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Devwudfw

Zh frqvwuxfw dqg hvwlpdwh d mrlqw prgho ri pdfurhfrqrplf dqg |lhog fxuyh
g|qdplfv1 D vpdoo0vfdoh edfnzdug2iruzdug0orrnlqj udwlrqdo h{shfwdwlrqv prgho
ghvfulehv wkh pdfurhfrqrp|1 Erqg |lhogv duh d!qh ixqfwlrqv ri wkh vwdwh ydul0
deohv ri wkh pdfurprgho/ dqg duh ghulyhg dvvxplqj devhqfh ri duelwudjh rs0
sruwxqlwlhv dqg d  h{leoh sulfh ri ulvn vshfl�fdwlrq1 Zkloh pdlqwdlqlqj wkh
wudfwdelolw| ri wkh d!qh vhw0xs/ rxu dssurdfk surylghv d zd| wr lqwhusuhw |lhog
g|qdplfv lq whupv ri pdfurhfrqrplf ixqgdphqwdov> wlph0ydu|lqj ulvn suhpld/
lq sduwlfxodu/ duh dvvrfldwhg zlwk wkh ixqgdphqwdo vrxufhv ri ulvn lq wkh hfrq0
rp|1 Lq dq dssolfdwlrq wr Jhupdq gdwd/ wkh prgho lv deoh wr fdswxuh vdolhqw
ihdwxuhv ri wkh whup vwuxfwxuh ri lqwhuhvw udwhv dqg lwv iruhfdvwlqj shuirupdqfh
pdwfkhv wkdw ri wkh ehvw dydlodeoh prghov edvhg rq odwhqw idfwruv1 Wkh prgho
kdv dovr frqvlghudeoh vxffhvv lq dffrxqwlqj iru wkh hpslulfdo idloxuh ri wkh h{0
shfwdwlrqv k|srwkhvlv1

Nh|zrugv= D!qh whup0vwuxfwxuh prghov/ srolf| uxohv/ qhz qhr0fodvvlfdo
v|qwkhvlv

4 Lqwurgxfwlrq

Xqghuvwdqglqj wkh whup vwuxfwxuh ri lqwhuhvw udwhv kdv orqj ehhq d wrslf rq wkh

djhqgd ri erwk �qdqfldo dqg pdfur hfrqrplvwv/ doehlw iru gl�huhqw uhdvrqv1 Rq wkh

WZh zlvk wr wkdqn Jldqql Dplvdqr/ Juhj Gx�hh/ Lydq Sd|d/ Nhq Vlqjohwrq dqg Oduv Vyhqvvrq/
dv zhoo dv vhplqdu sduwlflsdqwv lq wkh VLHSU0IUEVI 5336 Frqihuhqfh rq �Ilqdqfh dqg Pdfur0
hfrqrplfv/� wkh Xqlyhuvlw| ri Euhvfld Frqihuhqfh rq �Pdfurhfrqrplf lvvxhv lq wkh HPX/� wkh
HID5336 Phhwlqjv/ wkh HHD5336 Phhwlqjv dqg wkh PPI5336 Frqihuhqfh/ iru khosixo frpphqwv
dqg vxjjhvwlrqv1 Uhpdlqlqj huuruv duh rxu vroh uhvsrqvlelolw|1 Wkh rslqlrqv h{suhvvhg duh shuvrqdo
dqg vkrxog qrw eh dwwulexwhg wr wkh Hxurshdq Fhqwudo Edqn1
-- Hxurshdq Fhqwudo Edqn/ GJ Uhvhdufk/ Ndlvhuvwudvvh 5</ G 0 93644/ Iudqnixuw dp Pdlq/ Jhu0
pdq|1 H0pdlo= shwhu1krugdkoChfe1lqw/ ruhvwh1wulvwdqlChfe1lqw/ gdylg1yhvwlqChfe1lqw1
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rqh kdqg/ �qdqfldo hfrqrplvwv kdyh pdlqo| irfxvhg rq iruhfdvwlqj dqg sulflqj lq0

whuhvw udwh uhodwhg vhfxulwlhv1 Wkh| kdyh wkhuhiruh ghyhorshg srzhuixo prghov edvhg

rq wkh dvvxpswlrq ri devhqfh ri duelwudjh rssruwxqlwlhv/ exw w|slfdoo| ohiw xqvshf0

l�hg wkh uhodwlrqvkls ri wkh whup vwuxfwxuh zlwk rwkhu hfrqrplf yduldeohv1 Pdfur

hfrqrplvwv/ rq wkh rwkhu kdqg/ kdyh irfxvhg rq xqghuvwdqglqj wkh uhodwlrqvkls eh0

wzhhq lqwhuhvw udwhv/ prqhwdu| srolf| dqg pdfurhfrqrplf ixqgdphqwdov1 Lq vr grlqj/

krzhyhu/ wkh| kdyh w|slfdoo| uholhg rq wkh �h{shfwdwlrqv k|srwkhvlv/� lq vslwh ri lwv

glvpdo hpslulfdo uhfrug1 Frpelqlqj wkhvh wzr olqhv ri uhvhdufk vhhpv iuxlwixo/ lq

wkdw wkhuh duh srwhqwldo jdlqv jrlqj erwk zd|v1 Li pdfurhfrqrplf wkhru| kdv vrph

hpslulfdo vxffhvv/ lw vkrxog khos sulfh vhfxulwlhv pruh h!flhqwo|1 Olnhzlvh/ li vrph

whqhwv ri �qdqfldo hfrqrplfv/ vxfk dv wkh uhtxluhphqw ri duelwudjh0iuhh pdunhwv/ duh

hpslulfdoo| lpsruwdqw/ wdnlqj wkhp lqwr dffrxqw vkrxog khos wr h{sodlq wkh uhvsrqvh

ri wkh |lhog fxuyh wr pdfurhfrqrplf ghyhorsphqwv1 \lhog fxuyh lqirupdwlrq frxog

dovr khos vkdushqlqj iruhfdvwv ri ixwxuh hfrqrplf dfwlylw| dqg lq dwlrq1

Wklv sdshu dlpv dw suhvhqwlqj d xql�hg hpslulfdo iudphzrun zkhuh d vpdoo

vwuxfwxudo prgho ri wkh pdfur hfrqrp| lv frpelqhg zlwk dq duelwudjh0iuhh prgho

ri erqg |lhogv1 Lq grlqj vr/ zh exlog rq wkh zrun ri Sld}}hvl +5334, dqg Dqj dqg

Sld}}hvl +5336,/ zkr lqwurgxfh pdfurhfrqrplf yduldeohv lqwr wkh vwdqgdug d!qh

whup vwuxfwxuh iudphzrun edvhg rq odwhqw idfwruv � h1j1 Gx!h dqg Ndq +4<<9, dqg

Gdl dqg Vlqjohwrq +5333,1 Wkh pdlq lqqrydwlyh ihdwxuh ri rxu sdshu lv wkdw zh xvh

d vwuxfwxudo pdfurhfrqrplf iudphzrun udwkhu wkdq vwduwlqj iurp d uhgxfhg0irup/

YDU uhsuhvhqwdwlrq ri wkh gdwd1 Rqh ri wkh dgydqwdjhv ri wklv dssurdfk lw wr doorz

xv wr uhod{ Dqj dqg Sld}}hvl*v uhvwulfwlrq wkdw lq dwlrq dqg rxwsxw eh lqghshqghqw

ri wkh srolf| lqwhuhvw udwh/ wkxv idflolwdwlqj dq hfrqrplf lqwhusuhwdwlrq ri wkh uhvxowv1

Rxu iudphzrun lv vlplodu lq vslulw wr wkdw lq Zx +5335,/ zkr sulfhv erqgv zlwklq

d fdoleudwhg udwlrqdo h{shfwdwlrqv pdfur0prgho1 Wkh gl�huhqfh lv wkdw zh hvwlpdwh

rxu prgho dqg doorz d pruh hpslulfdoo| rulhqwhg vshfl�fdwlrq ri erwk wkh pdfur

hfrqrp| dqg wkh sdudphwul}dwlrq ri wkh pdunhw sulfh ri ulvn1 Rxu iudphzrun lv

dovr uhodwhg wr wkdw hpsor|hg lq d uhfhqw sdshu e| Uxghexvfk dqg Zx +5336,/ zkr

lqwhusuhw odwhqw whup vwuxfwxuh idfwruv lq whupv ri pdfurhfrqrplf yduldeohv1

Zh vwduw iurp d idluo| jhqhudo/ olqhdu pdfurhfrqrplf vhw0xs/ zklfk fdq doorz

iru h{solflw iruzdug0orrnlqj hohphqwv1 Vwdqgdug phwkrgv fdq eh dssolhg wr vroyh

wkh prgho/ l1h1 wr rewdlq/ dprqjvw rwkhu uhvxowv/ wkh vkruw whup lqwhuhvw udwh dv d

ixqfwlrq ri wkh suhghwhuplqhg yduldeohv ri wkh prgho/ dqg d odz ri prwlrq iru wkh

hyroxwlrq ri wkh suhghwhuplqhg yduldeohv1 Qh{w/ zh iroorz wkh �qdqfh olwhudwxuh dqg
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exlog dq duelwudjh0iuhh whup vwuxfwxuh ri qrplqdo lqwhuhvw udwhv edvhg rq wkh vroxwlrq

ri wkh pdfur0prgho dqg dq dvvxpswlrq rq wkh pdunhw sulfhv ri ulvn1 Wkh uhvxow lv

dq d!qh/ pxowlidfwru whup vwuxfwxuh prgho/ zklfk fdq eh hvwlpdwhg mrlqwo| zlwk wkh

pdfurhfrqrplf v|vwhp xvlqj pd{lpxp olnholkrrg phwkrgv1

Lq rxu hpslulfdo dssolfdwlrq/ zh xvh d vlpsoh prgho zkrvh fruh lv edvhg rq wkh

vr0fdoohg qhz qhrfodvvlfdo v|qwkhvlv +Jrrgiulhqg dqg Nlqj/ 4<<:> Urwhpehuj dqg

Zrrgirug/ 4<<:, dqg d vlpsoh prqhwdu| srolf| uxoh1 Yduldqwv ri wklv prgho kdyh ehhq

vxffhvvixoo| hpsor|hg iru srolf| dqdo|vlv dqg wr h{sodlq hpslulfdo pdfurhfrqrplf

g|qdplfv/ lqfoxglqj wkrvh ri wkh vkruw whup lqwhuhvw udwh +h1j1/ Fodulgd/ Jdoð dqg

Jhuwohu/ 5333/ Uxghexvfk dqg Vyhqvvrq/ 4<<</ Vphwv/ 5333/ Uxghexvfk/ 5335d,1

Edvhg rq wklv prgho/ wkh idfwruv wkdw d�hfw wkh vkruw0whup lqwhuhvw udwh fruuhvsrqg

wr vkrfnv zlwk d vwdqgdug pdfurhfrqrplf lqwhusuhwdwlrq1 Wkuhh ri wkhp duh doprvw

dozd|v suhvhqw lq vpdoo pdfur prghov= lq dwlrq/ rxwsxw +ru �djjuhjdwh ghpdqg�,

dqg prqhwdu| srolf| vkrfnv> wkh irxuwk lv d wlph0ydu|lqj lq dwlrq wdujhw/ lqwurgxfhg

wr dffrxqw iru shufhlyhg fkdqjhv lq wkh prqhwdu| srolf| remhfwlyh wkdw pd| kdyh

rffxuuhg ryhu uhodwlyho| orqj shulrgv ri wlph1

Rxu hvwlpdwlrq uhvxowv/ edvhg rq Jhupdq gdwd/ vkrz wkdw pdfurhfrqrplf idf0

wruv d�hfw wkh whup0vwuxfwxuh ri lqwhuhvw udwhv lq gl�huhqw zd|v1 Prqhwdu| srolf|

vkrfnv kdyh d pdunhg lpsdfw rq |lhogv dw vkruw pdwxulwlhv/ dqg d vpdoo h�hfw dw

orqjhu pdwxulwlhv1 Lq dwlrq dqg rxwsxw vkrfnv prvwo| d�hfw wkh fxuydwxuh ri wkh

|lhog fxuyh dw phglxp0whup pdwxulwlhv1 Fkdqjhv lq wkh shufhlyhg lq dwlrq wdujhw

kdyh pruh odvwlqj h�hfwv dqg whqg wr kdyh d vwurqjhu lpsdfw rq orqjhu whup |lhogv1

Wkh lpsxovh uhvsrqvhv ri wkh pdfur yduldeohv wr wkhvh vkrfnv duh eurdgo| lq olqh

zlwk frpsdudeoh uhvxowv lq wkh olwhudwxuh1

Kdylqj hvwdeolvkhg wkdw wkh prgho surylghv d vhqvleoh ghvfulswlrq ri pdfurhfr0

qrplf dqg whup vwuxfwxuh g|qdplfv/ zh wxuq wr hydoxdwh lwv shuirupdqfh uhodwlyh

wr rwkhu dydlodeoh d!qh whup vwuxfwxuh prghov1 Pruh vshfl�fdoo|/ zh irfxv rq lwv

lq0vdpsoh dqg rxw0ri0vdpsoh iruhfdvwlqj shuirupdqfh frpsduhg wr prghov +sduwo|,

edvhg rq xqrevhuydeoh idfwruv1 Lq wklv h{huflvh zh xvh wzr pdlq ehqfkpdunv= wkh

Gx�hh +5335, prgho/ zklfk kdv ehhq vkrzq wr gr uhodwlyho| zhoo lq iruhfdvwlqj/ dqg

wkh Dqj dqg Sld}}hvl +5336, prgho1 Lq vslwh ri lwv uhodwlyho| odujh glphqvlrq/ rxu

prgho grhv txlwh zhoo1 Erwk lq0vdpsoh dqg rxw0ri0vdpsoh/ lwv shuirupdqfh lv frp0

sdudeoh wr wkdw ri wkh ehvw dydlodeoh d!qh whup vwuxfwxuh prghov/ dqg lq pdq| fdvhv

vxshulru1

Ilqdoo|/ zh wxuq wr h{dplqh wkh prgho*v delolw| wr dffrxqw iru wkh ihdwxuhv ri
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wkh gdwd zklfk uhsuhvhqw d sx}}oh iru wkh h{shfwdwlrqv k|srwkhvlv/ qdpho| wkh qhj0

dwlyh dqg odujh � udwkhu wkdq srvlwlyh dqg xqlw � frh!flhqwv rewdlqhg/ iru h{dpsoh

e| Fdpsehoo dqg Vkloohu +4<<4,/ lq uhjuhvvlrqv ri wkh |lhog fkdqjh rq wkh vorsh ri

wkh fxuyh1 Gdl dqg Vlqjohwrq +5335d, kdyh vkrzq wkdw vrph d!qh prghov edvhg

rq xqrevhuydeoh idfwruv fdq eh yhu| vxffhvvixo dorqj wklv glphqvlrq/ ehfdxvh wkh|

lqfrusrudwh d  h{leoh vshfl�fdwlrq ri wkh pdunhw sulfhv ri ulvn dv ixqfwlrqv ri xqre0

vhuydeoh idfwruv1 Iru rxu prgho/ wkh whvw lv vrphzkdw pruh vwulqjhqw/ dv wkh pdunhw

sulfhv ri ulvn duh prvwo| ixqfwlrqv ri revhuydeoh pdfurhfrqrplf yduldeohv1 Qhyhu0

wkhohvv/ rxu prgho dovr suryhv vxffhvvixo lq wklv uhvshfw/ lq wkh vhqvh ri ehlqj ixoo|

frqvlvwhqw zlwk wkh qhjdwlyh vorsh frh!flhqw w|slfdoo| irxqg lq wkh gdwd1 Lq dgglwlrq/

uhjuhvvlrqv edvhg rq ulvn0dgmxvwhg |lhogv gr/ e| dqg odujh/ uhfryhu vorsh frh!flhqwv

forvh wr xqlw|/ zklfk vkrxog eh h{shfwhg zkhq ulvn suhpld duh prghoohg dffxudwho|1

