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Lq 4;96/ wkh Xqlwhg Vwdwhv hvwdeolvkhg wkh vr0fdoohg Qdwlrqdo Edqnlqj V|vwhp1
Xqghu wklv v|vwhp sulydwh frpphufldo edqnv +qdwlrqdo edqnv, zhuh shuplwwhg wr
lvvxh oldelolwlhv +edqn qrwhv, wkdw kdg wr eh ixoo| froodwhudol}hg e| jryhuqphqw
erqgv ghsrvlwhg zlwk wkh X1V1 Wuhdvxu| dqg wkdw kdg wr eh uhghhphg rq ghpdqg
dw sdu lq �odzixo prqh|� � vshflh ru ohjdo whqghu qrwhv +�juhhqedfnv�,1 D edqn
zdv vxemhfw wr d wd{ rq lwv qrwhv/ exw wkh wd{ zdv dssolhg rqo| wr wkh txdqwlw|
ri qrwhv dfwxdoo| lq flufxodwlrq14 Wkh qrwhv ri qdwlrqdo edqnv fduulhg dq h{solflw
jryhuqphqw jxdudqwhh djdlqvw qrwhkroghu orvv vkrxog wkh lvvxlqj edqn idlo1 Lw lv
jhqhudoo| dffhswhg wkdw qdwlrqdo edqn qrwhv zhuh shuihfw vxevwlwxwhv iru vshflh
dqg ohjdo whqghu qrwhv lq flufxodwlrq1

Iurp 4;96 xqwlo wkh hvwdeolvkphqw ri wkh Ihghudo Uhvhuyh V|vwhp lq 4<46/
|lhogv rq jryhuqphqw erqgv zhuh frqvlvwhqwo| deryh wkh wd{ rq edqn qrwh flufxod0

�Ihghudo Uhvhuyh Edqn ri Plqqhdsrolv dqg Xqlyhuvlw| ri Plqqhvrwd1 Dgguhvv fruuhvsrqghqfh

wr Zhehu dw zhzCuhv1psov1iue1ihg1xv1 Wkh ylhzv h{suhvvhg khuhlq duh wkrvh ri wkh dxwkruv dqg

qrw qhfhvvdulo| wkrvh ri wkh Ihghudo Uhvhuyh Edqn ri Plqqhdsrolv ru wkh Ihghudo Uhvhuyh V|vwhp1
4Wkh wd{ zdv dvvhvvhg rq Mdqxdu| 43 dqg Mxo| 43 rq wkh dyhudjh dprxqw ri qrwhv wkdw d

edqn kdg lq flufxodwlrq lq wkh vl{ prqwkv suhylrxv wr wkh dvvhvvphqw gdwh1



wlrq15 Wkh duelwudjh rssruwxqlwlhv wkdw zrxog vhhp wr h{lvw ehfdxvh ri wklv vsuhdg
kdyh ehhq qrwhg e| pdq| dxwkruv +vhh Ehoo 4<45> Fdjdq14<96/ 4<98> Fdjdq dqg
Vfkzduw} 4<<4> Fkdps 4<<3> Fkdps/ Iuhhpdq/ dqg Zhehu +FIZ, 4<<<> Fkdps/
Vplwk/ dqg Zlooldpvrq +FVZ, 4<<9> Fkdps/ Zdoodfh/ dqg Zhehu +FZZ, 4<<5/
4<<7> Iulhgpdq dqg Vfkzduw} 4<96> Jrrgkduw/ 4<98> Mdphv 4<:9> Nxhkozhlq
4<<5,1 Wkh shuvlvwhqfh dqg pdjqlwxgh ri wkhvh dssduhqw duelwudjh rssruwxqlwlhv
kdyh ohg Fdjdq dqg Vfkzduw} wr gxe wklv skhqrphqd wkh �Qdwlrqdo Edqn qrwh
sx}}oh�16

Vhyhudo vroxwlrqv wr wkh sx}}oh kdyh ehhq sursrvhg1 FIZ dujxh wkdw wkh h{0
shfwhg frvw wkdw edqnv kdyh wr ehdu zkhq wkhlu qrwhv duh suhvhqwhg iru uhghpswlrq
vkrxog eh dgghg wr wkh wd{ lq whupv ri hydoxdwlqj wkh pdjqlwxgh ri wkh duelwudjh
rssruwxqlw|1 Krzhyhu/ wkh| �qg wkdw wkh pdjqlwxgh ri wkhvh frvwv lv qrw vx!0
flhqwo| odujh wr pdnh wkh duelwudjh rssruwxqlw| jr dzd|1

Dqrwkhu h{sodqdwlrq ri wkh sx}}oh lv jlyhq e| FVZ1 Wkh| exlog dq ROJ vsdwldo
vhsdudwlrq prgho ri edqn qrwh lvvxdqfh1 Zkhq edqn qrwh lvvxdqfh lv shuihfwo|
hodvwlf/ wkh lqwhuhvw udwh rq ordqv/ zklfk fdq eh frqvlghuhg wr eh wkh |lhog rq
jryhuqphqw erqgv/ lv htxdo wr wkh frvw ri qrwh lvvxh1 +Wkh vdph uhvxow lv rewdlqhg
lq FZZ1, Krzhyhu/ zkhq qrwh lvvxdqfh lv shuihfwo| lqhodvwlf/ wkh udwh rq ordqv
lv deryh wkh frvw ri qrwh lvvxdqfh dqg fkdqjhv lq wkh ghpdqg iru edqn qrwhv jlyh
ulvh wr lqwhuhvw udwh  xfwxdwlrqv1

FVZ dujxh wkdw wkh shuihfwo| lqhodvwlf qrwh lvvxdqfh fdvh pruh qhduo| fkdudf0
whul}hv wkh Qdwlrqdo Edqnlqj V|vwhp/ dw ohdvw lq wkh vkruw uxq1 Lq wkh vkruw uxq/
FVZ dujxh wkdw wkhuh zhuh lqvwlwxwlrqdo frqvwudlqwv/ zkdw wkh| fdoo wkh �phfkdq0
lfv ri qrwh lvvxh/� wkdw suhyhqwhg qdwlrqdo edqnv iurp fkdqjlqj wkh dprxqwv ri
qrwhv wkdw wkh| kdg lq flufxodwlrq1 Zh djuhh wkdw lq wkh djjuhjdwh/ wkh vxsso|
ri qdwlrqdo edqn qrwhv dsshduv wr kdyh ehhq lqhodvwlf1 Krzhyhu/ zh glvdjuhh wkdw
wkh fdxvh+v, zdv h{rjhqrxv iru wzr uhdvrqv1 Iluvw/ edqnv khog jryhuqphqw erqgv
eh|rqg wkdw uhtxluhg wr froodwhudol}h wkhlu flufxodwlrq1 Vlqfh wkh wd{ zdv rqo| rq
flufxodwlrq/ lw zrxog kdyh ehhq frvwohvv iru edqnv wr kdyh lgoh qrwhv lq wkhlu ydxowv
wr phhw lqfuhdvhg ghpdqgv1 Vhfrqg/ pxfk ri wkh lqfuhdvhg ghpdqg iru qrwhv

5Dfwxdoo|/ |lhogv rq jryhuqphqw erqgv h{fhhghg wkh wd{ rq qrwh flufxodwlrq diwhu wkh Ihghudo

Uhvhuyh V|vwhp zdv hvwdeolvkhg1 Krzhyhu/ zh frqvlghu wkh Qdwlrqdo Edqnlqj V|vwhp hud dv

hqglqj lq 4<46/ ehfdxvh wkh hvwdeolvkphqw ri wkh Ihg vljqdoohg wkdw wkh delolw| ri qdwlrqdo edqnv

wr lvvxh qrwhv zrxog vrrq frph wr dq hqg1
6Vrphwlphv wkh sx}}oh lv vwdwhg dv/ Li edqn qrwhv lvvxdqfh zdv sur�wdeoh/ zk| zhuh ihzhu

edqn qrwhv lvvxhg wkdq zdv shuplwwhg e| wkh frqvwudlqw wkdw qrwhv kdg wr eh froodwhudol}hg e|

ghsrvlw ri jryhuqphqw erqgvB Iru uhdvrqv wkdw zloo ehfrph reylrxv odwhu/ zh kdyh fkrvhq wkh

dowhuqdwlyh ri iudplqj wkh sx}}oh lq whupv ri wkh shuvlvwhqfh ri dq duelwudjh rssruxqlw|1
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zdv suhglfwdeoh gxh wr lwv vhdvrqdolw| vr wkh phfkdqlfv ri qrwh lvvxh zrxog qrw
kdyh suhyhqwhg qdwlrqdo edqnv iurp kdylqj dgglwlrqdo qrwhv rq kdqg lq d wlpho|
pdqqhu1

Wklv sdshu exlogv xsrq wkh prgho FVZ/ exw lqvwhdg ri h{rjhqrxvo| lqhodvwlf
qrwh lvvxh/ lw lqwurgxfhv d irup ri hqgrjhqrxv lqhodvwlflw| e| dvvxplqj wkdw fkhds
qrwhv fdq eh lvvxhg xs wr vrph srlqw/ exw diwhu wkdw srlqw/ qrwh lvvxdqfh fduulhv
d kljkhu frvw1 Zkdw zh duh wu|lqj wr fdswxuh lv wkh lghd wkdw edqnv h{shfw wkdw
wkhuh lv vrph txdqwlw| ri qrwhv/ wkh fkhds qrwhv/ wkdw zloo vwd| lq flufxodwlrq iru
orqj shulrgv ri wlph1 Krzhyhu/ wkh| dovr h{shfw wkdw qrwhv lvvxhg eh|rqg wkdw
txdqwlw|/ sduwlfxoduo| wkrvh lvvxhg lq whupv ri kljk ghpdqg/ zloo eh uhwxuqhg wr
wkh edqn +suhvhqwhg iru uhghpswlrq, yhu| txlfno|1 Wkhvh qrwhv duh pruh h{shqvlyh
ehfdxvh wkh edqn kdv wr sd| d frvw zkhq wkh| duh uhghhphg/ exw rqo| hduqv d
vpdoo dprxqw ri lqwhuhvw rq wkh dvvhwv sxufkdvhg zlwk wkhq1

Zh zloo mxgjh wkh vxffhvv ri rxu prgho e| wkh delolw| ri d uhdvrqdeo| sdudph0
whul}hg yhuvlrq wr h{sodlq fhuwdlq vhfxodu dqg f|folfdo idfwv gxulqj wklv shulrg1 Lq
sduwlfxodu/ zh zdqw wr h{sodlq

� wkh ohyho ri dqg pryhphqwv lq orqj whup lqwhuhvw udwhv

� wkh pdjqlwxghv ri wkh glvfrxqwv rq fhuwl�hg fkhfnv/ wkh txdqwlw| ri edqn
qrwhv lvvxhg/ dqg wkh ohyho ri fdoo ordq udwhv gxulqj �qdqfldo sdqlfv/ dqg

� fkdqjhv lq wkh txdqwlw| ri edqn qrwhv lvvxhg

Wkh sdshu surfhhgv dv iroorzv1 Lq vhfwlrq 5/ zh suhvhqw wkh Qdwlrqdo Edqnqrwh
Sx}}oh lq pruh ghwdlo dqg suhvhqw vrph idfwv derxw wkh hodvwlflw| ri qdwlrqdo edqn
qrwh flufxodwlrq1 Lq vhfwlrq 6/ zh suhvhqw wkh prgho1 Lq vhfwlrq 7/ zh glvfxvv
vrph gdwd lvvxhv dqg ghvfuleh rxu sdudphwhul}dwlrq +fdoleudwlrq, ri wkh prgho1 Lq
vhfwlrq 8/ zh glvfxvv krz zhoo wkh fdoleudwhg prgho h{sodlqv wkh idfwv1 Lq vhfwlrq
9/ zh frqfoxgh1

