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Devwudfw

Fhqwudo edqnv w|slfdoo| udlvh vkruw0whup lqwhuhvw udwhv wr ghihqg
fxuuhqf| shjv1 Kljkhu lqwhuhvw udwhv/ krzhyhu/ riwhq ohdg wr d fuhglw
fuxqfk dqg dq rxwsxw frqwudfwlrq1 Zh prgho wklv wudgh0r� lq dq
rswlpl}lqj/ Nuxjpdq0w|sh prgho lq zklfk wkh fulvlv pd| eh ghod|hg
exw lv xowlpdwho| lqhylwdeoh1 Zh vkrz wkdw kljkhu lqwhuhvw udwhv pd|
ghod| wkh fulvlv/ exw udlvlqj lqwhuhvw udwhv eh|rqg d fhuwdlq srlqw pd|
dfwxdoo| eulqj iruzdug wkh fulvlv gxh wr wkh odujh qhjdwlyh rxwsxw hi0
ihfw1 Zhoiduh pd| dovr eh d qrq0prqrwrqlf ixqfwlrq ri wkh lqfuhdvh lq
lqwhuhvw udwhv1 Wkhuh lv lq idfw d zkroh udqjh ri lqwhuhvw udwh lqfuhdvhv
iru zklfk lw lv ihdvleoh wr ghod| wkh fulvlv exw qrw rswlpdo wr gr vr1
Wkh rswlpdo lqwhuhvw udwh srolf| lqyroyhv kljk lqwhuhvw udwhv ehiruh wkh
fulvlv dqg d ixuwkhu klnh zkhq wkh fulvlv wdnhv sodfh1 Wkh odujhu duh
wkh rxwsxw h�hfwv/ wkh orrvhu lv wkh rswlpdo lqwhuhvw udwh srolf|/ dqg
wkh vrrqhu vkrxog wkh fulvlv eh doorzhg wr rffxu1

�Zh wkdqn Mrvkxd Dl}hqpdq dqg vhplqdu sduwlflsdqwv dw Gduwprxwk/ Sklodghoskld
Ihg/ dqg Xqlyhuvlw| ri Ruhjrq iru khosixo frpphqwv1 Zh judwhixoo| dfnqrzohgjh uhvhdufk
vxssruw surylghg e| judqwv iurp wkh XFOD Dfdghplf Vhqdwh1 Zh wkdqn Vhujlr Urguljxh}
iru uhvhdufk dvvlvwdqfh1
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4 Lqwurgxfwlrq
Wkh 4<<3v zlwqhvvhg d vxffhvvlrq ri fxuuhqf| fulvhv/ udqjlqj iurp wkh HPV
fulvhv lq 4<<5 wr vlplodu hslvrghv lq Ph{lfr +4<<7,/ Dvld +4<<:,/ Uxvvld
+4<<;,/ dqg Eud}lo +4<<<,1 Jlyhq wkh hfrqrplf glvorfdwlrqv wkdw lqhylwdeo|
dffrpsdq| d edodqfh ri sd|phqwv +ERS, fulvlv/ wkh ghvljq ri dssursuldwh
srolflhv wr �jkw dqg suhyhqw vxfk rffxuuhqfhv lv dq lvvxh ri fulwlfdo lpsruwdqfh
wr srolf|pdnhuv dqg dfdghplfv dolnh1 Dv fdvxdo hylghqfh pdnhv dexqgdqwo|
fohdu/ wkh vwdqgdug �uvw olqh ri ghihqvh djdlqvw prxqwlqj suhvvxuh rq dq h{0
fkdqjh udwh shj lv wr udlvh vkruw0whup lqwhuhvw udwhv1 Lq idfw/ kljkhu lqwhuhvw
udwhv wr ghihqg d shj +ru/ pruh jhqhudoo|/ vwuhqjwkhq wkh grphvwlf fxuuhqf|,
duh d vwdqgdug frpsrqhqw ri LPI surjudpv +Ilvfkhu/ 4<<;,/ dv lpsohphqwhg
lq Uxvvld/ Eud}lo/ dqg prvw Dvldq frxqwulhv1 Zkhwkhu udlvlqj lqwhuhvw udwhv
vkrxog eh sduw ri d srolf| sdfndjh dlphg dw hlwkhu suhyhqwlqj ru pdqdjlqj
fxuuhqf| fulvhv lv d pdwwhu ri lqwhqvh ghedwh lq wkh srolf| duhqd1 LPI fulwlfv
olnh Mh� Vdfkv dqg Mrh Vwljolw} +iruphu fklhi hfrqrplvw ri wkh Zruog Edqn,/
iru lqvwdqfh/ kdyh yhkhphqwo| dujxhg djdlqvw kljk lqwhuhvw udwhv srolflhv14

Wkh vwdqgdug udwlrqdoh dprqj srolf|pdnhuv iru udlvlqj vkruw0whup lqwhu0
hvw udwhv lv wr pdnh pruh dwwudfwlyh grphvwlf fxuuhqf| ghqrplqdwhg dvvhwv
+khuhdiwhu uhihuuhg wr dv wkh �prqh| ghpdqg h�hfw�,1 Wklv vkrxog vorz grzq
+ru/ krshixoo|/ vwrs dowrjhwkhu, wkh orvv ri uhvhuyhv xqghu d shjjhg h{fkdqjh
udwh1 Rq wkh frvw vlgh/ erwk sursrqhqwv dqg ghwudfwruv hvvhqwldoo| djuhh wkdw
d kljk lqwhuhvw udwh srolf| hqwdlov pdlqo| wkuhh w|sh ri frvwv= +l, d �vfdo frvw
lq wkh irup ri d kljkhu rshudwlrqdo gh�flw/ zklfk uhvxowv iurp kljkhu lqwhuhvw
udwhv rq sxeolf ghew> +ll, dq rxwsxw frvw/ dv kljk lqwhuhvw udwhv ohdg wr d fuhglw
fuxqfk dqg dq rxwsxw frqwudfwlrq> dqg +lll, d ixuwkhu zhdnhqlqj ri dq douhdg|
zhdn edqnlqj v|vwhp +zkhq dssolfdeoh,1 Wkh srolf| ghedwh fhqwhuv rq wkh
lpsolflw dvvhvvphqw ri wkh ehqh�wv yhuvxv wkh frvwv ri kljkhu lqwhuhvw udwhv/
zlwk sursrqhqwv hpskdvl}lqj wkh vkruw0uxq ehqh�wv ri fxuuhqf| vwdelolw| dqg
ghwudfwruv irfxvlqj rq wkh pdjqlwxgh ri wkh frvwv1

Iru doo wkh sudfwlfdo lpsruwdqfh ri wklv lvvxh/ wkhuh zdv xqwlo uhfhqwo|
olwwoh/ li dq|/ dfdghplf zrun irfxvlqj h{solflwo| rq wklv ghedwh1 Wkh vhplqdo
zrun rq fxuuhqf| fulvhv e| Nuxjpdq +4<:<, dqg Iorrg dqg Jduehu +4<;7, �
dqg prvw ri wkh hqvxlqj olwhudwxuh � jlyhv qr uroh wr wkh prqhwdu| dxwkrulw|
lq �jkwlqj dq lqflslhqw fulvlv/ dv lw lpsolflwo| dvvxphv wkdw srolf|pdnhuv vlw
sdvvlyho| dv wkh| zdwfk lqwhuqdwlrqdo uhvhuyhv gzlqgoh grzq xqwlo wkh �qdo

4Vhh/ iru h{dpsoh/ Vdfkv +4<<:/ 4<<<, dqg Vwljolw} +5333,1
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vshfxodwlyh dwwdfn zlshv wkhp rxw frpsohwho|1 Rqo| uhfhqwo| kdv dq lqflslhqw
wkhruhwlfdo olwhudwxuh ehjxq wr h{solflwo| dgguhvv wklv wrslf15 Lq sduwlfxodu/
lq Odklul dqg Yìjk +5333,/ zh dqdo|}h wkh h�hfwlyhqhvv dqg rswlpdolw| ri
udlvlqj vkruw0whup lqwhuhvw udwhv wr ghihqg d shj e| irfxvlqj rq wkh wudgh0
r� ehwzhhq wkh prqh| ghpdqg h�hfw dqg wkh �vfdo frvw1 Zh vkrz wkdw
kljkhu lqwhuhvw udwhv pd| lqghhg ghod| d ERS fulvlv � zklfk lq sudfwlfh pd|
ex| suhflrxv wlph iru srolf|pdnhuv wr dgguhvv wkh ixqgdphqwdo lpedodqfhv1
Udlvlqj lqwhuhvw udwhv eh|rqg d fhuwdlq srlqw/ krzhyhu/ pd| dfwxdoo| ehjlq
wr eulqj wkh fulvlv iruzdug dv wkh �vfdo h�hfw ehjlqv wr grplqdwh wkh prqh|
ghpdqg h�hfw1 Wkhuh lv wkxv vrph lqfuhdvh lq lqwhuhvw udwhv zklfk zloo
pd{lpl}h wkh ghod|1 Zh dovr vkrz/ krzhyhu/ wkdw wkhuh lv d zkroh udqjh ri
lqwhuhvw udwh lqfuhdvhv iru zklfk lw lv ihdvleoh wr ghod| d fulvlv exw qrw rswlpdo
wr gr vr1 Lq rwkhu zrugv/ zkloh vrph dfwlyh lqwhuhvw udwh ghihqvh lv lq jhqhudo
rswlpdo/ wkh suhvhqfh ri d �vfdo frqvwudlqw lpsolhv wkdw udlvlqj lqwhuhvw udwhv
wrr pxfk pd| eh frxqwhusurgxfwlyh1 Rxu dqdo|vlv wkxv ydolgdwhv vrph ri wkh
fulwlfv* frqfhuqv derxw wkh shulov ri kljkhu lqwhuhvw udwhv/ zkloh vwloo r�hulqj d
irupdo udwlrqdoh iru wkh prqhwdu| dxwkrulw| wr sod| dq dfwlyh uroh lq ghihqglqj
d fxuuhqf| shj16

Wklv sdshu vkxwv grzq wkh �vfdo fkdqqho dqg irfxvhv lqvwhdg rq wkh rxw0
sxw h�hfw1 Dv Iljxuh 4 looxvwudwhv iru vl{ hphujlqj hfrqrplhv wkdw kdyh
dfwlyho| ghihqg wkhlu fxuuhqflhv e| udlvlqj vkruw0whup lqwhuhvw udwhv/ kljkhu
lqwhuhvw udwhv duh w|slfdoo| dvvrfldwhg zlwk dq rxwsxw frqwudfwlrq17 Zh dg0

5Vhh Gud}hq +4<<<d/ 4<<<e,/ Iorrg dqg Mhdqqh +5333,/ dqg Odklul dqg Yìjk +5333,1 D
pruh h{whqvlyh hpslulfdo olwhudwxuh kdv vr idu surylghg pl{hg hylghqfh rq wkh h�hfwlyhqhvv
ri xvlqj kljkhu lqwhuhvw udwhv wr ghihqg d shj2vwuhqjwkhq wkh grphvwlf fxuuhqf| +vhh/ lq
sduwlfxodu/ Ghnoh/ Kvldr/ dqg Zdqj +4<<<,/ Nudd| +4<<<,/ dqg ]hwwhoph|hu +5333,1

6Iorrg dqg Mhdqqh +5333, dovr irfxv rq wkh �vfdo frvwv ri kljkhu lqwhuhvw udwhv e|
lqfrusrudwlqj dq dfwlyh lqwhuhvw udwh ghihqvh ri d shj lq wkh wudglwlrqdo Nuxjpdq0Iorrg0
Jduehu prgho1 Gud}hq +4<<<d/ 4<<<e, irfxvhv rq wkh vljqdoolqj h�hfwv ri kljkhu lqwhuhvw
udwhv lq d �vhfrqg0jhqhudwlrq� Eduur0Jrugrq w|sh ri prgho1

7Xvlqj d vdpsoh ri 53 hphujlqj dqg lqgxvwuldo frxqwulhv/ Fdoyr dqg Uhlqkduw +4<<<,
frqfoxgh wkdw wkh udwh ri rxwsxw jurzwk ghfolqhv e| 51: shufhqw lq wkh |hdu ri wkh fulvlv1
Dq LPI +4<<;, vwxg|/ fryhulqj 83 frxqwulhv/ �qgv wkdw wkh dyhudjh rxwsxw orvv lq wkh |hdu
ri wkh fulvlv lv 716 shufhqw1 Pruh uhfhqwo|/ Jxswd/ Plvkud/ dqg Vdkd| +5333,/ edvhg rq d
vdpsoh ri 458 frxqwulhv dqg 5:; hslvrghv/ dovr frqfoxgh wkdw � zlwk wkh qrwdeoh h{fhswlrq
ri fulvhv lq Diulfd dqg lq frxqwulhv zlwk orz fdslwdo prelolw| � fxuuhqf| fulvhv kdyh ehhq
w|slfdoo| frqwudfwlrqdu|1 Rq wkh wkhruhwlfdo vlgh/ vhh Urguljxh} +4<<<, iru d irupdol}dwlrq
ri wkh rxwsxw frvwv ri kljkhu lqwhuhvw udwhv dqg Exuqvlgh/ Hlfkhqedxp/ dqg Uhehor +4<<<,
iru d prgho zklfk jhqhudwhv dq rxwsxw frqwudfwlrq lq frqmxqfwlrq zlwk d fxuuhqf|2edqnlqj
fulvlv1
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guhvv wkh wudgh0r� ehwzhhq wkh prqh| ghpdqg h�hfw dqg wkh rxwsxw h�hfw
lq wkh frqwh{w ri dq rwkhuzlvh vwdqgdug/ rswlpl}lqj/ vpdoo rshq hfrqrp|
zklfk lv surqh wr Nuxjpdq0w|sh fulvhv18 Wr wklv h�hfw/ zh lqfrusrudwh d
fuhglw fkdqqho d od Ehuqdqnh0Eolqghu +4<;;/ 4<<5, e| dvvxplqj wkdw �upv
duh ghshqghqw rq edqn fuhglw iru wkhlu surgxfwlyh dfwlylwlhv/ zkloh edqnv
qhhg ghsrvlwv wr pdnh ordqv1 Iroorzlqj Fdoyr dqg Yìjk +4<<8/ 4<<9,/ zh
prgho lqwhuhvw udwh srolf| dv wkh prqhwdu| dxwkrulw|*v delolw| wr vhw wkh lqwhu0
hvw udwh rq dq lqwhuhvw ehdulqj oldelolw| +d grphvwlf erqg,1 Zh dvvxph wkdw
wklv grphvwlf erqg lv khog rqo| e| grphvwlf frpphufldo edqnv1 Udlvlqj wkh
lqwhuhvw udwh rq wklv grphvwlf erqg lqfuhdvhv erwk wkh ohqglqj udwh wr �upv
dv zhoo dv wkh ghsrvlw udwh sdlg wr ghsrvlwruv1 Wkh odwwhu h�hfw lqfuhdvhv
prqh| ghpdqg +gh�qhg dv wkh ghpdqg iru ghpdqg ghsrvlwv, dqg srvwsrqhv
wkh wlph ri wkh dwwdfn1 Wkh kljkhu ohqglqj udwh/ krzhyhu/ uhgxfhv edqn fuhglw
wr �upv dqg/ khqfh/ h{wudfwv dq rxwsxw frvw e| uhgxflqj hpsor|phqw dqg
rxwsxw1

Zlwklq wklv prgho/ zh dvn wzr txhvwlrqv= +l, grhv dq dfwlyh lqwhuhvw udwh
ghihqvh vhuyh wr srvwsrqh dq lpshqglqj fulvlvB> dqg +ll, jlyhq wkh Nuxjpdq
glvwruwlrq +l1h1/ d grphvwlf fuhglw srolf| zklfk lv lqfrqvlvwhqw zlwk d �{hg
h{fkdqjh udwh, zkdw lv wkh rswlpdo lqwhuhvw udwh srolf|B Wr dqvzhu wkh �uvw
txhvwlrq/ zh glvwlqjxlvk ehwzhhq wzr w|shv ri lqwhuhvw udwh srolflhv +erwk
ri zklfk duh dqqrxqfhg dv ri wlph }hur,= d frqwhpsrudqhrxv lqwhuhvw udwh
ghihqvh ri wkh shj zkhuhe| wkh prqhwdu| dxwkrulw| dqqrxqfhv wkdw lw zloo
udlvh wkh grphvwlf lqwhuhvw udwh rqo| zkhq wkh pdunhw lqwhuhvw udwh ulvhv> dqg
d suhhpswlyh lqwhuhvw udwh ghihqvh ri wkh shj zkhuhe| wkh prqhwdu| dxwkrulw|
udlvhv wkh grphvwlf lqwhuhvw udwh ehiruh wkh fulvlv dfwxdoo| rffxuv1 Zh vkrz
wkdw d frqwhpsrudqhrxv ghihqvh dozd|v vxffhhgv lq ghod|lqj wkh fulvlv/ zkloh
d suhhpswlyh ghihqvh grhv ghod| wkh fulvlv zkhq wkh rxwsxw h�hfw lv uhodwlyho|
vpdoo exw udlvlqj lqwhuhvw udwhv eh|rqg d fhuwdlq srlqw zloo dfwxdoo| eulqj
iruzdug wkh fulvlv1 Lq idfw/ d suhhpswlyh lqwhuhvw udwh ghihqvh pd| qrw hyhq
eh deoh wr ghod| wkh fulvlv dw doo +lw dfwxdoo| eulqjv lw iruzdug$, li wkh rxwsxw
h�hfw lv odujh hqrxjk1 Wklv douhdg| r�huv d gudpdwlf looxvwudwlrq ri wkh shulov
ri udlvlqj lqwhuhvw udwhv zkhq rxwsxw h�hfwv duh suhvhqw1

