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Devwudfw= Gxh wr wkh xqrevhuydelolw| ri wkh qhz fuhglw surgxfwlrq/ prvw ri
wkh hpslulfdo ordq pdunhw vwxglhv xvh/ lqvwhdg/ wkh revhuydeoh fuhglw vwrfn1 Wklv
vxevwlwxwlrq kdv ehhq srlqwhg rxw wr eh olnho| wr jhqhudwh eldvhv +h1j1 vhh Orzq
dqg Shulvwldql +4<<9,,1 Lq wklv sdshu/ zh vkrz wkdw xqghu txlwh xquhvwulfwlyh
frqglwlrqv/ wklv vxevwlwxwlrq grhv qrw ohdg wr eldvhg hvwlpdwhv ri dq| orj0orj
prgho frh�flhqwv/ dv orqj dv edqnv sdqho gdwd lv xvhg dqg �{hg h�hfwv duh
lqfoxghg lq wkh hvwlpdwhg htxdwlrq1

MHO fodvvl�fdwlrq qxpehuv= H8/ F56

Dgguhvv iru fruuhvsrqgdqfh=

Xqlyhuvlw�h Sdulv [LL0Ydo gh Pduqh/
8; dyhqxh Glglhu/ <7543 OD YDUHQQH VDLQW KLODLUH
IUDQFH
H0pdlo= vhyhvwuhCxqly0sdulv451iu
Skrqh= 66 0 4 0 7< :9 ;4 83
Id{ = 66 0 4 0 7; ;8 5< <6

Dssur{lpdwh qxpehu ri fkdudfwhuv shu sdjh= 48331
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� W?|hL_�U|�L?�

Wkh xvh ri lqglylgxdo edqn gdwd lq vwxglhv ghyrwhg wr edqnv ordq vxsso| eh0
kdylru kdv uhfhqwo| lqfuhdvhg lq d vljql�fdqw zd|1 Vwxglhv e| Ehujhu dqg Xghoo
+4<<7,/ Ho|dvdql/ Nrshfn| dqg Ydq Krrvh +4<<8,/ Ndvk|ds dqg Vwhlq +4<<7,/
Orzq dqg Shulvwldql +4<<9,/ Shhn dqg Urvhqjuhq +4<<8,/ hwf1 duh uhfhqw h{0
dpsohv ri wklv vwuhdp1 Rqh ri wkh frpprq ihdwxuhv ri wkhvh vwxglhv lv wkdw
wkh| xvh gdwd wdnhq iurp wkh edqnv edodqfh vkhhwv �1 Xvlqj lqglylgxdo edqn
edodqfh vkhhwv suhvhqwv qxphurxv dgydqwdjhv/ dprqj zklfk rqh fdq phqwlrq
wkh dghtxdwlrq ehwzhhq wkh wkhruhwlfdo prgho dqg wkh gdwd xvhg wr fkhfn lwv
hpslulfdo uhohydqfh dqg/ dv orqj dv uhshdwhg revhuydwlrqv ryhu wlph duh dydlo0
deoh/ wkh srvvlelolw| wr ghdo zlwk srwhqwldo xqrevhuyhg khwhurjhqhlw| dqg2ru
sdudphwhu lqvwdelolw|1 Qhyhuwkhohvv/ lq wkh vshfl�f frqwh{w ri ordq vwxglhv/ wklv
gdwd vrxufh suhvhqwv d gudzedfn= zkloh wkh wkhruhwlfdo yduldeoh dsshdulqj lq
prvw ri wkhvh prghov lv +ru vkrxog eh , wkh qhz fuhglw surgxfwlrq/ wkh yduldeoh
xvhg lq wkh hpslulfdo hvwlpdwlrq ri wkh prgho lv jhqhudoo| hlwkhu wkh fuhglw vwrfn
ru lwv yduldwlrq ehfdxvh lw lv wkh rqo| dydlodeoh phdvxuhg yduldeoh1 Reylrxvo|/
wkh odwwhu fdq kdugo| eh frqvlghuhg dv dq dffxudwh phdvxuh e| wkh iruphu21
Rqh fdq wkhq zrqghu zkhwkhu wklv vxevwlwxwlrq lv qhxwudo zlwk uhvshfw wr wkh
rewdlqhg frh�flhqw hvwlpdwhv1 Dv hpskdvl}hg e| Shulvwldql dqg Orzq +4<<9,=
%Vwloo/ d pdmru fulwlflvp ri wkh uhgxfhg irup ordq htxdwlrqv wkdw zh +dqg rwkhuv,
kdyh hvwlpdwhg lv wkdw wkh ghshqghqw yduldeoh 0 wkh vwrfn ri rxwvwdqglqj ordqv
0 grhv qrw phdvxuh qhz ordqv lvvxhg1% Pruhryhu/ dv lv dovr zhoo0nqrzq/ wklv
vxevwlwxwlrq dovr udlvhv wkh sureohp ri fruuhfwo| fruuhfwlqj iru lq�dwlrq�1

