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Qx!hog Froohjh/ R{irug dqg Lqvwlwxwh iru Ilvfdo Vwxglhv�

Pdufk 5</ 5335

Devwudfw

Wklv sdshu uhylhzv hfrqrphwulf phwkrgv iru g|qdplf sdqho gdwd prghov/

dqg suhvhqwv h{dpsohv wkdw looxvwudwh wkh xvh ri wkhvh surfhgxuhv1 Wkh ir0

fxv lv rq sdqhov zkhuh d odujh qxpehu ri lqglylgxdov ru �upv duh revhuyhg

iru d vpdoo qxpehu ri wlph shulrgv/ w|slfdo ri dssolfdwlrqv zlwk plfurhfr0

qrplf gdwd1 Wkh hpskdvlv lv rq vlqjoh htxdwlrq prghov zlwk dxwruhjuhvvlyh

g|qdplfv dqg h{sodqdwru| yduldeohv wkdw duh qrw vwulfwo| h{rjhqrxv/ dqg

khqfh rq wkh Jhqhudolvhg Phwkrg ri Prphqwv hvwlpdwruv wkdw duh zlgho|

xvhg lq wklv frqwh{w1 Wzr h{dpsohv xvlqj �up0ohyho sdqhov duh glvfxvvhg

lq ghwdlo= d vlpsoh dxwruhjuhvvlyh prgho iru lqyhvwphqw udwhv> dqg d edvlf

surgxfwlrq ixqfwlrq1

Nh|zrugv= sdqho gdwd> g|qdplf prghov> jhqhudolvhg phwkrg ri prphqwv

MHO fodvvl�fdwlrq= F56

Dfnqrzohgjhphqw= Wklv sdshu lv suhsduhg iru d vshfldo lvvxh ri wkh Sru0

wxjxhvh Hfrqrplf Mrxuqdo1 P| xqghuvwdqglqj ri wklv vxemhfw kdv ehqh�w0

whg lpphdvxudeo| iurp wkh lqsxw ri froohdjxhv/ qrwdeo| Pdqxho Duhoodqr/

Ulfkdug Eoxqghoo/ Frvwdv Phjklu/ Vwhyh Qlfnhoo dqg Iudqn Zlqgphlmhu1 L

wkdqn Mrdr Vdqwrv Vloyd/ Iudqn Zlqgphlmhu dqg rwkhu sduwlflsdqwv dw wkh

Fhppds2HVUF Hfrqrphwulf Vwxg| Jurxs zrunvkrs lq Orqgrq rq 55 Ihe0

uxdu| 5335 iru ghwdlohg frpphqwv rq dq hduolhu gudiw1 Ilqdqfldo vxssruw

iurp wkh HVUF Fhqwuh iru wkh Plfurhfrqrplf Dqdo|vlv ri Sxeolf Srolf| lv

judwhixoo| dfnqrzohgjhg1

�Lqvwlwxwh iru Ilvfdo Vwxglhv/ : Ulgjprxqw Vwuhhw/ Orqgrq/ ZF4H :DH/ XN>

vwhyh1erqgCqx!hog1r{1df1xn



41 Lqwurgxfwlrq

Sdqho gdwd lv qrz zlgho| xvhg wr hvwlpdwh g|qdplf hfrqrphwulf prghov1 Lwv

dgydqwdjh ryhu furvv0vhfwlrq gdwd lq wklv frqwh{w lv reylrxv= zh fdqqrw hvwlpdwh

g|qdplf prghov iurp revhuydwlrqv dw d vlqjoh srlqw lq wlph/ dqg lw lv uduh iru vlqjoh

furvv0vhfwlrq vxuyh|v wr surylgh vx!flhqw lqirupdwlrq derxw hduolhu wlph shulrgv

iru g|qdplf uhodwlrqvklsv wr eh lqyhvwljdwhg1 Lwv dgydqwdjhv ryhu djjuhjdwh wlph

vhulhv gdwd lqfoxgh wkh srvvlelolw| wkdw xqghuo|lqj plfurhfrqrplf g|qdplfv pd|

eh revfxuhg e| djjuhjdwlrq eldvhv/4 dqg wkh vfrsh wkdw sdqho gdwd r�huv wr lqyhvwl0

jdwh khwhurjhqhlw| lq dgmxvwphqw g|qdplfv ehwzhhq gl�huhqw w|shv ri lqglylgxdov/

krxvhkrog ru �upv1 Zklovw wkhvh dgydqwdjhv duh vkduhg e| uhshdwhg furvv0vhfwlrq

ru frkruw gdwd/ iurp zklfk svhxgr0sdqho gdwd rq jurxshg revhuydwlrqv fdq eh

frqvwuxfwhg/5 jhqxlqh sdqho gdwd 0 zlwk uhshdwhg revhuydwlrqv rq wkh vdph lqgl0

ylgxdov 0 zloo w|slfdoo| doorz pruh ri wkh yduldwlrq lq wkh plfur gdwd wr eh xvhg

lq frqvwuxfwlqj sdudphwhu hvwlpdwhv/ dv zhoo dv shuplwwlqj wkh xvh ri uhodwlyho|

vlpsoh hfrqrphwulf whfkqltxhv1

G|qdplf prghov duh ri lqwhuhvw lq d zlgh udqjh ri hfrqrplf dssolfdwlrqv/ lq0

foxglqj Hxohu htxdwlrqv iru krxvhkrog frqvxpswlrq/ dgmxvwphqw frvw prghov iru

�upv* idfwru ghpdqgv/ dqg hpslulfdo prghov ri hfrqrplf jurzwk1 Hyhq zkhq

frh!flhqwv rq odjjhg ghshqghqw yduldeohv duh qrw ri gluhfw lqwhuhvw/ doorzlqj iru

g|qdplfv lq wkh xqghuo|lqj surfhvv pd| eh fuxfldo iru uhfryhulqj frqvlvwhqw hvwl0

pdwhv ri rwkhu sdudphwhuv1 Dq h{dpsoh rffxuv lq wkh hvwlpdwlrq ri surgxfwlrq

ixqfwlrqv zkhq surgxfwlylw| vkrfnv duh vhuldoo| fruuhodwhg dqg uhodwlyh idfwru lq0

sxwv uhvsrqg wr wkhvh vkrfnv> wklv lv glvfxvvhg ixuwkhu lq vhfwlrq 6 ehorz1

Wkh irfxv lq wklv sdshu zloo eh rq wkh hvwlpdwlrq ri vlqjoh htxdwlrq/ dxwruhjuhvvlyh0

glvwulexwhg odj prghov iurp sdqhov zlwk d odujh qxpehu ri furvv0vhfwlrq xqlwv/ hdfk

4Vhh/ iru h{dpsoh/ Qlfnhoo +4<;9,1
5Vhh/ iru h{dpsoh/Yhuehhn +4<<9,1
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revhuyhg iru d vpdoo qxpehu ri wlph shulrgv1 Wklv vlwxdwlrq lv w|slfdo ri plfur

sdqho gdwd rq lqglylgxdov ru �upv/ dqg fdoov iru hvwlpdwlrq phwkrgv wkdw gr qrw

uhtxluh wkh wlph glphqvlrq wr ehfrph odujh lq rughu wr rewdlq frqvlvwhqw sdud0

phwhu hvwlpdwhv1 Dvvxpswlrqv derxw wkh surshuwlhv ri lqlwldo frqglwlrqv dovr sod|

dq lpsruwdqw uroh lq wklv vhwwlqj/ vlqfh wkh lq xhqfh ri wkh lqlwldo revhuydwlrqv rq

hdfk vxevhtxhqw revhuydwlrq fdqqrw vdiho| eh ljqruhg zkhq wkh wlph glphqvlrq lv

vkruw1 Zh dovr irfxv rq phwkrgv wkdw fdq eh xvhg lq wkh devhqfh ri dq| vwulfwo|

h{rjhqrxv h{sodqdwru| yduldeohv ru lqvwuxphqwv/ dqg wkdw h{whqg hdvlo| wr prghov

zlwk suhghwhuplqhg ru hqgrjhqrxv h{sodqdwru| yduldeohv1 Vwulfw h{rjhqhlw| uxohv

rxw dq| ihhgedfn iurp fxuuhqw ru sdvw vkrfnv wr fxuuhqw ydoxhv ri wkh yduldeoh/

zklfk lv riwhq qrw d qdwxudo uhvwulfwlrq lq wkh frqwh{w ri hfrqrplf prghov uhodwlqj

vhyhudo mrlqwo| ghwhuplqhg rxwfrphv/ vxfk dv frqvxpswlrq dqg lqfrph ru lqyhvw0

phqw dqg Wrelq*v t1 Lghqwl�fdwlrq wkhq ghshqgv rq olplwhg vhuldo fruuhodwlrq lq

wkh huuru whup ri wkh htxdwlrq/ zklfk ohdgv wr d frqyhqlhqw dqg zlgho| xvhg fodvv

ri Jhqhudolvhg Phwkrg ri Prphqwv +JPP, hvwlpdwruv iru wklv w|sh ri g|qdplf

sdqho gdwd prgho1

Uljrurxv vxuyh|v ri wkhvh hvwlpdwruv fdq eh irxqg lq/ iru h{dpsoh/ Duhoodqr dqg

Krqruh +5334, ru Eoxqghoo/ Erqg dqg Zlqgphlmhu +5333,1 Wkh hpskdvlv khuh zloo

eh rq dq lqwxlwlyh uhylhz ri wkhvh phwkrgv/ lqwhqghg wr jlyh wkh dssolhg uhvhdufkhu

dq dssuhfldwlrq iru zkhq lw pd| eh uhdvrqdeoh wr xvh sduwlfxodu JPP hvwlpdwruv/

dqg krz wklv fdq eh hydoxdwhg lq sudfwlfh1 Wklv zloo eh looxvwudwhg lq wkh frqwh{w

ri wzr hpslulfdo h{dpsohv1 Wkh �uvw xvhv sdqho gdwd rq XN �upv wr hvwlpdwh d

vlpsoh dxwruhjuhvvlyh prgho iru frpsdq| lqyhvwphqw udwhv1 Wkh vhfrqg xvhv sdqho

gdwd rq XV �upv wr hvwlpdwh d edvlf surgxfwlrq ixqfwlrq vshfl�fdwlrq1 Dq reylrxv

gl�huhqfh ehwzhhq wkhvh wzr h{dpsohv lv wkdw wkh iruphu looxvwudwhv wkh xvh ri wkhvh

phwkrgv wr hvwlpdwh d xqlyduldwh g|qdplf prgho/ zklovw wkh odwwhu frqvlghuv d

prgho zlwk dgglwlrqdo h{sodqdwru| yduldeohv1 D pruh vxewoh gl�huhqfh lv wkdw wkh

5



rxwsxw dqg lqsxw vhulhv xvhg lq wkh surgxfwlrq ixqfwlrq frqwh{w duh qhdu xqlw urrw

vhulhv/ zklovw wkh lqyhvwphqw udwhv 0 zklfk duh edvlfdoo| jurzwk udwhv lq wkh fdslwdo

vwrfn 0 duh qrw1 Zklovw wkh wlph vhulhv surshuwlhv ri wkh vhulhv duh qrw fuxfldo iru wkh

dv|pswrwlf glvwulexwlrq wkhru| lq wklv vhwwlqj/ zkhuh wkh qxpehu ri furvv0vhfwlrq

xqlwv lv dvvxphg wr ehfrph odujh zlwk wkh qxpehu ri wlph shulrgv wuhdwhg dv �{hg/

wkh| fdq qhyhuwkhohvv eh fuxfldo iru wkh lghqwl�fdwlrq ri sdudphwhuv ri lqwhuhvw

dqg iru wkh �qlwh vdpsoh surshuwlhv ri sduwlfxodu JPP hvwlpdwruv1 Vshfl�fdoo|/

hvwlpdwruv zklfk uho| rq �uvw0gl�huhqflqj ru uhodwhg wudqvirupdwlrqv wr holplqdwh

xqrevhuyhg lqglylgxdo0vshfl�f h�hfwv/ dqg wkhq xvh odjjhg ydoxhv ri hqgrjhqrxv

ru suhghwhuplqhg yduldeohv dv lqvwuxphqwv iru vxevhtxhqw �uvw0gl�huhqfhv/ fdq eh

h{shfwhg wr shuirup srruo| lq vlwxdwlrqv zkhuh wkh vhulhv duh forvh wr ehlqj udqgrp

zdonv/ vr wkdw wkhlu �uvw0gl�huhqfhv duh forvh wr ehlqj lqqrydwlrqv/ dqg zloo qrw

lghqwli| sdudphwhuv ri lqwhuhvw lq vrph olplwlqj fdvhv1

Vhfwlrq 5 glvfxvvhv wkh hvwlpdwlrq ri vlpsoh dxwruhjuhvvlyh prghov dqg looxv0

wudwhv wkh xvh ri wkhvh �uvw0gl�huhqfhg JPP phwkrgv lq d vhwwlqj zkhuh wklv

lghqwl�fdwlrq sureohp grhv qrw dulvh1 Vhfwlrq 6 glvfxvvhv wkh xvh ri dgglwlrqdo

prphqw frqglwlrqv wkdw w|slfdoo| uhtxluh vwurqjhu dvvxpswlrqv rq wkh lqlwldo frq0

glwlrqv/ exw zklfk fdq eh kljko| lqirupdwlyh lq fdvhv zkhuh lghqwl�fdwlrq xvlqj

wkh �uvw0gl�huhqfhg htxdwlrqv dorqh ehfrphv zhdn1 Wklv lv looxvwudwhg lq d pxowl0

yduldwh frqwh{w1 Vhfwlrq 7 frqfoxghv1

51 Dxwruhjuhvvlyh prghov

Lq wklv vhfwlrq zh irfxv rq hvwlpdwlrq phwkrgv iru wkh vlpsoh �-E�� prgho

+�| ' k+�c|3� n E#� n ��|�( mkm 	 �( � ' �c 2c ���c � ( | ' 2c �c ���c A +514,

zkhuh +�| lv dq revhuydwlrq rq vrph vhulhv iru lqglylgxdo � lq shulrg |/ +�c|3� lv wkh

revhuydwlrq rq wkh vdph vhulhv iru wkh vdph lqglylgxdo lq wkh suhylrxv shulrg/ #�
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lv dq xqrevhuyhg lqglylgxdo0vshfl�f wlph0lqyduldqw h�hfw zklfk doorzv iru khwhur0

jhqhlw| lq wkh phdqv ri wkh +�| vhulhv dfurvv lqglylgxdov/ dqg ��| lv d glvwxuedqfh

whup1 D nh| dvvxpswlrq zh pdlqwdlq wkurxjkrxw lv wkdw wkh glvwxuedqfhv ��| duh

lqghshqghqw dfurvv lqglylgxdov1 Wkh qxpehu ri lqglylgxdov iru zklfk gdwd lv dydlo0

deoh E� � lv dvvxphg wr eh odujh zklovw wkh qxpehu ri wlph shulrgv iru zklfk gdwd

lv dydlodeoh EA � lv dvvxphg wr eh vpdoo/ dqg dv|pswrwlf surshuwlhv duh frqvlghuhg

dv � ehfrphv odujh zlwk A �{hg16

Zh wuhdw wkh lqglylgxdo h�hfwv E#�� dv ehlqj vwrfkdvwlf/ zklfk khuh lpsolhv wkdw

wkh| duh qhfhvvdulo| fruuhodwhg zlwk wkh odjjhg ghshqghqw yduldeoh +�c|3� xqohvv

wkh glvwulexwlrq ri wkh #� lv ghjhqhudwh1 Lqlwldoo| zh ixuwkhu dvvxph wkdw wkh

glvwxuedqfhv E��|� duh vhuldoo| xqfruuhodwhg1 Wkhvh mrlqwo| lpso| wkdw wkh Ruglqdu|

