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e|
Odzuhqfh M1 Fkulvwldqr

41 Lqwurgxfwlrq
Wkh vkdus ghfolqh lq lqwhuhvw udwhv lq wkh sdvw wzr ghfdghv kdv vkliwhg dwwhqwlrq wr

d qhz srolf| txhvwlrq1 Gr orz lqwhuhvw udwhv lqwhuihuh zlwk wkh delolw| ri d fhqwudo edqn wr
gr lwv mreB Vrph vd| wkh dqvzhu lv |hv1 Dffruglqj wr wkhp/ zlwk udwhv orz wkh fhqwudo edqn
kdv orvw wkh rswlrq wr fxw wkhp ixuwkhu lq wkh hyhqw ri d edg hfrqrplf vkrfn14 Dffruglqj
wr PfFdooxp/ wkh uljkw dqvzhu lv qr1 Kh dvvhuwv wkdw wkh fhqwudo edqn kdv d vhfrqg wrro
iru vwdelol}lqj wkh hfrqrp|= wkh h{fkdqjh udwh1 Kh pdlqwdlqv wkdw wkh fhqwudo edqn fdq
vwdelol}h wkh hfrqrp| e| h{sorlwlqj lwv frqwuro ryhu wkh h{fkdqjh udwh/ hyhq li lw fdqqrw fxw
wkh lqwhuhvw udwh ehfdxvh lw lv vwxfn rq lwv }hur orzhu erxqg1

Dffruglqj wr PfFdooxp*v prgho/ h{fkdqjh udwh srolf| fdq hyhq oliw wkh hfrqrp| rxw
ri wkh zruvw fdvh vfhqdulr1 Wklv rffxuv zkhq wkh qrplqdo udwh ri lqwhuhvw lv }hur dqg wkh
h{shfwhg ixwxuh sulfh ohyho dqg h{fkdqjh udwh duh �{hg ehfdxvh wkh sxeolf �upo| eholhyhv wkh
fhqwudo edqn lv frpplwwhg wr d sulfh ohyho wdujhw1 Lq wklv vfhqdulr/ d vwdqgdug suhvfulswlrq
iru vwlpxodwlqj wkh hfrqrp| 0 uhgxfh wkh uhdo lqwhuhvw udwh e| frpplwwlqj wr orrvh prqh| lq
wkh ixwxuh 0 lv lqh�hfwlyh1 Dffruglqj wr PfFdooxp*v prgho/ wklv zruvw fdvh vfhqdulr lv qrw
dv elj d sureohp dv lw pljkw vhhp1 Wkh fhqwudo edqn fdq vwloo vwlpxodwh wkh hfrqrp| e|
ghsuhfldwlqj wkh fxuuhqf| wkurxjk sxufkdvhv ri iruhljq h{fkdqjh1

Lq p| frpphqw L pdnh wzr srlqwv=

+4, PfFdooxp*v suhvfulswlrq iru dyrlglqj sureohpv dvvrfldwhg zlwk wkh }hur erxqg frq0
vwudlqw uhvwv rq wkh gxelrxv qrwlrq wkdw vwhulol}hg fxuuhqf| lqwhuyhqwlrq lv h�hfwlyh1

+5, D ixoo hydoxdwlrq ri wkh srwhqwldo gdqjhuv ri orz lqwhuhvw udwhv uhtxluhv dovr dvvhvvlqj wkh
uroh ri wkh fhqwudo edqn lq pdqdjlqj vkrfnv wr wkh jhqhudo ohyho ri hfrqrplf cfrq�ghqfh*1
Wkhvh duh h{foxghg iurp PfFdooxp*v iudphzrun1 L wdnh d cede|* vwhs lq wkh gluhfwlrq
ri wkh w|sh ri dqdo|vlv L wklqn lv qhhghg1

Lq vkruw/ PfFdooxp grhv qrw surylgh d frpshoolqj wkhruhwlfdo +ru/ rwkhu, edvlv iru dood|lqj
wkh ihduv ri d fhqwudo edqnhu zkr lv zruulhg derxw wkh vxssrvhg gdqjhuv ri orz lqwhuhvw udwhv1

Ehiruh jrlqj lqwr ghwdlov/ L qrz surylgh d eulhi vxppdu| ri wkh glvfxvvlrq1 Frqvlghu
+4, �uvw1 Lq d frqyhqwlrqdo rshq pdunhw rshudwlrq/ d fhqwudo edqn h{fkdqjhv grphvwlf dvvhwv
iru grphvwlf fxuuhqf|1 Wklv lv wkrxjkw wr kdyh qr h�hfw rq wkh hfrqrp| zkhq wkh lqwhuhvw
udwh lv }hur/ vlqfh lq wklv fdvh grphvwlf dvvhwv dqg fxuuhqf| duh shuihfw vxevwlwxwhv1 Lq d
vwhulol}hg iruhljq fxuuhqf| sxufkdvh/ wkh fhqwudo edqn ex|v iruhljq h{fkdqjh zlwk grphvwlf

4Lqwhuhvw udwhv fdqqrw eh sxvkhg ehorz }hur ehfdxvh prqh| lv dvvxphg wr kdyh d vxuh udwh ri uhwxuq ri }hur
+L ljqruh vwrudjh frvwv,1 Wr vhh wkdw wklv uxohv rxw d qhjdwlyh pdunhw udwh ri lqwhuhvw/ vxssrvh wr wkh frqwudu|
wkdw wkh prqh| pdunhw0fohdulqj udwh ri lqwhuhvw udwh lv qhjdwlyh1 Wkhq/ dq|rqh kroglqj prqh| pd{lpl}hv
wkhlu uhwxuq e| kroglqj rq wr lw1 Pruhryhu/ wkh duelwudjh rssruwxqlw| zrxog pdnh wkh ghpdqg iru prqh|
lq�qlwh1 Pdunhwv reylrxvo| fdqqrw fohdu zlwk lq�qlwh ghpdqg dqg qr vxsso|1
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fxuuhqf|/ dqg wkhq qhxwudol}hv +cvwhulol}hv*, wkh lpsdfw ri wklv rq wkh grphvwlf fxuuhqf| e|
vhoolqj grphvwlf dvvhwv1 Wkh lqfuhdvhg ghpdqg iru iruhljq h{fkdqjh uhsuhvhqwhg e| wkh fhqwudo
edqn dfwlrq lv wkrxjkw wr wuljjhu dgglwlrqdo ghpdqgv iurp sulydwh sruwirolr pdqdjhuv/ zkhq
grphvwlf dqg iruhljq dvvhwv duh lpshuihfw vxevwlwxwhv1 Wkh uhdvrq iru wklv lv wkdw vwhulol}hg
lqwhuyhqwlrq lqfuhdvhv wkh vkduh ri grphvwlf yhuvxv iruhljq dvvhwv lq sulydwh sruwirolrv1 Ulvn
dyhuvh sruwirolr pdqdjhuv wu| wr uhgxfh wkhlu h{srvxuh wr grphvwlf dvvhwv e| vhoolqj wkhp/
dqg ex|lqj iruhljq dvvhwv1 Wkh iruhljq h{fkdqjh wkdw wkh| ghpdqg lq wkh surfhvv dggv
wr wkh ghpdqg douhdg| frplqj iurp wkh fhqwudo edqn1 Wkh qrwlrq lv wkdw wklv jhqhudo
lqfuhdvh lq ghpdqg surgxfhv d ghsuhfldwlrq lq wkh ydoxh ri wkh fxuuhqf|1 Qrz/ PfFdooxp*v
uhfrpphqgdwlrq wr fhqwudo edqnhuv lq d }hur lqwhuhvw udwh hqylurqphqw lv wkdw wkh| xqghuwdnh
xqvwhulol}hg iruhljq h{fkdqjh sxufkdvhv1 Vr/ vwulfwo| vshdnlqj/ lw lv zurqj wr dqdo|}h klv
sursrvdo dv wkrxjk kh zhuh uhfrpphqglqj vwhulol}hg iruhljq h{fkdqjh lqwhuyhqwlrq1 Vwloo/ lw
lv rqo| d yhu| voljkw plvxvh ri whuplqrorj| wr gr vr/ vlqfh lq d }hur lqwhuhvw udwh hqylurqphqw/
zkhwkhu ru qrw wkh vwhulol}dwlrq vwhs lv wdnhq lv luuhohydqw/ ehfdxvh grphvwlf fxuuhqf| dqg
dvvhwv duh shuihfw vxevwlwxwhv lq wklv fdvh1

Wkh frqqhfwlrq ehwzhhq iruhljq fxuuhqf| sxufkdvhv lq d }hur lqwhuhvw udwh hqylurqphqw
dqg vwhulol}hg iruhljq h{fkdqjh rshudwlrqv lv yhu| xvhixo iru suhvhqw sxusrvhv1 Wklv lv ehfdxvh
wkhuh h{lvwv dq h{whqvlyh olwhudwxuh zklfk dwwhpswv wr dvvhvv wkh h�hfwlyhqhvv ri wkh odwwhu1
Wkh jhqhudo frqfoxvlrq ri wklv olwhudwxuh lv wkdw vwhulol}hg iruhljq h{fkdqjh rshudwlrqv duh
qrw h�hfwlyh lq surgxflqj d fkdqjh lq wkh h{fkdqjh udwh15 Lq wkh hqg/ lw pd| eh wkdw wkh
rqo| uhdo h�hfw ri wkh lpshuihfw dvvhw vxevwlwxwdelolw| fkdqqho lv d shuqlflrxv rqh1 Fhqwudo
edqnhuv zkr eholhyh lq lw pd| eh hqfrxudjhg wr wklqn wkdw zkhq lqwhuhvw udwhv duh srvlwlyh/
wkh| kdyh wzr wrrov iru frqgxfwlqj prqhwdu| srolf|= frqyhqwlrqdo rshq pdunhw rshudwlrqv
dqg vwhulol}hg iruhljq fxuuhqf| sxufkdvhv1 Xqghu wkhvh flufxpvwdqfhv/ lw lv qdwxudo iru wkhp
wr eh oxoohg lqwr wklqnlqj wkdw grphvwlf sulrulwlhv dqg iruhljq h{fkdqjh remhfwlyhv fdq eh
sxuvxhg lqghshqghqwo|1 Vxfk fhqwudo edqnhuv frxog hdvlo| �qg wkhpvhoyhv wdnlqj dfwlrqv
zklfk vsdun d vrfldoo| frvwo| iruhljq h{fkdqjh udwh fulvlv16 Lqghhg/ wkh phuh vxvslflrq e|

5Wkhuh duh ydulrxv srvvleoh uhdvrqv iru wklv1 Iru h{dpsoh/ wkh vkhhu vl}h ri iruhljq dqg grphvwlf dvvhwv
pd| eh wrr odujh iru fhqwudo edqn rshq pdunhw rshudwlrqv wr dssuhfldeo| d�hfw wkhlu uhodwlyh pdjqlwxgh1
Dqrwkhu dujxphqw lv suhvhqwhg lq Edfnxv dqg Nhkrh +4<;<,1 Wkh| dujxh wkdw vwhulol}hg lqwhuyhqwlrqv wkdw
duh odujh hqrxjk wr vljql�fdqwo| dowhu wkh ulvn fkdudfwhulvwlfv ri krxvhkrog sruwirolrv dovr dowhu wkh ulvnv lq wkh
frqvrolgdwhg jryhuqphqw exgjhw frqvwudlqw1 Krz shrsoh h{shfw jryhuqphqwv wr dgmxvw wkhlu vwdwh0frqwlqjhqw
wd{/ vshqglqj dqg prqhwdu| srolflhv wr dffrpprgdwh wklv fkdqjh lq ulvn pd| sod| dq lpsruwdqw uroh lq
ghwhuplqlqj wkh hfrqrplf frqvhtxhqfhv ri vwhulol}hg lqwhuyhqwlrqv1 Li wkhvh h{shfwdwlrqv ydu| dfurvv gl�huhqw
lqwhuyhqwlrq hslvrghv/ wkhq zh zrxog h{shfw wr �qg qr v|vwhpdwlf sdwwhuq ri uhvsrqvh/ dffruglqj wr Edfnxv
dqg Nhkrh1 Iru d vxppdu| ri wkh hpslulfdo olwhudwxuh/ vhh Nuxjpdq dqg Revwihog +4<<:,/ fkdswhu 4:1

6Frqvlghu wkh iroorzlqj h{dpsoh ri dq hfrqrp| lq zklfk wkh udwh ri lqwhuhvw lv srvlwlyh/ wkh fhqwudo edqn kdv
d �{hg h{fkdqjh udwh srolf|/ dqg wkh fhqwudo edqnhu eholhyhv lq wkh h�hfwlyhqhvv ri vwhulol}hg iruhljq h{fkdqjh
lqwhuyhqwlrqv1 Vxssrvh wkh frxqwu| zlwk zklfk lw �{hv lwv h{fkdqjh udwh udlvhv lwv lqwhuhvw udwh vkduso|/ shukdsv
ehfdxvh lw ihduv lq dwlrq1 Qrupdoo|/ wkh �{hg h{fkdqjh udwh uhjlph uhtxluhv udlvlqj wkh grphvwlf lqwhuhvw udwh1
Krzhyhu/ vxssrvh wkdw grlqj vr zrxog lq lfw frqvlghudeoh sdlq rq wkh grphvwlf hfrqrp| ehfdxvh rxwsxw dqg
hpsor|phqw duh orz/ wkh edqnlqj v|vwhp lv lq d zhdn dqg iudjloh vwdwh/ dqg wkhuh lv d suhvlghqwldo hohfwlrq rq
wkh krul}rq1 Dffruglqj wr frqyhqwlrqdo hfrqrplf uhdvrqlqj/ wkh iruhljq dqg grphvwlf sulrulwlhv ri wkh fhqwudo
edqn duh lq vkdus frq lfw1 Exw/ wkh fhqwudo edqnhu zkr eholhyhv wkdw vwhulol}hg iruhljq h{fkdqjh rshudwlrqv
duh h�hfwlyh lv olnho| wr wklqn wkdw kh kdv wkh wrrov suhvhuyh wkh �{hg h{fkdqjh udwh uhjlph/ zkloh qrw udlvlqj
wkh grphvwlf udwh ri lqwhuhvw1 Kh zloo wu| wr nhhs wkh grphvwlf prqh| vxsso| xqfkdqjhg zkloh dw wkh vdph
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iruhljq h{fkdqjh vshfxodwruv wkdw d fhqwudo edqnhu eholhyhv lq wkh h�hfwlyhqhvv ri vwhulol}hg
iruhljq h{fkdqjh rshudwlrqv frxog vsdun d fxuuhqf| dwwdfn17

