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Devwudfw= Lq wklv sdshu zh xvh Iuhqfk edqn sdqho gdwd rq edodqfh vkhhwv
dqg lqfrph vwdwhphqwv ryhu wkh shulrg 4<<605333/ wr hydoxdwh wkh lpsdfw ri
prqhwdu| srolf| rq edqn ordqv1 Wkh prgho hvwlpdwhg lv edvhg rq d sur�w pd{0
lpl}dwlrq surjudp1 D sduwlfxodu hpskdvlv lv sxw rq wkh glvwlqfwlrq ehwzhhq
rxwvwdqglqj dprxqwv dqg �rzv ri qhz ordqv1 Zh �qg wkdw wkh lpsdfw ri prq0
hwdu| srolf| rq qhz ordqv lv frqvlvwhqw zlwk wkh suhylrxv hydoxdwlrqv rewdlqhg
iurp pdfurhfrqrplfv prghov1

Nh|zrugv= prqhwdu| srolf|/ edqn ohqglqj/ edqnlqj �up/ sdqho gdwd

MHOfodvvl�fdwlrq = F56/ H84/ H85/ J54
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_Wkrxjk pdq| pdfurhfrqrplvwv zrxog surihvv olwwoh xqfhuwdlqw| derxw lw/ wkh
surihvvlrq dv d zkroh kdv qr fohdu dqvzhu wr wkh txhvwlrq ri wkh vl}h dqg qdwxuh
ri wkh h�hfwv ri prqhwdu| srolf| rq djjuhjdwh dfwlylw|%/ Vlpv +4<<5,1 D �uvw
vwhs wrzdugv dq dqvzhu wr wklv grxeoh txhvwlrq lv wkhq wr ghwhuplqh wkh lpsdfw
ri prqhwdu| srolf| rq edqn ohqglqj dqg zkhwkhu wkh fuhglw fkdqqho kdv wr sod|
d uroh lq lw ru qrw1

Xvlqj pdfurhfrqrplf gdwd/ Ehuqdqnh dqg Eolqghu +4<<5, suhvhqw hylghqfh
frqvlvwhqw zlwk wkh ylhz wkdw prqhwdu| srolf| zrunv dw ohdvw lq sduw wkurxjk
_fuhglw% +l1h1/ edqn ordqv, dv zhoo dv wkurxjk _prqh|% +l1h1/ edqn ghsrvlwv,1 Wklv
hpslulfdo hylghqfh lv edvhg rq d prgho ri prqhwdu| srolf| wudqvplvvlrq vnhwfkhg
lq Ehuqdqnh dqg Eolqghu +4<;;,1 Wklv prgho lv dq h{whqvlrq ri wkh vlpsoh LV0OP
prgho lq zklfk ordqv duh qr orqjhu ylhzhg dv shuihfw vxevwlwxwhv iru erqgv1 Lw
wkxv doorzv iru d vhsdudwh wuhdwphqw ri prqh| dqg fuhglw zklfk ohdyhv urrp iru d
fuhglw fkdqqho phfkdqlvp wr rffxu1 Lq wklv prgho/ wkh fuhglw fkdqqho lv qrw vhhq
dv _d glvwlqfw/ iuhh0vwdqglqj dowhuqdwlyh wr wkh wudglwlrqdo prqhwdu| wudqvplvvlrq
phfkdqlvp/ exw udwkhu d vhw ri idfwruv wkdw dpsoli| dqg sursdjdwh frqyhqwlrqdo
lqwhuhvw udwh h�hfwv%1 _Wkh fuhglw fkdqqho lv wkxv dq hqkdqfhphqw phfkdqlvp/
qrw d wuxo| lqghshqghqw ru sdudooho fkdqqho +Ehuqdqnh dqg Jhuwohu +4<<8,,1% Lq
wkhlu 4<<5 sdshu/ Ehuqdqnh dqg Eolqghu/ xvlqj d YDU prgho rq wkh Xqlwhg0
Vwdwhv/ vkrz wkdw _ordqv vhhp wr uhvsrqg vorzo| wr prqhwdu| srolf| lqqrydwlrqv0
zklfk pdnhv hfrqrplf vhqvh ehfdxvh ordqv duh frqwudfwxdo frpplwphqwv%1� Wkh
frpsrvlwlrq ri wkh edqn dvvhwv idoo lv qrwhzruwk|= _Iru wkh �uvw vl{ prqwkv ru
vr diwhu wkh srolf| vkrfn/ wkh idoo lq dvvhwv lv frqfhqwudwhg doprvw hqwluho| lq
vhfxulwlhv> ordqv kdugo| pryh1 Krzhyhu/ vkruwo| wkhuhdiwhu/ vhfxulw| kroglqjv
ehjlq judgxdoo| wr uhexlog/ zkloh ordqv vwduw wr idoo1 E| wkh wlph wzr |hduv
kdyh hodsvhg/ vhfxulw| kroglqjv kdyh doprvw uhwxuqhg wr wkhlu ruljlqdo ydoxh/
dqg hvvhqwldoo| wkh hqwluh ghfolqh lq ghsrvlwv lv uh�hfwhg lq ordqv1 Wklv sdwwhuq
lv mxvw zkdw zh vkrxog h{shfw1 Ordqv duh txdvl0frqwudfwxdo frpplwphqwv zkrvh
vwrfn lv gl�fxow wr fkdqjh txlfno|1 Edqnv wkhuhiruh uhdfw wr uhgxfhg ghsrvlwv
lq wkh vkruw uxq e| vhoolqj r� vhfxulwlhv1 Lq wkh orqj uxq/ krzhyhu/ sruwirolrv duh
uhedodqfhg/ zlwk wkh sulpdu| h�hfw idoolqj rq ordqv1%

D jurzlqj olwhudwxuh xvlqj plfurhfrqrplf gdwd rq edqnv +h1j1 Ndvk|ds
dqg Vwhlq +4<<8/ 5333, dqg Nlvkdq dqg Rslhod +5333, iru wkh Xqlwhg Vwdwhv/
Hkupdqq hw doll +5334, iru Hxurshdq frxqwulhv dqg Orxsldv hw doll +5334, iru
Iudqfh, hpskdvl}hv wkh uroh ri wkh fuhglw fkdqqho= wkhvh sdshuv vkrz wkdw wkhuh
duh lpsruwdqw furvv0vhfwlrqdo gl�huhqfhv lq wkh zd| wkdw edqnv zlwk ydu|lqj
fkdudfwhulvwlfv +vl}h/ oltxlglw|/ fdslwdol}dwlrq, uhvsrqg wr srolf| vkrfnv21 Wkh|
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doo frqvlghu wkh lpsdfw ri prqhwdu| srolf| wr eh lwv h�hfw rq hlwkhu wkh ohyho ri
wkh rxwvwdqglqj dprxqwv ri ordqv ru lwv jurzwk udwh1

Ghvslwh wkh lqwxlwlyh plfurhfrqrplf mxvwl�fdwlrq ri wkh vr0fdoohg fuhglw ylhz�

dqg wkh xvh ri plfur gdwd/ prvw ri wkh hvwlpdwhg prghov/ uhvw rq d uhgxfhg
irup htxdwlrq riwhq edvhg rq d pdfurhfrqrplf edfnjurxqg +iru dq h{fhswlrq/
vhh Nlvkdq dqg Rslhod +5333,,1e Edowhqvshujhu +4<;3, vxuyh|v dowhuqdwlyh ds0
surdfkhv wr wkh wkhru| ri wkh edqnlqj �up dqg hpskdvl}hv wkh idfw wkdw _d
vdwlvidfwru| wkhru| ri edqn ehkdylru dsshduv dv dq lqglvshqvdeoh suhuhtxlvlwh
iru d fohdu xqghuvwdqglqj ri wkh zrunlqjv ri wkh �qdqfldo vhfwru ri wkh hfrqrp|
lq jhqhudo/ dqg ri wkh prqh| vxsso| phfkdqlvp lq sduwlfxodu1%

Wkh dlp ri wklv sdshu lv d whqwdwlyh wr phdvxuh wkh lpsdfw ri prqhwdu| sro0
lf| rq ordqv judqwhg zlwklq d plfur irxqghg wkhruhwlfdo iudphzrun zkhuh wkh
edqn pd{lpl}hv lwv sur�w vxemhfw wr wkh edodqfh0vkhhw frqvwudlqw1 Wklv plfur0
irxqgdwlrq lqyroylqj erwk ordqv dqg ghsrvlwv lv vxssrvhg wr doorz wr phdvxuh
wkh joredo h�hfw ri erwk wkh gluhfw lpsdfw ri prqhwdu| srolf| +wkh lpsdfw ri wkh
wh{werrn lqwhuhvw udwh fkdqqho, dqg wkh _hqkdqfhphqw phfkdqlvp% dv gh�qhg
e| Ehuqdqnh dqg Jhuwohu +4<<8, +wkh lpsdfw ri wkh vr0fdoohg fuhglw fkdqqho,1

Frqwudu| wr suhylrxv sdshuv/ zh wdnh h{solflwo| dffrxqw ri wkh idfw wkdw/
zkloh zh duh lqwhuhvwhg lq wkh lpsdfw ri prqhwdu| srolf| rq qhz ordqv judqwhg
e| edqnv/ zkdw zh jhqhudoo| revhuyh lv wkh rxwvwdqglqj dprxqw ri ordqv dv lw
dsshduv lq wkhlu edodqfh vkhhw1 Lqghhg/ ehfdxvh lq uhvsrqvh wr d prqhwdu| srolf|
vkrfn/ edqnv fdq kdugo| uhqhjrwldwh wkh ordqv wkh| judqwhg lq wkh sdvw/ wkh|
fdq rqo| dgmxvw wkh dprxqw ri wkhlu qhz ordqv/ qrw wkh wrwdo dprxqw ri wkhlu
ordqv hqjdjhphqw +h1j1 vhh F1 Orzq dqg V1 Shulvwldql +4<<9,,1 Zh wdfnoh wklv
sureohp e| pdnlqj h{solflw wkh g|qdplf uhodwlrqvkls wkdw h{lvwv ehwzhhq wkh
rxwvwdqglqj dprxqw ri ordqv judqwhg e| edqnv dqg wkhlu qhz ordqv1 Wkh dlp
ri wklv sdshu lv wkxv wr h{sodlq wkh yduldwlrqv lq ordqv judqwhg wr krxvhkrogv
dqg qrq �qdqfldo frpsdqlhv iurpprqhwdu| �qdqfldo lqvwlwxwlrqv +PILv, iru wkh
shulrg 4<<605333/ xvlqj wkh deryh phqwlrqhg glvwlqfwlrq ehwzhhq qhz ordqv dqg
rxwvwdqglqj dprxqwv1 Wklv sdshu/ frqwudu| wr wkh deryh phqwlrqhg olwhudwxuh/
lv qrw lqyroyhg lq vwxg|lqj wkh h{lvwhqfh ru wkh vl}h ri wkh fuhglw fkdqqho dv d
glvwlqfw fkdqqho1 Lwv dlp lv udwkhu wr hydoxdwh wkh lpsdfw ri prqhwdu| srolf| dv
d zkroh/ lqfoxglqj wkh hqkdqfhphqw phfkdqlvp gxh wr wkh fuhglw fkdqqho1

