


iuxiwixo/ lg wkdw wkhuh duh srwhqwldo jdigv jrlgj erwk zd|v1 Li pdfurhfrgrplf wkhru|
kdv vrph hpslulfdo vxffhvv/ Iw vkrxog khos sulfh vhixulwlhv pruh h!flhgwo|l Olnhzlvh/
li vrph whghwv ri gdgfldo hfrgrplfv/ vxfk dv wkh uhtxluhphgw ri duelwudjhOiuhh pdu0
nhwv/ duh hpslulfdoo| Ipsruwdqw/ wdnlgj wkhp Igwr dffrxgw vkrxog khos wr h{sodlg wkh
uhvsrgvh ri wkh |lhog fxuyh wr pdfurhfrgrplf ghyhorsphgwvl \lhog fxuyh Igirupdwirg
frxog dovr khos vkdushglgj iruhfdvwv ri ixwxuh hfrgrplf dfwlylw| dqg Ig dwirgl

WKklv sdshu dlpv dw suhvhgwlgj d xgl hg hpslulfdo iudphzrun zkhuh d vpdoo
vwuxfwxudo prgho ri wkh pdfur hfrgrp| Iv frpelghg zlwk d vhw ri erqgO|lhogv ri
gl huhgw pdwxulwlhv Ig dg duelwudjhOiuhh idvkirgl Lq grlgj vr/ zh exlog rg wkh zrun
ri Sld}thvl +5334, dqg Dqj dqg Sld}hvl +5336,/ zkr Iqwurgxfh pdfurhfrqgrplf ydulO
deohv Igwr wkh vwdggdug d!gh whup vwuxfwxuh iudphzrun edvhg rg odwhgw idfwruv
h1jl1 Gx!h dgg Ndq +4<<9, dqg GdI dqg Vigjohwrqg +5333,1 Wkh pdiq Iggrydwlyh ihdO
wxuh ri rxu sdshu v wkdw zh hpsor| d pdfurhfrgrplf prgho zlwk erwk iruzdug dqg
edfnzdugOorrnlqgj frpsrghgwv/ udwkhu wkdg uhollgj rq d elyduldwh YDU ri Iq dwirg
dgg rxwsxwl WkIv doorzv xv wr uhod{ Dgj dqg Sld}}hvlI*v uhvwulfwirg wkdw Ig dwirq
dgg rxwsxw eh lgghshqghgw ri wkh srolf| lgwhuhvw udwh/ dqg ixuwkhupruh idflolwdwhv
dq hfrgrplf Igwhusuhwdwlrg ri wkh uhvxowvl Rxu iudphzrun Iv viplodu Ig vslulw wr wkdw
lg 2x +5335,/ zkr sulfhv erggv zlwklg d fdoleudwhg udwlrqdo h{shfwdwlrqv pdfurO
prghol Wkh gl huhgth Iv wkdw zh hvwlpdwh rxu prgho dgg doorz d pruh hpslulfdoo|
rulhgwhg vshfl fdwlirg ri erwk wkh pdfur hfrgrp| dgg wkh sdudphwul}dwlrg ri wkh
pdunhw sulfh ri ulvnl

Zh vwduw iurp d idluo| vwdqgdug pdfurhfrgrplf prgho/ zkrvh fruh Iv edvhg
rq wkh vrOfdoohg ghz ghrfodwvifdo v|gwkhvlv +Jrrgiulhqg dgg NIqgj/ 4<<:> UrwhpO
ehuj dqg Zrrgirug/ 4<<:/ frxsohg zlwk d vipsoh prghwdu] srolf| uxohl Yduldqwv
ri wkiv prgho kdyh ehhqg vxffhvvixoo| hpsor|hg wr h{sodlg hpslulfdo pdfurhfrqrplf
glqdplfv/ Igfoxglgj wkrvh ri wkh vkruw whup Igwhuhvw udwh/ dqg iru srolf| dgdo|viv
+h1j1/ Fodulgd/ Jdod dqg Jhuwohu/ 5333/ Uxghexvfk dqg Vyhqvvrg/ 4<<</ Vphwv/ 5333/
Uxghexvfk/ 5335d,1 Qh{w/ zh xvh wkh prgho vroxwlirg wr Ighgwli| wkh vwdwh yduldeohv/
ru idfwruv/ wkdw d hfw wkh vkruwOwhup Igwhuhvw udwhl Dv d uhvxow/ doo idfwruv fruuhO
vsrqg wr vkrinv zlwk d vwdqgdug pdfurhfrgrplf Igwhusuhwdwlirqgl Wkuhh ri wkhp duh
doprvw dozd|v suhvhqw Iq vpdoo pdfur prghov=Ig dwlrg/ rxwsxw +ru djjuhjdwh ghO
pdqg, dqg prghwdu]| srolf| vkrfnv> wkh irxuwk Iv d wiphOydul]lgj Ig dwlirq wdujhw/
Igwurgxthg wr dffrxqw iru fkdgjhv wkdw pd| kdyh rffxuuhg ryhu uhodwlyho| orgj shO
ulrgv ri wiphl llgdoo} zh eruurz d vwdggdug dvvxpswirq derxw wkh pdunhw sulfh ri
ulvn iurp wkh qdgfh olwhudwxuhl Wkh uhvxow Iv dq d!gh pxowlidfwru whup vwuxfwxuh



prgho/ zkitk zh hvwlpdwh mrlqwo| zlwk wkh pdfurhfrgrplf vjvwhp xvigj pd{lpxp
olnholkrrg phwkrgvl

Rxu hpslulfdo uhvxowv/ edvhg rg Jhupdq gdwd/ vkrz wkdw pdfurhfrgrplf idfwruv
d hfw wkh whupOvwuxfwxuh ri Igwhuhvw udwhv Iq gl huhgw zd|vl Prghwdu| srolf| vkrinv
kdyh d pdunhg Ipsdfw rqg |lhogv dw vkruw pdwxulwlhv/ dqg d vpdoo h hfw dw orgjhu
pdwxulwlhvl Lqgdwlrg dgg rxwsxw vkrfnv prvwo| d hfw wkh fxuydwxuh ri wkh |lhog
fxuyh dw phglxpOwhup pdwxulwlhvl Fkdgjhv Ig wkh Ig dwlirg wdujhw kdyh pruh odvwigj
h hfwv dqg whqg wr kdyh d vwurgjhu Ipsdfw rq orgjhu whup |lhogvl Wkh Ipsxovh
uhvsrgvhv ri wkh pdfur yduldeohv wr wkhvh vkrinv duh viplodu wr frpsdudeoh uhvxowv
Ig wkh olwhudwxuhl

Kdylgj hvwdeolvkhg wkdw wkh prgho surylghv d vhqvleoh ghvfulswirg ri pdfurhfrO
grplf dqg whup vwuxfwxuh g|qdplfv/ zh wxuq wr hydoxdwh Iwv shuirupdgfh uhodwlyh
wr rwkhu dydlodeoh d!gh whup vwuxfwxuh prghovl Pruh vshfl fdoo) zh irfxv rq Ilwv
IgOvdpsoh dgg rxwOriOvdpsoh iruhfdvwlgj shuirupdgfh frpsduhg wr prghov +sduwo,
edvhg rg xgrevhuydeoh idfwruvl Lq wklv h{huflvh zh xvh wzr pdiq ehgfkpdunv= wkh
Gx hh +5335, prgho/ zklfk kdv ehhqg vkrzg wr gr uhodwlyho| zhoo Iqg iruhfdvwlqj/ dqg
wkh Dqj dqg Sld}thvl +5336, prghol Ixuwkhupruh/ zh whvw li rxu prgho fdq dffrxgw
iru wkh hpslulfdo idloxuh ri wkh h{shfwdwlrqv k|srwkhvlv grfxphgwhg/ iru h{dpsoh/
e| Fdpsehoo dqg Vkloohu +4<<4,1 Zh uhsolfdwh wkh dqdolvlv e| Gdl dgg Vigjohwrqg
+5335d,/ zkr kdyh vkrzg wkdw d!gh prghov edvhg rq xgrevhuydeoh idfwruv fdq eh
yhu| vxffhvvixo dorgj wkiv glphgvirgl

Rxu uhvxowv vkrz wkdw wkh prgho grhv uhodwlyho| zhoo Ig iruhfdvwlgjl Lwv Ig0
vdpsoh shuirupdgfh Iv frpsdudeoh wr wkdw ri wkh ehvw dydlodeoh d!gh whup vwuxfwxuh
prghovl RxwOriOvdpsoh/ lw riwhg grhv ehwwhu wkdqg frpshwlgj prghov/ exw grw iru
orgjOwhup |lhogvl Wklv odwwhu olplwdwlirg ri wkh prgho dsshduv wr sod| dqg Ipsruwdgw
uroh Ig wkh whvwv ri wkh h{shfwdwlrqv k|srwkhvilv/ wkdw duh phw e| d olplwhg ghjuhh ri
vxffhvvl

Wkh uhvw ri wkh sdshu Iv rujdglthg dv iroorzvl Vhfwlrg 5 ghvfulehv wkh Iqgrydwlyh
ihdwxuhv ri rxu wkhruhwlfdo whupOvwuxfwxuh prgho dqg surylghv d eulhi ryhuylhz ri
rxu hvwlpdwlrg phwkrg/ zklfk Iv vwdggdug Ig wkh qdgfh olwhudwxuhl Rxu hpslulfdo
uhvxowv/ Igfoxglgj Ipsxovh uhvsrgvh ixgfwlrgv ri wkh |lhogv wr pdfurhfrqrplf vkrinv
dqg iruhfdvw huuru yduldgfh ghfrpsrviwirgv/ duh suhvhqwhg gh{w/ Ig Vhfwirq 6/ wkdw
dovr glvfxvvhv wkh iruhfdvwlgj shuirupdgfh ri rxu prgho dqg lwv delolw| wr h{sodlq wkh
idloxuh ri wkh h{shfwdwlirqv k|srwkhvivl Vhfwlrg 7 frgfoxghvl



5 Wkh prgho

Lq uhfhgw |hduv/ wkh qdgfh olwhudwxuh rg wkh whup vwuxfwxuh ri lgwhuhvw udwhv kdv pdgh
wuhphaggrxv surjuhvv Iq d gxpehu ri gluhfwlrqv +vhh h1jl Gdl dgg Vlgjohwrg/ 5335e,1
Iroorzlgj wkh vhplgdo sdshu e| Gx!h dgg Ndqg +4<<9,/ rgh ri wkh prvw vxffhvvixo
dyhgxhv ri uhvhdufk kdv irfxvhg rq prghov zkhuh wkh |lhogv duh d!gh ixgfwirgv ri d
yhfwru ri vwdwh yduldeohvl Uh ghphgwv ri vxfk prghov kdyh pdgh wkhp Igfuhdvigjo|
vxffhvvixo Ig fdswxulgj Ipsruwdgw ihdwxuhv ri wkh g|gdplfv ri wkh whup vwuxfwxuh
ri lgwhuhvw udwhvl WKkKIv olwhudwxuh/ krzhyhu/ kdv wislfdoo| qrw Igyhvwljdwhg wkh frgO
ghfwlrgv ehwzhhq whup vwuxfwxuh dqg pdfurhfrgrplf glgdplfvl Lg wkh uduh fdvhv Iq
zklfk pdfurhfrgrplf yduldeohv grwdeo)/ wkh Iq dwlrg udwh kdyh ehhq Igfoxghg Iq hvO
wipdwhg whupOvwuxfwxuh prgho/ wkrvh yduldeohv kdyh ehhq prghoohg h{rjhgrxvo| +h1j1
Hydqv/ 5336/ ]d durgl/ 5334,1 Wkh Igwhudfwirgv ehwzhhq pdfurhfrgrplf dgg whup
vwuxfwxuh g|qdplfv kdyh dovr ehhg ohiw xgh{soruhg Iq wkh pdfurhfrgrplf olwhudwxuh/
Ig vslwh ri wkh idfw wkdw vipsoh srolf| uxohv kdyh riwhq vfruhg zhoo Ig ghvfulelg;j
wkh g|gdplfv ri wkh vkruwOwhup Igwhuhvw udwh +h1j1/ Fodulgd/ Jdod dgg Jhuwohu/ 5333,1
Dqg dwwhpsw wr eulgjh wklv jds zlwklg dg hvwlpdwhg/ duelwudjhOiuhh iudphzrun
kdv uhthgwo| ehhq pdgh e| Dqgj dqg Sld}}hvl +5336,1 Wkrvh dxwkruv hvwlpdwh d whup
vwuxfwxuh prgho edvhg rq wkh dvvxpswirq wkdw wkh vkruw whup udwh Iv d hfwhg sduwo|
e| pdfurhfrgrplf yduldeohv/ dv Ig wkh olwhudwxuh rq vipsoh prghwdu| srolf| uxohv/
dgg sduwo| e| xgrevhuydeoh idfwruv/ dv Ig wkh digh whupOvwuxfwxuh olwhuBexuh1
dqgg Sld}thvl*v uhvxowv vxjjhvw wkdw pdfurhfrgrplf yduldeohv kdyh dq lpsruwdgw h{0
sodqgdwru| uroh iru [lhogv dgg wkdw wkh Igfoxvirg ri vxfk yduldeohv Ig d whup vwuxfwxuh
prgho fdq Ipsuryh lwv 40vwhs dkhdg iruhfdvwligj shuirupdgfhl Qhyhuwkhohwv/ xqre0
vhuydeoh idfwruv zlwkrxw d fohdu hfrgrplf Igwhusuhwdwlirg vwloo sod| d uroh Igq wkhlu
prghol Pruhryhu/ Dqgj dqg Sld}thvi*v wzrOvwdjh hvwlpdwlirq phwkrg uholhv rq wkh
dvvxpswirg wkdw wkh vkruw whup lgwhuhvw udwh grhv grw d hfw pdfurhfrgrplf ydulO
deohv/ dg dvvxpswirg zklfk suhfoxghv dqg| phdglgjixo uroh iru prghwdu| srolf| dqg
wkxv uhgxfhv wkh vfrsh iru d ixoo xqghuvwdqglgj ri wkh Iqwhudfwlrq ehwzhhq prghwdu|
srolff wkh pdfurhfrgrp| dqg wkh whup vwuxfwxuh ri lgwhuhvw udwhv1
Lg rughu wr uhguhvv wkhvh vkruwfrplgjv/ zh frqvwuxifw d g|qdplf whup vwuxfO
wxuh prgho hgwluho| edvhg rq pdfurhfrgrplf idfwruv/ dgg zkhuh wkhuh Iv dq h{solflw

'Lg d uhodwhg sdshu/ Ghzdfkwhu dgg OJulr +5335, dovr hvwlpdwh mrigwo| d whup vwuxfwxuh prgho
exlow rg d pdfurhfrgrplf YDU1 Wkhlu sdshu Igfoxghv d gl huhqw pdfurhfrgrplf vshfl fdwirg/ Iq
wkdw wkh prgho Iv grw forvhg zlwk d prghwdul] srolf| uxoh exw zlwk dq h{rjhgrxv orgjOuxq uhodwlrgvkis
ehwzhhq wkh htxloleulxp ydoxhv ri wkh vkruw whup udwh/ Iq dwirg dgg wkh rxwxw jds1



ihhgedfn iurp wkh vkruw whup +srolf|, udwh wr pdfurhfrgrplf rxwfrphvl Wkh mrigw
prghoolgj ri wkuhh nh| pdfurhfrgrplf yduldeohv gdpho|/ Iq dwlrg/ wkh rxwsxw jds
dgg wkh vkruw whup srolf| Igwhuhvw udwh vkrxog doorz xv wr rewdlq d pruh dffxudwh
+hqgrjhgrxv, ghvfulswirg ri wkh g|gdplfv ri wkh vkruw whup udwhl

Lqg wklv vhfwlrg/ zh vwduw suhvhgwlgj wkh vipsoh edfnzdug2iruzdugOorrnlgj prgho
wkdw zh xvh wr ghvfuleh wkh hfrgrp|]l Wkh vwuxfwxuh ri wkh prgho Iv idluo| vwdggdug
dqgg zh vroyh Iw wkurxjk gxphulfdo phwkrgv wkdw duh dovr vwdqgdug Ig wkh pdfurO
hfrgrplf olwhudwxuhl zh wkhq vkrz krz d g|qdplf whup vwuxfwxuh fdq eh dwwdfkhg
wr wkh prgho Ig d vwudljkwiruzdug pdgghu/ edvhg rq wkh dvvxpswirg ri devhqgth ri
duelwudjh rssruwxglwlhv dvvxpswirqg dgg wkh vwdwh yduldeohv ri wkh pdfurhfrgrplf
prghol llgdoo} zh vnhwfk wkh phwkrgrorj| wkdw zh hpsor| wr hvwlpdwh mrlgwo| rxu
pdfurhfrgrplf soxv whup vwuxfwxuh prghol

