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Wkh H�hfw ri Prqhwdu| Xql�fdwlrq rq Jhupdq Erqg Pdunhwv

Kdqv Ghzdfkwhu@cKW/ Pdufr O|ulr@ dqg Nrqvwdqwlmq Pdhv@

@ FHV/ Fdwkrolf Xqlyhuvlw| ri Ohxyhq
K ULIP/ Hudvpxv Xqlyhuvlw| Urwwhugdp

Dsulo 58/ 5335

Devwudfw

Wklv sdshu xvhv uhsurmhfwlrq wr ghyhors d ehqfkpdun wr dvvhvv HFE prqhwdu| srolf|
vlqfh Mdqxdu| 4<<</ wkh vwduw ri HPX1 Zh �uvw hvwlpdwh dq hvvhqwldoo| d!qh whup vwuxfwxuh
prgho iru wkh Jhupdq VZDS |lhog fxuyh ehwzhhq 4<;:=3704<<;=451 Wkh Jhupdq prqhwdu|
srolf| lv wkhq uhsurmhfwhg rqwr wkh HPX shulrg +4<<<=3405335=35,1 Zh �qg wkdw wkh
Jhupdq uhdo lqwhuhvw udwh lq sodfh gxulqj wkh HPX shulrg lv vljql�fdqwo| orzhu wkdq lw
zrxog kdyh ehhq lq fdvh wkh Exqghvedqn zhuh vwloo lq fkdujh ri prqhwdu| srolf|1 Zh dovr
vkrz wkh h�hfw ri HPX rq wkh Jhupdq VZDS |lhog fxuyh1 Vkruw0 dqg phglxp0whup
erqgv vhhp wr kdyh ehhq pruh d�hfwhg wkdq orqj0whup erqgv1

Nh|zrugv= HPX/ HFE/ Exqghvedqn/ fhqwudo edqn prqhwdu| srolf| uxoh/ hvvhqwldoo|
d!qh whup vwuxfwxuh prgho1

M1H1O1= H76/ H77/ H85/ H8;1

WFruuhvsrqglqj dxwkru= Kdqv Ghzdfkwhu1 Fhqwhu iru Hfrqrplf Vwxglhv/ Qddpvhvwuddw 9</ E06333 Ohxyhq/
Ehojlxp1 Who= +.,65 +3,49 659;8</ Id{= +.,65 +3,49 659:<91 Hpdlo= kdqv1ghzdfkwhuChfrq1nxohxyhq1df1eh1
Nrqvwdqwlmq Pdhv lv Dvsludqw ri wkh IZR0Yoddqghuhq1 Zh duh judwhixo iru �qdqfldo vxssruw iurp wkh
IZR0Yoddqghuhq +Surmhfw Qr1= J13665134,1 Wkh odwhvw yhuvlrq ri wklv sdshu fdq eh grzqordghg iurp
kwws=22zzz1hfrq1nxohxyhq1df1eh2hz2dfdghplf2lqwhfrq2vwd�2kdqv2kdqvghidxow1kwp
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4 Lqwurgxfwlrq

Vlqfh wkh ehjlqqlqj ri Hxurshdq Hfrqrplf dqg Prqhwdu| Xqlrq +HPX,/ Mdqxdu| 4/ 4<<</

Hxurshdq Fhqwudo Edqn +HFE, prqhwdu| srolf| kdv frph xqghu �hufh dwwdfn iurp wkh �qdq0

fldo suhvv/ wkh �qdqfh plqlvwhuv ri wkh sduwlflsdwlqj frxqwulhv/ dqg lqyhvwruv lq jhqhudo1 Wkh

fulwlfv eodph wkh HFE iru d odfn ri fuhglelolw| dqg wkh txlwh uhpdundeoh gurs lq wkh hxur0groodu

h{fkdqjh udwh1 Krzhyhu/ wklv gurs kdv qrw ehhq xqxvxdo lq d vwdwlvwlfdo vhqvh dqg reylrxvo|

dq| lqglfdwru fdq eh +de,xvhg wr fulwlfl}h wkh HFE vlqfh wkhuh lv qr vhqvleoh ehqfkpdun wr

eh xvhg dv d frpsdulvrq1 Wkh pdlq jrdo ri wklv sdshu lv wr uh0hydoxdwh wkh HFE uhfrug e|

frpsdulqj lw wr d vshfl�f ehqfkpdun1 Zh frqvwuxfw d prgho iru wkh Jhupdq |lhog fxuyh dqg

wkhq surmhfw wkh prgho0edvhg Exqghvedqn |lhog fxuyh rqwr wkh HPX shulrg1 Wklv �owhuhg

|lhog fxuyh wkhq vhuyhv dv d ehqfkpdun wr dvvhvv dfwxdo HPX |lhog fxuyhv1

Lq wklv sdshu zh frqfhqwudwh rq wkh Jhupdq erqg pdunhw iru wzr pdlq uhdvrqv1 Iluvw/

erqg pdunhwv duh olnho| wr eh vljql�fdqwo| d�hfwhg e| srvvleoh fkdqjhv lq wkh prqhwdu| srolf|

vlqfh wkh pdlq gulylqj irufh lq wklv pdunhw lv wkh vkruw0whup lqwhuhvw udwh1 Pruhryhu/ |lhog

fxuyh fkdqjhv dovr d�hfw rwkhu pdunhwv dv zhoo1 Iru lqvwdqfh/ h{fkdqjh udwh pdunhwv duh

+dw ohdvw lq wkhru|, sduwldoo| olqnhg wr wkh erqg pdunhwv14 Ilqdoo|/ jlyhq wkh grplqdqfh ri

Jhupdq| lq wkh �qdqfldo pdunhwv gxulqj wkh H{fkdqjh Udwh Phfkdqlvp +HUP, shulrg/ lw

vhhpv orjlfdo wr frqfhqwudwh rq wklv pdunhw1 Pruh lq sduwlfxodu/ wkh Jhupdq |lhog fxuyh zrxog

irup d ehqfkpdun |lhog fxuyh li wkh HUP zhuh vwloo lq sodfh1 Wkh Jhupdq |lhog fxuyh fdq/

wkhuhiruh/ eh xvhg wr dqdo|}h wkh h�hfwv ri wkh HFE srolf| rq erqg pdunhwv e| frpsdulqj lw

wr wkh rqh wkdw zrxog kdyh suhydlohg li HPX zhuh qrw wkhuh1

D vhfrqg uhdvrq wr wxuq wr wkh Jhupdq erqg pdunhwv lv prwlydwhg e| wkh qhhg ri d jrrg

ghvfulswlrq ri d �qdqfldo pdunhw1 Wklv lv reylrxvo| ri fuxfldo lpsruwdqfh vlqfh wkh prgho lv

wr vhuyh dv d ehqfkpdun lq wkh frpsdulvrq1 Wkhuh lv e| qrz hylghqfh wkdw erqg pdunhwv

+pruh vshfl�fdoo| |lhog fxuyhv, fdq eh prghohg zlwk uhdvrqdeoh dffxudf| zlwklq d qr0duelwudjh

iudphzrun e| phdqv ri sduvlprqlrxv idfwru prghov1 Lq idfw/ vwdqgdug wkuhh idfwru prghov

�w |lhogv xs wr d phdvxuhphqw huuru ri derxw whq edvlv srlqwv1 Wklv w|sh ri dffxudf| lv qrw

rewdlqhg e| prghov ghvfulelqj rwkhu �qdqfldo pdunhwv1

Wkhuh h{lvwv douhdg| vrph uhvhdufk lq wklv duhd1 Iru lqvwdqfh/ Idxvw hw do1 +5334,/ Dohvlqd

hw do1 +5334, dqg Jdol +5334, xvh d srolf| uxoh dssurdfk wr hvwlpdwh wkh h�hfwv ri HPX

rq wkh prqhwdu| srolf| dgrswhg e| wkh HFE1 W|slfdoo|/ wkhvh vwxglhv xvh wkh Exqghvedqn

Wd|oru uxoh dqg dsso| wklv Wd|oru uxoh wr HPX0zlgh djjuhjdwhv wr vhh zkdw lqwhuhvw udwhv

zrxog kdyh ehhq dssolhg lq HPX li wkh HFE kdg iroorzhg d Jhupdq lqwhuhvw udwh srolf|

vwudwhj|1 Wkh| whqg wr �qg wkdw wkh lqwhuhvw udwh wdujhw +xqghu wkh dvvxpswlrq wkdw wkh

HFE zrxog iroorz d Exqghvedqn Wd|oru uxoh, zrxog w|slfdoo| eh kljkhu wkdq wkh revhuyhg

4Vhh/ iru lqvwdqfh/ Edfnxv hw do1 +5334,/ Eudqgw dqg Vdqwd0Fodud +5334,/ Ghzdfkwhu dqg Pdhv +5334,/ dqg
Fodulgd dqg Wd|oru +4<<:, iru pruh ghwdlov1
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HPX lqwhuhvw udwhv1 Rxu dssurdfk gl�huv iurp wkhvh vwxglhv lq pdq| uhvshfwv1 Iluvw/ zh xvh

d prgho wkdw sulfhv doo erqgv dfurvv wkh pdwxulw| vshfwuxp dqg/ wkhuhiruh/ wkh dqdo|vlv lv

pruh lqirupdwlyh uhjduglqj wkh h�hfwv ri HPX wkdq wkh dqdo|vlv edvhg rq vkruw udwhv rqo|1

Dv lv zhoo nqrzq/ Wd|oru uxohv lq revhuyhg rxwsxw +jds, dqg lq dwlrq idlo gudpdwlfdoo| lq

prgholqj wkh orqj hqg ri wkh whup vwuxfwxuh15 Wkh prgho xvhg lq wklv sdshu lv deoh wr �w wkh

hqwluh whup vwuxfwxuh e| hqfrpsdvvlqj yduldeohv wkdw duh w|slfdoo| ohiw rxw lq wkh vwdqgdug

dqdo|vlv1 Wkhvh dgglwlrqdo yduldeohv prgho wkh orqj0uxq h{shfwdwlrqv ri rxwsxw dqg lq dwlrq1