51 Qdwlrqdo edqn qrwhv

5141 Wkh sx}}oh lq pruh ghwdlo

Wkh Qdwlrqdo Edqn Qrwh Sx}}oh lv wkdw gxulqj wklv edqnlqj uhjlph wkhuh h{lvwhg
dq dssduhqw duelwudjh rssruwxqlw| ehwzhhq wkh frvw ri lvvxlqj edqn qrwhv dqg wkh
|lhog rq X1V1 jryhuqphqw erqgv wkdw zdv ohiw xqh{sorlwhg1 Qdwlrqdo edqnv frxog
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lvvxh qrwhv/ zklfk frxog eh xvhg wr sxufkdvh jryhuqphqw erqgv ru rwkhu dvvhwv1
Sur�w0pd{lpl}dwlrq vxjjhvwv wkdw edqnv vkrxog kdyh elg wkh sulfh ri dvvhwv xs
+wkh |lhog rq dvvhwv grzq, wr wkh srlqw zkhuh wkh |lhog zdv htxdo wr wkh frvw ri
lvvxlqj qrwhv1 Vlqfh wkhvh qrwhv zhuh frqvlghuhg shuihfw vxevwlwxwhv iru �odzixo
prqh|/� vshflh dqg ohjdo whqghu qrwhv +juhhqedfnv,/ wkh| fduulhg d qrplqdo lqwhuhvw
udwh ri }hur1 Wkh wd{ udwh rq qrwh lvvxhv zdv rqh shufhqw/ rqh0kdoi shufhqw diwhu
4<331 Wkh rwkhu frvwv dvvrfldwhg zlwk qrwh lvvxh dovr vkrxog kdyh ehhq uhodwlyho|
frqvwdqw1 Wkxv/ wkh |lhog rq jryhuqphqw erqgv/ ru rwkhu vdih dvvhwv vkrxog kdyh
ehhq frqvwdqw xs wr 4<33/ wkhq idoohq e| rqh0kdoi shufhqw dqg uhpdlqhg frqvwdqw
dw wkdw qhz ohyho wkhuhdiwhu1

Wkh gdwd rq jryhuqphqw |lhogv vkrzv wkdw jryhuqphqw erqgv glg qrw iroorz
wklv sdwwhuq1 Gxulqj wkh shulrg zh duh frqvlghulqj/ wkhuh zhuh rqo| d ihz lvvxhv
ri jryhuqphqw erqgv lq h{lvwhqfh dw dq| srlqw lq wlph1 Wkhvh lvvxhv zhuh doo orqj0
whup dqg zhuh lghqwl�hg e| wkhlu frxsrq udwh dqg wkh gdwh dw zklfk wkh| �uvw
ehfdph fdoodeoh1 Wkxv/ iru h{dpsoh/ wkh 7v ri 4<3: zhuh irxu shufhqw frxsrq erqgv
wkdw zhuh �uvw fdoodeoh lq 4<3:1 Prqwko| erqg |lhogv iru wkh wkuhh jryhuqphqw
erqgv lvvxhv wkdw pdgh xs wkh ydvw pdmrulw| ri wkh froodwhudo iru qdwlrqdo edqn
qrwhv duh vkrzq lq Iljxuh 4 iru wkh shulrg 4;;5 wr 4<461

Lqvwhdg ri wkh sdwwhuq lpsolhg e| wkh holplqdwlrq ri duelwudjh rssruwxqlwlhv
jlyhq deryh/ Iljxuh 4 vkrzv wkh iroorzlqj jhqhudo fkdudfwhul}dwlrq ri erqg |lhogv1
\lhogv ghfolqhg iurp 4;;5 wkurxjk wkh plggoh ri 4;;<1 Iurp wkh plggoh ri 4;;<
wkurxjk wkh plggoh ri 4;<6 erqg |lhogv lqfuhdvhg/ uhdfklqj ru voljkwo| h{fhhglqj
wkhlu ohyhov lq 4;;51 \lhogv zhuh urxjko| frqvwdqw ehwzhhq wkh plggoh ri 4;<6 dqg
wkh hqg ri 4;<8/ diwhu zklfk wlph/ wkh| ghfolqhg vkduso| xqwlo 4;<;1 Wkh| wkhq
urvh vkduso| lq wkdw |hdu/ exw vxevhtxhqwo| ghfolqhg xqwlo wkh hqg ri 4<341 Iurp
4<35 wkurxjk 4<46/ erqg |lhogv jhqhudoo| vkrzhg d voljkw xszdug wuhqg1 Wkhvh
pryhphqwv ri lqwhuhvw udwhv duh rqh idfw wkdw zh zrxog olnh wr h{sodlq zlwk rxu
prgho17

7Wkh |lhogv vkrzq lq Iljxuh 4 duh fdofxodwlrqv edvhg xsrq hqg0ri 0prqwk erqg sulfh gdwd

froohfwhg iurp wkh Frpphufldo dqg Ilqdqfldo Fkurqlfoh e| Euxfh Fkdps dqg Mdphv Wkrpvrq

dqg nlqgo| surylghg wr xv1 Doo fdofxodwlrqv zhuh grqh xvlqj wkh �|lhog� zrunvkhhw ixqfwlrq lq

H{fho/ dvvxplqj wkdw frxsrqv duh rq wkh �uvw gd| ri wkh prqwk wkdw wkh| zhuh vfkhgxohg wr eh

sdlg dqg wkdw erqgv zhuh h{shfwhg wr pdwxuh rq wkh �uvw gdwh dw zklfk wkh| frxog eh fdoohg1

Vlqfh rxu |lhog fdofxodwlrq duh vhqvlwlyh wr wkh dvvxpswlrq derxw zkhq wkh erqgv zrxog eh fdoohg

dqg vlqfh vrph erqgv � wkh 70425v ri 4;{{ qrw vkrzq lq rxu �jxuh dqg qrw khog h{whqvlyho|

e| qdwlrqdo edqnv � zhuh fdoohg hduo| lq wkh 4;;3v gxh wr wkh jryhuqphqw exgjhw vxusoxvhv dw

wkh wlph/ rxu |lhog fdofxodwlrqv vkrxog eh wdnhq dv dssur{lpdwh1 Krzhyhu/ Pdfdxoh|*v |lhogv

rq Qhz Hqjodqg pxqlflsdo erqgv dqg rq udlourdg erqgv h{klelw pryhphqwv wkdw duh urxjko|
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5151 Frpphqwv rq lqhodvwlflw| ri qrwh lvvxh

Wkh qdwlrqdo edqn qrwh sx}}oh kdv dovr ehhq iudphg lq whupv ri wrr ihz qrwhv ehlqj
lvvxhg/ dqg FVZ irfxv khdylo| rq wkh vxssrvhg lqhodvwlflw| ri edqn qrwh lvvxdqfh1
Iru wkhvh uhdvrqv/ zh frpphqw eulh | rq wkh hpslulfdo hylghqfh uhjduglqj krz
edqn qrwh flufxodwlrq fkdqjhg ryhu wlph1

Zh �uvw suhvhqw hylghqfh rq kljk iuhtxhqf| pryhphqwv lq wkh txdqwlw| ri
qdwlrqdo edqn qrwhv lq flufxodwlrq1 Wr jhw dq lghd ri kljk iuhtxhqf| fkdqjhv lq
qdwlrqdo edqn flufxodwlrq/ iru wkh shulrg 4;;4 wr 4<43 zh sorw wkh shufhqwdjh
fkdqjhv lq wrwdo flufxodwlrq ehwzhhq fdoo uhsruw gdwhv iru hdfk ri wkh �yh fdoo
uhsruwv wkdw qdwlrqdo edqnv zhuh uhtxluhg wr �oh hdfk |hdu1 Wklv lv grqh lq Iljxuh
518 Wklv �jxuh pdnhv wzr srlqwv1 Iluvw/ wkhuh zdv qrw pxfk kljk iuhtxhqf|
 xfwxdwlrq lq wkh txdqwlw| ri qdwlrqdo edqn qrwhv lq flufxodwlrq1 Wkh dyhudjh
devroxwh shufhqwdjh fkdqjh zdv rqo| 518 shufhqw1 Ixuwkhu/ wkhuh duh rqo| 4<
wlphv/ rxw ri wkh 483 revhuydwlrqv lq Iljxuh 6/ lq zklfk qdwlrqdo edqn flufxodwlrq
fkdqjhg e| pruh wkdq �yh shufhqw lq hlwkhu gluhfwlrq ehwzhhq fdoo uhsruwv dqg
rqo| 7 wlphv lq zklfk lw lqfuhdvhg pruh wkdq whq shufhqw lq hlwkhu gluhfwlrq1 Iljxuh
5 lv vrph hylghqfh zk| qdwlrqdo edqn flufxodwlrq zdv frqvlghuhg wr eh lqhodvwlf
e| pdq| frqwhpsrudu| revhuyhuv1

Krzhyhu/ zh jhw d gl�huhqw ylhz ri wkh lqhodvwlflw| ri qrwh lvvxh li zh orrn
dw orz iuhtxhqf| pryhphqwv lq edqn qrwh zh sorwwhg wkh flufxodwlrq ri qdwlrqdo
edqn qrwhv dw hdfk fdoo uhsruw gdwh1 Dowkrxjk wkhvh fdoo uhsruwv duh qrw dw hyhqo|
vsdfhg wlph lqwhuydov/ zh kdyh wuhdwhg wkhp dv vxfk iru sxusrvhv ri sorwwlqj wkh
gdwd1 Wkh uhvxow lv vkrzq lq Iljxuh 619 Lq whupv ri orz iuhtxhqf| pryhphqwv lq
qdwlrqdo edqn flufxodwlrq/ wkh �jxuh vkrzv wkdw edqn qrwh flufxodwlrq ghfolqhg e|
voljkwo| ryhu 93 shufhqw ehwzhhq wkh hqg ri 4;;4 dqg wkh hqg ri 4;<31 Diwhu wkdw/

lq olqh zlwk rxu |lhog fdofxodwlrqv1 Wklv jlyhv xv vrph frq�ghqfh wkdw wkh |lhogv vkrzq lq wkh

�jxuh duh lqglfdwlyh ri jhqhudo pryhphqwv lq jryhuqphqw erqg |lhogv gxulqj wkh shulrg1

8Zhehu kdv frpslohg wkh glvdjjuhjdwhg fdoo uhsruwv e| vwdwh dqg uh0

vhuyh flw| iru hdfk fdoo uhsruw gdwh1 Wkhvh gdwd fdq eh irxqg dw

kwws=qqzrrgurz1psov1iue1ihg1xvquhvhdufkqhfrqrplvwvqzhzsurm1kwpo1 Doo qdwlrqdo edqn

gdwd xvhg lq wklv sdshu duh djjuhjdwhv ri wkhvh gdwd/ udwkhu wkdq wkh djjuhjdwhv uhsruwhg e| wkh

Frpswuroohu ri wkh Fxuuhqf|1 Wkh uhdvrq lv lq pdq| fdvhv wkh wrwdov jlyhq lq wkh Frpswuroohu*v

djjuhjdwhv gr qrw djuhh zlwk wkh wrwdov iurp wklv glvdjjuhjdwhg uhsruwv1 Pruh ghwdlov duh jlyhq

zlwk wkh gdwd dw wkh zhevlwh1
9Zh dovr h{dplqhg qhw flufxodwlrq/ phdvxuhg dv wrwdo flufxodwlrq ohvv kroglqjv ri eloov ri rwkhu

edqnv/ ri qdwlrqdo edqn qrwhv1 Wkh pryhphqwv lq wkh wzr vhulhv duh yluwxdoo| lghqwlfdo/ vr zh

glg qrw sorw qhw flufxodwlrq lq wkh �jxuh ru glvfxvv lw lq wkh wh{w1
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flufxodwlrq lqfuhdvhg vorzo| xqwlo wkh hqg ri 4;<< diwhu zklfk lw lqfuhdvhg dw d idu
pruh udslg sdfh1

61 Wkh prgho

Zh frqvlghu dq ryhuodsslqj jhqhudwlrqv hfrqrp| zlwk wzr0shulrg olyhg krxvhkrogv
dqg wzr orfdwlrqv1 Wlph lv glvfuhwh/ lq�qlwh/ dqg lqgh{hg e| |1 Wkhuh lv d vlqjoh/
qrq0vwrudeoh frqvxpswlrq jrrg/ ghqrwhg %E|�/ lq hdfk orfdwlrq lq hdfk shulrg1
Frqvxpswlrq jrrgv duh qrw wudqvihudeoh dfurvv orfdwlrqv1 Orfdwlrqv duh sk|vlfdoo|
glvwlqfw/ vr wkdw lw lv qrw srvvleoh iru djhqwv ru edqnv wr frppxqlfdwh dfurvv
orfdwlrqv1