8E| d Nuxjpdq0w|sh fulvlv/ zh phdq dq hqylurqphqw zkhuh wkh fhqwudo edqn kdv shjjhg
wkh h{fkdqjh udwh exw iroorzv dq h{sdqvlrqdu| grphvwlf fuhglw srolf|1 Wklv lqfrqvlvwhqf|
ehwzhhq wkh �vfdo vwdqfh dqg wkh h{fkdqjh udwh srolf| ohdgv wr d vhfxodu orvv ri uhvhuyhv1
Li uhvhuyhv fdqqrw idoo ehorz d wkuhvkrog ohyho/ wkhq wkh fhqwudo edqn zloo eh irufhg wr
dedqgrq wkh shj lq �qlwh wlph1 Pruhryhu/ dv vkrzq e| Nuxjpdq +4<:<,/ wkh hqg ri wkh
uhjlph zloo dovr eh fkdudfwhul}hg e| d vshfxodwlyh dwwdfn rq lqwhuqdwlrqdo uhvhuyhv1
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Zh wkhq wdfnoh wkh vhfrqg txhvwlrq uhjduglqj wkh rswlpdo lqwhuhvw udwh
srolf|1 Wr looxvwudwh wkh wudgh0r�v lqyroyhg/ zh �uvw vkrz krz hlwkhu d frq0
whpsrudqhrxv ru suhhpswlyh lqwhuhvw udwh ghihqvh udlvhv zhoiduh iru orz ydoxhv
ri lqwhuhvw udwhv exw udlvlqj lqwhuhvw udwhv eh|rqg d fhuwdlq srlqw pd| dfwx0
doo| ehjlq wr ghfuhdvh zhoiduh dv wkh rxwsxw h�hfw ehfrphv odujhu1 Zh wkhq
dvn wkh txhvwlrq= zkdw lv wkh wlph sdwk ri wkh grphvwlf lqwhuhvw udwh +ehiruh
dqg diwhu wkh fulvlv, wkdw pd{lpl}hv frqvxphuv* zhoiduhB Dv d ehqfkpdun/
zh vkrz wkdw/ li wkh rxwsxw fkdqqho lv vkxw r�/ lw lv rswlpdo wr lpsohphqw
wkh Iulhgpdq uxoh dqg wkh �uvw ehvw lv dfklhyhg1 Wklv lv d xvhixo ehqfkpdun
ehfdxvh lw hqvxuhv wkdw dq| ghyldwlrq zlwk uhvshfw wr wkh Iulhgpdq uxoh zloo
eh gxh vroho| wr wkh rxwsxw frvw ri dq dfwlyh lqwhuhvw udwh ghihqvh1 Lpsoh0
phqwlqj wkh Iulhgpdq uxoh lq rxu vhw0xs uhtxluhv wkdw wkh grphvwlf lqwhuhvw
udwh eh lq idfw udlvhg dw wkh wlph ri wkh fulvlv iurp dq douhdg| kljk +lq d
zhoo0gh�qhg vhqvh, suh0fulvlv ohyho1 Zkhq wkh rxwsxw fkdqqho lv rshqhg/ zh
vkrz wkdw lw lv rswlpdo wr vhw grphvwlf lqwhuhvw udwhv orzhu +erwk ehiruh dqg
diwhu wkh fulvlv, wkdq lq wkh ehqfkpdun fdvh/ exw lw lv vwloo rswlpdo wr klnh
lqwhuhvw udwhv dw wkh wlph ri wkh fulvlv1 Lq idfw/ vlpxodwlrqv ri wkh prgho
lqglfdwh wkdw wkh vwurqjhu wkh rxwsxw fkdqqho/ wkh orzhu vkrxog eh wkh zkroh
sdwk ri grphvwlf lqwhuhvw udwhv/ dqg wkh vrrqhu vkrxog wkh fulvlv eh doorzhg
wr rffxu1 Udlvlqj lqwhuhvw udwhv eh|rqg wklv srlqw zrxog ghod| wkh fulvlv exw
uhgxfh zhoiduh1

Wkh sdshu surfhhgv dv iroorzv1 Wkh qh{w vhfwlrq ghyhorsv wkh prgho/
zkloh Vhfwlrq 6 vkrzv wkh phfkdqlfv ri d ERS fulvhv iru d sdvvlyh lqwhuhvw
udwh srolf|1 Vhfwlrq 7 ghyhorsv wkh pdlq dqdo|wlfdo uhvxowv uhjduglqj wkh
h�hfwv ri lqwhuhvw udwhv rq rxwsxw dqg wkh wlplqj ri wkh fulvlv1 Vhfwlrq 8
dqdo|}hv wkh zhoiduh h�hfwv ri kljkhu lqwhuhvw udwhv dqg ghulyhv wkh rswlpdo
sdwk iru wkh grphvwlf lqwhuhvw udwh1 Vhfwlrq 9 frqwdlqv frqfoxglqj uhpdunv1

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 krxvhkrog zklfk uhfhlyhv xwlolw| iurp frq0
vxplqj d shulvkdeoh jrrg dqg glvxwlolw| iurp vxsso|lqj oderu1 Wkh zruog
sulfh ri wkh shulvkdeoh jrrg lq whupv ri iruhljq fxuuhqf| lv �{hg dqg qru0
pdol}hg wr xqlw|1 Iuhh jrrgv prelolw| dfurvv erughuv lpsolhv wkdw wkh odz ri
rqh sulfh krogv1 Wkh frqvxphu fdq dovr wudgh iuhho| lq shuihfwo| frpshwlwlyh
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zruog fdslwdo pdunhwv e| ex|lqj dqg vhoolqj d sxuh +qrq0oltxlg, erqg1 Wkhvh
erqgv duh ghqrplqdwhg lq whupv ri wkh shulvkdeoh jrrg dqg sd| o xqlwv ri
wkh jrrg dv lqwhuhvw dw hyhu| srlqw lq wlph1

514 Krxvhkrogv

Wkh krxvhkrog pd{lpl}hv olihwlph zhoiduh/ zklfk lv jlyhq e|
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zkhuh S ghqrwhv frqvxpswlrq ri wkh shulvkdeoh jrrg/ % ghqrwhv oderu vxsso|/
j lv wkh lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq/ D�� lv wkh lqyhuvh ri wkh hodv0
wlflw| ri oderu vxsso| zlwk uhvshfw wr wkh uhdo zdjh +dv zloo ehfrph hylghqw
ehorz,/ dqg qE: f� lv wkh h{rjhqrxv dqg frqvwdqw udwh ri wlph suhihuhqfh1
Wkhvh suhihuhqfhv duh zhoo0nqrzq iurp wkh zrun ri Juhhqzrrg/ Khufrzlw}
dqg Kx�pdq +4<;;, dqg kdyh ehhq zlgho| xvhg lq wkh uhdo exvlqhvv f|foh
olwhudwxuh/ dv wkh| surylgh d ehwwhu ghvfulswlrq ri frqvxpswlrq dqg wkh wudgh
edodqfh iru vpdoo rshq hfrqrplhv wkdq dowhuqdwlyh vshfl�fdwlrqv +vhh/ iru lq0
vwdqfh/ Phqgr}d +4<<4, dqg Fruuhld/ Qhyhv/ dqg Uhehor +4<<8,,1 Lq rxu
fdvh/ zh dgrsw wkhvh suhihuhqfhv iru dqdo|wlfdo wudfwdelolw| vlqfh lw zloo hq0
deoh xv wr ghulyh prvw ri rxu nh| uhvxowv dqdo|wlfdoo|19 Dv d fkhfn rq wkh
wkhruhwlfdo urexvwqhvv ri rxu uhvxowv/ zh zloo xvh vlpxodwlrqv lq Dsshqgl{ G
wr vkrz wkdw vlplodu uhvxowv krog li vwdqgdug FHV suhihuhqfhv duh xvhg1

Wkh frqvxphu xvhv prqh| iru uhgxflqj wudqvdfwlrqv frvwv1 Vshfl�fdoo|/
wkh wudqvdfwlrqv frvwv whfkqrorj| wdnhv wkh vwdqgdug irup

r| ' �ES|c �|�c +5,

zkhuh r ghqrwhv wkh qrq0qhjdwlyh wudqvdfwlrqv frvwv lqfxuuhg e| wkh frq0
vxphu dqg � ghqrwhv lqwhuhvw0ehdulqj ghpdqg ghsrvlwv1 Wklv wudqvdfwlrqv
whfkqrorj| lv lqfuhdvlqj lq frqvxpswlrq/ ghfuhdvlqj lq ghpdqg ghsrvlwv/ dqg
vwulfwo| frqyh{1 Irupdoo|/ lw vdwlv�hv wkh iroorzlqj surshuwlhv=

� � fc �S � fc �� � fc ��� : fc ��S 	 fc

�SS��� � ��S � fc ��E�� ' f iru d �qlwh �c

� ' f iru wkh vdwldwlrq ohyho ri �1
9Dv zloo ehfrph fohdu ehorz/ wkh nh| dqdo|wlfdo vlpsol�fdwlrq lqwurgxfhg e| JKK

suhihuhqfhv lv wkdw wkhuh lv qr zhdowk h�hfw rq oderu vxsso|1

9



Iru d jlyhq ohyho ri frqvxpswlrq/ dgglwlrqdo uhdo prqh| edodqfhv orzhu wudqv0
dfwlrqv frvwv exw dw d ghfuhdvlqj udwh1 Wkh dvvxpswlrq wkdw ��E�� ' f iru d
�qlwh � hqvxuhv wkdw wkh frqvxphu fdq eh vdwldwhg zlwk uhdo prqh| edodqfhv
+l1h1/ wkh Iulhgpdq uxoh fdq eh lpsohphqwhg,1 Dw wkdw srlqw/ wudqvdfwlrqv
frvwv duh dvvxphg wr eh }hur1

Lq dgglwlrq wr ghpdqg ghsrvlwv/ krxvhkrogv fdq krog dq lqwhuqdwlrqdoo|0
wudghg erqg +K,1 Uhdo �qdqfldo zhdowk dw wlph | lv wkxv jlyhq e| @| ' K|n�|1
Zh ghqrwh wkh ghsrvlw udwh e| �_1 Ixuwkhu/ shuihfw fdslwdo prelolw| lpsolhv
wkdw wkh qrplqdo lqwhuhvw udwh lv jlyhq e| � ' on 0/ zkhuh 0 ghqrwhv wkh udwh
ri ghydoxdwlrq1 Khqfh/ wkh rssruwxqlw| frvw ri kroglqj ghpdqg ghsrvlwv lv
U_ � � � �_ +wkh ghsrvlw vsuhdg,1: Wkh  rz exgjhw frqvwudlqw idflqj wkh
uhsuhvhqwdwlyh krxvhkrog lv wkxv jlyhq e|

�@| ' o@| n �|%| n � | � S| � r| � U_| �| nls
| nlK

|c +6,

zkhuh � ghqrwhv wkh uhdo zdjh/ � duh oxps vxp wudqvihuv uhfhlyhg iurp wkh
jryhuqphqw/ zkloh ls dqg lK ghqrwh glylghqgv uhfhlyhg iurp �upv dqg edqnv/
uhvshfwlyho|1

Lqwhjudwlqj +6, dqg lpsrvlqj wkh vwdqgdug wudqvyhuvdolw| frqglwlrq |lhogv
wkh krxvhkrog*v olihwlph exgjhw frqvwudlqw=

@f n
] "

f
E�|%| nls

| nlK
| n � |�e

3o|_| '
] "

f
ES| n U_| �| n r|�e

3o|_|� +7,

Wkh krxvhkrog fkrrvhv sdwkv iru iS|c %|c �|j wr pd{lpl}h olihwlph xwlolw|
+4, vxemhfw wr +5, dqg +7,/ wdnlqj dv jlyhq � c U_c oc �cls clK dqg @f1 Wkh
�uvw0rughu frqglwlrqv iru wklv sureohp duh jlyhq e| ;

ES| � l%D| �
3�*j ' bd� n �SES|c 6|�oc +8,

Dl%D3�| '
�|

� n �SES|c 6|�
+9,

���ES|c �|� ' U_| c +:,

zkhuh b lv wkh +wlph0lqyduldqw, Odjudqjh pxowlsolhu dvvrfldwhg zlwk frqvwudlqw
+7,1 Htxdwlrq +8, lv wkh idploldu rswlpdolw| frqglwlrq zkhuhe|/ dorqj d
shuihfw iruhvljkw htxloleulxp sdwk/ wkh pdujlqdo xwlolw| iurp frqvxpswlrq lv

:Lw zloo eh dvvxphg wkurxjkrxw wkh sdshu wkdw Lg � 31
;Dv xvxdo/ zh dvvxph wkdw � @ u wr holplqdwh lqhvvhqwldo g|qdplfv1

:



htxdwhg wr wkh Odjudqjh pxowlsolhu wlphv wkh h�hfwlyh sulfh ri frqvxpswlrq1
Wkh +uhdo, h�hfwlyh sulfh ri frqvxpswlrq lv wkh pdunhw sulfh/ xqlw|/ soxv
wkh wudqvdfwlrqv frvwv lqfxuuhg lq sxufkdvlqj dq dgglwlrqdo xqlw ri wkh jrrg
+�SES|c 6|�,1 Htxdwlrq +9, vkrzv wkdw oderu vxsso| ghshqgv srvlwlyho| rq wkh
uhdo zdjh/ �/ dqg qhjdwlyho| rq wkh h�hfwlyh sulfh ri frqvxpswlrq1 Ilqdoo|/
htxdwlrq +:, lpsolflwo| gh�qhv wkh ghpdqg iru uhdo ghpdqg ghsrvlwv dv d
ghfuhdvlqj ixqfwlrq ri wkhlu rssruwxqlw| frvw/ U_/ dqg dq lqfuhdvlqj ixqfwlrq
ri frqvxpswlrq=

�| ' ��ES|c U
_
| �c +;,

��S ' ���S

���

� fc +<,

��U_ ' � �

���

	 f1 +43,

Dv zloo ehfrph fohdu ehorz/ zh gr qrw qhhg uhdo prqh| ghpdqg wr ghshqg
rq frqvxpswlrq iru rxu nh| uhvxowv wr jr wkurxjk1 Khqfh/ wr nhhs wkh dqdo|vlv
wudfwdeoh +dqg xqohvv rwkhuzlvh qrwlfhg,/ zh zloo khqfhiruwk irfxv rq wkh
fdvh lq zklfk wkh wudqvdfwlrqv whfkqrorj| grhv qrw ghshqg rq frqvxpswlrq
+l1h1/ �S � f,1 Lq Dsshqgl{ E/ zh zloo uhvruw wr vlpxodwlrqv wr vkrz wkdw
rxu uhvxowv vwloo jr wkurxjk zkhq wkh wudqvdfwlrqv whfkqrorj| ghshqgv rq
frqvxpswlrq1

515 Ilupv

Wkh uhsuhvhqwdwlyh �up lq wklv hfrqrp| surgxfhv wkh shulvkdeoh jrrg xvlqj
wkh whfkqrorj|

+| ' %#| c f 	 # � �� +44,

Wklv whfkqrorj| ehfrphv olqhdu lq wkh vshfldo fdvh ri # ' �1 Zh dovr dvvxph
wkdw �upv idfh d �fuhglw0lq0dgydqfh� frqvwudlqw wr sd| iru wkh zdjh eloo1 Lq
rwkhu zrugv/ �upv qhhg wr eruurz iurp edqnv wr sd| wkh zdjh eloo1< Irupdoo|/
wklv frqvwudlqw lv jlyhq e|

?| ' ��|%|c � : f +45,

<Dowhuqdwlyho|/ zh frxog dvvxph wkdw edqn fuhglw lv dq lqsxw lq wkh surgxfwlrq ixqfwlrq/
lq zklfk fdvh wkh ghulyhg ghpdqg iru fuhglw zrxog eh lqwhuhvw udwh hodvwlf1 Wklv zrxog
frqvlghudeo| frpsolfdwh wkh prgho zlwkrxw dgglqj dq| dgglwlrqdo lqvljkwv1

;



zkhuh ? ghqrwhv edqn ordqv143 Wkh dvvxpswlrq wkdw �upv pxvw xvh edqn
fuhglw wr sd| wkh zdjh eloo lv qhhghg wr jhqhudwh d ghpdqg iru edqn ordqv1

Ilupv pd| dovr krog iruhljq erqgv/ Ks 1 Wkxv/ wkh uhdo �qdqfldo zhdowk ri
wkh uhsuhvhqwdwlyh �up dw wlph | lv jlyhq e| @s| ' Ks| � ?|1 Xvlqj �, wr ghqrwh
wkh ohqglqj udwh fkdujhg e| edqnv dqg ohwwlqj U , � �,�� +zklfk lv wkh ohqglqj
vsuhdg,/ zh fdq zulwh wkh  rz frqvwudlqw idfhg e| wkh �up dv

�@s| ' o@s| n +| � �|%|E� n �U ,|��ls
| � +46,

Lw lv hdv| wr vhh iurp htxdwlrq +46, wkdw �U ,|�|%|E' U ,|?|� lv wkh dgglwlrqdo
�qdqfldo frvw lqfxuuhg e| �upv gxh wr wkh idfw wkdw wkh| qhhg wr eruurz iurp
edqnv wr sd| wkh zdjh eloo144 Lqwhjudwlqj iruzdug htxdwlrq +46,/ lpsrvlqj
wkh vwdqgdug wudqvyhuvdolw| frqglwlrq/ dqg xvlqj htxdwlrq +44, jlyhv

] "

|'f
e3o|ls

| _| ' @sf n
] "

|'f

k
%#| � �|%|E� n �U ,|�

l
e3o|_|� +47,

Wkh �up fkrrvhv d sdwk ri % wr pd{lpl}h wkh suhvhqw glvfrxqwhg ydoxh ri
glylghqgv/ zklfk lv jlyhq e| wkh uljkw kdqg vlgh ri htxdwlrq +47, wdnlqj dv
jlyhq wkh sdwkv iru �|c U

,
|/ o dqg wkh lqlwldo vwrfn ri �qdqfldo dvvhwv @sf 1 Wkh

�uvw rughu frqglwlrq iru wklv sureohp lv jlyhq e|

#%#3�| ' �|E� n �U ,|�� +48,

Lqwxlwlyho|/ dw wkh rswlpxp wkh �up htxdwhv wkh pdujlqdo surgxfwlylw| ri
oderu wr wkh pdujlqdo frvw ri dq dgglwlrqdo xqlw ri oderu/ jlyhq e| wkh uhdo
zdjh/ �|/ soxv wkh fruuhvsrqglqj �qdqfldo frvw/ �|�U

,
|1

516 Edqnv

Wkh hfrqrp| lv dvvxphg wr kdyh d shuihfwo| frpshwlwlyh edqnlqj vhfwru1 Wkh
uhsuhvhqwdwlyh edqn dffhswv ghsrvlwv iurp frqvxphuv dqg ohqgv wr erwk �upv