E| lqfoxglqj wkhvh idfwruv lq wkh dqdo|vlv/ zh eholhyh zh rewdlq d pruh ghwdlohg ghvfulswlrq

ri dfwxdo prqhwdu| srolf| uxohv1 Vhfrqg/ zh dgrsw d gl�huhqw shuvshfwlyh lq frpsdulvrq wr

wkh phqwlrqhg vwxglhv1 Lqvwhdg ri dqvzhulqj wkh txhvwlrq ri krz HPX lqwhuhvw udwhv zrxog

orrn li wkh HFE zhuh wr iroorz wkh Exqghvedqn uxoh/ zh uhyhuvh wkh txhvwlrq= krz gl�huhqw

zrxog wkh srvw04<<< |lhog fxuyh kdyh orrnhg lq Jhupdq| +ru dq| rwkhu phpehu vwdwh, li wkh

Exqghvedqn +ru dq| rwkhu fhqwudo edqn ri wkh frxqwu| xqghu lqyhvwljdwlrq, dqg qrw wkh HFE

zrxog vhw wkh prqhwdu| srolf|1 Uhyhuvlqj wkh txhvwlrq kdv wkh lpsruwdqw dgydqwdjh wkdw

zh gr qrw qhhg wr vshfxodwh derxw zklfk djjuhjdwhv +rxwsxw dqg lq dwlrq, wkh HFE xvhv lq

vhwwlqj wkh lqwhuhvw udwh srolf|1

Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv1 Lq vhfwlrq 5 zh suhvhqw wkh idfwru

prgho lqfoxglqj revhuydeoh idfwruv dqg h{sodlq lq ghwdlo wkh olqn ehwzhhq wkhvh idfwruv dqg wkh

erqg pdunhw xvlqj vwdqgdug qr0duelwudjh dujxphqwv1 Vhfwlrq 6 suhvhqwv wkh hvwlpdwlrq uhvxowv

ri wkh prgho dqg wkh lpsolhg lqwhuhvw udwh ihhgedfn uxoh ri wkh Exqghvedqn1 Wklv ihhgedfn

uxoh lv xvhg wr h{wudsrodwh Jhupdq prqhwdu| srolf| gxulqj wkh HPX shulrg1 Vhfwlrq 7 wkhq

surfhhgv e| dfwxdoo| surmhfwlqj Jhupdq prqhwdu| srolf| lq wkh HPX shulrg dqg e| whvwlqj

zkhwkhu ru qrw zh �qg vljql�fdqw gl�huhqfhv ehwzhhq wkh revhuyhg dqg wkh surmhfwhg |lhog

fxuyhv1 Vhfwlrq 8 frqfoxghv wkh sdshu1

5 Wkh Prgho

Lq wklv vhfwlrq zh suhvhqw wkh frqwlqxrxv wlph prgho sursrvhg e| Ghzdfkwhu hw do1 +5334,

zklfk olqnv wkh g|qdplfv ri vshfl�f pdfurhfrqrplf yduldeohv zlwk wkh whup vwuxfwxuh ri

lqwhuhvw udwhv1 Wkh prgho lqfoxghv d wrwdo ri �yh idfwruv1 Wzr ri wkhp ghvfuleh revhuydeoh

pdfurhfrqrplf yduldeohv +rxwsxw jds dqg lq dwlrq, zkloh wkh rwkhu wkuhh uhsuhvhqw qrq0

revhuydeoh odwhqw idfwruv1 Lq frqwudvw wr wkh xvxdo xqghuvwdqglqj ri odwhqw idfwru jlyhq lq wkh

olwhudwxuh/ wkh rqhv lqfoxghg lq wklv prgho gr kdyh dq d sulrul fohdu lqwhusuhwdwlrq lq whupv ri

pdfurhfrqrplf djjuhjdwhv1 Wzr ri wkhp uhsuhvhqw wkh orqj0uxq h{shfwdwlrqv ri wkh rxwsxw

jds dqg lq dwlrq1 Dv vkrzq lq Ghzdfkwhu hw do1 +5334, dqg Nr}lfnl dqg Wlqvoh| +5334,/

wkh lqfoxvlrq ri vxfk idfwruv lv fuxfldo lq prgholqj wkh olqn ehwzhhq �qdqfldo pdunhwv dqg

wkh pdfurhfrqrplf yduldeohv1 Wkh wklug odwhqw idfwru ghvfulehv wkh uhdo lqwhuhvw udwh lq wkh
5Vhh/ iru lqvwdqfh/ Ghzdfkwhu hw do1 +5334, iru dq looxvwudwlrq rq XV gdwd1
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hfrqrp|1 Wkh xvh ri wkuhh odwhqw idfwruv wr h{sodlq wkh |lhog fxuyh lv lq dffrugdqfh zlwk prvw

ri wkh �qglqjv suhvhqwhg lq wkh olwhudwxuh1 Lq wkh iroorzlqj/ zh �uvw vshfli| wkh frqwlqxrxv

wlph g|qdplfv ri wkh pdfurhfrqrplf yduldeohv lqfoxghg lq wkh prgho dqg wkhq zh dqdo|}h lwv

lpsolfdwlrqv iru wkh whup vwuxfwxuh ri lqwhuhvw udwhv1

514 G|qdplfv ri pdfurhfrqrplf dqg odwhqw idfwruv

Wkh g|qdplfv ri wkh idfwruv duh ghvfulehg e| d vlpsoh dqg vw|ol}hg frqwlqxrxv wlph prgho1

Zh vwduw e| suhvhqwlqj wkh g|qdplfv ri wkh revhuydeoh pdfurhfrqrplf yduldeohv/ rxwsxw jds

|+w, dqg lq dwlrq �+w,/ dqg ri wkhlu wlph0ydu|lqj fhqwudo whqghqflhv |W+w, dqg �W+w,=

g| +w, @ ^�++ +|W +w,� | +w,, . �+Z +�W +w,� � +w,, . �+4 +�W +w,� � +w,,` gw. �+gZ+ +w,

g� +w, @ ^�Z+ +|W +w,� | +w,, . �ZZ +�W +w,� � +w,, . �Z4 +�W +w,� � +w,,` gw. �ZgZZ +w,

g|W +w, @ �+W+W +�+W � |W +w,,gw. �+WgZ+W +w,

g�W +w, @ �ZWZW +�ZW � �W +w,,gw. �ZWgZZW +w,

+4,

zkhuh Z� +w, > l @ i|> �> |W> �Wj/ ghqrwh lqghshqghqw Zlhqhu surfhvvhv gh�qhg rq wkh sured0

elolw| vsdfh +
>I > LI> S ,/ zkhuh LI @ iI|jf$|$A 1 Dowkrxjk lw lv dvvxphg khuh wkdw edfnzdug0

orrnlqj prghov surylgh d jrrg uhsuhvhqwdwlrq ri wkh uhdolw|/ wkh lqfoxvlrq ri idfwruv uhsuhvhqw0

lqj orqj0uxq h{shfwdwlrqv ri pdfurhfrqrplf yduldeohv +l1h1 wkh fhqwudo whqghqflhv, gr jlyh

d iruzdug0orrnlqj glphqvlrq wr wkh prgho1 Wkh yduldeoh �+w, ghqrwhv wkh uhdo lqwhuhvw udwh

zklfk lv dovr xvhg wr vshfli| wkh lqvwdqwdqhrxv lqwhuhvw udwh u +w,=

u +w, � � +w, . � +w, +5,

Lw lv lpsolflwo| dvvxphg wkdw wkh prqhwdu| dxwkrulw| xvhv d ihhgedfn uxoh iru wkh uhdo lqwhuhvw

udwh1 Lq rwkhu zrugv/ fkdqjhv lq wkh +h{ srvw, uhdo lqwhuhvw udwh �+w, duh d uhvsrqvh wr ghyldwlrqv

ri wkh rxwsxw jds dqg2ru lq dwlrq iurp wkhlu fhqwudo whqghqflhv dqg wr d phdq uhyhuwlqj +uhdo

lqwhuhvw udwh vprrwklqj, frpsrqhqw uhodwlyh wr d vwrfkdvwlf orqj0uxq phdq �W +w,=

g� +w, @ ^�4+ +|
W +w,� | +w,, . �4Z +�

W +w,� � +w,, . �44 +�
W +w,� � +w,,`gw. �4gZ4 +w,

�W +w, @ �f . �+| +w, . �Z� +w, . �+W|
W +w, . �ZW�

W +w, =
+6,

zlwk Z4 +w, dovr uhsuhvhqwlqj d Zlhqhu surfhvv lqghshqghqw ri wkh rwkhu Zlhqhuv dv gh�qhg

ehiruh1 Wkh orqj0uxq uhdo lqwhuhvw udwh/ �W +w,/ uhsuhvhqwv/ lq idfw/ d orqj0uxq srolf| uxoh iru

wkh uhdo lqwhuhvw udwh zklfk frxog ghshqg erwk rq wkh revhuyhg pdfurhfrqrplf yduldeohv +|

dqg �, dqg rq wkhlu xqrevhuyhg fhqwudo whqghqflhv +|W dqg �W,1 Wkh fhqwudo edqn dovr kdv d

vkruw0uxq srolf| uxoh zklfk fdq eh lqihuuhg iurp wkh g|qdplfv lq +6,1 Wklv vkruw0uxq srolf|

uxoh lv glvfxvvhg lq ghwdlo lq d odwhu vhfwlrq1
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Dv fdq eh vhhq iurp htxdwlrqv +4, dqg +6,/ wkh g|qdplfv ri wkh v|vwhp lv prghohg lq

whupv ri ghyldwlrqv ri hdfk idfwru iurp lwv orqj0uxq h{shfwdwlrq/ h1j1 +|W +w,� | +w,,= Wklv lv

dovr ydolg iru wkh fhqwudo whqghqflhv ri rxwsxw jds dqg lq dwlrq zklfk duh dvvxphg wr kdyh

frqvwdqw orqj0uxq h{shfwdwlrqv uhsuhvhqwhg e| wkh sdudphwhuv �+W dqg �ZW / uhvshfwlyho|1 Lq

rwkhu zrugv/ rqo| ghyldwlrqv iurp wkh orqj0uxq h{shfwdwlrqv +fhqwudo whqghqflhv, ghwhuplqh

wkh vkruw0uxq g|qdplfv ri hdfk pdfurhfrqrplf yduldeoh1 Wklv lv/ lq idfw/ zkdw jxdudqwhhv

wkdw hdfk fhqwudo whqghqf| dfwv dv d orqj0uxq dwwudfwru iru wkh uhvshfwlyh idfwru rqfh vwdelolw|

lv lpsrvhg lq wkh v|vwhp1

Lq rughu wr idflolwdwh wkh uhsuhvhqwdwlrq ri wkh prgho/ zh uhzulwh wkh deryh g|qdplfv lq

pdwul{ qrwdwlrq1 Ghqrwlqj wkh qxpehu ri idfwruv e| q +htxdo wr �yh lq rxu fdvh,/ zh gh�qh dq

q { 4 yhfwru i +w, frqwdlqlqj doo wkh idfwruv lqfoxghg lq wkh prgho dqg dq q { 4 yhfwru gZ +w,

frqwdlqlqj wkh uhvshfwlyh vkrfnv wr hdfk ri wkrvh idfwruv dv=

i +w, �

3EEEEEC
| +w,
� +w,
� +w,
|W +w,
�W +w,

4FFFFFD > gZ +w, �

3EEEEEC
gZ+ +w,
gZZ +w,
gZ4 +w,
gZ+W +w,
gZZW +w,

4FFFFFD
Wkh yrodwlolwlhv ri wkh idfwruv duh uhsuhvhqwhg e| dq q { q gldjrqdo pdwul{ V dv=