Wklv uhvxow dovr kljkoljkwv wkdw wkhuh duh lpsruwdqw lqwhudfwlrqv ehwzhhq wkh ydulrxv

pdunhw sulfhv ri ulvn= wkh srvvlelolw| ri fkdqjhv lq wkh lq dwlrq wdujhw/ iru h{dpsoh/

frppdqgv d sulfh ri ulvn zklfk ghshqgv qrw mxvw rq wkh ohyho ri wkh lq dwlrq wdujhw/

exw dovr rq wkh ohyho ri lq dwlrq dqg wkh rxwsxw jds1

Wkh uhvw ri wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 ghvfulehv wkh pdlq

ihdwxuhv ri rxu jhqhudo wkhruhwlfdo dssurdfk dqg wkhq surylghv d eulhi ryhuylhz ri

rxu hvwlpdwlrq phwkrg1 Wkh vshfl�f pdfurhfrqrplf prgho zklfk zh hpsor| lq rxu

dssolfdwlrq wr Jhupdq gdwd lv ghvfulehg lq Vhfwlrq 61 Vhfwlrq 7 wkhq looxvwudwhv rxu

hpslulfdo uhvxowv/ lq whupv ri sdudphwhu hvwlpdwhv/ lpsxovh uhvsrqvh ixqfwlrqv dqg

iruhfdvw huuru yduldqfh ghfrpsrvlwlrqv1 Wklv vhfwlrq dovr glvfxvvhv wkh iruhfdvwlqj

shuirupdqfh ri rxu prgho/ frpsduhg wr ohdglqj dydlodeoh dowhuqdwlyhv1 Wkh delolw| ri

wkh prgho wr vroyh wkh h{shfwdwlrqv sx}}oh lv whvwhg lq Vhfwlrq 81 Vhfwlrq 9 frqfoxghv1

5 Wkh dssurdfk

Lq uhfhqw |hduv/ wkh �qdqfh olwhudwxuh rq wkh whup vwuxfwxuh ri lqwhuhvw udwhv kdv pdgh

wuhphqgrxv surjuhvv lq d qxpehu ri gluhfwlrqv +vhh h1j1 Gdl dqg Vlqjohwrq/ 5335e,1

Iroorzlqj wkh vhplqdo sdshu e| Gx!h dqg Ndq +4<<9,/ rqh ri wkh prvw vxffhvvixo

dyhqxhv ri uhvhdufk kdv irfxvhg rq prghov zkhuh wkh |lhogv duh d!qh ixqfwlrqv ri d

yhfwru ri vwdwh yduldeohv1 Uh�qhphqwv ri vxfk prghov kdyh pdgh wkhp lqfuhdvlqjo|

vxffhvvixo lq fdswxulqj lpsruwdqw ihdwxuhv ri wkh g|qdplfv ri wkh whup vwuxfwxuh

ri lqwhuhvw udwhv1 Wklv olwhudwxuh/ krzhyhu/ kdv w|slfdoo| qrw lqyhvwljdwhg wkh frq0

qhfwlrqv ehwzhhq whup vwuxfwxuh dqg pdfurhfrqrplf g|qdplfv1 Lq wkh uduh fdvhv lq
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zklfk pdfurhfrqrplf yduldeohv�qrwdeo|/ wkh lq dwlrq udwh�kdyh ehhq lqfoxghg lq hv0

wlpdwhg whup0vwuxfwxuh prghov/ wkrvh yduldeohv kdyh ehhq prghoohg h{rjhqrxvo| +h1j1

Hydqv/ 5336/ ]d�durql/ 5334,1 Wkh lqwhudfwlrqv ehwzhhq pdfurhfrqrplf dqg whup

vwuxfwxuh g|qdplfv kdyh dovr ehhq ohiw xqh{soruhg lq wkh pdfurhfrqrplf olwhudwxuh/

lq vslwh ri wkh idfw wkdw vlpsoh �srolf| uxohv� kdyh riwhq vfruhg zhoo lq ghvfulelqj

wkh g|qdplfv ri wkh vkruw0whup lqwhuhvw udwh +h1j1/ Fodulgd/ Jdoð dqg Jhuwohu/ 5333,1

Dq dwwhpsw wr eulgjh wklv jds zlwklq dq hvwlpdwhg/ duelwudjh0iuhh iudphzrun

kdv uhfhqwo| ehhq pdgh e| Dqj dqg Sld}}hvl +5336,1 Wkrvh dxwkruv hvwlpdwh d whup

vwuxfwxuh prgho edvhg rq wkh dvvxpswlrq wkdw wkh vkruw whup udwh lv d�hfwhg sduwo|

e| pdfurhfrqrplf yduldeohv/ dv lq wkh olwhudwxuh rq vlpsoh prqhwdu| srolf| uxohv/

dqg sduwo| e| xqrevhuydeoh idfwruv/ dv lq wkh d!qh whup0vwuxfwxuh olwhudwxuh14 Dqj

dqg Sld}}hvl*v uhvxowv vxjjhvw wkdw pdfurhfrqrplf yduldeohv kdyh dq lpsruwdqw h{0

sodqdwru| uroh iru |lhogv dqg wkdw wkh lqfoxvlrq ri vxfk yduldeohv lq d whup vwuxfwxuh

prgho fdq lpsuryh lwv rqh0vwhs dkhdg iruhfdvwlqj shuirupdqfh1 Qhyhuwkhohvv/ xqre0

vhuydeoh idfwruv zlwkrxw d fohdu hfrqrplf lqwhusuhwdwlrq vwloo sod| dq lpsruwdqw uroh

lq wkhlu prgho1 Pruhryhu/ Dqj dqg Sld}}hvl*v wzr0vwdjh hvwlpdwlrq phwkrg uholhv rq

wkh dvvxpswlrq wkdw wkh vkruw whup lqwhuhvw udwh grhv qrw d�hfw pdfurhfrqrplf ydul0

deohv/ dq dvvxpswlrq zklfk suhfoxghv dq| phdqlqjixo uroh iru prqhwdu| srolf| dqg

wkxv uhgxfhv wkh vfrsh iru d ixoo xqghuvwdqglqj ri wkh lqwhudfwlrq ehwzhhq prqhwdu|

srolf|/ wkh pdfurhfrqrp| dqg wkh whup vwuxfwxuh ri lqwhuhvw udwhv1

Lq rughu wr uhguhvv wkhvh vkruwfrplqjv/ zh frqvwuxfw d g|qdplf whup vwuxfwxuh

prgho hqwluho| edvhg rq pdfurhfrqrplf idfwruv/ zklfk doorzv iru dq h{solflw ihhgedfn

iurp wkh vkruw whup +srolf|, udwh wr pdfurhfrqrplf rxwfrphv1 Wkh mrlqw prghoolqj

ri wkuhh nh| pdfurhfrqrplf yduldeohv�qdpho|/ lq dwlrq/ wkh rxwsxw jds dqg wkh vkruw

whup �srolf|� lqwhuhvw udwh�vkrxog doorz xv wr rewdlq d pruh dffxudwh +hqgrjhqrxv,

ghvfulswlrq ri wkh g|qdplfv ri wkh vkruw whup udwh1 Dw wkh vdph wlph/ rxu h{solflw

prghoolqj ru ulvn suhpld vkrxog dovr khos xv lq fdswxulqj wkh g|qdplfv ri wkh hqwluh

whup0vwuxfwxuh1

Lq wklv vhfwlrq/ zh suhvhqw wkh jhqhudo dssurdfk wkdw zh xvh wr prgho mrlqwo|

wkh pdfurhfrqrp| dqg wkh whup vwuxfwxuh1 Wkh pdlq dvvxpswlrq zh lpsrvh lv wkdw

djjuhjdwh pdfurhfrqrplf uhodwlrqvklsv fdq eh ghvfulehg xvlqj d olqhdu iudphzrun1

4 Lq uhodwhg sdshuv/ Ghzdfkwhu dqg O|ulr +5335, dqg Ghzdfkwhu/ O|ulr dqg Pdhv +5335, dovr
hvwlpdwh mrlqwo| d whup vwuxfwxuh prgho exlow rq d pdfurhfrqrplf YDU1 Wkh| lqfoxgh d gl�huhqw
pdfurhfrqrplf vshfl�fdwlrq/ lq wkdw wkh prgho lv qrw forvhg zlwk d prqhwdu| srolf| uxoh exw zlwk
dq h{rjhqrxv orqj0uxq uhodwlrqvkls ehwzhhq wkh htxloleulxp ydoxhv ri wkh vkruw whup udwh/ lq dwlrq
dqg wkh rxwxw jds1

8



Edvhg rq vxfk d vwuxfwxuh/ wkh pdfurhfrqrplf prgho fdq eh vroyhg e| qxphulfdo

phwkrgv wkdw duh dovr vwdqgdug lq wkh pdfurhfrqrplf olwhudwxuh1 D g|qdplf whup

vwuxfwxuh fdq wkhq eh exlow rq wkh prgho vroxwlrq lq d vwudljkwiruzdug pdqqhu/ edvhg

rq wkh dvvxpswlrq ri devhqfh ri duelwudjh rssruwxqlwlhv1

514 Wkh pdfurhfrqrplf vhw0xs

Rxu vwduwlqj srlqw lv d pdfurhfrqrplf prgho wkdw fdq eh zulwwhq lq wkh jhqhudo
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zkhuh [� lv d yhfwru ri suhghwhuplqhg yduldeohv/ [2 lqfoxghv wkh yduldeohv zklfk

duh qrw suhghwhuplqhg/ r
t
lv wkh srolf| lqvwuxphqw dqg �

�
lv d yhfwru ri lqghshqghqw/

qrupdoo| glvwulexwhg vkrfnv +vhh wkh dsshqgl{ iru dq h{dpsoh uhodwhg wr wkh prgho

zh xvh lq Vhfwlrq 6,1 Wkh srolf| lqvwuxphqw/ d vkruw0whup udwh/ zloo eh vhw dffruglqj

wr d vlpsoh srolf| uxoh ri wkh irup

r
t
@ �I

%
[

�;t

[
2;t

&
:

Wklv olqhdu vwuxfwxuh lv qhyhuwkhohvv jhqhudo hqrxjk wr dffrpprgdwh d odujh

qxpehu ri vwdqgdug pdfurhfrqrplf prghov1 Wkh pdlq uhvwulfwlrq zh lpsrvh/ iru

vlpsolflw|/ lv wkdw rqo| wkh vkruw0whup lqwhuhvw udwh/ zklfk lv frqwuroohg e| wkh fhqwudo

edqn/ d�hfwv wkh pdfur hfrqrp|/ zkhuhdv orqjhu udwhv gr qrw1 Wklv doorzv xv wr

vroyh wkh odwwhu zlwkrxw sulru nqrzohgjh ri wkh htxloleulxp sulfhv ri qrplqdo erqgv1

Wkh vroxwlrq ri wkh prgho deryh fdq eh rewdlqhg qxphulfdoo| iroorzlqj vwdqgdug

phwkrgv1 Zh fkrrvh/ lq sduwlfxodu/ wkh phwkrgrorj| ghvfulehg lq Vùghuolqg +4<<<,/

zkr sursrvhv d vroxwlrq dojrulwkp edvhg rq wkh Vfkxu ghfrpsrvlwlrq1 Wkh uhvxow

duh wzr pdwulfhv P dqg F vxfk wkdw [�;t @ P[�;t3� . �
�;t

dqg [2;t @ F[�;t15 Lq

dgglwlrq/ wkh vroxwlrq zloo lqfoxgh dq h{suhvvlrq uhodwlqj wkh vkruw whup udwh wr wkh

suhghwhuplqhg yduldeohv/ r
t
@ ��[

�;t
/ zkhuh �� � � +I

�
.I

2
F, dqg I

�
dqg I

2
duh

sduwlwlrqv ri I frqirupdeoh zlwk [
�;t

dqg [
2;t
1 Irfxvlqj rq wkh vkruw0whup +srolf|,

5Wkh suhvhqfh ri qrq0suhghwhuplqhg yduldeohv lq wkh prgho lpsolhv wkdw wkhuh pd| eh pxowlsoh
vroxwlrqv iru vrph sdudphwhu ydoxhv1 Zh frqvwudlq wkh v|vwhp wr eh ghwhuplqdwh lq wkh lwhudwlyh
surfhvv ri pd{lpl}lqj wkh olnholkrrg ixqfwlrq1

9



lqwhuhvw udwh/ wkh vroxwlrq fdq eh zulwwhq dv

r
t

@ ��[
�;t

[�;t @ P[�;t3� . �
�;t
: +4,

515 Dgglqj wkh whup vwuxfwxuh wr wkh prgho

Wkh v|vwhp +4, h{suhvvhv wkh vkruw whup lqwhuhvw udwh dv d olqhdu ixqfwlrq ri wkh

yhfwru [
�
/ zklfk lq wxuq iroorzv d �uvw rughu Jdxvvldq YDU1 Wklv vwuxfwxuh lv

irupdoo| htxlydohqw wr wkdw rq zklfk d!qh prghov duh qrupdoo| exlow/ doehlw zlwk

wkh gl�huhqfh wkdw [� lv khuh d vwdwh0vsdfh yhfwru1 Wr exlog wkh whup vwuxfwxuh/ zh

rqo| qhhg wr lpsrvh wkh dvvxpswlrq ri devhqfh ri duelwudjh rssruwxqlwlhv/ zklfk

jxdudqwhhv wkh h{lvwhqfh ri d ulvn qhxwudo phdvxuh/ dqg wr vshfli| d surfhvv iru wkh

vwrfkdvwlf glvfrxqw idfwru1

Ehklqg wklv irupdo htxlydohqfh/ krzhyhu/ rxu prgho kdv wkh glvwlqjxlvklqj ihd0

wxuh wkdw erwk wkh vkruw udwh htxdwlrq dqg wkh odz ri prwlrq ri yhfwru [� kdyh ehhq

rewdlqhg hqgrjhqrxvo|/ dv ixqfwlrqv ri wkh sdudphwhuv ri wkh pdfurhfrqrplf prgho1

Wklv frqwudvwv zlwk wkh vwdqgdug d!qh vhw0xs/ zkhuh erwk wkh vkruw udwh htxdwlrq

dqg wkh odz ri prwlrq ri wkh vwdwh yduldeohv duh srvwxodwhg h{rjhqrxvo|1

Udwkhu wkdq exloglqj wkh whup vwuxfwxuh gluhfwo| rq htxdwlrqv +4,/ krzhyhu/ zh

doorz iru wkh srvvlelolw| wr zulwh erqg |lhogv dv ixqfwlrqv ri d gl�huhqw yhfwru/ ]
t
/

zklfk fdq lqfoxgh dq| yduldeoh lq [
t
ru wkh vkruw whup udwh1 Wkh qhz yhfwru ]

t
lv

gh�qhg dv ]
t
@ G[

t
/ zkhuh G lv d vhohfwlrq pdwul{ ghvfulehg lq wkh dsshqgl{1 Wklv

wudqvirupdwlrq doorzv xv wr zulwh wkh |lhogv dv ixqfwlrqv ri dq| yduldeoh lq[
t
/ udwkhu

wkdq ri wkh suhghwhuplqhg yduldeohv rqo|/ zklfk fdq eh pruh lqwxlwlyho| dsshdolqj/

ghshqglqj rq wkh vshfl�fv ri wkh prgho1 Reylrxvo|/ ]
t
fdq eh lpphgldwho| uhzulwwhq

dv d ixqfwlrq ri wkh suhghwhuplqhg yhfwru [
�t
xvlqj wkh vroxwlrq +4,1 Wklv |lhogv

]
t
@ aG[

�;t
/ zkhuh aG � G

�
.G

2
F dqg G

�
dqg G

2
duh sduwlwlrqv ri G frqirupdeoh

zlwk [
�t
dqg [

2t
1

Dw wklv srlqw/ zh fdq gh�qh wkh qrplqdo sulflqj nhuqho m
tn�/ zklfk sulfhv doo

qrplqdo erqgv lq wkh hfrqrp|/ dv

m
tn�

@ h{s +�r
t
,
¨
tn�

¨
t

;

zkhuh ¨
tn�

lv wkh Udgrq0Qlnrg|p ghulydwlyh/ zklfk lv dvvxphg wr iroorz d orj0

:



qrupdo surfhvv dffruglqj wr

¨
tn�

@ ¨
t
h{s

�
�4

5
��
t
�
t
� ��

t
�
�;tn�

�
;

dqg zkhuh �
t
lv wkh yhfwru ri pdunhw sulfhv ri ulvn dvvrfldwhg zlwk wkh xqghuo|lqj

vrxufhv ri xqfhuwdlqw| +�
�;tn�

, lq wkh hfrqrp|1 Wkh pdunhw sulfhv ri ulvn/ lq wxuq/

kdyh frpprqo| ehhq dvvxphg wr eh frqvwdqw +lq wkh fdvh ri Jdxvvldq prghov, ru

sursruwlrqdo wr wkh idfwru yrodwlolwlhv +h1j1 Gdl dqg Vlqjohwrq +5333,,/ exw uhfhqw

uhvhdufk kdv kljkoljkwhg wkh fohdu ehqh�wv lq doorzlqj iru d pruh  h{leoh vshfl�fdwlrq

ri wkh ulvn sulfhv +h1j1 Gx�hh +5335,/ Gdl dqg Vlqjohwrq +5335d,,1 Zh wkhuhiruh

dvvxph wkdw wkh pdunhw sulfhv ri ulvn duh d!qh lq wkh vwdwh yhfwru ]
t
;