514 D vlpsoh edfnzdug2iruzdugOorrnlgj prgho

Zh gr grw dIp wr surylgh d ixo0|0 hgjhg plfur irxqghg prghol Udwkhu/ zh suhvhqw
dqg hpslulfdoo| sodxvleoh vwuxfwxudo prgho wkdw zh prwlydwh e| kljkoljkwlgj wkh dvO
vxpswirqv wkdw duh wislfdoo| dgrswhg wr rewdlq Iw iurp uvw sulgflsohvl Wrzdugv wkiv
hqg/ wkh prgho fdq eh prwlydwhg e| dg hgylurgphgw zlwk prgrsrolvwif frpshwiwlrg/
vwlfn| sulfhv dqg ghfuhdvlgj pdujlgdo uhwxuqv wr oderxul Wrjhwkhu/ wkhvh dvvxpswirqv
surgxfh d phdglgjixo uroh iru prghwdu| srolfll Prqgrsrolvwif frpshwiwlrq Ipsolhv
grzgzdug vorslgj ghpdgg fxuyhv zklfk wrjhwkhu zlwk vwifn| sulfhv fuhdwh dg xqO
hyhqg glvwulexwlrg ri surgxfwlrq dprgj upvl Ghfuhdvigj uhwxuqv wr oderxu Ipso|
d ghdgzhljkw orvv ri wkdw glvwulexwlrg dgg prghwdu| srolf| vwulyhv wr plglplth wkh
orvwl

Zh vwduw e| fkdudfwhul}lgj d vw|ol}thg yhuvirg ri wkh orjOolghdulthg prghol Wkh
djjuhjdwh vxsso| htxdwlirq Iv jlyhqg €|

Tt = pp By [p1] + (1 — pog) T + Og + €7

WKIv htxdwlrg Iv wkh uvw rughu frqglwlirg ri wkh sulfhOvhwwlgj ghflvirg ri upvl Lq
hvvhgfh/ fxuuhgw Ig dwlirg Iv ghwhuplghg dv wkh vxp ri h{shfwhg ixwxuh |g dwlirg +gxh
wr vwlfn| sulfhv,/ odjjhg Ig dwlrq +gxh wr sduwldo Iqgh{dwIrg,/ wkh rxwsxwO0jds +pdu0
jlgdo frvw, dgg d frvw sxvk vkrin +h1j1 d vkrfn wr wkh sulflgj srzhu ri upv,1 Lqd
h{leohOsulfh hfrgrp|/ prgrsrolvwlf frpshwiwlirq Ipsolhv wkdw sulfhv zloo eh vhw dv d
pdunxs rq pdujlgdo frvwl Krzhyhu/ zlwk vwifn| sulfhv/ frpsdglhv gr grw nqrz zkhq



wkhlu sulfhv zloo dgmxvw gh{w/ dgg wkhuhiruh ghhg wr pd{lpl}h wkh vxp ri fxuuhgw dqg
h{shfwhg ixwxuh sur wvl Wkh| wkhuhiruh vhw wkhlu sulfhv dv d vxp ri h{shfwhg ixwxuh
pdunxsv rq pdujlgdo frywl WKklv h{sodlgv wkh suhvhgfh ri erwk fxuuhgw rxwsxwO0jds
dgg h{shfwhg ixwxuh Ig dwlrg/ Iq wkdw +devwudfwlgj iurp wkh odjjhg Ig dwirq udwh,
wkh h{shfwhg Ig dwirg whup fdq eh uhfxuvlyho| vxevwlwxwhg wr surgxfh dq Iq glwh
vxp ri h{shfwhg rxwsxwO0jdsvl Wkh dgglwlrqdo odjjhg Iq dwirg udwh fdq eh prwlydwhg
e| sduwldo Iggh{dwlIrg/ phdglqgj wkdw wkh upv grw doorzhg wr uhrswiplth wkhlu sulfhv
Ig wkh fxuuhgw shulrg/ dgmxvw wkhlu sulfhv dffruglgj wr odjjhg Iq dwlrg udwkhu wkdq
nhhslgj wkhp xqfkdgjhg +Fkulvwlidgr/ Hifkhgedxp dgg Hydqgv/ 5334,1 Lw kdv dovr
ehhqg prwlydwhg e| wkh suhvhqgfh ri d vhw ri upv wkdw xvh d edfnzdugOorrnlgj uxoh
ri wkxpe wr vhw sulfhv/ zkhg wkh| kdyh dq rssruwxglw| wr gr vr +Jdod dgqg Jhuwohu/
4<<<,1 Wkhvh ihdwxuhv duh lIgwurgxfhg wr pdwfk wkh vhuldo ghshqghgth ri Ig dwirg Iq
wkh gdwd +dq Ivvxh zlogo| ghedwhg Iq uhfhgw |hduv/ vhh h1jl Ixkuhu dqg Prruh +4<<8,/
Ohylg dqg Sljhu +5335,,1

Qh{w/ wkh djjuhjdwh ghpdqgg htxdwlrg/ uhvxowlgj iurp uhzulwlgj wkh IgwhuwhpsrO
udo frgvxpswirg Hxohu htxdwlrg/ v

xp = ppErwe + (1= pg) w1 — G (1t — By [me4a]) + €f

Wkh uvw whup rq wkh uljkwOkdqg vigh Iv hvwhgwldoo| Kdoo*v udqggrp zdon k|srwkhviv
zklfk vwdwhv wkdw frgvxpswirg Iv htxdo wr h{shfwhg frqvxpswirg wrpruurz +zlwk
erqgv Iq }hur ghw vxssol/ frqvxpswirg htxdov rxwsxw dgg wkhuhiruh wkh rxwsxwOjds
htxdov wkh frgvxpswirq jds vigfh wkrvh duh frgvwdgwv Iq wkh devhgfh ri fdslwdo,1 Klv
klsrwkhvlv v vxssohphgwhg zlwk wzr dgglwirqdo whupvl Illuvw/ d uhdo Igwhuhvw udwh
+zklfk kh dvvxphg wr eh frgywdqgw, vkliwv wkh frqvxpswirg sur oh vxftk wkdw d uhdo
udwh Igfuhdvh whqgv wr glvfrxudjh fxuuhgw frgvxpswirqgl Wkh vhfrgqg whup Iv odjjhg
frqvxpswirg/ zkrvh suhvhgfh fdg eh prwlydwhg e| kdelw shuvivwhgfh dgg2ru wkh
suhvhqgfh ri uxoh ri wkxpe frqvxphuv +Fdpsehoo dgg Pdqgnlz/ 4<;<> Ixkuhu/ 5333>
PfFdooxp dgg Qhovrg/ 4<<<,1

Wkh gdo vwhs v wr uhfdvw wkh prgho dw d prgwko| iuhtxhqgf|/ zklfk zh gr dorgj
wkh olghv ri Uxghexvfk +5335d,1
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Qrwh wkdw doo yduldeohv duh grz h{suhvvhg dw wkh prgwko| iuhtxhgf|= qrwdeol/
Ig dwlirg Iv gh ghg dv wkh 40prqwk fkdgjh ri wkh orjOsulth ohyhol Wkh Ig dwlirg htxdO
wirg Iv wkh prqwko| dgdorjxh ri wkdw xvhg e| Uxghexvfk +5335d,/ li rgh glvuhjdugv
Uxghexvfk*v dvvxpswirg wkdw yduldeohv duh revhuyhg zlwk d 40txduwhu odjl Lq wkh
hvwipdwlrg/ zh Ipsrvh i, + (1 — 1) Y212, 8 = 1/ d yhuvirg ri wkh gdwxudo udwh
klsrwkhvivl Dv iru wkh Ig dwlirg htxdwlrg/ zh dvvxph wkdw wkhuh duh gr revhuydwirqg
odjvl

llgdoo) zh ghhg dqg dvvxpswirg derxw krz prghwdu]| srolf| Iv frqgxfwhg Iq
rughu wr vroyh iru wkh udwlrqdo h{shfwdwlrgv htxloleulxpl Wkh wkuhh dowhuqgdwlyhv prvw
riwhg xvhg Ig wkh olwhudwxuh duh wkrvh ri ixoo frpplwphgw/ frpsohwh glvfuhwirg ru
frpplwphgw wr d vipsoh uxoh 1 zh iroorz wkh odvw dssurdfk dgg dvvxph wkdw wkh
fhgwudo edgn vhwv wkh grplgdo vkruw udwh dffruglgj wr

11
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zkhuh 7} Iv wkh xgrevhuydeoh |g dwlrg wdujhw dgglv d prghwdu]| srolf| vkrfn 1
WKIv Iv frgvivwhgw zlwk wkh irupxodwirg Iq Fodulgd/ Jdod dgg Jhuwohu +4<<;/ khqgfhO
iruwk FJJ,/ zklfk Iv d gdwxudo ehgfkpdun iru frpsdulvrg ehfdxvh wkh uxoh kdv ehhqg
hvwlpdwhg iru Jhupdq|/ wkh frxqwu| zklfk zh irfxv rg Iq wkh hpslulfdo IpsohphqwdO
wirgl Wkh whup Igq vixduh eudfnhwv Iv d wislfdo Wd|oruOw|sh uxoh +lq wklv fdvh iruzdug
orrnlgj,/ zkhuh wkh udwh uhvsrggv wr ghyldwlrgv ri h{shfwhg Iq dwirg iurp wkh wiphO
ydullgj Ig dwirg wdujhwl Wkh vhfrgg sduw ri wkh uxoh Iv prwlydwhg e| lgwhuhvw udwh
vprrwklqj frgfhuqv/ zklfk vhhp wr eh dq Ipsruwdgw hpslulfdo ihdwxuh ri wkh gdwd1
Wkh pdlq gl huhgfh zlwk uhvshfw wr wkh uxoh hvwlpdwhg e| FJJ Iv wkdw zh dovr
doorz iru d wiphOydul|lgj/ udwkhu wkdq frqvwdgw/ Iq dwirg wduihtv Zh dgrsw wklv
irupxodwlrg ehfdxvh wkh Exgghvedqgn prgl hg lwv phglxp whup sulfh grup ryhu
wkh vdpsoh shulrg xvhg Ig rxu dgdo|vivl Wkh prgl fdwirqv zhuh sxeolf ngrzohgjh/
vlgfh wkh| zhuh dgqgrxqgfhg hyhu| |hdu dv dq Igsxw Iq wkh ghulydwlirg ri wkh prghwdu|
wdujhwvl Wkh wiphOydullgj Ig dwlrq wdujifwkrxog wkhuhiruh fdswxuh vxfk fkdgjhv/
dv shufhlyhg e| wkh pdunhwv dqg uh hfwhg Ig htxloleulxp erqg |lhogvl WKklv irupxodO
wlirg doorzv xv wr h{sorlw wkh ixoo dydlodeoh vdpsoh shulrg/ zlwkrxw kdylgj wr dvvxph
d euhdn Ig wkh srolf| uxoh dw vrph srlgw Ig wkh odwh vhyhgwlhv/ dv grgh e| FJJ1
llgdoo}/ zh ghhg wr vshfli| wkh vwrfkdvwlIf surfhvvhv iroorzhg e| wkh xgrevhuyO



deoh yduldeohv ri wkh prghol Lq d!gh whup vwuxfwxuh prghov/ odwhgw yduldeohv duh
grupdoo| dvvxphg wr iroorz d YDU+4, surfhvwl Vrph uhvwulfwlrgv pxvw wkhq eh Ip0
srvhg rq wkh sdudphwhuyv ri wkh YDU wr hgvxuh hfrgrphwulf Ighgwl! fdwlirg +Gdl dgg
Vigjohwrg/ 5333,1 Zkloh kdylgj wkh dgydgwdijh ri h{lelolw}/ wklv dssurdfk zrxog qrw
eh frqgvivwhgw zlwk rxu pdfurhfrgrplf dvvxpswirqvl Li rxu pdfurprgho Iv lgghhg
dvvxphg wr surylgh dq dffxudwh ghvfulswirg ri wkh g|gdplfv ri Iq dwlrg/ wkh rxwsxw
jds dgg wkh srolf| Igwhuhvw udwh/ wkhq Iw pxvw dovr fdswxuh doo wkh vhuldo fruuhodwirg
lg wkh gdwd dgg wkh wkuhh pdfur glvwxuedgfhv pxvw eh zklwh grlvhl zh wkhuhiruh
dvvxph wkdw rxu 6 pdfur vkrfnv duh grupdoo| glvwulexwhg zlwk frqvwdgw yduldgfhl

Wkh rgo| idfwru wkdw zh doorz wr eh vhuldoo| fruuhodwhg Iv wkh xgrevhuydeoh
Igq dwlrg wdujhw/ zklfk zloo iroorz dg DU+4, surfhvv

* *
Ty = QpTy_1 + Ury

zkhuh u, ; Iv d grupdo glvwxuedqfh zlwk frqvwdgw yduldgfhl Lghdoo|/ zh zrxog h{shfw
wkh Ig dwirg wr eh frgvwdqun expected terms/ hyhq li lw Iv grw ghwhuplglvwlifdoo|
frqywdgwl Frgqwudu| wr wkh fdvh ri wkh rwkhu vkrfnv/ zh wkhuhiruh h{shfw wr rewdlq
d kljk vhuldo fruuhodwirg iru wkh Iq dwirg wdujhw surfhvw/ vr dv wr hgvxuh wkdw Iw
dssur{lpdwho| frqvwdaqw Ig h{shfwhg whup\&s 77 ;] ~ 7} iru i = 1,2,...,1%

llgdoo}/ vlgfh rxu vkrfnv duh vwuxfwxudo/ zh dvvxph wkdw wkh| duh pxwxdoo|
xgfruuhodwhgl

Dq Ipsruwdgw ihdwxuh ri wkiv pdfurhfrgrplf prgho Iv wkdw Iwv vwuxfwxuh v grw
d hfwhg e| wkh g|qdplfv ri wkh |lhogvl Zzh fdq wkhuhiruh vroyh Ilw zlwkrxw sulru
ngrzohgjh ri wkh htxloleulxp sulfhv ri grplgdo erqgvl Zh gr wkiv gxphulfdoo|
iroorzlgj Vughuolgg +4<<<,/ zkr sursrvhv d vroxwlrq dojrulwkp edvhg rg wkh Vfkxu
ghfrpsrviwlrgl Wkh uhvxow duh wzr pdwulfh dqg C vxfk wkdw

Xip1 = MXyp+& 0
Xopr1 = CXipp41

’Dv d urexvwghvv fkhin/ zh dovr hvwlpdwhg wkh prgho dvvxplgj wkdw doo vkrinv iroorz lgghshq0
ghgw DU+4, surfhvwvhvl Wkh hvwlpdwhg dxwrfruuhodwlrq sdudphwhuv duh vpdoo/ exw qrqOthur/ dgg wkh
gl huhgfh ehwzhhg wkh wzr prghov Iv vwdwlvwlifdoo| vljgl fdqw +d olnholkrrg udwlr whvw zrxog uhmhfw
wkh uhvwulfwhg prgho dw wkh 8( frq ghgfh ohyho,1 Qhyhuwkhohvv/ Iq doo rwkhu uhvshfwv gdpho}/ wkh
Ipsxovh uhvsrqvh ixgfwlrqv/ iruhfdvw huuru yduldgfh ghfrpsrviwirgv dqg iruhfdvwlgj shuirupdgfh
wkh wzr prghov duh yluwxdoo| Ighgwlfdol Zh wkhuhiruh vhohfw wkh uhvwulfwhg prgho edvhg rq hfrgrplf
jurxqgvl

3Lpsrvigj d xglw urrw zrxog ylrodwh wkh dvvxpswirg ri vwdwlrgdulw]| ri wkh idfwruv/ dq dvvxpswirg
pdigwdlghg wkurxjkrxw wkh d!gh whup vwuxfwxuh olwhudwxuhl



zkhuh X Iv d yhfwru ri suhghwhuplghg yduldeobX# Igfoxghv wkh yduldeohv zkifk duh
grw suhghwhuplghg dag, Iv d yhfwru ri vkrfnv +vhh wkh dsshqgl{ iru pruh ghwdlot,1

515 Dgglgj wkh whup vwuxfwxuh wr wkh prgho

Jlyhg wkh vroxwlirg deryh/ wkh vkruw whup Igwhuhvw udwh fdq eh zulwwhq dv d olghdu
ixgfwlrg ri doo suhghwhuplghg yduldedXiy/ zklfk Ig wxugq iroorz d uvw rughu Jdxvvidg
YDU1 Wr exlog wkh whup vwuxfwxuh/ zh rqo| ghhg wr Ipsrvh wkh dvvxpswirqg ri devhgfh
ri duelwudjh rssruwxglwlhv/ zklfk jxdudgwhhv wkh h{lvwhqgfh ri d ulvn ghxwudo phdvxuh/
dqgg wr vshfli| d surfhvv iru wkh vwrfkdvwlIf glvfrxgw idfwrul Lq wklv uhvshfw/ zh iroorz
forvho| Dqgj dqg Sld}thvl +5336,1

Vshfl fdoo|/ wkh grplgdo sulflgj nhughom;, zklfk sulfhv doo grplgdo erqgv Iq
wkh hfrgrp| Iv gh ghg dv

Y

by
zkhuh v, 1 Iv . wkh UdgrgOQInrg|p ghulydwlyh/ zkifk Iv dvvxphg wr iroorz d orjo

M1 = exp (—ry)

grupdo surfhvv dffruglgj wr

1
Y1 = Pexp <—§>\2>\t - Aggl,t+1> ;

dqgg zkhuh )¢ Iv wkh yhfwru ri pdunhw sulfhv ri ulvn dvvrfldwhg zlwk wkh xgghuo|lgj
vrxufhv ri xgfhuwdlgw| (£1¢ +1) Ig wkh hfrgrp|1 Wkh pdunhw sulfhv ri ulvn/ Ig wxug/

kdyh frpprgo| ehhqg dvvxphg wr eh frgvwdgw +Ilg wkh fdvh ri Jdxvvldg prghov, ru
sursruwlrgdo wr wkh idfwru yrodwlolwlhv +h1j1 Gdl dqg Vigjohwrg +5333,,/ exw uhfhqw
uhvhdufk kdv kljkoljkwhg wkh fohdu ehgh wv Iq doorzlgj iru d pruh h{leoh vshfl fdwirg

ri wkh ulvn sulfhv +h1jl Gx hh +5335,/ Gdl dgqg Vlgjohwrg +5335d,,1 zh wkhuhiruh
dvvxph wkdw wkh pdunhw sulfhv ri ulvn duh d!gh lg wkh vwdwh yKfwru

At = Ao+ M Xy,

vr wkdw wkh pdunhw*v uhtxluhg frpshqvdwirq iru ehdulgj ulvn fdg ydu| zlwk wkh vwdwh
ri wkh hfrgrp[l Pruh suhflvho| )\; zloo rqo| sulth frqwhpsrudghrxv idfwruv/ dgg
hohphgwv Idg dgg \; zkltk fruuhvsrqg wr odjjhg yduldeohv duh vhw wr }hurl

*Wkh suhvhgtfh ri grq0suhghwhuplghg yduldeohv Ig wkh prgho Ipsolhv wkdw wkhuh pd| eh pxowlsoh
vroxwlrgv iru vrph sdudphwhu ydoxhvl Zh frqgvwudlq wkh vlvwhp wr eh ghwhuplgdwh Ig wkh Iwhudwlyh
surfhvv ri pd{Ipl}lgj wkh olnholkrrg ixqfwlirql



Jlyhqg wkh gh glwlirg ri v,/ dqg uhzulwlgj wkh vkruwOwhup lqgwhuhvw udwh Iq +4,
dvr, = A’X; ¢, wkh sulflgj nhugho fdg eh zulwwhq dv

Ve

Uy
1
= exp(—A'Xy;)exp <—§>\2>\t - >\251,t+1>

myp1 = exp(—ry)

1
= exp (—A’Xu - §>\2>\t - Ag&l,t-&-l) .