D frqwlqxxp ri lghqwlfdo krxvhkrogv ri phdvxuh rqh lv eruq lq hdfk orfdwlrq lq
hdfk shulrg1 Kdoi ri wkh phdvxuh ri krxvhkrogv lq hdfk orfdwlrq/ �ohqghuv�/ uhfhlyh
dq hqgrzphqw ri wkh frqvxpswlrq jrrg 5|E|� : f rqo| lq wkh �uvw shulrg ri olih1
Wkh rwkhu krxvhkrogv/ �eruurzhuv�/ uhfhlyh dq hqgrzphqw ri wkh frqvxpswlrq
jrrg +W

|
E|n�� : f rqo| lq wkh vhfrqg shulrg ri olih1 Zh dvvxph wkdw dowkrxjk wkh

prqh| lq wklv hfrqrp| lv frpprglw| prqh|/ lw grhv qrw |lhog dq| gluhfw xwlolw|
wr wkh kroghuv1

Wkhuh duh dovr d odujh qxpehu ri edqnv lq hdfk ri wkh wzr orfdwlrqv1 Wkhvh
edqnv duh lq�qlwho| olyhg +dowkrxjk rqh frxog wklqn ri edqnv dv dovr wzr0shulrg
olyhg zlwk d qhz frkruw ri edqnv frplqj lqwr h{lvwhqfh lq hdfk shulrg,1 Wkhvh
edqnv fdq wdnh ghsrvlwv/ lvvxh edqn qrwhv/ dqg pdnh ordqv1

Ohqghuv gr qrw qhfhvvdulo| uhpdlq lq wkh vdph orfdwlrq iru wkhlu hqwluh olyhv1
Vrph phdvxuh ri ohqghuv ri hdfk frkruw vshqg wkh �uvw shulrg ri wkhlu olyhv dw
rqh orfdwlrq dqg wkh vhfrqg shulrg ri wkhlu olyhv dw wkh rwkhu orfdwlrq1 Dowkrxjk
zkhwkhu ru qrw d sduwlfxodu |rxqj ohqghu kdv wr pryh dqg wkh phdvxuh ri |rxqj
ohqghuv wkdw kdyh wr pryh duh sxeolf lqirupdwlrq/ wklv lqirupdwlrq lv qrw uhyhdohg
xqwlo wkh hqg ri wkh djhqw*v �uvw shulrg ri olih1 Wkh suredelolw| wkdw d |rxqj ohqghu
ri frkruw | zloo pryh lv ZE|c ��/ zkhuh � ' }c K lv wkh vwdwh ri wkh hfrqrp| dw wlph
|1 Wkhuh duh wzr vwdwhv/ jrrg +}, dqg edg +K,/ vxfk wkdw ZE|c }� 	 ZE|c K�1 Wkdw
lv/ ihzhu |rxqj ohqghuv kdyh wr pryh lq wkh jrrg vwdwh wkdq kdyh wr pryh lq wkh
edg vwdwh1 Wkxv/ wkh edg vwdwh fdq eh wkrxjkw ri dv d edqn uxq1 Wkh suredelolw|
wkdw wkh jrrg vwdwh rffxuv dw wlph | lv kE|c }�1

Lw lv wkh frpelqdwlrq ri lpsrvvlelolw| ri frppxqlfdwlrq dfurvv orfdwlrqv zlwk
wkh idfw wkdw vrph krxvhkrogv kdyh wr pryh wkdw jlyhv ulvh wr wkh qhhg iru edq0
nqrwhv1 Wkh lpsrvvlelolw| ri frppxqlfdwlrq phdqv wkdw d krxvhkrog +ru edqn, lq
rqh orfdwlrq fdqqrw yhuli| wkdw wkh fkhfn zulwwhq rq d edqn lq dqrwkhu orfdwlrq lv
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jrrg +qrw frxqwhuihlwhg, ru qrw1 Edqnqrwhv duh qrw frxqwhuihlwdeoh/ e| dvvxps0
wlrq1 Wkxv/ d |rxqj krxvhkrog wkdw kdv wr pryh zloo zdqw edqn qrwhv/ vlqfh
ghsrvlwv zloo eh xvhohvv lq lwv qhz orfdwlrq1 Wkh dvvxpswlrq wkdw edqn qrwhv fdq
eh xvhg iru wudqvdfwlrqv dw idu orfdwlrqv/ zkhuhdv ghsrvlwv duh uhvwulfwhg wr qhdu
orfdwlrqv/ lv dq dwwhpsw wr fdswxuh wkh wudqvdfwlrqv idfwv ri wkh qdwlrqdo edqnlqj
shulrg1 Vshfl�fdoo|/ Vsudjxh vd|v/ �111� ^�qg txrwh`

Wkh vshfl�f wlplqj ri wudqvdfwlrqv dqg zkhq krxvhkrogv pryh lv wkh iroorzlqj=

� Ohqghuv1 Dw wkh ehjlqqlqj ri wkh �uvw shulrg ri olih/ wkh| uhfhlyh wkhlu hq0
grzphqwv1 Wkh| fdq wkhq ghsrvlw sduw ru doo ri wkhlu hqgrzphqw lq rqh
ri wkh edqnv lq wkh hfrqrp|1 Diwhu pdnlqj wkh ghsrvlw/ hdfk |rxqj ohqghu
frqvxphv dqg wkhq �qgv rxw zkhwkhu ru qrw vkh zloo vwd| lq wkh vdph orfd0
wlrq1 Ohqghuv zkr vwd| lq wkh vdph orfdwlrq gr qrwklqj1 Pryhuv jr wr wkhlu
edqn dqg uhghhp wkhlu ghsrvlwv iru vshflh +odzixo prqh|, ru edqnqrwhv1 Lq
wkh vhfrqg shulrg ri olih/ rog qrqpryhuv jr wr wkhlu edqn/ zlwkgudz wkhlu
ghsrvlwv/ vhoo wkhvh ghsrvlwv wr rog ohqghuv iru jrrgv dqg frqvxph1 Rog
pryhuv xvh wkhlu edqnqrwhv ru vshflh wr ex| jrrgv iurp rog ohqghuv dw wkh
qhz orfdwlrq dqg wkhq frqvxph1

� Eruurzhuv1 Lq wkh �uvw shulrg ri olih/ eruurzhuv jr dqg wdnh rxw d ordq iurp
wkh edqn dw d qrplqdo jurvv lqwhuhvw udwh ri -E|� diwhu ohqghuv kdyh ghsrvlwhg1
Diwhu jhwwlqj wkh ordq/ wkh eruurzhuv frqvxph wkh surfhhgv1 Dw wkh ehjlq0
qlqj ri wkh vhfrqg shulrg ri olih/ eruurzhuv uhfhlyh wkhlu hqgrzphqwv1 Wkh|
vhoo wkh sduw ri wkh hqgrzphqw wr rog ohqghuv hlwkhu iru ghsrvlwv/ vshflh/ ru
edqnqrwhv1 Wkh| wkhq xvh wkh ghsrvlwv/ vshflh/ ru edqnqrwhv wr sd| edfn
wkhlu ordqv iurp edqnv1 Diwhu sd|lqj r� wkhlu ordqv/ rog eruurzhuv frqvxph
zkdw lv ohiw ri wkhlu hqgrzphqwv1

Edqnv lq rxu prgho hfrqrp| idfh d frvw shu qrwh lvvxhg/ mxvw dv glg qdwlrqdo
edqnv1 D qdwlrqdo edqn kdg wr sd| d wd{ rq wkh dprxqw ri lwv qrwhv lq flufxodwlrq1
Lq dgglwlrq/ lw zdv fkdujhg iru frvwv ri vruwlqj dqg vklsslqj dq| ri lwv qrwhv
wkdw zhuh suhvhqwhg iru uhghpswlrq wkurxjk wkh uhghpswlrq idflolw| dw wkh X1V1
Wuhdvxu|1 Ixuwkhu/ qdwlrqdo edqnv lqfxuuhg �{hg frvwv/ wkh zdjhv ri whoohuv dqg
wkh frvw ri kdylqj d ydxow/ dvvrfldwhg zlwk qrwh lvvxh1

Zlwk wkhvh frqvlghudwlrqv lq plqg/ zh prgho wkh frvwv ri qrwh lvvxdqfh dv
iroorzv1 Edqnv fdq lvvxh wzr nlqgv ri qrwhv1 Wkhuh duh �fkhds� qrwhv/ ghqrwhg
�E|c ��/ zklfk lw fdq lvvxh lq vwdwh � lq wlph |1 Wkhvh qrwhv fduu| d uhghpswlrq
frvw ri S� � f shu qrwh/ sd|deoh lq shulrg | n �1 Wkhuh duh dovr �h{shqvlyh�
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qrwhv/ ghqrwhg �E|c ��/ zklfk lw fdq lvvxh lq vwdwh � lq wlph |1 Wkhvh qrwhv fduu|
d uhghpswlrq frvw ri S� : S� shu qrwh/ dovr sd|deoh lq shulrg | n �1 Wkh uhdvrq
wkdw edqnv zrxog hyhu fkrrvh wr lvvxh h{shqvlyh qrwhv lv wkdw wkhuh lv d pd{lpxp
dprxqw ri fkhds qrwhv/ qE|�/ wkdw d edqn fdq lvvxh lq dq| shulrg1 Zkdw zh duh
wu|lqj wr fdswxuh zlwk wkh pd{lpxp rq fkhds qrwh lvvxdqfh lv wkh lghd wkdw edqnv
h{shfw wkdw wkhuh lv vrph txdqwlw| ri qrwhv/ qE|�/ wkdw zloo vwd| lq flufxodwlrq iru
d uhodwlyho| orqj shulrg ri wlph1 Krzhyhu/ wkh| dovr h{shfwv wkdw qrwhv lvvxhg
eh|rqg wkdw txdqwlw|/ sduwlfxoduo| wkrvh lvvxhg lq whupv ri kljk ghpdqg/ zloo eh
uhwxuqhg wr wkh edqn +suhvhqwhg iru uhghpswlrq, yhu| txlfno|1 Lw lv wkh suhvhqfh
ri wkh xsshu erxqg rq fkhds qrwh lvvxh wkdw gulyhv wkh uhvxowv ri wkh prgho1

6141 Krxvhkrog ehkdylru

Doo krxvhkrogv kdyh suhihuhqfhv

�d%|E|�c %|E|n �c ��o ' *?%|E|� n B *?%|E|n �c ��c

zkhuh %&E|c �� 5 ?n ghqrwhv wkh frqvxpswlrq ri d krxvhkrog ri frkruw & lq shulrg |
lq vwdwh � dqg B lv wkh udwh ri wlph suhihuhqfh1 Krxvhkrogv duh dvvxphg wr pd{lpl}h
h{shfwhg olihwlph xwlolw| vxemhfw wr wkhlu exgjhw frqvwudlqwv1 Iru eruurzhuv wkh
sureohp lv vlpsoh=

4@ 
%|E|�c%|E|n��

d*?%|E|� n B *?%|E|n ��o

v1w1
%|E|� n 4E|�%|E|n �� ' 4E|�+W| E|n ��*-E|�

zkhuh RE|� lv wkh lqyhuvh sulfh ohyho lq shulrg | dqg 4E|� ' RE|�*RE|n�� lv wkh udwh
ri lq dwlrq ehwzhhq shulrgv | dqg |n �1 Vroylqj/ eruurzhuv* ghpdqg iru ordqv lq
shulrg | lv

�E|� ' %|E|� ' 4E|�+E|n ��*-E|�

zkhuh +E|n �� ' E� n B�3�+WE|n ��1
Wkh ohqghuv* sureohp lv pruh frpsolfdwhg1 Dv zh glvfxvv ehorz/ edqnv fdq

r�hu vwdwh0frqwlqjhqw sd|phqw vfkhgxohv iru ghpdqg ghsrvlwv1 Vshfl�fdoo|/ ohw
-6E|c �� eh wkh jurvv qrplqdo udwh ri uhwxuq sdlg wr ghsrvlwruv +ohqghuv, zkr
zlwkgudz hduo| +pryhuv, lq wlph shulrg | li vwdwh � rffxuv/ -?E|c �� eh wkh jurvv
qrplqdo udwh ri uhwxuq sdlg wr ghsrvlwruv zkr gr qrw zlwkgudz hduo| +qrqpryhuv,
lq wlph shulrg | li vwdwh � rffxuv/ dqg _E|� eh wkh ghsrvlwv ri ohqghuv lq shulrg

;



|1 Wkhq wkh frqvxpswlrq ri pryhuv dqg qrqpryhuv lq wkh vhfrqg shulrg ri wkhlu
olyhv zloo eh %E| n �c �� ' -6E|c ��_E|�*4E|� dqg %E| n �c �� ' -?E|c ��_E|�*4E|�/
uhvshfwlyho|1 Wkxv/ wkh ohqghu*v sureohp lv