43Zh vkrxog qrwh wkdw wkh fuhglw0lq0dgydqfh frqvwudlqw jlyhq e| htxdwlrq +45, krogv
dv dq htxdolw| rqo| dorqj sdwkv zkhuh wkh ohqglqj vsuhdg Lo lv vwulfwo| srvlwlyh1 Zh zloo
dvvxph wkdw li Lc @ 3/ wklv frqvwudlqw krogv zlwk htxdolw|1

44Zh vkrxog qrwh wkdw wkh fuhglw0lq0dgydqfh frqvwudlqw jlyhq e| htxdwlrq +45, krogv dv
dq htxdolw| rqo| dorqj sdwkv zkhuh wkh ohqglqj vsuhdg/ Lo/ lv vwulfwo| srvlwlyh1 Zh zloo
dvvxph +zlwkrxw orvv ri jhqhudolw|, wkdw/ li Lc @ 3/ wklv frqvwudlqw dovr krogv zlwk htxdolw|1
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+?, dqg wkh jryhuqphqw +5, lq wkh irup ri grphvwlf jryhuqphqw erqgv145 Wkh
edqn fkdujhv dq lqwhuhvw udwh ri �, wr �upv dqg hduqv �} rq wkh jryhuqphqw
erqgv1 Lw dovr krogv uhtxluhg fdvk uhvhuyhv/ 6 +kljk srzhuhg prqh|,1 Wkh
edqn sd|v ghsrvlwruv dq lqwhuhvw udwh ri �_1 Wkxv/ wkh edodqfh vkhhw lghqwlw|
ri wkh edqn lpsolhv wkdw 6| n ?| n 5| ' �|146

Wkh  rz frqvwudlqw idfhg e| wkh edqn lv wkhq jlyhq e|

lK
| ' U ,|?| n U_| �| n U}| 5| � �|6|� +49,

Qrwh wkdw vlqfh uhtxluhg uhvhuyhv duh qrq0lqwhuhvw ehdulqj/ wkh rssruwxqlw|
frvw ri kroglqj uhtxluhg uhvhuyhv iru edqnv lv wkh iruhjrqh qrplqdo lqwhuhvw
udwh �1 Vlploduo|/ wkh qhw uhvrxufh jdlq shu xqlw ri ohqglqj lv U , zkhq ohqglqj
wr �upv dqg U} ' �} � � zkhq ohqglqj wr wkh jryhuqphqw1 Wkh qhw uhvrxufh
jdlq shu xqlw ri ghsrvlwv lv wkh ghsrvlw vsuhdg U_E' � � �_�1 Odvwo|/ zh
dvvxph wkdw wkh fhqwudo edqn lpsrvhv d uhvhuyh0uhtxluhphqw udwlr B : f rq
wkh uhsuhvhqwdwlyh edqn1 Vlqfh uhtxluhg uhvhuyhv gr qrw hduq dq| lqwhuhvw/ dw
dq rswlpxp wkh edqn zloo qrw krog dq| h{fhvv uhvhuyhv1 Khqfh/ zh pxvw kdyh

6| ' B�|� +4:,

Htxdwlrq +4:, lpsolhv wkdw wkh uhsuhvhqwdwlyh frpphufldo edqn*v edodqfh
vkhhw lghqwlw| fdq eh zulwwhq dv

E�� B��| ' ?| n 5|� +4;,

Wkh uhsuhvhqwdwlyh edqn pd{lpl}hv sur�wv jlyhq e| htxdwlrq +49, e| fkrrvlqj
vhtxhqfhv ri ?|c 5|c �| dqg 6| vxemhfw wr htxdwlrqv +4:, dqg +4;, wdnlqj dv

45Frpphufldo edqn ohqglqj wr jryhuqphqwv lv sduwlfxodu frpprq lq ghyhorslqj frxq0
wulhv1 Jryhuqphqw ghew lv khog qrw rqo| dv frpsxovru| +dqg uhpxqhudwhg, uhvhuyh uh0
txluhphqwv exw dovr yroxqwdulo| gxh wr wkh odfn ri sur�wdeoh lqyhvwphqw rssruwxqlwlhv lq
fulvlv0surqh frxqwulhv1 Wklv skhqrphqrq zdv vr shuydvlyh lq vrph Odwlq Dphulfd frxqwulhv
gxulqj wkh 4<;3*v wkdw Urguljxh} +4<<4, dswo| uhihuv wr vxfk jryhuqphqwv dv �eruurzhuv
ri �uvw uhvruw�1 Iru hylghqfh/ vhh Urguljxh} +4<<4, dqg Guxfn dqg Jduledogl +5333,1

46Vlplodu uhvxowv zrxog jr wkurxjk li zh doorzhg edqnv wr krog iruhljq erqgv lq zruog
fdslwdo pdunhwv dv orqj dv edqnv idfh d frvw ri pdqdjlqj grphvwlf dvvhwv +dorqj wkh olqhv ri
Hgzdugv dqg Yìjk +4<<:, ru Exuqvlgh/ Hlfkhqedxp/ dqg Uhehor +4<<<,,1 Sxw gl�huhqwo|
� dqg dv lv zhoo0nqrzq � vrph iulfwlrq qhhgv wr h{lvw dw wkh edqnlqj ohyho iru edqnv wr sod|
d qrq0wulyldo uroh lq wkh fuhglw0wudqvplvvlrq phfkdqlvp1 Zh fkrvh wkh vshflidfwlrq zlwk qr
iruhljq eruurzlqj ehfdxvh lw lv dqdo|wlfdoo| vlpsohu1 Pruhryhu/ lw lv qrw d edg ghvfulswlrq
ri frpphufldo edqnlqj lq prvw ghyhorslqj frxqwulhv1
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jlyhq wkh sdwkv ri U ,c U_c U}| c B dqg �1 Wkh �uvw rughu frqglwlrqv iru wkh edqnv*
rswlpl}dwlrq sureohp lv +dvvxplqj dq lqwhulru vroxwlrq,

E�� B� U ,| n U_| ' B�|c +4<,

E�� B� U}| n U_| ' B�|� +53,

Frqglwlrqv +4<, dqg +53, vlpso| vd| wkdw/ dw dq rswlpxp/ wkh uhsuhvhqwdwlyh
edqn htxdwhv wkh pdujlqdo frvw ri ghsrvlwv +UKV, wr wkh pdujlqdo uhyhqxh
iurp dq h{wud xqlw ri ghsrvlwv +OKV,1 Wr vhh wklv/ qrwlfh wkdw wkh pdujlqdo
frvw ri dq h{wud xqlw ri ghsrvlwv lv wkh frvw ri kroglqj uhtxluhg uhvhuyhv/ B�1
Rq wkh rwkhu kdqg/ wkh pdujlqdo uhyhqxh iurp dq dgglwlrqdo xqlw ri ghsrvlwv
kdv wzr frpsrqhqwv1 Wkh �uvw/ jlyhq e| U_| / lv gxh wr wkh idfw wkdw eruurzlqj
iurp frqvxphuv lv fkhdshu iru edqnv +zkhqhyhu U_| : f, wkdq eruurzlqj lq
wkh rshq pdunhw1 Wkh vhfrqg/ jlyhq e| hlwkhu e| E�� B� U ,| ru E�� B� U}| /
fdswxuhv wkh idfw wkdw edqnv fdq ohqg d iudfwlrq �� B ri hdfk dgglwlrqdo xqlw
ri ghsrvlwv wr hlwkhu �upv ru wr wkh jryhuqphqw1

Lw lv hdv| wr vhh iurp htxdwlrqv +4<, dqg +53, wkdw zh pxvw kdyh

U}| ' U ,|� +54,

Wklv dovr lpsolhv wkdw �, ' �}/ l1h1/ wkh ohqglqj udwh wr �upv pxvw htxdo wkh
lqwhuhvw udwh rq jryhuqphqw erqgv1 Lqwxlwlyho|/ ordqv dqg jryhuqphqw erqgv
duh shuihfw vxevwlwxwhv lq wkh edqn*v dvvhw sruwirolr1 Vlqfh wkh edqn fdq jhw
�} e| ohqglqj wr wkh jryhuqphqw/ lw pxvw uhfhlyh dw ohdvw dv pxfk iurp �upv
lq rughu wr h{whqg ordqv wr wkhp1 Khqfh/ lq dq lqwhulru htxloleulxp +wkh
rqo| rqhv zh zloo frqvlghu, dq| fkdqjh lq wkh grphvwlf lqwhuhvw udwh �} zloo
dxwrpdwlfdoo| wudqvodwh lqwr d ulvh lq wkh ordq udwh �,1

Iurp htxdwlrq +53,/ lw lv dovr hdv| wr vhh wkdw wkh ghsrvlw vsuhdg/ U_/ lv
jlyhq e|

U_| ' �| � E�� B��}| 1 +55,

Vlqfh U_ ' �� �_/ lw iroorzv lpphgldwho| wkdw zh pxvw kdyh �_| ' E�� B��}| iru
doo |1 Wkxv/ fhwhulv sdulexv/ d ulvh lq wkh grphvwlf lqwhuhvw udwh �} pxvw uhvxow
lq d kljkhu ghsrvlw udwh iru frqvxphuv dqg/ khqfh/ dq lqfuhdvh lq ghpdqg
ghsrvlwv1

Odvwo|/ zh zloo uhvwulfw dwwhqwlrq wr sdudphwhu udqjhv iru zklfk U_ dqg
U , duh qrq0qhjdwlyh1 Wkxv/ zh zloo frq�qh dwwhqwlrq wr hqylurqphqwv zkhuh
�_ � � � �}1 Wklv uhvwulfwlrq lv qhhghg wr hqvxuh d ghwhuplqdwh ghpdqg iru
erwk ordqv dqg ghpdqg ghsrvlwv1 Qrwh wkdw wklv dprxqwv wr uhvwulfwlqj wkh
uhohydqw lqwhuhvw udwhv wr eh lq wkh udqjh f � �} � � � B�}1
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517 Jryhuqphqw

Wkh jryhuqphqw frpsulvhv wkh prqhwdu| dqg wkh �vfdo dxwkrulw|1 Iru vlp0
solflw|/ lw zloo eh dvvxphg wkdw wkh prqhwdu| dxwkrulw| lvvxhv erwk kljk srz0
huhg prqh|/ 6c dqg grphvwlf erqgv/ 51 Wkh prqhwdu| dxwkrulw| dovr sd|v
lqwhuhvw rq wkhvh erqgv �}/ krogv lqwhuhvw0ehdulqj iruhljq h{fkdqjh uhvhuyhv/
-/ dqg vhwv wkh uhvhuyh uhtxluhphqw udwlr/ B1 Wkh �vfdo dxwkrulw| dovr pdnhv
oxps0vxp wudqvihuv/ � c wr wkh sxeolf1 Wkh frqvrolgdwhg jryhuqphqw*v  rz
exgjhw frqvwudlqw lv wkxv jlyhq e|

�-| ' o-| n �6| n �5| n 0|6| n E0| � �}| �5| � � |� +56,

Qrwh wkdw wkh lq dwlrq wd{ lv jlyhq e| 0|6| lq wkh fdvh ri kljk srzhuhg prqh|
+zklfk lv rqo| khog e| edqnv lq wklv hfrqrp|, dqg E0| � �}| �5| lq wkh fdvh ri
grphvwlf erqgv1

Lqwhjudwlqj iruzdug +56, dqg lpsrvlqj wkh wudqvyhuvdolw| frqglwlrq *�4
|<"

-|e
3o| ' f |lhogv wkh jryhuqphqw*v lqwhuwhpsrudo exgjhw frqvwudlqw=

] "

f
� |e

3o|

_| ' -fn
] "

f
d �6| n �5| n 0|6| n E0| � �}| �5|o e

3o|_|n7E6An5A �e
3oA c

+57,
zkhuh wkh odvw whup rq wkh uljkw0kdqg vlgh +UKV, doorzv iru wkh srvvlelolw|
ri d glvfuhwh fkdqjh lq uhdo oldelolwlhv dw vrph wlph | ' A 147 Zh dovr dvvxph
wkdw -f : f1

Ohw _ ghqrwh wkh vwrfn ri uhdo grphvwlf fuhglw1 Vlqfh wkh prqhwdu|
dxwkrulw| lvvxhv lqwhuhvwlqj ehdulqj ghew/ lwv qhw grphvwlf fuhglw/ _?/ lv jlyhq
e| _� 51 Zh dvvxph wkdw wkh jryhuqphqw*v grphvwlf fuhglw srolf| frqvlvwv
ri vhwwlqj d udwh ri jurzwk iru qhw grphvwlf fuhglw=

�(?
|

(?
|

' >|c +58,

zkhuh (? ghqrwhv qhw qrplqdo grphvwlf fuhglw1 Ohw . ghqrwh wkh qrplqdo
h{fkdqjh udwh/ wkdw lv/ wkh sulfh ri iruhljq fxuuhqf| lq whupv ri grphvwlf
fxuuhqf|1 Iurp wkh fhqwudo edqn*v edodqfh vkhhw/ �-| ' �6| n �5| � �_|/ zkhuh

47Wkurxjkrxw wkh sdshu/ zh ghqrwh d glvfuhwh fkdqjh lq/ vd|/ yduldeoh { dv �{W �
{W � {W� 1 Ri frxuvh/ li uhdo oldelolwlhv zhuh wr mxps dw rwkhu wlphv dv zhoo/ wklv vkrxog
dovr eh dffrxqwhg iru1
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_? ' (?*.1 Ixuwkhu/ qrwh wkdw �_?| ' E>| � 0|�_
?
| � Xvlqj wkhvh wzr idfwv/

htxdwlrq +56, |lhogv wkh sdwk ri jryhuqphqw wudqvihuv=

� | ' o-| n E>| � 0|�_
?
| n 0|6| n E0| � �}| �5| n �5|� +59,

Zh vkrxog qrwh wkdw hyhu| vshfl�fdwlrq ri wkh grphvwlf fuhglw srolf| zloo/ lq
wxuq/ lpso| d vshfl�f wudqvihu srolf| iru wkh jryhuqphqw1 Wkh wzr fdqqrw eh
fkrvhq lqghshqghqw ri hdfk rwkhu1

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 dxwkrulw| pryhv �uvw � e| vhwwlqj dq h{rjhqrxv sdwk ri wudqvihuv
� dqg wkh prqhwdu| dxwkrulw| dffrpprgdwhv wklv srolf| e| ohwwlqj wkh udwh
ri grphvwlf fuhglw jurzwk dgmxvw1 Rswlrq +ll, lpsolhv wkdw �vfdo vshqglqj
fdqqrw eh dgmxvwhg1 Lq vxfk d fdvh/ kljkhu lqwhuhvw udwhv rq grphvwlf erqgv
kdyh wr eh �qdqfhg zlwk wkh lq dwlrq wd{ +rqfh uhvhuyhv jr wr }hur,1 Wklv lv
wkh �vfdo frvw ri dq dfwlyh lqwhuhvw udwh ghihqvh/ zklfk lv wkh irfxv ri Odklul
dqg Yìjk +5333,1 Lq wklv sdshu/ zh zdqw lqvwhdg wr dqdo|}h wkh wudgh0r�
ehwzhhq wkh prqh| ghpdqg h�hfw dqg wkh rxwsxw h�hfw1 Wr wklv hqg/ zh zloo
vkxw grzq wkh �vfdo fkdqqho e| dvvxplqj wkdw wkh prqhwdu| dxwkrulw| pryhv
�uvw dqg �{hv wkh udwh ri jurzwk ri qhw grphvwlf fuhglw dw d frqvwdqw udwh >1

518 Uhvrxufh frqvwudlqw

E| frpelqlqj wkh  rz frqvwudlqwv iru wkh frqvxphu/ wkh �up/ wkh edqn/ dqg
wkh jryhuqphqw +htxdwlrqv +6,/ +46,/ +49, dqg +56,, dqg xvlqj htxdwlrqv +44,/
+45,/ dqg +4:,/ zh jhw wkh hfrqrp|*v  rz uhvrxufh frqvwudlqw=

�&| ' o&| n +| � S| � �ES|c �|�c +5:,

zkhuh & ' K n Ks n -1 Qrwh wkdw wkh UKV ri htxdwlrq +5:, lv vlpso| wkh
fxuuhqw dffrxqw1 Lqwhjudwlqj iruzdug vxemhfw wr wkh Qr0Srq}l jdph |lhogv

&f n
] "

f
d+| � S| � �ES|c �|�oe

3o|_| ' f� +5;,

519 H{fkdqjh udwh dqg lqwhuhvw udwh srolf|

Dv lq vwdqgdug �uvw0jhqhudwlrq fxuuhqf| fulvlv prghov/ zh dvvxph wkdw dw
| ' f wkh h{fkdqjh udwh lv �{hg dw wkh ohyho 7.1 Lq dgglwlrq/ lw lv dvvxphg wkdw
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wkhuh lv d fulwlfdo orzhu erxqg iru lqwhuqdwlrqdo uhvhuyhv +vd|/ -| ' f,1 Lw lv
nqrzq e| doo djhqwv dw | ' f wkdw/ li dqg zkhq wkdw fulwlfdo ohyho ri uhvhuyhv lv
uhdfkhg/ wkh fhqwudo edqn fhdvhv wr lqwhuyhqh lq wkh iruhljq h{fkdqjh pdunhw
dqg doorzv wkh h{fkdqjh udwh wr  rdw iuhho|1 Dv d pdwwhu ri whuplqrorj|/ zh
zloo uhihu wr wkh vzlwfk iurp wkh �{hg h{fkdqjh udwh wr wkh  rdwlqj udwh dv
d �fulvlv�1 Dv zloo ehfrph fohdu ehorz/ lq rxu d vhw0xs d fulvlv pd| ru pd|
qrw eh dffrpsdqlhg e| d glvfuhwh orvv lq lqwhuqdwlrqdo uhvhuyhv1 +Ri frxuvh/
lq wkh w|slfdo Nuxjpdq prgho/ d fulvlv lv dozd|v dffrpsdqlhg e| d glvfuhwh
orvv lq uhvhuyhv1,