Wkh sulflgj nhugho doorzv xv wr sulth }hurOfrxsrq erggv/ wkurxjk wkh ixqgdphgwdo
dvvhw sulflgj uhodwlry; [m;1 Ri+1] = 1, zkhuh Ry41 ghgrwhv jurvw uhwxuqvl Vigfh
wkh vwdwh yhfwru dqgg wkh vkruwOwhup lqgwhuhvw udwh duh d!gh ix¥fwlrata nqrz
iurp Gx'h dgg Ndg +4<<9, wkdw erqg sulfhv zloo eh h{srghqgwldoOd!gh ixgfwlirgv ri
wkh vwdwh yduldeohv/

Py = exp (An + B;LXU) ,

zkhuh A,, dqg B,, duh sdudphwhuv zkifk ghshqg rq wkh pdwxulw[l Wdnhg wrjhwkhu
zlwk wkh sulflgj nhugho uhodwlrg/ wklv fdg eh xvhg wr Ighgwli| wkh vwuxfwxuh ri wkh
erqg sulflgj uhodwlrgl Iru h{dpsoh/ wkh sulfh ri d rghOshulrg erqg dw wiph lv jlyhqg

el

Py = Ei[my]
= €xXp (—Tt)
= €xp (_A/XI,t) )

exw Iw fdq dovr eh h{suhvvhg dv dq h{srghgwldo d!gh ixgfwirqvXi; dffruglqj wr
pr = exp (/_11 + B{let) .

WKIv doorzv xv wr Ighqwlid; = 0 dgqg B; = —A. Viploduo| orgjhu pdwxulw| erqgv
fdg eh rewdlghg uhfxuvlyho| xvlgj

p?ﬂ = F [mt+1p?+1] )

dgg wkh fruuhvsrqglgj A, dgg B, sdudphwhuv fdg eh Ighgwl hg dv iroorzlgj wkh
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uhfxuvlrqv

_ _ 1 - _
Apir = A, — B\ + §B;LEE’BTL,
Bl.1 = B,(M—-%\)—A

llgdoo|/ wkh frqwlgxrxvo| frpsrxqghg |lhog y;* rq d nOshulrg }hur frxsrg erqg
Iv jlyhq €|

o= -
A B
= 2o 2Ixy,
n n
= An+B;LX1t

Vwdfnlgj wkh dydlodeoh |lhogv Ig d yhiw¥w zh zulwh wkh deryh htxdwirgv mrigwo| dv
Y =A+BXy1

516 Pd{lpxp olnholkrrg hvwlpdwIrg

Zh duh Igwhuhvwhg Iq pd{Ipl}lgj wkh olnholkrrg ixgfwirg

T
0(0) = T[F (X2 Yo, Xt X911, Ye1)

t=2
zkhuh X9, Iv wkh yhfwru ri revhuydeoh suhghwhuplghg yduldewhw wkh yhfwru ri
|lhogv dgg Xs; duh wkh revhuydeoh frpsrghgwv ri wkh yhfwru ri qrq0suhghwhuplghg
yduldeohv +fxuuhgw rxwsxw jds dqg Iq dwirg udwh,1

Wr frgvwuxfw wkh olnholkrrg/ zh dgrsw dq dssurdfk zkifk Iv frpprg Ig wkh

gdqgfh olwhudwxuh dqg zkifk Igyroyhv vroylgj iru wkh xgrevhuydeoh idfwruv iurp d
yhfwru ri |lhogv +Fkhq dqg Vfrww/ 4<<6,1 Lg rxu fdvh/ wkh revhuydwlrg htxdwlrqv ri wkh
vwdwhOvsdfh vlvwhp Igfoxgh grw mxvw wkh [Miggekw dovr wkh grgOsuhghwhuplghg
yduldeohviXy;1 Zh wkhuhiruh dvvxph wkdw dv pdg| |lhogv soxv grqOsuhghwhuplghg
yduldeohv dv xgrevhuydeoh vwdwhv duh phdvxuhg h{dfwo| dgg wkdw wkh uhpdiqlqj [Ihogv
duh phdvxuhg zlwk huurul Wr dffrxgw iru wkh phdvxuhphgw huuru/ zh uhzulwh wkh
[lhogv htxdwlrq dvY; = A + BXy; + B™u}"/ zkhuh wkhui® yhfwru ri zklwh grivh
vkrfnv kdv }hur hohphgwv fruuhvsrqglgj wr wkh |lhogv phdvxuhg h{dfwo|l Zh wkhq
sduwlwlrg wkh vwdwh yhfwru Igwr revhuydeoh dqg xgrevhuydeoh frpsrghgwv dgg uhzulwh
wkh |Ihog htxdwlrg dgg wkh htxdwlirg iru wkh grqOsuhghwhuplghg yduldeof¥; dv
A + B°XY, + BXY + B™u}* dqg Xg; = C°X¢, + C*X%/ uhvshfwlyho|l Wkhvh
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htxdwlirgv fdg eh xvhg wr edfn rxw wkh xgrevhuydeoh vwdXitw/dgg wkh phdvxuhphgw
vkrfnv/ ui*1

Xvlgj wkh dvvxpswirg ri ruwkrjrqdolw| ri phdvxuhphgw huuru vkrfnv dqg vkrfnv
wr wkh xgrevhuydeoh vwdwhv/ zh vkrz Iq wkh dsshqgl{ wkdw wkh orjOolnholkrrg ixgfwirq
wr pd{lplth wdnhv wkh irup

1 , 1. & 9 M1+ Ny
In(£(0) = —(T-1) (ln|J| + §ln}§]§] |+ §1n;(71- + Tln(?ﬁ))
2
1 & , N1 1 =3 (u{”;)
—5 > (Xu=-MXy 1) (B8) " (Xu-MXy 1) =5 ) .
=2 = i=1 i
I 0 0
zkhuh J = | B° B* B™ |/ ny Iv wkh gxpehu ri phdvxuhphgw huuruv dog; v
c’°CcC" o

wkh gxpehu ri suhghwhuplghg yduldeohvl

Dgj dqg Sld}thvl +5336, dvvxphg gr ihhgedfn iurp Igwhuhvw udwhv wr wkh pdfur
yduldeohvl Wkhuhiruh/ wkh prgho frxog eh hvwlpdwhg Iq d wzrOvwhs surfhgxuh/ uvw
hvwlpdwlgj wkh pdfur YDU dgg wkhag/ {lgj wkrvh sdudphwhuv/ wkh whupOvwuxfwxuh
sduwl Lq rxu fdvh/ wkiv Iv grw srvvleoh ehfdxvh zh gr grw dvvxph lgghshqghqgfh
ehwzhhqg wkh pdfur yduldeohv dgg wkh Igwhuhvw udwhvl Ixuwkhupruh/ zh edfn rxw rxu
xqrevhuydeoh pdfurhfrgrplf yduldeohv iurp wkh |lhogvl Zh pxvw wkhuhiruh hvwipdwh
wkh zkroh vlvwhp mrigwo|l Lqg wkhrul/ wkiv Iv ri frxuvh suhihudeohl Wkh sureohp Iv
wkdw wkh sdudphwhu vsdfh Iv txliwh odujh dgg wkhuhiruh wkh rswipl}dwlrg sureohp ri
pd{Ipl}igj wkh olnholkrrg ixgfwirg Iv grqOwulyldo dqg wiph frqvxplgjl zh hpsor|
wkh phwkrg ri vipxodwhg dqgghdolgj/ Igwurgxthg wr wkh hfrgrphwulf olwhudwxuh e|
Jrh hw dol +4<<7,1 Wkh phwkrg Iv ghyhorshg zlwk dq dip wrzdugv dssolfdwlirqv
zkhuh wkhuh pd| eh d odujh gxpehu ri orfdo rswipdi

6 Dq dssolfdwirg wr wkh Jhupdg whup vwuxfwxuh

Wkh pdfurhfrgrplf prgho ghvfulehg Ig vhfwlrg 5 Iv d forvhg hfrgrp| prghol Lghdoo)/

zh zrxog olnh wr whvw Iw rq wkh hxur duhd/ zklfk Iv uhodwlyho| odujh wr pdnh wkh
forvhg hfrgrp| dvvxpswirq dssur{lpdwho| ydolgl Xgiruwxqdwho|/ krzhyhu/ hxur duhd

gdwd duh rqo| dydlodeoh iru d vkruw vdpsoh shulrgl Lq pdfurhfrgrplf dssolfdwirgv

zh duh Ig wkh surfhvv ri yhulijlgj wkdw rxu hvwlpdwhv duh urexvw wr odujh shuwxuedwlirgv Ig wkh
vwduwlqgj ydoxhv1l
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uhvhdufkhuv kdyh wkhuhiruh uholhg rq vjgwkhwlf gdwd/ 11h1 gdwd frgywuxfwhg dv zhljkwhg
dyhudjhv ri gdwlirgdo gdwd ryhu wkh suhOHPX shulrg +h1j1 Vphwv/ 5333,1 Uhollgj rq
v|lgwkhwlf gdwd/ krzhyhu/ dsshduv wr eh sduwlfxoduo| xqvdwlvidfwru] li rgh Iv Igwhuhvwhg
Ilg whvwlgj d g|qdplf whup vwuxfwxuh prghol Wkhvh prghov duh frgvwuxfwhg rq wkh
dvvxpswirg ri devhqgfh ri duelwudjh rssruwxqglwlhv dqg uho| rq wkh h{lvwhqfh ri d oltxlg
dqgg zhoo ixgfwirglgj pdunhwl Lw Iv grw fohdu wkdw d hxur duhd whup vwuxfwxuh ri lgwhuhvw
udwhv frgvwuxfwhg dv d zhljkwhg dyhudjh ri gdwlrqdo whup vwuxfwxuhv zrxog lgghhg
eh duelwudjh iuhh1 Iru wklv uhdvrg/ zh uhvwulfw rxu dwwhgwlirg wr wkh odujhvw frxqwu|
Ig wkh duhd/ Jhupdg)/ xgqghu wkh dvvxpswlrq wkdw wkh forvhg hfrgrp| dvvxpswirg Iv
dssur{lpdwho| ydolg dovr iru wkh Jhupdqg hfrgrp|l Rxu gdwd vhw uxqv iurp Mdgxdul|
4<:8 wr Ghfhpehu 53351

Lq pruh ghwdlo/ wkh whup vwuxfwxuh gdwd frqvivwyv ri prqwko| Jhupdg }hurOfrxsrq
[lhogv iru wkh pdwxulwlhv 4 dgg 6 prgwkv/ dv zhoo dv 4/ 6/ dqg 43 |hduvl Zh dvvxph wkdw
wkh 40prgwk udwh dqg wkh 40[hdu |Ihog duh shuihfwo| revhuydeoh/ zkloh wkh 60prqwk
udwh dqg wkh 6 dgg 430|hdu |lhogv duh vxemhfw wr phdvxuhphgw huurul \lhogv xs wr wkh
rgh |hdu pdwxulw| duh revhuyhg GHP +HXU diwhu Ghfhpehu 4<<;, Igwhuedgn Igwhuhvw
udwhv/ zkhuhdv wkh orgjhu |lhogv duh wwhg hvwlpdwhv edvhg rg revhuyhg pdunhw sulfhvl
Vshfl fdoo) iru wkh orgjhu [lhogv zh xvh d prgwko| wiphOvhulhv ri sdudphwhu hvwlpdwhv
iru Vyhgvvrg*v +4<<7, h{whaqvirg ri wkh Qhovrq dqgg Vlhjho +4<;:, prgho rewdighg iurp
wkh ELV1 Wkhvh sdudphwhuv kdyh ehhg hvwlpdwhg e| wwigj wkh prgho wr wkh suhydlolgj
Jhupdq |Ihog fxuyh dw wkh hqg ri hdfk prgwk/ 11h1 wr dydlodeoh prgh| pdunhw dqg
jryhugphgw erqg gdwdl Wkhvh sdudphwhuv doorz xv wr rewdlq }hurOfrxsrq erqg
sulfhv dqg |lhogv iru wkh pdwxulwlhv zh duh Igwhuhvwhg Ig gxulgj wkh vdpsoh shulrg/
I11h1 d wiphOvhulhv ri Jhupdg whup vwuxfwxuhvl

Frgfhuglgj wkh pdfur gdwd/ zh frgywuxfw wkh Iq dwlrq vhulhv xvlgj d vhdvrgdoo|
dgmxvwhg FSL +doo Iwhpv,1 Iru wkh rxwsxw jds/ zh iroorz FJJ dqg ghwuhgg wkh orj ri
wrwdo Iggxvwuldo surgxfwlrq +h{foxglgj frqgvwuxfwirg, xvigj d txdgudwlf wuhqgl Erwk
vhulhv uhihu wr xgl hg Jhupdq| iurp 4<<4 rgzdugv dgg wr Zzhvw Jhupdq| sulru wr
wklv gdwh1l Wkh pdfurhfrgrplf dqg whupOvwuxfwxuh vhulhv duh vkrzq Iq lljxuh 41

Zh hvwlpdwh wkh prgho ryhu wkh suhOHPX vdpsoh +lheuxdu| 4<:9 wr Ghfhpehu
4<<;/ wdnlgj wkh odjv vwuxfwxuh lgwr dffrxgw, dqg xvh wkh HPX |hduv iru wkh rxw0
riOvdpsoh iruhfdvwlgj h{huflvh1l Jlyhq wkh reylrxv srvvlelolw| ri d vwuxfwxudo euhdn
rffxuulqj Iq 4<<</ zlwk wkh vwduw ri HPX/ wkh iruhfdvw uhsuhvhqwv d yhu| vwurgj whvw
ri wkh vwdelolw]| ri rxu prghol Jlyhq rxu uhvxowv/ Iw zrxog grw dsshdu xquhdvrgdeoh
wr dvvxph wkdw/ Ig wkh uvw |hduv ri HPX/ wkh srolf| uxoh iroorzhg e| wkh HFE zdv
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frqvlvwhgw zlwk wkdw ri wkh Exqghvedgnl

614 Hvwlpdwlirg uhvxowv

Wr uhgxth wkh sdudphwhu vsdfh Ig rxu hpslulfdo dssolfdwirg/ zh olplw wkh odjv ri
Ig dwlrg dgg rxwsxw jds Igfoxghg Ig wkh vivwhpl Dw d suholplqdu| vwdjh/ zh uxq
xquhvwulfwhg ROV uhjuhwvirgv ri Ig dwlrq dgg wkh rxwsxw jds rg 45 odjv ri erwk
yduldeohv dqg 4 odj ri wkh vkruw whup Igwhuhvw udwh/ 11h1 rg doo wkh revhuyhg vwdwh
yduldeohv ri rxu wkhruhwlfdo prghol Edvhg rq wkh uhvxowv ri wklv uhjuhvvirg/ zh gurs
doo odjv ri Iq dwlrg +lg wkh Ig dwlrg htxdwlrg, dgg wkh rxwsxw jds +lg wkh rxwsxw
jds htxdwlrg, wkdw duh Igvljgl fdgw dw wkh 43( ohyhol Lqg rxu pd{lpxp olnholkrrg
hvwlpdwlrg ri wkh prgho/ zh wkhuhiruh Igfoxgh vhohfwhg odjv iru wkh pdfur yduldeohvl
Lg dgglwlirg/ zh uhvwulfw wkh pdwul{ zklfk vshfl hv wkh ghshqghgfh ri wkh
sulfhv ri ulvn rg wkh vwdwh yhfwrul Frqvlvwhgwo| zlwk wkh dvvxpswirq ri ruwkrjrgqdolw]|
ehwzhhq pdfurhfrgrplf vkrfnv/ zh dvvxph wkdw wkh \; pdwul{ kdv }hur r Ogldjrqdo
hohphgwv fruuhvsrgglgj wr wkh lgwhudfwlrq ehwzhhq prghwdu| srolf/ Iq dwirg dgg
rxwsxw jds vkrfnvl Dv d uhvxow/ wkhlv dvvxphg wr kdyh wkh iroorzlgj vwuxfwxuh