Wkh dlp ri wklv qrwh lv wr foduli| wkh hfrqrphwulf frqvhtxhqfhv ri xvlqj wkh
fuhglw vwrfn lqvwhdg ri wkh qhz fuhglw surgxfwlrq lq hfrqrphwulf prghov/ hlwkhu
dv wkh ghshqghqw yduldeoh ru dv d uhjuhvvru1 D sduwlfxodu irfxv lv gluhfwhg wr
sdqho gdwd prghov vlqfh lw dsshduv wkdw wkh| doorz vxfk d vxevwlwxwlrq wr eh
udwkhu lqrfxrxv xqghu txlwh xquhvwulfwlyh frqglwlrqv1 Wkh sodq ri wkh sdshu
lv dv iroorzv= lq vhfwlrq 5/ zh pdnh h{solflw wkh olqn wkdw h{lvwv ehwzhhq wkh
fuhglw qhz surgxfwlrq dqg vwrfn1 Lq sduwlfxodu/ lw lv fohduo| vkrzq wkdw wklv olqn
lv pxfk ohvv wljkw iru orqj whup fuhglw wkdq lw lv iru vkruw whup rqhv1 Vhfwlrq
6 ghdov zlwk wkh sureohp dulvlqj iurp wkh vxevwlwxwlrq ri wkh iruphu e| wkh
odwwhu zkhq wkh prgho lv hvwlpdwhg hlwkhu xvlqj wkh udz gdwd ru xvlqj wkh
orjdulwkp ri wklv yduldeoh dv wkh ghshqghqw yduldeoh1 Zh dovr frqvlghu wkh fdvh
zkhuh wkhvh yduldeohv duh lqfoxghg lq wkh vhw ri h{sodqdwru| yduldeohv1 Frqglwlrqv
xqghu zklfk wklv vxevwlwxwlrq lv qhxwudo zlwk uhvshfw wr wkh hvwlpdwlrq ri wkh
frh�flhqwv duh h{klelwhg1 Vhfwlrq 7 lv ghyrwhg wr dq hpslulfdo fkhfn1 Vrph
frqfoxvlrqv duh gudzq lq vhfwlrq 81
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Wkh dprxqw ri fuhglw dsshdulqj lq edqnv edodqfh vkhhwv uh�hfwv wkh dprxqw ri
fuhglw wkdw wkh| kdyh surylghg lq wkh sdvw dqg zklfk uhpdlqv wr eh uhlpexuvhg1
Ghqrwlqj F�| wkh dprxqw ri fuhglw vwrfn dsshdulqj lq edqn l*v edodqfh vkhhw dw
wlph w dqg QF�| wkdw ri qhz fuhglw surylghg gxulqj wkh shulrg hqglqj dw wlph
w/ dqg ljqrulqj/ iru wkh vdnh ri vlpsolflw|/ wkh lpsdfw ri surylvlrqv iru srvvleoh
sd|phqw ghidxowe/ rqh fdq zulwh=

F�| @ QF�| . ��QF�|3� . �2QF�|32 . ��QF�|3� . === . �RQF�|3R

zklfk fdq eh uhzulwwhq dv=

F�| @ QF�|+4 . ��

QF�|3�

QF�|

. �2

QF�|32

QF�|

. ��

QF�|3�

QF�|

. === . �R

QF�|3R

QF�|

`

Jlyhq wkdw wkh yduldeoh ri lqwhuhvw lq prvw hfrqrplf prghov lv wkh uhdo ydoxh
ri wkh qhz fuhglw surgxfwlrq/ lw lv lqwhuhvwlqj wr zulwh wklv h{suhvvlrq dv=

