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Kdyh Vzhglvk Srvwzdu Exvlqhvv F|fohv ehhq


Jhqhudwhg Deurdg ru dw KrphB


Mhvshu Olqgì�


Ghsduwphqw ri Hfrqrplfv/ Vwrfnkrop Vfkrro ri Hfrqrplfv
Dgguhvv= Er{ 9834/ VH0446 ;6 Vwrfnkrop/ Vzhghq


H0pdlo = Mhvshu1OlqghCkkv1vh


Zrunlqj Sdshu Vhulhv lq Hfrqrplfv dqg Ilqdqfh Qr1 5;5


Qryhpehu 4:/ 4<<;


Devwudfw


Wklv sdshu lqyhvwljdwhv wkh uhodwlyh lpsruwdqfh ri iruhljq dqg grphvwlf vkrfnv


iru wkh Vzhglvk srvwzdu exvlqhvv f|foh lq d qhrfodvvlfdo vwrfkdvwlf jurzwk prgho


ri d vpdoo rshq hfrqrp|1 Zh h{whqg suhylrxv zrun lq wkh olwhudwxuh e| doorzlqj


iru vwrfkdvwlf �vfdo srolf|/ vlqfh uhfhqw uhvhdufk kdv vkrzq wkdw �vfdo srolf| vkrfnv


pd| eh lpsruwdqw iru exvlqhvv f|fohv1 Lw lv irxqg wkdw wkh lqwurgxfwlrq ri �vfdo


srolf| lpsuryhv wkh hpslulfdo �w ri wkh prgho/ exw qrw vljql�fdqwo| vr1 Iruhljq dqg


grphvwlf vkrfnv duh vkrzq wr eh dssur{lpdwho| htxdoo| lpsruwdqw iru  xfwxdwlrqv


lq rxwsxw/ zkloh iruhljq vkrfnv duh iduprvw lpsruwdqw iru  xfwxdwlrqv lq wkh uhdo


h{fkdqjh udwh dqg wkh fxuuhqw dffrxqw1 Dprqj wkh grphvwlf vkrfnv/ lqqrydwlrqv lq


�vfdo srolf| duh irxqg wr eh ri uhodwlyho| orz lpsruwdqfh iru exvlqhvv f|fohv1


Nh|zrugv= Uhdo Exvlqhvv F|foh prgho> vpdoo rshq hfrqrp|> Vlpxodwhg Phwkrg


ri Prphqwv> yduldqfh ghfrpsrvlwlrq1


MHO Fodvvl�fdwlrq Qxpehuv= H4:> H65> H951


�L zrxog olnh wr wkdqn Khdwkhu Ehujgdko/ Pdjqxv Mrqvvrq/ Sdxo Vùghuolqg dqg Dqghuv Yuhglq iru


khosixo frpphqwv dqg glvfxvvlrqv> Pdjqxv Iruvhoov dw Vyhuljhv Ulnvedqn +Edqn ri Vzhghq, iru gdwd>


dqg Sdxo Nohlq iru surylglqj d idvw dojrulwkp iru qrq0rswlpdo hfrqrplhv1 L kdyh dovr ehqh�wwhg iurp


frpphqwv e| sduwlflsdqwv lq vhplqduv dw wkh Vwrfnkrop Vfkrro ri Hfrqrplfv dqg wkh Hxurshdq Hfrqrplf


Dvvrfldwlrq Phhwlqj 4<<; lq Ehuolq1 Sduw ri wkh zrun rq wklv sdshu zdv fduulhg rxw zkloh wkh dxwkru


zdv d ylvlwlqj Sk G vwxghqw dw Vyhuljhv Ulnvedqn/ dqg wkh dxwkru lv judwhixo wr Vyhuljhv Ulnvedqn iru lwv


krvslwdolw|1 Ilqdqfldo vxssruw iurp Wkh Wruh Eurzdogk Irxqgdwlrq iru Vflhqwl�f Uhvhdufk dqg Whdfklqj


dqg Wkh Mdq Zdoodqghu dqg Wrp Khgholxv Irxqgdwlrq lv judwhixoo| dfnqrzohgjhg1







4 Lqwurgxfwlrq


Zkdw lv wkh uhodwlyh lpsruwdqfh ri grphvwlf dqg iruhljq vkrfnv iru wkh Vzhglvk srvwzdu


exvlqhvv f|fohB Lq Vzhghq/ lw lv d frpprq ylhz wkdw exvlqhvv f|fohv duh pdlqo| fdxvhg e|