4@ 
%|E|�c_E|�

+
*?%|E|� n B

[
�'}cK

kE|c ��iZE|c �� *?d-6E|c ��_E|�o n d�� ZE|c ��o *?d-?E|c ��_E|�oj*4E|�

,

v1w1
%|E|� n _E|� ' 5E|�

Wkh vroxwlrq lv
_E|� ' BE� n B�3�5E|��

6151 Edqn ehkdylru

Edqnv wdnh ghsrvlwv/ pdnh ordqv/ dqg sd| rxw vshflh dqg edqnqrwhv1 Zh dvvxph
wkdw edqnv wdnh dv jlyhq wkh txdqwlw| ri ghsrvlwv/ wkh lqwhuhvw udwh dw zklfk wkh|
fdq pdnh ordqv/ wkh frvw ri edqn qrwh lvvxh/ dqg wkh frqvwudlqw rq wkh dprxqw ri
fkhds edqn qrwhv wkh| fdq lvvxh1 Krzhyhu/ zh doorz wkhp wr ghflgh krz pdq|
ordqv wr pdnh/ krz pxfk vshflh wr krog/ dqg krz pdq| ri hdfk w|sh ri edqnqrwhv
wr lvvxh1 +Zh zloo pdnh dvvxpswlrqv vr wkdw edqnv zloo qhyhu zdqw wr krog h{fhvv
uhvhuyhv/ exw zloo dozd|v zdqw wr lvvxh qrwhv1, Ixuwkhu/ zh shuplw edqnv wr fkrrvh
vfkhgxohv ri lqwhuhvw sd|phqwv rq ghsrvlwv wkdw ghshqg xsrq wkh vwdwh ri wkh
hfrqrp| dqg zkhwkhu rq qrw dq lqglylgxdo lv d pryhu ru d qrqpryhu1

Edqnv idfh wkuhh frqvwudlqwv rq wkhlu ehkdylru1 Iluvw/ edqnv pxvw eh deoh wr
phhw wkh zlwkgudzdo ghpdqgv ri pryhuv hlwkhu rxw ri wkhlu vshflh kroglqjv ri e|
lvvxlqj edqn qrwhv

ZE|c ��-6E|c ��_E|�*RE|� ' 7E|� n�E|c �� n�E|c �� ;|c �� +614,

Wkh uljkwkdqg vlgh ri +614, lv d edqn*v reoljdwlrqv lq shulrg |/ wkh sd|phqwv
lw surplvhv wr pryhuv1 Wkh ohiwkdqg vlgh lv d edqn*v uhvrxufhv wr phhw wkhvh
reoljdwlrqv/ lwv kroglqjv ri vshflh/ ghqrwhg 7E|�/ dqg lwv lvvxdqfh ri erwk nlqgv ri
edqnv qrwhv1 Ehfdxvh wkh lqwhuhvw udwh -6E�c |� lv h{suhvvhg lq whupv ri xqlwv ri
|n� grooduv shu xqlw | grooduv/ zh kdyh gh dwhg wkh ohiwkdqg vlgh ri +614, e| 4E|�1

Vhfrqg/ lq shulrg | n �c edqnv pxvw eh deoh wr phhw wkh zlwkgudzdo ghpdqg
ri qrqpryhuv dqg sd| wkh frvwv ri qrwh lvvxh rxw ri wkhlu hduqlqjv iurp wkh ordqv
wkh| pdgh lq shulrg |

d�� ZE|c ��o-?E�c |�_E|�*RE|�n S��E|c ��n S��E|c �� ' -E|��E|�*RE|� ;|c �� +615,
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Wklug/ edqnv idfh dq ryhudoo uhvrxufh frqvwudlqw dw wkh ehjlqqlqj ri hdfk shulrg

_E|n �� n-E|��E|�*RE|� n RE|n ��d7E|� n�E|c �� n�E|c ��o

' ,E|n �� n RE|n ��7E|n ��

nd�� ZE|c ��o-?E�c |�_E|�*RE|� n S��E|c �� n S��E|c ��

nZE|c ��-6E|c ��_E|�*RE|� ;|c �� +616,

Wkh ohiwkdqg vlgh ri +616, lv wkh uhvrxufhv d edqn kdv lq shulrg | n �1 Wkhvh
frqvlvw ri wkh ghsrvlwv lw uhfhlyhv/ wkh sd|edfn ri ordqv pdgh lq wkh suhylrxv
shulrg/ wkh vshflh wkdw lw khog iurp wkh suhylrxv shulrg/ dqg wkh qrwhv wkdw lw
fdq lvvxh/ dowkrxjk whfkqlfdoo| wkhvh duh lvvxhg dw wkh yhu| hqg ri shulrg |1 Wkh
uljkwkdqg vlgh lv wkh h{shqglwxuhv ri wkh edqn1 Lw pdnhv ordqv/ ex|v vshflh/ dqg
sd|v r� wkh reoljdwlrqv dvvrfldwhg zlwk wkh ghsrvlwv lq wrrn lq wkh suhylrxv shulrg1
Vxevwlwxwlqj +614, dqg +615, lqwr +616, |lhogv

_E|� ' ,E|� n RE|�7E|� ;|� +617,

Wkh htxloleulxp frqfhsw wkdw zh xvh lv Qdvk htxloleulxp1 Jlyhq wkdw wkhuh duh
d odujh qxpehu ri edqnv/ wklv fkrlfh kdv wzr lpphgldwh lpsolfdwlrqv1 Wkh �uvw
lv wkdw lq htxloleulxp edqnv zloo hduq }hur sur�wv/ ehfdxvh li edqnv duh hduqlqj
sur�wv/ wkhq wkhuh lv dq lqfhqwlyh iru dq lqglylgxdo edqn wr ghyldwh dqg r�hu
kljkhu lqwhuhvw udwhv rq ghsrvlwv dqg wkxv dwwudfw doo ghsrvlwruv1 Wkh vhfrqg
lv wkdw wkh ghsrvlw frqwudfwv r�huhg e| edqnv lq htxloleulxp zloo pd{lpl}h wkh
xwlolw| ri krxvhkrogv/ ehfdxvh li wkh| gr qrw/ rqfh djdlq wkhuh duh lqfhqwlyhv iru
dq lqglylgxdo edqn wr ghyldwh1

Wkxv wkh edqnv* rswlpl}dwlrq sureohp lv
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kE|c ��
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ZE|c �� *?

�
-6E|c ��_E|�

4E|�
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n d�� ZE|c ��o *?
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-?E|c ��_E|�

4E|�

��&

vxemhfw wr +617,/ +614,/ +615,/
RE|�7E|� � _E|� +618,

dqg
�E|c �� � qE|�� +619,

Wkh pd{lpl}dwlrq lv ryhu i-6E|c ��c -?E|c ��c �E|�c 7E|�c �E|c ��c �E|c ��j�
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Vxevwlwxwh iru �E|� xvlqj +617, dqg ohw bE|c ��c wE|c ��c >E|�c DE|c �� eh wkh Od0
judqjh pxowlsolhuv iru +614,/ +615,/ +618,/ dqg +619,/ uhvshfwlyho|1 Wkh �uvw rughu
frqglwlrqv iru wkh edqnv* rswlpl}dwlrq sureohp duh

B|
kE|c ��

-6E�c |�
� bE|c ��

_E|�

RE|�
' fc ;|c � +61:,

B|
kE|c ��

-?E|c ��
� wE|c ��

_E|�

RE|�
' fc ;|c � +61;,

bE|c ��� S�wE|c ��� DE|c �� � fc ;|c � zlwk htxdolw| li �E|c �� : f +61<,

bE|c ��� S�wE|c �� � fc ;|c � zlwk htxdolw| li �E|c �� : f +6143,

bE|c }�nbE|c K��-E|�dwE|c }�nwE|c K�o�4E|�>E|� � fc ;| zlwk htxdolw| li 7E|� : f
+6144,

>E|� � fc zlwk htxdolw| li RE|�7E|� 	 _E|� +6145,

DE�� � fc ;|c � zlwk htxdolw| li �E�c |� 	 qE|� +6146,

dqg wkh frqvwudlqwv1

6161 Pdunhw fohdulqj

Wkh pdunhw wkdw kdv wr fohdu lq wklv prgho lv wkdw iru ordqv1 Wkh txdqwlw| ri ordqv
vrxjkw e| eruurzhuv kdv wr eh htxdo wr txdqwlw| ri ordqv wkdw edqnv duh zloolqj
wr pdnh1 Wkdw lv

4E|�+E|�*-E|� ' _E|�� RE|�7E|�� +6147,

6171 Htxloleulxp

Iru gh�qlqj htxloleulxp lq wklv hfrqrp|/ zh idfh d fkrlfh ri zkhwkhu wr wdnh
sulfhv ru wkh txdqwlw| ri vshflh dv h{rjhqrxv1 Zh fkrrvh sulfhv1 Wklv phdqv wkdw
edqnv fdq krog wkh txdqwlw| ri vshflh wkdw wkh zdqw dv uhvhuyhv1 Wkxv/ zh duh
lpsolflwo| dvvxplqj wkdw wkhuh lv d pdunhw zkhuh edqnv fdq wudgh vshflh iru jrrgv
ru jrrgv iru vshflh dw RE|�1 Li zh wklqn ri rxu prgho dv vwulfwo| ri wkh edqnlqj
vhfwru/ wkhq wklv pdunhw lv wkh uhvw ri wkh hfrqrp|1 Li zh wklqn ri rxu prgho dv
wkh grphvwlf hfrqrp|/ wkhq wklv rwkhu pdunhw lv wkh uhvw ri wkh zruog/ dqg edqnv*
dgmxvwphqw ri vshflh kroglqjv fruuhvsrqgv wr lqwhuqdwlrqdo vshflh  rzv1 Xqghu
wklv odwwhu lqwhusuhwdwlrq/ zh dgplw wkdw wkhuh lv vrph lqfrqvlvwhqf|/ ehfdxvh zh
duh/ lq h�hfw/ dvvxplqj wkdw wkh hfrqrp| lv d vpdoo frxqwu| zlwk uhvshfw wr jrrgv/
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exw d odujh ru dw ohdvw lvrodwhg hfrqrp| lq whupv ri fdslwdo1 Krzhyhu/ zh fkrvh dv
zh glg/ ehfdxvh zh zdqwhg wr kdyh edqnv* ghflvlrqv uhjduglqj uhvhuyhv pdwwhu1
Dvvxpswlrq S=

�� ZE|c }� 	
4E|�+E|n ��

S�_E|�
	 � ;|

Wklv dvvxpswlrq jxdudqwhhv wkdw edqnv zloo dozd|v zdqw wr lvvxh qrwhv lq erwk
vwdwhv dqg zloo zdqw wr krog srvlwlyh dprxqwv ri uhvhuyhv1
Frqglwlrq E=

+E|n ��

S�RE|n ��
� d�� ZE|c K�o

_E|�

RE|�
	 qE|��

Li wklv frqglwlrq lv vdwlv�hg/ edqn qrwhv lvvxdqfh lq erwk vwdwhv zloo eh ohvv wkdq
qE|�1
Frqglwlrq Q=

+E|n ��

S�RE|n ��
� d�� ZE|c }�o

_E|�

RE|�
: qE|�

�
��

S� � S�
S�

ZE|c }�

�
�

Li wklv frqglwlrq lv vdwlv�hg/ edqnv zloo lvvxh h{shqvlyh qrwhv lq erwk vwdwhv1

Gh�qlwlrq 6141 Srvlwlyh uhvhuyhv dqg qrwh lvvxdqfh htxloleulxp1 Xqghu dvvxps0

wlrq S/ jlyhq i5E|�c +E|�c RE|�c qE|�c kE|c ��c ZE|c ��j/ B/ S�/ dqg S� c d vhw i-6E|c ��c
-?E|c ��c -E|�c 7E|� : fc �E|c �� : fc �E|c �� � fj lv d Qdvk htxloleulxp li lw vdwlv�hv

krxvhkrog dqg edqn pd{lpl}dwlrq dqg ordq pdunhw fohdulqj1

Wkh iroorzlqj ohppd zloo eh xvhixo iru wkh glvfxvvlrq zklfk iroorzv=

Ohppd 6151 Xqghu Dvvxpswlrq S/ dq| htxloleulxp zloo kdyh wkh surshuwlhv=

41 dqE|�� �E|c ��o�E|c �� ' fc

51 S� � -E|� � S� c

61 S�-
6E|c �� � -?E�c |� zlwk htxdolw| li �E|c �� 	 qE|�/

71 S�-
6E|c �� � -?E|c �� zlwk htxdolw| li �E|c �� : fc

81 -6E|c K� � -6E|c }� � S� / dqg
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91 S� � -?E|c }� � -?E|c K��

Surri= Surshuwlhv +4, wkurxjk +7, iroorz gluhfwo| iurp wkh edqnv* �uvw rughu
frqglwlrqv1 Surriv ri surshuwlhv +8, dqg +9, duh jlyhq lq wkh Dsshqgl{1�

Surshuw| +4, vwdwhv wkdw d edqn zloo qrw lvvxh h{shqvlyh qrwhv lq d vwdwh xqohvv
lw kdv lvvxhg doo wkh fkhds qrwhv lw fdq lq wkdw vwdwh1 Surshuw| +5, vwdwhv wkdw wkh
qrplqdo lqwhuhvw udwh rq ordqv kdv wr dw ohdvw fryhu wkh frvw ri lvvxlqj fkhds qrwhv/
exw kdv wr eh ohvv wkdq ru htxdo wr wkh frvw ri lvvxlqj h{shqvlyh qrwhv1 Surshuw|
+6, vwdwhv wkdw li wkh frqvwudlqw rq lvvxlqj fkhds edqnqrwhv lv qrw elqglqj lq d
vwdwh/ wkhq wkh gl�huhqfh lq wkh lqwhuhvw udwhv sdlg wr pryhuv dqg qrqpryhuv lq
wkdw vwdwh zloo mxvw fryhu wkh frvw ri uhghhplqj wkh qrwhv1 Li wkh frqvwudlqw lv
elqglqj/ krzhyhu/ wkh gl�huhqfh fdq h{fhhg wklv frvw1 Wklv surshuw| pdnhv lw
lqfhqwlyh frpsdwleoh iru qrqpryhuv wr qrw zdqw wr zlwkgudz ghsrvlwv iurp wkh
edqn hduo|1 Surshuw| +7, vwdwhv wkdw li edqnv lvvxh h{shqvlyh qrwhv lq d vwdwh/ wkhq
wkh gl�huhqfh ehwzhhq wkh lqwhuhvw udwhv sdlg wr pryhuv dqg qrqpryhuv pxvw fryhu
wkh frvw ri uhghhplqj wkh h{shqvlyh qrwhv1 Surshuw| +8, vwdwhv wkdw wkh lqwhuhvw
udwh sdlg wr pryhuv lq wkh jrrg vwdwh zloo dozd|v eh dw ohdvw dv juhdw dv wkdw sdlg
wr pryhuv lq wkh edg vwdwh/ exw wkdw wklv lqwhuhvw udwh zloo qhyhu h{fhhg wkh frvw
ri lvvxlqj wkh h{shqvlyh qrwhv1 Surshuw| +9, vwdwhv wkdw wkh lqwhuhvw udwh sdlg wr
qrqpryhuv lq wkh edg vwdwh zloo dozd|v eh dw ohdvw dv juhdw dw wkh lqwhuhvw udwh
sdlg wr pryhuv lq wkh edg vwdwh/ dqg wklv lqwhuhvw udwh zloo dozd|v eh juhdwhu wkdq
wkh frvw ri lvvxlqj fkhds qrwhv1

Wkh iroorzlqj ohppd frq�upv wkh lqwxlwlrq wkdw li wkh uhvwulfwlrq rq lvvxlqj
fkhds edqn qrwhv grhv qrw elqg/ wkhq duelwudjh zloo ohdg wr wkh lqwhuhvw udwh rq
ordqv ehlqj htxdo wr wkh frvw ri lvvxlqj edqn qrwhv1

Ohppd 6161 Xqghu Dvvxpswlrq S/ li Frqglwlrq E lv vdwlv�hg/ wkhq wkhuh h{lvw

ydoxhv ri i5E|�c +E|�c RE|�c qE|�c kE|c ��c ZE|c ��j/ B/ S�/ dqg S� c vxfk wkdw dq htxlole0

ulxp h{lvwv lq zklfk edqnv gr qrw lvvxh h{shqvlyh qrwhv1 Wklv htxloleulxp kdv wkh

surshuwlhv=

-6E|c �� ' �

-?E|c �� ' -E|� ' S�

7E|� '
_E|�

RE|�
�

+E|n ��

S�RE|n ��

�E|c �� '
+E|n ��

S�RE|n ��
� d�� ZE|c ��o

_E|�

RE|�

�E|c �� ' f

46



Surri= Iroorzv gluhfwo| iurp wkh gh�qlwlrq ri htxloleulxp1�
Wkh qh{w ohppd vkrzv wkdw zkhq edqnv lvvxh h{shqvlyh qrwhv lq erwk vwdwhv/

wkh udwh ri lqwhuhvw rq ordqv zloo eh htxdo wr wkh frvw ri lvvxlqj wkh h{shqvlyh
qrwhv1 Wkh lqwhuhvw udwh sdlg wr qrqpryhuv lv wkh vdph lq erwk vwdwhv dqg h{fhhgv
wkh udwh ri lqwhuhvw rq ordqv1 Wkh lqwhuhvw udwh sdlg wr pryhuv lv dovr wkh vdph lq
erwk vwdwhv dqg h{fhhgv xqlw|1

Ohppd 6171 Xqghu Dvvxpswlrq S/ li Frqglwlrq Q lv vdwlv�hg/ wkhq wkhuh h{lvw

ydoxhv ri i5E|�c +E|�c RE|�c qE|�c kE|c ��c ZE|c ��j/ B/ S�/ dqg S� c vxfk wkdw dq htxlole0

ulxp h{lvwv lq zklfk edqnv lvvxh h{shqvlyh qrwhv lq erwk vwdwhv1 Wklv htxloleulxp

kdv wkh surshuwlhv=

-E|� ' S�

-6E|c �� ' S�-
?E|c ��
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S�RE|n ��
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� d�� ZE|c ��o
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S� � S�
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ZE|c ��
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Surri= Iroorzv gluhfwo| iurp wkh gh�qlwlrq ri htxloleulxp1�
Lq wkh fdvhv fryhuhg e| Ohppdv 616 dqg 617/ lqwhuhvw udwhv duh xqfkdqjhg iru

dq| fkdqjhv lq wkh sdudphwhuv ru h{rjhqrxv yduldeohv1 Wkxv/ li zh krsh wr pdwfk
wkh idfwv iru wklv shulrg/ zh pxvw frqvlghu fdvhv zkhuh qhlwkhu Frqglwlrq E qru
Frqglwlrq Q duh vdwlv�hg1 Wkdw lv/ zh kdyh wr �qg fdvhv lq zklfk wkh frqvwudlqw
rq lvvxlqj h{shqvlyh qrwhv lv elqglqj lq vwdwh K/ exw zkhuh lw lv qrw sur�wdeoh iru
edqnv wr lvvxh h{shqvlyh qrwhv lq vwdwh }1

Lq h{dplqlqj wkh fdvhv qrw fryhuhg e| Ohppdv 616 dqg 617/ zh qrwlfhg wkdw
lqwhuhvw udwhv frxog eh zulwwhq dv ixqfwlrqv ri 4E|�+E|n ��*_E|� dqg qE|�RE|�*_E|�
dv zhoo dv wkh rwkhu sdudphwhuv ri wkh prgho1 Iljxuh 7/ zh suhvhqw d uhsuhvhqwdwlyh
looxvwudwlrq ri lqwhuhvw udwh ehkdylru lq wklv prgho dv d ixqfwlrq ri 4E|�+E|n��*_E|�/
kroglqj wkh ydoxhv ri wkh sdudphwhuv dqg rwkhu h{rjhqrxv yduldeohv �{hg1 Lqlwldoo|
zh duh lq wkh fdvh fryhuhg e| ohppd 6161 Wkhq/ dv 4E|�+E| n ��*_E|� lqfuhdvhv/
edqnv klw wkh frqvwudlqw rq lvvxlqj fkhds qrwhv li wkh edg vwdwh vkrxog rffxu1
Dw wklv srlqw/ -E|�/ -6E|c }�/ -?E|c }�/ dqg -?E|c K� ehjlq wr lqfuhdvh> -6E|c K�/
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krzhyhu/ ehjlqv wr ghfuhdvh/ vr wkdw pryhuv dfwxdoo| jhw edfn ohvv wkdq d groodu
iru hdfk groodu ri ghsrvlwv wkdw wkh| kdyh wr zlwkgudz hduo| vkrxog wkh edg vwdwh
rffxu1 Dv 4E|�+E| n ��*_E|� frqwlqxhv wr lqfuhdvh/ lqwhuhvw udwhv uhdfk wkh srlqw
zkhuh lw sd|v edqnv wr lvvxh h{shqvlyh qrwhv lq wkh edg vwdwh1 Dw wklv srlqw/ wkh
vorshv ri wkh lqwhuhvw udwh fxuyhv fkdqjh/ dqg iru -E|�/ -6E|c }�/ -?E|c }�/ dqg
-?E|c K� wkh vorshv ehfrph  dwwhu1 Prylqj uljkw iurp wklv srlqw/ edqnv frqwlqxh
wr lvvxh pruh fkhds qrwhv lq wkh jrrg vwdwh dqg h{shqvlyh qrwhv lq wkh edg vwdwh
xqwlo hyhqwxdoo| wkh| klw wkh frqvwudlqw rq lvvxlqj fkhds qrwhv lq wkh jrrg vwdwh1
Diwhu wklv srlqw/ doo lqwhuhvw udwhv ehjlq lqfuhdvlqj xqwlo hyhqwxdoo| lqwhuhvw udwhv
duh kljk hqrxjk vr wkdw lw sd|v edqnv wr dovr lvvxh h{shqvlyh qrwhv lq erwk vwdwhv
dqg zh duh lq wkh fdvh fryhuhg e| Ohppd 6171 Qrwh wkdw lq wklv fdvh wkh lqwhuhvw
udwh sdlg wr qrqpryhuv lv kljkhu wkdq wkh lqwhuhvw udwh rq ordqv1

71 Fdoleudwlrq

Zh qrz zdqw wr vhh krz zhoo d yhuvlrq ri wkh prgho fdoleudwhg wr fdoo uhsruw gdwd
rq qdwlrqdo edqnv gxulqj wkh shulrg 4;;5 wr 4<46 suhglfwv lqwhuhvw udwh ohyhov dqg
fkdqjhv dqg edqn qrwh flufxodwlrq gxulqj wkh shulrg 4;;504<451 Wkh vwudwhj| lv
wkh iroorzlqj1 Iluvw/ zh pdwfk wkh qdwlrqdo edqn wr wkh wkhruhwlfdo frqvwuxfwv lq
wkh prgho1 Wkhq/ zh xvh wkh qdwlrqdo edqn gdwd wr fdoleudwh wkh suredelolw| dqg
frvw sdudphwhuv lq wkh prgho1 Lq wkh qh{w vhfwlrq/ zh ghwhuplqh krz zhoo wklv
fdoleudwhg prgho shuirupv1

7141 Wkh gdwd

Wkh prgho frqvwuxfwv wkdw zh zdqw wr pdwfk wr wkh qdwlrqdo edqn gdwd duh qrwh
lvvxh/ vshflh kroglqjv/ ghsrvlwv/ dqg wkh hqgrzphqwv ri eruurzhuv1 Wr wklv zh
kdyh wr ghflgh dw zkdw srlqw lq wkh wlplqj ri wkh prgho wkh edqn edodqfh vkhhwv
duh ehlqj revhuyhg1 Wkh gl!fxowo| lv li zh dvvxph wkdw edqnv* edodqfh vkhhwv duh
revhuyhg dw wkh hqg ri d shulrg/ wkhq edqnv vkrxog qrw kdyh vshflh rq wkhlu errnv/
vlqfh lw zdv doo sdlg rxw wr |rxqj pryhuv ehiruh wkh shulrg hqghg1 Li zh dvvxph
wkdw wkh edodqfh vkhhwv duh revhuyhg dw wkh ehjlqqlqj ri d shulrg/ wkhq edqnv gr
qrw kdyh dq| qrwh odelolwlhv/ vlqfh wkh| grq*w kdyh wr lvvxh qrwhv xqwlo krxvhkrogv
dfwxdoo| pryh odwhu lq wkh shulrg1 Lq dfwxdolw|/ qdwlrqdo edqnv* edodqfh vkhhwv
kdyh erwk qrwhv dqg vshflh dw wkh vdph wlph1