QF�|

S|

@
F�|

S|

@ +4 . ��

QF�|3�

QF�|

. �2

QF�|32

QF�|

. ��

QF�|3�

QF�|

. === . �R

QF�|3R

QF�|

`

zkhuh S| lv d sulfh lqgh{1 Wklv uhodwlrqvkls vkrzv wkdw vxevwlwxwlqj wkh wrwdo
dprxqw ri wkh fuhglw vwrfn iru wkh qhz fuhglw surgxfwlrq zloo kdyh qr xqghvludeoh
frqvhtxhqfh dv orqj dv wkh � frh�flhqwv duh forvh wr }hur> zklfk zloo eh wkh
fdvh iru vkruw whup fuhglwv1 Rq wkh frqwudu|/ wklv vxevwlwxwlrq fdq eh txlwh
sureohpdwlf iru orqj whup fuhglwv/ zkhuh wkh fuhglwv judqwhg lq wkh sdvw kdyh d
vwurqj lq�xhqfh rq wkh fxuuhqw dprxqw ri fuhglw rxwvwdqglqjv1 Pruhryhu/ wklv
irupxodh vkrzv wkdw wkh uhodwlrqvkls ehwzhhq qhz fuhglwv dqg wkh vwrfn kdv
qr uhdvrq wr eh vwdeoh ryhu wlph/ vlqfh wkh udwlrv QF�|3�@QF�| ghshqg rq wkh
sdvw fuhglw surgxfwlrq jurzwk1 Lw dovr ghshqgv rq edqnv exw wklv ghshqghqfh
lv olnho| wr eh ohvv lpsruwdqw jlyhq wkdw lw uholhv rq frpsrvhg sdvw udwhv ri
jurzwk zklfk duh pruh olnho| wr ghshqg rq exvlqhvv frqglwlrqv wkdq rq edqnv
vshfl�flwlhv1

Rqh fdq wkhq zrqghu derxw wkh frqvhtxhqfhv iru wkh hvwlpdwhv ri frh�flhqwv
lq hfrqrphwulf prghov ri wkh xvxdo vxevwlwxwlrq ri qhz fuhglw surgxfwlrq e| wkh
fuhglw rxwvwdqglqjv wdnhq iurp edodqfh vkhhwv1

� ,UL?L4i|h�U UL?ti^�i?Uit Lu t�Mt|�|�|�?} |�i Uhi_�| t|LU!

uLh |�i ?i� Uhi_�| ThL_�U|�L?�

��� Fuhglw lv wkh h{sodlqhg yduldeoh1

Iluvw ri doo/ ohw xv frqvlghu wkh fdvh zkhuh wkh qhz fuhglw surgxfwlrq lv wkh
h{sodlqhg yduldeoh lq wkh prgho/ wkdw lv/ wkh prgho xqghu frqvlghudwlrq fdq eh
zulwwhq dv=
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QF�|

S|

@ [�|� . x�| +4,

zkhuh x�| lv dvvxphg wr kdyh doo ghvludeoh surshuwlhvD1
Wkhq/ lw lv reylrxvo| wkh fdvh wkdw li rqh hvwlpdwhv wkh prgho

F�|

S|

@ [�|� . y�| +5,

lqvwhdg ri prgho +4,/ wkh hvwlpdwhg � zloo eh d grzqzdug eldvhg hvwlpdwlrq ri

� vlqfh wkh h{suhvvlrq +4.��

���|3�

���|
.�2

���|32

���|
.��

���|3�

���|
. === . �R

���|3R

���|
,

lv reylrxvo| juhdwhu wkdq 41 Lq idfw/ wkh uhodwlrqvkls ehwzhhq � dqg � mxvw
h{suhvvhv wkh ghjuhh ri sursruwlrqdolw| wkdw h{lvwv ehwzhhq wkh vwrfn dqg �rz
ri fuhglw1 Xqiruwxqdwho|/ lw lv qrw qhfhvvdulo| wkh fdvh wkdw wklv uhodwlrqvkls
lv vwdeoh ryhu wlph dqg2ru dfurvv edqnv/ zklfk pdnhv lw gl�fxow wr jhw dq
xqeldvhg hvwlpdwh ri � zkdwhyhu gdwd lv xvhg/ wlph0vhulhv/ furvv0vhfwlrq ru sdqho1
Qhyhuwkhohvv/ ohw xv dvvxph wkdw wkh orjdulwkp ri +4 . ��

���|3�

���|
. �2

���|32

���|
.

��

���|3�

���|
. === . �R

���|3R

���|
, fdq eh fruuhfwo| dssur{lpdwhg e| wkh iroorzlqj

vxp ri wlph dqg edqn gxpplhv=

oq+4 . ��

QF�|3�

QF�|

. �2

QF�|32

QF�|

. ��

QF�|3�

QF�|

. === . �R

QF�|3R

QF�|

, * i� . j|>

wkhq/ prgho +4, fdq eh uhzulwwhq dv=

oq+
F�|

S|

, @ oq+[�|� . x�|, . i� . j|

zklfk fdq eh hvwlpdwhg dv d qrq olqhdu prgho ru fdq eh dssur{lpdwhg e| d orj0
olqhdu prgho1 Lqghhg/ xvlqj wkh �uvw rughu Wd|oru h{sdqvlrq ri oq+[�|� . x�|,
durxqg [�|�/ lw lv hdv| wr vkrz wkdw wkh suhylrxv prgho fdq eh dssur{lpdwhg
e|=

oq+
F�|

S|

, @ oq+[�|�, . i� . j| . y�|

zkhuh y�| @ x�|@[�|�/ zklfk phdqv wkdw wkh olqhdu dssur{lpdwlrq uhvxowv lq dq
khwhurvfhgdvwlflw| ri wkh glvwxuedqfhv/ zklfk fdq hdvlo| eh wdnhq lqwr dffrxqw
e| ihdvleoh0JOV1

