wkh grzqzdug vorsslqj fxuyhv uhsuhvhqw wkh ghpdqg iru ixqgv e| glvwuhvvhg

�upv1 Wkh �jxuh uhsuhvhqwv wzr fdvhv= rqh htxloleulxp lq wkh krul}rqwdo uhjlrq +sdqho d,

dqg rqh lq wkh yhuwlfdo fdvh +sdqho e,1

Wkh �jxuh looxvwudwhv krz l_� ulvhv deryh lW� lq wkh yhuwlfdo uhjlrq1 Qrwh dovr wkdw l_� fdq

qhyhu h{fhhg � � 41 Wklv lv ehfdxvh wkh pdujlqdo surgxfw ri uhlqyhvwphqw iru glvwuhvvhg

�upv lv �� 4/ dqg dv d uhvxow glvwuhvvhg �upv zloo qhyhu sd| pruh wkdq �� 4 iru ixqgv1

;



Wkhuh lv krzhyhu d odujh lqwhuydo iru ghpdqg zlwklq zklfk l_� olhv vwulfwo| ehwzhhq lW� dqg

�� 41 Lq wklv fdvh/

l_� @
�dn

z?@+4 . lW�,
� 4 A lW�= +7,

Wkh idfw wkdw wkh lqwhuqdwlrqdo oltxlglw| frqvwudlqw lv elqglqj dw wkh pdujlq grhv qrw phdq

wkdw grphvwlf oltxlglw| lv luuhohydqw1 Zkloh fkdqjhv lq grphvwlf oltxlglw| �dn zloo kdyh qr

h�hfw rq rxwsxw/ wkh| kdyh d gluhfw h�hfw rq l_�1 Lqghhg/ zkloh d vkruwdjh ri lqwhuqdwlrqdo

oltxlglw| phdqv wkdw l_� A lW�/ d vkruwdjh ri grphvwlf oltxlglw| phdqv wkdw wkh frvw ri fdslwdo

zloo jhqhudoo| eh ohvv wkdq wkh pdujlqdo surgxfw ri lqyhvwphqw dw gdwh 4/ l_� ? ��41 Zh zloo

vkrz lq vhfwlrq 7 wkdw wkh sulfh ri l_� lv wkh frvw ri fdslwdo iru �upv zkhq pdnlqj lqyhvwphqw

ghflvlrqv iru �upv dw gdwh 31 Wklv revhuydwlrq zloo eh fhqwudo iru xqghuvwdqglqj wkh h�hfwv

ri fhqwudo edqn dfwlrqv rq wkh sulydwh vhfwru1

Wkh sulfh ri l_� lv wkh rqo| htxloleulxp sulfh lq rxu prgho1 Lw lv wkh udwh dw gdwh 4 rq d

ulvn iuhh rqh0shulrg ordq djdlqvw d xqlw ri grphvwlf froodwhudo/ dqg lv erwk wkh groodu frvw

ri fdslwdo iru �upv lq qhhg ri ixqgv/ dv zhoo dv wkh h{shfwhg uhwxuq rq ordqv iru grphvwlf

ohqghuv1 Qh{w zh lqwurgxfh prqh| lqwr wkh hfrqrp| dqg ghulyh wkh grphvwlf lqwhuhvw sdulw|

frqglwlrq1

6 Fhqwudo edqn lqwhuyhqwlrqv dqg remhfwlyhv

Ohw xv hqulfk wkh suhylrxv prgho e| lqwurgxflqj d fhqwudo edqn1 Wkh �uvw sduw ri wklv

vhfwlrq ghvfulehv d prqhwdu| fkdqqho zkhuhe| wkh edqnlqj v|vwhp ghpdqgv uhdo edodqfhv

dv dq lqsxw wr lqwhuphgldwh ordqv1 Zh wkhq ghvfuleh wkh fhqwudo edqn*v remhfwlyh ixqfwlrq

dqg glvfxvv wkh lpsdfw ri prqhwdu| dqg lqwhuqdwlrqdo uhvhuyhv lqwhuyhqwlrqv gxulqj fulvhv1

Wkh fhqwudo edqn d�hfwv wkh hfrqrp| e| pdqlsxodwlqj wkh prqh| vxsso|/ iP|j/ dqg
lwv kroglqjv ri lqwhuqdwlrqdo uhvhuyhv/ iU|j1 Lqwhuqdwlrqdo uhvhuyhv duh dvvxphg wr eh lqwhu0

qdwlrqdo froodwhudo +h1j1/ Wuhdvxu| Eloov,/ dqg lqmhfwlqj uhvhuyhv dggv wr wkh sulydwh vhfwru*v

lqwhuqdwlrqdo oltxlglw|1 Wkh uroh ri prqh|/ rq wkh rwkhu kdqg/ lv wr idflolwdwh grphvwlf

�qdqfldo wudqvdfwlrqv1 Wkdw lv/ wr udlvh wkh h�hfwlyh grphvwlf froodwhudo ri glvwuhvvhg �upv1

614 Suholplqdulhv

61414 D Ohqglqj fkdqqho

Zh fdswxuh wklv �ohqglqj fkdqqho� wkurxjk d vlpsoh uhgxfhg irup prgho +vhh wkh dsshqgl{

iru d pruh h{solflw prgho,1: Lq wkh suhylrxv vhfwlrq/ lqwdfw �upv ohqw lq djjuhjdwh d vkduh
:Vhh/ h1j1/ Ehuqdqnh dqg Eolqghu +4<;;, ru Ndvk|ds dqg Vwhlq +4<<7,1

<



ri wkhlu �?

2
jrrgv dw gdwh 4/ lq uhwxuq iru b@&

2
jrrgv iurp wkh glvwuhvvhg �upv dw gdwh 51

Zh qrz dvvxph wkdw wklv wudqvdfwlrq lv lqwhuphgldwhg e| d frpshwlwlyh edqnlqj vhfwru �

l1h1/ �?

2
ghsrvlwv duh wdnhq/ dqg ordqv djdlqvw b@&

2
jrrgv duh pdgh1 Wkh h!fdf| ri wklv

lqwhuphgldwlrq lv ghwhuplqhg e| wkh uhdo kroglqjv ri prqh| e| d edqn1 Uhfdoo wkdw � lv wkh

iudfwlrq ri wkh glvwuhvvhg �up*v rxwsxw wkdw fdq eh sohgjhg dv grphvwlf froodwhudo/ dqg ohw

h| ghqrwh wkh sulfh ri wkh jrrg lq whupv ri prqh| +wkh h{fkdqjh udwh,1 Zh dvvxph wkdw

d edqn wkdw krogv 6
e�

prqh| fdq ydoxh �+6
e�
, iudfwlrq dv froodwhudo/ zkhuh � lv d prqrwrqh

lqfuhdvlqj ixqfwlrq ri uhdo edodqfhv1 Wkxv/ lq djjuhjdwh/ wkh uhdo prqh| vwrfn d�hfwv wkh

fdsdflw| ri wkh edqnlqj vhfwru wr ohqg wkurxjk wkh ixqfwlrq=

�

�
P�

h�

�
�+�, A 3> ��+�, A 3= +8,

Ilqdoo|/ d edqn wkdw lqwhuphgldwhv xvlqj 6
e�
ri prqh| pdnhv gdwh 5 sur�wv ri y+6

e�
, zkhuh

y+�, lv d vwulfwo| lqfuhdvlqj dqg frqfdyh ixqfwlrq1 Wkxv wkh uhsuhvhqwdwlyh edqn dw gdwh 4

vroyhv/

pd{
6c%

iy+p@h�, .p@h2 . {+4 . l_�, v=w= {.p@h� � P�@h�j=
Jlyhq d fhqwudo edqn prqh| �jliw� wr hdfk edqn ri P�@h�/ wkh edqn doorfdwhv lwv uhvrxufhv

ehwzhhq ghpdqglqj prqh| iru lqwhuphgldwlrq dqg ohqglqj wkhvh ixqgv dw wkh udwh ri l_�1

Wklv pd{lpl}dwlrq sureohp jlyhv wkh �uvw rughu frqglwlrq=

y�+p@h�, . h�@h2 � 4 @ l_�=

Shvr lqwhuhvw udwh dqg h{fkdqjh udwh1 Gh�qh/ wkh grphvwlf lqwhuhvw udwh dv lR� � y�+P�@h�,1

Vxevwlwxwlqj P� iru p lq wkh suhfhglqj �uvw rughu frqglwlrq |lhogv wkh grphvwlf lqwhuhvw

sdulw| frqglwlrq=

lR� . h�@h2 � 4 @ l_�= +9,

Iurp wkh gh�qlwlrq ri wkh grphvwlf lqwhuhvw udwh zh fdq dovr �qg wkh ghpdqg iru uhdo prqh|

edodqfhv/

O_+lR�, � y�
3�

+�,> CO_

ClR�
? 3>

vr wkdw wkh prqh| pdunhw htxloleulxp frqglwlrq lv/

O_+lR�, @
P�

h�
= +:,

Htxdwlrqv +9, dqg +:, dorqj zlwk d ydoxh ri h2/ ixoo| ghvfulehv wkh uhodwlrq ehwzhhq

l_� dqg wkh htxloleulxp shvr lqwhuhvw udwh/ lR�/ dqg wkh gdwh 4 qrplqdo h{fkdqjh udwh/ h�1

Lqfuhdvlqj l_� kdv wkh h�hfw ri vkliwlqj wkh lqwhuhvw sdulw| frqglwlrq xs1 Nhhslqj h2 �{hg/

wkh shvr lqwhuhvw udwh ulvhv/ dqg wkh h{fkdqjh udwh ghsuhfldwhv lq uhvsrqvh wr wklv ulvh1
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Iurp htxdwlrqv +8, dqg +:,/ rqh fdq dovr vhh wkdw � lv d ghfuhdvlqj ixqfwlrq ri lR�/ wkh

grphvwlf lqwhuhvw udwh1 Wkxv orzhulqj wkh grphvwlf lqwhuhvw udwh kdv wkh h�hfw ri lqfuhdvlqj

�upv* grphvwlf oltxlglw|1 D vwhulol}hg lqmhfwlrq ri lqwhuqdwlrqdo uhvhuyhv/ rq wkh rwkhu kdqg/

lqfuhdvhv lqwhuqdwlrqdo oltxlglw|/ dqg rqo| lqgluhfwo| d�hfwv grphvwlf oltxlglw| yld l_� dqg lwv

h�hfw rq h�1

61415 Lq dwlrq0fuhglelolw|

Frqyhqwlrqdo lq dwlrq0fuhglelolw| dovr sod|v dq lpsruwdqw uroh lq rxu iudphzrun/ iru lw d�hfwv

wkh h�hfwlyhqhvv ri fhqwudo edqn lqwhuyhqwlrqv1

Frqvlghu wzr srodu fdvhv1 Lq rqh h{wuhph/ wkh fhqwudo edqn*v frpplwphqw wr d jlyhq

gdwh 5 h{fkdqjh udwh/ h2 @ �h/ lv ixoo| fuhgleoh1 Wkxv zh lpsolflwo| dvvxph wkdw wkh fhqwudo

edqn/ shukdsv zlwk wkh dlg ri wkh jryhuqphqw/ lv �vfdoo| vrxqg vr dv wr eh deoh wr uhghhp lwv

prqhwdu| oldelolw| dw gdwh 5 dw d sulfh wkdw lv lqghshqghqw ri prqhwdu| dqg uhvhuyhv srolf|

gxulqj wkh fulvlv1 Lq wklv fdvh/ dq h{sdqvlrqdu| prqhwdu| srolf| �dq lqfuhdvh lq P�� grhv

vxffhhg lq lqfuhdvlqj uhdo edodqfhv +vhh ehorz,/ zkloh wkhuh lv qr qhhg wr nhhs lqwhuqdwlrqdo

uhvhuyhv wr vxssruw wkh fxuuhqf|/ vr wkh| fdq doo eh xvhg gxulqj wkh fulvlv1

Lq wkh rwkhu h{wuhph/ wkh fhqwudo edqn kdv qr lq dwlrq fuhglelolw|/ dqg wkh gdwh 5 h{0

fkdqjh udwh lv jlyhq dv h2 @ �2

-2
1 Lw lv vwudljkwiruzdug wr vhh iurp wkh lqwhuhvw sdulw|

frqglwlrq wkdw lq wklv fdvh h� dqg h2 zloo ulvh sursruwlrqdoo| wr wkh prqhwdu| lqmhfwlrq/ vr

lR� zloo uhpdlq xqfkdqjhg1 Wkdw lv/ prqhwdu| srolf| zloo kdyh qr uhdo h�hfwv lq hlwkhu wkh

krul}rqwdo ru yhuwlfdo fdvhv1 Rq wkh rwkhu kdqg/ wkh fhqwudo edqn*v kroglqjv ri lqwhuqdwlrqdo

uhvhuyhv ghwhuplqh ixwxuh h{fkdqjh udwhv/ wkxv wkhuh lv d uhdvrq wr qrw xvh doo wkh uhvhuyhv

gxulqj fulvhv1

Wkh �uvw fdvh lv ydoxdeoh wr kljkoljkw wkh qryho h�hfwv ri sxuh prqhwdu| lqwhuyhqwlrqv

lq d yhuwlfdo hqylurqphqw/ zkloh wkh vhfrqg rqh lvrodwhv wkh h�hfwv ri iruhljq h{fkdqjh

lqwhuyhqwlrqv1

Zkloh zh gr qrw glvfxvv wkhp khuh vlqfh rxu pdlq frqfoxvlrqv duh xqd�hfwhg e| wkhlu

dgglwlrqdo uhdolvp/ lqwhuphgldwh �sduwldo fuhglelolw|� fdvhv fdq dovr eh frqvlghuhg1 D

vlpsoh zd| ri fdswxulqj wklv lv e| lqwurgxflqj vrph xqfhuwdlqw| rq zkhwkhu h2 @ �h ru h2 @