V � gldj +�+> �Z> �4> �+W > �ZW,

Lq wklv zd|/ wkh g|qdplfv ri wkh hfrqrp| fdq eh uhvwdwhg dv iroorzv=

gi +w, @ N +� � i +w,,gw. VgZ +w, > +7,

zkhuh

N @

5999997
�++ � �+4�+ �+Z � �+4�Z �+4 ��++ � �+4�+W ��+Z � �+4�ZW
�Z+ � �Z4�+ �ZZ � �Z4�Z �Z4 ��Z+ � �Z4�+W ��ZZ � �Z4�ZW
�4+ � �44�+ �4Z � �44�Z �44 ��4+ � �44�+W ��4Z � �44�ZW

3 3 3 �+W+W 3
3 3 3 3 �ZWZW

6:::::8
dqg

� @ N3� ��+4�
f
> �Z4�

f
> �44�

f
> �+W+W�+W > �ZWZW�ZW

�� =
Vlqfh wkh pdwul{ N lv lq jhqhudo qrw gldjrqdo/ lw lv qrw vwudljkwiruzdug wr rewdlq forvhg

irup htxdwlrqv iru wkh h{shfwdwlrq ri wkh ohyho dqg ri wkh fryduldqfh pdwul{ ri wkh idfwruv1

Wkhvh frqfhswv duh/ qhyhuwkhohvv/ ri juhdw lpsruwdqfh lq rughu wr iruhfdvw wkh ixwxuh hyroxwlrq

ri wkh vwdwh ri wkh hfrqrp|1 D surfhgxuh wr jhqhudwh wkh frqglwlrqdo phdqv dqg wkh frqglwlrqdo

fryduldqfh pdwul{ ri wkh idfwruv lv suhvhqwhg lq Ghzdfkwhu hw do1 +5334,1 D vlplodu phwkrg

fdq eh irxqg lq Idfnohu +5333,1
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515 Lpsolfdwlrqv iru erqg pdunhwv

Htxdwlrqv +5, dqg +7, frpsohwho| vshfli| wkh g|qdplfv ri wkh pdfurhfrqrplf yduldeohv dqg ri

wkh lqvwdqwdqhrxv lqwhuhvw udwh1 Dv d frqvhtxhqfh/ wklv v|vwhp pxvw dovr ghwhuplqh wkh whup

vwuxfwxuh ri lqwhuhvw udwhv dqg lwv g|qdplfv xs wr vrph ulvn suhplxp frpsrqhqw1 Lq idfw/ wkh

devhqfh ri duelwudjh rssruwxqlwlhv lpsolhv wkdw }hur0frxsrq ghidxow0iuhh erqg sulfhv dw wlph

w pdwxulqj dw W> s +w> W ,/ duh wkh vroxwlrq wr wkh iroorzlqj frqglwlrqdo h{shfwdwlrq=

s +w> W , @ H'
|

3C h{s

3C�
A]
|

u +x, gx

4D4D > +8,

zkhuh T ghqrwhv wkh ulvn0qhxwudo suredelolw| phdvxuh1 Lq jhqhudo/ wklv ulvn0qhxwudo sured0

elolw| lv xqnqrzq dqg fdq rqo| eh vshfl�hg e| dvvxplqj vrph vshfl�fdwlrq iru wkh sulfhv ri

idfwru ulvn1 Iroorzlqj Gx�hh +5334,/ wlph yduldelolw| lq wkh sulfhv ri ulvn fdq eh fdswxuhg

e| vshfli|lqj sulfhv ri ulvn dv dq d!qh ixqfwlrq ri wkh idfwruv1 Wkh yhfwru frqwdlqlqj wkh

wlph0ydu|lqj sulfhv ri ulvn 1 lv wkhq gh�qhg dv=

1 +w, @ V�. V3��i+w,>

zkhuh � � +�+> �Z> �4> �+W�ZW,
� dqg � lv dq q { q pdwul{ frqwdlqlqj wkh vhqvlwlylwlhv ri wkh

sulfhv ri ulvn wr wkh ohyhov ri wkh vwdwh vsdfh idfwruv1 Fkdqjlqj suredelolw| phdvxuhv lv wkhq

hdvlo| grqh e| phdqv ri wkh Jluvdqry wkhruhp=

gZ+w, @ g �Z +w,� 1 +w,gw> +9,

zkhuh �Z� +w, frqvwlwxwhv d pduwlqjdoh xqghu phdvxuh T= Dqg wkh vwdwh vsdfh g|qdplfv fdq

eh uhvwdwhg lq whupv ri wklv ulvn0qhxwudo phwulf T dv=

gi +w, @ �N
�
�� � i +w,

�
gw. Vg �Z +w,

�N @ N.�

�� @ �N3�
�
N� � V2�

� +:,

D ixqfwlrqdo irup iru erqg sulfhv fdq eh rewdlqhg e| dvvxplqj wkdw erqg sulfhv duh wlph

krprjhqhrxv ixqfwlrqv ri wkh idfwruv i +w, dqg wkh wlph wr pdwxulw|/ � � W � w=

s +w> W , @ s +i +w, > �, @ h{s
�
�d +�,� e +�,� i +w,

�
+;,

zkhuh e +�, lv dq q { 4 yhfwru dqg e| lpsrvlqj wkh qr0duelwudjh frqglwlrq lq wkh erqg pdunhwv=

G' + s +i +w, > �,, @ u +w, s +i +w, > �, > +<,

zkhuh G' ghqrwhv wkh G|qnlq rshudwru xqghu wkh suredelolw| phdvxuh T1 Wkh lqwxlwlyh

phdqlqj ri wkh odwwhu frqglwlrq lv wkdw/ rqfh wudqviruphg wr d ulvn0qhxwudo zruog/ lqvwdqwdqhrxv

9



kroglqj uhwxuqv iru doo erqgv duh htxdo wr wkh lqvwdqwdqhrxv ulvnohvv lqwhuhvw udwh1 Reylrxvo|/

xvlqj Jluvdqry*v wkhruhp zh fdq lpphgldwho| lqihu wkh lpsolfdwlrqv iru wkh uhdo zruog e|

fkdqjlqj phdvxuh iurp wkh ulvn0qhxwudo T wr wkh klvwrulfdo phdvxuh S=

Htxdwlrqv +;, dqg +<, ghwhuplqh wkh vroxwlrq iru wkh ixqfwlrqv d +�, dqg e +�, lq whupv ri

d v|vwhp ri frxsohg ruglqdu| gl�huhqwldo htxdwlrqv +RGHv, wkdw/ lq wkh jhqhudo fdvh/ fdq eh

vroyhg qxphulfdoo|=
Cd +�,

C�
@ df .

�
�N��

��
e+�,� 4

5

?[
�'�

e2� +�,V
2
��

Ce +�,

C�
@ ef � �N�e+�,

+43,

D sduwlfxodu vroxwlrq wr wklv v|vwhp ri RGHv lv rewdlqhg e| vshfli|lqj d vhw ri lqlwldo frqglwlrqv

iru d dqg e= Lqvshfwlrq ri htxdwlrq +;, vkrzv wkdw wkh dssursuldwh lqlwldo frqglwlrqv duh=

d +3, @ 3 dqg e +3, @ 3= Wkh yhfwruv ri frqvwdqwv df dqg ef duh ghwhuplqhg e| wkh gh�qlwlrq

ri wkh qrplqdo lqwhuhvw udwh suhvhqwhg lq htxdwlrq +5,1 Lq rxu fdvh/ lw lpsolhv wkdw df @ 3 dqg

ef @ +3 4 4 3 3,�1

Wkh erqg sulflqj vroxwlrq ghulyhg khuh gl�huv lq lpsruwdqw zd|v iurp wkh rqhv lpsolhg e|

vwdqgdug lqghshqghqw pxowl0idfwru whup vwuxfwxuh prghov suhvhqwhg lq wkh olwhudwxuh1 Iluvw/

doorzlqj iru lqwhuuhodwlrqv dprqj wkh idfwruv +l1h1 qrq0}hur r�0gldjrqdo hohphqwv lq �N, jhq0

hudwhv d frxsohg v|vwhp ri RGHv lqvwhdg ri d vhw ri xqfrxsohg RGHv1 Wkh erqg sulflqj

vroxwlrq iru wkh d dqg e ixqfwlrqv/ wkhuhiruh/ lv qrw uhgxfhg wr wkh vwdqgdug pxowl0idfwru

uhvxow suhvhqwhg lq/ iru lqvwdqfh/ gh Mrqj +5333,1 Vhfrqg/ wkh idfwru ordglqjv qr orqjhu vwduw

iurp xqlw| dw pdwxulw| � @ 3= Wkh lqwurgxfwlrq ri vwrfkdvwlf fhqwudo whqghqflhv pdnhv wkdw

doo ri wkh wkhvh idfwruv kdyh }hur ordglqjv lq wkh ghwhuplqdwlrq ri wkh vkruw udwh1 Wkh| rqo|

lq xhqfh wkh lqvwdqwdqhrxv udwh lqgluhfwo| e| vhuylqj dv d orqj0uxq +vwrfkdvwlf, dwwudfwru1

516 Hvwlpdwlrq phwkrg

Jlyhq wkh Jdxvvldq +glvfuhwh wlph, surshuwlhv ri wkh deryh prgho zh fdq hvwlpdwh doo lwv

sdudphwhuv frqvlvwhqwo| e| phdqv ri pd{lpxp olnholkrrg hvwlpdwlrq/ xvlqj wkh Ndopdq �owhu

dojrulwkp wr frqvwuxfw wkh orjolnholkrrg ixqfwlrq1 Wkh Ndopdq �owhu lv fuxfldo vlqfh zh qhhg

wr �owhu wkh fhqwudo whqghqflhv +orqj0uxq iruhfdvwv, ri rxwsxw jds dqg lq dwlrq1 Iru wkh

phdvxuhphqw htxdwlrq/ zh frqvwuxfw d yhfwru } +w, frqwdlqlqj p }hur0frxsrq erqg |lhogv +a|�,

iru pdwxulwlhv �� wkurxjk �6 dqg wkh rxwsxw jds dqg lq dwlrq udwh dw wlph w= Edvhg rq wkh

wkhruhwlfdo prgho/ zh fdq zulwh wklv yhfwru } +w, lq whupv ri wkh idfwruv i +w, xvlqj qr0duelwudjh

uhodwlrqv dqg d shuihfw xsgdwlqj dvvxpswlrq iru wkh rxwsxw jds dqg lq dwlrq1 Zh wkhq kdyh

:



wkdw= 3EEEEEEC
a|� +w> ��,

111
a|6 +w> �6,

|+w,
� +w,

4FFFFFFD @

3EC d
3
3

4FD.