Wkh nh| ihdwxuh ri rxu prgho lv wkdw/ lq dgglwlrq wr �{lqj wkh h{fkdqjh
udwh/ wkh fhqwudo edqn fdq dovr vhw wkh sdwk iru wkh lqwhuhvw udwh rq wkh
grphvwlf erqg/ �} +uhihuuhg wr dv wkh �grphvwlf� lqwhuhvw udwh, Lpsruwdqwo|/
vhwwlqj �} lpsolhv wkdw wkh fhqwudo edqn ohwv wkh frpsrvlwlrq ri lwv oldelolwlhv
+qrq0lqwhuhvw ehdulqj prqhwdu| edvh dqg lqwhuhvw ehdulqj grphvwlf erqgv,
eh pdunhw ghwhuplqhg1 +Dowhuqdwlyho|/ ri frxuvh/ wkh fhqwudo edqn frxog vhw
wkh frpsrvlwlrq ri lwv oldelolwlhv dqg ohw �} eh pdunhw ghwhuplqhg1, Iru
dqdo|wlfdo frqyhqlhqfh/ zh zloo wklqn ri U} dv wkh srolf| lqvwuxphqw +uhfdoo
wkdw/ e| gh�qlwlrq/ U} ' �} � �,1 Jlyhq �/ wkh fhqwudo edqn fdq dozd|v vhw
dq �} wr lpsohphqw wkh ghvluhg ydoxh ri U}1 Vhwwlqj U} edvlfdoo| dprxqwv
wr vhwwlqj wkh lqwhuhvw udwh gl�huhqwldo ehwzhhq jryhuqphqw erqgv dqg wkh
pdunhw lqwhuhvw udwh148

D xvhixo zd| ri wklqnlqj derxw lqwhuhvw udwh srolf| lq wklv prgho lv wr
ghulyh dq lqwhuhvw sdulw| frqglwlrq ehwzhhq wkh grphvwlf lqwhuhvw udwh +�}, dqg
wkh pdunhw lqwhuhvw udwh +�,149 Uhfdoo wkdw/ iurp htxdwlrq +55,/ E��B��} ' �_1
Xvlqj +:,/ lw wkhq iroorzv wkdw=

�}| '
�|

�� B
� ���E�|�

�� B
� +5<,

Wklv frqglwlrq vd|v wkdw/ lq htxloleulxp/ wkh grphvwlf lqwhuhvw udwh pxvw
htxdo wkh pdunhw lqwhuhvw udwh +dgmxvwhg e| uhvhuyh uhtxluhphqwv, plqxv d
oltxlglw| suhplxp +jlyhq e| 3��E�|�

�3B
: f,1 Dv h{shfwhg/ wkh oltxlglw| suh0

48Zlwk qr orvv ri jhqhudolw|/ zh zloo uhvwulfw dwwhqwlrq wr slhfh0zlvh  dw sdwkv ri Ljw 1
49Wklv lqwhusuhwdwlrq lv lq wkh vslulw ri sruwirolr prghov lq wklv duhd +vhh Iorrg/ Jduehu/

dqg Nudphu +4<<9,, zklfk hpskdvl}h wkh qrwlrq wkdw lpshuihfw dvvhw vxevwlwxwdelolw| lv
qhhghg iru wkh prqhwdu| dxwkrulw| wr eh deoh wr lq xhqfh grphvwlf lqwhuhvw udwhv1 Lq vxfk
d frqwh{w/ Iorrg/ Jduehu/ dqg Nudphu +4<<9, vwxg| wkh prqhwdu|*v dxwkrulw| delolw| wr
vwhulol}h wkh idoo lq prqh| vxsso| dw wkh wlph ri wkh fulvlv1 Iru d uhodwhg dqdo|vlv/ vhh
Nxpkri +4<<;,1
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plxp lv d ghfuhdvlqj ixqfwlrq ri wkh vwrfn ri ghpdqg ghsrvlwv +uhfdoo wkdw
��� : f,1 Lq rwkhu zrugv/ zkdw hqdeohv wkh jryhuqphqw wr vhw d grphvwlf
lqwhuhvw udwh zklfk gl�huv iurp wkh +dgmxvwhg, pdunhw lqwhuhvw udwh lv wkdw
vhwwlqj wkh grphvwlf lqwhuhvw udwh h�hfwlyho| dprxqwv wr vhwwlqj wkh lqwhuhvw
udwh rq ghpdqg ghsrvlwv +l1h1/ sd|lqj lqwhuhvw rq prqh|,1 Vlqfh ghpdqg
ghsrvlwv surylgh oltxlglw|/ wkh uhwxuq uhtxluhg e| krxvhkrogv wr krog wkhp
zloo eh ehorz wkh pdunhw lqwhuhvw udwh1 Khqfh/ d kljkhu grphvwlf udwh zloo
eh dvvrfldwhg zlwk d orzhu oltxlglw| suhplxp +l1h1/ d kljkhu ohyho ri ghpdqg
ghsrvlwv,1 Li ghpdqg ghsrvlwv r�huhg qr oltxlglw| vhuylfhv +l1h1/ �� ' f,/
wkhq wkh grphvwlf lqwhuhvw udwh frxog qrw gl�hu iurp wkh dgmxvwhg pdunhw
lqwhuhvw udwh1

Dv zloo ehfrph fohdu ehorz/ d kljkhu udwh rq grphvwlf erqgv sdlg e|
wkh fhqwudo edqn zloo kdyh wzr h�hfwv1 Iluvw/ vlqfh jryhuqphqw erqgv dqg
edqn fuhglw wr �upv duh shuihfw vxevwlwxwhv lq wkh edqnv* sruwirolr/ d kljkhu
lqwhuhvw udwh rq jryhuqphqw erqgv zloo ohdg wr d sdul sdvvx lqfuhdvh lq wkh
ohqglqj udwh1 Wklv zloo fxuwdlo edqn fuhglw dqg/ doo hovh htxdo/ suryrnh dq
rxwsxw frqwudfwlrq1 Wklv h�hfw zloo eh uhihuuhg wr dv wkh rxwsxw h�hfw ri
lqwhuhvw udwh srolf|1 Vhfrqg/ wkh kljkhu lqwhuhvw udwh rq jryhuqphqw erqgv
zloo lqgxfh edqnv wr dovr sd| d kljkhu udwh rq edqn ghsrvlwv +uhfdoo +55,,1
Wklv kljkhu udwh rq ghsrvlwv uhgxfhv wkh rssruwxqlw| frvw ri kroglqj edqn
ghsrvlwv dqg wkxv lqfuhdvh ghpdqg iru edqn ghsrvlwv1 E| udlvlqj prqh|
ghpdqg/ dqg doo hovh htxdo/ wklv h�hfw zloo whqg wr ghod| d ERS fulvlv1 Zh
zloo uhihu wr wklv dv wkh prqh| ghpdqg h�hfw1

6 Edodqfh ri sd|phqwv fulvlv
Wklv vhfwlrq wudfhv rxw wkh g|qdplfv ohdglqj wr d ERS fulvlv dqg wkh pdfurh0
frqrplf h�hfwv dw wkh wlph ri wkh fulvlv iru wkh fdvh lq zklfk wkhuh lv qr dw0
whpsw rq wkh sduw ri wkh prqhwdu| dxwkrulw| wr hqjdjh lq dq dfwlyh lqwhuhvw
udwh ghihqvh1 Iru dqdo|wlfdo frqyhqlhqfh/ zh zloo dvvxph wkdw # ' �/ zklfk
pdnhv wkh surgxfwlrq ixqfwlrq olqhdu lq oderu1 Iru # ' �/ wkh �up*v rswl0
pdolw| frqglwlrq +htxdwlrq +48,, lpsolhv wkdw/ lq htxloleulxp/ wkh uhdo zdjh
lv jlyhq e|

�| '
�

� n �U ,|
1 +63,

Htxdwlrq +63, vkrzv wkdw d kljkhu U , pdnhv edqn fuhglw pruh h{shqvlyh iru
�upv zklfk lqfuhdvhv surgxfwlrq frvwv dqg/ khqfh/ uhgxfhv �upv* ghpdqg iru
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oderu/ zklfk orzhuv wkh uhdo zdjh1 Zh fdq frpelqh htxdwlrqv +9, dqg +63,
wr jhw

Dl%D3�| '
�

� n �U ,|
/ +64,

zklfk vkrzv wkdw dw dq rswlpxp/ d kljkhu ohqglqj vsuhdg pxvw uhgxfh hp0
sor|phqw/ %1 Htxdwlrq +63, lpsolhv wkdw htxloleulxp hpsor|phqw lv jlyhq
e|

%| '

#
�

Dl

$ �

D3�
#

�

� n �U ,A

$ �

D3�

1 +65,

Lw lv dovr xvhixo wr qrwh wkdw wkh htxloleulxp dprxqw ri ordqv lq wklv hfrqrp|
lv jlyhq e| +dv iroorzv iurp +63, dqg +64, dqg wkh idfw wkdw ? ' ��%,

?| ' �

#
�

Dl

$ �

D3�
#

�

� n �U ,|

$ D
D3�

1 +66,

Wkh fuxfldo ihdwxuh wr qrwh iurp htxdwlrqv +64, dqg +66, lv wkdw d ulvh
lq wkh ohqglqj vsuhdg lqgxfhv d idoo lq rxwsxw dqg lq edqn fuhglw1 Khqfh/
d uhfhvvlrq lq wklv hfrqrp| lv fkdudfwhul}hg e| d ulvh lq wkh ohqglqj vsuhdg
zklfk/ lq wxuq/ lv olqnhg rqh0iru0rqh zlwk wkh grphvwlf lqwhuhvw udwh �}1

Dv lv zhoo nqrzq iurp Nuxjpdq +4<:<, dqg Iorrg dqg Jduehu +4<;7,/
wkh dvvxpswlrq wkdw wkh fhqwudo edqn h{sdqgv qrplqdo grphvwlf fuhglw dw wkh
vdph wlph wkdw lw �{hv wkh qrplqdo h{fkdqjh udwh lpsolhv wkdw d edodqfh ri
sd|phqwv +ERS, fulvlv lv lqhylwdeoh lq wklv hfrqrp|1 Wr vhh wklv/ qrwh wkdw d
�{hg h{fkdqjh udwh lpsolhv wkdw wkh qrplqdo lqwhuhvw udwh lv �{hg dqg jlyhq
e| �| ' o1 Ixuwkhu/ e| dvvxpswlrq/ wkh sdwk ri �} lv  dw1 Vlqfh wkhuh lv
qr lqwulqvlf vrxufh ri g|qdplfv lq wklv hfrqrp|/ U , dqg U} pxvw dovr uhpdlq
frqvwdqw ryhu wlph1 Htxdwlrqv +:, dqg +53, lpso| wkdw wkh frqvxphu ghpdqg
iru ghsrvlwv/ �/ dqg wkh frpphufldo edqn ghpdqg iru erqgv/ 5/ pxvw erwk
uhpdlq �{hg dv orqj dv U_ dqg U} uhpdlq �{hg1

Iurp wkh fhqwudo edqn edodqfh vkhhw/ lw iroorzv wkdw �-| ' �6| � �_?| 1 Wkh
�{hg h{fkdqjh udwh frpelqhg zlwk wkh grphvwlf fuhglw srolf| jlyhq e| +58,
lpsolhv wkdw �-| ' �6|�>_?| 1 Vlqfh wkh ghpdqg iru edqn ghsrvlwv +dqg khqfh
wkh ghulyhg ghpdqg iru fdvk rq wkh sduw ri wkh edqnv, lv frqvwdqw dorqj vxfk
d sdwk/ lqwhuqdwlrqdo uhvhuyhv pxvw hyroyh dffruglqj wr

�-| ' �>_?fe>|1 +67,

Htxdwlrq +67, vkrzv wkdw dorqj sdwkv zlwk d �{hg h{fkdqjh udwh dqg
h{sdqglqj qhw grphvwlf fuhglw +l1h1/ > : f,/ lqwhuqdwlrqdo uhvhuyhv dw wkh
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fhqwudo edqn zloo eh idoolqj dw dq lqfuhdvlqj udwh1 Vlqfh wkh orzhu erxqg iru
lqwhuqdwlrqdo 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 A 1 Sulydwh djhqwv h{shfw wkh fhqwudo edqn
wr doorz wkh h{fkdqjh udwh wr  rdw iurp wlph A rqzdug/ zkloh ohdylqj lwv
grphvwlf fuhglw srolf| xqfkdqjhg1 Khqfh wkh| h{shfw wkdw dw wlph A 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|

0| '

+
fc f � | 	 Ac
>c | � A�

+68,

Jlyhq +68,/ wkh sdwk ri wkh qrplqdo lqwhuhvw udwh lv nqrzq wr eh jlyhq e|

�| '

+
oc f � | 	 Ac
o n >c | � A�

+69,

Lq dgglwlrq/ wkh lpsolhg sdwkv iru wkh ohqglqj vsuhdg dqg wkh ghsrvlw vsuhdg
duh jlyhq e|

U ,| ' U}| '

+
U}f f � | 	 Ac
U}A | � A�

+6:,

U_| '

+
Bo � E�� B�U}f c f � | 	 Ac
B�A � E�� B�U}A c | � A�

+6;,

Wr wlh grzq wkh wlph ri wkh fulvlv lw lv xvhixo wr qrwh wkdw wkh sdwk iru
wkh qrplqdo h{fkdqjh udwh pxvw eh frqwlqxrxv/ l1h1/ . fdqqrw mxps dw A 1
Pruhryhu/ wkh fhqwudo edqn edodqfh vkhhw glfwdwhv wkdw dvvhwv pxvw htxdo
oldelolwlhv dw doo wlphv1 Vlqfh uhvhuyhv pxvw jr wr }hur dw A / fhqwudo edqn
dvvhwv dw wkdw wlph pxvw htxdo _?A 1 Vlqfh wrwdo fhqwudo edqn oldelolwlhv dw
wlph A duh jlyhq e| B�A dqg iurp wkh frpphufldo edqn*v edodqfh vkhhw zh
nqrz wkdw B� n 5 n ? ' �/ wkh fhqwudo edqn edodqfh vkhhw lghqwlw| dw A
glfwdwhv wkdw zh pxvw kdyh

B�A '
(?

f e
>A

7.
c +6<,

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/ %> ehlqj htxdo wr wkh udwh ri prqhwdu|
h{sdqvlrq/ �1
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Htxdwlrq +6<, lpsolflwo| gh�qhv wkh wlph ri froodsvh A 1
Lq zkdw iroorzv/ zh ghqrwh doo suh0froodsvh yduldeohv e| wkh vxevfulsw f

dqg srvw0froodsvh yduldeohv e| wkh vxevfulsw A� Ohwwlqj A3 ghqrwh wkh lqvwdqw
ehiruh wkh uxq/ wkh glvfuhwh fkdqjh lq fhqwudo edqn oldelolwlhv dw wkh prphqw
ri wkh fulvlv A lv jlyhq e|

{6A � B�A3 � B�A c +73,

zklfk fruuhvsrqgv wr wkh orvv lq lqwhuqdwlrqdo uhvhuyhv vlqfh {-A ' {6A �
4;

Ri frxuvh/ iru lqwhuqdo frqvlvwhqf| zh qhhg wr vkrz wkdw d ulvh lq wkh qrplqdo
lqwhuhvw udwh wkdw dffrpsdqlhv d froodsvh ri wkh �{hg h{fkdqjh udwh uhjlph
pxvw ohdg wr d idoo lq wkh ghpdqg iru 6 +ru/ dw ohdvw/ qrw ohdg wr d ulvh lq 6,
dorqj d shuihfw iruhvljkw htxloleulxp sdwk1 Wklv lv rqh ri wkh lvvxhv wkdw zh
dqdo|}h qh{w1

Sdvvlyh lqwhuhvw udwh srolf|= Wkh Nuxjpdq fdvh Zh kdyh vhw xs rxu
prgho vr wkdw lw uhgxfhv wr d vwdqgdug Nuxjpdq prgho +zlwk dq hqgrjhqrxv
oderu vxsso|, iru wkh fdvh wkdw srolf|pdnhuv vhw wkh grphvwlf lqwhuhvw udwh
+�}, htxdo wr wkh pdunhw lqwhuhvw udwh +�,/ lq zklfk fdvh U}f ' U}A ' f1 Lq wklv
fdvh/ wkh edqnlqj vhfwru sod|v qr uroh dqg wkh prgho gholyhuv wkh vwdqgdug
uhvxowv wkdw zrxog dulvh lq d prgho zlwk qr edqnv dqg d vwdqgdug oderu0
ohlvxuh fkrlfh1 Zh uhihu wr wklv fdvh dv wkh �sdvvlyh lqwhuhvw udwh srolf|�
fdvh vlqfh srolf|pdnhuv fkrrvh qrw wr xvh wkhlu delolw| wr hqjdjh lq dq dfwlyh
lqwhuhvw udwh ghihqvh +zklfk zrxog uhtxluh vhwwlqj wkh grphvwlf lqwhuhvw udwh/
�}/ deryh wkh pdunhw udwh/ �,1 Qrwlfh wkdw U}f ' U}A ' f lpsolhv/ e| +54,/ wkdw
U�f ' U�A ' f vr wkdw �upv gr qrw idfh d suhplxp iru kdylqj wr uhvruw wr edqn
fuhglw1

Wkh iroorzlqj sursrvlwlrq vxppdul}hv wkh uhvxowv iru wklv Nuxjpdq fdvh=

Sursrvlwlrq 4 Ohw U}f ' U}A ' f1 Wkhq/ dw wkh wlph ri wkh fulvlv +A ,/ wkh
ghsrvlw vsuhdg U_ ulvhv/ exw frqvxpswlrq dqg rxwsxw uhpdlq xqfkdqjhg1

Surri1 Iurp +54,/ lw iroorzv wkdw U�f ' U�A ' f1 Khqfh/ iurp htxdwlrqv
+64, dqg +66,/ qhlwkhu ? qru % fkdqjh dw A 1 Wkh idfw wkdw U_ pxvw ulvh dw
A iroorzv gluhfwo| iurp htxdwlrq +6;,1 Vlqfh U_ ulvhv/ htxdwlrq +;, lpsolhv

4;Qrwh wkdw iurp wlph W rqzdug/ uhdo qhw grphvwlf fuhglw uhpdlqv frqvwdqw vlqfh Gqdqg
H erwk ulvh dw wkh frpprq udwh �1

4;



wkdw � idoov dw A 1 Vlqfh ? uhpdlqv xqfkdqjhg zkloh � idoov/ wkh edqn edodqfh
vkhhw lghqwlw| lpphgldwho| lpsolhv wkdw 5 pxvw idoo dv zhoo1