P@U zloo suhydlo dw gdwh 51 Pruhryhu/ lw lv hdv| wr hqulfk wkh hqylurqphqw dqg lqwurgxfh

vshfxodwlyh dwwdfn0w|sh h�hfwv e| ohwwlqj wkh suredelolwlhv ri wkh gl�huhqw vfhqdulrv fkdqjh

zlwk wkh ohyho ri P@U1 Rxu edvlf frqfoxvlrqv duh qrw d�hfwhg e| wklv h{whqvlrq hlwkhu/

dowkrxjk lw sodfhv lpsruwdqw sudfwlfdo frqvwudlqwv rq wkh h{whqw wr zklfk prqhwdu| dqg

uhvhuyhv srolflhv fdq eh xvhg1 Zh uhylvlw wklv lvvxh lq vhfwlrq 8/ zkhq glvfxvvlqj frqvwudlqhg

prqhwdu| uhjlphv1
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615 Fhqwudo edqn remhfwlyhv dqg prqhwdu| srolf|

Zh qrz frqvlghu krz dq rswlpl}lqj fhqwudo edqn zloo xvh prqhwdu| srolf| dqg uhvhuyh lq0

whuyhqwlrqv wr hdvh wkh fulvlv � wkdw lv wr hdvh wkh frqvwudlqwv rq gdwh 4 lqyhvwphqw dqg

olplw lq dwlrqdu| suhvvxuhv1 Wr eh frqfuhwh/ zh lpdjlqh d �vkrfn�* wr lW� wkdw fdxvhv �qdq0

fldo frqvwudlqwv wr elqg/ dqg frqwudvw wkh uhvsrqvh ri wkh fhqwudo edqn lq wkh yhuwlfdo dqg

krul}rqwdo fdvhv1

Zh ehjlq e| frqvlghulqj prqhwdu| srolf| � wkdw lv/ wkh fkrlfhv ryhu iP|j1 Wkh lqwhu0
hvwlqj fdvh iru wklv srolf| lqwhuyhqwlrq lv zkhq wkh fhqwudo edqn lv lq dwlrq0fuhgleoh1 Zh

holplqdwh uhvhuyhv iurp wkh dqdo|vlv dqg vhw h2 @ �h1

Wkh pdlq glvwlqfwlrq ehwzhhq wkh yhuwlfdo dqg krul}rqwdo ylhzv lq wklv frqwh{w fdq

eh vhhq e| frqvlghulqj wkh h{shulphqw ri lqfuhdvlqj � +prqhwdu| h{sdqvlrq, e| d vpdoo

dprxqw1 Sdqhov +d, dqg +e, lq Iljxuh 5 looxvwudwh wklv h{shulphqw lq wkh krul}rqwdo dqg

yhuwlfdo vfhqdulrv/ uhvshfwlyho|1 Lq wkhlu grzqzdug vorsslqj vhjphqwv/ ghpdqgv duh mxvw

htxdo wr b@&

�n�_
�

1

loans loans

id1

i *
1

∆-1

w
1+i*1

(a) horizontal (b) vertical

Figure 2: Domestic liquidity expansion

Lq wkh krul}rqwdo fdvh dq lqfuhdvh lq grphvwlf oltxlglw| gxh wr h{sdqvlrqdu| prqhwdu|
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srolf| udlvhv gdwh 4 lqyhvwphqw/ zkloh ohdylqj l_� xqd�hfwhg1 Rq wkh rwkhu kdqg/ lq wkh yhuwl0

fdo uhjlrq/ wkh vdph lqfuhdvh lq grphvwlf oltxlglw| kdv qr h�hfw rq htxloleulxp lqyhvwphqw/

dqg lqvwhdg rqo| sxvkhv xs l_�1

61514 Wkh krul}rqwdo ehqfkpdun

Zh fdq qrz vwxg| wkh vwdqgdug wudgh0r� idfhg e| wkh fhqwudo edqn lq wkh krul}rqwdo frqwh{w1

Djdlqvw wkh lqfuhdvh lq lqyhvwphqw dqg rxwsxw eurxjkw derxw e| dq h{sdqvlrqdu| prqhwdu|

srolf| +5,=
CF�

C�
@ dn

�
�

4. lW�
� 4

�
A 3> +;,

wkhuh lv dq �lq dwlrqdu|� frvw1 Dv lv vwdqgdug lq wkh srolwlfdo hfrqrp| olwhudwxuh/ zh fdswxuh

wkh odwwhu lq uhgxfhg irup/ zklfk lq rxu fdvh lv d glvxwlolw| frvw ri ghyldwlqj iurp d vwdeoh

sulfh +h{fkdqjh udwh, wdujhw �h=

�SJr|+h�> h2, @
�

5

#�
h� � �h

�h

�2
.

�
h2 � �h

�h

�2$
> � A 3= +<,

Lq wkh ixoo lq dwlrq0fuhglelolw| fdvh zh duh fxuuhqwo| glvfxvvlqj/ h2 @ �h/ dqg wkh odvw whup

lq wklv frvw ixqfwlrq gursv rxw1 Pruhryhu/ iurp wkh lqwhuhvw sdulw| frqglwlrq +9, dqg wkh

idfw wkdw l_� @ lW� lq wkh krul}rqwdo uhjlrq/ zh kdyh=

h� � �h

�h
@ lW� � lR�>

dqg

�SJr|c� @
�

5
+lW� � lR�,

2
>

Vxssrvh qrz wkdw dq h{whuqdo vkrfn klwv wkh hfrqrp|/ udlvlqj lW�1 E| wljkwhqlqj prqh0

wdu| srolf| �l1h1/ e| udlvlqj wkh shvr0lqwhuhvw udwh/ lR�� wkh lq dwlrqdu| frvw ri wkh vkrfn

lv olplwhg e| orzhulqj wkh h{whqw ri wkh ghsuhfldwlrq lq h�1; Wkh frvw ri wkh frqwudfwlrqdu|

prqhwdu| srolf|/ ri frxuvh/ lv wkdw lqyhvwphqw idoov1 Xqghu qrupdo dvvxpswlrqv/ wkh fhq0

wudo edqn �qgv vrph frpsurplvh ehwzhhq wkh frvw dqg ehqh�w ri d wljkw prqhwdu| srolf|

uhvsrqvh1<

; Lpsolflwo| gl�huhqwldwlqj wkh lqwhuhvw sdulw| frqglwlrq/ zh �qg wkdw frqwudfwlqj ��/ orzhuv ��*e�/ udlvhv

�R
�
/ dqg uhgxfhv e�1 Iru wkhvh qrwh wkdw=

YE��*e��

Y��
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�
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Ye�
Y��
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��
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Y��
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< Lq wklv vhqvh/ wkh prqhwdu| srolf| sureohp zlwk �qdqfldo iulfwlrqv lq wkh krul}rqwdo shuvshfwlyh lv qr
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61515 Wkh yhuwlfdo fdvh

Rxu pdlq uhvxowv lq wklv vhfwlrq iroorz iurp qrwlflqj wkdw wkh zhljkwv lq wkh deryh wudgh0r�

fkdqjh deuxswo| lq wkh yhuwlfdo uhjlrq1 Wklv kdsshqv iru wzr lpsruwdqw dqg forvho| uhodwhg

uhdvrqv1 Iluvw/ vlqfh wkh pdlq elqglqj frqvwudlqw lv wkh lqwhuqdwlrqdo dv rssrvhg wr wkh

grphvwlf froodwhudo frqvwudlqw/ uhod{lqj wkh odwwhu grhv qrw d�hfw uhlqyhvwphqw dqg rxwsxw

+vhh +6,,=
CF�

C�
@ 3> lpso|lqj

CF�

CP�

@ 3=

Vhfrqg/ wkh frvw ri plvvlqj wkh lq dwlrq wdujhw fdq qrz eh zulwwhq dv=

�SJr|c� @
�

5

�
l_� � lR�

�2
>

exw
Cl_�
C�

@
dn

z?@+4 . lW�,
A 3>

zklfk phdqv wkdw li wkh fhqwudo edqn zhuh wr orrvhq prqhwdu| srolf|/ l_� zrxog ulvh1 Wklv

lq wxuq zrxog vkliw wkh lqwhuhvw sdulw| frqglwlrq/ h{dfhuedwlqj wkh ghsuhfldwlrq ri h�/ dqg

khqfh wkh lq dwlrq frvw1 Zh uhihu wr wklv skhqrphqrq dv h{fkdqjh udwh ryhuvkrrwlqj ehfdxvh/

uhodwlyh wr wkh krul}rqwdo uhjlrq/ lq wkh yhuwlfdo uhjlrq shvr lqwhuhvw udwh uhgxfwlrqv ohdg wr

sursruwlrqdwho| odujhu ghsuhfldwlrqv lq wkh h{fkdqjh udwh143

Zlwk olwwoh gluhfw uhdo frqvhtxhqfhv/ prqhwdu| srolf| lq wkh yhuwlfdo uhjlrq lv glfwdwhg

e| wkh lq dwlrqdu| frvwv1 Pruhryhu/ vlqfh wkh h{fkdqjh udwh lv pruh vhqvlwlyh wr prqhwdu|

srolf| lq wkh yhuwlfdo wkdq lq wkh krul}rqwdo uhjlrq/ wkh lqfhqwlyh wr wljkwhq prqhwdu| srolf|

lv vwurqjhu lq wkh iruphu iru wklv uhdvrq dv zhoo1

Zh wdnh wkh zlgho| revhuyhg ihdu ri  rdwlqj wr eh dq h{dpsoh ri wklv1 Wkh fhqwudo edqn

zlvkhv wr surwhfw wkh h{fkdqjh dw gdwh 4 iurp wkh vkrfn wr lW�1 Dw gdwh 4/ wkh rxwsxw frvwv

wr udlvlqj lqwhuhvw udwhv duh plqlpdo +eh|rqg wkh gluhfw frvwv ri wkh h{whuqdo vkrfn,/ dqg

lqvwhdg wkh dfwlrq kdv d vxevwdqwldo h�hfw rq wkh h{fkdqjh udwh1 Wkh orjlfdo frqfoxvlrq lv

wr djjuhvvlyho| wljkwhq prqhwdu| srolf|1

gl�huhqw iurp wkh vwdqgdug forvhg hfrqrp| sureohp dssolhg wr ghyhorshg hfrqrplhv dv lq/ h1j1/ Ehuqdqnh/

Jhuwohu dqg Jlofkulvw +5333,1
43Wkh dojheud ohdgv wr/
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Qrwh wkdw zkhq b�Eu� ' f wklv lv htxlydohqw wr wkh krul}rqwdo fdvh1 Zkhq b�Eu� : f/ wklv h{suhvvlrq h{fhhgv

wkh ghulydwlyh ri wkh krul}rqwdo fdvh1
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616 Iruhljq h{fkdqjh lqwhuyhqwlrqv