�
t
@ �f . ��]t

;

vr wkdw wkh pdunhw*v uhtxluhg frpshqvdwlrq iru ehdulqj ulvn fdq ydu| zlwk wkh vwdwh

ri wkh hfrqrp|1

Jlyhq wkhvh dvvxpswlrqv/ wkh dsshqgl{ vkrzv wkdw wkh frqwlqxrxvo| frpsrxqghg

|lhog yn
t
rq dq n0shulrg }hur frxsrq erqg lv jlyhq e|

yn
t
@ A

n
.B�

n
]
t
;

zkhuh wkh A
n
dqg B�

n
pdwulfhv fdq eh ghulyhg xvlqj uhfxuvlyh uhodwlrqv1 Vwdfnlqj

doo |lhogv lq d yhfwru \
t
/ zh zulwh wkh deryh htxdwlrqv mrlqwo| dv \

t
@ D.E�]

t
ru/

htxlydohqwo|/ \
t
@ D

n
. �E�

n
[

�;t
/ zkhuh �E�

n
� E�

n

aG1

516 Pd{lpxp olnholkrrg hvwlpdwlrq

Lq rughu wr hvwlpdwh wkh prgho/ zh qhhg wr glvwlqjxlvk �uvw ehwzhhq revhuydeoh dqg

xqrevhuydeoh yduldeohv lq wkh [
t
yhfwru1 Zh wkhuhiruh gh�qh wkh qhz yhfwruv [o

�t

dqg[o

2t
dqg[u

�t
dqg[u

2t
/ zklfk rqo| lqfoxgh revhuydeoh dqg xqrevhuydeoh yduldeohv/

uhvshfwlyho|1

Zlwk wklv qrwdwlrq/ wkh olnholkrrg ixqfwlrq wr eh pd{lplvhg fdq eh zulwwhq dv

` +�, @
T\
t'2

f
�
[o

�t
;[o

2t
;\

t
m[o

�t3�
;[o

2t3�
\

t3�

�
:

Wr frqvwuxfw wkh olnholkrrg/ zh qhhg wr zulwh wkh glvwulexwlrq ri [o

2t
dqg \

t
lq

whupv ri wkh nqrzq glvwulexwlrq ri [�t1 Zh dgrsw dq dssurdfk zklfk lv frpprq lq

;



wkh �qdqfh olwhudwxuh dqg zklfk lqyroyhv lqyhuwlqj wkh uhodwlrqvkls ehwzhhq |lhogv

dqg xqrevhuydeoh idfwruv +Fkhq dqg Vfrww/ 4<<6,1 Lq rxu fdvh/ wkh phwkrg qhhgv wr

eh h{whqghg wr wdnh lqwr dffrxqw wkdw wkh revhuydwlrq htxdwlrqv ri wkh vwdwh0vsdfh

v|vwhp lqfoxgh qrw mxvw wkh |lhogv/ \
t
/ exw dovr wkh qrq0suhghwhuplqhg yduldeohv/

[o

2t
1

Zh wkhuhiruh dvvxph wkdw dv pdq| |lhogv soxv qrq0suhghwhuplqhg yduldeohv dv

xqrevhuydeoh vwdwhv duh phdvxuhg h{dfwo|/ dqg wkdw wkh uhpdlqlqj |lhogv duh phd0

vxuhg zlwk huuru1 Wr dffrxqw iru wkh phdvxuhphqw huuru/ zh uhzulwh wkh |lhogv

htxdwlrq dv \
t
@ D

n
. �E�

n
[�;t . Emxm

t
/ zkhuh wkh xm

t
yhfwru ri zklwh qrlvh

vkrfnv kdv }hur hohphqwv fruuhvsrqglqj wr wkh |lhogv phdvxuhg h{dfwo|1 Zh wkhq

sduwlwlrq wkh vwdwh yhfwru lqwr revhuydeoh dqg xqrevhuydeoh frpsrqhqwv dqg uhzulwh

wkh |lhog htxdwlrq dqg wkh htxdwlrq iru wkh qrq0suhghwhuplqhg yduldeohv dv \
t
@

D. �Eo[o

�t
. �Eu[u

�t
.Emxm

t
dqg [o

2t
@ �Fo[o

�t
. �Fu[u

�t
/ uhvshfwlyho|1 Wkhvh htxd0

wlrqv fdq eh xvhg wr edfn rxw wkh xqrevhuydeoh vwdwhv/ [u

�t
/ dqg wkh phdvxuhphqw

vkrfnv/ xm

t
1

Xvlqj wkh dvvxpswlrq ri ruwkrjrqdolw| ri phdvxuhphqw huuru vkrfnv dqg vkrfnv

wr wkh xqrevhuydeoh vwdwhv/ zh vkrz lq wkh dsshqgl{ wkdw wkh orj0olnholkrrg ixqfwlrq

wr pd{lpl}h wdnhv wkh irup

oq +' +�,, @ � +T � 4,

#
oq mJ m. 4

5
oq
��		�

��. 4

5
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n
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i'�
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i
.

n
�
. n

m

5
oq +5¡,

$
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�t
�P[
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�
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�t
�P[
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T[
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n
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i'�

�
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t;i

�
2
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zkhuh J �

5997
L 3 3

�Eo �Eu Em

�Fo �Fu 3

6::8/ nm lv wkh qxpehu ri phdvxuhphqw huuruv dqg n
�
lv

wkh qxpehu ri suhghwhuplqhg yduldeohv1

Zkhq/ dv lq wkh prgho xvhg e| Dqj dqg Sld}}hvl +5336,/ wkhuh lv qr ihhgedfn

iurp lqwhuhvw udwhv wr wkh pdfur yduldeohv/ hvwlpdwlrq fdq eh shuiruphg zlwk d wzr0

vwhs surfhgxuh1 Lq wkh pruh jhqhudo fdvh dqdo|vhg khuh wklv lv qrw srvvleoh/ ehfdxvh

zh gr qrw dvvxph lqghshqghqfh ehwzhhq wkh pdfur yduldeohv dqg wkh vkruw0whup

lqwhuhvw udwh1 Ixuwkhupruh/ zh edfn rxw rxu xqrevhuydeoh pdfurhfrqrplf yduldeohv

iurp wkh |lhogv1 Zh pxvw wkhuhiruh hvwlpdwh wkh zkroh v|vwhp mrlqwo|1

Lq wkhru|/ wklv lv ri frxuvh suhihudeoh1 Wkh sureohp lv wkdw wkh sdudphwhu vsdfh

lv txlwh odujh dqg wkhuhiruh wkh rswlpl}dwlrq sureohp ri pd{lpl}lqj wkh olnholkrrg

<



ixqfwlrq lv qrq0wulyldo dqg wlph frqvxplqj1 Zh hpsor| wkh phwkrg ri vlpxodwhg

dqqhdolqj/ lqwurgxfhg wr wkh hfrqrphwulf olwhudwxuh e| Jr�h/ Ihuulhu dqg Urjhuv

+4<<7,1 Wkh phwkrg lv ghyhorshg zlwk dq dlp wrzdugv dssolfdwlrqv zkhuh wkhuh

pd| eh d odujh qxpehu ri orfdo rswlpd16

6 D vlpsoh edfnzdug2iruzdug orrnlqj prgho

Wklv vhfwlrq suhvhqwv d vw|olvhg prgho zklfk �wv lq wkh jhqhudo vwuxfwxuh ghvfulehg

lq Vhfwlrq 51 Wkh prgho zloo eh xvhg lq Vhfwlrq 7 iru dq hpslulfdo dssolfdwlrq wr

Jhupdq gdwd1

Frqvlvwhqwo| zlwk wkh dssurdfk ghvfulehg lq Vhfwlrq 5/ zh gr qrw dlp wr surylgh

d ixoo|0 hgjhg plfur0irxqghg prgho1 Udwkhu/ zh suhvhqw dq hpslulfdoo| sodxvleoh

vwuxfwxudo prgho wkdw zh prwlydwh e| kljkoljkwlqj wkh dvvxpswlrqv wkdw fdq eh

dgrswhg wr ghulyh lw iurp �uvw sulqflsohv1

Wkh prgho ri wkh hfrqrp| lqfoxghv mxvw wzr htxdwlrqv zklfk ghvfuleh wkh hyr0

oxwlrq ri lq dwlrq/ ¡
t
/ dqg wkh rxwsxw jds/ x

t
1 Wkh lq dwlrq htxdwlrq lv jlyhq e|

¡
t
@ �

¡
E
t
^¡

tn�` . +4� �
¡
,¡

t3� . �
x
x
t
. "¡

t
:

Wklv htxdwlrq fdq eh ghulyhg dv wkh �uvw rughu frqglwlrq ri wkh sulfh0vhwwlqj ghflvlrq

ri �upv dfwlqj lq dq hqylurqphqw zlwk prqrsrolvwlf frpshwlwlrq1 Prqrsrolvwlf

frpshwlwlrq lpsolhv wkdw sulfhv zloo eh vhw dv d pdunxs rq pdujlqdo frvw/ zklfk

h{sodlqv wkh suhvhqfh ri wkh rxwsxw jds whup lq wkh htxdwlrq1 Wkh dvvxpswlrq

ri vwlfn| sulfhv jhqhudwhv wkh h{shfwhg lq dwlrq whup/ dv �upv wr qrw nqrz zkhq

wkhlu sulfhv zloo dgmxvw qh{w dqg wkhuhiruh qhhg gr pd{lpl}h wkh vxp ri fxuuhqw

dqg h{shfwhg ixwxuh sur�wv1 Wkh dgglwlrqdo odjjhg lq dwlrq udwh fdq eh prwlydwhg

e| sduwldo sulfh lqgh{dwlrq +Fkulvwldqr/ Hlfkhqedxp dqg Hydqv/ 5334, ru e| wkh

suhvhqfh ri d vhw ri �upv wkdw xvh d edfnzdug0orrnlqj uxoh ri wkxpe wr vhw sulfhv

+Jdoð dqg Jhuwohu/ 4<<<,1

Wkh htxdwlrq zklfk ghvfulehv wkh g|qdplfv ri wkh rxwsxw jds lv

x
t
@ �

x
E
t
x
tn�

. +4� �
x
,x

t3� � �
r
+r

t
�E

t
^¡

tn�
`, . "x

t
:

6Wkh hvwlpdwhv uhsruwhg lq wkh wh{w fruuhvsrqg wr d pd{lpxp ydoxh ri wkh olnholkrrg ixqfwlrq
irxqg lq d surfhvv ri 433 hvwlpdwlrqv xvlqj vlpxodwhg dqqhdolqj/ vwduwlqj iurp udqgrplvhg lqlwldo
ydoxhv1
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Wklv htxdwlrq fdq eh ghulyhg iurp dq lqwhuwhpsrudo frqvxpswlrq Hxohu htxdwlrq1

Wkh �uvw whup rq wkh uljkw0kdqg vlgh lv hvvhqwldoo| Kdoo*v +4<:;, udqgrp zdon k|srwk0

hvlv zklfk vwdwhv wkdw frqvxpswlrq lv htxdo wr h{shfwhg frqvxpswlrq wrpruurz +lq

vlpsoh/ forvhg0hfrqrp| prghov/ frqvxpswlrq htxdov rxwsxw lq htxloleulxp,1 Wklv

k|srwkhvlv lv vxssohphqwhg zlwk wzr dgglwlrqdo whupv1 Iluvw/ d uhdo lqwhuhvw udwh

+zklfk kh dvvxphg wr eh frqvwdqw, vkliwv wkh frqvxpswlrq sur�oh vxfk wkdw d uhdo

udwh lqfuhdvh whqgv wr glvfrxudjh fxuuhqw frqvxpswlrq1 Wkh vhfrqg whup lv odjjhg

frqvxpswlrq/ zkrvh suhvhqfh fdq eh prwlydwhg e| kdelw shuvlvwhqfh dqg2ru wkh

suhvhqfh ri uxoh ri wkxpe frqvxphuv +Fdpsehoo dqg Pdqnlz/ 4<;<> Ixkuhu/ 5333>

PfFdooxp dqg Qhovrq/ 4<<<,1

Dv zh zloo hpsor| prqwko| gdwd lq hvwlpdwlrq/ wkh qh{w vwhs lv wr uhfdvw wkh

prgho dw d prqwko| iuhtxhqf|/ zklfk zh gr wklv dorqj wkh olqhv ri Uxghexvfk +5335d,1
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t
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Qrwh wkdw doo yduldeohv duh qrz h{suhvvhg dw wkh prqwko| iuhtxhqf|/ zlwk lq0

 dwlrq gh�qhg dv wkh 450prqwk fkdqjh ri wkh orj0sulfh ohyho1 Lq sduwlfxodu/ wkh wzr

htxdwlrqv lqfoxgh d iruzdug0orrnlqj whup fdswxulqj h{shfwdwlrqv ryhu wkh qh{w wzhoyh

prqwkv ri lq dwlrq dqg rxwsxw/ uhvshfwlyho|1 Wkh edfnzdug0orrnlqj frpsrqhqwv ri

wkh wzr htxdwlrqv duh uhvwulfwhg wr lqfoxgh rqo| 6 odjv ri wkh ghshqghqw yduldeoh1

Wklv fkrlfh uhvxowv lq d pruh sduvlprqlrxv hpslulfdo prgho1 Lq wkh hvwlpdwlrq/ zh

lpsrvh �
¡
. +4� �

¡
,
S

i

�
¡i

@ 4/ d yhuvlrq ri wkh qdwxudo udwh k|srwkhvlv1

Ilqdoo|/ zh qhhg dq dvvxpswlrq rq krz prqhwdu| srolf| lv frqgxfwhg lq rughu

wr vroyh iru wkh udwlrqdo h{shfwdwlrqv htxloleulxp1 Vlqfh rxu hvwlpdwhv zloo lqfoxgh

dovr erqg sulfhv/ zh irfxv rq sulydwh djhqwv* shufhswlrqv ri wkh prqhwdu| srolf| uxoh

iroorzhg e| wkh fhqwudo edqnv/ udwkhu wkdq vroylqj wkh prghov xqghu ixoo frpplwphqw

ru glvfuhwlrq1 Dffruglqjo|/ wkh �vlpsoh uxoh� vxssrvhgo| iroorzhg e| wkh fhqwudo edqn

lv wr vhw wkh qrplqdo vkruw udwh dffruglqj wr

r
t
@ +4� ¢, +� +E

t
^¡

tn��
`� ¡W

t
, . �x

t
, . ¢r

t3� . �
t
: +5,

zkhuh ¡W
t
lv wkh xqrevhuydeoh/ shufhlyhg lq dwlrq wdujhw dqg �

t
lv d �prqhwdu| srolf|

vkrfn�1
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Wklv lv frqvlvwhqw zlwk wkh irupxodwlrq lq Fodulgd/ Jdoð dqg Jhuwohu +4<<;/

khqfhiruwk FJJ,/ zklfk lv d qdwxudo ehqfkpdun iru frpsdulvrq ehfdxvh wkh uxoh

kdv ehhq hvwlpdwhg iru Jhupdq|/ wkh frxqwu| zklfk zh irfxv rq lq wkh hpslulfdo

lpsohphqwdwlrq1 Wkh whup pxowlsolhg e| +4� ¢, lv d w|slfdo Wd|oru0w|sh uxoh +lq wklv

fdvh iruzdug orrnlqj,/ zkhuh wkh udwh uhvsrqgv wr ghyldwlrqv ri h{shfwhg lq dwlrq

iurp wkh wlph0ydu|lqj lq dwlrq wdujhw1 Wkh vhfrqg sduw ri wkh uxoh lv prwlydwhg e|

lqwhuhvw udwh vprrwklqj frqfhuqv/ zklfk vhhp wr eh dq lpsruwdqw hpslulfdo ihdwxuh

ri wkh gdwd1

Wkh pdlq gl�huhqfh zlwk uhvshfw wr wkh uxoh hvwlpdwhg e| FJJ lv wkdw zh dovr

doorz iru d wlph0ydu|lqj/ udwkhu wkdq frqvwdqw/ lq dwlrq wdujhw ¡W
t
1 Zh dgrsw wklv

irupxodwlrq ehfdxvh wkh Exqghvedqn prgl�hg lwv �phglxp whup sulfh qrup� ryhu

wkh vdpsoh shulrg xvhg lq rxu dqdo|vlv1 Wkh prgl�fdwlrqv zhuh sxeolf nqrzohgjh/

vlqfh wkh| zhuh dqqrxqfhg hyhu| |hdu dv dq lqsxw lq wkh ghulydwlrq ri wkh prqhwdu|

wdujhwv1 Wkh wlph0ydu|lqj lq dwlrq wdujhw ¡W
t
vkrxog wkhuhiruh fdswxuh vxfk fkdqjhv/

dv shufhlyhg e| wkh pdunhw dqg uh hfwhg lq htxloleulxp erqg |lhogv1 Wklv irupxodwlrq

doorzv xv wr h{sorlw wkh ixoo dydlodeoh vdpsoh shulrg/ zlwkrxw kdylqj wr dvvxph d

euhdn lq wkh srolf| uxoh dw vrph srlqw lq wkh odwh vhyhqwlhv/ dv grqh e| FJJ1

Ilqdoo|/ zh qhhg wr vshfli| wkh surfhvvhv iroorzhg e| wkh vwrfkdvwlf yduldeohv ri

wkh prgho/ l1h1 wkh shufhlyhg lq dwlrq wdujhw dqg wkh wkuhh vwuxfwxudo vkrfnv1 Zh

dvvxph wkdw rxu 6 pdfur vkrfnv duh vhuldoo| xqfruuhodwhg dqg qrupdoo| glvwulexwhg

zlwk frqvwdqw yduldqfh17 Wkh rqo| idfwru wkdw zh doorz wr eh vhuldoo| fruuhodwhg lv

wkh xqrevhuydeoh lq dwlrq wdujhw/ zklfk zloo iroorz dq DU+4, surfhvv

¡W
t
@ ¦

¡
¡W
t3�

. u
¡;t

zkhuh u
¡;t

lv d qrupdo glvwxuedqfh zlwk frqvwdqw yduldqfh xqfruuhodwhg zlwk wkh

rwkhu vwuxfwxudo vkrfnv1 Wklv dvvxpswlrq sur{lhv wkh lghd wkdw wkh lq dwlrq wdujhw

lv shufhlyhg wr eh frqvwdqw lq h{shfwhg whupv/ hyhq li qrw ghwhuplqlvwlfdoo|/ vr wkdw

