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Devwudfw
Wkh fodvvlfdo prgho ri edodqfh ri sd|phqwv fulvhv lpsolflwo| dvvxphv

wkdw wkh fhqwudo edqn vlwv sdvvlyho| dv lqwhuqdwlrqdo uhvhuyhv gzlqgoh1
Lq sudfwlfh/ krzhyhu/ fhqwudo edqnv w|slfdoo| ghihqg shjv djjuhvvlyho|
e| udlvlqj vkruw0whup lqwhuhvw udwhv1 Wklv sdshu dqdo|}hv wkh ihdvlelolw|
dqg rswlpdolw| ri udlvlqj lqwhuhvw udwhv wr ghod| d srwhqwldo ERS fulvlv1
Lqwhuhvw udwh srolf| zrunv wkurxjk wzr glvwlqfw fkdqqhov1 E| udlv0
lqj ghpdqg iru grphvwlf/ lqwhuhvw0ehdulqj oltxlg dvvhwv/ kljkhu lqwhuhvw
udwhv whqg wr ghod| wkh fulvlv1 Kljkhu lqwhuhvw udwhv/ krzhyhu/ lqfuhdvh
sxeolf ghew vhuylfh dqg lpso| kljkhu ixwxuh lq dwlrq/ zklfk whqgv wr
eulqj iruzdug wkh fulvlv1 Zh vkrz wkdw/ xqghu fhuwdlq frqglwlrqv/ lw lv
ihdvleoh wr ghod| wkh fulvlv/ exw udlvlqj lqwhuhvw udwhv eh|rqg d fhuwdlq
srlqw pd| dfwxdoo| kdvwhq wkh fulvlv1 D vlplodu qrq0prqrwrqlf uhod0
wlrqvkls hphujhv ehwzhhq zhoiduh dqg wkh lqfuhdvh lq lqwhuhvw udwhv1 Lw
lv wkxv rswlpdo wr hqjdjh lq vrph dfwlyh lqwhuhvw udwh ghihqvh exw rqo|
xs wr d fhuwdlq srlqw1 Lq idfw/ wkhuh lv d zkroh udqjh ri lqwhuhvw udwh
lqfuhdvhv iru zklfk lw lv ihdvleoh wr ghod| wkh fulvlv exw qrw rswlpdo wr
gr vr1

WWkh �uvw yhuvlrq ri wklv sdshu +Vhswhpehu 4<<:, flufxodwhg xqghu wkh wlwoh �Nuxj0
pdq Edodqfh ri Sd|phqwv Fulvhv= Duh Wkh| iru UhdoB1� Zh zrxog olnh wr wkdqn Mrvkxd
Dl}hqpdq/ Jxloohupr Fdoyr/ Doodq Gud}hq/ Ere Iorrg/ Nhq Nohw}hu/ Dqg| Qhxph|hu/ dqg
vhplqdu sduwlflsdqwv dw Foduhprqw/ Gduwprxwk/ LPI/ Lqgldq Vwdwlvwlfdo Lqvwlwxwh +Ghokl,/
Qdwlrqdo Lqvwlwxwh ri Sxeolf Ilqdqfh dqg Srolf| +Ghokl,/ Q\X/ Vwdqirug/ XF Gdylv/ XF
Vdqwd Fux}/ XVF/ Xqlyhuvlw| ri Zdvklqjwrq/ wkh Zruog Edqn/ wkh Ihghudo Uhvhuyh Erdug
ri Jryhuqruv/ dqg wkh Edqfr gh od Uhsxeolfd +Frorpeld, iru khosixo frpphqwv dqg glv0
fxvvlrqv1 Zh judwhixoo| dfnqrzohgjh uhvhdufk vxssruw surylghg e| judqwv iurp wkh XFOD
Dfdghplf Vhqdwh1 Yìjk dovr wkdqnv wkh XFOD Odwlq Dphulfdq Fhqwhu iru uhvhdufk vxs0
sruw1 Zh duh dovr yhu| judwhixo wr Dohmdqgur Mdud iru vxshue uhvhdufk dvvlvwdqfh1
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4 Lqwurgxfwlrq

Lq wkh diwhupdwk ri wkh fxuuhqf| fulvhv lq Hxursh +4<<5,/ Ph{lfr +4<<7,/ Dvld
+4<<:,/ Uxvvld +4<<;, dqg/ pruh uhfhqwo|/ Eud}lo +Mdqxdu| 4<<<,/ wkhuh kdv
ehhq d uhqhzhg lqwhuhvw lq ixuwkhu xqghuvwdqglqj wkh phfkdqlfv ri edodqfh
ri sd|phqwv +ERS, fulvhv1 Iru wkh ehwwhu sduw ri wkh odvw wzr ghfdghv/ wkh
surihvvlrq*v ylhz ri ERS fulvhv kdv hvvhqwldoo| iroorzhg wkh ylhz hvsrxvhg
e| Sdxo Nuxjpdq lq klv 4<:< vhplqdo sdshu1 Xqghu d �{hg h{fkdqjh udwh
uhjlph/ dq| dwwhpsw wr pdlqwdlq d �{hg h{fkdqjh udwh iru wkh grphvwlf
fxuuhqf| zkloh vlpxowdqhrxvo| h{sdqglqj grphvwlf fuhglw wr �qdqfh d �vfdo
gh�flw lqwurgxfhv d ixqgdphqwdo lqfrqvlvwhqf| lqwr wkh v|vwhp1 Vlqfh uhdo
prqh| ghpdqg lv jlyhq/ dq| dwwhpsw wr prqhwl}h d jlyhq �vfdo gh�flw xqghu
d �{hg h{fkdqjh udwh uhjlph zloo ohdg wr d frqwlqxrxv orvv ri lqwhuqdwlrqdo
uhvhuyhv1 Li uhvhuyhv fdqqrw idoo ehorz d fhuwdlq wkuhvkrog/ wkhq frxqwulhv
sxuvxlqj vxfk srolflhv zloo lqhylwdeo| eh irufhg wr dedqgrq wkh shj dw vrph
srlqw1 Nuxjpdq +4<:<, vkrzhg krz/ dw wkh wlph ri wkh fulvlv/ d vshfxodwlyh
dwwdfn zloo ghsohwh wkh fhqwudo edqn*v uhvhuyhv1 Wklv lv d uhpdundeoh ihd0
wxuh vlqfh wkh dwwdfn rffxuv lq d frqwh{w lq zklfk wkh sxeolf kdv udwlrqdo
h{shfwdwlrqv dqg fdq wkxv shuihfwo| dqwlflsdwh doo ixwxuh hyhqwv14

Dqrwkhu qrwdeoh � exw vhogrp glvfxvvhg � ihdwxuh ri Nuxjpdq0w|sh
prghov lv wkdw wkh fhqwudo edqn lv d udwkhu ghihqvhohvv djhqw1 Lw vlwv sdvvlyho|
dv lw zdwfkhv wkh sxeolf kxuu|lqj wr wkh fhqwudo edqn zlqgrz dqg wdnlqj
krph lwv lqwhuqdwlrqdo uhvhuyhv1 Lq wklv sdudgljp/ wkh fhqwudo edqn lv � olnh
Jxoolyhu lq klv xqiruwxqdwh hqfrxqwhu zlwk wkh Oloolsxwldqv � d vohhslqj jldqw
fdxjkw e| vxusulvh dqg xqdeoh wr uhdfw1 Lq uhdolw|/ ri frxuvh/ fhqwudo edqnv
duh kdugo| vohhslqj jldqwv1 Txlwh wr wkh frqwudu|/ wkh| w|slfdoo| �jkw orqj
dqg kdug ehiruh jlylqj xs d shj1

Wkh nh| zhdsrq lq wkh fhqwudo edqnv* duvhqdo lv wkh xvh ri vkruw0whup
lqwhuhvw udwhv1 Zkhq uhvhuyhv ehjlq wr idoo/ fhqwudo edqnv udlvh lqwhuhvw udwhv
wr riwhq yhu| kljk ohyhov wr lqgxfh lqyhvwruv wr krog rq wr grphvwlf fxuuhqf|
ghqrplqdwhg dvvhwv udwkhu wkdq vzlwfklqj wr iruhljq fxuuhqf| ghqrplqdwhg
dvvhwv +vhh LPI +4<<:,,1 Gxulqj wkh HUP fulvlv/ iru h{dpsoh/ Vzhghq*v
prqhwdu| dxwkrulw| sxvkhg ryhuqljkw lqwhuhvw udwhv wr durxqg 833 shufhqw
shu |hdu1 Lq Rfwrehu 4<<:/ dqg lq wkh plgvw ri wkh Dvldq wxuprlo/ Eud}lo*v
fhqwudo edqn pryhg irufhixoo| wr grxeoh douhdg| kljk lqwhuhvw udwhv wr ghihqg
wkh shj1 Lqwhuhvw udwhv zhuh dovr udlvhg vkduso| lq Eud}lo lq wkh diwhupdwk

4Dsduw iurp Nuxjpdq +4<:<,/ d ihz rwkhu qrwdeoh sdshuv zklfk ghyhors wklv olqh
ri wklqnlqj lqfoxgh Fdoyr +4<;:,/ Iorrg dqg Jduehu +4<;7,/ dqg Revwihog +4<;7/ 4<;9,1
H{whqvlrqv dqg prgl�fdwlrqv ri wkh edvlf Nuxjpdq prgho duh uhylhzhg lq Fdoyr dqg Yìjk
+4<<<, dqg Iorrg dqg Pdulrq +4<<;,1

5



ri wkh Uxvvldq fulvlv1 Lq sudfwlfh/ wkhuhiruh/ udwkhu wkdq vlwwlqj vwloo dqg
ohw hyhqwv xqirog/ fhqwudo edqnv duh dfwlyho| hqjdjhg lq ghihqglqj wkh shj
e| udlvlqj nh| vkruw0whup lqwhuhvw udwhv1 Lq idfw/ kljkhu lqwhuhvw udwhv wr
ghihqg dqg2ru vwuhqjwkhq wkh fxuuhqf| kdyh ehhq d w|slfdo frpsrqhqw ri
LPI surjudpv15

Qdwxudoo|/ hyhq zkhq lw vxffhhgv lq ghihqglqj d shj � dw ohdvw whpsrudulo|
� d kljk lqwhuhvw udwh srolf| lv qrw zlwkrxw frvwv1 Wkh pdlq frvwv � dv
uh hfwhg lq frxqwohvv srolf| glvfxvvlrqv � idoo lqwr wkuhh pdlq duhdv1 Iluvw/
kljk lqwhuhvw udwhv lqfuhdvh wkh ghew vhuylfh ri sxeolf ghiw/ wkxv udlvlqj wkh
�vfdo gh�flw1 Wklv lvvxh zdv sduwlfxoduo| hylghqw lq wkh fdvh ri Eud}lo1 Dv
Eud}lo sxvkhg lqwhuhvw udwhv wr 83 shufhqw lq wkh idoo ri 4<<: wr ghihqg wkh
shj +lqvwlwxwhg lq Mxo| 4<<7 lq wkh frqwh{w ri wkh Uhdo vwdelol}dwlrq sodq,/
wkh �vfdo gh�flw mxpshg iurp derxw 7 shufhqw wr ; shufhqw/ lq odujh sduw gxh
wr wkh udslg exlog0xs ri lqwhuhvw sd|phqwv rq sxeolf ghew1 Vhfrqg/ kljkhu
lqwhuhvw udwhv duh olnho| wr ohdg wr dq hfrqrplf frqwudfwlrq/ zklfk frxog
hyhq zruvhq wkh �vfdo vlwxdwlrq e| uhgxflqj wd{ uhyhqxhv1 Wklug/ kljkhu
lqwhuhvw udwhv pd| djjudydwh wkh �qdqfldo vlwxdwlrq ri dq douhdg| zhdn ru
srruo| uhjxodwhg edqnlqj vhfwru16 Srolf| glvdjuhhphqwv ryhu wkh yluwxhv ri
udlvlqj lqwhuhvw udwhv wr ghihqg d shj xowlpdwho| frph grzq wr dq lpsolflw
dvvhvvphqw ri wkh ehqh�wv +fxuuhqf| vwdelolw|, yhuvxv wkh frvwv +w|slfdoo|

5Rq LPI srolflhv/ lw lv zruwk txrwlqj iurp Vwdq Ilvfkhu*v +4<<;, uhpdunv rq uhfhqw LPI0
vxssruwhg surjudpv lq Dvld= �Duh wkh surjudpv wrr wrxjkB Lq zhljklqj wklv txhvwlrq/
lw lv lpsruwdqw wr uhfdoo wkdw zkhq wkh| dssurdfkhg wkh LPI/ wkh uhvhuyhv ri Wkdlodqg
dqg Nruhd zhuh shulorxvo| orz/ dqg wkh Lqgrqhvldq uxsldk zdv h{fhvvlyho| ghsuhfldwhg1
Wkxv/ wkh �uvw rughu ri exvlqhvv zdv/ dqg vwloo lv/ wr uhvwruh frq�ghqfh lq wkh fxuuhqf|1 Wr
dfklhyh wklv/ frxqwulhv kdyh wr pdnh lw pruh dwwudfwlyh wr krog grphvwlf fxuuhqf|/ zklfk/ lq
wxuq/ uhtxluhv lqfuhdvlqj lqwhuhvw udwhv whpsrudulo|/ hyhq li kljkhu lqwhuhvw frvwv frpsolfdwh
wkh vlwxdwlrq ri zhdn edqnv dqg frusrudwlrqv1 Wklv lv d nh| ohvvrq ri wkh whtxlod fulvlv lq
Odwlq Dphulfd 4<<70<8/ dv zhoo dv iurp wkh pruh uhfhqw h{shulhqfh ri Eud}lo/ wkh F}hfk
Uhsxeolf/ Krqj Nrqj dqg Uxvvld/ doo ri zklfk kdyh ihqghg r� dwwdfnv rq wkhlu fxuuhqflhv
lq uhfhqw prqwkv zlwk d wlpho| dqg irufhixo wljkwhqlqj ri lqwhuhvw udwhv dorqj zlwk rwkhu
vxssruwlqj srolf| phdvxuhv1 Rqfh frq�ghqfh lv uhvwruhg/ lqwhuhvw udwhv fdq uhwxuq wr
pruh qrupdo ohyhov1�
Mh� Vdfkv/ lq sduwlfxodu/ kdv ehhq d orxg fulwlf ri wkh LPI*v kljk lqwhuhvw udwhv srolflhv

lq Dvld1 Lq d Qhz \run Wlphv duwlfoh +Qryhpehu 6/ 4<<:,/ iru h{dpsoh/ kh vwdwhv wkdw
�^wkh` Lqwhuqdwlrqdo Prqhwdu| Ixqg kdv mxvw dqqrxqfhg d vhfrqg edlorxw sdfndjh iru wkh
uhjlrq/ derxw '53 eloolrq iru Lqgrqhvld1 Wkdw vkrxog/ lq sulqflsdo/ errvw frq�ghqfh1 Exw
li lw lv wlhg wr ruwkrgr{ �qdqfldo frqglwlrqv/ lqfoxglqj exgjhw fxwv dqg vkduso| kljkhu
lqwhuhvw udwhv/ wkh sdfndjh frxog gr pruh kdup wkdq jrrg/ wudqviruplqj d fxuuhqf| fulvlv
lqwr d uls0urdulqj hfrqrplf grzqwxuq1�

6Gxulqj 4<<7/ Ph{lfdq srolf|pdnhuv zhuh yhu| uhoxfwdqw lq udlvlqj lqwhuhvw udwhv wr
ihqg r� wkh orvv ri uhvhuyhv ehfdxvh ri wkh shufhlyhg iudjlolw| ri wkh edqnlqj v|vwhp +vhh/
iru lqvwdqfh/ Vdfkv/ Wruqhoo/ dqg Yhodvfr +4<<9,,1
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vrph frpelqdwlrq ri wkh wkuhh idfwruv mxvw phqwlrqhg,1
Iru doo lwv sudfwlfdo lpsruwdqfh/ irupdo dqdo|vhv ri wkh h�hfwlyhqhvv dqg

ghvludelolw| ri xvlqj kljk lqwhuhvw udwhv wr ghihqg dq h{fkdqjh udwh shj kdv
uhfhlyhg vfdqw dwwhqwlrq lq wkh olwhudwxuh1 Wklv vxusulvlqj qhjohfw pd| eh
sduwo| h{sodlqhg e| wkh gl!fxowlhv wkdw wkh surihvvlrq kdv idfhg zkhq lw
frphv wr wklqnlqj derxw lqwhuhvw udwh srolf| +l1h1/ derxw fhqwudo edqnv xvlqj
lqwhuhvw udwhv dv srolf| lqvwuxphqwv,1 Dv lv zhoo0nqrzq iurp Vdujhqw dqg
Zdoodfh +4<:8,/ frqwuroolqj � ru wdujhwlqj � qrplqdo lqwhuhvw udwhv lq vwdq0
gdug prqhwdu| prghov ohdgv wr sulfh ohyho lqghwhuplqdf|1 Idu iurp �vroylqj�
wkh sureohp/ vwlfn| sulfhv rqo| ohdg wr d kljkhu0rughu lqghwhuplqdf| +Fdoyr
+4<;6,,1 Zkloh wkh olwhudwxuh kdv frph xs zlwk gl�huhqw zd|v ri ghdolqj zlwk
wklv sureohp +vhh/ iru lqvwdqfh/ Dxhuqkhlphu dqg Frqwuhudv +4<<6,/ Fdoyr
dqg Yìjk +4<<8/ 4<<9,/ PfFdooxp +4<;4,/ Uhlqkduw +4<<5,/ dqg Zrrgirug
+4<<8,,/ lw lv idlu wr vd| wkdw wkh surihvvlrq odfnv d zlgho|0dffhswhg iudph0
zrun wr wklqn derxw lqwhuhvw udwhv dv srolf| lqvwuxphqwv1 Vwloo/ dv zh dzdlw
d zlghu frqvhqvxv rq wklv lvvxh/ lw zrxog vhhp lpsruwdqw wr kdyh d vlpsoh
dqdo|wlfdo iudphzrun wr wklqn derxw wkh xvh ri kljkhu lqwhuhvw udwhv wr �jkw
vshfxodwlyh dwwdfnv djdlqvw wkh grphvwlf fxuuhqf|1 Zh frxog wkhq srvh wkh
iroorzlqj txhvwlrqv= jlyhq d shj zklfk lv qrw frqvlvwhqw zlwk ixqgdphqwdov/
fdq kljkhu lqwhuhvw udwhv ghod| d edodqfh ri sd|phqw fulvlvB Li vr/ e| krz
orqjB Lv lw rswlpdo wr ghod| d fulvlvB

Wkh pdlq sxusrvh ri wklv sdshu lv wr ghyhors vxfk d iudphzrun dqg sur0
ylgh vrph dqvzhuv wr wkh txhvwlrqv mxvw udlvhg1 Wr wklv hqg/ zh lqfrusrudwh
lqwhuhvw udwh srolf| lq dq rwkhuzlvh vwdqgdug/ rswlpl}lqj/ vpdoo rshq hfrq0
rp| surqh wr Nuxjpdq0w|sh fulvhv1 Iroorzlqj Fdoyr dqg Yìjk +4<<8/ 4<<9,/
zh vlghvwhs doo lqghwhuplqdf| sureohpv e| wklqnlqj ri lqwhuhvw udwh srolf|
dv wkh fhqwudo edqn*v delolw| wr vhw wkh lqwhuhvw udwh rq dq lqwhuhvw0ehdulqj
oldelolw| +vd|/ d oltxlg erqg,1 Li wklv oltxlg erqg lv dq lpshuihfw vxevwlwxwh
iru fdvk lq wkh sxeolf*v oltxlg sruwirolr/ wkhq wkh fhqwudo edqn fdq xvh wklv
lqwhuhvw udwh dv dq dgglwlrqdo srolf| lqvwuxphqw1 Lq rwkhu zrugv/ wkh fhqwudo
edqn fdq � lq dgglwlrq wr vhwwlqj wkh h{fkdqjh udwh� vhw wklv lqwhuhvw udwh dqg
wkxv d�hfw wkh wrwdo ghpdqg iru oltxlg dvvhwv1 Udlvlqj wkh lqwhuhvw udwh rq
wklv oltxlg erqg zloo/ rwkhu wklqjv ehlqj htxdo/ uhgxfh wkh rssruwxqlw| frvw
ri kroglqj lw dqg wkxv lqfuhdvh prqh| ghpdqg +gh�qhg dv wkh ghpdqg iru
fdvk dqg wkh oltxlg erqg,1 Lq wklv iudphzrun/ wkhuhiruh/ lqwhuhvw udwh srolf|
dprxqwv wr sd|lqj lqwhuhvw rq sduw ri wkh prqh| vxsso|17 Wklv vhhpv olnh

7Ri frxuvh/ lq sudfwlfh/ wklv olqn pd| eh pruh lqgluhfw1 Iru lqvwdqfh/ li frpphufldo
edqnv krog d odujh iudfwlrq ri wkhlu sruwirolr dv lqwhuhvw0ehdulqj oldelolwlhv ri wkh jryhuqphqw
� dv lv riwhq wkh fdvh lq hphujlqj pdunhwv � wkhq wkh lqwhuhvw udwh sdlg e| edqnv rq wkhlu
oldelolwlhv zloo eh khdylo| d�hfwhg e| wkh lqwhuhvw udwh wkh| uhfhlyh rq jryhuqphqw erqgv1
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d qdwxudo zd| wr wklqn derxw lqwhuhvw udwh srolf| lq wkh frqwh{w ri fxuuhqf|
fulvhv vlqfh/ lq sudfwlfh/ wkh udwlrqdoh iru udlvlqj lqwhuhvw udwhv lv suhflvho| wr
lqfuhdvh wkh dwwudfwlyhqhvv ri grphvwlf fxuuhqf| ghqrplqdwhg dvvhwv1