Ohdvw Vtxduhv +ROV, hvwlpdwru ri k lq wkh ohyhov htxdwlrqv +514, lv lqfrqvlvwhqw/

vlqfh wkh h{sodqdwru| yduldeoh +�c|3� lv srvlwlyho| fruuhodwhg zlwk wkh huuru whup

E#�n��|� gxh wr wkh suhvhqfh ri wkh lqglylgxdo h�hfwv/ dqg wklv fruuhodwlrq grhv qrw

ydqlvk dv wkh qxpehu ri lqglylgxdov lq wkh vdpsoh jhwv odujhu17 Vwdqgdug uhvxowv

iru rplwwhg yduldeoh eldv lqglfdwh wkdw/ dw ohdvw lq odujh vdpsohv/ wkh ROV ohyhov

hvwlpdwru lv eldvhg xszdugv1

Wkh Zlwklq Jurxsv hvwlpdwru holplqdwhv wklv vrxufh ri lqfrqvlvwhqf| e| wudqv0

iruplqj wkh htxdwlrq wr holplqdwh #�1 Vshfl�fdoo| wkh phdq ydoxhv ri +�|/ +�c|3�/

#� dqg ��| dfurvv wkh A � � revhuydwlrqv iru hdfk lqglylgxdo � duh rewdlqhg/ dqg

wkh ruljlqdo revhuydwlrqv duh h{suhvvhg dv ghyldwlrqv iurp wkhvh lqglylgxdo phdqv1

ROV lv wkhq xvhg wr hvwlpdwh wkhvh wudqviruphg htxdwlrqv1 Vlqfh wkh phdq ri

wkh wlph0lqyduldqw #� lv lwvhoi #�/ wkhvh lqglylgxdo h�hfwv duh uhpryhg iurp wkh

6Lq wklv frqwh{w lw lv vwudljkwiruzdug wr doorz iru wlph0vshfl�f h�hfwv/ frpprq wr doo lqgl0

ylgxdov/ vlpso| e| lqfoxglqj shulrg0vshfl�f lqwhufhswv lq wkh vshfl�fdwlrq/ ru e| wudqviruplqj

wkh vhulhv lqwr ghyldwlrqv iurp shulrg0vshfl�f phdqv +l1h1 wkh phdq dfurvv doo lqglylgxdov iru d

sduwlfxodu wlph shulrg,1 Zh vlpsoli| rxu glvfxvvlrq e| qrw ghdolqj h{solflwo| zlwk wklv fdvh1
7Qru grhv wklv fruuhodwlrq ydqlvk dv wkh qxpehu ri wlph shulrgv lqfuhdvhv/ vr wkdw ROV ohyhov

uhpdlqv lqfrqvlvwhqw iru sdqhov zlwk odujh W 1
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wudqviruphg htxdwlrqv1 Krzhyhu/ iru sdqhov zkhuh wkh qxpehu ri wlph shulrgv

dydlodeoh lv vpdoo/ wklv wudqvirupdwlrq lqgxfhv d qrq0qhjoljleoh fruuhodwlrq ehwzhhq

wkh wudqviruphg odjjhg ghshqghqw yduldeoh dqg wkh wudqviruphg huuru whup1 Wkh

wudqviruphg odjjhg ghshqghqw yduldeoh lv +�c|3��
�

A3�
E+�� n ���n +�| n ���n +�cA3��

zklovw wkh wudqviruphg huuru whup lv ��| �
�

A3�
E��2 n ���n ��c|3� n ���n ��A �1 Wkh

frpsrqhqw 3+�|
A3�

lq wkh iruphu lv fruuhodwhg zlwk ��| lq wkh odwwhu/ dqg wkh frpsrqhqw

3��c|3�

A3�
lq wkh odwwhu lv fruuhodwhg zlwk +�c|3� lq wkh iruphu1 Wkhvh ohdglqj fruuh0

odwlrqv/ zklfk duh erwk qhjdwlyh/ grplqdwh srvlwlyh fruuhodwlrqv ehwzhhq rwkhu

frpsrqhqwv vxfk dv
3��c|3�

A3�
dqg

3+�c|3�

A3�
/ vr wkdw wkh fruuhodwlrq ehwzhhq wkh wudqv0

iruphg odjjhg ghshqghqw yduldeoh dqg wkh wudqviruphg huuru whup fdq eh vkrzq

wr eh qhjdwlyh18 Wklv fruuhodwlrq grhv qrw ydqlvk dv wkh qxpehu ri lqglylgxdov

lq wkh vdpsoh lqfuhdvhv/ vr wkdw wkh Zlwklq Jurxsv hvwlpdwru lv dovr lqfrqvlvwhqw

khuh19 Vwdqgdug uhvxowv iru rplwwhg yduldeohv eldv lqglfdwh wkdw/ dw ohdvw lq odujh

vdpsohv/ wkh Zlwklq Jurxsv hvwlpdwru lv eldvhg grzqzdugv1:

Wkh idfw wkdw wkhvh wzr hvwlpdwruv duh olnho| wr eh eldvhg lq rssrvlwh gluhf0

wlrqv lv xvhixo1 Wkxv zh pljkw krsh wkdw d fdqglgdwh frqvlvwhqw hvwlpdwru zloo olh

ehwzhhq wkh ROV dqg Zlwklq Jurxsv hvwlpdwhv/ ru dw ohdvw qrw eh vljql�fdqwo|

kljkhu wkdq wkh iruphu ru vljql�fdqwo| orzhu wkdq wkh odwwhu1 Lq fdvhv zkhuh wkh

�-E�� prgho vhhpv zhoo vshfl�hg dqg wklv sdwwhuq lv qrw revhuyhg/ zh pljkw vxv0

shfw hlwkhu lqfrqvlvwhqf| ru vhyhuh �qlwh vdpsoh eldv iru wkh vxssrvhgo| frqvlvwhqw

8Vhh Qlfnhoo +4<;4,1
9Krzhyhu wkh frqwulexwlrq ri hdfk wlph shulrg wr wkh lqglylgxdo phdqv ehfrphv qhjoljleo|

vpdoo dv wkh qxpehu ri wlph shulrgv jhwv odujhu1 Frqvhtxhqwo| wklv fruuhodwlrq lqgxfhg e| wkh

wudqvirupdwlrq ydqlvkhv/ dqg wkh Zlwklq Jurxsv hvwlpdwru lv frqvlvwhqw lq wkh fdvh ri odujh W

sdqhov1
:Wkh odjjhg ghshqghqw yduldeoh lq wkh DU+4, prgho +514, lv dq h{dpsoh ri dq h{sodqdwru|

yduldeoh wkdw lv suhghwhuplqhg zlwk uhvshfw wr wkh huuru whup +�l.ylw,/ exw qrw vwulfwo| h{rjhqrxv
lq wkh vhqvh ri ehlqj xqfruuhodwhg zlwk doo sdvw/ suhvhqw dqg ixwxuh ydoxhv ri wklv huuru whup1 Wkh

Zlwklq Jurxsv hvwlpdwru/ zklfk lqwurgxfhv doo uhdolvdwlrqv ri wkh ylw vhulhv lqwr wkh wudqviruphg

huuru whup/ lv rqo| frqvlvwhqw lq odujh Q/ �{hg W sdqhov li doo wkh uljkw0kdqg vlgh yduldeohv duh

vwulfwo| h{rjhqrxv1
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hvwlpdwru/ dqg jr rq wr frqvlghu pruh uljrurxv whvwlqj wr lqyhvwljdwh li wklv lv

lqghhg wkh fdvh1;

Pd{lpxp Olnholkrrg hvwlpdwruv iru wkh �-E�� sdqho gdwd prgho kdyh ehhq

ghyhorshg/ exw dq dznzdug ihdwxuh ri g|qdplf prghov lq vkruw A sdqhov lv wkdw

wkh glvwulexwlrq ri +�| iru | ' 2c �c ���c A ghshqgv lq d qrq0qhjoljleoh zd| rq zkdw

lv dvvxphg derxw wkh glvwulexwlrq ri wkh lqlwldo frqglwlrqv +��1 Lq vshfli|lqj wkh

prgho +514, zh kdyh qrw uhvwulfwhg wkh surfhvv wkdw jhqhudwhv wkhvh lqlwldo frqgl0

wlrqv/ dqg d zlgh ydulhw| ri dowhuqdwlyh surfhvvhv frxog eh frqvlghuhg1 Iru h{dpsoh

wkh +�� pd| eh vwrfkdvwlf ru qrq0vwrfkdvwlf/ fruuhodwhg ru xqfruuhodwhg zlwk wkh

lqglylgxdo h�hfwv #�/ vshfl�hg vxfk wkdw wkh phdq ri wkh +�| vhulhv iru lqglylgxdo

� wdnhv d vwdwlrqdu| ydoxh + #�

�3k
, iru hdfk revhuydwlrq | ' �c 2c ���c A / ru wr vdwlvi|

kljkhu rughu vwdwlrqdulw| surshuwlhv1 Gl�huhqw dvvxpswlrqv derxw wkh qdwxuh ri

wkh lqlwldo frqglwlrqv zloo ohdg wr gl�huhqw olnholkrrg ixqfwlrqv/ dqg wkh uhvxowlqj

Pd{lpxp Olnholkrrg hvwlpdwruv ri k fdq eh lqfrqvlvwhqw zkhq wklv lqlwldo frqgl0

wlrqv surfhvv lv plv0vshfl�hg1 Lqwhuhvwhg uhdghuv duh uhihuuhg wr Kvldr +4<;9, iru

ixuwkhu glvfxvvlrq1<

Lqvwuxphqwdo Yduldeohv hvwlpdwruv zklfk uhtxluh pxfk zhdnhu dvvxpswlrqv

derxw wkh lqlwldo frqglwlrqv kdyh wkhuhiruh ehhq dwwudfwlyh lq wklv frqwh{w1 Wkh

edvlf �uvw0gl�huhqfhg Wzr Vwdjh Ohdvw Vtxduhv +5VOV, hvwlpdwru iru wkh �-E��

sdqho gdwd prgho zdv sursrvhg e| Dqghuvrq dqg Kvldr +4<;4/ 4<;5,/ lqlwldoo|

;Lq fdvhv zkhuh wkh DU+4, prgho grhv qrw vhhp zhoo vshfl�hg/ d vlplodu lqglfdwlrq pd|

eh dydlodeoh e| frqvlghulqj wkh vxp ri wkh hvwlpdwhg frh!flhqwv rq wkh odjjhg ydoxhv ri wkh

ghshqghqw yduldeoh lq kljkhu0rughu dxwruhjuhvvlyh prghov1 Iru h{dpsoh/ lq wkh DU+5, prgho
|lw @ �4|l>w�4 .�5|l>w�5 . +�l . ylw,/ zh fdq frpsduh ROV ohyhov dqg Zlwklq Jurxsv hvwlpdwhv

ri +�4 .�5,1
<Eoxqghoo dqg Vplwk +4<<4, ghyhors d fodvv ri pd{lpxp olnholkrrg hvwlpdwruv zklfk dyrlg

wklv iudjlolw| e| frqglwlrqlqj rq wkh lqlwldo revhuydwlrqv lq wkh vdpsoh1 Elqghu/ Kvldr dqg

Shvdudq +5333, suhvhqw pd{lpxp olnholkrrg hvwlpdwruv zklfk doorz wkh srvvlelolw| ri � @ 4 dqg
khqfh fdq eh frqvlghuhg iru xqlw urrw whvwlqj/ dowkrxjk vshfl�f dvvxpswlrqv derxw wkh lqlwldo

frqglwlrqv duh vwloo uhtxluhg lq wkh � ? 4 fdvh1 Erwk wkhvh dssurdfkhv fdq eh h{whqghg wr yhfwru

dxwruhjuhvvlyh prghov/ dowkrxjk qrw/ vr idu dv L dp dzduh/ wr prghov zkhuh wkh surfhvv iru

dgglwlrqdo h{sodqdwru| +{, yduldeohv lv qrw vshfl�hg1

9



dv d zd| ri rewdlqlqj d frqvlvwhqw vwduwlqj ydoxh iru frpsxwdwlrq ri Pd{lpxp

Olnholkrrg hvwlpdwruv1 Wkh �uvw0gl�huhqflqj wudqvirupdwlrq dovr holplqdwhv wkh

lqglylgxdo h�hfwv #� iurp wkh prgho

{+�| ' k{+�c|3� n{��|( mkm 	 �( � ' �c2c ���c � ( | ' �cec ���c A +515,

zkhuh {+�| ' +�| � +�c|3�1 Dq lpsruwdqw gl�huhqfh iurp wkh Zlwklq wudqvirupd0

wlrq/ krzhyhu/ lv wkdw �uvw0gl�huhqflqj grhv qrw lqwurgxfh doo uhdolvdwlrqv ri wkh

glvwxuedqfhv E��2c ���c ���c ��A � lqwr wkh huuru whup ri wkh wudqviruphg htxdwlrq iru

shulrg |1 Wkh ghshqghqfh ri {��| rq ��c|3� lpsolhv wkdw ROV hvwlpdwhv ri k lq wkh

�uvw0gl�huhqfhg prgho duh lqfrqvlvwhqw/ zlwk wkh gluhfwlrq ri wkh lqfrqvlvwhqf|

ehlqj grzqzdug dqg w|slfdoo| juhdwhu wkdq wkdw irxqg iru wkh Zlwklq Jurxsv

hvwlpdwru143 Krzhyhu frqvlvwhqw hvwlpdwhv ri k fdq qrz eh rewdlqhg xvlqj 5VOV

zlwk lqvwuxphqwdo yduldeohv wkdw duh erwk fruuhodwhg zlwk {+�c|3� dqg ruwkrjrqdo

wr {��|1

Wkh rqo| dvvxpswlrq uhtxluhg rq wkh lqlwldo frqglwlrqv +�� lv wkdw wkh| duh

xqfruuhodwhg zlwk wkh vxevhtxhqw glvwxuedqfhv ��| iru | ' 2c �c ���c A / lq zklfk fdvh

wkh lqlwldo frqglwlrqv duh vdlg wr eh suhghwhuplqhg1 Wkh fruuhodwlrq ehwzhhq +��

dqg wkh lqglylgxdo h�hfwv #� lv ohiw xquhvwulfwhg/ dqg wkhuh lv qr uhtxluhphqw iru

dq| vwdwlrqdulw| frqglwlrq wr eh vdwlv�hg1 Wrjhwkhu zlwk wkh suhylrxv dvvxpswlrq

wkdw wkh glvwxuedqfhv ��| duh vhuldoo| xqfruuhodwhg/ suhghwhuplqhg lqlwldo frqgl0

wlrqv lpso| wkdw wkh odjjhg ohyho +�c|32 zloo eh xqfruuhodwhg zlwk {��| dqg wkxv

dydlodeoh dv dq lqvwuxphqwdo yduldeoh iru wkh �uvw0gl�huhqfhg htxdwlrqv lq +515,1