Li wkh prgho wr eh hvwlpdwhg lv ruljlqdoo| lq orjdulwkp/ wkh dgydqwdjh ri
xvlqj edqn sdqho gdwd lv hyhq pruh hdvlo| vhhq1 Lqghhg/ lq wkdw fdvh/ wkh prgho
wr eh hvwlpdwhg lv gh�qhg dv=

oq+
QF�|

S|

, @ oq+[�|,� . x�| +6,

D�tt�4�?} @ TLtt�M*i tih�@* ULhhi*@|�L? Lh �i|ihLtUi_@t|�U�|) Lu |�i _�t|�hM@?Uit _Lit ?L|
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@hi i?_L}i?L�tc |�i UL?U*�t�L? t|�** hi4@�?t �@*�_c }��i? |�@| |�iti �@h�@M*it @hi ULhhiU|*)
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zklfk fdq eh uhzulwwhq dv

oq+
QF�|

S|

, @ oq+
F�|

S|

,

. oq+4 . ��

QF�|3�

QF�|

. �2

QF�|32

QF�|

. ��

QF�|3�

QF�|

. === . �R

QF�|3R

QF�|

,

@ oq+[�|,� . x�|=

Wkhq/ dvvxplqj wkdw wkh vhfrqg orjdulwkp fdq eh dssur{lpdwhg e| wlph
dqg2ru edqn vshfl�f h�hfwv/ wklv prgho fdq eh uhzulwwhq dv=

oq+
F�|

S|

, @ oq+[�|,� . i� . j| . x�| +7,

zklfk fdq eh hdvlo| hvwlpdwhg xvlqj wlph dqg2ru edqn gxpplhv ru uhzulwlqj
wkh prgho lq whupv ri �uvw gl�huhqfhv wr glvfdug wkh edqnv vshfl�f h�hfwv li
wkh qxpehu ri edqnv lq wkh vdpsoh lv odujh/ dv rqh lv qrw qhfhvvdulo| gluhfwo|
lqwhuhvwhg lq wkrvh frh�flhqwv1 Wklv lv/ iru h{dpsoh/ wkh dssurdfk iroorzhg e|
Ehujhu dqg Xghoo +4<<7, zkr hvwlpdwh wkhlu prgho lq whupv ri jurzwk udwhv
+zklfk lv qrw yhu| gl�huhqw iurp wkh gl�huhqfhv lq orjv,1 Lq grlqj vr/ wkh| lp0
solflwo| doorz iru wkh h{lvwhqfh ri lqglylgxdo h�hfwv/ zklfk pdnh ohvv sureohpdwlf
wkh vxevwlwxwlrq ri wkh qhz fuhglw surgxfwlrq e| wkh vwrfn ri rxvwdqglqj ordqv1

Pruhryhu/ lw lv lqwhuhvwlqj wr qrwh wkdq lq wklv nlqg ri prgho/ lw lv frpsohwho|
lqgl�huhqw wr gh�dwh ru qrw wkh vwrfn ri fuhglw1 Lqghhg/ prgho +7, fdq eh zulwwhq
dv

oq+F�|,� oq+S|, @ oq+[�|,� . i� . j| . x�|=

zklfk hvwlpdwlrq/ jlyhq wkh suhvhqfh ri wkh wlph0gxpplhv dffrxqwlqj iru pdfur0
hfrqrplf yduldeohv/ fdq eh vkrzq/ xvlqj wkh Iulvfk0Zdxjk wkhruhp/ wr eh
vwulfwo| htxlydohqw wr wkdw ri wkh prgho=