Wkh vwuxfwxuh ri wkh sdshu lv dv iroorzv= vrph ihdwxuhv derxw gxudwlrq ri
ordqv duh jlyhq lq vhfwlrq 51 Wkh wkhruhwlfdo prgho lv suhvhqwhg lq vhfwlrq 61
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Vhfwlrq 7 lv ghyrwhg wr wkh suhvhqwdwlrq ri wkh edqnv gdwdvhw zh xvh1 Rxu hfrqr0
phwulf uhvxowv duh suhvhqwhg dqg glvfxvvhg lq vhfwlrq 81 Vhfwlrq 9 frqfoxghv1

2 �i� *L@?t �iht�t L�|t|@?_�?} t|LU!t�

Dv douhdg| phqwlrqhg/ wkh txhvwlrq ri wkh lpsdfw ri prqhwdu| srolf| rq edqn
ohqglqj fdq eh irupxodwhg dv iroorzv= Wr zklfk h{whqw gr edqnv prgli| wkhlu
vxsso| ri qhz ordqv diwhu d prqhwdu| srolf| fkdqjhB Lq rwkhu zrugv/ krz gr
wkhvh prqhwdu| srolf| fkdqjhv d�hfw wkh �qdqflqj ri wkh hfrqrp|B

Krzhyhu/ wkh sureohp rqh idfhv zkhq orrnlqj iru d txdqwlwdwlyh hydoxdwlrq
ri wklv lpsdfw lv wkdw wkh dydlodeoh gdwd gr qrw uhihu wr qhz ordqv exw wr wkh
rxwvwdqglqj dprxqw ri ordqv1 Lqghhg/ zkdw zh revhuyh lq edqn edodqfh vkhhwv lv/
eurdgo| vshdnlqj/ wkh fxpxodwlyh vxp ri doo ordqv judqwhg e| edqnv lq wkh sdvw
plqxv zkdw kdv douhdg| ehhq sdlg edfn e| edqn ghewruv1 Wkh txhvwlrq wkhq
dulvhv ri wkh zd| rqh vkrxog surfhhg wr jhw d fruuhfw phdvxuh ri wkh prqhwdu|
srolf| lpsdfw rq qhz ordqv zkhq wkhvh duh qrw gluhfwo| revhuyhg1 Dv vwdwhg e|
Orzq dqg Shulvwldql +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% Lqghhg/
dv orqj dv wkh gxudwlrq ri ordqv lv orqjhu wkdq wkh shulrglflw| ri wkh gdwd xvhg
lq wkh hfrqrphwulf dqdo|vlv/ vxevwlwxwlqj wkh rxwvwdqglqj vwrfnv iru qhz ordqv
lqgxfhv d grzqzdug eldv lq wkh hvwlpdwlrq ri wkh lpsdfw ri prqhwdu| srolf|1
Wkh vkruwhu wkh shulrg/ wkh odujhu wkh eldv lv olnho| wr eh1 Pruhryhu/ dv vkrzq
e| Edxpho +4<<:,/ wkh g|qdplfv ri qhz ordqv lv txlwh gl�huhqw iurp erwk wkdw
ri wkh ohyho ri wkhlu rxwvwdqglqj vwrfn dqg wkdw ri lwv �uvw gl�huhqfh1 Wkxv/ wkh
odwwhu grhv qrw dsshdu wr eh qhfhvvdulo| d jrrg vroxwlrq1

Lqghhg/ wkh iroorzlqj wdeoh/ edvhg xsrq wkh Edqn ri Iudqfh vxuyh| derxw
wkh frvw ri qhz ordqv/ suhvhqwv vrph �jxuhv vkrzlqj wkdw wkh gxudwlrq ri ordqv
lv pxfk orqjhu wkdq d txduwhu1
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Wdeoh 4= Dyhudjh gxudwlrq ri fuhglwvD iru edqnvS

gdwh fuhglw wr krxvhkrogv fuhglw wr qrq �qdqfldo exvlqhvv wrwdo

4<<6 < |hduv 9 prqwkv 4 |hdu 7 prqwkv 5 |hduv 6 prqwkv
4<<7 43 |hduv 5 prqwkv 4 |hdu 5 prqwkv 5 |hduv 9 prqwkv
4<<8 43 |hduv 4 |hdu 5 prqwkv 5 |hduv 7 prqwkv
4<<9 43 |hduv 5 |hduv 7 |hduv < prqwkv
4<<: 43 |hduv 8 prqwkv 4 |hdu < prqwkv 5 |hduv 44 prqwkv
4<<; 43 |hduv : prqwkv 5 |hduv 5 |hduv 43 prqwkv
4<<< 44 |hduv ; prqwkv 6 |hduv 7 |hduv ; prqwkv
5333 44 |hduv 43 prqwkv 5 |hduv : prqwkv 7 |hduv 9 prqwkv

Vrxufh= Dxwkruv* frpsxwdwlrqv iurp wkh vxuyh| gdwd

Hyhq wkrxjk wkhvh �jxuhv suredeo| h{djjhudwh wkh yduldwlrqv ri ordq gxud0
wlrq ryhu wlph./ wkh| vkrz wkdw/ rq dyhudjh/ ordqv judqwhg wr wkh qrq �qdqfldo
sulydwh vhfwru odvw iurp wzr wr pruh wkdq irxu |hduv1 Ordqv wr krxvhkrogv/ zklfk
duh pdlqo| krxvlqj ordqv/ odvw iru derxw 43 |hduv zkloh wkrvh wr qrq �qdqfldo
exvlqhvvhv duh judqwhg iru d pxfk vkruwhu shulrg/ urxjko| ehwzhhq 45 dqg 57
prqwkv1 Dvvxplqj d frqvwdqw udwh ri uhlpexuvhphqw/ wklv phdqv wkdw wkh ud0
wlr ri vwrfn wr wkh qhz ordqv dv lw dsshduv lq edqn txduwhuo| edodqfh vkhhw lv
derxw 73 iru ordqv wr krxvhkrogv dqg ehwzhhq 7 dqg ; iru ordqv wr exvlqhvvhv1
Qhlwkhu wkh rxwvwdqglqj dprxqwv/ qru wkhlu �uvw gl�huhqfhv/ fdq eh frqvlghuhg
dv d vdwlvidfwru| phdvxuh ri qhz ordqv1

� A�i 4L_i*

��� A�i |�iLhi|�U@* 4L_i*

Wkh wkhruhwlfdo prgho lv ghvfulehg �uvw zlwk d vshfldo hpskdvlv rq wkh ghpdqg
hodvwlflwlhv1 Zh wkhq wxuq wr wkh olqn ehwzhhq wkh ordq lqwhuhvw udwh dqg wkh
srolf| lqwhuhvw udwh1

61414 Wkh edqn sur�w pd{lpl}dwlrq surjudp

Plfurhfrqrplf prghov dlphg dw uhsuhvhqwlqj edqn ohqglqj ehkdylru jhqhudoo|
vwhp iurp wkh pd{lpl}dwlrq ri wkhlu sur�w zkhuh wkh odwwhu lv gh�qhg xvlqj
edodqfh vkhhw lwhpv=
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Wkhq/ HD,
�| uhsuhvhqwv wkh rxwvwdqglqj dprxqw ri w|sh o dvvhw ri edqn l dw wlph

w/ HG�
�| wkdw ri oldelolwlhv ri w|sh m/ U,c|

�| dqg V�c|
�| wkh fruuhvsrqglqj fuhglwru

dqg ghewru lqwhuhvw udwhv rq wkh rxwvwdqglqj dprxqw dw wlph w dqg FR�| wkh
rshudwlqj frvwv1

Iru wklv gh�qlwlrq ri wkh sur�w wr eh fruuhfw/ U,c|
�| dqg V�c|

�| kdyh wr eh gh�qhg
dv _dssduhqw% lqwhuhvw udwhv/ l1h1 uhvshfwlyho| dv wkh dyhudjh udwh ri uhwxuq rq
dvvhwv o dqg wkh frvw ri kdylqj d jlyhq dprxqw ri ghew ri w|sh m1 Krzhyhu/ wkhvh
yduldeohv gr qrw phujh zlwk wkrvh xvhg e| edqnv dv wkhlu ghflvlrq yduldeohv1
Ghshqglqj rq wkh w|sh ri dvvhw ru oldelolw| frqvlghuhg/ wkh ghflvlrq yduldeoh
lv hlwkhu wkh lqvwdqwdqhrxv lqwhuhvw udwh +h1j1 iru ordqv ru iru lqwhuhvw0ehdulqj
ghsrvlwv, ru wkh dprxqw ri dvvhwv2oldelolwlhv erxjkw ru vrog +h1j1 iru erqgv
dqg vkduhv,1 Rq wkh rqh kdqg/ wkh dssduhqw udwhv U|

�| ghshqg erwk rq wkh
lqvwdqwdqhrxv udwh +u�|, dqg rq d pl{ ri sdvw rqhv +zklfk zh ghqrwh U|3�

�| ,/
jlyhq wkdw dw ohdvw d sduw ri wkh dvvhwv2oldelolwlhv duh wkh uhvxow ri edqn sdvw
ghflvlrqv1 Rq wkh rwkhu kdqg/ wkh rxwvwdqglqj dprxqw ri dvvhwv2oldelolwlhv dovr
ghshqgv rq wkh edqn sdvw ghflvlrqv/ dv edqnv fdqqrw qhfhvvdulo| vhoo ru ex|
iuhho| zkdwhyhu wkh| zlvk wr1 Wkhq/ rqh vkrxog wdnh wklv lqwr dffrxqw zkhq
prghoolqj edqn ehkdylru1 Lqghhg/ wkh g|qdplf uhodwlrqvkls olqnlqj wkh dprxqw
ri qhzo| dftxluhg dqg vrog dvvhwv ri w|sh o wr wkhlu rxwvwdqglqj dprxqw fdq eh
zulwwhq dv=