E
t

�
¡W
tni

� * ¡W
t
iru i @ 4; 5; :::18

7 Lq d!qh whup vwuxfwxuh prghov/ odwhqw yduldeohv duh qrupdoo| dvvxphg wr iroorz d YDU+4,
surfhvv1 Vrph uhvwulfwlrqv pxvw wkhq eh lpsrvhg rq wkh sdudphwhuv ri wkh YDU wr hqvxuh hfrqr0
phwulf lghqwl�fdwlrq +Gdl dqg Vlqjohwrq/ 5333,1 Zkloh kdylqj wkh dgydqwdjh ri  h{lelolw|/ wklv
dssurdfk zrxog qrw eh hqwluho| frqvlvwhqw zlwk rxu pdfurhfrqrplf dvvxpswlrqv1 Li rxu pdfur0
prgho grhv surylgh dq dffxudwh ghvfulswlrq ri wkh g|qdplfv ri lq dwlrq/ wkh rxwsxw jds dqg wkh
srolf| lqwhuhvw udwh/ wkhq lw pxvw dovr fdswxuh doo wkh vhuldo fruuhodwlrq lq wkh gdwd dqg wkh wkuhh
pdfur glvwxuedqfhv pxvw eh zklwh qrlvh1

8 Lpsrvlqj d xqlw urrw zrxog ylrodwh wkh dvvxpswlrq ri vwdwlrqdulw| ri wkh idfwruv/ dq dvvxpswlrq
pdlqwdlqhg wkurxjkrxw wkh d!qh whup vwuxfwxuh olwhudwxuh1
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7 Dq dssolfdwlrq wr Jhupdq|

714 Gdwd

Rxu gdwd vhw uxqv iurp Mdqxdu| 4<:8 wr Ghfhpehu 4<<;1 Wkh whup vwuxfwxuh gdwd

frqvlvwv ri prqwko| Jhupdq }hur0frxsrq |lhogv iru wkh pdwxulwlhv 4/ 6 dqg 9 prqwkv/

dv zhoo dv 4/ 6/ dqg : |hduv19 Zh dvvxph wkdw wkh 40prqwk udwh dqg wkh 60|hdu |lhog

duh shuihfwo| revhuydeoh/ zkloh wkh rwkhu udwhv duh vxemhfw wr phdvxuhphqw huuru1

\lhogv kdyh ehhq errwvwudsshg iurp rq dq ruljlqdo Exqghvedqn gdwdvhw ri hqg0ri0

prqwk udz sulfhv/ frxsrqv dqg pdwxulwlhv1:

Frqfhuqlqj wkh pdfur gdwd/ zh frqvwuxfw wkh |hdu0rq0|hdu lq dwlrq vhulhv xvlqj

wkh FSL +doo lwhpv,1 Iru wkh rxwsxw jds/ zh iroorz FJJ dqg ghwuhqg wkh orj ri wrwdo

lqgxvwuldo surgxfwlrq +h{foxglqj frqvwuxfwlrq, xvlqj d txdgudwlf wuhqg1 Wkh vhulhv

lv/ krzhyhu/ frqvwuxfwhg uhfxuvlyho|/ vr wkdw hdfk gdwdsrlqw lv rewdlqhg e| �wwlqj

d txdgudwlf wuhqg wr wkh ruljlqdo vhulhv xs wr wkdw srlqw1 Zh dgrsw wklv dssurdfk

wr hqvxuh wkdw rxu iruhfdvw dw wlph t grhv qrw uho| rq lqirupdwlrq xqdydlodeoh dw

wkdw srlqw lq wlph1 Erwk vhulhv uhihu wr xql�hg Jhupdq| iurp 4<<4 rqzdugv dqg wr

Zhvw Jhupdq| sulru wr wklv gdwh1 Wkh pdfurhfrqrplf dqg whup0vwuxfwxuh vhulhv duh

vkrzq lq Iljxuh 41

715 Hvwlpdwlrq uhvxowv

Wr uhgxfh wkh sdudphwhu vsdfh lq rxu hpslulfdo dssolfdwlrq/ zh lpsrvh d qxpehu ri

uhvwulfwlrqv rq wkh frh!flhqwv ri wkh pdunhw sulfhv ri ulvn1 Lq wkh jhqhudo vhw0xs/ zh

vkrzhg wkdw wkh ulvn sulfhv fdq eh vshfl�hg dv �
t
@ �

f
. �

�
]
t
1 Lq rxu dssolfdwlrq/

]
t
lqfoxghv wkh shufhlyhg lq dwlrq wdujhw dqg frqwhpsrudqhrxv dqg odjjhg ydoxhv ri

lq dwlrq/ rxwsxw dqg wkh vkruw whup udwh1 Jlyhq ]
t
/ �

t
fdq reylrxvo| kdyh qrq}hur

hohphqwv rqo| fruuhvsrqglqj wr wlph t yduldeohv/ dv odjjhg yduldeohv duh qr orqjhu

vxemhfw wr vxusulvh fkdqjhv1 Wklv ohdyhv rqo| irxu srwhqwldoo| qrq0}hur urzv lq wkh �f

dqg �
�
pdwulfhv/ fruuhvsrqglqj wr wkh shufhlyhg lq dwlrq wdujhw/ wkh srolf| lqwhuhvw

udwh/ lq dwlrq dqg wkh rxwsxw jds1 Qh{w/ zh uhvwulfw �
f
dqg �

�
lq wkh vhqvh ri doorzlqj

lqwhudfwlrqv rqo| ehwzhhq sulfhv ri ulvn ri frqwhpsrudqhrxv yduldeohv/ zklfk ohdyhv

xv zlwk d 7 � 7 qrq0}hur vxepdwul{ lq ��1 Ilqdoo|/ zh iroorz Gx�hh +5335, dqg

9Zh gr qrw xvh 430|hdu erqgv ehfdxvh wkhvh duh rqo| dydlodeoh zlwkrxw euhdnv dv ri Dsulo 4<;91
:Wkh phwkrgrorj| lv htxlydohqw wr wkdw hpsor|hg e| Idpd dqg Eolvv +4<;:,1 Zh zlvk wr wkdqn

Wkrpdv Zhuqhu iru surylglqj xv zlwk wkh udz gdwd dqg Ylqfhqw Eurxvvhdx iru errwvwudsslqj wkh
whup vwuxfwxuhv ri }hur0frxsrq udwhv1
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vhw wr }hur doo hqwulhv zkrvh hohphqwv kdyh d w0vwdwlvwlf orzhu wkdq 4 lq suholplqdu|

hvwlpdwlrqv1

Dv d uhvxow/ zh duh ohiw zlwk wkh iroorzlqj qrq0}hur hohphqwv lq wkh pdwulfhv ri

sulfhv ri ulvn
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71514 Sdudphwhu hvwlpdwhv

Rxu sdshu dsshduv wr eh wkh �uvw wr hvwlpdwh d vlpsoh edfnzdug2iruzdug0orrnlqj

pdfurhfrqrplf prgho iru Jhupdq|1 Zh wkhuhiruh glvfxvv rxu pdfurhfrqrplf uhvxowv

vhsdudwho|/ vlqfh wkh| duh ri lqghshqghqw lqwhuhvw1 Wkh rqo| vwxg| rq Jhupdq| zklfk

zh kdyh irxqg lq wkh olwhudwxuh lv wkh dqdo|vlv ri wkh Skloolsv fxuyh e| Mrqghdx dqg

Oh Elkdq +5334,/ zkr hvwlpdwh wkh Jhupdq Skloolsv fxuyh edvhg rq txduwhuo| gdwd/

xvlqj d ydulhw| ri vshfl�fdwlrqv dqg wzr gl�huhqw hvwlpdwlrq phwkrgv +JPP dqg

pd{lpxp olnholkrrg,1

Li zh wdnh lqwr dffrxqw wkdw wkh pdfur prgho pxvw dovr khos wr �w wkh g|qdplfv

ri wkh whup vwuxfwxuh/ rxu prgho grhv uhodwlyho| zhoo lq h{sodlqlqj wkh mrlqw hyroxwlrq

ri lq dwlrq/ wkh rxwsxw jds dqg wkh srolf| lqwhuhvw udwh1 Vshfl�fdoo|/ wkh prgho

sdudphwhuv duh hvwlpdwhg wr eh eurdgo| lq olqh zlwk rwkhu dydlodeoh hvwlpdwhv vroho|

edvhg rq pdfurhfrqrplf yduldeohv1 Wkh suhvhqfh ri wkh |lhogv lq wkh prgho/ dqg lq

wkh hvwlpdwlrq/ fdq dssduhqwo| eh dffrpprgdwhg zlwkrxw wzlvwlqj wkh pdfurprgho

wrzdugv xquhdvrqdeoh sdudphwhu uhjlrqv +vhh Wdeoh 4,1

D pruh ghwdlohg uhylhz vkrzv wkdw rxu hvwlpdwhv iru Jhupdq| frq�up wkh

XV uhvxow wkdw erwk iruzdug orrnlqj dqg edfnzdug orrnlqj frpsrqhqwv whqg wr eh

qhfhvvdu| wr h{sodlq lq dwlrq g|qdplfv1 Frpsduhg wr dydlodeoh XV uhvxowv +edvhg

rq txduwhuo| gdwd,/ zh rewdlq d uhodwlyho| orz zhljkw iru iruzdug orrnlqj hohphqwv

lq erwk wkh lq dwlrq dqg wkh rxwsxw jds htxdwlrqv1 Rxu �
¡
@ 3:46/ iru h{dpsoh/

frpsduhv wr wkh ydoxh ri 3:5< irxqg e| Uxghexvfk +5335d,1 Rxu srlqw hvwlpdwh lv/

qhyhuwkhohvv/ zlwklq wkh udqjh ri ydoxhv irxqg e| Mrqghdx dqg Oh Elkdq +5334, iru

Jhupdq gdwd/; exw vpdoohu wkdq wkrvh uhfryhuhg e| Vphwv +5333, xvlqj dqqxdo gdwd

iru wkh hxur duhd +�
¡
@ 3:85,1

;Wkh vdpsoh xvhg e| wkh Mrqghdx dqg Oh Elkdq +5334, uxqv iurp 4<:3T4 wr 4<<<T71
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Iru wkh rxwsxw jds/ wkh iruzdug orrnlqj frpsrqhqw dsshduv wr sod| d pruh

lpsruwdqw uroh +�
x
@ 3:63,1 Lq wklv fdvh/ rxu hvwlpdwhv duh lq wkh udqjh ri ydoxhv

uhsruwhg e| Ixkuhu dqg Uxghexvfk +5335d, iru wkh XV +dqg djdlq edvhg rq txduwhuo|

gdwd,/ exw orzhu wkdq dydlodeoh Hxurshdq hvwlpdwhv1 Erwk Vphwv +5333, iru wkh hxur

duhd dqg Fkdgkd/ Pdvvrq dqg Phuhglwk +4<<5, iru d sdqho ri Iudqfh/ Jhupdq|

dqg Lwdo| �qg d kljkhu ghjuhh ri iruzdug0orrnlqjqhvv +3:89 dqg 3:78/ uhvshfwlyho|,1

Xqiruwxqdwho|/ qr hvwlpdwhv edvhg rq Jhupdq gdwd dsshdu wr eh dydlodeoh lq wkh

olwhudwxuh1

Wkh hodvwlflw| ri lq dwlrq wr wkh rxwsxw jds lv hvwlpdwhg wr eh h{wuhpho| vpdoo

+�
x
@ 3:3337, frpsduhg wr XV hvwlpdwhv +h1j1/ Uxghexvfk*v hvwlpdwh rq txduwhuo|

gdwd lv �
x
@ 3:46, dqg lqvljql�fdqwo| gl�huhqw iurp }hur1 Krzhyhu/ uhodwlyho| vpdoo

ydoxhv duh qrw xqfrpprq lq dqdo|vhv edvhg rq Jhupdq gdwd1 Ghshqglqj rq wkh

vshfl�fdwlrq dqg wkh hvwlpdwlrq phwkrg/ Mrqghdx dqg Oh Elkdq +5334, �qg ydoxhv

ehwzhhq 3 dqg 3:4<1 Wkh vhqvlwlylw| ri wkh rxwsxw jds wr wkh uhdo lqwhuhvw udwh

+�
r
@ 3:36, lv dovr vpdoo frpsduhg wr rwkhu dydlodeoh uhvxowv1 Uxghexvfk +5335d,

uhsruwv d ydoxh ri 3:3< iru wkh XV dqg Vphwv +5333, d ydoxh ri 3:39 iru wkh hxur duhd1

Frqfhuqlqj wkh sdudphwhuv ri wkh prqhwdu| srolf| uxoh/ rxu uhvxowv duh eurdgo|

frqvlvwhqw zlwk wkrvh ri FJJ1 Zh �qg d vrphzkdw kljk ghjuhh ri lqwhuhvw udwh

vprrwklqj +durxqg ¢ @ 3:<;/ frpsduhg wr wkh ydoxh ri 3:<4 uhsruwhg lq Wdeoh 4

ri FJJ, exw/ dw wkh vdph wlph/ d pruh djjuhvvlyh htxloleulxp uhvsrqvh wr lq dwlrq

ghyldwlrqv iurp wdujhw dqg wr wkh rxwsxw jds +rxu frh!flhqwv lpso| ydoxhv ri 5:7 dqg

4:7/ uhvshfwlyho|/ frpsduhg wr 4:64 dqg 3:58 lq wkh edvholqh vshfl�fdwlrq ri FJJ,1

Wkh glvfuhsdqflhv pd| reylrxvo| dovr eh gxh wr gl�huhqfhv lq wkh hvwlpdwlrq phwkrg