A1 A1z A3 A
Ao1 A2 0 0
As31 0 Azz O
M1 O 0 s

A =

61414 Sdudphwhu hvwlpdwhv

Rxu sdshu dsshduv wr eh wkh uvw wr hvwlpdwh d vipsoh edfnzdug2iruzdugOorrnig;j
pdfurhfrgrplf prgho iru Jhupdg|l zZh wkhuhiruh glvfxvv rxu pdfurhfrgrplf uhvxowv
vhsdudwhol/ vigfh wkh| duh ri Igghshgghgw Igwhuhvwl Wkh rqo| vwxg| rq Jhupdq| zkIfk
zh kdyh irxqg Iq wkh olwhudwxuh Iv wkh dgdolvlv ri wkh Skloolsv fxuyh e| Mrgghdx dqg
Oh Elkdq +5334,/ zkr hvwipdwh wkh Jhupdq Skloolsv fxuyh edvhg rg txduwhuo| gdwd/
xvlgj d ydulhw]| ri vshfl fdwirgv dqg wzr gl huhgw hvwlpdwirg phwkrgv +JPP dqgg
pd{lpxp olnholkrrg,1

Li zh wdnh Igwr dffrxgw wkdw wkh pdfur prgho pxvw dovr khos wr w wkh g|gdplfv
ri wkh whup vwuxfwxuh/ wkh prgho grhv uhodwlyho| zhoo Iq h{sodlqlgj wkh mrlgw hyroxwirqg
ri 1g dwlrg/ wkh rxwsxw jds dqg wkh srolf| Igwhuhvw udwhl Vshfl fdoo) wkh prgho
sdudphwhuv duh hvwlpdwhg wr eh eurdgo| Iq olgh zlwk rwkhu dydlodeoh hvwipdwhv vroho|

SVshfl fdoo) zh xvh odjv 4/ 6/ :/ ;/ 44/ 45 iru Iq dwlrq dqg odjv 4/ 5/ 6/ </ 45 iru wkh rxwsxw jds1
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edvhg rq pdfurhfrgrplf yduldeohvl Wkh suhvhqth ri wkh |lhogv Ig wkh prgho/ dgg Iq
wkh hvwlpdwlrg/ fdg dssduhgwo| eh dffrpprgdwhg zlwkrxw wzlvwlgj wkh pdfurprgho
wrzdugv xquhdvrgdeoh sdudphwhu uhjlrgv +vhh Wdeoh 4,1

D pruh ghwdlohg uhylhz vkrzv wkdw rxu hvwlpdwhv iru Jhupdq| frqup wkh
XV uhvxow wkdw erwk iruzdug orrnlgj dqg edfnzdug orrnlgj frpsrghqwv whqgg wr eh
ghfhvvdu| wr h{sodlq Iq dwirq g|gdplfvl Frpsduhg wr dydlodeoh XV uhvxowv +edvhg
rq txduwhuo| gdwd,/ krzhyhu/ zh rewdlq d uhodwlyho| kljk zhljkw iru iruzdug orrnlqj
hohphgwv Ig erwk wkh Ig dwilrg dqg wkh rxwsxw jds htxdwlrqvl Rxu= 0.54/ iru
h{dpsoh/ frpsduhv wr wkh ydoxh ri0.29 irxqg e| Uxghexvfk +5335d,1 Rxu srigw
hvwlpdwh Iv/ ghyhuwkhohvv/ ziwklg wkh udgjh ri ydoxhv irxqg e| Mrqghdx dgg Oh Elkdq
+5334, iru Jhupdq gdwd1 Rxu uhvxowv duh dovr txiwh viplodu wr wkrvh ri Vphwv +5333,
xvlgj dggxdo gdwd iru wkh hxur duhg += 0.52,1

Qrw vxusulvigjo) wkh ydoxh i, Iv d hfwhg e| wkh suhvhqfh ri d wiph ydullgj
Ig dwlirg wdujhw Ig wkh srolf| uxohl Lqgghhg/ li wkh 60htxdwlrq pdfurprgho Iv hvwlpdwhg
vhsdudwho| dqg zlwk d frqvwdqgw Iq dwlirg wdujhw Ig wkh srolf| uxoh/ wkh iruzdug orrnlgj
Ig dwlrg frpsrghgw dsshduv wr eh vrphzkdw orzhu 4., = 0.33,1 Lgwxlwlyho|/ d wiphO
ydullgj dgg kljko| shuvivwhgw Ig dwlirg wdujhw fdq dffrxgw hggrjhgrxvo| iru vrph
ri wkh shuvivwhqfh ri revhuyhg lg dwirql

Iru wkh rxwsxw jds/ wkh iruzdug orrnlgj frpsrghgw dsshduv wr sod| d ohvv
Ipsruwdgw uroh, = 0.18,1 Lq wklv fdvh/ rxu hvwlpdwhv duh Iq wkh udgjh ri ydoxhv
uhsruwhg e| Ixkuhu dgg Uxghexvfk +5335d, iru wkh XV +dqg djdlq edvhg rg txduwhuo|
gdwd,/ exw orzhu wkdq dydlodeoh Hxurshdq hvwlpdwhvl Erwk Vphwv +5333, iru wkh hxur
duhd dgg Fkdgkd/ Pdvvrq dgg Phuhglwk +4<<5, iru d sdgho ri ludgfh/ Jhupdq|
dqgg Lwdo| qg d kljkhu ghjuhh ri iruzdugOorrnlgjghvv 6.56 dqg 0.45/ uhvshfwlyho|,1
Xgiruwxgdwho|/ gr hvwlpdwhv edvhg rq Jhupdgq gdwd dsshdu wr eh dydlodeoh Ig wkh
olwhudwxuhl1

Wkh hodvwlIflw]| ri Ig dwlirg wr wkh rxwsxw jds Iv hvwlpdwhg wr eh yhu| v@gdos +
0.01, frpsduhg wr XV hvwlpdwhv +h1j1/ Uxghexvfk*v hvwlpdwh rq txduwhuo| gdwd Iv
6, = 0.13,1 Krzhyhu/ uhodwlyho| vpdoo ydoxhv duh grw xqfrpprg Iq dqgdo|vhv edvhg rq
Jhupdq gdwd1l Ghshqglgj rg wkh vshfl fdwirg dgg wkh hvwlpdwlrgq phwkrg/ Mrgghdx
dqgg Oh Elkdg +5334, qg ydoxhv ehwzhhgydgg 0.191 Wkh vhaviwlylw| ri wkh rxwsxw
jds wr wkh uhdo Igwhuhvw udwk: 6.03, Iv dovr vpdoo frpsduhg wr rwkhu dydlodeoh
uhvxowvl Uxghexvfk +5335d, uhsruwv d ydoxt09iiru wkh XV dgg Vphwv +5333,
d ydoxh ri 0.06 iru wkh hxur duhdl Qhyhuwkhohvv/ d vpdoo vhqviwlylw| ri wkh Jhupdqg

"Wkh vdpsoh xvhg e| wkh Mrgghdx dgg Oh Elkdq +5334, uxqv iurp 4<:3T4 wr 4<<<T71
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rxwsxw jds wr wkh uhdo lgwhuhvw udwh dovr hphujhv iurp YDU vwxglhv +vhh vhiwlirg
61415,1

Frgfhuqglgj wkh sdudphwhuv ri wkh prghwdul| srolf| uxoh/ rxu uhvxowv duh eurdgo]|
frqvivwhgw zlwk wkrvh ri F3J1 Zh qg d vrphzkdw kljkhu ghjuhh ri Ilgwhuhvw udwh
vprrwklgj +durxqg p = 0.95/ frpsduhg wr wkh ydoxh ri0.91 uhsruwhg Ig Wdeoh 4 ri
FJJ, exw/ dw wkh vdph wiph/ d pruh djjuhvvlyh htxloleulxp uhvsrgvh wr Iq dwirg
ghyldwlrqv iurp wdujhw dgg wr wkh rxwsxw jds +rxu frh!flhgwv Ipso| ydoxhv .24
dqgg 0.34/ uhvshfwlyhol frpsduhg wrl.31 dgg 0.25 Iq wkh edvholgh vshfl fdwlirg ri
FJJ,1 Vigth wkh vwdqggdug huuruv ri rxu hvwlpdwhv duh uhodwlyho| odujh/ krzhyhu/ wkh
glvfuhsddgf| Iv grw vwdwlvwlifdoo| vljgl fdgwl Wkh glvfuhsdqflhv pd| reylrxvo| dovr eh
gxh wr gl huhgfhv Iq wkh hvwlpdwlrg phwkrg +JPP Iq FJJ,/ Iqg wkh vdpsoh shulrg
+4<:<=704<<6=45 Iq FJJ,/ Ig wkh vshfl fdwlirq ri wkh srolf| uxoh +frqvwdgw Iq dwlrq
wdujhw Iq FJ3J,/ dqg Ig wkh vhohfwhg srolf| Igwhuhvw udwh +lgwhuedqgn gd|OwrOgd| udwh Iq
FJJ,1 Wkh ghw h hfw/ krzhyhu/ Iv wkdw ri dq hvvhgwldoo| htxlydohgw Ipsdfw uhvsrgvh
wr Iq dwirg dgg wkh rxwsxw jds1

Dv wr wkh rwkhu sdudphwhuv/ wkh dxwrfruuhodwilrq frh!flhgw ri wkh Iq dwlrg wdujhw
surfhvv Iv yhu| forvh wri® Frgfhuglgj wkh whup vwuxfwxuh/ rxu hvwlpdwhv ri wkh
vwdggdug ghyldwlirgv ri wkh phdvxuhphgw huuruv duh ehwizhdvlv srigwv iru wkh
60prgwk udwh dgg2 edvlv srlgwv iru wki0 |hdu |Ihogl Wkhvh ydoxhv duh eurdgo| Iq
olgh zlwk wkh uhvxowv ri prghov edvhg vroho| rq xqrevhuydeoh idfwruvl

61415 Lpsxovh uhvsrgvh ixgfwirgv

Rxu vwuxfwxudo prgho doorzv xv wr frpsxwh Ipsxovh uhvsrgvh ixqgfwirqv ri pdfur
yduldeohv dqg |Ihogv wr wkh xgghuol|lgj pdfur vkrfnvl WKIv Iv sduwlfxoduo| Igwhuhvwlg;j
iru wkh prghwdu| srolf| vkrfn/ zkrvh Ighgwl! fdwlrg dgg h hfwv duh wkh vxemhfw ri d
ydvw olwhudwxuh +vhh Fkulvwldqgr/ Hifkhgedxp dgg Hydgv/ 4<<<,1

Ehiruh glvixvvlgj wkh Ipsxovh uhvsrqvh ixgfwlirgv ri rxu prgho/ lljixuh 5 vkrzv
dfwxdo |hduOrgO|hdu Ig dwlrq dgg wkh +shufhlyhg, Iq dwilrg wdujhw h{wudfwhg wkurxjk
wkh prghol Wkh wdujhw Iv fkdudfwhul}hg e| d ghfuhdvigj wuhqgg ryhu wkh hvwipdwirg
shulrg=Iw jrhv iurp dssur{lpdwho| 4 shufhqw Iq 4<:8 wrl shufhgw dw wkh hqg ri
4<<;1 WKIv Iv txlwh frgvivwhgw zlwk wkh wiph sdwwhugq ri wkh sulfh grup dqggrxgfhg
hyhu| |hdu e| wkh Exqghvedgn/ wkdw dovr ihoo idr wr ehorz 2 shufhgw ryhu wkh
shulrgl Wkh vkruwOwhup g|qdplfv ri wkh +shufhlyhg, Igq dwlrg wdujhw grupdoo| plplf
wkrvh ri dfwxdo Iq dwlrg/ hyhq li Ig d ohvv surgrxqfhg idvkirgl Wkhuh duh/ krzhyhu/

SWkh sdudphwhu Iv frqvwudlghg wr eh vwulfwo| vpdoohu wkdq 4 Iq wkh hvwlpdwlirgl
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h{thswirqvl Qrwlifhdeo} wkh Ig dwirg wdujhw grhv grw idoo Iq wkh odwh hljkwlhv zkhq
Ig dwlrg whpsrudulo| uhdfkhv ghjdwlyh ydoxhvl Wkh Ig dwlirg wdujhw Iv dovr ohvv yduldeoh
wkdqg dfwxdo Iq dwlrg= Iwv vdpsoh vwdggdug ghyldwlItg8fi frpsduhv wr 1.63 iru
dfwxdo Iq dwlrg> wkh plglpxp dgg pd{lpxp ri wkh wdujhw duh0.90 dqg 5.33 shufthqw/
frpsduhg wr fruuhvsrqglgj ydoxhv ri —0.98 dqg 7.12 shufhqw iru dfwxdo Ig dwirgl

lljxuhv 6 wr 9 vkrz wkh Ipsxovh uhvsrgvhv ri wkh pdfurhfrgrplf yduldeohv dqg
wkh |lhogv wr wkh vwuxfwxudo vkrfnvl

Zh vwduw zlwk lljxuh 6/ zkifk glvsod|v wkh Ipsxovh uhvsrgvhv wr d vkrfn wr
wkh 1q dwlrq wdujhw/ zklfk Igfuhdvhv rq Ipsdfw e| dssur{lpdwho| 0.2 shufhgwdjh
srlgwvl Wkh vkrfn Iv reylrxvo| yhu| shuvivwhgw gxh wr wkh kljk vhuldo fruuhodwlirq ri
wkh 1g dwlrq wdujhw surfhvvl Vigfh Ig dwlirg Iv uhodwlyho| iruzdugOorrnlgj/ Iw mxpsv
xszdugv Ipphgldwho}/ dgg wkhq frgwlgxhv wr Igfuhdvh iru xs wir|hdu diwhu wkh vkrfn/
zkloh wkh srolf| udwh Iv vorzhu wr fdwfk xs ehfdxvh ri wkh kljk vprrwklgj frh!flhnqwl
Frgvhtxhgwo|/ Iq dwlirg Iglwldoo| ryhuvkrrwv wkh +ghz, wdujhw/ wkhg uhyhuwv wr lw
iurp kljkhu ydoxhvl Zlwk Ig dwlirg voljkwo| deryh wdujhw dgg ghjdwlyh uhdo udwhv/
wkhuh Iv d surjuhvvlyh rshqlqj ri dg rxwsxw jds1 Wkh 40prqwk udwh frgwlgxhv wr ulvh/
dowkrxjk dw dg h{wuhpho| vorz sdfh/ xqwlo prghwdu| srolf| ehfrphv frqwudfwlrqdu|l
Wkh |lhogv mxps xs frqvivwhqwo| zlwk wkh dqwlflsdwhg wljkwhqlgj f|[foh ri prghwdul|
srolflL Wkh vith ri wkh mxps Iv Igfuhdvlgj Ig pdwxulw| iru pdwxulwlhv xs wr 6 [hduv/
dgg wkhq ghfuhdvlgj Ig pdwxulw|/ frqvivwhqwo| zlwk wkh xowlpdwho| phdg uhyhuwlg;j
gdwxuh ri wkh Iq dwlrq wdujhw vkrfnvl

llixuh 7 vkrzv wkh h hfw ri d 45 edvlv srlgwv Igfuhdvh Ig wkh 40prgwk Igwhuhvw
udwh ehfdxvh ri d prghwdu| srolf| vkrin +wkh glvwxuedqfh,, ;,1 Wkh h hfwv ri wkh
vkrin duh txlwh shuvivwhqw ryhu wiph/ ehfdxvh ri wkh kljk lgwhuhvw udwh vprrwklg;j
frh!flhgwl Wkh Igfuhdvh Ig wkh vkruw whup Igwhuhvw udwh fdxvhv d surjuhvvlyh rshqlgj
ri d ghjdwlyh rxwsxw jds/ xs wr d shdn ri dssur{lpdwho| 0.2 shufhqwdjh sriqgwv diwhu
1.5 |hduvl Lq dwlirg dovr idoov diwhu wkh vkrfn/ exw e| d wiq| dprxgw dqg dssur{lpdwho|
dw wkh vdph wiph ri wkh rxwsxw jds1 Erwk wkh vith dgg wkh wiplqj ri wkh |g dwlirg
uhvsrgvh duh vrphzkdw gl huhgw iurp wkrvh grupdoo| rewdighg edvhg rq XV gdwd
+h1j1/ Fkulvwldqr/ Hifkhgedxp dqg Hydqv/ 4<<<,1 Qhyhuwkhohvv/ wkh Iq dwirg uhvsrgvh
Iv eurdgo| frgvivwhgw zlwk wkh uhvxowv ri YDU vwxglhv edvhg rq Jhupdq +prgwko|,
gdwd= Vlpv +4<<5,/ Fodulgd dgg Jhuwohu +4<<:, dqg Ehugdgnh dqg Plkry +4<<:,
doo qg ghjoljleoh/ ru vwdwlvwlfdoo| Igvljgl fdgw/ uhvsrqvhv ri sulfhv ru Ig dwlirg +ru
hyhqg hylghgfh ri d sulfh sx}}oh ,1 Uh hfwlgj wkh pdunhg/ exw whpsrudu}/ gdwxuh ri
wkh prghwdu]| srolf| vkrfn/ wkh uhvsrgvh ri wkh whup vwuxfwxuh Iv ghfuhdvigj Ig wkh



pdwxulw| ri wkh erqgvl WKklv uhvsrgvh Iv txlwh viplodu wr wkdw rewdlghg e| Hydqv dqg
Pduvkdoo +4<<9, iru wkh XV1