HD,
�| @ QD,

�| � QY ,
�| . HD,

�|3� +4� �,�|, +5,

zlwk =

HD,
�|= rxwvwdqglqj dprxqw ri dvvhwv o dw wkh hqg ri shulrg w/

QD,
�|= qhzo| dftxluhg dvvhwv o gxulqj shulrg w/

QY ,
�|= dvvhwv o vrog gxulqj shulrg w/

wkxv + QD,
�| � QY ,

�| ,= qhw dftxlvlwlrqv ri dvvhw o dw wlph w
�,�| @ _ghsuhfldwlrq% udwh ri dvvhw o iru edqn l gxulqj shulrg w1 Iru wkh vdnh

ri vlpsolflw|/ lw lv dvvxphg wr eh frqvwdqw ryhu wlph dqg dfurvv edqnv +�,�| @ �,,/
zklfk pljkw eh d txlwh vwurqj dvvxpswlrq1

Wkh vdph uhodwlrqvkls dv deryh dssolhv wr oldelolwlhv/ h{fhsw wkdw zh dvvxph
wkdw edqnv fdqqrw uh0ex| wkhlu rzq ghewv =

HG�
�| @ QG�

�| . HG�
�|3� +4� ��, +6,

Lq wkdw fdvh djdlq/ dqg lq sduwlfxodu iru ghsrvlwv/ �� lv xqnqrzq/ jlyhq wkdw
edqn fxvwrphuv fdq ghflgh wr zlwkgudz wkhlu ghsrvlwv dw dq| wlph1

Wkhq/ edqn sur�w fdq eh uh0zulwwhq dv=

��| @
[
,

u,�|QD,
�| .

[
,

U,c|3�
�| ^+4� �,,HD,

�|3� � QY ,
�| `

�
[
�

v��|QG�
�| �

[
�

V�c|3�
�| +4� ��,HG�

�|3� � FR�| +7,
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zlwk u,�| dqg v��| wkh lqvwdqwdqhrxv lqwhuhvw udwhv/ l1h1 uhvshfwlyho| wkh udwh ri
uhwxuq rq qhz dvvhwv o dqg wkh frvw ri kdylqj d jlyhq dprxqw ri qhz ghew ri
w|sh m= U,c|3�

�| dqg V�c|3�
�| duh uhvshfwlyho| wkh fuhglwru dqg ghewru lqwhuhvw udwhv

gxulqj shulrg w zklfk dsso| wr dvvhwv dqg ghewv rzqhg gxulqj shulrg w/ exw
dftxluhg ehiruh shulrg w/ l1h1 douhdg| rzqhg dw wlph w� 41

Wkh edodqfh vkhhw frqvwudlqw fdq wkhq eh zulwwhq dv=

[
,

QD,
�|�

[
,

QY ,
�|.

[
,

+4� �,,HD,
�|3� @

[
�

QG�
�|.

[
�

+4� ��,HG�
�|3� +8,

Edqnv* fxuuhqw sur�w fohduo| dsshduv wr ghshqg qrw rqo| rq wkhlu fxuuhqw
ghflvlrqv exw dovr rq sdvw rqhv1 Lqghhg/ frpplwphqwv lqgxfhg e| sdvw ghflvlrqv
pxvw eh ixo�oohg1 Wkhq/ wklv uh0zulwlqj ri edqnv* sur�w doorzv xv wr pdnh pruh
h{solflw wkh edqnv* ghflvlrq yduldeohv1

Pruh suhflvho|/ zh frqvlghu wkh iroorzlqj lwhpv=
D�
�|= fdvk dqg lqwhuedqn wudqvdfwlrq dvvhwv +zlwk �� @ 4> wkxv QY �

�| @ 3 ,/
D2
�|= fxvwrphu ordqv iru edqn l gxulqj shulrg w +zlwk QY 2

�| @ 3 ,/
D�
�|= vhfxulw| kroglqjv/

G�
�|= lqwhuedqn wudqvdfwlrq oldelolwlhv +zlwk �� @ 4,/

G2
�|= ghsrvlwv/

G�
�|= erqgv dqg prqh| pdunhw oldelolwlhv1

Iru wkh vdnh ri vlpsolflw| De
�|/ shupdqhqw lpprelol}dwlrqv/ dqg Ge

�|/ fdslwdo
dqg uhvhuyhv/ duh ljqruhg1

Iru ordqv/ wkh ghsuhfldwlrq udwh �2 ghshqgv rq uhsd|phqwv dv frqwudfwxdoo|
vfkhgxohg1 Krzhyhu/ wkhuh pd| h{lvwv sd|phqw ghidxowv dqg dqwlflsdwhg uhsd|0
phqwv zklfk pdnh �2 qrw shuihfwo| dqwlflsdwhg e| edqnv1 Vlqfh wklv lv qrw xqghu
wkh edqn frqwuro/ zh fdq frqvlghu wklv ghsuhfldwlrq udwh dv h{rjhqrxv1 Zh dv0
vxph wkdw edqn ordqv duh qrw uh0qhjrwldeoh rq d vhfrqgdu| pdunhw/ vr wkdw sdvw
ordqv fdqqrw eh vrog +QY 2

�| @ 3 ,1 Wkhq/ rqh fdq zulwh grzq wkh g|qdplf
uhodwlrqvkls ehwzhhq wkh +xqrevhuyhg, qhz ordqv QD2

�| dqg wkhlu vwrfn HD2
�|/ dv

wkh| dsshdu lq edqn edodqfh vkhhwv/ dv=

QD2
�| @ HD2

�| � +4� �2, HD2
�|3� +9,

Rqh fdq hdvlo| dvvxph wkdw �� dqg �� htxdo rqh dv fdvk dqg lqwhuedqn
wudqvdfwlrq duh yhu| vkruw whup rshudwlrqv1

Xvlqj wkhvh sduwlfxodulwlhv/ rqh fdq uhzulwh wkh sur�w dv=

��| @ U�c|
�| HD�

�| . u2�|QD2
�| .U2c|3�

�| +4� �2,HD2
�|3� .U�c|

�| HD�
�|

�
[
�

v��|QG�
�| �

[
�

V�c|3�
�| +4� ��,HG�

�|3� � FR�| +:,

:



Dvvxplqj wkh fuhglw pdunhw wr eh qrq shuihfwo| frpshwlwlyh/ edqnv ghwhu0
plqh wkh lqwhuhvw udwh rq wkhlu qhz ordqv u2�| vr dv wr pd{lpl}h wkhlu sur�w1 Wkh|
dovr ghflgh wkh dprxqw ri vhfxulwlhv wkh| zdqw wr krog HD�

�| lq wkhlu sruwirolr1
Lw lv dvvxphg wkdw wkh duelwudjh frqglwlrq lv ixo�oohgH rq wkh vhfxulw| pdunhw/
wkdw lv U�c|3�

�| @ U�c|
�| @ u��|1

b

Pd{lpl}dwlrq ri +:,/ zlwk uhvshfw wr u2�| dqg HD�
�|/ xqghu frqvwudlqw +8, ohdgv

wr�f wkh iroorzlqj �uvw rughu frqglwlrq��=

CHD�
�|

Cu2�|
+U�c|

�| �U�c|
�| , . QD2

�| .
CQD2

�|

Cu2�|
+u2�| �U�c|

�| ,

�
[
�

CQG �
�|

Cu2�|
+v �
�| �U�c|

�| , @ 3 +;,

dvvxplqj wkdw Y���|

Yo2
�|

@ 3/
Y-�c|

�|

Yo2
�|

@ 3/
Y-2c|3�

�| E�3B2�.�2

�|3�

Yo2
�|

@ 3/
Y-�c|

�|

Yo2
�|

@

3>
Yr��|
Yo2�|

@ 3>
Y-�c|

�|

Y.��

�|

@ 3 dqg wkdw Y���|

Y.��

�|

@ 3=

Y-2c|3�

�|

Yo2
�|

@ 3 phdqv wkdw wkh lqwhuhvw sd|phqwv rq ordqv ghflghg ehiruh gdwh w/

duh qrw prgl�hg e| d yduldwlrq lq wkh lqwhuhvw udwh dw gdwh w1
YB2.�2

�|3�

Yo2
�|

@ 3

phdqv wkdw uhsd|phqwv rq ordqv duh qrw prgl�hg +h1j1 ordqv duh qrw uhsdlg
hduolhu, li wkh lqwhuhvw rq ordqv lv lqfuhdvlqj ru ghfuhdvlqj/ zklfk pljkw eh d
vwurqj dvvxpswlrq pdgh iru vlpsolflw|1

61415 Dvvxpswlrqv derxw wkh ghpdqg hodvwlflwlhv iru dvvhwv dqg old0
elolwlhv

Qrz/ lq rughu wr pdnh rxu prgho ixoo| hvwlpdeoh/ zh kdyh wr pdnh ixuwkhu
dvvxpswlrqv derxw CHD�@Cu2/ CQD2@Cu2/ CHG�@Cu2 dqg CQG�@Cu2 iru m @
5> 61 Zh dvvxph wkdw=

CHD�
�|@Cu

2
�| @ %

.� �

�|

o2
�|

HD �
�| >

CQD2
�|@Cu

2
�| @ %

�� 2

�|

o2�|
QD 2

�| >

CHG�
�|@Cu

2
�| @ %

.( �

�|

o2�|
HG �

�| >

CQG�
�|@Cu

2
�| @ %

�( �
�|

o2�|
QG �

�| iru m @ 5> 6>
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zkhuh % lv wkh vhpl0hodvwlflw| ri dvvhwv ru oldelolwlhv zlwk uhvshfw wr u2�| +h1j1