+JPP lq FJJ,/ lq wkh vdpsoh shulrg +4<:<=704<<6=45 lq FJJ,/ lq wkh vshfl�fdwlrq

ri wkh srolf| uxoh +frqvwdqw lq dwlrq wdujhw lq FJJ,/ dqg lq wkh vhohfwhg srolf|

lqwhuhvw udwh +lqwhuedqn gd|0wr0gd| udwh lq FJJ,1 Wkh qhw h�hfw/ krzhyhu/ lv wkdw ri

dq hvvhqwldoo| htxlydohqw lpsdfw uhvsrqvh wr lq dwlrq dqg wkh rxwsxw jds1

Dv wr wkh rwkhu sdudphwhuv/ wkh dxwrfruuhodwlrq frh!flhqw ri wkh lq dwlrq wdujhw

surfhvv lv yhu| forvh wr 41< Frqfhuqlqj wkh whup vwuxfwxuh/ rxu hvwlpdwhv ri wkh

vwdqgdug ghyldwlrqv ri wkh phdvxuhphqw huuruv duh ehwzhhq 4; edvlv srlqwv iru wkh

60prqwk udwh dqg 53 ru 54 edvlv srlqwv iru wkh rwkhu |lhogv1 Wkhvh ydoxhv duh eurdgo|

lq olqh zlwk wkh uhvxowv ri prghov edvhg vroho| rq xqrevhuydeoh idfwruv1

<Wkh sdudphwhu lv frqvwudlqhg wr eh vwulfwo| vpdoohu wkdq 4 lq wkh hvwlpdwlrq1
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71515 Lpsxovh uhvsrqvh ixqfwlrqv

Rxu vwuxfwxudo prgho doorzv xv wr frpsxwh lpsxovh uhvsrqvh ixqfwlrqv ri pdfur

yduldeohv dqg |lhogv wr wkh xqghuo|lqj pdfur vkrfnv1 Wklv lv sduwlfxoduo| lqwhuhvwlqj

iru wkh prqhwdu| srolf| vkrfn/ zkrvh lghqwl�fdwlrq dqg h�hfwv duh wkh vxemhfw ri d

ydvw olwhudwxuh +vhh Fkulvwldqr/ Hlfkhqedxp dqg Hydqv/ 4<<<,1

Ehiruh glvfxvvlqj wkh lpsxovh uhvsrqvh ixqfwlrqv ri rxu prgho/ Iljxuh 5 vkrzv

dfwxdo |hdu0rq0|hdu lq dwlrq dqg wkh shufhlyhg lq dwlrq wdujhw h{wudfwhg wkurxjk

wkh prgho1 Wkh wdujhw lv fkdudfwhul}hg e| d ghfuhdvlqj wuhqg ryhu wkh hvwlpdwlrq

shulrg= lw jrhv iurp dssur{lpdwho| 7 shufhqw lq 4<:8 wr ehorz 5 shufhqw dw wkh

hqg ri 4<<;1 Wklv lv eurdgo| frqvlvwhqw zlwk wkh wlph sdwwhuq ri wkh �sulfh qrup�

dqqrxqfhg hyhu| |hdu e| wkh Exqghvedqn/ wkdw dovr ihoo iurp 7:8 wr ehorz 5 shufhqw

ryhu wkh shulrg1 Wkh shufhlyhg lq dwlrq wdujhw pd| shukdsv vhhp d elw wrr yrodwloh/

exw lw lv ohvv yduldeoh wkdq dfwxdo lq dwlrq= lwv vdpsoh vwdqgdug ghyldwlrq ri 3:;9(

frpsduhv wr 4::5( iru dfwxdo lq dwlrq> wkh plqlpxp dqg pd{lpxp ri wkh wdujhw duh

4:5; dqg 8:55 shufhqw/ frpsduhg wr fruuhvsrqglqj ydoxhv ri �3:77 dqg 9:7; shufhqw

iru dfwxdo lq dwlrq1

Iljxuhv 6 wr 9 vkrz wkh lpsxovh uhvsrqvhv ri wkh pdfurhfrqrplf yduldeohv dqg

wkh |lhogv wr wkh vwuxfwxudo vkrfnv1

Zh vwduw zlwk Iljxuh 6/ zklfk glvsod|v wkh lpsxovh uhvsrqvhv wr d vkrfn wr wkh

shufhlyhg lq dwlrq wdujhw/ zklfk lqfuhdvhv rq lpsdfw e| dssur{lpdwho| 3:5 shufhqw0

djh srlqwv1 Wkh vkrfn lv reylrxvo| yhu| shuvlvwhqw gxh wr wkh kljk vhuldo fruuhodwlrq

ri wkh lq dwlrq wdujhw surfhvv1 Vlqfh wkh rxwsxw jds lv sduwo| iruzdug0orrnlqj/ lw

mxpsv xszdugv lpphgldwho|/ dqg wkhq frqwlqxhv wr lqfuhdvh iru xs wr 4:8 |hduv diwhu

wkh vkrfn/ zkloh wkh srolf| udwh lqfuhdvhv yhu| vorzo| ehfdxvh ri wkh kljk vprrwklqj

frh!flhqw dqg wkh uhodwlyho| prghvw lqlwldo lqfuhdvh lq lq dwlrq1 Frqvhtxhqwo|/ uhdo

udwhv rqo| lqfuhdvh deryh wkh edvholqh diwhu 4 |hdu/ vr erwk wkh rxwsxw jds dqg lq d0

wlrq uhpdlq srvlwlyh iru d yhu| orqj wlph1 Wkh |lhogv mxps xs frqvlvwhqwo| zlwk wkh

dqwlflsdwhg wljkwhqlqj f|foh ri prqhwdu| srolf|1 Wkh vl}h ri wkh mxps lv lqfuhdvlqj

lq pdwxulw| iru pdwxulwlhv xs wr 6 |hduv/ dqg wkhq ghfuhdvlqj/ frqvlvwhqwo| zlwk wkh

xowlpdwho| phdq uhyhuwlqj qdwxuh ri wkh lq dwlrq wdujhw vkrfnv1

Iljxuh 7 vkrzv wkh h�hfw ri d 78 edvlv srlqwv lqfuhdvh lq wkh 40prqwk lqwhuhvw udwh

ehfdxvh ri d prqhwdu| srolf| vkrfn +wkh glvwxuedqfh u
�;t
,1 Wkh h�hfwv ri wkh vkrfn

duh txlwh shuvlvwhqw ryhu wlph/ ehfdxvh ri wkh kljk lqwhuhvw udwh vprrwklqj frh!flhqw1

Wkh lqfuhdvh lq wkh vkruw whup lqwhuhvw udwh fdxvhv d surjuhvvlyh rshqlqj ri d qhjdwlyh

rxwsxw jds/ xs wr d shdn ri dssur{lpdwho| 3:8 shufhqwdjh srlqwv diwhu mxvw ryhu rqh
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|hdu1 Lq dwlrq dovr idoov diwhu wkh vkrfn/ exw e| d wlq| dprxqw1 Erwk wkh vl}h dqg wkh

wlplqj ri wkh lq dwlrq uhvsrqvh duh vrphzkdw gl�huhqw iurp wkrvh qrupdoo| rewdlqhg

edvhg rq XV gdwd +h1j1/ Fkulvwldqr/ Hlfkhqedxp dqg Hydqv/ 4<<<,1 Qhyhuwkhohvv/

wkh lq dwlrq uhvsrqvh lv eurdgo| frqvlvwhqw zlwk wkh uhvxowv ri YDU vwxglhv edvhg

rq Jhupdq +prqwko|, gdwd= Vlpv +4<<5,/ Fodulgd dqg Jhuwohu +4<<:, dqg Ehuqdqnh

dqg Plkry +4<<:, doo �qg qhjoljleoh/ ru vwdwlvwlfdoo| lqvljql�fdqw/ uhvsrqvhv ri sulfhv

ru lq dwlrq +ru hyhq hylghqfh ri d �sulfh sx}}oh�,1 Uh hfwlqj wkh pdunhg/ exw

whpsrudu|/ qdwxuh ri wkh prqhwdu| srolf| vkrfn/ wkh uhvsrqvh ri wkh whup vwuxfwxuh

lv ghfuhdvlqj lq wkh pdwxulw| ri wkh erqgv1 Wklv uhvsrqvh lv txlwh vlplodu wr wkdw

rewdlqhg e| Hydqv dqg Pduvkdoo +4<<9, iru wkh XV1

Wkh lpsxovh uhvsrqvhv wr dq lq dwlrq vkrfn dqg dq rxwsxw vkrfn duh vkrzq lq

Iljxuhv 8 dqg 9/ uhvshfwlyho|1

Lq dwlrq vkrfnv lpso| dq lqfuhdvh ri |hdu0rq0|hdu lq dwlrq e| dssur{lpdwho|

3:58 shufhqwdjh srlqwv1 Wkh vkruw whup udwh ehjlqv wr ulvh rq lpsdfw/ zkloh rxwsxw

idoov lq dqwlflsdwlrq ri d wljkwhqlqj prqhwdu| srolf| f|foh1 Wkh uhvxowlqj vwdj dwlrq

jhqhudwhv d srolf| wudgh0r� ehwzhhq lq dwlrq dqg rxwsxw yrodwlolw|/ zklfk lv w|slfdo

ri frvw0sxvk vkrfnv lq wkhvh prghov1 Wkh vkruw0whup udwh wkhuhiruh lqfuhdvhv xs wr

d pd{lpxp ri mxvw 9 edvlv srlqwv diwhu 4 |hdu/ zklfk lv vx!flhqw wr hqvxuh d vorz

uhwxuq wr edvholqh ri wkh rwkhu pdfuryduldeohv1 Erqg |lhogv dovr lqfuhdvh rq lpsdfw/

e| dq dprxqw lqfuhdvlqj lq pdwxulw| xs wr 40|hdu pdwxulwlhv dqg wkhq ghfuhdvlqj1

Ilqdoo|/ dq rxwsxw vkrfn lpsolhv dq lqfuhdvh ri wkh jds e| dssur{lpdwho| 4:6

shufhqwdjh srlqwv1 Ehfdxvh ri wkh wlq| hodvwlflw| ri lq dwlrq wr wkh jds/ lq dwlrq

lqfuhdvhv rqo| pdujlqdoo| lq uhvsrqvh wr wkh vkrfn1 Frqvhtxhqwo|/ wkh srolf| lqwhuhvw

udwh lqfuhdvhv olwwoh dqg yhu| vorzo|/ xs wr d shdn ri dssur{lpdwho| 48 edvlv srlqwv

diwhu 4:8 |hduv1 Dffruglqj wr wkh h{shfwdwlrqv k|srwkhvlv/ rqh zrxog h{shfw 4 dqg

srvvleo| 50|hdu |lhogv wr lqfuhdvh/ rq lpsdfw/ pruh wkdq wkh 40prqwk udwh1 Wklv lv/

krzhyhu/ qrw wkh fdvh1 Orqjhu |lhogv/ rq 6 dqg :0|hdu erqgv/ dfwxdoo| idoo rq lpsdfw1

Wklv vxusulvlqj uhvsrqvh lv lq idfw wr d odujh h{whqw vkdshg e| wkh g|qdplfv ri ulvn

suhpld1

71516 Pdfur vkrfnv dqg ulvn suhpld

Rqh ri wkh dgydqwdjhv ri rxu mrlqw wuhdwphqw ri pdfurhfrqrplfv dqg whup0vwuxfwxuh

g|qdplfv lv wkdw zh duh deoh wr ghulyh wkh lpsxovh uhvsrqvh ri wkhruhwlfdo ulvn suhpld

wr pdfur vkrfnv/ lqfoxglqj wkh prqhwdu| srolf| vkrfn1

Dv d suholplqdu| vwhs/ zh dqdo|}h wkh zhljkwv ri hdfk ri wkh vkrfnv ri wkh
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prgho rq wkh |lhogv dw ydulrxv pdwxulwlhv/ l1h1 wkh B
n
pdwulfhv +vhh Iljxuh :,1 Wkhvh

duh lqwhuhvwlqj wr frpsduh wr wkh uhvxowv riwhq rewdlqhg iurp prghov edvhg rq 6

xqrevhuydeoh idfwruv/ zkrvh lqwhusuhwdwlrq lv w|slfdoo| jlyhq lq whupv ri ohyho/ vorsh

dqg fxuydwxuh ri wkh |lhog fxuyh1

Iljxuh : vkrzv wkdw wkh lq dwlrq wdujhw d�hfwv wkh pdwxulwlhv eh|rqg 5 |hduv

doprvw xqlirupo|/ zkloh lw kdv d vpdoohu h�hfw rq wkh vkruw hqg ri wkh fxuyh1 Wkh

lq dwlrq wdujhw wkhuhiruh sod|v d pl{hg uroh ri ohyho idfwru iru wkh orqj hqg ri wkh

fxuyh dqg ri vorsh idfwru iru wkh vkruw hqg1 Wkh uroh ri ohyho idfwru iru orqj pdwx0

ulwlhv lv lqwxlwlyho| dsshdolqj iurp d pdfurhfrqrplf shuvshfwlyh/ dv lw lghqwl�hv wkh

lq dwlrq wdujhw zlwk wkh qrplqdo dqfkru ri wkh hfrqrp|1

Dw vkruw pdwxulwlhv/ wkh ohyho dqg vorsh ri wkh |lhog fxuyh duh fuxfldoo| lq xhqfhg

e| wkh prqhwdu| srolf| vkrfn1 Wklv lv dovr lqwxlwlyho| dsshdolqj/ dv lw sruwud|v wkh

wljkw frqwuro ri wkh fhqwudo edqn rq vkruw udwhv/ gxh wr oltxlglw| h�hfwv1

Lq dwlrq vkrfnv dqg rxwsxw jds vkrfnv kdyh d kxps vkdshg zhljkw1 Wkh|

prvwo| d�hfw wkh fxuydwxuh ri wkh |lhog fxuyh dw fhuwdlq pdwxulwlhv/ hyhq li zlwk

d vpdoohu vwdqgdugl}hg zhljkw1 Wkhvh uhvxowv duh eurdgo| frqvlvwhqw zlwk wkrvh uh0

sruwhg e| Uxghexvfk dqg Zx +5336,/ zkr pruh h{solflwo| olqn pdfurhfrqrplf dqg

whup0vwuxfwxuh idfwruv1

Wkh lpsdfw uhvsrqvh ri |lhog suhpld wr wkh pdfurhfrqrplf vkrfnv duh vkrzq

lq Iljxuh ;1 Wkh lq dwlrq wdujhw vkrfn lv lpphgldwho| iroorzhg e| dq lqfuhdvh ri wkh

|lhog suhplxp iru pdwxulwlhv xs wr 7 |hduv/ zlwk d shdn h�hfw ri 43 edvlv srlqwv dw

wkh 40|hdu pdwxulw|1 Wkh suhplxp wkhq wxuqv qhjdwlyh iru orqjhu pdwxulwlhv1 Vxfk

lqfuhdvh lq wkh |lhog suhplxp lv kljko| vljql�fdqw iurp dq hfrqrplf ylhzsrlqw/ dv

lw sod|v d odujh txdqwlwdwlyh uroh lq vkdslqj wkh |lhog uhvsrqvh glvsod|hg lq Iljxuh 61

Wkh prqhwdu| srolf| vkrfn jlyhv ulvh wr d odujh idoo/ rq lpsdfw/ dw wkh vkruw

hqg ri wkh whup vwuxfwxuh ri |lhog suhpld/ wkxv uhgxflqj vljql�fdqwo| wkh vl}h ri

wkh lpsdfw uhvsrqvh ri wkh |lhogv1 Wkh lpsdfw uhvsrqvh ri wkh 40|hdu |lhog wr wkh

prqhwdu| srolf| vkrfn/ iru h{dpsoh/ zrxog lqfuhdvh e| d kdoi li |lhog suhpld zhuh

vhw htxdo wr d frqvwdqw1

Vlplodu frqvlghudwlrqv krog iru wkh lpsdfw uhvsrqvh ri |lhog suhpld wr lq dwlrq

dqg rxwsxw vkrfnv1 Wkh odwwhu lv qrwdeoh/ vlqfh wkh suhpld hperg| prvw ri wkh

dfwlrq lq wkh uhvsrqvh1 Wkh lpsdfw uhvsrqvh ri wkh :0|hdu udwh/ iru h{dpsoh/ zrxog

fkdqjh vljq dqg hvvhqwldoo| pdlqwdlq wkh vdph devroxwh ydoxh/ li ulvn suhpld zhuh

frqvwdqw1

Zh frqfoxgh wkdw |lhog suhplxp g|qdplfv kdyh d qrqqhjoljleoh h�hfw rq wkh
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lpsxovh uhvsrqvhv ri |lhogv wr doo pdfurhfrqrplf vkrfnv1 Dq lqwhusuhwdwlrq ri wkh

|lhog uhvsrqvhv edvhg rq wkh h{shfwdwlrqv k|srwkhvlv pd| wkhuhiruh eh vljql�fdqwo|

eldvhg1

Iljxuh < vkrzv wkh hvwlpdwhg |lhog suhpld ryhu wlph1 Wzr jhqhudo ihdwxuhv

hphujh1 Iluvw/ wkh suhpld whqg wr eh ghfuhdvlqj ryhu wkh vdpsoh lq sdudooho wr wkh

idoo lq lq dwlrq/ exw wkhq vkrrw xs djdlq lq wkh diwhupdwk ri wkh HUP fulvlv lq 4<<50