iruhljq vkrfnv/ vxfk dv  xfwxdwlrqv lq iruhljq ghpdqg iru Vzhglvk h{sruw14 Wkh ydolglw|


ri wklv ylhz kdv ehhq lqyhvwljdwhg zlwk wzr w|shv ri dssurdfkhv1 Rqh/ pruh hpslulfdo/


dssurdfk wr wkh lqyhvwljdwlrq ri wkh vrxufhv ri exvlqhvv f|fohv lv wkdw ri yhfwru dxwruh0


juhvvlrqv +YDUv,1 Wklv dssurdfk kdv ehhq xvhg e|/ iru h{dpsoh/ Phoodqghu hw do1 +�bb2,


dqg Hqjoxqg hw do1 +�bbe,1 Lq jhqhudo/ wkhvh vwxglhv kdyh irxqg wkdw iruhljq dqg grphvwlf


vkrfnv frqwulexwh derxw htxdoo| wr  xfwxdwlrqv lq rxwsxw1 Dqrwkhu/ pruh wkhruhwlfdo/ ds0


surdfk lv wkh xvh ri ixoo| vshfl�hg htxloleulxp prghov/ iroorzlqj Oxfdv +�b..,1 Wkh rqo|


vwxg| zklfk kdv xvhg wklv dssurdfk lv wkdw ri Oxqgyln +�bb2,1 Lq dq htxloleulxp vpdoo


rshq hfrqrp| prgho/ Oxqgyln +�bb2, �qgv/ rq wkh rqh kdqg/ wkdw vxevwdqwldo  xfwxdwlrqv


lq Vzhglvk pdfurhfrqrplf yduldeohv vhhp wr eh gxh wr iruhljq vkrfnv/ exw/ rq wkh rwkhu


kdqg/ wkh prgho lv vwdwlvwlfdoo| uhmhfwhg e| wkh gdwd rq doo uhdvrqdeoh vljql�fdqfh ohyhov1


Qrwdeo|/ Oxqgyln +�bb2, lqwurgxfhg rqo| rqh w|sh ri grphvwlf vkrfnv lqwr klv prgho=


lqqrydwlrqv lq wrwdo idfwru surgxfwlylw|1


Uhfhqw uhvhdufk kdv surylghg hylghqfh wkdw  xfwxdwlrqv lq �vfdo srolf| vhhp wr pdwwhu


iru wkh exvlqhvv f|foh> vhh iru lqvwdqfh Eudxq +�bbe,/ PfJudwwdq +�bbe, dqg Mrqvvrq dqg


Nohlq +�bbS,1 Lq d jhqhudo htxloleulxp forvhg hfrqrp| vhwwlqj/ Mrqvvrq dqg Nohlq +�bbS,


�qg wkdw wkh lqwurgxfwlrq ri vwrfkdvwlf �vfdo srolf| fdq dffrxqw iru vrph ri wkh nh|


ihdwxuhv ri wkh Vzhglvk srvwzdu exvlqhvv f|foh1 Wkh| ghprqvwudwh wkdw wkh hpslulfdo �w


ri wkh edvlf qhrfodvvlfdo vwrfkdvwlf jurzwk prgho lv vljql�fdqwo| lpsuryhg zkhq doorzlqj


iru �vfdo srolf| vkrfnv1 Exw dv d frqvhtxhqfh ri wkh forvhg hfrqrp| vhwwlqj/ wkh| glg qrw


dffrxqw iru wkh suhvhqfh ri iruhljq vkrfnv1 Iljxuh 4/ zklfk ghslfwv h{sruw dqg lpsruw


dqg wkh fxuuhqw dffrxqw dv udwlrv ri JGS dw idfwru frvwv gxulqj wkh srvwzdu shulrg/


4 Vhh/ iru h{dpsoh/ Olqgehfn +4<:8,1
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fohduo| ghprqvwudwhv wkdw Vzhghq lv ehwwhu fkdudfwhul}hg dv d rshq hfrqrp| wkdq d forvhg


hfrqrp| gxulqj wkh srvwzdu shulrg1


Wkh lghdv ri wklv sdshu duh/ wkhq/ wr vhw xs d htxloleulxp vpdoo rshq hfrqrp| prgho


zlwk vwrfkdvwlf �vfdo srolf| lqfrusrudwhg wr/ �uvw/ whvw zkhwkhu wkh lqwurgxfwlrq ri �vfdo


srolf| vljql�fdqwo| lpsuryh wkh hpslulfdo �w ri wkh prgho lq dq rshq hfrqrp| iudph0