%
��2

�|

o2
�|

@ +CQD2
�|@QD2

�|,@Cu
2
�| ,1 Wkhvh vhpl0hodvwlflwlhv pljkw eh vhhq dv ghpdqg

hodvwlflwlhv iru dvvhwv ru oldelolwlhv zlwk uhvshfw wr wkh ordq lqwhuhvw udwh1 Wkh
edqn lv wkxv qrw vhhq dv d sulfh wdnhu/ exw dv d prqrsrolvw rswlpl}lqj dorqj
wkh ordq ghpdqg fxuyh ri qrq0edqn djhqwv�21 Wkh vdph dssolhv wr lqwhuedqn
ru rwkhu ghsrvlwv dqg vhfxulw| oldelolwlhv1 Wkhvh vhpl0hodvwlflwlhv duh dvvxphg
wr eh frqvwdqw dfurvv edqnv dqg ryhu wlph1 Wklv pd| eh glvsxwhg dv wkh edqn
folhqwhoh vwuxfwxuh pljkw ydu| zlwk wkh fkdudfwhulvwlfv ri wkh edqn1

Xvlqj htxdwlrq +;, rqh fdq uh0zulwh wkh �uvw rughu frqglwlrq dv=

QD2
�| @ � %

.� �

o2 HD �
�| +U

�c|
�| �U�c|

�| ,

� %
�� 2

o2 QD 2
�|+u

2c|
�| �U�c|

�| ,

.%
.( �

o2 HG �
�| +V

�c|
�| �U�c|

�| ,

. %
�( 2

o2 QG 2
�| +v

2c|
�| �U�c|

�| ,

. %
�( �

o2 QG �
�| +v

�c|
�| �U�c|

�| , +<,

61416 Wkh wkhruhwlfdo olqn ehwzhhq wkh ordq lqwhuhvw udwh dqg srolf|

udwh lq rxu prgho

Wkh ordq lqwhuhvw udwh lv dq hqgrjhqrxv yduldeoh lq rxu prgho1 Wkh lpsolflw olqn
ehwzhhq wklv udwh dqg wkh srolf| udwh zlwklq rxu prgho pd| eh frpsxwhg xvlqj
wkh iroorzlqj surfhgxuh1 Li rqh ghulyhv htxdwlrq +<, zlwk uhvshfw wr wkh srolf|
udwh/ rqh fdq h{suhvv wkh ghulydwlyh ri wkh ordq lqwhuhvw udwh zlwk uhvshfw wr wkh
srolf| udwh dv d ixqfwlrq ri wkh _rwkhu% lqwhuhvw udwhv/ ri wkhlu hodvwlflw| wr wkh
prqhwdu| srolf| udwh dqg ri wkh sdudphwhuv ri wkh prgho��1

5
9997

+ %
.� �

o2 ,2 HD�
�| +U

�c|
�| �U�c|

�| , . 5 %
�� 2

o2 QD 2
�|

.+ %
�� 2

o2 ,2 QD 2
�|+u

2c|
�| �U�c|

�| ,� +%
.( �

o2 ,2 HG�
�|+V

�c|
�| �U�c|

�| ,

�+ %
�( 2

o2 ,2 QG 2
�| +v

2c|
�| �U�c|

�| ,� + %
�( �

o2 ,2QG �
�| +v

�c|
�| �U�c|

�| ,

6
:::8 � Cu2�|

Cl

@ � %
.� �

o2 HD�
�| +

CU�c|
�|

Cl
� CU�c|

�|

Cl
, . %

�� 2

o2 QD2
�|

CU�c|
�|

Cl

.%
.( �

o2 HG�
�|+

CV�c|
�|

Cl
� CU�c|

�|

Cl
, . %

�( 2

o2 QG2
�|+

Cv2c|�|
Cl

� CU�c|
�|

Cl
,

.%
�( �

o2 QG�
�|+

Cv�c|�|
Cl

� CU�c|
�|

Cl
, +43,
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Zh dvvxph wkdw wkh lpsdfw ri prqhwdu| srolf| +l| ehlqj phdvxuhg e| wkh
6 prqwkv lqwhuedqn lqwhuhvw udwh, rq wkh ydulrxv edqn lqwhuhvw udwhv +h{fhsw
wkh ordq udwh,/ pd| ghshqg rq edqn vshfl�f yduldeohv/ wr dffrxqw iru lwv olnho|
khwhurjhqhlw|1 Wkh lpsdfw rq hdfk udwh lv wkxv ghwhuplqhg e| wkh iroorzlqj
htxdwlrqv1

U,
�| @ df . d� l| . d2 l| � vl}h� . d� l| � uolt�| . de l| � ufds�|

.dD vl}h� . dS uolt�| . d. ufds�| . %�| +44,

zlwk o @ 4> 6=

V�
�| @ df . d� l| . d2 l| � vl}h� . d� l| � uolt�| . de l| � ufds�|

.dD vl}h� . dS uolt�| . d. ufds�| . %�| +45,

zlwk m @ 4> 5> 6=

Wkh edqn fkdudfwhulvwlfv duh gh�qhg lq wkh iroorzlqj zd|1 Vl}h lv gh�qhg dv
wkh orj ri wrwdo dvvhwv/ oltxlglw| dv wkh udwlr ri fdvk dqg lqwhuedqn dvvhwv ryhu
wrwdo dvvhwv/ dqg fdslwdol}dwlrq dv wkh udwlr ri fdslwdo dqg uhvhuyhv ryhu wrwdo
dvvhwv1 Doo wkh fkdudfwhulvwlfv duh qrupdol}hg lq rughu wr eh htxdo wr }hur iru
wkh dyhudjh ri wkh uhjuhvvlrq vdpsoh1

Dvvxplqj wkh deryh uhodwlrqvkls +htxdwlrqv +44, dqg +45,, ehwzhhq wkh
_rwkhu% lqwhuhvw udwh dqg wkh srolf| udwh dqg xvlqj htxdwlrq +43,/ doorzv wr
frpsxwh wkh ghulydwlyh ri wkh ordq lqwhuhvw udwh zlwk uhvshfw wr wkh srolf| udwh
lq d frqvlvwhqw iudphzrun1

��2 A�i iUL?L4i|h�U 4L_i*

Wkh dlp ri rxu uhjuhvvlrqv lv wr hvwlpdwh wkh ydoxh ri doo vhpl0hodvwlflwlhv +%,/
iurp htxdwlrq +<,1 Xqiruwxqdwho|/ dv vwdwhg deryh/ �rzv duh qrw revhuydeoh>
wkhq/ rqh kdv wr xvh wkh g|qdplf uhodwlrqvkls olqnlqj qhz dvvhwv ru oldelolwlhv
wr wkhlu rxwvwdqglqj dprxqwv1 Wklv phdqv wkdw li rqh zdqwv wr jhw hvwlpdwlrqv
ri vhpl0hodvwlflwlhv/ rqh kdv dovr wr hvwlpdwh wkh ghsuhfldwlrq udwhv +� ru �,1

Hyhq diwhu wklv vxevwlwxwlrq kdv ehhq pdgh/ htxdwlrq +<, vwloo frqwdlqv xq0
revhuydeoh yduldeohv1 Lqghhg/ dw wkh plfur ohyho/ wkh lqwhuhvw udwhv rq qhz dvvhwv
u,�| +uhvshfwlyho| rq qhz oldelolwlhv v��|, duh qrw revhuydeoh1 D zd| wr wdfnoh wklv
odfn ri gdwd lv wr uhsodfh wkh udwh ri uhwxuq ri ordqv +u2�|, e| wkh udwlr ri uhyhqxhv
dvvrfldwhg zlwk wkhvh ordqv wr wkhlu rxwvwdqglqj vwrfn +U2c|

�| ,/ dv wkh| dsshdu lq
edqn dffrxqwv dqg edodqfh vkhhwv1 Wklv vroxwlrq suhvhqwv wkuhh dgydqwdjhv1 Wkh
�uvw rqh lv wkdw lw lv txlwh vlpsoh wr lpsohphqw1 Wkh vhfrqg rqh lv wkdw lw doorzv
wr jhw edqn vshfl�f lqwhuhvw udwhv1 Lqghhg/ dowkrxjk wkh qdwxuh ri frpshwlwlrq
vkrxog ohdg wr dq krprjhqhlw| ri wkh lqwhuhvw udwhv dfurvv edqnv/ wkh gdwd vkrz
wklv lv qrw h{dfwo| wkh fdvh/ dw ohdvw zkhq rqh frqvlghuv wkh wrwdo dprxqw ri
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ordqv1 Rqh srvvleoh h{sodqdwlrq ri wklv idfw uhvwv lq wkh gl�huhqfhv wkdw h{lvw
dfurvv edqnv derxw wkh vwuxfwxuh ri wkh ordqv wkh| judqw1 Lqghhg/ lqwhuhvw udwhv
gl�hu ghshqglqj rq wkh w|sh ri ordq1 Wkhq/ _dyhudjh% ordqv lqwhuhvw udwhv iru
edqnv vshfldol}hg lq vkruw whup exvlqhvv ordqv duh olnho| wr eh gl�huhqw iurp
wkrvh ri edqnv vshfldol}hg lq vd|/ krxvlqj ordqv1 Wkh wklug dgydqwdjh lv wkdw
wklv lqirupdwlrq fdq eh froohfwhg iru d odujh qxpehu ri edqnv/ rqfh wkhlu edodqfh
vkhhw dqg dffrxqwv duh dydlodeoh1 Reylrxvo|/ wkh gudzedfn ri wklv vroxwlrq lv
wkdw/ gxulqj shulrgv zkhuh lqwhuhvw udwhv vwurqjo| fkdqjh ryhu wlph/ wkh glvfuhs0
dqf| ehwzhhq wkh lqwhuhvw udwh rq qhzo| judqwhg ordqv +u2�|, dqg wklv _dssduhqw%
lqwhuhvw udwh +U2c|

�| , fdq eh txlwh vljql�fdqw1�e

Jhqhudol}lqj wkh suhylrxv vwdwhphqw/ u,�| +uhvshfwlyho| v��|, zloo eh dssur{l0

pdwhg e| U,c|
�| +uhvshfwlyho| V�c|

�| , lq hfrqrphwulf frpsxwdwlrqv1 Wklv zdv douhdg|
wkh fdvh iru U�c|

�| / dv rqh suhylrxvo| dvvxphg wkdw wkh duelwudjh frqglwlrq lv ixo0
�oohg rq wkh vhfxulw| pdunhw1

Iurp htxdwlrq +<, rqh fdq ghulyh wkh iroorzlqj uhjuhvvlrq htxdwlrq xvlqj
wkh suhylrxv vhw ri dvvxpswlrqv�D=