3EC E
h��
h�2

4FD
3EEEEEC

|+w,
�+w,
� +w,
|W+w,
�W +w,

4FFFFFD. 0| > +44,

zkhuh h� lv d +q � 4, froxpq yhfwru ri }hurv zlwk d rqh rq wkh lwk urz/ 0| lv dq +p.5, { 4

yhfwru ri phdvxuhphqw huuruv dqg

d @+d +��, @��> ====> d +�6, @�6,�

E @

3EC e +��,
� @��
111

e +�6,
� @�6

4FD =
+45,

Zh zulwh htxdwlrq +44, pruh frqflvho| dv=

} +w, @ f5 .Ki +w, . 0 +w,

H|

�
0 +w, 0 +w,�

�
@ U>

zlwk U�c� @ 3 iru l> m A p=

+46,

Wkh wudqvlwlrq htxdwlrq lv ghulyhg dv wkh glvfuhwh wlph uhsuhvhqwdwlrq ri wkh frqwlqxrxv wlph

prgho g|qdplfv=
i|n{| @ f.�+�w, +i| � f, . D+w,/

zlwk H| +D+w,D+w,�, @ T+�w,
+47,

Wkh vwdwh0iruhfdvwlqj dqg xsgdwlqj htxdwlrqv duh jlyhq uhvshfwlyho| e|=

ai|n{| � | @ f.�+�w,
�
ai| � | � f

�
+48,

aS|n{| � | @ �+�w,aS| � |�+�w,� .T +�w,

dqg=

ai|n{| � |n{| @ ai|n{| � | . aS|n{| � |K
�
�
KaS|n{| � |K

� .U
�3� �

} +w.�w,� f5 �Kai |n{| � |

�
aS|n{| � |n{| @ aS|n{| � | � aS|n{| � |K

�
�
KaS|n{| � |K

� .U
�3�

KaS|n{| � |=

+49,

Wkh gh�qlwlrqv dqg frpsxwdwlrqv ri wkh pdwulfhv�+�w, dqgT+�w, fdq eh irxqg lq Ghzdfkwhu

hw do1 +5334, ru Idfnohu +5333,1 Wkh �qdo jrdo ri wklv surfhgxuh lv wr pd{lpl}h wkh olnholkrrg

+pxowlyduldwh qrupdo, ri wkh suhglfwlrq huuruv ri wkh prgho +} +w.�w,� f5 �Kai |n{| � |,=

;



6 Hvwlpdwlrq ri wkh suh0HPX Exqghvedqn Prqhwdu| Srolf|
Uxoh

Wklv vhfwlrq frqfhqwudwhv rq wkh hvwlpdwlrq ri wkh deryh prgho xvlqj Jhupdq gdwd iru wkh

shulrg jrlqj iurp 4<;: xqwlo wkh ehjlqqlqj ri HPX lq Mdqxdu| 4<<<1 Zh ehjlq e| ghvfulelqj

wkh gdwd xvhg lq wkh hvwlpdwlrq dqg wkh pdlq hpslulfdo uhvxowv ri wkh prgho1 Zh hqg wklv

vhfwlrq zlwk d pruh ghwdlohg dqdo|vlv ri wkh vkruw0uxq uhdo lqwhuhvw udwh +d Wd|oru0w|sh uxoh,

dssolhg e| wkh Exqghvedqn gxulqj wklv shulrg1 Lq wkh qh{w vhfwlrq/ zh xvh wkrvh hvwlpdwhv wr

�owhu wkh uhdo lqwhuhvw udwh uxoh wkdw zrxog kdyh ehhq lq sodfh lq fdvh wkh Exqghvedqn zhuh

vwloo lq fkdujh ri wkh prqhwdu| srolf| lq Jhupdq|1

614 Gdwd

Iru wkh hvwlpdwlrq ri wkh prgho/ zh xvh prqwko| gdwd iru Jhupdq| iru wkh shulrg 4<;:=37 wr

4<<;=451 Lq rughu wr jhw d vljql�fdqwo| dffxudwh uhsuhvhqwdwlrq ri wkh |lhog fxuyh zh hpsor|

d wrwdo ri hljkwhhq pdwxulwlhv= 4 wr 45 prqwkv dqg 5/ 6/ 7/ 8/ :/ dqg 43 |hduv1 Zh uhwulhyhg

lqwhuedqn pdunhw udwhv dqg vzds udwhv iurp Gdwdvwuhdp1 Wkh |lhogv zlwk pdwxulwlhv xs wr

4 |hdu zhuh frqvwuxfwhg iurp lqwhuedqn pdunhw udwhv dqg wkrvh zlwk kljkhu pdwxulwlhv zhuh

frqvwuxfwhg iurp vzds udwhv xvlqj wkh phwkrg suhvhqwhg lq Sld}}hvl +5334,1 Lq wkh iroorzlqj/

zh uhihu wr lw dv wkh VZDS |lhog fxuyh61 Wkh g|qdplfv ri d vhohfwlrq ri wkhvh |lhogv fdq eh

vhhq dw wkh erwwrp sdqho ri Iljxuh 41

Lqvhuw Iljxuh 4

Wkh rxwsxw jds dqg lq dwlrq vhulhv zhuh rewdlqhg iurp LPI Lqwhuqdwlrqdo Ilqdqfldo Vwdwlvwlfv

+LIV,1 Vlqfh JGS lv qrw dydlodeoh dw d prqwko| iuhtxhqf| zh xvh wkh lqgxvwuldo surgxfwlrq

vhulhv dv d sur{| iru wkh rxwsxw yduldeoh1 Rxwsxw lv wkhq wudqviruphg lqwr rxwsxw jds e|

vxewudfwlqj d olqhdu wuhqg1 Qrwh wkdw zh gr qrw xvh wkh vwdqgdug Krgulfn0Suhvfrww +KS, �owhu

wr frqvwuxfw wkh rxwsxw jds vlqfh wklv zrxog jhqhudwh d kljko| qrq0olqhdu rxwsxw wuhqg dqg

zrxog ohdyh sduw ri wkh lqirupdwlrq uhjduglqj wkh surgxfwlrq g|qdplfv rxw ri wkh dqdo|vlv17

Wkh lq dwlrq vhulhv lv frqvwuxfwhg xvlqj wkh Jhupdq FSL lqgh{ dqg lv uhsruwhg lq s1d1 whupv1

Wkh rxwsxw jds dqg lq dwlrq vhulhv duh dovr ghslfwhg lq Iljxuh 41

D vwdwlvwlfv vxppdu| ri suh0HPX dqg HPX gdwd fdq eh irxqg lq Wdeoh 41 Wkh |lhog fxuyh

lv rq dyhudjh prqrwrqlfdoo| lqfuhdvlqj zkloh lwv yduldqfh whqgv wr ghfuhdvh zlwk pdwxulw|1

Qrupdolw| lv vwurqjo| uhmhfwhg iru prvw wlph vhulhv1

Lqvhuw Wdeoh 4
6Qrwh dovr wkdw zh zloo qhjohfw dq| fuhglw ulvn wkdw pljkw eh suhvhqw lq wkh gdwd1 Fuhglw ulvn lv qrw wkh

irfxv ri wklv sdshu dqg lw fdq eh dujxhg wkdw wkh lpsolhg VZDS |lhogv duh rqo| plqlpdoo| d�hfwhg e| wkh
fuhglw ulvn gxh wr vshfldo qhwlqj ihdwxuhv +vhh Gx!h dqg Kxdqj +4<<9,,1

7Wkh prgho zdv dovr hvwlpdwhg xvlqj wkh vwdqgdug KS0�owhuhg rxwsxw jds vhulhv1 Wkh pdlq frqfoxvlrqv duh
qrw vljql�fdqwo| dowhuhg1

<



615 Hpslulfdo Uhvxowv

Zh qrz suhvhqw wkh hvwlpdwhv ri wkh prgho sdudphwhuv iru wkh suh0HPX shulrg +4<;:=370