oq+F�|, @ oq+[�|,� . i� . k| . x�|=

Lq wkdw fdvh/ xvlqj sdqho gdwd dqg lqfoxglqj wlph gxpplhv lq wkh prgho do0
orzv wr uhgxfh wkh eldv wkdw fdq eh fdxvhg e| vxevwlwxwlqj wkh xqrevhuyhg qhz
fuhglw surgxfwlrq e| wkh revhuyhg fuhglw vwrfn dqg wr holplqdwh wkh txhvwlrq ri
fruuhfwo| gh�dwlqj wklv vwrfn1 Lq wkdw fdvh/ wkh gl�fxow| ri fruuhfwo| gh�dwlqj
ordqv wkdw zdv rxwolqhg e| Ehuqdqnh dqg Orzq +4<<4/ sdjh 53<, grhv qrw h{lvw
dq| pruh1 Wklv dovr h{sodlqv zk| Ndvk|ds dqv Vwhlq +4<<7, glg qrw �qg dq|
vljql�fdqw gl�huhqfh lq wkhlu hvwlpdwlrq ri d ordq htxdwlrq xvlqj hlwkhu gh�dwhg
ru qrplqdo ydoxhv1 Lqghhg/ wkhlu prgho zdv vshfl�hg lq whupv ri jurzwk udwhv
+zklfk lv/ djdlq/ fohduo| yhu| vlplodu wr d prgho zulwwhq lq orjdulwkp gl�hu0
hqfhv,/ wkxv doorzlqj lpsolflwo| iru lqglylgxdo h�hfwv> lw dovr frqwdlqhg vrph
pdfurhfrqrplf yduldeohv zkrvh lpsdfw rq wkhlu hvwlpdwhv zdv suredeo| forvh
wr wkdw zklfk zrxog kdyh ehhq rewdlqhg zlwk wlph h�hfwv1
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Dv zh duh qrz jrlqj wr vhh/ wklv vhw ri uhvxowv h{whqgv wr wkh fdvh zkhuh
ordqv dsshdu dv dq h{sodqdwru| yduldeoh lqvwhdg ri ehlqj wkh ghshqghqw yduldeoh
ri wkh prgho1

��2 Fuhglw lv dq h{sodqdwru| yduldeoh1

Lqghhg/ frqvlghu qrz wkdw wkh prgho wr eh hvwlpdwhg lv

|�| @ +
QF�|

S|

,� .z�| +8,

zkhuhdv rqh hvwlpdwhv wkh prgho

|�| @ +
F�|

S|

,� .z�|= +9,

Wkhq/ djdlq/ wkh hvwlpdwhg frh�flhqw
2

� zloo eh eldvhg dv orqj dv wkh ��v

duh qrw forvh wr }hur1 Exw/ djdlq lq wklv fdvh/ wklqjv jhw ehwwhu li wkh prgho
ghshqgv rq wkh yduldeohv orjdulwkp=

oq+|�|, @ oq+
QF�|

S|

,� . x�|= +:,

Lqghhg/ lq wkdw fdvh/ rqh fdq dovr uhzulwh wkh prgho dv=

oq+|�|, @ oq+
F�|

S|

,� . i� . j| . x�| +;,

dv orqj dv wkh dssur{lpdwlrq ri wkh fruuhfwlqj idfwru e| wkh vxp ri wlph dqg2ru
edqn vshfl�f h�hfwv fdq eh frqvlghuhg dv dffhswdeoh1 Khuh djdlq/ wklv lv forvh wr
wkh dssurdfk iroorzhg e| Orzq dqg Shulvwldql +4<<9, zkr gh�qh wkhlu ghshqghqw
yduldeoh dv wkh gl�huhqfh ehwzhhq wkh edqn lqwhuhvw udwh dw d jlyhq srlqw lq wlph
dqg lwv dyhudjh ryhu edqnv/ wkxv doorzlqj lpsolflwo| iru wlph h�hfwv dqg zkr
lqfoxgh lq wkhlu prgho vhyhudo edqn vshfl�f yduldeohv zklfk suredeo| kdyh rq
wkh uhjuhvvlrq uhvxowv dq h�hfw vlplodu wr wkdw zklfk zrxog kdyh ehhq rewdlqhg
zlwk edqn gxpplhv1

Lw lv lqwhuhvwlqj wr qrwh wkdw/ lq wklv vlwxdwlrq wrr/ wkh txhvwlrq ri gh�dwlqj
ru qrw wkh ordq yduldeoh lv qrw lpsruwdqw/ jlyhq wkdw wkh lq�dwlrq h�hfwv duh
fdswxuhg e| wkh wlph gxpplhvS1

Wkhq/ lw dsshduv wkdw/ li lqglylgxdo edqnv sdqho gdwd lv dydlodeoh/ rqh fdq
h{shfw wkh riwhq pdgh vxevwlwxwlrq ri qhz fuhglw surgxfwlrq e| wkh fuhglw vwrfn
dvvhw qrw wr kdyh kdupixo frqvhtxhqfhv> wkh frqglwlrq ehlqj wkdw wkh sursru0
wlrqdolw| idfwru fdq eh ghfrpsrvhg lqwr wkh vxp ri wlph dqg edqn vshfl�f
h�hfwv1