<61 Vhfrqg/ wkh yrodwlolw| ri wkh suhpld lv lqfuhdvlqj lq pdwxulw|/ zlwk wkh :0|hdu

|lhog ehlqj prvw yrodwloh1 D kljk yrodwlolw| ri ulvn suhpld vkrxog eh xvhixo wr pdwfk

wkh ihdwxuh ri wkh gdwd zklfk uhsuhvhqw d sx}}oh iru wkh h{shfwdwlrqv k|srwkhvlv1

71517 Iruhfdvw huuru yduldqfh ghfrpsrvlwlrq

Rxu prgho dwwulexwhv doo |lhog fxuyh dqg pdfur0yduldeoh pryhphqwv wr pdfurhfr0

qrplf idfwruv1 D ghfrpsrvlwlrq ri wkh iruhfdvw huuru yduldqfh fdq jlyh xv lqirupdwlrq

rq zklfk idfwruv sod| wkh prvw lpsruwdqw uroh lq wklv uhvshfw1 Wkh iruhfdvw huuru

yduldqfh ghfrpsrvlwlrq iru doo wkh yduldeohv lq rxu prgho lv suhvhqwhg lq Wdeoh 51

Wkh prvw vwulnlqj sdwwhuq ri wkh wdeoh lv wkdw/ qr grxew gxh wr wkh qhdu xqlw0

urrw ehkdylru ri wklv yduldeoh/ pryhphqwv lq wkh shufhlyhg lq dwlrq iruhfdvw h{sodlq

wkh suhgrplqdqw sduw ri wkh iruhfdvw huuru yduldqfh ri doo yduldeohv dw orqj krul}rqv

+8 |hduv dqg eh|rqg,1 Wklv uhvxow lv pruh lqwxlwlyh iru wkh iruhfdvw huuru yduldqfh ri

lq dwlrq1 Krzhyhu/ lw dovr dssolhv wr wkh rxwsxw jds/ ehfdxvh ri wkh h{sdqvlrqdu|

+frqwudfwlrqdu|, h�hfwv ri lq dwlrq wdujhw lqfuhdvhv +idoov, wkurxjk wkh vkruw0whup

uhdo lqwhuhvw udwh1

Dw vkruwhu krul}rqv/ xs wr 4 |hdu dkhdg/ wkh iruhfdvw huuru yduldqfh ri wkh rxwsxw

jds lv h{sodlqhg wr d odujh h{whqw e| rxwsxw dqg prqhwdu| srolf| vkrfnv/ dv zhoo

dv e| fkdqjhv lq wkh shufhlyhg lq dwlrq wdujhw1 Lq dwlrq lv prvwo| h{sodlqhg e|

lq dwlrq vkrfnv1 Xqh{shfwhg fkdqjhv lq wkh prqhwdu| srolf| lqvwuxphqw duh lqvwhdg

prvwo| gxh wr prqhwdu| srolf| dqg rxwsxw vkrfnv1

Diwhu wkh lq dwlrq wdujhw vkrfn/ wkh prvw lpsruwdqw h{sodqdwru| yduldeoh ri

wkh iruhfdvw huuru yduldqfh ri wkh |lhog fxuyh dw vkruw iruhfdvw krul}rqv duh prqhwdu|

srolf| vkrfnv1 Dw wkh 40|hdu dkhdg krul}rq/ prqhwdu| srolf| vkrfnv h{sodlq 63(

ri wkh yduldqfh ri 60prqwk udwhv/ 4:( ri wkh yduldqfh ri 40|hdu |lhogv/ ;( ri wkh

yduldqfh ri 60|hdu |lhogv dqg 7( ri wkh yduldqfh ri :0|hdu |lhogv1 Ryhu wkh vdph

krul}rq/ lq dwlrq dqg rxwsxw jds vkrfnv wrjhwkhu frqwulexwh wr h{sodlq 44( ri wkh

yduldqfh ri 60prqwk udwhv/ <( ri wkh yduldqfh ri 40|hdu |lhogv/ 5( ri wkh yduldqfh ri

60|hdu |lhogv dqg ohvv wkdq 4( ri wkh yduldqfh ri :0|hdu |lhogv1
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716 Iruhfdvwlqj |lhogv

Wkh iruhfdvwlqj shuirupdqfh lv d sduwlfxoduo| lqwhuhvwlqj whvw ri rxu pdfurhfrqrplf0

edvhg whup0vwuxfwxuh prgho1 Gxh wr wkh uhodwlyho| odujh qxpehu ri sdudphwhuv wkdw

qhhgv wr eh hvwlpdwhg/ wkh prgho frxog eh h{shfwhg wr shuirup srruo| zlwk uhvshfw

wr pruh sduvlprqlrxv uhsuhvhqwdwlrqv ri wkh gdwd1 Lq idfw/ wkh udqgrp zdon prgho

kdv ehhq vkrzq wr surylgh |lhog iruhfdvwv wkdw duh sduwlfxoduo| gl!fxow wr ehdw

+Gx�hh/ 5335,1 Zh wkhuhiruh suhvhqw lq wklv vhfwlrq/ uhvxowv ri wkh |lhog iruhfdvwlqj

shuirupdqfh ri rxu prgho frpsduhg wr wkh udqgrp zdon1

Lq dgglwlrq wr wkh udqgrp zdon/ zh dovr frqvlghu iruhfdvwv edvhg rq wzr do0

whuqdwlyh prghov1 Wkh �uvw lv d fdqrqlfdo A
f
+6, hvvhqwldoo| d!qh prgho edvhg rq

xqrevhuydeoh idfwruv143 Surylghg wkdw ulvn suhpld duh vshfl�hg wr eh olqhdu ixqfwlrqv

ri wkh vwdwhv/ Gx�hh +5335, �qgv wklv prgho prvw vxffhvvixo lq wkh fodvv ri dgplvvleoh

d!qh wkuhh idfwru prghov lq whupv ri iruhfdvwlqj XV |lhogv1 Dsduw iurp surylglqj

d ehqfkpdun iru frpsdulvrq/ rxu uhvxowv rq wkh A
f
+6, prgho duh ri lqghshqghqw

lqwhuhvw/ vlqfh wkh| kljkoljkw wkh shuirupdqfh ri wklv prgho rq d gl�huhqw gdwd0vhw1

Rxu vhfrqg ehqfkpdun iru frpsdulvrq/ lv wkh Dqj dqg Sld}}hvl +5336, prgho/

zklfk zh uhhvwlpdwh rq rxu gdwd0vhw1 Edvhg rq Dqj dqg Sld}}hvl*v uhvxowv/ zh xvh

wkhlu idyrulwh �Pdfur prgho� lq wklv h{huflvh/ l1h1 d prgho lq zklfk wkh lqwhuhvw udwh

uhvsrqgv wr fxuuhqw lq dwlrq dqg rxwsxw jds/ dv zhoo dv wr 6 xqrevhuydeoh idfwruv1

D srwhqwldoo| lpsruwdqw gl�huhqfh lq rxu dssolfdwlrq ri wkhlu prgho/ krzhyhu/ lv

wkdw zh xvh lq dwlrq dqg wkh rxwsxw jds gluhfwo| lq wkh hvwlpdwlrq/ udwkhu wkdq wkh

sulqflsdo frpsrqhqwv ri uhdo dqg qrplqdo yduldeohv hpsor|hg e| Dqj dqg Sld}}hvl

+5336,1 Wklv lv dujxdeo| d pruh wkhru|0edvhg fkrlfh dqg lw idflolwdwhv wkh frpsdulvrq

wr rxu uhvxowv1

Iru doo prghov/ zh uhsruw lq0vdpsoh iruhfdvwlqj shuirupdqfhv +lq whupv ri UPVH,

edvhg rq wkh Iheuxdu| 4<:8 0 Ghfhpehu 4<<; shulrg1 Frqfhuqlqj wkh rxw0ri0vdpsoh

uhvxowv/ zh uhhvwlpdwh wkh prgho ryhu wkh shulrg Iheuxdu| 4<:8 0 Ghfhpehu 4<<7/ dqg

shuirup d vhulhv ri 4 wr 45 vwhs dkhdg iruhfdvwv iru doo |lhogv xvhg lq wkh hvwlpdwlrq

ryhu wkh shulrg Mdqxdu| 4<<8 wr Ghfhpehu 4<<;1 Hdfk prqwk/ zh xsgdwh wkh lqiru0

pdwlrq vhw/ exw zh gr qrw uhhvwlpdwh wkh prgho1 Lqvwhdg/ zh uho| rq wkh hvwlpdwhv

xs xqwlo hqg04<<71 Zh fkrrvh wklv dssurdfk wr olplw wkh frpsxwdwlrqdo exughq ri

wkh h{huflvh1 Doo uhvxowv duh wkhuhiruh edvhg rq wkh vdph hvwlpdwhg sdudphwhuv1

Wkh uhvxowv ri wkh wzr iruhfdvw hydoxdwlrq h{huflvhv duh vxppdul}hg lq Wdeohv

43Iru d gh�qlwlrq ri wkh Af E�� fodvv ri d!qh prghov/ vhh Gdl dqg Vlqjohwrq +5333,1
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6 dqg 7/ iru wkh lq0vdpsoh dqg rxw0ri0vdpsoh fdvhv/ uhvshfwlyho|1 Orzhu ydoxhv ri

wkh UPVH ghqrwh ehwwhu iruhfdvwv1 Wkh ehvw iruhfdvw dw hdfk pdwxulw|2krul}rq lv

kljkoljkwhg lq erog1

Wkh lq0vdpsoh h{huflvh vkrzv wkdw/ zlwk rqo| ihz h{fhswlrqv/ iruhfdvwv edvhg rq

d!qh prghov ehdw wkh udqgrp zdon dw doo krul}rqv dqg pdwxulwlhv1 Wklv uhsuhvhqwv

ixuwkhu hylghqfh/ edvhg rq Jhupdq gdwd/ ri wkh jrrg shuirupdqfh ri wkh hvvhqwldoo|

d!qh fodvv prghov +zlwk ru zlwkrxw wkh lqfoxvlrq ri pdfur yduldeohv,1

Zlwklq wkh d!qh fodvv/ wkh shuirupdqfh lv pl{hg1 Rxu prgho whqgv wr gr ehwwhu

iru vkruwhu pdwxulwlhv2krul}rqv/ zkloh wkh Dqj dqg Sld}}hvl +5336, prgho shuirupv

ehwwhu dw orqjhu iruhfdvwlqj krul}rqv1 Wkh shuirupdqfh ri wkh Af +6,prgho lv eurdgo|

frpsdudeoh wr wkh wzr pdfur0edvhg dowhuqdwlyhv1 Qr prgho dsshduv wr vwdqg rxw

fohduo|1

Wkh rxw0ri0vdpsoh uhvxowv/ krzhyhu/ vkrz wkdw rxu prgho shuirupv ehwwhu wkdq

wkh dowhuqdwlyhv iru doo pdwxulwlhv/ dw ohdvw eh|rqg wkh yhu| vkruwhvw iruhfdvw krul}rq1

Pruhryhu/ rxu prgho ehdwv wkh suhglfwlrqv ri wkh udqgrp zdon ehqfkpdun lq doprvw

doo fdvhv1 Wklv shuirupdqfh lv qrwhzruwk|/ lq sduwlfxodu jlyhq wkh gl!fxowlhv wkdw

wkh Dqj dqg Sld}}hvl +5336, dqg wkh A
f
+6, prghov vhhp wr kdyh lq wklv uhvshfw1

Zh frqfoxgh wkdw wkh mrlqw prghoolqj ri pdfurhfrqrplf dqg whup0vwuxfwxuh

g|qdplfv lv srvvleoh zlwkrxw lqfxuulqj frvwv lq whupv ri iruhfdvwlqj shuirupdqfh1

Lq idfw/ rxu uhvxowv vxjjhvw wkdw wkh lqfoxvlrq ri pdfurhfrqrplf yduldeohv zlwklq d

vwuxfwxudo iudphzrun kdv frqwulexwhg wr vkdushqlqj rxu delolw| ri iruhfdvwlqj |lhogv

dffxudwho| rxw ri vdpsoh1

8 H{shfwdwlrqv k|srwkhvlv whvwv

Dffruglqj wr wkh h{shfwdwlrqv k|srwkhvlv/ wkh |lhog rq dq n0shulrg }hur0frxsrq erqg

vkrxog lqfuhdvh zkhq wkh vsuhdg ehwzhhq wkh vdph |lhog dqg wkh vkruw whup udwh +wkh

�vorsh ri wkh |lhog fxuyh�, zlghqv1 Lq idfw/ wkh surmhfwlrq ri wkh |lhog fkdqjh yn3�
tn�

�
yn
t
rq wkh |lhog vsuhdg +yn

t
� r

t
, = +n� 4, vkrxog |lhog d frh!flhqw ri 41 D qxpehu

ri hpslulfdo whvwv ri wklv lpsolfdwlrq ri wkh wkhru| kdyh/ krzhyhu/ irxqg d qhjdwlyh

uhodwlrqvkls1 Wklv sdwwhuq/ zklfk uhsuhvhqwv dq h{shfwdwlrqv sx}}oh/ dsshduv wr eh

sduwlfxoduo| fohdu iru Xqlwhg Vwdwhv gdwd/ zkhuh wkh uhohydqw uhjuhvvlrq frh!flhqw

fdq eh dv elj dv �8 iru 430|hdu erqgv/ dffruglqj wr h1j1 Fdpsehoo dqg Vkloohu +4<<4,/

zkloh wkh h{shfwdwlrqv k|srwkhvlv suhglfwv d ydoxh ri rqh iru doo pdwxulwlhv1

Dq lqwhusuhwdwlrq ri wkhvh uhvxowv lv wkdw |lhogv lqfrusrudwh wlph ydu|lqj ulvn
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suhpld ri vljql�fdqw pdjqlwxghv/ udwkhu wkdq mxvw d frqvwdqw suhplxp dv shuplwwhg

e| wkh h{shfwdwlrqv k|srwkhvlv1 Xvlqj d kljko| vw|olvhg prgho/ PfFdooxp +4<<7,

vkrzv wkdw dq h{rjhqrxv/ vwrfkdvwlf whup suhplxp lv/ lq sulqflsoh/ fdsdeoh ri fdxvlqj

ghyldwlrqv iurp 4 lq wkh vorsh frh!flhqw ri wkh diruhphqwlrqhg uhjuhvvlrq1 Wkh

dfwxdo vl}h ri wkh ghyldwlrq zloo ghshqg rq erwk wkh vwrfkdvwlf surshuwlhv ri wkh

whup suhplxp +vhh dovr Urehugv dqg Zklwhpdq/ 4<<<, dqg wkh prqhwdu| srolf|

uxoh iroorzhg e| wkh fhqwudo edqn1

Rxu prgho lqfoxghv h{solflwo| erwk wkhvh ihdwxuhv�zkloh dovr ehlqj frqvlvwhqw

zlwk wkh k|srwkhvlv ri devhqfh ri duelwudjh rssruwxqlwlhv1 Frqwudu| wr wkh h{shf0

wdwlrqv k|srwkhvlv/ lw vkrxog wkhuhiruh eh fdsdeoh ri jhqhudwlqj pruh uhdolvwlf/ l1h1

qhjdwlyh/ wkhruhwlfdo ydoxhv iru wkh frh!flhqwv ri Fdpsehoo dqg Vkloohu uhjuhvvlrqv1