Zh qrz frqvlghu wkh fdvh zkhuh wkh fhqwudo edqn hqjdjhv lq vwhulol}hg iruhljq h{fkdqjh

lqwhuyhqwlrqv1 Dv zh vdlg ehiruh/ wkh prvw lqwhuhvwlqj srodu fdvh iru wklv lqwhuyhqwlrq lv wkdw

lq zklfk wkh fhqwudo edqn kdv qr lq dwlrq0fuhglelolw|/ iru lq wklv fdvh wkh fhqwudo edqn kdv

d uhdvrq wr krog rq wr lqwhuqdwlrqdo uhvhuyhv hyhq gxulqj fulvhv1

61614 Wkh krul}rqwdo ehqfkpdun

Wkh lqwhuyhqwlrq zh frqvlghu lv dv iroorzv= Wkh fhqwudo edqn ehjlqv gdwh 4 zlwk U ri uhvhuyhv

dqg xvhv [ ? U ri wkhvh uhvhuyhv lq wkh h{fkdqjh lqwhuyhqwlrq/ vr wkdw U2 @ U�[1 Wkh

lqwhuyhqwlrq lv vwhulol}hg/ vr wkdw wkh prqh| vxsso| P� lv khog frqvwdqw1 Ilqdoo| zh dvvxph

wkdw wkh surfhhgv iurp wkh lqmhfwlrq duh uhwxuqhg wr �upv dw gdwh 51 Ilupv uhfhlyh f
�n�W�

+4.l_�,

dw gdwh 51

Wkh uhvxow lv rssrvlwh ri wkdw rewdlqhg zlwk d prqhwdu| lqwhuyhqwlrq lq wkh ixoo fuhg0

lelolw| uhjlrq1 Iluvw/ dq lqmhfwlrq ri uhvhuyhv lqwr wkh pdunhw lv frqwudfwlrqdu|1 Wr vhh

wklv/ vxevwlwxwh wkh h{suhvvlrq iru U2 lqwr h2 @ P�@U2/ dqg wkhq lqwr wkh lqwhuhvw sdulw|

frqglwlrq/

lR� . h�
+U�[,

P�
� 4 @ lW�=

Wkxv d vwhulol}hg lqmhfwlrq ri uhvhuyhv +[ A 3/ nhhslqjP� frqvwdqw,/ uhtxluhv d ghsuhfldwlrq

ri h� zklfk/ lq wxuq/ udlvhv lR� e| orzhulqj uhdo edodqfhv P�@h�1

Wkh srolf| reylrxvo| grhv qrw kdyh dq| dgydqwdjh iurp dq h{fkdqjh udwh wdujhw srlqw

ri ylhz/ dv lqmhfwlqj uhvhuyhv zhdnhqv wkh fxuuhqf| dw erwk gdwhv1 Lq vxppdu|/ lq wkh

krul}rqwdo uhjlrq wkh fhqwudo edqn lv olnho| wr dffxpxodwh uhvhuyhv gxulqj fulvhv vhhnlqj wr

jdlq fuhglelolw|1 Lpsruwdqwo|/ wkhuh lv qr dgydqwdjh lq lqmhfwlqj uhvhuyhv lqwr wkh pdunhw

vlqfh wkh pdlq sureohp ri wkh frxqwu| lv qrw rqh ri vkruwdjh ri lqwhuqdwlrqdo oltxlglw|1

61615 Wkh yhuwlfdo fdvh

Lq wkh yhuwlfdo uhjlrq/ rq wkh rwkhu kdqg/ wkh fhqwudo edqn kdv d vwurqj lqfhqwlyh wr xvh lwv

uhvhuyhv gxulqj wkh fulvlv1 Iluvw dqg iruhprvw/ wkh pdlq vkruwdjh lq wkh sulydwh vhfwru lv ri

lqwhuqdwlrqdo oltxlglw|/ vr dq lqmhfwlrq ri uhvhuyhv +[ A 3, gluhfwo| uhod{hv wklv frqvwudlqw

dqg errvwv lqyhvwphqw +dqg frqvxpswlrq dw gdwh 5,=

CF�

C[
@

�

4. lW�
� 4 A 3= +43,

Lq dgglwlrq/ vlqfh/

l_� @
�dn
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lqfuhdvlqj [ orzhuv l_�/ vkliwlqj0lq wkh lqwhuhvw sdulw| frqglwlrq1 Wklv lq wxuq dssuhfldwhv

wkh h{fkdqjh udwh dv zhoo dv orzhuv shvr lqwhuhvw udwhv +gluhfwo|/ dqg lqgluhfwo| vlqfh P�@h�

zloo ulvh,1 Lq uhvsrqvh wr wkh vkrfn/ wkh srolf| uhgxfhv wkh h{fkdqjh udwh ghsuhfldwlrq lq h�

pruh wkdq lw ghsuhfldwhv h21

Lq vxppdu|/ vlqfh lqwhuqdwlrqdo oltxlglw| lv vfdufh lq wkh yhuwlfdo uhjlrq/ wkh fhqwudo

edqn kdv dq lqfhqwlyh wr lqmhfw lwv lqwhuqdwlrqdo uhvhuyhv hyhq li grlqj vr uhgxfhv wkh gdwh 5

uhvhuyh edfnlqj ri wkh fxuuhqf|1 Grlqj vr erwk lqfuhdvhv rxwsxw dv zhoo dv vwuhqjwkhqv wkh

gdwh 4 h{fkdqjh udwh1

7 H{0dqwh rswlpdo srolf|= Wkh ixoo frpplwphqw fdvh

Wkh gdwh 40rswlpdo srolflhv ghvfulehg deryh iru wkh yhuwlfdo uhjlrq duh vxe0rswlpdo dw gdwh

31 Zlwk frpplwphqw/ wkh fhqwudo edqn grhv ehwwhu e| iroorzlqj d frxqwhu0 udwkhu wkdq

d sur0f|folfdo prqhwdu| srolf| dqg/ rwkhu wklqjv htxdo/ d pruh olplwhg �uhodwlyh wr wkh

h{0srvw dprxqw� lqmhfwlrq ri uhvhuyhv gxulqj h{whuqdo fulvhv1

Wkh uhdvrq ehklqg wkh jds ehwzhhq wkh frpplwphqw dqg vxejdph shuihfw vroxwlrqv

lv wkdw fhqwudo edqn lqwhuyhqwlrqv d�hfw l_�1 H{shfwdwlrqv derxw wklv sulfh wxuq rxw wr eh

fhqwudo lq ghwhuplqlqj �upv* �qdqflqj dqg lqyhvwphqw ghflvlrqv dw gdwh 31 Wkh �uvw sduw ri

wklv vhfwlrq ghvfulehv wkh uroh wkdw wkhvh h{shfwdwlrqv sod| lq sulydwh vhfwru*v gdwh 3 dfwlrqv1

Wkh vhfrqg sduw glvfxvvhv +h{0dqwh, rswlpdo srolf| zkhq wkh fhqwudo edqn kdv wkh srzhu wr

frpplw wr lwv gdwh 4 srolflhv sulru wr �upv* wdnlqj lqyhvwphqw ghflvlrqv dw gdwh 31

714 Gdwh 3 lqfhqwlyhv

Vlqfh rxu pdlq srlqwv gr qrw ghshqg rq wkh suhvhqfh ri djjuhjdwh vkrfnv zh holplqdwh wkhp1

Zh dvvxph wkdw gdwh 4 djjuhjdwh frqglwlrqv duh ixoo| dqwlflsdwhg wr eh wkrvh ri dq h{whuqdo

fulvlv � wkdw lv/ wkh hfrqrp| zloo eh lq dq htxloleulxp zlwk elqglqj �qdqfldo frqvwudlqwv

+vhh wkh dsshqgl{ iru sdudphwhu frqglwlrqv wr duulyh dw wklv vfhqdulr,1

Dw gdwh 4 wkh fhqwudo edqn zloo pdnh d fkrlfh ryhu wkh prqh| vxsso|/ P�/ dv zhoo dv krz

pxfk ri lwv lqwhuqdwlrqdo uhvhuyhv wr lqmhfw +[,1 Iru suhvhqwdwlrq sxusrvhv/ zh vxppdul}h

wkh fhqwudo edqn*v srolf| e| wkh ydoxhv l_� dqg � wdnh/ dqg glvuhjdug wkh vshfl�f frpelqdwlrq

ri +P�>[, uhtxluhg wr dfklhyh wkhp1

Ohw xv uhylvlw wkh sulydwh vhfwru*v gdwh 3 lqyhvwphqw dqg �qdqflqj ghflvlrqv/ wdnlqj wkh

fhqwudo edqn*v gdwh 4 srolf| dv jlyhq1 Wkh qhw uhwxuq rq lqyhvwlqj dq h{wud xqlw ri n iru dq

lqwdfw �up lv frpsrvhg ri wzr slhfhv= Rq wkh jurvv uhwxuq vlgh/ wkh �up rewdlqv Dn jrrgv
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dw gdwh 51 Rq wkh frvw vlgh/ lw vdful�fhv +4 . lWf,f
�+n, xqlwv ri lqwhuqdwlrqdo oltxlglw| zklfk

zrxog kdyh |lhoghg d uhwxuq l_� lq wkh grphvwlf �qdqfldo pdunhw dw gdwh 41 Wkxv/ dw wkh

pdujlq lqfuhdvlqj n |lhogv dq h{0srvw uhwxuq/ qhw ri rssruwxqlw| frvw/ ri

D� f�+n,+4 . l_�,+4 . lWf,=

Qrz frqvlghu wkh vdph qhw uhwxuq iru d glvwuhvvhg �up1 Rq wkh jurvv uhwxuq vlgh/ dw wkh

pdujlq wkh �up rewdlqv d xqlwv ri jrrgv gluhfwo|1 Exw ehfdxvh d iudfwlrq � ri wkhvh jrrgv

fdq eh sohgjhg dv froodwhudo lq wkh grphvwlf ordq pdunhw dw gdwh 4/ wkdw iudfwlrq pxvw eh

pxowlsolhg e| wkh sulydwh uhwxuq wkdw hdfk jhqhudwhv +lwv ydoxh dv d froodwhudo dvvhw,1 D ordq

vhfxuhg e| �d jrrgv dw gdwh 5 jhqhudwhv surfhhgv ri b@
�n�_�

jrrgv dw gdwh 4/ zklfk hdfk fdq eh

uhlqyhvwhg dw d jurvv uhwxuq ri �1 Wkxv wkh jurvv ehqh�w wr lqfuhdvlqj n lv +4��,d.�d {
�n�_�

1

Rq wkh frvw vlgh/ lw vdful�fhv +4.lWf,f
�+n, xqlwv ri lqwhuqdwlrqdo oltxlglw| zklfk |lhog d sulydwh

uhwxuq ri � wr d glvwuhvvhg �up1 Wkxv/ dw wkh pdujlq lqfuhdvlqj lqyhvwphqw lq n |lhogv d

qhw uhwxuq ri=

d
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Frpelqlqj wkhvh h{suhvvlrqv ohdgv wr wkh iroorzlqj sureohp iru d �up dw gdwh 3/
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zkhuh wkh odvw wzr whupv fruuhvsrqg wr wkh fhqwudo edqn*v uhglvwulexwlrq ri lwv dvvhwv wr wkh

sulydwh vhfwru dw gdwh 51

Wkh �uvw rughu frqglwlrq ri wklv sureohp/

f�+n,+4 . lWf, @
D. d+4� �, . �d {

�n�_�

�. 4 . l_�
> +45,

looxvwudwhv wkh ghshqghqfh ri n rq l_�1 Wr vhh wklv/ qrwlfh wkdw wkh uljkw kdqg vlgh ri +45,

lv ghfuhdvlqj lq l_�/ zkloh wkh ohiw kdqg vlgh lv lqfuhdvlqj lq n vlqfh f+n, lv frqyh{1 Wkxv/

lqfuhdvlqj l_� ghfuhdvhv gdwh 3 lqyhvwphqw1 Wkh uhdvrq iru wklv lv wkdw l
_
� lv wkh frvw ri fdslwdo

iru �upv1 Zkloh lw lv wuxh wkdw �upv dw gdwh 3 eruurz iurp lqwhuqdwlrqdo lqyhvwruv dw lWf/

wkh rssruwxqlw| frvw ri jlylqj xs lqwhuqdwlrqdo froodwhudo lv wr xvh lw d gdwh 4 dw wkh lqwhuhvw

udwh ri l_�1 Wkxv zkhq l_� lv kljk/ �upv zloo lqfuhdvh z? e| uhgxflqj n/ dqg wkhuhe| kdyh

pruh lqwhuqdwlrqdo oltxlglw| rq kdqg wr �qdqfh lqyhvwphqw dw gdwh 41

Wkh vhfrqg srlqw wr qrwh lv wkdw zkloh lw pd| vhhp wkdw wkh uljkw kdqg vlgh lv lqfuhdvlqj

lq �/ wklv lv qrw wuxh rqfh rqh frqvlghuv wkh jhqhudo htxloleulxp h�hfw ri � rq l_�1 Qrwlqj wkdw