Wkh uhvxowlqj 5VOV hvwlpdwru lv frqvlvwhqw lq odujh � / �{hg A sdqhov/ dqg lghq0

wl�hv wkh dxwruhjuhvvlyh sdudphwhu k surylghg dw ohdvw 6 wlph vhulhv revhuydwlrqv

duh dydlodeoh +A N �,144

43Wkh wudqvirupdwlrqv/ dqg khqfh wkh fruuhvsrqglqj ROV hvwlpdwruv/ frlqflgh lq wkh vshfldo

fdvh zkhq W @ 61
44Wklv 5VOV hvwlpdwru lv dovr frqvlvwhqw lq odujh W sdqhov/ dowkrxjk dv zh kdyh vhhq wkh
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Dgglwlrqdo lqvwuxphqwv duh dydlodeoh zkhq wkh sdqho kdv pruh wkdq 6 wlph

vhulhv revhuydwlrqv1 Zklovw +�� lv wkh rqo| lqvwuxphqw wkdw fdq eh xvhg lq wkh

�uvw0gl�huhqfhg htxdwlrq iru shulrg | ' �/ erwk +�� dqg +�2 fdq eh xvhg lq wkh

�uvw0gl�huhqfhg htxdwlrq iru shulrg | ' e/ dqg wkh yhfwru E+��c +�2c ���c +�cA32� fdq

eh xvhg lq wkh �uvw0gl�huhqfhg htxdwlrq iru shulrg | ' A 1 Vlqfh wkh prgho lv

ryhulghqwl�hg zlwk A : �/ dqg wkh �uvw0gl�huhqfhg huuru whup {��| kdv d �uvw0

rughu prylqj dyhudjh irup ri vhuldo fruuhodwlrq li wkh pdlqwdlqhg dvvxpswlrq wkdw

wkh ��| duh vhuldoo| xqfruuhodwhg lv fruuhfw/ 5VOV lv qrw dv|pswrwlfdoo| h!flhqw

hyhq li wkh frpsohwh vhw ri dydlodeoh lqvwuxphqwv lv xvhg iru hdfk htxdwlrq dqg

wkh glvwxuedqfhv ��| duh krprvnhgdvwlf1 Wkh Jhqhudolvhg Phwkrg ri Prphqwv

+JPP,/ ghyhorshg e| Kdqvhq +4<;5,/ surylghv d frqyhqlhqw iudphzrun iru re0

wdlqlqj dv|pswrwlfdoo| h!flhqw hvwlpdwruv lq wklv frqwh{w/ dqg �uvw0gl�huhqfhg

JPP hvwlpdwruv iru wkh �-E�� sdqho gdwd prgho zhuh ghyhorshg e| Krow}0Hdnlq/

Qhzh| dqg Urvhq +4<;;, dqg Duhoodqr dqg Erqg +4<<4,1 Hvvhqwldoo| wkhvh xvh dq

lqvwuxphqw pdwul{ ri wkh irup

~� '

5997
+�� f f ��� f ��� f
f +�� +�2 ��� f ��� f
� � � ��� � ��� �
f f f ��� +�� ��� +�cA32

6::8 c +516,

zkhuh urzv fruuhvsrqg wr wkh �uvw0gl�huhqfhg htxdwlrqv iru shulrgv | ' �cec ���c A

iru lqglylgxdo �/ dqg h{sorlw wkh prphqw frqglwlrqv

. d~ �

�{��o ' f iru � ' �c 2c ���c � +517,

zkhuh {�� ' E{���c{��ec ����c{��A ��1

Lq jhqhudo/ wkh dv|pswrwlfdoo| h!flhqw JPP hvwlpdwru edvhg rq wklv vhw ri

prphqw frqglwlrqv plqlplvhv wkh fulwhulrq
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+518,

Zlwklq Jurxsv hvwlpdwru lv dovr frqvlvwhqw lq wklv frqwh{w1
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xvlqj wkh zhljkw pdwul{
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zkhuh wkh f{�� duh frqvlvwhqw hvwlpdwhv ri wkh �uvw0gl�huhqfhg uhvlgxdov rewdlqhg

iurp d suholplqdu| frqvlvwhqw hvwlpdwru1 Khqfh wklv lv nqrzq dv d wzr0vwhs JPP

hvwlpdwru1 Xqghu krprvnhgdvwlflw| ri wkh ��| glvwxuedqfhv/ wkh sduwlfxodu vwuxf0

wxuh ri wkh �uvw0gl�huhqfhg prgho lpsolhv wkdw dq dv|pswrwlfdoo| htxlydohqw JPP

hvwlpdwru fdq eh rewdlqhg lq rqh0vwhs/ xvlqj lqvwhdg wkh zhljkw pdwul{
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zkhuh M lv d EA � 2� vtxduh pdwul{ zlwk 5*v rq wkh pdlq gldjrqdo/ 04*v rq wkh

�uvw r�0gldjrqdov dqg }hurv hovhzkhuh1 Qrwlfh wkdw `�� grhv qrw ghshqg rq dq|

hvwlpdwhg sdudphwhuv1

Dw d plqlpxp wklv vxjjhvwv wkdw wkh rqh0vwhs hvwlpdwru xvlqj`�� lv d uhdvrq0

deoh fkrlfh iru wkh lqlwldo frqvlvwhqw hvwlpdwru xvhg wr frpsxwh wkh rswlpdo zhljkw

pdwul{ `� dqg khqfh wr frpsxwh wkh wzr0vwhs hvwlpdwru1 Lq idfw d orw ri dssolhg

zrun xvlqj wkhvh JPP hvwlpdwruv kdv irfxvhg rq uhvxowv iru wkh rqh0vwhs hvwlpd0

wru udwkhu wkdq wkh wzr0vwhs hvwlpdwru1 Wklv lv sduwo| ehfdxvh vlpxodwlrq vwxglhv

kdyh vxjjhvwhg yhu| prghvw h!flhqf| jdlqv iurp xvlqj wkh wzr0vwhs yhuvlrq/ hyhq

lq wkh suhvhqfh ri frqvlghudeoh khwhurvnhgdvwlflw|/45 exw pruh lpsruwdqwo| ehfdxvh

wkh ghshqghqfh ri wkh wzr0vwhs zhljkw pdwul{ rq hvwlpdwhg sdudphwhuv pdnhv wkh

xvxdo dv|pswrwlf glvwulexwlrq dssur{lpdwlrqv ohvv uholdeoh iru wkh wzr0vwhs hvwl0

pdwru1 Vlpxodwlrq vwxglhv kdyh vkrzq wkdw wkh dv|pswrwlf vwdqgdug huuruv whqg

wr eh pxfk wrr vpdoo/ ru wkh dv|pswrwlf w0udwlrv pxfk wrr elj/ iru wkh wzr0vwhs

45Vhh/ iru h{dpsoh/ Duhoodqr dqg Erqg +4<<4,/ Eoxqghoo dqg Erqg +4<<;, dqg Eoxqghoo/ Erqg

dqg Zlqgphlmhu +5333,1
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hvwlpdwru/ lq vdpsoh vl}hv zkhuh wkh htxlydohqw whvwv edvhg rq wkh rqh0vwhs hvwl0

pdwru duh txlwh dffxudwh146 Zlqgphlmhu +5333, surylghv d irupdo dqdo|vlv ri wklv

lvvxh/ dqg sursrvhv d �qlwh0vdpsoh fruuhfwlrq iru wkh dv|pswrwlf yduldqfh ri wkh

wzr0vwhs JPP hvwlpdwru zklfk lv srwhqwldoo| yhu| xvhixo lq wklv fodvv ri prghov1

Zkhq A : � dqg wkh prgho lv ryhulghqwl�hg/ wkh ydolglw| ri wkh dvvxpswlrqv

xvhg wr rewdlq +517, fdq eh whvwhg xvlqj wkh vwdqgdug JPP whvw ri ryhulghqwli|lqj

uhvwulfwlrqv/ ru Vdujdq whvw1 Lq sduwlfxodu �a� lq +518, kdv dq dv|pswrwlf �2

glvwulexwlrq xqghu wkh qxoo wkdw wkhvh prphqw frqglwlrqv duh ydolg> vhh Vdujdq

+4<8;/ 4<;;, dqg Kdqvhq +4<;5,1 Lq wklv frqwh{w wkh nh| lghqwli|lqj dvvxpswlrq

wkdw wkhuh lv qr vhuldo fruuhodwlrq lq wkh ��| glvwxuedqfhv fdq dovr eh whvwhg e|

whvwlqj iru qr vhfrqg0rughu vhuldo fruuhodwlrq lq wkh �uvw0gl�huhqfhg uhvlgxdov> vhh

Duhoodqr dqg Erqg +4<<4,147 Erqg dqg Zlqgphlmhu +5335, uhylhz dowhuqdwlyh

dssurdfkhv wr whvwlqj k|srwkhvhv derxw wkh sdudphwhu ri lqwhuhvw k1

Wkhvh phwkrgv h{whqg vwudljkwiruzdugo| wr kljkhu rughu dxwruhjuhvvlyh prghov

dqg wr prghov zlwk olplwhg prylqj0dyhudjh vhuldo fruuhodwlrq lq wkh glvwxuedqfhv

��|c surylghg wkdw d plqlpxp qxpehu ri wlph vhulhv revhuydwlrqv duh dydlodeoh wr

lghqwli| wkh sdudphwhuv ri lqwhuhvw1 Iru h{dpsoh/ li ��| lv +514, lv lwvhoi��E��/ wkhq

wkh �uvw0gl�huhqfhg huuru whup {��| lq +515, lv ��E2�1 Dv d uhvxow +�c|32 zrxog

qrw eh d ydolg lqvwuxphqwdo yduldeoh lq wkhvh �uvw0gl�huhqfhg htxdwlrqv/ exw +�c|3�

dqg orqjhu odjv uhpdlq dydlodeoh dv lqvwuxphqwv1 Lq wklv fdvh k lv lghqwl�hg xv0

lqj wklv uhvwulfwhg lqvwuxphqw vhw surylghg A N e1 H{whqvlrqv wr prghov zlwk

dgglwlrqdo h{sodqdwru| +%, yduldeohv duh dovr vwudljkwiruzdug/ dqg duh glvfxvvhg

eulh | lq wkh qh{w vhfwlrq1 Pruhryhu zklovw zh kdyh lqwurgxfhg wkhvh JPP hv0

wlpdwruv iru wkh fdvh zkhuh �uvw0gl�huhqflqj lv xvhg wr holplqdwh wkh lqglylgxdo

46Vhh dovr Erqg dqg Zlqgphlmhu +5335,1
47Qhjdwlyh �uvw0rughu vhuldo fruuhodwlrq lv h{shfwhg lq wkh �uvw0gl�huhqfhg uhvlgxdov li wkh ylw

duh vhuldoo| xqfruuhodwhg1 Srvlwlyh vhuldo fruuhodwlrq lv h{shfwhg lq wkh ohyhov uhvlgxdov gxh wr wkh

suhvhqfh ri wkh lqglylgxdo h�hfwv �l1
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h�hfwv/ wkh wzr nh| surshuwlhv ri wkh �uvw0gl�huhqflqj wudqvirupdwlrq qhhghg khuh

0 holplqdwlqj wkh wlph0lqyduldqw lqglylgxdo h�hfwv zklovw qrw lqwurgxflqj glvwxu0

edqfhv iru shulrgv hduolhu wkdq shulrg |� � lqwr wkh wudqviruphg huuru whup 0 duh

vkduhg e| d zlgh fodvv ri dowhuqdwlyh wudqvirupdwlrqv1 Duhoodqr dqg Eryhu +4<<8,

vkrz wkdw qxphulfdoo| lghqwlfdo JPP hvwlpdwruv fdq eh rewdlqhg xvlqj dq| ri

wkh dowhuqdwlyh wudqvirupdwlrqv lq wklv fodvv148

Wkh �uvw0gl�huhqfhg JPP hvwlpdwruv ghvfulehg khuh duh vwudljkwiruzdug wr

frpsxwh/ dv wkh prphqw frqglwlrqv lq +517, duh doo olqhdu lq wkh sdudphwhu k149

Xqghu wkh yhu| plog dgglwlrqdo dvvxpswlrq wkdw wkh lqglylgxdo h�hfwv #� dqg wkh

glvwxuedqfhv ��| duh xqfruuhodwhg/ dgglwlrqdo prphqw frqglwlrqv duh dydlodeoh iru

wklv prgho zklfk duh txdgudwlf lq k dqg khqfh uhtxluh lwhudwlyh frpsxwdwlrqdo sur0

fhgxuhv1 Dgglwlrqdo olqhdu prphqw frqglwlrqv duh dydlodeoh xqghu d krprvnhgdv0

wlflw| dvvxpswlrq1 Dkq dqg Vfkplgw +4<<8, fkdudfwhulvh wkh dgglwlrqdo prphqw

frqglwlrqv lq erwk wkhvh fdvhv1 Shukdsv pruh xvhixo lq sudfwlfh/ krzhyhu/ duh

dgglwlrqdo olqhdu prphqw frqglwlrqv zklfk uhvxow iurp dvvxplqj wkdw wkh lqlwldo

frqglwlrqv vdwlvi| phdq vwdwlrqdulw|/ vr wkdw wkh vhulhv E+��c +�2c ���c +�A � kdyh d frq0

vwdqw phdq #�
�3k

iru hdfk lqglylgxdo �1 Wkhvh duh glvfxvvhg lq wkh qh{w vhfwlrq/

diwhu zh looxvwudwh wkh hvwlpdwruv glvfxvvhg khuh iru wkh �-E�� prgho xvlqj gdwd

rq lqyhvwphqw udwhv iru d sdqho ri XN �upv1

5141 H{dpsoh= frpsdq| lqyhvwphqw udwhv

Wdeoh 4 uhsruwv hvwlpdwhv ri wkh vlpsoh �-E�� vshfl�fdwlrq iru gdwd rq lqyhvwphqw

udwhv iru wkh sdqho ri XN frpsdqlhv xvhg lq Erqg/ Nohpp/ Qhzwrq0Vplwk/ V|hg

48Wkh fruuhvsrqglqj hvwlpdwruv duh qxphulfdoo| lghqwlfdo zkhq wkh sdqho lv edodqfhg +doo

lqglylgxdov kdyh frpsohwh gdwd rq |lw iru w @ 4>5> ===> W , dqg doo wkh dydlodeoh olqhdu prphqw frq0
glwlrqv duh h{sorlwhg1 Dowhuqdwlyh wudqvirupdwlrqv pd| ohdg wr pruh ru ohvv h!flhqw hvwlpdwruv

zkhq rqo| d vxevhw ri wkh dydlodeoh lqvwuxphqwv duh xvhg1
49Frpsxwhu surjudpphv wkdw lqfoxgh wkhvh hvwlpdwruv lqfoxgh GSG<; iru Jdxvv +Duhoodqr dqg