HD2
�| @ � %

.� �

o2 HD �
�| +U

�c|
�| �U�c|

�| ,

.+4� �2, HD2
�c|3�

� %
�� 2

o2 HD 2
�|+U

2c|
�| �U�c|

�| , . %
��2

o2 +4� �2,HD 2
�c|3� +U2c|

�| �U�c|
�| ,

.%
.( �

o2 HG �
�| +V

�c|
�| �U�c|

�| ,

. %
�( 2

o2 HG 2
�| +V

2c|
�| �U�c|

�| , � %
�( 2

o2 +4� �2,HG 2
�c|3�+V

2c|
�| �U�c|

�| ,

. %
�( �

o2 HG �
�| +V

�c|
�| �U�c|

�| , � %
�( �

o2 +4� ��,HG �
�c|3�+V

�c|
�| �U�c|

�| ,+46,

Wkh h{shfwhg vljqv ri wkh uhjuhvvlrq sdudphwhuv duh dv iroorzv=
+4� �2, lv vxssrvhg wr eh srvlwlyh dqg vpdoohu wkdq rqh1 +� %�� 2

o2 , vkrxog
eh srvlwlyh/ dv qhz ordqv judqwhg duh ghfuhdvlqj zlwk wkh ohyho ri wkh lqwhuhvw
udwh1 %�� 2

o2 +4� �2, vkrxog eh frqvlvwhqw zlwk wkh wzr suhylrxv frh�flhqwv1

%
.( �

o2 / %�( 2

o2 dqg %�( �

o2 vljqv vkrxog eh qhjdwlyh dv oldelolwlhv lqfuhdvh zlwk

ordqv dqg ordqv duh ghfuhdvlqj zlwk wkh lqwhuhvw udwh1 +� %�( �

o2 +4 � ��,, dqg

+� %�( �

o2 +4 � ��,, vkrxog wkhq eh srvlwlyh dqg frqvlvwhqw zlwk wkh idfw wkdw
+4� ��, dqg +4� ��, vkrxog eh vpdoohu wkdq rqh1
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Wkh vljqv ri +� %.�
�

o2 , lv dpeljxrxv1 Lqghhg/ hyhq wkh vljq ri wkh vxevwlwxwlrq
h�hfw ehwzhhq HD� dqg QD2 +iru d jlyhq vl}h ri edodqfh vkhhw, lv xqnqrzq/
ehfdxvh HD� pd| dovr eh xvhg dv d vxevwlwxwh1 Pruhryhu/ lqfuhdvhv lq u2 pd|
lqgxfh ghfuhdvhv lq wkh edodqfh vkhhw vl}h/ zklfk pd| lqgxfh ghfuhdvhv lq HD2

hyhu|wklqj hovh ehlqj htxdo1

e 6hL4 |�i M@?!t< _@|@ti| |L |�i iUL?L4i|h�U t@4�
T*i

Wkh Frpplvvlrq Edqfdluh/ wkh Iuhqfk vxshuylvru dxwkrulw|/ froohfwv txduwhuo|
edodqfh vkhhw gdwd dqg el0dqqxdo lqfrph vwdwhphqw gdwd iru doo PILv kdylqj
dq dfwlylw| lq Iudqfh1 Wkhvh lqglylgxdo gdwd duh dydlodeoh iru wkh shulrg 4<<60
5333 dqg iru derxw 4333 PILv dqg doorz wr zrun rq d el0dqqxdo shulrglflw|1
Krzhyhu/ ehfdxvh zh uhvwulfw wr ordqv wr frqvxphuv dqg qrq �qdqfldo exvlqhvv
�upv/ zh qhhg wr nqrz wkh edqn folhqwhoh vwuxfwxuh ri hdfk PIL1 Wklv lqiru0
pdwlrq lv dydlodeoh iru rqo| <5 ( +uhvshfwlyho| ;4 (, ri PILv/ iru wkh �uvw
vhphvwhu ri 5333 +uhvshfwlyho| iru wkh �uvw vhphvwhu ri 4<<6,1 Qhyhuwkhohvv/ wkh
fruuhvsrqglqj vkduh lq wrwdo dvvhw lv <; ( +uhvshfwlyho| <: (,1 D pruh ghwdlohg
ghvfulswlrq ri wkh edodqfh vkhhw gdwd vhw lv jlyhq lq Orxsldv hw doll +5334,1

D srwhqwldoo| vhyhuh sureohp frphv iurp wkh odujh qxpehu ri edqn phujhuv
wkdw wrrn sodfh gxulqj wkh revhuydwlrq shulrg1 Zh kdyh uhfrqvwuxfwhg phujhg
hqwlwlhv edfnzdug dv wkh vxp ri wkh phujlqj edqnv ehiruh wkh phujhu +dv lq
Orxsldv hw doll +5334,,1

Dv lv zhoo nqrzq/ d srwhqwldo vhyhuh sureohp zkhq xvlqj sdqho gdwd wr hvwl0
pdwh d prgho lv wkh suhvhqfh ri rxwolhuv1 Rxwo|lqj revhuydwlrqv wr eh glvfdughg
iurp wkh ruljlqdo vdpsoh kdyh ehhq gh�qhg lq wkh iroorzlqj zd|=

4, revhuydwlrqv ehorz wkh 5?_ dqg deryh wkh <;|� shufhqwloh ri wkh jurzwk
udwh ri wrwdo dvvhwv>

5, revhuydwlrqv ehorz wkh 8|� dqg deryh wkh <8|� shufhqwloh iru hdfk %dssdu0
hqw% lqwhuhvw udwhv/ l1h1 uhvshfwlyho| wkh udwh ri uhwxuq rq dvvhwv o dqg wkh frvw
ri kdylqj d jlyhq dprxqw ri ghew ri w|sh m>

6, revhuydwlrqv ehorz wkh �uvw dqg deryh wkh odvw shufhqwloh ri wkh �uvw
gl�huhqfh ri ordq/ oltxlglw|/ dqg fdslwdol}dwlrq udwlrv1

Pruhryhu/ edqnv zlwk qr ordqv kdyh dovr ehhq glvfdughg iurp wkh vdpsoh
dqg/ ehfdxvh ri wkh frpsxwdwlrq ri �uvw gl�huhqfhv dqg wkhlu odjv/ zh kdyh nhsw
rqo| edqnv iru zklfk zh kdyh dw ohdvw �yh frqvhfxwlyh revhuydwlrqv1

Ilqdoo|/ derxw 53( ri edqnv/ dffrxqwlqj iru durxqg 78( ri wrwdo dvvhwv dqg
iru 88( ri ordqv kdyh ehhq nhsw lq wkh hfrqrphwulf vdpsoh1
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D A�i iUL?L4i|h�U hit�*|t
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h@|i�

Wdeoh 4 ROV/ 5VOV dqg JPP hvwlpdwhv ri wkh �uvw rughu frqglwlrq htxdwlrq1

ROV 5VOV JPP

hvwlpdwhg frh� h{s1 vljq frh�1 vwg1 ghy1 frh�1 vwg1 ghy1 frh�1 vwg1 ghy1

� %
.� �

o2 xqnqrzq 61396 314<5 61646 31<93 6165; 31359

+4� �2, srvlwlyh +?4, 31;:8 3133: 31;8; 3138; 31;8; 31333

� %
�� 2

o2 srvlwlyh 61434 319;4 4<17:9 61453 4<18;8 313<7

. %
�� 2

o2 +4� �2, qhjdwlyh 031637 31:36 049146: 7177< 0491566 31434

.%
.( �

o2 qhjdwlyh 051885 314;7 051<66 41357 051<87 31357

. %
�( 2

o2 qhjdwlyh 0915;: 3168: 0;1;43 4149: 0;1;5; 31368

� %
�( 2

o2 +4� �2, srvlwlyh 718;3 316<6 :13<8 415;< :1457 3136:

. %
�( �

o2 qhjdwlyh 061<38 31748 07144: 41849 071588 31384

� %
�( �

o2 +4� ��, srvlwlyh 41496 3174: 415<6 4159; 41756 31388

Frqvwdqw 031333 31333 31333 31333 31333 31333

Vdujdq vwdw1 +vljqli1, 741<;7 +3155:,

p4 +vljqli1, :1377 +31333, 4197< +313<<, 41<74 +31385,

p5 +vljqli1, 3197: +3184:, 03189< +3189<, 031773 +3198<,

qxpehu ri rev1 4::6 4::6 4::6
Qrwhv=
4, Wlph gxpplhv duh lqfoxghg lq wkh uhjuhvvlrqv/ exw wkhlu frh�flhqwv

+zkrvh vxp lv uhvwulfwhg wr eh qxoo, duh qrw uhsruwhg khuh>
5, Odjv 5 ri wkh �uvw gl�huhqfhv ri wkh iroorzlqj yduldeohv kdyh ehhq xvhg

dv lqvwuxphqwv= ordqv/ fdvk dqg lqwhuedqn wudqvdfwlrq dvvhwv/ vhfxulw| kroglqjv/
lqwhuedqn wudqvdfwlrq oldelolwlhv/ erqgv dqg prqh| pdunhw oldelolwlhv1 Pruhryhu/
wr lqfuhdvh h�flhqf|/ wklv lqvwuxphqw vhw kdv ehhq h{sdqghg dffruglqj wr Duho0
odqr dqg Erqg*v surfhgxuh/ l1 h1 doo lqvwuxphqwv kdyh ehhq pxowlsolhg e| wlph
gxpplhv>

6, Wkh W0vwdwlvwlfv uhsruwhg iru wkh 5VOV hvwlpdwhv duh urexvw rqhv/ df0
frxqwlqj iru khwhurvfhgdvwlflw| dqg vhuldo fruuhodwlrq1

Hdfk frh�flhqw ri wkh wdeoh kdv wkh h{shfwhg vljq1 Wkh surgxfw ri wkh
vhfrqg dqg wkh wklug sdudphwhuv lv dssur{lpdwho| htxdo wr wkh rssrvlwh ri
wkh irxuwk rqh/ zklfk phdqv wkdw wkh lpsolflw frqvwudlqw lv dovr ixo�oohg1 Wkh
uhvxowv rewdlqhg zlwk ROV dqg JPP duh txlwh gl�huhqw/ vshfldoo| dv idu dv