Rxu vroxwlrq lv wr dvvxph wkdw edqn edodqfh vkhhwv duh revhuyhg vkruwo| diwhu
ehjlqqlqj ri d shulrg/ vr wkh| wkh fxuuhqw |rxqj kdyh kdg wkh rssruwxqlw| wr pdnh
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wkhlu ghsrvlwv dqg wdnh rxw wkhlu ordqv1 Zh dovr dvvxph wkdw edqnv kdyh ehhq deoh
wr dgmxvw wkhlu vshflh uhvhuyhv iru wkh shulrg wr wkh ghvluhg ohyho1 Krzhyhu/ zh
dovr dvvxph rog eruurzhg zkr kdyh vrog sduw ri wkhlu hqgrzphqw iru edqn qrwhv
kdyh qrw |hw kdg d fkdqfh wr uhwxuq wr d edqn wr sd| r� wkhlu ordqv1 Wkxv/ qrwhv
rxwvwdqglqj fruuhvsrqg wr dq dprxqw ri ordqv pdgh lq wkh suhylrxv shulrg1

Zlwk wklv dvvxpswlrq/ zh pds wkh lwhpv rq wkh edodqfhv ri qdwlrqdo edqnv
dqg wkh yduldeohv lq rxu dqdo|vlv dv=

Qrwhv= ^�E|c ��n�E|c ��` �Qdwlrqdo Edqn flufxodwlrq1� �Vwdwh edqn flufxodwlrq�
lv qrw lqfoxghg vlqfh qdwlrqdo edqnv frxog qrw lvvxh pruh ri wkhvh qrwhv1

Vshflh= ^7E|�` �Iudfwlrqdo fxuuhqf|� . �Wudgh grooduv� . �Vshflh� . �Ohjdo0
whqghu qrwhv� . �8( ixqg zlwk Wuhdvxu|� . �Gxh iurp X1V1 Wuhdvxu|�
. �Gxh iurp uhvhuyh djhqwv1� Wkh �8( ixqg zlwk Wuhdvxu|� lv lqfoxghg/
ehfdxvh wkhvh zhuh ixqgv wkdw qdwlrqdo edqnv zhuh uhtxluhg wr ghsrvlw lq
vshflh zlwk wkh X1V1 Wuhdvxu| dv uhvhuyhv iru qrwh lvvxh/ exw zklfk zhuh dovr
frxqwhg dv uhvhuyhv djdlqvw ghsrvlwv1 Wkh �Gxh iurp Wuhdvxu|� lv lqfoxghg
ehfdxvh wklv lv vshflh rzhg e| wkh Wuhdvxu| wr qdwlrqdo edqnv gxh wr qrwhv ri
rwkhu edqnv wkdw wkh| kdyh vhqw lq iru uhghpswlrq1 Wkh �Gxh iurp uhvhuyh
djhqwv� lv lqfoxghg ehfdxvh wkhvh zhuh frxqwhg dv uhvhuyhv djdlqvw ghsrvlwv/
dqg uhsuhvhqwhg ixqgv wkdw edqnv frxog fdoo rq wr phhw ghpdqgv wr uhghhp
ghsrvlwv1

Ghsrvlwv= ^(E|� ' _E|�*RE|�` Wrwdo oldelolwlhv dqg qhw zruwk ohvv qrwhv1� Qhw
zruwk lv lqfoxghg dv sduw ri ghsrvlwv/ vlqfh qdwlrqdo edqnv xvhg wkhlu fdslwdo
wr ixqg ordqv1

Hqgrzphqw ri eruurzhuv= ^ t E|n �� ' +E|n ��*RE|n ��` Wrwdo dvvhwv ohvv vshflh
dqg qrwhv1 Li zh dffhsw wkh deryh wlplqj ri wkh revhuydwlrq ri edqn edo0
dqfh vkhhwv/ wkhq zkdw lv rq wkh dvvhw vlgh ri wkh edodqfh vkhhw diwhu vshflh
dqg qrwhv +dvvxphg wr htxdo wr xqsdlg ordqv iurp wkh suhylrxv frkruw,
duh vxewudfwhg lv ordqv pdgh wr wkh fxuuhqw frkruw/ uE|� ' �E|�*RE|�1 Wkh
yduldeoh zh zdqw lq wkh dqdo|vlv/ krzhyhu/ lv wkh hqgrzphqw ri eruurzhuv/
t E|n �� ' -E|�uE|�/ zklfk lqyroyhv wkh jurvv lqwhuhvw udwh1 Vlqfh wkh jurvv
uhdo lqwhuhvw udwh lv forvh wr rqh/ zh ljqruh lw dqg dssur{lpdwh t E| n �� dv
uE|��:

:Gxulqj wklv shulrg/ qdwlrqdo edqn khog ghsrvlwv iru wkh jryhuqphqw � �Xqlwhg Vwdwhv gh0

srvlwv� dqg �Ghsrvlwv X1V1 glvexuvlqj djhqwv� � zklfk wkh| kdg wr edfn zlwk jryhuqphqw erqgv
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Lq Iljxuh 8/ zh sorw wkhvh yduldeohv qrupdol}hg e| ghsrvlwv/ vlqfh vxfk d qru0
pdol}dwlrq zloo eh xvhixo zkhq zh frpsduh wkh suhglfwlrqv ri wkh prgho zlwk wkh
gdwd1 Qrwh wkdw zlwk wklv qrupdol}dwlrq/ wkh idoo lq qrwhv lv vwloo surqrxqfhg/ exw
qrwhv dv d iudfwlrq ri ghsrvlwv +dv zh phdvxuh wkhp, uhfryhuv rqo| yhu| vorzo|
diwhu klwwlqj wkh plqlpxp lq 4;<31 Dovr qrwh wkdw wkh udwlr ri ordqv wr ghsrvlwv
dsshduv wr  xfwxdwh pruh wkdq wkh udwlr ri qrwhv wr ghsrvlwv ru vshflh soxv qrwhv
wr ghsrvlwv/ exw wkdw lv dq looxvlrq gxh wr wkh gl�huhqfh d{hv xvhg iru wkh gl�huhqw
udwlrv1

7151 Sdudphwhuv

Wkh qh{w vwhs lv wr fdoleudwh wkh suredelolwlhv dqg frvwv1 Rxu fkrlfhv=

Wkh suredelolw| ri ehlqj lq wkh jrrg vwdwh= kE|c }� ' f�b1 Zh fkrrvh wkh edvlf
wlph shulrg ri wkh dqdo|vlv dv d |hdu1 Vsudjxh lghqwl�hv irxu |hduv � 4;;7/
4;<3/ 4;<6/ dqg 4<3: � lq zklfk �qdqfldo glvuxswlrqv rffxuuhg1 [[ dqg [[
srlqw rxw/ krzhyhu/ wkdw wkhuh zhuh rqo| jhqhudo uhvwulfwlrqv ri sd|phqwv lq
Qhz \run Flw| lq 4;<6 dqg 4<3:1 Zh frph xs zlwk rxu ydoxh iru kE}� e|
dyhudjlqj wkhvh rffxuuhqfv ryhu wkh wkluw|0rqh |hduv iru zklfk zh kdyh gdwd1

Wkh suredelolw| ri prylqj lq wkh jrrg vwdwh= ZE|c }� ' f�21 Jlyhq wkdw wkh jurvv
lqwhuhvw udwhv gxulqj wklv shulrg zhuh forvh wr rqh/ zh fdq rewdlq wklv sure0
delolw| dv wkh udwlr ri qrwhv soxv vshflh wr ghsrvlwv iurp +614,1 Iurp Iljxuh
8/ wklv ydoxh lv dssur{lpdwho| 315 ryhu wkh shulrg1

Wkh suredelolw| ri prylqj lq wkh edg vwdwh= ZE|c K� ' f�2�1 Zh h{dplqh wkh vxp
ri vshflh dqg qrwhv qrupdol}hg e| ghsrvlwv lq wkh fdoo uhsruwv qhdu wlphv
wkdw Vsudjxh lghqwl�hv dv �qdqfldo glvuxswlrqv1 Wkhvh duh pdunhg e| eodfn
gldprqgv lq Iljxuh 81 Zh vhh wkdw lq wzr ri wkhvh sdqlfv/ wkhvh ydoxhv
zhuh derxw 6 shufhqwdjh srlqwv kljkhu wkdq dw suhylrxv ru vxevhtxhqw fdoo
uhsruwv1 Wkxv/ zh dgghg f�f� wr ZE|c }� wr jhw wkh fdoleudwhg ydoxh ZE|c K�

Wkh frvw ri lvvxlqj fkhds qrwhv= S� ' ��f� n f�fffS2D*�b +ehiruh 4<33,/ ��ffD n
�fffS2D +diwhu 4<33,1 Zh wdnh wkh frvw ri lvvxlqj fkhds qrwhv wr eh wkh wd{
rq qrwhv +4 shufhqw shu dqqxp ehiruh 4<33/ rqh0kdoi shufhqw wkhuhdiwhu, soxv
wkh rwkhu frvwv dvvrfldwhg zlwk qrwh lvvxh dv frpsxwhg e| wkh Frpswuroohu

� �Erqgv iru ghsrvlwv� � dv froodwhudo1 Zh kdyh wuhdwhg wkhvh olnh rwkhu ghsrvlwv dqg ordqv lq

whupv ri rxu pdsslqj iurp gdwd wr wkhru| vlqfh wkh| zhuh qrw htxdo rq edqn edodqfh vkhhwv/ vr

holplqdwlqj wkhp zrxog phdq wkdw rxu dvvhw dqg oldelolw| phdvxuhv zrxog qrw dgg xs1
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ri wkh Fxuuhqf|1 Wkh Frpswuroohu hvwlpdwhg wkhvh frvwv wr eh '95183 shu
'433/333 sdu ydoxh ri wkh erqg1 Vlqfh qrwhv frxog rqo| eh lvvxhg xs wr <3
shufhqw ri wkh plqlpxp ri wkh pdunhw ru sdu ydoxh ri erqgv sulru wr 4<33/
zh glylgh wkh dgglwlrqdo frvwv e| wklv qxpehu iru wkdw shulrg1

Wkh frvw ri lvvxlqj h{shqvlyh qrwhv= S� 'q Zh kdyh qr zd| ri fdoleudwlqj wklv
sdudphwhu1 Lqvwhdg/ zh zloo gr khuh lv wu| vrph vhyhudo ydoxhv wr vhh li zh
fdq jhw jrrg suhglfwlrqv zlwk uhdvrqdeoh qxpehuv1

Wkh uhvwulfwlrq ri wkh txdqwlw| ri fkhds qrwhv wkdw fdq eh lvvxhg dv d shufhqwdjh
ri ghsrvlwv= qE|�RE|�*_E|� ' f�fS1 Zkdw zh zdqwhg zdv d ydoxh vxfk wkdw
wkh uhvwulfwlrq rq lvvxlqj fkhds qrwhv zrxog lq jhqhudo qrw eh elqglqj/ exw
zrxog elqg rffdvlrqdoo|/ hvshfldoo| lq wlphv ri sdqlfv1 Lq Iljxuh 8/ zh kdyh
sorwwhg wkh olqh iru qE|�RE|�*_E|� ' f�fS� Zh vhh wkdw wklv ydoxh lpsolhv wkdw
edqnv zhuh lvvxlqj h{shqvlyh qrwhv dw wkh ehjlqqlqj dqg hqg ri rxu vdpsoh
shulrg1 Wkh| dovr lvvxhg wkhp durxqg wkh wlph ri wkh fulvlv ri 4;<6 dqg lq
4;<:1 Iru prvw ri wkh uhvw ri wkh wlph/ krzhyhu/ rqo| fkhds qrwhv zhuh ehlqj
lvvxhg1 Wkxv/ rxu fkrlfh iru wklv sdudphwhu vhhpv uhdvrqdeoh1