Vr/ wkhuh lv olwwoh hpslulfdo vxssruw iru PfFdooxp*v lghd wkdw h{fkdqjh udwh srolf|
r�huv d zd| durxqg wkh }hur erxqg frqvwudlqw rq wkh lqwhuhvw udwh1 Pruhryhu/ wkh wzr0wrro
ylhz derxw fhqwudo edqnlqj rq zklfk klv dgylfh lv edvhg lv xqfrpiruwdeo| krvslwdeoh wr vrph
lghdv wkdw kdyh ohg pdq| fhqwudo edqnhuv wr dq xqkdss| hqg18 Exw/ lv wkhuh vrph frpshoolqj
wkhruhwlfdo dujxphqw lq PfFdooxp*v sdshu wkdw ryhuzkhopv wkhvh frqfhuqvB Wkh dqvzhu khuh
lv qr1 D vkruwfrplqj ri PfFdooxp*v sdshu lv lwv orrvh wkhruhwlfdo irxqgdwlrqv1 Wkh khduw
ri wkh dqdo|vlv 0 wkh phfkdqlvp e| zklfk wkh fhqwudo edqn d�hfwv wkh h{fkdqjh udwh zkhq
wkh lqwhuhvw udwh lv }hur 0 lv ohiw vxevwdqwldoo| xqvshfl�hg1 Wklv zrxog eh �qh li wkhuh h{lvwhg
d erg| ri olwhudwxuh wkdw glg  hvk rxw wkh orjlfdo irxqgdwlrqv ri PfFdooxp*v dujxphqw1 Lq
wklv fdvh/ zh frxog ihho frpiruwdeoh wkdw klv dqdo|vlv vrphkrz kdqjv wrjhwkhu1 Exw/ wklv lv
qrw wkh fdvh1 Wkh hfrqrplfv ri wkh }hur erxqg frqvwudlqw lv xqidploldu whuulwru|/ dqg rqh
zrqghuv wr zkdw h{whqw wkh frqfoxvlrqv dqg frqfhuqv uhvw rq vrolg orjlfdo irxqgdwlrqv1

Iru wklv uhdvrq/ L suhvhqw d irupdo dqdo|vlv ri d frpsohwho| zrunhg/ rshq hfrqrp|
prgho1 Wkh h{dpsoh hoderudwhv rq wkh glvfxvvlrq ri Nuxjpdq +4<<;, xvlqj d prgho lq Re0
vwihog dqg Urjr� +4<<9,1 Lw vkrzv wkdw/ zkhq wkh lqwhuhvw udwh lv }hur/ frqyhqwlrqdo rshq
pdunhw rshudwlrqv kdyh qr h�hfw rq wkh h{fkdqjh udwh +ru/ dq|wklqj hovh,1 Wkh h{dpsoh vxs0
sruwv Nuxjpdq*v lghd wkdw wkh h{fkdqjh udwh grhv qrw surylgh d zd| durxqg wkh frqvwudlqwv
lpsrvhg rq srolf| e| wkh }hur erxqg uhvwulfwlrq rq wkh lqwhuhvw udwh1 Wkh h{dpsoh grhv qrw
lqfrusrudwh wkh nlqg ri ulvn frqvlghudwlrqv glvfxvvhg deryh1 Exw/ L dp qrw dzduh ri dq| ixoo|
zrunhg rxw prgho wkdw grhv1 PfFdooxp*v grhv qrw1

Grhv PfFdooxp*v iudphzrun fdswxuh doo wkh uhdvrqv zk| srolf| pdnhuv duh frqfhuqhg
derxw orz lqwhuhvw udwhvB Lq sduw +5, ri p| frpphqw L dujxh wkdw wkh dqvzhu lv qr1 Srolf|
pdnhuv vhhp wr ihho wkdw wkh rswlrq wr fxw lqwhuhvw udwhv lv dq lpsruwdqw wrro wr suhvhuyh wkh
cjhqhudo ohyho ri frq�ghqfh*1 Wkh lghd lv wkdw/ dw wlphv/ �qdqfldo pdunhwv ehfrph iudjloh dqg

wlph frqgxfwlqj vwhulol}hg vdohv ri iruhljq dvvhwv1 Kh zloo h{shfw wkdw wkh uhvxowlqj lqfuhdvh lq vdohv ri iruhljq
h{fkdqjh +erwk e| wkh fhqwudo edqn lwvhoi/ dqg sruwirolr pdqdjhuv xqkdss| zlwk wkh uhvxowlqj idoo lq wkh vkduh
ri grphvwlf dvvhwv lq wkhlu sruwirolrv, zloo vhuyh wr surwhfw wkh h{fkdqjh udwh iurp idoolqj1
Exw qrz vxssrvh wkdw vwhulol}hg iruhljq h{fkdqjh rshudwlrqv duh lq idfw lqh�hfwlyh/ dv wkh hpslulfdo olwhudwxuh

vxjjhvwv1 Lq wklv fdvh/ wkh fhqwudo edqn zloo vlpso| h{shulhqfh d orvv lq lwv iruhljq h{fkdqjh uhvhuyhv1 Lq wkh
hqg/ zkhq wkh uhvhuyhv duh jrqh/ zh fdq h{shfw wkdw wkh ghydoxdwlrq zloo rffxu dq|zd|1

7Wr vhh wklv/ frqvlghu wkh h{dpsoh lq wkh suhylrxv irrwqrwh1 Dq| vshfxodwru zkr fdq vhh wkurxjk wkdw
vfhqdulr wr lwv hqg srlqw/ zrxog eh prwlydwhg wr jr wr wkh fhqwudo edqn dqg wxuq lq grphvwlf fxuuhqf| lq
h{fkdqjh iru iruhljq h{fkdqjh1 Zlwk d orw ri vshfxodwruv wklqnlqj wklv zd|/ zh kdyh d Nuxjpdq +4<:<, 0
vw|oh vshfxodwlyh dwwdfn1 Wkh h{dpsoh lv ghvljqhg wr uhvhpeoh Ph{lfr +grphvwlf hfrqrp|, yhuvxv wkh Xqlwhg
Vwdwhv +iruhljq hfrqrp|, lq 4<<71

8Wkhuh lv rqh lpsruwdqw sudfwlfdo glvwlqfwlrq ehwzhhq wkh srolflhv dgyrfdwhg e| PfFdooxp dqg wkrvh wkdw
kdyh eurxjkw uxlq wr vrph fhqwudo edqnhuv1 Lq sduwlfxodu/ PfFdooxp*v srolf| ri ghsuhfldwlqj wkh fxuuhqf|
zrxog lqfuhdvh wkh fhqwudo edqn*v kroglqjv ri iruhljq uhvhuyhv1 Wkh srolf| wkdw kdv eurxjkw glvdvwhu grzq
rq vrph fhqwudo edqnhuv 0 ghihqglqj wkh h{fkdqjh udwh djdlqvw d ghsuhfldwlrq 0 surgxfhv d ghfuhdvh lq wkrvh
uhvhuyhv1 Wkh odwwhu udlvhv wkh vshfwhu ri vshfxodwlyh dwwdfn/ zkloh PfFdooxp*v srolf| grhv qrw1 Dqg/ L gr
qrw zlvk wr vxjjhvw wkdw lw grhv1 Zkdw L dp vd|lqj lv wkdw wkh cwzr wrro* ylhz ri fhqwudo edqnlqj/ wr zklfk
PfFdooxp lpsolflwo| vxevfulehv/ fdq ohdg wr vxfk dwwdfnv1 Lw lv d yhu| vpdoo vwhs wr vols iurp PfFdooxp*v lghd
wkdw |rx fdq ghsuhfldwh |rxu fxuuhqf| zlwkrxw fkdqjlqj |rxu lqwhuhvw udwh wr wkh lghd wkdw |rx fdq dssuhfldwh

|rxu fxuuhqf| zlwkrxw fkdqjlqj |rxu lqwhuhvw udwh1
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duh yxoqhudeoh wr d froodsvh lq frq�ghqfh wkdw fdq 0 wkurxjk edodqfh vkhhw ru rwkhu h�hfwv 0
ohdg wr d idoo lq hfrqrplf dfwlylw|1 Wkhuh lv d ylhz wkdw wkh fhqwudo edqn kdv d frqvwuxfwlyh
uroh wr sod| lq suhyhqwlqj wkhvh fulvhv dowrjhwkhu/ ru dw ohdvw plwljdwlqj wkhlu lpsdfw rqfh
wkh| gr rffxu1 Wkh Ihg*v frpplwphqw wr uhgxfh lqwhuhvw udwhv lq wkh hyhqw ri d pdmru vwrfn
pdunhw fudvk lv dq h{dpsoh1 Wklv srolf| pd|/ e| vxssruwlqj pdunhw frq�ghqfh/ suhyhqw wkh
vwrfn pdunhw iurp fudvklqj lq wkh �uvw sodfh/ ru dw ohdvw plwljdwh wkh frqvhtxhqfhv li lw grhv
idoo1 Qrz/ reylrxvo| li wkh udwh ri lqwhuhvw lv vhw dw }hur/ wkhq wkh srolf| lv qrw ihdvleoh1 Krz
lpsruwdqw lv wklvB Li wkh Ihg kdg qrw ehhq deoh wr fxw udwhv vkduso| lq Rfwrehu 4<;:/ ru
Dxjxvw 4<<;/ zrxog wklv kdyh pdgh d gl�huhqfhB Wr dqvzhu wkhvh txhvwlrqv/ zh qhhg wr
frqvwuxfw prghov zklfk lqfrusrudwh doo wkh lqjuhglhqwv ri wkh frqfhuqv derxw cfrq�ghqfh*1
Wklv zloo hqdeoh xv wr xqghuvwdqg zkhwkhu/ �uvw/ wkh frqfhuqv duh zhoo irxqghg dqg/ vhfrqg/
zkhwkhu lqwhuhvw udwh srolf| lv wkh rqo| zd| wr dgguhvv wkhvh frqfhuqv1 Li wkh dqvzhu wr erwk
txhvwlrqv lv c|hv*/ wkhq ri frxuvh wklv surylghv dqrwkhu uhdvrq wr nhhs wkh lqwhuhvw udwh zhoo
deryh lwv }hur orzhu erxqg1 Wkh glvfxvvlrq ehorz suhvhqwv d prgho wkdw fdq eh xvhg wr
duwlfxodwh wkhvh lvvxhv1

Lq wkh iroorzlqj vhfwlrq/ L surylgh d yhu| vlpsoh vwdwhphqw ri PfFdooxp*v edvlf srlqw1
Wkh wzr vhfwlrqv diwhu wkdw hoderudwh rq +4, dqg +5, deryh1 Frqfoxglqj uhpdunv dsshdu lq
wkh odvw vhfwlrq1

51 PfFdooxp*v Dujxphqw
Lq d qxwvkhoo/ PfFdooxp*v dujxphqw jrhv olnh wklv1 Kh xvhv d vwlfn|0sulfh LV0OPprgho

lq zklfk vrph ri wkh htxdwlrqv kdyh ehhq suhylrxvo| ghulyhg iurp dq rswlpl}lqj iudphzrun1
PfFdooxp ehjlqv zlwk d frqyhqwlrqdo dqdo|vlv ri wklv prgho/ lq zklfk wkh fhqwudo edqn
lq xhqfhv wkh ohyho ri hfrqrplf dfwlylw| wkurxjk lwv frqwuro ryhu wkh qrplqdo udwh ri lqwhuhvw1
Iru h{dpsoh/ li wkh hfrqrp| lv lq d uhfhvvlrq/ wkhq e| frqgxfwlqj d frqyhqwlrqdo rshq pdunhw
sxufkdvh ri grphvwlf dvvhwv/ wkh fhqwudo edqn gulyhv grzq wkh qrplqdo udwh ri lqwhuhvw1 Wklv
vwlpxodwhv qrplqdo vshqglqj zklfk/ ehfdxvh sulfhv duh dvvxphg wr eh vwlfn|/ wudqvodwhv lqwr
dq lqfuhdvh lq uhdo rxwsxw +Eodqfkdug dqg Nl|rwdnl +4<;:,,1 Zkhq wkh qrplqdo udwh ri
lqwhuhvw lv rq lwv }hur0erxqg frqvwudlqw/ wklv phfkdqlvp lv vkruw0flufxlwhg1 Ghpdqg fdqqrw
eh vwlpxodwhg lq wklv zd| ehfdxvh lw lv qrw srvvleoh wr gulyh wkh udwh ri lqwhuhvw grzq orzhu1

Dw wklv srlqw/ wkhuh duh ydulrxv srvvlelolwlhv1 Wkh| duh ehvw ghvfulehg e| frqvlghulqj
d vw|ol}hg yhuvlrq ri PfFdooxp*v LV fxuyh=

+_ ' sEo�c � n o ' E� n ��
�

� e
c

zkhuh +_ lv djjuhjdwh ghpdqg/ o lv wkh uhdo lqwhuhvw udwh/ � lv wkh fxuuhqw sulfh ohyho/ dqg
� e lv wkh h{shfwhg ixwxuh sulfh ohyho1 Zkhq � ' fc wkhq wkh srvvlelolw| ri vwlpxodwlqj +_

e| uhgxflqj � ixuwkhu lv iruhforvhg1 D vhfrqg srvvlelolw|/ hpskdvl}hg uhfhqwo| e| Nuxjpdq
+4<<;,/ lv wkdw wkh prqhwdu| dxwkrulw| fdq vwlpxodwh +_ e| frpplwwlqj wr lqfuhdvlqj wkh
prqh| vxsso| lq wkh ixwxuh/ udlvlqj � e� Vlqfh lw lv dfwxdoo| wkh uhdo lqwhuhvw udwh wkdw lv
wkrxjkw wr gulyh lqyhvwphqw dqg gxudeoh jrrgv vshqglqj/ udlvlqj � e lv dqrwkhu zd| wkh
fhqwudo edqn fdq vwlpxodwh ghpdqg1 Wkh fhqwudo phvvdjh ri PfFdooxp*v sdshu lv wkdw/ lq dq
rshq hfrqrp| vhwwlqj/ wkhuh pd| eh d wklug fkdqqho e| zklfk wkh fhqwudo edqn fdq lq xhqfh
djjuhjdwh ghpdqg1 Wklv lv ri lqwhuhvw ehfdxvh wkhuh pd| eh vhyhudo uhdvrqv zk| lw lv qrw
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srvvleoh iru wkh fhqwudo edqn wr lq xhqfh � e� Rqh vfhqdulr lv wkdw wkh sxeolf lv vr frqylqfhg
ri wkh fhqwudo edqn*v frpplwphqw wr sulfh vwdelolw| wkdw dq dqqrxqfhg srolf| ri lqfuhdvlqj
wkh prqh| vxsso| lq wkh ixwxuh pd| vlpso| eh qrq0fuhgleoh1 Dqrwkhu/ hpskdvl}hg lq Ixkuhu
dqg Pdgljdq +4<<:, dqg Ruskdqlghv dqg Zlhodqg +4<<;,/ lv wkdw sulfh vwlfnlqhvv pd| eh
h{whqg ryhu d vx!flhqwo| orqj krul}rq wkdw � e lv vwlfn| wrr1 Vr/ PfFdooxp*v dujxphqw wkdw
wkhuh lv dqrwkhu zd| wr vwlpxodwh djjuhjdwh ghpdqg zkhq � ' f lv vxevwdqwldo srwhqwldo
lqwhuhvw1

Wr h{sodlq PfFdooxp*v dujxphqw/ frqvlghu wkh djjuhjdwh ghpdqg fxuyh/ prgl�hg wr
uh hfw wkh rshq hfrqrp| iudphzrun=