4<<;=45,1 Wkhvh hvwlpdwhv duh frqvlghuhg wr jlyh d jrrg uhsuhvhqwdwlrq ri wkh Exqghvedqn

prqhwdu| srolf| uxoh1 Wkh sdudphwhu hvwlpdwhv fdq eh irxqg lq Wdeohv 5 dqg 68=

Lqvhuw Wdeohv 5 dqg 6

Rxu �uvw revhuydwlrq frqfhuqv wkh vljql�fdqfh ri wkh dwwudfwlqj surshuwlhv ri wkh wlph0

ydu|lqj fhqwudo whqghqflhv lq wkh prgho1 Wklv fdq eh vhhq iurp wkh vwdwlvwlfdo vljql�fdqfh ri

wkh �uvw wkuhh hohphqwv ri wkh gldjrqdo ri wkh pdwul{N +vhh Wdeoh 5,1 Doo wkh �owhuhg idfwruv

fdq eh vhhq lq Iljxuh 51 Wkh gdvkhg olqhv ghslfw wkh orqj0uxq ehkdylru ri hdfk pdfurhfrqrplf

vhulhv1 Wkh fhqwudo whqghqf| ri rxwsxw jds +|W, jlyhv xv dq lghd ri wkh Jhupdq exvlqhvv f|foh

gxulqj rxu vdpsoh shulrg1 Wkh fhqwudo whqghqf| ri lq dwlrq +�W, fdq eh vhhq dv wkh orqj0uxq

h{shfwdwlrq ri wkh pdunhw uhjduglqj wkh ohyho ri lq dwlrq1 Rqh revhuyhv d vljql�fdqw gurs

lq wklv yduldeoh dw wkh hqg ri 4<<;1 Ilqdoo|/ wkh fhqwudo whqghqf| ri wkh uhdo lqwhuhvw udwh

wudfnv wkh orqj0uxq prqhwdu| srolf| ri wkh Exqghvedqn1 Wkh erwwrp sdqho ri wklv �jxuh dovr

suhvhqwv wkh Exqghvedqn vkruw0whup uhdo lqwhuhvw udwh uxoh1 Wklv wlph vhulhv zloo eh glvfxvvhg

lq wkh qh{w vxe0vhfwlrq1 Wkh uhvxowlqj �w ri wkh wkuhh pdfurhfrqrplf vhulhv +rxwsxw jds/

lq dwlrq dqg uhdo lqwhuhvw udwh, lv suhvhqwhg lq Iljxuh 61 Wkh *gdwd* iru wkh uhdo lqwhuhvw

udwh zdv frpsxwhg edvhg rq wkh rqh0prqwk |lhog dqg lv/ wkhuhiruh/ dq dssur{lpdwlrq ri wkh

lqvwdqwdqhrxv uhdo lqwhuhvw udwh1

Lqvhuw Iljxuhv 5 dqg 6

Lq rughu wr nhhs wkh prgho dv sduvlprqlrxv dv srvvleoh/ zh dvvxph wkh phdvxuhphqw huuru

fryduldqfh pdwul{ +U, wr eh gldjrqdo1 Khqfh/ wkh qxpehu ri sdudphwhuv wr eh hvwlpdwhg lv

uhvwulfwhg wr p1 Wkh odvw wzr urzv dqg froxpqv ri wklv pdwul{ duh htxdo wr }hur vlqfh zh

shuihfwo| xsgdwh wkh rxwsxw jds dqg lq dwlrq +vhh ht1+46,,1 Wkh pd{lpxp phdvxuhphqw

huuru lpsolhg e| wkhvh hvwlpdwhv lv htxdo wr dssur{lpdwho| 43 edvlv srlqwv +vhh Wdeoh 6,1

Wkh uhvxowlqj �w ri wkh whup vwuxfwxuh fdq eh vhhq lq Iljxuhv 7091 E| ylvxdo lqvshfwlrq/ zh

frqvlghu wkh jhqhudo �w iru doo pdwxulwlhv dv uhdvrqdeo| jrrg1 Wkh ordglqjv iru hdfk pdwxulw|

zlwk uhvshfw wr wkh ydulrxv idfwruv +vhh htxdwlrq 45, duh vkrzq lq Iljxuhv : dqg ;1 Zh fdq

gudz d qxpehu ri revhuydwlrqv iurp Iljxuh ;= l, zh gr qrw �qg d fohdu ohyho h�hfw dv lv

frpprqo| uhsruwhg lq wkh olwhudwxuh +vhh/ iru lqvwdqfh/ Ehudugl +5334,,> ll, doprvw doo idfwruv

+h{fhsw wkh rxwsxw jds, h{huw d vljql�fdqw lq xhqfh rq wkh vkruw0hqg ri wkh |lhog fxuyh +qrwh

wkdw gxh wr wkh vshfl�fdwlrq ri wkh lqwhuhvw udwh lq htxdwlrq +5,/ erwk lq dwlrq dqg wkh uhdo

8Wkh prgho zdv hvwlpdwhg lq d vlqjoh0vwhs surfhgxuh1 Wkh rswlpl}dwlrq zdv shuiruphg xvlqj wkh Eur|ghq0
Iohwfkhu0Jrogidue0Vkdqqr +EIJV, dojrulwkp zlwk d frqyhujhqfh wrohudqfh iru wkh judglhqw ri wkh hvwlpdwhg
frh!flhqwv htxdo wr 4H091 Dv xvxdo/ wkh urexvwqhvv ri wkh uhsruwhg *rswlpxp* zdv fkhfnhg e| hydoxdwlqj wkh
frqyhujhqfh ri wkh prgho iurp dq duud| ri vwduwlqj srlqwv1

43



lqwhuhvw udwh vwduw e| gh�qlwlrq dw 4,> lll, wkh orqj0hqg ri wkh |lhog fxuyh lv pdlqo| ghwhuplqhg

e| wkh fhqwudo whqghqf| ri lq dwlrq ru/ lq rwkhu zrugv/ e| orqj0uxq lq dwlrq iruhfdvwv1 Dqj

dqg Sld}}hvl +5334, dovr srlqw rxw wkh lpsruwdqfh ri vlplodu idfwruv lq h{sodlqlqj wklv uhjlrq

ri wkh |lhog fxuyh> ly, erwk rxwsxw jds dqg rxwsxw jds fhqwudo whqghqf| kdyh d kxps0vkdshg

h�hfw rq wkh |lhog fxuyh zlwk d pd{lpxp h�hfw rq |lhogv zlwk pdwxulwlhv ri dssur{lpdwho| 9

prqwkv dqg 5 |hduv/ uhvshfwlyho|1

Lqvhuw Iljxuhv 7 wr ;

Dowkrxjk rqh fdq vhh wkh uhodwlyho| orz h�hfw ri wkh rxwsxw jds rq wkh |lhog fxuyh +Iljxuh

;,/ rqh vkrxog qrwlfh wkdw wklv idfwru lv rqh ri wkh lpsruwdqw vrxufhv ri yduldwlrq lq wkh ulvn

suhpld/ dorqj zlwk wkh uhdo lqwhuhvw udwh dqg wkh fhqwudo whqghqf| ri lq dwlrq1 Wklv fdq eh

vhhq lq Iljxuh < zklfk suhvhqwv wkh ghfrpsrvlwlrq ri wkh ulvn suhpld dprqj doo wkh idfwruv

iru d vhohfwlrq ri wkh |lhogv1 Wkh dyhudjh ulvn suhplxp ohyho +qrw suhvhqwhg khuh, lqfuhdvhv

zlwk pdwxulw|/ uhdfklqj d pd{lpxp ri 415( iru orqj0whup erqgv1

Lqvhuw Iljxuh <

616 Wkh Exqghvedqn prqhwdu| srolf| uxoh +4<;:=3704<<;=45,

Wkh hvwlpdwhv suhvhqwhg lq wkh suhylrxv vhfwlrq doorz xv wr txdqwlwdwlyho| dvvhvv dq h{whqghg

w|sh ri Wd|oru uxoh zklfk jlyhv xv d ixuwkhu lqwhusuhwdwlrq rq wkh Exqghvedqn prqhwdu|

srolf|1 Wkh deryh prgho srvlwv lpsolflwo| d uhdo lqwhuhvw udwh uxoh iru wkh fhqwudo edqn ri wkh

iroorzlqj irup=
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�Wr @ �f .

#
�+ �

�4+
�44

$
| +w, .

#
�Z � �4Z

�44

$
� +w, .

#
�+W .

�4+
�44

$
|W +w, .

#
�ZW .

�4Z
�44

$
�W +w,� ~} �

fhqwudo edqn vkruw0whup wdujhw

=

+4:,

Wklv uhvwdwhphqw ri wkh g|qdplfv ri wkh uhdo lqwhuhvw udwh fdq eh xvhg wr dqdo|}h wkh lpsolflw

prqhwdu| srolf| uxoh xvhg e| wkh Exqghvedqn1 Wklv srolf| uxoh fdq eh ghfrpsrvhg lqwr wzr

sduwv= d wdujhw uhdo lqwhuhvw udwh ydoxh/ �Wr/ dqg d vshhg ri frqyhujhqfh +lqwhuhvw udwh lqhuwld,

lq whupv ri wkh dgmxvwphqw sdudphwhu �44= Wkh hvwlpdwhg wdujhw uxoh fdq eh uhzulwwhq dv=

�Wr @ 3=35;8� 3=3;;+| +w,� |W +w,,� 3=587+� +w,� �W +w,, . 3=76:|W +w, . 3=733�W +w, +4;,

Wklv htxdwlrq vwdqgv lq frqwudvw wr wkh vwdqgdug edfnzdug0orrnlqj Wd|oru uxohv zklfk gr qrw

lqfrusrudwh wkh orqj0uxq whqghqflhv ri rxwsxw jds dqg lq dwlrq1 Wkh lqfoxvlrq ri wkh fhqwudo

whqghqflhv lq wkh srolf| uxoh lv lq rxu ylhz lqglfdwlyh ri wkh iruzdug orrnlqj qdwxuh ri wkh

prqhwdu| srolf|1 Wkh ghvfulehg uxoh vwdwhv wkdw wdujhw uhdo lqwhuhvw udwh pryhv srvlwlyho|
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zlwk wkh orqj0uxq fhqwudo whqghqflhv +h{shfwdwlrqv, ri rxwsxw jds dqg lq dwlrq1 Lq wklv

uhvshfw/ zh vhh wkdw wkh uhdo lqwhuhvw udwh uxoh lv vwurqjo| ghshqghqw rq h{shfwhg ixwxuh

rxwsxw jds dqg lq dwlrq1 Qh{w wr wkhvh orqj0uxq vrxufhv ri yduldwlrq/ uhdo lqwhuhvw udwhv

duh dovr ghwhuplqhg e| vkruw0uxq h{shfwdwlrqv edvhg rq fxuuhqw hfrqrplf frqglwlrqv1 Wkhvh

idfwruv duh prghohg wkurxjk ghyldwlrqv iurp wkhlu fhqwudo whqghqflhv1 Khuh zh �qg wkdw wkh

vhqvlwlylwlhv duh qhjdwlyh dqg vpdoohu wkdq wkh orqj0uxq rqhv1 Qrwh wkdw wkh qhjdwlyh vljq

vkrxog qrw frph dv d vxusulvh1 Wkh phdq uhyhuwlqj surshuwlhv ri wkh prgho lq idfw lpso|

wkdw/ iru lqvwdqfh/ d srvlwlyh lq dwlrq gl�huhqwldo +| +w, A |W +w,, lpsolhv dq h{shfwdwlrq ri d

ixwxuh ghfuhdvh lq revhuyhg lq dwlrq1 Lq vkruw/ zh �qg hylghqfh ri d prqhwdu| srolf| uxoh wkdw

uhdfwv vwurqjo| wr ixwxuh h{shfwhg rxwsxw jds dqg lq dwlrq dqg dgmxvwv wr d ohvvhu h{whqw wr