%
�� 2

o2 lv frqfhuqhg1 Wkh ydoxh ri wkh Vdujdq vwdwlvwlfv grhv qrw ohdg wr uhmhfw
wkh vshfl�fdwlrq ri rxu prgho1
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D ixuwkhu lqwhusuhwdwlrq ri wkh frh�flhqwv dqg hodvwlflwlhv lv jlyhq lq vhfwlrq
8161

D�2 A�i it|�4@|i_ *�?! Mi|�ii? |�i RL|�ih� �?|ihit| h@|i @?_
TL*�U) h@|i�

Wkh hvwlpdwlrq uhvxowv ri htxdwlrqv +44, dqg +45, duh surylghg lq wkh iroorzlqj
wdeohv�S1

Lqwhuedqn dvvhw udwh +U�
�|, hvwlpdwlrq1

yduldeoh frh�1 w0vwdw1

frqvwdqw 3135<<5 8164

l 31;6::< 8183

l-vl}h 031469;4 0414:

l-uolt 313<45: 3144

l-ufds 0316:864 03144

vl}h 31347<: 6177

uolt 03139:5: 05148

ufds 3144964 31;<

U2 314;

Vhfxulw| dvvhw |lhog +U�
�|, hvwlpdwlrq1

yduldeoh frh�1 w0vwdw1

frqvwdqw 3136487 <173

l 314;967 5138

l-vl}h 3146796 41<6

l-uolt 314<835 316<

l-ufds 713<5:5 41<6

vl}h 03133466 03184

uolt 313563: 4157

ufds 03148368 041<7

U2 3147

�S6Lh UL4T@h�tL?tc �i @*tL UL4T�|i |�i hi}hitt�L? uLh , ' 2� ��| |��t �t �?UL?t�t|i?| ��|�
L�h 4L_i*c @t u@h @t |�i *L@? �?|ihit| h@|i �t t�TTLti_ |L Mi |�i tL*�|�L? Lu @? LT|�4�3@|�L?
ThL}h@4� A��t hi}hitt�L? �t ThL��_i_ �? @TTi?_� ��
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Lqwhuedqn oldelolw| udwh +V�
�|, hvwlpdwlrq1

yduldeoh frh�1 w0vwdw1

frqvwdqw 31355;3 :176

l 31;<7<< 431:<

l-vl}h 03139433 031<8

l-uolt 3156736 3184

l-ufds 41:4469 31;;

vl}h 3133675 4177

uolt 03134;;7 04143

ufds 031345<4 0314;

U2 313;

Ghsrvlw udwh +V2
�|, hvwlpdwlrq1

yduldeoh frh�1 w0vwdw1

frqvwdqw 3134798 :15;

l 315789< 7185

l-vl}h 31346;4 3166

l-uolt 3155:;9 31:8

l-ufds 6153<68 5186

vl}h 03133496 04138

uolt 31366<4 6136

ufds 0314374; 05157

U2 315:

Vhfxulw| oldelolw| udwh +V�
�|, hvwlpdwlrq1

yduldeoh frh�1 w0vwdw1

frqvwdqw 31356<8 8148

l 317;477 61;6

l-vl}h 3137443 3175

l-uolt 041;49;7 05193

l-ufds 3195<;5 3154

vl}h 313339<554 314<

uolt 314365< 61<<

ufds 3133438 3134

U2 313;

D�� ,UL?L4�U �?|ihThi|@|�L? Lu |�i hit�*|t

81614 Ghsuhfldwlrq udwhv dqg gxudwlrq

Wkh prgho jlyhv hvwlpdwlrqv iru wkh sdudphwhuv �2 / �2 dqg �� zklfk duh uh0
vshfwlyho| wkh ghsuhfldwlrq udwhv iru kdoi d |hdu ri ordqv/ ghsrvlwv dqg vhfxulwlhv
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oldelolwlhv +zlwkrxw fdslwdo,1 Wkh wdeoh ehorz suhvhqwv wkhvh �jxuhv�. zlwk wkh
fruuhvsrqglqj gxudwlrq rq dq dqqxdo edvlv1 Wkh gxudwlrq lv frpsxwhg/ xvlqj
wkh dvvxpswlrq ri wkh frqvwdqf| ri wkh ghsuhfldwlrq udwhv/ dv wkh lqyhuvh ri wkh
ghsuhfldwlrq udwh1

ghsuhfldwlrq udwh gxudwlrq

ordqv 5 � �2 @ 316 6 |hduv 9 prqwkv

ghsrvlwv 5 � �2 @ 317 5 |hduv 9 prqwkv

vhfxulw| oldelolwlhv�H 5 � �� @ 416 < prqwkv

Rqh pd| qrwlfh wkdw wkh dyhudjh gxudwlrq rewdlqhg iru ordqv +6 |hduv dqg 4
prqwk iru wrwdo fuhglwv rq dyhudjh ryhu wkh zkroh shulrg, lv frqvlvwhqw zlwk wkh
�jxuhv iurp wkh _fuhglw frvw vxuyh|% ghvslwh wkhvh �jxuhv duh hfrqrphwulfdoo|
hvwlpdwhg xvlqj d frpsohwho| gl�huhqw gdwdvhw1

81615 Wkh lpsdfw ri prqhwdu| srolf| rq ordq udwhv

Dw wkh vdpsoh dyhudjh/ doo edqn fkdudfwhulvwlfv duh qlo1 Vr/ lw lv yhu| hdv| wr
frpsxwh wkh uhodwlrqvkls ehwzhhq hdfk lqwhuhvw udwh dqg wkh srolf| udwh1 Jlyhq
wkh dyhudjh ydoxhv iru wkh rxwvwdqglqj dprxqwv/ wkh _dssduhqw% udwhv dqg wkh
ydoxh ri wkh hvwlpdwhg frh�flhqwv/ rqh fdq xvh rxu htxdwlrq +43, wr frpsxwh
wkh lpsdfw ri prqhwdu| srolf| rq wkh ordq lqwhuhvw udwh iru d uhsuhvhqwdwlyh
edqn/ l1h1 iru d edqn kdylqj wkh dyhudjh ri doo edqn fkdudfwhulvwlfv dv lwv rzq
fkdudfwhulvwlfv1 Wkh dyhudjh lpsdfw ri prqhwdu| srolf| rq wkh ordqv udwh zh jhw
lv ri 3173< srlqw iru dq lqfuhdvh ri 4( srlqw ri wkh srolf| udwh1 Wklv lv forvh wr wkh
lpsdfw diwhu 6 prqwkv rewdlqhg e| Prmrq +5334, iru Iudqfh rq d pdfurhfrqrplf
edvlv ryhu wkh shulrg 4<<50<;1 Wklv hvwlpdwlrq lv urxjko| kdoi ri wkh hvwlpdwlrq
uhsruwhg lq Edxpho dqg Vhyhvwuh +5333,1 Wklv gl�huhqfh pd| eh h{sodlqhg lq
wzr gl�huhqw zd|v1 Wkh �uvw rqh lv wkdw Edxpho dqg Vhyhvwuh frpsxwdwlrqv
duh pdgh dvvxplqj wkh frqvwdqf| ri wkh edodqfh vkhhw vwuxfwxuh ri edqnv1 Wkh
h{sodqdwlrq ri wkh vpdoohu lpsdfw ri prqhwdu| srolf| frxog wkhq frph iurp wkh
prgl�fdwlrq ri wkh edodqfh vkhhw vwuxfwxuh1 Rwkhu srvvleoh h{sodqdwlrqv pljkw
eh wkdw wkh vdpsohv lq wklv vwxg| grhv qrw fryhu wkh vdph shulrg qru h{dfwo|
wkh vdph srsxodwlrq ri edqnv1

Wklv lpsdfw frpsxwhg iru d uhsuhvhqwdwlyh edqn +l1h1 d edqn kdylqj dv lwv
fkdudfwhulvwlfv wkh dyhudjh dfurvv doo edqnv, lv rqo| rqh ri wkh srvvleoh phd0
vxuhv ri wkh lpsdfw ri prqhwdu| srolf|1 Rqh fdq dovr frpsxwh wkh dyhudjh ri
doo lpsdfwv iru hdfk lqglylgxdo edqn dw hdfk srlqw lq wlph1 Zhljkwlqj wkrvh
lqglylgxdo lpsdfwv e| wkh vkduh ri hdfk revhuydwlrq lq wkh wrwdo ri ordqv ohdgv
wr wkh iroorzlqj hvwlpdwh= wkh lpsdfw ri d rqh srlqw fkdqjh ri wkh prqhwdu|
srolf| lqglfdwru rq wkh ordq lqwhuhvw udwh +�, lv ri 317;8 srlqw1 Wklv ydoxh lv wkh
rqh xvhg lq wkh uhpdlqlqj ri wkh sdshu1

�.A�iti �}�hit UL4i @*4Lt| _�hiU|*) uhL4 |�i it|�4@|i_ ULi�U�i?|t� 6Lh i @4T*ic B2 �t
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81616 Lpsdfw ri prqhwdu| srolf| rq qhz dqg rxwvwdqglqj ordq dprxqwv

Wkh prgho surylghv hvwlpdwhv ri wkh ghpdqg vhpl0hodvwlflwlhv ri qhz ordqv dqg

rwkhu lwhpv wr wkh ordq lqwhuhvw udwhv +%
.� �

o2 / %
�� 2

o2 / %
�( �

o2 / %
.( 2

o2 dqg %
�( �

o2 ,1 Dv

wkhvh vhpl0hodvwlflwlhv phdvxuh wkh lpsdfw ri dq lqfuhdvh +ru d ghfuhdvh, lq wkh
ordq lqwhuhvw udwhv/ rqh kdv wr pxowlso| wkhp e| wkh frh�flhqw ri lpsdfw ri
prqhwdu| srolf| rq wkh ordqv lqwhuhvw udwh/ l1h1 e| �@317;8 wr nqrz wkh wrwdo
lpsdfw ri prqhwdu| srolf|1�b

Pruhryhu/ wkh vhpl0hodvwlflw| ri rxwvwdqglqj vwrfnv wr wkh ordqv lqwhuhvw udwh
pd| eh frpsxwhg lq wkh iroorzlqj zd|1 Rqh nqrzv wkdw =