Erqg/ 4<<;,/ R{ +zzz1r{phwulfv1qhw,/ SfJlyh +zzz1sfjlyh1frp, dqg Vwdwd +zzz1vwdwd1frp,1
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dqg Yolhjkh +5335,1 Vlqfh wkh lqyhvwphqw gdwd EU�|� phdvxuh jurvv lqyhvwphqw

h{shqglwxuhv dqg wkh fdslwdo vwrfn vhulhv Eg�|� lv d phdvxuh ri wkh qhw fdslwdo

vwrfn dw uhsodfhphqw frvw/ wkh lqyhvwphqw udwhv +�| ' EU�|*g�|� jlyh dq dssur{lpdwh

phdvxuh ri wkh jurzwk udwh lq wkh qhw fdslwdo vwrfn soxv d ghsuhfldwlrq udwh1 Wkh

prgho hvwlpdwhg lv d �uvw0rughu dxwruhjuhvvlyh vshfl�fdwlrq dv lq htxdwlrq +514,/

zlwk |hdu0vshfl�f lqwhufhswv ES|� lqfoxghg wr dffrxqw iru frpprq f|folfdo ru wuhqg

frpsrqhqwv lq wkhvh lqyhvwphqw udwhv�
U�|
g�|

�
' S| n k

�
U�c|3�
g�c|3�

�
n E#� n ��|�� +519,

Yduldwlrq dfurvv �upv lq ghsuhfldwlrq udwhv surylghv rqh prwlydwlrq iru vxvshfwlqj

wkh suhvhqfh ri lqglylgxdo0vshfl�f h�hfwv lq wklv frqwh{w1 Wkh vdpsoh frqwdlqv

:36 sxeolfo| wudghg XN �upv iru zklfk zh kdyh frqvhfxwlyh dqqxdo gdwd iurp

sxeolvkhg frpsdq| dffrxqwv iru d plqlpxp ri 7 |hduv ehwzhhq 4<;: dqg 53331

Ixuwkhu ghwdlov ri wkh vdpsoh dqg wkh gdwd duh surylghg lq Erqg hw do +5335,1

Wkh �uvw wzr froxpqv ri Wdeoh 4 uhsruw ROV ohyhov dqg Zlwklq Jurxsv hvwl0

pdwhv ri wkh sdudphwhu k/ wrjhwkhu zlwk khwhurvnhgdvwlflw|0frqvlvwhqw hvwlpdwhv

ri wkh dv|pswrwlf vwdqgdug huuruv14: Uhfdoo wkdw wkh ROV hvwlpdwh lv olnho| wr eh

eldvhg xszdugv dqg wkh Zlwklq Jurxsv hvwlpdwh lv olnho| wr eh eldvhg grzqzdugv

li wkh �-E�� prgho lq +519, surylghv d jrrg uhsuhvhqwdwlrq iru wklv vhulhv1 Fhu0

wdlqo| wkh ROV hvwlpdwh lv frqvlghudeo| kljkhu wkdq wkh Zlwklq Jurxsv hvwlpdwh1

Wkh vhuldo fruuhodwlrq whvwv 6� dqg 62 uhsruwhg iru ROV ohyhov whvw wkh qxoo k|0

srwkhvhv ri qr �uvw0rughu vhuldo fruuhodwlrq dqg qr vhfrqg0rughu vhuldo fruuhodwlrq

uhvshfwlyho| lq wkh ROV uhvlgxdov +�| � ek+�c|3�/ zkhuh ek lv wkh ROV hvwlpdwh ri k1

Wkh whvw vwdwlvwlfv duh dv|pswrwlfdoo| vwdqgdug qrupdo xqghu wkh qxoo ri qr vhu0

ldo fruuhodwlrq/ dqg wkhlu vljqv lqglfdwh wkh vljq ri wkh hvwlpdwhg dxwrfruuhodwlrq

frh!flhqwv lq wkh uhvlgxdov14; Zklovw zh pljkw h{shfw wr �qg vljql�fdqw srvlwlyh

4:Doo frpsxwdwlrqv duh grqh xvlqj GSG<; iru Jdxvv> vhh Duhoodqr dqg Erqg +4<<;,1
4;Wkhvh whvw vwdwlvwlfv duh vwdqgduglvhg �uvw0rughu dqg vhfrqg0rughu uhvlgxdo dxwrfryduldqfhv>
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vhuldo fruuhodwlrq dw erwk �uvw rughu dqg vhfrqg rughu lq frqvlvwhqw hvwlpdwhv ri

wkhvh ohyhov uhvlgxdov/ gxh wr wkh suhvhqfh ri lqglylgxdo h�hfwv/ wkhuh lv qr uhd0

vrq wr h{shfw wklv sdwwhuq li wkh ROV hvwlpdwh ri k/ dqg khqfh wkhvh hvwlpdwhv

ri wkh uhvlgxdov/ duh vhulrxvo| eldvhg1 Iru wkh Zlwklq Jurxsv hvwlpdwru/ wkh uh0

sruwhg whvw vwdwlvwlfv frqvlghu vhuldo fruuhodwlrq lq wkh �uvw0gl�huhqfhg uhvlgxdov/

{+�|� ek{+�c|3�/ zkhuh ek lv khuh wkh Zlwklq Jurxsv hvwlpdwh ri k1 Vlploduo|/ krz0

hyhu/ wkh �qglqj ri vljql�fdqw vhfrqg0rughu vhuldo fruuhodwlrq lq wkhvh hvwlpdwhv ri

wkh uhvlgxdov qhhg qrw lqglfdwh wkdw wkh �-E�� prgho lv plv0vshfl�hg/ vlqfh wklv

hvwlpdwh ri k dqg khqfh wkhvh hvwlpdwhv ri wkh �uvw0gl�huhqfhg uhvlgxdov duh olnho|

wr eh eldvhg1

Wkh wklug froxpq uhsruwv wkh vlpsoh/ mxvw0lghqwl�hg 5VOV hvwlpdwru iru wkh

htxdwlrqv lq �uvw0gl�huhqfhv/ xvlqj +�c|32 dv wkh lqvwuxphqwdo yduldeoh1 Wklv jlyhv

dq hvwlpdwh ri k zklfk lv vljql�fdqwo| srvlwlyh/ exw zhoo ehorz wkh ROV hvwlpdwh

dqg zhoo deryh wkh Zlwklq Jurxsv hvwlpdwh1 Zklovw zh fdqqrw xvh wkh Vdujdq

vwdwlvwlf wr whvw wkh ydolglw| ri ryhulghqwli|lqj uhvwulfwlrqv iru wklv mxvw0lghqwl�hg

hvwlpdwru/ wkh sdwwhuq ri vhuldo fruuhodwlrq lq wkh �uvw0gl�huhqfhg uhvlgxdov lv frq0

vlvwhqw zlwk wkh pdlqwdlqhg dvvxpswlrq wkdw wkh ��| glvwxuedqfhv duh vhuldoo| xqfru0

uhodwhg/ vr wkdw {��| vkrxog kdyh vljql�fdqw qhjdwlyh �uvw0rughu vhuldo fruuhodwlrq

exw qr vljql�fdqw vhfrqg0rughu vhuldo fruuhodwlrq1 Zh kdyh vrph hylghqfh wkdw wkh

�-E��prgho lv zhoo vshfl�hg iru wklv vhulhv/ dqg wkh udqnlqj ri wkh ROV/ 5VOV

dqg Zlwklq Jurxsv sdudphwhu hvwlpdwhv lv lq olqh zlwk zkdw zh zrxog h{shfw li

wklv lv wkh fdvh dqg wkh frqvlvwhqw 5VOV hvwlpdwru lv qrw vxemhfw wr dq| vhulrxv

�qlwh vdpsoh eldv lq wklv frqwh{w1

Wkh irxuwk froxpq uhsruwv d rqh0vwhs �uvw0gl�huhqfhg JPP hvwlpdwru iru wklv

vshfl�fdwlrq/ xvlqj rqo| d vxevhw ri wkh srwhqwldoo| dydlodeoh lqvwuxphqw pdwul{

~� lq +516,1 Lq sduwlfxodu/ rqo| lqvwuxphqwv fruuhvsrqglqj wr +�c|32 dqg +�c|3� duh

vhh Duhoodqr dqg Erqg +4<<4, iru ghwdlov1
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xvhg khuh/ dqg froxpqv ri ~� frqwdlqlqj orqjhu odjv iru wkh odwhu �uvw0gl�huhqfhg

htxdwlrqv duh rplwwhg14< Zh rewdlq d prghvw lpsuryhphqw lq wkh suhflvlrq ri

wkh sdudphwhu hvwlpdwh iurp wkh dgglwlrq ri wkhvh dgglwlrqdo prphqw frqglwlrqv1

Dv wklv prgho lv qrz ryhulghqwl�hg/ zh fdq xvh wkh Vdujdq vwdwlvwlf wr whvw wkh

ydolglw| ri wkh ryhulghqwli|lqj uhvwulfwlrqv1 Lq wklv fdvh zh rewdlq d �2E22� vwdwlvwlf

ri 561;7/ jlylqj wkh uhsruwhg s0ydoxh ri 3169153 Frqvlvwhqw zlwk wkh hylghqfh iurp

wkh vhuldo fruuhodwlrq whvwv/ wkh qxoo k|srwkhvlv wkdw wkhvh prphqw frqglwlrqv duh

lqydolg lv qrw uhmhfwhg dw dq| frqyhqwlrqdo vljql�fdqfh ohyho1

Wkh �qdo froxpq uhsruwv wkh rqh0vwhs �uvw0gl�huhqfhg JPP hvwlpdwru zklfk

xvhv wkh frpsohwh vhw ri olqhdu prphqw uhvwulfwlrqv lpsolhg e| rxu dvvxpswlrqv

wkdw wkh ��| glvwxuedqfhv duh vhuldoo| xqfruuhodwhg dqg wkh lqlwldo frqglwlrqv +�� duh

suhghwhuplqhg154 Zh rewdlq d ixuwkhu yhu| prghvw lpsuryhphqw lq wkh suhflvlrq

ri wkh sdudphwhu hvwlpdwh/ dqg djdlq wkhuh lv qr hylghqfh hlwkhu iurp wkh vhuldo

fruuhodwlrq whvwv ru iurp wkh Vdujdq whvw wkdw wkh vlpsoh �-E�� prgho lv plv0

vshfl�hg iru wklv vhulhv155 Qrwhzruwk| lv zkdw kdsshqv lq wklv fdvh li zh frqvlghu

wkh wzr0vwhs yhuvlrq ri wkh JPP hvwlpdwru1 Wklv jlyhv dq hvwlpdwh ri 314;39/

zlwk dq dv|pswrwlf vwdqgdug huuru ri 31355:1 Zklovw wkh srlqw hvwlpdwh lv wkxv

4<Qrwlfh krzhyhu wkdw wklv hvwlpdwru vwloo xvhv pdq| pruh lqvwuxphqwdo yduldeohv wkdq wkh

mxvw0lghqwl�hg 5VOV hvwlpdwru lq froxpq wkuhh1 Wkh lqvwuxphqw pdwul{ iru 5VOV khuh lv wkh

vlqjoh froxpq yhfwru ]l @ +|l4> |l5> ===> |l>W�5,
3/ zklovw hyhq wkh uhvwulfwhg yhuvlrq ri +516, xvhg

lq froxpq irxu kdv 56 froxpqv1
53Wkh Vdujdq whvw uhsruwhg khuh lv edvhg rq wkh plqlplvhg ydoxh ri wkh dvvrfldwhg wzr0vwhs

JPP hvwlpdwru/ zklfk kdv d frqyhqlhqw dv|pswrwlf "5 glvwulexwlrq uhjdugohvv ri khwhurvnhgdv0

wlflw|1 Qrwlfh wkdw wkhvh rqh0vwhs dqg wzr0vwhs JPP hvwlpdwruv duh edvhg rq wkh vdph vhw ri

prphqw frqglwlrqv/ vr wkdw wkh ryhulghqwli|lqj uhvwulfwlrqv whvwhg khuh duh wkrvh xvhg e| erwk

hvwlpdwruv1
54Wkh lqvwuxphqw pdwul{ ]l kdv :; froxpqv lq wklv fdvh1
55Rqh uhdvrq wr frpsduh wkh hvwlpdwru edvhg rq wkh ixoo vhw ri lqvwuxphqwv lq froxpq �yh zlwk

wkh hvwlpdwru edvhg rq wkh uhvwulfwhg lqvwuxphqw vhw lq froxpq irxu lv wkdw JPP hvwlpdwruv

edvhg rq wrr pdq| prphqw frqglwlrqv fdq eh vxemhfw wr srwhqwldoo| vhyhuh ryhu�wwlqj eldvhv lq

vpdoo vdpsohv1 Wklv grhv qrw vhhp wr eh dq lvvxh khuh1 Wkh orvv ri uhohydqw lqirupdwlrq fdxvhg e|

rplwwlqj wkh pruh glvwdqw odjv dv lqvwuxphqwv zloo riwhq eh yhu| prghvw/ dv zh �qg khuh1 Erzvkhu

+5333, dovr qrwhv wkdw wkh srzhu ri wkh Vdujdq whvw wr ghwhfw lqydolg ryhulghqwli|lqj uhvwulfwlrqv

fdq ghfolqh gudpdwlfdoo| lq �qlwh vdpsohv li dq h{fhvvlyh qxpehu ri prphqw frqglwlrqv duh xvhg1
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vlplodu wr wkh rqh0vwhs hvwlpdwh ri 314893 uhsruwhg lq wkh �qdo froxpq ri Wdeoh 4/

wkhuh lv dssduhqwo| d uhgxfwlrq ri vrph 63( lq wkh vwdqgdug huuru ri wklv hvwlpdwh1