4:



4 . l_� lv lqyhuvho| sursruwlrqdo wr �/ zh vhh wkdw wkh uljkw kdqg vlgh lv dfwxdoo| ghfuhdvlqj

rq �1 Lq rwkhu zrugv/ li wkh sulydwh vhfwru dqwlflsdwhv dq h{sdqvlrq lq � dw gdwh 4/ wkh

sulfh h�hfw lv vwurqj hqrxjk vr wkdw lw fxwv edfn lqyhvwphqw dw gdwh 3 dqg �qdqfhv pruh

lqyhvwphqw dw gdwh 4 ghvslwh wkh ulvh lq wkh sohgjhdelolw| ri lwv grphvwlf dvvhwv1

715 Wkh Ydoxh ri Fhqwudo Edqn Frpplwphqw

Wkh fhqwudo edqn pdnhv gdwh 4 fkrlfhv ryhu +P�>[,1 Wkhvh fkrlfhv d�hfw �+P�@h�, dqg

l_�1 Wkh sulydwh vhfwru dqwlflsdwhv wkh fkrlfhv/ dqg pdnhv d gdwh 3 ghflvlrq ryhu n1 Wkh

txhvwlrq zh qrz dvn lv zkhwkhu wkhuh lv dq| ydoxh lq frpplwwlqj wr wkh gdwh 4 srolf|

fkrlfhv ri +P�>[, sulru wr wkh sulydwh vhfwru*v lqyhvwphqw ghflvlrq dw gdwh 31

Lw lv lpsruwdqw wr qrwlfh wkdw wkh frpplwphqw sureohp wkdw frqfhuqv xv khuh lv zlwk

uhvshfw wr srolflhv wkdw d�hfw wkh sulydwh vhfwru*v lqvxudqfh dqg eruurzlqj ghflvlrqv1 Zh

duh qrw gluhfwo| frqfhuqhg zlwk wkh vwdqgdug lq dwlrqdu| eldv hpskdvl}hg lq wkh lq dwlrq0

fuhglelolw| olwhudwxuh d od Eduur dqg Jrugrq +4<;6,/ dqg zh kdyh pdgh dvvxpswlrqv vxfk

wkdw wklv eldv grhv qrw dulvh1 Kdylqj vdlg wklv/ lq dwlrq0fuhglelolw| lvvxhv uhvwulfw wkh srolf|

rswlrqv wkdw d fhqwudo edqn kdv/ dqg lq vr grlqj wkh| d�hfw wkh srolflhv wkdw frqfhuq xv dv

zhoo1 Zh glvfxvv wkhvh lqwhudfwlrqv ehorz/ dqg lq vhfwlrq 8 lq sduwlfxodu1

71514 D ehqfkpdun= Wkh luuhohydqfh ri frpplwphqw lq wkh krul}rqwdo uhjlrq

Lq wkh krul}rqwdo uhjlrq/ l_� @ lW� dqg lv xqd�hfwhg e| srolf|1 Wkxv pd{lpl}lqj djjuhjdwh

frqvxpswlrq/ F/ |lhogv wkh vdph vroxwlrq zkhwkhu lw lv grqh h{0dqwh ru h{0srvw � l1h1

zkhwkhu wkh srolf| lv dqqrxqfhg ehiruh ru diwhu wkh sulydwh vhfwru pdnhv lwv n0ghflvlrq lq

F�-UT 1 Frqvlghu/ iru h{dpsoh/ wkh fkrlfh ryhu �1 Gl�huhqwldwlqj +44, zlwk uhvshfw wr �

|lhogv/
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E| wkh hqyhorsh wkhruhp/ wkh vhfrqg whup rq wkh uljkw kdqg vlgh ri wklv h{suhvvlrq lv

}hur +uhsodfh +45, lq lw,1 Lq rwkhu zrugv/ wkh rxwsxw h�hfw ri fkdqjlqj � lv frq�qhg wr

d
�

{
�n�W�

� 4
�
1 Wklv/ krzhyhu/ lv h{dfwo| wkh h�hfw wkdw wkh fhqwudo edqn frqvlghuv zkhq wkh

dfwlrq lv wdnhq dw gdwh 4 +vhh +;,,1

Wkh vdph dujxphqw dssolhv wr wkh h�hfwv ri fhqwudo edqn fkrlfhv ryhu [1 Ilqdoo|/ qrwh

wkdw lq wkh krul}rqwdo uhjlrq h�> h2 duh lqghshqghqw ri n1 Wkxv zkhwkhu wkh fhqwudo edqn

pryhv ehiruh n lv fkrvhq ru diwhu lv lppdwhuldo iru wkh lq dwlrq frvw whup dv zhoo1

Wr vxppdul}h/ frpplwphqw dw gdwh 3 lv lqfrqvhtxhqwldo lq wkh krul}rqwdo uhjlrq1 Wklv

frqfoxvlrq fkdqjhv hqwluho| lq wkh yhuwlfdo uhjlrq1
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71515 Wkh ydoxh ri frpplwphqw lq wkh yhuwlfdo uhjlrq

Wkh hqyhorsh wkhruhp dujxphqw euhdnv grzq rqfh fhqwudo edqn srolf| d�hfwv l_� dqg htxl0

oleulxp lv vxfk wkdw wkh sulydwh vhfwru xqghuydoxhv lqwhuqdwlrqdo oltxlglw| +l_� ? �� 4,1

Wr vhh wklv/ qrwlfh wkdw diwhu wkh fhqwudo edqn*v lqwhuyhqwlrq dw gdwh 4/ l_� lv/

4 . l_� @
�dn

z � +4 . lWf,+4 . lW�,f+n, . 5[
+4 . lW�,

Vxevwlwxwlqj wklv h{suhvvlrq lqwr +44, jlyhv d sodqqhu*v remhfwlyh ri/
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Lqwhuqdwlrqdo uhvhuyhv pdqdjhphqw1 Qrz frqvlghu wkh rxwsxw h�hfw ri lqfuhdvlqj [=
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Wkh �uvw whup rq wkh uljkw kdqg vlgh lv wkh vdph whup zh hqfrxqwhuhg lq wkh suhylrxv

vhfwlrq zkhq frqvlghulqj fhqwudo edqn lqfhqwlyhv dw gdwh 4 +vhh +43,,1 Wklv whup uh hfwv wkdw

lqfuhdvlqj [ orrvhqv wkh lqwhuqdwlrqdo oltxlglw| frqvwudlqw dqg doorzv iru pruh uhlqyhvwphqw

dw gdwh 4 dw wkh pdujlqdo surgxfw ri �1 Wkh qhz srlqw lv wkdw wkh whup lq sduhqwkhvhv zloo

qrw eh }hur/ dv orqj dv wkh sulydwh vhfwru xqghuydoxhv lqwhuqdwlrqdo oltxlglw|1 Wr vhh wklv/

frpsduh wklv h{suhvvlrq whup e| whup wr wkh �upv* �uvw rughu frqglwlrq dw gdwh 3 lq +45,1

Iru l_� ? �� 4/
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Wkxv wkh whup pxowlso|lqj Cn@C[ lq +46, lv qhjdwlyh1 Wkh h�hfw ri[ rq wkh sulydwh vhfwru*v

fkrlfhv ryhu n lv yld wkh sulfh ri l_�1 Vlqfh udlvlqj [ ghfuhdvhv l_� dqg wklv lq wxuq lqfuhdvhv

gdwh 3 lqyhvwphqw ri n/ zh kdyh wkdw Y&Ebcf�
Yf

A 31 Wkxv/
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Zh frqfoxgh wkdw zkloh lqmhfwlqj uhvhuyhv kdv d gluhfw ehqh�w rq rxwsxw/ lw dovr kdv d frvw

wkurxjk wkh h�hfw rq l_� dqg sulydwh vhfwru lqfhqwlyhv1 Wkxv wkh fhqwudo edqn fdq lpsuryh

rxwfrphv e| frpplwwlqj dw gdwh 3 wr dq lqmhfwlrq ri uhvhuyhv wkdw lv pruh olplwhg dw gdwh 4

wkdq lw zrxog eh whpswhg wr gr diwhu djhqwv kdyh pdgh wkhlu lqyhvwphqw ghflvlrqv1

Wklv uhvxow kdv wkh  dyru ri d �iuhh0lqvxudqfh� dujxphqw +h1j1 Grroh|/ 4<<<,1 Lqwhuqd0

wlrqdo uhvhuyhv duh ydoxdeoh dw gdwh 4 lq wkdw wkh| orrvhq wkh lqwhuqdwlrqdo oltxlglw| frqvwudlqw
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dqg doorz iru pruh lqyhvwphqw1 Li wkh fhqwudo edqn glg qrw lqwhuyhqh lq wkh uhvhuyhv pdunhw

dw doo/ wkh sulydwh vhfwru zrxog kdyh wr fduu| lwv rzq lqwhuqdwlrqdo uhvhuyhv lqwr gdwh 41

Wklv zrxog phdq ohvv eruurzlqj dqg lqyhvwphqw dw gdwh 3/ vr wkdw z? lv kljkhu1 Lq idfw/

wkh pdunhw doorfdwhv lwv lqwhuqdwlrqdo oltxlglw| ehwzhhq gdwh 3 dqg gdwh 4 yld wkh sulfh l_�>

zlwk d kljkhu l_� udlvlqj wkh sulydwh lqfhqwlyh wr krdug lqwhuqdwlrqdo uhvhuyhv1 Rq wkh rwkhu

kdqg/ fhqwudo edqn uhvhuyh lqmhfwlrqv orzhu l_� dqg ghfuhdvh sulydwh lqfhqwlyhv wr krdug uh0

vhuyhv1 Wklv h�hfw lv wdnhq lqwr dffrxqw e| wkh fhqwudo edqn h{0dqwh/ exw qrw h{0srvw diwhu

wkh sulydwh vhfwru kdv pdgh lwv lqyhvwphqw ghflvlrq1 Lw lv lpsruwdqw wr qrwlfh/ qrqhwkhohvv/

wkdw zkloh wkh lqfhqwlyh h�hfw lv dozd|v suhvhqw/ lw pdwwhuv iru zhoiduh dqg frpplwphqw

rqo| zkhq grphvwlf oltxlglw| lv olplwhg/ vlqfh lw lv lq wklv fdvh wkdw wkh sulydwh ydoxdwlrq ri

lqwhuqdwlrqdo oltxlglw| lv orzhu wkdq wkdw ri wkh fhqwudo edqn1

Prqhwdu| srolf|1 Wxuqlqj wr prqhwdu| srolf|/ zkloh lqwhuqdwlrqdo uhvhuyh lqmhfwlrqv orzhu

l_�/ prqhwdu| lqmhfwlrqv udlvh �1 Vlqfh lq wkh yhuwlfdo uhjlrq/ l_� lv lqfuhdvlqj lq �/ wkhuh

lv djdlq d glvfuhsdqf| ehwzhhq h{0dqwh dqg h{0srvw srolf| gxh wr wkh lqfhqwlyh h�hfwv ri

prqhwdu| srolf|1

Dw gdwh 4/ wkh fhqwudo edqn vhhv qr rxwsxw ehqh�w ri lqfuhdvlqj �1 Krzhyhu dw gdwh 3/
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zklfk lv vwulfwo| srvlwlyh vlqfh erwk h{suhvvlrqv rq wkh uljkw kdqg vlgh duh vwulfwo| qhjdwlyh

zkhq wkh sulydwh vhfwru xqghuydoxhv lqwhuqdwlrqdo oltxlglw|1

Wkdw lv/ dw gdwh 3/ wkh fhqwudo edqn uhfrjql}hv wkdw e| lqfuhdvlqj � lw zloo surpsw wkh

sulydwh vhfwru wr fxuwdlo lwv gdwh 3 lqyhvwphqw/ ohdylqj pruh uhvrxufhv rq kdqg xqwlo gdwh 41

Wklv lqfhqwlyh uroh lv xvhixo li lqwhuqdwlrqdo oltxlglw| lv xqghuydoxhg e| wkh sulydwh vhfwru1

Wkhuh lv ydoxh lq d fhqwudo edqn frpplwphqw wr d frxqwhu0f|folfdo prqhwdu| srolf|144