vkruw0uxq h{shfwdwlrqv +ghfuhdvlqj lqwhuhvw udwhv zkhqhyhu wkh rxwsxw jds dqg lq dwlrq duh

h{shfwhg wr ghfuhdvh lq wkh qhdu ixwxuh,1

D vhfrqg sduw ri wkh dfwxdo uhdo lqwhuhvw udwh g|qdplfv lv uhodwhg wr wkh frqyhujhqfh

surshuwlhv wrzdugv wklv wdujhw1 Wklv lv phdvxuhg e| wkh sdudphwhu �44/ hvwlpdwhg dw 518 rq d

|hduo| edvlv1 Wklv hvwlpdwh lpsolhv d kdoylqj wlph ri wkh ghyldwlrq ri wkh fxuuhqw udwh iurp

wkh wdujhw ri derxw wkuhh wr irxu prqwkv/ lqglfdwlqj wkdw wkh prqhwdu| srolf| lv vxfk wkdw uhdo

lqwhuhvw udwhv duh dgmxvwhg txlfno| wr wklv wlph0ydu|lqj wdujhw1 Wklv vwurqj dqg vwdwlvwlfdoo|

vljql�fdqw phdq uhyhuvlrq doorzv xv wr lqwhusuhw wkh wdujhw udwh dv d uhodwlyho| vkruw0whup

wdujhw udwh1

Ilqdoo|/ wkh prgho dovr doorzv iru zkdw frxog eh fdoohg dq htxloleulxp lqwhuhvw udwh uxoh/

zklfk suhvhqwv d uxoh wkdw zrxog dsso| li doo pdfurhfrqrplf yduldeohv zhuh dw wkhlu orqj0uxq

h{shfwdwlrqv/ l1h1 � +w, @ �W +w, dqg | +w, @ |W +w, +lpso|lqj wkdw � +w, @ �W +w,,= Wklv uxoh fdq

eh lqwhusuhwhg dv dq htxloleulxp Wd|oru uxoh1 Wkh hvwlpdwhg htxloleulxp lqwhuhvw udwh uxoh

uhvhpeohv yhu| vwurqjo| wkh vwdqgdug Wd|oru uxoh hvwlpdwhv1 Pruh lq sduwlfxodu/ wkh hvwlpdwhg

htxloleulxp uxoh ri rxu prgho jlyhv=

�� @ 3=35;8 . 3=76:|W +w, . 3=7�W +w, +4<,

zklfk uhzulwwhq lq whupv ri wkh qrplqdo lqwhuhvw udwh wdujhw jlyhv=

�~ @ 3=35;8 . 3=76:|W +w, . 4=7�W +w, +53,

Wkh odwwhu htxdwlrq frphv forvh wr wkh wdujhw uxohv uhsruwhg lq wkh olwhudwxuh iru wkh Exq0

ghvedqn1 Iru lqvwdqfh/ Idxvw hw do1 +5334, �qg ydoxhv iru wkh frqvwdqw uhdo lqwhuhvw udwh ri

31358;/ dq rxwsxw vhqvlwlylw| ri 314< dqg dq lq dwlrq vhqvlwlylw| ri 41641 Rxu hvwlpdwhv duh

dovr uhdvrqdeo| forvh wr wkrvh uhsruwhg e| Fodulgd hw do1 +4<<;,1

Wr vxppdul}h/ wkh hvwlpdwhv uhsruwhg lq wklv vhfwlrq gr surylgh hylghqfh wkdw wkh sursrvhg

prgho grhv fdswxuh lqwhuhvw udwh srolf| dqg whup vwuxfwxuh g|qdplfv vx!flhqwo| dffxudwho|

wr xvh wklv prgho wr jhqhudwh wkh ehqfkpdun whup vwuxfwxuhv iru wkh jhupdq erqg pdunhwv1
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Lq wkh qh{w vhfwlrq zh xvh wklv prgho wr jhqhudwh/ ru �owhu/ wkh whup vwuxfwxuh wkdw zrxog

rffxu xqghu wkh dvvxpswlrq wkdw wkh Exqghvedqn zhuh vwloo lq frqwuro ri prqhwdu| srolf|1

7 Surmhfwlqj Jhupdq prqhwdu| srolf| rqwr wkh HPX shulrg
+4<<<=3405335=35,

Zh qrz wxuq wr wkh pdlq remhfwlyh ri wklv sdshu zklfk lv wkh dvvhvvphqw ri wkh h�hfwv ri

Hxurshdq prqhwdu| xql�fdwlrq rq wkh Jhupdq prqhwdu| srolf| uxoh dqg rq wkh Jhupdq

VZDS |lhog fxuyh1 Zh dvvxph wkdw HPX glg qrw wdnh sodfh dqg wkdw wkh Exqghvedqn

uhpdlqhg lq fkdujh ri Jhupdq prqhwdu| srolf| vlqfh wkh ehjlqqlqj ri 4<<<1 Zh xvh wzr

gl�huhqw phwkrgv wr rewdlq wkh wkuhh xqrevhuyhg vhulhv lq rxu prgho= wkh uhdo lqwhuhvw udwh

dqg wkh fhqwudo whqghqflhv ri rxwsxw jds dqg lq dwlrq iru wkh shulrg 4<<<=34 xqwlo 5335=351

Wkhvh vhulhv duh wkhq xvhg wr frpsxwh wkh lpsolhg |lhog fxuyh iru wkh vdph shulrg1 Zh �qdoo|

frpsduh erwk wkh revhuyhg uhdo lqwhuhvw udwh dqg wkh |lhog fxuyh xqghu HPX zlwk wkh �owhuhg

rqhv edvhg rq wkh Exqghvedqn ehkdylru1 Wklv frpsdulvrq doorzv xv wr dvvhvv shulrg e|

shulrg wkh h{lvwhqfh ri vwuxfwxudo gl�huhqfhv ehwzhhq wkh wzr srvvleoh vwdwhv iru wkh Jhupdq|

prqhwdu| srolf| +xqghu HFE ru Exqghvedqn frqwuro,1

Dv phqwlrqhg/ wzr phwkrgv duh hpsor|hg lq rughu wr rewdlq wkh wkuhh xqrevhuyhg pdfur0

hfrqrplf vhulhv iru wkh shulrg 4<<<=3405335=35 zklfk duh xvhg wr frqvwuxfw wkh k|srwkhwlfdo

Jhupdq |lhog fxuyhv xqghu wkh Exqghvedqn1 Wkh �uvw phwkrg frqvlvwv ri jhqhudwlqj wkh

suhglfwlrq ghqvlwlhv iru wkh xqrevhuyhg vhulhv gxulqj wkh HPX hud dqg frpsxwlqj wkh lpsolhg

|lhog fxuyhv dqg wkhlu frq�ghqfh erxqgv edvhg rq wkh hvwlpdwhv suhvhqwhg lq wkh suhylrxv

vhfwlrq1 Zh wkhq yhuli| zkhwkhu wkh revhuyhg |lhog fxuyhv idoo zlwklq wkh frqvwuxfwhg frq�0

ghqfh erxqgv1 Zlwklq wkh frqwh{w ri wkh deryh Jdxvvldq prgho/ wkh suhglfwlrq ri wkh idfwruv

dqg wkh frqvhtxhqw frpsxwdwlrq ri wkh |lhog fxuyhv fdq eh grqh hdvlo|1 Ghqrwlqj wkh hqg gd|

ri wkh Exqghvedqn shulrg e| W dqg wkh suhglfwlrq krul}rq e| � / wkh suredelolw| ghqvlw| ri

wkh |lhog fxuyh lv jlyhq e|=
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>EaSAn� �AE
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�
> +54,

zkhuh aSAn� �A ghqrwhv wkh yduldqfh0fryduldqfh pdwul{ ri wkh fxpxodwlyh idfwru vkrfnv ryhu wkh

suhglfwlrq krul}rq � = Iurp wklv pxowlyduldwh qrupdolw| dvvxpswlrq/ |lhog fxuyh iruhfdvwv dqg

frq�ghqfh erxqgv duh hdvlo| frqvwuxfwhg iru dq| uhohydqw suhglfwlrq krul}rq � = Wkh uhvxowv

iru wkh 4; pdwxulwlhv xvhg ehiruh duh ghslfwhg lq Iljxuhv 430451

Lqvhuw Iljxuhv 43045

Wkh pdlq frqfoxvlrq gudzq iurp wkrvh judskv lv fohduo| wkdw suhglfwlqj wkh |lhog fxuyh

vrph prqwkv lqwr wkh ixwxuh grhv qrw |lhog d orw ri lqirupdwlrq uhjduglqj wkh hyroxwlrq

ri ixwxuh lqwhuhvw udwhv1 Gxh wr wkh yhu| kljk lqhuwld lq wkh odwhqw idfwruv/ zh �qg wkdw
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wkh suhglfwlrq ghqvlwlhv duh grplqdwhg e| wkh qhdu xqlw urrw frpsrqhqw lq wkh lqwhuhvw udwh

vhulhv= rswlpdo suhglfwruv duh forvh wr wkh odvw revhuyhg ydoxh dqg frq�ghqfh lqwhuydov lqfuhdvh

txdvl0olqhduo| lq wkh suhglfwlrq krul}rq1

Lq rughu wr rewdlq pruh suhflvh hvwlpdwhv ri wkh jhupdq whup vwuxfwxuh/ zh hpsor| d

vhfrqg phwkrg wkdw pdnhv xvh ri dgglwlrqdo lqirupdwlrq uhjduglqj wkh jhupdq hfrqrplf

frqglwlrqv +lq dwlrq dqg rxwsxw, gxulqj wkh HPX shulrg1 Lq wkh deryh iruhfdvwlqj h{huflvh/

zh glg qrw xvh wklv dgglwlrqdo lqirupdwlrq wr jhqhudwh wkh lpsolhg |lhog fxuyhv1 Iruhfdvwhg

ydoxhv zhuh xvhg iru doo wkh idfwruv lqfoxglqj rxwsxw jds dqg lq dwlrq1 Qrz/ lqvwhdg ri

iruhfdvwlqj zh �owhu wkh hfrqrplf vwdwh +uhdo lqwhuhvw udwh dqg fhqwudo whqghqflhv ri rxwsxw

jds dqg lq dwlrq, frqglwlrqdo rq wkh revhuyhg rxwsxw jds dqg lq dwlrq ohyhov lq Jhupdq|1