Wr vhh wkdw frqvxpswlrq pxvw uhpdlq xqfkdqjhg dw A / qrwh wkdw htxdwlrq
+8, lpsolhv wkdw

ESf � l%Df�
3�*j ' ESA � l%DA �

3�*j c

vlqfh dorqj d shuihfw iruhvljkw sdwk wkh pxowlsolhu b uhpdlqv xqfkdqjhg1
Khqfh/ Sf � SA ' l E%Df � %DA �1 Vlqfh %f ' %A / lw iroorzv lpphgldwho| wkdw
Sf ' SA 1

Sursrvlwlrq 4 vkrzv wkdw dw wkh wlph ri wkh fulvlv wkhuh lv d uxq rxw ri
ghsrvlwv +dqg/ khqfh/ rxw ri prqhwdu| edvh/ dv edqnv krog fdvk uhvhuyhv
djdlqvw ghsrvlwv,1 Wkh ulvh lq wkh ghsrvlw vsuhdg/ U_/ dw wkh wlph ri wkh fulvlv
uhgxfhv wkh ghpdqg iru ghsrvlwv1 Wkh idoo lq ghsrvlwv uhgxfhv wkh ordqdeoh
ixqgv dydlodeoh wr wkh edqnv1 Vlqfh wkh ohqglqj vsuhdg/ U ,/ lv xqfkdqjhg/
wkh ghpdqg iru ordqv e| �upv uhpdlqv xqfkdqjhg dv zhoo1 Jlyhq wkdw
grphvwlf erqgv dqg ordqv wr �upv duh shuihfw vxevwlwxwhv lq wkh frpphufldo
edqnv* dvvhw sruwirolr/ wkh edqnv dgmxvw wr wkh orzhu vxsso| ri ordqdeoh ixqgv
e| uhgxflqj wkhlu kroglqjv ri grphvwlf erqgv zkloh nhhslqj sulydwh ohqglqj
xqfkdqjhg1 Lq whupv ri Iljxuh 5/ wkh fulvlv wdnhv sodfh dw wlph A &/ zkhuh
wkh vxshuvfulsw & vwdqgv iru wkh Nuxjpdq fdvh +l1h1/ sdvvlyh lqwhuhvw udwh
srolf|,1 Qrwlfh/ ri frxuvh/ wkdw wkhvh duh wkh vdph uhvxowv wkdw zrxog rewdlq
li wkhuh zhuh qr edqnlqj v|vwhp lq wkh prgho dqg krxvhkrogv khog gluhfwo|
wkh prqhwdu| edvh1

Zh vkrxog dovr qrwh wkdw wkh uhvxow wkdw rxwsxw dqg frqvxpswlrq uhpdlq
xqfkdqjhg dw wkh wlph ri wkh fulvlv xqghu d sdvvlyh lqwhuhvw udwh srolf| lv
d gluhfw uhvxow ri rxu dvvxpswlrq wkdw wkh wudqvdfwlrqv whfkqrorj| lv lqgh0
shqghqw ri frqvxpswlrq1 Dv vkrzq lq dsshqgl{ E +Sursrvlwlrq 9,/ li wkh
wudqvdfwlrqv whfkqrorj| zhuh qrq0vhsdudeoh ehwzhhq frqvxpswlrq dqg gh0
srvlwv wkhq wkh rssruwxqlw| frvw ri frqvxpswlrq zrxog dovr uh hfw wkh frvw
ri kroglqj ghsrvlwv/ U_1 Lq wkdw hyhqw d ulvh lq U_ zrxog fkdqjh wkh rswlpdo
frqvxpswlrq0ohlvxuh doorfdwlrq dw A 1 Lq sduwlfxodu/ dw wkh wlph ri wkh fulvlv
wkhuh zrxog eh d qhjdwlyh oderu vxsso| h�hfw zklfk zrxog uhgxfh rxwsxw
dqg fuhdwh d uhfhvvlrq1 Wklv dsshqgl{ dovr vkrzv wkdw rxu pdlq uhvxowv jr
wkurxjk lq wkh qrq0vhsdudeoh fdvh dv zhoo14<

4<Wkh oderu vxsso| h�hfw ri fkdqjhv lq wkh glvwruwlrq ri wkh frqvxpswlrq0ohlvxuh doorfd0
wlrq lv glvfxvvhg lq ghwdlo lq Odklul +4<<9,1
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7 Ghod|lqj wkh fulvlv dw wkh frvw ri dq rxwsxw
frqwudfwlrq

Zh qrz wxuq wr wkh fhqwudo irfxv ri wkh sdshu> qdpho|/ wkh h�hfwv ri dq dfwlyh
lqwhuhvw udwh ghihqvh ri wkh shj1 Lq wklv vhw0xs/ wkh prqhwdu| dxwkrulw|
fdq vhw d slhfh0zlvh  dw sdwk iru U}| +l1h1/ lw vhwv erwk U}f dqg U}A / exw qrw
qhfhvvdulo| dw wkh vdph ohyho,1 Wkh qh{w vhfwlrq zloo irfxv rq ghwhuplqlqj
wkh rswlpdo sdwk ri U}| 1 Wr vhw wkh vwdjh/ wklv vhfwlrq h{dplqhv wkh pdlq
wudgh0r�v lqyroyhg1 Lq sduwlfxodu/ zh zloo irfxv rq zkhwkhu wkh prqhwdu|
dxwkrulw| fdq ghod| dq lpshqglqj ERS fulvlv e| dfwlyho| ghihqglqj wkh shj
zlwk kljk grphvwlf lqwhuhvw udwhv dqg/ li vr/ dw zkdw frvw lq whupv ri rxwsxw1
Zh frqvlghu wzr lqwhuhvw udwh srolflhv1 Wkh �uvw srolf| � uhihuuhg wr dv d
frqwhpsrudqhrxv lqwhuhvw udwh ghihqvh � hqwdlov vhwwlqj d srvlwlyh U}A +zkloh
nhhslqj U}f htxdo wr }hur,1 Lq wklv fdvh/ grphvwlf lqwhuhvw udwhv duh udlvhg
dw wkh wlph ri wkh fulvlv +dowkrxjk wkh srolf| lv dqqrxqfhg dw wlph f,1 Wkh
vhfrqg srolf| � uhihuuhg wr dv d suhhpswlyh lqwhuhvw udwh ghihqvh � lqyroyhv
udlvlqj U}f +iru U

}
A ' f,1 Lq wklv fdvh/ grphvwlf lqwhuhvw udwhv duh udlvhg ehiruh

wkh fulvlv wdnhv sodfh153

714 Frqwhpsrudqhrxv lqwhuhvw udwh ghihqvh

Vxssrvh wkdw/ dw | ' f/ srolf|pdnhuv dqqrxqfh wkh iroorzlqj sdwk iru U}| =

U}| '

+
fc f � | 	 Ac
f 	 7U}A � U}WA c | � Ac

+74,

zkhuh U}WA ghqrwhv wkh ydoxh ri U}A iru zklfk U_A ' U_f 1
54

Wkh lghd ehklqg wklv srolf| lv wkdw e| phuho| dqqrxqflqj dw wlph f wkdw
grphvwlf lqwhuhvw udwhv zloo eh udlvhg zkhq pdunhw lqwhuhvw udwh lqfuhdvh/ wkh
uhvxowlqj kljkhu ixwxuh ghpdqg iru grphvwlf �qdqfldo dvvhwv zloo srvwsrqh
wkh fulvlv +uhodwlyh wr wkh Nuxjpdq fdvh,155 Wkh iroorzlqj sursrvlwlrq vkrzv
wkdw wklv srolf| remhfwlyh lv lqghhg dfklhyhg/ exw dw wkh frvw ri dq rxwsxw
idoo=

53Reylrxvo|/ srolf|pdnhuv fdq vhw dq| sdwk ri Ljw dqg qrw qhfhvvdulo| rqh wkdw lqyroyhv
vhwwlqj hlwkhu Lj

3
ru LjW wr }hur1 Exw h{dplqlqj wkh wzr fdvhv mxvw phqwlrqhg lv doo wkdw lv

qhhghg wr frqyh| wkh edvlf phvvdjh1
54Lq rwkhu zrugv/ iurp +6;,/ Lj�W lv wkh ydoxh ri LjW wkdw vdwlv�hv �lW � +4� �,Lj�W @ �u1
55Lj�W ghqrwhv wkh ydoxh iru LjW iru zklfk LgW ehfrphv htxdo wr Lg

3
> wkdw lv/ iurp +6;,/ Lj�W

vdwlv�hg �lW � +4� �,Lj�W @ �u1
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Sursrvlwlrq 5 Ohw wkh sdwk ri U}| eh jlyhq e| +74,1 Wkhq/ wkh fulvlv rffxuv
odwhu wkdq lq wkh Nuxjpdq fdvh dqg lv dffrpsdqlhg e| d idoo lq rxwsxw1 Ixu0
wkhupruh/ wkh kljkhu lv 7U}A / wkh orqjhu wkh fulvlv lv ghod|hg exw wkh odujhu lv
wkh idoo lq rxwsxw1

Surri1 Iurp +54,/ lw iroorzv wkdw wkh sdwk ri U� lv dovr jlyhq e| +74,1
Khqfh/ iurp +64, dqg +66,/ lw iroorzv wkdw erwk % +dqg wkxv rxwsxw, dqg ?
idoo dw A 1 Iurp +6;,/ lw iroorzv wkdw iru doo 7U}A 	 U}WA / U_ ulvhv dw A 1 Iru
7U}A ' U}WA / U_ grhv qrw fkdqjh dw A 1 Khqfh/ iru doo 7U}A 	 U}WA / +;, lpsolhv wkdw
� idoov dw A 1 Iru 7U}A ' U}WA / wkh ghpdqg iru ghsrvlwv grhv qrw fkdqjh dw A 1
Khqfh/ vlqfh ? idoov dw A / wkh edqn*v edodqfh vkhhw lpsolhv wkdw 5 jrhv xs1 Lq
wklv fdvh/ wkh fulvlv rffxuv dw wkh srlqw lq wlph dw zklfk uhvhuyhv uhdfk }hur
+l1h1/ wkhuh lv d fulvlv exw qr uxq,1 Uhodwlyh wr wkh Nuxjpdq fdvh dqdo|}hg
lq Sursrvlwlrq 4/ qrwlfh wkdw U_A lv qrz orzhu/ zklfk lpsolhv wkdw �A lv qrz
kljkhu1 Lw lv wkxv fohdu iurp +6<, wkdw/ zkhq wkh srolf| lv jlyhq e| +74,/ A
lv odujhu wkdq lq wkh Nuxjpdq fdvh1 Khqfh/ wkh fulvlv lv ghod|hg uhodwlyh wr
wkh Nuxjpdq fdvh1 Zkhq 7U}A ' U}WA / wkh pd{lpxp ghod|hg lv dfklhyhg lq wkh
vhqvh wkdw wkh fulvlv rffxuv dw suhflvho| wkh srlqw lq wlph dw zklfk uhvhuyhv
uhdfk wkh fulwlfdo ohyho ri }hur1

Wr vkrz wkdw wkh kljkhu lv 7U}A / wkh pruh wkh fulvlv lv ghod|hg exw wkh odujhu
lv wkh idoo lq rxwsxw/ gl�huhqwldwh +64, dqg +66, wr rewdlq +xvlqj +48, dorqj
zlwk wkh idfwv wkdw U} ' U , dqg ? ' ��% dw doo wlphv,=
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Wklv lpsolhv wkdw wkh pruh djjuhvvlyh lv lqwhuhvw udwh srolf| +l1h1/ wkh kljkhu
lv U}A ,/ wkh pruh rxwsxw zloo idoo dw A dqg wkh orzhu lv srvw0fulvlv fuhglw156

Vlqfh U_A idoov dv U}A ulvhv/ wkh srvw0froodsvh prqh| ghpdqg �A pxvw ulvh
zlwk U}A 1 Lq sduwlfxodu/ iurp htxdwlrq +;, zh jhw

_�A
_U}A

' �E�� B����EU_A � : f/ +77,

56Ri frxuvh/ vlqfh {3 lv lqyduldqw zlwk uhvshfw wr LjW / wkh idoo lq rxwsxw dw W +htxdo wr
{3 � {W , ghshqgv rqo| rq {W 1 Qrwlfh wkdw }3> q3> dqg k3 duh dovr lqyduldqw zlwk uhvshfw
wr LjW 1 Rq wkh rwkhu kdqg/ lw lv hdv| wr vkrz wkdw d fkdqjh lq LjW grhv dowhu wkh ohyho ri
suh0fulvlv frqvxpswlrq/ f31 Krzhyhu/ wkh fkdqjh lq f3 rqo| d�hfwv zhoiduh1
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zklfk lpsolhv/ iurp +6<,/ wkdw A lv dovr dq lqfuhdvlqj ixqfwlrq ri U}A 1
Lw lv dovr hdv| wr hvwdeolvk wkdw d ulvh lq U}A pxvw fdxvh erqg kroglqjv

+5A , wr ulvh1 Uhfdoo wkdw wkh frpphufldo edqn edodqfh vkhhw lpsolhv wkdw
E� � B��A ' 5A n ?A 1 Htxdwlrqv +75, dqg +77, vkrz wkdw ?A idoov zkloh
ghpdqg ghsrvlwv �A ulvh dv U}A ulvhv1 Wkh ulvh lq wrwdo edqn dvvhwv 5A n ?A

wkdw lv lpsolhg e| wkh ulvh lq �A lq frqmxqfwlrq zlwk wkh idoo lq ?A lpsolhv
wkdw 5A pxvw ulvh zlwk U}A dv zhoo

Zh kdyh wkxv vkrzq wkdw e| phuho| dqqrxqflqj wkdw grphvwlf lqwhuhvw
udwhv zloo eh udlvhg zkhqhyhu pdunhw lqwhuhvw udwhv lqfuhdvh/ wkh prqhwdu|
dxwkrulw| fdq ghod| wkh fulvlv uhodwlyh wr wkh Nuxjpdq +l1h1/ sdvvlyh lqwhuhvw
udwh srolf|, fdvh1 Lq whupv ri Iljxuh 5/ wklv lpsolhv wkdw wkh fulvlv zloo
kdsshq iru A : A &1 Lq idfw/ srolf|pdnhuv fdq ghod| wkh fulvlv doo wkh zd|
xs wr srlqw A W zkhuh wkhuh zloo qrw eh d �qdo vshfxodwlyh dwwdfn +l11h/ wkhuh
lv d fulvlv/ lq wkdw wkh prqhwdu| dxwkrulw| pxvw dedqgrq wkh �{hg h{fkdqjh
udwh/ exw qr uxq,1 Lq sudfwlfh/ wklv delolw| wr srvwsrqh wkh fulvlv pd| pdnh
doo wkh gl�huhqfh vlqfh lw jlyhv wlph wr wkh �vfdo dxwkrulw| wr sxw lwv krxvh lq
rughu dqg wkhuhiruh suhyhqw wkh fulvlv dowrjhwkhu157

Lqwxlwlyho|/ wkh uhdo h�hfwv ri d kljkhu U}A dulvh gxh wr wkh kljkhu ohqglqj
vsuhdg wkdw lv lqgxfhg e| kljkhu grphvwlf lqwhuhvw udwhv1 Wkh kljkhu ohqg0
lqj vsuhdg uhgxfhv ordq ghpdqg dqg/ khqfh/ hpsor|phqw dqg rxwsxw1 Wklv
lqgxfhv edqnv wr vxevwlwxwh rxw ri ordqv dqg lqwr erqgv1 D frpshwlwlyh edqn0
lqj v|vwhp lpsolhv wkdw wkh kljkhu uhwxuqv rq edqn dvvhwv lv dovr uh hfwhg lq
d kljkhu ghsrvlw udwh iru krxvhkrogv zklfk/ lq wxuq/ lqfuhdvhv ghsrvlwv zlwk
wkh edqnlqj v|vwhp1 Lq h�hfw/ grphvwlf erqg kroglqjv ulvh e| pruh wkdq wkh
idoo lq edqn ordqv vlqfh wkh edqnv dovr xvh wkh kljkhu ghsrvlwv wr krog pruh
jryhuqphqw erqgv1 Qrwh wkdw zkloh wkh edqnv duh lqgl�huhqw ehwzhhq ohqglqj
wr �upv dqg ohqglqj wr wkh jryhuqphqw/ wkh kljkhu ohqglqj udwh lpsolhv wkdw
wkh ghpdqg iru ordqv e| �upv ehfrphv vpdoohu1

Iljxuh 6 looxvwudwhv Sursrvlwlrq 5 e| vlpxodwlqj wkh prgho158 Wkh wlph
xqlw lv |hdu1 Iru wklv sdudphwul}dwlrq/ U}WA ' f�f.D1 Lq rwkhu zrugv/ zkhq
U}A ' f�f.D/ wkhq U_A ' U_f ' f�f2e� Iljxuh 6 wkhq vkrzv krz A / wkh idoo lq

57Zh frxog lqwurgxfh wklv ihdwxuh lq wkh prgho lq d vlpsoh zd| e| dvvxplqj wkdw dw dq|
srlqw lq wlph wkhuh lv d fhuwdlq +h{rjhqrxv, suredelolw| wkdw wkh �vfdo dxwkrulw| vroyh lwv
xqghuo|lqj sureohpv1 Lq vxfk d vhwwlqj/ ghod|lqj pljkw dyhuw d fulvlv dowrjhwkhu1 +Lq d
pruh frpsoh{ vhwwlqj/ wklv suredelolw| frxog eh hqgrjhqhl}hg dorqj wkh olqhv ri Jxlgrwwl
dqg Yìjk +4<<<,1,