+_ ' sEoc ?%E^��c ^ '
r� W

�
c

zkhuh ?% ghqrwhv qhw h{sruwv/ ^ ghqrwhv wkh uhdo h{fkdqjh udwh/ r ghqrwhv wkh qrplqdo
h{fkdqjh udwh dqg � W ghqrwhv wkh iruhljq sulfh ohyho1 Djdlq/ � lv wuhdwhg dv whpsrudulo|
�{hg gxh wr vwlfn|0sulfh frqvlghudwlrqv1 Dqg/ � W lv eh|rqg wkh frqwuro ri wkh grphvwlf
prqhwdu| dxwkrulwlhv1 PfFdooxp dujxhv wkdw wkh delolw| ri wkh fhqwudo edqn wr lq xhqfh ^
yld lwv frqwuro ryhu r r�huv dqrwkhu fkdqqho e| zklfk lw fdq lq xhqfh ghpdqg1 Wkh fhqwudo
edqn fdq vwlpxodwh wkh hfrqrp| e| eulqjlqj derxw d ghsuhfldwlrq ri wkh fxuuhqf|/ l1h1/
lqfuhdvlqj r�

Dffruglqj wr PfFdooxp/ wklv lv vwloo srvvleoh/ hyhq zkhq � ' f� Kh srvlwv d nlqg ri
Wd|oru uxoh iru r G

r ' r3� n >f � >�E{R� Z�� >2.3��+ n ec

zkhuh Z lv wkh wdujhw lq dwlrq udwh/ {R ' *L}E�*�3��c dqg �+ lv wkh shufhqw ghyldwlrq ri
rxwsxw iurp lwv wuhqg/ wkh ydoxh lw zrxog wdnh rq li wkhuh zhuh qr vwlfn| sulfhv1 Dovr/ e lv
d prqhwdu| srolf| vkrfn1 Ri frxuvh/ li |rx dgg dq htxdwlrq olnh wklv wr wkh rshq hfrqrp|
LV0OP prgho/ |rx kdyh wr wdnh dqrwkhu rqh rxw1 Wkh htxdwlrq PfFdooxp uhpryhv lv wkh
xqfryhuhg lqwhuhvw sdulw| +XLS, uhodwlrq=

� n � ' E� n �W�
re

r
c

zkhuh re lv wkh h{shfwhg ixwxuh h{fkdqjh udwh1 PfFdooxp vkrzv wkdw/ hyhq zkhq � lv �{hg
dw }hur/ r vkrzv xs lq wkh uhgxfhg irup h{suhvvlrq iru rxwsxw1 Vr/ prqhwdu| srolf| uhpdlqv
h�hfwlyh lq PfFdooxp*v prgho/ ghvslwh wkh idfw wkdw � ' f� Kh kdv sxoohg dq hqg uxq durxqg
wkh }hur erxqg frqvwudlqw1 Ru kdv khB

Lq rqh vhqvh/ lw vkrxog eh vxusulvlqj wkdw h{fkdqjh udwh srolf| lv vwloo srvvleoh1 Lq
vwdqgdug wh{werrnv/ wkh XLS frqglwlrq olhv dw wkh khduw ri wkh phfkdqlvp zkhuhe| wkh
prqhwdu| dxwkrulw| lq xhqfhv r�9 Wkh phfkdqlvp lv d uhfxuvlyh rqh= �uvw/ wkh fhqwudo edqn
d�hfwv wkh grphvwlf lqwhuhvw udwhv e| rshq pdunhw rshudwlrqv/ dqg wkhq/ yld wkh XLS/ wkhuh lv
d fkdqjh lq r� Qrz/ dw wkh ohyho ri dojheud/ lw lv qrw vxusulvlqj wkdw pryhphqwv lq r lq xhqfh
htxloleulxp rxwsxw lq wkh prgho1 Zlwk � vwlfn| dqg � W h{rjhqrxv/ d vkliw lq r lqgxfhv d

9Vhh/ iru h{dpsoh/ Nuxjpdq dqg Revwihog +4<<:,/ fkdswhu 47/ ru Eodqfkdug +4<<:,/ fkdswhu 46161
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vkliw lq ^c zklfk pryhv ?% dqg/ khqfh/ +_� Wkh sureohp lv qrw wkh dojheud/ lw*v wkh hfrqrplfv1
Wkh hfrqrplfv ri krz wkh fhqwudo edqn lq xhqfhv r lv ohiw xqfohdu lq PfFdooxp*v sdshu1

Wkh glvfxvvlrq lq wkh lqwurgxfwlrq vxjjhvwv rqh lqwhusuhwdwlrq/ edvhg rq lpshuihfw
dvvhw vxevwlwxwdelolw|1: Xqghu wklv lqwhusuhwdwlrq/ 4E�_*�s � lv dgghg wr wkh uljkw kdqg vlgh
ri wkh XLS uhodwlrq/ zkhuh �% lv txdqwlw| ri grphvwlf +% ' _, dqg iruhljq +% ' s, kroglqjv
ri erqgv lq sulydwh sruwirolrv dqg 4 lv dq lqfuhdvlqj ixqfwlrq1 Xqghu wklv prgl�fdwlrq/ wkh
fhqwudo edqn fdq lq xhqfh r hyhq li re dqg � duh erwk �{hg/ vlpso| e| frqgxfwlqj vwhulol}hg
iruhljq h{fkdqjh lqwhuyhqwlrqv1; Zkdw wklv grhv iru wkh orjlfdo frkhuhqfh ri PfFdooxp*v
prgho lv ohiw xqfohdu/ krzhyhu1 Wkh XLS uhodwlrq lv dq Hxohu htxdwlrq lq wkh rswlpl}dwlrq
prgho wkdw xqghuolhv PfFdooxp*v LV0OP vshfl�fdwlrq1 Zkhwkhu vrph fuhgleoh prgl�fdwlrq
fdq eh irxqg wkdw udwlrqdol}hv dgglqj 4E�_*�s� wr wkh uljkw kdqg vlgh ri wklv htxdwlrq lv
qrw hvwdeolvkhg1

Zkdw lv fohdu lv wkdw gursslqj/ ru prgli|lqj/ wkh XLS uhodwlrq lv ixqgdphqwdo wr Pf0
Fdooxp*v wkhvlv wkdw wkh fhqwudo edqn fdq lq xhqfh wkh h{fkdqjh udwh hyhq zkhq wkh grphvwlf
lqwhuhvw udwh lv �{hg1 Wklv lv sduwlfxoduo| fohdu zkhq PfFdooxp*v dqdo|vlv lv frpsduhg zlwk
Nuxjpdq +4<<;,/ zklfk dovr frqvlghuv wkh srvvlelolw| wkdw wkh fhqwudo edqn fdq lq xhqfh wkh
h{fkdqjh udwh zkhq wkh lqwhuhvw udwh lv dw lwv orzhu erxqg1 Wkh odwwhu sdshu frqfoxghv wkdw
h{fkdqjh udwh srolf| grhv qrw surylgh d zd| durxqg wkh }hur erxqg frqvwudlqw1

61 Wkh ]hur Erxqg Frqvwudlqw lq wkh Rshq Hfrqrp|
Zk| gr Nuxjpdq +4<<;, dqg PfFdooxp duulyh dw rssrvlwh frqfoxvlrqvB Lq wklv

vhfwlrq/ L dujxh wkdw lw kdv wr gr zlwk wkhlu wuhdwphqw ri wkh XLS uhodwlrqvkls1 Zkhq wkdw
uhodwlrqvkls lv lq sodfh/ wkhq h{fkdqjh udwh srolf| grhv qrw surylgh d zd| durxqg wkh }hur
erxqg frqvwudlqw1 Lq wkh �uvw vhfwlrq ehorz/ L hoderudwh rq wklv srlqw lqirupdoo|1 L wkhq gr
vr irupdoo| xvlqj d vwdqgdug/ g|qdplf rshq hfrqrp| prgho1

D1 Lqwxlwlyh Dujxphqw

Zkhq wkh grphvwlf qrplqdo udwh ri lqwhuhvw udwh lv }hur/ wkhq wkh XLS uhgxfhv wr=

� ' E� n �W�
re

r
�

Qrz/ wkh qryhow| ri PfFdooxp*v dujxphqw lv wkdw lw sxusruwv wr �qg d zd| durxqg wkh }hur
erxqg frqvwudlqw zklfk grhv qrw uhtxluh frqylqflqj shrsoh wkdw prqhwdu| srolf| zloo eh
h{sdqvlrqdu| lq wkh ixwxuh1 Rwkhuzlvh/ wkh h{lvwlqj suhvfulswlrqv ghvfulehg deryh/ zklfk
lqyroyh gulylqj grzq wkh uhdo udwh ri lqwhuhvw/ duh dydlodeoh1 Iru wklv uhdvrq/ L zloo nhhs
re �{hg lq wkh uhpdlqghu ri wklv vxevhfwlrq1 L zloo dvn zkhwkhu lw lv srvvleoh wr ghsuhfldwh
wkh fxuuhqf|/ l1h1/ gulyh xs rc wkurxjk prqhwdu| srolf|1 Wkh glvfxvvlrq edvlfdoo| lqyroyhv
hoderudwlqj rq wkh hfrqrplfv ri wkh XLS uhodwlrq1 Vlqfh Mdsdq lv fxuuhqwo| wkh sdudgljp
h{dpsoh ri d frxqwu| fdxjkw lq wkh }hur erxqg/ L zloo iru frqfuhwhqhvv wklqn ri wkh cgrphvwlf
hfrqrp|* dv Mdsdq dqg wkh fhqwudo edqn dv wkh Edqn ri Mdsdq +ERM,1

:Wklv zdv vxjjhvwhg wr ph yhuedoo| e| PfFdooxp dw wkh frqihuhqfh1
;Iru dq dqdo|vlv ri wkh LV0OP prgho zlwk wklv prgl�fdwlrq wr wkh XLS uhodwlrq/ vhh Nuxjpdq dqg Revwihog

+4<<:/ fkdswhu 4:,1 Dv qrwhg lq wkh lqwurgxfwlrq/ wkh prgl�fdwlrq h�hfwlyho| jlyhv wkh fhqwudo edqn d vhfrqg
wrro zlwk zklfk wr frqgxfw prqhwdu| srolf|1
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Zkhq � ' fc zk| zrxog shrsoh krog dvvhwv ghqrplqdwhg lq \hq li �W : f lv dydlodeoh
deurdgB Wkh dqvzhu/ dffruglqj wr XLS/ lv wkdw wkh| dqwlflsdwh wkdw wkh \hq zloo dssuhfldwh1
Iru h{dpsoh/ XV lqwhuhvw udwhv kdyh ehhq kljkhu wkdq Mdsdqhvh udwhv iru derxw wzr ghfdghv1
Zk| glg wklv qrw vsdun pdvvlyh fdslwdo rxw rzv iurp MdsdqB Wkh ehvw dqvzhu zh kdyh lv
edvhg rq XLS1 Zlwk rqo| d ihz h{fhswlrqv +wkh shulrg iurp 4<<8 wr 4<<; zdv d orqj rqh, wkh
\hq kdv vwhdglo| dssuhfldwhg uhodwlyh wr wkh groodu vlqfh wkh hduo| 4<:3v1 Suhvxpdeo|/ zkhq
shrsoh fdxjkw rq wr wklv/ wkh| ehjdq wr dqwlflsdwh wkdw wkh wuhqg zrxog frqwlqxh1 Lq wklv zd|/
iruhljqhuv kroglqj dvvhwv lq Mdsdq h{shfwhg wr eh frpshqvdwhg iru wkhlu orz qrplqdo uhwxuq
wkurxjk fxuuhqf| dssuhfldwlrq1 Vlploduo|/ Mdsdqhvh uhvlghqwv kroglqj orz0|lhoglqj Mdsdqhvh
dvvhwv fkrvh qrw wr krog wkh kljkhu0|lhoglqj iruhljq dvvhwv lqvwhdg ehfdxvh wkh| dqwlflsdwhg
wkdw wkrvh uhwxuqv zrxog eh uhgxfhg e| iruhljq fxuuhqf| ghsuhfldwlrq1

Lq frqyhqwlrqdo wh{werrn wuhdwphqwv/ wkh zd| wkh prqhwdu| dxwkrulw| udlvhv r lv e|
uhgxflqj � wkurxjk rshq pdunhw sxufkdvhv ri grphvwlf �qdqfldo dvvhwv1 Wkh lghd lv wkdw wkh
fxw lq � vsdunv d fdslwdo rxw rz/ dv shrsoh vhhn kljkhu uhwxuqv deurdg1 Lq wkhlu dwwhpswv
wr vhoo grphvwlf fxuuhqf| iru iruhljq fxuuhqf|/ wudghuv wkhq fdxvh lw wr ghsuhfldwh xqwlo XLS
lv uhvwruhg1 Dw wklv srlqw/ wkh suhvvxuh iru fdslwdo wr  rz deurdg fhdvhv1 Zkhq � ' fc
wklv phfkdqlvp lv lqrshudwlyh1 Shrsoh ylhz \hq fxuuhqf| dqg \hq lqwhuhvw ehdulqj dvvhwv
dv htxlydohqw/ vlqfh wkh| erwk jhqhudwh wkh vdph h{shfwhg uhwxuq/ }hur1 Dv d uhvxow/ rshq
pdunhw sxufkdvhv ri �qdqfldo dvvhwv e| wkh ERM kdyh qr lpsdfw rq sulfhv ru udwhv ri uhwxuq1
E| h{whqvlrq/ wkh| wkhuhiruh gr qrw d�hfw wkh h{fkdqjh udwh1

Exw/ zkdw li lqvwhdg wkh ERM sxufkdvhv iruhljq fxuuhqf| lq h{fkdqjh iru \hqB Frxog
wklv gluhfw lqwhuyhqwlrq lq wkh h{fkdqjh pdunhw surgxfh d ghsuhfldwlrq lq wkh \hqB Gr
sxufkdvhv ri iruhljq fxuuhqf| uhsuhvhqw d wrro wkdw lv h�hfwlyh dw frqwuroolqj wkh uhdo hfrqrp|/
hyhq zkhq frqyhqwlrqdo rshq pdunhw rshudwlrqv fhdvh wr eh h�hfwlyh ehfdxvh ri wkh }hur orzhu
erxqgB Dffruglqj wr XLS/ wkh dqvzhu lv qr1 Wkh orjlf lv lq sduw dq lpsolfdwlrq ri wkh vdph
uhdvrqlqj xqghuo|lqj wkh qrwlrq wkdw grphvwlf rshq pdunhw rshudwlrqv fdq*w zrun zkhq wkh
udwh ri lqwhuhvw lv }hur1 Dqg/ lq sduw lw lv dq lpsolfdwlrq ri wkh idfw wkdw XLS irfxvhv rqo| rq
wkh phdq uhwxuq wr dvvhwv/ qrw rwkhu prphqwv1

Vxssrvh wkh ERM ex|v XV grooduv dqg frqyhuwv wkhp lqwr XV jryhuqphqw vhfxulwlhv1<

Zkdw kdv kdsshqhg wr krxvhkrogv* edodqfh vkhhwvB Rqh clqwhuhvw0ehdulqj* dvvhw +l1h1/ \hq
fxuuhqf|, kdv uhsodfhg dqrwkhu +XV jryhuqphqw vhfxulwlhv,/ zklfk kdyh wkh vdph h{shfwhg
uhwxuq1 Dffruglqj wr XLS/ zklfk dvvxphv wudghuv irfxv rqo| rq h{shfwhg uhwxuqv/ wklv vkrxog
kdyh qr lpsdfw rq dq| dvvhw sulfh ru uhwxuq1 Lq h�hfw/ dq rshq pdunhw sxufkdvh ri iruhljq
h{fkdqjh lv htxlydohqw wr d vwhulol}hg lqwhuyhqwlrq/ zkhq wkh qrplqdo udwh ri lqwhuhvw lv }hur1