Wkh Ipsxovh uhvsrgvhv wr dq Ig dwlirg vkrfn dgg dgq rxwsxw vkrfn duh vkrzq
Ig lljxuhv 8 dgg 9/ uhvshfwlyholl Lq dwlirg vkrinv whqg wr eh uhodwlyho| vkruw olyhgl
Rqg dyhudjh/ wkh| Ipso| dqg Igfuhdvh ri |hduOrgOlhdu Ig dwlirg xs wr d pd{lpxp ri
0.30 shufhgwdjh srlgwv diwhu 4 [hdul Wkh h hfwv ri wkh vkrfn wkhq txlfno| glh rxw/ dv
prghwdu] srolf| uhdfwv wr wkhp txiwh djjuhvvlyho|l Diwhu dq Iglwldo dqg vkruwOolyhg
h{sdgvirgdu| h hfw/ wkh hfrqrp| jrhv wkurxjk d plog uhfhvvirg dv d uhvxowv ri wkh
srolf| wljkwhqlgjl Wkh grwdeoh ihdwxuh ri wkh uhdfwlirg ri wkh |Ihog fxuyh Iv wkdw Iw Iv
doprvw frpsohwho| uhdevruehg dw doo pdwxulwlhv diwhu 5 |hduvl

llgdoo) dg rxwsxw vkrfn Ipsolhv dq Igfuhdvh ri wkh jds e| dssur{lpdwho| 1.3
shufhgwdjh sriqwvl Ehfdxvh ri wkh vpdoo hodvwilflw| ri Iq dwirg wr wkh jds/ Ig dwirg
Igfuhdvhv e| ohvv wkdiyl shufhqwdijh srlgwv Ig uhvsrgvh wr wkh vkrfnl Frgvhtxhgwol/
wkh srolf| lgwhuhvw udwh Igfuhdvhv olwwoh dqgg yhu| vorzol/ xs wr d shdn ri dssur{lpdwho]|
15 edvlv srlgwv diwhub |hduvl Dv d uhvxow/ 4 6 dqg 80|hdu |lhogv Igfuhdvh/ rg Ipsdfw/
pruh wkdg wkh 40prqwk udwh/ zkloh wkh 430|hdu pdwxulw| Iv ohvv uhdfwlyh ehfdxvh ri
wkh h{shfwhg ixwxuh uhwxuqg wr edvholgh ri wkh srolf| udwh1

61416 Pdfur vkrinv dqg ulvn suhpld

Rqgh ri wkh dgydgwdijhv ri rxu mrlgw wuhdwphgw ri pdfurhfrgrplfv dqg whupOvwuxfwxuh
g|qdplfv Iv wkdw zh duh deoh wr ghulyh wkh Ipsxovh uhvsrgvh ri wkhruhwlfdo ulvn suhpld
wr pdfur vkrfnv/ Igfoxglgj wkh prghwdu| srolf| vkrfnl

Dv d suholplqdu| vwhs/ zh dqgdo|th wkh zhlikwv ri hdfk ri wkh vkrfnv ri wkh
prgho rq wkh |lhogv dw ydulrxv pdwxulwlhv/ 11h1 Bykpdwulfhv +vhh lljxuh :,1 Wkhvh
duh Igwhuhvwlgj wr frpsduh wr wkh uhvxowv riwhq rewdighg iurp prghov edvhg rq 6
xqgrevhuydeoh idfwruv/ zkrvh Igwhusuhwdwirg Iv wislfdoo| jlyhqg Ig whupv ri ohyho/ vorsh
dqg fxuydwxuh ri wkh |lhog fxuyhl

lljxuh : vkrzv wkdw wkh Ig dwirg wdujhw d hfwv wkh pdwxulwlhv eh|rqg 5 |[hduv
doprvw xglirupo|/ zkloh Iw kdv d vpdoohu h hfw rq wkh vkruw hqg ri wkh fxuyhl Wkh
Ig dwirg wdujhw wkhuhiruh sod|v d pl{hg uroh ri ohyho idfwru iru wkh orgj hqg ri wkh
fxuyh dqg ri vorsh idfwru iru wkh vkruw hggl Wkh uroh ri ohyho idfwru iru orgj pdwxO0
ulwlhv v Igwxlwlyho| dsshdolgj iurp d pdfurhfrgrplf shuvshfwlyh/ dv Iw Ighgwl hv wkh
Ig dwirg wdujhw zlwk wkh grplgdo dgfkru ri wkh hfrgrp|1

Dw vkruw pdwxulwlhv/ wkh ohyho dqg vorsh ri wkh [lhog fxuyh duh fuxfldoo| Ig xhgfhg
e| wkh prghwdu| srolf| vkrinl WkIv Iv dovr Igwxlwlyho| dsshdolgj/ dv Iw sruwud|v wkh



wljkw frgwuro ri wkh fhgwudo edgn rq vkruw udwhv/ gxh wr oltxlglw| h hfwv1l

Lg dwlirg vkrinv dqg rxwsxw jds vkrfnv kdyh d kxps vkdshg zhljkwl Wkh|
prvwo| d hfw wkh fxuydwxuh ri wkh |Ihog fxuyh dw fhuwdlg pdwxulwlhvl Krzhyhu/ wkhlu
vwdqggduglthg zhljkwv duh vpdoo/ hvshfldoo] iru Ig dwlirg vkrinvl WKklv vxjjhvwv wkdw
wkh| sod| d plgru uroh Ig wkh whupOvwuxfwxuh prghol

Wkh Ipsdfw uhvsrgvh ri |Ihog suhpld wr wkh pdfurhfrgrplf vkrfnv duh vkrzq
Ig lljxuh ;1 Wkh Iq dwlirg wdujhw vkrin Iv Ipphgldwho| iroorzhg e| dq Igfuhdvh ri wkh
[lhog suhplxp dorgj wkh zkroh fxuyh/ zlwk d shdn h hfw ri mxvw ryhti0 edvlv srlgwv
dw wkh 60|hdu pdwxulw|1l Vxfk Igfuhdvh Ig wkh |lhog suhplxp Iv kljko]| vljgl fdgw/ iurp
dq hfrgrplf ylhzsrlgwl Iru pdwxulwlhv xs wr 6 |hduv/ lw dffrxgwv iru dssur{lpdwho|
kdoi ri wkh |lhog uhvsrgvh glvsod|hg Iq lljxuh 61

Wkh prghwdul| srolf| vkrin jlyhv ulvh wr d idoo Ig zkroh whup vwuxfwxuh ri |lhog
suhpldl Wkh hhfw Iv vpdoo/ frpsduhg wr wkdw rg wkh |lhog ohyhov/ iru pdwxulwlhv
xs wr 6 |hduvl Iru orgjhu pdwxulwlhv/ krzhyhu/ Iw vljgl fdgwo| uhgxthv wkh vi}h ri
wkh uhvsrgvh ri wkh [lhogvl Wkh vpdoo Ipsdfw uhvsrgvh ri wkh 430]hdu |lhog wr wkh
prghwdul| srolf| vkrfn/ iru h{dpsoh/ zrxog doprvw grxeoh Iq vith li |Ihog suhpld zhuh
vhw htxdo wr d frqgvwdgwl

Dowkrxjk olplwhg Iq devroxwh pdjglwxgh/ wkh Ipsdfw uhvsrgvh ri [lhog suhpld wr
Ig dwlirg dgg rxwsxw vkrinv Iv dovr odujh zkhq frpsduhg wr wkh uhvsrgvh ri wkh |lhog
ohyhovl Dv Ig wkh fdvh ri prghwdul| srolf| vkrfnv/ suhpld whqg wr pryh Iq wkh rssrviwh
gluhfwlirg ri wkh |lhogv wkhpvhoyhvl D srviwlyh rxwsxw jds vkrfn/ iru h{dpsoh/ jlyhv
ulvh wr d idoo ri wkh |Ihog suhplxp/ rq Ipsdfw/ ri xs wr5 edvlv sriqwv iru wkh 60|hdu
pdwxulw|l Dw wkh vdph wiph/ wklv vkrfn jhghudwhv dq Igfuhdvh ri wkh [lhog ohyhov/ rq
Ipsdiw/ e| xs wr 5 edvlv sriqwv/ djdiq iru wkh 60Jhdu pdwxulw]|1

Zh frgfoxgh wkdw |lhog suhplxp g|gdplfv kdyh d grgghjoljleoh h hfw rq wkh
Ipsxovh uhvsrqvhv ri [lhogv wr doo pdfurhfrgrplf vkrinvl Wkh| dpsoli| wkh uhvsrqvh
ri wkh whup vwuxfwxuh wr Ig dwirg wdujhw vkrfnv dgg prghudwh wkh uhvsrgvh wr wkh
rwkhu vkrfnvl Dq lgwhusuhwdwlirg ri wkh |lhog uhvsrgvhv edvhg rg wkh h{shfwdwlirgv
klsrwkhvlv pd| wkhuhiruh eh vljgl fdgwo| eldvhgl

lljxuh < vkrzv wkh hvwlpdwhg |lhog suhpld ryhu wiphl Wzr jhghudo ihdwxuhv
hphujhl lluvw/ wkh suhpld whqg wr eh ghfuhdvlgj ryhu wkh vdpsoh Ig sdudooho wr wkh
idoo Iq Ig dwirgl Vhfrgg/ wkh yrodwlolw| ri wkh suhpld Iv Igfuhdvigj Ig pdwxulw| xs wr
wkh 60]hdu |lhog/ exw Iw Iv uhodwlyho| orz iru wkh 430|hdu |Ihogl
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61417 Iruhfdvw huuru yduldgfh ghfrpsrviwirg

Rxu prgho dwwulexwhv wr pdfurhfrgrplf idfwruv doo |lhog fxuyh dgg pdfurOyduldeoh
pryhphgwvl D ghfrpsrviwlirg ri wkh iruhfdvw huuru yduldgfh fdq jlyh xv Igirupdwirg
rq zklfk idfwruv sod| wkh prvw Ipsruwdgw uroh Ig wklv uhvshfwl Wkh iruhfdvw huuru
yduldgfh ghfrpsrviwirg iru doo wkh yduldeohv Ig rxu prgho Iv suhvhqwhg Ig Wdeoh 51

Wkh prvw vwulnlgj sdwwhuq ri wkh wdeoh Iv wkdw/ qr grxew gxh wr wkh ghdu xqlw0
urrw ehkdylru ri wklv yduldeoh/ Iq dwlrg irunfdvw pryhphgwv h{sodlq wkh suhgrplgqdgw
sduw ri wkh iruhfdvw huuru yduldgfh ri doo yduldeohv dw orgj krul}rqv +8 |hduv dqg
eh|rgg,1 Wkiv uhvxow Iv prvw Igwxiwlyh iru wkh iruhfdvw huuru yduldqgfh ri g dwlrgl Lw
dovr dssolhv wr wkh rxwsxw jds/ ryhu phglxp dqgg orgj whup krul}rgv/ ehfdxvh ri wkh
h{sdqvirgdu| +frgwudfwlirgdu|, h hfwv ri Ig dwlrq wdujhw Igfuhdvhv +idoov, wkurxjk wkh
vkruwOwhup uhdo Iqwhuhvw udwh1

WKkh suhgrplgdqw uroh ri Ig dwirg wdujhw vkrinv 1q h{sodlglgj wkh iruhfdvw huuru
yduldgfh ri orgj whup [lhogv Iv vxjjhvwlyh ri d olplwdwlirg ri wkh prgho dw wkhvh pdO
wxulwlhvl Lg vsiwh ri wkh suhvhqgfh ri 7 pdfurhfrqrplf vkrinv/ iru orgj pdwxulwlhv wkh
prgho froodsvhvde facto wr d 40idfwru prghol Lg wkh gh{w vhfwlirg/ zh zloo vhh wkdw
wklv uhvxow fruuhvsrggv wr d olplwhg delolw] ri rxu prgho wr irunfdvw orgj whup |lhogvl

Wkh yduldgfh ghfrpsrviwlirg ri pdfurhfrgrplf yduldeohv vkrzv d kxpsOvkdshg
h hfw ri prghwdu]| srolf| vkrfnv rq Ig dwlirg dgg wkh rxwsxw jds1 Ryhu yhu| vkruw
krul}rqv/ krzhyhu/ wkh odwwhu yduldeohv duh prvwo| d hfwhg e| Ig dwlrq dgg rxwsxw
jds vkrfnv/ uhvshfwlyhol|l

Diwhu wkh Iq dwlrg wdujhw vkrfn/ wkh prvw Ipsruwdqw h{sodgdwru| yduldeoh ri wkh
irunfdvw huuru yduldgfh ri wkh |Ihog fxuyh dw vkruw pdwxulwlhv2krul}rgv duh prghwdu|
srolf| vkrinvl Wkhlu h hfw/ krzhyhu/ Iv uhodwlyho| vkruwOolyhg= iru 60|hdu |Ihogv/ wkh
frqwulexwlrq ri prghwdul| srolf| vkrfnv Iv ghjoljleoh douhdg| dw wkh 60|hdu krul}rgl

Lg dwlirg dgg rxwsxw jds vkrinv dovr kdyh kxpsOvkdshg h hfwv rq [lhogv/ zlwk
shdnv dw krul}rgv ehwzhhq 4 dqg 5 |hduvl Wkh frgwulexwlrg ri rxwsxw jds vkrfnv
uhdfkhv ohyhov ri doprvw 53( dqg doprvw 43( iru 4 dqg 60Jhdu [lhogv/ uhvshfwlyho|l
Wkh frgwulexwlrq ri Ig dwirq vkrfnv/ rq wkh frqwudul/ Iv ghjoljleoh dw doo krul}rgv iru
[lhogv zlwk pdwxulwlhv ri 6 [hduv dgg eh|rggl

615 Iruhfdvwiqj

Wkh iruhfdvwlgj shuirupdgfh Iv d sduwlfxoduo| Igwhuhvwligj whvw ri rxu pdfurhfrqrplfO
edvhg whupOvwuxfwxuh prghol Gxh wr wkh uhodwlyho| odujh gxpehu ri sdudphwhuv wkdw
ghhgv wr eh hvwlpdwhg/ wkh prgho pd| eh ehdwhq e| pruh sduvlprglrxv uhsuhvhqwdO
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wlirgv ri wkh gdwdl Lg 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 suhvhgw
Ig wklv vhiwlrg/ uhvxowv ri wkh iruhfdvwlgj shuirupdgfh ri rxu prgho frpsduhg wr wkh
udqgrp zdonl

Lq dgglwlrg wr wkh udqgrp zdon/ zh dovr frqvighu irunfdvwv edvhg rq wzr doO
whuqdwlyh prghovl Wkh uvw Iv d fdgrqlftip(3) hvvhqwldoo| d!gh prgho edvhg rq
xgrevhuydeoh idfwrd\l Surylghg wkdw ulvn suhpld duh vshfl hg wr eh olghdu ixgfwirgv
ri wkh vwdwhv/ Gx hh +5335, qgv wklv prgho prvw vxffhvvixo Iq wkh fodvv ri dgplvvleoh
d!gh wkuhh idfwru prghov Iq whupv ri iruhfdvwligj XV [lhogvl Dsduw iurp surylglqj
d ehqgfkpdun iru frpsdulvrg/ rxu uhvxowv rq wkhAg (3) prgho duh ri lgghshqghgw
Igwhuhvw/ vigfh wkh| kljkoljkw wkh shuirupdgfh ri wkiv prgho rq d gl huhgw gdwdOvhw1

Rxu vhfrqg ehqgfkpdun iru frpsdulvrg/ Iv wkh Dgj dgg Sld}thvl +5336, prgho/
zklfk zh uhhvwlpdwh rq rxu gdwdOvhwl Edvhg rg Dqgj dqg Sld}thvl*v uhvxowv/ zh xvh
wkhlu idyrulwh Pdfur prgho 1g wklv h{huflvh/ I11h1 d prgho Ig zkltk wkh Igwhuhvw udwh
uhvsrggv wr fxuuhgw Iq dwlrg dgg rxwsxw jds/ dv zhoo dv wr 6 xgrevhuydeoh idfwruvl
Wkhuh duh/ krzhyhu/ wzr pdlg gl huhgfhv Ig rxu dssolfdwirg ri wkhlu prghol lluvw/
zh xvh gluhfwo| Iq dwlrqg dgg wkh rxwsxw jds Ig wkh hvwlpdwlrg/ udwkhu wkdq wkh
sulgflsdo frpsrghgwv ri uhdo dgg qrplgdo yduldeohv hpsor|hg e| Dqj dgg Sld}thvi
+5336,1 WKIv Iv dujxdeo| d pruh wkhru|Oedvhg fkrlth dgg Iw idflolwdwhv wkh frpsdulvrg
wr rxu uhvxowvl Vhfrqg/ dqg djdlq iru frgvivwhgf| zlwk rxu prgho/ zh xvh prgwko|/
udwkhu wkdq |hduOrgO|hdu/ Ig dwlirgl