Lq rxu iudphzrun/ kljkhu lqwhuhvw udwhv zrun wkurxjk wzr pdlq fkdqqhov=
d prqh| ghpdqg h�hfw dqg d �vfdo h�hfw1 Wkh prqh| ghpdqg h�hfw uhihuv wr
wkh idfw wkdw kljkhu lqwhuhvw udwhv rq grphvwlf oltxlg erqgv ohdg/ rwkhu wklqjv
ehlqj htxdo/ wr d kljkhu ghpdqg iru oltxlg erqgv dqg/ khqfh/ iru grphvwlf
dvvhwv1 Wklv phfkdqlvp hqdeohv wkh prqhwdu| dxwkrulw| wr srvwsrqh wkh
fulvlv1 Wkhuh lv/ krzhyhu/ qr vxfk d wklqj dv d iuhh oxqfk1 Kljkhu lqwhuhvw
udwhv rq oltxlg sxeolf ghew lpso| d kljkhu ghew vhuylfh exughq/ zklfk zloo
qhhg wr eh �qdqfhg e| kljkhu lq dwlrq lq wkh ixwxuh +wkh �vfdo h�hfw,1 Wkh
h{shfwdwlrq ri kljkhu lq dwlrq lq wkh ixwxuh whqgv wr eulqj iruzdug wkh fulvlv
e| uhgxflqj wkh dprxqw ri oltxlg grphvwlf dvvhwv wkdw wkh sxeolf zlvkhv
wr krog rqfh wkh fulvlv rffxuv1 Wkh �vfdo frqvhtxhqfhv ri kljkhu lqwhuhvw
udwhv zloo wkxv whqg wr r�vhw wkh ehqh�fldo h�hfw ri kljkhu lqwhuhvw udwhv lq
ghod|lqj wkh fulvlv18 9

Wkh �uvw txhvwlrq wkdw zh dvn frqfhuqv wkh ihdvlelolw| ri ghihqglqj d shj=
fdq kljkhu lqwhuhvw udwhv srvwsrqh d fulvlvB Dqg/ li vr/ iru krz orqjB Zh
vkrz wkdw � xqghu wkh prvw sodxvleoh udqjh iru prqh| ghpdqg hodvwlflwlhv
� udlvlqj lqwhuhvw udwhv zloo lqghhg srvwsrqh wkh fulvlv1 Dv lqwhuhvw udwhv
ehfrph kljkhu/ krzhyhu/ wkh �vfdo h�hfw phqwlrqhg deryh zloo dw vrph srlqw
ehjlq wr grplqdwh dqg ixuwkhu udlvlqj lqwhuhvw udwhv eh|rqg d fhuwdlq srlqw
zloo dfwxdoo| kdvwhq wkh fulvlv1 Wkhuh lv wkxv d qrq0prqrwrqlf uhodwlrqvkls
ehwzhhq wkh lqfuhdvh lq lqwhuhvw udwhv dqg wkh wlph ri wkh fulvlv1 Lq rwkhu
zrugv/ wkhuh lv d fhuwdlq lqfuhdvh lq lqwhuhvw udwhv wkdw zloo pd{lpl}h wkh
ghod| ri wkh fulvlv1 Khqfh/ rxu dqdo|vlv vkrzv wkdw wkh fhqwudo edqn fdq
lq sulqflsoh ex| suhflrxv wlph e| udlvlqj lqwhuhvw udwhv zklfk/ lq sudfwlfh/
zrxog jlyh wkh �vfdo dxwkrulw| wkh fkdqfh wr sxw lwv krxvh lq rughu1 Udlvlqj
lqwhuhvw udwhv wrr pxfk/ krzhyhu/ zrxog eh vhoi0ghihdwlqj1

Qdwxudoo|/ wkh delolw| wr ghod| d frvwo| fulvlv e| udlvlqj lqwhuhvw udwhv

8 Lq wklv sdshu/ zh devwudfw iurp wkh rwkhu wzr srwhqwldo frvwv ri kljkhu lqwhuhvw udwhv
rq rxwsxw dqg wkh edqnlqj v|vwhp phqwlrqhg deryh1 Reylrxvo|/ wklv lv qrw wr vd| wkdw
zh eholhyh wkh rwkhu wzr h�hfwv duh xqlpsruwdqw1 Dv d phwkrgrorjlfdo txhvwlrq/ krzhyhu/
zh eholhyh wkdw dv d �uvw sdvv lw lv qhfhvvdu| wr wdfnoh rqh frvw dw d wlph wr xqghuvwdqg
wkh ixqgdphqwdo lvvxhv lqyroyhg1 Lq d frpsdqlrq sdshu +Odklul dqg Yìjk +4<<<,,/ zh
devwudfw iurp wkh �vfdo h�hfw dqg irfxv rq wkh rxwsxw frvwv ri kljkhu lqwhuhvw udwh srolf|1

9 Lw vkrxog eh qrwhg wkdw rxu iudphzrun idoov vtxduho| zlwklq wkh vr0fdoohg ��uvw0
jhqhudwlrq� prghov ri ERS fulvhv1 Zh wkxv wrwdoo| devwudfw iurp rwkhu � srwhqwldoo|
lpsruwdqw � h�hfwv ri kljkhu lqwhuhvw udwhv/ vxfk dv vljqdoolqj wkh zloolqjqhvv ri srolf|pdn0
huv wr ghihqg d shj1 Lq uhfhqw zrun/ Gud}hq +4<<<, irfxvhv rq vxfk �vhfrqg0jhqhudwlrq�
frqvlghudwlrqv1

8



grhv qrw qhfhvvdulo| phdq wkdw lw lv rswlpdo wr gr vr1 Rxu vhfrqg txhvwlrq
lv wkxv= lv lw rswlpdo +l1h1/ zhoiduh pd{lpl}lqj, wr ghihqg d shj dqg ghod|
wkh fulvlvB Wkh dqvzhu lv �|hv/ exw qrw wrr pxfk1� Zh �uvw vkrz wkdw
lw lv rswlpdo iru wkh prqhwdu| dxwkrulw| wr hqjdjh lq vrph dfwlyh lqwhuhvw
udwh ghihqvh/ dv rssrvhg wr vlwwlqj vwloo dqg grlqj qrwklqj +dv lpsolhg e| wkh
Nuxjpdq fdvh,1 Lq rwkhu zrugv/ vwduwlqj iurp dq htxloleulxp lq zklfk wkh
fhqwudo edqn lv wrwdoo| sdvvlyh/ udlvlqj lqwhuhvw udwhv lv zhoiduh lpsurylqj1
Krzhyhu/ wkh uhodwlrqvkls ehwzhhq wkh lqfuhdvh lq lqwhuhvw udwhv dqg zhoiduh
lv qrq0prqrwrqlf1 Khqfh/ udlvlqj lqwhuhvw udwhv eh|rqg d fhuwdlq srlqw zloo
ehjlq wr uhgxfh zhoiduh1 Lq idfw/ zh vkrz wkdw wkhuh lv d zkroh udqjh ri
lqwhuhvw udwh lqfuhdvhv iru zklfk lw lv ihdvleoh wr ixuwkhu ghod| wkh fulvlv exw
qrw rswlpdo gr vr1 Iurp d srolf| srlqw ri ylhz/ rxu uhvxowv wkxv vxjjhvw
wkdw lw pd| eh rswlpdo iru fhqwudo edqnv wr hqjdjh lq vrph lqwhuhvw udwh
ghihqvh1 Krzhyhu/ udlvlqj lqwhuhvw udwhv wrr pxfk pd| eh frxqwhusurgxfwlyh
gxh wr wkh uhvxowlqj ixwxuh lq dwlrqdu| h�hfwv1

Wkh sdshu surfhhgv dv iroorzv1 Vhfwlrq 5 suhvhqwv wkh prgho1 Iru
frqfhswxdo fodulw|/ Vhfwlrq 6 devwudfw iurp wkh �vfdo h�hfw dqg irfxvhv h{0
foxvlyho| rq wkh prqh| ghpdqg h�hfw e| dvvxplqj dq hqgrjhqrxv sdwk ri
jryhuqphqw wudqvihuv1 Vhfwlrq 7 ghulyhv wkh nh| uhvxowv ri wkh sdshu e|
frpelqlqj wkh �vfdo dqg wkh prqh| ghpdqg h�hfwv1 Vhfwlrq 8 frqfoxghv1

5 Wkh prgho

Frqvlghu d vpdoo rshq hfrqrp| wkdw lv shuihfwo| lqwhjudwhg zlwk wkh uhvw ri
wkh zruog lq erwk jrrgv dqg fdslwdo pdunhwv1 Wkh hfrqrp| lv lqkdelwhg
e| dq lq�qlwho|0olyhg uhsuhvhqwdwlyh frqvxphu zkr uhfhlyhv d frqvwdqw  rz
hqgrzphqw | ri d shulvkdeoh jrrg1 Wkh frqvxphu ghulyhv xwlolw| iurp
frqvxplqj wklv jrrg dqg iurp kroglqj wzr oltxlg dvvhwv= qrq0lqwhuhvw ehdulqj
prqh| dqg d +qrq0wudghg, oltxlg erqg1 Wkh zruog sulfh ri wkh jrrg lq whupv
ri wkh iruhljq fxuuhqf| lv jlyhq dqg dvvxphg wr eh xqlw|1 Iuhh prelolw| ri
jrrgv dfurvv erughuv lpsolhv wkdw wkh odz ri rqh sulfh krogv1 Wkh frqvxphu
fdq dovr ex| dqg vhoo d sxuh +l1h1/ qrq0oltxlg, erqg lq shuihfwo| frpshwlwlyh
zruog fdslwdo pdunhwv1 Wkh erqgv duh ghqrplqdwhg lq whupv ri wkh vlqjoh
jrrg dqg sd| u xqlwv ri wkh jrrg dv lqwhuhvw dw hyhu| lqvwdqw1

514 Frqvxphu

Wkh uhsuhvhqwdwlyh frqvxphu*v olihwlph xwlolw| +Z , lv jlyhq e|
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Z �
]
"

f
^x+f|, . y+k|, .z+}|,` h

3q|gw> +4,

zkhuh f ghqrwhv frqvxpswlrq> k ghqrwhv kroglqjv ri qrq0lqwhuhvw ehdulqj
prqh| +zklfk zh zloo uhihu wr dv �fdvk�,> } duh kroglqjv ri wkh oltxlg erqg>
�+A 3, lv wkh udwh ri wlph suhihuhqfh> dqg x+=,/ y+=,/ dqg z+=, duh doo vwulfwo|
lqfuhdvlqj dqg vwulfwo| frqfdyh ixqfwlrqv1:

Wkh frqvxphu fdq dovr krog dq lqwhuqdwlrqdoo|0wudghg erqg +e,1 Uhdo
�qdqfldo zhdowk dw wlph w lv wkxv jlyhq e| d| @ e| . k| . }|1 Wkh qrplqdo
lqwhuhvw udwh rq wkh oltxlg erqg lv ghqrwhg e| l}1 Wkh frqvxphu*v  rz
exgjhw frqvwudlqw lv jlyhq e|

bd| @ ud| . | . � | � f| � l|k| � +l| � l}| ,}|> +5,

zkhuh � | ghqrwhv oxps0vxp wudqvihuv iurp wkh jryhuqphqw dqg l| lv wkh
qrplqdo lqwhuhvw udwh eruqh e| wkh qrq0oltxlg erqg lq whupv ri grphvwlf
fxuuhqf|1

Lqwhjudwlqj +5, dqg lpsrvlqj wkh wudqvyhuvdolw| frqglwlrq olp
|<"

d|h
3o| @ 3

|lhogv wkh frqvxphu*v olihwlph exgjhw frqvwudlqw=

df .
|

u
.

]
"

f
� |h

3o|gw @

]
"

f
^f| . l|k| . +l| � l}| ,}|` h

3o|gw= +6,

Wkh frqvxphu fkrrvhv shuihfw iruhvljkw sdwkv iru if|> k|> }|j wr pd{l0
pl}h olihwlph xwlolw| +4, vxemhfw wr +6,/ wdnlqj dv jlyhq � > l}> l> u> |/ dqg df1
Dvvxplqj lqwhulru vroxwlrqv/ wkh �uvw0rughu frqglwlrqv duh jlyhq e| ;

x�+f|, @ �> +7,

y�+k|, @ �l|> +8,

z�+}|, @ �+l| � l}| ,> +9,

:Wkhuh lv e| qrz dexqgdqw hylghqfh rq wkh lpsruwdqfh ri oltxlg �qdqfldo dvvhwv rwkhu
wkdq fdvk +vxfk dv yhu| vkruw0whup jryhuqphqw ghew/ lqgh{hg erqgv/ dqg iruhljq fxuuhqf|
ghsrvlwv/ dprqj rwkhuv, lq vdwlvi|lqj sduw ri krxvhkrogv* oltxlglw| qhhgv lq ghyhorslqj
frxqwulhv1 Vhh/ iru h{dpsoh/ Duudx/ Gh Juhjrulr/ Uhlqkduw/ dqg Zlfnkdp +4<<8,/ Hdvwhuo|/
Pdxur/ dqg Vfkplgw0Kheeho +4<<8, dqg Vdydvwdqr +4<<9,1 Dowhuqdwlyho|/ dv h{sodlqhg
ehorz/ oltxlg erqgv frxog eh lqwhusuhwhg dv lqwhuhvw0ehdulqj ghpdqg ghsrvlwv +vd|/ prqh|
pdunhw dffrxqwv, khog lq edqnv1

;Dv xvxdo/ zh dvvxph wkdw q ' o wr holplqdwh lqhvvhqwldo g|qdplfv1

:



zkhuh � lv wkh +wlph0lqyduldqw, Odjudqjh pxowlsolhu dvvrfldwhg zlwk frq0
vwudlqw +6,1< Htxdwlrqv +7,/ +8,/ dqg +9, lpsolflwo| gh�qh wkh ghpdqg iru
fdvk dqg oltxlg erqgv/ jlyhq e|=

k| @ �k+f|
n
> l|
3

,> +:,

}| @ �}+f|
n
> l| � l}|

3

,> +;,

zkhuh d vljq xqghu d yduldeoh ghqrwhv lwv sduwldo ghulydwlyh1 Htxdwlrq
+:, lv wkh vwdqgdug ghpdqg iru qrq0lqwhuhvw ehdulqj prqh|/ zklfk ghshqgv
srvlwlyho| rq frqvxpswlrq dqg qhjdwlyho| rq wkh rssruwxqlw| frvw ri kroglqj
uhdo fdvk edodqfhv/ jlyhq e| l1 Htxdwlrq +;, fdswxuhv wkh ghpdqgv iru oltxlg
erqgv/ zkrvh rssruwxqlw| frvw lv jlyhq e| wkh lqwhuhvw udwh gl�huhqwldo l�l}1

Lq wklv prgho/ zh zloo wklqn ri �prqh|� dv wkh vxp ri fdvk dqg oltxlg
erqgv1 Irupdoo|/ p � k. }1 Khqfh/ xvlqj +7,/ +:,/ dqg +;,/ wkh ghpdqg
iru prqh| fdq eh zulwwhq dv

p| @ �k+f|> l|, . �}+f|> l| � l}| , � �p+f|
n
> l|
3

> l}|
n
,= +<,

Qrwlfh/ iurp +<,/ wkdw prqh| ghpdqg lv d ghfuhdvlqj ixqfwlrq ri l exw dq
lqfuhdvlqj ixqfwlrq ri l}1 Khqfh/ dq lqfuhdvh lq l} zloo/ rwkhu wklqjv eh0
lqj htxdo/ lqfuhdvh wkh ghpdqg iru oltxlg dvvhwv ghqrplqdwhg lq grphvwlf
fxuuhqf|1 Dv zloo ehfrph fohdu ehorz/ wkh delolw| wr d�hfw wkh ghpdqg
iru oltxlg dvvhwv zloo hqdeoh srolf|pdnhuv wr prxqw dq dfwlyh ghihqvh ri dq
h{fkdqjh udwh shj1

515 Jryhuqphqw frqvwudlqwv

Wkh jryhuqphqw frpsulvhv wkh prqhwdu| dqg wkh �vfdo dxwkrulw|1 Iru irupdo
vlpsolflw|/ lw zloo eh dvvxphg wkdw wkh prqhwdu| dxwkrulw| lvvxhv erwk fdvk
dqg oltxlg erqgv143 Wkh prqhwdu| dxwkrulw| dovr sd|v lqwhuhvw rq wkhvh

< Lw zloo eh dvvxphg wkurxjkrxw wkh sdshu wkdw � 3 �} D f1 Wklv hqvxuhv dq lqwhulru
vroxwlrq lq zklfk doo wkuhh dvvhwv � sxuh erqgv/ oltxlg erqgv/ dqg fdvk � duh khog1 Ri
frxuvh/ iru � 3 �} ' f wr eh d ihdvleoh htxloleulxp/ suhihuhqfhv pxvw eh vxfk wkdw wkh
frqvxphu fdq eh vdwldwhg zlwk oltxlg erqgv1

43Dq dowhuqdwlyh +dqg irupdoo| lghqwlfdo, vhw0xs lv rqh lq zklfk oltxlg erqgv duh lq0
whusuhwhg dv lqwhuhvw0ehdulqj ghpdqg ghsrvlwv dqg wkh prqhwdu| dxwkrulw| lvvxhv rqo|
qrq0lqwhuhvw ehdulqj prqh| exw uhtxluhv edqnv wr krogv 433 shufhqw uhvhuyhv1 E| sd|lqj
lqwhuhvw rq wkhvh uhvhuyhv/ wkh fhqwudo edqn zrxog lqgluhfwo| frqwuro wkh lqwhuhvw udwh sdlg
e| wkh edqnv rq ghpdqg ghsrvlwv1

;



oltxlg erqgv dqg krogv lqwhuhvw0ehdulqj iruhljq h{fkdqjh uhvhuyhv1 Wkh
�vfdo dxwkrulw| pdnhv oxps0vxp wudqvihuv wr wkh sxeolf1 Wkh jryhuqphqw*v
exgjhw frqvwudlqw lv wkxv jlyhq e|

bU| @ uU| . bk| . b}| . %|k| . +%| � l}| ,}| � � |> +43,

zkhuh U lv wkh jryhuqphqw*v +prqhwdu| dxwkrulw|*v, vwrfn ri qhw iruhljq dv0
vhwv +l1h1/ lqwhuqdwlrqdo uhvhuyhv,1 Lqwhjudwlqj iruzdug +43, dqg lpsrvlqj wkh
wudqvyhuvdolw| frqglwlrq olp

|<"
U|h

3o| @ 3 |lhogv wkh jryhuqphqw*v lqwhuwhpsr0

udo exgjhw frqvwudlqw=

]
"

f
� |h

3o|

gw @ Uf .

]
"

f
^ bk| . b}| . %|k| . +%| � l}| ,}|`h

3o|gw.7+kA . }A ,h
3oA >

+44,

zkhuh wkh odvw whup rq wkh uljkw0kdqg vlgh +UKV, doorzv iru wkh srvvlelolw|
ri d glvfuhwh fkdqjh lq uhdo prqh| edodqfhv dw vrph wlph w @ W 144 Htxdwlrq
+44, pdnhv fohdu wkdw wkh jryhuqphqw pxvw �qdqfh wkh suhvhqw glvfrxqwhg
ydoxh ri wudqvihuv +ohiw0kdqg vlgh +OKV,, zlwk wkh lqlwldo vwrfn ri lqwhuqdwlrqdo
uhvhuyhv dqg wkh suhvhqw glvfrxqwhg ydoxh ri surfhhgv iurp prqh| fuhdwlrq
+UKV,1 Wkh lq dwlrq wd{ lv jlyhq e| %|k| lq wkh fdvh ri fdvk dqg +%| � l}| ,}|
lq wkh fdvh ri oltxlg erqgv1 Iru ixuwkhu uhihuhqfh/ qrwh wkdw frqvwudlqw +44,
fdq eh vlpsol�hg wr uhdg +lpsrvlqj wkh dgglwlrqdo wudqvyhuvdolw| frqglwlrq
olp
|<"

p|h
3o| @ 3,=

]
"

f
� |h

3o|gw @ Uf � +kf . }f, .