Ri frxuvh/ wkh fkdqjh lq wkh dvvhw frpsrvlwlrq ri krxvhkrogv* edodqfh vkhhwv pd|
dowhu lwv ulvn fkdudfwhulvwlfv1 Li krxvhkrogv zhuh kdss| zlwk wkh frpsrvlwlrq ri \hq dqg
XV groodu dvvhwv ehiruh wkh ERM lqwhuyhqwlrq/ wkhq shukdsv wkh| zrxog qrw eh diwhuzdug dw

<Li wkh| grq*w frqyhuw lwv grooduv lqwr vhfxulwlhv/ wkhq wkh ERM rshudwlrq lv wdqwdprxqw wr d frqwudfwlrqdu|
XV rshq pdunhw rshudwlrq1 Wklv zrxog ruglqdulo| ohdg wr d ulvh lq wkh XV lqwhuhvw udwh/ l�> zklfk zrxog wkhq
ohdg wr d ghsuhfldwlrq ri wkh \hq1 Exw/ wr kljkoljkw wkh qryhow| ri PfFdooxp*v dujxphqw/ L zdqw wr krog l�

�{hg1 Iru h{dpsoh/ li wkh ERM glg qrw frqyhuw lwv lqfuhdvhg groodu kroglqjv lqwr XV vhfxulwlhv/ dqg wkh Ihg
zhuh iroorzlqj dq lqwhuhvw udwh wdujhw/ wkhq lw zrxog dxwrpdwlfdoo| xqgr wkh h�hfw ri wkh ERM rshudwlrq rq
wkh XV prqh| vxsso| e| sxufkdvlqj XV jryhuqphqw ghew lq h{fkdqjh iru grooduv1
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xqfkdqjhg h{fkdqjh udwhv dqg dvvhw sulfhv1 Lqgxflqj krxvhkrogv wr vkliw wkh frpsrvlwlrq ri
wkhlu sruwirolrv wrzdugv \hq dqg dzd| iurp groodu dvvhwv pd| uhtxluh d ulvh lq wkh uhodwlyh
sulfh ri wkh odwwhu1 Dqg/ lq sulqflsoh wklv frxog eh dfklhyhg e| d ghsuhfldwlrq ri wkh \hq1
Exw/ dv qrwhg lq wkh lqwurgxfwlrq/ wkh gdwd vxjjhvw wkdw/ dw ehvw/ wklv h�hfw lv vpdoo143

E1 D Irupdo H{dpsoh

Iroorzlqj lv d irupdo prgho zklfk looxvwudwhv wkh h�hfwv rq prqhwdu| srolf| zkhq XLS
krogv1 Khuh/ L edvlfdoo| hoderudwh rq wkh dujxphqw lq Nuxjpdq +4<<;,/ xvlqj wkh sodlq ydqlood/
r�0wkh0vkhoi fdvk dgydqfh yhuvlrq ri wkh ghwhuplqlvwlf/ vwlfn|0sulfh/ wudghg jrrg2qrqwudghg
jrrg/ vpdoo rshq hfrqrp| prgho lq Revwihog dqg Urjr� +4<<9/ fkdswhu 4315,1

Wkh edvlf uhvxow lv wkdw zkhq wkhuh lv d whpsrudu|/ xqh{shfwhg lqfuhdvh lq wkh prqh|
vxsso|/ uhdo rxwsxw lqfuhdvhv/ wkh h{fkdqjh udwh ghsuhfldwhv dqg wkh lqwhuhvw udwh idoov/ dv
orqj dv wkh lqwhuhvw udwh lv srvlwlyh1 Dv vrrq dv wkh lqwhuhvw udwh uhdfkhv lwv }hur orzhu erxqg/
wkhq doo h�hfwv ri ixuwkhu lqfuhdvhv lq wkh prqh| vxsso| fhdvh= rxwsxw/ wkh lqwhuhvw udwh/ wkh
h{fkdqjh udwh gr qrw fkdqjh1

Lq wkh suhylrxv h{dpsoh/ wkh dvvxpswlrq wkdw wkh lqfuhdvh lq wkh prqh| vxsso| lv
whpsrudu| lv fuxfldo1 L vkrz wkdw li wkh prqh| vxsso| lqfuhdvh lv lqvwhdg ylhzhg dv shupdqhqw/
wkhq wkh lqwhuhvw udwh grhv qrw idoo zlwk dq lqfuhdvh lq wkh prqh| vxsso|1 Lq wklv fdvh/ wkh
orzhu erxqg rq wkh lqwhuhvw udwh grhv qrw frqvwudlq wkh fhqwudo edqn*v delolw| wr vwlpxodwh
wkh hfrqrp|1 Wklv uhvxow xqghuolqhv Nuxjpdq*v dujxphqw wkdw/ wr vwlpxodwh dq hfrqrp|
wkdw lv rq wkh }hur erxqg frqvwudlqw/ lw lv qhfhvvdu| wr frqylqfh shrsoh wkdw ixwxuh prqh|
zloo eh lqfuhdvhg1

Wkh h{dpsoh lv frqvwuxfwhg wr eh dv vlpsoh dqg vwdqgdug dv srvvleoh/ vxemhfw wr
jhwwlqj p| srlqw dfurvv1 Wkh rshq hfrqrp| frpsolfdwlrq lv reylrxvo| qhhghg li zh duh
wr wdon derxw h{fkdqjh udwhv dw doo1 Lq dgglwlrq/ L lqwurgxfh sulfh vhwwlqj +dqg/ L qhhg
prqrsrolvwlf frpshwlwlrq iru wkdw, vr wkdw prqhwdu| srolf| grhv kdyh uhdo h�hfwv zkhq wkh
lqwhuhvw udwh lv deryh lwv orzhu erxqg1

Vwdwhphqw ri wkh Prgho

Hdfk wlph shulrg lv glylghg lqwr wkuhh sduwv1 Lq wkh �uvw/ surgxfhuv lq wkh qrqwudghg

jrrg vhfwru vhw wkhlu sulfhv/ dqg frpplw wr vxsso| zkdwhyhu ghpdqg pdwhuldol}hv odwhu lq
wkh jrrgv pdunhw1 Lq wkh vhfrqg sduw ri wkh shulrg/ dq dvvhw pdunhw phhwv1 Ilqdqfldo fodlpv
vwhpplqj iurp wkh suhylrxv shulrg duh vhwwohg lq wklv pdunhw/ dqg wkh prqhwdu| dxwkrulw|
h{hfxwhv d prqhwdu| wudqvihu dw wklv wlph1 Ilqdoo|/ lq wkh wklug sduw ri wkh shulrg/ jrrgv
pdunhwv phhw dqg fohdu dqg rwkhu sulfhv dqg udwhv ri uhwxuq duh ghwhuplqhg1 L qrz ghvfuleh
wkh krxvhkrogv/ wkh �upv/ wkh prqhwdu| dxwkrulw|/ dqg wkhq wkh lpsolfdwlrqv iru h{fkdqjh
udwh srolf| zkhq wkh grphvwlf qrplqdo udwh ri lqwhuhvw lv rq lwv }hur erxqg1

Wkh � 5 Efc �� krxvhkrog kdv wkh iroorzlqj suhihuhqfhv ryhu wudghg jrrg frqvxpswlrq/

43Ri frxuvh/ li wkh ERM glg rshq pdunhw rshudwlrqv rq d yhu| odujh vfdoh/ wkhq shukdsv wkhuh zrxog eh d
qrwlfhdeoh h�hfw1 Krzhyhu/ wkh dujxphqwv lq Edfnxv dqg Nhkrh +4<;<, vxppdul}hg lq d suhylrxv irrwqrwh
vxjjhvw wkdw wkdw h�hfw lv kdug wr suhglfw xvlqj hfrqrplf wkhru|1
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SA| c qrqwudghg jrrg frqvxpswlrq/ S�| c dqg h�ruw/ +|E��=
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Wkh krxvhkrog krogv �| �qdqfldo dvvhwv dw wkh hqg ri wkh ||� shulrg dvvhw pdunhw1 Lw vsolwv
wkhvh ehwzhhq erqgv/ �|c dqg prqh|/ ��|c dv iroorzv=

�| ' �| n ��|�+4,

Wkhvh duh doo ghqrplqdwhg lq grphvwlf fxuuhqf| xqlwv1 Wkh erqg hduqv d jurvv qrplqdo udwh
ri uhwxuq/ � n �|c iru gholyhu| lq wkh shulrg | n � dvvhw pdunhw1 Wkh uhdvrq krxvhkrogv krog
fxuuhqf|/ ��|c lv wkdw wkh| qhhg lw wr vdwlvi| d fdvk frqvwudlqw=

��| � ��
| S�| n � A

| S
A
| c+5,

zkhuh ��
| dqg � A

| uhsuhvhqw wkh grphvwlf fxuuhqf| sulfh ri qrqwudghg dqg wudghg jrrgv/
uhvshfwlyho|1 Wkh krxvhkrog*v �qdqfldo dvvhwv dw wkh hqg ri wkh shulrg | dvvhw pdunhw duh
frpsrvhg ri dq| xqxvhg fdvk iurp wkh suhylrxv jrrgv pdunhw/ wkh shulrg | prqh| wudqvihu/
f|c dqg rwkhu uhfhlswv dffxpxodwhg lq shulrg |� � G

�| ' E� n �|3���|3� n ��|3� �
k
��
|3�S

�
|3� n ��

|3�S
�
|3�

l
nf| n � A

|3�7+
A n ��

|3�E��+
�
|3�E���+6,

Khuh/ wkh odvw wzr whupv uhsuhvhqw uhfhlswv dulvlqj iurp wkh vdoh ri wkh krxvhkrog*v hqgrzphqw
ri wkh wudghg jrrg/ 7+A c dqg uhfhlswv dulvlqj iurp lwv h{shqglwxuh ri h�ruw/ +�|3�E��1 Zh dovr
lpdjlqh wkdw dgglwlrqdo uhvwulfwlrqv duh sodfhg rq wkh krxvhkrog wr jxdudqwhh erxqghgqhvv
ri lwv lqwhuwhpsrudo frqvxpswlrq rssruwxqlwlhv1 Dprqj wkhvh lv wkh }hur erxqg uhvwulfwlrq
rq wkh qrplqdo udwh ri lqwhuhvw dqg d orzhu erxqg frqvwudlqw rq �|1

Lq hdfk gdwh/ |c wkh krxvhkrog pd{lpl}hv glvfrxqwhg xwlolw| vxemhfw wr d jlyhq ohyho
ri lqlwldo zhdowk/ �|� Lw dovr wdnhv wkh

q
��c �

�
� c � A

�

r
"

�'|
dqg +4,0+6, dv jlyhq1 Ilqdoo|/ wkh

krxvhkrog lv d prqrsro| vxssolhu ri +�| E��c dqg vr lw fkrrvhv ��
| E�� dqg +�| E�� vxemhfw wr d

ghpdqg fxuyh wr eh vshfl�hg ehorz1
Wkh uhdo udwh ri uhwxuq/ o : fc ghqrplqdwhg lq whupv ri wkh wudghg jrrg/ lv dvvxphg

wr eh �{hg dqg ghwhuplqhg rq zruog pdunhwv1 Xqghu wkh dvvxpswlrq ri iuhh lqwhuqdwlrqdo
fdslwdo prelolw|/ wklv lpsolhv=

E� n �|�
� A
|

� A
|n�

' � n o�+7,

Iru vlpsolflw|/ L dvvxph qE� n o� ' �� Iuhh prelolw| ri wkh wudghg jrrg lpsolhv wkh odz ri
rqh sulfh=

� A
| ' r|�

W

| c+8,

zkhuh � W| lv wkh iruhljq sulfh ri wkh wudghg jrrg1 Wkh iruhljq qrplqdo lqwhuhvw udwh/ �W| c lv=

� n �W| ' E� n o�
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Frpelqlqj wkh suhylrxv wkuhh htxdwlrqv/ zh rewdlq wkh XLS uhodwlrq iru wklv hfrqrp|=

� n �| ' E� n �W| �
r|n�
r|

�

Vlqfh wkhuh lv qr xqfhuwdlqw|/ wkh dfwxdo qh{w shulrg h{fkdqjh udwh dsshduv khuh1 Rwkhuzlvh/
wklv lv wkh vdph dv wkh XLS uhodwlrqvkls glvfxvvhg deryh1

Qrz frqvlghu wkh surgxfwlrq ri wkh qrqwudghg jrrg1 L lpdjlqh wkhuh lv d shuihfwo|
frpshwlwlyh �qdo jrrg �up zklfk xvhv d olqhdu krprjhqhrxv whfkqrorj| wr frqyhuw wkh h�ruw
ri hdfk krxvhkrog/ � 5 Efc ��c lqwr wkh qrqwudghg jrrg=

S�| '
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f

+�| E��
�
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c > � ��

Sur�w pd{lpl}dwlrq e| wkh �qdo jrrg surgxfhu lpsolhv wkh iroorzlqj ghpdqg fxuyh iru wkh
�|� lqsxw=

+�| E�� ' +�|
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|
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| E��
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>3�

c+9,

zkhuh +�| ghqrwhv djjuhjdwh surgxfwlrq ri wkh wudghg jrrg1 Wkh �|� krxvhkrog wuhdwv wklv dv
wkh ghpdqg fxuyh iru lwv vhuylfh/ +�| E��1

Surgxfwlrq ri wkh wudghg jrrg lv wulyldo1 Dv qrwhg deryh/ wkh krxvhkrog uhfhlyhv
dq hqgrzphqw ri wkh jrrg/ 7+A c lq hdfk shulrg1 Wkh krxvhkrog fdqqrw frqvxph lwv rzq
hqgrzphqw1 Wr frqvxph wkh wudghg jrrg/ lw pxvw vhoo lwv hqgrzphqw dqg vshqg fdvk wr jhw
lw1 Wkh hfrqrp| fdq frqvxph pruh wkdq lwv djjuhjdwh hqgrzphqw lq dq| sduwlfxodu shulrg/
e| uxqqlqj xs iruhljq ghew1

Wkh prqhwdu| dxwkrulw| vlpso| wudqvihuv fdvk wr wkh krxvhkrog/ dv lqglfdwhg deryh1
D prqhwdu| srolf| lv d vhtxhqfh ri fdvk lqmhfwlrqv/ ffc f�c111 1 Wkh djjuhjdwh vwrfn ri
fxuuhqf| hyroyhv dffruglqj wr=