81 Uhvxowv

Zh qrz vhh krz zhoo d fdoleudwhg yhuvlrq ri rxu prgho �wv zlwk vrph dfwxdo
gdwd gxulqj wkh shulrg1 Lq wklv fdoleudwhg yhuvlrq/ zh zloo nhhs wkh ydoxhv ri wkh
sdudphwhuv frqvwdqw ryhu wkh hqwluh wlph shulrg1 Wkh rqo| h{rjhqrxv yduldeoh wkdw
zh zloo doorz wr fkdqjh lv wkh udwh ri wkh hqgrzphqwv ri eruurzhuv dqg ohqghuv1
Zh gr wklv wr olplw wkh qxpehu ri iuhh sdudphwhuv wkdw zh kdyh1 Zh �uvw h{dplqh
krz wkh suhglfwlrqv ri wklv fdoleudwhg prgho frpsduh wr wkh ohyho dqg pryhphqwv
lq wkh |lhogv rq orqj0whup jryhuqphqw erqgv1 Wkhq zh h{dplqh lwv suhglfwlrqv
frpsduhg wr wkh glvfrxqwv rq fhuwl�hg fkhfnv dqg wkh lqwhuhvw udwhv rq fdoo ordqv
gxulqj shulrgv ri �qdqfldo sdqlfv1 Ilqdoo|/ zh frpsduh wkh ohyho dqg pryhphqwv
lq qrwh flufxodwlrq lq wkh fdoleudwhg prgho zlwk dfwxdo qrwh flufxodwlrq1

8141 Jryhuqphqw erqg |lhogv

Wr vhh krz zhoo d fdoleudwhg yhuvlrq ri rxu prgho shuiruphg yhuvxv dfwxdo jry0
huqphqw erqgv |lhogv/ zh frpsxwhg -E|� iurp rxu prgho iru hdfk fdoo uhsruw gdwh
ehwzhhq 4;;5 dqg 4<431 Wkh dfwxdo jryhuqphqw erqg |lhogv zh xvh iru frpsdulvrq
duh wkrvh rq wkh 7v ri 4<3: xs wr 4<33 dqg wkrvh rq wkh 5v ri 4<63 wkhuhdiwhu1 Zh
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fkrrvh wkhvh erqgv ehfdxvh wkh| pdgh xs wkh odujhvw frpsrqhqw rq wkrvh khog
e| qdwlrqdo edqnv gxulqj wklv shulrg dqg wkh| zhuh wkh| rqhv iru zklfk wkhuh zdv
wkh ohdvw xqfhuwdlqw| derxw fdoo gdwhv wkdw pljkw eh d�hfwlqj |lhog frpsxwdwlrqv1
^fkhfn wklv` Wkh fdoo uhsruw gdwd duh iru ydulrxv gd|v gxulqj d prqwk> wkh jryhuq0
phqw erqg |lhog gdwd duh doo hqg ri prqwk1 Iru wkh frpsdulvrqv zh xvhg wkh hqg
ri prqwk revhuydwlrq forvhvw wr wkh fdoo uhsruw gdwh1

Frpsdulvrqv ri -E|� iurp d fdoleudwhg yhuvlrq ri wkh prgho zlwk dfwxdo jry0
huqphqw erqg |lhogv ryhu wkh shulrg 4;;5 wr 4<43 iru wkuhh gl�huhqw ydoxhv ri S�
duh vkrzq lq wkh wdeoh ehorz1

Prgho Dfwxdo
S� ' ���f S� ' ���D S� ' ��2f

Phdq 4189 4199 419: 5156
Yduldqfh 31454 314<4 31539 31539

Fruuhodwlrq 3187< 31867 31867

Wkh uhvxowv orrn txlwh jrrg iru wkh prgho1 Wkh phdqv ri wkh fdoleudwhg vhulhv
duh wrr orz> wkh| duh ehorz wkh phdq ri wkh jryhuqphqw erqg |lhogv e| dssur{0
lpdwho| 93 edvlv srlqwv1 Wklv lv qrw xqh{shfwhg/ krzhyhu/ vlqfh e| fkrrvlqj wkh
Frpswuroohu*v fdofxodwlrqv iru S� vhhp yhu| frqvhuydwlyh dv wkh| gr qrw lqfoxgh
dq| rwkhu frvwv wkdw d qdwlrqdo edqn pljkw lqfxu gxh lwv qrwh lvvxlqj dfwlylwlhv1
Zkdw lv pruh lpsruwdqw iurp rxu srlqw ri ylhz/ krzhyhu/ lv wkdw wkh yduldqfhv ri
wkh frpsxwhg dqg dfwxdo vhulhv duh yhu| forvh1 Wkxv/ zh duh deoh wr h{sodlq wkh
 xfwxdwlrqv lq lqwhuhvw udwhv gxulqj wklv shulrg1

Ixuwkhu/ wkh fruuhodwlrqv ehwzhhq wkh frpsxwhg dqg dfwxdo vhulhv duh doo juhdwhu
wkdq 318/ zklfk lqglfdwhv wkdw wkh frpsxwhg vhulhv wudfnv wkh dfwxdo vhulhv txlwh
zhoo1 Wklv lv looxvwudwhg lq Iljxuh 9/ zkhuh zh vkrz wkh frpsdulvrq xvlqj -E|�
frpsxwhg zlwk d ydoxh ri S� ' ���D lq wkh fdoleudwlrq1 Vshfl�fdoo|/ wkh fdoleudwhg
prgho fdswxuhv wkh idoo lq jryhuqphqw erqg |lhogv iurp 4;;5 wr 4;<3/ wkh ulvh iurp
4;<3 wr 4;<{/ dqg wkhq wkh vkdus idoo lq |lhogv iurp 4;<{ wr 4<331 Wkh fdoleudwhg
prgho dovr fdswxuhv wkh lqfuhdvh lq erqg |lhogv diwhu 4<33/ dowkrxjk wkh �jxuh
dovr vkrzv wkdw wkh prgho grhv d ehwwhu mre ri wudfnlqj lqwhuhvw udwh pryhphqwv
ehiruh 4<33 wkdq lw grhv diwhu wkdw1

8151 Lqwhuhvw udwhv gxulqj �qdqfldo glvuxswlrqv

Qh{w zh zdqw wr h{dplqh krz zhoo d fdoleudwhg yhuvlrq ri rxu prgho grhv h{sodlq0
lqj wkh lqwhuhvw udwhv sdlg wr ghsrvlwruv/ hvshfldoo| gxulqj shulrgv lq zklfk wkhuh
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zhuh �qdqfldo glvuxswlrqv1 Wkhuh lv qr gluhfw hylghqfh rq wkh lqwhuhvw udwhv sdlg
wr ghsrvlwruv xqghu wkh Qdwlrqdo Edqnlqj V|vwhp1 Krzhyhu/ zh fdq pdnh vrph
lqihuhqfhv derxw zkdw krz wkhvh udwhv pryhg dqg krz kljk wkh| pljkw kdyh ehhq/
dw ohdvw gxulqj shulrgv ri �qdqfldo glvuxswlrq1

Ehiruh wkh hvwdeolvkphqw ri wkh Ihghudo Uhvhuyh V|vwhp lq 4<46/ zkhq edqnv
vxvshqghg sd|phqwv rq ghsrvlwv/ zklfk wkh| glg lq 4;<6 dqg 4<3:/ wkh| glg qrw
forvh wkhlu grruv iru exvlqhvv1 Wkh| frqwlqxhg wr jr derxw wkh qrupdo exvlqhvv
ri edqnlqj/ zlwk wkh h{fhswlrq wkdw wkh| zrxog qrw sd| rxw vshflh iru ghsrvlwv1
Krzhyhu/ wkh| zrxog fhuwli| fkhfnv iru wkhlu ghsrvlwruv1 Wklv edvlfdoo| pdgh wkh
fkhfn d oldelolw| ri wkh edqn dqg phdqw wkdw wkh edqn zrxog sd| wkh fkhfn zkhq
wkh vxvshqvlrq ri sd|phqwv hqghg li wkh edqn zhuh vroyhqw dw wkh wlph1 Dffruglqj
wr Vsudjxh/ wkhvh fhuwl�hg fkhfnv flufxodwhg dqg frxog eh glvfrxqwhg iru vshflh1
Zh lqwhusuhw wkh idfw wkdw fhuwl�hg fkhfnv frxog eh glvfrxqwhg djdlqvw vshflh
gxulqj shulrgv ri �qdqfldo glvuxswlrq dv phdqlqj wkdw pryhuv uhfhlyhg ohvv wkdq
d groodu iru hdfk groodu ri wkhlu ghsrvlwv gxulqj vxfk shulrgv1

Vsudjxh ghvljqdwhv irxu shulrgv lq zklfk �qdqfldo glvuxswlrqv rffxuuhg= wkh
sdqlf ri Pd| 4;;7 +Jruwrq olvwv wklv dv rffxuulqj lq Mxqh,/ wkh �qdqfldo vwulqjhqf|
Qryhpehu 4;<3/ wkh fulvlv iurp Pd| wkurxjk Vhswhpehu 4;<6/ dqg wkh fulvlv iurp
Rfwrehu wkurxjk Ghfhpehu 4<3:1 Kh grhv qrw suhvhqw hylghqfh ri wkhuh ehlqj
dq| glvfrxqwv rq fhuwl�hg fkhfnv iru wkh sdqlf ri 4;;7 dqg wkh �qdqfldo vwulqjhqf|
4;<31 Krzhyhu/ iru wkh fulvlv ri 4;<6 kh vd|v wkdw glvfrxqwv rq fhuwl�hg fkhfnv zhuh
prvwo| ehwzhhq 4 dqg 5 shufhqw/ zlwk vrph ri wkh glvfrxqwv uhdfklqj 7 shufhqw1
Iru wkh fulvlv ri 4<3:/ kh vd|v wkdw glvfrxqwv zhuh prvw lq wkh udqjh ri 627 wr
50425 shufhqw/ zlwk djdlq vrph uhdfklqj wkh ohyho ri 7 shufhqw1

Gudzlqj lqihuhqfhv derxw wkh lqwhuhvw udwhv sdlg wr qrqpryhuv lv pruh gl!fxow1
Rxu dssurdfk lv wr xvh wkh lqwhuhvw udwh rq fdoo ordqv wr surylgh vrph lqirupdwlrq
derxw lqwhuhvw udwhv sdlg wr qrqpryhuv1 Fdoo ordqv zhuh ordqv pdgh wr lqglylgxdo
edvhg xsrq vwrfnv dv vhfxulw|1 Wkh| zhuh uhihuuhg wr dv fdoo ordqv/ ehfdxvh wkh|
zhuh sd|deoh zkhq ghpdqghg e| wkh edqn1 Lw lv zhoo nqrz wkdw wkh lqwhuhvw udwhv
rq fdoo ordqv whqghg wr lqfuhdvh vkduso| dqg wr eh zhoo deryh jryhuqphqw erqg
|lhogv gxulqj shulrgv ri �qdqfldo glvuxswlrq1 ^Vkrxog zh sxw lq d judskB` Zh wklqn
wkdw wkh lqwhuhvw udwhv rq vxfk ordqv surylgh vrph lqirupdwlrq derxw wkh lqwhuhvw
udwh wkdw qrqpryhu ghsrvlwruv pljkw kdyh ehhq deoh wr hduq/ ehfdxvh suhvxpdeo|
vxfk krxvhkrogv kdg wkh rswlrq ri zlwkgudzlqj wkhlu ixqgv iurp edqnv dqg pdnlqj
vkruw0whup ordqv gluhfwo| wr rwkhu djhqwv1 Dowkrxjk wkh| pd| qrw kdyh ehhq deoh
wr hduq wkh lqwhuhvw udwhv rq fdoo ordqv/ zh wklqn wkh uhwxuqv rq vxfk dowhuqdwlyhv
zrxog whqg wr pryh zlwk fdoo prqh| udwhv1
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Wkxv/ zh kdyh wkh vw|ol}hg idfwv wkdw wkh fhuwl�hg fkhfnv zhuh glvfrxqwhg dqg
fdoo prqh| udwhv urvh vkduso| gxulqj �qdqfldo glvuxswlrqv1 Lq whupv ri rxu prgho/
zh lqwhusuhw wkhvh duh phdqlqj wkdw wkh lqwhuhvw udwh sdlg wr pryhuv zdv ehorz
xqlw| dqg wkdw wkh lqwhuhvw udwh sdlg wr qrqpryhuv urvh vkduso| zdv derxw wkh
udwh ri lqwhuhvw rq ordqv gxulqj shulrgv ri �qdqfldo glvuxswlrq1