58Ghwdlov ri wkh vlpxodwlrq +zklfk lv grqh iru txdolwdwlyh sxusrvhv rqo| dqg grhv qrw
dwwhpsw wr uhsolfdwh dq| sduwlfxodu hslvrgh ru frxqwu|, fdq eh irxqg lq dsshqgl{ D1
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6 dw A +zklfk fdswxuhv wkh �qdo vshfxodwlyh dwwdfn,/ wkh idoo lq rxwsxw dw
A / dqg zhoiduh +glvfxvvhg ehorz, ehkdyh dv U}A lv ydulhg iurp f wr f�f.D1 Dv
h{shfwhg/ A lv d vwulfwo| ixqfwlrq ri U}A / zlwk � lq whupv ri wkh fruuhvsrqghqfh
zlwk Iljxuh 5 � A EU}A ' f� ' A & dqg A EU}A ' U}WA ' f�f.D� ' A W1 Sdqho E
+idoo lq 6, vkrzv wkdw iru U}A ' f�f.D wkhuh lv qr uxq1 Dv vkrzq lq Sdqho
F/ wklv ghod| lv dfklhyhg dw wkh frvw ri dq lqfuhdvlqj idoo lq rxwsxw/ zklfk
douhdg| vxjjhvwv wkdw lw pd| qrw eh rswlpdo wr ghod| wkh fulvlv dv pxfk dv lw
lv ihdvleoh wr gr +l1h1/ xs wr srlqw A W lq Iljxuh 5,1

715 Suhhpswlyh lqwhuhvw udwh ghihqvh

Lq wklv prgho/ srolf|pdnhuv fdq dovr dwwhpsw wr ghihqg wkh shj e| udlvlqj
lqwhuhvw udwhv ehiruh wkh fulvlv rffxuv1 Wr lvrodwh wkh h�hfwv ri vxfk d srolf|/
vxssrvh wkdw/ dw wlph f/ srolf|pdnhuv dqqrxqfh wkh iroorzlqj sdwk iru U}| =

U}| '

+
f 	 7U}f � U}Wf c f � | 	 Ac
fc | � Ac

+78,

zkhuh U}Wf lv wkh ydoxh ri U}f wkdw lpsolhv wkdw U_f ' f 59

Lq vwxg|lqj wklv fdvh/ wkh dvvxpswlrq wkdw wkh wudqvdfwlrqv whfkqrorj|
grhv qrw ghshqg rq frqvxpswlrq wxuqv rxw wr eh fulwlfdo1 Lq wklv fdvh/
lqfuhdvhv lq U}f gr qrw d�hfw A +exw zrxog uhgxfh rxwsxw dq|zd|/ dv fdq
eh hdvlo| vhhq,1 Wkhuhiruh/ zh zloo frqvlghu wkh jhqhudo fdvh lq zklfk wkh
wudqvdfwlrqv whfkqrorj| grhv ghshqg rq frqvxpswlrq dqg xvh vlpxodwlrqv wr
looxvwudwh wkh pdlq h�hfwv1 Wkh iroorzlqj sursrvlwlrq vxppdul}hv wkh uhvxowv1

Sursrvlwlrq 6 Ohw wkh sdwk ri U}| eh jlyhq e| +78,1 Wkhq/ iru vpdoo ydoxhv
ri 7U}f / wkh fulvlv rffxuv odwhu wkdq lq wkh Nuxjpdq fdvh/ exw dw wkh frvw ri
d suh0fulvlv frqwudfwlrq +uhodwlyh wr wkh Nuxjpdq fdvh,1 Ixuwkhu udlvlqj
grphvwlf lqwhuhvw udwhv/ krzhyhu/ pd| dfwxdoo| eulqj iruzdug wkh fulvlv1

Surri1 Zh kdyh hvwdeolvkhg h{lvwhqfh ri doo fdvhv glvfxvvhg ehorz e| vlpx0
odwlqj wkh prgho1 Wkh dsshqgl{ glvfxvvhv wkh h�hfwv ri U}f rq %f dqg vkrzv
xqghu zkdw frqglwlrqv %f lv d ghfuhdvlqj2lqfuhdvlqj ixqfwlrq1

Lqwxlwlyho|/ wkh h�hfw ri d kljkhu U}f rq A fdq eh wkrxjkw ri dv frqvlvwlqj
ri wzr vhsdudwh h�hfwv= wkh prqh| ghpdqg h�hfw dqg wkh rxwsxw h�hfw1 Wr
lvrodwh wkh prqh| ghpdqg h�hfw/ vxssrvh wkdw � ' f +qr rxwsxw h�hfw,1

59Iurp +6;,/ Lj�
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Wkhq d kljkhu U}f lpsolhv d orzhu U_f > wkdw lv/ wkh rssruwxqlw| frvw ri kroglqj
ghpdqg ghsrvlwv lv orzhu1 Dv d uhvxow/ suh0fulvlv ghpdqg iru ghsrvlwv lv
kljkhu/ zklfk lpsolhv orzhu suh0fulvlv wudqvdfwlrq frvwv1 Vlqfh wkh suhvhqw
glvfrxqwhg ydoxh ri wudqvdfwlrqv frvwv idoov/ erwk suh0fulvlv +Sf, dqg srvw0fulvlv
frqvxpswlrq +SA , lqfuhdvh1 Wkh kljkhu srvw0fulvlv ohyho ri frqvxpswlrq udlvhv
srvw0fulvlv uhdo ghpdqg iru ghsrvlwv/ zklfk whqgv wr ghod| wkh fulvlv +l1h1/ whqgv
wr lqfuhdvh A ,1 Khqfh/ wkh prqh| ghpdqg h�hfw whqgv wr srvwsrqh wkh fulvlv1
Lq dqg ri lwvhoi/ wklv prqh| ghpdqg h�hfwv whqgv wr lqfuhdvh suh0fulvlv rxwsxw/
e| uhgxflqj wkh h�hfwlyh sulfh ri frqvxpswlrq +zklfk lqgxfhv krxvhkrogv wr
frqvxph pruh dqg zrun pruh,1

Wkh rxwsxw h�hfw/ krzhyhu/ jrhv lq wkh rssrvlwh gluhfwlrq1 Doo hovh htxdo/
d kljkhu � lpsolhv wkdw wkh uhfhvvlrqdu| lpsdfw ri U}f rq suh0fulvlv rxwsxw lv
odujhu1 Wklv whqgv wr uhgxfh wkh suhvhqw glvfrxqwhg ydoxh ri rxwsxw/ uhgxflqj
erwk suh0 dqg srvw0fulvlv frqvxpswlrq1 Wkh idoo lq srvw0fulvlv frqvxpswlrq
whqgv wr eulqj iruzdug wkh fulvlv1 Wkh rxwsxw h�hfw whqgv wr ghsuhvv suh0fulvlv
rxwsxw1

Doo hovh htxdo/ zkhwkhu wkh prqh| ghpdqg h�hfw ru wkh rxwsxw h�hfw
grplqdwhv zloo ghshqg rq wkh pdjqlwxgh ri �1 Iru vpdoo ydoxhv ri �/ wkh
rxwsxw h�hfw zloo eh vpdoo dqg wkhuhiruh wkh prqh| ghpdqg h�hfw zloo suhydlo1
Lq wklv fdvh/ udlvlqj lqwhuhvw udwh zloo dozd|v ghod| wkh fulvlv1 Iru odujhu ydoxhv
ri �/ krzhyhu/ wkh rxwsxw h�hfw ehfrphv pruh lpsruwdqw1 Lw wkhq ehfrphv
srvvleoh wkdw/ dv lqwhuhvw udwhv ehfrphv kljkhu/ wkh rxwsxw h�hfw zloo pruh
wkdq r�vhw wkh prqh| ghpdqg h�hfw dqg ixuwkhu udlvlqj lqwhuhvw udwhv zloo
dfwxdoo| eulqj wkh fulvlv iruzdug1 Vxfk d fdvh lv looxvwudwhg lq Iljxuh 71 Dv
vkrzq lq Sdqho D/ lqfuhdvlqj grphvwlf lqwhuhvw udwhv e| d vpdoo dprxqw grhv
ghod| wkh fulvlv1 Vrrq/ krzhyhu/ wkh ghod| lv pd{lpl}hg dqg ixuwkhu udlvlqj
lqwhuhvw udwhv ehjlqv wr eulqj iruzdug wkh fulvlv1 Lq idfw/ udlvlqj lqwhuhvw
udwhv wrr pxfk lpsolhv wkdw wkh fulvlv zrxog rffxu hyhq ehiruh lw zrxog rffxu
lq wkh Nuxjpdq fdvh +l1h1/ lq whupv ri Iljxuh 5/ wkh fulvlv zrxog rffxu iru
A 	 A &,15: Ilqdoo|/ Sdqho F vkrzv wkdw suh0fulvlv oderu +dqg/ khqfh/ rxwsxw,
idoov lq uhvsrqvh wr kljkhu grphvwlf lqwhuhvw udwhv/ dv wkh rxwsxw h�hfw lv
odujh hqrxjk wr pruh wkdq r�vhw wkh prqh| ghpdqg h�hfw1 +Sdqho G zloo
eh glvfxvvhg ehorz1,

5:Iru hyhq odujhu ydoxhv ri !/ udlvlqj lqwhuhvw udwhv zrxog eulqj iruzdug wkh fulvlv hyhq
iru vpdoo lqfuhdvhv lq lqwhuhvw udwhv gxh wr wkh odujh rxwsxw h�hfw1
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8 Rswlpdo lqwhuhvw udwh srolf|
Kdylqj dqdo|}hg wkh delolw| ri kljkhu grphvwlf lqwhuhvw udwhv lq ghod|lqj d
fulvlv +doehlw dw wkh frvw ri d uhfhvvlrq,/ zh qrz wxuq wr wkh lvvxh ri zkhwkhu
dq dfwlyh lqwhuhvw udwh ghihqvh ri d shj lv rswlpdo ru qrw1 Fohduo|/ hyhq
zkhq udlvlqj grphvwlf lqwhuhvw udwhv vxffhhgv lq ghod|lqj wkh fulvlv/ lw lv qrw
reylrxv dw doo wkdw lw lv rswlpdo wr gr vr1 Wr looxvwudwh wklv idfw � dqg ehiruh
wxuqlqj wr d irupdo dqdo|vlv ri rswlpdo lqwhuhvw udwh srolf| � frqvlghu sdqho
G lq Iljxuhv 6 dqg 71 Lq wkh fdvh ri frqwhpsrudqhrxv lqwhuhvw udwh ghihqvh
+Iljxuh 6,/ zh vhh wkdw udlvlqj U}A uhodwlyh wr wkh Nuxjpdq fdvh lv zhoiduh
lpsurylqj1 Krzhyhu/ eh|rqg d fhuwdlq srlqw/ ixuwkhu udlvlqj lqwhuhvw udwhv lv
qrw rswlpdo +l1h1/ zhoiduh ghfuhdvhv, hyhq wkrxjk wkh fulvlv lv ixuwkhu ghod|hg1
Wklv looxvwudwhv wkh idfw wkdw hyhq zkhq lw lv ihdvleoh wr ghod| d fulvlv/ lw pd|
qrw eh rswlpdo wr gr vr1 Wkh vdph lv wuxh lq wkh fdvh ri suhhpswlyh lqwhuhvw
udwh ghihqvh +Iljxuh 7,1 Lq wklv fdvh/ wkhuh lv dovr d udqjh ri lqwhuhvw udwh
lqfuhdvhv iru zklfk lw lv ihdvleoh exw qrw rswlpdo wr ghod| wkh fulvlv1 Wkh
reylrxv txhvwlrqv wkhq dulvhv= jlyhq wkh Nuxjpdq glvwruwlrq +l1h1/ jlyhq d
sdwk ri grphvwlf fuhglw jurzwk zklfk lv lqfrqvlvwhqw zlwk wkh �{hg h{fkdqjh
udwh,/ zkdw lv wkh sdwk ri grphvwlf lqwhuhvw udwhv wkdw pd{lpl}hv krxvhkrogv*
zhoiduhB

Wr dqvzhu wklv txhvwlrq/ qrwlfh wkdw vlqfh wkh sdwkv ri frqvxpswlrq dqg
oderu pd| fkdqjh rqo| dw A / krxvhkrog*v zhoiduh/ jlyhq e| htxdwlrq +4,/ fdq
eh h{suhvvhg dv

` '
�

o E�� �*j�

q
dESf � l%Df�

�3�*j � �o
�
�� e3oA

�
n dESA � l%DA �

�3�*j � �oe3oA �

+79,
Jlyhq wkdw wkh pxowlsolhu b lv frqvwdqw dorqj dq| shuihfw iruhvljkw sdwk/ �uvw
rughu frqglwlrq +8, lpsolhv wkdw Sf � l%Df ' SA � l%DA 1 Frpelqlqj wklv zlwk
+5;,/ +79, fdq eh uhzulwwhq dv=

` '
�

o E�� �*j�

�q
d%f � l%Df � �E�f�o

�
�� e3oA

�
n d%A � l%DA � �E�A �oe

3oA
r�3�*j

� �
�
�

+7:,
Vlqfh doo hqgrjhqrxv yduldeohv lq +7:, duh ixqfwlrqv ri U}f dqg U}A / zh fdq

irupdoo| zulwh wkh jryhuqphqw*v sureohp dv=

Pd{
tU}

f
cU}| �

d%f � l%Df � �E�f�o
�
�� e3oA

�
n d%A � l%DA � �E�A �oe

3oA
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zkhuh

%f ' �%fEU
}
f �c

%A ' �%A EU
}
A �c

A ' �A EU_A �c

�f ' ��fEU
_
f �c

�A ' ��A EU
_
A �c

U_f ' Bo � E�� B�U}f c

U_| ' B�A � E�� B�U}A c

dv iroorzv iurp +;,/ +53,/ +64,/ dqg +6<, +dqg uhfdoo wkdw �S � f,1
Wkh �uvw0rughu frqglwlrqv iru wklv sureohp duh jlyhq e|=

E�� l%D3�f �
�_�%fEU}f �

_U}f
' �E�� B���E�f�

�_��fEU_f �
_U_f

c +7;,

E�� l%D3�A �
�_�%A EU}A �

_U}A
' �E�� B���E�A �

�_��A EU_A �
_U_A

n oK
_ �A EU_A �

_U}A
c +7<,

zkhuh K � %f � l%Df � �E�f�� d%A � l%Df � �E�A �o1
Dw dq rswlpxp/ wkh jryhuqphqw htxdwhv wkh pdujlqdo frvwv dqg ehqh�wv

ri kljkhu U}f dqg U}A 1 Zkdw duh wkh pdujlqdo frvwv dqg ehqh�wv ri lqfuhdvlqj
U}fq Wkh whup rq wkh OKV ri +7;, fdswxuhv wkh pdujlqdo frvw ri udlvlqj U}f 1
Vshfl�fdoo|/ d kljkhu U}f ohdgv wr d kljkhu ohqglqj vsuhdg +d kljkhu U

�
f,1 Wklv/

lq wxuq/ lqfuhdvhv wkh h�hfwlyh uhdo zdjh dqg wkxv uhgxfhv oderu1 Orzhu
oderu lpsolhv ohvv rxwsxw +d qhjdwlyh h�hfw, exw ohvv glvxwlolw| iurp oderu +d
srvlwlyh h�hfw,1 Lq htxloleulxp/ krzhyhu/ wkh rxwsxw h�hfw suhydlov +ru/ dw
prvw/ wkh wzr h�hfwv h{dfwo| fdqfho hdfk rwkhu,/ vr wkdw wkh whup rq wkh OKV
ri +7;, lv hlwkhu srvlwlyh ru }hur15; Wkh whup rq wkh UKV ri +7;, fdswxuhv
wkh ehqh�w ri udlvlqj U}f 1 D kljkhu U}f uhgxfhv wkh rssruwxqlw| frvw ri kroglqj
ghpdqg ghsrvlwv +U_f ,/ wkxv lqfuhdvlqj uhdo ghpdqg iru ghsrvlwv dqg uhgxflqj
wudqvdfwlrq frvwv1 Khqfh/ frqglwlrq +7;, vd|v wkdw lw lv rswlpdo wr udlvh U}f
xs wr wkh srlqw dw zklfk wkh pdujlqdo ehqh�w ri uhgxfhg wudqvdfwlrqv frvwv
htxdov wkh pdujlqdo frvw ri d orzhu oderu vxsso|1

5;Qrwlfh wkdw/ iurp +64,/ lw iroorzv wkdw iru ! @ 3/ 4� ��{��4
3

@ 4� ��{��4W @ 31 Iru
! A 3/ wkhq 4� ��{��4

3
A 3 dqg 4� ��{��4W A 31
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Zkdw duh wkh pdujlqdo frvwv dqg ehqh�wv ri lqfuhdvlqj U}A q Wkh vdph
wzr h�hfwv mxvw glvfxvvhg vwloo krog1 Lq rwkhu zrugv/ wkh OKV lq htxdwlrq
+7<, fdswxuhv wkh pdujlqdo frvw +lq whupv ri uhgxfhg rxwsxw qhw ri wkh orzhu
glvxwlolw| ri oderu, ri d kljkhu U}A 1 Vlploduo|/ wkh �uvw whup rq wkh UKV
lqglfdwhv wkh ehqh�wv ri uhgxfhg wudqvdfwlrqv frvwv gxh wr d orzhu U_A 1 Wkhuh
lv/ krzhyhu/ d wklug h�hfw fdswxuhg e| wkh vhfrqg whup rq wkh UKV ri +7<,1
E| orzhulqj U_A / d kljkhu U

}
A ghod|v wkh fulvlv zklfk surorqjv wkh jrrg wlphv

dqg lv wkhuhiruh zhoiduh lpsurylqj15<

814 Ehqfkpdun fdvh= qr rxwsxw frvwv

Wkh qdwxudo ehqfkpdun lv wkh fdvh lq zklfk � ' f1 Lq wklv fdvh/ �upv
qhhg qrw uhvruw wr edqn fuhglw wr sd| wkh zdjh eloo dqg wkhuhiruh wkh rxwsxw
fkdqqho lv vkxw r�1 Wkh rswlpdo lqwhuhvw udwh srolf| lv vwdwhg lq wkh iroorzlqj
sursrvlwlrq1

Sursrvlwlrq 7 Ohw � ' f1 Frqvlghu d shuihfw iruhvljkw htxloleulxp sdwk
iru d jlyhq sdwk ri wkh qrplqdo lqwhuhvw udwh/ �|/ jlyhq e| +69,1 Jlyhq vxfk
d sdwk iru �|/ wkh rswlpdo sdwk iru U}| lv jlyhq e|=

U}f ' o
B

�� B
c +83,

U}A ' �A
B

�� B
� +84,

Wklv srolf| dfklhyhv wkh �uvw0ehvw htxloleulxp1 Zkhq wkh fulvlv rffxuv
wkhuh lv qr uxq1