8 Il{hg H{fkdqjh Udwhv dqg H{0dqwh Phdvxuhv

Dv d srvlwlyh ghvfulswlrq ri hphujlqj pdunhwv/ rxu dqdo|vlv uhyhdov wkdw devhqw d frpplw0

phqw ghylfh fhqwudo edqnv zloo wljkwhq prqhwdu| srolf| dqg lqmhfw h{fhvv uhvhuyhv gxulqj

fulvhv1 Wkdw lv/ wkhlu ehkdylru zloo uhvhpeoh d �{hg h{fkdqjh udwh v|vwhp uhjdugohvv ri zkdw

wkh �r!fldo� h{fkdqjh udwh v|vwhp pljkw eh1 Lq wklv vhqvh/ d �{hg h{fkdqjh udwh v|vwhp

fdq eh wkrxjkw ri dv wkh lqvwlwxwlrqdol}dwlrq ri wkh vxejdph shuihfw/ exw vxerswlpdo/ fhq0

wudo edqn vroxwlrq wr wkh h{whuqdo oltxlglw| pdqdjhphqw2lq dwlrq vwdelol}dwlrq sureohp lw
44Zkloh whglrxv/ rqh fdq dovr vkrz wkdw lq wkh yhuwlfdo uhjlrq wkh lq dwlrq frvw uhlqirufhv wklv frqfoxvlrq1

Jlyhq wkh dg0krf qdwxuh ri wklv whup dqg lwv vhfrqgdu| lpsruwdqfh lq wkh yhuwlfdo uhjlrq/ zh fkrvh qrw wr

hpskdvl}h lw lq wkh pdlq wh{w1
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idfhv1 Lq idfw/ iurp d qrupdwlyh vwdqgsrlqw/ rxu dqdo|vlv vkrzv wkdw wkh fhqwudo edqn vkrxog

frpplw dw gdwh 3 wr orrvhq prqhwdu| srolf| gxulqj wkh fulvlv145

Wkhuh duh rwkhu lqvwdqfhv zkhq iroorzlqj d frxqwhuf|folfdo prqhwdu| srolf| dw gdwh 4 lv

qrw dq rswlrq/ hyhq li wkh fhqwudo edqn zhuh wr fuhgleo| frpplw dw gdwh 3 wr gr vr rqo| lq

wkh hyhqw ri d fulvlv1 Iru h{dpsoh/ lq wkh dqdo|vlv ri vhfwlrq 6/ li wkh fhqwudo edqn kdg qr

fuhglelolw| zlwk uhvshfw wr lwv gdwh 5 lq dwlrq wdujhw/ lw zdv xqdeoh wr d�hfw uhdo edodqfhv1

Dqrwkhu srvvlelolw|/ h{whqvlyho| glvfxvvhg lq wkh lqwhuqdwlrqdo hfrqrplfv olwhudwxuh/ rffxuv

zkhq vxevwdqwldo dprxqwv ri sulydwh ghew duh groodu ghqrplqdwhg � lq zklfk fdvh rqh pd|

h{shfw wkdw � lv d ghfuhdvlqj ixqfwlrq ri h�/ hyhq frqwuroolqj iru uhdo edodqfhv146

Wkh lvvxh zh dgguhvv lq wklv vhfwlrq lv zkhwkhu lw lv srvvleoh wr uhgxfh wkh xqghulqvxudqfh0

frvwv ri wkh �{hg h{fkdqjh v|vwhp wkurxjk rwkhu phdvxuhv1 Rxu dqdo|vlv uhyhdov d �vloyhu0

olqlqj� iru wkhvh frqvwudlqhg v|vwhpv= Uhfrjql}lqj wkdw wkh frvw ri orvw prqhwdu| srolf| lv

pdqlihvw lq wkh gdwh 3 ghflvlrqv ri wkh sulydwh vhfwru dv rssrvhg wr wkh gdwh 4 lq h{lelolw|

ri wkh fhqwudo edqn riwhq hpskdvl}hg/ ohdgv wr d qdwxudo vhw ri srolf| rswlrqv147 Wkh fhqwudo

edqn fdq lqvwlwxwh phdvxuhv dlphg gluhfwo| dw fruuhfwlqj wkh xqghulqvxudqfh sureohp ri wkh

sulydwh vhfwru dw gdwh 31 Zh vkrz wkdw wd{dwlrq ri fdslwdo lq rzv dw gdwh 3 lv rqh vxfk

phdvxuh/ dqg eulh | glvfxvv vrph rwkhu vroxwlrqv148

814 Wd{hv rq fdslwdo lq rzv

Uhfdoo wkdw wkh sureohp lqgxfhg e| qrw ehlqj deoh wr frpplw wr h{sdqg fuhglw dw gdwh 4

lv wkdw � � +4 . l_�, uhpdlqv kljk/ dqg wkxv wkh uhwxuq wr krduglqj lqwhuqdwlrqdo oltxlglw|

xqwlo gdwh 4 uhpdlqv xqghuydoxhg1 Zkloh lq sudfwlfh wklv xqghuydoxdwlrq ri lqwhuqdwlrqdo

oltxlglw| pd| wdnh pdq| irupv/ lq rxu vlpsoh prgho lw lv mxvw kljk h{whuqdo ohyhudjh +kljk
45Dv vxfk/ wr dujxphqwv wkdw zkhq d fhqwudo edqn �ihduv  rdwlqj/� lw pd| dv zhoo dgrsw d �{hg h{fkdqjh

udwh v|vwhp dqg jduqhu wkh orz0lq dwlrq vlgh ehqh�w/ zh srlqw rxw d frvw= Wklv srolf| �devhqw rwkhu

phdvxuhv +vhh ehorz,� h{dfhuedwhv wkh oltxlglw| pdqdjhphqw sureohp1
46Vhh/ h1j1/ Djklrq hw do +5333,/ Jhuwohu hw do1 +5334,/ Fhvshghv hw do1 +5333,/ dqg Fkulvwldqr hw do1

+5333,/ iru dqdo|vhv ri wklv edodqfh vkhhw fkdqqho dqg dujxphqwv iru dqg djdlqvw wkh frqwudfwlrqdu| h�hfwv

ri fxuuhqf| ghsuhfldwlrqv1
47Frqwudulzlvh/ lq wkh vwdqgdug +krul}rqwdo, dqdo|vlv/ wkh frvw ri frqvwudlqhg uhjlphv lv wkh orvv ri wkh

h{0srvw uhdo lpsdfw ri frxqwhuf|folfdo srolflhv1 Vhh/ h1j1/ Jhuwohu hw do +5334, dqg Fhvshghv hw do +5334,/ iru

prghov zkhuh wklv frqfhuq lv pdjql�hg e| wkh suhvhqfh ri �qdqfldo frqvwudlqwv1
48Qrwh/ krzhyhu/ wkdw hyhq kdug fxuuhqf| erdug v|vwhpv fdq h�hfwlyho| lpsohphqw vrph ghjuhh ri prqhwdu|

srolf| e|/ h1j1/ whpsrudulo| doorzlqj grphvwlf Wuhdvxu| lqvwuxphqwv ghqrplqdwhg lq grooduv wr frxqw dv

lqwhuqdwlrqdo uhvhuyhv/ ru uhod{lqj wkh edqnv lqwhuqdwlrqdo oltxlglw| udwlrv/ dv Dujhqwlqd kdv grqh ryhu wkh

odvw ghfdgh1
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gfcs , ru/ htxlydohqwo|/ h{fhvvlyh lqyhvwphqw lq grphvwlf �upv +kljk n,149 Lq rxu hqylurq0

phqw/ wkhuh duh wzr reylrxv h{0dqwh srolf| phdvxuhv wkdw fdq ghdo zlwk wkh xqghulqvxudqfh

sureohp= fdslwdo lq rzv wd{dwlrq gxulqj qrupdo wlphv +gdwh 3,/ dqg lqwhuqdwlrqdo oltxlglw|

uhtxluhphqwv dw gdwh 31

Wkhvh h{0dqwh rswlrqv/ ri frxuvh/ duh dovr dydlodeoh lq d  h{leoh h{fkdqjh udwh v|vwhp1

Wr wkh h{whqw wkdw � fdqqrw pryh vx!flhqwo| dw gdwh 4 lq rughu wr doljq wkh gdwh 3 sureohpv

ri wkh vrfldo sodqqhu dqg sulydwh vhfwru/ shukdsv dv d uhvxow ri wkh frpplwphqw dqg lq dwlrq

fuhglelolw| sureohpv glvfxvvhg hduolhu/ wkhvh phdvxuhv duh ghvludeoh1 Pruh jhqhudoo|/ ohw xv

uhwxuq wr wkh dqdo|vlv ri wkh suhylrxv vxevhfwlrq dqg fkdudfwhul}h wkh uhodwlrqvkls ehwzhhq

wkh rswlpdo h{0dqwh wd{ dqg �1 Iru vlpsolflw|/ zh zloo vhw [ @ 3 lq zkdw iroorzv1

Dw wkh djjuhjdwh ohyho/ exloglqj d pdujlqdoo| odujhu sodqw dozd|v jhqhudwhv gdwh 5 rxwsxw

ri �n@
2
1 Wkh rssruwxqlw| frvw ri grlqj wklv lv wr vdyh wklv lqwhuqdwlrqdo oltxlglw| xqwlo gdwh

4 dw zklfk srlqw/ vlqfh rqh ri wkh glvwuhvvhg ru lqwdfw �upv zloo eh uhlqyhvwlqj/ wkh uhwxuq

lv f�+n,+4 . lWf,�1 Lq wrwdo/ wkh vrfldo uhwxuq lv/

D. d

5
� f�+n,+4 . lWf,�= +47,

Doljqlqj wkh gdwh 3 sulydwh dqg vrfldo lqfhqwlyhv lv d pdwwhu ri fkrrvlqj d wd{2wudqvihu

srolf|1 Vxssrvh wkdw wkh fhqwudo edqn ohylhv d wd{ � shu xqlw ri n/ zklfk lv uhwxuqhg wr �upv

lq d oxps vxp idvklrq1 Wkhq/ wkh sulydwh vhfwru uhwxuq wr krduglqj d xqlw ri lqwhuqdwlrqdo

oltxlglw| dv rssrvhg wr lqyhvwlqj lw/ lv=

D

5
.

d

5

#
+4� �, . �

�

4. l_��

$
� f�+n,+4 . lWf,

�. 4. l_��
5

� � > +48,

zkhuh l_�� uhsuhvhqwv wkh qhz +diwhu wd{hv, htxloleulxp frvw ri d grphvwlf groodu0ordq1

Dv zh frqfoxghg hduolhu/ li grphvwlf �qdqfldo pdunhwv duh zhoo ghyhorshg ru prqhwdu|

srolf| lv srzhuixo hqrxjk vr wkdw lq wkh devhqfh ri wd{hv l_� @ �� 4/ +47, dqg +48, frlqflgh

iru � @ 3 dqg wkhuh lv qr uhdvrq iru lqwhuyhqwlrq dw gdwh 31 Li wkdw lv qrw wkh fdvh/ wkh

rswlpdo wd{ pxvw htxdwh wkhvh wzr h{suhvvlrqv1 D ihz vwhsv ri dojheud/ dqg lghqwli|lqj wkh

vrfldo sodqqhu*v txdqwlwlhv zlwk d kdw/ jlyhv xv wkdw wkh rswlpdo wd{ lv=

� @
4

5

# fz?en . f�+en,+4 . lWf,

$
+�� +4 . l_�c� ,,> +49,

zklfk lv fohduo| ghfuhdvlqj zlwk uhvshfw wr � vlqfh=

l_�c� @ �
denfz?