Zklovw vrph jdlq lq suhflvlrq frxog eh h{shfwhg lq wkh suhvhqfh ri khwhurvnhgdvwlf

glvwxuedqfhv/ qr lpsuryhphqw ri wklv pdjqlwxgh kdv hyhu ehhq uhsruwhg lq vlp0

xodwlrq vwxglhv iru wkhvh hvwlpdwruv1 Xvlqj wkh �qlwh vdpsoh fruuhfwlrq sursrvhg

e| Zlqgphlmhu +5333, jlyhv d fruuhfwhg vwdqgdug huuru ri 313647 iru wklv wzr0vwhs

hvwlpdwh/ zklfk lv rqo| pdujlqdoo| orzhu wkdq wkh vwdqgdug huuru iru wkh rqh0vwhs

hvwlpdwh uhsruwhg lq Wdeoh 4/ dqg pxfk pruh lq olqh zlwk wkh uhodwlyh h!flhqf|

ri wkhvh wzr hvwlpdwruv uhsruwhg lq vlpxodwlrqv1 Vhyhudo vwxglhv kdyh qrwhg wkdw

lqihuhqfh edvhg rq wkh frqyhqwlrqdo dv|pswrwlf yduldqfh pdwul{ iru wkh wzr0vwhs

JPP hvwlpdwru fdq eh kljko| lqdffxudwh lq wklv frqwh{w> vhh/ iru h{dpsoh/ Erqg

dqg Zlqgphlmhu +5335,1

61 Pxowlyduldwh g|qdplf prghov zlwk shuvlvwhqw vhulhv

6141 Dxwruhjuhvvlyh0glvwulexwhg odj prghov

Wkh JPP hvwlpdwruv iru dxwruhjuhvvlyh prghov rxwolqhg lq wkh suhylrxv vhfwlrq

h{whqg lq d qdwxudo zd| wr dxwruhjuhvvlyh0glvwulexwhg odj prghov ri wkh irup

+�| ' k+�c|3� n q%�| n E#� n ��|�( � ' �c2c ���c � ( | ' 2c�c ���c A +614,

zkhuh %�| fdq eh d yhfwru ri fxuuhqw dqg odjjhg ydoxhv ri dgglwlrqdo h{sodqdwru|

yduldeohv1 Dq dwwudfwlyh ihdwxuh ri wklv dssurdfk lv wkdw lw grhv qrw uhtxluh prghov

iru wkh %�| vhulhv wr eh vshfl�hg lq rughu wr hvwlpdwh wkh sdudphwhuv Ekc q�1

Gl�huhqw prphqw frqglwlrqv zloo eh dydlodeoh ghshqglqj rq zkdw lv dvvxphg

derxw wkh fruuhodwlrq ehwzhhq %�| dqg wkh wzr frpsrqhqwv ri wkh huuru whup1

Iru h{dpsoh/ irfxvlqj rq wkh fdvh zkhuh %�| lv vfdodu/ zh �uvw dvvxph wkdw %�|

lv fruuhodwhg zlwk wkh lqglylgxdo h�hfwv #�1 Wkh srwhqwldo wr rewdlq frqvlvwhqw

sdudphwhu hvwlpdwhv lq wkh suhvhqfh ri wklv nlqg ri xqrevhuyhg khwhurjhqhlw| lv
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dqrwkhu pdmru dgydqwdjh ri sdqho gdwd1 Dv erwk %�| dqg +�| duh fruuhodwhg zlwk #�

lq wklv fdvh/ d wudqvirupdwlrq olnh �uvw0gl�huhqflqj lv djdlq uhtxluhg wr holplqdwh

wkh lqglylgxdo h�hfwv iurp wkh wudqviruphg htxdwlrqv lq rughu wr rewdlq ydolg

prphqw frqglwlrqv1

Pdlqwdlqlqj dovr wkdw wkh ��| glvwxuedqfhv duh vhuldoo| xqfruuhodwhg/ wkh %�|

vhulhv pd| eh hqgrjhqrxv lq wkh vhqvh wkdw %�| lv fruuhodwhg zlwk ��| dqg hduolhu

vkrfnv/ exw %�| lv xqfruuhodwhg zlwk ��c|n� dqg vxevhtxhqw vkrfnv> suhghwhuplqhg

lq wkh vhqvh wkdw %�| dqg ��| duh dovr xqfruuhodwhg/ exw %�| pd| vwloo eh fruuhodwhg

zlwk ��c|3� dqg hduolhu vkrfnv> ru vwulfwo| h{rjhqrxv lq wkh vhqvh wkdw %�| lv xq0

fruuhodwhg zlwk doo sdvw/ suhvhqw dqg ixwxuh uhdolvdwlrqv ri ��r1 Li %�| lv dvvxphg

wr eh hqgrjhqrxv wkhq lw lv wuhdwhg v|pphwulfdoo| zlwk wkh ghshqghqw yduldeoh

+�|1 Lq wklv fdvh wkh odjjhg ydoxhv %�c|32/ %�c|3� dqg orqjhu odjv +zkhq revhuyhg,

zloo eh ydolg lqvwuxphqwdo yduldeohv lq wkh �uvw0gl�huhqfhg htxdwlrqv iru shulrgv

| ' �c ec ���c A 1 Pdlqwdlqlqj dovr wkdw wkh lqlwldo frqglwlrqv +�� duh suhghwhuplqhg/

wkh frpsohwh vhw ri prphqw frqglwlrqv dydlodeoh kdv wkh irup ri +517,/ lq zklfk

wkh yhfwru E+��c ���c +�c|32� lv uhsodfhg e| wkh yhfwru E+��c ���c +�c|32c %��c ���c %�c|32� lq

iruplqj hdfk urz ri wkh lqvwuxphqw pdwul{ ~� lq +516,1 Frpsxwdwlrq ri wkh rqh0

vwhs dqg wzr0vwhs �uvw0gl�huhqfhg JPP hvwlpdwruv fdq wkhq surfhhg mxvw dv lq

wkh dxwruhjuhvvlyh fdvh1

Li zh pdnh wkh vwurqjhu dvvxpswlrq wkdw wkhuh lv qr frqwhpsrudqhrxv fru0

uhodwlrq dqg wkh %�| vhulhv lv suhghwhuplqhg/ wkhq %�c|3� lv dgglwlrqdoo| dydlodeoh

dv d ydolg lqvwuxphqw lq wkh �uvw0gl�huhqfhg htxdwlrq iru shulrg |1 Lq wklv fdvh

E+��c ���c +�c|32� lv uhsodfhg e| wkh yhfwru E+��c ���c +�c|32c %��c ���c %�c|32c %�c|3�� wr irup

wkh lqvwuxphqw pdwul{ ~� dv lq +516,1 Li zh pdnh wkh pxfk vwurqjhu dvvxpswlrq

wkdw %�| lv vwulfwo| h{rjhqrxv/ wkhq wkh frpsohwh wlph vhulhv %�� ' E%��c %�2c ���c %�A �

zloo eh ydolg lqvwuxphqwdo yduldeohv lq hdfk ri wkh �uvw0gl�huhqfhg htxdwlrqv1 Lq

wklv fdvh E+��c ���c +�c|32� lv uhsodfhg e| wkh yhfwru E+��c ���c +�c|32c %��� wr irup wkh
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lqvwuxphqw pdwul{1

Zklovw wkh fkrlfh ehwzhhq wkhvh dowhuqdwlyhv pd| vhhp d olwwoh duelwudu|/ lq

prvw fdvhv wkhvh prphqw frqglwlrqv zloo eh ryhulghqwli|lqj uhvwulfwlrqv/ vr wkdw

wkh ydolglw| ri d sduwlfxodu dvvxpswlrq pd| eh whvwhg xvlqj vwdqgdug JPP whvwv

ri ryhulghqwli|lqj uhvwulfwlrqv1 Gl�huhqfh Vdujdq whvwv duh xvhixo lq wklv frqwh{w/

dv wkh vhw ri prphqw frqglwlrqv vshfl�hg xqghu d uhodwlyho| zhdn dvvxpswlrq

+h1j1 %�| lv hqgrjhqrxv, lv d vwulfw vxevhw ri wkh vhw ri prphqw frqglwlrqv vshfl�hg

xqghu d vwurqjhu dvvxpswlrq +h1j1 %�| lv suhghwhuplqhg,1 Ohwwlqj 7 ghqrwh wkh

Vdujdq vwdwlvwlf rewdlqhg xqghu wkh vwurqjhu dvvxpswlrq dqg 7 � ghqrwh wkh Vdujdq

vwdwlvwlf rewdlqhg xqghu wkh zhdnhu dvvxpswlrq/ wkh vlpsoh gl�huhqfh(7 ' 7�7 �

lv dv|pswrwlfdoo| �2/ dqg whvwv wkh ydolglw| ri wkh dgglwlrqdo prphqw frqglwlrqv

xvhg lq wkh iruphu fdvh> vhh Duhoodqr dqg Erqg +4<<4,1

Ixuwkhu prphqw frqglwlrqv duh dydlodeoh li zh duh zloolqj wr dvvxph wkdw %�|

lv xqfruuhodwhg zlwk wkh xqrevhuyhg lqglylgxdo h�hfwv #�1 Wkh edvlf gl�huhqfh lv

wkdw qrz zh kdyh ydolg lqvwuxphqwdo yduldeohv iru wkh xqwudqviruphg ohyhov htxd0

wlrqv1 Xqiruwxqdwho| wkh frpsohwh vhw ri prphqw frqglwlrqv vshfl�hg w|slfdoo|

fdqqrw eh zulwwhq dv d vhw ri ruwkrjrqdolw| frqglwlrqv xvlqj wkh huuru whup lq wkh

ohyhov htxdwlrqv E#� n ��|� dorqh1 H!flhqw hvwlpdwlrq frpelqhv wkh vhw ri prphqw

frqglwlrqv dydlodeoh iru wkh �uvw0gl�huhqfhg htxdwlrqv/ ghvfulehg deryh/ zlwk wkh

dgglwlrqdo prphqw frqglwlrqv lpsolhg iru wkh ohyhov htxdwlrqv xqghu wkh dgglwlrqdo

dvvxpswlrq wkdw %�| dqg #� duh xqfruuhodwhg1

Iru h{dpsoh/ li %�| lv hqgrjhqrxv zlwk uhvshfw wr ��| dqg xqfruuhodwhg zlwk #�/

wkhuh duh d ixuwkhu A�� qrq0uhgxqgdqw dgglwlrqdo prphqw frqglwlrqv ri wkh irup

. d%�c|3�E#� n ��|�o ' f iru � ' �c 2c ���c � dqg | ' 2c �c ���c Ac

lq dgglwlrq wr wkh vhw ri prphqw frqglwlrqv iru wkh �uvw0gl�huhqfhg htxdwlrqv
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ghvfulehg suhylrxvo|156 Wklv doorzv wkh xvh ri %�c|3� dv dq lqvwuxphqwdo yduldeoh lq

wkh ohyhov htxdwlrq iru shulrg |1 Li %�| lv hlwkhu suhghwhuplqhg ru vwulfwo| h{rjhqrxv

zlwk uhvshfw wr ��|/ wkhuh duh dq dgglwlrqdo A qrq0uhgxqgdqw prphqw frqglwlrqv/

jlyhq wkh uhvshfwlyh vhwv ri prphqw frqglwlrqv iru wkh �uvw0gl�huhqfhg htxdwlrqv

xqghu wkhvh dvvxpswlrqv1 Lq erwk fdvhv wkhvh fdq eh zulwwhq dv57

. d%�|E#� n ��|�o ' f iru � ' �c 2c ���c � dqg | ' 2c �c ���c A

dqg . d%��E#� n ��2�o ' f iru � ' �c 2c ���c � (

vhh Duhoodqr dqg Erqg +4<<4, iru ghwdlov1

Hvwlpdwlrq wkhq frpelqhv wkh vhw ri prphqw frqglwlrqv vshfl�hg iru wkh htxd0

wlrqv lq �uvw0gl�huhqfhv zlwk wkhvh dgglwlrqdo prphqw frqglwlrqv vshfl�hg iru wkh

htxdwlrqv lq ohyhov1 Rqh gl�huhqfh iurp wkh fdvh zkhuh rqo| �uvw0gl�huhqfhg htxd0

wlrqv duh xvhg lv wkdw wkhuh lv qr orqjhu d nqrzq zhljkw pdwul{ wkdw fdq eh xvhg

wr frqvwuxfw d rqh0vwhs JPP hvwlpdwru wkdw lv dv|pswrwlfdoo| htxlydohqw wr wkh

rswlpdo wzr0vwhs JPP hvwlpdwru/ hyhq lq wkh vshfldo fdvh ri krprvnhgdvwlf glv0

wxuedqfhv1 Wkh jdlq lq h!flhqf| iurp xvlqj wkh rswlpdo wzr0vwhs zhljkw pdwul{

lv wkxv olnho| wr eh juhdwhu lq wklv frqwh{w/ dw ohdvw lq odujh vdpsohv1 Qrwh dovr

wkdw wkh Gl�huhqfh Vdujdq whvw fdq eh xvhg wr whvw wkh dvvxpswlrq wkdw %�| lv

xqfruuhodwhg zlwk wkh lqglylgxdo h�hfwv158

Dq lqwhuphgldwh fdvh rffxuv zkhq zh duh qrw zloolqj wr dvvxph wkdw wkh ohyho

ri wkh %�| yduldeoh lv xqfruuhodwhg zlwk wkh lqglylgxdo h�hfwv/ exw zh duh zloolqj

wr dvvxph wkdw wkh �uvw0gl�huhqfhv {%�| duh xqfruuhodwhg zlwk #�1 Lq wklv fdvh

vxlwdeo| odjjhg ydoxhv ri {%�r fdq eh xvhg dv lqvwuxphqwdo yduldeohv lq wkh ohyhov

htxdwlrq iru shulrg |> vhh Duhoodqr dqg Eryhu +4<<8, iru ghwdlov1

56Wklv uhsuhvhqwdwlrq lv qrw xqltxh1 Qrwh wkdw wkh xvh ri orqjhu odjv ri {lv dv lqvwuxphqwv iru

wkh htxdwlrqv lq ohyhov lv uhgxqgdqw zkhq doo dydlodeoh odjv ri {lv duh xvhg dv lqvwuxphqwv lq wkh

�uvw0gl�huhqfhg htxdwlrqv1
57Djdlq wklv uhsuhvhqwdwlrq lv qrw xqltxh1
58Duhoodqr +4<<6, frqvlghuv dq dowhuqdwlyh Zdog whvw ri wklv dvvxpswlrq1
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6151 Shuvlvwhqw vhulhv

Wklv odvw revhuydwlrq udlvhv wkh srvvlelolw| wkdw odjjhg gl�huhqfhv {+�c|3� pd|

dovr eh ydolg lqvwuxphqwv iru wkh ohyhov htxdwlrqv lq dxwruhjuhvvlyh prghov olnh

+514,1 Wklv wxuqv rxw wr ghshqg rq wkh ydolglw| ri d vwdwlrqdulw| dvvxpswlrq

derxw wkh lqlwldo frqglwlrqv +��/ zklfk lv glvfxvvhg lq ghwdlo lq Eoxqghoo dqg Erqg

+4<<;,1 Vshfl�fdoo| lw uhtxluhv .
��
+�� �

�
#�

�3k

��
#�
�
' f iru � ' �c ���c �c vr wkdw

wkh lqlwldo frqglwlrqv gr qrw ghyldwh v|vwhpdwlfdoo| iurp wkh ydoxh
�

#�
�3k

�
zklfk

wkh prgho vshfl�hv wkdw wkh +�| vhulhv iru lqglylgxdo � frqyhujhv wrzdugv iurp

shulrg 2 rqzdugv159 Wklv vwdwlrqdu| phdq dvvxpswlrq lpsolhv . d{+�2#�o ' f iru

� ' �c2c ���c � / zklfk lq wxuq jlyhq wkh dxwruhjuhvvlyh vwuxfwxuh ri wkh prgho dqg

wkh plog dvvxpswlrq . d{��|#�o ' f iru � ' �c 2c ���c � dqg | ' �c ec ���c A lpsolhv

wkh dgglwlrqdo A � 2 qrq0uhgxqgdqw olqhdu prphqw frqglwlrqv

. d{+�c|3�E#� n ��|�o ' f iru � ' �c2c ���c � dqg | ' �c ec ���c Ac +615,

lq dgglwlrq wr wkrvh vshfl�hg iru wkh �uvw0gl�huhqfhg htxdwlrqv lq +517,1 Hvwlpd0

wlrq djdlq uhtxluhv d frpelqdwlrq ri htxdwlrqv lq �uvw0gl�huhqfhv zlwk htxdwlrqv

lq ohyhov wr h{sorlw wklv frpsohwh vhw ri prphqw frqglwlrqv1 Rqh ixuwkhu revhuyd0

wlrq lv wkdw xqghu wkhvh dgglwlrqdo dvvxpswlrqv/ wkh txdgudwlf prphqw frqglwlrqv

glvfxvvhg hduolhu fdq dovr eh vkrzq wr eh uhgxqgdqw zkhq wkh olqhdu prphqw

frqglwlrqv +517, dqg +615, duh doo h{sorlwhg15:

Wkh vljql�fdqfh ri wkhvh dgglwlrqdo prphqw frqglwlrqv lq wkh �-E�� prgho lv

wkdw hvwlpdwlrq qr orqjhu ghshqgv h{foxvlyho| rq wkh �uvw0gl�huhqfhg htxdwlrqv/ ru

59Lq d vshfl�fdwlrq zlwk shulrg0vshfl�f lqwhufhswv ru wlph gxpplhv/ wkh uhtxluhphqw wkdw wkh

phdq ri wkh +|l4> |l5> ===> |lW , vhulhv lv frqvwdqw iru hdfk lqglylgxdo fdq eh uhsodfhg e| wkh zhdnhu

dvvxpswlrq wkdw wkhvh phdqv hyroyh ryhu wlph lq d frpprq zd| iru wkh Q lqglylgxdov lq wkh

vdpsoh 0 vr wkdw wkh phdqv duh djdlq frqvwdqw zkhq wkh vhulhv duh h{suhvvhg dv ghyldwlrqv iurp

shulrg0vshfl�f phdqv1
5:Ixuwkhu prphqw frqglwlrqv duh dydlodeoh li wkh ylw glvwxuedqfhv duh krprvnhgdvwlf dqg wkh

lqlwldo frqglwlrqv |l4 vdwlvi| fryduldqfh vwdwlrqdulw|1 Vhh/ iru h{dpsoh/ Dkq dqg Vfkplgw +4<<:,

dqg Nuxlqljhu +5333,1
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pruh vshfl�fdoo| rq wkh xvh ri odjjhg ohyhov ri wkh vhulhv dv lqvwuxphqwv iru wkh �uvw0

gl�huhqfh {+�c|3�1 Wkh fruuhodwlrq ehwzhhq odjjhg ohyhov ri wkh vhulhv dqg {+�c|3�

ehfrphv zhdn li hlwkhu wkh wuxh ydoxh ri wkh sdudphwhu k dssurdfkhv xqlw|/ ru li

wkh udwlr yduE#��*yduE��|� ehfrphv odujh1 Lq erwk fdvhv wkh wlph vhulhv +�| ehfrphv

kljko| shuvlvwhqw dqg odjjhg ohyhov surylgh zhdn lqvwuxphqwv iru vxevhtxhqw �uvw0

gl�huhqfhv1 Lqghhg li zh frqvlghu wkh dowhuqdwlyh vshfl�fdwlrq

+�| ' k+�c|3� n E#�E� � k� n ��|�( � ' �c 2c ���c � ( | ' 2c�c ���c Ac

zklfk dssurdfkhv d sxuh udqgrp zdon dv k $ �/ wkhq wkh sdudphwhu k lv qrw

lghqwl�hg xvlqj wkh prphqw frqglwlrqv iru wkh �uvw0gl�huhqfhg htxdwlrqv +517, lq

wkh fdvh zkhq k ' �1

Pruh jhqhudoo| wkh lqvwuxphqwv dydlodeoh iru wkh htxdwlrqv lq �uvw0gl�huhqfhv

duh olnho| wr eh zhdn zkhq wkh lqglylgxdo vhulhv kdyh qhdu xqlw urrw surshuwlhv1

Lqvwuxphqwdo yduldeoh hvwlpdwruv fdq eh vxemhfw wr vhulrxv �qlwh vdpsoh eldvhv

zkhq wkh lqvwuxphqwv xvhg duh zhdn15; Eoxqghoo dqg Erqg +4<<;, vkrz wkdw wklv

dssolhv wr wkh �uvw0gl�huhqfhg JPP hvwlpdwru iru wkh �-E��15< Wdeoh 5 uhsruwv d

vhohfwlrq ri wkhlu vlpxodwlrq uhvxowv/ iru erwk wkh �uvw0gl�huhqfhg JPP hvwlpdwru

dqg wkh h{whqghg JPP hvwlpdwru zklfk xvhv wkh dgglwlrqdo prphqw frqglwlrqv

+615,1 Wkh Zlwklq Jurxsv hvwlpdwru lv dgghg khuh iru frpsdulvrq1 Qrwlfh wkdw

wkh �qlwh vdpsoh eldv iru wkh �uvw0gl�huhqfhg JPP hvwlpdwru lq wklv frqwh{w lv

grzqzdugv/ dqg lq wklv h{shulphqw zkhuh wkh prphqw frqglwlrqv +517, duh ydolg

exw rqo| zhdno| lghqwli| wkh sdudphwhu k/ wklv �qlwh vdpsoh eldv dsshduv wr eh lq

wkh gluhfwlrq ri wkhZlwklq Jurxsv hvwlpdwru1 E| frqwudvw wkh h{whqghg hvwlpdwru/

ghqrwhg v|vwhp JPP/ kdv pxfk vpdoohu �qlwh vdpsoh eldv dqg pxfk juhdwhu

suhflvlrq zkhq hvwlpdwlqj dxwruhjuhvvlyh sdudphwhuv xvlqj shuvlvwhqw vhulhv1

5;Vhh/ iru h{dpsoh/ Erxqg/ Mdhjhu dqg Ednhu +4<<8,1
5<Eoxqghoo/ Erqg dqg Zlqgphlmhu +5333, vxjjhvw wkdw wklv lv dovr olnho| wr eh d frqfhuq lq

pxowlyduldwh prghov zkhq wkh lqglylgxdo vhulhv duh kljko| shuvlvwhqw1
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Wklv hpskdvlv rq wkh wlph vhulhv surshuwlhv ri wkh vhulhv pljkw dsshdu vxusulv0

lqj jlyhq rxu irfxv rq plfur sdqhov/ zlwk d odujh qxpehu ri furvv0vhfwlrq xqlwv dqg

d vpdoo qxpehu ri wlph shulrgv1 Lq wklv frqwh{w wkh dv|pswrwlf glvwulexwlrq wkhru|

uholhv rq � ehfrplqj odujh zlwk A wuhdwhg dv �{hg/ dqg wkh dv|pswrwlf qrupdolw|

ri wkhvh JPP hvwlpdwruv grhv qrw ghshqg rq wkh wlph vhulhv surshuwlhv ri wkh vh0

ulhv1 Wkh lvvxh khuh lv wkdw sdudphwhuv pd| qrw eh lghqwl�hg xvlqj �uvw0gl�huhqfhg

JPP hvwlpdwruv zkhq wkh vhulhv duh udqgrp zdonv/ dqg pruh jhqhudoo| lghqwl0

�fdwlrq pd| eh zhdn zkhq wkh vhulhv duh qhdu xqlw urrw surfhvvhv1 Dv Wdeoh 5

looxvwudwhv/ �qlwh vdpsoh eldvhv fdq eh vhyhuh zkhq wkh lqvwuxphqwv dydlodeoh duh

zhdn1 Lqyhvwljdwlqj wkh wlph vhulhv surshuwlhv ri wkh lqglylgxdo vhulhv lv wkhuhiruh

wr eh uhfrpphqghg zkhq xvlqj wkhvh JPP hvwlpdwruv iru g|qdplf sdqho gdwd

prghov/ dqg wkh ydolglw| ri wkh dgglwlrqdo prphqw frqglwlrqv glvfxvvhg lq wklv

vhfwlrq vkrxog eh jlyhq fduhixo frqvlghudwlrq li wkh vhulhv ehlqj xvhg duh irxqg wr

eh kljko| shuvlvwhqw1 Dq h{dpsoh zklfk looxvwudwhv wkhvh lvvxhv lv suhvhqwhg lq wkh

qh{w vhfwlrq1

Wkh h{whqghg v|vwhpJPPhvwlpdwru dovr h{whqgv vwudljkwiruzdugo| wr dxwruhjuhvvlyh0

glvwulexwhg odj prghov olnh +614,1 Lq wklv frqwh{w Eoxqghoo dqg Erqg +5333, vkrz

wkdw d vx!flhqw frqglwlrq iru wkh ydolglw| ri dgglwlrqdo prphqw frqglwlrqv olnh

+615, lv wkdw wkh E+�|c %�|� vhulhv hdfk vdwlvi| d phdq vwdwlrqdulw| dvvxpswlrq1 Krz0

hyhu zhdnhu frqglwlrqv fdq dovr vx!fh1 Iru h{dpsoh/ zlwklq rxu vdpsoh wkh �uvw0

gl�huhqfhv {+�| fdq eh h{suhvvhg dv

{+�| ' k|32{+�2n
|3�[
r'f

krq{%�c|3rn
|3�[
r'f

kr{��c|3r iru � ' �c2c ���c � dqg | ' �c ec ���c A 1

Wkxv li k 	 � dqg wkh vdph prgho kdv jhqhudwhg wkh +�| vhulhv iru vx!flhqwo| orqj

sulru wr rxu vdpsoh shulrg iru dq| lq xhqfh ri wkh wuxh lqlwldo frqglwlrqv wr kdyh

ehfrph qhjoljleoh/ wkhq ruwkrjrqdolw| ehwzhhq {+�| dqg #� zrxog eh lpsolhg li doo

wkh {%�| vhulhv duh dovr xqfruuhodwhg zlwk wkh lqglylgxdo h�hfwv1 Djdlq lw vkrxog
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eh qrwhg wkdw wkh ydolglw| ri wkhvh dgglwlrqdo prphqw frqglwlrqv iru wkh ohyhov

htxdwlrqv fdq eh whvwhg/ iru h{dpsoh xvlqj Gl�huhqfh Vdujdq whvwv1

6161 H{dpsoh= surgxfwlrq ixqfwlrq

Zh looxvwudwh wkh xvh ri JPP hvwlpdwruv zklfk h{sorlw wkhvh dgglwlrqdo prphqw

uhvwulfwlrqv iru wkh htxdwlrqv lq ohyhov lq d pxowlyduldwh frqwh{w e| frqvlghulqj

wkh g|qdplf surgxfwlrq ixqfwlrq vshfl�fdwlrq hvwlpdwhg lq Eoxqghoo dqg Erqg

+5333,163 D qlfh ihdwxuh ri wklv h{dpsoh lv wkdw lw looxvwudwhv zk| dgrswlqj d

g|qdplf hfrqrphwulf vshfl�fdwlrq pd| vrphwlphv eh qhfhvvdu| iru lghqwli|lqj

sdudphwhuv ri lqwhuhvw/ hyhq zkhq wkh g|qdplfv wkhvhoyhv duh qrw wkh sulqflsdo

irfxv ri dwwhqwlrq1

Eoxqghoo dqg Erqg +5333, frqvlghu wkh Free0Grxjodv surgxfwlrq ixqfwlrq

+�| ' q??�| n q&&�| n �| n E#� n ��| n6�|� +616,

��| ' k��c|3� n e�| mkm 	 �

e�|c6�| q ��Ef�

zkhuh +�| lv orj vdohv ri �up � lq |hdu |/ ?�| lv orj hpsor|phqw/ &�| lv orj fdslwdo vwrfn

dqg �| lv d |hdu0vshfl�f lqwhufhsw uh hfwlqj/ iru h{dpsoh/ d frpprq whfkqrorj|

vkrfn1 Ri wkh huuru frpsrqhqwv/ #� lv dq xqrevhuyhg wlph0lqyduldqw �up0vshfl�f

h�hfw/ ��| lv d srvvleo| dxwruhjuhvvlyh +surgxfwlylw|, vkrfn dqg 6�| uh hfwv vhuldoo|

xqfruuhodwhg +phdvxuhphqw, huuruv1 Frqvwdqw uhwxuqv wr vfdoh zrxog lpso| q? n

q& ' �/ exw wklv lv qrw qhfhvvdulo| lpsrvhg1

Lqwhuhvw lv lq wkh frqvlvwhqw hvwlpdwlrq ri wkh sdudphwhuv Eq?c q&c k� zkhq wkh

qxpehu ri �upv E� � lv odujh dqg wkh qxpehu ri |hduv EA � lv �{hg1 Lw lv dvvxphg

wkdw erwk hpsor|phqw E?�|� dqg fdslwdo E&�|� duh srwhqwldoo| fruuhodwhg zlwk wkh

63Wkh glvfxvvlrq lq wklv vhfwlrq gudzv khdylo| rq wkdw lq Eoxqghoo dqg Erqg +5333, dqg wkdw

lq Eoxqghoo/ Erqg dqg Zlqgphlmhu +5333,1
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�up0vshfl�f h�hfwv E#��/ dqg zlwk erwk surgxfwlylw| vkrfnv Ee�|� dqg phdvxuhphqw

huuruv E6�|��

Lq wklv fdvh wkhuh duh qr ydolg prphqw frqglwlrqv iru wkh vwdwlf vshfl�fdwlrq

+616, li wkh glvwxuedqfhv ��| duh lqghhg dxwruhjuhvvlyh +k 9' f,1 Krzhyhu wklv prgho

kdv d g|qdplf +frpprq idfwru, uhsuhvhqwdwlrq

+�| ' q??�| � kq??�c|3� n q&&�| � kq&&�c|3� n k+�c|3� +617,

nE�| � k�|3�� n E#�E�� k� n e�| n6�| � k6�c|3��

ru

+�| ' Z�?�| n Z2?�c|3� n Z�&�| n Ze&�c|3� n ZD+�c|3� n �W| n E#W� n ��|� +618,

vxemhfw wr wzr qrq0olqhdu +frpprq idfwru, uhvwulfwlrqv Z2 ' �Z�ZD dqg Ze '

�Z�ZD1 Zklovw wkh huuru whup E��| n6�|� lq +616, lv vhuldoo| fruuhodwhg dw doo odj

ohqjwkv/ wkh huuru whup ��| lv vhuldoo| xqfruuhodwhg li wkhuh duh qr phdvxuhphqw

huuruv +��| ' e�| zlwk �@h E6�|� ' f,/ ru ��| q ��E�� li wkhuh duh wudqvlhqw

phdvxuhphqw huuruv lq vrph ri wkh vhulhv1 Lq hlwkhu fdvh zh fdq rewdlq frqvlvwhqw

hvwlpdwhv ri wkh xquhvwulfwhg sdudphwhu yhfwru Z ' EZ�c Z2c Z�c Zec ZD� xvlqj wkh

JPP phwkrgv rxwolqhg lq wkh suhylrxv vhfwlrqv1 Jlyhq frqvlvwhqw hvwlpdwhv ri

wkh Z dqg �@hEZ�/ wkh frpprq idfwru uhvwulfwlrqv fdq eh +whvwhg dqg, lpsrvhg

xvlqj plqlpxp glvwdqfh wr rewdlq frqvlvwhqw hvwlpdwhv ri wkh uhvwulfwhg sdudphwhu

yhfwru Eq?c q&c k�1

Eoxqghoo dqg Erqg +5333, frqvlghu wkh wlph vhulhv surshuwlhv ri wkhvh vhulhv dqg

uhsruw hvwlpdwhv ri wklv surgxfwlrq ixqfwlrq xvlqj d edodqfhg sdqho ri 83< U)G0

shuiruplqj XV pdqxidfwxulqj frpsdqlhv revhuyhg iru ; |hduv/ 4<;50;</ vlplodu

wr wkdw xvhg lq Pdluhvvh dqg Kdoo +4<<9,1 Fdslwdo vwrfn dqg hpsor|phqw duh

phdvxuhg dw wkh hqg ri wkh �up*v dffrxqwlqj |hdu/ dqg vdohv lv xvhg dv d sur{|

iru rxwsxw1 Ixuwkhu ghwdlov ri wkh gdwd frqvwuxfwlrq fdq eh irxqg lq Pdluhvvh dqg