zrun/ dqg vhfrqg/ lqyhvwljdwh zkhwkhu hlwkhu iruhljq vkrfnv ru grphvwlf vkrfnv duh prvw


lpsruwdqw iru wkh Vzhglvk srvwzdu exvlqhvv f|foh1


Wkh htxloleulxp prgho xvhg gudzv rq wkh vpdoo rshq hfrqrp| prgho lq Oxqgyln


+�bb2,/ dqg lqfrusrudwhv �vfdo srolf| lq wkh vdph vslulw dv Mrqvvrq dqg Nohlq +�bbS,1 L


iroorz wkh vwudwhj| xvhg e| Oxqgyln +�bb2, dqg Mrqvvrq dqg Nohlq +�bbS, dqg hvwlpdwh


wkh prgho zlwk Vlpxodwhg Phwkrg ri Prphqwv +VPP, zlwk dqg zlwkrxw �vfdo srolf|/ wr


vhh zkhwkhu wkh prgho zlwkrxw �vfdo srolf| lv vljql�fdqwo| rxwshuiruphg e| wkh prgho


zlwk �vfdo srolf| lq d vpdoo rshq hfrqrp| iudphzrun1 Wr txdqwli| wkh frqwulexwlrq ri


iruhljq dqg grphvwlf vkrfnv wr  xfwxdwlrqv lq Vzhglvk nh| pdfurhfrqrplf yduldeohv/ wkh


vlpxodwhg yrodwlolwlhv duh ghfrpsrvhg lqwr iudfwlrqv h{sodlqhg e| grphvwlf dqg iruhljq


lqqrydwlrqv1


Wkh pdlq uhvxowv lq wkh sdshu duh dv iroorzv1 Iluvw/ L �qg wkdw wkh lqwurgxfwlrq ri �vfdo


srolf| lpsuryhv wkh hpslulfdo �w ri wkh vpdoo rshq hfrqrp| prgho/ exw qrw vljql�fdqwo|


lq frqwudvw wr wkh �qglqjv ri Mrqvvrq dqg Nohlq +�bb2,1 Erwk yhuvlrqv ri wkh prgho duh


uhmhfwhg e| wkh gdwd1 Rqh srvvleoh h{sodqdwlrq iru wklv idloxuh lv wkdw wkh prgho lv qrw


fdsdeoh ri fdswxulqj wkh lqfuhdvhg vwdqgdug ghyldwlrqv lq sulydwh frqvxpswlrq/ sulydwh


lqyhvwphqw dqg hpsor|phqw/ fdxvhg e| wkh ghhs uhfhvvlrq lq Vzhghq gxulqj wkh ehjlqqlqj


ri wkh 4<<3v1


Vhfrqg/ e| ghfrpsrvlqj wkh vlpxodwhg yrodwlolw| lq rxwsxw shu fdslwd/ wkh uhdo h{fkdqjh


dqg wkh fxuuhqw dffrxqw dwwulexwhg wr ydulrxv iruhljq dqg grphvwlf vkrfnv/ L �qg wkdw


iruhljq vkrfnv frqwulexwh zlwk e� shufhqw wr wkh yrodwlolw| lq rxwsxw lq wkh orqj uxq1
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Wklv �jxuh frpsduhv zhoo zlwk wkh �qglqjv ri wkh vwxglhv zklfk kdyh xvhg YDUv> vhh


Phoodqghu hw do1 +�bb2, dqg Hqjoxqg hw do1 +�bbe,1 Ri wkh grphvwlf vkrfnv/ lqqrydwlrqv


lq wrwdo idfwru surgxfwlylw| duh prvw lpsruwdqw/ dqg frqwulexwh wr D. dqg eD shufhqw ri


wkh  xfwxdwlrqv lq rxwsxw lq wkh vkruw dqg orqj uxq uhvshfwlyho|1 Lqqrydwlrqv lq �vfdo


srolf| rqo| dffrxqw iru durxqg �f shufhqw ri wkh  xfwxdwlrqv lq rxwsxw erwk lq wkh vkruw


dqg orqj uxq1 Iru  xfwxdwlrqv lq wkh uhdo h{fkdqjh udwh dqg wkh fxuuhqw dffrxqw/ iruhljq


vkrfnv duh xwprvw lpsruwdqw/ erwk lq wkh vkruw dqg orqj uxq1 Wkh odwwhu uhvxow lv qlfh


vlqfh lw lv dq lghqwli|lqj dvvxpswlrq lq wkh YDU vwxg| e| Phoodqghu hw do1 +�bb2,1