Surri1 Iurp +53,/ lw iroorzv wkdw vhwwlqj +83, dqg +84, lpsolhv wkdw U_f '
U_A ' f1 Khqfh/ lw lv hdv| wr fkhfn wkdw wkh rswlpdolw| frqglwlrqv +7;, dqg
+7<, duh vdwlv�hg1 Vlqfh krxvhkrogv duh vdwldwhg zlwk uhdo ghpdqg ghsrvlwv/
wudqvdfwlrqv frvwv duh }hur/ dqg wkh �uvw ehvw htxloleulxp lv dfklhyhg1

Wkh lqwxlwlrq ehklqg wklv sursrvlwlrq lv vwudljkwiruzdug1 Zkhq � ' f/
wkh rqo| glvwruwlrq suhvhqw lq wklv hfrqrp| lv wkh idfw wkdw li wkh rssruwxqlw|
frvw ri kroglqj ghpdqg ghsrvlwv lv srvlwlyh +dv rssrvhg wr }hur,/ wkh sulydwh

5<Qrwlfh wkdw li erwk ! @ 3 dqg Lg3 @ LgW / wkhq � @ 31 Dw wklv srlqw/ wkhuh lv qr
gl�huhqfh ehwzhhq wkh jrrg wlphv +suh0fulvlv, dqg edg wlphv +srvw0fulvlv, dqg khqfh wkh
pdujlqdo ehqh�w ri ghod|lqj lv qlo1
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vhfwru zloo qrw krog wkh vrfldoo|0rswlpdo ohyho ri uhdo ghpdqg ghsrvlwv1 Lw lv
wkxv fohdu wkdw lw lv rswlpdo iru wkh jryhuqphqw wr lpsohphqw wkh Iulhgpdq
uxoh/ zklfk lpsolhv vhwwlqj U_f ' U_A ' f1 Wr dfklhyh wklv/ U}f dqg U}A qhhg wr
eh vhw dw wkh ohyhov lqglfdwhg e| +83, dqg +84,1 E| vr grlqj/ wkh jryhuqphqw
lv deoh wr ixoo| r�vhw wkh qrq0 dw sdwk ri �| dqg wkh �uvw0ehvw htxloleulxp lv
dfklhyhg1 Wkh rswlpdo lqwhuhvw udwh srolf| wkxv lqyroyhv d klnh lq grphvwlf
lqwhuhvw udwhv dw A 1

Vlqfh wkh rssruwxqlw| frvw ri kroglqj ghpdqg ghsrvlwv grhv qrw fkdqjh dw
A / qru grhv wkh ghpdqg iru edqn ghsrvlwv1 Wklv lpsolhv wkdw/ dw wkh wlph ri
wkh fulvlv/ wkhuh lv qr uxq1 Lq rwkhu zrugv/ wkh fulvlv lv jrlqj wr rffxu dw wkh
srlqw lq wlph dw zklfk lqwhuqdwlrqdo uhvhuyhv uhdfk }hur +d srlqw olnh A W lq
Iljxuh 5,1 Khqfh/ lq wkh devhqfh ri rxwsxw frvwv/ lw lv rswlpdo wr pd{lpl}h
wkh ghod|1

815 Rxwsxw frvwv

Kdylqj d zhoo0gh�qhg ehqfkpdun fdvh/ zh fdq qrz dvn wkh txhvwlrq= zkdw
lv wkh rswlpdo sdwk ri U}| zkhq rxwsxw frvw duh suhvhqwB +l1h1/ zkhq � : fq,
Wkh pdlq uhvxow lv dv iroorzv1

Sursrvlwlrq 8 Ohw � : f1 Frqvlghu d shuihfw iruhvljkw htxloleulxp sdwk iru
d jlyhq sdwk ri wkh qrplqdo lqwhuhvw udwh/ �|/ jlyhq e| +69,1 Jlyhq vxfk d
sdwk iru �|/ lw lv dozd|v rswlpdo wr ghyldwh iurp wkh Iulhgpdq uxoh> wkdw lv/ lw
lv rswlpdo wr vhw grphvwlf lqwhuhvw udwhv orzhu wkdq lq wkh devhqfh ri rxwsxw
frvwv1

Surri1 1 Vhh dsshqgl{ F
Sursrvlwlrq 8 vd|v wkdw/ lq wkh suhvhqfh ri rxwsxw frvwv/ lw lv qrw rswlpdo

wr lpsohphqw wkh Iulhgpdq uxoh1 Lqwxlwlyho|/ lpsohphqwlqj wkh Iulhgpdq uxoh
zrxog holplqdwh wkh glvwruwlrq rq prqh| ghpdqg exw zrxog lpso| d �uvw0
rughu glvwruwlrq rq wkh sdwk ri oderu1 Wklv fdqqrw eh dq rswlpxp ehfdxvh
wkhuh lv qr �uvw0rughu zhoiduh orvv dvvrfldwhg zlwk pdujlqdoo| lqfuhdvlqj wkh
rssruwxqlw| frvw ri kroglqj ghpdqg ghsrvlwv/ zkloh wkhuh lv d �uvw0rughu
zhoiduh jdlq iurp uhgxflqj wkh oderu vxsso| glvwruwlrq1

Ri frxuvh/ lw lv vwloo wuxh wkdw vhwwlqj wkh Iulhgpdq uxoh pd{lpl}hv wkh
ghod|1 Grlqj vr/ krzhyhu/ lv qrw rswlpdo gxh wr wkh rxwsxw frvw dvvrfldwhg
zlwk kljkhu lqwhuhvw udwhv1 Khqfh/ hyhq wkrxjk lw lv ihdvleoh wr ixuwkhu ghod|
wkh fulvlv/ lw lv qrw rswlpdo wr gr vr1
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816 H�hfwv ri kljkhu rxwsxw frvwv rq rswlpdo lqwhuhvw
udwh srolf|

Lw vhhpv lqwxlwlyh wkdw/ dv � lv lqfuhdvhg/ zh zrxog h{shfw wkh rswlpdo gr0
phvwlf lqwhuhvw udwhv wr ehfrph orzhu dqg wkh rswlpdo A wr ehfrph vpdoohu
dv zhoo1 Lq rwkhu zrugv/ wkh kljkhu wkh rxwsxw frvwv/ wkh pruh frvwo| lw lv
wr ghod| wkh fulvlv +hyhq wkrxjk lw lv/ ri frxuvh/ dozd|v ihdvleoh wr gr vr,/
zklfk pdnhv lw rswlpdo iru wkh prqhwdu| dxwkrulw| wr eh ohvv djjuhvvlyh lq
udlvlqj lqwhuhvw udwhv dqg ohw wkh fulvlv rffxu vrrqhu1 Lq rughu wr fkhfn wkhvh
frqmhfwxuhv/ zh uhvruwhg wr vlpxodwlrqv ri wkh prgho1

Iljxuh 8 vkrzv krz wkh rswlpdo ydoxhv ri U}f / U
}
A / dqg A ydu| zlwk �1 Dv

zh douhdg| nqrz iurp Sursrvlwlrq 7/ iru � ' f/ wkh rswlpdo srolf| frqvlvwv lq
lpsohphqwlqj wkh Iulhgpdq uxoh/ zklfk lq wklv fdvh uhtxluhv vhwwlqj U}f ' f�fS
dqg U}A ' f���D1 Lq wkh devhqfh ri rxwsxw frvwv/ wkhuhiruh/ lw lv rswlpdo iru
wkh prqhwdu| dxwkrulw| wr sd| d srvlwlyh suhplxp iru jryhuqphqw erqgv
dqg wkhq dw wkh prphqw ri wkh fulvlv udlvh wklv suhplxp hyhq ixuwkhu1 Dv
wkh ydoxh ri � lqfuhdvhv/ krzhyhu/ wkh rxwsxw frvw ri dq dfwlyh lqwhuhvw udwh
ghihqvh jr xs1 Khqfh/ wkh rswlpdo ydoxhv ri erwk U}f dqg U}A ghfuhdvh zlwk
�/ dv vkrzq lq sdqhov D dqg E1 Lq rwkhu zrugv/ wkh kljkhu lv �/ wkh ohvv
djjuhvvlyh lv wkh rswlpdo lqwhuhvw udwh srolf|1 Dv d uhvxow/ wkh rswlpdo ydoxh
ri A +l1h1/ wkh prphqw lq wlph dw zklfk wkh fulvlv zloo wdnh sodfh zkhq wkh
rswlpdo lqwhuhvw udwh srolf| lv lq sodfh, lv dovr d ghfuhdvlqj ixqfwlrq ri �/
dv vkrzq lq Sdqho F1 Lq rwkhu zrugv/ dv rxwsxw frvwv ehfrph kljkhu/ lw lv
rswlpdo wr ohw wkh fulvlv rffxu vrrqhu1

9 Frqfoxvlrqv
Wkh lqfuhdvlqj iuhtxhqf| ri ERS fulvhv lq glvsdudwh sduwv ri wkh zruog udlvhv
wkh lvvxh ri zkdw lv wkh dssursuldwh srolf| uhvsrqvh wr vxfk hslvrghv1 Lq wklv
sdshu zh kdyh orrnhg dw dq riwhq xvhg wrro wr �jkw r� vshfxodwlyh dwwdfnv �
kljkhu lqwhuhvw udwhv1 Kljkhu lqwhuhvw udwhv w|slfdoo| zrun e| lqfuhdvlqj wkh
ghpdqg iru grphvwlf fxuuhqf| dvvhwv � wkh prqh| ghpdqg h�hfw1 Krzhyhu/
wkh| dovr frph zlwk vrph dgyhuvh vlgh0h�hfwv1 Lq sduwlfxodu/ srolf|pdnhuv
duh riwhq frqfhuqhg derxw wkh �vfdo dqg rxwsxw frqvhtxhqfhv ri dq djjuhvvlyh
lqwhuhvw udwh ghihqvh ri dq h{fkdqjh udwh shj1

Lq wklv sdshu zh kdyh vwxglhg d prgho zkhuh kljkhu lqwhuhvw udwhv gr
lqghhg kdyh d srvlwlyh prqh| ghpdqg h�hfw exw wkh| dovr h{wudfw dq rxw0
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sxw frvw1 Wkh nh| wudqvplvvlrq phfkdqlvp wkurxjk zklfk lqwhuhvw udwhv
kdyh rxwsxw h�hfwv lv wkh fuhglw fkdqqho1 Edqnv uhtxluh ghsrvlwv wr surgxfh
ordqv zkloh �upv qhhg edqn ordqv wr sd| wkh zdjh eloo1 Vlqfh ordqv wr �upv
dqg grphvwlf jryhuqphqw erqgv duh shuihfw vxevwlwxwhv lq wkh frpphufldo
edqnv* sruwirolr/ d kljkhu lqwhuhvw udwh rq grphvwlf erqgv lqfuhdvhv wkh ohqg0
lqj vsuhdg1 Wklv uhgxfhv hpsor|phqw dqg uhvxowv lq d frqwudfwlrq lq rxwsxw1
Wkh srvlwlyh prqh| ghpdqg h�hfw dulvhv iurp wkh idfw wkdw kljkhu grphvwlf
lqwhuhvw udwhv dovr lqgxfh d kljkhu ghsrvlw udwh zklfk lqfuhdvhv wkh ghpdqg
iru ghsrvlwv +dqg/ khqfh/ prqh|,1

Rq wkh srvlwlyh vlgh/ zh kdyh vkrzq wkdw udlvlqj lqwhuhvw udwhv w|slfdoo|
khosv lq srvwsrqlqj d fulvlv exw wkdw/ lq wkh fdvh ri d suhhpswlyh lqwhuhvw udwh
ghihqvh/ udlvlqj lqwhuhvw udwhv eh|rqg d fhuwdlq srlqw pd| dfwxdoo| eulqj wkh
fulvlv iruzdug1 Wkh uhdvrq lv wkdw wkh qhjdwlyh h�hfw rq prqh| ghpdqg ri dq
rxwsxw frqwudfwlrq pd| pruh wkdq r�vhw wkh srvlwlyh prqh| ghpdqg h�hfw1
Wklv uhvxow wkxv fdoov dwwhqwlrq wr wkh idfw wkdw/ gxh wr wkh uhfhvvlrqdu|
h�hfwv/ kljkhu lqwhuhvw udwhv pd| dw wlphv qrw hyhq khos lq ghod|lqj d fulvlv
+dqg/ khqfh/ ex|lqj wlph wr dgguhvv wkh xqghuo|lqj edg ixqgdphqwdov,1 Rq
wkh qrupdwlyh vlgh/ zh vkrz wkdw wkh suhvhqfh ri rxwsxw frvwv lpsolhv wkdw
wkh rswlpdo lqwhuhvw udwh ghihqvh ri wkh shj lv ohvv djjuhvvlyh wkdq lw zrxog
rwkhuzlvh eh1 Khqfh/ wkh kljkhu duh rxwsxw frvwv/ wkh orzhu vkrxog grphvwlf
lqwhuhvw udwhv eh dqg wkh vrrqhu vkrxog wkh fulvlv eh doorzhg wr rffxu1 Wkh
uhvxowv duh sduwlfxoduo| vwulnlqj lq wkdw wkh| vxjjhvw wkdw zkloh vpdoo lqfuhdvhv
lq lqwhuhvw udwhv pd| eh zhoiduh hqkdqflqj/ rqfh lqwhuhvw udwhv ehfrph kljk
hqrxjk lw pd| qrw eh rswlpdo wr udlvh lqwhuhvw udwhv dq| ixuwkhu hyhq wkrxjk
wkh fhqwudo edqn fdq vxffhvvixoo| srvwsrqh d fulvlv e| grlqj vr1

Lq suhylrxv zrun +Odklul dqg Yìjk +5333,, zh kdyh h{dplqhg wkh wudgh0
r� ehwzhhq wkh srvlwlyh prqh| ghpdqg h�hfw ri kljkhu lqwhuhvw udwhv dqg
wkh qhjdwlyh lq dwlrqdu| h�hfw gxh wr wkh kljkhu �vfdo exughq jhqhudwhg e|
vxfk srolflhv1 Rxu �qglqj lq wkdw sdshu zdv dovr wkdw wkh zhoiduh h�hfwv ri
kljkhu lqwhuhvw udwhv fdq hdvlo| eh qrq0prqrwrqlf � zlwk zhoiduh lpsurylqj
iru orz ghjuhhv ri lqwhuhvw udwh dfwlylvp exw idoolqj iru kljkhu ghjuhhv ri
dfwlylvp1 Zkhq wkrvh uhvxowv duh ylhzhg lq frqmxqfwlrq zlwk wkh uhvxowv ri
wklv sdshu wkh| vxjjhvw fdxvh iru h{wuhph fdxwlrq dqg uhvwudlqw lq wkh xvh
ri kljkhu lqwhuhvw udwhv dv dq lqvwuxphqw iru ghihqglqj h{fkdqjh udwh shjv1
Zkloh vrph +orz, ghjuhh ri lqwhuhvw udwh ghihqvh pd| eh ghvludeoh/ dq ryhuo|
djjuhvvlyh lqwhuhvw udwh srolf| pd| eh frxqwhusurgxfwlyh1
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Dsshqglfhv

D Vlpxodwlrq ri wkh prgho
Wklv dsshqgl{ surylghv ghwdlov rq wkh vlpxodwlrqv uhsruwhg lq wkh wh{w1 Zh
dvvxph wkdw prqh| ghpdqg iroorzv wkh Fdjdq vshfl�fdwlrq1 Dv lv zhoo
nqrzq/ wkh Fdjdq prqh| ghpdqg ixqfwlrqv dulvhv iurp wkh iroorzlqj wudqv0
dfwlrqv frvw ixqfwlrq=

�ESc �� ' S^dV� 8 E��C *L} ��o/ +85,

zkhuh ^E� f�/ VE: f�/ 8 E: f� dqg C E: f� duh sdudphwhuv1 Wkh sdudphwhu
V lv mxvw d frqvwdqw zklfk hqvxuhv wkdw/ lq htxloleulxp/ wudqvdfwlrqv frvwv duh
qrq0qhjdwlyh1

D14 Wudqvdfwlrqv whfkqrorj| grhv qrw ghshqg rq frq0
vxpswlrq

Li ^ ' f/ wkhq lw iroorzv iurp +85, wkdw wkh wudqvdfwlrqv whfkqrorj| grhv qrw
ghshqg rq frqvxpswlrq1 Wklv lv wkh fdvh irupdoo| dqdo|}hg lq wkh wh{w1 Lq
wklv fdvh/ wkh ghpdqg iru ghsrvlwv +htxdwlrq +;,, uhgxfhv wr=

� ' e
83C
C e3

U_

C 1 +86,

Qrwh wkdw �*C lv wkh +frqvwdqw, vhpl0hodvwlflw| ri � zlwk uhvshfw wr wkh rs0
sruwxqlw| frvw U_ ri kroglqj ghsrvlwv1

Wkh frpprq sdudphwul}dwlrq xqghuo|lqj Iljxuh 6 dqg 8 lv jlyhq e|=

o ' f�fec 8 ' C ' �fc V ' �f�.Dc l ' f�bc

j ' f�Dc D ' ���c B ' f�Sc # ' �c _?f ' f�DH� +87,

Iru Iljxuh 6/ � ' f�fe1 Iru Iljxuh 8/ � ydulhv lq wkh lqwhuydo dfc ��Do1

D15 Wudqvdfwlrqv whfkqrorj| ghshqgv rq frqvxpswlrq

Li ^ : f/ wkhq wkh wudqvdfwlrqv whfkqrorj| +85, +dqg/ khqfh/ wkh ghpdqg iru
ghsrvlwv, ghshqgv rq frqvxpswlrq1 Lq wklv fdvh/ wkh ghpdqg iru ghsrvlwv
wdnhv wkh irup=

64



� ' e
83C
C e3

U_

CS^

Wkh sdudphwul}dwlrq xqghuo|lqj Iljxuh 7 lv wkh vdph jlyhq lq +87, dqg/
lq dgglwlrq/ ^ ' f�ff2D dqg � ' f�ffH1