Iru doo prghov/ zh uhsruw IgOvdpsoh iruhfdvwlgj shuirupdgfhv +lg whupv ri UPVH,
edvhg rq wkh Iheuxdu| 4<:8 0 Ghfhpehu 4<<; shulrgl Frgfhuglgj wkh rxwOriOvdpsoh
uhvxowv/ zh shuirup d vhulhv ri 4 wr 45 vwhs dkhdg iruhfdvwy iru doo |Ihogv xvhg Iq wkh
hvwlpdwlrg ryhu wkh shulrg Mdgxdu| 4<<< wr Ghfhpehu 53351 Hdfk prqwk/ zh xsgdwh
wkh Igirupdwlirg vhw/ exw zldo not reestimate wkh prghol Lgvwhdg/ zh uho| rq wkh
hvwlpdwhv xs xgwlo hqg04<<;1 Zh fkrrvh wklv dssurdfk wr olplw wkh frpsxwdwlirgdo
exughq ri wkh h{huflvhl Doo uhvxowv duh wkhuhiruh edvhg rq wkh vdph hvwlpdwhg sdud0
phwhuvl Vigfh wkh 7 |hduv iurp 4<<< wr 5335 duh HPX |hduv/ wklv whvw v sduwlfxoduo]|
Igwhuhvwlgj/ dv Iw jlyhv vxjjhvwirqv dv wr zkhwkhu wkh HPX kdv ru kdv qrw uhsuhvhgwhg
d vwuxfwxudo euhdnl

Wkh uhvxowv ri wkh wzr iruhfdvw hydoxdwlrg h{huflvhv duh vxppdulthg Ig Wdeohv
6 dqg 7/ iru wkh IgOvdpsoh dgg rxwOriOvdpsoh fdvhv/ uhvshfwlyho|l Orzhu ydoxhv ri
wkh UPVH ghgrwh ehwwhu iruhfdvwvl Wkh ehvw iruhfdvw dw hdfk pdwxulw|2krul}rg Iv

°Iru d gh glwlrg ri wkh  Ag (3) fodvv ri digh prghov/ vhh Gdl dgg Vigjohwrg +5333,1
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kljkoljkwhg Iq erogl

Wkh IgOvdpsoh h{huflvh vkrzv wkdw/ zlwk wzr h{fhswirqv/ iruhfdvwv edvhg rq
d!gh prghov ehdw wkh udggrp zdon dw doo krul}rqv dgg pdwxulwlhvl Wklv uhsuhvhgwv
ixuwkhu hylghgfh/ edvhg rq Jhupdg gdwd/ ri wkh jrrg shuirupdgfh ri wkh hvvhgwldoo|
d!gh fodvv prghov +zlwk ru zlwkrxw wkh Igfoxvirq ri pdfur yduldeohv,1

Zlwklg wkh d!gh fodvwv/ wkh shuirupdgfh Iv p{hgl Rxu prgho whqgv wr gr
ehwwhu iru vkruwhu pdwxulwlhv2krulirgv> wkh Dgj dgg Sld}thvl +5336, prgho shuirupv
ehwwhu dw orgjhu iruhfdvwlgj krul}rqv> wikt{3) prgho zrunv ehvw iru wkh orgj whup
pdwxulwlhv/ uhjdugohvv ri wkh iruhfdvwlgj krul}rql Qr prgho dsshduv wr vwdqg rxwl

WKkh rxwOriOvdpsoh uhvxowv eurdgo| frq up wkh lqglfdwlirgv ri wkh IgOvdpsoh rghv/
exw zlwk dq Igwhuhvwligj wzlvwl Rxu prgho hphujhv dv wkh ehvw shuiruphu Iq wkh ydvw
pdmrulw| ri krul}rgv2pdwxulwlhvl WKkH, (3) prgho frqwlgxhv wr zrun ehvw iru wkh
430|hdu krul}rg +zlwk rgh h{fhswirq,/ exw wkh Dqgj dqg Sld}}hvl +5336, prgho Iv
dozd|v grplgdwhg e| rgh ri wkh rwkhu prghovl Wklv vxusulvigj uhvxow pd| reylrxvo|
eh gxh wr wkh sduwlfxodu vshfl fdwlirq ri wkhlu prgho wkdw zh xvhg/ ru wr wkh odfn
ri uhhvwlpdwlrg ri wkh prgho dw hdfk vxffhvwlyh vwhs1l Krzhyhu/ wkh vdph olplwdwirg
dssolhg wr wkh rwkhu wzr prghov Iq wkh frpsdulvrgl

Zh frgfoxgh wkdw wkh mrlgw prghoolgj ri pdfurhfrgrplf dqg whupOvwuxfwxuh
glqdplfv Iv srvvleoh zlwkrxw Igfxuulgj vhulrxv frvwv Ig whupv ri iruhfdvwlgj shuiru0
pdgfhl E| dgg odujh/ wkh rxwOriOvdpsoh uhvxowv iurp rxu prgho duh dovr vxjjhvwlyh
ri wkh devhgfh ri d vwuxfwxudo euhdn Ig wkh gdwd diwhu HPX1

616 H{shfwdwlrqv k|srwkhvlv whvwv

Dffruglgj wr wkh h{shfwdwlrqv k|srwkhviv/ wkh |lhog rq dq qOshulrg }hurOfrxsrg erqg
vkrxog Igfuhdvh zkhq wkh vsuhdg ehwzhhqg wkh vdph |Ihog dgg wkh vkruw whup udwh +wkh
vorsh ri wkh |lhog fxuyh, zlghqvl D gxpehu ri hpslulfdo whvwv ri wklv Ipsolfdwirqg
ri wkh wkhru| kdyh/ krzhyhu/ irxqg d ghjdwlyh uhodwlirgvklsl Wklv sdwwhug/ zklfk
uhsuhvhgwv dq h{shfwdwlirgv sx}}oh/ dsshduv wr eh sduwlfxoduo| fohdu iru Xglwhg Vwdwhv
gdwd/ zkhuh wkh uhohydqw uhjuhvvirg frh!flhgw fdg eh dv elj-ev iru 430|hdu erqgv/
dffruglgj wr h1jl Fdpsehoo dqg Vkloohu +4<<4,/ zkloh wkh h{shfwdwlrqv k|srwkhvlv
suhglfwv d ydoxh ri rgh iru doo pdwxulwlhvl Dq Igwhusuhwdwlrg ri wkhvh uhvxowv v wkdw
[lhogv lgfrusrudwh wiph ydullgj ulvn suhpld ri vijgl fdgw pdjglwxghv/ udwkhu wkdq
mxvw d frgvwdqw rgh dv shuplwwhg e| wkh h{shfwdwlrqv k|srwkhvlvl

Surpswhg e| wklv frqvighudwlrg/ Gdl dqg VIgjohwrq +5335d, Igyhvwljdwh zkhwkhu
wkh suhglfwirgv ri g|qdplf d!gh whup vwuxfwxuh prghov duh frqvivwhgw zlwk wkh
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revhuyhg h{shfwdwlrqv sx}}oh1l Gdl dgg Vlgjohwrg +5335d, vkrz wkdw wzr whvwv ri d
glqdplf whup vwuxfwxuh prgho duh sduwlfxoduo| Igirupdwlyh Iq wkiv uhvshfwl Wkh uvw/
ghghg dv LPY+l,/ Iv d whvw ri wkh fdsdflw| ri wkh prgho wr uhsolfdwh wkh klvwrulfdo
ehkdylru ri |lhogvl Wr eh vxffhvvixo/ wkh prgho vkrxog eh fdsdeoh ri jhghudwlqgj wkh
ghjdwlyh Iqwhufhsw frh!flhgw ri Fdpsehoo dgg VkloohuOw|sh uhjuhvvirgvl Wkh vhfrqg/
gh ghg dv LPY +ll,/ Iv d whvw ri wkh uhdolvp ri wkh vshfl fdwlirg ri prgho ulvn suhpldl
Wkh g|qdplfv ri ulvn suhpld Iq d uhdolvwlf prgho vkrxog eh vxtk wkdw d Fdpsehoo
dqgg VkloohuOwlsh uhjuhvvirg edvhg rq ulvn suhplxp dgmxvwhg |Ihogv zrxog uhfryhu wkh
frh!flhgw ri xglw| frgvivwhgw zlwk wkh h{shfwdwlrqv k|srwkhvlvl

Gdl dgg Vlgjohwrg +5335d, vkrz wkdw dq d!gh 60idfwru prgho zlwk Jdxvvidg
lggrydwlirgv dqg Igfoxglgj d ulvnOsuhplxp vshfl fdwlrg ri wkh wish vxjjhvwhg e|
Gx hh +5335, vfruhv h{wuhpho| zhoo Iq whupv ri enili®Y +l, dgg LPY+Il,1 Vlgfh
rxu prgho dovr kdv Jdxvvldg lggrydwlirgv dgg d vshfl fdwlirg ri wkh ulvn suhplxp dv
lg Gx hh +5335,/ Ig wklv vhfwlrg zh dovr hydoxdwh Iwv fdsdflw| wr sdvv wkhix#a
whvwv1

VIgfh wkh hylghgfh rq Fdpsehoo dqg VkloohuOw|sh uhjuhwvirqv edvhg rq Hxurshdq
gdwd Iv ohwv frpshoolgj wkdq iru wkh XV +h1j1 Kdugrxyholv/ 4<<7/ Jhuodfk dqg Vphwv/
4<<:/ Ehndhuw dqg Krgulfn/ 5334,/ zh vwduw e| uhsolfdwlgj Fdpsehoo dqg Vkloohu*v
dqgdo|viv rq rxu gdwdl Wkh uhvxowv ri wkh uhjuhwvirg ri wkh [lhog fkd(;jm%/— yi
rq d frqvwdgw dgg wkh |lhog vsuhdg; — ;) / (n — 1) duh vkrzq Iq lljxuhv 43 dqg
44 xqghu wkh odeho Vdpsoh 1 Frqvivwhqwo| zlwk wkh sx}}oh/ wkh hvwlpdwhg Igwhufhsw
frh!flhgw Iv dozd|v ghjdwlyh dqg kljkhvw dw wkh orgjhvw pdwxulwlhv Igfoxghg Ig wkh
uhjuhwvirgl Zzh frqup/ krzhyhu/ wkdw wkh sx}}oh Iv ohvv vhyhuh iru Jhupdq |lhog
gdwd= wkh hvwlpdwhg frh!flhgw kryhuv durxgd/ frpsduhg wr d ydoxh ri ohvv wkdq
—4 uhsruwhg e| Gdl dgg Vlgjohwrqg +5335d, iru 430|hdu |Ihogvl

Lqg jxuh 43 zh vkrz wkh uhvxowv ri wkihPY +l, whvw1 Iroorzlgj Gdl dqg VIgjohwrg
+5335d,/ zh h{dplgh erwk wkh prghoOlpsolhg/ wkhruhwlfdo srsxodwlrq frh!flhgwv dgg
wkhlu vpdoo vdpsoh frxqwhusduwvl Vrph fruuhfwirq iru vpdoo vdpsoh eldv Iv ghvludeoh
ehfdxvh ri wkh shuvivwhgw gdwxuh ri [lhogvl Zh wkhuhiruh jhghudwh 4333 vdpsohv ri
wkh vdph ohgjwk ri rxu gdwd +5;:, dgg uhsruw Ig wkh jxuh wkh phdq hvwlpdwh ri
wkh Igwhufhsw frhlflhgwv +odehoohg PrghoOlpsolhg PF Iq lljxuh 43,/ wrjhwkhu zlwk
<8( frg ghgfh edqgv ri lwv vpdooOvdpsoh glvwulexwlirgl

Rxu prgho dsshduv wr gr uhodwlyho| zhoo iru pdwxulwlhv xs wr 6 |hduv/ exw wkhq
Igfuhdvlgjo| zruvh dv wkh pdwxulw| ohgjwkhqvl Lqg sduwlfxodu/ wkh prgho rgo| fdswxuhv
wr d olplwhg h{whqw wkh fkdudfwhulvwlIf grzqzdug vorslgj sdwwhuq ri wkh surmhfwirq
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frh!flhgw vhhq Ig wkh gdwdl Wklv uhvxow dsshduv wr uh hfw wkh uhodwlyho| zruvh shuO
irupdgfh ri wkh prgho ryhu orgjhu whup pdwxulwlhv/ frqvivwhgw zlwk wkh uhvxowv ri wkh
iruhfdvwlgj h{huflvhv |g wkh suhylrxv vhfwlrgl Wkh frhlflhgwv edvhg rq wkh Prgwh
Fduor vipxodwlrgqv dsshdu wr frq up wkh h{lvwhqfh ri d vpdoo vdpsoh eldv dgg dovr
eulqj wkh prgho forvhu wr wkh gdwdl Krzhyhu/ wkh <8( frq ghgfh edqg edvhg rq
wkhvh vipxodwlrgv zrxog vwloo idlo wr Igfoxgh wkh vdpsoh frhlflhgwv iru pdwxulwlhv
eh|rgg 7 |hduvl

lljxuh 44 vkrzv wkh uhvxowv ri wkhPY +I, whvwvl Lq wklv fdvh/ wkh prgho kdv yhul|
olplwhg vxffhvv Iq uhsurgxflgj wkh xglw frh!flhgw uhtxluhg e| wkh wkhru[l Dowkrxjk
wkh ulvnOsuhplxp fruuhfwirg jhghudoo| jrhv Ig wkh uljkw gluhfwirg/ wkh ehvw wkh prgho
fdg gr Iv wr jhghudwh d frhlflhqw ri 0.5 iru 6 wr 7 |hdu pdwxulwlhvl Iru orgjhu
pdwxulwlhv wkh prgho idlov wr fdswxuh wkh shuvivwhgfh ri wkh pdunhw ulvn suhpldl

Wr vxppdul}h/ rxu prgho grhv ohvv zhoo wkdq wkh hvvhqwldoo| dgti3) fodvv
Ig whvwv ri wkh h{shfwdwlrqv k|srwkhvivl Wkh uhvx@ikrl, duh uhodwlyhol jrrg/ Iq
wkdw wkh prgho fdq uhsolfdwh wkh hvwlpdwhg frhlflhqw ri Fdpsehoo dqg VkloohuOw|sh
uhjuhwvirgv dw vkruwhu pdwxulwlhvl Wkh whiAk +l,/ krzhyhu/ dsshdu wr vxjjhvw
wkdw wkh uhvwulfwlrgv Ipsolhg e| wkh pdfurhfrqrplf prgho/ frxsohg zlwk wkh Gx hh
+5335, vshfl fdwlirg ri ulvn suhpld/ duh vrphzkdw wrr vwurgj wr eh vxssruwhg e| wkh
gdwdl Wkh fxuuhgw prgho suredeo| ihdwxuhv wrr orz shuvlvwhqgfh Ig wkh pdfurhfrO
grplf idfwruv eh|rqg wkh Ig dwirg wdujhw/ zklfk uhgxfhv wkh srwhgwldo wr h{sodiq
wkh g|gdplfv ri orgj whup erqg |lhogv/ dgg Iq sduwlfxodu ri suhpld Igfrusrudwhg Iq
wkhvh |lhogvl

7 Frgfoxvirgv

WKklv sdshu suhvhqwv dgg hvwlpdwhv d mriqw prgho ri rxwsxw/ Iq dwlrg dgg whup vwuxfO
wxuh g|gdplfvl Wkh prgho h{whqgv wkh whupOvwuxfwxuh olwhudwxuh/ vigfh Iw ghulyhv
erqg sulfhv xvlgj grOduelwudjh frqglwirgv dqg edvhg rq dqg h{solflw vwuxfwxudo pdfurO
hfrgrplf prgho wkdw Igfoxghv erwk iruzdugOorrnlgj dqg edfnzdugOorrnlgj hohphgwvl
Dw wkh vdph wilph/ zh h{whqgv wkh pdfurhfrgrplf olwhudwxuh e| vwxg|lgj wkh whup
vwuxfwxuh Ipsolfdwlirgv ri d vwdggdug pdfur prgho zlwklg d g|gdplf qrOduelwudjh
iudphzrunl

Rxu uhvxowv vkrz wkdw wkhuh duh v|ghujlhv wr eh h{sorlwhg iurp fxuuhgw dgydgfhv
Ig pdfurhfrgrplf dgg whupOvwuxfwxuh prghoolgjl Wkh wzr dssurdfkhv fdg eh vhhq
dv frpsohphqwdu| dqg/ zkhg xvhg mrlgwol jlyh ulvh wr vhgvleoh uhvxowvl Qrwdeo| zh
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vkrz wkdw rxu hvwlpdwhv ri pdfurhfrgrplf sdudphwhuv/ wkdw duh sduwo| ghwhuplghg
el wkh whupOvwuxfwxuh gdwd/ duh uhdvrqdeoh dqg Igwxlwlyho| dsshdolgjl Dw wkh vdph
wliph/ rxu prgho*v h{sodgdwru| srzhu iru wkh whupOvwuxfwxuh Iv frpsdudeoh wr wkdw ri
whupOvwuxfwxuh prghov edvhg rqo| rq xgrevhuydeoh yduldeohvl Rxu prgho dovr grhv
uhdvrgdeo| zhoo |qg iruhfdvwligjl

Ixwxuh zrun zloo dgguhvv wkh ghhshu lgwhudfwirgv ehwzhhq pdfurhfrgrplfv dgg
wkh whup vwuxfwxuh e| doorzlgj wkh rxwsxw jds htxdwlrg wr uhvsrqg gluhfwo| wr wkh
[lhogv/ udwkhu wkdq rqo| wr wkh vkruw whup udwh1 WkIv h{whqvlrq zloo krshixoo| Ipsuryh
ixuwkhu wkh xgghuvwdqglgj ri wkh mrlqw g|gdplfv ri pdfur yduldeohv dqg erqg sulfhvl
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kdyh zh ohdugw dqgg wr zkdw hqgB / Ilg M1 Wd|oru dqg P1 Zrrgirug +hg¥lghd-
book of Macroeconomics/ Yrol LD/ Fk1 5/ Dpvwhugdp= Qruwk Kroodqgl