>

49Zlwk d voljkwo| ulfkhu prgho/ lq Fdedoohur dqg Nulvkqdpxuwk| +5333d/5333e, zh vkrz wkdw wklv xq0

ghuydoxdwlrq dovr ohdgv wr lqfuhdvhg groodul}dwlrq ri oldelolwlhv/ lqfuhdvhg vkruw whup ghew/ dqg lqvx!flhqw

frqwlqjhqw olqhv1
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dqg doo wkh vrfldo sodqqhu*v txdqwlwlhv duh lqghshqghqw ri �1

Ri frxuvh/ lq sudfwlfh wd{hv frph zlwk wkhlu rzq vhwv ri glvwruwlrqv � ghdgzhljkw frvwv

ri wd{dwlrq/ frvwv ri hqirufhphqw/ hydvlrq/ hwf1 Pruhryhu/ d vljql�fdqw gudzedfn ri gdwh

3 phdvxuhv lq rxu prgho lv wkdw li wkh| duh qrw ixoo| uhyhuvhg dw gdwh 4/ wkh uhgxfwlrq lq

gdwh 4 lqwhuqdwlrqdo oltxlglw| zloo pruh wkdq xqgr wkh gdwh 3 ehqh�w ri kdylqj wkh sulydwh

vhfwru krdug oltxlglw|1 Wkxv wkhvh phdvxuhv gr uhtxluh wkh dxwkrulw| wr eh yhu| uhvsrqvlyh

wr hfrqrplf frqglwlrqv1

Wkh lpsruwdqw srlqw wr uhfryhu/ krzhyhu/ lv wkdw lq wkh yhuwlfdo iudphzrun/ wkh frvw ri

orvlqj prqhwdu| srolf| lv qrw odfn ri  h{lelolw| dw gdwh 4 dqg wkh vkruw whup frqvhtxhqfhv

ri wklv lq h{lelolw|1 Udwkhu lw lv lq wkh xqghulqvxudqfh e| wkh sulydwh vhfwru dw gdwh 31 Lq

wklv vhqvh/ wkh frvwv ri kdylqj wr hqirufh fdslwdo frqwurov vkrxog eh vhhq dv wkh gluhfw frvw

ri orvlqj prqhwdu| srolf|1 Rxu frqfoxvlrq vwhpv iurp wkh jhqhudo sulqflsoh wkdw lq wkh

vhjphqwhg �qdqfldo vwuxfwxuh zh kdyh glvfxvvhg/ prqh| sod|v dq lqfhqwlyh uroh dqg qrw rqh

ri uhod{lqj �qdqfldo frqvwudlqwv1 Rqo| lqwhuqdwlrqdo oltxlglw| fdq uhod{ wkh prvw elqglqj

�qdqfldo frqvwudlqwv gxulqj h{whuqdo fulvhv1

9 Ilqdo Uhpdunv

Ohw xv vxppdul}h rxu uhvxowv wkurxjk wzr srodu vfhqdulrv/ erwk zlwklq wkh frqwh{w ri wkh

�yhuwlfdo� vwuxfwxuh1

Wkh �uvw lv wkdw ri d fhqwudo edqn zlwk d fuhgleoh phglxp uxq lq dwlrq wdujhw/ lq wkh vhqvh

wkdw wkh srolflhv lpsohphqwhg gxulqj wkh fulvlv duh qrw h{shfwhg wr frpsurplvh phhwlqj wklv

wdujhw1 Rxu dgylfh wr wklv fhqwudo edqn lv wr frpplw wr lqmhfw uhvhuyhv gxulqj d fulvlv/ dv

uhvhuyhv duh xqqhfhvvdu| wr edfn wkh fxuuhqf| dqg duh wkh prvw h�hfwlyh lqvwuxphqw wr uhod{

wkh elqglqj lqwhuqdwlrqdo oltxlglw| frqvwudlqw1 Krzhyhu/ wklv srolf| pxvw eh vxssohphqwhg

zlwk d frpplwphqw wr h{sdqvlrqdu| prqhwdu| srolf| lq rughu wr frxqwhudfw wkh kdupixo

h�hfw ri wkh uhvhuyhv lqmhfwlrq rq wkh sulydwh vhfwru*v lqfhqwlyhv wr lqvxuh djdlqvw fulvhv1

Devhqw wkh odwwhu frpplwphqw/ wkh uhjlph pxvw eh vxssohphqwhg e| h{0dqwh phdvxuhv vxfk

dv fdslwdo lq rzv wd{dwlrq1

Wkh vhfrqg vfhqdulr lv wkdw lq zklfk wkh fhqwudo edqn lv qrw fuhgleoh lq phhwlqj dq

lq dwlrq wdujhw/ dqg uhtxluhv uhvhuyhv wr pdlqwdlq wkh ydoxh ri wkh h{fkdqjh udwh1 Lq wklv

fdvh wkh rswlpdo lqfhqwlyh prqhwdu| srolf| lv vlpso| qrw dydlodeoh/ dqg wkh h{0dqwh phdvxuhv

duh xqdyrlgdeoh li yrodwlolw| lv wr frqwdlqhg1 Lq wkh yhuwlfdo ylhz/ wkh sd|r� ri iroorzlqj d

glvflsolqhg prqhwdu| srolf| gxulqj qrupdo wlphv frphv qrw lq wkh irup ri dq h{wud dqwl0

uhfhvvlrq wrro/ exw lq frxqwlqj zlwk dq lqh{shqvlyh lqfhqwlyh phfkdqlvp1
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Wkhuh duh pdq| fdyhdwv wkdw d vw|ol}hg prgho olnh rxuv lv vxemhfw wr1 Rqh zruwk phq0

wlrqlqj lq frqfoxglqj/ lv rxu dvvxpswlrq wkdw doo fulvhv duh hlwkhu yhuwlfdo ru krul}rqwdo1

Lq pdq| lqvwdqfhv fulvhv exlog xs/ jrlqj �uvw wkurxjk d krul}rqwdo skdvh/ zkhuh grphvwlf

�qdqfldo frqglwlrqv wljkwhq dqg h{whuqdo eruurzlqj ehfrphv judgxdoo| pruh h{shqvlyh/ eh0

iruh idoolqj lqwr d vkdus yhuwlfdo vxgghq vwrs skdvh1 D fhqwudo txhvwlrq iru srolf|pdnhuv

lq wklv frqwh{w lv zkdw wr gr zlwk prqhwdu| srolf| dw wkh hduo| vwdjhv ri wkh fulvlv/ zkhq

vxsso| lv vwloo krul}rqwdo exw wkhuh lv d frqfhuq wkdw hyhqwv pd| vrrq ohdg wr d elglqj lqwhu0

qdwlrqdo oltxlglw| frqvwudlqw1 Dw wklv vwdjh/ wljkwhqlqj prqhwdu| srolf| ghvwur|v �qdqfldoo|

frqvwudlqhg surmhfwv exw vdyhv lqwhuqdwlrqdo oltxlglw| iru wkh yhuwlfdo hyhqw1 Zh frqmhfwxuh

wkdw wklv wudgh0r� fdq eh dqdo|}hg lq whupv vlplodu wr wkrvh zh kdyh xvhg wkurxjkrxw= Li

wkh frpplwphqw wr dq djjuhvvlyh frxqwhuf|folfdo prqhwdu| srolf| zhuh wkh yhuwlfdo hyhqw wr

duulyh lv fuhgleoh/ wkhq wkhuh lv olwwoh qhhg wr wljkwhq gxulqj wkh krul}rqwdo skdvh1 Exw li wkh

frpplwphqw lv qrw fuhgleoh ru ihdvleoh/ wkhq wkh dssursuldwh uhvsrqvh lv wr wljkwhq gxulqj

wkh hduo| skdvh lq rughu wr surwhfw lqwhuqdwlrqdo oltxlglw|/ yhu| pxfk dv wd{lqj fdslwdo  rzv

dw gdwh 3 zdv dgylvdeoh lq rxu vlpsol�hg prgho1 Lq idfw/ wkh frvwv lq whupv ri wkh dgglwlrqdo

�qdqfldo glvwuhvv lpsrvhg xsrq wkh grphvwlf sulydwh vhfwru lv wr d odujh h{whqw frpsdudeoh

lq qdwxuh wr wkdw ri wkh h{0dqwh phdvxuhv zh douhdg| glvfxvvhg1
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Uhihuhqfhv

^4` Djklrq/ Sklolssh/ Sklolssh Edffkhwwd/ dqg Deklmlw Edqhumhh/ �Fxuuhqf| Fulvhv dqg

Prqhwdu| Srolf| zlwk Fuhglw Frqvwudlqwv/ plphr Kduydug 53331

^5` Dl}hqpdq/ M1/ �Frxqwu| Ulvn/ Lqfrpsohwh Lqirupdwlrq dqg Wd{hv rq Lqwhuqdwlrqdo Eru0

urzlqj/� Hfrqrplf Mrxuqdo <</ Pdufk 4<;</ ss1 47:04941

^6` Eduur/ U1/ dqg G1 Jrugrq/ �D Srvlwlyh Wkhru| ri Prqhwdu| Srolf| lq d Qdwxudo Udwh

Prgho/� Mrxuqdo ri Srolwlfdo Hfrqrp| <4/ 4<;6/ ss1 8;<09431

^7` Ehuqdqnh/ E1/ P1 Jhuwohu/ dqg V1 Jlofkulvw/ �Wkh Ilqdqfldo Dffhohudwru lq d Txdqwlwd0

wlyh Exvlqhvv F|foh Iudphzrun/� Kdqgerrn ri Pdfurhfrqrplfv/ Wd|oru dqg Zrrgirug/

hgv1/ 4<<<1

^8` Errupdq/ M1/ W1 Odqh/ P1 Vfkxo}h0Jkdwwdv/ D1 Exolu/ M1 Kdpdqq/ D1 Prxuprxudv/ dqg

V1 Skloolsv/ �Pdqdjlqj Ilqdqfldo Fulvhv= Wkh H{shulhqfh lq Hdvw Dvld/� LPI zrunlqj

sdshu ZS233243:1

^9` Fdedoohur/ U1M1 dqg D1 Nulvkqdpxuwk|/ �Lqwhuqdwlrqdo dqg Grphvwlf Froodwhudo Frq0

vwudlqwv lq d Prgho ri Hphujlqj Pdunhw Fulvhv/� iruwkfrplqj lq Mrxuqdo ri Prqhwdu|

Hfrqrplfv/ 5334d1

^:` Fdedoohur/ U1M1 dqg D1 Nulvkqdpxuwk|/ �Vprrwklqj Vxgghq Vwrsv/� plphr PLW/ Pd|

5334e1

^;` Fdedoohur/ U1M1 dqg D1 Nulvkqdpxuwk|/ �Lqwhuqdwlrqdo Oltxlglw| Pdqdjhphqw= Vwhulo0

l}dwlrq Srolf| lq Looltxlg Ilqdqfldo Pdunhwv/% QEHU ZS & ::73/ Mxqh 5333d1

^<` Fdedoohur/ U1M1 dqg D1 Nulvkqdpxuwk|/ �Groodul}dwlrq ri Oldelolwlhv= Xqghulqvxudqfh

dqg Grphvwlf Ilqdqfldo Xqghughyorsphqw/% QEHU ZS & ::<5/ Mxo| 5333e1

^43` Fdoyr/ J1D1/ dqg F1P1 Uhlqkduw/ �Ihdu ri Iordwlqj% plphr Xqlyhuvlw| ri Pdu|odqg/

53331

^44` Fhvshghv/ O1I1/ U1 Fkdqj/ dqg D1 Yhodvfr/ �Edodqfh Vkhhwv dqg H{fkdqjh Udwh Srolf|/%

QEHU Zrunlqj Sdshu Qr1 Z:;73/ Dxjxvw 53331

^45` Fkulvwldqr/ O1M1/ F1 Jxvw/ dqg M1 Urogrv/ �Prqhwdu| Srolf| lq d Ilqdqfldo Fulvlv/*

suholplqdu| plphr/ Qruwkzhvwhuq/ Qryhpehu 53331
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^46` Grroh|/ P1/ �Uhvsrqvhv wr Yrodwloh Fdslwdo Iorzv= Frqwurov/ Dvvhw0Oldelolw| Pdqdjh0

phqw dqg Dufklwhfwxuh/% Zruog Edqn Frqihuhqfh rq Fdslwdo Iorzv/ Ilqdqfldo Fulvhv

dqg Srolflhv/ Dsulo 4<<<1

^47` Gruqexvfk/ U1 �Ihzhu Prqlhv/ Ehwwhu Prqlhv/� QEHU Zs &;657/ Mxqh 53341

^48` Jhuwohu/ P1/ V1 Jlofkulvw dqg I1P1Qdwdoxffl/ �H{whuqdo Frqvwudlqwv rq Prqhwdu| Srolf|

dqg wkh Ilqdqfldo Dffhohudwru/% Q\X zrunlqj sdshu/ Ihe 53341

^49` Kdxvpdqq/ Ulfdugr/ Xjr Sdql}}d dqg Huqhvwr Vwhlq/ �Zk| gr frxqwulhv  rdw wkh zd|

wkh|  rdwB� Mrxuqdo ri Ghyhorsphqw Hfrqrplfv iruwkfrplqj +5334,

^4:` N|godqg/ I1/ dqg H1 Suhvfrww/ �Uxohv udwkhu wkdq Glvfuhwlrq= Wkh Lqfrqvlvwhqf| ri