Wklv �owhulqj surfhgxuh fdq eh hdvlo| shuiruphg jlyhq wkh hvwlpdwhg vwdwh g|qdplfv suhvhqwhg

lq wkh suhylrxv vhfwlrq1

Ilowhulqj ri wkh rxwsxw jds dqg lq dwlrq fhqwudo whqghqflhv fdq eh grqh e| dgdswlqj wkh

phdvxuhphqw dqg wkh xsgdwlqj htxdwlrq dv iroorzv=
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�W +w,

4FFFFFD. 0| +55,

zklfk lq yhfwru qrwdwlrq ehfrphv=

�} +w, @ �Ki +w, . �0 +w, +56,

|lhoglqj wkh vwdwh yhfwru dqg yduldqfh xsgdwlqj g|qdplfv=
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+57,

Dgdswlqj wkh Ndopdq �owhu lq wklv zd| lpsolhv wkdw zh �owhu iru wkh hqwluh hfrqrplf vwdwh

yduldeoh i wdnlqj lqwr dffrxqw wkh revhuydwlrqv rq | dqg � gxulqj wkh HPX shulrg1 Pruhryhu/

wkh �owhu zloo shuihfwo| xsgdwh wkh dfwxdo rxwsxw jds dqg lq dwlrq vhulhv dqg jhqhudwh rswlpdo

�owhuhg ydoxhv iru wkh xqrevhuydeoh uhdo lqwhuhvw udwh dqg rxwsxw jds dqg lq dwlrq fhqwudo

whqghqflhv1 Qrwh/ krzhyhu/ wkdw lq jhqhudwlqj wkh �owhuhg yduldeohv zh wdnh lqwr dffrxqw doo

lqirupdwlrq ri wkh vwdwh vsdfh g|qdplfv/ l1h1 zh xvh wkh pdwulfhv � dqg �T lq wklv �owhulqj

surfhgxuh1 Wklv �owhulqj lv pruhryhu yhu| olnho| wr uhgxfh wkh xqfhuwdlqw| durxqg wkh suhglfwhg
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�owhuhg Exqghvedqn |lhog fxuyh/ dv qhz lqirupdwlrq frqfhuqlqj wkh dw wkdw wlph suhydlolqj

lq dwlrq dqg rxwsxw jds duh lqfrusrudwhg lqwr wkh lqirupdwlrq vhw1 Wkh suredelolw| ghqvlw|

ri wkh |lhog fxuyh fdq wkhq eh ghvfulehg dv=
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Wkh frq�ghqfh erxqgv iru wkh xqrevhuyhg idfwruv dqg iru wkh frqvwuxfwhg |lhog fxuyhv fdq

eh vhhq lq Iljxuh 461 Iljxuh 47 vkrzv wkh �owhuhg uhdo lqwhuhvw udwh +gdvkhg olqh, lq frpsdulvrq

zlwk wkh revhuyhg Jhupdq uhdo lqwhuhvw udwh +vrolg olqh,1 Rqh fdq vhh fohduo| wkdw diwhu plg0

4<<< wkh revhuyhg prqhwdu| srolf| xqghu HPX +vrolg olqh, vwduwv wr gl�hu vxevwdqwldoo| iurp

wkh rqh zklfk zrxog kdyh ehhq dssolhg e| wkh Exqghvedqn lq fdvh lw zhuh vwloo lq fkdujh ri

wkh Jhupdq prqhwdu| srolf|1 Durxqg wkh wklug txduwhu ri 5333 wklv gl�huhqfh ehfrphv wkhq

vwdwlvwlfdoo| vljql�fdqw1 Prvw lpsruwdqwo|/ lw vhhpv/ dv h{shfwhg/ wkdw wkh Exqghvedqn zrxog

kdyh suhihuuhg kljkhu uhdo lqwhuhvw udwhv wkdq wkh rqhv lq sodfh vlqfh 4<<<1

Lqvhuw Iljxuhv 46 dqg 47

Iljxuhv 4804: sorw wkh �owhuhg |lhogv iru wkh 4; pdwxulwlhv xvhg vr idu/ udqjlqj iurp 4

prqwk wr 43 |hduv1 Zh vhh wkdw wkh gl�huhqfh ehwzhhq wkh revhuyhg dqg wkh �owhuhg |lhogv

lv pruh surqrxqfhg iru wkh vkruw0whup pdwxulwlhv1 Iru wkh orqj0whup pdwxulwlhv wkh h�hfwv

ri wkh gl�huhqw prqhwdu| srolflhv +xqghu HPX dqg xqghu wkh Exqghvedqn, ehfrph wkhq ohvv

vljql�fdqw1

Lqvhuw Iljxuhv 4804:

Wr vxppdul}h/ xvlqj wklv vhfrqg �owhulqj phwkrg/ zh rewdlq uhodwlyho| suhflvh vljqdov wkdw

doorz xv wr pdnh d glvwlqfwlrq ehwzhhq zkdw wkh Exqghvedqn zrxog kdyh grqh/ jlyhq wkh

revhuyhg lq dwlrq udwh dqg rxwsxw jds/ dqg zkdw wkh HFE lpsrvhv dv d |lhog fxuyh xsrq

Jhupdq|1 Zh �qg wkdw wkh Exqghvedqn zrxog kdyh fkrvhq kljkhu lqwhuhvw udwhv/ hvshfldoo|

lq wkh vkruw uxq1 Pruhryhu/ lw vhhpv wkdw wkh orqj0uxq |lhogv gr qrw gl�hu wr wkh vdph h{whqw/

lpso|lqj wkdw qrw rqo| wkh ohyho ri lqwhuhvw udwhv lv d�hfwhg e| wkh HFE exw dovr wkh vsuhdg

ri wkh |lhog fxuyh1 Lq idfw/ wkh HFE edvlfdoo| lpsrvhg orzhu vkruw0uxq lqwhuhvw udwhv rq wkh

HPX duhd exw lqfuhdvhg wkh vsuhdg ri wkh whup vwuxfwxuh1 Wklv vxjjhvwv d odujhu ulvn suhpld

frpsrqhqw gxulqj wkh HFE shulrg wkdq gxulqj wkh Exqghvedqn shulrg1
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8 Frqfoxvlrqv

Lq wklv sdshu zh dqdo|}hg wkh lpsolfdwlrqv ri wkh prqhwdu| xql�fdwlrq iru Jhupdq erqg

pdunhwv e| uhsurmhfwlqj wkh Exqghvedqn prqhwdu| srolf| ryhu wkh HPX shulrg1 E| h{whqvlrq/

dqg dvvxplqj wkdw Jhupdq| zrxog kdyh uhpdlqhg wkh fruh ri wkh HUP/ wklv Exqghvedqn

|lhog fxuyh zrxog dovr vhuyh dv d ehqfkpdun lq wkh rwkhu HUP frxqwulhv1 Lq olqh zlwk pdq|

�qdqfldo dqdo|vwv/ zh �qg wkdw wkh dfwxdoo| revhuyhg HFE lqwhuhvw udwhv +lq Jhupdq pdunhwv,

duh vljql�fdqwo| orzhu wkdq wkh| zrxog kdyh ehhq xqghu Exqghvedqn srolf|1 Pruhryhu/ lw

vhhpv wkdw/ qh{w wr wkh orzhu lqwhuhvw udwh ohyho/ HFE vsuhdgv whqg dovr wr eh odujhu wkdq wkh|

zrxog kdyh ehhq xqghu wkh Exqghvedqn uhjlph1

Qh{w wr surylglqj hvwlpdwhv ri wkh ehqfkpdun Exqghvedqn prqhwdu| srolf|/ wklv sdshu

dovr surylghv dq hdv|0wr0xvh phwkrg wr hydoxdwh wkh HFE srolf| uhodwlyh wr wkh Exqghvedqn

ehqfkpdun iru vrph wlph lqwr wkh ixwxuh1 E| lqfrusrudwlqj wkh fxuuhqw hfrqrplf vlwxdwlrq

+lqvwhdg ri jhqhudwlqj suhglfwlrq ghqvlwlhv, zh duh deoh wr xvh �owhulqj surfhgxuhv wr jhqhudwh

wkh xqrevhuyhg odwhqw idfwruv +uhdo lqwhuhvw udwh dqg fhqwudo whqghqflhv ri rxwsxw jds dqg

lq dwlrq,1 Wklv �owhulqj whfkqltxh kdv wkh ghvludeoh surshuw| wkdw wkh �owhulqj xqfhuwdlqw|

uhpdlqv olplwhg dqg/ lq idfw/ +edvhg rq rxu hvwlpdwhv, uhvxowv lq d uhodwlyho| suhflvh dv|pswrwlf

yduldqfh fryduldqfhv pdwul{1 Dv vxfk/ wkh pdlq frqwulexwlrq ri wklv sdshu frqvlvwv lq surylglqj

d phwkrg wr jhqhudwh ehqfkpdunv wr hydoxdwh wkh HFE srolf| iru vrph wlph lqwr wkh ixwxuh

zklfk lq wxuq pd| khos lq wkh yljrurxv HFE ghedwh1
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^:` Fodulgd/ U1/ M1 Jdoð dqg P1 Jhuwohu +4<<;,1 Prqhwdu| Srolf| Uxohv lq Sudfwlfh1 Vrph

Lqwhuqdwlrqdo Hylghqfh/ Hxurshdq Hfrqrplf Uhylhz 75/ 43660439:1

^;` gh Mrqj/ I1 +5333,1 Wlph Vhulhv dqg Furvv0vhfwlrq Lqirupdwlrq lq D!qh Whup Vwuxfwxuh

Prghov/ Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv 4;/ qr1 6/ 63306471

^<` Ghzdfkwhu K1 dqg N1 Pdhv +5334,1 Dq Dgplvvleoh D!qh Prgho iru Mrlqw Whup Vwuxfwxuh

G|qdplfv ri Lqwhuhvw Udwhv/ NXOhxyhq FHV Glvfxvvlrq Sdshu 341391

^43` Ghzdfkwhu K1/ P1 O|ulr dqg N1 Pdhv +5334,1 Hvwlpdwlrq ri d Mrlqw Prgho iru wkh Whup

Vwuxfwxuh ri Lqwhuhvw Udwhv dqg wkh Pdfurhfrqrp|/ NXOhxyhq FHV Glvfxvvlrq Sdshu

3414;1

^44` Gxdq/ M10F1 dqg M10J1 Vlprqdwr +4<<<,1 Hvwlpdwlqj H{srqhqwldo0D!qh Whup Vwuxfwxuh

Prghov e| Ndopdq Ilowhu/ Uhylhz ri Txdqwlwdwlyh Ilqdqfh dqg Dffrxqwlqj 46/ qr1 5/