�| ' �|3� nf|�

Lq dgglwlrq wr d wudqvyhuvdolw| frqglwlrq/ wkh iroorzlqj frqglwlrqv duh qhfhvvdu| dqg
vx!flhqw iru krxvhkrog rswlpl}dwlrq ri SA| c S
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wrjhwkhu zlwk +5,1 Khuh/ L kdyh lpsrvhg wkh htxloleulxp frqglwlrqv +�| E�� ' +�| E,� ' +�| dqg
��
| E�� ' ��

| E,� ' ��
| iru doo , 9' �� Wkh �uvw htxdwlrq lq +:, iroorzv gluhfwo| e| frpelqlqj
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wkh Hxohu htxdwlrq dvvrfldwhg zlwk dftxlulqj �|c htxdwlrq +7,/ E� n o�q ' � dqg wkh orj
dvvxpswlrq rq xwlolw|1 Wkh vhfrqg htxdwlrq/ sursruwlrqdolw| ri h{shqglwxuh vkduhv rq wudghg
dqg qrqwudghg jrrgv/ iroorzv iurp wkh xqlw hodvwlflw| ri vxevwlwxwlrq dvvxpswlrq lq xwlolw|1
Wkh wklug htxdwlrq iroorzv iurp wkh �uvw rughu frqglwlrq iru +�| E��c diwhu wdnlqj lqwr dffrxqw
+9, dqg wkh htxloleulxp uhvxow/ +�| E�� ' +�| E,� ' +�| / �

�
| E�� ' ��

| E,� ' ��
| iru doo ,c � dqg |�

Wkh irxuwk frqglwlrq lv vlpso| wkh frpsohphqwdu| vodfnqhvv frqglwlrq dvvrfldwhg zlwk wkh
fdvk frqvwudlqw1

Pdunhw fohdulqj lq wkh qrqwudgdeoh jrrgv vhfwru uhtxluhv +�| ' S�| c dqg htxdolw| ri
ghpdqg dqg vxsso| ri wkh grphvwlf fxuuhqf| uhtxluhv ��| ' �|� L gh�qh htxloleulxp lq wkh
xvxdo zd|/ dv d vhtxhqfh ri sulfhv dqg txdqwlwlhv vxfk wkdw krxvhkrog dqg �up rswlpl}dwlrq
lv vdwlv�hg dqg pdunhwv fohdu dw hdfk gdwh/ | ' fc �c ��� 1

Zlwk wkh lqlwldo lqwhuqdwlrqdo ghew vhw wr }hur/ wkh krxvhkrog fkrrvhv d frqvxpswlrq
sdwk zklfk nhhsv lw }hur= SA| ' 7+A iru doo |�

Wr gr wkh dqdo|vlv/ L uhtxluh wkh prgho*v vwhdg| vwdwh htxloleulxp1 L dvvxph wkh vwrfn
ri prqh| lv frqvwdqw/ �c vr wkdw prqh| lqmhfwlrqv duh h{shfwhg wr eh }hur iru doo wlph1 Wkhq/
xvlqj +7,/ SA ' 7+A c dqg vroylqj +:, iru �� c � A c S� G

� ' oc

SA ' 7+A c S� ' +� '

#
q�

>�f
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�E�n��
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SA
�c �� '

�

S�
��

zkhuh yduldeohv zlwkrxw d wlph vxevfulsw ghqrwh vwhdg| vwdwh ydoxhv1 Khuh/ L kdyh xvhg wkh
idfw wkdw wkh fdvk frqvwudlqw lv elqglqj/ ehfdxvh � ' o : f�

Dq Xqdqwlflsdwhg/ Whpsrudu| Mxps lq wkh Vwrfn ri Prqh|

L dvvxph wkdw wkh hfrqrp| lv lq wkh vwhdg| vwdwh mxvw ghvfulehg1 Wkhq/ iroorzlqj
Nuxjpdq +4<<;,/ L lpdjlqh wkdw lq shulrg f/ diwhu ��

f kdv ehhq vhw wr �� / wkh prqhwdu|
dxwkrulw| ghyldwhv iurp h{shfwdwlrqv e| lqfuhdvlqj wkh prqh| vwrfn1 Rqfh wkh ghyldwlrq
rffxuv/ lw lv h{shfwhg wr eh whpsrudu|/ ohdylqj djhqwv h{shfwlqj wkdw wkh vwrfn ri prqh| lq
doo ixwxuh shulrgv zloo eh uhvwruhg wr lwv suh0vkrfn ohyho1 Wkh qdwxuh ri wkh srolf| lv ff : f
dqg f� ' �ffc vr wkdw �f ' � nff dqg �| ' � iru doo | : f� Wklv fdswxuhv wkh qrwlrq
wkdw djhqwv glveholhyh dq| fodlp e| wkh prqhwdu| dxwkrulw| wkdw lw zloo shuvlvw lq lwv gdwh 3
xqh{shfwhg h{sdqvlrqdu| prqhwdu| srolf|1

L zloo vkrz wkdw dv wkh prqhwdu| dxwkrulw| udlvhv wkh gdwh f prqh| vwrfn/ wkh gdwh 3
ohyho ri rxwsxw lqfuhdvhv dqg wkh lqwhuhvw udwh dqg h{fkdqjh udwh ghfolqh1 Dv ff frqwlqxhv wr
lqfuhdvh/ wkh qrplqdo lqwhuhvw udwh hyhqwxdoo| klwv }hur1 Iurp wkdw srlqw rq/ ixuwkhu lqfuhdvhv
lq ff kdyh qr pruh h�hfw1 Wkh lqfuhdvhv vlpso| dffxpxodwh dv lgoh fdvk edodqfhv dqg wkhuh
lv qr h�hfw rq h{fkdqjh udwhv/ lqwhuhvw udwhv/ ru sulfh ohyhov144 Vljql�fdqwo|/ iurp wkh srlqw

44Ehfdxvh wkh fdvk lqmhfwlrq lv whpsrudu|/ lw lv zlwkgudzq e| d wd{ lq wkh iroorzlqj shulrg1 Wkxv/ krxvhkrogv
nhhs wkh lgoh fdvk edodqfhv lq shulrg 3> vr wkdw wkh| duh lq d srvlwlrq wr sd| wkh wd{ lq wkh iroorzlqj dvvhw
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ri ylhz ri PfFdooxp*v sdshu/ wkh h{fkdqjh udwh vwrsv idoolqj lq ydoxh dw suhflvho| wkh vdph
wlph wkdw wkh lqwhuhvw udwh klwv lwv orzhu erxqg1 Lq sduwlfxodu/ wkh delolw| wr lq xhqfh wkh
h{fkdqjh udwh grhv qrw r�hu d uhsulhyh iurp wkh orzhu erxqg frqvwudlqw lq wklv prgho1

Wkh ydoxhv ri doo yduldeohv/ lqfoxglqj qrplqdo yduldeohv/ lq shulrg �c 2/ ��� uhpdlq
xqfkdqjhg dw wkhlu vwhdg| vwdwh ohyho1 Dovr/ dv qrwhg deryh/ ��

f ' �� c ehfdxvh wkdw lv vhw
ehiruh wkh xqh{shfwhg gdwh f prqh| lqmhfwlrq1 Wkh htxdwlrqv wkdw fkdudfwhul}h wkh gdwh f
ydoxhv ri wkh yduldeohv lqfoxgh doo htxdwlrqv lq +:, h{fhsw wkh wklug rqh1 Wkdw htxdwlrq lq
shulrg f lv qr orqjhu uhohydqw diwhu qrqwudghg jrrg �upv kdyh vhw wkhlu sulfh/ ��

f 1
E| wkh �uvw htxdwlrq lq +:,/ L frqfoxgh wkdw SA| ' 7+A iru | ' fc �c 2c ��� 1 Wkdw lv/ wkh

frqvxpswlrq ri wkh wudghg jrrg lv xqd�hfwhg e| wkh prqhwdu| lqmhfwlrq1 Vxevwlwxwlqj wkh
sursruwlrqdolw| uhvxow rq wudghg dqg qrqwudghg jrrg frqvxpswlrq +wkh vhfrqg htxdwlrq lq
+:,, lqwr wkh fdvk frqvwudlqw/ zh �qg � A

f 7+A � E�� �� E� nff�c ru

� A
f �

E�� �� E� nff�

7+A
zlwk vwulfw htxdolw| li �f : f�+<,

Dffruglqj wr wklv h{suhvvlrq/ li ff lv lqfuhdvhg zkloh �f : fc wkhq h{shqglwxuhv rq wkh wudghg
jrrg lqfuhdvh1 Exw/ vlqfh wkh txdqwlw| frqvxphg grhv qrw fkdqjh lq htxloleulxp/ lwv sulfh/
� A
f c pxvw lqfuhdvh1 Vlploduo|/ zh dovr �qg ��S�f � �E� nff�c ru/

S�f �
� E� nff�

��
zlwk vwulfw htxdolw| li �f : f�+43,

Wkdw lv/ li ff lqfuhdvhv zkloh �f : fc wkhq h{shqglwxuhv rq wkh frqvxpswlrq ri wkh qrqwudghg
jrrg lqfuhdvhv1 Exw/ ehfdxvh lwv sulfh lv vhw lq dgydqfh dqg �upv duh uhtxluhg wr dffrppr0
gdwh zkdwhyhu ghpdqg pdwhuldol}hv h{ srvw/ lw iroorzv wkdw frqvxpswlrq ri wkh wudghg jrrg
pxvw lqfuhdvh zkhq �f : f1

Wkh suhylrxv glvfxvvlrq lqglfdwhv wkdw wkh uhvsrqvh ri wkh hfrqrp| wr dq xqh{shfwhg
prqh| lqmhfwlrq ghshqgv rq wkh pdjqlwxgh ri wkh lqwhuhvw udwh1 Zh qhhg dq h{suhvvlrq iru
wklv yduldeoh1 Uhduudqjlqj +7,/ L rewdlq=

� n �f ' E� n o�
� A
�

� A
f

c+44,

zlwk wkh xqghuvwdqglqj wkdw � A
� ' � A � Iurp wklv zh vhh wkdw iru vpdoo � A

f c wkh qrplqdo
lqwhuhvw udwh lv srvlwlyh1 Frpelqlqj +<, zlwk wklv h{suhvvlrq/ zh frqfoxgh wkdw �f : f dv orqj
dv

ff 	
� n o

�
� A 7+A ���+45,

Vxssrvh ff lqfuhdvhv/ vwduwlqj iurp d srlqw zhoo ehorz wklv xsshu erxqg/ zklfk L dvvxph wr
eh srvlwlyh1 Wkhvh ydoxhv ri ff surgxfh d vwulfwo| srvlwlyh �f� Dv ff lqfuhdvhv/ �f idoov/ exw
uhpdlqv srvlwlyh dv orqj dv wkh lqfuhdvh lq ff lv qrw wrr juhdw1 Dffruglqj wr +43,/ � A

f dqg
S�f lqfuhdvh ryhu wklv udqjh1 Lq dgglwlrq/ e| +8, wkh qrplqdo h{fkdqjh udwh/ rfc ghsuhfldwhv
� A
f ulvhv1 Krzhyhu/ dv vrrq dv ff klwv lwv xsshu erxqg lq +45,/ ixuwkhu lqfuhdvhv surgxfh qr

wudglqj shulrg1
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h�hfw rq �fc zklfk kdv qrz uhdfkhg lwv orzhu erxqg ri }hur1 Vxfk lqfuhdvhv lq ff dovr fdqqrw
surgxfh dq| ixuwkhu fkdqjh lq � A

f c dffruglqj wr +44,1 Vlqfh ixuwkhu lqfuhdvhv lq ff surgxfh
qr ixuwkhu lqfuhdvh lq h{shqglwxuhv rq wkh wudghg jrrg/ dqg h{shqglwxuhv rq qrqwudghg dqg
wudghg jrrgv duh sursruwlrqdo/ lw iroorzv wkdw vxfk fkdqjhv lq ff dovr surgxfh qr ixuwkhu
fkdqjh lq S�f 1 Lq vxp/ lqfuhdvhv lq ff eh|rqg wkh xsshu erxqg lq +45, surgxfh qr ixuwkhu
fkdqjhv lq �fc rfc S

�
f dqg � A

f �
Rxu lqwhuhvwv khuh duh vshfl�fdoo| rq wkh qrplqdo h{fkdqjh udwh1 Iurp wklv shu0

vshfwlyh/ lw lv qrwdeoh wkdw wkh delolw| wr lq xhqfh wkh h{fkdqjh udwh fhdvhv dv vrrq dv wkh
}hur erxqg frqvwudlqw rq wkh lqwhuhvw udwh lv dfklhyhg1 Wkh h{fkdqjh udwh grhv qrw surylgh
dq| qhz rssruwxqlwlhv/ eh|rqg zkdw lv dydlodeoh zlwk wkh lqwhuhvw udwh/ iru vwlpxodwlqj wkh
hfrqrp|1

Dq Xqdqwlflsdwhg/ Shupdqhqw Mxps lq wkh Vwrfn ri Prqh|

L qrz frqvlghu wkh vdph h{shulphqw vwxglhg deryh/ prgl�hg rqo| vr wkdw wkh lqfuhdvh
lq prqh| lv h{shfwhg wr eh shupdqhqw1 Wkdw lv/ ff : f dqgf| ' f iru | : f� Vwduwlqj shulrg
4 rq/ wkh prgho lv lq d vwhdg| vwdwh1 Krzhyhu/ lw lv d vwhdg| vwdwh lq zklfk wkh prqh| vxsso|
lv frqvwdqw dw�nffc qrw �c dv ehiruh1 Wklv phdqv wkdw qrplqdo yduldeohv duh kljkhu/ zlwk
+;, lqglfdwlqj wkdw � A

� ' �E� nff�*7+
A � Li zh vxssrvh wkdw zh ehjlq lq d vlwxdwlrq zkhuh

�f : fc wkhq +<, lpsolhv � A
f ' �E� n ff�*7+

A c vr wkdw � A
� *�

A
f ' � iru doo ff� Vxevwlwxwlqj

wklv lqwr +44,=

� n �f ' � n o : �c

iru doo ff� Wkxv/ wkh h�hfw ri lqfuhdvhv lq ff rq S�f lv qrw frqvwudlqhg dq| orqjhu e| wkh
orzhu erxqg frqvwudlqw rq �f� Wklv vkrzv wkdw iru dq h{sdqvlrq lq wkh prqh| vxsso| wr eh
h�hfwlyh lq vwlpxodwlqj wkh hfrqrp|/ lw pxvw eh wkdw sulydwh djhqwv eholhyh wkh h{sdqvlrq
zloo eh shuvlvwhqw1 Li wkh| gr qrw/ wkhq wkh h{sdqvlrqdu| h�hfw lv olplwhg e| wkh }hur orzhu
erxqg frqvwudlqw rq wkh qrplqdo lqwhuhvw udwh1