Li rqh kdv grxewv derxw wkh txdolw| ri wklv dssur{lpdwlrq/ lw lv srvvleoh
wr frqvlghu d ixuwkhu zd| wr ghdo zlwk wkh phdvxuhphqw huuru lqgxfhg e| wkh
vxevwlwxwlrq1 Lqghhg/ rqh fdq zulwh=

S W? Lh_ih uLh |�iti hit�*|t |L hi4@�? �@*�_ ��i? �t�?} |�4i tih�it Lh UhLtt�tiU|�L? _@|@c
�| �L�*_ Mi ?iUitt@h) uLh |�i ULhhiU|�?} |ih4 |L Mi UL?t|@?| �? |�i |�4i _�4i?t�L? Lh @UhLtt
M@?!tc hitTiU|��i*)�
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zkhuh %�| lv d phdvxuhphqw huuru1 Lq wkh fdvh zkhuh wkh fuhglw surgxfwlrq ydul0
deoh lv wkh h{sodlqhg yduldeoh ri wkh prgho/ wklv kdv qr rwkhu frqvhtxhqfh wkdq
lqfuhdvlqj wkh yduldqfh ri wkh prgho glvwxuedqfh1 Zkhq wklv yduldeoh dsshduv
lq wkh prgho dv d uhjuhvvru/ rqh lv wkhq idfhg zlwk dq huuru lq yduldeohv sure0
ohp1 Lqghhg/ wkh hvwlpdwlrq ri prgho +;, e| ohdvw vtxduhv ohdgv wr lqfrqvlvwhqw
hvwlpdwhv> lw lv zhoo0nqrzq wkdw wkh devroxwh ydoxh ri wkh eldv lv dq lqfuhdvlqj
ixqfwlrq ri wkh udwlr ri wkh phdvxuhphqw huuru yduldqfh wr wkdw ri wkh phd0
vxuhg yduldeoh1 Lq rxu fdvh/ wklv phdqv wkdw wkh ohdvw vtxduhv hvwlpdwhv eldv
jhwv vwurqjhu dv wkh suhylrxv dssur{lpdwlrq +jlyhq e| htxdwlrq +<,, jhwv zruvh1
Qhyhuwkhohvv/ hyhq lq wkh fdvh zkhuh wklv dssur{lpdwlrq grhv qrw zrun zhoo/
lw lw vwloo srvvleoh wr jhw frqvlvwhqw hvwlpdwhv ri wkh sdudphwhuv e| xvlqj dq
lqvwuxphqwdo yduldeohv ru d JPP hvwlpdwlrq whfkqltxh.1

Lq rwkhu zrugv/ zkdwhyhu wkh txdolw| ri wkh dssur{lpdwlrq/ vxevwlwxwlqj wkh
fuhglw vwrfn wr wkh qhz fuhglw surgxfwlrq lv qrw dq revwdfoh wr wkh rewhqwlrq
ri frqvlvwhqw hvwlpdwhv/ dv orqj dv rqh wdnh wklv lqwr dffrxqw e| dgglqj edqnv
dqg wlph gxpplhv wr wkh prgho dqg/ li qhfhvvdu|/ e| xvlqj dq dssursuldwh
hvwlpdwlrq whfkqltxhH1

Krzhyhu/ wkh txhvwlrq uhpdlqv wr fkhfn zkhwkhu wkh suhylrxv dssur{lpdwlrq
fdq eh frqvlghuhg dv dffhswdeoh1 Zh kdyh hydoxdwhg lwv txdolw| rq d vdpsoh ri
48 iuhqfk odujh edqnv iru zklfk zh kdyh revhuydwlrqv ri erwk wkh fuhglw vwrfn
dqg wkh qhz fuhglw surgxfwlrq/ revhuydwlrqv wkdw fryhu wkh shulrg 4<:;04<<51

e �? i�@*�@|�L? Lu |�i ^�@*�|) Lu |�i @TThL �4@|�L?�

Lq wklv vhfwlrq zh zdqw wr fkhfn zkhwkhu rqh fdq frqvlghu wkh iroorzlqj dssur{0
lpdwlrq=
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dv dffhswdeoh1 Wklv dprxqwv wr hydoxdwh wkh txdolw| ri wkh iroorzlqj dqdo|vlv ri
yduldqfh uhjuhvvlrq=

oq+
F�|

QF�|

, @ i� . j| . %�|=

Dv vdlg deryh/ wklv uhjuhvvlrq kdv ehhq frqgxfwhg rq d sdqho ri 48 odujh
iuhqfk edqnv revhuyhg txduwhuo| ryhu wkh shulrg 4<:;04<<51 Irxu vhwv ri uhjuhv0
vlrqv kdyh ehhq uhdol}hg/ fruuhvsrqglqj wr wrwdo ordqv/ dv zhoo dv vkruw whup/
phglxp whup dqg orqj whup rqhv/ zklfk uhvxowv duh suhvhqwhg lq wkh wdeoh ehorz