A< Fkulvwldgr/ Hifkhgedxp dgg Hydgv/ +5334,/ Qrplgdo Uljiglwihv dgg wkh G|O
qdplf H hfwv ri d Vkrfn wr Prghwdu| Srolf}/ NBER Working Paper &;7361

3" Fodulgd/ U1/ M1 Jdod dqg P1 Jhuwohu +4<<;,/ Prghwdu| srolf| uxohv Ig sudfwifh/
Vrph Igwhugdwlirgdo hylghgfh/European Economic Review 75/ 43660439:1

4" Fodulgd/ U1/ M1 Jdod dqg P1 Jhuwohu +5333,/ Prghwdul] srolf| uxohv dqg pdfurO
hfrgrplf vwdelolw|= hylghgth dgg vrph wkhrulf Quarterly Journal of Eco-
nomicsl 448/ 47:04;31

5" Fodulgd/ Ul dqg P1 Jhuwohu +4<<:,/ Krz wkh Exqghvedgn Frqgxfwv Prghwdul|
Srolff/ Ig F1 Urphu dqg G1 Urphu +hgvl,/Reducing inflation/ FKIfdjr= XqlyhuO
viw| ri Fkifdjr Suhvv/ 69607391

M6™ Gdl/ T1 dgg N1IM1 Vigjohwrqg +5333,/ Vshfl fdwirg Dgdo|viv ri D!gh Whup VwuxfO
wxuh Prghov/ Journal of Financel Yrol QY/ Qrl 81

AT Gdl/ J1 dgg N1 Vigjohwrqg +5335d,/ H{shfwdwlrqv sx}}ohv/ wiphOydul|lgj ulvn suhO
pld/ dqg d!gh prghov ri wkh whup vwuxfwxuh/Journal of Financial Economics
96/ 74807741

M8 Gdl/ T1 dgg N1 Vigjohwrg +5335e,/ Whup Vwuxfwxuh G|gdplfv Iq Wkhru| dgg
Uhdolw|/ plphrl
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Ghzdfkwhu/ K1 dgg P1 OJulr #5335,/ Pdfur idfwruv dgg wkh whup vwuxfwxuh ri
lgwhuhvw udwhv/ Fhgwhu iru Hfrgrplf Vwxglhv/ Fdwkrolf Xglyhuviw| ri Ohxyhg/
plphr/ Rfwrehul

Gx hh/ J1U1 +5335,/ Whup Suhpld dqg Lgwhuhvw Udwh Iruhfdvwv Ig D!gh Prg0
hov/ Journal of Financel Yrol OYLL/ Qr 41

Gx!h/ G1 dgg U1 Ndq +4<<9,/ D \lhogOIldfwru Prgho ri Lqwhuhvw Udwh\dath-
ematical Finance, Yrol 9/ Qrl 7/ 6:<07391

Hydgv/ P1 G1 G1 +5336,/ Uhdo Ulvn/ Lq dwlirg Ulvn dgg wkh Whup Vwuxfwxuh/
Economic Journall iruwkfrplgjl

Hydqgv/ F1 O1 dqg G1 D1 Pduvkdoo +4<<9,/ Hfrgrplf ghwhuplgdgwv ri wkh whup
vwuxfwxuh ri grplgdo Igwhuhvw udwhv%/ plphr/ Inghudo Uhvhuyh Edgn ri Fkifdjr/

Qryhpehul

Ixkuhu/ M1F1 +4<<:/ Wkh +Xg,Lpsruwdqgfh ri IruzdugOOrrnigj Ehkdylru Iq
Sulth Vshfl fdwlirqv/  Journal of Money, Credit, and Bankingl Yrol 5</ Qrl 61

Ixkuhu/ M1F1 +5333,/ Kdelw Irupdwlrg Ig Frqvxpswirg dgg Lwv Lpsolfdwirgv iru
Prghwdu|0Srolf| Prghov/  American Economic Reviewl 69:06<31

Ixkuhu/ M1 dqg J1 Prruh +4<<8,/ Lq dwlrq Shuvivwhqgft@puarterly Journal of
Economicsl 45;048<1

Ixkuhu/ M1F1 dqg J1G1 Uxghexvfk +5335,/ HvwlpdwO
lgj wkh Hxohu Htxdwlrg iru  Rxwsxw/ plphr/  dydlodeoh dw
kwws=22zzz1iuevilruj2sxeolfdwlrgv2hfrgrplfv2sdshuv253352zs35045en41sgi

Jdod/ M1 dqg P1 Jhuwohu +4<<<,/ Lq dwlirg g|qdplfv= D vwuxfwxudo hfrgrphwulf
dqdo|viv/ Journal of Monetary Economics 77/ 4<805551

Jhuodfk/ V1 dqg 11 Vphwv +4<<:/ Wkh whup vwuxfwxuh ri HxurOudwhv=vrph
hylghgfh Ig vxssruw ri wkh h{shfwdwlrqv k|srwkhviv/Journal of International
Money and Finance 49/ 6380541

Jrh/ O1 J1/ J1 G1 |huulhu dgg M1 Urjhuv +4<<7,/ Joredo Rswlipl}dwirqg ri
Vwdwlvwlifdo Ixgfwlrgv zlwk Vipxodwhg Dgghdolgiffournal of Econometrics 60,
65-99.

Jrrgiulhgg dqg Nlgj +4<<:,/ Wkh Qhz Qhrfodvvifdo V|gwkhvlv dgg wkh Uroh ri
Prghwdu| Srolf| / QEHU pdfurhfrgrplfv dggxdo 4<<:/ 56405;6/ PLW Suhvvl

Kdugrxyholv/ J1 D1 +4<<7,/ Wkh whup vwuxfwxuh vsuhdg dqgg ixwxuh fkdgjhv Iq
orgj dqg vkruw udwhv Ig wkh J: frxqwulhvJournal of Monetary Economics 66/
5880;61

Mrgghdx/ H1 dgg K1 Oh Elkdg +5334,/ Whvwilqgj iru d iruzdugOorrnlgj Skloolsv
fxuyh1 Dgglwirgdo hylghgfh iurp Hxurshdg dgg XV gdwd/ Qrwhv g*lwxghv hw gh
Uhfkhufkh ;9/ Edqgtxh gh ludgfhl
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Ohylg/ D1 dgg M1 Sljhu +5335,/ Lv Lqg dwlirg Shuvivwhgfh Lgwulgvlf Ig Lggxvwuldo
HfrgrplhvB/ Ihghudo Uhvhuyh Edgn ri Vw1 Orxlv Zrunlgj Sdshu 2002-023A.

PfFdooxp dqg Qhovrg/ +4<<<,/ Shuirupdgfh ri Rshudwlrqdo Srolf| Uxohv Iq dq
Hvwlpdwhg Vhplfodvvifdo Vwuxfwxudo Prgho/ Ig M1 Wd|oru +hg1,/ Prghwdu| Srolf]|
Uxohv/ Xglyhuvlw| ri Fklfdjr Suhvv1

Qhovrq dqg Vlhjho +4<;:,/ Sduvlprglrxv Prgholgj ri \lhog Fxuyhv/  Journal
of Business, Yrol 93/ Qrl 7/ 7:60;<1

Sld}thvl/ P1 +5334,/ Pdfurhfrgrplf mxps h hfwv dgg wkh |lhog fxuyh / plphr/
XFOD1

Urwhpehuj/ M1M1 dqg P1 Zrrgirug +4<<:,/ Dg RswiplvdwlrgOEdvhg HfrgqrphwO
ulf ludphzrun iru wkh Hydoxdwlrq ri Prghwdu| Srolf| / QEHU pdfurhfrgrplfv
dggxdo 4<<:/ 5<:06491

Uxghexvfk/ J1 +5335d,/ Dvvhwvlgj grplgdo Igfrph uxohv iru prghwdul| srolf|
zlwk prgho dgg gdwd xgfhuwdlgw)/Economic Journal 445/ 73507651

Uxghexvfk/ J1 +5335e,/ Whup vwuxfwxuh hylghgfh rq Igwhuhvw udwh vprrwkigj
dqg prghwdu| srolf| Ighuwld/ Journal of Monetary Economics 7</ 44940;:1

Uxghexvfk/ J1 dqg O1 H1 R1 Vyhqvvrg +4<<<,/ Srolf| Uxohv iru Lg dwlrq WduO
jhwlgj/ 1g M1 Wd|oru +hgl,/ Prghwdu| Srolf| Uxohv/ Xglyhuvlw| ri Fkifdjr Suhvv1

Vipv/ F1D1 +4<<5,/ Lgwhusuhwlgj wkh pdfurhfrgrplf wiph vhulhv idfwhiro-
pean Economic Review 69/ <:8043441

Vphwv/ 11 +5333,/ Zkdw krul}rg iru sulfh vwdelolw/ Hxurshdq Fhgwudo Edgn
Zrunlgj Sdshu Vhulhv Qrl 571

Vughuolqgg/ S1 +4<<<,/ Vroxwlrg dgg hvwlpdwlirg ri UH pdfurprghov zlwk rswipdo
srolf| /' European Economic Review 43/ ;460;561

Vyhgvvrg/ O1 H1 R1 +4<<7,/ Hvwlpdwlqgj dgg Lqwhusuhwlqj Iruzdug Lgwhuhvw Udwhv=
Vzhghqg 4<<504<<7 / FHSU Glvfxwvirq Sdshu 43841

Zklwh/ K1 +4<;5,/ Pd{lpxp olnholkrrg hvwlpdwlirqg ri plvvshfl hg prghov/
Econometrical 83/ 40581

Zx/ W1 +5335,/ Pdfur ldfwruv dgg wkh D!gh Whup Vwuxfwxuh ri Lqwhuhvw
Udwhv / plphr/ Inghudo Uhvhuyh Edgn ri Vdq ludgflvirl

]d durgl/ S1 +5334,/ Hvwlpdwilrq ri g dwirg ulvn suhpld iru {hg lgfrph vhfx0
ulwihv/ Edgfd g*Lwdold/ plphr/ Rfwrehul



D Dsshqgl{

D14 VwdwhOvsdfh irup
Iroorzlgj Vughuolgg/ gh gh

* T _T /
Xlt = [mtfla ey Lt 12, T 1y ooy Tt 12, T4 5 Mty E¢ 5 E 77‘1571]

/
Xoi = [EsTeq11, -or Bt®ig1, e, EyTeqa1, oo, ByTeg1, T

X1,
Xo

|

F= |: 0 5(1_[))7_170707_[)719117_7 (1_10)7_5 (l_p)7

1224’
o ]
B, = | 281
1
A
B
B, = 0
2321
‘B,
B = _ B,
Or
o 0
Q= o7
0 o
0 0 0 0
1711 1z11
I 0 0 O
11711 11211
— 0 0
Au=| 0 1211 0
0O 0 I 0
11211 11711
0 0 0 0
L 5x11 1xll
r 0 0
1z11 1z11
0 0 0
Apy = 11811 1121 11811
1z11 1z11
0 0 0
L 16211 1621 16zll
Cz = Kmlv sty leZ}/
O ::[6W1,.”,6ﬂ12y

B<

0
1z5
0
1z5
0
1z5

1z5

11zl

0
16z1

1z

1
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[ — ke 0 0o 0 -L 0]
He Ca 1212 122 Ko
0 0 0 0 0 0
Aoy — 11212 11212 1122 11zl 11zl 11zl
A Ly 0 —L 0 0
1712 Be ™ 122 B
0 0 0 0 0 0
11212 11212 1122 11zl  1lzl 1lzl |
-1 L 0 & 0 ]
1z11 Hg 1210 Ha
I 0 0 0 0
11z11 11%51 11210 11zl 11111
Ay = 0o %= -1 -1 L
22 1z11 K 1x10 Hm
0 0 I 0 0
10z11 10zl 10z10 10zl 10zl
0 1 0
L 1z11 1210 J
A Ann Ap
Agr Asg
™ X !
€1,t+1 = [159247 Urrt+15 Un,t4+1, Ug 415 Ue 141> 0:|

!/
!/
- 0 }
EtJrl |:£1,t+17 1a24

Wkhq wkh v|jvwhp fdq eh zulwwhqg dv
X1 = AXy +Bry + &4

dgg wkh srolf| uxoh dv
Tt = —FXt

Zh xvh Sdxo Vughuolqg*v urxwlgh wr vroyh
Xit1=(A-BF)X; + &,

zlwk vroxwlrq
X1 =MXir+ &1

Xot41 = CXq 441

D15 Olnholkrrg ixqgfwirg
Zh duh Igwhuhvwhg Iq

T
¢ (9) - H f (X?taYt7X2t|X?t717 Yt—l)
t=2

Uhfdoo wkd¥; = A +B°X¢, + BUXY, +B™u* dqg wkdwXy;, = C°X¢, + C XY,
+zkhuhXs; duh vhohfwhg yduldeohv iurp &k yhfwru,/ vr wkdw

Yt_A+B° O+B“ u+Bmm
Xo: | | 0 c° 1t lok 1t 0 w;
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vr wkdw

X9, 0 I 0 0
Y, | =] A|+]| B [X}+]|B"|X}+ | B" |
X oy 0 Cc’ c” 0

Qrz vwdfn wkhX$,/ XY, dgg ui* yhfwruv/ vr wkdw

X9, 0 I 0 O X9,
Y, |=| A|+]| B B* B" Xt
Xy 0 c°C" o u”

vr wkdw wklv fdg eh Igyhuwhg wr qg

X9, I o o 7'/ Xg 0
X4 | = | B° B B™ Y, |-| A
u;” EO Eu 0 th 0

Lw iroorzv wkdw wkh olnholkrrg ixgfwlirg fdq eh uhzulwwhq dv

U

1
T I 0 0
t® = JJ|| B> B B™ F (X9 Xty u (XY, 15 XYy )

t=2|| C° C" o0
T 1
= H f(X(l)tax%tau;n‘xlljtflvqult—l)
s I 0 0
B° B* B™
c’ C" o
T 1
= H I 0 0 Ix, (X‘l’t,X%t\X({til,Xﬁ‘t_l) Jum (0f")
t=2
B° B* B™
c’ C" o

zkhuh wkh vhfrqg htxdolw| frph iurp wkh surshuwlhv ri wkh ghwhuplqdgw dqg wkh
wklug htxdolw| iurp wkh lgghshqghgfh dvvxpswirq ehwzhhg vwuxfwxudo vkrfnv dqgg

I 0 0
phdvxuhphgw huuruvl Ghqlgy = | B B* B™ |/ wkh orjolnholkrrg Iv vipso|
c’° C" o
T
In(£(6) =Y (~In|J] +1In fx, (X3 X§{IXT, 1, Xy 1) +1n fum (uf))
t=2
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(T—l)nlln@ﬂ)_T—l
2

In|E3|

t=2
2
(T — 1) T—1, &%, I (“frn)
_Tln(%r) -3 IHZQ — 522 =
i=1 t=2 =1 ?
ru/ pruh viplodu wr wkh vwuxfwxuh ri rxu surjudpph/
1 1. & 9 M1+ Ny,
In(£0) = —(T-1) (ln\J!+§ln}ZE”+§ln;0i A ln(27r)>

X —MXy 1) () (X —MXyy 1) — = :
;( 1t 1t-1) ( ) (X1t 1t-1) 2;; 2

N —

zkhuh n,, Iv wkh gxpehu ri phdvxuhphgw huuruv dgg Iv gh ghg dv Ig Vughuolggl
Qrwh wkdw/ Iq rughu wr dfwxdoo| fdofxodwh wkh xgrevhuydeoh idfwruv dqg phdvxuhO
phgw huuruv/ Iw Iv xvhixo wr uhzulwh wkh vjvwhp
0
B™ | u"

X9, I 0

Yo |=|A|+] B X¢+ | B

X c’ ok 0
Ig whupv ri shuihfwo| revhuydeoh yduldeohv/ ﬂ?Km., Yf,th]/ dqgg yduldeohv phdvxuhg
zlwk huuru/ [1hIY7*]1 WKIv ohdgv wr

0
A 1+
0

X9, 0 I 0 0
Y?P AP BoP Bwp 0
an = A™ + Bom X?t + Bum lett + ﬁm u%n
Xy 0 c’ c 0

zklIfk/ irujnwwlgj derxw X9,/ fdg dovr eh vsolw Igwr

YV ] [ AP Beop o Bw u
X =[5 ][ e [
Y= A" +B"X,+BY" XY +B™ul"
Wkhvh wzr vivwhpv fdqg eh vroyhg irX$, dqg u;® Ig d uhfxuvlyh idvkirg dv

-1
. [ Bw Y? AP B” |,
il ] (=18 -l )
m Am -1 m m om ] um u
' = (B™) (Y[~ A"-B"X{,~B""XY)
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D16 Ulvn suhpld
D1614 Kroglgj suhpld

Ohwe, ; ghgrwh wkh rghOshulrg kroglgj suhplxp rq dg nOshulrg erqg sxufkdvhg dw,
gh ghg dv wkh h{shfwhg kroglgj uhwxugq ri wkdw erqg ryhu rgh shulrg/ ohvv wkh ulvnOiuhh
udwh=

ene = By [In (p?ill) —In(pf)] = 7.
Xvlgj wkdw
pf = exp(An+ B X1y),
pid = exp (Ao + B, 1 Xigga)

dag
Tt = Ale,t

zh rewdlq

n—1+ By 1B [X141] — An — B X1 — A'Xy 4
n—1+ B, 1 (MXy ¢+ XE; [e1441]) — An — B, X141 — A'Xy 4

en,t /_1

A
_ _ _ _ 1._ _

= Anfl + Bilfl (MXLt + EEt [51,t+1}) - (Anl - B,;LileO + 53&122/377/1)
— (Bro1 M —=3X1) — A) X1 — A'Xyy
_ _ _ _ _ 1._ _

= Ap_1+ B, {MXi;+ B, _YE;[e11+1] — An—1 + Bl,_15Xo — 53;,122’19”_1
—B;,_ \MXi;+ B, 1 ZMXq: + A'Xq; — A'Xqy
_ _ 1_ _

= B;l_lz)\o + B;_IE)\lxl,t — 537/1_122/an1.