71 Wkh ]hur Erxqg Frqvwudlqw dqg Frq�ghqfh Fulvhv
Wkh ihdu derxw ohwwlqj wkh qrplqdo lqwhuhvw udwh jhw wrr orz uh hfwv wkh frqfhuq wkdw

lq wklv fdvh/ wkh fhqwudo edqn orrvhv wkh srzhu wr vwdelol}h wkh hfrqrp|1 Prvw irupdo prghov
xvhg wr duwlfxodwh wkh ehqh�wv ri fhqwudo edqn vwdelol}dwlrq/ olnh PfFdooxp*v/ irfxv rq plwl0
jdwlqj lqh!flhqflhv fuhdwhg e| wkh suhvhqfh ri vwlfn| sulfhv1 Krzhyhu/ lqirupdo glvfxvvlrqv
ri wkh gdqjhuv ri orz lqwhuhvw udwhv vrphwlphv dovr irfxv rq dqrwkhu zruu|= lqwhuhvw udwhv
vkrxog eh nhsw kljk dv sduw ri d fuhgleoh frpplwphqw wr fxw udwhv lq wkh hyhqw ri d frq�ghqfh
fulvlv1 Wkh qrwlrq lv wkdw zlwk vxfk d frpplwphqw lq sodfh/ frq�ghqfh fulvhv duh pxfk ohvv
olnho| wr rffxu lq wkh �uvw sodfh1 Exw/ vxfk d frpplwphqw lv lqihdvleoh li wkh lqwhuhvw udwh lv
wrr orz 0 lq wkdw fdvh wkh qrqqhjdwlylw| frqvwudlqw pdnhv wkh frpplwphqw wr fxw wkh udwh ri
lqwhuhvw lq wkh fdvh ri d frq�ghqfh fulvlv qrq0fuhgleoh1 Wkh frqfhuq lv wkdw zlwkrxw wkh delolw|
wr fuhgleo| frpplw wr �jkwlqj frq�ghqfh fulvhv lq wklv zd|/ wkhlu lqflghqfh zloo lqfuhdvh1 Wr
ehwwhu xqghuvwdqg wkhvh zruulhv/ prghov duh qhhghg zklfk fdq eh xvhg wr duwlfxodwh wkhp
suhflvho|/ wr h{srvh wkh lpsolflw xqghuo|lqj dvvxpswlrqv1 L vnhwfk vxfk d prgho khuh e|
exloglqj rq wkh qrq0prqhwdu| prgho lq Fkulvwldqr dqg Kduulvrq +4<<<,1
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Lq wkdw prgho/ wkh srvvlelolw| ri d cfrq�ghqfh fulvlv* h{lvwv ehfdxvh ri wkh suhvhqfh
ri vwudwhjlf frpsohphqwdulwlhv lq wkh sulydwh vhfwru145 Wkhuh duh pdq| zd|v wkhvh fdq eh
fdswxuhg/ dqg L vxvshfw wkdw wkh h{dpsoh L ghyhors ehorz lv urexvw wr dowhuqdwlyh zd|v ri
grlqj vr146 Wkh dssurdfk L fkrrvh lv sduwlfxoduo| frqyhqlhqw ehfdxvh ri lwv dqdo|wlf vlpsolflw|1
Wkh prgho lv d yhuvlrq ri wkh rqh vwxglhg lq Ehqkdele dqg Iduphu +4<<7,/ dqg fdswxuhv wkh
djh0rog lghd wkdw d jhqhudo vhqvh ri shvvlplvp derxw wkh khdowk ri wkh hfrqrp| fdq dfw
dv dq lqghshqghqw irufh/ gulylqj wkh hfrqrp| lqwr orz dfwlylw|/ zkloh rswlplvp fdq kdyh
wkh rssrvlwh h�hfw147 Lq Fkulvwldqr dqg Kduulvrq +4<<<,/ lw lv vkrzq wkdw d wd{ v|vwhp
zklfk surgxfhv d kljk wd{ udwh lq d errp dqg d orz udwh lq d uhfhvvlrq fdq qhxwudol}h wklv
phfkdqlvp1 Wkh edvlf orjlf lv vwudljkwiruzdug1 Zkhq wd{ udwhv duh frqvwdqw/ wkh phfkdqlvp
e| zklfk d jhqhudo vhqvh ri shvvlplvp ru rswlplvp fdq eh vhoi0ixo�oolqj zrunv olnh wklv= li
L wklqn wkdw hyhu|rqh hovh lv shvvlplvwlf dqg sodqv qrw wr zrun ru lqyhvw/ wkhq L kdyh qr
lqfhqwlyh wr zrun ru lqyhvw hlwkhu vlqfh L fdq h{shfw wkh udwh ri uhwxuq rq wkhvh dfwlylwlhv
zloo eh orz1 Vlploduo|/ li L h{shfw hyhu|rqh hovh wr eh dfwlyh/ wkhq wkh uhwxuq wr ph ri ehlqj
dfwlyh lv kljk wrr1 Wkxv/ uhsruwv ru uxpruv wkdw wkhuh lv dq hfrqrp|0zlgh vhqvh ri jorrp/ ru
ri cluudwlrqdo h{xehudqfh*/ fdq pdnh wkhvh vhqwlphqwv ehfrph d uhdolw|1 Wkh frxqwhuf|folfdo
wd{ srolf| vwxglhg lq Fkulvwldqr dqg Kduulvrq +4<<<, lq h�hfw vkruw0flufxlwv wklv phfkdqlvp=
li L wklqn d jhqhudo vhqvh ri jorrp lv gulylqj hyhu|rqh hovh lqwr lqdfwlylw|/ wklv kdv qr h�hfw
rq p| rzq lqfhqwlyh wr zrun dqg lqyhvw ehfdxvh L nqrz wkdw p| rzq udwh ri uhwxuq wr
lqyhvwlqj dqg zrunlqj zloo eh sursshg xs e| d wd{ fxw1 Wkh surf|folfdo wd{ srolf| zrunv
lq d vlplodu zd| wr suhyhqw dq hfrqrp|0zlgh sdwwhuq ri h{fhvv ch{xehudqfh* iurp ehfrplqj
vhoi0ixo�oolqj148 Wkxv/ zlwk wkh wd{ srolf| lq sodfh/ eholhiv derxw wkh vhqwlphqwv ri rwkhuv

45Wkhuh h{lvw vwudwhjlf frpsohphqhqwdulwlhv li dq| rqh djhqw kdv pruh lqfhqwlyh wr eh dfwlyh zkhq doo rwkhu
djhqwv duh pruh dfwlyh1

46Iru d uhfhqw uhylhz ri wkh dowhuqdwlyhv/ vhh Fkulvwldqr dqg Ilw}jhudog +4<<;,1
47E| xvlqj wkh dgmhfwlyh clqghshqghqw* khuh/ L phdq wr gl�huhqwldwh iurp wkh vlwxdwlrq lq zklfk shvvlplvp

ru rswlplvp lv d uhdfwlrq wr rwkhu vkrfnv/ vxfk dv dq hduwktxdnh ru d zdu1 Zkhq dq h{whuqdo vkrfn olnh wklv
d�hfwv wkh hfrqrp|/ eholhiv qr grxew sod| dq lpsruwdqw uroh lq wudqvplwwlqj dqg sursdjdwlqj wkhlu h�hfwv1
Krzhyhu/ eholhiv duh qrw d wuljjhulqj phfkdqlvp/ ru lpsxovh/ lq wklv fdvh1 Wkh vfhqdulr xqghu frqvlghudwlrq
lq wkh wh{w lv rqh lq zklfk eholhiv duh wkhpvhoyhv wkh vkrfn1

48Wkh fodvvlf h{dpsoh ri doo wklv lv wkh edqn uxq1 Lq wkh devhqfh ri ghsrvlw lqvxudqfh/ li L khdu d uxpru
wkdw hyhu|rqh hovh sodqv wr uxq rq wkh edqn/ L kdyh d vwurqj lqfhqwlyh wr uxq hyhq idvwhu vr L grq*w hqg xs
zlwk wkh shrsoh dw wkh edfn ri wkh olqh zkr zloo qrw jhw wkhlu prqh|1 Hyhq d cjrrg* edqn zklfk kdv lqyhvwhg
zlvho|/ lv yxoqhudeoh wr uxpruv olnh wklv1 Wklv lv ehfdxvh d edqn lv xqolnho| wr eh deoh wr oltxlgdwh lwv dvvhwv
+ordqv wr wkh orfdo jurfhu| vwruh/ prylh wkhdwhu/ hwf1, txlfno|/ vr shrsoh dw wkh hqg ri wkh olqh zloo dw ohdvw
vx�hu vxevwdqwldo dqg lqfrqyhqlhqw ghod|v lq jhwwlqj wkhlu prqh| edfn1 Pruhryhu/ lw lv olnho| wkdw wkh dwwhpsw
wr oltxlgdwh dvvhwv txlfno| zloo fdxvh wkhlu ydoxh wr idoo +l1h1/ dv wkh jurfhu| vwruh ru prylh wkhdwhu duh gulyhq
lqwr edqnuxswf| e| wkh qhhg wr txlfno| uhsd| wkhlu ordqv,/ uhvxowlqj lq uhdo orvvhv wr wkh shrsoh dw wkh hqg ri
wkh olqh1 Wklv lv zk| shvvlplvp derxw d edqn*v delolw| wr pdnh jrrg rq lwv ghsrvlw reoljdwlrqv fdq ehfrph
vhoi0ixo�oolqj1 Rq wkh rwkhu kdqg/ li d ulfk shuvrq +olnh wkh Ihghudo Ghsrvlw Lqvxudqfh Frusrudwlrq, vwdqgv
uhdg| wr sd| r� wkh shrsoh dw wkh edfn ri wkh olqh/ wkhq d jhqhudo vhqvh ri shvvlplvp fdqqrw eh vhoi0ixo�oolqj1
Hyhq li L khdu ri d uxpru wkdw wkhuh lv d uxq rq p| edqn/ wkhuh lv qr sduwlfxodu lqfhqwlyh iru ph wr uxq wrr1
Lq wklv zd|/ wkh suhvhqfh ri ghsrvlw lqvxudqfh vkruw flufxlwv wkh phfkdqlvp e| zklfk shvvlplvp derxw d edqn
fdq ehfrph vhoi0ixo�oolqj1 Wkh frpphqw lq dq hduo| irrwqrwh dssolhv khuh wrr1 L gr qrw kdyh lq plqg wkh
vfhqdulr lq zklfk shvvlplvp derxw d edqn lv wkh uhvsrqvh wr d vljqdo wkdw wkh edqn*v r!fhuv kdyh pdgh xqzlvh
lqyhvwphqwv1 Lq wklv fdvh/ shvvlplvp lv qrw wkh sulplwlyh/ gulylqj vkrfn1 Lqvwhdg/ lw lv sduw ri wkh sursdjdwlrq
phfkdqlvp1 L dp khuh frqfhuqhg zlwk wkh srvvlelolw| wkdw shvvlplvp lv wkh dq lqghshqghqw vkrfn1 Iru wkh
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fhdvh wr sod| dq lqghshqghqw uroh lq lqglylgxdov* hfrqrplf ghflvlrqv1 Wkhvh eholhiv fhdvh wr
sod| dq lqghshqghqw uroh lq wkh hfrqrp|1

Lq prghov ri prqhwdu| hfrqrplhv/ dq lqfuhdvh lq wkh qrplqdo udwh ri lqwhuhvw dfwv
yhu| pxfk olnh d wd{ lqfuhdvh/ zkloh d ghfuhdvh dfwv olnh d wd{ fxw +Frroh| dqg Kdqvhq
+4<;<,1, Wklv vxjjhvwv wkdw d surf|folfdo lqwhuhvw udwh srolf| kdv wkh srwhqwldo wr sod| d uroh
lq vwdelol}lqj d prqhwl}hg yhuvlrq ri wkh Fkulvwldqr dqg Kduulvrq prgho1 L vkrz wkdw wklv lv
lqghhg wkh fdvh1

D1 Prgho

Wkh prgho kdv krxvhkrogv/ �upv/ d �qdqfldo lqwhuphgldu| dqg prqhwdu| dqg �vfdo
dxwkrulwlhv1 L qrz ghvfuleh hdfk ri wkhvh lq wxuq1

Krxvhkrogv

Suhihuhqfhv ri d uhsuhvhqwdwlyh krxvhkrog duh jlyhq e|=

"[
|'f

q|�ES|c ?|�c �ESc ?� ' *L} Sn j *L}E�� ?�c

zkhuh S| ghqrwhv frqvxpswlrq dqg ?| ghqrwhv krxuv zrunhg1 Wkh hfrqrp|*v vwrfn ri prqh|/
�|c lv dydlodeoh wr wkh krxvhkrog dw wkh ehjlqqlqj ri wkh shulrg1 Wklv prqh| lv glylghg
ehwzhhq ixqgv/ (|c ghsrvlwhg zlwk d �qdqfldo lqwhuphgldu| dqg ixqgv/ �|�(|c doorfdwhg wr
vshqglqj rq jrrgv1 Wkh fdvk frqvwudlqw lq wkh jrrgv pdunhw lv=

R|ES| n U|� � E�� � |��|?| n�| �(|c

zkhuh �| lv wkh zdjh udwh/ R| lv wkh sulfh ohyho dqg � | lv wkh wd{ udwh rq lqfrph1 Dovr/ U|
ghqrwhv lqyhvwphqw/ zklfk wkh krxvhkrog dssolhv wr lqfuhdvlqj wkh vwrfn ri fdslwdo/ xvlqj wkh
iroorzlqj whfkqrorj|=

&|n� ' E�� B�&| n U|c

zkhuh &| ghqrwhv wkh ehjlqqlqj ri shulrg | vwrfn ri fdslwdo1
Wkh krxvhkrog*v �qdqfldo dvvhwv hyroyh ryhu wlph dffruglqj wr wkh iroorzlqj htxdwlrq=

�|n� ' -|E(| nf|� n E�� � |�o|&| n dE�� � |��|?| n�| �(| � R|ES| n U|�o n A|c

zkhuh o| ghqrwhv wkh uhqwdo udwh rq fdslwdo/ -| ghqrwhv wkh jurvv qrplqdo udwh ri lqwhuhvw/ f|

ghqrwhv d prqhwdu| wudqvihu e| wkh prqhwdu| dxwkrulw| wkdw rffxuv gxulqj wkh shulrg/ dqg
A| uhsuhvhqwv d wudqvihu iurp wkh �vfdo dxwkrulw|1 Krxvhkrogv pd{lpl}h xwlolw| wdnlqj sulfhv/
wd{hv/ wkh fdvk frqvwudlqw/ wkh dvvhw hyroxwlrq htxdwlrq dqg lqlwldo txdqwlwlhv ri fdslwdo dqg
prqh| dv jlyhq1 Wkh Hxohu htxdwlrqv iru oderu/ prqh| dqg fdslwdo duh/ uhvshfwlyho|=

E�� � |��|

R|
' �
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�S|

c
�Sc|
R|

' q-|

�Sc|n�
R|n�

c �Sc| ' q�Sc|n�
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o|n�
R|n�
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c

zkhuh �%| lv wkh sduwldo ghulydwlyh ri � zlwk uhvshfw wr % ' S|c ?|�

fodvvlf irupdol}dwlrq ri wklv edqn0uxq h{dpsoh/ vhh Gldprqg dqg G|eylj +4<;6,1
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Ilupv dqg Ilqdqfldo Lqwhuphgldu|

Wkh uhsuhvhqwdwlyh �up lv frpshwlwlyh/ dqg kdv dffhvv wr wkh iroorzlqj whfkqrorj|=

+ ' t �&k?�3kc � ' �� kc

zkhuh t lv hfrqrp|0zlgh dyhudjh rxwsxw/ dqg +c &c ? duh �up rxwsxw/ fdslwdo/ dqg hpsor|0
phqw/ uhvshfwlyho|1 Ilupv pxvw eruurz wkh zdjh eloo dw wkh ehjlqqlqj ri wkh shulrg/ dqg wkh|
uhsd| �-*R shu zrunhu wr wkh �qdqfldo lqwhuphgldu| dw wkh hqg ri wkh shulrg1 Ilupv* dfwlylw|
lq wkh prqh| pdunhw hqvxuhv wkdw/ lq dq| htxloleulxp/ lw pxvw eh wkdw -| � �� Li lw zhuh
rwkhuzlvh/ wkhq �upv frxog pdnh lq�qlwh sur�wv e| eruurzlqj � grooduv dw wkh ehjlqqlqj ri
wkh shulrg/ sd|lqj edfn -� dw wkh hqg/ nhhslqj wkh srvlwlyh dprxqw E�� -��c dqg gulylqj
� $ 4�

Ilqdoo|/ �upv �qdqfh wkh uhqw rq fdslwdo/ o&*Rc zkhuh o lv wkh qrplqdo uhqwdo udwh
rq fdslwdo/ rxw ri hqg0ri0shulrg fdvk uhfhlswv1 Lq htxloleulxp/ t ' +� Lqfrusrudwlqj wklv
htxloleulxp frqglwlrq lqwr wkh �up*v �uvw rughu frqglwlrqv dqg lqwr wkh djjuhjdwh uhvrxufh
frqvwudlqw |lhogv=

o|
R|

' k?2| c
�|-|

R|
' �&|?|c S| n &|n� � E�� B�&| ' &|?