Kdoo +4<<9,1
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Wdeoh 6 uhsruwv vlpsoh �-E�� vshfl�fdwlrqv iru wkh wkuhh vhulhv/ hpsor|phqw

E?�|�/ fdslwdo E&�|� dqg vdohv E+�|�1 Doo wkuhh vhulhv duh irxqg wr eh kljko| shuvlv0

whqw/ dowkrxjk hyhq xvlqj ROV ohyhov hvwlpdwhv qrqh lv irxqg wr kdyh dq h{dfw xqlw

urrw164 Iru wkh hpsor|phqw vhulhv/ erwk gl�huhqfhg dqg v|vwhp JPP hvwlpdwruv

vxjjhvw dq dxwruhjuhvvlyh frh!flhqw durxqg 31</ dqg gl�huhqfhg JPP grhv qrw

dsshdu wr eh vhulrxvo| eldvhg1 Krzhyhu iru fdslwdo dqg vdohv/ zklovw v|vwhp JPP

djdlq vxjjhvwv dq dxwruhjuhvvlyh frh!flhqw durxqg 31</ wkh gl�huhqfhg JPP hv0

wlpdwhv duh irxqg wr eh vljql�fdqwo| orzhu/ dqg forvh wr wkh fruuhvsrqglqj Zlwklq

Jurxsv hvwlpdwhv1 Wkhvh grzqzdug eldvhv lq gl�huhqfhg JPP hvwlpdwhv ri wkh

�-E�� prghov iru fdslwdo dqg vdohv duh frqvlvwhqw zlwk wkh �qlwh vdpsoh eldvhv

h{shfwhg lq wkh fdvh ri kljko| shuvlvwhqw vhulhv/ looxvwudwhg lq Wdeoh 51 Lqghhg

wkh vxusulvh lv wkdw gl�huhqfhg JPP jlyhv uhdvrqdeoh uhvxowv iru wkh hpsor|phqw

vhulhv1 Rqh gl�huhqfh lv wkdw wkh yduldqfh ri wkh �up0vshfl�f h�hfwv lv irxqg wr

eh orzhu/ uhodwlyh wr wkh yduldqfh ri wudqvlwru| vkrfnv/ iru wkh hpsor|phqw vhulhv1

Wkh udwlr ri wkhvh yduldqfhv lv durxqg 415 iru hpsor|phqw/ exw 515 iru fdslwdo dqg

41: iru vdohv1

Wdeoh 7 suhvhqwv uhvxowv iru wkh edvlf surgxfwlrq ixqfwlrq/ qrw lpsrvlqj frq0

vwdqw uhwxuqv wr vfdoh/ iru d udqjh ri hvwlpdwruv1 Uhvxowv duh uhsruwhg iru erwk wkh

xquhvwulfwhg prgho +618, dqg wkh uhvwulfwhg prgho +616,/ zkhuh wkh frpprq idfwru

uhvwulfwlrqv duh whvwhg dqg lpsrvhg xvlqj plqlpxp glvwdqfh1 Wkh uhvxowv khuh

duh iru rqh0vwhs JPP hvwlpdwruv/ zlwk khwhurvnhgdvwlflw|0frqvlvwhqw dv|pswrwlf

vwdqgdug huuruv uhsruwhg1

Dv h{shfwhg lq wkh suhvhqfh ri �up0vshfl�f h�hfwv/ ROV ohyhov dsshduv wr jlyh

dq xszdugv0eldvhg hvwlpdwh ri wkh frh!flhqw rq wkh odjjhg ghshqghqw yduldeoh/

zklovw Zlwklq Jurxsv dsshduv wr jlyh d grzqzdugv0eldvhg hvwlpdwh ri wklv frh!0

64Vhh Erqg/ Qdxjhv dqg Zlqgphlmhu +5335, dqg Kdoo dqg Pdluhvvh +5334, iru ixuwkhu glvfxv0

vlrq ri xqlw urrw whvwv lq wklv frqwh{w1
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flhqw1 Qrwh wkdw hyhq xvlqj ROV/ wkh k|srwkhvlv wkdw k ' � lv uhmhfwhg/ dqg hyhq

xvlqj Zlwklq Jurxsv wkh k|srwkhvlv wkdw k ' f lv uhmhfwhg1 Dowkrxjk wkh sdwwhuq

ri vljqv rq fxuuhqw dqg odjjhg uhjuhvvruv lq wkh xquhvwulfwhg prghov duh frqvlvwhqw

zlwk wkh �-E�� huuru0frpsrqhqw vshfl�fdwlrq/ wkh frpprq idfwru uhvwulfwlrqv duh

uhmhfwhg iru erwk wkhvh hvwlpdwruv1 Wkh| dovr uhmhfw frqvwdqw uhwxuqv wr vfdoh165

Wkh ydolglw| ri odjjhg ohyhov gdwhg |� 2 dv lqvwuxphqwv lq wkh �uvw0gl�huhqfhg

htxdwlrqv lv fohduo| uhmhfwhg e| wkh Vdujdq whvw ri ryhulghqwli|lqj uhvwulfwlrqv166

Wklv lv frqvlvwhqw zlwk wkh suhvhqfh ri phdvxuhphqw huuruv1 Lqvwuxphqwv gdwhg

| � � +dqg hduolhu, duh qrw uhmhfwhg/ dqg wkh whvw ri frpprq idfwru uhvwulfwlrqv

lv hdvlo| sdvvhg lq wkhvh �uvw0gl�huhqfhg JPP uhvxowv1 Krzhyhu wkh hvwlpdwhg

frh!flhqw rq wkh odjjhg ghshqghqw yduldeoh lv eduho| kljkhu wkdq wkh Zlwklq

Jurxsv hvwlpdwh/ vxjjhvwlqj wkh srvvlelolw| ri vhulrxv �qlwh vdpsoh eldv khuh1

Lqghhg wkh gl�huhqfhg JPP sdudphwhu hvwlpdwhv duh doo yhu| forvh wr wkh Zlwklq

Jurxsv uhvxowv1 Vhulrxv �qlwh vdpsoh eldv dvvrfldwhg zlwk zhdn lqvwuxphqwv pd|

zhoo eh vxvshfwhg lq wklv frqwh{w/ jlyhq wkh wlph vhulhv surshuwlhv ri wkhvh vhulhv

glvfxvvhg deryh1 Wkh hvwlpdwh ri q& lv orz dqg vwdwlvwlfdoo| zhdn/ dqg wkh frqvwdqw

uhwxuqv wr vfdoh uhvwulfwlrq lv uhmhfwhg1

Wkh ydolglw| ri odjjhg ohyhov gdwhg | � � +dqg hduolhu, dv lqvwuxphqwv lq wkh

�uvw0gl�huhqfhg htxdwlrqv/ frpelqhg zlwk odjjhg �uvw0gl�huhqfhv gdwhg | � 2 dv

lqvwuxphqwv lq wkh ohyhov htxdwlrqv/ dsshduv wr eh pdujlqdo lq wkh v|vwhp JPP

hvwlpdwru1 Krzhyhu wkh Gl�huhqfh Vdujdq vwdwlvwlf wkdw vshfl�fdoo| whvwv wkh dggl0

wlrqdo prphqw frqglwlrqv xvhg lq wkh ohyhov htxdwlrqv dffhswv wkhlu ydolglw| dw wkh

43( ohyho1 Wkh v|vwhp JPP sdudphwhu hvwlpdwhv dsshdu wr eh uhdvrqdeoh1 Wkh

hvwlpdwhg frh!flhqw rq wkh odjjhg ghshqghqw yduldeoh lv kljkhu wkdq wkh Zlwklq

65Wkh wdeoh uhsruwv s0ydoxhv iurp plqlpxp glvwdqfh whvwv ri wkh frpprq idfwru uhvwulfwlrqv

dqg Zdog whvwv ri wkh frqvwdqw uhwxuqv wr vfdoh uhvwulfwlrqv1
66Djdlq wkh Vdujdq whvwv uhsruwhg khuh duh edvhg rq wkh plqlplvhg ydoxhv ri wkh dvvrfldwhg

wzr0vwhs JPP hvwlpdwruv1
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Jurxsv hvwlpdwh/ exw zhoo ehorz wkh ROV ohyhov hvwlpdwh1 Wkh frpprq idfwru

uhvwulfwlrqv duh hdvlo| dffhswhg/ dqg wkh hvwlpdwh ri q& lv erwk kljkhu dqg ehwwhu

ghwhuplqhg wkdq wkh gl�huhqfhg JPP hvwlpdwh1 Wkh frqvwdqw uhwxuqv wr vfdoh

uhvwulfwlrq lv hdvlo| dffhswhg lq wkh v|vwhp JPP uhvxowv1

Eoxqghoo dqg Erqg +5333, h{soruh wklv gdwd lq pruh ghwdlo dqg frqfoxgh wkdw

wkh v|vwhp JPP hvwlpdwhv lq wkh �qdo froxpq ri Wdeoh 7 duh wkhlu suhihuuhg

uhvxowv1 Wkh| dovr uhsruw wkdw zkhq frqvwdqw uhwxuqv wr vfdoh lv lpsrvhg rq wkh

surgxfwlrq ixqfwlrq 0 lw lv qrw uhmhfwhg lq wkh suhihuuhg v|vwhp JPP uhvxowv 0

wkhq wkh uhvxowv rewdlqhg xvlqj wkh �uvw0gl�huhqfhg JPP hvwlpdwru ehfrph pruh

vlplodu wr wkh v|vwhp JPP hvwlpdwhv1

71 Vxppdu| dqg Frqfoxvlrqv

Wklv sdshu kdv uhylhzhg wkh xvh ri Jhqhudolvhg Phwkrg ri Prphqwv hvwlpdwruv

lq wkh frqwh{w ri vlqjoh htxdwlrq/ dxwruhjuhvvlyh0glvwulexwhg odj prghov hvwlpdwhg

iurp plfur sdqhov zlwk d odujh qxpehu ri furvv0vhfwlrq xqlwv revhuyhg iru d vpdoo

qxpehu ri wlph shulrgv1 Wkhvh phwkrgv duh sduwlfxoduo| xvhixo zkhq wkh prgho

ri lqwhuhvw frqwdlqv hqgrjhqrxv ru suhghwhuplqhg h{sodqdwru| yduldeohv/ exw wkh

surfhvvhv jhqhudwlqj wkhvh vhulhv duh qrw frpsohwho| vshfl�hg1

Wkhvh JPP hvwlpdwruv fdq eh xvhg wr rewdlq frqvlvwhqw sdudphwhu hvwlpdwhv

lq d zlgh udqjh ri plfurhfrqrphwulf dssolfdwlrqv1 Krzhyhu zh kdyh hpskdvlvhg

wkdw wkh| pd| eh vxemhfw wr odujh �qlwh vdpsoh eldvhv zkhq wkh lqvwuxphqwv dydlo0

deoh duh zhdn/ dqg wklv lv sduwlfxoduo| olnho| wr eh d sureohp zkhq xvlqj wkh edvlf

�uvw0gl�huhqfhg hvwlpdwruv zlwk vhulhv wkdw duh kljko| shuvlvwhqw1 Fduhixo lqyhv0

wljdwlrq ri wkh wlph vhulhv surshuwlhv ri wkh lqglylgxdo vhulhv/ dqg frpsdulvrq ri

wkh frqvlvwhqw JPP hvwlpdwruv wr vlpsohu hvwlpdwruv olnh ROV ohyhov dqg Zlwklq

Jurxsv/ zklfk duh olnho| wr eh eldvhg lq rssrvlwh gluhfwlrqv lq wkh frqwh{w ri fr0
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h!flhqwv rq odjjhg ghshqghqw yduldeohv lq vkruw A sdqhov/ fdq khos lq ghwhfwlqj

dqg dyrlglqj wkhvh eldvhv lq dssolhg uhvhdufk1

Uhihuhqfhv

^4` Dkq/ V1F1 dqg S1 Vfkplgw +4<<8,/ H!flhqw Hvwlpdwlrq ri Prghov iru G|qdplf

Sdqho Gdwd/ Mrxuqdo ri Hfrqrphwulfv/ 9;/ 805;1

^5` Dkq/ V1F1 dqg S1 Vfkplgw +4<<:,/ H!flhqw Hvwlpdwlrq ri G|qdplf Sdqho

Gdwd Prghov= Dowhuqdwlyh Dvvxpswlrqv dqg Vlpsol�hg Hvwlpdwlrq/ Mrxuqdo

ri Hfrqrphwulfv/ :9/ 63<06541

^6` Dqghuvrq/ W1Z1 dqg F1 Kvldr +4<;4,/ Hvwlpdwlrq ri G|qdplf Prghov zlwk

Huuru Frpsrqhqwv/ Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ :9/ 8<;0

9391

^7` Dqghuvrq/ W1Z1 dqg F1 Kvldr +4<;5,/ Irupxodwlrq dqg Hvwlpdwlrq ri G|0

qdplf Prghov xvlqj Sdqho Gdwd/ Mrxuqdo ri Hfrqrphwulfv/ 4;/ 7:0;51

^8` Duhoodqr/ P1 +4<<6,/ Rq wkh Whvwlqj ri Fruuhodwhg H�hfwv zlwk Sdqho Gdwd/

Mrxuqdo ri Hfrqrphwulfv/ 8</ ;:0<:1

^9` Duhoodqr/ P1 dqg V1U1 Erqg +4<<4,/ Vrph Whvwv ri Vshfl�fdwlrq iru Sdqho

Gdwd= Prqwh Fduor Hylghqfh dqg dq Dssolfdwlrq wr Hpsor|phqw Htxdwlrqv/

Uhylhz ri Hfrqrplf Vwxglhv/ 8;/ 5::05<:1

^:` Duhoodqr/ P1 dqg V1U1 Erqg +4<<;,/ G|qdplf Sdqho Gdwd Hvwlpdwlrq

xvlqj GSG<; iru JDXVV/ plphr/ Lqvwlwxwh iru Ilvfdo Vwxglhv/ Orqgrq

+kwws=22zzz1liv1ruj1xn2vwd�2vwhyhbe1vkwpo,1

^;` Duhoodqr/ P1 dqg R1 Eryhu +4<<8,/ Dqrwkhu Orrn dw wkh Lqvwuxphqwdo0Yduldeoh

Hvwlpdwlrq ri Huuru0Frpsrqhqwv Prghov/ Mrxuqdo ri Hfrqrphwulfv/ 9;/ 5<0

851

^<` Duhoodqr/ P1 dqg E1 Krqruh +5334,/ Sdqho Gdwd Prghov= Vrph Uhfhqw Ghyho0

rsphqwv/ lq M1M1 Khfnpdq dqg H1H1 Ohdphu +hgv,/ Kdqgerrn ri Hfrqrphwulfv/

Yro1 8/ Qruwk0Kroodqg1
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^43` Elqghu/ P1/ F1Kvldr dqg P1K1 Shvdudq/ 5333/ Hvwlpdwlrq dqg Lqihuhqfh lq