.i�}� L|�ih M@*@?Ui t�ii| �|i4t Lh UL4M�?@|�L?t Lu |�i4 @hi *�!i*) |L UL?t|�|�|i �@*�_
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LQVHUW WDEOH 4 DERXW KHUH1

Wkh �uvw lqwhuhvwlqj uhvxow wr qrwh lv wkdw wkh udwlr ri wrwdo qhz ordqv wr
wrwdo ordqv dvvhwv lv txlwh zhoo h{sodlqhg e| wkh lqglylgxdo dqg wlph h�hfwv>
lqghhg/ ;9( ri wkh wrwdo yduldqfh lv h{sodlqhg e| wkhvh h�hfwv> wklv phdqv wkdw
wkh deryh fodlp wkdw wkh uhsodfhphqw ri wkh +jhqhudoo| xqrevhuyhg, qhz ordqv
e| wkh +revhuyhg, wrwdo ordq dvvhwv lq hfrqrphwulf prghov fdq eh grqh dv orqj
dv wkh prgho lqfoxghv lqglylgxdo +dqg wlph, vshfl�f h�hfwv> lq wkdw fdvh vxfk d
uhsodfhphqw vkrxog qrw ohdg wr lpsruwdqw eldvhv1

Dv frxog eh h{shfwhg/ wklv dssur{lpdwlrq zrunv hyhq voljkwo| ehwwhu iru
vkruw whup ordqv1 Wklv lv qrw uhdoo| vxusulvlqj ehfdxvh/ iru wklv fdwhjru| ri
fuhglw/ wkh gl�huhqfh ehzhhq qhz fuhglw dqg fuhglw dvvhwv lv qrw dv vwurqj dv lw
lv iru orqjhu whup fuhglw1 Lqghhg/ li doo vkruw whup ordqv zkhuh rqh txduwhu orqj/
zh zrxog kdyh dq doprvw h{dfw fruuhvsrqgdqfh ehwzhhq wkhvh wzr phdvxuhv/
dw ohdvw lq d vwdwlrqdu| vwdwh1 Dqrwkhu uhdvrq zk| wkh suhylrxv dssur{lpdwlrq
lv doprvw dv jrrg iru wrwdo ordqv dv lw lv iru vkruw whup rqhv lv wkdw vkruw whup
ordqv dsshdu wr eh wkh prvw lpsruwdqw sduw ri qhz fuhglw/ zkloh orqj whup rqhv
frqvwlwxwh prvw ri ordqv dvvhwv +fi1 Edxpho +4<<9,,1

Xqvxusulvlqjo|/ iru phglxp dqg orqj whup ordqv/ wkh suhylrxv dssur{lpdwlrq
grhv qrw zrun dv zhoo1 Wkhq/ li rqh lv lqwhuhvwhg lq orqj whup fuhglw/ uhsodflqj
qhz ordqv e| dvvhwv vkrxog ohdg wr erwk wkh lqfoxvlrq ri edqn dqg wlph gxpplhv
dqg wkh xvh ri dq lqvwuxphqwdo yduldeohv ru JPP hvwlpdwlrq whfkqltxh1 Lw
pxvw eh vdlg wkdw zh kdyh fkhfnhg wkdw wkh vrphwlphv sursrvhg vroxwlrq zklfk
frqvlvwv lq uhsodflqj wkhvh qhz fuhglwv e| wkh �uvw gl�huhqfh lq dvvhwv grhv qrw
ohdg wr ehwwhu uhvxowv1

D �L?U*�t�L?�

Lq wklv sdshu/ zh vxssruw wkh xvh ri edqn sdqho gdwd zkhq vwxg|lqj ehkdylruv
wkdw hqwdlo wkh lqfoxvlrq ri ordqv lq d prgho1 Lqghhg/ zh vkrz wkdw/ xvlqj vxfk
gdwd/ rqh fdq uhsodfh wkh xqrevhuyhg qhz ordqv e| wkh revhuyhg fruuhvsrqglqj
vwrfn ri rxwvwdqglqj ordqv zlwkrxw lqgxflqj vwurqj eldvhv/ dv orqj dv edqn dqg
wlph vshfl�f h�hfwv duh lqfoxghg lq wkh prgho> d vroxwlrq wkdw fdqqrw eh xvhg
zkhq zrunlqj zlwk hlwkhu wlph vhulhv ru furvv0vhfwlrq gdwd1 Wkh ydolglw| ri vxfk
d vxevwlwxwlrq/ hydoxdwhg rq d sdqho ri 48 iuhqfk odujh edqnv/ revhuyhg ryhu wkh
shulrg 4<:;04<<5/ dqg iru zklfk zh kdyh phdvxuhv ri erwk wkh qhz fuhglw dqg
wkh fruuhvsrqglqj vwrfnv/ suryhv wr eh txlwh vdwlvidfwru| 1