2

| c

diwhu lpsrvlqj wkh hpslulfdoo| uhdvrqdeoh ydoxh/ k ' �*��
Wkh �qdqfldo lqwhuphgldu| uhfhlyhv ixqgv/ (|c iurp krxvhkrogv dqg f| rq krxvhkrogv*

ehkdoi iurp wkh prqhwdu| dxwkrulw|1 Lw ohqgv wkhvh ixqgv rq wr �upv zkr qhhg wr �qdqfh
wkhlu oderu eloo1 Fohdulqj lq wkh prqh| pdunhw uhtxluhv

�|?| ' (| nf|�

Dw wkh hqg ri wkh shulrg/ wkh �qdqfldo lqwhuphgldu| uhfhlyhv E(|nf|�-|c zklfk lw sdvvhv rq
wr krxvhkrogv1

Prqhwdu| dqg Ilvfdo Dxwkrulwlhv

Prqhwdu| srolf| vhwv f| wr dfklhyh d sduwlfxodu lqwhuhvw udwh wdujhw1 Wkh �vfdo dx0
wkrulw| idfhv wkh iroorzlqj edodqfhg exgjhw frqvwudlqw=

� | E�|?| n o|&|� ' A|�

Ilvfdo srolf| lv d vwudwhj| iru vhwwlqj � |� L zloo frqvlghu frqvwdqw lqwhuhvw udwh dqg wd{ srolflhv/
dqg srolflhv wkdw doorz wkhvh yduldeohv wr fkdqjh zlwk wkh vwdwh ri wkh hfrqrp|1 L zloo uhtxluh
wkdw wkhvh uxohv eh fuhgleoh/ wkdw lv/ eh ihdvleoh lq doo srvvleoh vwdwhv ri wkh hfrqrp|1 Iru
h{dpsoh/ d uxoh lv qrw fuhgleoh li lw vshfl�hv wkdw -| pxvw eh qhjdwlyh iru vrph ohyho ri
djjuhjdwh dfwlylw| wkdw lv qrw lqfrqvlvwhqw zlwk whfkqrorjlfdo ihdvlelolw|1

Htxloleulxp

L dgrsw wkh xvxdo vhtxhqfh0ri0pdunhwv htxloleulxp frqfhsw1 Lw lv d vhtxhqfh ri txdq0
wlwlhv dqg sulfhv/ vxfk wkdw/ jlyhq prqhwdu| dqg �vfdo srolf|/ pdunhwv fohdu dqg djhqwv
rswlpl}h1 Lq dgglwlrq/ wkh prqhwdu| dqg �vfdo dxwkrulwlhv srolf| uxohv pxvw eh vdwlv�hg dqg
pxvw vdwlvi| fuhglelolw|1
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Dv hpskdvl}hg lq Fkulvwldqr dqg Kduulvrq +4<<<,/ wkh vhw ri htxloleuld lv hdv| wr
fkdudfwhul}h iru wklv hfrqrp|1 Frpelqlqj wkh �up dqg krxvhkrog Hxohu htxdwlrqv iru oderu/

�S| '
�

j
K|?|E�� ?|�c zkhuh �S| �

S|
&|
c K| �

�� � |
-|

�+46,

Frpelqlqj wkh krxvhkrog*v lqwhuwhpsrudo Hxohu htxdwlrq iru fdslwdo zlwk wkh �up �uvw rughu
frqglwlrq iru fdslwdo |lhogv/
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�S|

' q
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�+47,

Iurp wkh uhvrxufh frqvwudlqw=

b| ' ?2| n �� B � �S| ' ?2| n �� B �
�

j
K|?|E�� ?|��

Vxevwlwxwlqj wkh h{suhvvlrqv iru b| dqg iru �S| lqwr +47, |lhogv=
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ru/ diwhu uhzulwlqj/

K|n�?
2

|n� d� n VE?|cK|�ko� K|n�?|n� n VE?|cK|�E�� B� ' fc+49,

zkhuh

VE?cK� '
qK?E�� ?�

?2 n �� B � �

j
K?E�� ?�

�

Lw wxuqv rxw wkdw wkh g|qdplf surshuwlhv ri wklv prgho hfrqrp| duh hvvhqwldoo| wkh
vdph dv wkrvh ri wkh Fkulvwldqr dqg Kduulvrq prgho/ ghvslwh wkh idfw wkdw wkh odwwhu lv qrq0
prqhwdu|1 Wkh lqfrusrudwlrq ri prqh| vlpso| prgl�hv wkh lqwhusuhwdwlrq ri K� Lq Fkulvwldqr
dqg Kduulvrq/ K uh hfwv rqo| wkh wd{ udwh rq oderu/ zlwk - lpsolflwo| vhw wr �1 Zlwk wkh
lqfrusrudwlrq ri prqh|/ zh fdq lqwhusuhw K dv dovr uh hfwlqj d jurvv lqwhuhvw udwh gl�huhqw
iurp xqlw|/ dv lq +46,1 Wkh rqo| wklqj zh kdyh wr uhphpehu khuh lv wkh uhvwulfwlrq wkdw -
fdqqrw eh ohvv wkdq xqlw|1 Wkhuh lv qr dqdorj ri wklv lq wkh uhdo hfrqrp|1

L vkdoo pdnh xvh ri wkh iroorzlqj uhvxow/ glvfxvvhg lq Fkulvwldqr dqg Kduulvrq= dq|
vhtxhqfh/ ?fc ?�c ?2c ��� zklfk vdwlv�hv +49, dqg kdv wkh surshuw|/ @ � ?| � K iru | ' fc �c ���c
zkhuh @ : f dqg K 	 �c lv dq htxloleulxp1 Lw lv dq htxloleulxp lq wkh vhqvh wkdw sulfhv/
txdqwlwlhv/ prqh| jurzwk udwhv/ wd{ udwhv dqg lqwhuhvw udwhv fdq eh irxqg zklfk/ wrjhwkhu
zlwk wkh jlyhq hpsor|phqw vhtxhqfh/ uhsuhvhqw d vhtxhqfh0ri0pdunhwv htxloleulxp1 Ri frxuvh/
zkhwkhu d jlyhq hpsor|phqw vhtxhqfh vdwlv�hv +49, ghshqgv rq wkh dvvrfldwhg vhtxhqfh/ K|c
| ' fc �c 2c ��� 1
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E1 Uhvxowv

L ehjlq e| vkrzlqj wkdw/ zkhq K lv frqvwdqw/ wkhuh lv d yhu| odujh vhw ri htxloleuld1
Wkhuh duh pdq| ghwhuplqlvwlf htxloleuld/ lqfoxglqj fkdrwlf htxloleuld1 Lq dgglwlrq/ wkhuh duh
vwrfkdvwlf htxloleuld lq zklfk sulfhv dqg txdqwlwlhv duh vhqvlwlyh wr wkh uhdol}dwlrq ri vxqvsrw
udqgrp yduldeohv1 Wkh srolf| zklfk krogv K frqvwdqw lv d cedg* rqh lq wkdw/ dv vkrzq lq
Fkulvwldqr dqg Kduulvrq +4<<<,/ wkh dvvrfldwhg vhw ri htxloleuld lqfoxghv htxloleuld zklfk
surgxfh yhu| orz xwlolw| iru wkh uhsuhvhqwdwlyh krxvhkrog1 L wkhq frqvlghu d sduwlfxodu fodvv
ri srolflhv lq zklfk K lv frxqwhuf|folfdo/ dqg vkrz krz wklv fdxvhv wkh vhw ri htxloleuld
srwhqwldoo| wr froodsvh wr d vlqjohwrq1 L wkhq wxuq wr wkh lvvxh ri lqwhuhvw khuh/ e| h{dplqlqj
wkh uroh wkdw prqhwdu| srolf| fdq sod| lq jhqhudwlqj wkh qhfhvvdu| frxqwhuf|folfdolw| lq K�

Htxloleuld Xqghu d Frqvwdqw Srolf|

Vxssrvh wkdw �vfdo srolf| vhwv � | ' f dqg prqhwdu| srolf| vhwv - ' 7- ' ��2fc l1h1/
53 shufhqw1 Wkhq/ K ' �* 7-� Iurp +49, lw lv qrw vxusulvlqj wkdw wkhuh h{lvw wzr vwdwlrqdu|
htxloleuld/ l1h1/ htxloleuld lq zklfk ?| lv frqvwdqw1 Zkhq q ' ��f�3�2Dc B ' �f2c wkhvh duh
?| ' ?, ' f�f� iru doo |c dqg ?| ' ?� ' f�2D iru doo |c diwhu urxqglqj1 Exw/ wkhuh duh
pdq| pruh htxloleuld1 Lw lv hdv| wr vhh wklv1 Iluvw/ qrwh wkdw iru hdfk ?| 5 Efc ��c +49,
uhsuhvhqwv d txdgudwlf htxdwlrq lq ?|n�� Wkdw lv/ iru hdfk ?| 5 Efc ��c wkhuh h{lvw srwhqwldoo|
wzr htxloleulxp ydoxhv ri ?|n�1 Wkhvh duh judskhg lq Iljxuh 4d 0 Iljxuh 4e1 Wkhuh/ wkh
xsshu eudqfk uhsuhvhqwv wkh kljk ydoxhv ri ?|n� wkdw vroyh wklv txdgudwlf htxdwlrq dqg wkh
orzhu eudqfk uhsuhvhqwv wkh orz ydoxhv1 Wkh orzhu eudqfk furvvhv wkh 78 olqh wzlfh/ rqfh iurp
ehorz dw ? ' ?, dqg rqfh iurp deryh dw ? ' ?�1 Lw lv kdug wr vhh wklv sdwwhuq ri furvvlqjv
lq Iljxuh 4d/ exw wkh forvh0xs lq Iljxuh 4e vkrxog pdnh lw dssduhqw1 Iljxuh 4f surylghv d
forvh0xs ylhz ri wkh orzhu eudqfk lq wkh qhljkerukrrg ri ? ' ?��

Wkh vhw ri vhtxhqfhv zklfk vdwlvi| +49, fdq eh vhhq lq Iljxuh 41 Wkh wzr frqvwdqw
vhtxhqfhv phqwlrqhg lq wkh suhylrxv sdudjudsk duh dssduhqw1 Lq dgglwlrq/ lw lv reylrxv wkdw
lw lv srvvleoh wr frqvwuxfw pdq| htxloleulxp vhtxhqfhv lq zklfk ?f lv yhu| forvh wr ?�c zklfk
frqyhujh wr ?�� Wklv fkdudfwhulvwlf ri wkh vwdwlrqdu| ?� htxloleulxp 0 wkdw wkhuh duh lq�qlwho|
pdq| htxloleuld duelwudulo| forvh wr lw 0 lpsolhv wkdw wkdw htxloleulxp lv lqghwhuplqdwh1 Lqgh0
whuplqdf| ri wkh ?� htxloleulxp lpsolhv wkdw vwrfkdvwlf vxqvsrw htxloleuld fdq eh frqvwuxfwhg
lq wkh qhljkerukrrg ri ?�� Wkhuh duh rwkhu vxqvsrw htxloleuld zklfk lqyroyh vwrfkdvwlf uhjlph
vzlwfklqj= iru d jlyhq ?c gudz iurp d udqgrp qxpehu jhqhudwru zklfk eudqfk |rx jr wr wr
ghwhuplqh ?�� Wkhuh duh dovr pdq| rwkhu qrq0vwrfkdvwlf htxloleuld1 Wkh| fdq doo eh irxqg e|
vwxg|lqj Iljxuh 41

Htxloleuld Zlwk Uhvsrqvlyh Srolf|

Wkh pdq| htxloleuld dvvrfldwhg zlwk frqvwdqw K lq sduw uh hfwv wkdw wkhuh duh wzr
?|n� wkdw vroyh +48, iru hdfk ?|� Lw vkrxog eh fohdu iurp +48, wkdw wklv ihdwxuh fdq eh fkdqjhg
e| dgrswlqj d srolf| lq zklfk K| lv lqyhuvho| sursruwlrqdo wr ?|� Frqvlghu/ iru h{dpsoh/ wkh
iroorzlqj srolf|=
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Vxevwlwxwlqj wklv vshfl�fdwlrq ri srolf| lqwr +48,/ L rewdlq=
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Lw lv hdv| wr yhuli| wkdw ?� ' sE?��c vr wkdw ?� lv d vwdwlrqdu| htxloleulxp xqghu wklv srolf|1
Vwudljkwiruzdug gl�huhqwldwlrq dovr yhul�hv wkdw s furvvhv wkh 78 ghjuhh olqh iurp ehorz dw
? ' ?� vr wkdw li ?� wxuqv rxw wr eh d frqvwdqw ?| htxloleulxp/ wkhq lw lv qrw lqghwhuplqdwh1
Wkdw lv/ li lw lv dq htxloleulxp/ lw lv ghwhuplqdwh1 Wkh ixqfwlrq s lv judskhg lq Iljxuh 5/
zklfk vkrzv wkdw lw rqo| furvvhv wkh 78 ghjuhh olqh rqfh1 Dv d uhvxow/ wkh fdqglgdwh vwdwlrqdu|
? ' ?� htxloleulxp lv wkh rqo| fdqglgdwh iru dq htxloleulxp149

Zkhwkhu wkh ?� fdqglgdwh htxloleulxp lv lq idfw dq htxloleulxp ghshqgv rq zkhwkhu wkh
prqhwdu| srolf| uxoh lv fuhgleoh1 Vxssrvh wkdw wkh srolf| dxwkrulwlhv dwwhpsw wr lpsohphqw
+4:, e| vhwwlqj � | � f dqg -| ' 7-?|*?