Vkruw Sdqho Yhfwru Dxwruhjuhvvlrqv zlwk Xqlw Urrwv dqg Frlqwhjudwlrq/ Xql0

yhuvlw| ri Fdpeulgjh GDH Zrunlqj Sdshu Qr133361

^44` Eoxqghoo/ U1Z1 dqg V1U1 Erqg +4<<;,/ Lqlwldo Frqglwlrqv dqg Prphqw Uh0

vwulfwlrqv lq G|qdplf Sdqho Gdwd Prghov/ Mrxuqdo ri Hfrqrphwulfv/ ;:/ 4480

4761

^45` Eoxqghoo/ U1Z1 dqg V1U1 Erqg +5333,/ JPP Hvwlpdwlrq zlwk Shuvlvwhqw

Sdqho Gdwd= Dq Dssolfdwlrq wr Surgxfwlrq Ixqfwlrqv/ Hfrqrphwulf Uhylhzv/

4</ 65406731

^46` Eoxqghoo/ U1Z1/ V1U1 Erqg dqg I1 Zlqgphlmhu +5333, Hvwlpdwlrq lq G|qdplf

Sdqho Gdwd Prghov= Lpsurylqj rq wkh Shuirupdqfh ri wkh Vwdqgdug JPP

Hvwlpdwru lq E1 Edowdjl +hg, Dgydqfhv lq Hfrqrphwulfv/ Yroxph 48= Qrq0

vwdwlrqdu| Sdqhov/ Sdqho Frlqwhjudwlrq/ dqg G|qdplf Sdqhov/ MDL Hovhylhu

Vflhqfh1

^47` Eoxqghoo/ U1Z1 dqg U1M1 Vplwk +4<<4,/ Lqlwldo Frqglwlrqv dqg H!flhqw Hv0

wlpdwlrq lq G|qdplf Sdqho Gdwd Prghov/ Dqqdohv g*Hfrqrplh hw gh Vwdwlv0

wltxh/ 53254/ 43<04561

^48` Erqg/ V1U1/ D1 Nohpp/ U1 Qhzwrq0Vplwk/ P1K1 V|hg dqg J1 Yolhjkh +5335,/

Wkh Urohv ri H{shfwhg Sur�wdelolw|/ Wrelq*v T dqg Fdvk Iorz lq Hfrqrphwulf

Prghov ri Frpsdq| Lqyhvwphqw/ plphr/ Lqvwlwxwh iru Ilvfdo Vwxglhv/ Orqgrq1

^49` Erqg/ V1U1/ F1 Qdxjhv dqg I1 Zlqgphlmhu +5335,/ Xqlw Urrwv dqg Lghqwl�0

fdwlrq lq Dxwruhjuhvvlyh Sdqho Gdwd Prghov= D Frpsdulvrq ri Dowhuqdwlyh

Whvwv/ plphr/ Lqvwlwxwh iru Ilvfdo Vwxglhv/ Orqgrq1

^4:` Erqg/ V1U1 dqg I1 Zlqgphlmhu +5335,/ Ilqlwh Vdpsoh Lqihuhqfh iru JPP

Hvwlpdwruv lq Olqhdu Sdqho Gdwd Prghov/ plphr/ Lqvwlwxwh iru Ilvfdo Vwxglhv/

Orqgrq1

^4;` Erxqg/ M1/ G1D1 Mdhjhu dqg U1P1 Ednhu +4<<8,/ Sureohpv zlwk Lqvwuxphqwdo

Yduldeohv Hvwlpdwlrq zkhq wkh Fruuhodwlrq ehwzhhq wkh Lqvwuxphqwv dqg wkh

Hqgrjhqrxv H{sodqdwru| Yduldeoh lv Zhdn/ Mrxuqdo ri wkh Dphulfdq Vwdwlv0

wlfdo Dvvrfldwlrq <3/ 77607831
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^4<` Erzvkhu/ F1 +5333,/ Rq Whvwlqj Ryhulghqwli|lqj Uhvwulfwlrqv lq G|qdplf

Sdqho Gdwd Prghov/ Qx!hog Froohjh Glvfxvvlrq Sdshu lq Hfrqrplfv/ qr1

53330Z5;1

^53` Kdoo/ E1K1 dqg M1 Pdluhvvh/ 5334/ Whvwlqj iru Xqlw Urrwv lq Sdqho Gdwd= Dq

H{sorudwlrq Xvlqj Uhdo dqg Vlpxodwhg Gdwd/ plphr/ XF Ehunhoh|1

^54` Kdqvhq/ O1S1 +4<;5,/ Odujh Vdpsoh Surshuwlhv ri Jhqhudolvhg Phwkrg ri Pr0

phqw Hvwlpdwruv/ Hfrqrphwulfd/ 83/ 435<043871

^55` Krow}0Hdnlq/ G1/ Z1 Qhzh|/ dqg K1V1 Urvhq +4<;;,/ Hvwlpdwlqj Yhfwru Dx0

wruhjuhvvlrqv zlwk Sdqho Gdwd/ Hfrqrphwulfd/ 89/ 46:4046<91

^56` Kvldr/ F1 +4<;9,/ Dqdo|vlv ri Sdqho Gdwd/ Fdpeulgjh= Fdpeulgjh Xqlyhuvlw|

Suhvv1

^57` Nuxlqljhu/ K1 +5333,/ JPP Hvwlpdwlrq ri G|qdplf Sdqho Gdwd Prghov zlwk

Shuvlvwhqw Gdwd/ TPZ/ Xqlyhuvlw| ri Orqgrq/ Ghsw1 ri Hfrqrplfv Zrunlqj

Sdshu Vhulhv Qr1 75;1

^58` Pdluhvvh/ M1 dqg E1K1 Kdoo +4<<9,/ Hvwlpdwlqj wkh Surgxfwlylw| ri Uhvhdufk

dqg Ghyhorsphqw lq Iuhqfk dqg XV Pdqxidfwxulqj Ilupv= dq H{sorudwlrq

ri Vlpxowdqhlw| Lvvxhv zlwk JPP Phwkrgv/ lq Zdjqhu/ N1 dqg E1 Ydq Dun

+hgv1,/ Lqwhuqdwlrqdo Surgxfwlylw| Gl�huhqfhv dqg Wkhlu H{sodqdwlrqv/ Hovh0

ylhu Vflhqfh/ 5;806481

^59` Qlfnhoo/ V1M1 +4<;4,/ Eldvhv lq G|qdplf Prghov zlwk Il{hg H�hfwv/ Hfrqr0

phwulfd/ 7</ 474:047591

^5:` Qlfnhoo/ V1M1 +4<;9,/ G|qdplf Prghov ri Oderu Ghpdqg/ lq R1 Dvkhqihowhu

dqg U1 Od|dug +hgv,/ Kdqgerrn ri Oderu Hfrqrplfv/ Yro14/ Qruwk0Kroodqg1

^5;` Vdujdq/ M1G1 +4<8;,/ Wkh Hvwlpdwlrq ri Hfrqrplf Uhodwlrqvklsv xvlqj Lqvwux0

phqwdo Yduldeohv/ Hfrqrphwulfd/ 59/ 65<066;1

^5<` Vdujdq/ M1G1 +4<;;,/ Whvwlqj iru Plvvshfl�fdwlrq diwhu Hvwlpdwlrq Xvlqj Lq0

vwuxphqwdo Yduldeohv/ lq= H1 Pddvrxpl +hg1,/ Frqwulexwlrqv wr Hfrqrphwulfv=

Mrkq Ghqlv Vdujdq/ Yroxph L/ Fdpeulgjh Xqlyhuvlw| Suhvv1

5<



^63` Vwdljhu/ G1 dqg M1K1 Vwrfn +4<<:,/ Lqvwuxphqwdo Yduldeohv Uhjuhvvlrq zlwk

Zhdn Lqvwuxphqwv/ Hfrqrphwulfd/ 98/ 88:08;91

^64` Yhuehhn/ P1 +4<<9,/ Svhxgr Sdqho Gdwd/ lq O1 Pdw|dv dqg S1 Vhyhvwuh +hgv,/

Wkh Hfrqrphwulfv ri Sdqho Gdwd +5qg hglwlrq,/ Noxzhu Dfdghplf Sxeolvkhuv1

^65` Zlqgphlmhu/ I1 +5333,/ D Ilqlwh Vdpsoh Fruuhfwlrq iru wkh Yduldqfh ri Olq0

hdu Wzr0Vwhs JPP Hvwlpdwruv/ Lqvwlwxwh iru Ilvfdo Vwxglhv Zrunlqj Sdshu

Vhulhv Qr1 Z3324</ Orqgrq1

63



Wdeoh 41 Dowhuqdwlyh Hvwlpdwhv ri wkh �-E�� Vshfl�fdwlrq iru Frpsdq| Lqyhvwphqw Udwhv

Ghshqghqw yduldeoh= EU*g�|

ROV ZLWKLQ 5VOV JPP JPP

OHYHOV JURXSV GLI GLI GLI

EU*g�|3� 31599< 03133<7 314959 3148<6 314893

+134;8, +134;4, +13695, +1365:, +1364;,

p4 071:4 044169 043189 0431<4 044145

p5 5185 05135 3194 3185 3179

Vdujdq 169 176

Lqvwuxphqwv EU*g�|32 EU*g�|32 EU*g�|32
EU*g�|3� EU*g�|3�

=

EU*g��

Vdpsoh= :36 �upv> 7<99 revhuydwlrqv> 4<;;05333

Qrwhv

\hdu gxpplhv lqfoxghg lq doo prghov1

Dv|pswrwlf vwdqgdug huuruv lq sduhqwkhvhv1

p4 dqg p5 duh whvwv iru �uvw0rughu dqg vhfrqg0rughu vhuldo fruuhodwlrq/

dv|pswrwlfdoo| Q+3/4,1 Wkhvh whvw wkh ohyhov uhvlgxdov iru ROV ohyhov/

dqg wkh �uvw0gl�huhqfhg uhvlgxdov lq doo rwkhu froxpqv1

JPP uhvxowv duh rqh0vwhs hvwlpdwhv zlwk khwhurvnhgdvwlflw|0frqvlvwhqw

vwdqgdug huuruv dqg whvw vwdwlvwlfv1

Vdujdq lv d whvw ri wkh ryhulghqwli|lqj uhvwulfwlrqv iru wkh JPP hvwlpdwruv/

dv|pswrwlfdoo| �21 S0ydoxh lv uhsruwhg1 Wklv whvw xvhv wkh plqlplvhg ydoxh ri

wkh fruuhvsrqglqj wzr0vwhs JPP hvwlpdwruv1

Doo frpsxwdwlrqv grqh xvlqj GSG<; iru Jdxvv> vhh Duhoodqr dqg Erqg +4<<4,1
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Wdeoh 51 Vlpxodwlrq Uhvxowv iru wkh �-E�� Prgho

ZLWKLQ JPP JPP

Q k JURXSV GLI V\VWHP

433 318 03136:3 317974 318433

+139<:, +159:7, +14663,

31; 314676 317;77 31;434

+13:59, +1;557, +1494;,

31< 314<39 315597 31<738

+13:58, +1;597, +14897,

833 318 0313693 317;;: 318354

+13643, +144:5, +13965,

31; 314697 31:6;9 31:<6<

+1365;, +163;8, +13::<,

31< 314<63 318<:; 31<376

+13663, +1973:, +13<<<,

Qrwhv

Wkh wdeoh uhsruwv phdqv +vwdqgdug ghyldwlrqv, iurp h{shulphqwv zlwk A ' e dqg 4333

uhsolfdwlrqv1 Wkh prgho lv +�| ' k+�c|3� n E#� n ��|�/ zlwk ydu+#�, @ ydu+��|, @ 4 dqg

lqlwldo frqglwlrqv gudzq iurp wkh fryduldqfh vwdwlrqdu| glvwulexwlrq iru +��1 Uhvxowv duh

uhsruwhg iru wzr0vwhs JPP hvwlpdwruv1

Vrxufh= Eoxqghoo dqg Erqg +4<<;, dqg dxwkru*v fdofxodwlrqv1
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Wdeoh 61 DU+4, Vshfl�fdwlrqv iru wkh Surgxfwlrq Vhulhv

Oderxu +?|, ROV ZLWKLQ JPP0GLI JPP0V\V JPP0V\V

OHYHOV JURXSV |� � |� � |� e

?|3� 31<;9 31:56 31<53 31<56

+1335, +1355, +1395, +1366,

p4 7149 0;184 0:195 0;1<<

p5 519: 3193 3177 3176

Vdujdq 1373 1389

Gli0Vdu 16;:

Fdslwdo +&|,

&|3� 31<;: 31:66 31:9; 31<58

+1335, +135:, +13:3, +1354,

p4 :1:5 091;5 081;3 09184

p5 515< 041:6 041:6 041;4

Vdujdq 1896 195:

Gli0Vdu 1895

Vdohv ++|,

+|3� 31<;; 319<6 31::8 31<96 31;<6

+1335, +1358, +1396, +137;, +1396,

p4 81:3 0:168 081<8 0:148 09168

p5 31<: 0516: 05179 05186 05196

Vdujdq 1373 1358 13<5

Gli0Vdu 1467

Vhh qrwhv wr Wdeoh 41
Gli0Vdu lv wkh Gl�huhqfh Vdujdq whvw1 S0ydoxh lv uhsruwhg1

Vrxufh= Eoxqghoo dqg Erqg +5333,1
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Wdeoh 71 Surgxfwlrq Ixqfwlrq Hvwlpdwhv

ROV ZLWKLQ JPP GLI JPP GLI JPP V\V JPP V\V

OHYHOV JURXSV |� 2 |� � |� 2 |� �
?| 317:< 317;; 31846 317<< 3195< 317:5

+3135<, +31363, +313;<, +31434, +31439, +31445,

?|3� 031756 031356 313:6 03147: 0313<5 0315:;

+31364, +31367, +313<6, +31446, +3143;, +31453,

&| 31568 314:: 31465 314<7 31694 316<;

+31368, +31367, +3144;, +31487, +3145<, +31485,

&|3� 031545 031464 03153: 031438 031659 03153<

+31368, +31358, +313<8, +31443, +31437, +3144<,

+|3� 31<55 31737 31659 31759 31795 31935

+31344, +3135<, +31385, +313:<, +31384, +313<;,

p4 05193 0;1;< 09154 071;7 0;147 09186

p5 05139 0413< 04169 0319< 0318< 03168

Vdujdq 0 0 1334 13:6 1333 1365

Gli0Vdu 0 0 0 0 1334 1435

q? 3186; 317;; 318;6 31848 31::6 317:<

+31358, +31363, +313;8, +313<<, +313<6, +313<;,

q& 31599 314<< 31395 31558 31564 317<5

+31365, +31366, +313:<, +31459, +313:8, +313:7,

k 31<97 31845 316:: 3177; 3183< 31898

+31339, +31355, +3137<, +313:6, +3137;, +313:;,

Frpidf 1333 1333 1347 1:44 1345 1::5

FUV 1333 1333 1333 1339 1<55 1974

Vhh qrwhv wr Wdeohv 4 dqg 61

Frpidf lv d plqlpxp glvwdqfh whvw ri wkh qrq0olqhdu frpprq idfwru uhvwulfwlrqv

lpsrvhg lq wkh uhvwulfwhg prghov1 S0ydoxhv duh uhsruwhg1

FUV lv d Zdog whvw ri wkh frqvwdqw uhvwxuqv wr vfdoh k|srwkhvlv q? n q& ' �
lq wkh uhvwulfwhg prghov1 S0ydoxhv duh uhsruwhg1

Vrxufh= Eoxqghoo dqg Erqg +5333,1
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