Pruhryhu/ lw lv dujxhg wkdw/ hyhq zkhq wklv dssur{lpdwlrq grhv qrw zrun
zhoo/ wkhuh lv qr frqvhtxhqfh iru ohdvw vtxduhv hvwlpdwhv zkhq fuhglw lv wkh
ghshqghqw yduldeoh1 Zkhq lw lv dq h{sodqdwru| rqh/ lw lv vwloo srvvleoh wr jhw
frqvlvwhqw hvwlpdwhv ri wkh sdudphwhuv e| xvlqj lqvwuxphqwdo yduldeohv ru JPP
hvwlpdwlrq whfkqltxhv1

;



S +iuihi?Uit�

Edxpho O1/ 4<<9/ Ohv fu�hglwv qrxyhdx{ plv hq sodfh sdu ohv edqtxhv DIE gh
4<:; �d 4<<51 Xqh �hydoxdwlrq ghv prqwdqwv hw ghv gxu�hhv lqlwldohv/ QHU Q�73/

Edqtxh gh Iudqfh1

Edxpho O1 dqg S1 Vhyhvwuh/ 4<<:/ Prqhwdu| srolf|/ edqn ordqv uh�qdqflqj dqg
fuhglw glvwulexwlrq1 Wkhru| dqg hvwlpdwlrq xvlqj edqn sdqho gdwd/ Zrunlqj

Sdshu/ Edqtxh gh Iudqfh1

Ehujhu D1Q1/ 4<<8/ Wkh uhodwlrq ehwzhhq fdslwdo dqg hduqlqjv lq edqnlqj/ Mrxu0
qdo ri Prqh|/ Fuhglw dqg Edqnlqj/ yro1 5:/ Q�5/ sdjhv 76507891

Ehujhu D1Q1 dqg J1I1 Xghoo/ 4<<7/ Glg ulvn0edvhg fdslwdo doorfdwh edqn fuhglw
dqg fdxvh d %fuhglw fuxqfk% lq wkh Xqlwhg VwdwhvB/ Mrxuqdo ri Prqh|/ Fuhglw

dqg Edqnlqj/ yro1 59/ QJ6/ sdjhv 8;8095;1

Ehuqdqnh E1V1 dqg F1V1 Orzq/ 4<<4/ Wkh fuhglw fuxqfk/ Eurrnlqjv Sdshuv rq
Hfrqrplf Dfwlylw|/ yro1 5/ sdjhv 538057:1

Ho|dvdql H1/ N1M1 Nrshfn| hw G1 Ydq Krrvh/ 4<<8/ Frvwv ri dgmxvwphqw/ sruwirolr
vhsdudwlrq/ dqg wkh g|qdplf ehkdylru ri edqn ordqv dqg ghsrvlwv/ Mrxuqdo ri
Prqh|/ Fuhglw dqg Edqnlqj/ yro1 5:/ QJ7/ sdjhv <8:0<:71

Ndvk|ds D1N1 dqg M1F1 Vwhlq/ 4<<7/ Wkh lpsdfw ri prqhwdu| srolf| rq edqn
edodqfh vkhhwv/ QEHU zrunlqj Sdshu QJ7;54/ Dxjxvw 4<<71

Orzq F1 dqv V1 Shulvwldql/ 4<<9/ Wkh ehkdylru ri frqvxphu ordq udwhv gxulqj
wkh 4<<3 fuhglw vorzgrzq/ Mrxuqdo ri Edqnlqj dqg Ilqdqfh/ yro1 53/ sdjhv 49:60
49<71

Shhn M1 dqg H1 Urvhqjuhq/ 4<<8/ Wkh fdslwdo fuxqfk= qhlwkhu d eruurzhu qru d
ohqghu eh/ Mrxuqdo ri Prqh|/ Fuhglw dqg Edqnlqj/ yro1 5:/ QJ6/ sdjhv 958096;1

<



Wdeoh 4= Hpslulfdo hydoxdwlrq ri wkh dssur{lpdwlrq1

Ghshqghqw yduldeoh U2 I0Ydoxh I ydoxh iru
wlph h�hfwv

Wrwdo ordqv 31;8; 9;176 717:

Vkruw whup ordqv 31;9< :71;7 517<

Phglxp whup ordqv 3189: 471;7 618:

Orqj whup ordqv 31697 917; 7178

I0ydoxh iru lq0
gly1 h�hfwv

66:1<;

6:<1:7

95166

4813:
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