44404681

^45` Gx�hh/ J1 +5334,1 Whup Suhpld dqg Lqwhuhvw Udwh Iruhfdvwv lq D!qh Prghov/ iruwkfrp0

lqj lq Mrxuqdo ri Ilqdqfh 8:/ 53351

^46` Gx!h/ G1 dqg P1 Kxdqj +4<<9,1 Vzds Udwhv dqg Fuhglw Txdolw|/ Mrxuqdo ri Ilqdqfh 84/

<540<831

4:



^47` Idfnohu/ S1 +5333,1 Prphqwv ri D!qh Gl�xvlrqv/ Zrunlqj Sdshu/ Qruwk Fdurolqd Vwdwh

Xqlyhuvlw|1

^48` Idxvw M1/ M1K1 Urjhuv dqg M1 K1 Zuljkw +5334,1 Dq Hpslulfdo Frpsdulvrq ri Exqghvedqn

dqg HFE Prqhwdu| Srolf| Uxohv/ EJIUV Lqwhuqdwlrqdo Ilqdqfh Glvfxvvlrq Sdshu :381

^49` Jdol/ M1 +5334,1 Prqhwdu| Srolf| lq wkh Hduo| \hduv ri HPX/ xqsxeolvkhg pdqxvfulsw/

Srpshx Ideud1

^4:` Nr}lfnl V1 dqg S1D1 Wlqvoh| +5334,1 Vkliwlqj Hqgsrlqwv lq wkh Whup Vwuxfwxuh ri Lqwhuhvw

Udwhv/ Mrxquqdo ri Prqhwdu| Hfrqrplfv 7:/ 94609851

^4;` Sld}}hvl/ P1 +5334,1 Dq Hfrqrphwulf Prgho ri wkh \lhog Fxuyh zlwk Pdfurhfrqrplf

Mxps H�hfwv/ QEHU Zrunlqj Sdshu ;5791

4;



Iljxuhv

Iljxuh 4= Gdwd rq rxwsxw jds/ lq dwlrq dqg wkh whup vwuxfwxuh ri lqwhuhvw udwhv +4<;:=370
4<<;=45,1

4<



Iljxuh 5= Pdfurhfrqrplf yduldeohv/ wkhlu uhvshfwlyh fhqwudo whqghqflhv dqg wkh vkruw0whup
uhdo lqwhuhvw udwh uxoh +4<;:=3704<<;=45,1
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Iljxuh 6= Ilw ri rxwsxw jds/ lq dwlrq/ dqg wkh uhdo lqwhuhvw udwh +4<;:=3704<<;=45,1
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Iljxuh 7= Ilw ri wkh whup vwuxfwxuh ri lqwhuhvw udwhv/ 409 prqwkv +4<;:=3704<<;=45,1

55



Iljxuh 8= Ilw ri wkh whup vwuxfwxuh ri lqwhuhvw udwhv/ :045 prqwkv +4<;:=3704<<;=45,1

56



Iljxuh 9= Ilw ri wkh whup vwuxfwxuh ri lqwhuhvw udwhv/ 5/ 6/ 7/ 8/ :/ dqg 43 |hduv +4<;:=370
4<<;=45,1
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Iljxuh := Hvwlpdwhg frqvwdqw idfwru ordglqj1
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Iljxuh ;= Hvwlpdwhg idfwru ordglqjv1
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Iljxuh <= Idfwru ghfrpsrvlwlrq ri ulvn suhplxp +4<;:=3704<<;=45,1

5:



Iljxuh 43= Vlpxodwhg whup vwuxfwxuh/ 409 prqwkv +4<<<=3405335=35,1

5;



Iljxuh 44= Vlpxodwhg whup vwuxfwxuh/ :045 prqwkv +4<<<=3405335=35,1

5<



Iljxuh 45= Vlpxodwhg whup vwuxfwxuh/ 5/ 6/ 7/ 8/ :/ dqg 43 |hduv +4<<<=3405335=35,1
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Iljxuh 46= Ilowhuhg rxwsxw jds dqg lq dwlrq +4<<<=3405335=35,1
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Iljxuh 47= Ilowhuhg uhdo lqwhuhvw udwh +4<<<=3405335=35,1
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Iljxuh 48= Ilowhuhg whup vwuxfwxuh/ 409 prqwkv +4<<<=3405335=35,1
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Iljxuh 49= Ilowhuhg whup vwuxfwxuh/ :045 prqwkv +4<<<=3405335=35,1

67



Iljxuh 4:= Ilowhuhg whup vwuxfwxuh/ 5/ 6/ 7/ 8/ :/ dqg 43 |hduv +4<<<=3405335=35,1
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Wdeohv

Wdeoh 4= Vxppdu| vwdwlvwlfv iru wkh frpsohwh gdwd vhw xvhg +4<;:=3705335=35,
Phdq Vwg Plq Pd{ Dxwr Vnhz Nxuw ME

|lhog�6 816<5 51583 51898 <1<9< 31<<6 3199; 41<;3 541394W

|lhog26 81757 51598 5189< <1;:8 31<<7 319:; 41<;5 54177<W

|lhog�6 81784 51597 518:7 <1;:8 31<<7 319:8 41<:; 5416:7W

|lhoge6 81795 51593 518:< <1;:8 31<<7 319:: 41<;5 541759W

|lhogD6 817:8 5158; 518;8 <1;:8 31<<8 319;6 41<<6 5417<5W

|lhogS6 817;9 5158; 518;; <1;:8 31<<7 319;< 5133: 541857W

|lhog.6 817;9 51578 518<8 <1;:8 31<<7 319<8 51357 54184:W

|lhogH6 817<3 51566 51964 <1;:8 31<<7 31:36 51378 541883W

|lhogb6 817<7 51554 51969 <1;:8 31<<7 31:45 5139; 5418;9W

|lhog�f6 81838 51548 5196; <1;:8 31<<7 31:49 513;3 541955W

|lhog��6 8184: 5153: 51976 <1;5; 31<<7 31:4; 513;< 5418:9W

|lhog�26 8185; 51535 51977 <1;46 31<<6 31:56 513<< 54198:W

|lhog2+o 81:63 41<<8 51;66 <1893 31<<4 31:54 514:3 531964W

|lhog�+o 81<39 41;4< 61338 <17<3 31<<3 319:9 514;8 4;18:<W

|lhoge+o 913:6 419:6 61548 <1663 31<<3 31938 514<< 4819;8W

|lhogD+o 9154: 418:3 6175< <1653 31<;< 31879 51568 4615:5W

|lhog.+o 91788 416<5 61:97 <15<3 31<<3 316:8 5159: ;1534W

|lhog�f+o 919;7 41583 71459 <15;8 31<<3 31569 51649 81487
rxwsxw jds 3135< 618:3 0:19;3 <176; 31<47 31656 515;; 91;<5W

lq dwlrq 5147; 415<< 313;: 913<9 31<7< 31;<< 61945 591;;5W

Wkh |lhog vhulhv duh frqvwuxfwhg iurp lqwhuedqn pdunhw udwhv iru pdwxulwlhv ehorz 4 |hdu/
dqg iurp VZDS udwhv iru pdwxulwlhv deryh rqh |hdu1 Rxwsxw jds dqg lq dwlrq duh frq0
vwuxfwhg dv phqwlrqhg lq wkh wh{w1 Wkh gdwd vhulhv fryhu wkh shulrg iurp 4<;:=37 xqwlo
5335=35/ wrwdoolqj 4:< prqwko| revhuydwlrqv1 Phdq ghqrwhv wkh vdpsoh dulwkphwlf dyhudjh/
h{suhvvhg dv d s1d1 shufhqwdjh/ Vwg1 vwdqgdug ghyldwlrq/ Plq plqlpxp/ Pd{ pd{lpxp/
Dxwr wkh �uvw rughu dxwrfruuhodwlrq/ Vnhz dqg Nxuw vwdqg iru vnhzqhvv dqg nxuwrvlv/ dqg
ME vwdqgv iru wkh Mdutxh0Ehud qrupdolw| whvw vwdwlvwlf1 Wkh vwdu vxshuvfulswv lq wkh odvw
froxpq ghqrwh wkrvh yduldeohv iru zklfk uhvshfwlyho| wkh qxoo ri qrupdolw| pd| eh uhmhfwhg
dw wkh <8( frq�ghqfh lqwhuydo1
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Wdeoh 5= Pd{lpxp olnholkrrg hvwlpdwhv +4<;:=3704<<;=45,

| Z 4 |W ZW

V+cu 71:<3; 417777 08137;;
+415956, +514<88, +517555,

VZcu 314:49 41388< 316349
+314<:7, +315843, +31569;,

V4cu 418478 41;95; 518386
+3186;:, +319<3<, +31896;,

V+Wcu 318:79
+31438;,

VZWcu 313:<9
+313444,

wu 0313335 3136<5
+313446, +3133:4,

�f 3135;86
+31337<,

�u 318496 317;<8 0313:<3 0313;<;
+314547, +3144:5, +314493, +313;:5,

bu 0791476; 04331<587 4:;19:5<
+4417:<4, +;617;3:, +43514<97,

�4cu 317795 03157<; 041::75 0313835 4164<8
+315549, +31794:, +318;7<, +314387, +318479,

j2
u 3133787 3133355 3133358 3133397 313333<

+3133398, +313333:, +3133339, +3133353, +3133336,

PO hvwlpdwhv zlwk urexvw vwdqgdug huuruv xqghuqhdwk +vhh h1j1 Gxdq
dqg Vlprqdwr +4<<<,,1 Wrwdo orjolnholkrrg dprxqwv wr �b�Se�SH2S ru
��D�b�b. rq dyhudjh +h{foxglqj frqvwdqw lq wkh orjolnholkrrg,1

Wdeoh 6= Phdvxuhphqw huuru fryduldqfh pdwul{

U�6 419849 U.6 31359< U2+o 316:<9
U26 319;49 UH6 313597 U�+o 315;66
U�6 3148<9 Ub6 3137<6 Ue+o 314544
Ue6 3138:3 U�f6 313547 UD+o 3138:8
UD6 313538 U��6 313554 U.+o 317:53
US6 31376< U�26 313746 U�f+o 4167<8

Doo ydoxhv duh pxowlsolhg e| 43S1 Qrwh wkdw
wkh hqwulhv duh yduldqfhv dqg qrw vwdqgdug gh0
yldwlrqv/ dv prvw riwhq uhsruwhg1

6:




