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+Uhylvhg yhuvlrq= Pd| 5335,

Devwudfw

Hvwlpdwlqj d iruzdug0orrnlqj prqhwdu| srolf| uxoh e| wkh Jhqhudol}hg Phwkrg
ri Prphqwv +JPP, kdv ehfrph d srsxodu dssurdfk vlqfh wkh lq xhqwldo sd0
shuv e| Fodulgd/ Jdoð/ dqg Jhuwohu +4<<;/ 5333,1 Zh uh0h{dplqh hvwlpdwhv ri wkh
Ihghudo Uhvhuyh uhdfwlrq ixqfwlrq xvlqj vhyhudo JPP hvwlpdwruv dqg d Pd{l0
pxp Olnholkrrg +PO, hvwlpdwru1 Iluvw/ zh vkrz wkdw/ ryhu wkh edvholqh shulrg
4<:<05333/ wkhvh dowhuqdwlyh dssurdfkhv |lhog vxevwdqwldoo| gl�huhqw sdudph0
whu hvwlpdwhv1 Xvlqj Prqwh0Fduor vlpxodwlrqv/ zh vkrz wkdw wkh �qlwh0vdpsoh
JPP eldv fdq rqo| dffrxqw iru d vpdoo sduw ri wkh glvfuhsdqf| ehwzhhq hv0
wlpdwhv1 Zh �qg wkdw wklv glvfuhsdqf| fdq pruh sodxvleo| eh udwlrqdol}hg e|
wkh vhuldo fruuhodwlrq ri wkh srolf| vkrfn/ fdxvlqj plv0vshfl�fdwlrq ri JPP
hvwlpdwruv wkurxjk odfn ri lqvwuxphqw h{rjhqhlw|1 Wklv fruuhodwlrq sdwwhuq lv
uhodwhg wr d vkliw lq wkh uhdfwlrq0ixqfwlrq sdudphwhuv lq 4<;:1 Uh0hvwlpdwlqj wkh
uhdfwlrq ixqfwlrq ryhu wkh 4<;:05333 shulrg surgxfhv JPP hvwlpdwhv zklfk
duh yhu| forvh wr wkh PO hvwlpdwh1

Nh|zrugv= Iruzdug0orrnlqj prgho/ prqhwdu| srolf| uhdfwlrq ixqfwlrq/ JPP
hvwlpdwru/ PO hvwlpdwru/ �qlwh0vdpsoh surshuwlhv1

MHO fodvvl�fdwlrq= H85/ H8;/ I741

Fruuhvsrqglqj dxwkru= Khuyì Oh Elkdq/ Edqtxh gh Iudqfh/ 74046<4 Fhqwuh gh uhfkhufkh/
64 uxh Furl{ ghv Shwlwv Fkdpsv/ :837< Sdulv/ Iudqfh1 H0pdlo= khuyh1ohelkdqCedqtxh0
iudqfh1iu1 Zh wkdqn wkh hglwru +Dodvwdlu Kdoo, dqg wzr dqrq|prxv uhihuhhv ri wkh
uhylhz dv zhoo dv Sdwulfn Iëyh/ V|oyld Ndxipdqq/ Qrxu Phggdkl/ Khqul Sdjëv/ dqg
Sdwulfn Vhyhvwuh iru wkhlu frpphqwv1 Zh duh judwhixo wr Vlprq Jlofkulvw iru surylg0
lqj xv zlwk klv DLP dojrulwkp frgh/ dqg wr Ere Duqrog iru wkh FER gdwd1 Zh dovr
wkdqn vhplqdu sduwlflsdqwv dw wkh Edqtxh gh Iudqfh/ wkh xqlyhuvlwlhv ri Hyu|/ Sdulv
45 Ydo0gh0Pduqh/ Wrxorxvh 4/ wkh W5P frqihuhqfh lq Qlfh/ dqg wkh HFE zrunvkrs rq
�Prqhwdu| Srolf| Uxohv� iru khosixo uhpdunv1 Wkh xvxdo glvfodlphu dssolhv1 Wklv sdshu
grhv qrw qhfhvvdulo| uhsuhvhqw wkh ylhz ri wkh Edqtxh gh Iudqfh1
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4 Lqwurgxfwlrq
Dffruglqj wr wkh ehqfkpdun Wd|oru uxoh/ fhqwudo edqnv vhw wkh vkruw0whup lqwhuhvw udwh
lq sursruwlrq ri wkh lq dwlrq udwh dqg wkh rxwsxw jds1 Vlqfh Wd|oru*v +4<<6, surpl0
qhqw frqwulexwlrq/ dq dexqgdqw hpslulfdo dv zhoo dv wkhruhwlfdo olwhudwxuh kdv fodlphg
wkdw fhqwudo edqnv pd| kdyh d iruzdug0orrnlqj ehkdylru +Fodulgd dqg Jhuwohu/ 4<<:/
Fodulgd/ Jdoð/ dqg Jhuwohu/ 4<<;/ 5333/ Edwlql dqg Kdogdqh/ 4<<<,1 Wklv dvvxpswlrq
uhtxluhv wkh xvh ri dq dghtxdwh hvwlpdwlrq phwkrg wr ryhufrph wkh suhvhqfh ri h{0
shfwhg lq dwlrq lq wkh srolf| uxoh1 Iroorzlqj wkh lq xhqwldo zrun e| Fodulgd/ Jdoð/
dqg Jhuwohu +4<<;,/ d odujh qxpehu ri vwxglhv kdyh wkxv xvh wkh Jhqhudol}hg Phwkrg
ri Prphqwv +JPP, wr hvwlpdwh iruzdug0orrnlqj uhdfwlrq ixqfwlrqv14

Wklv sdshu uh0h{dplqhv wkh hvwlpdwlrq ri wkh Ihghudo Uhvhuyh iruzdug0orrnlqj sro0
lf| uxoh dqg suhvhqwv vrph ruljlqdo hpslulfdo uhvxowv1 Zkloh wklv wrslf kdv ehhq |hw
zlgho| vwxglhg/ wkhuh duh dw ohdvw wzr prwlydwlrqv iru rxu dgglwlrqdo lqyhvwljdwlrq1
Iluvw/ d odujh erg| ri uhvhdufk ryhu wkh odvw ghfdgh kdv dqdo|}hg wkh surshuwlhv ri
JPP hvwlpdwruv1 Lw kdv surgxfhg qxphurxv uhvxowv zklfk kdyh vr idu qrw ehhq lqfru0
srudwhg lq wkh hvwlpdwlrq ri srolf| uxohv1 Lq sduwlfxodu/ d odujh qxpehu ri sdshuv kdyh
vwxglhg wkh vpdoo0vdpsoh surshuwlhv ri JPP hvwlpdwruv/ lq yhu| gl�huhqw frqwh{wv
+vhh wkh 4<<9 vshfldo lvvxh ri wkh MEHV/ h1j1/ Dqghuvhq dqg Vûuhqvhq/ 4<<9/ ru Kdqvhq/
Khdwrq dqg \durq/ 4<<9,1 Wkhvh sdshuv surylghg hylghqfh wkdw JPP hvwlpdwruv pd|
eh vwurqjo| eldvhg dqg zlgho| glvshuvhg lq vpdoo vdpsohv1 Ixkuhu/ Prruh/ dqg Vfkxk
+4<<8, dovr srlqwhg rxw wkh srru vpdoo0vdpsoh shuirupdqfhv ri JPP dv frpsduhg
wr wkrvh ri Pd{lpxp Olnholkrrg +PO,1 Lq dgglwlrq/ vhyhudo dowhuqdwlyh JPP hvwl0
pdwruv kdyh ehhq sursrvhg +Ihuvrq dqg Irhuvwhu/ 4<<7/ dqg Kdqvhq/ Khdwrq/ dqg
\durq/ 4<<9,/ zklfk duh vkrzq wr kdyh yhu| gl�huhqw vpdoo0vdpsoh surshuwlhv1 Dv
zhoo/ dowhuqdwlyh frpsxwdwlrq surfhgxuhv iru wkh JPP zhljkwlqj pdwul{ duh olnho| wr
surylgh frqwudvwhg uhvxowv +h1j1/ Dqguhzv dqg Prqdkdq/ 4<<5/ dqg Qhzh| dqg Zhvw/
4<<7,1 Rqh ri rxu dlpv lv wr uh0h{dplqh hvwlpdwhv ri wkh Ihghudo Uhvhuyh uhdfwlrq
ixqfwlrq lq oljkw ri wkhvh ghyhorsphqwv1 Wkh iruzdug0orrnlqj uhdfwlrq ixqfwlrq pd|
eh vhhq dv dq ruljlqdo �hog iru lqyhvwljdwlqj JPP surshuwlhv1

D vhfrqg vwurqj prwlydwlrq wr lqyhvwljdwh wkh Ihghudo Uhvhuyh uhdfwlrq ixqfwlrq
lv wkh lvvxh ri sdudphwhu vwdelolw|1 Wkh whqxuhv ri Sdxo Yrofnhu +4<:<0;:, dqg Dodq
Juhhqvsdq +vlqfh 4<;:, dv fkdlupdq ri wkh Erdug ri Jryhuqruv ri wkh Ihghudo Uh0
vhuyh V|vwhp kdyh ehhq fkdudfwhul}hg e| wzr yhu| frqwudvwhg vxeshulrgv lq whupv ri
lqwhuhvw udwh pryhphqwv/ exw qr frqvhqvxv kdv vr idu hphujhg rq zkhwkhu wkhvh wzr
hudv uhsuhvhqw d vlqjoh srolf| uhjlph1 Vrph dxwkruv dujxhg wkdw wkhuh lv qr vljql�fdqw
gl�huhqfh lq wkh zd| prqhwdu| srolf| lv frqgxfwhg vlqfh Yrofnhu zdv dssrlqwhg fkdlu0
pdq lq 4<:<1 Lq sduwlfxodu/ Fodulgd/ Jdoð/ dqg Jhuwohu +5333, +khqfhiruwk FJJ, irxqg
wkdw gxulqj wkh Yrofnhu0Juhhqvsdq shulrg/ wkh Ihghudo Uhvhuyh dgrswhg d surdfwlyh
vwdqfh wrzdug frqwuroolqj lq dwlrq1 Rwkhu dxwkruv +Mxgg dqg Uxghexvfk/ 4<<;/ Uxgh0
exvfk/ 5334, frqfhqwudwh rq Juhhqvsdq*v whqxuh1 Wkh uhvsrqvh wr h{shfwhg lq dwlrq
lv w|slfdoo| irxqg wr eh pxfk orzhu ryhu wkh uhfhqw shulrg/ zkhuhdv wkh rxwsxw jds

4H{dpsohv lqfoxgh Phkud +4<<<,/ Fodulgd/ Jdoð/ dqg Jhuwohu +5333,/ Ruskdqlghv +5333/ 5334,/
Uxghexvfk +5334, iru XV gdwd/ ru Dqjhorql dqg Ghgrod +4<<<,/ Shhuvpdq dqg Vphwv +4<<<,/ Jhuodfk
dqg Vfkqdeho +5333,/ Qhovrq +5333,/ dqg Idxvw/ Urjhuv/ dqg Zuljkw +5334, iru Hxurshdq gdwd1
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ehfrphv d vljql�fdqw ghwhuplqdqw ri prqhwdu| srolf|1 Hvwlpdwlrqv lq wklv sdshu duh
irxqg wr surylgh vrph lqvljkwv rq wklv lvvxh1

Rxu dssurdfk dqg dq rxwolqh ri wkh sdshu duh wkh iroorzlqj1 Iluvw/ zh hvwlpdwh wkh
iruzdug0orrnlqj uhdfwlrq ixqfwlrq xvlqj wkuhh dowhuqdwlyh JPP hvwlpdwruv= wkh vwdq0
gdug �wzr0vwhs� JPP/ dqg wkh pruh uhfhqw �lwhudwlyh� dqg �frqwlqxrxv0xsgdwlqj�
hvwlpdwruv1 Zh frqvlghu gl�huhqw surfhgxuhv iru frpsxwlqj wkh JPP fryduldqfh pd0
wul{ dv zhoo1 JPP hvwlpdwruv duh frpsduhg wr wkh dowhuqdwlyh PO hvwlpdwru1 Wkh
PO dssurdfk lqyroyhv wkh hvwlpdwlrq ri d vwuxfwxudo prgho ri wkh hfrqrp|/ dqg kdv
vhogrp ehhq xvhg lq wkh suhvhqw frqwh{w15 Iru wklv sxusrvh/ zh xvh d yhuvlrq ri wkh
Uxghexvfk dqg Vyhqvvrq +4<<<, prgho1 Ryhu wkh 4<:<05333 shulrg/ zh �qg wkdw wkhvh
dowhuqdwlyh hvwlpdwlrq dssurdfkhv surylgh yhu| frqwudvwhg hvwlpdwhv ri wkh uhdfwlrq
ixqfwlrq +vhfwlrq 6,1 Wkhq/ wkh �qlwh0vdpsoh surshuwlhv ri JPP dqg PO hvwlpdwruv
ri wkh uhdfwlrq ixqfwlrq duh frpsduhg xvlqj Prqwh0Fduor vlpxodwlrqv1 Zh irfxv rq
h{sodlqlqj wkh revhuyhg glvfuhsdqf| ehwzhhq sdudphwhu hvwlpdwhv1 Wzr h{sodqdwlrqv
duh frqvlghuhg= �qlwh0vdpsoh eldvhv dqg prgho plv0vshfl�fdwlrq1 Rxu hylghqfh vxj0
jhvwv wkdw wkh glvfuhsdqf| ehwzhhq sdudphwhu hvwlpdwhv fdq eh h{sodlqhg e| wkh vhuldo
fruuhodwlrq ri uhvlgxdov/ zklfk lqgxfhv odfn ri h{rjhqhlw| ri lqvwuxphqwv +vhfwlrq 7,1
Zh ixuwkhu fodlp wkdw vhuldo fruuhodwlrq lv uhodwhg wr d vkliw lq wkh uhdfwlrq0ixqfwlrq
sdudphwhuv1 Zh surylgh hylghqfh ri d vwuxfwxudo fkdqjh lq wkh uhdfwlrq0ixqfwlrq sd0
udphwhuv ryhu wkh shulrg1 Hvwlpdwhv ryhu wkh 4<;:05333 shulrg duh irxqg wr eh uh0
pdundeo| forvh rqh wr hdfk rwkhu1 Wkh rxwsxw jds wxuqv rxw wr sod| d vljql�fdqw uroh
lq prqhwdu| srolf| uxohv ryhu wkh uhfhqw shulrg/ surylglqj d pdmru vrxufh ri vwuxfwxudo
fkdqjh1 Lq frqwudvw/ zh rewdlq wkdw wkh lq dwlrq sdudphwhu glg qrw fkdqjh ryhu wkh
zkroh shulrg/ dqg lv hvwlpdwhg dw d pxfk orzhu ydoxh wkdq fodlphg lq vrph uhfhqw
vwxglhv +vhfwlrq 8,1 Zh ixuwkhu vkrz wkdw wkhvh uhvxowv duh urexvw wr wkh pdfurhfr0
qrplf prgho fkrvhq wr hvwlpdwh wkh uhdfwlrq ixqfwlrq +vhfwlrq 9,1 Dv d suhoxgh wr
hvwlpdwlrq uhvxowv/ vhfwlrq 5 uhylhzv wkh vshfl�fdwlrq ri wkh prqhwdu| srolf| uhdfwlrq
ixqfwlrq1 Dgglwlrqdo ghwdlov rq hvwlpdwlrq surfhgxuhv duh uhohjdwhg wr dq Dsshqgl{1

5 Wkh iruzdug0orrnlqj uhdfwlrq ixqfwlrq
Dffruglqj wr wkh edvholqh srolf| uxoh sursrvhg e| Wd|oru +4<<6,/ wkh fhqwudo edqn lv
dvvxphg wr vhw wkh wdujhw iru wkh qrplqdo vkruw0whup lqwhuhvw udwh +�W| , dv d ixqfwlrq
ri wkh +irxu0txduwhu, lq dwlrq udwh +Z|, dqg wkh rxwsxw0jds phdvxuh ++|,=

�W| ' �W n q EZ| � ZW� n �+| +4,

zkhuh �W lv wkh orqj0uxq htxloleulxp qrplqdo lqwhuhvw udwh dqg ZW lv wkh lq dwlrq wdujhw1
+Wkh rxwsxw0jds wdujhw lv dvvxphg wr eh }hur1, Wkh uhvsrqvh wr h{shfwhg lq dwlrq
+q, lv d fuxfldo sdudphwhu/ vlqfh lq vwdqgdug pdfurhfrqrplf prghov srolf| uxohv zlwk
q : � zloo eh vwdelol}lqj +Wd|oru/ 4<<<e/ dqg lq wkh frqwh{w ri iruzdug0orrnlqj prghov/
Nhuu dqg Nlqj/ 4<<9/ ru Fodulgd/ Jdoð/ dqg Jhuwohu/ 5333,1

5Rqh qrwdeoh h{fhswlrq lv Ixkuhu +4<<:,/ zkrvh vwxg| qhyhuwkhohvv idyruv d edfnzdug0orrnlqj
vshfl�fdwlrq iru wkh srolf| uxoh1
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Wkh Wd|oru uxoh kdv uhfhlyhg d zlghvsuhdg dwwhqwlrq lq wkh hpslulfdo olwhudwxuh1
Lq sduwlfxodu/ lw kdv ehhq irxqg wr surylgh d urxjk ghvfulswlrq ri XV prqhwdu| srolf|
gxulqj wkh Yrofnhu dqg Juhhqvsdq whqxuhv +Wd|oru/ 4<<6/ 4<<<d/ Mxgg dqg Uxghexvfk/
4<<;,1 Krzhyhu/ prvw hpslulfdo vwxglhv lqyhvwljdwhg �prgl�hg� Wd|oru uxohv1 Iluvw/
wkh Ihghudo Uhvhuyh kdv ehhq irxqg wr vprrwk fkdqjhv lq lqwhuhvw udwhv1 Vhyhudo
prwlydwlrqv iru vxfk dq lqwhuhvw0udwh vprrwklqj kdyh ehhq sursrvhg +Zrrgirug/ 4<<</
ru Vdfn dqg Zlhodqg/ 5333,1 Iru lqvwdqfh/ idflqj xqfhuwdlqw| frqfhuqlqj wkh prgho*v
sdudphwhuv/ lw lv rswlpdo iru wkh fhqwudo edqn wr dgmxvw lqwhuhvw udwhv rqo| judgxdoo|1
Wkhuhiruh/ zh vshfli| wkh srolf| uxoh dv d sduwldo0dgmxvwphqw prgho/ lq zklfk wkh
vkruw0whup udwh dgmxvwv judgxdoo| wr lwv wdujhw �W| / gh�qhg e| htxdwlrq +4,=

�| ' 4 Eu� �|3� n E�� 4 E��� �W| n #| +5,

zkhuh #| lv d udqgrp srolf| vkrfn dqg 4 Eu� ' 4�n42un ���n4?u
?3�1 4 E�� phdvxuhv

wkh ghjuhh ri lqwhuhvw0udwh vprrwklqj1 Zh frqvlghu ehorz rqh ru wzr odjv lq wkh
lqwhuhvw0udwh g|qdplfv/ ghshqglqj rq wkh hvwlpdwlrq shulrg16

Vhfrqg/ vrph dxwkruv/ iroorzlqj Fodulgd/ Jdoð/ dqg Jhuwohu +4<<;/ 5333,/ kdyh
dgrswhg d iruhfdvw0edvhg vshfl�fdwlrq ri wkh Wd|oru uxoh/ lq zklfk wkh fhqwudo edqn
vhwv wkh ohyho ri lqwhuhvw udwh dv d ixqfwlrq ri h{shfwhg lq dwlrq dqg rxwsxw jds1 Vhyhudo
dxwkruv kdyh fodlphg wkdw vxfk d iruzdug0orrnlqj uhdfwlrq ixqfwlrq lv frqvlvwhqw zlwk
wkh revhuyhg ehkdylru ri fhqwudo edqnv ryhu wkh uhfhqw shulrg +Fodulgd dqg Jhuwohu/
4<<:/ Fodulgd/ Jdoð/ dqg Jhuwohu/ 4<<;/ 5333/ Phkud/ 4<<</ Ruskdqlghv/ 5334,17 Prvw
fhqwudo edqnv h{solflwo| fodlp wkdw wkh| gr qrw rqo| frqvlghu sdvw ru fxuuhqw hfr0
qrplf frqglwlrqv/ exw wkh| dovr lqfoxgh hfrqrplf iruhfdvwv lq wkhlu pdfurhfrqrplf
frqglwlrq vwdwhphqw1 Lq dgglwlrq/ iurp d wkhruhwlfdo ylhzsrlqw/ wkdw srolf| uxohv
vkrxog eh iruzdug0orrnlqj kdv ehhq dgyrfdwhg e| Vyhqvvrq +4<<:, dqg Edwlql dqg
Kdogdqh +4<<<,1 Wkhuhiruh/ d odujh qxpehu ri uhfhqw vwxglhv hvwlpdwh wkh iroorzlqj
vshfl�fdwlrq/ zklfk lqfrusrudwhv wkh h{shfwhg lq dwlrq udwh dqg rxwsxw jds=

�| ' 4 Eu� �|3� n E�� 4 E��� E�W n q E.|3�Z|ne � ZW� n �.|3�+|n�� n #| +6,

zkhuh .|3� ghqrwhv wkh h{shfwdwlrq rshudwru frqglwlrqdo rq wkh lqirupdwlrq vhw dydlo0
deoh dw gdwh |� �1 Wkh lqwhuhvw udwh �| lv vhw rq wkh edvlv ri lqirupdwlrq dydlodeoh dw
gdwh | � �c wr dffrxqw iru wkh idfw wkdw fxuuhqw lq dwlrq dqg rxwsxw jds duh qrw re0
vhuyhg lq uhdo wlph e| wkh fhqwudo edqn1 Wkh lqirupdwlrq vhw dw gdwh | � � frqwdlqv
wkh odjjhg ydoxhv ri wkh Ixqgv udwh/ lq dwlrq/ dqg wkh rxwsxw jds xs wr | � �18 Zh
dvvxph wkdw wkh fhqwudo edqn uhdfwv wr wkh dqqxdo lq dwlrq udwh ryhu wkh iroorzlqj

6Uhfhqwo|/ Uxghexvfk +5334, kdv dujxhg wkdw dq dowhuqdwlyh uhsuhvhqwdwlrq ri wkh uhdfwlrq ixqf0
wlrq lv d qrq0lqhuwldo uxoh zlwk vhuldoo| fruuhodwhg vkrfnv1 Dv zh zloo vkrz lq vhfwlrq 715/ wkh eldv zh
rewdlq lq sdudphwhu hvwlpdwhv lv pdlqo| uhodwhg wr vhuldo fruuhodwlrq lq wkh uhvlgxdov ri wkh sduwldo0
dgmxvwphqw prgho1

7Idlu +5334, vwurqjo| uhmhfwv wkh iruzdug0orrnlqj vshfl�fdwlrq iru wkh Ihghudo Uhvhuyh uhdfwlrq
ixqfwlrq1 Krzhyhu/ kh xvhv d gl�huhqw vshfl�fdwlrq iurp wkh rqh frqvlghuhg lq rwkhu vwxglhv1

8Wr vrph h{whqw/ hyhq wklv dvvxpswlrq lv txhvwlrqdeoh/ vlqfh wkh rxwsxw jds lv phdvxuhg suhflvho|
diwhu vhyhudo txduwhuv rqo|1 Lq wklv yhlq/ Ruskdqlghv +5333, fodlpv wkdw prqhwdu| srolf| gxulqj wkh
whqxuh ri Duwkxu Exuqv dv Ihghudo Uhvhuyh fkdlupdq dsshduv qrq0rswlpdo d srvwhulrul hvvhqwldoo|
ehfdxvh hvwlpdwhv ri wkh rxwsxw jds kdyh ehhq gudpdwlfdoo| uhylvhg vlqfh wkh hqg ri wkh vhyhqwlhv1
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irxu txduwhuv/ zkhuhdv lw uhdfwv wr wkh rxwsxw jds iru wkh qh{w txduwhu1 Htxdwlrq +6,
lv rqh ri wkh edvholqh vshfl�fdwlrqv hvwlpdwhg e| Fodulgd/ Jdoð/ dqg Jhuwohu +5333,/
Ruskdqlghv +5334,/ ru Uxghexvfk +5334,1

Hvwlpdwlqj htxdwlrq +6, surylghv hvwlpdwhv ri wkh uhvsrqvh wr h{shfwhg lq dwlrq
dqg rxwsxw jds lq wkh prqhwdu| srolf| uxoh dqg wkh vshhg ri dgmxvwphqw wr wkh wdujhw
�W| 1 Wkh orqj0uxq lq dwlrq wdujhw ZW lv qrw lghqwl�hg/ krzhyhu/ vlqfh wkh htxdwlrq lq
uhjuhvvlrq irup lv zulwwhq dv

�| ' 4 Eu� �|3� n E�� 4 E��� Eq.|3�Z|ne n �.|3�+|n� n k� n #| +7,

zkhuh wkh frqvwdqw whup lv htxdo wr k ' �W � qZW ' oW n E�� q�ZW/ zlwk oW '
�W � ZW wkh htxloleulxp uhdo udwh1 Wkh frqvwdqw kkdv qr vshfl�f lqwhusuhwdwlrq dqg
qr vljq uhvwulfwlrq rq wklv sdudphwhu lv elqglqj1 Krzhyhu/ vlqfh q lv odujhu wkdq 4 lq d
vwdelol}lqj prqhwdu| srolf| uxoh/ wkh frqvwdqw whup k lv h{shfwhg wr eh orzhu wkdq wkh
htxloleulxp uhdo udwh/ surylghg wkh lq dwlrq wdujhw ZW lv srvlwlyh1 Ixuwkhupruh/ wkrxjk
oW dqg ZW duh qrw vhsdudwho| lghqwl�deoh lq d vlqjoh0htxdwlrq dssurdfk/ dq hvwlpdwh ri
wkh lq dwlrq wdujhw fdq eh rewdlqhg li rqh dvvxphv d ydoxh iru oW +iru lqvwdqfh/ wkh
vdpsoh dyhudjh uhdo udwh,1 Wklv lv wkh uhvwulfwlrq lpsrvhg lq prvw sdshuv xvlqj JPP
dssurdfk1 Dowhuqdwlyho|/ dq hvwlpdwh ri wkh htxloleulxp uhdo udwh fdq eh rewdlqhg
iurp dq dx{loldu| prgho1 Iru lqvwdqfh/ lq wkh frqwh{w ri rxu PO hvwlpdwlrq +vhh
vhfwlrq 616 ehorz,/ wkh L0V fxuyh fdq eh xvhg wr hvwlpdwh wkh htxloleulxp uhdo udwh1

6 Wkh Ihghudo Uhvhuyh uhdfwlrq ixqfwlrq iurp 4<:<
wr 5333= hylghqfh iurp dowhuqdwlyh hvwlpdwruv

614 Gdwd

Zh frqvlghu wkh Ihghudo Uhvhuyh prqhwdu| srolf| ryhu wkh shulrg 4<:<=T6�5333=T619

Zh xvh txduwhuo| gdwd/ gudzq iurp wkh RHFG gdwdedvhv EVGE dqgPHL1 Wkh Ihghudo
ixqgv udwh lv xvhg dv wkh prqhwdu| srolf| lqvwuxphqw1 Lq dwlrq lv gh�qhg wkh udwh ri
jurzwk ri wkh JGS gh dwru +ghqrwhg �|,/ vr wkdw Z| ' eff E*? E�|�� *? E�|3��� dqg
7Z| '

�
e

S�
�'f Z|3�1 Rxwsxw jds lv gh�qhg e| wkh shufhqw ghyldwlrq ri uhdo JGS +'|,

iurp srwhqwldo JGS +'W
| ,/ l1h1 +| ' �ff E*? E'|�� *? E'W

| ��1 Iroorzlqj d qxpehu ri
uhfhqw vwxglhv +FJJ/ Uxghexvfk/ 5334,/ zh xvh wkh rxwsxw0jds vhulhv frqvwuxfwhg
e| wkh Frqjuhvvlrqdo Exgjhw R!fh +FER,1: Qrwh wkdw/ lq olqh zlwk prvw ri wkh
uhdfwlrq0ixqfwlrq olwhudwxuh/ zh pdlqwdlq wkh dvvxpswlrq wkdw wkh qrplqdo udwh dqg
lq dwlrq duh vwdwlrqdu|1 Dowkrxjk hpslulfdo hylghqfh lv qrw fohdu0fxw/ vwdwlrqdulw| lv
dq dvvxpswlrq ri prvw wkhruhwlfdo prghov ri prqhwdu| srolf| uxohv1 Lq vhfwlrq 8/ zh
lqwurgxfh wkh srvvlelolw| ri d vkliw lq wkh orqj0uxq htxloleulxp qrplqdo lqwhuhvw udwh
dqg lq wkh wdujhw lq dwlrq udwh lq 4<;:=T61

9Zkloh rxu gdwd hqgv lq 5334=T6/ rxu hvwlpdwhv hqg lq 5333=T6/ ehfdxvh JPP hvwlpdwhv uhtxluh
irxu ohdgv ri wkh lq dwlrq udwh1

:Zh dovr xvhg dq rxwsxw0jds phdvxuh frpsxwhg dv wkh shufhqw ghyldwlrq ri JGS iurp d olqhdu
wuhqg1 Zh rewdlqhg hvvhqwldoo| wkh vdph uhvxowv/ h{fhsw wkdw wkh rxwsxw0jds sdudphwhu wxuqv rxw wr
eh orzhu dqg ohvv riwhq vljql�fdqw wkdq zlwk wkh FER phdvxuh1
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Rxu vdpsoh shulrg fryhuv wkh whqxuhv ri Sdxo Yrofnhu +4<:<=T604<;:=T5, dqg
Dodq Juhhqvsdq +4<;:=T6 xs wr qrz,1 Lq wklv �uvw vwdjh/ zh dvvxph wkdw sdudphwhuv
ri wkh uhdfwlrq ixqfwlrq duh vwdeoh ryhu wklv shulrg1 Wklv dvvxpswlrq/ krzhyhu/ lv
frqwuryhuvldo1 Vwdwlvwlfdo hylghqfh lq idyru ri vwdelolw| ri wkh uhdfwlrq ixqfwlrq zlwklq
wklv vdpsoh lv pl{hg= Hvwuhood dqg Ixkuhu +4<<<, �qg wkdw vwdelolw| ri sdudphwhuv
fdqqrw eh uhmhfwhg1 Lq frqwudvw/ Mxgg dqg Uxghexvfk +4<<;, uhmhfw vwdelolw|/ wkrxjk
dw wkh : shufhqw vljql�fdqfh ohyho/ zkloh Uxghexvfk +5334, dqg Ruskdqlghv +5334,
irfxv rq Juhhqvsdq*v whqxuh1 Lqwhuphgldwh uhvxowv duh irxqg e| FJJ/ zkr uhsruw
hylghqfh ri lqvwdelolw| lq wkh dxwruhjuhvvlyh sdudphwhu rqo|1 Dovr/ ryhu d yhu| orqj
vdpsoh/ vwduwlqj iurp wkh plg0�iwlhv/ Idlu +5334, �qgv wkdw wkh sdudphwhuv ri wkh
Ihghudo Uhvhuyh uhdfwlrq ixqfwlrq duh vwdeoh zkhq h{foxglqj wkh 4<:<0;5 shulrg1 Lq
vhfwlrq 814/ zh gr dgguhvv wkh lvvxh ri vwdelolw| lq wkh srolf|0uxoh sdudphwhuv1

615 JPP hvwlpdwhv

Hvwlpdwlqj wkh iruzdug0orrnlqj uhdfwlrq ixqfwlrq zlwk ROV/ e| vxevwlwxwlqj h{shfwhg
ydoxhv ri lq dwlrq dqg rxwsxw jds zlwk wkh dfwxdo ydoxhv/ zrxog surylgh lqfrqvlv0
whqw hvwlpdwruv ehfdxvh ri wzr sureohpv1; Iluvw/ vlqfh wkh h{shfwhg lq dwlrq +rxwsxw
jds, lv phdvxuhg zlwk huuru e| revhuyhg lq dwlrq +rxwsxw jds,/ zh idfh dq huuru0
lq0yduldeoh sureohp1 D eldv lq sdudphwhu hvwlpdwhv rffxuv ehfdxvh wkh huuru whup
0| ' #|�E�� 4 E��� dqEZ|ne � .|3�Z|ne� n �E+|n� � .|3�+|n��o lv fruuhodwhg zlwk vrph
h{sodqdwru| yduldeohv/ qdpho| wkh ixwxuh lq dwlrq udwh dqg rxwsxw jds1 Vhfrqg/ vlqfh
wkh fxuuhqw srolf| vkrfn #| lv olnho| wr d�hfw ixwxuh lq dwlrq dqg rxwsxw jds/ wkhuh lv
dq hqgrjhqhlw| eldv1 Erwk sureohpv fdq eh ryhufrph e| wkh JPP1 Wklv whfkqltxh
rqo| uhtxluhv wkdw wkh huuru whup 0| lv ruwkrjrqdo wr d yhfwru ri lqvwuxphqwv ~|3� lq
wkh lqirupdwlrq vhw dydlodeoh dw gdwh |� �/ vr wkdw . d0|~|3�o ' . d}| Ew�o ' f/ zkhuh
w ghqrwhv wkh yhfwru ri xqnqrzq sdudphwhuv1 Dq h!flhqw JPP hvwlpdwru ri w lv
rewdlqhg e| plqlpl}lqj/ zlwk uhvshfw wr w/ wkh h{suhvvlrq

7} Ew�� E7A �
3� 7} Ew�

zkhuh 7} Ew� ' �
A

SA
|'� }| Ew� dqg 7A lv d frqvlvwhqw hvwlpdwru ri wkh fryduldqfh pdwul{

ri }| Ew�1 Surylghg lqvwuxphqwv duh fruuhodwhg zlwk hqgrjhqrxv uhjuhvvruv dqg xqfru0
uhodwhg zlwk wkh huuru whup/ JPP hvwlpdwruv duh vwurqjo| frqvlvwhqw/ dqg dv|pswrwl0
fdoo| qrupdo +Kdqvhq/ 4<;5,1 Wklv whfkqltxh kdv ehhq dssolhg wr udwlrqdo0h{shfwdwlrq
prghov dorqj wkh olqhv ri Fxpe|/ Kxl}lqjd/ dqg Revwihog +4<;6,/ Kdqvhq dqg Vlq0
johwrq +4<;5,/ dqg Kd|dvkl dqg Vlpv +4<;6,1 Lq wklv frqwh{w/ wkh JPP dssurdfk lv
yhu| dsshdolqj/ ehfdxvh lw rqo| uhtxluhv lghqwli|lqj uhohydqw lqvwuxphqw yduldeohv dqg
grhv qrw qhfhvvlwdwh vwurqj dvvxpswlrqv rq wkh xqghuo|lqj prgho1

Vhyhudo JPP hvwlpdwruv kdyh ehhq sursrvhg lq wkh wkhruhwlfdo olwhudwxuh1 Zh
frqvlghu wkuhh dowhuqdwlyh hvwlpdwruv douhdg| vwxglhg/ iru lqvwdqfh e| Kdqvhq/ Khdwrq/
dqg \durq +4<<9,= wkh wzr0vwhs JPP/ wkh lwhudwlyh JPP/ dqg wkh frqwlqxrxv0
xsgdwlqj JPP1 Wkhvh dssurdfkhv gl�hu lq wkh zd| wkh sdudphwhu yhfwru dqg wkh

;Dq dowhuqdwlyh dssurdfk iru prghov zlwk h{shfwdwlrqv/ qrw sxuvxhg khuh/ lv wr xvh dfwxdo lq d0
wlrq dqg2ru rxwsxw0jds iruhfdvwv1 PfQhhv +4<;8/ 4<<5, dqg Ruskdqlghv +5334, xvhg wkh Erdug ri
Jryhuqruv* vwd� iruhfdvwv suhvhqwhg dw hdfk IRPF phhwlqj1
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fryduldqfh pdwul{ lqwhudfw1 Wr rxu nqrzohgjh/ doo h{lvwlqj hvwlpdwlrqv ri wkh iruzdug0
orrnlqj uhdfwlrq ixqfwlrq edvhg rq JPP kdyh uholhg rq wkh wzr0vwhs hvwlpdwru1 Zh
dovr frqvlghu wkh zd| wkh fryduldqfh pdwul{ lv frpsxwhg/ lqyhvwljdwlqj wkuhh gl�huhqw
dssurdfkhv1 Lq wkh �uvw rqh +hvwlpdwru 7�A ,/ wkh edqgzlgwk lv �{hg fkrvhq wr eh
htxdo wr 7/ frqvlvwhqwo| zlwk wkh dvvxphg fruuhodwlrq vwuxfwxuh ri h{shfwdwlrq huuruv
+Qhzh| dqg Zhvw/ 4<;:,1 Wkh wzr rwkhu hvwlpdwruv uho| rq suhzklwhqlqj wkh prphqw
frqglwlrqv dqg rq wkh frpsxwdwlrq ri d gdwd0ghshqghqw edqgzlgwk1 Iru hvwlpdwru
72A / wkh rswlpdo edqgzlgwk lv ghwhuplqhg sdudphwulfdoo|/ dqg wkh txdgudwlf vshfwudo
nhuqho lv xvhg/ iroorzlqj wkh surfhgxuh ghyhorshg e| Dqguhzv dqg Prqdkdq +4<<5,1
Wkh odvw hvwlpdwru/ 7�A / lv edvhg rq d qrq0sdudphwulf rswlpdo edqgzlgwk/ dv sursrvhg
e| Qhzh| dqg Zhvw +4<<7,1 Wkh Dsshqgl{ surylghv ghwdlov rq wkh JPP surfhgxuhv1

Ehiruh surfhhglqj/ zh dgguhvv wkh lvvxh ri wkh fkrlfh ri lqvwuxphqwv1 Wr uh hfw
wkh fhqwudo edqn*v lqirupdwlrq vhw dw wlph | � �/ rxu lqvwuxphqw vhw lqfoxghv irxu
odjjhg ydoxhv ri wkh Ixqgv udwh/ lq dwlrq/ dqg wkh rxwsxw jds= �|3�/ ���/ �|3e/ Z|3�/
���/ Z|3e/ +|3�/ ���/ +|3e1 Wklv vhw frqwudvwv zlwk prvw suhylrxv JPP hvwlpdwhv ri wkh
Ihghudo Uhvhuyh uhdfwlrq ixqfwlrq/ zklfk lqfoxgh vhyhudo dgglwlrqdo lqvwuxphqwv +vxfk
dv odjv ri frpprglw| sulfh lq dwlrq/ P5 jurzwk/ dqg wkh lqwhuhvw0udwh vsuhdg/ lq
FJJ,1 Wkhuh duh wzr prwlydwlrqv iru wkh fkrlfh ri vxfk d uhvwulfwhg lqirupdwlrq vhw1
Iluvw/ dv xqghuolqhg e| dq dexqgdqw olwhudwxuh/ zkhq d odujh qxpehu ri lqvwuxphqwv
lv vhohfwhg/ vrph lqvwuxphqwv pd| eh zhdno| uhohydqw/ wkxv ghwhulrudwlqj wkh �qlwh0
vdpsoh surshuwlhv ri JPP hvwlpdwruv1 Wkh vhfrqg prwlydwlrq lv wkdw wkh frpsdulvrq
ri dowhuqdwlyh JPP dqg PO hvwlpdwruv xvlqj Prqwh0Fduor vlpxodwlrqv +vhh vhfwlrq
7, qhfhvvlwdwhv d sodxvleoh gdwd jhqhudwlqj surfhvv +GJS, iru doo lqvwuxphqwv1 Zh
wkhuhiruh lqwhqwlrqdoo| uhgxfh wkh lqirupdwlrq vhw wr odjv ri wkh wkuhh yduldeohv xvhg
lq wkh vwuxfwxudo prgho glvfxvvhg ehorz1 Dv d urexvwqhvv fkhfn/ zh uh0hvwlpdwhg
htxdwlrq +7, xvlqj wkh vdph lqvwuxphqw vhw dv FJJ/ dqg rxu hvwlpdwlrq uhvxowv zhuh
qrw vxevwdqwldoo| dowhuhg1 Lqyhvwljdwlqj ixuwkhu wkh vhqvlwlylw| ri wkh uhdfwlrq ixqfwlrq
wr wkh fkrlfh ri lqvwuxphqwv lv rxw ri wkh vfrsh ri wkh suhvhqw sdshu1

Wdeoh 4 uhsruwv sdudphwhu hvwlpdwhv ri wkh iruzdug0orrnlqj uhdfwlrq ixqfwlrq +7,
rewdlqhg xvlqj wkh ydulrxv JPP surfhgxuhv1 Hvwlpdwhv rewdlqhg xvlqj wkh wzr0vwhs
JPP/ wkh lwhudwlyh JPP/ dqg wkh frqwlqxrxv0xsgdwlqj JPP duh uhsruwhg lq Sdqho
D/ E/ dqg F uhvshfwlyho|1 Ryhu wkh 4<:<05333 shulrg/ wkh vhfrqg odj ri lqwhuhvw udwh
lv qhyhu vljql�fdqw/ vr zh suhvhqw hvwlpdwhv dvvxplqj 42 ' f1 Iluvw/ zh frqvlghu wkh
wzr0vwhs JPP zlwk fryduldqfh0pdwul{ hvwlpdwru 7�A +zlwk d �{hg edqgzlgwk u ' e
dqg wkh Eduwohww nhuqho, +�uvw urzv ri Sdqho D/ Wdeoh 4,1 Wklv fdvh fruuhvsrqgv wr wkh
dssurdfk dgrswhg e| Ruskdqlghv +5334/ Wdeoh 8, dqg FJJ +Wdeoh 7/ vhfrqg urz,1
Wkh hvwlpdwh ri wkh uhvsrqvh wr h{shfwhg lq dwlrq +q ' 2�S�, lv vljql�fdqwo| odujhu
wkdq wkh 418 frh!flhqw ruljlqdoo| sursrvhg e| Wd|oru +4<<6,1 Wkh hvwlpdwh ri wkh
rxwsxw0jds sdudphwhu +� ' f�.�, lv yhu| forvh wr wkh Wd|oru 318 frh!flhqw/ dowkrxjk
lw lv rqo| zhdno| vljql�fdqw1< Zh uh0hvwlpdwh wkh prgho zlwk wzr odjv ri wkh lqwhuhvw
udwh/ dqg zh rewdlq q ' 2�e dqg � ' f�S/ exw wkh vhfrqg odj ri lqwhuhvw udwh lv irxqg

<Uhvxowv duh yhu| forvh wr wkrvh rewdlqhg e| FJJ1 Ryhu wkh shulrg 4<:<0<9/ wkh| rewdlq iru
wklv vshfl�fdwlrq � @ 5=95 dqg � @ 3=;61 Erwk sdudphwhuv duh irxqg wr eh vwurqjo| vljql�fdqw1
Zkloh wkh| xvh d vshfl�fdwlrq zlwk wzr odjv ri wkh lqwhuhvw udwh/ wkhlu hvwlpdwhg ghjuhh ri vprrwklqj
+� +4, @ 3=:;, lv yhu| forvh wr rxu rzq hvwlpdwh +�4 @ 3=;6,1
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wr eh lqvljql�fdqw1 Zkhq hvwlpdwlqj wkh prgho zlwk odjjhg rxwsxw jds lq sodfh ri
h{shfwhg rxwsxw jds/ zh �qg wkh lq dwlrq sdudphwhu wr eh voljkwo| orzhu +q ' 2��,
dqg wkh rxwsxw0jds sdudphwhu +� ' f�D, wr eh lqvljql�fdqw1 Eurdgo| vshdnlqj/ wkh
vwdqgdug/ wzr0vwhs JPP dssurdfk surylghv srlqw hvwlpdwhv zklfk duh udwkhu urexvw
wr voljkw fkdqjhv lq wkh vshfl�fdwlrq1

Wkh lwhudwlyh dqg frqwlqxrxv0xsgdwlqj JPP +Sdqhov E dqg F, |lhog hyhq odujhu
hvwlpdwhv iru wkh lq dwlrq sdudphwhu1 Hvwlpdwh ri q lv dv kljk dv ��Db iru wkh lwhudwlyh
JPP dqg ��S2 iru wkh frqwlqxrxv0xsgdwlqj JPP1 Wkh ydoxhv duh odujhu wkdq prvw
ri wkrvh irxqg lq wkh hpslulfdo srolf| uxoh olwhudwxuh1 Wkh rxwsxw0jds sdudphwhu lv
irxqg wr eh orzhu wkdq zlwk wzr0vwhs JPP dqg vwdwlvwlfdoo| lqvljql�fdqw +317< dqg
3176 uhvshfwlyho|,1

Zh wxuq qrz wr JPP hvwlpdwlrq edvhg rq lpsuryhg fryduldqfh pdwul{ hvwlpdwruv1
Wkh eurdg slfwxuh vxjjhvwhg e| rxu uhvxowv lv wkdw wkh gl�huhqw fryduldqfh0pdwul{ hvwl0
pdwruv surylgh zlgho| glvshuvhg srlqw hvwlpdwhv1 Iru lqvwdqfh/ wkh lq dwlrq sdudphwhu
hvwlpdwhg zlwk frqwlqxrxv0xsgdwlqj JPP ghfuhdvhv iurp ��S2 zlwk hvwlpdwru 7�A wr
2�.2 zlwk 72A dqg 2��� zlwk 7�A 1 Wkh lwhudwlyh JPP hvwlpdwh ri q lv dv kljk dv S�ff
zlwk 72A dqg S�bH zlwk 7�A 1 Lqwhuhvwlqjo|/ wkh wzr0vwhs JPP surylghv pruh vwdeoh
sdudphwhu hvwlpdwhv= Wkh lq dwlrq sdudphwhu lv q ' ��f. zlwk fryduldqfh0pdwul{ hv0
wlpdwru 72A dqg ghfuhdvhv wr 2�DS zlwk 7�A 1 Lq dgglwlrq/ Kdqvhq*v M0vwdwlvwlfv duh yhu|
odujh zlwk fryduldqfh0pdwul{ hvwlpdwruv 72A dqg 7�A / vr wkdw wkh ryhu0lghqwli|lqj uh0
vwulfwlrqv lpsrvhg e| lqvwuxphqwv duh uhmhfwhg1 Wklv vxjjhvwv wkdw vrph lqvwuxphqwv
idlo wr vdwlvi| wkh ruwkrjrqdolw| frqglwlrqv1 Wklv uhvxow lv ri lpsruwdqfh/ vlqfh lw
lqglfdwhv wkdw hvwlpdwru 7�A pd| idlo wr ghwhfw prgho plv0vshfl�fdwlrq1

Wr vxp xs/ vhyhudo hpslulfdo uhvxowv duh zruwk hpskdvl}lqj1 Iluvw/ dffruglqj wr
prvw JPP hvwlpdwhv/ wkh zhljkw ri h{shfwhg lq dwlrq lq wkh uhdfwlrq ixqfwlrq lv
yhu| odujh/ zkloh wkh zhljkw ri rxwsxw jds lv rqo| zhdno| vljql�fdqw1 Vhfrqg/ hp0
slulfdo uhvxowv surylghg e| lwhudwlyh JPP dqg frqwlqxrxv0xsgdwlqj JPP frqwudvw
pdunhgo| zlwk wkrvh surylghg e| wkh xvxdo wzr0vwhs JPP dssurdfk1 Qrwh wkdw/ dv
vxjjhvwhg e| Vwrfn dqg Zuljkw +5333/ s1 43<3,/ wkh odujh glvshuvlrq ri hvwlpdwhv
pd| uh hfw d vshfl�fdwlrq sureohp ru wkh suhvhqfh ri zhdn lqvwuxphqwv1 Odvw/ iru
h!flhqw fryduldqfh0pdwul{ hvwlpdwruv/ wkhuh duh vljqv ri uhmhfwlrq ri ryhu0lghqwli|lqj
uhvwulfwlrqv1

616 PO hvwlpdwhv

Zh irfxv qrz rq wkh dowhuqdwlyh PO hvwlpdwlrq surfhgxuh1 Wkh PO dssurdfk uhtxluhv
wkdw dq dx{loldu| prgho lv hvwlpdwhg iru wkh iruflqj yduldeohv +khuh/ wkh lq dwlrq udwh
dqg wkh rxwsxw jds,1 Wkh dx{loldu| prgho lv xvhg wr iruhfdvw h{shfwhg yduldeohv ds0
shdulqj lq wkh uhdfwlrq ixqfwlrq/ |lhoglqj furvv0htxdwlrq uhvwulfwlrqv1 Wkh frpsohwh
prgho lv vroyhg xvlqj wkh jhqhudol}hg vdggohsdwk surfhgxuh ghyhorshg e| Dqghuvrq
dqg Prruh +4<;8,1 Wkh PO hvwlpdwlrq surfhgxuh lv ghvfulehg lq wkh Dsshqgl{1 Dq
dsshdolqj dgydqwdjh ri PO ryhu JPP/ lq d iruzdug0orrnlqj frqwh{w/ lv wkdw h{shf0
wdwlrqv rewdlqhg zlwk PO hvwlpdwlrq duh ixoo| prgho0frqvlvwhqw1 Wkxv/ wkh h{shfwhg
ydoxhv ri lq dwlrq dqg rxwsxw jds/ zklfk dsshdu lq wkh uhdfwlrq ixqfwlrq +7,/ duh frq0
vlvwhqw zlwk wkh lq dwlrq dqg rxwsxw0jds htxdwlrqv1 Wkh PO dssurdfk lv ri frxuvh
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ghpdqglqj/ vlqfh d vwuxfwxudo prgho kdv wr eh hvwlpdwhg1 Krzhyhu/ lq wkh suhvhqw
fdvh/ wkh zlgho|0xvhg Skloolsv fxuyh +SF,2L0V fxuyh iudphzrun surylghv xv zlwk d
uholdeoh ehqfkpdun prgho ri wkh lq dwlrq0rxwsxw mrlqw g|qdplfv1 Zh frqvlghu lq wklv
vhfwlrq wkh prgho sursrvhg e| Uxghexvfk dqg Vyhqvvrq +4<<<,/ zklfk hperglhv wkh
pdlq ihdwxuhv ri wkh vwdqgdug pdfurhfrqrplf sdudgljp1 Wkh nh| uhodwlrqvklsv ri
wklv prgho duh=

Z| ' kZ�Z|3� n kZ2Z|32 n kZ�Z|3� n kZeZ|3e n k++|3� n �| +8,

+| ' q+�+|3� n q+2+|32 n qo E7=|3� � 7Z|3� � qf� n �| +9,

zkhuh 7%| ' �
e

S�
�'f %|3� ghqrwhv wkh irxu0txduwhu prylqj dyhudjh ri %|1 Wkh SF

+htxdwlrq +8,, uhodwhv txduwhuo| lq dwlrq +Z|, wr lwv rzq odjv dqg wr odjjhg rxwsxw
jds1 Wr eh frqvlvwhqw zlwk wkh �dffhohudwlrqlvw� k|srwkhvlv/ zklfk suhfoxghv dq|
lq dwlrq2rxwsxw jds wudgh0r� lq wkh orqj uxq/ zh lpsrvh wkdw wkh irxu dxwruhjuhvvlyh
sdudphwhuv vxp wr rqh/ vr wkdw kZe ' ��kZ��kZ2�@Z�1 Zh dovr vhw wkh frqvwdqw whup
wr }hur lq wklv htxdwlrq/ vr wkdw wkh vwhdg|0vwdwh ydoxh ri rxwsxw jds lv }hur1 Xvlqj wkh
Olnholkrrg0Udwlr whvw/ wklv mrlqw uhvwulfwlrq lv qrw uhmhfwhg lq rxu PO hvwlpdwlrq +zlwk
d s0ydoxh ri 318:,1 Wkh L0V fxuyh +htxdwlrq +9,, uhodwhv wkh rxwsxw jds wr lwv rzq
odjv dqg wr wkh irxu0txduwhu prylqj dyhudjh ri wkh vkruw uhdo udwh1 Wklv odvw whup lv d
sur{| ri wkh vkruw uhdo udwh/ dv lq Uxghexvfk dqg Vyhqvvrq +4<<<,1 Sdudphwhu qf pd|
eh lqwhusuhwhg dv wkh htxloleulxp uhdo udwh/ vlqfh lw lv wkh ydoxh ri uhdo udwh frqvlvwhqw
zlwk d vwhdg|0vwdwh rxwsxw jds ri }hur1 Wkh edfnzdug0orrnlqj qdwxuh ri wklv prgho
fdq eh srlqwhg dv d srwhqwldo vrxufh ri plv0vshfl�fdwlrq1 Krzhyhu/ vxfk d prgho kdv
suryhg wr eh d urexvw uhsuhvhqwdwlrq ri wkh XV hfrqrp|1 Pruhryhu/ qr frpshoolqj
hpslulfdo iruzdug0orrnlqj frxqwhusduw ri wkh Uxghexvfk0Vyhqvvrq prgho kdv vr idu
hphujhg +vhh Hvwuhood dqg Ixkuhu/ 4<<<,1 Lq vhfwlrq 9/ zh fkhfn wkh urexvwqhvv ri rxu
PO hvwlpdwlrq e| h{sorulqj d k|eulg prgho lqvsluhg e| Uxghexvfk +5334,1

Sdudphwhu hvwlpdwhv duh uhsruwhg lq Wdeoh 51 Wkh SF/ wkh L0V fxuyh/ dqg wkh
uhdfwlrq ixqfwlrq duh hvwlpdwhg vlpxowdqhrxvo|/ zlwk d iuhh fryduldqfh pdwul{ ri lq0
qrydwlrqv1 Frpsxwhg vwdqgdug huuruv duh fruuhfwhg iru vhuldo fruuhodwlrq dqg khw0
hurvnhgdvwlflw| ri uhvlgxdov1 Wr eh frqvlvwhqw zlwk wkh JPP hvwlpdwhv ri wkh uhdfwlrq
ixqfwlrq/ zh xvh wkh vdpsoh shulrg 4<:<=T6 wr 5333=T61

Wkh hpslulfdo SF2L0V prgho lv yhu| forvh wr wkh hvwlpdwhv uhsruwhg e| Uxghexvfk
dqg Vyhqvvrq +4<<<, ryhu wkh shulrg 4<94=T4 wr 4<<9=T51 Wkh h�hfw ri rxwsxw jds rq
lq dwlrq lv txlwh vwurqj +k+ ' f��2., dqg wkh uhvsrqvh ri rxwsxw jds wr wkh uhdo udwh
lv qo ' �f�fHb1 Wkhvh h�hfwv duh voljkwo| orzhu wkdq wkrvh rewdlqhg e| Uxghexvfk
dqg Vyhqvvrq +4<<<,/ exw wkh| kdyh wkh uljkw vljq dqg duh vljql�fdqwo| gl�huhqw iurp
}hur1

Wxuqlqj wr wkh uhdfwlrq0ixqfwlrq sdudphwhuv/ zh rewdlq wkdw wkh hvwlpdwh ri wkh
lq dwlrq sdudphwhu q lv htxdo wr ��HH1 Wklv lv pxfk orzhu wkdq doo srlqw hvwlpdwhv
rewdlqhg e| JPP1 Wkh hvwlpdwh ri wkh rxwsxw0jds sdudphwhu � dovr pdunhgo| gl�huv
iurp wkh JPP hvwlpdwhv/ vlqfh lw lv hvvhqwldoo| }hur dqg qrq vljql�fdqw1 Ilqdoo|/ wkh
vprrwklqj sdudphwhu 4� lv irxqg wr eh orzhu wkdq wkh JPP hvwlpdwh +31:4 yv1 31;6,1
Wkhuhiruh/ wkh wzr hvwlpdwlrq surfhgxuhv surgxfh yhu| frqwudvwhg hvwlpdwhv ri wkh
Ihghudo Uhvhuyh uhdfwlrq ixqfwlrq1 Dffruglqj wr JPP/ wkh Ihghudo Uhvhuyh vwurqjo|
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uhdfwv erwk wr lq dwlrq dqg wr rxwsxw jds1 Lq frqwudvw/ dffruglqj wr PO/ lw uhdfwv wr
lq dwlrq rqo|/ dqg lq d udwkhu prghudwh zd|1

Vlqfh JPP dqg PO hvwlpdwruv duh dv|pswrwlfdoo| htxlydohqw/ vxfk d glvfuhsdqf|
lv olnho| wr eh h{sodlqhg e| plv0vshfl�fdwlrq1 Hylghqfh ri plv0vshfl�fdwlrq vkrxog eh
dssduhqw iurp wkh surshuwlhv ri uhvlgxdov1 H{sorulqj wkh surshuwlhv ri JPP uhvlgxdov
lv qrw d surplvlqj zd|/ krzhyhu/ vlqfh wkh| lqfoxgh h{shfwdwlrq huuruv/ zklfk duh olnho|
wr eh vhuldoo| fruuhodwhg1 Frqvhtxhqwo|/ zh irfxv rq PO uhvlgxdov1 Iluvw/ zh frqvlghu
vhuldo fruuhodwlrq1 Wkh Omxqj0Er{ vwdwlvwlf/ ' Eg�/ zklfk whvwv wkh qxoo k|srwkhvlv wkdw
wkh �uvw g vhuldo fruuhodwlrqv ri uhvlgxdov duh mrlqwo| }hur/ lv glvwulexwhg dv d �2 Eg�1
' Ee� grhv qrw uhmhfw wkh qxoo ri qr fruuhodwlrq xs wr 7 odjv/ zkhuhdv ' EH� uhmhfwv
wkh qxoo rqo| pdujlqdoo|1 Dv idu dv wkh SF dqg L0V fxuyh duh frqfhuqhg/ uhvlgxdov
duh qrw irxqg wr eh vhuldoo| fruuhodwhg1 Wxuqlqj wr khwhurvnhgdvwlflw|/ zh frpsxwh
wkh Hqjoh vwdwlvwlf/ - Eg�/ zklfk whvwv wkh qxoo wkdw wkh �uvw g dxwr0fruuhodwlrqv ri
vtxduhg uhvlgxdov duh mrlqwo| }hur1 Wkh whvw vwdwlvwlf lv glvwulexwhg dv d �2 Eg�1 Zh
rewdlq wkdw uhvlgxdov ri wkh uhdfwlrq ixqfwlrq dv zhoo dv wkh L0V fxuyh duh vwurqjo|
khwhurvnhgdvwlf1 Ilqdoo|/ dffruglqj wr wkh Mdutxh0Ehud vwdwlvwlf/ wkh qxoo k|srwkhvlv
ri qrupdolw| lv uhmhfwhg iru uhvlgxdov ri wkh uhdfwlrq ixqfwlrq dqg wkh L0V fxuyh1 Iljxuh
4 glvsod|v uhdfwlrq0ixqfwlrq uhvlgxdov1 Wkh yhuwlfdo olqh fruuhvsrqgv wr 4<;:=T61 Wkh
�jxuh vxjjhvwv wkdw uhvlgxdov duh yhu| yrodwloh ryhu wkh �uvw sduw ri wkh vdpsoh/ zkhuhdv
wkh| duh vwurqjo| fruuhodwhg ryhu wkh vhfrqg sduw143

Wkhvh uhvxowv vxjjhvw wkdw wkh vwdwlvwlfdo surshuwlhv ri wkh uhdfwlrq0ixqfwlrq uhvlg0
xdov duh olnho| wr suhyhqw frqvlvwhqf| ri JPP dv zhoo dv PO hvwlpdwruv1 Iru JPP/
vhuldo fruuhodwlrq pd| uhvxow lq d odfn ri h{rjhqhlw| ri lqvwuxphqwv1 Wklv sureohp
lv frq�uphg e| d fduhixo lqvshfwlrq ri JPP hvwlpdwhv1 Dv fodlphg lq vhfwlrq 614/
Kdqvhq*v M0whvw vwurqjo| uhmhfwv ryhu0lghqwli|lqj uhvwulfwlrqv zkhq h!flhqw fryduldqfh0
pdwul{ hvwlpdwruv duh xvhg1 Vlploduo|/ wkh PO hvwlpdwru pd| eh lqfrqvlvwhqw/ vlqfh
vhuldo fruuhodwlrq ri uhvlgxdov lv qrw wdnhq lqwr dffrxqw lq wkh hvwlpdwlrq1 Hvwlpdwlqj
d prgho zlwk vhuldo fruuhodwlrq lq prqhwdu| srolf| vkrfnv zrxog doorz wr rewdlq frq0
vlvwhqw hvwlpdwruv1 Qrwh/ krzhyhu/ wkdw zh gr qrw lqwhusuhw uhvlgxdo vhuldo0fruuhodwlrq
lq whupv ri shuvlvwhqw prqhwdu| srolf| vkrfnv +dv lq Uxghexvfk/ 5334,1 Lqvwhdg/ zh
fodlp wkdw vhuldo fruuhodwlrq lv uhodwhg wr d vwuxfwxudo vkliw lq wkh uhdfwlrq0ixqfwlrq
sdudphwhuv ryhu rxu vdpsoh shulrg1 Wklv grhv qrw suhfoxgh shuvlvwhqf| lq prqh0
wdu| srolf| vkrfnv irxqg e| Uxghexvfk +5334, ryhu wkh 4<;:05333 shulrg1 Exw/ dv
srlqwhg rxw e| wklv dxwkru/ wkhuh lv �hfrqrphwulf qhdu0revhuydwlrqdo htxlydohqfh ri
wkh sduwldo0dgmxvwphqw uxoh dqg wkh qrq0lqhuwldo uxoh zlwk vhuldoo| fruuhodwhg vkrfnv�
+sdjh 6,1

7 Lqyhvwljdwlqj wkh glvfuhsdqf|= Prqwh0Fduor hy0
lghqfh

Lq wklv vhfwlrq/ zh frqgxfw Prqwh0Fduor h{shulphqwv wr lqyhvwljdwh wkh srvvleoh
vrxufhv ri glvfuhsdqf| ehwzhhq JPP dqg PO hvwlpdwruv1 Dv xqghuolqhg e| Kdoo

43Vhuldo fruuhodwlrq ri vhfrqg0shulrg uhvlgxdov ghfuhdvhv rqo| vorzo| zlwk wkh krul}rq1 Lw lv 31:7 dw
krul}rq 4/ dqg vwloo 316; dw krul}rq 71
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dqg Urvvdqd +4<<4, lq d uhodwhg frqwh{w/ wkuhh uhdvrqv duh olnho| wr h{sodlq wkh glv0
fuhsdqf| ehwzhhq JPP dqg PO1 +4, Wkh grzqzdug eldv rq wkh dxwruhjuhvvlyh sd0
udphwhu/ lq sduwldo0dgmxvwphqw prghov1 Wklv eldv rffxuv hyhq zkhq wkh prgho lv
fruuhfwo| vshfl�hg/ dqg kdv ehhq hvwdeolvkhg dqdo|wlfdoo| e| Vdzd +4<:;, lq wkh fdvh
ri llg lqqrydwlrqv1 Zkhq lqqrydwlrqv duh vhuldoo| fruuhodwhg/ vxfk d eldv lv olnho| wr
h{lvw/ hyhq zkhq hvwlpdwruv duh ghvljqhg vr dv wr eh lppxqh wr uhvlgxdo dxwrfruuhod0
wlrq +vhh Kdoo dqg Urvvdqd/ 4<<4,1 +5, JPP vpdoo0vdpsoh eldv/ ruljlqdwlqj lq zhdn
lqvwuxphqw uhohydqfh1 Wkh �qlwh0vdpsoh shuirupdqfh ri wkh JPP hvwlpdwru lv yhu|
vhqvlwlyh wr wkh fruuhodwlrq ehwzhhq lqvwuxphqwv dqg hqgrjhqrxv uhjuhvvruv1 Wklv orz
fruuhodwlrq fdvh +zhdn lqvwuxphqw uhohydqfh, kdv ehhq dqdo|}hg/ dprqj rwkhuv/ e|
Qhovrq dqg Vwduw} +4<<3,/ Kdoo/ Uxghexvfk/ dqg Zlofr{ +4<<9,/ ru Vwdljhu dqg Vwrfn
+4<<:,1 +6, Plv0vshfl�fdwlrq ri wkh prgho/ zklfk uhvxowv lq lqfrqvlvwhqf| ri JPP dqg
PO hvwlpdwruv1 Lq wkh fdvh ri JPP/ plv0vshfl�fdwlrq rffxuv zkhq lqvwuxphqwv duh
fruuhodwhg zlwk lqqrydwlrqv/ vr wkdw lqvwuxphqwv idlo wr eh h{rjhqrxv zlwk uhvshfw wr
sdudphwhuv ri lqwhuhvw1 Vxfk d sureohp lv olnho| wr rffxu lq rxu prgho/ vlqfh uhdfwlrq0
ixqfwlrq uhvlgxdov glvsod| vhuldo fruuhodwlrq1 Vlploduo|/ vhuldoo|0fruuhodwhg lqqrydwlrqv
surylgh lqfrqvlvwhqw PO hvwlpdwruv1

714 Ilqlwh0vdpsoh eldvhv

Zh �uvw frqvlghu Prqwh0Fduor vlpxodwlrqv wr dvvhvv wkh �qlwh0vdpsoh surshuwlhv ri
JPP dqg PO hvwlpdwruv lq rxu iruzdug0orrnlqj uhdfwlrq ixqfwlrq vhw0xs1 Wkh h{0
shulphqw lv ghvljqhg dv iroorzv1 Wkh GJS lv jlyhq e| wkh frpsohwh prgho frqvwlwxwhg
ri htxdwlrqv +8,/ +9, wrjhwkhu zlwk wkh uhdfwlrq ixqfwlrq +7,1 Sdudphwhuv duh wkrvh
rewdlqhg e| PO +Wdeoh 5,1 Wkh lqqrydwlrq fryduldqfh pdwul{/ 	P/ lv wkh vdpsoh fr0
yduldqfh pdwul{ ri E	�|c 	�|c 	#|�1 Iru d jlyhq vdpsoh vl}h A / d vhtxhqfh ri A nDf udqgrp
lqqrydwlrqv duh gudzq iurp wkh Jdxvvldq glvwulexwlrq �

�
fc 	P

�
zlwk qr vhuldo fruuh0

odwlrq1 Wzr vdpsoh vl}hv duh h{soruhg= A ' HD fruuhvsrqgv wr rxu hvwlpdwlrq vdpsoh>
dqg A ' 2ff looxvwudwhv wkh h�hfw ri wkh vdpsoh vl}h rq wkh �qlwh0vdpsoh eldv1 Lw lv
fkrvhq wr uhsuhvhqw dq xsshu erxqg wr wkh qxpehu ri revhuydwlrqv dydlodeoh lq dfwxdo
pdfurhfrqrplf gdwdedvh +vd|/ 83 |hduv ri txduwhuo| gdwd,1 Lqlwldo frqglwlrqv duh vhw
htxdo wr wkh dyhudjh ydoxhv ryhu wkh vdpsoh1 Wkh �uvw 83 hqwulhv duh glvfdughg wr uh0
gxfh wkh h�hfwv ri lqlwldo frqglwlrqv rq wkh vroxwlrq sdwk1 Iru hdfk duwl�fldo gdwdedvh/
hvwlpdwlrq lv shuiruphg dv iroorzv= Iru JPP/ wkh uhdfwlrq ixqfwlrq lv hvwlpdwhg xv0
lqj irxu odjv ri +vlpxodwhg, lq dwlrq/ rxwsxw jds/ dqg lqwhuhvw udwh dv lqvwuxphqwv1
Iru PO/ wkh frpsohwh prgho lv hvwlpdwhg1 Wkh Prqwh0Fduor h{shulphqw lv edvhg rq
� ' 2fff uhsolfdwlrqv1 Wkhuhiruh/ iru hdfk vdpsoh vl}h dqg hdfk hvwlpdwru/ zh rewdlq
2fff sdudphwhu hvwlpdwhv/ vr wkdw wkh hpslulfdo glvwulexwlrq ri sdudphwhu hvwlpdwhv
fdq eh dqdo|}hg144

Vlpxodwlrqv duh shuiruphg xvlqj JDXVV yhuvlrq 615 rq d Shqwlxp LLL sodwirup1

44D odujh qxpehu ri uhsolfdwlrqv doorzv wr rewdlq pruh suhflvh hvwlpdwhv ri wkh sdudphwhu yhfwru1
Vxfk d suhflvlrq lv fuxfldo/ khuh/ wr rewdlq dq dffxudwh phdvxuh ri �qlwh0vdpsoh eldvhv1 Ohw a�l eh wkh
hvwlpdwh ri wkh sdudphwhu yhfwru +vd|/ �, rewdlqhg iru uhsolfdwlrq l @ 4> ===>Q dqg �� @ 4

Q
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a�l
eh wkh phdq ri wkh hpslulfdo glvwulexwlrq ryhu wkh Q uhsolfdwlrqv1 Wkhq/ wkh vwdqgdug huuru ri �� lv
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s
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Wzr0vwhs dqg lwhudwlyh JPP hvwlpdwruv duh rewdlqhg e| vlpsoh pdwul{ frpsxwd0
wlrqv1 Frqwlqxrxvo|0xsgdwlqj JPP dqg PO hvwlpdwruv duh rewdlqhg e| d qxphulfdo
rswlpl}dwlrq urxwlqh1 Zh xvh wkh EIJV dojrulwkp ri wkh FR surfhgxuh iru frq0
vwudlqhg rswlpl}dwlrq1 Zh irxqg qr glvfuhsdqflhv zkhq zh xvhg gl�huhqw dojrulwkpv1
Doo hvwlpdwlrqv duh shuiruphg xvlqj qxphulfdo ghulydwlyhv1

Lq vrph h{shulphqwv/ iru A ' HD revhuydwlrqv/ wkh frqwlqxrxv0xsgdwlqj JPP
hvwlpdwru idlohg wr frqyhujh1 Iru lqvwdqfh/ wkh qxpehu ri fudvkhv lv 816 shufhqw ri rxu
vdpsohv zlwk hvwlpdwru 7�A 1 Kdqvhq/ Khdwrq/ dqg \durq +4<<9, dqg Vplwk +4<<<, dovr
uhsruwhg dq lpsruwdqw qxpehu ri fudvkhv dqg vrph gl!fxowlhv wr rewdlq uhdvrqdeoh
sdudphwhu hvwlpdwhv zlwk wkh frqwlqxrxv0xsgdwlqj JPP1 Wzr nlqgv ri sureohpv
rffxu1 Iluvw/ wkh qxphulfdo vhdufk iru wkh plqlpl}hu vrphwlphv idlov1 Lq dgglwlrq/ hyhq
zkhq frqyhujhqfh lv uhdfkhg/ vrph sdudphwhu hvwlpdwhv fdq kdyh xquhdolvwlf ydoxhv/
vr wkdw wkh hpslulfdo glvwulexwlrq ri hvwlpdwhv lv vhyhuho| glvwruwhg1 Iru wklv uhdvrq/
lq Wdeoh 6d/ wzr urzv duh ghyrwhg wr wkh frqwlqxrxv0xsgdwlqj JPP hvwlpdwru1 Lq
wkh �uvw urz/ zh uhsruw glvwulexwlrq vwdwlvwlf diwhu zh glvfdughg rqo| hvwlpdwhv zklfk
uhdfkhg wkh pd{lpxp qxpehu ri lwhudwlrqv +khuh/ 533,1 Lq wkh vhfrqg urz/ zh vhohfw
hvwlpdwhv vdwlvi|lqj wkh dgglwlrqdo fulwhulrq wkdw wkh vprrwklqj sdudphwhu 4� olhv
lqvlgh wkh lqwhuydo d��( �o1 Lq rxu Prqwh0Fduor h{shulphqw/ 819 shufhqw ri hvwlpdwlrqv
idoo rxwvlgh ri wklv sdudphwhu vsdfh/ zlwk hvwlpdwru 7�A 1

Wkh glvwulexwlrq ri wkh dowhuqdwlyh JPP dqg PO hvwlpdwruv lv vxppdul}hg lq
Wdeoh 6d iru wkh vpdoo0vdpsoh vl}h +A ' HD,1 Vlqfh sdudphwhu k grhv qrw surylgh
lqfuhphqwdo lqvljkw rq wkh �qlwh0vdpsoh surshuwlhv/ zh gr qrw uhsruw uhvxowv iru wklv
sdudphwhu1 Iljxuhv 5d dqg 5e dovr glvsod|v wkh glvwulexwlrq ri sdudphwhuv 4/ q/ dqg �
iru ydulrxv hvwlpdwlrq dssurdfkhv1 Wkh wdeoh uhyhdov irxu pdlq uhvxowv frqfhuqlqj wkh
�qlwh0vdpsoh surshuwlhv ri wkh uhdfwlrq0ixqfwlrq sdudphwhuv1 Iluvw/ wkh dxwruhjuhvvlyh
sdudphwhu lv irxqg wr eh v|vwhpdwlfdoo| eldvhg wrzdug }hur zkdwhyhu wkh hvwlpdwlrq
surfhgxuh1 Dowkrxjk wkh vdpsoh vl}h lv vpdoo/ wkh eldv lv qrw yhu| odujh/ krzhyhu1
Wkh sdudphwhu lv vhw wr f�.� lq wkh GJS1 Wkh phgldq sdudphwhu hvwlpdwh lv f�SS iru
wkh PO surfhgxuh dqg f�Sb iru wkh wzr0vwhs JPP dssurdfk1 Wkh vljq dqg vl}h ri
wkh eldv duh frqvlvwhqw zlwk wkh dqdo|wlfdo uhvxowv ri Vdzd +4<:;,1

Vhfrqg/ dv idu dv sdudphwhuv iru hqgrjhqrxv uhjuhvvruv +q dqg �, duh frqfhuqhg/
zh rewdlq vljql�fdqw/ |hw hfrqrplfdoo| vpdoo/ eldv1 Iru q/ wkh phgldq eldv lv derxw
f�fS iru JPP hvwlpdwruv/ exw dv orz dv �f�ffS zlwk PO1 Lq dgglwlrq/ sdudphwhu �
lv xqghu0hvwlpdwhg zkdwhyhu wkh hvwlpdwlrq dssurdfk1 Wkh vljq dqg rughulqj ri wkh
eldvhv lq dowhuqdwlyh hvwlpdwruv duh lq dffrugdqfh zlwk srlqw hvwlpdwhv rewdlqhg lq
vhfwlrq 61 Krzhyhu/ wkh glvfuhsdqf| ehwzhhq sdudphwhu hvwlpdwhv fdqqrw eh h{sodlqhg
e| �qlwh0vdpsoh eldvhv rqo|1

Wklug/ wkh vwdqgdug ghyldwlrq ri sdudphwhu hvwlpdwhv lv pxfk orzhu zlwk PO wkdq
zlwk JPP1 Iru lqvwdqfh/ iru q/ wkh vwdqgdug ghyldwlrq lv f�22 zlwk PO/ zkhuhdv lw
lv f�D� zlwk wzr0vwhs JPP/ f�DD zlwk lwhudwlyh JPP dqg 2D�.D zlwk frqwlqxrxv0
xsgdwlqj JPP +zlwk fryduldqfh0pdwul{ hvwlpdwru 7�A ,1 Wkh frqwlqxrxv0xsgdwlqj
hvwlpdwru surylghv yhu| lpsuhflvh hvwlpdwhv/ hyhq wkrxjk wkh phgldq lv rqo| voljkwo|
xszdug eldvhg1 Zkhq �xquhdvrqdeoh� rxwfrphv duh h{foxghg/ wkh vwdqgdug ghyldwlrq
ri wuxqfdwhg frqwlqxrxv0xsgdwlqj hvwlpdwru lv vwloo dv kljk dv 2�S.1 Wkh glvshuvlrq
ri wkh lwhudwlyh dqg frqwlqxrxv0xsgdwlqj JPP hvwlpdwruv lv h{fhvvlyh dv frpsduhg
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zlwk wkh wzr0vwhs JPP hvwlpdwru1 Qrwh/ krzhyhu/ wkdw wkh vwdqgdug ghyldwlrq lv
sduwldoo| plvohdglqj lq wkh fdvh ri wkh frqwlqxrxv0xsgdwlqj JPP/ ehfdxvh ri wkh
rffxuuhqfh ri h{wuhph rxwfrphv/ uh hfwlqj d idw0wdlohg glvwulexwlrq +vhh Iljxuh 5e,1
Wkxv/ glvfuhsdqflhv ehwzhhq JPP whfkqltxhv duh udwkhu vpdoo lq whupv ri sdudphwhu
eldv/ exw pxfk odujhu lq whupv ri suhflvlrq ri wkh hvwlpdwlrq1

Irxuwk/ wkh glvwulexwlrq ri JPP hvwlpdwruv lv dv|pphwulf1 Wklv fkdudfwhulvwlf
lv dssduhqw iurp Iljxuhv 5d dqg 5e/ dqg lv sduwlfxoduo| surqrxqfhg iru frqwlqxrxv0
xsgdwlqj JPP dqg/ wr d ohvvhu h{whqw/ iru lwhudwlyh JPP1 Dv lqglfdwhg e| 43wk
dqg <3wk shufhqwlohv/ wkh dxwruhjuhvvlyh sdudphwhu lv ohiwzdug vnhzhg/ zkhuhdv wkh
lq dwlrq sdudphwhu lv uljkwzdug vnhzhg1 Wkhvh ihdwxuhv surylgh d udwlrqdoh iru wkh
yhu| odujh q hvwlpdwhv rewdlqhg zlwk lwhudwlyh dqg frqwlqxrxv0xsgdwlqj JPP rq wkh
dfwxdo gdwd1

Wkh uljkw0prvw froxpqv ri wkh wdeoh uhsruw wkh shufhqwdjhv ri wkh 5333 uhsolfdwlrqv
lq zklfk Kdqvhq*v M0vwdwlvwlf h{fhhgv wkh uhohydqw fulwlfdo ydoxh ri wkh �2 glvwulexwlrq1
Wkuhh uhvxowv duh zruwk qrwlqj1 Iluvw/ wkh wzr0vwhs dqg lwhudwlyh JPP whqg wr uhmhfw
wkh ryhu0lghqwli|lqj uhvwulfwlrqv wrr riwhq1 Vhfrqg/ dv fodlphg e| Kdqvhq/ Khdwrq/
dqg \durq +4<<9,/ wkh frqwlqxrxv0xsgdwlqj JPP dssurdfk grhv qrw uhmhfw wkh qxoo
k|srwkhvlv wrr riwhq1 Wklv uhvxow lv dovr frqvlvwhqw zlwk wkh uhfrpphqgdwlrq ri Vwrfn
dqg Zuljkw +5333, wr edvh lqihuhqfh rq wkh frqwlqxrxv0xsgdwlqj fulwhulrq1 Wklug/
vhohfwlqj fryduldqfh0pdwul{ hvwlpdwruv 72A dqg 7�A grhv qrw lpsuryh shuirupdqfhv
ri wkh M0whvw1

Uhvxowv iru odujh vdpsoh +A ' 2ff, duh uhsruwhg lq Wdeoh 6e1 Dv h{shfwhg/ eldvhv
ri JPP dqg PO hvwlpdwruv kdyh prvwo| glvdsshduhg/ vr wkdw wkh odujh0vdpsoh glvwul0
exwlrq lv zhoo dssur{lpdwhg e| wkh dv|pswrwlf glvwulexwlrq1 Qrwh/ krzhyhu/ wkdw wkh
vwdqgdug ghyldwlrq ri wkh wzr0vwhs dqg lwhudwlyh JPP hvwlpdwruv uhpdlqv voljkwo|
odujhu wkdq wkh vwdqgdug ghyldwlrq ri wkh PO hvwlpdwru1 Pruhryhu/ hyhq diwhu glv0
fduglqj xquhdolvwlf rxwfrphv/ wkh frqwlqxrxv0xsgdwlqj JPP hvwlpdwru vwloo glvsod|
vljql�fdqw eldvhv dqg h{fhvvlyh glvshuvlrq1

Rxu �qglqjv duh eurdgo| frqvlvwhqw zlwk wkh h{lvwlqj olwhudwxuh rq �qlwh0vdpsoh
surshuwlhv ri JPP hvwlpdwruv/ dv uhjdugv eldv dqg glvshuvlrq +vhh/ h1j1/ Wdxfkhq/
4<;9/ Qhovrq dqg Vwduw}/ 4<<3/ Ixkuhu/ Prruh/ dqg Vfkxk/ 4<<8/ dqg sdshuv lq wkh
4<<9 vshfldo lvvxh ri wkh MEHV,1 D qrwlfhdeoh ihdwxuh ri rxu uhvxowv lv wkh srru shu0
irupdqfh ri wkh frqwlqxrxv0xsgdwlqj hvwlpdwru1 Wkh �qglqj wkdw wkh frqwlqxrxv0
xsgdwlqj JPP hvwlpdwru kdv idw wdlov dqg |lhogv d qrq0qhjoljleoh sursruwlrq ri lp0
sodxvleoh hvwlpdwhv zdv uhsruwhg e| Kdqvhq/ Khdwrq/ dqg \durq +4<<9,1 Zh dovr
rewdlq wkdw/ iru vrph sdudphwhuv/ wkh frqwlqxrxv0xsgdwlqj JPP lv pruh zlgho| el0
dvhg wkdq wkh wzr0vwhs JPP1 Wklv lv lq frqwudvw zlwk vrph/ exw qrw doo/ ri wkh
Prqwh0Fduor uhvxowv lq Kdqvhq/ Khdwrq/ dqg \durq +4<<9, dqg zlwk wkh dqdo|wlfdo
uhvxowv lq Qhzh| dqg Vplwk +5333,1 Wkh odwwhu dxwkruv suryh wkdw wkh eldv ri wkh
frqwlqxrxv0xsgdwlqj hvwlpdwru lv vpdoohu wkdq wkdw ri wkh wzr0vwhs JPP/ exw wklv
uhvxow lv zduudqwhg zkhq wkh qxpehu ri prphqw uhvwulfwlrqv lv odujh1 Lq frqwudvw/
Vplwk +4<<<, dqg Vwrfn dqg Zuljkw +5333, grfxphqw wkh srru shuirupdqfh ri wkh
frqwlqxrxv0xsgdwlqj JPP lq vrph ri wkhlu hvwlpdwhv dqg Prqwh0Fduor h{shulphqwv1
Dv uhjdugv wkh lwhudwlyh JPP/ zh �qg wkdw wklv hvwlpdwru kdv qr vshfl�f dgydqwdjh
ryhu wkh wzr0vwhs hvwlpdwru1 Vlplodu uhvxowv duh rewdlqhg e| Vplwk +4<<<,1 Qrwh wkdw
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wkh lwhudwlyh hvwlpdwru kdv ehhq dgyrfdwhg e| Nrfkhuodnrwd +4<<3, dqg Ihuvrq dqg
Irhuvwhu +4<<7, rq wkh edvlv ri wkh uhmhfwlrq udwhv ri wkh M0vwdwlvwlfv udwkhu wkdq iru
lwv shuirupdqfh lq whupv ri sdudphwhu hvwlpdwhv1

Wr h{sodlq wkh ryhudoo srru shuirupdqfh ri frqwlqxrxv0xsgdwlqj JPP/ zh fdq
srlqw wkdw hvwlpdwlrq ri wkh fryduldqfh pdwul{ 7A sod|v d fhqwudo uroh lq wklv surfh0
gxuh1 Wzr sureohpv pd| wkhq rffxu1 Iluvw/ wkh fryduldqfh pdwul{ pd| eh lpsuhflvho|
hvwlpdwhg lq vpdoo vdpsoh1 Wklv lv rxwolqhg e| Exuqvlgh dqg Hlfkhqedxp +4<<9, dv
wkh pdmru fdxvh ri srru �qlwh0vdpsoh shuirupdqfh ri JPP0edvhg Zdog whvwv1 Rqh
uhdvrq lv wkdw wkh fryduldqfh0pdwul{ hvwlpdwru lv d ixqfwlrq ri furvv0prphqwv eh0
wzhhq vtxduhg JPP uhvlgxdov dqg vtxduhg lqvwuxphqwv1 Vxfk hpslulfdo prphqwv duh
olnho| wr frqyhujh wrzdug wkh wuxh ydoxh rqo| yhu| vorzo|1 Wkhuhiruh/ hyhq wkrxjk
dq h!flhqw hvwlpdwru ri wkh fryduldqfh pdwul{ lv xvhg/ lw lv olnho| wr eh d srru hv0
wlpdwru lq �qlwh vdpsoh1 Wklv sureohp lv looxvwudwhg lq Wdeoh 6d1 Zkhq lpsuryhg
fryduldqfh0pdwul{ hvwlpdwruv 72A dqg 7�A duh xvhg lq sodfh ri 7�A / wkh phgldq eldv
lq frqwlqxrxv0xsgdwlqj hvwlpdwruv ghfuhdvhv rqo| yhu| voljkwo|1 Wkh vhfrqg sureohp
lv uhodwhg wr wkh frqvwuxfwlrq ri wkh frqwlqxrxv0xsgdwlqj JPP remhfwlyh ixqfwlrq/
7} Ew�� E7A Ew��3� 7} Ew� lq zklfk wkh sdudphwhu yhfwru dqg wkh fryduldqfh pdwul{ duh
ghwhuplqhg vlpxowdqhrxvo| +vhh wkh Dsshqgl{ iru ghwdlov dqg qrwdwlrqv,1 Dv srlqwhg
rxw e| Kdqvhq/ Khdwrq/ dqg \durq +4<<9,/ wklv remhfwlyh ixqfwlrq pd| eh plqlpl}hg
iru d sdudphwhu ydoxh wkdw surgxfhv d odujh ydoxh ri wkh yduldqfh ri prphqw frqglwlrq
7A Ew�/ hyhq li wkh dyhudjh prphqw frqglwlrq 7} Ew�ghyldwhv iurp }hur1

Dq dgglwlrqdo lvvxh lv wkh suhvhqfh ri zhdno| uhohydqw lqvwuxphqwv lq rxu vlpxod0
wlrq h{huflvh1 Dv lw dsshduv fohduo| iurp htxdwlrqv +7,/ +8,/ dqg +9,/ prvw yduldeohv
lq wkh lqirupdwlrq vhw duh uhohydqw lqvwuxphqwv iru wkh GJS fkrvhq1 Wzr h{fhswlrqv
duh +|3� dqg +|3e/ zklfk duh dv|pswrwlfdoo| xqfruuhodwhg zlwk hqgrjhqrxv uhjuhvvruv/
frqglwlrqdo xsrq rwkhu yduldeohv lq wkh lqvwuxphqw vhw1 Wklv pd| sduwo| h{sodlq wkh
odujh vwdqgdug ghyldwlrq rewdlqhg iru JPP hvwlpdwruv lq Wdeoh 61 Lq rughu wr dg0
guhvv wklv lvvxh/ zh frpsduh wkh glvwulexwlrq ri wkh JPP hvwlpdwruv zkhq xvlqj rxu
edvholqh lqvwuxphqw vhw dqg zkhq xvlqj dq lqvwuxphqw vhw h{foxglqj +|3� dqg +|3e1
Zh irfxv rq wkh wzr0vwhs JPP hvwlpdwru/ dqg zh uhsolfdwh � ' �f�fff vdpsohv ri
A ' HD revhuydwlrqv wr rewdlq suhflvh hvwlpdwhv ri wkh sdudphwhu vwdqgdug ghyldwlrq1
Uhvxowv +qrw uhsruwhg wr vdyh vsdfh/ exw dydlodeoh iurp wkh dxwkruv xsrq uhtxhvw, lqgl0
fdwh wkdw phgldq eldvhv dqg sdudphwhu vwdqgdug ghyldwlrqv duh hvvhqwldoo| xqd�hfwhg
e| lqfoxvlrq ri +|3� dqg +|3e1 Pruh vshfl�fdoo|/ zkhq wkrvh yduldeohv duh lqfoxghg/
wkh vwdqgdug ghyldwlrq ri q voljkwo| ghfuhdvhv/ zkhuhdv wkh vwdqgdug ghyldwlrq ri �
voljkwo| lqfuhdvhv1 Zh pd| h{sodlq wklv uhvxow e| dujxlqj wkdw/ zlwklq vdpsoh/ +|3�

dqg +|3e duh voljkwo| fruuhodwhg zlwk hqgrjhqrxv uhjuhvvruv/ vr wkdw wkhlu lqfoxvlrq lq
wkh lqvwuxphqw vhw grhv qrw zruvhq sdudphwhu suhflvlrq1

715 Plv0vshfl�fdwlrq dqg hqgrjhqhlw| eldv

Dqrwkhu urxwh iru h{sodlqlqj wkh glvfuhsdqf| ehwzhhq hvwlpdwruv lv wkdw wkh prgho ru
prphqw uhvwulfwlrqv xvhg lq lpsohphqwlqj rqh ru vhyhudo ri wkh hvwlpdwruv pljkw eh
plv0vshfl�hg1 Xqghu plv0vshfl�fdwlrq/ zh h{shfw wkh hvwlpdwruv wr eh lqfrqvlvwhqw
dqg wr frqyhujh wr gl�huhqw suredelolw| olplwv1 Lq dgglwlrq/ plv0vshfl�fdwlrq lv olnho|
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wr d�hfw gl�huhqwo| wkh �qlwh0vdpsoh ehkdylru ri JPP dqgPO hvwlpdwruv1 Lq wkh fdvh
ri JPP/ plv0vshfl�fdwlrq rffxuv dv d frqvhtxhqfh ri odfn ri lqvwuxphqw h{rjhqhlw|1
Vlqfh rxu lqvwuxphqwv duh lq wkh lqirupdwlrq vhw gdwhg | � �/ wkh rqo| vrxufh ri
hqgrjhqhlw| khuh lv vhuldo fruuhodwlrq ri lqqrydwlrqv1

Wr phdvxuh wkh h�hfw ri plv0vshfl�fdwlrq rq wkh �qlwh0vdpsoh surshuwlhv ri hvwlpd0
wruv/ zh shuirup wkh iroorzlqj Prqwh0Fduor h{shulphqw1 Zh vlpxodwh prgho +7,/ +8,/
dqg +9,/ zlwk wkh sdudphwhu hvwlpdwhv rewdlqhg e| PO/ dv lq wkh suhylrxv h{shulphqw1
Exw lqqrydwlrqv duh qrz vlpxodwhg dv iroorzv= Ryhu wkh �uvw sduw ri wkh vdpsoh +wkh
�uvw 3168A revhuydwlrqv,/ lqqrydwlrqv duh dvvxphg wr eh xqfruuhodwhg Jdxvvldq ydul0
dwhv/ zlwk wkh fryduldqfh pdwul{ rewdlqhg zlwk uhvlgxdov ryhu wkh 4<:<0;: vxeshulrg1
Lqqrydwlrqv ryhu wkh vhfrqg sduw ri wkh vdpsoh +wkh odvw 3198A revhuydwlrqv, kdyh
wkh vdph fryduldqfh pdwul{ dv uhvlgxdov ryhu wkh 4<;:05333 vxeshulrg/ |hw wkh srolf|
vkrfn lv vhuldoo| fruuhodwhg1 Zh dvvxph wkdw wkh srolf| vkrfn lv zhoo dssur{lpdwhg e|
dq DU+4, surfhvv/ zkrvh sdudphwhu kdv ehhq rewdlqhg xvlqj vdpsoh uhvlgxdov +wkh
�uvw0rughu fruuhodwlrq lv hvwlpdwhg wr f�.e,1 Wklv vlpxodwlrq vwudwhj| doorzv wr plplf
wkh wzr fkdudfwhulvwlfv ri uhvlgxdov/ khwhurvnhgdvwlflw| dv zhoo dv vhuldo0fruuhodwlrq ri
wkh srolf| vkrfn1

Uhvxowv ri wklv vlpxodwlrq h{huflvh duh uhsruwhg lq Wdeoh 7d iru vdpsoh vl}h A ' HD
dqg Wdeoh 7e iru vdpsoh vl}h A ' 2ff1 Dv h{shfwhg/ zh rewdlq d vljql�fdqw eldv
iru doo hvwlpdwruv1 Wkh wkuhh sdudphwhuv ri lqwhuhvw +4�/ q/ dqg �, duh v|vwhpdwlfdoo|
ryhu0hvwlpdwhg1 Qrwh wkdw wkh plv0vshfl�fdwlrq eldv iru wkh dxwruhjuhvvlyh sdudphwhu/
idflqj vhuldo fruuhodwlrq ri wkh huuru whup/ lv ri rssrvlwh vljq wr wkh �qlwh0vdpsoh eldv
rewdlqhg deryh/ frqvlvwhqwo| zlwk wkh wkhruhwlfdo uhvxow rewdlqhg e| Vdzd +4<:;,1 Wkh
phgldq eldv rq 4� lv orzhu iru wkh PO hvwlpdwru wkdq iru wkh wzr0vwhs JPP +3137 yv1
3144,1 Erwk dssurdfkhv dovr gl�hu e| wkh eldv rq sdudphwhuv shuwdlqlqj wr hqgrjhqrxv
uhjuhvvruv1 Wkh phgldq eldv rq q lv dv kljk dv 3166 iru wzr0vwhs JPP/ zkhuhdv lw lv dv
orz dv 3146 iru PO1 Pruhryhu/ sdudphwhu � lv yhu| vwurqjo| ryhu0hvwlpdwhg1 Dowkrxjk
wkh wuxh sdudphwhu lv hvvhqwldoo| }hur/ wkh phgldq hvwlpdwru lv dv kljk dv 317< iru
wzr0vwhs JPP dqg 3154 iru PO1 Qrwh wkdw lwhudwlyh JPP hvwlpdwruv duh forvh wr
wzr0vwhs hvwlpdwruv/ zkhuhdv frqwlqxrxv0xsgdwlqj hvwlpdwruv duh jhqhudoo| orzhu1 Iru
lqvwdqfh/ wkh eldv ri wkh frqwlqxrxv0xsgdwlqj hvwlpdwru iru sdudphwhu � lv dv orz dv
31591 Wklv uhvxow vxjjhvwv wkdw wklv dssurdfk lv ohvv eldvhg xqghu plv0vshfl�fdwlrq1

Dv idu dv wkh vwdqgdug ghyldwlrq ri sdudphwhu hvwlpdwhv lv frqfhuqhg/ zh qrwh
wkdw JPP surfhgxuhv surgxfh h{fhvvlyho| odujh vwdqgdug ghyldwlrqv1 Iru lqvwdqfh/
wkh vwdqgdug ghyldwlrq ri q lv 3166 zlwk PO dqg 31:< zlwk wzr0vwhs JPP/ 7154 zlwk
lwhudwlyh JPP/ dqg 616: zlwk wuxqfdwhg frqwlqxrxv0xsgdwlqj JPP1 Xvlqj h!flhqw
fryduldqfh0pdwul{ hvwlpdwruv grhv qrw doorz wr rewdlq pruh suhflvh JPP hvwlpdwruv1
Lqvwhdg/ lw jhqhudoo| lpsolhv dq lqfuhdvh lq wkh vwdqgdug ghyldwlrq ri wkh sdudphwhu
glvwulexwlrq1

Wdnhq wrjhwkhu/ hylghqfh rq eldv dqg vwdqgdug ghyldwlrq ri hvwlpdwruv xqghu plv0
vshfl�fdwlrq vxjjhvwv wkdw vhuldo fruuhodwlrq lv d sodxvleoh h{sodqdwlrq iru wkh glv0
fuhsdqf| ehwzhhq hvwlpdwruv irxqg lq vhfwlrq 61 Qrwh/ krzhyhu/ wkdw wklv vlpxodwlrq
h{huflvh grhv qrw h{sodlq wkh zkroh glvfuhsdqf| ehwzhhq JPP dqg PO hvwlpdwruv1
Lqvwhdg/ lw surylghv d phdvxuh ri wkh eldv lq wkh uhdfwlrq0ixqfwlrq sdudphwhuv zkhq
vlpxodwhg lqqrydwlrqv glvsod| d g|qdplf vlplodu wr wkh rqh ri revhuyhg uhvlgxdov1
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Zlwklq wklv iudphzrun/ zh dovr dgguhvv wkh lvvxh ri zk| wkh M0whvw edvhg rq
wkh fryduldqfh0pdwul{ hvwlpdwru 7�A grhv qrw uhmhfw wkh ryhu0lghqwli|lqj uhvwulfwlrqv/
zkhuhdv M0whvwv edvhg rq hvwlpdwruv 72A dqg 7�A vwurqjo| uhmhfw wkhvh uhvwulfwlrqv1 Wr
gr vr/ zh hvwlpdwh wkh M0vwdwlvwlfv iru doo vlpxodwhg vdpsohv dqg frpsxwh wkh iuhtxhqf|
ri uhmhfwlrq ri wkh qxoo k|srwkhvlv dw wkh dv|pswrwlf 4(/ 8(/ dqg 43( fulwlfdo ydoxhv1
Wklv phdvxuhv wkh srzhu ri wkh M0whvw djdlqvw lqydolg prphqw uhvwulfwlrqv gxh wr
vhuldoo| fruuhodwhg lqqrydwlrqv1 Whvwv shuiruphg xvlqj hvwlpdwru 7�A uhmhfw wkh qxoo
lq rqo| D2 shufhqw ri wkh vlpxodwhg vdpsohv dw wkh wkhruhwlfdo 8 shufhqw ohyho1 E|
frqwudvw/ zlwk hvwlpdwru 7�A / uhmhfwlrq lv rewdlqhg lq b2 shufhqw ri wkh vdpsohv1
Wklv uhvxow vxjjhvwv wkdw wkh orz srzhu ri wkh M0vwdwlvwlf lv d uhdvrq zk| wkh JPP
dssurdfk zlwk hvwlpdwru 7�A lv xqdeoh wr ghwhfw wkh idloxuh ri JPP gxh wr odfn
ri h{rjhqhlw|1 Zh dovr revhuyh wkdw M0vwdwlvwlfv frpsxwhg zlwk frqwlqxrxv0xsgdwlqj
JPP kdyh yhu| orz delolw| wr ghwhfw odfn ri h{rjhqhlw| ri lqvwuxphqwv1 Wklv uhvxow lv
frqvlvwhqw zlwk hpslulfdo hylghqfh surylghg e| Wdeoh 4/ zkhuh wklv dssurdfk lv irxqg
wr eh xqdeoh wr uhmhfw ryhu0lghqwli|lqj uhvwulfwlrqv/ zkdwhyhu wkh fryduldqfh0pdwul{
hvwlpdwru1

8 Hvwlpdwlrq ryhu wkh 4<;:05333 shulrg

814 Vwdelolw| whvwv

Lq wkh suhfhglqj vhfwlrq/ zh kdyh vkrzq wkdw wkh glvfuhsdqf| ehwzhhq JPP dqg PO
hvwlpdwhv fdq eh sduwo| h{sodlqhg e| wkh vhuldo fruuhodwlrq ri wkh srolf| vkrfn1 Zh qrz
lqwhusuhw wklv vhuldo fruuhodwlrq dv uh hfwlqj d vkliw lq wkh sdudphwhuv ri wkh uhdfwlrq
ixqfwlrq1 Pruh suhflvho|/ zh dujxh wkdw frqvwudlqlqj sdudphwhuv wr eh frqvwdqw ryhu
wkh vdpsoh shulrg ohdgv wr dq rplwwhg0yduldeoh eldv lq wkh hvwlpdwlrq1 Wklv fodlp lv
fruurerudwhg/ iru lqvwdqfh/ e| wkh �qglqj wkdw wkh rxwsxw0jds sdudphwhu lv vljql�fdqw
ryhu wkh 4<;:05333 shulrg +dv vkrzq/ iru lqvwdqfh/ e| Uxghexvfk/ 5334,/ exw qrw ryhu
wkh 4<:<05333 shulrg1

Wr lqyhvwljdwh wklv lvvxh/ zh shuirup sdudphwhu vwdelolw| whvwv erwk rq JPP dqg
PO hvwlpdwhv1 Zh dvvxph wkdw wkh vkliw rffxuv/ li dq|/ lq 4<;:=T61 Ri frxuvh zh
gr qrw fodlp wkh gdwh ri wkh vkliw wr eh ixoo| xqfrqwuryhuvldo/ lq sduwlfxodu ehfdxvh
wkh vkliw lq sdudphwhuv pd| kdyh rffxuhg ehiruh wklv gdwh145 Exw lq rxu frqwh{w/
lw lv uhdvrqdeoh wr wuhdw wklv fdqglgdwh euhdn srlqw dv nqrzq/ jlyhq wkh fkdqjh lq
Fkdlupdq dv zhoo dv wkh odujh qxpehu ri vwxglhv wkdw irfxv rq wkh 4<;:05333 vdpsoh1
Wkhuhiruh/ zh dvvxph wkdw wkh XV uhdfwlrq ixqfwlrq uhpdlqv vwdeoh gxulqj wkh whqxuh
ri wkh Ihghudo Uhvhuyh fkdluphq1

Uhvxowv ri vwdelolw| whvwv duh suhvhqwhg lq Wdeoh 81 Zh dgrsw wkh vwudwhj| ghyho0
rshg e| Dqguhzv dqg Idlu +4<;;, iru nqrzq euhdn srlqw1 Iru wkh JPP hvwlpd0

45Lq sduwlfxodu/ ryhu wkh shulrg 4<:<=T7�4<;5=T7/ wkh rshudwlqj surfhgxuhv ri wkh Ihghudo Uhvhuyh
lqyroyhg wdujhwlqj qrq0eruurzhg uhvhuyhv1 Wklv shulrg/ fkdudfwhul}hg e| yhu| yrodwloh lqwhuhvw udwhv
dqg d vkdus ghvlq dwlrq hslvrgh/ pd| vwurqjo| d�hfw wkh hvwlpdwlrq ri wkh uhdfwlrq ixqfwlrq ryhu wkh
4<:<�5333 shulrg1 Iru lqvwdqfh/ Idlu +5334, lv qrw deoh wr uhmhfw vwdelolw| ri wkh uhdfwlrq0ixqfwlrq
sdudphwhuv iru klv vshfl�fdwlrq/ exw kh fodlpv wkdw wkhuh lv d odujh hfrqrplf gl�huhqfh lq wkh
frh!flhqw rq lq dwlrq ehwzhhq klv �uvw +4<870:<, dqg vhfrqg +4<;50<<, vxeshulrgv1
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wru +Sdqho D,/ zh uhsruw wkh Zdog whvw vwdwlvwlfv iru wkh wzr0vwhs dqg wkh lwhudwlyh
JPP/ iru wkh wkuhh fryduldqfh0pdwul{ hvwlpdwruv1 Zh gr qrw suhvhqw uhvxowv iru wkh
frqwlqxrxv0xsgdwlqj JPP hvwlpdwru/ ehfdxvh wkh dojrulwkp idlohg wr frqyhujh ryhu
erwk vxeshulrgv1 Xqghu wkh qxoo ri vwdelolw|/ wkh Zdog whvw vwdwlvwlf lv glvwulexwhg dv
d �2 Ee�1 Wkhuhiruh/ zh vwurqjo| uhmhfw wkh qxoo ri vwdelolw| ri wkh uhdfwlrq0ixqfwlrq
sdudphwhuv iru hdfk ri wkh JPP hvwlpdwruv1

Wkh whvw iru vwdelolw| lq wkh PO iudphzrun r�huv wkh rssruwxqlw| wr frqvlghu wkh
vwdelolw| ri wkh sdudphwhuv lq wkh uhdfwlrq ixqfwlrq dv zhoo dv lq wkh pdfurhfrqrplf
prgho1 Whvwv duh shuiruphg xvlqj d Olnholkrrg0Udwlr vwdwlvwlf1 Xqghu wkh dowhuqdwlyh
k|srwkhvlv/ wkh prgho lv hvwlpdwhg zlwk d vkliw lq doo sdudphwhuv lq 4<;:=T61 Xqghu
wkh qxoo/ wkh vkliw lv dvvxphg wr rffxu rqo| rq wkh pdfurhfrqrplf sdudphwhuv ru/
dowhuqdwlyho|/ rq wkh uhdfwlrq0ixqfwlrq sdudphwhuv1 Uhvxowv uhsruwhg lq Wdeoh 8 frq�up
wkdw wkh prgho zlwk vwdelolw| ri wkh sdudphwhuv lv uhmhfwhg dw xvxdo vljql�fdqfh ohyho1
Pruhryhu/ zh vwurqjo| uhmhfw wkh vwdelolw| ri wkh uhdfwlrq0ixqfwlrq sdudphwhuv/ zkloh
zh duh qrw deoh wr uhmhfw wkh vwdelolw| ri pdfurhfrqrplf sdudphwhuv1 Wklv odvw uhvxow
lv frqvlvwhqw zlwk wkh whvw shuiruphg e| Uxghexvfk dqg Vyhqvvrq +4<<<,1

Lq vxp/ vwdelolw| ri wkh uhdfwlrq0ixqfwlrq sdudphwhuv lv uhmhfwhg iru JPP dv zhoo
dv PO hvwlpdwlrq surfhgxuhv1 Rxu uhvxowv duh qrw lqfrqvlvwhqw zlwk wkrvh uhsruwhg
e| FJJ1 Wkhvh dxwkruv rewdlq hylghqfh wkdw/ iru wkh vdph vshfl�fdwlrq/ wkh dxwruh0
juhvvlyh sdudphwhuv vljql�fdqwo| fkdqjhg ehwzhhq Yrofnhu dqg Juhhqvsdq whqxuhv1

815 Hvwlpdwlrq uhvxowv

Zh frqvlghu qrz wkh hvwlpdwlrq ri wkh iruzdug0orrnlqj uhdfwlrq ixqfwlrq ryhu wkh
Juhhqvsdq hud +4<;:=T6�5333=T6,1 Iru JPP/ zh hvwlpdwh +7, dv ehiruh/ |hw zkloh
doorzlqj d vhfrqg odj lq wkh g|qdplfv ri wkh lqwhuhvw udwh1 Lw kdv ehhq irxqg wr
eh uhohydqw ryhu wklv vdpsoh e| Uxghexvfk +5334,1 Iru PO/ zh dgrsw wkh iroorzlqj
vwudwhj|1 Vlqfh zh zlvk wr hvwlpdwh wkh g|qdplfv ri wkh lq dwlrq udwh dqg wkh rxwsxw
jds suhflvho|/ zh pdlqwdlq wkh hvwlpdwlrq ri wkh prgho ryhu wkh shulrg 4<:<05333/
wdnlqj dgydqwdjh ri wkh vwdelolw| ri wkh SF2L0V htxdwlrqv1 Exw/ zh lqwurgxfh d vkliw lq
wkh sdudphwhuv ri wkh uhdfwlrq ixqfwlrq lq 4<;:=T61 Qrwh wkdw wkh fryduldqfh pdwul{ ri
lqqrydwlrqv lv dovr doorzhg wr vkliw dw wklv gdwh1 Zlwk vxfk d vwudwhj|/ pdfurhfrqrplf
sdudphwhuv duh hvwlpdwhg ryhu d odujh vdpsoh/ zkhuhdv uhdfwlrq0ixqfwlrq sdudphwhuv
duh doorzhg wr vkliw dfurvv Ihghudo Uhvhuyh fkdluphq1

Wdeoh 9 uhsruwv sdudphwhu hvwlpdwhv rewdlqhg zlwk wkh gl�huhqw JPP dssurdfkhv1
Vhyhudo uhvxowv duh lqwhuhvwlqj wr frpphqw1 Iluvw/ wkh dxwruhjuhvvlyh frpsrqhqw ri
wkh uhdfwlrq ixqfwlrq gl�huv pdunhgo| iurp wkh rqh hvwlpdwhg ryhu wkh 4<:<05333
shulrg1 Wklv frq�upv wkh uhvxow irxqg e| Uxghexvfk +5334, dqg surylghv d udwlrqdoh
iru uhvlgxdo dxwrfruuhodwlrq zkhq wkh uhdfwlrq0ixqfwlrq sdudphwhuv duh dvvxphg wr
eh vwdeoh ryhu wkh zkroh vdpsoh1 Vhfrqg/ srlqw hvwlpdwhv ri wkh uhdfwlrq0ixqfwlrq
sdudphwhuv rewdlqhg e| wkh ydulrxv JPP surfhgxuhv duh qrz yhu| forvh rqh wr
hdfk rwkhu1 Iru lqvwdqfh/ hvwlpdwhv ri sdudphwhu q udqjh ehwzhhq ��DH dqg ��bf1
Rplwwlqj wkh frqwlqxrxv0xsgdwlqj hvwlpdwru/ wkh udqjh lv hyhq qduurzhu +ehwzhhq
��Se dqg ��.2,1 Zh rewdlq d vlplodu uhvxow iru wkh rwkhu sdudphwhuv1 Wklug/ xvlqj
gl�huhqw fryduldqfh0pdwul{ hvwlpdwruv rqo| uhvxowv lq d fkdqjh lq vwdqgdug huuru ri
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sdudphwhuv/ exw qrw lq d fkdqjh lq sdudphwhu hvwlpdwhv wkhpvhoyhv1 Lq prvw fdvhv/
vwdqgdug huuruv ghfuhdvh iurp fryduldqfh0pdwul{ hvwlpdwru 7�A wr 72A dqg wr 7�A 1
Frpsxwlqj lpsuryhg fryduldqfh pdwulfhv wkhuhiruh |lhogv lq d juhdwhu suhflvlrq lq
sdudphwhu hvwlpdwhv1 Odvw/ lq qr fdvh grhv wkh M0vwdwlvwlf uhmhfw wkh ryhu0lghqwli|lqj
uhvwulfwlrqv1 Lq vxp/ wkh nh| lqvljkwv rewdlqhg iru wkh uhdfwlrq ixqfwlrq ryhu wkh
4<;:=T6�5333=T6 shulrg duh urexvw wr fkdqjh lq JPP rswlrqv1

PO hvwlpdwhv ri wkh prgho zlwk d vkliw lq wkh uhdfwlrq0ixqfwlrq sdudphwhuv duh
glvsod|hg lq Wdeoh :1 Iluvw ri doo/ sdudphwhuv ri wkh SF dqg wkh L0V fxuyh duh qrw
vljql�fdqwo| dowhuhg e| wkh vkliw lq wkh uhdfwlrq0ixqfwlrq sdudphwhuv1 Dv idu dv wkh
uhdfwlrq ixqfwlrq lv frqfhuqhg/ zh rewdlq wzr prghov zlwk yhu| w|slfdo ihdwxuhv1 Ryhu
wkh �uvw shulrg fruuhvsrqglqj wr Yrofnhu*v whqxuh/ wkh lq dwlrq sdudphwhu lv q ' ��eb/
zkhuhdv wkh rxwsxw0jds sdudphwhu lv yhu| forvh wr }hur dqg lqvljql�fdqw/ vr wkdw lw
kdv ehhq frqvwudlqhg wr }hur lq wkh hvwlpdwh uhsruwhg lq wkh wdeoh1 Rqo| rqh odj ri
lqwhuhvw udwh lv vljql�fdqw1 Ryhu wkh vhfrqg vxeshulrg fruuhvsrqglqj wr Juhhqvsdq*v
whqxuh/ wkh uhdfwlrq ixqfwlrq lv hvvhqwldoo| d Wd|oru uxoh/ zlwk q ' ��D2 dqg � ' f�D�1
Wkh sduwldo0dgmxvwphqw prgho uhtxluhv d vhfrqg odj ri lqwhuhvw udwh wr dgmxvw wr wkh
gdwd1 Wkhvh sdudphwhu hvwlpdwhv duh yhu| vlplodu wr wkrvh rewdlqhg e| Uxghexvfk
+5334, ryhu doprvw wkh vdph vdpsoh1

Vwdwlvwlfdo surshuwlhv ri uhvlgxdov ri wkh uhdfwlrq ixqfwlrq hvwlpdwhg ryhu hdfk
vxeshulrg duh dovr uhsruwhg lq wkh wdeoh1 Wkh pdlq ihdwxuhv duh wkh iroorzlqj1 Wkh
vwdqgdug huuru ri uhvlgxdov lv glylghg e| 8 ehwzhhq wkh �uvw dqg vhfrqg vxeshulrgv1
Wkh qxoo k|srwkhvlv ri qr vhuldo fruuhodwlrq lv qrw uhmhfwhg dw dq| vljql�fdqfh ohyho iru
erwk vxeshulrgv dqg wkh khwhurvnhgdvwlflw| doprvw frpsohwho| glvdsshduv ryhu wkh wzr
vxeshulrgv1 Wkhvh uhvxowv vxjjhvw wkdw wkh vhuldo fruuhodwlrq dqg wkh khwhurvnhgdvwlflw|
rewdlqhg ryhu wkh zkroh vdpsoh zhuh wr d juhdw h{whqw dwwulexwdeoh wr wkh vkliw lq
sdudphwhu1 Iljxuh 6 glvsod|v wkh uhdfwlrq0ixqfwlrq uhvlgxdov zkhq d vkliw lv lqwurgxfhg
lq htxdwlrq +7,1 Lw frq�upv wkdw uhdfwlrq0ixqfwlrq uhvlgxdov gr qrw dsshdu vhuldoo|
fruuhodwhg dq|pruh1

Ryhudoo/ wkh glvfuhsdqf| ehwzhhq JPP dqg PO hvwlpdwhv lv idluo| vpdoo ryhu
wkh 4<;:05333 shulrg1 Iru lqvwdqfh/ wkh edvholqh wzr0vwhs JPP hvwlpdwh ri q lv ��SD
zkhuhdv wkh PO hvwlpdwh lv ��D1 Vlploduo|/ wkh JPP hvwlpdwh ri � lv f�SD zkhuhdv
wkh PO hvwlpdwh lv f�D1 Ryhu wkh 4<:<0;: shulrg/ wkh uhvsrqvh wr h{shfwhg lq dwlrq lv
dovr hvwlpdwhg wr 418/ zkhuhdv wkh rxwsxw0jds sdudphwhu lv hvvhqwldoo| }hur146 Wkhvh
hvwlpdwhv gl�hu vxevwdqwldoo| iurp wkrvh rewdlqhg ryhu wkh zkroh shulrg/ dvvxplqj
sdudphwhu vwdelolw|1 Zh frqfoxgh wkdw wkh dvvxpswlrq ri d vwdeoh rxwsxw0jds sdudp0
hwhu dqg d vwdeoh dxwruhjuhvvlyh g|qdplfv lv uhvsrqvleoh iru wkh yhu| odujh lq dwlrq
sdudphwhu rewdlqhg e| JPP ryhu wkh 4<:<05333 shulrg1 Lqwhuhvwlqjo|/ wkh lqgxfhg
eldv lv pruh surqrxqfhg rq JPP hvwlpdwruv wkdq rq PO hvwlpdwruv1 Wklv dsshduv
wr eh uhodwhg wr wkh vwurqj vhuldo fruuhodwlrq ri uhvlgxdov zklfk uhvxowv lq d odfn ri
h{rjhqhlw| ri lqvwuxphqwv1

46Wzr0vwhs JPP hvwlpdwlrq ri wkh uhdfwlrq ixqfwlrq ryhu wkh 4<:<0;: shulrg +qrw uhsruwhg/ exw
dydlodeoh iurp wkh dxwkruv xsrq uhtxhvw, lv dv iroorzv= �4 @ 3=:6/ � @ 4=96/ dqg � @ �3=391
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9 Urexvwqhvv ri PO hvwlpdwhv
Uhvxowv rewdlqhg lq suhylrxv vhfwlrqv surylgh vxssruw wr wkh xvh ri PO surfhgxuh
zkhq hvwlpdwlqj uhdfwlrq ixqfwlrqv1 Krzhyhu/ vlpxodwlrqv uhsruwhg lq vhfwlrq 714 duh
olnho| wr surylgh dq h{fhvvlyho| rswlplvwlf ylhz ri PO/ vlqfh wkh wuxh GJS lv dvvxphg
wr eh nqrzq zkhq lpsohphqwlqj wkh PO dssurdfk1 Lq dfwxdo hvwlpdwlrq vhwwlqjv/ d
pdmru frqfhuq lv ri frxuvh wkdw wkhuh pljkw eh xqfhuwdlqw| ryhu wkh uhohydqw GJS1
Vlpxodwlrqv lq vhfwlrq 715 surylgh d �uvw dqvzhu wr wklv frqfhuq/ vlqfh hyhq zkhq wkh
hvwlpdwhg prgho lv dvvxphg wr eh plv0vshfl�hg +gxh wr vhuldo fruuhodwlrq ri wkh srolf|
vkrfn, wkh lqgxfhg eldv rq PO hvwlpdwruv lv orzhu wkdq wkdw rq JPP hvwlpdwruv1
Wklv lv dovr uh hfwhg e| hvwlpdwlrq uhvxowv lq vhfwlrq 6/ zkhuh PO hvwlpdwhv ryhu
wkh 4<:<05333 shulrg iru sdudphwhuv rq hqgrjhqrxv uhjuhvvruv dsshdu wr eh pruh
uhdvrqdeoh dqg ohvv glvshuvhg wkdq dowhuqdwlyh JPP hvwlpdwhv1 Wr lqyhvwljdwh ixuwkhu
wklv frqfhuq/ zh dvvhvv qrz zkhwkhu PO hvwlpdwlrq lv urexvw wr wkh fkrlfh ri wkh
pdfurhfrqrplf prgho1

Iluvw/ zh frqvlghu dv d pdfurhfrqrplf prgho zklfk lqfoxghv YDU0olnh htxdwlrqv
iru lq dwlrq dqg wkh rxwsxw jds1 Dv lq suhylrxv vhfwlrq/ sdudphwhuv duh dvvxphg wr
eh frqvwdqw ryhu wkh zkroh shulrg zkloh wkh prqhwdu| srolf| uxoh vkliwv lq 4<;:=T61
Lq rughu wr rewdlq vrph uhdvrqdeoh orqj0uxq surshuwlhv wr wkh v|vwhp/ zh lpsrvh
wkh iroorzlqj uhvwulfwlrqv= Iluvw/ qr orqj0uxq lq dwlrq0rxwsxw wudgh0r� lv doorzhg/ vr
wkdw/ lq wkh lq dwlrq htxdwlrq/ odjjhg lq dwlrq sdudphwhuv vxp wr rqh/ wkh frqvwdqw
lv vhw wr }hur/ dqg wkh lqwhuhvw0udwh sdudphwhuv vxp wr }hur1 Vhfrqg/ wkh rxwsxw jds
lv dvvxphg wr ghshqg rq odjv ri wkh uhdo udwh E�|3& � 7Z|3&� udwkhu wkdq rq vhsdudwh
odjv ri �| dqg 7Z|1 Vlqfh zh lqwurgxfh irxu odjv lq hdfk htxdwlrq/ vhyhq uhvwulfwlrqv
duh wkxv lpsrvhg1 Ryhudoo/ wklv pdfurhfrqrplf prgho kdv 4< sdudphwhuv/ zkloh wkh
Uxghexvfk0Vyhqvvrq prgho kdv ; sdudphwhuv rqo|1 Wklv uhsuhvhqwv erwk d sodxvl0
eoh dqg txlwh jhqhudo shuwxuedwlrq wr wkh edvholqh prgho1 Sdudphwhu hvwlpdwhv duh
rewdlqhg e| hvwlpdwlqj wklv prgho zlwk wkh PO dssurdfk1 Zh rewdlq wkh iroorzlqj
uhdfwlrq0ixqfwlrq sdudphwhuv +uhvxowv iru rwkhu htxdwlrqv duh qrw uhsruwhg wr vdyh
vsdfh,/ zlwk vwdqgdug huuruv lq sduhqwkhvlv= 4 ' f�eD� +f�2fe,/q ' ��eSH +f�2eb,/
k ' ��.f�/ +f�bb2, iru wkh �uvw0shulrg uhdfwlrq ixqfwlrq dqg 4� ' ���2D +f��fH,/
42 ' �f�D�� +f�fb�,/ q ' ��SDb +f��f�,/ � ' f�S�� +f�2�f,/ dqg k ' ��He� +f�.SD, iru
wkh vhfrqg0shulrg uhdfwlrq ixqfwlrq1

Wkhvh sdudphwhuv duh yhu| forvh wr wkrvh rewdlqhg zlwk wkh Uxghexvfk0Vyhqvvrq
prgho1 Krzhyhu/ lw fdq eh dujxhg wkdw wkh Uxghexvfk0Vyhqvvrq prgho lv lwvhoi d
sduvlprqlrxv/ frqvwudlqhg YDUprgho zklfk lpsrvhv dgglwlrqdo/ uhohydqw frqvwudlqwv1
Wr shuirup d pruh vhyhuh vhqvlwlylw| dqdo|vlv/ zh qrz frqvlghu d prgho zklfk h{whqwv
wkh Uxghexvfk0Vyhqvvrq prgho wr lqfrusrudwh vrph iruzdug0orrnlqj frpsrqhqwv lq
wkh SF dqg wkh L0V fxuyh1 Zh frqvlghu wkh k|eulg prgho sursrvhg e| Uxghexvfk
+5334,1 Wkh hpslulfdo yhuvlrq ri wklv prgho/ vxlwdeoh iru txduwhuo| gdwd/ lv=
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zkhuh o|3� ' >o E.|3�7=|n� � .|3�7Z|n��n E�� >o� E�|3� � 7Z|3�� lv d zhljkwhg frpelqd0
wlrq ri dq h{0dqwh 40|hdu udwh dqg dq h{0srvw 40|hdu udwh1 Wkh fdvh >Z ' >+ ' >o ' f
fruuhvsrqgv wr wkh edfnzdug0orrnlqj prgho ri Uxghexvfk dqg Vyhqvvrq +4<<<,1 Lq
wkh rwkhu h{wuhph prgho +>Z ' >+ ' >o ' �,/ wkh SF dqg wkh L0V fxuyh kdyh d sxuho|
Qhz0Nh|qhvldq iruzdug0orrnlqj vwuxfwxuh1 Lq vxfk d iruzdug0orrnlqj pdfurhfrqrplf
prgho/ dq lqhuwldo prqhwdu| srolf| uxoh kdv ehhq vkrzq wr eh rswlpdo +Zrrgirug/
4<<</ Vdfn dqg Zlhodqg/ 5333,1

Sdudphwhu hvwlpdwhv ri wkh k|eulg prgho duh uhsruwhg lq Wdeoh ;1 Iluvw/ wkh ghjuhh
ri iruzdug0orrnlqjqhvv ri wkh SF dqg wkh L0V fxuyh duh f��� dqg f�ee uhvshfwlyho|1
Wkh hvwlpdwh ri >Z lv eurdgo| frqvlvwhqw zlwk vrph hpslulfdo hylghqfh rewdlqhg/ iru
lqvwdqfh/ e| Urehuwv +5333,1 Wkh hvwlpdwhg ydoxh ri >+ lv frqvlvwhqw zlwk d udwkhu
kljk frvw iru dgmxvwlqj rxwsxw1 Ixkuhu +5333, rewdlqv wkdw >+ lv dssur{lpdwho| htxdo
wr f��1 Wkh zhljkw ri h{0dqwh udwh/ >o/ lv udwkhu kljk/ exw lpsuhflvho| hvwlpdwhg1 Wkh
OU whvw iru mrlqw qxoolw| ri >Z/ >+/ dqg >o uhmhfwv wkh qxoo k|srwkhvlv +zlwk d s0ydoxh
htxdo wr ��bI,/ vxjjhvwlqj wkdw wkh g|qdplfv ri lq dwlrq dqg rxwsxw jds duh lqghhg
sduwldoo| iruzdug0orrnlqj1

Hvwlpdwhv ri wkh uhdfwlrq0ixqfwlrq sdudphwhuv duh uhpdundeo| forvh wr PO hvwl0
pdwhv rewdlqhg zlwk wkh sxuho| edfnzdug0orrnlqj pdfurhfrqrplf prgho dqg wr JPP
hvwlpdwhv ryhu wkh 4<;:05333 shulrg1 Wkh uhvsrqvh wr h{shfwhg lq dwlrq lv q ' ��SD/
zkhuhdv wkh uhvsrqvh wr h{shfwhg rxwsxw jds lv � ' f�D�1 Vwdqgdug huuruv duh dovr
yhu| forvh rqh wr hdfk rwkhu1

Lq vxppdu|/ rxu suhylrxv PO hvwlpdwhv duh eurdgo| urexvw wr d fkdqjh lq wkh
pdfurhfrqrplf prgho1 Wkrxjk d frpsuhkhqvlyh dqdo|vlv ri JPP dqg PO xqghu
plv0vshfl�fdwlrq lv rxw ri wkh vfrsh ri wkh suhvhqw sdshu/ rxu ydulrxv uhvxowv lqglfdwh
wkdw PO lv d idluo| uholdeoh hvwlpdwlrq surfhgxuh lq rxu frqwh{w1

: Frqfoxvlrq
Wklv sdshu kdv uh0h{dplqhg wkh Ihghudo Uhvhuyh uhdfwlrq ixqfwlrq/ xvlqj d qrz vwdq0
gdug g|qdplf iruzdug0orrnlqj Wd|oru0uxoh vshfl�fdwlrq/ dqg lpsohphqwlqj dowhuqdwlyh
JPP dv zhoo dv PO hvwlpdwlrq surfhgxuhv1

Zh surylgh vrph ruljlqdo hpslulfdo uhvxowv1 Iluvw/ ryhu wkh edvholqh 4<:<05333
shulrg/ wkh ydulrxv JPP surfhgxuhv |lhog yhu| gl�huhqw hvwlpdwhv1 Lwhudwlyh dqg
frqwlqxrxv0xsgdwlqj JPP/ zklfk kdyh qrw riwhq ehhq frqvlghuhg lq wkh uhdfwlrq0
ixqfwlrq olwhudwxuh/ surgxfh sduwlfxoduo| kljk dqg vrphzkdw xquhdolvwlf lq dwlrq sd0
udphwhu zlwklq rxu vdpsoh1 Lq dgglwlrq/ vrph fryduldqfh0pdwul{ hvwlpdwruv ohdg wr
uhmhfwlrq ri wkh ryhu0lghqwli|lqj uhvwulfwlrqv e| wkh M0vwdwlvwlf1 Wkhvh uhvxowv duh olnho|
wr eh h{sodlqhg e| d plv0vshfl�fdwlrq ri prphqw frqglwlrqv1

Vhfrqg/ wkh PO hvwlpdwh ri wkh lq dwlrq sdudphwhu lv pxfk orzhu wkdq JPP
hvwlpdwhv/ dqg pruh lq olqh zlwk wkh Wd|oru uxoh1 Uhdfwlrq0ixqfwlrq uhvlgxdov duh dovr
irxqg wr eh vwurqjo| khwhurvnhgdvwlf dqg voljkwo| dxwrfruuhodwhg1 Ixuwkhu vfuxwlq| ri
uhvlgxdov vxjjhvwv wkdw plv0vshfl�fdwlrq frphv iurp d vkliw lq wkh uhdfwlrq ixqfwlrq1
Iluvw0shulrg uhvlgxdov duh yhu| yrodwloh/ zkhuhdv vhfrqg0shulrg uhvlgxdov glvsod| d
odujh vhuldo fruuhodwlrq1
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Wklug/ zh �qg wkdw JPP �qlwh0vdpsoh eldv lv qrw vx!flhqw wr dffrxqw iru wkh
glvfuhsdqf| ehwzhhq dowhuqdwlyh hvwlpdwruv1 Udwkhu/ wkh glvfuhsdqf| lv vkrzq wr eh
frqvlvwhqw zlwk vhuldo fruuhodwlrq ri wkh srolf| vkrfn ryhu wkh vhfrqg shulrg/ ehfdxvh lw
d�hfwv pruh vhulrxvo| JPP hvwlpdwhv wkdq PO hvwlpdwhv1 Zh lqwhusuhw vxfk d vhuldo
fruuhodwlrq dv d frqvhtxhqfh ri d vljql�fdqw vkliw lq uhdfwlrq0ixqfwlrq sdudphwhuv
lq 4<;:=T61 Wkhq/ zh vkrz wkdw/ ryhu wkh 4<;:05333 shulrg/ sdudphwhu hvwlpdwhv
duh yhu| vwdeoh dfurvv hvwlpdwlrq surfhgxuhv1 Pruhryhu/ wkh uhvsrqvh wr h{shfwhg
lq dwlrq lv pxfk orzhu wkdq ryhu wkh 4<:<05333 shulrg/ frqvlvwhqwo| zlwk wkh ydoxh
vxjjhvwhg lqlwldoo| e| Wd|oru +4<<6,1

Lq dgglwlrq/ zh rewdlq vhyhudo uhvxowv rq wkh surshuwlhv ri hvwlpdwlrq surfhgxuhv
iru iruzdug0orrnlqj prqhwdu| srolf| uxohv1 Iluvw/ doo JPP hvwlpdwruv h{klelw odujh
glvshuvlrq dqg vx�hu iurp �qlwh0vdpsoh eldv1 Lq sduwlfxodu/ wkh| whqg wr ryhuvwdwh
wkh ghjuhh wr zklfk lqwhuhvw udwh uhvsrqgv wr h{shfwhg lq dwlrq1 Krzhyhu/ wkh vl}h ri
wklv eldv lv udwkhu olplwhg1 Rxu ryhudoo dvvhvvphqw ri JPP lq wkh fdvh ri wkh uhdfwlrq
ixqfwlrq lv wkxv ohvv fulwlfdo wkdq wkdw rewdlqhg e| Ixkuhu/ Prruh/ dqg Vfkxk +4<<8,
lq wkh fdvh ri lqyhqwrulhv1

Vhfrqg/ shuirupdqfhv ri wkh wkuhh JPP hvwlpdwruv frqvlghuhg duh frqwudvwhg1
Wkh wzr0vwhs JPP hvwlpdwru h{klelwv d vpdoohu eldv/ dqg d orzhu glvshuvlrq wkdq
rwkhu JPP hvwlpdwruv1 Wklv surylghv d udwlrqdoh iru xvlqj wkdw vlpsoh dssurdfk/
dv lv xvxdoo| grqh lq hpslulfdo vwxglhv ri wkh uhdfwlrq ixqfwlrq1 Lq frqwudvw/ wkh
frqwlqxrxv0xsgdwlqj hvwlpdwru lv irxqg wr eh pruh zlgho| glvshuvhg dqg idw0wdlohg/
lq rxu vhw0xs1

Wklug/ PO lv d ihdvleoh dowhuqdwlyh wr JPP iru hvwlpdwlqj d iruzdug0orrnlqj
uhdfwlrq ixqfwlrq1 D wudglwlrqdo gudzedfn zlwk PO lv wkdw lw uhtxluhv hvwlpdwlqj d
vwuxfwxudo prgho iru iruflqj yduldeohv1 Krzhyhu/ lq wkh suhvhqw frqwh{w/ d SF2L0V
fxuyh prgho/ vxfk dv wkh Uxghexvfk0Vyhqvvrq prgho/ surylghv d idluo| uholdeoh prgho
ri wkh hfrqrp|1 Lq dgglwlrq/ hvwlpdwlrq uhvxowv vkrz vrph urexvwqhvv wr wkh prgho
xvhg1 Jlyhq wkh vdpsoh vl}hv w|slfdoo| dydlodeoh iru hvwlpdwlqj prqhwdu| srolf| uxohv/
PO vkrxog eh ylhzhg dv dq dwwudfwlyh dowhuqdwlyh wr wkh JPP dssurdfk1

; Dsshqgl{

;14 JPP hvwlpdwruv

Ohw htxdwlrq +7, eh h{suhvvhg lq vwdqgdug uhjuhvvlrq qrwdwlrq dv

+ ' fw n 0

zlwk + d EA � �� yhfwru dqg f d EA � ?� pdwul{1 f| ' E%�| ��� %?|�
� lv d yhfwru ri

revhuydwlrqv dqg w lv wkh E?� �� yhfwru ri xqnqrzq sdudphwhuv1 Ohw ~ ' E~� ��� ~A �
�

eh d EA � ^� pdwul{ ri lqvwuxphqwv/ zlwk ^ : ?1 Doo wkh ^ lqvwuxphqwv duh dvvxphg
wr eh suhghwhuplqhg/ lq wkh vhqvh wkdw wkh| duh ruwkrjrqdo wr wkh fxuuhqw huuru whup1
Iru vlpsolflw|/ lqvwuxphqwv duh dvvxphg wr eh lq wkh lqirupdwlrq vhw dydlodeoh dw gdwh
|� �/ vr wkdw . E0|~�|3�� ' f/ ;| dqg � ' �c ���c ^1 Wklv fdq eh zulwwhq dv

.}| Ew� ' f
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zkhuh }| Ew� ' E+| �f �
|w� � ~|3� ' 0| � ~|3�1

Wkh JPP hvwlpdwru/ ghqrwhg 	wC�� / lv wkh ydoxh ri w wkdw plqlpl}hv wkh vfdodu

'A Ew� ' 7}A Ew��
�
7A

�
	w
�

A

��3�

7}A Ew� +<,

zkhuh wkh E^ � �� yhfwru 7}A Ew� ' �
A

SA
|'� }| Ew� ghqrwhv wkh vdpsoh phdq ri }| Ew�1

7A

�
	w
�

A

�
lv d frqvlvwhqw hvwlpdwru ri wkh E^ � ^� fryduldqfh pdwul{ ri

s
A 7}A Ew�/ re0

wdlqhg xvlqj 	w
�

A dv d frqvlvwhqw hvwlpdwru ri w1 Wkh JPP hvwlpdwru lv wkhq gh�qhg
e|=

	wA '

#
f �~

�
7A

�
	w
�

A

��3�

~ �f

$3�

f �~
�
7A

�
	w
�

A

��3�

~ �+ +43,

zlwk dv|pswrwlf fryduldqfh pdwul{ 	l '

#
f �~

�
7A

�
	w
�

A

��3�

~ �f

$3�

1

Lq wkh sdshu/ zh lpsohphqw wkuhh dowhuqdwlyh JPP hvwlpdwruv douhdg| frqvlg0
huhg lq wkh wkhruhwlfdo olwhudwxuh1 Lq wkh �uvw dssurdfk/ wkh sdudphwhu yhfwru lv
hvwlpdwhg zlwk wkh wzr0vwhs wzr0vwdjh ohdvw vtxduhv/ ru �wzr0vwhs JPP�/ lqlwldoo|
sursrvhg e| Kdqvhq +4<;5,/ Kdqvhq dqg Vlqjohwrq +4<;5,/ Fxpe|/ Kxl}lqjd/ dqg
Revwihog +4<;6,/ dqg Kd|dvkl dqg Vlpv +4<;6,1 Dvvxplqj dq lqlwldo jxhvv iru wkh
fryduldqfh pdwul{/ vxfk dv 7

Ef�
A ' �

A

SA
|'� ~|~

�
|/ d �uvw hvwlpdwh ri wkh sdudph0

whu yhfwru/ 	w
E��

A / lv rewdlqhg xvlqj 7
Ef�
A wr zhljkw wkh prphqw frqglwlrqv/ vr wkdw

	w
E��

A '
�
f �~ E~ �~�3� ~ �f

�3�
f �~ E~ �~�3� ~ �+1 Wkhq/ wkh fryduldqfh pdwul{ 7A

�
	w
E��

A

�

lv hvwlpdwhg zlwk 	0| ' +| � f �
|
	w
E��

A xvlqj wkh surfhgxuh ghvfulehg ehorz1 Odvw/ wkh

wzr0vwhs JPP hvwlpdwru/ ghqrwhg 	w
E2�

A / lv rewdlqhg e| plqlpl}lqj htxdwlrq +<,1
Wkh vhfrqg dssurdfk/ vxjjhvwhg e| Ihuvrq dqg Irhuvwhu +4<<7, ru Kdqvhq/ Khdwrq/

dqg \durq +4<<9,/ uholhv rq hvwlpdwlqj sdudphwhuv dqg wkh fryduldqfh pdwul{ uhfxu0

vlyho|1 Ehjlqqlqj zlwk wkh wzr0vwhs hvwlpdwru/ dw hdfk vwhs �/ 7A

�
	w
E�3��

A

�
lv xvhg wr

frqvwuxfw wkh qhz sdudphwhu yhfwru 	w
E��

A 1 Wkh �lwhudwlyh JPP� hvwlpdwru/ ghqrwhg
	w
E"�

A / lv rewdlqhg zkhq frqyhujhqfh ri wkh sdudphwhu yhfwru lv uhdfkhg ru zkhq �
dwwdlqv d pd{lpdo qxpehu ri lwhudwlrqv147

Lq wkh odvw dssurdfk/ fdoohg �frqwlqxrxv0xsgdwlqj JPP�/ ghyhorshg e| Kdqvhq/
Khdwrq/ dqg \durq +4<<9, dqg vwxglhg lq Vwrfn dqg Zuljkw +5333, dqg Qhzh| dqg
Vplwk +5333,/ wkh fryduldqfh pdwul{ dqg wkh sdudphwhu yhfwru duh vlpxowdqhrxvo|
ghwhuplqhg lq wkh plqlpl}dwlrq1 Wkhuhiruh/ wkh frqwlqxrxv0xsgdwlqj hvwlpdwru lv wkh
vroxwlrq ri wkh iroorzlqj sureohp

4�?
tw�

7}A Ew�� E7A Ew��3� 7}A Ew� 1

47Zh dgrsw pd{ilj
�
a�
+m,

lW � a�
+m�4,

lW

�
? 43�8 dv wkh frqyhujhqfh fulwhulrq/ zkhuh a�

+m,

lW ghqrwhv wkh

lwk hohphqw ri a�
+m,

W / wkh hvwlpdwh ri wkh sdudphwhu yhfwru dw wkh mwk lwhudwlrq1 Wkh pd{lpdo qxpehu
ri lwhudwlrqv lv fkrvhq htxdo wr 43331
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JPP hvwlpdwhv duh mxvwl�hg rq dv|pswrwlf jurxqgv1 Vpdoo0vdpsohv surshuwlhv ri
wkh JPP surfhgxuh kdyh ehhq vwxglhg lq d qxpehu ri sdshuv1 Wkh jhqhudo uhvxow lv
wkdw wkh dv|pswrwlf wkhru| surylghv d srru dssur{lpdwlrq lq �qlwh vdpsohv1 Xvlqj
Prqwh0Fduor h{shulphqwv/ Wdxfkhq +4<;9,/ Nrfkhuodnrwd +4<<3,/ dqg Dqghuvhq dqg
Vûuhqvhq +4<<9, surylghg hylghqfh wkdw JPP hvwlpdwhv fdq eh vwurqjo| eldvhg lq
vpdoo vdpsohv1 Wkh dowhuqdwlyh JPP hvwlpdwruv kdyh wkh vdph dv|pswrwlf glvwul0
exwlrq1 Qhyhuwkhohvv/ wkh frqwlqxrxv0xsgdwlqj JPP r�huv wkh dgydqwdjh ryhu wkh
wzr0vwhs dqg lwhudwlyh JPP wkdw hvwlpdwhv duh lqyduldqw zlwk uhvshfw wr wkh lqlwldo
fryduldqfh pdwul{ iru 7A c dqg zlwk uhvshfw wr wkh qrupdol}dwlrq ri wkh htxdwlrq ri
lqwhuhvw1 Wkh lwhudwlyh JPP dssurdfk kdv ehhq dgyrfdwhg e| Nrfkhuodnrwd +4<<3,/
Ihuvrq dqg Irhuvwhu +4<<7,1 Edvhg rq Prqwh0Fduor vlpxodwlrqv/ wkh| �qg lwhudwlyh
JPP wr kdyh vxshulru �qlwh0vdpsoh surshuwlhv dv frpsduhg zlwk wkh wzr0vwhs JPP1
Kdqvhq/ Khdwrq/ dqg \durq +4<<9, dovr frpsduh wkh �qlwh0vdpsoh surshuwlhv ri wkhvh
dowhuqdwlyh JPP hvwlpdwruv1 Lq vrph fdvhv/ wkh wzr0vwhs dqg wkh lwhudwlyh hvwlpdwruv
duh irxqg wr eh pruh zlgho| phgldq eldvhg wkdq wkh frqwlqxrxv0xsgdwlqj hvwlpdwru1
Exw/ wkh glvwulexwlrq ri wkh frqwlqxrxv0xsgdwlqj hvwlpdwru kdv pxfk idwwhu wdlov1

Hvwlpdwlqj wkh fryduldqfh pdwul{ 7A kdv ehhq zlgho| glvfxvvhg lq wkh wkhruhwlfdo
olwhudwxuh1 Dq dv|pswrwlfdoo| h!flhqw hvwlpdwru lv rewdlqhg e| fkrrvlqj d frqvlvwhqw
hvwlpdwru ri T ' .

�
}| Ew� }| Ew�

�� ' . E02|~|~
�
|� wkh fryduldqfh pdwul{ ri }| Ew�1 Zkhq

lqqrydwlrqv duh olnho| wr eh khwhurvnhgdvwlf dqg vhuldoo| fruuhodwhg/ wkh fryduldqfh
pdwul{ fdq eh frqvlvwhqwo| hvwlpdwhg e| wkh hvwlpdwru sursrvhg e| Qhzh| dqg Zhvw
+4<;:,=

	7A

�
	wA

�
' 7f n

u[
,'�

� E,� E7, n 7�
,� zlwk 7, '

�

A

A[
|',n�

	0|	0|3,

�
~|3�~

�
|3�3,

�

zkhuh 	0| ' +| � f �
|
	wA dqg � E,� ' � � ,

un�
ghqrwhv wkh Eduwohww nhuqho1 Wkh edqg0

zlgwk u lv ghwhuplqhg e| wkh fruuhodwlrq vwuxfwxuh ri prphqw frqglwlrqv zklfk lv
nqrzq d sulrul lq vrph dssolfdwlrq +Qhzh| dqg Zhvw/ 4<;:,1 Dqguhzv dqg Prqdkdq
+4<<5, dqg Qhzh| dqg Zhvw +4<<7, dovr sursrvhg lpsuryhg whfkqltxhv wr hvwlpdwh
wkh fryduldqfh pdwul{1 Lq frqwudvw wr Qhzh| dqg Zhvw +4<;:,/ erwk dssurdfkhv vxj0
jhvw wr suhzklwhq wkh prphqw frqglwlrqv dqg wr xvh d gdwd0ghshqghqw edqgzlgwk1
Lq Dqguhzv dqg Prqdkdq +4<<5,/ wkh rswlpdo edqgzlgwk lv frpsxwhg dvvxplqj dq
DU+4, surfhvv iru wkh prphqw frqglwlrqv/ zkhuhdv wkh edqgzlgwk lv frpsxwhg qrq0
sdudphwulfdoo| lq Qhzh| dqgZhvw +4<<7,1 Lq dgglwlrq/ Dqguhzv dqg Prqdkdq +4<<5,
vxjjhvw xvlqj wkh txdgudwlf vshfwudo nhuqho udwkhu wkdq wkh Eduwohww nhuqho +vhh wkhvh
wzr sdshuv iru dgglwlrqdo ghwdlov ri wkh surfhgxuhv,1

Zh frqvlghu wkuhh yduldqwv ri wkh fryduldqfh0pdwul{ hvwlpdwru= +4, 7�A lv wkh
hvwlpdwru sursrvhg e| Qhzh| dqg Zhvw +4<;:, zlwk u ' e1 +5, 72A lv wkh hvwlpdwru
sursrvhg e| Dqguhzv dqg Prqdkdq +4<<5,1 +6, 7�A lv wkh hvwlpdwru vxjjhvwhg e|
Qhzh| dqg Zhvw +4<<7,1

Dqrwkhu lpsruwdqw ihdwxuh ri JPP hvwlpdwlrq lv wkdw wkh lqirupdwlrq vhw pd|
frqwdlq pruh lqvwuxphqwv wkdq xqnqrzq sdudphwhuv +surylghg ^ : ?,1 Lq vxfk d
fdvh/ zkhq wkh prgho lv fruuhfwo| vshfl�hg/ doo wkh hohphqwv ri wkh vdpsoh prphqwv
7}A

�
	wA

�
duh forvh wr }hur/ exw wkh| fdqqrw eh vhw wr }hur h{dfwo|1 Lw wxuqv rxw wkdw li
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wkh fryduldqfh pdwul{ 7A lv fkrvhq rswlpdoo|/ wkhq wkh plqlpl}hg glvwdqfh

aA ' A 7}A
�
	wA

��
E7A �

3� 7}A
�
	wA

�

lv dv|pswrwlfdoo| glvwulexwhg dv d �2 zlwk ^ � ? ghjuhhv ri iuhhgrp1 Wklv surylghv
xv zlwk Kdqvhq*v whvw ri wkh ryhu0lghqwli|lqj uhvwulfwlrqv +Kdqvhq/ 4<;5,1 D uhmhfwlrq
ri wkhvh uhvwulfwlrqv zrxog lqglfdwh wkdw vrph yduldeohv lq wkh lqirupdwlrq vhw idlo wr
vdwlvi| wkh ruwkrjrqdolw| frqglwlrqv1

;15 Wkh PO dssurdfk

PO hvwlpdwlrq ri wkh uhdfwlrq ixqfwlrq/ wrjhwkhu zlwk wkh SF dqg wkh L0V fxuyh lv
lpsohphqwhg xvlqj wkh surfhgxuh ghyhorshg e| Dqghuvrq dqg Prruh +4<;8,/ zklfk
frpsxwhv wkh uhgxfhg irup ri dq| olqhdu iruzdug0orrnlqj prgho1 Rxu iruzdug0orrnlqj
prgho fdq eh zulwwhq lq wkh irupdw

f[
�'3�

M�%|n� n
w[

�'�

M�.| E%|n�� ' e| +44,

zkhuh %| ' EZ|c +|c �|�
� dqg M� duh frqirupdeoh vtxduh pdwulfhv frqwdlqlqj wkh prgho*v

sdudphwhuv1 Wkh lqqrydwlrqv e| duh dvvxphg wr eh llg zlwk }hur phdq dqg fryduldqfh
pdwul{ P1 � dqg w ghqrwh ohdgv dqg odjv uhvshfwlyho|1 Lq rxu hpslulfdo dssolfdwlrq/
zh kdyh � ' w ' e1 Iru lqvwdqfh/ iruzdug0orrnlqj whupv duh lq dwlrq dv zhoo dv
rxwsxw jds ohdgv lq wkh uhdfwlrq ixqfwlrq/ lq wkh fdvh ri wkh sxuho| edfnzdug0orrnlqj
pdfurhfrqrplf prgho1

Xvlqj wkh jhqhudol}hg vdggohsdwk surfhgxuh ri Dqghuvrq dqg Prruh +4<;8,/ wkh
h{shfwdwlrq ri ixwxuh whupv lq htxdwlrq +44, lv h{suhvvhg dv d ixqfwlrq ri h{shfwdwlrqv
ri odjjhg whupv=

.| E%|n&� '
3�[

�'3�

��.| E%|n&n�� & : f1 +45,

Wkhq/ htxdwlrq +45, lv xvhg wr ghulyh wkh h{shfwdwlrq ri ixwxuh whupv dv d ixqfwlrq
ri wkh suhvhqw dqg sdvw whupv1 Vxevwlwxwlqj h{shfwdwlrqv lqwr htxdwlrq +44, jlyhv wkh
vr0fdoohg revhuydeoh vwuxfwxuh

f[
�'3�

7�%|n� ' e|1 +46,

Wkh surfhgxuh sursrvhg e| Dqghuvrq dqg Prruh +4<;8, lv yhu| h!flhqw dqg fdq
eh dssolhg wr d zlgh udqjh ri dssolfdwlrqv1 Lw kdv ehhq zlgho| xvhg lq wkh hpslulfdo
olwhudwxuh +vhh/ h1j1/ Ixkuhu/ Prruh/ dqg Vfkxk/ 4<<8/ Ixkuhu dqg Prruh/ 4<<8d dqg
e,1 Qrwh wkdw jlyhq wkh uhfxuvlyh vwuxfwxuh ri rxu prgho/ 7f lv htxdo wr lghqwlw|1

Ilqdoo|/ wkh frqfhqwudwhg orj0olnholkrrg ixqfwlrq lv frpsxwhg xvlqj wkh revhuydeoh
vwuxfwxuh +46,=

*?u ' ��

2
?A d� n *? E2Z�o� A

2
*?

���	P���
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zkhuh 	P ' �
A

SA
|'� 	e|	e

�
| lv wkh hvwlpdwhg fryduldqfh pdwul{ ri uhvlgxdov1 Wkh orj0

olnholkrrg ixqfwlrq lv pd{lpl}hg xvlqj wkh EIJV dojrulwkp ri wkh JDXVV frqvwudlqhg
rswlpl}dwlrq surfhgxuh1 Iru Prqwh0Fduor vlpxodwlrqv/ wkh pd{lpxp qxpehu ri lwhu0
dwlrqv lv fkrvhq htxdo wr 5331 Qrwh wkdw/ lq wkh surfhgxuh xvhg/ suh0vdpsoh lqlwldo
ydoxhv ri wkh yduldeohv ri lqwhuhvw duh wuhdwhg dv ghwhuplqlvwlf1 Wkh sdudphwhu fr0
yduldqfh pdwul{ lv frpsxwhg xvlqj wkh lqyhuvh ri wkh Khvvldq ri wkh orj0olnholkrrg
ixqfwlrq1
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Uhihuhqfhv
^4` Dqghuvhq/ W1 J1/ dqg E1 H1 Vûuhqvhq +4<<9,/ JPP Hvwlpdwlrq ri d Vwrfkdvwlf

Yrodwlolw| Prgho= D Prqwh Fduor Vwxg|/ Mrxuqdo ri Exvlqhvv dqg Hfrqrplf
Vwdwlvwlfv/ 47+6,/ 65;�6851

^5` Dqghuvrq/ J1 D1/ dqg J1 U1 Prruh +4<;8,/ D Olqhdu Dojheudlf Surfhgxuh iru
Vroylqj Shuihfw Iruhvljkw Prghov/ Hfrqrplfv Ohwwhuv/ 4:/ 57:�5851

^6` Dqguhzv/ G1 Z1 N1 +4<<4,/ Khwhurvnhgdvwlflw| dqg Dxwrfruuhodwlrq Frqvlvwhqw
Pdwul{ Hvwlpdwlrq/ Hfrqrphwulfd/ 8<+6,/ ;4:�;8;1

^7` Dqguhzv/ G1 Z1 N1/ dqg U1 F1 Idlu +4<;;,/ Lqihuhqfh lq Qrqolqhdu Hfrqrphwulf
Prghov zlwk Vwuxfwxudo Fkdqjh/ Uhylhz ri Hfrqrplf Vwxglhv/ 88+7,/ 948�9731
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flhv/ lq M1 E1 Wd|oru +hg,/ Prqhwdu| Srolf| Uxohv/ QEHU Frqihuhqfh Uhsruw
vhulhv1 Fklfdjr dqg Orqgrq/ Xqlyhuvlw| ri Fklfdjr Suhvv/ 48:�4<51

^;` Fodulgd/ U1/ M1 Jdoð/ dqg P1 Jhuwohu +4<<;,/ Prqhwdu| Srolf| Uxohv lq Sudfwlfh=
Vrph Lqwhuqdwlrqdo Hylghqfh/ Hxurshdq Hfrqrplf Uhylhz/ 75+9,/ 4366�439:1
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Suhvv/ 696�7391
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ulfv/ 54+6,/ 666�6881
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^47` Idxvw/ M1/ M1 K1 Urjhuv/ dqg M1 K1 Zuljkw +5334,/ Dq Hpslulfdo Frpsdulvrq ri
Exqghvedqn dqg HFE Prqhwdu| Srolf| Uxohv/ Lqwhuqdwlrqdo Ilqdqfh Glvfxvvlrq
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Uhylhz/ ;8+4,/ 54<�56<1

^4;` Ixkuhu/ M1 F1/ dqg J1 U1 Prruh +4<<8e,/ Lq dwlrq Shuvlvwhqfh/ Txduwhuo| Mrxuqdo
ri Hfrqrplfv/ 443+4,/ 45:�4931

^4<` Ixkuhu/ M1 F1/ J1 U1 Prruh/ dqg V1 G1 Vfkxk +4<<8,/ Hvwlpdwlqj wkh Olqhdu
Txdgudwlf Lqyhqwru| Prgho1 Pd{lpxp Olnholkrrg yhuvxv Jhqhudol}hg Phwkrg ri
Prphqwv/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 68+4,/ 448�48:1

^53` Jhuodfk/ V1/ dqg J1 Vfkqdeho +4<<<,/ Wkh Wd|oru Uxoh dqg Lqwhuhvw Udwhv lq wkh
HPX Duhd= D Qrwh/ Hfrqrplfv Ohwwhuv/ 9:+5,/ 498�4:41

^54` Kdoo/ D1 U1/ dqg U1 M1 Urvvdqd +4<<4,/ Hvwlpdwlqj wkh Vshhg ri Dgmxvwphqw lq
Sduwldo Dgmxvwphqw Prghov/ Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv/ <+7,/
774�7861

^55` Kdoo/ D1 U1/ J1 G1 Uxghexvfk/ dqg G1 Z1 Zlofr{ +4<<9,/ Mxgjlqj Lqvwuxphqw
Uhohydqfh lq Lqvwuxphqwdo Yduldeohv Hvwlpdwlrq/ Lqwhuqdwlrqdo Hfrqrplf Uhylhz/
6:+5,/ 5;6�5<;1

^56` Kdqvhq/ O1 S1 +4<;5,/ Odujh Vdpsoh Surshuwlhv ri Jhqhudol}hg Phwkrg ri Pr0
phqwv Hvwlpdwru/ Hfrqrphwulfd/ 83+7,/ 435<�43871

^57` Kdqvhq/ O1 S1/ M1 Khdwrq/ dqg D1 \durq +4<<9,/ Ilqlwh0Vdpsoh Surshuwlhv ri
Vrph Dowhuqdwlyh JPP Hvwlpdwruv/ Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlv0
wlfv/ 47+6,/ 595�5;31

^58` Kdqvhq/ O1 S1/ dqg N1 M1 Vlqjohwrq +4<;5,/ Jhqhudol}hg Lqvwuxphqwdo Yduldeohv
Hvwlpdwlrq ri Qrqolqhdu Udwlrqdo H{shfwdwlrqv Prghov/ Hfrqrphwulfd/ 83+8,/
459<�45;91

^59` Kd|dvkl/ I1/ dqg F1 D1 Vlpv +4<;6,/ Qhduo| H!flhqw Hvwlpdwlrq ri Wlph Vhulhv
Prghov zlwk Suhghwhuplqhg/ exw Qrw H{rjhqrxv/ Lqvwuxphqwv/ Hfrqrphwulfd/
84+6,/ :;6�:<;1

^5:` Mxgg/ M1 S1/ dqg J1 G1 Uxghexvfk +4<<;,/ Wd|oru*v Uxoh dqg wkh Ihg= 4<:304<<:/
IUEVI Hfrqrplf Uhylhz/ 6/ 6�491
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^5;` Nhuu/ Z1/ dqg U1 J1 Nlqj +4<<8,/ Olplwv rq Lqwhuhvw Udwh Uxohv lq wkh LV Prgho/
Hfrqrplf Txduwhuo|/ ;5+5,/ 7:�:81

^5<` Nrfkhuodnrwd/ Q1 U1 +4<<3,/ Rq Whvwv ri Uhsuhvhqwdwlyh Frqvxphu Dvvhw Sulflqj
Prghov/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 59+5,/ 5;8�6371

^63` PfQhhv/ V1 N1 +4<;8,/ Prgholqj wkh Ihg= D Iruzdug0Orrnlqj Prqhwdu| Srolf|
Uhdfwlrq Ixqfwlrq/ Ihghudo Uhvhuyh Edqn ri Ervwrq Qhz Hqjodqg Hfrqrplf
Uhylhz/ Qryhpehu2Ghfhpehu/ 6�;1

^64` PfQhhv/ V1 N1 +4<<5,/ D Iruzdug0Orrnlqj Prqhwdu| Srolf| Uhdfwlrq Ixqfwlrq=
Frqwlqxlw| dqg Fkdqjh/ Ihghudo Uhvhuyh Edqn ri Ervwrq Qhz Hqjodqg Hfrqrplf
Uhylhz/ Qryhpehu2Ghfhpehu/ 6�461

^65` Pdggdod/ J1 V1/ dqg M1 Mhrqj +4<<5,/ Rq wkh H{dfw Vpdoo Vdpsoh Glvwulexwlrq
ri wkh Lqvwuxphqwdo Yduldeoh Hvwlpdwru/ Hfrqrphwulfd/ 93+4,/ 4;4�4;61

^66` Phkud/ \1 S1 +4<<<,/ D Iruzdug0Orrnlqj Prqhwdu| Srolf| Uhdfwlrq Ixqfwlrq/
Ihghudo Uhvhuyh Edqn ri Ulfkprqg/ Hfrqrplf Txduwhuo|/ ;8+5,/ 66�861

^67` Qhovrq/ F1 U1/ dqg U1 Vwduw} +4<<3,/ Vrph Ixuwkhu Uhvxowv rq wkh H{dfw Vpdoo
Vdpsoh Surshuwlhv ri wkh Lqvwuxphqwdo Yduldeoh Hvwlpdwru/ Hfrqrphwulfd/ 8;+7,/
<9:�<:91

^68` Qhovrq/ H1 +5333,/ XN Prqhwdu| Srolf| 4<:50<:= D Jxlgh Xvlqj Wd|oru Uxohv/
Edqn ri Hqjodqg Zrunlqj Sdshu 4531

^69` Qhzh|/ Z1 N1/ dqg U1 M1 Vplwk +5333,/ Dv|pswrwlf Eldv dqg Htxlydohqfh ri
JPP dqg JHO Hvwlpdwruv/ Xqlyhuvlw| ri Eulvwro/ Ghsduwphqw ri Hfrqrplfv
Glvfxvvlrq Sdshu 34284:1

^6:` Qhzh|/ Z1 N1/ dqg N1 G1 Zhvw +4<;:,/ D Vlpsoh/ Srvlwlyh Gh�qlwh/ Khwhurvfhgdv0
wlflw| dqg Dxwrfruuhodwlrq Frqvlvwhqw Fryduldqfh Pdwul{/ Hfrqrphwulfd/ 88+6,/
:36�:3;1

^6;` Qhzh|/ Z1 N1/ dqg N1 G1 Zhvw +4<<7,/ Dxwrpdwlf Odj Vhohfwlrq lq Fryduldqfh
Pdwul{ Hvwlpdwlrq/ Uhylhz ri Hfrqrplf Vwxglhv/ 94+7,/ 964�9861

^6<` Ruskdqlghv/ D1 +5333,/ Wkh Txhvw iru Survshulw| zlwkrxw Lq dwlrq/ HFE Zrun0
lqj Sdshu 481

^73` Ruskdqlghv/ D1 +5334,/ Prqhwdu| Srolf| Uxohv Edvhg rq Uhdo Wlph Gdwd/ Dphu0
lfdq Hfrqrplf Uhylhz/ <4+7, <97�<;81

^74` Shhuvpdq/ J1/ dqg I1 Vphwv +4<<<,/ Wkh Wd|oru Uxoh= D Xvhixo Prqhwdu| Srolf|
Ehqfkpdun iru wkh Hxur DuhdB Lqwhuqdwlrqdo Ilqdqfh/ 5+4,/ ;8�4491

^75` Uxghexvfk/ J1 G1 +5334,/ Whup Vwuxfwxuh Hylghqfh rq Lqwhuhvw Udwh Vprrwklqj
dqg Prqhwdu| Srolf| Lqhuwld/ iruwkfrplqj lq Mrxuqdo ri Prqhwdu| Hfrqrplfv1
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^76` Uxghexvfk/ J1 G1/ dqg O1 H1 R1 Vyhqvvrq +4<<<,/ Srolf| Uxohv iru Lq dwlrq
Wdujhwlqj/ lq M1 E1 Wd|oru +hg,/Prqhwdu| Srolf| Uxohv/ QEHUFrqihuhqfh Uhsruw
vhulhv1 Fklfdjr dqg Orqgrq/ Xqlyhuvlw| ri Fklfdjr Suhvv/ 536�5791

^77` Vdfn/ E1/ dqg Y1 Zlhodqg +5333,/ Lqwhuhvw0Udwh Vprrwklqj dqg Rswlpdo Prqh0
wdu| Srolf|= D Uhylhz ri Uhfhqw Hpslulfdo Hylghqfh/ Mrxuqdo ri Hfrqrplfv dqg
Exvlqhvv/ 85+405,/ 538�55;1

^78` Vdzd/ W1 +4<:;,/ Wkh H{dfw Prphqw ri wkh Ohdvw Vtxduh Hvwlpdwru iru wkh
Dxwruhjuhvvlyh Prgho/ Mrxuqdo ri Hfrqrphwulfv/ ;+5,/ 48<�4:51

^79` Vplwk/ G1 F1 +4<<<,/ Ilqlwh Vdpsoh Surshuwlhv ri Whvwv ri wkh Hsvwhlq0]lq Dvvhw
Sulflqj Prgho/ Mrxuqdo ri Hfrqrphwulfv/ <6+4,/ 446�47;1

^7:` Vwdljhu/ G1/ dqg M1 K1 Vwrfn +4<<:,/ Lqvwuxphqwdo Yduldeohv Uhjuhvvlrq zlwkZhdn
Lqvwuxphqwv/ Hfrqrphwulfd/ 98+6,/ 88:�8;91

^7;` Vwrfn/ M1 K1/ dqg M1 Zuljkw +5333,/ JPP zlwk Zhdn Lghqwl�fdwlrq/ Hfrqrphw0
ulfd/ 9;+8,/ 4388�43<91

^7<` Vyhqvvrq/ O1 H1 R1 +4<<:,/ Lq dwlrq Iruhfdvw Wdujhwlqj= Lpsohphqwlqj dqg Prq0
lwrulqj Lq dwlrq Wdujhwv/ Hxurshdq Hfrqrplf Uhylhz/ 74+9,/ 4444�44791

^83` Wdxfkhq/ J1 +4<;9,/ Vwdwlvwlfdo Surshuwlhv ri Jhqhudol}hg Phwkrg0ri0Prphqwv
Hvwlpdwruv ri Vwuxfwxudo Sdudphwhuv Rewdlqhg iurp Ilqdqfldo Pdunhw Gdwd/
Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv/ 7+7,/ 6<:�7581

^84` Wd|oru/ M1 E1 +4<<6,/ Glvfuhwlrq Yhuvxv Srolf| Uxohv lq Sudfwlfh/ Fduqhjlh0
Urfkhvwhu Frqihuhqfh Vhulhv rq Sxeolf Srolf|/ 6</ 4<8�5471

^85` Wd|oru/ M1 E1 +4<<<d,/ Dq Klvwrulfdo Dqdo|vlv ri Prqhwdu| Srolf| Uxohv/ lq M1 E1
Wd|oru +hg,/ Prqhwdu| Srolf| Uxohv/ QEHU Frqihuhqfh Uhsruw vhulhv1 Fklfdjr
dqg Orqgrq/ Xqlyhuvlw| ri Fklfdjr Suhvv/ 64<�6741

^86` Wd|oru/ M1 E1 +4<<<e,/ Wkh Urexvwqhvv dqg H!flhqf| ri Prqhwdu| Srolf| Uxohv
dv Jxlgholqhv iru Lqwhuhvw Udwh Vhwwlqj e| wkh Hxurshdq Fhqwudo Edqn/ Mrxuqdo
ri Prqhwdu| Hfrqrplfv/ 76+6,/ 988�9:<1

^87` Zrrgirug/ P1 +4<<<,/ Rswlpdo Prqhwdu| Srolf| Lqhuwld/ Pdqfkhvwhu Vfkrro/ 9:/
vxssohphqw 4<<</ 4�681
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Fdswlrqv

Wdeoh 4= Wkh wdeoh uhsruwv sdudphwhu hvwlpdwhv ri wkh uhdfwlrq ixqfwlrq +htxdwlrq
+7,, e| ydulrxv JPP surfhgxuhv ryhu wkh 4<:<�5333=T6 shulrg1 Wzr0vwhs/ lwhudwlyh/
dqg frqwlqxrxv0xsgdwlqj hvwlpdwruv duh glvsod|hg lq Sdqho D/ E/ dqg F uhvshfwlyho|1
Ghwdlov rq wkhvh hvwlpdwruv dqg rq wkh fryduldqfh0pdwul{ hvwlpdwruv 7�A / 72A / dqg
7�A duh surylghg lq wkh Dsshqgl{1 Wkh lqvwuxphqwv vhw lqfoxghv/ lq dgglwlrq wr wkh
frqvwdqw whup/ irxu odjv ri wkh Ixqgv udwh/ lq dwlrq/ dqg wkh rxwsxw jds1

Wdeoh 5= Wkh wdeoh uhsruwv sdudphwhu hvwlpdwhv dqg uhvlgxdo vxppdu| vwdwlvwlfv
iru wkh PO mrlqw hvwlpdwlrq ri htxdwlrqv +7,/ +8,/ dqg +9, ryhu wkh 4<:<05333=T6
shulrg1 ' Eg� lv wkh Omxqj0Er{ vwdwlvwlf/ zklfk whvwv wkh qxoo wkdw wkh �uvw g vhuldo
fruuhodwlrqv ri uhvlgxdov duh mrlqwo| }hur1 - Eg� lv wkh Hqjoh vwdwlvwlf/ zklfk whvwv
wkh qxoo wkdw wkh �uvw g vhuldo fruuhodwlrqv ri vtxduhg uhvlgxdov duh mrlqwo| }hur1
Xqghu wkh qxoo/ wkhvh vwdwlvwlfv duh glvwulexwhg dv d �2 Eg�1 M0E lv wkh Mdutxh0Ehud
vwdwlvwlf/ zklfk whvwv wkh qxoo ri qrupdolw|1 Xqghu wkh qxoo/ lw lv glvwulexwhg dv d
�2 E2�1 vhh ghqrwhv wkh vwdqgdug huuru ri uhvlgxdo hvwlpdwhv1 orj0O ghqrwhv wkh vdpsoh
orj0olnholkrrg1

Wdeoh 6= Wklv wdeoh glvsod|v wkh glvwulexwlrq ri dowhuqdwlyh JPP dqg PO hvwlpd0
wruv ri wkh uhdfwlrq0ixqfwlrq sdudphwhuv1 Wkh GJS lv jlyhq e| htxdwlrqv +7,/ +8,/ dqg
+9,/ zkloh sdudphwhuv duh wkrvh rewdlqhg e| PO +Wdeoh 5,1 Wkh vdpsoh vl}h lv A ' HD
+Wdeoh 6d, ru A ' 2ff +Wdeoh 6e,1 Iru hdfk sdudphwhu/ wkh phdq/ vwdqgdug ghyl0
dwlrq/ phgldq/ 43wk shufhqwloh dqg <3wk shufhqwloh ri wkh glvwulexwlrq duh uhsruwhg1
Wuxqfdwhg frqwlqxrxv0xsgdwlqj fruuhvsrqgv wr hvwlpdwhv zkrvh vprrwklqj sdudph0
whu 4� olhv lqvlgh wkh lqwhuydo d��c �o1 Uhmhfwlrq udwhv duh wkh shufhqwdjhv ri wkh 5333
uhsolfdwlrqv lq zklfk wkh Kdqvhq*v M0vwdwlvwlf h{fhhgv wkh uhohydqw fulwlfdo ydoxh ri wkh
�2 glvwulexwlrq1 Iru wkh frqwlqxrxv0xsgdwlqj JPP dssurdfk/ �jxuhv lq sduhqwkhvlv
lqglfdwh wkh iuhtxhqf| ri lwhudwlrqv zklfk zhuh glvfdughg ehiruh frpsxwlqj vxppdu|
vwdwlvwlfv1

Wdeoh 7= Wklv wdeoh glvsod|v wkh glvwulexwlrq ri dowhuqdwlyh JPP dqg PO hv0
wlpdwruv ri wkh uhdfwlrq0ixqfwlrq sdudphwhuv1 Wkh GJS lv jlyhq e| htxdwlrqv +7,/
+8,/ dqg +9,/ zkloh sdudphwhuv duh wkrvh rewdlqhg e| PO +Wdeoh 5,1 Ryhu wkh �uvw
vxeshulrg +f��DA �uvw revhuydwlrqv,/ wkh srolf| vkrfn lv dvvxphg wr eh llg/ zkhuhdv
ryhu wkh vhfrqg vxeshulrg wkh srolf| vkrfn kdv d �uvw0rughu fruuhodwlrq ri 31:71 Wkh
vdpsoh vl}h lv A ' HD +Wdeoh 7d, ru A ' 2ff +Wdeoh 7e,1 Iru hdfk sdudphwhu/ wkh
phdq/ vwdqgdug ghyldwlrq/ phgldq/ 43wk shufhqwloh dqg <3wk shufhqwloh ri wkh glvwul0
exwlrq duh uhsruwhg1 Wuxqfdwhg frqwlqxrxv0xsgdwlqj fruuhvsrqgv wr hvwlpdwhv zkrvh
vprrwklqj sdudphwhu 4� olhv lqvlgh wkh lqwhuydo d��c �o1 Uhmhfwlrq udwhv duh wkh shu0
fhqwdjhv ri wkh 5333 uhsolfdwlrqv lq zklfk wkh Kdqvhq*v M0vwdwlvwlf h{fhhgv wkh uhohydqw
fulwlfdo ydoxh ri wkh �2 glvwulexwlrq1 Iru wkh frqwlqxrxv0xsgdwlqj JPP dssurdfk/
�jxuhv lq sduhqwkhvlv lqglfdwh wkh iuhtxhqf| ri lwhudwlrqv zklfk zhuh glvfdughg ehiruh
frpsxwlqj vxppdu| vwdwlvwlfv1
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Wdeoh 8= Wklv wdeoh uhsruwv whvwv iru vwdelolw| ri uhdfwlrq0ixqfwlrq sdudphwhuv1
Wkh vkliw lv dvvxphg wr rffxu/ li dq|/ lq 4<;:=T61 Iru JPP/ wkh whvw lv edvhg rq wkh
Zdog vwdwlvwlf/ zklfk lv glvwulexwhg dv d �2 Ee�1 Uhvxowv iru wkh frqwlqxrxv0xsgdwlqj
hvwlpdwru duh qrw uhsruwhg/ ehfdxvh wkh dojrulwkp idlohg wr frqyhujh ryhu erwk vxe0
shulrgv1 Iru PO/ wkh whvw lv edvhg rq wkh Olnholkrrg0Udwlr vwdwlvwlf1 Wkh iroorzlqj
qxoo k|srwkhvhv duh frqvlghuhg= vwdelolw| ri wkh uhdfwlrq0ixqfwlrq sdudphwhuv/ vwdelo0
lw| ri pdfurhfrqrplf sdudphwhuv/ dqg vwdelolw| ri doo sdudphwhuv1 Wkh whvw vwdwlvwlfv
duh glvwulexwhg dv d �2 zlwk 8/ ;/ dqg 46 sdudphwhuv uhvshfwlyho|1 orj0O ghqrwhv wkh
vdpsoh orj0olnholkrrg1 gri ghqrwhv wkh ghjuhh ri iuhhgrp ri wkh whvw vwdwlvwlf1

Wdeoh 9= Wkh wdeoh uhsruwv sdudphwhu hvwlpdwhv ri wkh uhdfwlrq ixqfwlrq +htxd0
wlrq +7,, e| ydulrxv JPP surfhgxuhv ryhu wkh 4<;:=T6�5333=T6 shulrg1 Wzr0vwhs/
lwhudwlyh/ dqg frqwlqxrxv0xsgdwlqj hvwlpdwruv duh glvsod|hg lq Sdqho D/ E/ dqg F uh0
vshfwlyho|1 Ghwdlov rq wkhvh hvwlpdwruv dqg rq wkh fryduldqfh0pdwul{ hvwlpdwruv 7�A /
72A / dqg 7�A duh surylghg lq wkh Dsshqgl{1 Wkh lqvwuxphqwv vhw lqfoxghv/ lq dgglwlrq
wr wkh frqvwdqw whup/ irxu odjv ri wkh Ixqgv udwh/ lq dwlrq/ dqg wkh rxwsxw jds1

Wdeoh := Wkh wdeoh uhsruwv sdudphwhu hvwlpdwhv dqg uhvlgxdo vxppdu| vwdwlvwlfv
iru wkh PO mrlqw hvwlpdwlrq ri htxdwlrqv +7,/ +8,/ dqg +9, ryhu wkh 4<:<=T6�5333=T6
shulrg zlwk d vkliw lq wkh uhdfwlrq0ixqfwlrq sdudphwhuv lq 4<;:=T61 ' Eg� lv wkh
Omxqj0Er{ vwdwlvwlf/ zklfk whvwv wkh qxoo wkdw wkh �uvwg vhuldo fruuhodwlrqv ri uhvlgxdov
duh mrlqwo| }hur1 - Eg� lv wkh Hqjoh vwdwlvwlf/ zklfk whvwv wkh qxoo wkdw wkh �uvwg vhuldo
fruuhodwlrqv ri vtxduhg uhvlgxdov duh mrlqwo| }hur1 Xqghu wkh qxoo/ wkhvh vwdwlvwlfv duh
glvwulexwhg dv d �2 Eg�1 M0E lv wkh Mdutxh0Ehud vwdwlvwlf/ zklfk whvwv wkh qxoo ri
qrupdolw|1 Xqghu wkh qxoo/ lw lv glvwulexwhg dv d �2 E2�1 vhh ghqrwhv wkh vwdqgdug huuru
ri uhvlgxdo hvwlpdwhv1 orj0O ghqrwhv wkh vdpsoh orj0olnholkrrg1

Wdeoh ;= Wkh wdeoh uhsruwv sdudphwhu hvwlpdwhv dqg uhvlgxdo vxppdu| vwdwlvwlfv
iru wkh PO mrlqw hvwlpdwlrq ri htxdwlrqv +7,/ +:,/ dqg +;, ryhu wkh 4<:<=T6�5333=T6
shulrg zlwk d vkliw lq wkh uhdfwlrq0ixqfwlrq sdudphwhuv lq 4<;:=T61 ' Eg� lv wkh
Omxqj0Er{ vwdwlvwlf/ zklfk whvwv wkh qxoo wkdw wkh �uvwg vhuldo fruuhodwlrqv ri uhvlgxdov
duh mrlqwo| }hur1 - Eg� lv wkh Hqjoh vwdwlvwlf/ zklfk whvwv wkh qxoo wkdw wkh �uvwg vhuldo
fruuhodwlrqv ri vtxduhg uhvlgxdov duh mrlqwo| }hur1 Xqghu wkh qxoo/ wkhvh vwdwlvwlfv duh
glvwulexwhg dv d �2 Eg�1 M0E lv wkh Mdutxh0Ehud vwdwlvwlf/ zklfk whvwv wkh qxoo ri
qrupdolw|1 Xqghu wkh qxoo/ lw lv glvwulexwhg dv d �2 E2�1 vhh ghqrwhv wkh vwdqgdug huuru
ri uhvlgxdo hvwlpdwhv1 orj0O ghqrwhv wkh vdpsoh orj0olnholkrrg1

Iljxuh 4= Wklv �jxuh glvsod|v wkh uhdfwlrq0ixqfwlrq uhvlgxdov iru wkh PO mrlqw
hvwlpdwlrq ri htxdwlrqv +7,/ +8,/ dqg +9, ryhu wkh 4<:<=T6�5333=T6 shulrg1 Wkh
prgho lv dvvxphg wr kdyh vwdeoh sdudphwhuv1

Iljxuh 5d= Wklv �jxuh glvsod|v wkh glvwulexwlrq ri PO dqg wzr0vwhs JPP hvwlpd0
wruv ri 4/ q/ dqg �1 Wkh GJS lv jlyhq e| htxdwlrqv +7,/ +8,/ dqg +9,/ zkloh sdudphwhuv
duh wkrvh rewdlqhg e| PO +Wdeoh 5,1 Wkh vdpsoh vl}h lv A ' HD1

Iljxuh 5e= Wklv �jxuh glvsod|v wkh glvwulexwlrq ri PO dqg dowhuqdwlyh JPP
hvwlpdwruv ri q1 Wkh GJS lv jlyhq e| htxdwlrqv +7,/ +8,/ dqg +9,/ zkloh sdudphwhuv
duh wkrvh rewdlqhg e| PO +Wdeoh 5,1 Wkh vdpsoh vl}h lv A ' HD1
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Iljxuh 6= Wklv �jxuh glvsod|v wkh uhdfwlrq0ixqfwlrq uhvlgxdov iru wkh PO mrlqw
hvwlpdwlrq ri htxdwlrqv +7,/ +8,/ dqg +9, ryhu wkh 4<:<=T6�5333=T6 shulrg1 Wkh
prgho lv dvvxphg wr kdyh d vkliw lq wkh uhdfwlrq0ixqfwlrq sdudphwhuv lq 4<;:=T61
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Table 1: GMM estimates (1979:Q3-2000:Q3)

Estimate Std err. Estimate Std err. Estimate Std err.
Covariance-matrix estimator S 1T

ρ 1 0.831 0.043 0.782 0.061 0.766 0.053
β 2.631 0.486 3.591 0.566 3.619 0.385
γ 0.712 0.388 0.489 0.372 0.435 0.309
α -0.585 1.465 -2.836 2.479 -2.982 2.277

J-statistic (stat. / p-val.) 9.765 0.370 6.371 0.702 6.180 0.722
Covariance-matrix estimator S 2T

ρ 1 0.875 0.031 0.938 0.030 0.837 0.014
β 3.025 0.449 6.000 2.296 2.725 0.141
γ 1.377 0.261 1.725 1.101 1.279 0.337
α -1.249 1.188 -8.117 6.833 -0.369 0.313

J-statistic (stat. / p-val.) 23.393 0.005 14.006 0.122 13.152 0.156
Covariance-matrix estimator S 3T

ρ 1 0.848 0.025 0.932 0.024 0.804 0.018
β 2.568 0.248 6.979 2.302 2.107 0.412
γ 0.937 0.126 2.312 1.036 1.566 0.420
α -0.208 0.811 -11.25 6.854 1.755 0.802

J-statistic (stat. / p-val.) 28.798 0.001 29.057 0.001 13.33 0.148

Panel A Panel B Panel C
Iterative GMM Continuous-updating GMMTwo-step GMM



Table 2: ML estimates (1979:Q3-2000:Q3)

Estimate Std err. Estimate Std err. Estimate Std err.
ρ 1 0.713 0.060 α π 1 0.501 0.120 β y 1 1.113 0.111

β 1.879 0.272 α π 2 0.022 0.150 β y 2 -0.192 0.101

γ 0.020 0.271 α π 3 0.401 0.152 β r -0.089 0.056

α 1.368 1.312 α π 4 0.076 - β 0 3.193 1.227

α y 0.127 0.043
Statistic p-value Statistic p-value Statistic p-value

Q(4) 5.364 0.252 Q(4) 0.869 0.929 Q(4) 5.337 0.254
Q(8) 15.973 0.043 Q(8) 7.070 0.529 Q(8) 8.909 0.350
R(4) 36.567 0.000 R(4) 4.539 0.338 R(4) 19.543 0.001
R(8) 47.681 0.000 R(8) 10.394 0.238 R(8) 36.886 0.000
J-B 125.284 0.000 J-B 1.405 0.495 J-B 25.104 0.000

see 1.016 see 0.793 see 0.695
log-L -295.214

Reaction function Phillips curve I-S curve



Table 3a: Monte-Carlo simulation of the ML model (sample size: T =85)

Mean Std dev 10% Median 90% Mean Std dev 10% Median 90% Mean Std dev 10% Median 90% 1% 5% 10%
GMM
Covariance-matrix estimator S 1T

Two-step 0.68 0.11 0.53 0.69 0.80 2.00 0.51 1.58 1.95 2.47 0.03 0.50 -0.39 0.00 0.49 0.29 0.47 0.57
Iterative 0.66 0.12 0.49 0.67 0.80 2.00 0.55 1.55 1.94 2.49 0.00 0.42 -0.44 -0.03 0.50 0.08 0.21 0.32
Cont.-updating (5.3%) 0.55 0.23 0.00 0.61 0.79 1.21 25.75 1.21 1.97 2.76 -1.62 32.29 -1.06 -0.12 0.50 0.01 0.06 0.14
Truncated CU (10.9%) 0.58 0.20 0.28 0.62 0.79 2.12 2.67 1.46 1.97 2.74 -0.11 1.54 -0.73 -0.11 0.50 0.01 0.05 0.12
Covariance-matrix estimator S 2T

Two-step 0.68 0.11 0.53 0.69 0.80 1.97 0.51 1.54 1.92 2.44 0.02 0.51 -0.45 -0.02 0.52 0.34 0.52 0.62
Iterative 0.64 0.16 0.44 0.67 0.80 1.97 0.53 1.49 1.92 2.48 -0.02 0.56 -0.51 -0.05 0.50 0.12 0.26 0.37
Cont.-updating (0.1%) 0.60 0.18 0.25 0.64 0.80 5.41 93.02 1.08 1.93 2.71 -2.82 83.16 -1.08 -0.12 0.52 0.05 0.16 0.27
Truncated CU (2.4%) 0.60 0.17 0.36 0.64 0.79 2.01 1.15 1.41 1.93 2.69 -0.14 1.65 -0.73 -0.12 0.51 0.05 0.16 0.27
Covariance-matrix estimator S 3T

Two-step 0.67 0.12 0.51 0.68 0.81 1.98 0.49 1.53 1.93 2.50 0.02 0.44 -0.45 -0.01 0.51 0.51 0.66 0.74
Iterative 0.62 0.17 0.40 0.65 0.80 1.97 0.57 1.46 1.91 2.54 -0.03 0.62 -0.54 -0.05 0.49 0.20 0.34 0.44
Cont.-updating (6.6%) 0.59 0.19 0.23 0.62 0.80 3.31 67.80 0.88 1.93 2.82 -1.68 61.53 -1.23 -0.09 0.57 0.09 0.20 0.30
Truncated CU (8.1%) 0.59 0.18 0.34 0.62 0.79 1.79 6.15 1.33 1.93 2.80 -0.16 5.24 -0.79 -0.09 0.57 0.06 0.17 0.27
ML 0.65 0.08 0.55 0.66 0.75 1.88 0.22 1.62 1.87 2.15 -0.01 0.27 -0.32 -0.01 0.34 - - -

Rejection rateρ 1 (true value: 0.71) β  (true value: 1.88) γ  (true value: 0.02)



Table 3b: Monte-Carlo simulation of the ML model (sample size: T =200)

Mean Std dev 10% Median 90% Mean Std dev 10% Median 90% Mean Std dev 10% Median 90% 1% 5% 10%
GMM
Covariance-matrix estimator S 1T

Two-step 0.69 0.06 0.62 0.70 0.77 1.93 0.18 1.73 1.91 2.15 0.00 0.18 -0.21 0.01 0.23 0.07 0.18 0.27
Iterative 0.69 0.06 0.61 0.70 0.76 1.93 0.18 1.73 1.91 2.16 0.00 0.18 -0.22 0.00 0.22 0.03 0.12 0.20
Cont.-updating (0.1%) 0.66 0.10 0.50 0.68 0.75 -3.63 249.12 1.65 1.91 2.19 1.10 51.33 -0.37 -0.03 0.21 0.01 0.09 0.18
Truncated CU (0.5%) 0.66 0.09 0.56 0.68 0.75 1.94 0.27 1.72 1.91 2.19 -0.05 0.56 -0.28 -0.03 0.21 0.01 0.09 0.19
Covariance-matrix estimator S 2T

Two-step 0.69 0.06 0.61 0.70 0.77 1.92 0.17 1.73 1.91 2.13 0.01 0.19 -0.22 0.01 0.23 0.08 0.20 0.28
Iterative 0.69 0.07 0.60 0.70 0.76 1.92 0.17 1.72 1.90 2.13 0.00 0.19 -0.23 0.00 0.23 0.05 0.13 0.21
Cont.-updating (0.1%) 0.66 0.10 0.47 0.68 0.76 1.93 0.25 1.65 1.91 2.18 -0.04 0.24 -0.41 -0.04 0.21 0.03 0.11 0.18
Truncated CU (0.3%) 0.66 0.10 0.54 0.68 0.76 1.93 0.25 1.71 1.91 2.18 -0.04 0.24 -0.29 -0.04 0.21 0.03 0.11 0.18
Covariance-matrix estimator S 3T

Two-step 0.69 0.07 0.61 0.70 0.77 1.93 0.19 1.73 1.92 2.17 0.01 0.20 -0.23 0.00 0.25 0.18 0.30 0.41
Iterative 0.68 0.07 0.59 0.69 0.77 1.93 0.19 1.72 1.91 2.17 0.00 0.20 -0.24 -0.01 0.25 0.09 0.21 0.29
Cont.-updating (0.1%) 0.66 0.11 0.44 0.68 0.76 2.40 25.23 1.60 1.92 2.23 -0.77 21.47 -0.46 -0.04 0.27 0.05 0.14 0.23
Truncated CU (0.3%) 0.66 0.11 0.52 0.68 0.76 1.94 0.43 1.69 1.92 2.23 -0.07 1.44 -0.32 -0.04 0.27 0.04 0.13 0.22
ML 0.69 0.05 0.63 0.69 0.74 1.88 0.11 1.75 1.88 2.02 0.01 0.16 -0.19 0.01 0.21 - - -

Rejection rateρ 1 (true value: 0.71) β  (true value: 1.88) γ  (true value: 0.02)



Table 4a: Monte-Carlo simulation of the ML model with serially-correlated monetary policy shock (sample size: T=85)

Mean Std dev 10% Median 90% Mean Std dev 10% Median 90% Mean Std dev 10% Median 90% 1% 5% 10%
GMM
Covariance-matrix estimator S 1T

Two-step 0.81 0.09 0.69 0.82 0.91 2.34 0.79 1.70 2.21 3.11 0.75 1.40 -0.08 0.51 1.53 0.30 0.52 0.63
Iterative 0.80 0.12 0.64 0.83 0.93 2.60 4.21 1.60 2.27 3.52 1.63 7.50 -0.16 0.54 2.29 0.03 0.12 0.23
Cont.-updating (6.7%) 0.70 0.23 0.18 0.77 0.93 -0.56 127.22 0.86 2.24 4.24 5.85 44.11 -0.84 0.28 2.48 0.00 0.01 0.03
Truncated CU (12.8%) 0.72 0.19 0.46 0.77 0.91 2.69 3.37 1.51 2.24 4.09 0.66 3.34 -0.49 0.28 2.04 0.00 0.01 0.02
Covariance-matrix estimator S 2T

Two-step 0.81 0.10 0.68 0.82 0.92 2.42 2.34 1.62 2.20 3.31 0.90 2.97 -0.15 0.48 1.98 0.74 0.87 0.92
Iterative 0.77 0.19 0.55 0.82 0.94 2.79 4.77 1.41 2.21 3.91 1.65 9.37 -0.33 0.45 2.66 0.25 0.40 0.52
Cont.-updating (3.7%) 0.73 0.20 0.31 0.77 0.94 9.01 84.49 0.34 2.17 4.29 9.72 132.86 -1.20 0.31 3.25 0.04 0.11 0.17
Truncated CU (7.2%) 0.73 0.18 0.49 0.77 0.93 2.54 5.10 1.29 2.16 3.96 0.84 7.46 -0.62 0.30 2.66 0.04 0.11 0.17
Covariance-matrix estimator S 3T

Two-step 0.81 0.11 0.67 0.82 0.92 2.48 2.83 1.58 2.17 3.26 1.13 8.11 -0.13 0.50 1.89 0.82 0.92 0.95
Iterative 0.75 0.21 0.51 0.81 0.94 2.58 3.83 1.26 2.16 3.83 1.28 4.29 -0.36 0.47 2.80 0.30 0.46 0.58
Cont.-updating (7.9%) 0.72 0.21 0.29 0.76 0.95 2.81 117.43 -1.21 2.14 4.15 12.51 124.50 -1.75 0.34 2.97 0.06 0.13 0.18
Truncated CU (12.7%) 0.71 0.20 0.43 0.76 0.92 2.34 6.18 1.04 2.14 3.86 1.25 8.81 -0.78 0.32 2.41 0.04 0.11 0.16
ML 0.75 0.08 0.64 0.75 0.84 2.04 0.33 1.68 2.01 2.45 0.30 0.45 -0.16 0.23 0.80 - - -

ρ 1 (true value: 0.71) β  (true value: 1.88) γ  (true value: 0.02) Rejection rate



Table 4b: Monte-Carlo simulation of the ML model with serially-correlated monetary policy shock (sample size: T =200)

Mean Std dev 10% Median 90% Mean Std dev 10% Median 90% Mean Std dev 10% Median 90% 1% 5% 10%
GMM
Covariance-matrix estimator S 1T

Two-step 0.80 0.06 0.72 0.81 0.87 2.11 0.25 1.83 2.08 2.44 0.35 0.32 -0.01 0.32 0.76 0.11 0.28 0.40
Iterative 0.80 0.06 0.72 0.80 0.87 2.14 0.29 1.82 2.09 2.50 0.38 0.38 -0.03 0.32 0.85 0.03 0.13 0.23
Cont.-updating (0.5%) 0.76 0.11 0.58 0.78 0.87 -3.31 246.22 1.68 2.09 2.60 -2.05 77.12 -0.26 0.22 0.81 0.00 0.04 0.09
Truncated CU (1.2%) 0.77 0.10 0.65 0.78 0.87 4.21 63.87 1.77 2.08 2.59 0.20 4.16 -0.15 0.22 0.81 0.00 0.04 0.09
Covariance-matrix estimator S 2T

Two-step 0.80 0.06 0.72 0.80 0.87 2.13 0.31 1.82 2.08 2.48 0.40 0.42 0.00 0.34 0.86 0.26 0.45 0.56
Iterative 0.80 0.07 0.71 0.80 0.88 2.18 0.77 1.79 2.10 2.63 0.50 1.02 -0.03 0.34 0.99 0.09 0.24 0.36
Cont.-updating (0.5%) 0.74 0.15 0.43 0.78 0.87 2.56 12.61 1.60 2.09 2.71 -0.52 41.30 -0.47 0.24 0.88 0.02 0.07 0.13
Truncated CU (1.8%) 0.75 0.14 0.57 0.78 0.87 2.15 1.31 1.71 2.09 2.69 0.32 1.24 -0.22 0.24 0.86 0.02 0.08 0.15
Covariance-matrix estimator S 3T

Two-step 0.81 0.06 0.73 0.81 0.88 2.16 0.30 1.84 2.10 2.54 0.47 0.46 0.02 0.39 0.98 0.39 0.59 0.68
Iterative 0.81 0.08 0.71 0.82 0.90 2.32 1.14 1.82 2.14 2.78 0.74 1.79 -0.03 0.41 1.34 0.15 0.29 0.40
Cont.-updating (4.9%) 0.75 0.14 0.48 0.78 0.88 -0.14 73.62 1.43 2.11 2.84 4.36 77.37 -0.59 0.27 1.06 0.02 0.07 0.13
Truncated CU (6.0%) 0.75 0.14 0.59 0.78 0.87 2.10 2.85 1.70 2.11 2.83 0.40 2.82 -0.27 0.27 1.02 0.01 0.06 0.13
ML 0.77 0.05 0.71 0.77 0.83 2.00 0.17 1.81 2.00 2.21 0.22 0.23 -0.03 0.20 0.51 - - -

ρ 1 (true value: 0.71) β  (true value: 1.88) γ  (true value: 0.02) Rejection rate



Table 5: Stability tests

statistic p-value statistic p-value
Covariance-matrix estimator S 1T 28.67 0.00 20.03 0.00
Covariance-matrix estimator S 2T 132.94 0.00 86.60 0.00
Covariance-matrix estimator S 3T 133.84 0.00 90.72 0.00

Model Null hypothesis log-L LR statistic p-value dof
Shift in all parameters - -223.57
Shift in macroeconomic parameters Stability of reaction-function parameters -232.24 17.34 0.00 5
Shift in reaction-function parameters Stability of macroeconomic parameters -227.87 8.60 0.38 8
No shift Stability of all parameters -295.15 143.17 0.00 13

Iterative GMMTwo-step GMM
Panel A: GMM estimates (Wald test)

Panel B: ML estimates (LR test)



Table 6: GMM estimates (1987:Q3-2000:Q3)

Estimate Std err. Estimate Std err. Estimate Std err.
Covariance-matrix estimator S 1T

ρ 1 1.327 0.097 1.321 0.093 1.305 0.067
ρ 2 -0.519 0.092 -0.512 0.091 -0.504 0.064
β 1.661 0.337 1.696 0.346 1.755 0.247
γ 0.647 0.159 0.669 0.156 0.684 0.136
α 1.807 0.883 1.741 0.907 1.536 0.768

J-statistic (stat. / p-val.) 3.361 0.910 2.627 0.956 2.440 0.965
Covariance-matrix estimator S 2T

ρ 1 1.336 0.074 1.330 0.075 1.321 0.059
ρ 2 -0.530 0.080 -0.522 0.082 -0.520 0.064
β 1.648 0.295 1.686 0.303 1.581 0.196
γ 0.689 0.151 0.737 0.145 0.896 0.132
α 1.826 0.776 1.765 0.788 2.243 0.626

J-statistic (stat. / p-val.) 7.014 0.535 4.060 0.852 3.337 0.911
Covariance-matrix estimator S 3T

ρ 1 1.333 0.056 1.310 0.051 1.297 0.041
ρ 2 -0.527 0.062 -0.494 0.059 -0.504 0.043
β 1.662 0.291 1.717 0.308 1.897 0.261
γ 0.647 0.154 0.784 0.153 0.698 0.110
α 1.807 0.847 1.671 0.909 1.097 0.846

J-statistic (stat. / p-val.) 7.306 0.504 5.779 0.672 4.232 0.836

Panel A Panel B Panel C
Two-step GMM Iterative GMM Continuous-updating GMM



Table 7: ML estimates of the backward-looking model with a shift in the reaction-function parameters (1979:Q3-2000:Q3)

Estimate Std err. Estimate Std err. Estimate Std err. Estimate Std err.
ρ 1 0.564 0.135 ρ 1 1.293 0.094 α π 1 0.402 0.110 β y 1 1.191 0.115

ρ 2 - ρ 2 -0.492 0.079 α π 2 0.011 0.087 β y 2 -0.243 0.126

β 1.493 0.196 β 1.523 0.240 α π 3 0.335 0.103 β r -0.051 0.039

γ - γ 0.511 0.187 α π 4 0.252 - β 0 3.434 1.433

α 3.708 0.821 α 2.147 0.606 α y 0.153 0.038
Statistic p-value Statistic p-value Statistic p-value Statistic p-value

Q(4) 3.044 0.550 Q(4) 3.119 0.538 Q(4) 1.424 0.840 Q(4) 2.981 0.561
Q(8) 8.386 0.397 Q(8) 10.146 0.255 Q(8) 6.739 0.565 Q(8) 5.210 0.735
R(4) 14.521 0.006 R(4) 1.443 0.837 R(4) 0.744 0.946 R(4) 2.966 0.564
R(8) 13.733 0.318 R(8) 5.286 0.948 R(8) 6.680 0.878 R(8) 6.743 0.874
J-B 3.621 0.164 J-B 1.893 0.388 J-B 1.448 0.485 J-B 2.456 0.293

see 1.488 see 0.293 see 0.810 see 0.696
log-L -230.571

Phillips curve I-S curve
(1979:Q3-1987:Q2) (1987:Q3-2000:Q3)
Reaction function Reaction function



Table 8: ML estimates of the hybrid model with a shift in the reaction-function parameters (1979:Q3-2000:Q3)

Estimate Std err. Estimate Std err. Estimate Std err. Estimate Std err.
ρ 1 0.605 0.154 ρ 1 1.287 0.093 µ π 0.307 0.156 µ y 0.440 0.026
ρ 2 - ρ 2 -0.497 0.077 α π 1 0.409 0.144 µ r 0.785 1.367

β 1.584 0.268 β 1.653 0.264 α π 2 -0.110 0.164 β y 1 1.223 0.093

γ - γ 0.511 0.198 α π 3 0.362 0.152 β y 2 -0.224 0.093

α 3.275 1.280 α 1.781 0.708 α π 4 0.338 - β r  (x100) -0.584 0.697

α y 0.080 0.047 β 0 3.694 0.624
Statistic p-value Statistic p-value Statistic p-value Statistic p-value

Q(4) 12.703 0.013 Q(4) 2.313 0.678 Q(4) 0.750 0.945 Q(4) 6.167 0.187
Q(8) 16.521 0.169 Q(8) 8.958 0.707 Q(8) 7.331 0.835 Q(8) 4.941 0.960
R(4) 4.020 0.403 R(4) 3.081 0.544 R(4) 1.628 0.804 R(4) 2.880 0.578
R(8) 10.341 0.242 R(8) 9.362 0.313 R(8) 6.953 0.542 R(8) 5.405 0.714
J-B 3.604 0.165 J-B 1.579 0.454 J-B 1.932 0.381 J-B 1.239 0.538

see 1.452 see 0.296 see 0.803 see 0.668
log-L -225.616

Phillips curve I-S curve
(1979:Q3-1987:Q2) (1987:Q3-2000:Q3)
Reaction function Reaction function