D1615 Iruzdug suhpld

Ohw/zm ghgrwh wkh rghOshulrg iruzdug suhplxp dw iru pdwxulw| n, gh ghg dv wkh
gl huhgfh ehwzhhq wkh Ipsolhg rghOshulrg iruzdug udwhshulrgv dkhdg/ f,, ;/ ohvv
wkh fruuhvsrqglgj h{shfwhg rghOshulrg Igwhuhvw udwh=

I/Jn,t = fn,t —E; [rt—i—n] -

Wkh Ipsolhg iruzdug udwh/ h{suhvvhg Ig rghOshulrg whupv/ Iv jlyhq €|

fop = In(p})—In(pt)
= An + B;’LXLt - An+1 - B’;L+1X17t

_ _ _ _ 1_ _ _
= A, + B Xy — <An — B, Y\ + §Bgzz’Bn> — (B,(M—=3XX) - A') Xy,

_ 1_ _ _ _
= B,S\ -~ 5B,SY'B, + [B), — B, (M~ 2h) + A Xy,
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zkloh wkh h{shfwhg vkruw udwh Iv
Ey[revn) = A'E X440

n

= A'E; M”let—#ZMn*iEEl,tH
i—1

= A'M"Xy,.

Wkh rghOshulrg iruzdug suhplxp Iv wkhuhiruh
Vot = fot— Ei[rein]
= BY)\— %B;EZ’BR + B, = B, M —%X\) + A" (I —M")] Xy4.
Wkh iruzdug suhplxp Iv h{suhvvhg Iq rghOshulrg whupv1l

D1616 \lhog ulvn suhpld

Ohw,, ; ghgrwh wkhOpdwxulw| |lhog suhplxp dwt, gh ghg dv wkh vxp ri wkh iruzdug
suhpld xs xgwlot +n — 1 :

n—1
wn,t - E wn,t
=0

n—1
= Y <B§2Ao - %B;EZ’BZ- + [Bi— B/ (M—%\)+ A’ (I-M)] Xu) .
i=0
Wkh nOpdwxulw| |lhog suhplxp fdg eh h{suhvvhg Ig rghOshulrg whupv e| glylglgj
Wn,t ZIWK 7.
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Wdeoh 4= Sdudphwhu hvwlpdwhv
+Vdpsoh shulrg= lhe 4<:80Ghf 4<<;,

Sdudphwhu  Srlgw hvwlpdwh  Vwdqgdug huuru

p 31<88
3 31477

v 31348

L 31877

bz 31343
Ly 314:

¢, 31364
Grw 31<<<
oow x 102 3134;
oy x 102 3136;
oz % 10 31475
o x 10 3143:
o x 102 4145<
o x 102 4186;
o x 10? 41;56

o1 031355
Ao.2 03176:
o3 61799

0.4 031973

31348
313;3
3133;
31395
3134:
31463
31376
0
31345
3133;
31339
3133;
31373
3136;
31373
31448
3147,
31,89
31659

Wkh vwdggdug huuruv duh edvhg rq wkh dvO
[pswrwif yduldgfhOfryduldgfh pdwul{ ri Zklwh
+4<;5,1 Wkh hvwlpdwhv ri wkh odj frh!flhqwv

iru Ig dwlrq dgg rxwsxw duh qrw uhsruwhgl

9

)\1 X 1072
* n ™
| 0.434 3.893 0.389
(0.765)  (1.434)  (0.466)
n | —3.169 0.006 0
(1.501) (0.006)
e™ | 9.096 0 7.005
(7.603) (0.709)
e® | 0.017 0 0
(0.057)

1.519
(0.661)

0
0

3.022
(3.826)

Vwdggdug huuruv Ig sduhgwkhvhv
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Wdeoh 5= Iruhfdvw huuru yduldgfh ghfrpsrviwirgv

Rxwsxw jds Lqg dwlirg
Yduldgfh gxh wr +Iq (, Yduldgfh gxh wr +q (,
Vwhsv 7* n T x * n T T
1 0.03 0.06 0.00 99.90 0.68 0.01 99.26 0.06
6 1.19 222 0.00 96.60 87.72 0.78 8.67 2.83
12 5.90 9.74 0.08 84.27 66.23 0.51 32.21 1.05
36 58.62 41.12 0.26 0.01 98.82 0.05 1.09 0.03
60 86.11 4.83 0.02 9.03 99.99 0.00 0.00 0.01
Vkruw udwh
Yduldgfh gxh wr +Iq (,
Vwhsv 7* n T
1 0.08 98.31 1.21 0.39
6 6.09 79.07 6.74 8.09
12 29.77 4489 3.80 21.55
36 9355 0.65 0.00 5.79
60 99.80 0.02 0.00 0.18
60prgwk udwh 40]hdu |lhog
Yduldgfh gxh wr +Iq (, Yduldgfh gxh wr +Iq (,
Vwhsv 7* n T T m* n T T
1 1.01 97.25 1.03 0.70 19.24 76.20 1.14  3.42
6 11.12 71.70 6.91 10.27 38.60 4247 3.19 15.73
12 3791 38.18 2.33 21.58 63.72 18.35 0.32 17.61
36 9483 046 0.00 4.71 97.69 0.11 0.00 2.20
60 99.85 0.01 0.00 0.14 99.94 0.01 0.00 0.05
60[hdu |lhog 430Jhdu |lhog
Yduldgfh gxh wr +q (, Yduldgfh gxh wr +Iq (,
Vwhsv 7* n T T * n T T
1 81.15 16.13 0.05 2.67 99.79 0.20 0.02 0.00
6 79.84 10.26 0.33 9.57 96.77 1.40 0.05 1.79
12 89.44 3.59 0.03 6.94 98.33 0.46 0.00 1.20
36 99.50 0.00 0.00 0.50 99.93 0.00 0.00 0.07
60 99.99 0.00 0.00 0.01 100.0 0.00 0.00 0.00
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Wdeoh 6= LqgOvdpsoh |lhog iruhfdvw shuirupdgfh= UPVHv

4 prgwk iruhfdvw krul}rg

pdwxulw]| uz Ap (3) DS Vwuxfwl
1 prqwk 317;7 31795 319<5 31797
3 prgwkv 31783 31785 318;4 3177<
1 |hdu 316<6 316<3 3173: 3175:
3 |hduv 31644 316:6 316<4 31649
10 |hduv 31598 31594 31599 3173:

6 prgwk iruhfdvw krul}rq

pdwxulw]| Uz Ao (3) DS Vwuxfwl
1 prgwk 31:6< 319;9 31:<3 3198<

3 prqwkv 31:68 31:44 31;36 319:7

1 |hdu 31:55 31:46 31:43 319<5

3 |hduv 3196; 31983 3198; 3196<
10 [hduv 317;3 3179: 3175 31883

9 prgwk iruhfdvw krul}rq

pdwxulw| uz Ap (3) DS Vwuxfwl
1 prgwk 41467 4136< 41444 31<:9
3 prqwkv 41484 413:8 4138; 4134<
1 |hdu 41447 413;; 41354 4137<
3 |hduv 31<8: 31<7< 31<79 31<9<
10 |hduv 319<; 3198< 3194 31:37

< prgwk iruhfdvw krul}rg

pdwxulw| Uz Ao (3) DS Vwuxfwl
1 prgwk 417;: 41683 415<5 41587
3 prgwkv 4183; 41736 415;3 41646
1 |hdu 4177: 416:9 4158; 4167<
3 |hduv 41535 414:5 41484 41549
10 |hduv 31;98 31:<9 31;4: 31,74

45 prqwk iruhfdvw krul}rqg

pdwxulw| Uz Ap (3) DS Vwuxfwl
1 prgwk 41;38 41933 4179: 41837
3 prgwkv 41;46 41987 417:: 4189:

1 |hdu 41:67 41955 4178< 4194<
3 |hduv 41775 416:3 41669 41798
10 |hduv 41375 31<6< 31<9: 41347

Wkh wdeoh vkrzv urrw phdq vtxduh huuruv +UPVHYy, iru IgOvdpsoh iruhfdvwv ehwzhhg Mdql 4<:8 dqg
Ghfl 4<<:1 UZ ghgrwhv udggrp zdon iruhfdvwvAo (3) Iv d fdgrglfdo hvvhgwldoo| d!gh Jdxvvidg
wkuhhOidfwru prgho/ DS ghgrwhv wkh Dqj0SId}thvl +5336, Pdfur Prgho +hvwipdwhg zlwk rxu vhulhv
iru wkh rxwsxw jds dqg prgwko| Iq dwirg,/ dgg %Vwuxfwl% ghgrwhv rxu vwuxfwxudo pdfur prghol
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Wdeoh 7= RxwOriOvdpsoh |Ihog iruhfdvw shuirupdgfh= UPVHv

4 prgwk iruhfdvw krul}rq

pdwxulw| uz Ap (3) DS Vwuxfwl
1 prgwk 3153; 31548 31:56 314<3
3 prqwkv 314<; 3153; 318<; 3154:
1 |hdu 31545 31543 31637 315;<
3 |hduv 31557 31583 315:6 31555
10 |hduv 314<7 314<6 31534 31873
6 prgwk iruhfdvw krul}rqg
pdwxulw]| uz Ao (3) DS Vwuxfwl
1 prqwk 31773 31784 41437 31686
3 prgwkv 3177: 31766 31<;: 316:6
1 |hdu 317;3 317:3 3199; 3178;
3 |hduv 317:6 3179; 31845 31765
10 [hduv 3167< 31673 31699 31895
9 prgwk iruhfdvw krul}rq
pdwxulw]| uz Ap (3) DS Vwuxfwl
1 prqwk 31:87 31:64 417<7 31898
3 prqwkv 31:78 31:48 41695 318;;
1 |hdu 31::9 31:6< 4136; 3195
3 |hduv 31:53 3198< 31:8; 31976
10 [hduv 31866 317<9 31877 3194<
< prgwk iruhfdvw krul}rg
pdwxulw]| uz Ap (3) DS Vwuxfwl
1 prgwk 41348 31<87 41:64 31:4;
3 prgwkv 31<;7 31<64 41965 31:63
1 |hdu 31<4 31<67 41669 3134
3 |hduv 31,97 31:;9 31g< 31:97
10 |hduv 3194: 31936 31:45 319;<
45 prqwk iruhfdvw krul}rqg
pdwxulw]| uz Ao (3) DS Vwuxfwl
1 prgwk 4155; 414:: 41<9< 31;:3
3 prgwkv 41533 414:7 41<54 31;<4
1 |hdu 414<7 41493 4196; 31<:8
3 |hduv 41346 31<98 41589  31<45
10 [hduv 31995 31:46 31;;3 31:83

UPVHYV iru rxwOriOvdpsoh iruhfdvwv ehwzhhg Mdgl 4<<< dqg Ghfl 5335/ edvhg rq sdudphwhu hvwipdwhv iru
Mdgl 4<:8 0 Ghfl 4<<;1 UZ duh udqgrp zdon iruhfdvwy (3) Iv d fdgrglfdo hvvhgwldoo| d!gh Jdxvvidg
wkuhhQidfwru prgho/ DS ghgrwhv wkh Dqj0oSId}thvl +5336, Pdfur Prgho +hvwlpdwhg zlwk rxu vhulhv iru
wkh rxwsxw jds dqg prgwko| Ig dwlrq,/ dqg %Vwuxfwl% ghqrwhv rxu vwuxfwxudo pdfur prghol
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llixuh 4= Gdwd xvhg Ig wkh hvwipdwlrgqv
+d, Pdfur gdwd
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Wkh g dwlrg vhulhv kdv ehhg pxowlsolhg e| 4533 dqg wkh rxwsxw
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Jhupdq whup vwuxfwxuh gdwd ryhu wkh vdpsoh shulrg Mdgxdu| 4<:8
wr Ghfhpehu 4<<; +shufhgw shu |hdu,1
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lljxuh 5= Hvwlpdwhg Iq dwlrq wdujhw dgg dfwxdo Iq dwlirg +|hduOrgO|hdu,

10

— Annualized inflation target
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llixuh 6= Lpsxovh uhvsrgvhv iurp Iq dwilrqg wdujhw vkrin
+d, Uhvsrqgvh ri pdfur yduldeohv
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Doo uhvsrgvhv duh h{suhvvhg Iq shufhgwdjh whupvl Wkh Iq dwlirg dqg
vkruw udwh uhvsrqvhv kdyh ehhq vfdohg xs e| 45 wr eh h{suhvvhg Iq
dggxdo whupvl Wkh Ig dwlrq wdujhw zdv vkrfnhg e| rgh vwdggdug
ghyldwlirg +durxqg 315( s1d1,1

+e, Uhvsrgvh ri |[Ihogv
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llixuh 7= Lpsxovh uhvsrqvhv iurp prghwdu| srolf| vkrin
+d, Uhvsrqgvh ri pdfur yduldeohv
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Doo uhvsrgvhv duh h{suhvvhg Iq shufhgwdjh whupvl Wkh Iq dwlirg dqg
vkruw udwh uhvsrqvhv kdyh ehhq vfdohg xs e| 45 wr eh h{suhvvhg Iq
dggxdo whupvl Wkh vkruwOwhup Igwhuhvw udwh zdv vkrfnhg e| rgh
vwdqggdug ghyldwlirg +durxqg 3179( s1d1,1

+e, Uhvsrgvh ri |[Ihogv
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+durxqg 3179( s1d1,1
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llixuh 8= Lpsxovh uhvsrqvhv iurp Iq dwirg vkrfn
+d, Uhvsrqgvh ri pdfur yduldeohv
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wkh vkruw udwh kdv ehhq vfdohg xs e| 451 Lq dwlirg zdv vkrfnhg e|
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llixuh 9= Lpsxovh uhvsrqgvhv iurp rxwsxw vkrin
+d, Uhvsrqgvh ri pdfur yduldeohv
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lljxuh := Idfwru ordglqgjv ri idfwruv
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Wkh idfwru ordglgjv Iq wkh jxuh fruuhvsrqg wr wki®,, sdudphwhuv
ri wkh irxu grgOodjjhg pdfur idfwruvl Wkh| kdyh ehhq uhvfdohg
wr fruuhvsrqg wr rgh vwdggdug ghyldwlrg ri wkh uhvshfwlyh idfwruv/

h{suhvvhg lq dggxdo shufhqwdjh whupv1l

llixuh ;= Lglwldo uhvsrgvh ri |lhog suhpld wr pdfur vkrfnv
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Wkh jxuh vkrzv wkh rghOprgwk dkhdg uhvsrgvh ri wkh |lhog suhO
pld w,/ dw pdwxulwlhv xs wr 453 prgwkv/ wr rgh vwdqggdug ghylO
dwlirg vkrfnv wr wkh irxu pdfur idfwruvl Wkh suhpld duh h{suhvvhg

lg dggxdo shufthgwdjh whupvl
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llixuh <= Hvwlpdwhg |Ihog suhpld
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soh shulrg/ iru pdwxulwlhw @ 6/ 45/ 69/ dqg 453 prqwkvl Wkh
suhpld duh h{suhvvhg Iq dggxdo shufhgwdjh whupvl

I%uh 43= PrghoOlpsolhg FV surmhfwirq frhlflhqwv= LPY +,
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Hpslulfdo hvwlpdwhv ri wkh FV orgjOudwh frh!flhqway, Iq y{jll —
ypr = ¢, (yp —r) / (n — 1)/ soxv fruuhvsrqglgj prghoOlpsolhg fri0
flhgw ydoxhvl Wkh %srsxodwlrq% frh!flhgwv duh wkh wkhruhwlfdo
ydoxhv edvhg rq rxu hvwlpdwhv> wkh PF frh!flhqwv duh wkh phdqg
hvwlpdwhv iurp 4333 vhulhv ri wkh vdph vi}h dv wkh vdpsoh/ vipx0
odwhg iurp rxu prghol Wkh edqggv durxqg wkh PF phdg hvwlpdwhv
duh 8( frg ghgfh edqgvl

79



llixuh 44= PrghoOlpsolhg ulvnOsuhplxp dgmxvwhg FV frhlflhqwv=LPY +lI,
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Wkh jxuh vkrzv wkh hvwlpdwhv ri wkh Fdpsehoo dgg Vkloohu
+4<<4, orqgjOudwh frh!flhqwve,, Iq wkh uhjuhvvquyt’:l1 -y =

&, (Y — 1) / (n — 1) iru rxu vdpsoh/ dorgj ziwk wkh fruuhvsrgqg0

lgj ulvnOsuhplxp dgmxvwhg prghoOlpsolhg friflhqw ydoxhv edvhg
rq rxu sdudphwhu hvwlpdwhvl