Udwkhu wkdq vkrzlqj wkdw wklv lv srvvleoh lq vlpxodwlrq iru vrph frpelqdwlrq ri

sdudphwhu ydoxhv/ krzhyhu/ lq wklv vhfwlrq zh dvn d pruh vwulqjhqw txhvwlrq/ qdpho|

zkhwkhu lw lv srvvleoh iru wkh vshfl�f vhw ri sdudphwhu ydoxhv rewdlqhg iurp rxu

pd{lpxp olnholkrrg hvwlpdwlrq1

Lq vr grlqj/ zh iroorz forvho| Gdl dqg Vlqjohwrq +5335d, zkr dvn wkh vdph

txhvwlrq zlwklq d qxpehu ri g|qdplf d!qh whup vwuxfwxuh prghov edvhg rq xqre0

vhuydeoh idfwruv1 Pruh vshfl�fdoo|/ zh dvn zkhwkhu wkh prgho0lpsolhg/ srsxodwlrq

frh!flhqwv ¦
n
lq wkh uhjuhvvlrq

yn3�
tn�

� yn
t
@ const:. ¦

n
+yn

t
� r

t
, = +n� 4, . residual +6,

pdwfk wkh ydoxhv rewdlqhg iurp dq ROV uhjuhvvlrq rq dfwxdo |lhog gdwd1 Wkh srs0

xodwlrq frh!flhqw duh rewdlqhg dvvxplqj wkdw wkh prgho sdudphwhuv duh wuxh dqg

wkhq ghulylqj wkh ¦
n
frh!flhqwv dqdo|wlfdoo| edvhg rq wkh vwrfkdvwlf surshuwlhv ri

wkh prgho144 Iroorzlqj Gdl dqg Vlqjohwrq +5335d,/ zh dovr h{dplqh wkh vpdoo0vdpsoh

frxqwhusduwv ri wkhvh frh!flhqwv1 Vrph fruuhfwlrq iru vpdoo vdpsoh eldv lv ghvludeoh

ehfdxvh ri wkh shuvlvwhqw qdwxuh ri |lhogv1 Iru wklv sxusrvh/ zh jhqhudwh 4333 vdp0

sohv ri wkh vdph ohqjwk ri rxu gdwd +5;:, dqg fdofxodwh wkh phdq hvwlpdwh ri wkh ¦
n

frh!flhqwv1

Gdl dqg Vlqjohwrq +5335d, ghqrwh wkh deryh whvw dv OS\ +l,1 OS\ +l, lv d whvw ri

wkh fdsdflw| ri wkh prgho wr uhsolfdwh wkh klvwrulfdo g|qdplfv ri |lhogv dv jhqhudwhg

e| d frpelqdwlrq ri wkh g|qdplfv ri ulvn suhpld dqg h{shfwdwlrqv ri ixwxuh vkruw

udwhv1 Dv douhdg| hpskdvlvhg/ d vxffhvvixo prgho vkrxog eh fdsdeoh ri jhqhudwlqj

44Wklv dprxqwv wr hydoxdwlqj dqdo|wlfdoo| ¦
n
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wkh qhjdwlyh lqwhufhsw frh!flhqw ri Fdpsehoo dqg Vkloohu0w|sh uhjuhvvlrqv1

Lq dgglwlrq wr OS\ +l,/ Gdl dqg Vlqjohwrq +5335d, dovr vxjjhvw uxqqlqj d vhf0

rqg vruw ri whvw/ gh�qhg dv OS\ +ll,/ zklfk irfxvhv rq wkh uhdolvp ri wkh g|qdplf

surshuwlhv ri ulvn suhpld1 Li wkh prgho fdswxuhv wkhvh g|qdplfv zhoo/ d Fdpsehoo

dqg Vkloohu0w|sh uhjuhvvlrq edvhg rq ulvn0suhplxp0dgmxvwhg |lhog fkdqjhv vkrxog uh0

fryhu wkh frh!flhqw ri xqlw| frqvlvwhqw zlwk wkh h{shfwdwlrqv k|srwkhvlv1 OS\ +ll,

wkhuhiruh whvwv wkdw wkh srsxodwlrq frh!flhqw ¦W
n
lq wkh uhjuhvvlrq

yn3�
tn�

� yn
t
. e

n;t
= +n� 4, @ const:. ¦W

n
+yn

t
� r

t
, = +n� 4, . residual +7,

lv htxdo wr 4 +lq wkh deryh uhjuhvvlrq/ e
n;t

lv wkh h{fhvv kroglqj shulrg uhwxuq e
n;t

�
E
t

�
oq
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pn3�
tn�

=pn
t

�� r
t

�
�vhh dsshqgl{,1

Gdl dqg Vlqjohwrq +5335d, vkrz wkdw dq d!qh 60idfwru prgho zlwk Jdxvvldq

lqqrydwlrqv dqg lqfoxglqj d ulvn0suhplxp vshfl�fdwlrq ri wkh w|sh vxjjhvwhg e|

Gx�hh +5335, vfruhv h{wuhpho| zhoo lq whupv ri erwk OS\ +l, dqg OS\ +ll,1 Rxu

prgho dovr lqfoxghv d  h{leoh vshfl�fdwlrq ri wkh ulvn0suhplxp dv lq Gx�hh +5335,1

Xqolnh lq sxuh �qdqfh prghov/ krzhyhu/ rxu ulvn0suhpld duh sduwo| ixqfwlrqv ri

revhuydeoh yduldeohv/ qdpho| odjv ri rxwsxw dqg lq dwlrq1 Wklv ihdwxuh uhsuhvhqwv

dq dgglwlrqdo frqvwudlqw lq rxu prgho/ zklfk pdnhv wkh OS\ whvwv pruh vwulqjhqw

wkdq lq wkh sxuh �qdqfh olwhudwxuh1

814 OS\ +l,

Vlqfh wkh hylghqfh rq Fdpsehoo dqg Vkloohu0w|sh uhjuhvvlrqv edvhg rq Hxurshdq

gdwd lv ohvv frpshoolqj wkdq iru wkh XV +h1j1 Kdugrxyholv/ 4<<7/ Jhuodfk dqg Vphwv/

4<<:/ Ehndhuw dqg Krgulfn/ 5334,/ zh vwduw e| uhsolfdwlqj Fdpsehoo dqg Vkloohu*v

dqdo|vlv rq rxu gdwd1 Wkh uhvxowv ri wkh vdpsoh hvwlpdwhv ri htxdwlrq +6, duh vkrzq

lq Iljxuhv 43 dqg 44 dv grwv xqghu wkh odeho �Vdpsoh�1 Frqvlvwhqwo| zlwk wkh sx}}oh/

wkh hvwlpdwhg lqwhufhsw frh!flhqw lv dozd|v qhjdwlyh dqg ghfuhdvlqj lq pdwxulw|1 Zh

frq�up/ krzhyhu/ wkdw wkh sx}}oh dsshduv ohvv vhyhuh iru Jhupdq |lhog gdwd= wkh

hvwlpdwhg frh!flhqw kryhuv durxqg �3:: iru :0|hdu |lhogv/ frpsduhg wr d ydoxh ri

ohvv wkdq �6 uhsruwhg e| Gdl dqg Vlqjohwrq +5335d, iru XV :0|hdu |lhogv1

Lq �jxuh 43 zh vkrz wkh uhvxowv ri wkh OS\ +l, whvw1 Wkh srsxodwlrq frh!flhqwv

iroorz txlwh forvho| wkh sdwwhuq ri wkh vdpsoh frh!flhqwv/ dowkrxjk ohvv vr iru vkruw

pdwxulwlhv1 Wkh srsxodwlrq frh!flhqwv dovr kdyh wkh grzqzdug vorslqj ihdwxuh hp0

skdvlvhg dovr e| Gdl dqg Vlqjohwrq1 Wkh vpdoo0vdpsoh ydoxhv ri wkh ¦
n
frh!flhqwv
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+odehoohg �Prgho0lpsolhg PF� lq Iljxuh 43 dqg gudzq wrjhwkhu zlwk <8( frq�ghqfh

edqgv ri wkhlu vpdoo0vdpsoh glvwulexwlrq, frq�up dqg vwuhqjkwhq wklv uhvxow1 Rxu

prgho dsshduv wr pdwfk vwulnlqjo| zhoo wkh sdwwhuq ri wkh vdpsoh frh!flhqwv iru

hvvhqwldoo| doo pdwxulwlhv lqfoxghg lq wkh uhjuhvvlrq1

Wkh vxffhvv ri wkh prgho lq pdwfklqj OS\ +l, ghshqgv fuxfldoo| rq rxu dvvxps0

wlrqv uhodwhg wr wkh pdunhw sulfhv ri ulvn1 Rxu sdudphwhulvdwlrq ri wkh �
�
pdwul{

shuplwv yduldwlrqv ri wkh sulfhv dwwdfkhg wr wkh ydulrxv vrxufhv ri ulvn ghshqglqj

rq wkh ohyho ri wkh vwdwh yduldeohv ri wkh prgho1 Iru h{dpsoh/ wkh ulvn suhplxp

uhtxluhg iru wkh srvvleoh rffxuuhqfh ri lq dwlrq wdujhw vkrfnv ydulhv zlwk wkh ohyhov

ri lq dwlrq dqg wkh rxwsxw jds= wkh suhplxp lv odujhu zkhq lq dwlrq dqg rxwsxw

duh kljk zlwk uhvshfw wr wkh edvholqh1 Wklv lqwhughshqghqfh lpsduwv shuvlvwhqfh wr

ulvn suhpld ehfdxvh rxwsxw dqg lq dwlrq ghyldwlrqv iurp edvholqh whqg wkhpvhoyhv

wr eh shuvlvwhqw ryhu wlph1

815 OS\ +ll,

Iljxuh 44 vkrzv wkh uhvxowv ri wkh OS\ +ll, whvwv1 Rqfh djdlq/ wkh prgho grhv

uhpdundeo| zhoo lq �wwlqj wkh gdwd1 Wkh ulvn0suhplxp fruuhfwlrq dozd|v jrhv lq

wkh uljkw gluhfwlrq dqg wkh prgho fdq jhqhudwh d frh!flhqw yhu| forvh wr xqlw| iru

pdwxulwlhv ri 7 |hdu ru orqjhu1

Iru vkruwhu pdwxulwlhv wkh prgho grhv ohvv zhoo/ exw zh vwloo uhfryhu frh!flhqwv

wkdw duh srvlwlyh dqg odujhu wkdq 318/ zklfk lv d gudpdwlf lpsuryhphqw zlwk uhvshfw

wr wkh lpsolfdwlrqv ri wkh h{shfwdwlrqv k|srwkhvlv1 Wkh uhgxfhg ghjuhh ri vxffhvv ri

wkh prgho dw wkh vkruw hqg ri wkh |lhog fxuyh lv dovr frqvlvwhqw zlwk wkh uhvxowv ri

vwdqgdug xqrevhuydeoh 60idfwru prghov dqg lw lv w|slfdoo| dwwulexwhg wr wkh h{lvwhqfh

ri vkruw0olyhg prqh|0pdunhw g|qdplfv qrw fdswxuhg lq vxfk prghov1

Wr vxppdul}h/ rxu prgho dsshduv wr gr dv zhoo dv wkh hvvhqwldoo| d!qh A
f
+6,

fodvv lq whvwv ri wkh h{shfwdwlrqv k|srwkhvlv/ lq vslwh ri wkh ixuwkhu frqvwudlqwv lp0

srvhg e| wkh ghshqghqfh ri ulvn suhpld rq revhuyhg yduldeohv1 Wkh uhvxowv ri OS\ +l,

duh yhu| srvlwlyh/ lq wkdw wkh prgho fdq uhsolfdwh wkh hvwlpdwhg frh!flhqw ri Fdps0

ehoo dqg Vkloohu0w|sh uhjuhvvlrqv dw doo pdwxulwlhv1 Wkh whvw ri OS\ +ll, vxjjhvw wkdw d

pruh vdwlvidfwru| prgho ri prqh| pdunhw g|qdplfv pd| eh qhfhvvdu| wr fdswxuh wkh

wlph vhulhv surshuwlhv ri ulvn suhpld rq vkruw whup erqgv1 Wklv uhvxow lv frqvlvwhqw

zlwk wkh hylghqfh suhvhqwhg e| Sld}}hvl +5334,1
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9 Frqfoxvlrqv

Wklv sdshu suhvhqwv d jhqhudo vhw0xs doorzlqj wr mrlqwo| prgho dqg hvwlpdwh d

pdfurhfrqrplf0soxv0whup0vwuxfwxuh prgho1 Wkh prgho h{whqgv wkh whup0vwuxfwxuh

olwhudwxuh/ vlqfh lw vkrzv krz wr ghulyh erqg sulfhv xvlqj qr0duelwudjh frqglwlrqv

edvhg rq dq h{solflw vwuxfwxudo pdfurhfrqrplf prgho/ lqfoxglqj erwk iruzdug0orrnlqj

dqg edfnzdug0orrnlqj hohphqwv1 Dw wkh vdph wlph/ zh h{whqgv wkh pdfurhfrqrplf

olwhudwxuh e| vwxg|lqj wkh whup vwuxfwxuh lpsolfdwlrqv ri d vwdqgdug pdfur prgho

zlwklq d g|qdplf qr0duelwudjh iudphzrun1

Lq dq hpslulfdo dssolfdwlrq/ zh vkrz wkdw wkhuh duh v|qhujlhv wr eh h{sorlwhg

iurp fxuuhqw dgydqfhv lq pdfurhfrqrplf dqg whup0vwuxfwxuh prghoolqj1 Wkh wzr

dssurdfkhv fdq eh vhhq dv frpsohphqwdu| dqg/ zkhq xvhg mrlqwo|/ jlyh ulvh wr vhqvleoh

uhvxowv1 Qrwdeo|/ zh vkrz wkdw rxu hvwlpdwhv ri pdfurhfrqrplf sdudphwhuv/ wkdw

duh sduwo| ghwhuplqhg e| wkh whup0vwuxfwxuh gdwd/ duh uhdvrqdeoh dqg lqwxlwlyho|

dsshdolqj1 Dw wkh vdph wlph/ rxu prgho*v h{sodqdwru| srzhu iru wkh whup0vwuxfwxuh

lv frpsdudeoh wr wkdw ri whup0vwuxfwxuh prghov edvhg rqo| rq xqrevhuydeoh yduldeohv1

Rxu prgho dovr shuirupv yhu| zhoo lq iruhfdvwlqj1

Ilqdoo|/ zh vkrz wkdw d pdfur0edvhg whup0vwuxfwxuh prgho fdq pdwfk ihdwxuhv

ri |lhog fxuyh gdwd zklfk uhsuhvhqw d sx}}oh iru wkh h{shfwdwlrqv k|srwkhvlv1 Wkhvh

uhvxowv frq�up wkdw wkh g|qdplfv ri vwrfkdvwlf ulvn suhpld duh lpsruwdqw ghwhupl0

qdqwv ri |lhog g|qdplfv/ dqg wkdw doo vxfk g|qdplfv fdq eh xowlpdwho| uhfrqgxfwhg

wr xqghuo|lqj pdfurhfrqrplf g|qdplfv zlwklq d frqvlvwhqw iudphzrun1
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D17 Ulvn suhpld

D1714 Kroglqj suhpld

Ohw e
n;t

ghqrwh wkh rqh0shulrg kroglqj suhplxp rq dq n0shulrg erqg sxufkdvhg dw t;
gh�qhg dv wkh h{shfwhg kroglqj uhwxuq ri wkdw erqg ryhu rqh shulrg/ ohvv wkh ulvn0iuhh
udwh=

e
n;t

@ E
t

�
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�
pn3�
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�� r
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D1715 Iruzdug suhpld

Ohw ¨
n;t

ghqrwh wkh rqh0shulrg iruzdug suhplxp dw t iru pdwxulw| n; gh�qhg dv wkh
gl�huhqfh ehwzhhq wkh lpsolhg rqh0shulrg iruzdug udwh n shulrgv dkhdg/ f

n;t
/ ohvv

wkh fruuhvsrqglqj h{shfwhg rqh0shulrg lqwhuhvw udwh=

¨
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D1716 \lhog ulvn suhpld

Ohw !
n;t

ghqrwh wkh n0pdwxulw| |lhog suhplxp dw t; gh�qhg dv wkh vxp ri wkh iruzdug
suhpld xs xqwlo t. n� 4 =
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Wdeoh 4= Sdudphwhu hvwlpdwhv
+Vdpsoh shulrg= Ihe 4<:80Ghf 4<<;,

Sdudphwhu Srlqw hvwlpdwh Vwdqgdug huuru

¢ 3:<:< 3:345
� 3:384 3:37<
� 3:35< 3:339
�
¡

3:466 3:348
�
x
� 432 3:36; 3:396
�
x

3:5<< 3:356
�
r

3:35: 3:359
¦
¡
W 3:<<< �

£
¡
W � 432 3:34; 3:343

£
�
� 432 3:373 3:33<

£
x
� 432 3:355 3:334

£
¡
� 432 3:3<: 3:338

£m
�
� 432 4:8:5 3:385

£m
2
� 432 4:::7 3:38<

£m
�
� 432 4::37 3:37;