Rswlpdo Sodqv/% Mrxuqdo ri Srolwlfdo Hfrqrp| ;8/ 4<::/ ss1 7:60<31

^4;` Oruhq}rql/ J1/ �H{fhvv Lqwhuhvw Udwh Yrodwlolw| lq dq Lqwhuphgldwhg V|vwhp ri Oltxlglw|

Surylvlrq/� plphr PLW/ Qryhpehu 53331

^4<` Urjr�/ N1/ �D Uhsxwdwlrqdo Frqvwudlqw rq Prqhwdu| Srolf|/� Fduqhjlh Urfkhvwhu Frq0

ihuhqfh Vhulhv rq Sxeolf Srolf| 57/ 4<;:/ ss1 4<<054:1
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D Dsshqgl{

D14 Ghwdlohg surjudpv/ gh�qlwlrqv dqg dvvxpswlrqv

Wkhuh duh wkuhh pdlq dvvxpswlrqv zh kdyh pdgh lq wkh prgho=

Dvvxpswlrq 4 +Qrq0revhuydelolw| ri Surgxfwlrq Vkrfn,

Wkh surgxfwlrq vkrfn dw gdwh 4 lv lglrv|qfudwlf1 Wkh lghqwlw| ri �upv uhfhlylqj wkh vkrfn lv sulydwh

lqirupdwlrq1

Dvvxpswlrq 5 +Grphvwlf Eruurzlqj Frqvwudlqw,

D grphvwlf ohqghu fdq rqo| eh vxuh wkdw d �up zloo surgxfh �dn xqlwv ri jrrgv dw gdwh 51 Dq| h{fhvv

surgxfwlrq edvhg rq sk|vlfdo uhlqyhvwphqw dw gdwh 4 lv qhlwkhu revhuydeoh qru yhul�deoh1

Dvvxpswlrq 6 +Oltxlglw| Eldv,

Iruhljqhuv ohqg wr grphvwlf �upv rqo| djdlqvw wkh edfnlqj ri z1 Grphvwlfv ohqg djdlqvw erwk z

dqg �dn1

Wklv jlyhv d gdwh 3 ghew frqvwudlqw zlwk uhvshfw wr iruhljqhuv ri g3>i � z1 Dw gdwh 4/ li d �up

wdnhv rq dgglwlrqdo ghew zlwk iruhljqhuv/ wkh gdwh 4 ghew frqvwudlqw lv=

g3>i . g4>i � z=

Vlqfh grphvwlfv ohqg djdlqvw �dn wkh ghew frqvwudlqw iru grphvwlf ohqglqj dw gdwh 4 lv/

g4>g
4 . lg4

+4 . l�4, � z .
�dn

4 . lg4
+4 . l�4,� g4>i � g3>i

Wkh surjudp iru d glvwuhvvhg �up dw gdwh 4 lv=

+S4, Yv � pd{�>g4>i >g4>g z . �D+�,n � g3>i � g4>i � g4>g

v=w= +l, g4>i . g3>i � z

+ll,
g4>g

4.lg
4

+4 . l�4, . g4>i . g3>i � z . �dn
4.lg

4

+4 . l�4,

+lll, �n @
g4>i
4.l�

4

.
g4>g

4.lg
4

+ly, � � 4=

Frqvwudlqwv +l, dqg +ll, duh edodqfh vkhhw frqvwudlqwv +qhw pdunhwdeoh dvvhwv juhdwhu wkdq oldelolwlhv,/

zkloh frqvwudlqw +lll, uh hfwv wkdw qhz lqyhvwphqw pxvw eh ixoo| sdlg zlwk wkh uhvrxufhv uhfhlyhg e|

wkh �up dw gdwh 4 lq wdnlqj rq ghewv ri g4>i dqg g4>g1 Frqvwudlqw +ly, lv sxuho| whfkqrorjlfdo1

Dq lqwdfw �up dw gdwh 4 kdv rqo| rqh ghflvlrq= krz pxfk �qdqfh zloo lw h{whqg wr wkh glvwuhvvhg

�up1 Vxssrvh wkdw wkh �up dffhswv fodlpv dw gdwh 4 ri {4>g +idfh ydoxh ri gdwh 5 jrrgv, lq uhwxuq

iru pdnlqj d gdwh 4 frqwulexwlrq ri {4>g

4.lg
4

zklfk lv �qdqfhg zlwk qhz h{whuqdo ghew gv4>i 1 Wkhq/

+S5, Yl � pd{{4>g z .Dn . {4>g � g3>i � gl4>i

v=w= g3>i . gl4>i � z
{4>g

4.lg
4

� gl
4>i

4.l�
4

5:



Gdwh 3 sureohp1 Dw gdwh 3/ d �up orrnlqj iruzdug wr gdwh 4 fdq h{shfw wr �qg lwvhoi dv hlwkhu

glvwuhvvhg ru lqwdfw1 Wkxv wkh ghflvlrq dw gdwh 3 lv/

+S6, pd{n>g3>i +Yv . Yl,@5

v=w= g3>i � z

f+n, @
g3>i

+4.l�
3
,+4.l�

4
, =

Htxloleulxp1 Pdunhw fohdulqj lq wkh grphvwlf ghew pdunhw dw gdwh 4 +fdslwdo ohwwhuv ghqrwh

djjuhjdwh txdqwlwlhv, uhtxluhv wkdw wkh djjuhjdwh dprxqw ri grphvwlf ghew wdnhq rq e| glvwuhvvhg

�upv lv ixoo| ixqghg e| lqwdfw �upv=

G4>g @
4

5
g4>g

[4>g @
4

5
{4>g=

Wkhuhiruh/ pdunhw fohdulqj/

G4>g @ [4>g> +4:,

ghwhuplqhv wkh grphvwlf groodu0frvw ri fdslwdo/ lg41

Dq htxloleulxp ri wklv hfrqrp| frqvlvwv ri gdwh 3 dqg gdwh 4 ghflvlrqv/ +n> g3>i , dqg +�> g4>i > g4>g> {4>g,/

uhvshfwlyho|/ dqg sulfhv lg41 Ghflvlrqv duh vroxwlrqv wr wkh �upv* sureohpv +S4,/ +S5,/ dqg +S6, jlyhq

sulfhv1 Dw wkhvh sulfhv/ wkh pdunhw fohdulqj frqglwlrq +4:, krogv1

Ohw xv qrz vwxg| htxloleulxp lq pruh ghwdlo1 Vwduwlqj iurp gdwh 4/ frqvlghu �qdqflqj dqg

lqyhvwphqw fkrlfhv ri wkh glvwuhvvhg �up jlyhq +n> g3>i ,1 Iluvw/ li ��4 � l�4/ wkhq wkh glvwuhvvhg �up

zrxog fkrrvh wr vdyh dv pdq| ri lwv surgxfwlrq xqlwv dv lw fdq1 Lw pd| eruurz xs wr lwv lqwhuqdwlrqdo

ghew fdsdflw|/

g4>i @ z � g3>i = +4;,

Li wkh dprxqw udlvhg iurp lqwhuqdwlrqdo lqyhvwruv/ z�g3>i
4.l�

4

/ lv ohvv wkdq wkh ixqgv qhhghg iru

uhvwuxfwxulqj/ n/ wkh �up zloo kdyh wr dffhvv wkh grphvwlf ghew pdunhw wr pdnh xs wkh vkruwidoo1 Lw

zloo fkrrvh wr gr wklv dv orqj dv ��4 � lg4/ ru wkh uhwxuq rq uhvwuxfwxulqj h{fhhgv wkh grphvwlf frvw

ri fdslwdo1 Li wkh �up eruurzv ixoo| xs wr lwv grphvwlf ghew fdsdflw|/ lw zloo lvvxh ghew wrwdoolqj/

g4>g @ �dn> +4<,

dqg udlvh ixqgv zlwk zklfk wr sd| iru lpsruwhg jrrgv ri �dn
4.lg

4

1 Dv orqj dv wkh vxp ri �dn
4.lg

4

dqg wkh

uljkw kdqg vlgh ri +4;, lv pruh wkdq wkh eruurzlqj qhhg/ wkh �up lv xqfrqvwudlqhg lq lwv uhlqyhvwphqw

5;



dw gdwh 4 dqg doo surgxfwlrq xqlwv zloo eh vdyhg1 Lq wklv fdvh/ wkh �up zloo eruurz ohvv wkdq lwv

grphvwlf ghew fdsdflw| +dqg shukdsv ohvv wkdq wkh lqwhuqdwlrqdo ghew fdsdflw|,1

Lqwdfw �upv fdq whqghu dw prvw wkhlu h{fhvv lqwhuqdwlrqdo ghew fdsdflw| ri z � g3>i lq uhwxuq

iru sxufkdvlqj grphvwlf ghew1 Wkh| zloo fkrrvh wr gr wklv dv orqj dv wkh uhwxuq rq grphvwlf ordqv

h{fhhgv wkh lqwhuqdwlrqdo udwh/ lg4 � l�41

Dvvxph iru d prphqw wkdw ��4 � lg4 � l�4 vr wkdw glvwuhvvhg �upv eruurz dv pxfk dv wkh| fdq/

dqg lqwdfw �upv ohqg dv pxfk dv wkh| fdq1 Wkhq/ lq wrwdo wkh hfrqrp| fdq lpsruw z�g3>i
4.l�

4

jrrgv/

zklfk lv gluhfwhg wr wkh glvwuhvvhg �upv1 D qhfhvvdu| frqglwlrq iru doo surgxfwlrq xqlwv wr eh vdyhg

lv wkdw/
n

5
� z � g3>i

4 . l�4
= +53,

Zh vkdoo uhihu wr wklv frqvwudlqw dv wkh lqwhuqdwlrqdo oltxlglw| frqvwudlqw1 Zkhq qhlwkhu +4<, qru

+53, elqgv/ doo surgxfwlrq xqlwv duh vdyhg1 Vlqfh wkhuh lv h{fhvv vxsso| ri ixqgv iurp lqwdfw �upv

uhodwlyh wr grphvwlf ghpdqg iru ixqgv/ wkhuh lv qr lqwhuqdwlrqdo oltxlglw| suhplxp/ dqg lg4 lv htxdo

wr wkh lqwhuqdwlrqdo lqwhuhvw udwh1

Wkh rwkhu h{wuhph fdvh lv zkhq erwk +4<, dqg +53, elqg1 Htxloleulxp lq wkh grphvwlf ghew

pdunhw uhtxluhv wkdw/
�dn

4 . lg4
@

z � g3>i
4 . l�4

=

Vlqfh +4<, elqgv/ glvwuhvvhg �upv eruurz ixoo| xs wr wkhlu ghew fdsdflw|1 Dv +53, elqgv/ lqwdfw �upv

sxufkdvh wklv ghew zlwk doo ri wkhlu h{fhvv ixqgv1 Vroylqj iru lg4/ |lhogv

lg4 @
�dn

z � g3>i
+4 . l�4,� 4 A l�4= +54,

Wkdw lv/ lq wklv fdvh lg4 lv deryh wkh lqwhuqdwlrqdo lqwhuhvw udwh lq rughu wr fohdu wkh grphvwlf

pdunhw iru vfdufh lqwhuqdwlrqdo oltxlglw|1 Rqh kdoi wlphv wkh qxphudwru lq +54, fruuhvsrqgv wr wkh

wudqvihudeoh grphvwlf uhvrxufhv rzqhg e| glvwuhvvhg �upv1

Gh�qh wkh lqgh{ ri grphvwlf looltxlglw| dv wkh gl�huhqfh ehwzhhq wkh pdujlqdo sur�w ri vdylqj d

glvwuhvvhg surgxfwlrq xqlw dqg wkh grphvwlf lqwhuhvw udwh ri lS4 1 Zkhq +53, elqgv/ wklv lv/

vg @ �� lg4 � 4>

Htxloleulxp dw gdwh 4 fdq sodfh wkh hfrqrp| lq rqh ri irxu uhjlrqv/ fodvvl�hg dffruglqj wr

zklfk ri wkh wzr +grphvwlf dqg lqwhuqdwlrqdo, oltxlglw| frqvwudlqwv duh elqglqj1 Wkh krul}rqwdo ylhz

fruuhvsrqgv wr wkh fdvh zkhuh wkh grphvwlf frqvwudlqw elqgv/ dqg wkh lqwhuqdwlrqdo rqh grhv qrw1

Wkh yhuwlfdo ylhz fruuhvsrqgv wr wkh fdvh zkhuh wkh lqwhuqdwlrqdo frqvwudlqw elqgv dqg wkh grphvwlf