]
"

f
^l|k| . +l| � l}| ,}|`h

3o|gw1 +45,

Ghqrwlqj e| �| wkh udwh ri jurzwk ri grphvwlf fuhglw/ lw iroorzv wkdw=

bG|

G|
@ �|> +46,

zkhuh G ghqrwhv qrplqdo grphvwlf fuhglw1 Ohw H ghqrwh wkh qrplqdo h{0
fkdqjh udwh> wkdw lv/ wkh sulfh ri iruhljq fxuuhqf| lq whupv ri grphvwlf fxu0
uhqf|1 Iurp wkh fhqwudo edqn*v edodqfh vkhhw/ bU| @ bp|� bg|/ zkhuh g @ G@H=

44Wkurxjkrxw wkh sdshu/ zh ghqrwh d glvfuhwh fkdqjh lq/ vd|/ yduldeoh % dv {%A 

%A 3 %A� 1 Ri frxuvh/ li uhdo prqh| edodqfhv zhuh wr mxps dw rwkhu wlphv dv zhoo/ wklv
vkrxog dovr eh dffrxqwhg iru1 Htxdwlrq +45, ehorz/ krzhyhu/ zrxog qrw fkdqjh1 Zh dovr
dvvxph wkdw -f : f1

<



Ixuwkhu/ qrwh wkdw bg| @ +�| � %|,g|= Xvlqj wkhvh wzr idfwv/ htxdwlrq +43,
|lhogv wkh sdwk ri jryhuqphqw wudqvihuv=

� | @ uU| . +�| � %|,g| . %|k| . +%| � l}| ,}|= +47,

Vr idu/ zh kdyh rqo| orrnhg dw dffrxqwlqj lghqwlwlhv1 Dw wklv srlqw/ zh
zrxog qhhg wr wdnh d vwdqg rq zkhwkhu +l, wkh prqhwdu| dxwkrulw| pryhv
�uvw � e| vhwwlqj dq h{rjhqrxv sdwk ri � � dqg wkh �vfdo dxwkrulw| sdvvlyho|
dffrpprgdwhv vxfk d sdwk e| ohwwlqj wudqvihuv dgmxvw/ ru +ll, wkh �vfdo dx0
wkrulw| pryhv �uvw � e| vhwwlqj dq h{rjhqrxv sdwk ri wudqvihuv � dqg wkh
prqhwdu| dxwkrulw| dffrpprgdwhv wklv srolf| e| ohwwlqj wkh udwh ri grphv0
wlf fuhglw jurzwk dgmxvw1 Fohduo|/ wkh odwwhu dvvxpswlrq lv wkh prvw uhohydqw
iru srolf| sxusrvhv1 Iru frqfhswxdo sxusrvhv/ krzhyhu/ zh zloo ehjlq rxu
dqdo|vlv lq Vhfwlrq 6 e| h{dplqlqj wkh �uvw vfhqdulr1 Kdylqj wklv vlpsohu
vfhqdulr dv d frqyhqlhqw ehqfkpdun/ Vhfwlrq 7 zloo orrn dw wkh hpslulfdoo|
pruh uhohydqw fdvh lq zklfk wkh �vfdo dxwkrulw| vhwv dq h{rjhqrxv sdwk ri
wudqvihuv1

516 Htxloleulxp frqglwlrqv

Frpelqlqj wkh frqvxphu*v dqg wkh jryhuqphqw*v  rz frqvwudlqwv +htxdwlrqv
+5, dqg +43,/ uhvshfwlyho|, |lhogv=

bn| @ un| . | � f|> +48,

zkhuh n+� e .U, ghqrwhv wkh hfrqrp|*v vwrfn ri qhw iruhljq dvvhwv1 Wkh
UKV ri htxdwlrq +48, lv wkh fxuuhqw dffrxqw edodqfh1 Frpelqlqj +6, dqg
+45, |lhogv wkh hfrqrp|*v uhvrxufh frqvwudlqw=

nf .
|

u
@

]
"

f
f|h

3o|gw= +49,

Htxdwlrqv +7, dqg +49, lpso| wkdw/ dorqj d shuihfw iruhvljkw htxloleulxp
sdwk/ frqvxpswlrq zloo eh frqvwdqw dqg htxdo wr shupdqhqw lqfrph=

f| @ unf . |> w 5 ^3>4,= +4:,

Lq idfw/ frqvxpswlrq zloo uhpdlq htxdo wr shupdqhqw lqfrph uhjdugohvv ri
wkh sdwk ri l dqg l}1 Wkhuhiruh/ wr hfrqrpl}h rq qrwdwlrq � dqg zlwk qr orvv
ri jhqhudolw| � zh zloo khqfhiruwk fkrrvh xqlwv vxfk wkdw x�+unf . |, @ 4/

43



zklfk lpsolhv iurp +7, wkdw � @ 41 Zh fdq wkhq gurs wkh frqvxpswlrq
whup iurp doo prqh| ghpdqgv145

Ilqdoo|/ jlyhq wkh dvvxpswlrq ri shuihfw fdslwdo prelolw|/ lqwhuhvw sdulw|
krogv +uhfdoo wkdw iruhljq lq dwlrq lv dvvxphg wr eh }hur,=

l| @ u . %|= +4;,

517 H{fkdqjh udwh dqg lqwhuhvw udwh srolf|

H{fkdqjh udwh srolf| Wkh h{fkdqjh udwh srolf| iroorzhg e| wkh prq0
hwdu| dxwkrulw| lv wkh vdph dv lq vwdqgdug prghov ã od Nuxjpdq1 Dv ri
w @ 3/ wkh h{fkdqjh udwh lv �{hg dw wkh ohyho �H1 Khqfh/ e| +4;,/ l| @ u= Lq
dgglwlrq/ lw lv dvvxphg wkdw wkhuh lv d nqrzq orzhu erxqg iru lqwhuqdwlrqdo
uhvhuyhv +vd|/ U| @ 3,1 Li wkdw ohyho lv uhdfkhg/ wkh fhqwudo edqn fhdvhv wr
lqwhuyhqh lq wkh iruhljq h{fkdqjh pdunhw dqg doorzv wkh h{fkdqjh udwh wr
 rdw iuhho|1

Lqwhuhvw udwh srolf| Wkh nh| ghsduwxuh ri rxu prgho uhodwlyh wr wkh
vwdqgdug Nuxjpdq prgho lv wkdw wkh prqhwdu| dxwkrulw| fdq hqjdjh lq
dfwlyh lqwhuhvw udwh srolf|1 Lq rwkhu zrugv/ lq dgglwlrq wr �{lqj wkh h{fkdqjh
udwh/ wkh prqhwdu| dxwkrulw| fdq dovr vhw wkh lqwhuhvw udwh rq oltxlg erqgv/
l}1 Wkh prqhwdu| dxwkrulw| kdv wkxv wzr srolf| lqvwuxphqwv= wkh qrplqdo
h{fkdqjh udwh dqg wkh lqwhuhvw udwh rq oltxlg erqgv1 E| vhwwlqj l}/ wkh
prqhwdu| dxwkrulw| ohwv wkh frpsrvlwlrq ri lwv oldelolwlhv +fdvk dqg oltxlg
erqgv, eh pdunhw0ghwhuplqhg146

Wr vhh pruh fohduo| wkh orjlf ehklqg dfwlyh lqwhuhvw udwh srolf|/ qrwh wkdw
wkh fhqwudo edqn lvvxhv erwk fdvk +K, dqg oltxlg erqgv +],1 Khqfh/ prqh|
pdunhw htxloleulxp lv jlyhq e| +wdnlqj lqwr dffrxqw +<, dqg +4;,,

K| . ]|
H|

@ �p+f|> u> l
}
| ,= +4<,

Wkh vhfrqg uhohydqw htxloleulxp frqglwlrq lv wkh uhodwlyh ghpdqg iru fdvk
dqg oltxlg erqgv/ zklfk iroorzv iurp +8, dqg +9,=

45Qdwxudoo|/ li frqvxpswlrq dqg uhdo prqh| edodqfhv glg qrw hqwhu vhsdudeo| lqwr suhi0
huhqfhv/ wkh sdwk ri frqvxpswlrq zrxog qrw eh lqghshqghqw ri � dqg �} 1 Wkhvh h�hfwv
zloo eh fdswxuhg lq vlpxodwlrqv ehorz1

46Dowhuqdwlyho|/ wkh prqhwdu| dxwkrulw| frxog vhw wkh udwlr ri erwk oldelolwlhv dqg ohw �}

eh pdunhw0ghwhuplqhg1
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y�+k|,

z�+}|,
@

l|
l| � l}|

= +53,

Wdnh dv jlyhq wkh ohyho ri frqvxpswlrq1 Wkhq/ iru d jlyhq ohyho ri
wkh h{fkdqjh udwh dqg l} vhw e| wkh prqhwdu| dxwkrulw|/ wkh sulydwh vhfwru
fkrrvhv uhdo prqh| ghpdqg zklfk/ wkurxjk +4<,/ ghwhuplqhv wkh qrplqdo
prqh| vxsso| +K . ],1 Jlyhq wklv ohyho ri wkh qrplqdo prqh| vxsso|/
htxdwlrq +53, ghwhuplqhv wkh ohyhov ri K dqg ]1 Rwkhu wklqjv ehlqj htxdo/
d ulvh lq l} lqfuhdvhv uhdo prqh| ghpdqg e| lqgxflqj d kljkhu uhdo ghpdqg
iru oltxlg erqgv147 Lq wklv prgho/ wkhuhiruh/ dq dfwlyh lqwhuhvw udwh ghihqvh
ri wkh shj zloo lqyroyh udlvlqj wkh srolf|0frqwuroohg lqwhuhvw udwh lq rughu wr
lqfuhdvh wkh ghpdqg iru grphvwlf0fxuuhqf| ghqrplqdwhg dvvhwv1

Dq dowhuqdwlyh zd| ri wklqnlqj derxw lqwhuhvw udwh srolf| lq wklv prgho
� zklfk lv lq wkh vslulw ri wudglwlrqdo sruwirolr prghov +vhh/ iru h{dpsoh/
Iorrg/ Jduehu dqg Nudphu +4<<8,, � lv wr ghulyh dq lqwhuhvw sdulw| frqglwlrq
ehwzhhq oltxlg erqgv dqg sxuh erqgv e| frpelqlqj +8, dqg +9, wr rewdlq=

l}| @ l| �
�
z�+}|,

y�+k|,

�
l|= +54,

Wklv frqglwlrq vd|v wkdw/ lq htxloleulxp/ wkh uhwxuq rq wkh oltxlg erqg lvvxhg
e| wkh fhqwudo edqn +l}, pxvw htxdo wkh uhwxuq rq wkh sxuh erqg +l|, plqxv
d oltxlglw| suhplxp +odvw whup rq wkh UKV,1 Iru d jlyhq ohyho ri fdvk/ wkh
oltxlglw| suhplxp lv d ghfuhdvlqj ixqfwlrq ri wkh ohyho ri oltxlg erqgv1

Frqglwlrq +54, lv looxplqdwlqj lq vhyhudo uhvshfwv1 Iluvw/ lw pdnhv fohdu
wkdw wkh dvvxpswlrq wkdw wkh erqgv lvvxhg e| wkh fhqwudo edqn surylgh
oltxlglw| vhuylfhv lv d fulwlfdo rqh1 Li wkh| glg qrw +l1h1/ li z�+}|, @ 3,/ wkhq
l} frxog qrw eh gl�huhqw iurp u +dvvxplqj/ ri frxuvh/ dq lqwhulru vroxwlrq,1
Vhfrqg/ jlyhq wkdw wkhvh erqgv surylgh oltxlglw| vhuylfhv/ lqwhuhvw udwh srolf|
rshudwhv e| lqgxflqj fkdqjhv lq wkh oltxlglw| suhplxp1 Lq rwkhu zrugv/ d
kljkhu l} pxvw eh dvvrfldwhg zlwk d orzhu oltxlglw| suhplxp dqg ylfhyhuvd1

Lqwhuhvw udwh srolf| uxoh Lq sudfwlfh/ wkh prqhwdu| dxwkrulw| udlvhv lq0
whuhvw udwhv lq uhvsrqvh wr vkrfnv wkdw pd| lqgxfh wkh sxeolf wr vzlwfk iurp
grphvwlf wr iruhljq dvvhwv1 E| pdnlqj grphvwlf dvvhwv pruh dwwudfwlyh/ wkh

47Xqghu qrq0vhsdudelolw| ehwzhhq � dqg 5 lq wkh xwlolw| ixqfwlrq +d fdvh ghdow zlwk
ehorz,/ d ulvh lq �} ohdgv wr d ulvh lq 5 dqg d idoo lq � exw vwloo lqfuhdvhv uhdo prqh| ghpdqg
+l1h1/ �n 5,1
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prqhwdu| dxwkrulw| krshv wr surwhfw lwv vwrfn ri lqwhuqdwlrqdo uhvhuyhv1 Lq
wklv vslulw � dqg wr fdswxuh dq dfwlyh lqwhuhvw udwh ghihqvh lq dv vlpsoh d
vhwwlqj dv srvvleoh � lw zloo eh dvvxphg wkdw wkh fhqwudo edqn dqqrxqfhv dw
wlph w @ 3 wkdw li wkh qrplqdo lqwhuhvw udwh l fkdqjhv dw dq| srlqw lq wlph w/
wkhq lw zloo dgmxvw l} dffruglqj wr wkh iroorzlqj uxoh=

7l}| @ �7l|> � 5 ^3> �W`> +55,

zkhuh � lv d srolf| sdudphwhu wkdw fdswxuhv wkh ghjuhh ri lqwhuhvw udwh df0
wlylvp148 Lq sduwlfxodu/ � @ 3 lv wkh vwdqgdug fdvh dqdo|}hg lq wkh olwhudwxuh
lq zklfk wkh fhqwudo edqn iroorzv d frpsohwho| sdvvlyh lqwhuhvw udwh srolf|1
Dw wkh rwkhu h{wuhph/ wkh prqhwdu| dxwkrulw| fdq vhw d ydoxh ri �/ ghqrwhg
e| �W/ vxfk wkdw prqh| ghpdqg zloo qrw fkdqjh hyhq li l ulvhv149 Lqwxlwlyho|/
lw vkrxog eh fohdu wkdw �W A 41 Wkh uhdvrq lv wkdw lq uhvsrqvh wr d ulvh lq
l/ ghpdqg iru fdvk zloo dozd|v idoo1 Khqfh/ wr ohdyh uhdo prqh| ghpdqg
xqfkdqjhg/ wkh rssruwxqlw| frvw ri kroglqj erqgv qhhgv wr idoo lq rughu wr
lqgxfh frqvxphuv wr krog pruh oltxlg erqgv1 Wklv/ lq wxuq/ uhtxluhv wkdw
� A 4/ vr wkdw wkh rssruwxqlw| frvw ri kroglqj oltxlg erqgv idoov dv l ulvhv
+l1h1/ l| � l}| idoov,1 Zkloh kljko| vw|ol}hg/ srolf| uxoh +55, surylghv dq hdv|
dqg frqyhqlhqw zd| ri sdudphwhul}lqj lqwhuhvw udwh srolf|/ zklfk zloo hq0
deoh xv wr vwxg| wkh h�hfwlyhqhvv dqg rswlpdolw| ri pruh dfwlyh lqwhuhvw udwh
srolflhv lq ghihqglqj d �{hg h{fkdqjh udwh shj1

6 Lqwhuhvw udwh srolf| lq wkh devhqfh ri dq h{rjh0
qrxv �vfdo frqvwudlqw

Dv d frqyhqlhqw ehqfkpdun/ wklv vhfwlrq dqdo|}hv wkh h�hfwlyhqhvv dqg rs0
wlpdolw| ri dfwlyh lqwhuhvw udwh srolf| lq wkh fdvh lq zklfk wkh prqhwdu|
dxwkrulw| vhwv d frqvwdqw udwh ri jurzwk ri grphvwlf fuhglw/ �/ dqg wkh �v0
fdo dxwkrulw| sdvvlyho| dffrpprgdwhv vxfk d srolf| e| ohwwlqj wkh ohyho ri
wudqvihuv dgmxvw hqgrjhqrxvo|1

48Zh uhvwulfw � wr eh qrq0qhjdwlyh wr �{ lghdv1 Lq sulqflsoh/ � frxog eh qhjdwlyh1 Zkhq
vxfk d fdvh lv hfrqrplfdoo| uhohydqw/ lw zloo eh glvfxvvhg ehorz1 Dovr/ wkh lqlwldo ohyho ri
wkh srolf| frqwuroohg lqwhuhvw udwh +�}f, lv lqfrqvhtxhqwldo iru rxu dqdo|vlv +dv orqj dv lw lv
ohvv wkdq o, ehfdxvh lw rqo| d�hfwv wkh lqlwldo ohyho ri uhdo prqh| ghpdqg wkurxjk lwv h�hfw
rq wkh lqlwldo ghpdqg iru oltxlg erqgv1

49Dv zloo ehfrph fohdu ehorz/ zkloh �W surylghv dq xsshu erxqg iru �/ lq vrph fdvhv lw
lv qrw srvvleoh iru wkh prqhwdu| dxwkrulw| wr vhw vxfk d ydoxh ri �1

46



614 Htxloleulxp sdwkv

Frqvlghu �uvw wkh htxloleulxp sdwk dvvrfldwhg zlwk d �{hg h{fkdqjh udwh1
E| lqwhuhvw sdulw| +jlyhq e| +4;,,/ l| @ u1 Vlqfh l lv frqvwdqw ryhu wlph/
srolf| uxoh +55, lpsolhv wkdw l} zloo dovr eh frqvwdqw ryhu wlph1 Khqfh/
l� l} zloo dovr eh frqvwdqw ryhu wlph1 Wklv/ lq wxuq/ lpsolhv wkdw uhdo prqh|
ghpdqg/ jlyhq e| +<, zloo dovr eh frqvwdqw ryhu wlph1 Iurp wkh fhqwudo
edqn edodqfh vkhhw/ lw iroorzv wkdw bU| @ bp| � bg|1 Wkh �{hg h{fkdqjh
udwh frpelqhg zlwk wkh grphvwlf fuhglw srolf| jlyhq e| +46, lpsolhv wkdw
bU| @ bp| � �g|1 Vlqfh prqh| ghpdqg lv frqvwdqw dorqj sdwkv zlwk d
frqvwdqw l +l1h1/ bp| @ 3,/ wkh htxloleulxp hyroxwlrq ri lqwhuqdwlrqdo uhvhuyhv
lv jlyhq e|

bU| @ ��gfh>|1 +56,

Htxdwlrq +56, vkrzv wkdw dorqj sdwkv zlwk d �{hg h{fkdqjh udwh dqg
h{sdqglqj grphvwlf fuhglw +l1h1/ � A 3,/ lqwhuqdwlrqdo uhvhuyhv dw wkh fhqwudo
edqn zloo eh idoolqj dw dq lqfuhdvlqj udwh1 Vlqfh wkh orzhu erxqg iru lqwhuqd0
wlrqdo uhvhuyhv zloo eh uhdfkhg lq �qlwh wlph/ wkh �{hg h{fkdqjh udwh uhjlph
lv xqvxvwdlqdeoh1 Wkh fhqwudo edqn zloo wkxv eh irufhg wr dedqgrq wkh shj
dw vrph srlqw lq wlph/ W +wr eh ghwhuplqhg hqgrjhqrxvo|,1 Sulydwh djhqwv
h{shfw wkh fhqwudo edqn wr doorz wkh h{fkdqjh udwh wr  rdw iurp wlph W rq0
zdug/ zkloh ohdylqj lwv grphvwlf fuhglw srolf| xqfkdqjhg1 Khqfh wkh| h{shfw
wkdw dw wlph W wkh hfrqrp| zloo mxps wr lwv orqj uxq vwhdg|0vwdwh zlwk wkh
grphvwlf fxuuhqf| ghsuhfldwlqj dw wkh frqvwdqw udwh ri prqhwdu| h{sdqvlrq/
�14: Irupdoo|/ wkh h{shfwhg sdwk iru wkh udwh ri ghydoxdwlrq2ghsuhfldwlrq
lv jlyhq e|

%| @

�
3> 3 � w ? W>
�> w � W=

Wkh sulydwh vhfwru dovr nqrzv wkdw iurp wlph W rqzdug wkh qrplqdo lqwhuhvw
udwh zloo eh jlyhq e| lA @ u . �1 Ixuwkhupruh/ jlyhq srolf| uxoh +55,/ lw lv
dovr wkh fdvh wkdw l}A @ l}f . ��1 Khqfh/ lA � l}A @ u � l}f . +4� �,�=

Jlyhq wkh wlph sdwkv ri l| dqg l
}
| / zh fdq qrz ghwhuplqh �W> wkdw lv/ wkh

ydoxh ri � iru zklfk uhdo prqh| ghpdqg dw W zloo qrw mxps1 Irupdoo|/ �W

vdwlv�hv
4:Wklv lv d shuihfw iruhvljkw prqhwdu| prgho zlwk qr lqwulqvlf g|qdplfv1 Lw fdq eh

hdvlo| vkrzq wkdw wkh shuihfw iruhvljkw htxloleulxp sdwk xqghu  h{leoh h{fkdqjh udwhv lv
vwdwlrqdu| zlwk wkh udwh ri fxuuhqf| ghsuhfldwlrq/ 0c ehlqj htxdo wr wkh udwh ri prqhwdu|
h{sdqvlrq/ >1
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�k+u,� �k+u . �, @ �}^u � l}f . +4� �W,�`� �}+u � l}f,= +57,

Iru d jlyhq �+A 3,>wkh OKV ri htxdwlrq +57, lv d frqvwdqw/ zkhuhdv wkh
UKV lv d vwulfwo| lqfuhdvlqj ixqfwlrq ri � +dqg orzhu wkdq wkh OKV iru � @ 3,1
Khqfh/ �W h{lvwv dqg lv xqltxh14;

615 Wkh wlplqj ri wkh fulvlv

Lq rughu wr wlh grzq wkh wlph ri froodsvh/ qrwh wkdw dw W wkh h{fkdqjh udwh
+H, fdqqrw mxps1 Li lw glg/ wkhuh zrxog eh lq�qlwh duelwudjh rssruwxqlwlhv1
Vlqfh wkh h{fkdqjh udwh fdqqrw mxps dw W> prqh| pdunhw htxloleulxp dw W
lv jlyhq e|

�k+u. �, . �}^u � l}f . +4� �,�` @
Gfh

>A

�H
> +58,

zkhuh wkh OKV ri htxdwlrq +58, ghqrwhv uhdo prqh| ghpdqg dw wlph W /
zkhuhdv wkh UKV lqglfdwhv uhdo prqh| vxsso| dw wlph W 1 Htxdwlrq +58,
lpsolflwo| gh�qhv wkh wlph ri froodsvh W dv d ixqfwlrq ri �= Lq zkdw iroorzv/
zh ghqrwh doo suh0froodsvh yduldeohv e| wkh vxevfulsw 3 dqg srvw0froodsvh
yduldeohv e| wkh vxevfulsw W= Ohwwlqj W3 ghqrwh wkh lqvwdqw ehiruh wkh uxq/
wkh glvfuhwh fkdqjh lq uhdo prqh| ghpdqg dw wkh prphqw ri wkh fulvlv W lv
jlyhq e|

�pA �pA �pA3 @ �p+u . �> l}A ,� �p+u> l}f, � 3> +59,

zklfk fruuhvsrqgv wr wkh orvv lq lqwhuqdwlrqdo uhvhuyhv vlqfh �UA @ �pA =
4<

Wkh zhdn lqhtxdolw| lq +59, iroorzv iurp wkh idfw wkdw/ dv glvfxvvhg deryh/
uhdo prqh| ghpdqg zloo uhpdlq xqfkdqjhg iru �W1 Wr �{ lghdv/ zh qrz
irfxv rq wzr srodu fdvhv= � @ 3 dqg � @ �W1

4;Wklv vwdwhphqw dvvxphv wkdw wkh frqglwlrq �A3�}A ' o3�}fnE�3�W� D f lv vdwlv�hg1 Lq
rwkhu zrugv/ lw dvvxphv wkdw �W $ 	�/ zkhuh 	� lv wkh ydoxh ri � wkdw vdwlv�hv o3�}fnE�3	�� '
f +l1h/ 	� ' � n

o3�
j

3

>
,1 Dv zloo eh looxvwudwhg ehorz zlwk d txdgudwlf h{dpsoh/ zkhwkhu

�W $ 	� krogv ghshqgv � lq dgglwlrq wr wkh vshfl�fdwlrq ri suhihuhqfhv � rq wkh sdudphwhu
frq�jxudwlrq1 Li wklv frqglwlrq grhv qrw krog/ doo rxu pdlq uhvxowv jr wkurxjk dq|zd|/ exw
wkhuh lv d olplw wr krz pxfk wkh fhqwudo edqn fdq udlvh lqwhuhvw udwhv1 Iru h{srvlwlrqdo
sxusrvhv/ wklv vhfwlrq zloo dvvxph wkdw wklv frqglwlrq krogv xqohvv rwkhuzlvh qrwlfhg1

4<Qrwh wkdw iurp wlph A rqzdug/ uhdo grphvwlf fuhglw uhpdlqv frqvwdqw vlqfh ( dqg .
erwk ulvh dw wkh frpprq udwh >1
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Sdvvlyh lqwhuhvw udwh srolf|= Wkh Nuxjpdq fdvh Frqvlghu �uvw wkh
vwdqgdug fdvh dqdo|}hg lq wkh olwhudwxuh lq zklfk wkh fhqwudo edqn lv frp0
sohwho| sdvvlyh zlwk uhvshfw wr lqwhuhvw udwh srolf|1 Wklv fdvh � khuhdiwhu
uhihuuhg wr dv wkh Nuxjpdq fdvh � dulvhv dv d vshfldo fdvh ri rxu prgho zkhq
� @ 31 Lq wklv hyhqw/ wkh fhqwudo edqn ohdyhv l} xqfkdqjhg lq uhvsrqvh wr
dq lqfuhdvh lq pdunhw lqwhuhvw udwhv1 Wkh vl}h ri wkh vshfxodwlyh dwwdfn dw
wlph W lv wkxv jlyhq e|