Wr fkhfn wkh urexvwqhvv ri wkh uhvxowv ghslfwhg lq Iljxuh 6 dqg 8 wr
wkh dvvxpswlrq wkdw ^ ' f/ zh udq vlpxodwlrqv iru wkh ^ : f fdvh iru wkh
vfhqdulrv glvfxvvhg lq wkh wh{w dqg suhvhqwhg lq Iljxuhv 6 dqg 81 Wkh uhvxowv
+qrw vkrzq wr frqvhuyh lq vsdfh exw dydlodeoh iurp wkh dxwkruv xsrq uhtxhvw,
zhuh txdolwdwlyho| wkh vdph1

E Jhqhudo wudqvdfwlrqv frvwv whfkqrorj|
Iru dqdo|wlfdo vlpsolflw|/ wkh wh{w ghdow prvwo| zlwk wkh fdvh lq zklfk wkh
wudqvdfwlrqv whfkqrorj| +5, grhv qrw ghshqg rq frqvxpswlrq1 Wklv ds0
shqgl{ ghulyhv vrph dqdo|wlfdo uhvxowv iru wkh fdvh lq zklfk wkh wudqvdfwlrqv
whfkqrorj| grhv ghshqg rq frqvxpswlrq dqg wkh wudqvdfwlrqv whfkqrorj| lv
krprjhqhrxv ri ghjuhh rqh=

r| ' S|�E
�|
S|
�c +88,

� � fc �� � fc ��� : fc

�� ' f iru d �qlwh ydoxh ri
�

S
c � ' f iru wkh vdwldwlrq ohyho ri

�

S
� +89,

Iru wklv vshfl�fdwlrq/ qrwlfh wkdw wkh krxvhkrogv* rswlpdolw| frqglwlrqv
uhgxfh wr=

ES| � l%D| �
3�*j ' bREU_| �c +8:,

Dl%D3�| '
�|

REU_| �
c +8;,

���E�|
S|
� ' U_| , �| ' S|uEU

_
| �c u�EU_| � 	 f/ +8<,

zkhuh REU_| �ghqrwhv wkh h�hfwlyh sulfh ri frqvxpswlrq dqg lv gh�qhg dv=
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REU_| � � � n �duEU_| �o� ��duEU_| �ouEU
_
| � � �c

R�EU_| � ' ����duEU_| �ou�EU_| �uEU_| � : f�

Wkh krprjhqhlw| ri ghjuhh rqh lpsolhv wkdw wkh h�hfwlyh sulfh ri frqvxpswlrq
ghshqgv rqo| rq wkh rssruwxqlw| frvw ri kroglqj ghpdqg ghsrvlwv +U_,1

Wkh iroorzlqj sursrvlwlrq vkrzv wkdw lq wkh Nuxjpdq fdvh +l1h1/ wkh fdvh
lq zklfk U}f ' U}A ' f,/ wkh fulvlv dw wlph A lv dffrpsdqlhg e| d idoo lq rxwsxw
dqg frqvxpswlrq1

Sursrvlwlrq 9 Ohw +l, wkh wudqvdfwlrqv whfkqrorj| eh jlyhq e| +88, dqg +ll,
U}f ' U}A ' f1 Wkhq/ dw wkh wlph ri wkh fulvlv +A ,/ wkh ghsrvlw vsuhdg U_ ulvhv
dqg frqvxpswlrq dqg rxwsxw idoo1

Surri1 Wkh idfw wkdw U_ pxvw ulvh dw A iroorzv gluhfwo| iurp htxdwlrq +6;,1
Khqfh/ REU_A � : REU_f �1 Dv d uhvxow/ lw lpphgldwho| iroorzv iurp +8;, wkdw
%f : %A 1 Lq rwkhu zrugv/ rxwsxw idoov dw A 1 Iurp +8,/ lw iroorzv wkdw

#
Sf � l%Df
SA � l%DA

$�*j

'
REU_A �

REU_f �
: �c

vlqfh dorqj d shuihfw iruhvljkw sdwk wkh pxowlsolhu b uhpdlqv xqfkdqjhg1
Khqfh/

Sf � l%Df : SA � l%DA �

Vlqfh %f : %A / wkh odvw lqhtxdolw| lpsolhv wkdw Sf : SA 1
Lqwxlwlyho|/ wkh ulvh lq wkh h�hfwlyh sulfh ri frqvxpswlrq dw wlph A pdnhv

frqvxpswlrq uhodwlyho| pruh h{shqvlyh +uhodwlyh wr ohlvxuh,1 Khqfh/ krxvh0
krogv fkrrvh wr frqvxph ohvv dqg hqmr| pruh ohlvxuh +l1h1/ zrun pruh,1

Suhhpswlyh lqwhuhvw udwh ghihqvh Frqvlghu qrz wkh h�hfwv ri d vpdoo
fkdqjh lq U}f +iru dq xqfkdqjhg U}A ,1 Iurp +64,/ lw iroorzv wkdw

_%f
_U}A

'
��

lDED � ��%D32A [2

q
�d� n REU_f �o� R�EU_f �E�� B�E� n �U}f �

r
c+93,

zkhuh [ � E� n �U}f �d� n REU_f �o�
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Lw iroorzv iurp +93, wkdw

_%f
_U}A

: f l� �d� n REU_f �o 	 R�EU_f �E�� B�E� n �U}f �c

_%f
_U}A

	 f l� �d� n REU_f �o : R�EU_f �E�� B�E� n �U}f ��

Wklv vkrzv wkdw/ iru orz ydoxhv ri �/ rxwsxw lv dq lqfuhdvlqj ixqfwlrq ri
U}A / zkloh iru kljk ydoxhv ri � rxwsxw lv d ghfuhdvlqj ixqfwlrq ri U}A 1

F Surri ri sursrvlwlrq 8
Zh zloo vkrz wkdw rqh fdq dozd|v �qg d ydoxh ri � +: f, iru zklfk lw lv
rswlpdo wr ghyldwh iurp wkh Iulhgpdq uxoh1 Hydoxdwlqj frqglwlrqv +7;, dqg
+7<, iru � : f durxqg wkh Iulhgpdq uxoh |lhogv=

Y`

YU}f

�����
U_
f
'U_A'f

' E�� e3oA �E�� l%�3�f �
_�%fEU

}
f �

_U}f
	 f +94,

Y`

YU}A

�����
U_
f
'U_A'f

' e3oA
%
oK

_ �A EU_A �

_U}A
n E�� l%D3�A �

_�%A EU
}
A �

_U}A

&
+95,

Vlqfh wkh whup lq vtxduh eudfnhwv rq wkh UKV ri +95, ghshqgv rqo| rq
sdudphwhuv/ lw lv hdv| wr vkrz wkdw rqh fdq dozd|v slfn d ydoxh ri � iru zklfk
Y`
YU}A

����
U_
f
'U_

A
'f

	 f1

G FHV suhihuhqfhv
Zh qrz vkrz wkdw wkh uhvxowv ghulyhg lq wkh pdlq wh{w iru JKK suhihuhqfhv
krog iru vwdqgdug FHV suhihuhqfhv1 Wklv surylghv d wkhruhwlfdo fkhfn ri wkh
urexvwqhvv ri rxu uhvxowv1

Ohw suhihuhqfhv qrz eh jlyhq e|=63

63Xqohvv rwkhuzlvh qrwlfhg/ zh nhhs wkh vdph qrwdwlrq dv lq wkh pdlq wh{w1
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` '
] "

f

d�ES|c �|�o
�3 �

j � �

�� �
j

e3q|_| +96,

zkhuh �ES|c �|� �
�
1S

/3�
/

| n E�� 1��
/3�
/

|

�/3�
/

c

zkhuh �| ghqrwhv ohlvxuh/ j lv wkh lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq/ dqg
/ lv wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq frqvxpswlrq dqg ohlvxuh1 Zh dovr
dvvxph wkdw / : j164 Wkh wlph hqgrzphqw ri wkh krxvhkrog lv qrupdol}hg
wr xqlw|1 Wkh krxvhkrogv* olihwlph frqvwudlqw lv wkhuhiruh vwloo jlyhq e| +7,
+zlwk %| ' �� �|,1 Wkh rswlpdolw| frqglwlrqv iru wklv sureohp duh jlyhq e|
+:, dqg=

d�ES|c �|�o
�3

/
j

/ �S
3 �

/
| ' bc +97,

1

�� 1

#
�|
S|

$ �

/

'
�

�|
c +98,

Lw lv hdv| wr fkhfn wkdw lq wkh Nuxjpdq fdvh/ wklv vshfl�fdwlrq ohdgv wr
d ERS fulvlv lq zklfk erwk rxwsxw dqg frqvxpswlrq idoo1 Iljxuh 9 suhvhqwv
d w|slfdo vlpxodwlrq ri wklv prgho/ zklfk fduulhv rxw wkh vdph h{huflvh looxv0
wudwhg lq Iljxuh 8 iru wkh JKK suhihuhqfhv1 Wkh edvlf sdudphwul}dwlrq lv
wkh vdph dv lq +87, +h{fhsw iru wkh suhihuhqfhv sdudphwhuv, dqg/ lq dgglwlrq/
j ' f��/ / ' f�D/ dqg 1 ' f�D1 Dv lv fohdu iurp wkh slfwxuh/ wkh vdph txdo0
lwdwlyh uhvxowv rewdlq1 Lq rwkhu zrugv/ lq wkh suhvhqfh ri rxwsxw frvwv/ lw lv
qrw rswlpdo wr pd{lpl}h wkh ghod|1 Ixuwkhu/ wkh kljkhu wkh rxwsxw frvwv/
wkh ohvv djjuhvvlyh wkh rswlpdo lqwhuhvw udwh srolf|/ dqg wkh vrrqhu vkrxog wkh
fulvlv eh doorzhg wr rffxu1

Uhihuhqfhv
^4` Ehuqdqnh/ E1 dqg D1 Eolqghu/ 4<;;/ �Fuhglw/ Prqh|/ dqg Djjuhjdwh

Ghpdqg/� Dphulfdq Hfrqrplf Uhylhz Sdshuv dqg Surfhhglqjv :;/ 7680
76<1

64Wklv dvvxpswlrq hqvxuhv wkdw/ dorqj d shuihfw iruhvljkw htxloleulxp sdwk/ frqvxpswlrq
dqg ohlvxuh pryh lq rssrvlwh gluhfwlrq lq uhvsrqvh wr d fkdqjh lq uhdo zdjh1

68



^5` Ehuqdqnh/ E1 dqg D1 Eolqghu/ 4<<5/ �Wkh Ihghudo Ixqgv Udwh dqg wkh
Fkdqqhov ri Prqhwdu| Wudqvplvvlrq/� Dphulfdq Hfrqrplf Uhylhz ;5/
<340<541

^6` Exuqvlgh/ F1/ P1 Hlfkhqedxp/ dqg V1 Uhehor 4<<;/ �Survshfwlyh Gh�flwv
dqg wkh Dvldq Fxuuhqf| Fulvlv/� QEHU Zrunlqj Sdshu Qr1 9:8;

^7` Exuqvlgh/ F1/ P1 Hlfkhqedxp/ dqg V1 Uhehor/ 4<<</ �Khgjlqj dqg Ilqdq0
fldo Iudjlolw| lq Il{hg H{fkdqjh Udwh Uhjlphv/� Zrunlqj Sdshu <<044/
Ihghudo Uhvhuyh Edqn ri Fklfdjr

^8` Fdoyr/ J1/ dqg F1 Uhlqkduw/ 4<<</ �Zkhq fdslwdo  rzv frph wr d vxgghq
vwrs= Frqvhtxhqfhv dqg srolf| rswlrqv/� plphr +Xqlyhuvlw| ri Pdu|0
odqg,1

^9` 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

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

^;` Fruuhld/ L1/ M1 Qhyhv/ dqg V1 Uhehor/ 4<<8/ �Exvlqhvv F|fohv lq d Vpdoo
Rshq Hfrqrp|/� Hxurshdq Hfrqrplf Uhylhz1

^<` Ghnoh/ U1/ F1 Kvldr/ dqg V1 Zdqj/ 4<<</ �Kdyh Kljk Lqwhuhvw Udwhv Vwd0
elol}hg H{fkdqjh Udwhv lq wkh Dvldq Fulvhv FrxqwulhvB/� plphr +XVF,1

^43` Gud}hq/ D1/ 4<<<d/ �Lqwhuhvw Udwh Ghihqvh djdlqvw Vshfxodwlyh Dwwdfn
xqghu Dv|pphwulf Lqirupdwlrq/� plphr +Xqlyhuvlw| ri Pdu|odqg,1

^44` Gud}hq D1/ 4<<<e/ �Lqwhuhvw Udwh dqg Eruurzlqj Ghihqvh Djdlqvw Vshf0
xodwlyh Dwwdfn�/ plphr +Xqlyhuvlw| ri Pdu|odqg,1

^45` Guxfn/ S1 dqg S1 Jduledogl/ �Lq dwlrq Ulvn dqg Sruwirolr Doorfdwlrq lq
wkh Edqnlqj V|vwhp/� plphr +LPI dqg XFOD,1

^46` Hgzdugv/ V1/ dqg F1 Yìjk/ 4<<:/ �Edqnv dqg Pdfurhfrqrplf Glvwxu0
edqfhv xqghu Suhghwhuplqhg H{fkdqjh Udwhv/� Mrxuqdo ri Prqhwdu|
Hfrqrplfv 73/ 56<05:;1

^47` Ilvfkhu/ V1/ 4<<;/ �Wkh LPI dqg wkh Dvldq Fulvlv� plphr +LPI,1
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^48` Juhhqzrrg/ M1/ ]1 Khufrzlw} dqg J1 Kx�pdq/ 4<;;/ �Lqyhvwphqw/ Fd0
sdflw| Xwlol}dwlrq/ dqg wkh Uhdo Exvlqhvv F|foh/� Dphulfdq Hfrqrplf
Uhylhz :;/ 735074:1

^49` Jxswd/ S1/ G1 Plvkud/ dqg U1 Vdkd|/ 5333/ �Rxwsxw Uhvsrqvh Gxulqj
Fxuuhqf| Fulvhv� +plphr/ LPI dqg wkh Zruog Edqn,1

^4:` Nudd|/ D1/ 4<<</ �Gr Kljk Lqwhuhvw Udwhv Ghihqg Fxuuhqflhv Gxulqj
Vshfxodwlyh DwwdfnvB/� plphr +Wkh Zruog Edqn,1

^4;` Phqgr}d/ H1/ 4<<4/ �Exvlqhvv F|fohv lq d Vpdoo Rshq Hfrqrp|/� Dphu0
lfdq Hfrqrplf Uhylhz ;4/ :<:0;4;1

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

^53` Iorrg/ U1/ S1 Jduehu/ dqg F1 Nudphu/ 4<<9/ �Froodsvlqj H{fkdqjh0
Udwh Uhjlphv= Dqrwkhu Olqhdu H{dpsoh/� Mrxuqdo ri Lqwhuqdwlrqdo Hfr0
qrplfv 74/ 55605671

^54` Iorrg/ U1/ dqg R1 Mhdqqh/ 5333/ �Dq Lqwhuhvw Udwh Ghihqvh ri d Il{hg
H{fkdqjh UdwhB/� plphr +LPI,1

^55` Jxlgrwwl/ S1/ dqg F1 Yìjk/ 4<<</ �Orvlqj Fuhglelolw|= Wkh Vwdelol}dwlrq
Eoxhv/� Lqwhuqdwlrqdo Hfrqrplf Uhylhz 73/ 56084

^56` Lqwhuqdwlrqdo Prqhwdu| Ixqg/ 4<<;/ Zruog Hfrqrplf Rxworrn +Zdvk0
lqjwrq G1F1= LPI,1

^57` Nxpkri/ P1/ 4<<;/ �Edodqfh ri Sd|phqwv Fulvhv= Wkh Uroh ri Vkruw
Whup Ghew/� plphr +Vwdqirug Xqlyhuvlw|,1

^58` Nuxjpdq/ S1/ 4<:</ �D Prgho ri Edodqfh0ri0Sd|phqwv Fulvhv/� Mrxuqdo
ri Prqh|/ Fuhglw dqg Edqnlqj 44/ 64406581

^59` Odklul/ D1/ 4<<9/ �H{fkdqjh udwh edvhg vwdelol}dwlrq xqghu uhdo iulf0
wlrqv= Wkh uroh ri hqgrjhqrxv oderu vxsso|� +plphr/ XFOD,/ iruwkfrp0
lqj Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro

^5:` Odklul/ D1 dqg F1 Yìjk/ 5333/ �Ghod|lqj wkh Lqhylwdeoh= Rswlpdo Lqwhuhvw
Udwh Srolf| dqg ERS Fulvhv/� QEHU Zrunlqj Sdshu Qr1 ::671
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^5;` Urguljxh}/ F1D1/ 4<<4/ �Ilqdqfldo Uhirup dqg Pdfurhfrqrplf Ghyho0
rsphqwv lq Dujhqwlqd/ Fkloh/ dqg Xuxjxd| gxulqj wkh Ghfdgh ri wkh
4<;3*v/� plphr +Xqlyhuvlgdg gho FHPD/ Exhqrv Dluhv,1

^5<` Urguljxh}/ V1/ 4<<</ �Vxsso| vlgh h�hfwv ri lqwhuhvw udwh srolf|/� plphr
+XFOD,1

^63` Vdfkv/ M1/ 4<<:/ �Wkh Zurqj Phglflqh iru Dvld/� Wkh Qhz \run Wlphv
+Qryhpehu 6,1

^64` Vdfkv/ M1 4<<</ �Vhoi0lq lfwhg Zrxqgv/� Ilqdqfldo Wlphv +Mdqxdu| 55,1

^65` Vdujhqw/ W1/ dqg Q1 Zdoodfh/ 4<:8/ �Udwlrqdo H{shfwdwlrqv/ wkh Rswl0
pdo Prqhwdu| Lqvwuxphqw/ dqg wkh Rswlpdo Prqh| Vxsso|/� Mrxuqdo ri
Srolwlfdo Hfrqrp| ;6/ 57405871

^66` Vwljolw}/ M1/ 5333/ �Zkdw L ohduqhg dw wkh zruog hfrqrplf fulvlv/� Wkh
Qhz Uhsxeolf +Dsulo 4:,1

^67` ]hwwhoph|hu/ M1/ 5333/ �Wkh Lpsdfw ri Prqhwdu| Srolf| rq H{fkdqjh
Udwhv Uhylvlwhg= Hylghqfh iurp Wkuhh Vpdoo Rshq Hfrqrplhv/� plphr
+LPI,1
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Figure 1.  Interest rates and GDP