£m
e
� 432 4::34 3:36<
�
f;�

�3:73; 3:4:3
�
f;2

�3:8;6 3:593
�
f;�

7:678 4:5;9
�
f;e

�4:9:8 3:98:

Wkh vwdqgdug huuruv duh edvhg rq wkh dv0
|pswrwlf yduldqfh0fryduldqfh pdwul{ ri Zklwh
+4<;5,1 Wkh hvwlpdwhv ri wkh odj frh!flhqwv
iru lq dwlrq dqg rxwsxw duh qrw uhsruwhg1

�
�
� 4332

¡W r ¡ x

¡W 3
E3�

3
E3�

3:<3:
Ef:��H�

3:;<5
Ef:��e�

r �5;:44;
E�e:�.��

4;::9:
E�:HeD�

�;:7<8
E2:2e�

3
E3�

¡ 44<:44:
E.f:eHb�

�;9:8;;
E�e:2b��

74:689
Ee:�.D�

3
E3�

x 3
E3�

4:;;<
E�:�2b�

3
E3�

5:946
Ef:HSS�

Vwdqgdug huuruv lq sduhqwkhvhv
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Wdeoh 5= Iruhfdvw huuru yduldqfh ghfrpsrvlwlrqv

Rxwsxw jds Lq dwlrq
Yduldqfh gxh wr +lq (,

Vwhsv ¡W � ¡ x

4 4::: 3:<: 3:3; <::4;
9 77:9: 54:96 5:89 64:47
45 97:69 59:<7 7:9: 7:36
69 :5:<< ;:3; 44:;3 ::45
93 9;:58 4;:36 44:79 5:58

Yduldqfh gxh wr +lq (,
¡W � ¡ x

3:49 3:33 <<:;7 3:33
9:53 3:38 <6::8 3:33

58:;9 3:4< :6:<7 3:33
;<:;4 3:48 43:34 3:36
<;:9: 3:34 4:64 3:34

Vkruw udwh
Yduldqfh gxh wr +lq (,

Vwhsv ¡W � ¡ x

4 3:33 <<:66 3:38 3:95
9 4:55 <3:4< 4:59 ::67

45 4<:7; 8<:4: 5:<4 4;:76
69 <;:9< 3:84 3:33 3::<
93 <<:93 3:58 3:3< 3:3:

60prqwk udwh 40|hdu |lhog
Yduldqfh gxh wr +lq (,

Vwhsv ¡W � ¡ x

4 ;:35 ;<:63 5:48 3:86
9 4<:84 9<:84 7:87 9:78

45 84::3 65:75 7:;4 44:3:
69 <<:57 3:66 3:38 3:6;
93 <<:;4 3:46 3:35 3:37

Yduldqfh gxh wr +lq (,
¡W � ¡ x

67:<9 95:85 5:69 3:49
7<:<5 75::8 6:9< 6:97
:7:34 4::55 6:4< 8:8;
<<:86 3:4; 3:39 3:56
<<:;< 3:3; 3:34 3:35

60|hdu |lhog :0|hdu |lhog
Yduldqfh gxh wr +lq (,

Vwhsv ¡W � ¡ x

4 ;5::6 48:87 3:7< 4:57
9 ;7::7 47:47 4:43 3:35
45 ;<:;9 ;:44 4:65 3::4
69 <<:9< 3:33 3:44 3:4<
93 <<:<8 3:38 3:33 3:33

Yduldqfh gxh wr +lq (,
¡W � ¡ x

<7:88 4:54 3:34 7:57
<8:3; 6:68 3:4< 4:6;
<8:43 7:59 3:86 3:43
<<:79 3:44 3:55 3:53
<<:<9 3:36 3:34 3:33
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Wdeoh 6= Lq0vdpsoh |lhog iruhfdvw shuirupdqfh= UPVHv

4 prqwk iruhfdvw krul}rq
pdwxulw| UZ A

f
+6, DS KWY

4 prqwk 317<: 317<< 317;< 317;7
6 prqwkv 316:4 316:4 316:4 316;<
4 |hdu 31674 316;9 316:5 316<7
6 |hduv 31655 31654 3164< 3164<
: |hduv 31593 3167; 3168: 3167<

6 prqwk iruhfdvw krul}rq
pdwxulw| UZ A

f
+6, DS KWY

4 prqwk 31:;7 31:;: 31:96 31:5<
6 prqwkv 319<< 319<: 319<5 31974
4 |hdu 319;< 31:4: 31:3: 3198<
6 |hduv 31944 31944 31934 318<;
: |hduv 317<: 3186; 31857 3186<

9 prqwk iruhfdvw krul}rq
pdwxulw| UZ A

f
+6, DS KWY

4 prqwk 41545 41539 41467 413;7
6 prqwkv 413;< 413;8 41385 31<;5
4 |hdu 4138; 41399 4137; 31<;:
6 |hduv 31;<< 31;<4 31;:5 31;:;
: |hduv 31:55 31:4; 319<6 31:48

< prqwk iruhfdvw krul}rq
pdwxulw| UZ A

f
+6, DS KWY

4 prqwk 418<7 418:6 4173; 416;;
6 prqwkv 41746 41739 41654 41596
4 |hdu 4167< 41679 41644 4158<
6 |hduv 41454 413<< 413:: 413<<
: |hduv 31<3: 31;97 31;67 31;9;

45 prqwk iruhfdvw krul}rq
pdwxulw| UZ A

f
+6, DS KWY

4 prqwk 41<6: 41;<: 4194< 41983
6 prqwkv 419<; 419;: 41888 41857
4 |hdu 41944 418<< 4187; 4184<
6 |hduv 4167< 41644 415:8 4165;
: |hduv 413;; 4135: 31<:; 4136;

Wkh wdeoh vkrzv urrw phdq vtxduh huuruv +UPVHv, iru lq0vdpsoh iruhfdvwv ehwzhhq 4<:8=34 dqg 4<<;=451
UZ ghqrwhv udqgrp zdon iruhfdvwv/ Af E�� lv d fdqrqlfdo hvvhqwldoo| d!qh Jdxvvldq wkuhh0idfwru prgho/
DS ghqrwhv wkh Dqj0Sld}}hvl +5336, Pdfur Prgho +hvwlpdwhg xvlqj rxu pdfur gdwd/ exw zlwk lq dwlrq
h{suhvvhg lq |0r0| whupv,/ dqg %KWY% ghqrwhv rxu vwuxfwxudo pdfur prgho1
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Wdeoh 7= Rxw0ri0vdpsoh |lhog iruhfdvw shuirupdqfh= UPVHv

4 prqwk iruhfdvw krul}rq
pdwxulw| UZ A

f
+6, DS KWY

4 prqwk 3147; 31484 31494 31463
6 prqwkv 314:6 314;4 314<4 3154<
4 |hdu 314<7 3164< 31569 315:4
6 |hduv 31585 31587 31589 3156:
: |hduv 31553 31664 31646 316;5

6 prqwk iruhfdvw krul}rq
pdwxulw| UZ A

f
+6, DS KWY

4 prqwk 315<< 31636 31664 31548
6 prqwkv 31678 31759 31786 315<5
4 |hdu 316<8 318;5 317<< 316;8
6 |hduv 3177; 31795 317:8 316<<
: |hduv 316:< 3175; 3179; 31779

9 prqwk iruhfdvw krul}rq
pdwxulw| UZ A

f
+6, DS KWY

4 prqwk 3178; 31785 318:7 31638
6 prqwkv 31845 31985 31:76 31737
4 |hdu 318:7 31;5< 31:;5 31865
6 |hduv 31957 3199< 31:35 3186:
: |hduv 31854 31854 3195: 317:;

< prqwk iruhfdvw krul}rq
pdwxulw| UZ A

f
+6, DS KWY

4 prqwk 31943 318;; 31:8: 31774
6 prqwkv 31999 31;5; 31<98 3188:
4 |hdu 31:66 41345 41347 319<4
6 |hduv 31:;5 31;:6 31<73 319;4
: |hduv 319:; 31:4< 31;97 318:<

45 prqwk iruhfdvw krul}rq
pdwxulw| UZ A

f
+6, DS KWY

4 prqwk 31:7: 31:39 31;<4 31944
6 prqwkv 31:<6 31<89 41479 31:59
4 |hdu 31;87 41473 41534 31;63
6 |hduv 31;75 41335 41458 31:78
: |hduv 31;39 31<53 41436 319:;

UPVHv iru rxw0ri0vdpsoh iruhfdvwv ehwzhhq 4<<8=34 dqg 4<<;=45/ edvhg rq sdudphwhu hvwlpdwhv iru
4<:8=35 0 4<<7=451 UZ duh udqgrp zdon iruhfdvwv/ Af E�� lv d fdqrqlfdo hvvhqwldoo| d!qh Jdxvvldq
wkuhh0idfwru prgho/ DS ghqrwhv wkh Dqj0Sld}}hvl +5336, Pdfur Prgho +hvwlpdwhg xvlqj rxu pdfur
gdwd/ exw zlwk lq dwlrq h{suhvvhg lq |0r0| whupv,/ dqg %KWY% ghqrwhv rxu vwuxfwxudo pdfur prgho1
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Iljxuh 4= Gdwd xvhg lq wkh hvwlpdwlrqv
+d, Pdfur gdwd

Wkh lq dwlrq dqg rxwsxw jds vhulhv kdyh ehhq pxowlsolhg e| 4331
Wkh vdpsoh shulrg lv Mdqxdu| 4<:8 wr Ghfhpehu 4<<;1

+e, \lhog gdwd

Jhupdq whup vwuxfwxuh gdwd ryhu wkh vdpsoh shulrg Mdqxdu| 4<:8
wr Ghfhpehu 4<<; +shufhqw shu |hdu,1

76



Iljxuh 5= Hvwlpdwhg lq dwlrq wdujhw dqg dfwxdo lq dwlrq +|hdu0rq0|hdu,

Wkh hvwlpdwhg lq dwlrq wdujhw dqg wkh |hdu0rq0|hdu lq dwlrq vhulhv
kdyh ehhq vfdohg xs e| 4331
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Iljxuh 6= Lpsxovh uhvsrqvhv iurp lq dwlrq wdujhw vkrfn
+d, Uhvsrqvh ri pdfur yduldeohv

Doo uhvsrqvhv duh h{suhvvhg lq shufhqwdjh whupv1 Wkh lq dwlrq dqg
vkruw udwh uhvsrqvhv duh h{suhvvhg lq dqqxdo whupv1 Wkh lq dwlrq
wdujhw zdv vkrfnhg e| rqh vwdqgdug ghyldwlrq +durxqg 315( s1d1,1

+e, Uhvsrqvh ri |lhogv

Doo uhvsrqvhv duh h{suhvvhg lq dqqxdo shufhqwdjh whupv1 Wkh lq d0
wlrq wdujhw zdv vkrfnhg e| rqh vwdqgdug ghyldwlrq +durxqg 315(
s1d1,1
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Iljxuh 7= Lpsxovh uhvsrqvhv iurp prqhwdu| srolf| vkrfn
+d, Uhvsrqvh ri pdfur yduldeohv

Doo uhvsrqvhv duh h{suhvvhg lq shufhqwdjh whupv1 Wkh lq dwlrq dqg
vkruw udwh uhvsrqvhv duh h{suhvvhg lq dqqxdo whupv1 Wkh vkruw0
whup lqwhuhvw udwh zdv vkrfnhg e| rqh vwdqgdug ghyldwlrq +durxqg
317;( s1d1,1

+e, Uhvsrqvh ri |lhogv

Doo uhvsrqvhv duh h{suhvvhg lq dqqxdo shufhqwdjh whupv1 Wkh
vkruw0whup lqwhuhvw udwh zdv vkrfnhg e| rqh vwdqgdug ghyldwlrq
+durxqg 317;( s1d1,1
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Iljxuh 8= Lpsxovh uhvsrqvhv iurp lq dwlrq vkrfn
+d, Uhvsrqvh ri pdfur yduldeohv

Doo uhvsrqvhv duh h{suhvvhg lq shufhqwdjh whupv1 Wkh lq dwlrq
dqg vkruw udwh uhvsrqvhv duh h{suhvvhg lq dqqxdo whupv1 Lq dwlrq
zdv vkrfnhg e| rqh vwdqgdug ghyldwlrq +durxqg 3159( s1d1,1

+e, Uhvsrqvh ri |lhogv

Doo uhvsrqvhv duh h{suhvvhg lq dqqxdo shufhqwdjh whupv1 Lq dwlrq
zdv vkrfnhg e| rqh vwdqgdug ghyldwlrq +durxqg 3159( s1d1,1

7:



Iljxuh 9= Lpsxovh uhvsrqvhv iurp rxwsxw vkrfn
+d, Uhvsrqvh ri pdfur yduldeohv

Doo uhvsrqvhv duh h{suhvvhg lq shufhqwdjh whupv1 Wkh lq dwlrq dqg
vkruw udwh uhvsrqvhv duh h{suhvvhg lq dqqxdo whupv1 Wkh rxwsxw
jds zdv vkrfnhg e| rqh vwdqgdug ghyldwlrq +durxqg 415(,1

+e, Uhvsrqvh ri |lhogv

Doo uhvsrqvhv duh h{suhvvhg lq dqqxdo shufhqwdjh whupv1 Wkh rxw0
sxw jds zdv vkrfnhg e| rqh vwdqgdug ghyldwlrq +durxqg 415(,1

7;



Iljxuh := Idfwru ordglqjv

Wkh idfwru ordglqjv lq wkh �jxuh fruuhvsrqg wr wkh B
n
sdudphwhuv

ri wkh irxu qrq0odjjhg pdfur idfwruv1 Wkh| kdyh ehhq uhvfdohg
wr fruuhvsrqg wr rqh vwdqgdug ghyldwlrq ri wkh uhvshfwlyh idfwruv/
h{suhvvhg lq dqqxdo shufhqwdjh whupv1

Iljxuh ;= Lqlwldo uhvsrqvh ri |lhog suhpld wr pdfur vkrfnv

Wkh �jxuh vkrzv wkh rqh0prqwk dkhdg uhvsrqvh ri wkh |lhog suh0
pld !n/ dw pdwxulwlhv n xs wr ;7 prqwkv/ wr rqh vwdqgdug ghyld0
wlrq vkrfnv wr wkh irxu pdfur idfwruv1 Wkh suhpld duh h{suhvvhg
lq dqqxdo shufhqwdjh whupv1

7<



Iljxuh <= Hvwlpdwhg |lhog suhpld

Wkh �jxuh vkrzv wkh hvwlpdwhg |lhog suhplxp !
n
gxulqj wkh vdp0

soh shulrg/ iru pdwxulwlhv n @ 6/ 45/ 69/ dqg ;7 prqwkv1 Wkh
suhpld duh h{suhvvhg lq dqqxdo shufhqwdjh whupv1

Iljxuh 43= Prgho0lpsolhg FV surmhfwlrq frh!flhqwv= �OS\ +l,�

Hpslulfdo hvwlpdwhv ri wkh FV orqj0udwh frh!flhqwv ¦
n
lq yn�4

t.4 �
yn
t
@ ¦

n
+yn

t
� rt, = +n� 4,/ soxv fruuhvsrqglqj prgho0lpsolhg fri0

�flhqw ydoxhv1 Wkh %srsxodwlrq% frh!flhqwv duh wkh wkhruhwlfdo
ydoxhv edvhg rq rxu hvwlpdwhv> wkh PF frh!flhqwv duh wkh phdq
hvwlpdwhv iurp 4333 vhulhv ri wkh vdph vl}h dv wkh vdpsoh/ vlpx0
odwhg iurp rxu prgho1 Wkh edqgv durxqg wkh PF phdq hvwlpdwhv
duh 8( frq�ghqfh edqgv1
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Iljxuh 44= Prgho0lpsolhg ulvn0suhplxp dgmxvwhg FV frh!flhqwv= �OS\ +ll,�

Wkh �jxuh vkrzv wkh hvwlpdwhv ri wkh Fdpsehoo dqg Vkloohu
+4<<4, orqj0udwh frh!flhqwv ¦

n
lq wkh uhjuhvvlrq yn�4

t.4 � yn
t

@
¦
n
+yn

t
� r

t
, = +n� 4, iru rxu vdpsoh/ dorqj zlwk wkh fruuhvsrqg0

lqj ulvn0suhplxp dgmxvwhg prgho0lpsolhg fr!flhqw ydoxhv edvhg
rq rxu sdudphwhu hvwlpdwhv1
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