�pA @ �p+u. �> l}f,� �p+u> l}f, ? 3=

Vlqfh wkh hfrqrp| orfnv lqwr lwv orqj uxq vwhdg|0vwdwh dw wlph W / erwk frq0
vxpswlrq dqg uhdo prqh| edodqfhv uhpdlq frqvwdqw iurp wlph W rqzdug1
Dw wkh wlph ri wkh fulvlv/ wkh ulvh lq l ohdgv wr d idoo lq erwk uhdo fdvk dqg
uhdo oltxlg erqg ghpdqg/ dv iroorzv iurp �uvw0rughu frqglwlrqv +8, dqg +9,1
Khqfh/ uhdo prqh| ghpdqg idoov1 Dv lv zhoo0nqrzq iurp Nuxjpdq +4<:<,/
wkh vshfxodwlyh dwwdfn zloo wkxv rffxu dw wkdw srlqw lq wlph � ghqrwhg e|
W & lq Iljxuh 4 � dw zklfk wkh rxwvwdqglqj vwrfn ri lqwhuqdwlrqdo uhvhuyhv
h{dfwo| pdwfkhv wkh ghvluhg fkdqjh lq uhdo prqh| ghpdqg1 Dw wkdw srlqw/
d vshfxodwlyh uxq ghsohwhv wkh vwrfn ri lqwhuqdwlrqdo uhvhuyhv dqg irufhv wkh
fhqwudo edqn wr dedqgrq wkh shj dqg ohw wkh h{fkdqjh udwh  rdw1 Fohduo|/
zhoiduh lv orzhu uhodwlyh wr d qrq0fulvlv vfhqdulr vlqfh kroglqjv ri erwk fdvk
dqg oltxlg erqgv idoo dw W 153

Dfwlyh lqwhuhvw udwh srolf|= Fulvlv zlwk qr uxq Frqvlghu qrz wkh
vdph h{shulphqw dv ehiruh h{fhsw iru wkh idfw wkdw � @ �W1 Jlyhq shuihfw
iruhvljkw dqg wkh gh�qlwlrq ri �W/ lw iroorzv wkdw uhdo prqh| ghpdqg zloo
qrw fkdqjh dw W 1 Wkh idfw wkdw p grhv qrw mxps dw wkh wlph ri wkh fulvlv
lpsolhv wkdw wkh fulvlv pxvw wdnh sodfh suhflvho| dw wkh srlqw lq wlph dw zklfk
lqwhuqdwlrqdo uhvhuyhv uhdfk }hur +wlph W W lq Iljxuh 4,1 Khqfh/ wkh phuh
dqqrxqfhphqw ri srolf| +55, zlwk � @ �W dw wlph 3 hqdeohv wkh fhqwudo edqn
wr ghod| wkh fulvlv e| dv orqj dv lw lv srvvleoh xqghu wkh flufxpvwdqfhv +iurp
W & wr W W lq Iljxuh 4,1 Lq rwkhu zrugv/ hyhq wkrxjk wkhuh lv d fulvlv dqg wkh
h{fkdqjh udwh shj lv dedqgrqhg dw wlph W W/ wkhuh lv qr uxq rq lqwhuqdwlrqdo
uhvhuyhv$

Wkh lqwxlwlrq ehklqg wkh fhqwudo edqn*v delolw| wr ghod| wkh fulvlv lv
vwudljkwiruzdug1 E| dqqrxqflqj wkdw lw zloo udlvh l} lq vxfk d zd| dv wr
nhhs wrwdo ghpdqg iru prqh| frqvwdqw/ wkh fhqwudo edqn lv hqvxulqj wkdw/ dw

53Ri frxuvh/ li suhihuhqfhv zhuh qrq0vhsdudeoh lq frqvxpswlrq/ wkh idoo lq frqvxpswlrq
zrxog dovr eh zhoiduh0uhgxflqj1 Zh zloo wdnh lqwr dffrxqw vxfk h�hfwv lq vlpxodwlrqv
suhvhqwhg ehorz1
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wkh wlph ri wkh fulvlv/ wkhuh zloo eh qr uxq rq lqwhuqdwlrqdo uhvhuyhv1 Wklv
lpsolhv wkdw wkh rqo| frqvlvwhqw htxloleulxp sdwk lv iru wkh fulvlv wr rffxu dw
srlqw W W lq Iljxuh 41 Vlqfh uhvhuyhv uhdfk }hur dw wkdw srlqw/ wkh fhqwudo
edqn*v dedqgrqphqw ri wkh shj lv frqvlvwhqw zlwk qr fkdqjh lq uhdo prqh|
ghpdqg dqg/ khqfh/ qr uxq1

Lw lv fohdu wkdw zhoiduh lv kljkhu lq wklv fdvh wkdq lq wkh Nuxjpdq*v fdvh1
Wkh uhdvrq lv wkdw wkh idoo lq uhdo fdvk edodqfhv dw W zloo eh wkh vdph exw
kroglqjv ri uhdo oltxlg erqgv zloo dfwxdoo| lqfuhdvh1 Khqfh/ lw lv rswlpdo iru
wkh prqhwdu| dxwkrulw| wr hqjdjh lq dq dfwlyh lqwhuhvw udwh srolf|1

Ilqdoo|/ qrwlfh wkdw zkhq wkh fulvlv rffxuv wkh ohyho ri jryhuqphqw wudqv0
ihuv pxvw idoo wr dffrpprgdwh wkh lqfuhdvhg ghew vhuylfh1 Wr vhh wklv/
qrwlfh iurp +47, wkdw/ jlyhq wkdw uhvhuyhv gr qrw mxps dw W> wkh ohyho ri
wudqvihuv mxvw ehiruh wkh fulvlv rffxuv lv �A3 @ �gA � l}f}f1 Diwhu wkh fulvlv
kdv rffxuuhg/ wkh ohyho ri wudqvihuv lv jlyhq e| �A @ �gA � }A +l

}
f . �W�,

+qrwlfh wkdw l}A @ l}f . �W�,1 Wkh fkdqjh lq wkh ohyho ri wudqvihuv lv wkxv
�� � �A � �A3 @ �l}A }A . l}f}f @ l}f+}f � }A , � �W�}A ? 31 Wkh ohyho
ri wudqvihuv pxvw idoo dw W wr dffrpprgdwh wkh kljkhu �vfdo gh�flw zklfk
uhvxowv iurp d kljkhu ghew vhuylfh1 Wkh ghew vhuylfh lqfuhdvhv rq wzr df0
frxqwv= wkh vwrfn ri ghew lqfuhdvhv +iurp }f wr }A , dqg wkh lqwhuhvw udwh
udlvhv iurp l}f wr l

}
A +qrwlfh wkdw l}A � l}f @ �W�,1 Iurp d srolf| shuvshfwlyh/

wklv lpsolhv wkdw wkh prqhwdu| dxwkrulw|*v delolw| wr ghod| wkh fulvlv dv pxfk
dv lw fdq fulwlfdoo| ghshqgv rq wkh �vfdo dxwkrulw| ehlqj uhdg| wr h�hfw d
vkdus dgmxvwphqw dw wkh wlph ri wkh fulvlv1

Lqwhuphgldwh fdvhv Zkdw zrxog kdsshq lq wkh lqwhuphgldwh fdvhv lq
zklfk � olhv ehwzhhq 3 dqg �W +l1h1/ 3 ? � ? �W,B Dq dqdorjrxv uhdvrqlqj
wr wkh Nuxjpdq fdvh ohdgv wr wkh frqfoxvlrq wkdw/ txdolwdwlyho|/ wkh uhvxowv
zrxog eh wkh vdph dv lq wkh Nuxjpdq fdvh1 Lq rwkhu zrugv/ vlqfh uhdo prqh|
ghpdqg zloo idoo dw wkh wlph ri wkh fulvlv/ d uxq pxvw dffrpsdq| wkh fulvlv1
Zhoiduh/ krzhyhu/ zloo vwloo eh kljkhu wkdq lq wkh Nuxjpdq fdvh ehfdxvh wkh
srvw0fulvlv ohyho ri oltxlg erqgv zloo eh odujhu1 Wkh pruh uhohydqw txhvwlrqv/
krzhyhu/ duh zkhwkhu d pruh djjuhvvlyh lqwhuhvw udwh srolf| +l1h1/ d kljkhu �,
zloo dozd|v vxffhhg lq srvwsrqlqj wkh fulvlv dqg/ li vr/ zkhwkhu vxfk d srolf|
lv rswlpdo1 Wkh qh{w wzr vxevhfwlrqv surylgh dqvzhuv wr wkhvh txhvwlrqv1

616 H�hfwlyhqhvv ri dfwlyh lqwhuhvw udwh srolf|

Wkh �uvw txhvwlrq wr dvn uhjduglqj dfwlyh lqwhuhvw udwh srolf| lv zkhwkhu d
wljkwhu lqwhuhvw udwh srolf| dozd|v vxffhhgv lq srvwsrqlqj wkh wlph ri wkh ful0
vlv1 Lq rwkhu zrugv/ lv wkhuh d prqrwrqlf dqg srvlwlyh uhodwlrqvkls ehwzhhq
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wkh wlph ri wkh fulvlv +W , dqg wkh ghjuhh ri srolf| dfwlylvp +�,B
Wkh dqvzhu wr wklv txhvwlrq iroorzv gluhfwo| iurp htxdwlrq +58,1 Wklv

htxdwlrq lpsolflwo| gh�qhv W dv d vwulfwo| lqfuhdvlqj ixqfwlrq ri �> wkdw lv/
W @ �W +�,1 Wkh vorsh ri wklv ixqfwlrq lv jlyhq e|

�W �+�, @
��}�^u� l}f . +4� �,�`

gfh>A
A 3= +5:,

Ixuwkhupruh/ lq whupv ri wkh qrwdwlrq xvhg lq Iljxuh 4/ qrwlfh wkdw �W +3, @
W & dqg �W +�W, @ W W1 Zh froohfw wkhvh uhvxowv lq wkh iroorzlqj sursrvlwlrq=

Sursrvlwlrq 4 Lq wkh devhqfh ri dq h{rjhqrxv �vfdo frqvwudlqw/ wkh wlplqj
ri wkh fulvlv lv d vwulfwo| lqfuhdvlqj ixqfwlrq ri wkh ghjuhh ri lqwhuhvw udwh
srolf| dfwlylvp +l1h1/ �W �+�, A 3, 1 Ixuwkhupruh/ �W +3, @ W& dqg �W +�W, @ W &1

Wkh lqwxlwlrq ehklqg wklv uhvxow iroorzv wkh orjlf glvfxvvhg deryh1 Wkh
pruh djjuhvvlyh lv lqwhuhvw udwh srolf| +l1h1/ wkh kljkhu lv �,/ wkh vpdoohu zloo
eh wkh ghvluhg fkdqjh lq uhdo prqh| ghpdqg zkhq wkh fulvlv rffxuv/ ehfdxvh
wkh fkdqjh lq wkh rssruwxqlw| frvw ri kroglqj oltxlg erqgv zloo eh vpdoohu1
Vlqfh wkh ghvluhg fkdqjh lq uhdo prqh| ghpdqg ghwhuplqhv wkh vl}h ri wkh
vshfxodwlyh dwwdfn � dqg khqfh wkh wlph ri wkh fulvlv � d kljkhu � lpsolhv
wkdw wkh vl}h ri wkh vshfxodwlyh dwwdfn zloo eh vpdoohu dqg khqfh wkdw lw zloo
rffxu odwhu154

617 Rswlpdolw| ri dfwlyh lqwhuhvw udwh srolf|

Kdylqj hvwdeolvkhg wkdw d pruh dfwlyh lqwhuhvw udwh srolf| dozd|v vxffhhgv lq
srvwsrqlqj wkh fulvlv/ wkh qdwxudo iroorz0xs txhvwlrq lv zkhwkhu lw lv rswlpdo
wr gr vr1 Irupdoo|/ zh dvn wkh iroorzlqj txhvwlrq= lv wkhuh d prqrwrqlf dqg
srvlwlyh uhodwlrqvkls ehwzhhq frqvxphu*v zhoiduh dqg wkh ghjuhh ri srolf|
dfwlylvp +dv fdswxuhg e| �,B

Wr dqvzhu wklv txhvwlrq/ vxevwlwxwh lqwr wkh zhoiduh ixqfwlrq +4, wkh
uhgxfhg0irup vroxwlrqv iru ghpdqg iru fdvk edodqfhv dqg oltxlg erqgv +lj0
qrulqj wkh whupv lqyroylqj frqvxpswlrq zklfk duh vlpso| d frqvwdqw, wr

54Dv vxjjhvwhg deryh/ � frxog eh juhdwhu wkdq �W ru qhjdwlyh1 Li � 	 f/ wkhq wkh fulvlv
zrxog eh eurxjkw iruzdug uhodwlyh wr wkh Nuxjpdq fdvh1 Lq whupv ri Iljxuh 4/ lw zrxog
rffxu iru A 	 A &1 Wkh lqwxlwlrq lv vlpso| wkdw wkh fhqwudo edqn*v lqwhuhvw udwh srolf| qrz
uhgxfhv prqh| ghpdqg dw wkh wlph ri wkh fulvlv1 Li � : �W/ wkh fulvlv zrxog vwloo rffxu dw
wlph A W/ exw wkh fhqwudo edqn zrxog qhhg wr doorz iru d rqfh0dqg0iru0doo uhprqhwl}dwlrq
ri wkh hfrqrp| dv uhdo prqh| ghpdqg zrxog qrz lqfuhdvh rqfh wkh fulvlv rffxuv1
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rewdlq

Z ^�> �W +�,` @
+4� h3o

�A E��,

u
^y+kf, .z+}f,` .

h3o
�A E��

u
^y+kA , .z+}A ,`>

+5;,

zkhuh

kf @ �k+u,> +5<,

}f @ �}+u� l}f,> +63,

kA @ �k+u . �,> +64,

}A @ �}^u� l}f . +4� �,�`= +65,

Vlqfh Z lv d ixqfwlrq ri � gluhfwo| dv zhoo dv lqgluhfwo| wkurxjk W / lw
iroorzv wkdw

gZ

g�
@
CZ

C�
.
CZ

C �W
�W �+�,= +66,

Dv +66, pdnhv fohdu/ � d�hfwv zhoiduh wkurxjk wzr fkdqqhov1 Iluvw/ iru d
jlyhq W / d kljkhu � udlvhv wkh srvw0fulvlv ghpdqg iru oltxlg erqgv dqg khqfh
lqfuhdvhv zhoiduh +�uvw whup rq wkh UKV ri +66,,1 Lq h�hfw/ dv iroorzv gluhfwo|
iurp +5;,/ Y`Y� � 3 +zlwk wkh htxdolw| kroglqj rqo| iru � @ a�,1 Vhfrqg/ iru d

jlyhq uhdo ghpdqg iru erqgv/ d kljkhu � srvwsrqhv wkh fulvlv +l1h1/ �W �+�, A 3/
dv hvwdeolvkhg lq Sursrvlwlrq 4,1 Lq wxuq/ d odujhu W vkrxog lqfuhdvh zhoiduh
ehfdxvh frqvxphuv hqmr| d kljkhu ohyho ri uhdo prqh| edodqfhv iru d orqjhu
shulrg ri wlph1 Wklv lv reylrxv iru wkh fdvh lq zklfk � � 4/ ehfdxvh lq
wkdw fdvh ghpdqg iru fdvk idoov dw W zkloh ghpdqg iru erqgv hlwkhu idoov ru
uhpdlqv frqvwdqw1 Lw lv ohvv reylrxv iru ydoxhv ri � A 4/ dv lq wklv fdvh wkh
ghpdqg iru fdvk idoov dw W exw wkh ghpdqg iru oltxlg erqgv lqfuhdvhv1 Zh
vkrz lq wkh dsshqgl{/ krzhyhu/ wkdw dv orqj dv wkh uhdo ghpdqg iru prqh|
idoov +ru uhpdlqv frqvwdqw, dw W / wkh xwlolw| ghulyhg iurp kroglqj oltxlglw|
dovr idoov1 Lq rwkhu zrugv/ zh irupdoo| vkrz wkdw Y`

YA A 3= Jlyhq wkdw
zhoiduh lv d vwulfwo| lqfuhdvlqj ixqfwlrq ri �/ wkh rswlpdo lqwhuhvw udwh srolf|
lv wr vhw � @ �W1 Lq rwkhu zrugv/ zhoiduh lv pd{lpl}hg e| ghod|lqj wkh
edodqfh ri sd|phqw fulvlv dv pxfk dv srvvleoh1 Qrwlfh/ lqflghqwdoo|/ wkdw
wkh zruvw srvvleoh srolf| lv qrw wr lqfuhdvh lqwhuhvw udwhv dw doo +l1h1/ wkh
Nuxjpdq fdvh,155

55 Li 	� 	 �W/ wkhq lw lv rswlpdo wr vhw � ' 	�> wkdw lv/ wr udlvh lqwhuhvw udwh dv pxfk dv
srvvleoh1
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Lq wklv oljkw/ zh fdq vxppdul}h wkh zhoiduh uhvxowv lq wkh iroorzlqj sursr0
vlwlrq=

Sursrvlwlrq 5 Lq wkh devhqfh ri dq h{rjhqrxv �vfdo frqvwudlqw/ frqvxphu*v
zhoiduh lv d vwulfwo| lqfuhdvlqj ixqfwlrq ri wkh ghjuhh ri lqwhuhvw udwh dfwlylvp
dw wkh wlph ri wkh fulvlv1 Wkh rswlpdo lqwhuhvw udwh srolf| lv wr suhyhqw d
uxq iurp wdnlqj sodfh zkhq wkh shj lv dedqgrqhg1

618 D txdgudwlf h{dpsoh

Wr looxvwudwh vrph ri wkh uhvxowv mxvw ghulyhg/ lw vkdoo suryh xvhixo wr frqvlghu
wkh iroorzlqj txdgudwlf h{dpsoh1 Vxssrvh wkdw y+k, dqg z+}, duh jlyhq e|

y+k, @ �J
5
+�k� k,2> +67,

z+}, @ �E
5
+�} � },2= +68,

Wdnlqj lqwr dffrxqw �uvw0rughu frqglwlrqv +8, dqg +9, +uhfdoolqj wkdw
xqlwv kdyh ehhq gh�qhg vxfk wkdw � @ 4,/ wkh ghpdqgv iru fdvk dqg oltxlg
erqgv duh jlyhq e|=

k @ �k� l

J
> +69,

} @ �} � +l� l},

E
= +6:,

Ixuwkhupruh/ iru vlpsolflw|/ zh zloo dvvxph wkdw J @ E dqg l}f @ 3=
Jlyhq +69, dqg +6:,/ wkh suh0 dqg srvw0fulvlv prqh| ghpdqgv wdnh wkh irup
+qrwlfh wkdw lq wklv fdvh lA � l}A @ u . +4� �,�,=

pf @ �k. �} � 5
u

J
> +6;,

pA @ �k. �} � 5
u

J
� �

J
+5� �,= +6<,

Dv h{shfwhg/ pA lv dq lqfuhdvlqj ixqfwlrq ri � ehfdxvh d kljkhu � pdnhv
oltxlg erqgv pruh dwwudfwlyh1

Wkh �uvw sd|r� ri wklv h{dpsoh lv wkdw lw surylghv d fohdu looxvwudwlrq ri
wkh uhodwlrqvkls ehwzhhq �W dqg a�1 Vlqfh �W lv wkh ydoxh ri � iru zklfk
uhdo prqh| ghpdqg grhv qrw fkdqjh dw W +l1h1/ wkh ydoxh ri � wkdw hqvxuhv
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wkdw pf @ pA ,/ lw iroorzv lpphgldwho| iurp +6;, dqg +6<, wkdw �W @ 51
Uhfdoo wkdw a� lv gh�qhg e| wkh frqglwlrq lA � l}A @ u . +4� a�,� @ 3> zklfk
lpsolhv wkdw a� @ 4 . o

> = Khqfh/ lq wklv h{dpsoh/ �W W a�/ ghshqglqj rq
wkh uhodwlrqvkls ehwzhhq wkh sdudphwhuv � dqg u1 Li � � u/ wkhq �W � a�/
zklfk lpsolhv wkdw lw lv rswlpdo iru wkh prqhwdu| dxwkrulw| wr vhw � @ �W/
dqg srvwsrqh wkh fulvlv doo wkh zd| wr wkh srlqw dw zklfk wkhuh lv qr uxq
zkhq wkh fulvlv �qdoo| wdnhv sodfh +srlqw W W lq Iljxuh 4,1 Li � A u/ wkhq
�W A a�/ zklfk lpsolhv wkdw wkh prqhwdu| dxwkrulw| zloo eh deoh wr srvwsrqh
wkh fulvlv rqo| xqwlo vrph srlqw W +W & ? W ? W W/ lq whupv ri Iljxuh 4,/
dw zklfk wkhuh zloo vwloo eh d uxq zkhq wkh fulvlv rffxuv1 Lq hlwkhu fdvh/
krzhyhu/ lw lv rswlpdo iru wkh prqhwdu| dxwkrulw| wr srvwsrqh wkh fulvlv dv
pxfk dv lw fdq1

Ohw xv qrz ghulyh W 1 Xvlqj htxdwlrq +58,/ zh fdq �qg dq h{solflw
h{suhvvlrq iru W +dvvxplqj gf @ 4,

�W +�, @
orj

�
�k. �} � 5 o

C � >
C+5� �,

�
�

= +73,

Lw iroorzv wkdw dv � lqfuhdvhv/ W lqfuhdvhv1 Lq rwkhu zrugv/ wkh pruh
djjuhvvlyh lv wkh dqqrxqfhg lqwhuhvw udwh srolf|/ wkh pruh wkh fulvlv zloo eh
ghod|hg1

Ilqdoo|/ ohw xv orrn dw zhoiduh1 Ljqrulqj wkh frqvxpswlrq whup +zklfk
lv mxvw d frqvwdqw,/ zh fdq zulwh zhoiduh dv +vxevwlwxwlqj +69, dqg +6:, lqwr
+4,/ wdnlqj lqwr dffrxqw +67, dqg +68,,=

Z +�, @ � u

J
� h3o

�A E��

5uJ

�
�2^4 . +4� �,2` . 5u�+5� �,

�
= +74,

Lw wkxv iroorzv wkdw=

gZ +�,

g�
@ h3o

�A E��
q
�W �+�,i�2^4 . +4� �,2` . 5u�+5� �,j. 5� ^u . �+4� �,`

r
� 3>

+75,

iru � � plq+�W> a�,1 Wkh uljkw0prvw lqhtxdolw| iroorzv iurp wkh idfw wkdw iru
doo � � plq+�W> a�,/ � � 5 dqg u . �+4� �, � 3156 Wklv looxvwudwhv wkh idfw
wkdw/ lq wkh devhqfh ri dq h{rjhqrxv �vfdo frqvwudlqw/ wkh rswlpdo lqwhuhvw
udwh srolf| lv wr ghod| wkh fulvlv dv pxfk dv srvvleoh1

56Qrwlfh wkdw _` E��
_�

' f iru � ' 	� +iru wkrvh fdvhv lq zklfk > : o dqg wkhuhiruh �W : 	�,1
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619 Qrq0vhsdudeoh suhihuhqfhv

Vr idu zh kdyh zrunhg zlwk d xwlolw| ixqfwlrq � jlyhq e| htxdwlrq +4, � zklfk
lv vhsdudeoh lq frqvxpswlrq dqg oltxlglw| vhuylfhv1 Wklv juhdwo| vlpsol�hv
wkh dqdo|wlfdo vroxwlrq ri wkh prgho1 Exw/ dv vhhpv fohdu iurp wkh xqghuo|lqj
lqwxlwlrq ehklqg Sursrvlwlrqv +4, dqg +5,/ wkh uhvxowv vkrxog jr wkurxjk iru
pruh jhqhudo/ qrq0vhsdudeoh suhihuhqfhv1 Wr fkhfn wklv frqmhfwxuh/ zh uxq
vlpxodwlrqv ri wkh prgho zlwk wkh iroorzlqj qrq0vhsdudeoh suhihuhqfhv=

]
"

f

{
�3�*j
| � 4

4� 4@�
h3q|gw> +76,

zkhuh { � d FHV djjuhjdwru iru frqvxpswlrq dqg oltxlglw| vhuylfhv +c, � dqg
c duh jlyhq e|

{ �
k
tf

43�
4 . +4� t,c

43�
4

l 4
43�

>

c � N � J

5
+�k� k,2 � E

5
+�} � },2>

zkhuh �+A 3, lv wkh lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq iru wkh FHV
djjuhjdwru/ �+A 3, lv wkh lqwudwhpsrudo hodvwlflw| ri vxevwlwxwlrq ehwzhhq
frqvxpswlrq dqg oltxlglw| vhuylfhv/ dqg D/ E/ I / J/ �k/ dqg �} duh srvlwlyh
frqvwdqwv157

Wklv jhqhudo irupxodwlrq lqfoxghv dv d sduwlfxodu fdvh +� @ �, d vhsd0
udeoh vshfl�fdwlrq olnh wkh rqh dqdo|}hg deryh1 Lq wkdw fdvh/ wkh sdwk ri
frqvxpswlrq lv  dw dqg doo rxu suhylrxv uhvxowv fdq eh gluhfwo| dssolhg1 Iru
� A � +zklfk zh zloo dvvxph,/ lw lv hdv| wr fkhfn dqdo|wlfdoo| wkdw frq0
vxpswlrq dqg oltxlglw| vhuylfhv pryh lq wkh vdph gluhfwlrq1 Khqfh/ zkhq d
fulvlv rffxuv dw wlph W / erwk frqvxpswlrq dqg uhdo prqh| ghpdqg idoo/ dv
hpslulfdo hylghqfh zrxog vxjjhvw1

Doo wkh vlpxodwlrqv wkdw zh udq duh frqvlvwhqw zlwk wkh uhvxowv hvwdeolvkhg
lq Sursrvlwlrqv 4 dqg 5 iru wkh vhsdudeoh fdvh1 Dv dq looxvwudwlrq/ Iljxuh

57g lv dq duelwudu| frqvwdqw +zklfk lv luuhohydqw iurp d frqfhswxdo srlqw ri ylhz, wkdw
hqvxuhv wkdw � : f1
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5 uhsruwv rqh vxfk vlpxodwlrq158/59 Sdqho D vkrzv wkdw W lv dq lqfuhdvlqj
ixqfwlrq ri �1 Khqfh/ wkh pruh djjuhvvlyh lv lqwhuhvw udwh srolf|/ wkh pruh wkh
fulvlv lv ghod|hg1 Sdqho E/ lq wxuq/ vkrzv wkdw zhoiduh lv dovr dq lqfuhdvlqj
ixqfwlrq ri �1 Khqfh/ wkh rswlpdo lqwhuhvw udwh srolf| frqvlvwv lq ghod|lqj
wkh fulvlv iru dv orqj dv srvvleoh1 Lqwxlwlyho|/ d pruh djjuhvvlyh lqwhuhvw udwh
srolf| lv zhoiduh lpsurylqj iru wzr uhdvrqv1 Wkh �uvw/ douhdg| suhvhqw lq
wkh vhsdudeoh fdvh/ lv wkdw wkh idoo lq uhdo prqh| ghpdqg dw wlph W ehfrphv
vpdoohu dv � lqfuhdvhv +Sdqho F,1 Wklv h�hfw lv uhlqirufhg e| wkh idfw wkdw
wkh idoo lq frqvxpswlrq dw wlph W dovr ehfrphv vpdoohu +Sdqho G,/ dv wkh
kljkhu l} uhgxfhv wkh lqwhuwhpsrudo glvwruwlrq dvvrfldwhg zlwk frqvxpswlrq
dqg wkxv pdnhv wkh frqvxpswlrq sdwk � dwwhu� ryhu wlph1

7 H{rjhqrxv �vfdo frqvwudlqw

Dv d frqyhqlhqw ehqfkpdun/ Vhfwlrq 6 dvvxphg wkdw wkh �vfdo dxwkrulw| hq0
grjhqrxvo| dgmxvwv jryhuqphqw vshqglqj +wudqvihuv, lq uhvsrqvh wr fkdqjhv
lq dydlodeoh uhyhqxhv1 Dv qrwhg deryh/ wklv lpsolhv wkdw wkh �vfdo dxwkrulw|
lv zloolqj wr h�hfw d vkdus frqwudfwlrq lq vshqglqj dw wkh wlph ri wkh ful0
vlv wr dffrpprgdwh wkh kljkhu ghew vhuylfh1 Lq sudfwlfh/ ri frxuvh/ vxfk
dq dgmxvwphqw lv gl!fxow wr lpsohphqw dqg lq dwlrq pxvw w|slfdoo| ulvh wr
surylgh dgglwlrqdo uhyhqxhv wr wkh wuhdvxu|1 Wr fdswxuh vxfk d vfhqdulr/
wklv vhfwlrq dqdo|}hv wkh fdvh lq zklfk wkh prqhwdu| dxwkrulw| pxvw �qdqfh
dq h{rjhqrxvo|0jlyhq  rz ri wudqvihuv1 Wkh lq dwlrqdu| frqvhtxhqfhv ri
kljkhu lqwhuhvw udwhv zloo sod| d fulwlfdo uroh lq ghwhuplqlqj wkh h�hfwlyhqhvv
dqg rswlpdolw| ri dq dfwlyh lqwhuhvw udwh srolf| lq ghihqvh ri wkh shj1

714 Suholplqdulhv

Wkh jryhuqphqw qrz idfhv dq h{rjhqrxv vshqglqj frqvwudlqw jlyhq e|

� | @ �� / w 5 ^3>4,/ +77,

58Zh duh rqo| lqwhuhvwhg lq wkh txdolwdwlyh qdwxuh ri wkh vroxwlrq dqg wkhuh lv wkxv qr
dwwhpsw dw uhsolfdwlqj d sduwlfxodu hfrqrp|1 Wkh wlph xqlw lv |hduv1 Wkh nh| sdudphwhu
ydoxhv iru wklv vlpxodwlrq duh j ' �fc 4 ' ��Dc C ' f�f2Dc � ' f�f2c �}f ' fc o ' f�f�/
dqg > ' 21 Zhoiduh lv qrupdol}hg dv shufhqwdjh fkdqjh zlwk uhvshfw wr wkh � ' f fdvh1
Wkh idoo lq uhdo prqh| ghpdqg dqg frqvxpswlrq duh h{suhvvhg dv shufhqwdjh ri JGS1 Zh
dovr udq vlpxodwlrqv zlwk suhihuhqfhv vshfl�fdwlrqv wkdw jhqhudwh Fdjdq dqg FHV prqh|
ghpdqgv/ dqg rewdlqhg vlplodu txdolwdwlyh uhvxowv1

59Iru wklv sdudphwhu frq�jxudwlrq/ 	� ' � n o
>
' ��f�D1 Wkh ydoxh ri �W +zklfk zh

hvwdeolvkhg qxphulfdoo|, lv 41;41 Vlqfh �W : 	�/ wkh fhqwudo edqn fdqqrw srvwsrqh wkh
fulvlv doo wkh zd| wr wkh srlqw dw zklfk wkhuh lv qr uxq1
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zklfk vd|v wkdw uhdo jryhuqphqw wudqvihuv uhpdlq �{hg dw �� dw doo srlqwv lq
wlph1 Xqghu wklv dvvxpswlrq/ wkh prqhwdu| dxwkrulw| hqgrjhqrxvo| dgmxvwv
wkh udwh ri grphvwlf fuhglw h{sdqvlrq +�, wr edodqfh wkh exgjhw dw doo wlphv1
Khqfh/ xqolnh lq wkh suhylrxv vhfwlrq/ � lv qrz dq hqgrjhqrxv yduldeoh zklfk
pxvw vdwlvi| wkh �vfdo frqvwudlqw +vxevwlwxwlqj +77, lqwr +47,,=

�� � uU| � %|k| � +%| � l}| ,}| @ +�| � %|,g|= +78,

Lq whupv ri vroylqj iru wkh htxloleulxp g|qdplfv ri d ERS fulvlv/ qrwh
wkdw wkh lqwurgxfwlrq ri dq h{rjhqrxv sdwk ri jryhuqphqw wudqvihuv grhv qrw
fkdqjh wkh frqvxphu*v sureohp1 Khqfh/ wkh rswlpdolw| frqglwlrqv ghulyhg
hduolhu iru wkh hqgrjhqrxv � fdvh +htxdwlrqv +7,0+9,, uhpdlq xqfkdqjhg1 Wkh
wzr fuxfldo gl�huhqfhv ehwzhhq wklv vshfl�fdwlrq dqg wkh suhylrxv rqh duh
wkdw +l, �A lv qrz dq hqgrjhqrxv yduldeoh vlqfh lw lv qr orqjhu vshfl�hg
e| d grphvwlf fuhglw uxoh> dqg +ll, wkh prqh| pdunhw htxloleulxp frqglwlrq
dw wlph W pxvw dovr wdnh lqwr dffrxqw wkh �vfdo frqvwudlqw dw wlph W / l1h1/
�� @ �AgA � l}A }A 1 Rxu lqwhuhvw/ dv ehiruh/ lv lq wkh lpsdfw ri lqwhuhvw udwh
srolf| rq wkh g|qdplfv ri d fulvlv1

Wkh h{shulphqw lv wkh vdph dv ehiruh1 Dw wlph 3 wkh fhqwudo edqn
dqqrxqfhv d �{hg h{fkdqjh udwh iru wkh grphvwlf fxuuhqf| zklfk zloo shuvlvw
dv orqj dv wkh fhqwudo edqn*v iruhljq h{fkdqjh uhvhuyhv duh srvlwlyh1 Rqfh
uhvhuyhv uhdfk }hur/ wkh fhqwudo edqn ohwv wkh fxuuhqf|  rdw1 Dw wlph 3/ wkh
fhqwudo edqn dovr dqqrxqfhv wkh lqwhuhvw udwh srolf| jlyhq e| +55,

Dv lq wkh suhylrxv fdvh/ vlqfh wkh h{fkdqjh udwh  rdwv iurp wkh gdwh ri wkh
fulvlv/ W / dqg wkh hfrqrp| lv frpsohwho| vwdwlrqdu|/ wkh udwh ri ghsuhfldwlrq
ri wkh grphvwlf fxuuhqf| iurp wlph W lv jlyhq e| �A / wkh vwdwlrqdu| udwh ri
grphvwlf fuhglw fuhdwlrq iurp wlph W rqzdug1 Wkxv/ wkh qrplqdo lqwhuhvw
udwh lv jlyhq e| l| @ u iru 3 � w ? W dqg l| @ u . �A iru w � W 1 Jlyhq
srolf| uxoh +55,/ wkh lpsolhg sdwk iru wkh srolf|0frqwuroohg lqwhuhvw udwh rq
oltxlg erqgv lv l}| @ l}f iru 3 � w ? W dqg l| @ l}f . ��A iru w � W 1 +Lq
zkdw iroorzv dqg/ zlwk qr orvv ri jhqhudolw|/ zh zloo dvvxph wkdw l}f @ 31,
Khqfh/ wkh olihwlph exgjhw frqvwudlqw iru wkh jryhuqphqw jlyhq e| htxdwlrq
+44, uhgxfhv wr

�� @ uUf . h3oA ^�AkA . �A +4� �,}A � u+}f � }A . kf � kA ,` = +79,

Wklv htxdwlrq vd|v wkdw lq rughu wr phhw wkh jryhuqphqw*v lqwhuwhpsrudo
exgjhw frqvwudlqw/ wkh frqvwdqw ohyho ri jryhuqphqw vshqglqj kdv wr eh htxdo
wr lqwhuhvw hduqlqjv rq lqlwldo uhvhuyhv soxv wkh suhvhqw glvfrxqwhg ydoxh ri
lq dwlrq wd{ uhyhqxhv +zklfk duh }hur xqwlo wlph W dqg srvlwlyh diwhuzdugv,
plqxv wkh suhvhqw glvfrxqwhg ydoxh ri lqwhuhvw hduqlqjv rq wkh idoo lq wkh
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vwrfn ri uhvhuyhv dw wlph W gxh wr wkh uhgxfwlrq lq fdvk dqg oltxlg erqg
kroglqjv1

Dw w @ 3/ +78, lpsolhv +qrwlqj wkdw %| @ l}f @ 3, wkdw

�� � uUf @ �fgf= +7:,

Zh zloo dvvxph/ ri frxuvh/ wkdw �� � uUf A 3> zklfk lpsolhv wkdw �f A 31
Lq rwkhu zrugv/ iru wklv hfrqrp| wr vx�hu d edodqfh ri sd|phqwv fulvlv zh
qhhg uhvhuyhv wr eh idoolqj iurp wlph 3 rqzdug zklfk rffxuv rqo| li wkhuh lv
dq lqlwldo gh�flw15: Wkxv/ wkh jryhuqphqw pxvw eh uxqqlqj d exgjhw gh�flw
iurp wlph 3 rqzdug/ zklfk zloo uhtxluh dq h{sdqvlrq ri grphvwlf fuhglw1

Vlqfh uhvhuyhv jr wr }hur dw wkh wlph ri vshfxodwlyh dwwdfn/ wkh prqh|
pdunhw htxloleulxp frqglwlrq dw wlph W glfwdwhv wkdw uhdo grphvwlf fuhglw
pxvw htxdo uhdo prqh| ghpdqg dw wkdw wlph1 Khqfh/ gA @ kA . }A zkhuh
kA dqg }A duh jlyhq e| htxdwlrqv +64, dqg +65,/ uhvshfwlyho|1 Ixuwkhu/ wkh
 rz frqvwudlqw +78, vd|v wkdw dw wlph W zh pxvw kdyh �� @ �AgA � l}A }A 1
Vxevwlwxwlqj wkh prqh| pdunhw htxloleulxp lqwr wklv htxdwlrq / xvlqj +64,
dqg +65,/ dqg qrwlqj wkdw �A � l}A @ �A +4� �, +jlyhq wkdw l}f @ 3, jlyhv

�� @ �A �k+u . �A , . a�A �}+u . a�A ,> +7;,

zkhuh a�A � �A +4 � �,1 Wkh UKV ri htxdwlrq +7;, ghqrwhv uhyhqxhv iurp
wkh lq dwlrq wd{ qhw ri lqwhuhvw sd|phqwv rq oltxlg erqgv1 Wr vhh wklv/
qrwlfh wkdw wkh UKV fdq eh uhzulwwhq +wdnlqj lqwr dffrxqw wkdw l}A @ ��A , dv
�A �k+u.�A ,.�A �}+u.a�A ,�l}A �}+u.a�A ,/ zkhuh wkh �uvw wzr whupv fdswxuh wkh
uhyhqxhv iurp wkh lq dwlrq wd{ zkloh wkh odvw rqh ghqrwhv lqwhuhvw sd|phqwv
rq oltxlg erqgv1

Ilqdoo|/ dv lv vwdqgdug lq ERS fulvlv prghov/ zh zlvk wr uxoh rxw wkh
srvvlelolw| wkdw wkh hfrqrp| zloo rshudwh rq wkh �zurqj vlgh� ri dq| uhohydqw
Od�hu fxuyh1 Wr wklv hqg/ zh zloo dvvxph wkdw wkh rssruwxqlw|0frvw hodvwlflw|
ri wkh ghpdqg iru erwk fdvk dqg oltxlg erqgv lv ohvv wkdq xqlw|15; Lq rwkhu

zrugv/ lw zloo eh dvvxphg wkdw/ dw ohdvw lq wkh uhohydqw udqjh/ �� � ����E���
�E�� ? 4

5: Lq whupv ri htxdwlrq +79,/ wklv phdqv wkdw iru d edodqfh ri sd|phqwv fulvlv wr eh ihdvleoh
wkh vhfrqg whup rq wkh UKV pxvw eh srvlwlyh1 Dv zh dqdo|}h lq ghwdlo hovhzkhuh +Odklul
dqg Yhjk +4<<;,,/ wkh ihdvlelolw| ri d edodqfh ri sd|phqw ri fulvlv xqghu dq h{rjhqrxv sdwk
ri jryhuqphqw wudqvihuv ghshqgv rq wkh sduwlfxodu irup ri prqh| ghpdqg dqg/ khqfh/ rq
suhihuhqfhv1 Vlqfh wklv lvvxh lv xquhodwhg wr wkh h{lvwhqfh ri lqwhuhvw udwh srolf|/ zh devwudfw
iurp lw lq wkh fxuuhqw dqdo|vlv dqg irfxv rq fdvhv lq zklfk wklv ihdvlelolw| frqglwlrq krogv1

5;Qrwlfh wkdw wkh rssruwxqlw| frvw ri fdvk dqg oltxlg erqgv lv � dqg �3 �}/ uhvshfwlyho|1
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dqg �5 � �5�E�3�}�E�3�}�
�5E�3�}� ? 415< Zh dovr qhhg wr uxoh rxw wkh srvvlelolw| wkdw

wkh hfrqrp| lv rshudwlqj rq wkh �zurqj vlgh� ri wkh Od�hu0fxuyh iru wrwdo
qhw uhyhqxhv iurp wkh lq dwlrq wd{1 Vshfl�fdoo|/ lq wklv iudphzrun/ dqg
iru ydoxhv ri � A 4/ d Od�hu0fxuyh pd| dulvh hyhq li erwk wkh ghpdqg iru
fdvk dqg wkh ghpdqg iru oltxlg erqgv kdyh ohvv wkdq xqlwdu| hodvwlflw|1 Wr
vhh wklv/ gl�huhqwldwh wrwdo qhw uhyhqxhv iurp wkh lq dwlrq wd{ +wkh UKV ri
7;, zlwk uhvshfw wr �A wr rewdlq wkh iroorzlqj h{suhvvlrq +ghqrwhg e| I iru
ixuwkhu uhihuhqfh,=

I � kA . �A
�k�+u . �A , . +4� �,

�
}A . a�A �}

�+u. a�A ,
�
= +7<,

Lw vkrxog eh fohdu wkdw/ iru � A 4/ wklv h{suhvvlrq frxog eh qhjdwlyh hyhq
li �� dqg �5 duh ohvv wkdq rqh +zklfk lpsolhv wkdw kA .�A �k

�+u.�A , A 3 dqg
}A . a�A �}+u . a�A , A 3,1 Wkh uhdvrq lv wkdw/ li � A 4/ d kljkhu �A uhgxfhv
qhw lq dwlrq wd{ uhyhqxhv rq oltxlg erqgv dqg frxog wkxv pruh wkdq r�vhw
kljkhu lq dwlrq wd{ uhyhqxhv rq fdvk1 Lq rwkhu zrugv/ iru � A 4/ wkhuh pd|
eh wzr ydoxhv ri �A wkdw |lhog wkh vdph ohyho ri qhw lq dwlrq wd{ uhyhqxhv1
Zh zloo wkhuhiruh lpsrvh wkh uhvwulfwlrq wkdw wkh hfrqrp| eh rshudwlqj rq
wkh xszdug0vorslqj sruwlrq ri wklv wrwdo lq dwlrq wd{ uhyhqxhv fxuyh +l1h1/ lw
zloo eh dvvxphg wkdw I A 3,

715 Lq dwlrqdu| h�hfwv ri lqwhuhvw udwh srolf|

Rqh orjlfdo frqfhuq ri srolf|pdnhuv uhjduglqj wkh xvh ri dq dfwlyh lqwhu0
hvw udwh srolf| wr frpedw vshfxodwlyh suhvvxuhv lv wkh olnho| �vfdo h�hfw ri
vxfk srolflhv1 Lq sduwlfxodu/ zkhq jryhuqphqwv idfh frqvwudlqwv rq hqdfwlqj
vshqglqj fxwv/ wkh �vfdo frvwv ri udlvlqj lqwhuhvw udwhv +lq whup ri wkh uhvxow0
lqj kljkhu ghew vhuylfh, lv olnho| wr lpso| kljkhu lq dwlrq1 Wklv orjlf lv hdv|
wr irupdol}h lq wkh frqwh{w ri wklv prgho1 Wrwdoo| gl�huhqwldwlqj htxdwlrq
+7;,/ zh jhw

C�A
C�

@
�A ^}A . a�A �}

�+u . a�A ,`

I
A 3> +83,

zkhuh wkh lqhtxdolw| iroorzv gluhfwo| iurp wkh dvvxpswlrqv uhodwhg wr Od�hu
fxuyh frqvlghudwlrqv mxvw glvfxvvhg1 Zh kdyh wkxv vkrzq wkh iroorzlqj
uhvxow=

5<Dv lv zhoo0nqrzq/ wklv lv d vx!flhqw/ exw qrw qhfhvvdu|/ frqglwlrq wr hqvxuh wkdw
wkh hfrqrp| lv rshudwlqj rq wkh xszdug vorslqj sruwlrq ri wkh Od�hu fxuyh1 Vxfk dq
dvvxpswlrq/ krzhyhu/ pdnhv wkh suhvhqwdwlrq pruh fohdu1
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Sursrvlwlrq 6 Xqghu dq h{rjhqrxv sdwk ri �vfdo vshqglqj/ d pruh djjuhv0
vlyh lqwhuhvw udwh srolf| ohdgv wr d kljkhu srvw0fulvlv udwh ri lq dwlrq1

Wkh lqwxlwlrq ehklqg wklv uhvxow lv vwudljkwiruzdug1 D pruh djjuhvvlyh
lqwhuhvw udwh srolf| +l1h1/ d kljkhu �, lpsolhv d odujhu ghew vhuylfh rqfh wkh
fulvlv kdv rffxuuhg1 Vlqfh qrq0lqwhuhvw jryhuqphqw vshqglqj fdqqrw eh
fxuwdlohg/ wkh rqo| zd| wr �qdqfh wklv dgglwlrqdo jryhuqphqw vshqglqj lv wr
uhvruw wr kljkhu lq dwlrq1 Wklv �vfdo h�hfw ri kljkhu lqwhuhvw udwh srolf| �
zklfk zdv devhqw lq wkh ehqfkpdun fdvh vwxglhg lq Vhfwlrq 6 � zloo fohduo|
d�hfw erwk wkh ihdvlelolw| dqg rswlpdolw| ri dq dfwlyh lqwhuhvw udwh ghihqvh
ri wkh shj1

Qdwxudoo|/ wkh srvlwlyh prqh| ghpdqg h�hfw lvrodwhg lq Vhfwlrq 6 lv vwloo
suhvhqw khuh1 Wr vhh wklv/ wrwdoo| gl�huhqwldwh a�A � �A +4� �, zlwk uhvshfw
wr � +wdnlqj lqwr dffrxqw +83,, wr rewdlq=

Ca�A
C�

@ ��A ^kA . �A �k
�+u . �A ,`

I
? 3= +84,

Uhfdoo wkdw lA � l}A @ u . a�A 1 Khqfh/ d pruh dfwlyh lqwhuhvw udwh srolf|
uhgxfhv a�A dqg wkxv wkh rssruwxqlw| frvw ri kroglqj oltxlg erqgv diwhu wkh
fulvlv1 Dv lq wkh suhylrxv vhfwlrq/ wklv gluhfw prqh| ghpdqg h�hfw whqgv wr
lqfuhdvh srvw0froodsvh prqh| ghpdqg dqg wkxv srvwsrqh wkh fulvlv1 Zkhwkhu
lqwhuhvw udwh srolf| vxffhhgv lq ghod|lqj d fulvlv zloo ghshqg rq wkh uhodwlyh
vwuhqjwk ri wkh �vfdo dqg prqh| ghpdqg h�hfwv1 Zh wxuq wr wklv lvvxh qh{w1

716 H�hfwlyhqhvv ri dfwlyh lqwhuhvw srolf|

Wkh �uvw txhvwlrq wkdw zh zlvk wr dvn lv zkhwkhu/ rqfh �vfdo frvwv duh wdnhq
lqwr dffrxqw/ kljkhu lqwhuhvw udwhv fdq ghod| d ERS fulvlv1 Wr dqvzhu wklv
txhvwlrq/ zh �uvw hvwdeolvk wkdw/ dv lq wkh suhylrxv fdvh/ wkh wlph sdwk ri
lqwhuqdwlrqdo uhvhuyhv sulru wr wkh fulvlv lv lqghshqghqw ri wkh dqqrxqfhg
lqwhuhvw udwh srolf| +l1h1/ lv lqghshqghqw ri �,1 Wr vhh wklv/ qrwlfh wkdw iurp
wkh fhqwudo edqn*v edodqfh vkhhw dqg wkh idfw wkdw erwk k dqg } duh frqvwdqw
sulru wr wkh fulvlv/ lw iroorzv wkdw bU| @ � bg| iru w 5 ^3> W ,1 Ixuwkhupruh/ iurp
+78,/ zh kdyh wkdw/ sulru wr wkh fulvlv/ �� @ uU| . �|g|1 Wlph0gl�huhqwldwlqj
wkh odwwhu h{suhvvlrq dqg frpelqlqj lw zlwk wkh iruphu |lhogv b�| @ +u��|,�|1
Wklv gl�huhqwldo htxdwlrq jlyhv wkh wlph sdwk ri wkh udwh ri grphvwlf fuhglw
h{sdqvlrq zklfk lv frqvlvwhqw zlwk wkh �vfdo frqvwudlqw +78,/ jlyhq wkdw uhdo
prqh| ghpdqg lv frqvwdqw1 Vlqfh wklv gl�huhqwldo htxdwlrq lv lqghshqghqw
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ri wkh lqwhuhvw udwh srolf| sdudphwhu �/ lw iroorzv wkdw wkh wlph sdwk ri
lqwhuqdwlrqdo uhvhuyhv U sulru wr wkh fulvlv grhv qrw ghshqg rq �163

Vlqfh/ e| frqvwuxfwlrq/ lqwhuqdwlrqdo uhvhuyhv idoo wr }hur zkhq wkh fulvlv
rffxuv/ wkh vl}h ri wkh vshfxodwlyh dwwdfn dw wlph W lv jlyhq e| UA3 1 +Vlqfh
�UA � UA �UA3 @ �UA3 / wkh vl}h ri wkh uxq lv ��UA 1 Lq zkdw iroorzv
zh ghqrwh wkh vl}h ri wkh uxq e| V> l1h1/ VA � ��UA , Khqfh/ iru d jlyhq
wlph sdwk iru uhvhuyhv sulru wr wkh fulvlv dqg dq h{rjhqrxvo|0jlyhq ohyho ri
lqlwldo uhvhuyhv Uf/ wkh fulvlv zloo kdsshq hduolhu +odwhu,/ li dqg rqo| li wkh vl}h
ri wkh uxq dw wlph W lv eljjhu +vpdoohu,1 Zh kdyh douhdg| hvwdeolvkhg wkdw
vwduwlqj iurp dq| jlyhq lqlwldo ohyho ri uhvhuyhv/ wkh h{rjhqrxvo|0vshfl�hg
�vfdo vshqglqj �� lqgxfhv d udwh ri orvv ri uhvhuyhv zklfk lv lqghshqghqw ri �1
Wkxv/ li zh fdq ghwhuplqh wkh h�hfw ri wkh lqwhuhvw udwh srolf| sdudphwhu �
rq wkh vl}h ri wkh vshfxodwlyh dwwdfn wkhq zh zloo dovr kdyh ghwhuplqhg wkh
h�hfw ri lqwhuhvw udwh srolf| rq wkh wlplqj ri wkh fulvlv1

Irupdoo|/ wkh wlplqj ri wkh fulvlv fdq eh ghwhuplqhg iurp wkh jryhuq0
phqw*v lqwhuwhpsrudo exgjhw frqvwudlqw/ htxdwlrq +79,1 Vroylqj +79, iru W
jlyhv +wdnlqj lqwr dffrxqw +7;, dqg uhfdoolqj wkdw �pA @ �UA ,

W @
orj+�� � uVA ,

u
� orj+�� � uUf,

u
1

Gl�huhqwldwlqj wklv zlwk uhvshfw wr � wkhq |lhogv

CW

C�
@

�4
�� . u�UA

CVA
C�

> +85,

zklfk suryhv rxu suhylrxv wkdw wkh wlph ri wkh uxq dqg wkh vl}h ri wkh uxq
duh lqyhuvho| uhodwhg1

Wkh vl}h ri wkh uxq dw wlph W lv vlpso| wkh mxps grzq lq wrwdo prqh|
ghpdqg dw wkdw wlph1 Khqfh/

VA @ +kf . }f,� +kA . }A , �pf �pA = +86,

Vlqfh djjuhjdwh prqh| ghpdqg ehiruh wkh froodsvh/ pf/ ghshqgv rqo| rq
u dqg lv wkxv lqghshqghqw ri �/ lqwhuhvw udwh srolf| d�hfwv wkh vl}h ri wkh
vshfxodwlyh dwwdfn rqo| wkurxjk lwv h�hfw rq srvw0froodsvh prqh| ghpdqg
pA 1 Lq sduwlfxodu/ htxdwlrq +86, vd|v wkdw wkh uxq zloo eh vpdoohu wkh
kljkhu lv pA 1 Lqwxlwlyho|/ wkh kljkhu wkh srvw0froodsvh prqh| ghpdqg wkh

63Qrwlfh wkdw wkh lqlwldo frqglwlrq/ >f/ lv dovr lqghshqghqw ri �1 Wklv iroorzv iurp wkh
idfw wkdw +l, 7� 3 o-f ' >f_f dqg +ll, _f lv ghwhuplqhg e| uhdo prqh| ghpdqg dqg wkh
lqlwldo vwrfn ri lqwhuqdwlrqdo uhvhuyhv +l1h1/ _f ' 6f 3-f, dqg lv wkxv dovr lqghshqghqw ri
�1
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vpdoohu lv wkh vl}h ri wkh uxq dw wlph W 1 Wkxv/ li lqwhuhvw udwh srolf| zhuh
wr lqfuhdvh prqh| ghpdqg dw wlph W> wkhq lw zrxog dovr uhgxfh wkh vl}h ri
wkh vshfxodwlyh dwwdfn dqg/ khqfh/ ghod| wkh fulvlv1

Diwhu vxevwlwxwlqj lqwr pA @ kA . }A htxdwlrqv +64, dqg +65,/ lw iroorzv
wkdw +xvlqj +83,,

CpA

C�
@

�AkA }A
I +u. �A ,+u . a�A ,

k
+�5A � ��A ,+u. �A , . ��� +4� �5A ,��A

l
> +87,

zkhuh I lv jlyhq e| +7<,/ dqg ��A dqg �5A ghqrwh wkh rssruwxqlw|0frvw hodvwlf0
lwlhv gh�qhg deryh dw wlph W 1 Lw lv vwudljkwiruzdug wr yhuli| iurp htxdwlrq
+87, wkdw

CpA

C�
U 3 dv � U +��A � �5A , +u . �A ,

��A +4� �5A ,�A
1 +88,

Uhfdoo wkdw zh kdyh douhdg| lpsrvhg wkh uhvwulfwlrqv wkdw ��A dqg �5A eh
ohvv wkdq xqlw|1 Vlqfh � lv qrq0qhjdwlyh/ htxdwlrq +88, vd|v wkdw �5A A ��A
lv d vx!flhqw frqglwlrq iru d pruh djjuhvvlyh lqwhuhvw udwh srolf| +d kljkhu
�, wr uhgxfh wkh vl}h ri wkh dwwdfn dqg khqfh srvwsrqh wkh wlph ri wkh
dwwdfn1 Lq rwkhu zrugv/ li wkh ghpdqg iru fdvk lv ohvv lqwhuhvw hodvwlf wkdq
wkh fruuhvsrqglqj ghpdqg iru oltxlg erqgv/ d pruh djjuhvvlyh lqwhuhvw udwh
srolf| lv vxffhvvixo lq ghod|lqj d fulvlv1

Lqwxlwlyho|/ d ulvh lq � uhgxfhv wkh rssruwxqlw| frvw ri kroglqj erqgv e|
uhgxflqj l � l} +uhfdoo +84,,1 Wklv h�hfw udlvhv wkh srvw0froodsvh ghpdqg
iru oltxlg erqgv wkurxjk wkh gluhfw prqh| ghpdqg h�hfw1 Krzhyhu/ dv zh
vkrzhg hduolhu/ d kljkhu � dovr lqfuhdvhv �A wkurxjk wkh �vfdo h�hfw dqg
wkhuhe| udlvhv wkh sxuh lqwhuhvw udwh l zklfk uhgxfhv wkh ghpdqg iru fdvk1
Li erqgv duh pruh lqwhuhvw hodvwlf wkdq fdvk/ wkhq wkh ulvh lq erqg kroglqjv
wkdw lv lqgxfhg e| wkh kljkhu � rxwzhljkv wkh ghfolqh lq fdvk ghpdqg wkdw
rffxuv gxh wr wkh dvvrfldwhg ulvh lq l1 Lq wklv hyhqw/ wkh ryhudoo srvw0froodsvh
ghpdqg iru prqh| ulvhv1 Khqfh/ wkh vl}h ri wkh uxq lv vpdoohu dqg wkh uxq
rffxuv odwhu1

Lqwhuhvwlqjo|/ htxdwlrq +88, dovr vkrzv krz lqwhuhvw udwh dfwlylvp fdq
dfwxdoo| kdvwhq d fulvlv1 Vxssrvh wkdw �5A ? ��A dqg vwduw iurp dq lqlwldo

vlwxdwlrq lq zklfk � ? E#�A3#
5
A �Eon>A �

#�A E�3#
5
A �>A

1 Wkhq d pdujlqdo lqfuhdvh lq � fdxvhv

wkh vl}h ri wkh uxq wr ehfrph eljjhu dqg/ khqfh/ eulqjv wkh fulvlv iruzdug
lq wlph1 Wkh orjlf ehklqg wklv uhvxow iroorzv wkh rqh mxvw ghvfulehg1 Zkhq
fdvk lv pruh lqwhuhvw hodvwlf wkdq erqgv/ d kljkhu � lqgxfhv d idoo lq wkh
ghpdqg iru fdvk wkdw lv odujhu wkdq wkh lqfuhdvh lq wkh ghpdqg iru erqgv dv
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orqj dv wkh gluhfw h�hfw ri � lv qrw wrr odujh uhodwlyh wr wklv gl�huhqwldo h�hfw1
Lq wklv hyhqw/ juhdwhu lqwhuhvw udwh dfwlylvp lqfuhdvhv wkh vl}h ri wkh dwwdfn
dqg kdvwhqv wkh fulvlv1 Zh froohfw wkhvh uhvxowv lq wkh iroorzlqj sursrvlwlrq=

Sursrvlwlrq 7 D vx!flhqw frqglwlrq iru d pruh djjuhvvlyh lqwhuhvw srolf|
wr ghod| wkh wlph ri wkh ERS fulvlv lv wkdw wkh lqwhuhvw hodvwlflw| ri ghpdqg
iru fdvk eh vpdoohu wkdq wkh lqwhuhvw hodvwlflw| ri ghpdqg iru oltxlg erqgv1
Rq wkh rwkhu kdqg/ zkhq erqgv duh ohvv lqwhuhvw hodvwlf wkdq fdvk/ d pruh dj0
juhvvlyh lqwhuhvw udwh srolf| pd|/ iru uhodwlyho| orz ydoxhv ri �/ eulqj iruzdug
wkh wlph ri wkh dwwdfn

Lq oljkw ri wkhvh uhvxowv/ wzr srlqwv duh zruwk vwuhvvlqj1 Iluvw/ uhfdoo wkdw/
lq wkh devhqfh ri dq h{rjhqrxv �vfdo frqvwudlqw/ d pruh djjuhvvlyh lqwhuhvw
udwh srolf| dozd|v vxffhhgv lq ghod|lqj wkh fulvlv +Sursrvlwlrq 4,1 Wkh
lqwurgxfwlrq ri dq h{rjhqrxv �vfdo frqvwudlqw lv wkhuhiruh fulwlfdo lq udlvlqj
wkh srvvlelolw| wkdw d pruh djjuhvvlyh lqwhuhvw udwh srolf| pd| dfwxdoo| eulqj
iruzdug wkh wlph ri wkh fulvlv1 Wklv vxssruwv wkh zlgho|0khog +exw vhogrp
irupdol}hg, qrwlrq wkdw wdnlqj lqwr h�hfw wkh �vfdo frvwv ri kljkhu lqwhuhvw
udwhv lv d fulwlfdo hohphqw lq dvvhvvlqj wkh h�hfwlyhqhvv ri dq dfwlyh lqwhuhvw
udwh ghihqvh ri d shj1

Vhfrqg/ Sursrvlwlrq 7 udlvhv wkh lqwhuhvwlqj srvvlelolw| ri d qrq0prqrwrqlf
uhodwlrqvkls ehwzhhq wkh wlph ri d fulvlv dqg wkh ghjuhh ri lqwhuhvw udwh df0
wlylvp �1 Lq sduwlfxodu/ li �5A A ��A iru vpdoo ydoxhv ri � exw �5A ? ��A iru
kljkhu ydoxhv ri � +zklfk zrxog reylrxvo| uhtxluhg prqh| ghpdqgv zlwk
qrq0frqvwdqw hodvwlflwlhv,/ wkhq wkh wlplqj ri wkh ERS fulvlv frxog ehdu d
qrq0prqrwrqlf uhodwlrqvkls zlwk �1 Iru orz ydoxhv ri �/ d pruh djjuhvvlyh
lqwhuhvw udwh srolf| zrxog eh vxffhvvixo lq ghod|lqj wkh fulvlv exw rqfh �
vxusdvvhv d fhuwdlq wkuhvkrog juhdwhu dfwlylvp frxog lq idfw kdvwhq wkh fulvlv1
Htxdwlrq +88, srlqwv wr wkh vshfl�f frqglwlrqv wkdw rqh qhhgv iru vxfk d fdvh
wr rffxu1 Iru W wr eh qrq0prqrwrqlf +lqlwldoo| ulvlqj dqg wkhq ghfolqlqj, lq
�> �5A vkrxog eh idoolqj lq � zkloh ��A vkrxog eh lqfuhdvlqj lq �1 Vlqfh l ulvhv
dqg l�l} idoov dv � ulvhv/ wklv lpsolhv wkdw fdvk ghpdqg vkrxog ehfrph pruh
hodvwlf dv wkh qrplqdo lqwhuhvw udwh ulvhv zkloh erqg ghpdqg vkrxog ehfrph
ohvv hodvwlf dv l�l} idoov1 Lq rwkhu zrugv/ wkh lqwhuhvw udwh hodvwlflwlhv ri erwk
fdvk dqg erqg ghpdqg qhhg wr eh qrq0frqvwdqw dqg/ pruh vshfl�fdoo|/ ulvh
zlwk wkh uhohydqw rssruwxqlw| frvw1 Dv dq h{dpsoh ehorz zloo pdnh fohdu/
Fdjdq0w|sh prqh| ghpdqgv h{klelw suhflvho| vxfk d surshuw|164

64 Lw vkrxog eh qrwhg wkdw Fdjdq0w|sh prqh| ghpdqgv vhhp wr surylgh wkh ehvw hfrqr0
phwulf �w lq ghyhorslqj frxqwulhv +vhh/ iru h{dpsoh/ Hdvwhuo|/ Pdxur/ dqg Vfkplgww0Kheeho
+4<<8,,1
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Zh looxvwudwh Sursrvlwlrq 7 e| orrnlqj dw wkuhh gl�huhqw prqh| ghpdqg
vshfl�fdwlrqv1

H{dpsoh 4= Wkh frqvwdqw hodvwlflw| fdvh Wr �{ lghdv/ zh ehjlq zlwk
wkh fdvh lq zklfk wkh ghpdqgv iru fdvk dqg oltxlg erqgv h{klelw frqvwdqw
lqwhuhvw udwh hodvwlflw|1 Ohw suhihuhqfhv iru fdvk dqg erqgv eh jlyhq e|

y+k|, .z+}|, @
+k|,

�3w

4� �
.

+}|,
�3k

4� �
/ � A 4> � A 4= +89,

Xvlqj +7,0+9, +dqg uhfdoolqj wkdw zh kdyh gh�qhg xqlwv vr wkdw � @ 4, |lhogv
wkh ghpdqgv iru fdvk dqg erqgv=

k| @

�
4

l|

��
w

> +8:,

}| @

�
4

l| � l}|

� �
k

= +8;,

Lw iroorzv wkdw �� @ 4@� dqg �5 @ 4@�1 Vxevwlwxwlqj wkhvh hodvwlflwlhv lqwr
htxdwlrq +88,/ zh frqfoxgh wkdw

CpA

C�
U 3 dv � U

�
�� �

�� 4

��
u . �A
�A

�
=1 +8<,

Iru wkh uhohydqw udqjh +l1h1/ � � 3,/ lw lv hdv| wr vhh wkdw zkhq erqgv duh
pruh lqwhuhvw hodvwlf wkdq fdvk +l1h1/ � ? �,/ d pruh djjuhvvlyh lqwhuhvw udwh
srolf| dozd|v lqfuhdvhv prqh| ghpdqg srvw0froodsvh dqg/ khqfh/ srvwsrqhv
wkh fulvlv1 Lq wklv fdvh/ wkhuhiruh/ d pruh djjuhvvlyh lqwhuhvw udwh srolf|
dozd|v vxffhhgv lq srvwsrqlqj wkh fulvlv lq vslwh ri wkh ulvlqj lq dwlrqdu|
h�hfwv1 Rq wkh rwkhu kdqg/ iru � A � lw fdq eh vhhq wkdw iru � vpdoo hqrxjk/
d pruh djjuhvvlyh lqwhuhvw udwh srolf| +d kljkhu �, frxog uhgxfh prqh| gh0
pdqg diwhu wkh fulvlv dqg/ khqfh/ eulqj wkh fulvlv iruzdug1 Krzhyhu/ rqfh
� ehfrphv vx!flhqwo| kljk/ wkh lqhtxdolw| zloo uhyhuvh dqg juhdwhu dfwlylvp
zrxog vxffhvvixoo| ghod| wkh fulvlv1651 Zkloh lq wklv fdvh wkh uhodwlrqvkls
ehwzhhq wkh wlplqj ri wkh fulvlv dqg � lv qrq0prqrwrqlf +idoolqj dw �uvw dqg
ulvlqj odwhu,/ zh glvplvv wklv fdvh dv luuhohydqw lq sudfwlfh ehfdxvh zh vkrxog
h{shfw wkdw/ iru orz ohyhov ri wkh lq dwlrq udwh/ wkh ghpdqg iru fdvk lv ohvv
hodvwlf wkdq wkh ghpdqg iru oltxlg erqgv1

65Qrwh wkdw >A ulvhv zlwk � zklfk lpsolhv wkdw Eon>W �
>W

idoov dv � ulvhv1
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H{dpsoh 5= Wkh Fdjdq fdvh Wkh vhfrqg h{dpsoh irfxvhv rq wkh zhoo0
nqrzq Fdjdq0w|sh prqh| ghpdqgv1 Wr wklv hqg/ ohw suhihuhqfhv eh jlyhq
e|

y+k|, .z+}|, @ k+I �J orj k, . }+D�E orj },1 +93,

Xqghu wklv vshfl�fdwlrq/ wkh ghpdqgv iru fdvk dqg erqgv duh jlyhq e|

k @ Nh3
�
C > N @ h

83C
C > +94,

} @ Ph3
�3�}

� > P @ h
�3�
� > +95,

zklfk duh wkh vwdqgdug Fdjdq ghpdqg ixqfwlrqv1 Wkh fruuhvsrqglqj lqwhu0
hvw hodvwlflwlhv iru wklv fdvh duh

��� @
l

J
> +96,

�5� @
l� l}

E
= +97,

Wkh fuxfldo ihdwxuh ri wkh Fdjdq fdvh lv wkdw lqwhuhvw hodvwlflwlhv duh qr
orqjhu frqvwdqw/ exw udwkhu lqfuhdvlqj ixqfwlrqv ri wkhlu uhvshfwlyh rssru0
wxqlw| frvw1 Pruhryhu/ zh douhdg| nqrz wkdw dv � ulvhv/ �A +dqg khqfh lA ,
lqfuhdvhv exw a�A +dqg khqfh lA � lA} , idoov1 Khqfh/ dv � ulvhv/ �� lqfuhdvhv
zkloh �5 idoov/ zklfk lv wkh suhflvho| wkh ihdwxuh wkdw pd| jlyh ulvh wr d
qrq0prqrwrqlf uhodwlrqvkls ehwzhhq � dqg W +zlwk W �uvw ulvlqj dqg wkhq
idoolqj,

Wr vhh wklv/ vxevwlwxwh +96, dqg +97, lqwr +88, wr rewdlq

CpA

C�
U 3 dv � T J�E

�A
1 +98,

Frqvlghu wkh fdvh lq zklfk J � E A 3> wkdw lv/ iru wkh vdph rssruwxqlw|
frvw/ wkh ghpdqg iru fdvk lv ohvv hodvwlf wkdq wkdw iru oltxlg erqgv1 Wkhq/
lw iroorzv iurp +9;, wkdw/ vwduwlqj iurp � @ 3/ d vpdoo lqfuhdvh lq � lqfuhdvhv
pA dqg khqfh srvwsrqhv wkh fulvlv1 Dv � lqfuhdvhv/ C3�

>A
idoov ehfdxvh �A

lv dq lqfuhdvlqj ixqfwlrq ri �1 Ixuwkhupruh/ zkloh � ulvhv olqhduo|/ wkh UKV
zloo hyhqwxdoo| ulvh dw d yhu| kljk udwh dv Y>

Y� dssurdfkhv lq�qlw| dv I idoov
wr }hur +l1h1/ dv zh dssurdfk wkh pd{lpxp ri wkh Od�hu fxuyh,1 Khqfh/
wkh vhfrqg lqhtxdolw| lq +9;, zloo hyhqwxdoo| uhyhuvh lwvhoi +iurp ohvv wkdq wr
juhdwhu wkdq,1 Lq wkdw fdvh/ iru kljk ydoxhv ri �/ d pruh djjuhvvlyh lqwhuhvw
udwh srolf| zrxog dfwxdoo| kdvwhq wkh fulvlv/ udwkhu wkdq ghod| lw1

Lqghhg/ lw lv hdv| wr fkrrvh sdudphwhu ydoxhv vxfk wkdw wkh uhodwlrqvkls
ehwzhhq pA dqg � +dqg/ khqfh/ ehwzhhq W dqg �, lv qrq0prqrwrqlf zlwk
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pA lqlwldoo| ulvlqj lq � dqg wkhq idoolqj rqfh � jrhv deryh d fhuwdlq fulwlfdo
ohyho1 Iljxuh 6 vkrzv vxfk d fdvh iru J @ 8 dqg E @ 6=66 Dv vkrzq lq
Sdqho D/ wkh wlph ri wkh fulvlv lv lqghhg d qrq0prqrwrqlf ixqfwlrq ri wkh
ghjuhh ri lqwhuhvw udwh dfwlylvp �1 W lqlwldoo| ulvhv dv � lqfuhdvhv/ uhdfkhv
d pd{lpxp/ dqg wkhq idoov udslgo|1 Dv h{shfwhg/ Sdqho F whoov wkh pluuru
vwru| iru wkh idoo lq uhdo prqh| ghpdqg dw W 167 Iljxuh 6 wkxv pdnhv fohdu
wkdw wkhuh lv d fhuwdlq ghjuhh ri lqwhuhvw udwh dfwlylvp +l1h1/ vrph ydoxh ri �,
wkdw pd{lpl}hv wkh ghod|1

Wkh lqwxlwlrq iroorzv wkh olqhv glvfxvvhg deryh1 Iru orz ydoxhv ri �> wkh
qrplqdo lqwhuhvw udwh lv orz dqg/ khqfh/ fdvk lv ohvv hodvwlf wkdq erqgv1 Lq
wkdw udqjh/ d pdujlqdo lqfuhdvh lq � uhgxfhv wkh ghpdqg iru fdvk e| ohvv
wkdq lw lqfuhdvhv wkh ghpdqg iru oltxlg erqgv1 Lq rwkhu zrugv/ uhdo prqh|
ghpdqg +l1h1/ uhdo ghpdqg iru fdvk dqg oltxlg erqgv, lqfuhdvhv/ dqg wkh
wlph ri wkh fulvlv lv srvwsrqhg1 Rqfh � ulvhv deryh d fhuwdlq wkuhvkrog/
wkh hodvwlflwlhv fkdqjh wkhlu uhodwlyh pdjqlwxghv zlwk fdvk ehfrplqj pruh
hodvwlf wkdq erqgv1 Wkdw/ lq wxuq/ lpsolhv wkdw ixuwkhu lqfuhdvhv lq � pd| dw
vrph srlqw uhgxfh fdvk ghpdqg +wkurxjk lwv h�hfw rq �A , pruh wkdq wkh|
lqfuhdvh oltxlg erqg ghpdqg1 Wkxv/ prqh| ghpdqg ghfolqhv1

H{dpsoh 6= Wkh txdgudwlf fdvh Dv d �qdo h{dpsoh/ zh uhylvlw wkh
txdgudwlf vshfl�fdwlrq jlyhq e| +67, dqg +68,1 Lq wklv fdvh/ ghpdqgv iru
fdvk dqg erqgv duh jlyhq e| htxdwlrqv +69, dqg +6:,1 Wkh fruuhvsrqglqj
lqwhuhvw udwh hodvwlflwlhv ri fdvk dqg erqgv duh qrz jlyhq e|

�� @
4

C7�
� � 4

> +99,

�5 @
4

�75
�3�} � 4

= +9:,

Dv fdq eh vhhq iurp +99, dqg +9:,/ wklv fdvh lv yhu| vlplodu wr wkh Fdjdq fdvh
mxvw dqdo|}hg vlqfh wkh hodvwlflwlhv duh ulvlqj lq wkhlu uhvshfwlyh rssruwxqlw|
frvw1 Vxevwlwxwlqj +99, dqg +9:, lqwr +88, |lhogv

CpA

C�
U 3 dv � T J�k�E�}

5�A
1 +9;,

Frpsdulqj htxdwlrqv +98, dqg +9;,/ lw lv hdv| wr vhh wkdw wkhvh wzr fdvhv
duh yhu| vlplodu1 Khqfh/ doo wkh uhvxowv wkdw zh ghulyhg iru wkh Fdjdq fdvh

66Wkh uhpdlqlqj sdudphwhuv duh � ' 8 ' �f/ 7� ' �f/ dqg -f ' e1
67Sdqho G zloo eh glvfxvvhg odwhu1
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fduu| ryhu wr wkh txdgudwlf fdvh dv zhoo1 Lq sduwlfxodu/ wkhuh dozd|v h{lvw sd0
udphwhu ydoxhv iru zklfk wkh uhodwlrqvkls ehwzhhq � dqg pA / dqg khqfh wkh
uhodwlrqvkls ehwzhhq � dqg wkh wlph ri wkh fulvlv W / lv qrq0prqrwrqlf1 Wkh
lqwxlwlrq iru wklv uhvxow lv wkh vdph dv wkdw iru wkh txdgudwlf fdvh ghvfulehg
deryh1

Fulvlv zlwk qr uxq Wkh dqdo|vlv deryh vkrzv wkdw zkhq fdvk lv ohvv lq0
whuhvw hodvwlf wkdq erqgv wkh fhqwudo edqn fdq srvwsrqh wkh wlph ri wkh fulvlv
e| dqqrxqflqj kljkhu lqwhuhvw udwhv lq wkh hyhqw ri d fulvlv1 Wklv/ krzhyhu/
grhv qrw qhfhvvdulo| jxdudqwhh wkdw srolf|pdnhuv fdq udlvh lqwhuhvw udwhv doo
wkh zd| wr wkh srlqw dw zklfk wkhuh lv d fulvlv zlwk qr uxq1 Dv glvfxvvhg lq
wkh suhylrxv vhfwlrq/ d fulvlv zlwk qr uxq zrxog rffxu li srolf|pdnhuv fdq
vhw � @ �W+zkhuh �W lv wkh ydoxh ri � iru zklfk wkhuh lv qr fkdqjh lq uhdo
prqh| ghpdqg dw W ,1 Li lw h{lvwv/ �W A 4 ehfdxvh wkh ghpdqg iru oltxlg
erqgv dw W pxvw lqfuhdvh wr frpshqvdwh iru wkh idoo lq wkh ghpdqg iru fdvk1

Wkhuh duh wzr uhdvrqv/ krzhyhu/ zk| lw pd| qrw eh srvvleoh wr dfklhyh d
fulvlv zlwk qr uxq1 Wkh �uvw lv wkh rqh douhdg| kljkoljkwhg lq wkh suhylrxv
fdvh= hyhq li pA lv dozd|v dq lqfuhdvlqj ixqfwlrq ri �/ lw pd| eh wkh fdvh
wkdw wkh qrq0qhjdwlylw| frqvwudlqw rq lA � l}A lv uhdfkhg iru d ydoxh ri �
orzhu wkdq �W1 Wkh vhfrqg uhdvrq lv wkdw/ dv pdgh fohdu e| +88,/ lw lv qrw
qhfhvvdulo| wkh fdvh wkdw pA lv dozd|v dq lqfuhdvlqj ixqfwlrq ri �1 Li pA lv
d ghfuhdvlqj ixqfwlrq ri � ru ehjlqv wr idoo eh|rqg d fhuwdlq srvlwlyh ydoxh
ri �/ wkhq d fulvlv zlwk qr uxq fdqqrw eh dfklhyhg1 Lq vxp/ zkhwkhu d fulvlv
zlwk qr uxq lv ihdvleoh zloo ghshqg rq wkh vshfl�f sdudphwhu frq�jxudwlrq1
Lq wkh vlpxodwlrq uhsruwhg lq Iljxuh 6/ iru h{dpsoh/ d fulvlv zlwk qr uxq
fdqqrw eh dfklhyhg ehfdxvh W lv d qrq0prqrwrqlf ixqfwlrq ri �1

717 Rswlpdolw| ri dfwlyh lqwhuhvw udwh srolf|

Wkh suhfhglqj dqdo|vlv kdv dqdo|}hg wkh frqglwlrqv xqghu zklfk d pruh
djjuhvvlyh lqwhuhvw udwh srolf| frxog ghod| dq lpshqglqj edodqfh ri sd|phqwv
fulvlv1 Ri frxuvh/ wkh idfw wkdw srolf|pdnhuv pd| kdyh wkh delolw| wr ghod|
d fulvlv e| udlvlqj lqwhuhvw udwhv grhv qrw qhfhvvdulo| phdq wkdw lw lv rswlpdo
wr gr vr1 Wr dgguhvv wklv lvvxh/ zh qrz dqdo|}h wkh rswlpdolw| ri udlvlqj
lqwhuhvw udwhv wr ghod| d fulvlv1

Wkh vwduwlqj srlqw ri wkh zhoiduh dqdo|vlv lv htxdwlrq +66,/ zklfk uhpdlqv
ydolg iru wklv fdvh1 Htxdwlrq +66, ghfrpsrvhv wkh fkdqjh lq zhoiduh lq
uhvsrqvh wr dq lqfuhdvh lq � lqwr wzr whupv1 Wkh �uvw whup lqglfdwhv/ iru
d jlyhq W / krz dq lqfuhdvh lq � gluhfwo| d�hfwv zhoiduh1 Wkh vhfrqg whup
fdswxuhv wkh lqgluhfw h�hfw ri � rq zhoiduh wkurxjk fkdqjhv lq W 1
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Ohw xv �uvw orrn dw wkh vhfrqg whup rq wkh UKV ri +66,1 Dv vkrzq lq wkh
Dsshqgl{/ Y`

Y �A
A 31 Lq rwkhu zrugv/ rwkhu wklqjv ehlqj htxdo/ d kljkhu W

lqfuhdvhv olihwlph xwlolw| e| doorzlqj frqvxphuv wr hqmr| wkh kljkhu suh0fulvlv
oltxlglw| vhuylfhv iru d orqjhu shulrg ri wlph1 Wklv lpsolhv wkdw wkh vljq ri
wkh vhfrqg whup rq wkh UKV ri +66, ghshqgv vroho| rq wkh vljq ri �W �+�,1 Rq
wklv dffrxqw/ wkhuhiruh/ ghod|lqj d fulvlv lv zhoiduh lpsurylqj1

Wkh �uvw whup rq wkh UKV ri +66,/ krzhyhu/ lqglfdwhv wkdw wkh gluhfw
h�hfw ri ghod|lqj d fulvlv lv qrw qhfhvvdulo| zhoiduh0lpsurylqj1 Iru d jlyhq
W / d kljkhu � uhgxfhv wkh rssruwxqlw| frvw ri kroglqj oltxlg erqgv +uhfdoo
+84,, exw/ e| udlvlqj wkh srvw0fulvlv lq dwlrq udwh/ �A / uhgxfhv wkh ghpdqg
iru fdvk1 Xvlqj htxdwlrqv +83, dqg +84, dqg vxlwdeo| uhduudqjlqj/ zh rewdlq
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o8 Eon>A �Eon	>A �
A 31 Dv vkrzq e| htxdwlrq +9<,/ wkh vljq ri wklv

whup ghshqgv/ dprqj rwkhu wklqjv/ rq wkh uhodwlyh pdjqlwxghv ri wkh wzr
lqwhuhvw hodvwlflwlhv1

Dv lv reylrxv iurp wkh deryh/ wkh h�hfw ri d pruh djjuhvvlyh lqwhuhvw
udwh srolf| rq zhoiduh lv/ lq jhqhudo/ dpeljxrxv1 Krzhyhu/ hyhq dw wklv
ohyho ri jhqhudolw|/ zh fdq +l, fkdudfwhul}h wkh ehkdylru ri zhoiduh iru vpdoo
ydoxhv ri � +l1h1/ durxqg � @ 3, dqg +ll, hvwdeolvk d uhodwlrqvkls ehwzhhq wkh
qrq0prqrwrqlflw| ri zhoiduh dqg wkh qrq0prqrwrqlflw| ri wkh wlph ri wkh
fulvlv

Wr vwxg| wkh �uvw lvvxh/ vlpso| hydoxdwh Y`
Y� / jlyhq e| +9<,/ durxqg � @ 3

wr rewdlq=
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zkhuh zh kdyh xvhg wkh idfw wkdw wkh �uvw rughu frqglwlrqv iru fdvk dqg
erqgv/ jlyhq e| +8, dqg +9,/ lpso| wkdw y�+kA , @ z�+}A , @ �+u . �A , iru
� @ 31 Zh nqrz iurp Sursrvlwlrq 7 wkdw iru wkh wlph ri wkh fulvlv/ W / wr eh
ulvlqj lqlwldoo| lq �/ zh pxvw kdyh �5A A ��A dw � @ 31 Pruh jhqhudoo|/ lw lv
hdv| wr fkhfn wkdw Y`

Y� dqg YA
Y� pxvw kdyh wkh vdph vljq durxqg � @ 3 dqg

wkdw wklv vljq lv jlyhq e| wkh vljq ri wkh whup �5� � ��� 1 Wkxv/ li �
5
A A ��A dw

� @ 3 wkhq htxdwlrq +66, lpsolhv wkdw zh pxvw kdyh _`
_� A 3 dw � @ 3 vlqfh

erwk whupv duh srvlwlyh1 Zh kdyh wkxv vkrzq wkh iroorzlqj=

Sursrvlwlrq 8 Durxqg � @ 3/ d qhfhvvdu| dqg vx!flhqw frqglwlrq iru zho0
iduh wr eh ulvlqj lq � lv wkdw wkh ghpdqg iru fdvk eh ohvv lqwhuhvw udwh hodvwlf
wkdq wkh ghpdqg iru oltxlg erqgv1
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Wklv lv dq lpsruwdqw uhvxow iurp d srolf| srlqw ri ylhz ehfdxvh lw vd|v
wkdw/ iru wkh pruh uhohydqw sudfwlfdo fdvh/ lw lv dozd|v rswlpdo wr hqjdjh lq
vrph ghihqvh ri wkh shj1 Lq rwkhu zrugv/ lw lv qhyhu rswlpdo iru wkh fhqwudo
edqn wr vlw vwloo +dv lpsolhg e| wkh Nuxjpdq fdvh, dqg gr qrwklqj1

Zh qrz dgguhvv wkh uhodwlrqvkls ehwzhhq wkh qrq0prqrwrqlflw| ri zhoiduh
dqg wkh qrq0prqrwrqlflw| ri wkh wlph ri wkh fulvlv1 Iurp htxdwlrq +88, zh
nqrz wkdw lq wkh fdvh zkhuh W lv lqlwldoo| ulvlqj lq � exw vwduwv idoolqj rqfh
� furvvhv d fulwlfdo ohyho +fdoo lw ��,/ zh pxvw kdyh wkdw YA

Y�

���
�'��

@ 3 zkhuh

�� @
E#�� 3#

5
� �Eon>A �

#�� E�3#
5
� �>A

1 Khqfh W lv idoolqj lq � iru doo � A ��1 Hydoxdwlqj Y`
Y�

durxqg � @ �� jlyhv/ diwhu vrph dojheudlf pdqlsxodwlrqv/
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zkhuh zh kdyh pdgh xvh ri wkh idfw wkdw/ iru � A 3/ z� ? y�/ dv iroorzv
iurp wkh �uvw0rughu frqglwlrqv +8, dqg +9,1 Vlqfh zh duh uhvwulfwlqj rxu
dwwhqwlrq wr wkh udqjh iru zklfk �� ? 4/ lw zloo dozd|v eh wkh fdvh wkdw
_`
_�

���
�'	�

? 3= Jlyhq wkdw YA
Y�

���
�'	�

@ 3 dqg wkdw zhoiduh dv d ixqfwlrq ri � lv

frqwlqxrxvo| gl�huhqwldeoh lq wkh uhohydqw udqjh/ +66, dqg +:3, ohdg wr wkh
iroorzlqj sursrvlwlrq=

Sursrvlwlrq 9 D vx!flhqw frqglwlrq iru zhoiduh wr eh qrq0prqrwrqlf lq �
lv wkdw wkh wlph ri wkh fulvlv W eh qrq0prqrwrqlf lq � +lqlwldoo| ulvlqj dqg
wkhq idoolqj,1 Ixuwkhu/ lq wklv hyhqw/ zhoiduh vwduwv wr ghfolqh ehiruh W grhv1

Zhoiduh dv d ixqfwlrq ri � pxvw wkxv uhdfk d pd{lpxp dw vrph �� ? a�1
Wklv lpsolhv wkdw wkhuh w|slfdoo| h{lvwv d udqjh ri lqwhuhvw udwh dfwlylvp zkhuh
W lv ulvlqj zkloh Z lv idoolqj lq �1 Wkh lqwhuhvwlqj ihdwxuh ri wklv uhvxow lv
wkdw lw vkrzv wkdw hyhq zkhq lqwhuhvw udwh dfwlylvp fdq eh vxffhvvixo lq
ghod|lqj d fulvlv/ lw pd| eh zhoiduh uhgxflqj168 Wkh vlpxodwlrq uhsruwhg lq
Iljxuh 6 +iru wkh Fdjdq fdvh h{dplqhg deryh, looxvwudwhv wklv sursrvlwlrq1
Dv fdq eh vhhq frpsdulqj sdqhov D dqg G/ zhoiduh ehjlqv wr ghfolqh ehiruh
wkh wlph ri wkh fulvlv grhv1 Wkhuh lv wkxv d zkroh udqjh iru zklfk d pruh
djjuhvvlyh lqwhuhvw udwh srolf| vxffhhgv lq ghod|lqj wkh fulvlv hyhq wkrxjk

68 Lq wkh vshfldo fdvh ri frqvwdqw lqwhuhvw hodvwlflw| ri ghpdqg iru erwk fdvk dqg erqgv/
rqh fdq vkrz wkdw d qhfhvvdu| dqg vx!flhqw frqglwlrq iru zhoiduh wr eh prqrwrqlfdoo| ulvlqj
+idoolqj, lq wkh ghjuhh ri lqwhuhvw udwh dfwlylvp � lv wkdw wkh ghpdqg iru qrq0lqwhuhvw ehdulqj
fdvk eh ohvv +pruh, lqwhuhvw hodvwlf wkdq oltxlg erqgv1 Zhoiduh ehfrphv lqghshqghqw ri
lqwhuhvw udwh srolf| lq wkh vshfldo fdvh zkhuh wkh lqwhuhvw hodvwlflwlhv ri fdvk dqg erqgv duh
htxdo1
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lw lv qrw rswlpdo wr gr vr1 Sxw gl�huhqwo|/ wkhuh lv dq rswlpdo dprxqw e|
zklfk lqwhuhvw udwhv vkrxog eh udlvhg wr ghihqg wkh shj1

Lqwxlwlyho|/ lq wkh fdvh zkhuh wkh lqwhuhvw hodvwlflw| ri fdvk lv ohvv wkdq wkh
lqwhuhvw hodvwlflw| ri oltxlg erqgv/ wkh kljkhu lq dwlrq udwh wkdw lv lqgxfhg e|
d kljkhu � fdxvhv d uhodwlyho| vpdoo idoo lq wkh srvw0froodsvh ghpdqg iru fdvk
frpsduhg wr wkh odujh lqfuhdvh lq wkh ghpdqg iru erqgv wkdw lw jhqhudwhv1
Khqfh/ wkh oltxlglw| h�hfw ri lqwhuhvw udwh srolf| dqg wkh wlph ri fulvlv h�hfw
ri � zrun lq wkh vdph gluhfwlrq1 Rqfh � lv kljk hqrxjk dqg �5 ? ��/ kljkhu
lqwhuhvw udwhv gr qrw d�hfw wkh ghpdqg iru erqgv wrr pxfk vlqfh wkh| duh
uhodwlyho| lqwhuhvw lqhodvwlf1 Rq wkh rwkhu kdqg/ wkh kljkhu srvw0froodsvh
lq dwlrq udwh wkdw lv lqgxfhg e| kljkhu lqwhuhvw udwhv fdxvhv d uhodwlyho|
eljjhu gurs lq wkh ghpdqg iru fdvk vlqfh lw lv pruh lqwhuhvw hodvwlf1 Wklv
fdxvhv d elj gurs lq wkh srvw0froodsvh xwlolw| iurp oltxlglw| zklfk vzdpsv
wkh srvlwlyh h�hfwv +li dq|, rq zhoiduh wkdw frphv iurp ghod|lqj wkh fulvlv1