5<



rqh pd| ru pd| qrw1 vg A 3 li dqg rqo| li erwk frqvwudlqwv elqg/ dqg wklv lv wkh vfhqdulr zh irfxvhg

rq lq wkh wh{w1 Dw wkh djjuhjdwh ohyho/ wkh hfrqrp| lv oltxlglw| frqvwudlqhg zlwk uhvshfw wr iruhljqhuv>

dw wkh lqglylgxdo ohyho/ �upv duh oltxlglw| frqvwudlqhg zlwk uhvshfw wr rwkhu grphvwlfv vlqfh wkh| duh

vhoolqj doo ri wkhlu grphvwlf oltxlglw| lq djjuhjdwlrq> uhdo lqyhvwphqw lv frqvwudlqhg> grphvwlf vsuhdgv

duh srvlwlyh> dqg wkh grphvwlf frvw ri fdslwdo ri lg4 lv deryh wkh lqwhuqdwlrqdo lqwhuhvw udwh1

Whfkqlfdo Dvvxpswlrq 4 +Frqglwlrqv iru Fulvlv,

+4<, dqg +53, elqg lq htxloleulxp dv orqj dv wkh iroorzlqj frqglwlrqv duh phw1 Gh�qh/

n @ f3�4
�

D. d

5+4 . l�3,�

�
dqg/

�n @ f3�4

#
D. d++4� �, . � �

4.l�
4

,

+4 . l�3,+4 . l�4 .�,

$
=

Wr hqvxuh wkdw lq htxloleulxp �� 4 A lg4 A l�4/ zh qhhg/

�dn
4 . l�4
�

. +4 . l�3,+4 . l�4,f+n, A z A �d�n . +4 . l�3,+4 . l�4,f+
�n,=

Wklv frphv iurp qrwlqj wkdw n ? n ? �n/ dqg xvlqj wkh htxloleulxp h{suhvvlrq wkdw

lg4 @
�dn

z � +4 . l�3,+4 . l�4,f+n,
+4 . l�4,� 4=

Lw lv vdwlv�hg/ iru h{dpsoh/ e| fkrrvlqj �� 4 kljk uhodwlyh wr l�41 Jlyhq wklv dvvxpswlrq/ � ? 4 lv

jxdudqwhhg li d ? 4.l�
4

5� 1

Sursrvlwlrq= +� dqg Zhoiduh, Lq wkh fdvh wkdw vg A 3/ zhoiduh lv lqfuhdvlqj lq �/ dqg n lv

ghfuhdvlqj lq �1

Surri= Iluvw zh vkrz wkdw Cn+�,
C�

? 31 Wkhq zh vkrz wkdw zhoiduh lv ghfuhdvlqj lq n1 Wr duulyh

dw wkh �uvw vwhs frqvlghu wkh �uvw rughu frqglwlrq/

k+n> �, � +4 . l�3,+4 . lg4 .�,f3+n,�D� d+4� �,� �

4. lg4
�d @ 3>

zkhuh/

lg4 @
�dn

z � f+n,+4 . l�3,+4 . l�4,
+4 . l�4,� 4=

Lpsolflwo| gl�huhqwldwlqj wkh �uvw rughu frqglwlrq/

Cn+�,

C�
@ �

Ck+n>�,
C�

Ck+n>�,
Cn

AIurp wkh �uvw rughu frqglwlrq zh fdq vljq/

Ck+n> �,

Cn
@ f33+n,+4 . l�3,+4 . lg4 .�,.

�
+4 . l�3,f

3+n, .
�

+4 . lg4,
5
�d

�
Clg4
Cn

A 3
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dqg/
Ck+n> �,

C�
@ d+4� �

4. lg4
, .

�
+4 . l�3,f

3+n, .
�

+4 . lg4,
5
�d

�
4 . lg4
�

A 3=

Wkxv zh frqfoxgh wkdw Cn+�,
C�

? 31

Frqvlghu zhoiduh qh{w1 Wklv fdq eh zulwwhq dv/

X @
4

5

�
z

4 . l�4
� f+n,+4 . l�3,

�
+� . 4 . lg4, .

4

5
n

�
D. d+4� �, .

�d

4 . lg4
�

�
=

Qrz vxevwlwxwlqj lq wkh pdunhw fohdulqj frqglwlrq iru lg4 vlpsol�hv wklv wr/

X @

�
z

4 . l�4
� f+n,+4 . l�3,

�
�.

4

5
n+D. d,=

E| frpsdulqj wkh �uvw rughu frqglwlrq iru n lq wklv h{suhvvlrq wr wkh suhylrxv rqh/ lw lv vwudljkwiru0

zdug wr vkrz wkdw wklv ixqfwlrq lv ghfuhdvlqj lq n dv orqj dv vg A 31 Wkxv zh fdq dovr frqfoxgh wkdw

zhoiduh lv lqfuhdvlqj lq � lq wkh yhuwlfdo uhjlrq1

D15 Prqhwdu| srolf| dqg grphvwlf oltxlglw|

Frqvlghu wkh iroorzlqj prgho ri wkh prqhwdu| wudqvplvvlrq phfkdqlvp1 Doo eruurzlqj dqg ohqglqj

ehwzhhq glvwuhvvhg �upv lv lqwhuphgldwhg e| edqnv1

Wkhuh lv d phdvxuh rqh0kdoi ri edqnv hdfk zlwk dq hqgrzphqw ri p3 xqlwv ri prqh| dw gdwh

41 Hdfk edqn frpshwhv e| r�hulqj glvwuhvvhg �upv e jrrgv +gdwh 4,/ iru wkh uljkw wr uhsrvvhvv lwv

sodqwv dw gdwh 5 lq olhx ri uhsd|phqw1

Wkh whfkqrorj| ri uhsrvvhvvlrq uhtxluhv wkh edqn wr hpsor| dxglwruv dw gdwh 41 Wkhuh lv dq

lq�qlwh srro ri dxglwruv dydlodeoh/ hdfk zlwk dxglwlqj oderu wr r�hu1 Wkh suhihuhqfhv ri dq dxglwru

duh/

Xd @ s� od> od � 3>

zkhuh od lv wkh oderu surylghg/ dqg s lv sd|phqw lq xqlwv ri jrrgv dw gdwh 51 Wkh edqn fkrrvhv wr

hpsor| o xqlwv ri dxglwru oderu/ dqg zlwk wklv fdq uhsrvvhvv �+o, xqlwv ri jrrgv dw gdwh 5/ zkhuh/

3 � �+o, � dn

dqg � lv vwulfwo| frqfdyh lq wklv uhjlrq1

Prqh| pdwwhuv ehfdxvh dxglwruv kdyh wr eh sdlg dw gdwh 4 lq xqlwv ri prqh|1 Wkxv hpsor|lqj

rqh dxglwru frvwv wkh edqn rqh xqlw ri jrrgv dw gdwh 5/ zklfk wudqvodwhv lqwr h5 prqh| wr eh sdlg

lq dgydqfh wr wkh dxglwru dw gdwh 41 Dowhuqdwlyho|/ rqh fdq wklqn ri wklv dv edqn*v uhtxlulqj prqh|

wr surylgh wudqvdfwlrq vhuylfhv wr �upv zklfk wkhq doorzv wkhp wr ehwwhu ydoxh wkh glvwuhvvhg �up*v

froodwhudo1

Ilqdoo| edqnv frpshwh ryhu wdnlqj ghsrvlwv iurp lqwdfw �upv dw gdwh 4 dw wkh lqwhuhvw udwh ri lg41

Li d edqn wdnhv rxw g idfh ydoxh ri gdwh 5 ghsrvlwv/ lw udlvhv g
4.lg

4

jrrgv dw gdwh 41
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Wkh sureohp ri d edqn lv wr fkrrvh d wulsohw +o>p4> g, jlyhq sulfhv +e> lg4> h4> h5,1 o lv wkh qxpehu

ri dxglwruv hpsor|hg/ p4 lv wkh prqh| ghpdqghg e| wkh edqn wr sd| wkhvh dxglwruv/ dqg g duh wkh

ghsrvlwv wdnhq e| wkh edqn1

pd{
o>p4>g

�+o,� g.
p3

h4
+4 . lg4,

v=w
g

4 . lg4
@

p4

h4
. e

Wkh �uvw olqh uh hfwv gdwh 5 jrrgv uhfhlyhg iurp glvwuhvvhg �upv +�+o,,/ ohvv ghsrvlwv wdnhq rxw1

Zlwkrxw orvv ri jhqhudolw|/ zh kdyh zulwwhq wklv dv li wkh edqn vhoov doo ri lwv gdwh 4 kroglqjv ri

prqh| dqg lqyhvwv wkhp dw lg4 � wklv lv wkh odvw whup lq wkh remhfwlyh1 Wkh uhvrxufh frqvwudlqw

uhtxluhv wkh edqn wr sd| lwv zdjhv dqg pdnh wkh ordq wr glvwuhvvhg �upv rxw ri ixqgv udlvhg iurp

ghsrvlwruv1 Wkh zdjhv duh sdlg lq xqlwv ri prqh| vr wkdw p4 @ h5o1

Wkh �uvw rughu frqglwlrq ri wklv surjudp jlyhv/

�3+o�, @ +4 . lg4,
h5
h4

>

zkhuh o� lv wkh rswlpdo fkrlfh1 Ilqdoo| wkh iuhh hqwu| frqglwlrq uhtxluhv wkdw edqnv pdnh h{dfwo|
p3

h4
+4 . lg4, ri sur�wv dw gdwh 5=

�+o�,� e+4 . lg4,�
h5
h4

+4 . lg4,o
� @ 3=

Ohw xv qrz wxuq wr htxloleulxp1 Gh�qh wkh djjuhjdwh prqh| vxsso| shu xqlw ri edqn dv P41

Jlyhq d fkrlfh ri o�/ edqnv ghpdqg o�h5 xqlwv ri prqh| dw gdwh 41 Wkxv lq htxloleulxp/

o� @
P4

h5
=

Fohduo| dv P4 fkdqjhv o� fkdqjhv dv zhoo/ dqg �+o�, fkdqjhv1

Wklv lv wkh �uvw ihdwxuh ri rxu ohqglqj fkdqqho= Lqfuhdvhv lq uhdo prqh| lqfuhdvh grphvwlf olt0

xlglw|1 Wkh gl�huhqfh ehwzhhq wklv ghulydwlrq dqg wkdw lq wkh wh{w lv wkdw � lv qrw pxowlsolhg e| dn

dqg wkdw uhdo lv lq whupv ri wkh gdwh 5 h{fkdqjh udwh1 Qhlwkhu gl�huhqfh lv hfrqrplfdoo| uhohydqw1

Vxevlwxwlqj wkh prqh| pdunhw fohdulqj frqglwlrq lqwr wkh �uvw rughu frqglwlrq iru edqnv jlyhv/�
�3+P4@h5,� 4

� h4
h5

. h4@h5 � 4 @ lg4=

Wklv lv wkh grphvwlf lqwhuhvw sdulw| frqglwlrq zlwk ls4 @
�
�3+P4@h5,� 4

�
h4
h5
1 Lw lv dovr gl�huhqw iurp

zkdw zh xvhg lq wkh wh{w/ exw djdlq wkh gl�huhqfh lv qrw vxevwdqwlyh1 Kroglqj h5 dqg lg4 �{hg/ wkh

h{shulphqw ri lqfuhdvlqj P4 orzhuv ls41 +Surri= Li l
s
4 zhuh wr ulvh/ wkhq h4 pxvw idoo iurp wkh lqwhuhvw

sdulw| frqglwlrq1 Krzhyhu/ li erwk �3+�, dqg h4 ihoo/ wkhq ls4 pxvw idoo dv zhoo1 Wklv phdqv wkdw ls4

pxvw idoo zkhq P4 ulvhv1,

Odvwo|/ lq htxloleulxp lw pxvw eh wkdw ixqgv ohqw wr glvwuhvvhg �upv wrwdo zq1 Wkxv e @ zq dqg

vxevwlwxwlqj wklv lqwr wkh }hur sur�w frqglwlrq jlyhv wkdw/

4 . lg4 @
�+o�,

zq . o�h5@h4
=
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Iru wkh udqjh ri lqwhuhvw/ zh fdq dozd|v fkrrvh d � ixqfwlrq wkdw lv pruh uhvsrqvlyh wkdq olqhdu wr

hqvxuh wkdw lg4 lv lqfuhdvlqj lq �1
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