Wr vhh li wkh fdoleudwhg yhuvlrq ri wkh prgho gholyhuv suhglfwlrqv frqvlvwhqw zlwk
wkhvh vw|ol}hg idfwv/ zh frpsxwh wkh lqwhuhvw udwhv sdlg wr pryhuv dqg qrqpryhuv
iru rxu prgho ghvljqdwlqj wkh shulrgv durxqg Vsudjxh*v irxu shulrgv ri �qdqfldo
glvuxswlrqv dv shulrgv lq zklfk wkh edg vwdwh dfwxdoo| rffxuuhg1 Wkh uhvxowv duh
vkrzq lq Iljxuh :1 Iurp wkh �jxuh zh vhh wkdw wkh lqwhuhvw udwhv sdlg wr pryhuv duh
xvxdoo| durxqg rqh shufhqw ru ohvv1 Krzhyhu/ lq wkh shulrgv ri �qdqfldo glvuxswlrq/
wkhvh lqwhuhvw udwhv idoo vkduso| dqg ehfrph qhjdwlyh/ frqvlvwhqw zlwk wkh vw|ol}hg
idfwv1 Lqwhuhvw udwhv sdlg wr qrqpryhuv duh xvxdoo| yhu| voljkwo| ehorz wkh lqwhuhvw
udwh rq ordqv/ exw lq shulrgv ri �qdqfldo glvuxswlrq/ wkh| ulvh vkduso| dqg duh
deryh wkh lqwhuhvw udwh rq ordqv gxulqj wkhvh shulrgv1 Wklv lv dovr frqvlvwhqw zlwk
wkh vw|ol}hg idfwv1

Wkh qh{w txhvwlrq lv krz zhoo wkh pdjqlwxghv ri lqwhuhvw udwhv iru pryhuv dqg
qrqpryhuv gxulqj sdqlfv shulrgv iurp rxu fdoleudwhg prgho pdwfk wkrvh revhuyhg
lq dfwxdolw|1 Lqwhuhvw udwhv sdlg wr pryhuv lq sdqlfv shulrgv duh derxw d qhjdwlyh
: ru ; shufhqw lq wkh fdoleudwhg prgho1 Dv phqwlrqhg deryh/ lq dfwxdolw| wkh
glvfrxqwv rq fhuwl�hg fkhfnv zhuh xvxdoo| rqo| 4 ru 5 shufhqw/ dowkrxjk vrphwlphv
wkh| jrw dv kljk dv 7 shufhqw1 Wkxv/ lw zrxog vhhp wkdw wkh fdoleudwhg prgho
ryhusuhglfwv wkh orvvhv wr pryhuv lq shulrgv ri �qdqfldo glvuxswlrq1 Krzhyhu/
lw pxvw eh uhphpehuhg wkdw zkdw lv ehlqj uhsruwhg iru fhuwl�hg fkhfnv lv wkh
glvfrxqw/ wkh lpphgldwh orvv wkdw wkh kroghu ri wkh fhuwl�hg fkhfn vx�huv zkhq
dwwhpswlqj wr frqyhuw lw wr vshflh1 Wkh yduldeoh uhsruwhg iru wkh fdoleudwhg prgho
lv dq lqwhuhvw udwhv/ wkh dprxqw wkdw wkh pryhu uhfhlyhv dw wkh hqg ri wkh shulrg
dv d shufhqwdjh ri wkh dprxqw ghsrvlwhg1 Wkh wlph shulrg lq wkh fdoleudwlrq lv
dvvxphg wr eh d |hdu1 Wkh wlph shulrg ryhu zklfk wkh glvfrxqw rq fhuwl�hg fkhfnv
zdv dfwxdoo| uhdol}hg e| krxvhkrogv gxulqj wkh shulrg zh duh frqvlghulqj pd| kdyh
ehhq pxfk vkruwhu1 Khqfh/ wkh gl�huhqfhv ehwzhhq wkh fdoleudwhg prgho dqg wkh
glvfrxqwv uhsruwhg e| Vsudjxh pd| qrw eh doo wkdw gl�huhqw1

^Sdudjudsk rq fdoo ordq udwhv`
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8161 Qrwh flufxodwlrq

Ilqdoo|/ zh vhh krz zhoo wkh fdoleudwhg yhuvlrq ri rxu prgho suhglfwv wkh ohyho dqg
pryhphqwv ri dfwxdo qrwh lvvxh gxulqj wklv shulrg1 Rxu phwkrg lv vlplodu wr wkdw
xvhg iru wkh orqj whup jryhuqphqw erqg |lhogv/ zlwk rqh pdmru h{fhswlrq1 Wkh
lqwhuhvw rq ordqv lq wkh prgho hfrqrp| lv lqyduldqw wr wkh vwdwh ri wkh hfrqrp|>
edqnv* qrwh lvvxdqfh lv qrw1 Wkxv/ zh kdyh wr pdnh dq dvvxpswlrq derxw zkhq
wkh dfwxdo hfrqrp| zdv lq wkh edg vwdwh1 Zh dvvxph wkdw wkh dfwxdo hfrqrp|
zdv lq wkh edg vwdwh lq wkrvh shulrg lghqwl�hg dv shulrgv ri �qdqfldo glvuxswlrq
deryh1

Frpsdulvrqv ri d�E|c ��n�E|c ��o*(E|� iurp d fdoleudwhg yhuvlrq ri wkh prgho
zlwk dfwxdo ydoxhv ryhu wkh shulrg 4;;5 wr 4<43 iru wkh vdph wkuhh ydoxhv ri S�
xvhg deryh duh vkrzq lq wkh wdeoh ehorz1

Prgho Dfwxdo
S� ' ���f S� ' ���D S� ' ��2f

Phdq 31378 31377 31377 313:6
Yduldqfh 313333< 313333: 3133339 313343;

Fruuhodwlrq 31558 3155: 31548

Wkh uhvxowv gr qrw orrn dv jrrg dv wkrvh iru lqwhuhvw udwhv1 Wkh phdqv ri wkh
fdoleudwhg vhulhv iru qrwh lvvxhv duh rqo| derxw kdoi wkrvh ri wkh dfwxdo vhulhv1
Ixuwkhu/ wkh yduldqfhv ri qrwh lvvxh iru wkh fdoleudwhg prgho duh pruh wkdq rqh
kxqguhg wlphv vpdoohu wkdq dfwxdo qrwh lvvxhv1 Wkxv/ wkh fdoleudwhg prgho ghprq0
vwudwhv hyhq pruh lqhodvwlflw| ri qrwh lvvxh wkdq zdv dfwxdoo| wkh fdvh1 Odvwo|/ wkh
fruuhodwlrq ehwzhhq wkh prgho*v suhglfwlrqv dqg dfwxdo lv txlwh orz1

Wkh gl!fxowlhv wkdw wkh prgho kdv suhglfwlqj qrwh flufxodwlrq lv looxvwudwhg lq
Iljxuh ;/ zkhuh zh vkrz wkh frpsdulvrq xvlqj d�E|c �� n�E|c ��o*(E|� frpsxwhg
zlwk d ydoxh ri S� ' ���D lq wkh fdoleudwlrq1 Wkh fdoleudwhg prgho edgo| plvvhv
wkh idoo lq qrwh flufxodwlrq iurp 4;;5 wr 4;<3/ dowkrxjk lw grhv fdswxuh wr vrph
h{whqw wkh ulvh lq qrwh flufxodwlrq diwhu 4<331 Zh fkhfnhg wkh h{whqw wr zklfk
wkh hduo| plvv lq flufxodwlrq zdv wkh uhdvrq wkdw wkh prgho dsshduhg wr gr vr
srruo|1 Zkhq wkh shulrg iurp 4;;5 wr 4;<3 lv holplqdwhg iurp wkh frpsdulvrq/
wkh gl�huhqfh ehwzhhq wkh phdqv ri wkh fdoleudwhg prgho dqg wkh dfwxdo vhulhv
lv uhgxfhg/ exw wkh dfwxdo lv vwloo odujhu wkdq wkh prgho1 Wkh yduldqfh ri dfwxdo
qrwh flufxodwlrq idoov gudpdwlfdoo|/ dqg wkh yduldqfh ri dfwxdo dqg prgho ehfrph
yluwxdoo| wkh vdph1 Krzhyhu/ wkh fruuhodwlrq ehwzhhq dfwxdo dqg prgho idoov wr
ehorz 314/ lqglfdwlqj wkdw wkhuh vhhpv wr eh qr uhodwlrq ehwzhhq dfwxdo qrwh
flufxodwlrq dqg wkdw suhglfwhg e| wkh prgho1
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91 Frqfoxvlrq

Wkh vr0fdoohg Qdwlrqdo Edqn qrwh sdudgr{ lv wkdw d odujh dqg shuvlvwhqw duelwudjh
rssruwxqlw| vhhphg wr jr xqh{sorlwhg iurp wkh wlph wkh Qdwlrqdo Edqnlqj V|vwhp
zdv hvwdeolvkhg xqwlo wkh hvwdeolvkphqw ri wkh Ihghudo Uhvhuyh V|vwhp1 Wklv
xqh{sorlwhg duelwudjh rssruwxqlw| zdv wkdw wkh |lhog rq jryhuqphqw erqgv zdv
frqvlvwhqwo| deryh wkh frvw ri lvvxlqj qdwlrqdo edqn qrwhv1

Vhyhudo dxwkruv kdyh dwwhpswhg wr h{sodlq wklv sdudgr{1 Lq wklv sdshu/ zh
irfxv rq wkh sdshu e| FVZ1 Wkh| kdyh dwwhpswhg wr h{sodlq wklv sdudgr{ e|
dujxlqj wkdw qdwlrqdo edqn qrwh lvvxh zdv lqhodvwlf gxh wr �wkh phfkdqlfv ri qrwh
lvvxh1� Zh djuhh zlwk FVZ wkdw qdwlrqdo edqn qrwh lvvxh glg qrw  xfwxdwh pxfk
ryhu vkruw shulrgv ri wlph/ exw zh srlqw rxw wkdw qrwh glvsod|hg odujh vhfxodu
 xfwxdwlrqv1 Wkxv/ zh glvdjuhh wkdw zkdwhyhu lqhodvwlflw| wkhuh zdv lq qdwlrqdo
edqn lvvxh zdv gxh wr h{rjhqrxv idfwruv1 Lqvwhdg/ zh wklqn wkdw wkhuh zhuh wlphv
zkhq qdwlrqdo edqnv frxog udwlrqdoo| h{shfwhg wkdw dq| dgglwlrqdo qrwhv wkh|
pljkw lvvxh zrxog eh txlfno| suhvhqwhg iru uhghpswlrq1 Ehfdxvh wkhuh zhuh frvwv
dvvrfldwhg zlwk qrwh uhghpswlrq wkdw zhuh lqghshqghqw ri wkh wlph wkdw qrwhv
zhuh lq flufxodwlrq/ wkhvh qrwhv zhuh pruh h{shqvlyh wr lvvxh wkdq qrwhv wkdw
zrxog eh lq flufxodwlrq iru orqjhu shulrgv1

Wkxv/ zh exlow d prgho lq zklfk qdwlrqdo edqnv frxog lvvxh wzr w|shv ri qrwhv
� fkhds qrwhv dqg h{shqvlyh qrwhv � dqg lq zklfk wkhuh zdv dq h{rjhqrxv xsshu
erxqg rq wkh txdqwlw| ri h{shqvlyh qrwhv wkdw fdq eh lvvxhg1 Zh irxqg wkdw
vxfk prgho lpsolhv wkdw iru fhuwdlq sdudphwhu ydoxhv/ lqwhuhvw udwhv fdq eh deryh
wkh frvw ri lvvxlqj fkhds qrwhv dqg wkdw lqwhuhvw udwhv fdq  xfwxdwh lq uhvsrqvh
wr fkdqjhv lq hqgrzphqwv1 Zkhq zh wrrn d fdoleudwhg yhuvlrq ri wkh prgho wr
gdwd/ zh irxqg wkdw lw glg txlwh zhoo1 Lw zdv deoh wr suhglfw erwk wkh ohyho ri dqg
fkdqjhv lq wkh |lhogv rq orqj whup0jryhuqphqw erqgv gxulqj wkh shulrg1 Krzhyhu/
lw glg qrw gr dv zhoo lq dffrxqwlqj iru  xfwxdwlrqv lq qrwh lvvxdqfh1 Wkh prgho
glvsod|hg pruh qrwh lqhodvwlflw| wkdq wkh dfwxdo gdwd1

Uhihuhqfhv

^wr eh dgghg`
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Figure 1 -- Long Term Govt Bond Yields, 1882-1914
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Figure 2 -- Percentage changes in National Bank Note 
Circulation, 1882 - 1910
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Figure 3 -- National Bank Note Circulation, 1882 - 1913
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Figure 4 -- Representative Model Interest Rates
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Figure 5 -- Ratios of model variables, 1882 - 1910
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Figure 6 -- Interest rate comparisons 
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Figure 7 -- Predicted interest rates from model 
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Figure 8 -- Note circulation comparisons
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