�� Lq sulqflsoh wklv vkrxog zrun/ vlqfh K| ' E� �

� |�*-| ' ?�*E 7-?|�� Krzhyhu/ lw lv hdv| wr vhh wkdw wklv srolf| lv lq idfw qrw fuhgleoh1 Li
?| ' ?�c wkhq -| ' 7-c dqg wkhuh lv qr sureohp1 Krzhyhu/ zkhq ?| 	 ?�* 7-c wkh uxoh lpsolhv
d qhjdwlyh udwh ri lqwhuhvw 0 vrphwklqj wkdw fdqqrw kdsshq lq dq| htxloleulxp1 Lq h�hfw/ wkh
uxoh frpplwv wkh prqhwdu| dxwkrulw| wr gr vrphwklqj wkdw lv lqihdvleoh iru d vwdwh ri wkh
zruog wkdw lv whfkqrorjlfdoo| srvvleoh1 Wklv lv zk| wkh uxoh grhv qrw vdwlvi| fuhglelolw|1

Lw lv srvvleoh wr frqvwuxfw d fuhgleoh srolf| wkdw vxssruwv +4:,1 Wr vhh wklv/ frqvlghu
wkh iroorzlqj h{dpsoh=
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Lw lv hdv| wr yhuli| wkdw wklv srolf| lv fuhgleoh1 Wkxv/ xqghu wklv srolf|/ wkh fdqglgdwh
vwdwlrqdu| htxloleulxp/ ?| ' ?� iru doo |c lv lq idfw dq htxloleulxp1

49Dfwxdoo|/ L dp rqo| frqfhuqhg zlwk lqwhulru htxloeuld/ wkrvh lq zklfk qw A 3 dqg qw ? 4 iru doo w=
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Fdq Prqhwdu| Srolf| Dorqh Vwdelol}h wkh Hfrqrp|B

Wkh uhvxowv lq wkh suhylrxv vxevhfwlrq vxjjhvw wkdw lw pd| qrw eh srvvleoh iru prqhwdu|
srolf| wr vwdelol}h wkh hfrqrp| doo e| lwvhoi1 Lq wkh h{dpsoh/ frpsohwh vwdelol}dwlrq uhtxluhv
wkdw �vfdo srolf| eh xvhg wr vwdelol}h wrr1 Wkh sureohp wkhuh lv wkdw zkhq wkh lqwhuhvw udwh
klwv }hur/ wkhuh lv qr vfrsh iru ixuwkhu uhgxfwlrq1 Wkdw*v zk| dw vrph srlqw �vfdo srolf| kdv
wr wdnh ryhu1 Khuh/ L frqvlghu d prqhwdu| srolf| lq zklfk wkh lqwhuhvw udwh klwv }hur rqo|
dw ?| ' f� Xqghu wkh jlyhq srolf|/ d jlyhq idoo lq hpsor|phqw dozd|v jhqhudwhv d idoo lq -c
qr pdwwhu krz orz hpsor|phqw lv1 Wkh irupxod iru dqg judsk ri wkh srolf| frqvlghuhg duh
suhvhqwhg lq Iljxuh 6e1 Wkh srolf| kdv wkh surshuw| wkdw zkhq ?| ' ?� +vhh ?K lq wkh �jxuh,/
wkhq -| ' 7-� Iljxuhv 6d dqg 6f vkrz wkdw wkhuh lv d frqvwdqw/ ?| ' ?� htxloleulxp xqghu wklv
srolf|1 Pruhryhu/ wkdw htxloleulxp lv ghwhuplqdwh1 Wkdw lv/ wkh prqhwdu| srolf| vxffhhgv lq
holplqdwlqj doo wkh htxloleuld forvh wr ?�� Krzhyhu/ wkhuh duh vwloo rwkhu htxloleuld wkdw duh
idu dzd|1 Hylghqwo|/ wklv srolf| iru vhwwlqj -| grhv qrw frpsohwho| vwdelol}h wkh hfrqrp|/
wkrxjk lw grhv jr d orqj zd| lq wkdw gluhfwlrq1

Wkrxjk wkh| gr qrw suryh lw/ wkhvh uhvxowv duh frqvlvwhqw zlwk wkh qrwlrq wkdw prq0
hwdu| srolf| dorqh fdqqrw vwdelol}h wkh hfrqrp|1 Zkloh lw fdq vwdelol}h  xfwxdwlrqv forvh
wr wkh wdujhwhg htxloleulxp/ wr vwdelol}h wkh uhdoo| odujh  xfwxdwlrqv uhtxluhv eulqjlqj wkh
frqyhqwlrqdo wd{ v|vwhp lqwr sod|1 Lqwhuhvw udwh srolf| zloo qrw suhyhqw d Juhdw Ghsuhvvlrq1

Doo wkh htxloleuld frqvlghuhg xs wr qrz duh lqh!flhqw/ gxh wr wkh suhvhqfh ri wkh
h{whuqdolw|1 D qhjdwlyh oderu wd{ udwh ohdgv shrsoh wr lqwhuqdol}h wkh h{whuqdolw| dqg fdq
vxssruw wkh h!flhqw doorfdwlrqv dv dq htxloleulxp +Fkulvwldqr dqg Kduulvrq +4<<<,,1 Wkhuh
duh rwkhu htxloleuld wrr/ krzhyhu/ dqg wkh rwkhuv duh cidu dzd|* iurp wkh h!flhqw doorfdwlrqv1
Frqvlvwhqw zlwk wkh uhvxowv mxvw ghvfulehg/ lw dsshduv wkdw d surf|folfdo lqwhuhvw udwh srolf|
zloo qrw holplqdwh wkrvh rwkhu htxloleuld14: D surf|folfdo wd{ udwh srolf| dsshduv wr eh
qhhghg iru wkdw1 Wklv vxjjhvwv djdlq wkdw d surf|folfdo lqwhuhvw udwh srolf| zloo qrw holplqdwh
doo  xfwxdwlrqv/ rqo| wkh vpdoohu rqhv1

F1 Glvfxvvlrq

L suhvhqwhg dq h{dpsoh lq zklfk/ devhqw srolf| lqwhuyhqwlrq/ wkhuh fdq eh zhoiduh uh0
gxflqj yrodwlolw| lq wkh hfrqrp|1 Wkh xsv dqg grzqv ri rxwsxw/ frqvxpswlrq dqg lqyhvwphqw
lq wkhvh htxloleuld fdq eh lqwhusuhwhg dv uh hfwlqj  xfwxdwlrqv lq cfrq�ghqfh*1 L vkrzhg wkdw
jryhuqphqw srolf| kdv d srwhqwldoo| frqvwuxfwlyh uroh lq holplqdwlqj wkhvh  xfwxdwlrqv1 Lq
wkh h{dpsoh/ wkh prqhwdu| dxwkrulw| fdq sod| d uroh vwdelol}lqj vpdoo  xfwxdwlrqv lq rxwsxw/
zkloh wd{ srolf| pxvw eh uholhg rq wr vwdelol}h uhdoo| elj uhgxfwlrqv lq rxwsxw1 Wr sod| wklv
vwdelol}lqj uroh/ lqwhuhvw udwhv pxvw ri frxuvh eh kljk rq dyhudjh1

Lq wkh h{dpsoh/ lw grhv qrw pdwwhu zkhwkhu wd{ srolf| ru prqhwdu| srolf| lv xvhg wr
vwdelol}h d fulvlv1 Wd{ srolf| dorqh fdq gr wkh zkroh mre1 Dv d uhvxow/ d surf|folfdo lqwhuhvw
udwh srolf| lv qrw fuxfldo wr dfklhyh vwdelol}dwlrq lq wkh h{dpsoh1 L vxvshfw/ krzhyhu/ wkdw
lq d pruh sodxvleoh yhuvlrq ri wkh h{dpsoh/ wkhuh pd| zhoo eh d suhihuhqfh iru prqhwdu|
srolf|1 Vxfk d prgho zrxog lqfrusrudwh wkh idfw wkdw d fhqwudo edqn fdq uhdfw pruh vzliwo|
wr hyhqwv wkdq wkh wd{ dxwkrulwlhv fdq14; Lq wklv fdvh/ prqhwdu| srolf| pd| eh pruh h�hfwlyh

4:Wr vdyh vsdfh/ L gr qrw uhsruw wklv zrun khuh1
4;Iru h{dpsoh/ rqh frxog frqvlghu d yhuvlrq ri wkh prgho lq zklfk wkh wd{ udwh pxvw eh d ixqfwlrq ri odjjhg
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dw frpedwwlqj frq�ghqfh fulvhv1 Li wklv lv wkh fdvh/ wkhq wklv zrxog frqvwlwxwh d uhdvrq wr eh
frqfhuqhg derxw d orz qrplqdo udwh ri lqwhuhvw1

81 Frqfoxvlrq
Ydulrxv frqfhuqv kdyh ehhq udlvhg derxw wkh vxssrvhg gdqjhuv ri orz qrplqdo lqwhuhvw

udwhv1 PfFdooxp dujxhv wkdw wkhvh frqfhuqv duh/ lq h�hfw/ ryhueorzq1 Klv dujxphqw lv qrw
frpshoolqj/ iru vhyhudo uhdvrqv1

Iluvw/ PfFdooxp*v fodlp wkdw wkh fhqwudo edqn vwloo kdv wkh delolw| wr pdqlsxodwh
wkh h{fkdqjh udwh/ hyhq li wkh lqwhuhvw udwh lv vwxfn dw lwv }hur orzhu erxqg/ lv qr pruh
wkdq dvvhuwlrq1 PfFdooxp grhv qrw dgguhvv wkh hpslulfdo hylghqfh zklfk vxjjhvwv wkdw wkh
delolw| wr frqwuro wkh h{fkdqjh udwh xqghu wkhvh flufxpvwdqfhv lv/ dw ehvw/ vpdoo1 Lq dgglwlrq/
PfFdooxp grhv qrw od| rxw wkh orjlfdo irxqgdwlrqv iru klv dvvhuwlrq1 Wkh delolw| wr frqwuro
wkh h{fkdqjh udwh lv vlpso| uhsuhvhqwhg e| d uhgxfhg irup h{suhvvlrq lq klv prgho1 Wklv lv
wurxeolqj/ vlqfh vwdqgdug wkhru| ghqlhv wkdw wkh fhqwudo edqn fdq vwloo frqwuro wkh h{fkdqjh
udwh zkhq lw kdv orvw frqwuro ryhu wkh lqwhuhvw udwh1 Vhfrqg/ PfFdooxp*v prgho uxohv rxw
d fodvv ri uhdvrqv wkdw srolf| pdnhuv duh frqfhuqhg derxw orz lqwhuhvw udwhv1 Lq sduwlfxodu/
wkh| duh frqfhuqhg wkdw frq�ghqfh fulvhv lq �qdqfldo pdunhwv fdq ohdg wr hfrqrplfdoo| frvwo|
lqvwdelolw|1 Wkh qrwlrq lv wkdw wkh delolw| wr fxw lqwhuhvw udwhv lv lpsruwdqw iru suhyhqwlqj
wkhvh fulvhv iurp rffxuulqj lq wkh �uvw sodfh/ ru dw ohdvw plwljdwlqj wkhlu lpsdfw li wkh| gr
rffxu1 Wkh prvw uhfhqw h{dpsoh ri wklv lv wkh Ihghudo Uhvhuyh*v dfwlrqv lq Dxjxvw 4<<; wr
lqrfxodwh wkh XV hfrqrp| djdlqvw wkh cUxvvldq yluxv* ru wkh cDvldq  x* e| lpsohphqwlqj d
vhulhv ri fxwv lq wkh ihghudo ixqgv udwh1 Wkh ihdu zdv wkdw wkhvh hyhqwv lq idu dzd| sodfhv
pljkw ohdg wr vrph vruw ri �qdqfldo fulvlv lq wkh XV/ zklfk pljkw xowlpdwho| vsloo ryhu rqwr
wkh uhdo hfrqrp|1 Ehiruh glvplvvlqj frqfhuqv olnh wkhvh/ lw lv lpsruwdqw wr od| wkhp rxw
fohduo| vr wkdw wkh| fdq eh hydoxdwhg dqg dvvhvvhg1

E| dvvhuwlqj wkdw PfFdooxp*v dujxphqwv duh qrw frpshoolqj/ L gr qrw phdq wr lpso|
wkdw L qhfhvvdulo| dffhsw wkh lghd wkdw orz lqwhuhvw udwhv srvh d gdqjhu1 Lqghhg/ wkh idfw wkdw
wkh| lqklelw wkh fhqwudo edqn iurp frqgxfwlqj vwdelol}dwlrq srolf| pd| dfwxdoo| eh d eohvvlqj1
Wkhuh lv uhdvrq wr wdnh vhulrxvo| wkh dujxphqwv lq N|godqg dqg Suhvfrww +4<::, dqg Eduur
dqg Jrugrq +4<;6, wkdw doorzlqj fhqwudo edqnv wr �qh wxqh wkh hfrqrp| rqo| jhwv xv doo
lqwr wurxeoh +vhh Fkdul/ Fkulvwldqr dqg Hlfkhqedxp +4<<;,,1 Orz lqwhuhvw udwhv pd| zhoo
eh d phfkdqlvp iru dfklhylqj wklv1 Pruhryhu/ wkhuh lv dq h{whqvlyh olwhudwxuh wkdw dujxhv/
iroorzlqj Plowrq Iulhgpdq/ wkdw vhwwlqj wkh qrplqdo udwh ri lqwhuhvw wr }hur lv wkh rswlpdo
wklqj wr gr +Fkdul/ Fkulvwldqr dqg Nhkrh +4<<9,,1 Frqvlghudeo| pruh uhvhdufk lv qhhghg
wr vruw wkurxjk wkh ydulrxv frqvlghudwlrqv wkdw jlyh ulvh wr wkhvh frq lfwlqj lpsolfdwlrqv iru
lqwhuhvw udwh srolf|1

hpsor|phqw/ zkloh wkh lqwhuhvw udwh lv d ixqfwlrq ri fxuuhqw hpsor|phqw1
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^47` Nuxjpdq/ Sdxo/ dqg Pdxulfh Revwihog/ 4<<:/ Lqwhuqdwlrqdo Hfrqrplfv/ Wkhru| dqg Sro0

lf|/ e|� hglwlrq/ Dgglvrq0Zhvoh|1

^48` N|godqg/ Ilqq H1/ dqg Hgzdug F1 Suhvfrww/ 4<::/ cUxohv Udwkhu Wkdq Glvfuhwlrq= Wkh
Lqfrqvlvwhqf| ri Rswlpdo Sodqv/* Mrxuqdo ri Srolwlfdo Hfrqrp| ;8/ ss1 7:60<41
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^49` Revwihog/ Pdxulfh dqg Nhqqhwk Urjr�/ 4<<9/ Irxqgdwlrqv ri Lqwhuqdwlrqdo Pdfurhfr0

qrplfv/ PLW Suhvv1

^4:` Ruskdqlghv/ Dwkdqdvlrv/ dqg Yrofnhu Zlhodqg/ 4<<;/ cPrqhwdu| Srolf| H�hfwlyhqhvv
zkhq Qrplqdo Lqwhuhvw Udwhv duh Erxqghg dw ]hur/* Pdqxvfulsw/ Erdug ri Jryhuqruv ri
wkh Ihghudo Uhvhuyh V|vwhp1
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  Fixed Rate of Interest = 1.20000

Solutions to Intertemporal Euler Equation with Interest Rate Pegging and Zero Income Tax Rate
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Euler Equation With Piecewise Policy Rule

 nb = 0.248

 nb/Rb = 0.207
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0 < n < nb/Rb implies R = b0 + b1*n
nb/Rb < n < nb implies R = a0 + a1*n
nb < n implies R = (Rb/nb)*n

Policy Rule
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(1-tau(t)) / R(t) = nb / n(t)

 nb = 0.248

Euler Equation With Some Assistance from Fiscal Policy
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