Ilqdoo|/ Iljxuh 7 looxvwudwhv wkh idfw wkdw wkh qrq0prqrwrqlflw| ri W
lv d vx!flhqw exw qrw qhfhvvdu| frqglwlrq iru zhoiduh wr eh qrq0prqrwrqlf1
Zkloh W lv ulvlqj wkurxjkrxw wkh zkroh uhohydqw udqjh ri � +Sdqho D,/ zhoiduh
lv qrq0prqrwrqlf +Sdqho E,1 Wklv rffxuv zkhq wkh �qdqflqj qhhgv ri wkh
�vfdo dxwkrulw| duh vxevwdqwldoo| orzhu wkdq lq Iljxuh 6169 Wklv uhlqirufhv
wkh lghd wkdw/ hyhq zkhq d pruh djjuhvvlyh lqwhuhvw udwh srolf| pd| vxffhhg
lq ghod|lqj wkh fulvlv/ lw pd| qrw eh rswlpdo wr gr vr1

718 Qrq0vhsdudeoh suhihuhqfhv

Dv lq wkh hqgrjhqrxv �vfdo srolf| fdvh vwxglhg hduolhu/ zh qrz surfhhg
wr vwxg| wkh h�hfwv ri lqwhuhvw udwh srolf| xqghu dq h{rjhqrxv �vfdo frq0
vwudlqw zkhq suhihuhqfhv duh qrq0vhsdudeoh ehwzhhq frqvxpswlrq dqg olt0
xlglw|1 Wklv lv fuxfldo lq rughu wr fkhfn zkhwkhu wkh edvlf lqvljkwv jdlqhg
iurp vwxg|lqj wkh vhsdudeoh fdvh uhpdlq ydolg iru qrq0vhsdudeoh suhihuhqfhv1
Dv ehiruh/ zh xvh wkh suhihuhqfhv jlyhq e| htxdwlrq +76, zklfk uhgxfhv wr
wkh vhsdudeoh fdvh zkhq � @ � dqg uhsruw wkh Fdjdq fdvh jlyhq e| +93,16:

Iljxuh 8 uhsruwv wkh vlpxodwlrq1 Dv fdq eh vhhq/ erwk W dqg zhoiduh
duh qrq0prqrwrqlf ixqfwlrqv ri � dqg/ lq idfw/ wkh sdwkv orrn udwkhu vlplodu
wr wkrvh rewdlqhg lq wkh vhsdudeoh fdvh +Iljxuhv 6 dqg 7,1 Zkloh W uhdfkhv
d pd{lpxp dw durxqg � @ 3=;/ zhoiduh grhv vr iru d vxevwdqwldoo| orzhu

69Wkh rqo| fkdqjh lq wkh sdudphwhu frq�jxudwlrq uhodwlyh wr Iljxuh 6 lv wkdw qrz 7� ' �1

6:Wkh sdudphwhu frq�jxudwlrq lv wkh vdph dv wkdw xvhg iru wkh vhsdudeoh fdvh uhsruwhg
deryh/ h{fhsw iru wkh qhz sdudphwhuv j ' �f/ 4 ' ��Dc dqg ^ ' f�D1 Wkh qhz sdqho/ Sdqho
F/ uhsruwv wkh idoo lq frqvxpswlrq dw wlph A dv d shufhqwdjh ri JGS1
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ydoxh +durxqg � @ 3=7,1 Wklv vxjjhvwv wkdw qrq0vhsdudelolw| grhv qrw dowhu
wkh hvvhqwldo orjlf ehklqg rxu uhvxowv1 Lq wklv fdvh/ ri frxuvh/ wkh sdwk
ri frqvxpswlrq lv qr orqjhu  dw1 Dv vkrzq e| Sdqho F lq Iljxuh 8/ wkh
idoo lq frqvxpswlrq dw wlph W pluuruv wkh ehkdylru ri zhoiduh1 Wkh idoo
lq frqvxpswlrq lv uhgxfhg hduo| rq dv � lqfuhdvhv/ uhdfkhv d plqlpxp dw
durxqg � @ 3=7 dqg wkhq ulvhv vkduso|1

8 Frqfoxvlrqv

Lq wkh fodvvlfdo dssurdfk wr edodqfh ri sd|phqwv fulvhv lqvsluhg e| Nuxjpdq
+4<:<,/ fulvhv duh fdxvhg e| lqfrqvlvwhqw srolflhv1 Lq sduwlfxodu/ frxqwulhv
zklfk dwwhpsw wr h{sdqg prqh| vxsso| zkloh vlpxowdqhrxvo| �{lqj wkhlu
h{fkdqjh udwh hqg xs orvlqj iruhljq h{fkdqjh uhvhuyhv dqg/ wkhuhe|/ rshq
wkh grru wr vshfxodwlyh dwwdfnv1 D qrwdeoh � exw uduho| glvfxvvhg � dv0
vxpswlrq ri Nuxjpdq0w|sh prghov lv wkdw wkh fhqwudo edqn vlwv sdvvlyho| dv
lwv lqwhuqdwlrqdo uhvhuyhv duh ghsohwhg/ dqg wkxv wdnhv qr phdvxuhv wr �jkw
d vshfxodwlyh dwwdfn1 Ri frxuvh/ wklv lv uduho| wkh fdvh lq sudfwlfh vlqfh
fhqwudo edqnv dfwlyho| wu| wr ghihqg wkh shj e| udlvlqj vkruw0whup lqwhuhvw
udwhv/ wkxv pdnlqj pruh dwwudfwlyh grphvwlf fxuuhqf| ghqrplqdwhg dvvhwv1

Wklv sdshu kdv dqdo|}hg wkh ihdvlelolw| dqg rswlpdolw| ri ghod|lqj d lp0
shqglqj fulvlv e| udlvlqj lqwhuhvw udwhv1 Zh kdyh vkrzq wkdw/ xqghu fhuwdlq
frqglwlrqv/ udlvlqj lqwhuhvw udwhv vxffhhgv lq ghod|lqj d fulvlv dqg lv lq idfw
wkh rswlpdo +l1h1/ zhoiduh0pd{lpl}lqj, srolf|1 Kljkhu lqwhuhvw udwhv/ krzhyhu/
lqfuhdvh wkh vhuylfh exughq ri wkh sxeolf ghew dqg lpso| kljkhu lq dwlrq1
Wklv �vfdo frvw ri xvlqj kljkhu lqwhuhvw udwhv wr ghihqg d shj lpsolhv wkdw
wkhuh lv d fhuwdlq ulvh lq lqwhuhvw udwhv zklfk pd{lpl}hv krz pxfk wkh fulvlv
fdq eh ghod|hg1 Lq wkh vdph yhlq/ wkhuh lv d fhuwdlq lqfuhdvh lq lqwhuhvw udwhv
wkdw pd{lpl}hv zhoiduh1 Lq idfw/ wkhuh lv d udqjh ri lqwhuhvw udwh lqfuhdvhv
iru zklfk wkh fulvlv frxog eh ixuwkhu ghod|hg exw lv qrw rswlpdo wr gr vr1

Rxu uhvxowv khos lq surylglqj d frqfhswxdo iudphzrun iru rqh ri wkh
pruh krwo| ghedwhg srolf| lvvxhv lq uhfhqw |hduv1 Dv lv zhoo0nqrzq/ LPI0
vxssruwhg surjudpv lq Dvld dqg Odwlq Dphulfd w|slfdoo| uhtxluh d srolf| ri
kljk lqwhuhvw udwhv wr ghihqg wkh fxuuhqf|1 Wklv srolf| uhfrpphqgdwlrq kdv
ehhq dwwdfnhg e| rxwvlgh dqdo|vwv/ prvw qrwdeo| Mh� Vdfkv1 Zkloh kljko|
vw|ol}hg/ rxu prgho vkrxog dw ohdvw surylgh vrph lqwhoohfwxdo irrg iru pruh
wkrxjk rq wkhvh lvvxhv1 Rxu uhvxowv vxjjhvw wkdw vrph dfwlyh ghihqvh ri
d shj lv rswlpdo exw wkdw yhu| kljk lqwhuhvw udwh lqfuhdvhv duh olnho| wr gr
pruh kdup wkdq jrrg e| jhqhudwlqj kljkhu lq dwlrq lq wkh ixwxuh/ d uhvxow
lq wkh vslulw ri Vdujhqw dqg Zdoodfh*v +4<;4, idprxv xqsohdvdqw prqhwdulvw
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dulwkphwlf1
Dq lpsruwdqw fdyhdw wr rxu dqdo|vlv lv wkdw zh kdyh irfxvhg h{foxvlyho|

rq wkh �vfdo frvwv ri kljkhu lqwhuhvw udwhv dqg devwudfwhg iurp srwhqwldo rxw0
sxw frvwv1 Lq zrun lq surjuhvv/ zh devwudfw iurp �vfdo frvwv dqg lqfrusrudwh
rxwsxw frvwv lqwr wkh slfwxuh e| lqwurgxflqj d edqnlqj v|vwhp dqg/khqfh/
vxsso| dqg ghpdqg iru edqn fuhglw1 Lq wklv vhw0xs/ kljkhu lqwhuhvw udwhv h{0
huw d frqwudfwlrqdu| h�hfw rq rxwsxw e| uhgxflqj edqn fuhglw +l1h1/ zrunlqj
fdslwdo, wr �upv1 Wklv qhjdwlyh rxwsxw frvw zloo whqg wr r�vhw wkh srvlwlyh
prqh| ghpdqg h�hfw dqg wkxv jhqhudwh wudgh0r�v lq wkh prqhwdu| dxwkru0
lw|*v delolw| wr ghod| d fulvlv dqg lq wkh rswlpdolw| ri xvlqj kljkhu lqwhuhvw
udwhv1 Suholplqdu| uhvxowv vxjjhvw wkdw lw zloo vwloo eh rswlpdo wr hqjdjh lq
vrph dfwlyh lqwhuhvw udwh ghihqvh1

Dsshqgl{

D Surri ri sursrvlwlrq 5

Dv dujxhg lq wkh wh{w/ wkh idfw wkdw zhoiduh lv dq lqfuhdvlqj ixqfwlrq ri � iru
� A 4 lv qrw irupdoo| reylrxv1 Lq oljkw ri +66, dqg wkh idfw wkdw Y`

Y� � 3

dqg �W �+�, A 3/ zh qhhg wr vkrz wkdw +xvlqj +5;,,
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CW
@ h3oA

q
y^�k+u,` .z^�}+u � l}f,`� y^�k+u . �,`�z^�}+u� l}f . +4� �,�,`

r
A 31

+:4,

Wklv dsshqgl{ suryhv wklv fodlp iru wkh fdvh lq zklfk y+k, dqg z+}, duh
txdgudwlf ixqfwlrqv16;

Vxssrvh wkdw y�+k, A 3/ y��+k, ? 3> y���+k, @ 3> z�+k, A 3/ z��+k, ? 3> dqg
z���+k, @ 3= Xvlqj d Wd|oru h{sdqvlrq durxqg l @ u iru wkh fdvh ri y +k,dqg
l� l} @ u� l}f iru wkh fdvh ri z+},/ lw iroorzv wkdw +wdnlqj dovr lqwr dffrxqw
wkdw �k�+l, @ �

���d��E��o
dqg �}�+l� l}, @ �

���d�5E�3�}�o,

6;D jhqhudo surri zrxog lqyroyh wklug ghulydwlyhv ri �E�� dqg �E5�1 Vlqfh wkhru| grhv
qrw surylgh xv zlwk sodxvleoh uhvwulfwlrqv rq wklug ghulydwlyhv/ rqh zrxog qhhg wr surfhhg
rq d fdvh0e|0fdvh edvlv1 Dowhuqdwlyho|/ wklv vdph surri zrxog krog iru jhqhudo vhsdudeoh
xwlolw| ixqfwlrqv iru wkh fruuhvsrqglqj txdgudwlf dssur{lpdwlrqv1
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y^�k+u . �,` @ y^�k+u,` . y�^�k+u,`�k�+u,�.
4

5

�2

y��^�k+u,`
> +:5,

z^�}+u � l}f . +4� �,�,` @ z^�}+u � l}f,` .z�^�}+u� l}f,`�}
�+u � l}f,�+4� �,

.
4

5

�2+4� �,2

z��^�}+u� l}f,`
= +:6,

Xvlqj wkh odvw wzr htxdwlrqv/ wkh whup lq fxuo| eudfnhwv lq +:4, fdq eh
zulwwhq dv

�
q
�y�^�k+u,`�k�+u,�z�^�}+u � l}f,`+4� �,�}�+u� l}f,

r

��
2

5

�
4

y��^�k+u,`
.

+4� �,2

z��^�}+u� l}f,`

�
= +:7,

Vlqfh wkh vhfrqg whup lq fxuo| eudfnhwv lv qhjdwlyh/ zh qhhg wr hvwdeolvk wkdw
wkh �uvw whup lq fxuyh eudfnhwv lv qrq0qhjdwlyh iru wkh zkroh h{suhvvlrq wr
eh srvlwlyh1 Zh qrz vkrz wkdw wkh uhvwulfwlrq wkdw uhdo prqh| ghpdqg qrw
lqfuhdvh dw W +l1h1/ hlwkhu idoo ru uhpdlq frqvwdqw, lpsolhv wkdw wkh �uvw whup
lq fxuyh eudfnhwv lq +:7, lv lqghhg srvlwlyh1

Qrwlfh wkdw li uhdo prqh| ghpdqg lv qrw wr lqfuhdvh dw W / wkhq

�k+u, . �}+u � l}f,� �k+u. �,� �}^u � l}f . +4� �,�` � 3= +:8,

Vlqfh y +k, dqg z+}, duh txdgudwlf/ lw lv hdv| wr vhh wkdw wkh ghpdqgv iru
fdvk dqg oltxlg erqgv duh olqhdu1 Khqfh/ h{sdqglqj �k+l, dqg �}+l � l},
durxqg l @ u dqg l� l} @ u� l}f/ uhvshfwlyho|/ dqg vxevwlwxwlqj wkh uhvxowlqj
h{suhvvlrqv lqwr +:8, lpsolhv wkdw

��k�+u, � +4� �,�}�+u � l}f,= +:9,

Vlqfh/ iurp �uvw0rughu frqglwlrqv +8, dqg +9,/ y�+k, � z�+},/ +:9, ixuwkhu
lpsolhv wkdw

�y�^�k+u,`�k�+u, � +4� �,z�^�}+u � l}f,`�}
�+u� l}f,1 +::,

Wklv odvw lqhtxdolw| lpsolhv wkdw wkh �uvw whup lq vtxduh eudfnhwv lq +:7, lv
srvlwlyh/ zklfk suryhv +:4,1
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Uhihuhqfhv

^4` Duudx/ S1 M1 Gh Juhjrulr/ F1 Uhlqkduw/ dqg S1 Zlfnkdp/ 4<<8/ �Wkh gh0
pdqg iru prqh| lq ghyhorslqj frxqwulhv= Dvvhvvlqj wkh uroh ri �qdqfldo
lqqrydwlrq/� Mrxuqdo ri Ghyhorsphqw Hfrqrplfv 79/ 64:06731

^5` Dxhuqkhlphu/ O1/ dqg E1 Frqwuhudv/ 4<<6/ �D Qrplqdo Lqwhuhvw Udwh
Uxoh lq wkh Rshq Hfrqrp|/� plphr/ Wh{dv D)P1

^6` Fdoyr/ J1/ 4<;6/ �Vwdjjhuhg Sulfhv lq d Xwlolw| Pd{lpl}dwlrq Iudph0
zrun/� Mrxuqdo ri Prqhwdu| Hfrqrplfv 45/ 6;606<61

^7` Fdoyr/ J1/ 4<;:/ �Edodqfh ri Sd|phqwv Fulvhv lq d Fdvk0lq0Dgydqfh
Hfrqrp|/� Mrxuqdo ri Prqh|/ Fuhglw dqg Edqnlqj 4</ 4<0651

^8` Fdoyr/ J1/ dqg F1 Yìjk/ 4<<8/ �Iljkwlqj Lq dwlrq zlwk Kljk Lqwhuhvw
Udwhv= Wkh Vpdoo Rshq Hfrqrp| Fdvh xqghu Ioh{leoh Sulfhv/� Mrxuqdo
ri Prqh|/ Fuhglw/ dqg Edqnlqj 5:/ 7<0991

^9` Fdoyr/ J/ dqg F1 Yìjk/ 4<<9/ �Glvlq dwlrq dqg Lqwhuhvw0Ehdulqj
Prqh|/� Wkh Hfrqrplf Mrxuqdo 439/ 4879048961

^:` Fdoyr/ J1/ dqg F1 Yìjk/ 4<<</ �Lq dwlrq Vwdelol}dwlrq dqg ERS Fulvhv
lq Ghyhorslqj Frxqwulhv/� QEHU Zrunlqj Sdshu qr1 9<581 Iruwkfrp0
lqj lq M1 Wd|oru dqg P1 Zrrgirug/ hgv1/ Kdqgerrn ri Pdfurhfrqrplfv
+Qruwk Kroodqg,1

^;` Gud}hq/ D1/ 4<<</ �Lqwhuhvw Udwh Ghihqvh djdlqvw Vshfxodwlyh Dwwdfn
xqghu Dv|pphwulf Lqirupdwlrq/� plphr/ Xqlyhuvlw| ri Pdu|odqg1

^<` Hdvwhuo|/Z1/ S1 Pdxur/ dqg N1 Vfkplgw0Kheeho/ 4<<8/ �Prqh| ghpdqg
dqg vhljqlrudjh0pd{lpl}lqj lq dwlrq/� Mrxuqdo ri Prqh|/ Fuhglw/ dqg
Edqnlqj 5:/ 8;609361

^43` Ilvfkhu/ Vwdqoh|/ +4<<;, �Wkh LPI dqg wkh Dvldq Fulvlv/� sdshu gholy0
huhg dv wkh Iruxp Ixqgv Ohfwxuh dw XFOD1

^44` Iorrg/ U1/ dqg S1 Jduehu/ 4<;7/ �Froodsvlqj H{fkdqjh0Udwh Uhjlphv=
Vrph Olqhdu H{dpsohv/� Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv 4:/ 40461

^45` Iorrg/ U1/ S1 Jduehu/ dqg F1 Nudphu/ 4<<8/ �Froodsvlqj H{fkdqjh Udwh
Uhjlphv= Dqrwkhu Olqhdu H{dpsoh/� QEHU Zrunlqj Sdshu 864;1

^46` Iorrg/ U1/ dqg Q1 Pdulrq/ 4<<;/ �Shuvshfwlyhv rq wkh Uhfhqw Fxuuhqf|
Fulvlv Olwhudwxuh/� QEHU Zrunlqj Sdshu Qr1 96;31
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^47` Lqwhuqdwlrqdo Prqhwdu| Ixqg/ 4<<:/ Zruog Hfrqrplf Rxworrn +Lqwhulp
Dvvhvvphqw,1

^48` Nuxjpdq/ S1/ 4<:</ �D Prgho ri Edodqfh0ri0Sd|phqwv Fulvhv/� Mrxuqdo
ri Prqh|/ Fuhglw dqg Edqnlqj 44/ 64406581

^49` Odklul/ D1/ dqg F1 Yìjk/ 4<<;/ �ERS Fulvhv dqg H{rjhqrxv Ilvfdo
Frqvwudlqwv/� plphr +XFOD,1

^4:` Odklul/ D1 F1 Yìjk/ 4<<</ �Rxwsxw Frvwv/ ERS Fulvhv/ dqg Rswlpdo
Lqwhuhvw Udwh Srolf|/� plphr +XFOD,/ lq suhsdudwlrq1

^4;` PfFdooxp/ E1/ 4<;4/ �Sulfh Ohyho Ghwhuplqdf| zlwk dq Lqwhuhvw Udwh
Srolf| Uxoh dqg Udwlrqdo H{shfwdwlrqv/� Mrxuqdo ri Prqhwdu| Hfr0
qrplfv ;/ 64<06631

^4<` Revwihog/ P1/ 4<;7/ �Vshfxodwlyh Dwwdfn dqg wkh H{whuqdo Frqvwudlqw
lq d Pd{lpl}lqj Prgho ri wkh Edodqfh ri Sd|phqwv/� QEHU Zrunlqj
Sdshu Qr1 476:1

^53` Revwihog/ P1/ 4<;9/ �Udwlrqdo dqg Vhoi0Ixo�oolqj Edodqfh ri Sd|phqwv
Fulvhv/� Dphulfdq Hfrqrplf Uhylhz :9/ :50;41

^54` Uhlqkduw/ Y1/ 4<<5/ �Wkh Ghvljq ri dq Lqwhuhvw Udwh Uxoh zlwk Vwdj0
jhuhg Frqwudfwlqj dqg Frvwo| Wudqvdfwlqj/� Mrxuqdo ri Pdfurhfrqrplfv
47/ 99609;;1

^55` Vdfkv/ M1/ D1 Wruqhoo/ dqg D1 Yhodvfr/ 4<<9/ �Wkh Froodsvh ri wkh Ph{l0
frq Shvr= Zkdw Kdyh Zh OhduqhgB� Hfrqrplf Srolf| +Dsulo,/ 480961

^56` Vdujhqw/ W1/ dqg Q1Zdoodfh/ 4<:8/ �Udwlrqdo H{shfwdwlrqv/ wkh Rswlpdo
Prqhwdu| Lqvwuxphqw/ dqg wkh Rswlpdo Prqh| Vxsso|/� Mrxuqdo ri
Srolwlfdo Hfrqrp| ;6/ 57405871

^57` Vdujhqw/ W1/ dqg Q1Zdoodfh/ 4<;4/ �Vrph Xqsohdvdqw Prqhwdulvw Dulwk0
phwlf/� Ihghudo Uhvhuyh Edqn ri Plqqhdsrolv Txduwhuo| Uhylhz 8/ 404:1

^58` Vdydvwdqr/ P1D/ 4<<9/ �Groodul}dwlrq lq Odwlq Dphulfd= Uhfhqw hyl0
ghqfh dqg srolf| lvvxhv/� lq= S1 Pl}hq dqg H1M1 Shqwhfrvw/ hgv1/ Wkh
pdfurhfrqrplfv ri lqwhuqdwlrqdo fxuuhqflhv= wkhru|/ srolf| dqg hyl0
ghqfh1 Orqgrq= Hgzdug Hojdu/ 55805881

^59` Zrrgirug/ P1/ 4<<8/ �Sulfh Ohyho Ghwhuplqdf| Zlwkrxw Frqwuro ri d
Prqhwdu| Djjuhjdwh/� QEHU Zrunlqj Sdshu Qr1 85371
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