HD2
�| @ QD2

�| .HD2
�|3�+4� �2,

Wkhq/ CHD2
�|@Cu

2
�| @ CQD2

�|@Cu
2
�| . 3> dqg

Y.�2

�|*.�
2

�|

Yo2�|
@

0
�� 2

o2
��2

�|

��2

�|n.�
2

�|3�
E�3B2�

= Dv

orqj dv HD2
�| lv qrw wrr idu iurp HD2

�|3�/ rqh pd| dssur{lpdwho| zulwh wkdw

HD2
�| @

��2

�|

B�
= Wkxv/ rqh pd| zulwh wkdw

Y.�2

�|*.�
2

�|

Yo2�|
@ �2%

�� 2

o2 =

Wkhq/ lw lv srvvleoh wr frpsxwh wkh lpsdfw ri prqhwdu| srolf| rq qhz ordqv
dqg rq rxwvwdqglqj dprxqwv diwhu rqh vhphvwhu1 Wklv lv dovr wuxh iru ghsrvlwv/
erqgv dqg vhfxulw| oldelolwlhv1

LPSDFW RI PRQHWDU\ SROLF\ +dvvhwv,

fdvk dqg lqwhuedqn ordqv vhfxulw| kroglqjv

rq qhz111 �%
.� �

o2 @0419 �%
�� 2

o2 @0<18 q1d1

rq rxwvwdqglqj 111 �%
.� �

o2 @0419 �%
�� 2

o2 �2 @0416 q1d1

LPSDFW RI PRQHWDU\ SROLF\ +oldelolwlhv,

fdvk dqg lqwhuedqn ghsrvlwv vhfxulw| oldelolwlhv

rq qhz111 �%
.( �

o2 @0417 �%
�( 2

o2 @0716 �%
�( �

o2 @0514

rq rxwvwdqglqj111 �%
.( �

o2 @0417 �%
�( 2

o2 �2 @031; �%
�( �

o2 �� @0417

Vr wkh lqfuhdvh ri rqh shufhqwdjh srlqw ri wkh prqhwdu| srolf| udwh lqgxfhv
d ghfuhdvh ri qhz ordqv e| <18 ( dqg d ghfuhdvh lq wkh rxwvwdqglqj dprxqw ri
ordqv e| 416( diwhu kdoi d |hdu1 Wkh lpsdfw rq ghsrvlwv lv orzhu wkdq wkh lpsdfw
rq ordqv1 Wklv lv frqvlvwhqw zlwk wkh idfw wkdw prqhwdu| srolf| zrunv sduwo|
wkurxjk wkh edqn ohqglqj fkdqqho dqg zlwk uhvxowv e| Ehuqdqnh dqg Jhuwohu
+4<<5,2f1

Li zh vwxg| wkh g|qdplfv iru ordqv vwduwlqj iurp d vwhdg| vwdwh/ xvlqj erwk
wkh idfw wkdw wkh g|qdplf uhodwlrqvkls lv
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HD2
�| @ QD2

�| . +4� �2,HD2
�|3� +47,

dqg wkh idfw wkdw qhz ordqv kdyh ghfuhdvhg ri <18 (/ wkh fxpxodwlyh lpsdfw
ri d shupdqhqw lqfuhdvh ri 433 edvlv srlqwv lq wkh lqwhuhvw udwh rq rxwvwdqglqj
dprxqwv ri ordqv pd| eh frpsxwhg2�1 Wkh vdph vwru| dssolhv wr ghsrvlwv dqg
vhfxulw| oldelolwlhv1 Wkhvh g|qdplfv duh frpsxwhg hyhu| wklqj hovh ehlqj htxdo=

fxpxodwlyh lpsdfw diwhu d 433 edvlv swv
lqfuhdvh ri prqhwdu| srolf| udwh rq wkh ordqv ghsrvlwv vhfxulw| oldelolwlhv
rxwvwdqglqj dprxqw ri111 +(,

d vhphvwhu 0416 031; 0417
d |hdu 0518 0418 041;

wzr |hduv 0717 0518 0513
�yh |hduv 0:17 061; 0514
whq |hduv 0<14 0715 0514

4 0<18 0716 0514

Rxu phdvxuh ri wkh lpsdfw rq edqn ohqglqj ri d fkdqjh lq wkh srolf| udwh lv/
diwhu rqh |hdu kdv hodsvhg/ txlwh vlplodu wr wkdw rewdlqhg e| Ndvk|ds dqg Vwhlq
+4<<8, xvlqj XV edqn sdqho gdwd ryhu wkh shulrg 4<:904<<51 Lqghhg/ dffruglqj
wr wkhlu uhjuhvvlrq uhvxowv/ wkh lpsdfw ri d 433 edvlv srlqw lqfuhdvh lq wkh ihghudo
ixqgv udwh ohdgv wr d ghfuhdvh e| 0 415 wr 0 618 ( ghshqglqj rq edqnv* vl}h221

Pruhryhu/ zh fdq frpsduh rxu uhvxowv zlwk suhylrxv rqhv rewdlqhg e| Edu0
udq/ Frxghuw dqg Prmrq +4<<9, iurp d YDU prgho hvwlpdwhg zlwk Iuhqfk
pdfurhfrqrplf gdwd1 Iru wkdw sxusrvh/ zh kdyh frpsxwhg wkh frqvhtxhqfh ri
d vkrfn ri rqo| 66 edvlv srlqwv rq wkh prqhwdu| srolf| udwh odvwlqj iru rqo| d
|hdu dqg d kdoi1

fxpxodwlyh lpsdfw diwhu d 66 edvlv
srlqwv whpsrudu| lqfuhdvh ordqv ghsrvlwv vhfxulw| oldelolwlhv

ri wkh prqhwdu| srolf| udwh +(,

rqh vhphvwhu 0317 0316 0318
rqh |hdu 031; 0318 0319

rqh |hdu dqg d kdoi 0415 031: 031:
wzr |hduv 0413 0318 0315
�yh |hduv 0317 0314 313
whq |hduv 0314 0313 313
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Wkh g|qdplfv ri ordqv zh jhw lv frqvlvwhqw zlwk wkh uhvxowv rewdlqhg iru
Iudqfh e| Eduudq/ Frxghuw/ dqg Prmrq +4<<9, ryhu wkh shulrg 4<:904<<71 Wkh
g|qdplfv ri ordqv dqg ghsrvlwv lv dovr txlwh vlplodu wr wkh rqh rewdlqhg iru wkh
�uvw wkuhh vhphvwhuv e| Ehuqdqnh dqg Eolqghu +4<<5, iru wkh Xqlwhg Vwdwhv ryhu
wkh shulrg 4<8<04<:;1 Rqh kdv ri frxuvh wr eh yhu| fdxwlrxv derxw wkh idfw wkdw
wkh vwxglhg shulrgv duh qrw dw doo wkh vdph/ exw wklv vhhpv wr lqglfdwh wkdw wkh
vljql�fdqw lpsdfw ri prqhwdu| srolf| rq qhz ordqv +d ghfuhdvh ri <18 shufhqwv
iru dq lqfuhdvh ri 4( srlqw, lv frqvlvwhqw zlwk suhylrxv phdvxuhphqwv ri wkh
lpsdfw ri prqhwdu| srolf| rq rxwvwdqglqj ordqv1

Wklv lpsdfw lv dovr frqvlvwhqw zlwk suhylrxv uhvxowv e| Fkdxyhdx dqg Vdlgdqh
+4<<4, zkr vkrz wkdw wkh ordq ghpdqg hodvwlflw| zlwk uhvshfw wr wkh lqwhuhvw
udwh olhv ehwzhhq 315 iru exvlqhvv ordqv wr 51; iru vkruw whup krxvhkrog ordqv1
Lqghhg/ jlyhq wkdw wkh dyhudjh ordq lqwhuhvw udwh zdv derxw 9 shufhqw ryhu wkh
uhjuhvvlrq shulrg/ rxu vhpl0hodvwlflw| ri <18 lv htxlydohqw wr dq hodvwlflw| ri 318:1
Jlyhq wkdw qhz ordqv wr exvlqhvvhv dffrxqw iru derxw :3 (2� ri doo qhz ordqv/
lw lv qrw vxusulvlqj wkdw rxu hvwlpdwhg hodvwlflw| lv forvhu wr wkh orzhu erxqg
jlyhq e| Fkdxyhdx dqg Vdlgdqh1

S �L?U*�t�L?

Lq wklv sdshu zh h{solflwo| prgho wkh lpsdfw ri prqhwdu| srolf| rq qhz ordqv1
Zh �qg wkdw dq lqfuhdvh e| 4 ( srlqw lq wkh prqhwdu| srolf| udwh ohdgv lq
dyhudjh wr dq lqfuhdvh e| derxw 318 ( srlqw lq wkh ordq udwhv1 Pruhryhu/
wkh lpsdfw ri prqhwdu| srolf| rq qhz ordqv lv frqvlvwhqw zlwk wkh suhylrxv
hydoxdwlrqv rewdlqhg iurp pdfurhfrqrplfv prghov1

Exw wkh urexvwqhvv ri wklv uhvxow kdv wr eh fkhfnhg1 Rxu lqwhqwlrq iru ixuwkhu
uhvhdufk lv wkhq �uvw wr sd| d sduwlfxodu dwwhqwlrq wr wkh edqnv* folhqwhoh vwuxf0
wxuh1 Lqghhg/ zh dvvxph wkdw doo edqnv idfh wkh vdph ghpdqg1 Wklv lv d udwkhu
vwurqj dvvxpswlrq zklfk fdq eh hdvlo| vriwhqhg e| wdnlqj dffrxqw ri edqnv*
vl}h dqg2ru rwkhu fkdudfwhulvwlfv1 Pruhryhu/ lw lv dovr olnho| wkdw wkh uhdfwlrq
ri edqn ohqglqj wr fkdqjhv lq prqhwdu| srolf| gl�huv dfurvv gl�huhqw w|shv ri
ordqv= hlwkhu ehfdxvh ri edqnv* delolw| wr vkulqn pruh hdvlo| wkhlu vxsso| iru fhu0
wdlq w|shv ri ordqv ru ehfdxvh wkhlu fxvwrphuv fdq/ iru vrph ri wkhp/ vxevwlwxwh
rwkhu vrxufhv ri �qdqfh wr edqn ordqv zkhq wkh odwwhu duh uhgxfhg1
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Edowhqvshujhu/ Huqvw +4<;3,/ %Dowhuqdwlyh dssurdfkhv wr wkh wkhru| ri wkh edqn0
lqj �up%/ Mrxuqdo ri Prqhwdu| Hfrqrplfv 9/ ss406:

Eduudq/ Ihuqdqgr> Frxghuw/ Ylujlqlh> Prmrq/ Ehqrlw1 +4<<:,/ %Od wudqv0
plvvlrq ghv srolwltxhv prq�hwdluhv gdqv ohv sd|v hxurs�hhqv%/ Uhyxh Iudq�fdlvh
g*Hfrqrplh yro 45/ 5/ vsulqj/ s 46604:91

Eduudq/ Ihuqdqgr> Frxghuw/ Ylujlqlh> Prmrq/ Ehqrlw1 +4<<9,/ %O*xqlrq hx0
urs�hhqqh hvw0hooh xqh }rqh krprj�hqh srxu od srolwltxh prq�hwdluh B%/ Hfrqrplh
Lqwhuqdwlrqdoh q�98> suhplhu wulphvwuh

Edxpho/ Odxuhqw1 +4<<:,/ %Ohv fu�hglwv qrxyhdx{ plv hq sodfh sdu ohv edq0
txhv DIE gh 4<:; �d 4<<5 = xqh �hydoxdwlrq ghv prqwdqwv hw ghv gxu�hhv lqlwldohv%/
Qrwhv g*Hwxghv hw gh Uhfkhufkh Q�73> Edqtxh gh Iudqfh1

Edxpho/ Odxuhqw> Vhyhvwuh Sdwulfn +5333,/ %Od uhodwlrq hqwuh oh wdx{ ghv
fu�hglwv hw oh fraxw ghv uhvvrxufhv edqfdluhv Prg�holvdwlrq hw hvwlpdwlrq vxu grqq�hhv
lqglylgxhoohv gh edqtxhv%/ Dqqdohv g*Hfrqrplh hw gh Vwdwlvwltxh%/ 5333/ Q� 8</
ss 4<<05591

Ehuqdqnh Ehq V1/ Eolqghu Dodq V1 +4<;;,/ %Lv lw prqh| ru fuhglw/ ru erwk/ ru
qhlwkhuB Fuhglw/ Prqh|/ dqg Djjuhjdwh Ghpdqg%/ Dphulfdq Hfrqrplf Uhylhz/
Pd| 4<;;

Ehuqdqnh Ehq V1/ Eolqghu Dodq V1 +4<<5,/ %Wkh Ihg Ixqgv Udwh dqg wkh
Fkdqqhov ri Prqhwdu| Wudqvplvvlrq%/ Dphulfdq Hfrqrplf Uhylhz/ Vhswhpehu
4<<5

Ehuqdqnh/ Ehq V> Jhuwohu Pdun1+4<<8,/ %Lqvlgh wkh Eodfn Er{= Wkh Fuhglw
Fkdqqho ri Prqhwdu| Srolf| Wudqvplvvlrq%1 Mrxuqdo ri Hfrqrplf Shuvshfwlyhv/
Idoo 4<<8/ <+7,/ ss1 5:07;1

Fkdxyhdx W1/ Vdlgdqh G1 +4<<4, %Oh srxyrlu ghv edqtxhv vxu oh pdufk�h
gx fu�hglw = hvvdl gh frpsdudlvrq lqwhuqdwlrqdoh%/ Revhuydwlrqv hw Gldjqrvwlfv
Hfrqrpltxhv/ Mdqylhu/ Q� 68/ ss1 46804991

Frpplvvlrq edqfdluh +5333,/ Dqqxdo Uhsruw 4<<<

Frxghuw Ylujlqlh/ Prmrq Ehqralw1 +4<<:,/ %Dv|p�hwulhv �qdqfl�huhuv hw wudqv0
plvvlrq gh od srolwltxh prq�hwdluh hq Hxursh%/ Hfrqrplh hw Su�hylvlrq/ Q�45;/
74093

Hkupdqq P1/ O1 Jdpedfruwd/ M1 Pduwlqh}0Sdjhv/ S1 Vhyhvwuh/ D1 Zrupv
+5334,/ Ilqdqfldo v|vwhpv dqg wkh uroh ri edqnv lq prqhwdu| srolf| wudqvplvvlrq
lq wkh hxur duhd/ Hxurshdq Fhqwudo Edqn zrunlqj sdshu Q�438/ Ghfhpehu
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Ho|dvldql/ Ho|dv> Nrshfn|/ Nhqqhwk M> Ydq Krrvh/ Gdylg1 +4<<8,/ %Frvwv ri
Dgmxvwphqw/ Sruwirolr Vhsdudwlrq/ dqg wkh G|qdplf Ehkdylru ri Edqn Ordqv
dqg Ghsrvlwv%1 Mrxuqdo ri Prqh|/ Fuhglw/ dqg Edqnlqj/ Qryhpehu 4<<8/ 5:+7,/
ss1 <880<:71

Idyhur/ Fduor D> Jldyd}}l/ Iudqfhvfr> Iodeel/ Oxfd +4<<<,/ %Wkh Wudqvplv0
vlrq Phfkdqlvp ri Prqhwdu| Srolf| lq Hxursh= Hylghqfh iurp Edqn*v Edodqfh
Vkhhwv%1 QEHU zrunlqj sdshu/ 4<<</ Q� :5641

Jxlvr/ Oxljl> Ndvk|ds/ Dqlo N> Sdqhwwd/ Idelr> Whuol}}hvh/ Gdqlhoh1 +4<<<,/
%Zloo d frpprq Hxurshdq prqhwdu| srolf| kdyh dv|pphwulf h�hfwvB%1 Hfr0
qrplf Shuvshfwlyhv/ Ihghudo uhvhuyh Edqn ri Fklfdjr/ 4<<</ 56/ ss1 890:81

Ndvk|ds/ Dqlo N> Vwhlq/ Mhuhp| F1 +4<<8,/ %Wkh Lpsdfw ri Prqhwdu| Sro0
lf| rq Edqn Edodqfh Vkhhwv%1 Fduqhjlh0Urfkhvwhu Frqihuhqfh Vhulhv rq Sxeolf
Srolf|/ Mxqh 4<<8/ 75/ ss1 4840<81

Ndvk|ds/ Dqlo N> Vwhlq/ Mhuhp| F1 +5333,/ %Zkdw Gr d Ploolrq Revhuyd0
wlrqv rq Edqnv Vd| Derxw wkh Wudqvplvvlrq ri Prqhwdu| Srolf|B%1 Dphulfdq
Hfrqrplf Uhylhz/ Mxqh 5333/ <3+6,/ ss1 73:075;1

Ndvk|ds D1 N1 / Vwhlq M1/ Zlofr{ +4<<6,/ %Prqhwdu| srolf| dqg fuhglw frq0
glwlrqv= hylghqfh iurp wkh frpsrvlwlrq ri h{whuqdo �qdqfh%/ Wkh Dphulfdq
hfrqrplf uhylhz/ ;6/ :;0<;

Nlvkdq/ Uxe| S1 dqg Rslhod/ Wlprwk| S1 +5333, %Edqn Vl}h/ Edqn Fdsl0
wdo dqg wkh Edqn Ohqglqj Fkdqqho%1 Mrxuqdo ri Prqh|/ Fuhglw/ dqg Edqnlqj/
Iheuxdu| 5333/ 65+4,/ ss1 45404741

Orxsldv/ F1/ Vdyljqdf I1/ Vhyhvwuh S1 +5334, %Prqhwdu| srolf| dqg edqn
ohqglqj lq Iudqfh= Duh wkhuh dv|phwulhv B%/ Hxurshdq Fhqwudo Edqn zrunlqj
sdshu Q�434/ Ghfhpehu

Orzq/ Fdud> Shulvwldql/ Vwdyurv +4<<9,/ %Wkh ehkdylru ri frqvxphu ordq
udwhv gxulqj wkh 4<<3 fuhglw vorzgrzq%1 Mrxuqdo ri Edqnlqj dqg Ilqdqfh/ 4<<9/
53/ ss1 49:6049<71

Vlpv/ Fkulvwrskhu D1 +4<<5,/ %Lqwhusuhwlqj wkh pdfurhfrqrplf wlph vhulhv
idfwv= Wkh h�hfwv ri prqhwdu| srolf|%/ Hxurshdq Hfrqrplf Uhylhz/ 69/ <:80
43441

Zrupv/ Dqguhdv1 %Wkh uhdfwlrq ri edqn ohqglqj wr prqhwdu| srolf| phd0
vxuhv lq Jhupdq|% +5334,/ Hxurshdq Fhqwudo Edqn zrunlqj sdshu Q�<9/ Ghfhp0
ehu1
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Edqnv* pd{lpl}dwlrq sureohp pd| eh zulwwhq dv uhsruwhg ehorz +iurp htxdwlrq
+:, dqg +8, ri wkh erg| wh{w,=

Pd{lpl}dwlrq ri

��| @ U�c|
�| HD�

�| . u2�|QD2
�| .U2c|3�

�| +4� �2,HD2
�|3� .U�c|

�| HD�
�|

�
[
�

v��|QG�
�| �

[
�

V�c|3�
�| +4� ��,HG�

�|3� � FR�| +48,

zlwk uhvshfw wr u2�| dqg HD�
�|/

xqghu wkh frqvwudlqw

HD�
�| .QD2

�| .+4� �2,HD2
�|3�.HD�

�| @
[
�

QG�
�|.

[
�

+4���,HG�
�|3� +49,

Pd{lplvdwlrq ri +48,/ zlwk uhvshfw wr u2�| dqg HD�
�|/ xqghu frqvwudlqw +49,

ohdgv wr wkh iroorzlqj Odjudqjhdq=

O @ U�c|
�| HD�

�| . u2�|QD2
�| .U2c|3�

�| +4� �2,HD2
�|3� .U�c|

�| HD�
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[
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Iluvw rughu frqglwlrqv dvvxplqj wkdw Y���|

Yo2�|
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Y-�
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Yo2�|
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@ 3 dqg wkdw Y���|
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@ 3> pd| eh zulwwhq dv=
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dqg wkh edodqfh vkhhw frqvwudlqw1
Wkxv rqh fdq zulwwh=
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Zh ghulyh htxdwlrq +<, uhsruwhg ehorz/
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zlwk uhvshfw wr wkh srolf| udwh/ xvlqj wkh ghfrpsrvlwlrq zlwk uhvshfw wr wkh
ordq lqwhuhvw udwh1
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