Wkh vwuxfwxuh ri wkh sdshu lv dv iroorzv1 Lq vhfwlrq 5/ L suhvhqw wkh htxloleulxp prgho1


Wkh gdwd vhw dqg vrph edvlf vw|ol}hg idfwv iru wkh Vzhglvk srvwzdu shulrg duh uhsruwhg


lq vhfwlrq 61 Lq vhfwlrq 7/ L glvfxvv ydulrxv lvvxhv uhjduglqj fdoleudwlrq dqg hvwlpdwlrq ri


wkh ghhs sdudphwhuv dqg surfhvvhv iru wkh h{rjhqrxv yduldeohv lq wkh prgho1 Wkh VPP


hvwlpdwlrq uhvxowv dqg wkh yduldqfh ghfrpsrvlwlrqv duh wkhq uhsruwhg lq vhfwlrq 81 Vhfwlrq


9 frqfoxghv1


5 Wkh htxloleulxp prgho


Lq wklv vhfwlrq/ L frqvwuxfw d qhrfodvvlfdo vwrfkdvwlf jurzwk prgho iru d vpdoo rshq hfrq0


rp| zlwk lq�qlwho| pdq| lghqwlfdo djhqwv1 Wklv vhw0xs lpsolhv wkdw hdfk djhqw wdnhv doo


djjuhjdwh yduldeohv dv jlyhq1 Wkhuh duh wzr jrrgv lq wkh prgho/ rqh grphvwlf jrrg zklfk


fdq eh xvhg iru sulydwh dqg sxeolf frqvxpswlrq/ lqyhvwphqw dqg h{sruw/ dqg rqh iruhljq


jrrg zklfk fdq eh xvhg iru frqvxpswlrq dqg dv lqwhuphgldwh lqsxw lq surgxfwlrq1 Wkh


sulfh ri wkh iruhljq jrrg lq whupv ri wkh grphvwlf jrrg/ wkh uhdo h{fkdqjh udwh/ lv hqgrjh0


qrxvo| ghwhuplqhg lq wkh hfrqrp|1 Wkh iruhljq ghpdqg ri wkh grphvwlfdoo| surgxfhg


jrrg lv ghwhuplqhg e| wkh h{rjhqrxv iruhljq lqfrph ohyho dqg wkh uhdo h{fkdqjh udwh1


Iruhljq lqfrph lv dvvxphg wr eh h{rjhqrxv vlqfh Vzhghq fdq eh fkdudfwhul}hg dv d vpdoo
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rshq hfrqrp|1 Wkh lqglylgxdov kdyh dffhvv wr dq lqwhuqdwlrqdo pdunhw iru rqh shulrg uhdo


erqgv zlwk dq h{rjhqrxvo| jlyhq uhdo lqwhuhvw udwh1 Krzhyhu/ dv lq Oxqgyln +�bb2,/ wkh


hfrqrp| dv d zkroh lv dvvxphg wr d�hfw wkh lqwhuhvw udwh wkh frxqwu| idfhv yld d ulvn


suhplxp1 Wkhuh duh wzr pdlq vrxufhv ri grphvwlf glvwxuedqfhv lq wkh hfrqrp|=  xfwx0


dwlrqv lq �vfdo srolf| dqg wkh whfkqrorj| ohyho1 Dv lq wkh �ehvw� yhuvlrq ri wkh prghov


zlwk �vfdo srolf| lq Mrqvvrq dqg Nohlq +�bbS,/ L dffrxqw iru wkuhh w|shv ri �vfdo srolf|


glvwxuedqfhv15 Rq wkh lqfrph vlgh L kdyh vkrfnv wr sd|uroo dqg frqvxpswlrq wd{hv/ zklfk/


lq 4<<9/ fryhuhg ryhu 83 shufhqw ri wkh sxeolf vhfwru lqfrphv1 L gr qrw lqfoxgh lqfrph


wd{hv lq wkh prgho/ vlqfh jrrg gdwd grhv qrw h{lvw rq +pdujlqdo, oderu lqfrph wd{hv dqg


wkh fdslwdo vwrfn lq Vzhghq gxulqj wkh zkroh srvwzdu shulrg1 Rq wkh h{shqglwxuh vlgh/ L


prgho sxeolf frqvxpswlrq h{shqglwxuhv h{rjhqrxvo|/ zkloh sxeolf wudqvihuv wr wkh djhqwv


duh hqgrjhqrxv dqg htxdo wr wkh gl�huhqfh ehwzhhq wd{ lqfrphv dqg sxeolf frqvxpswlrq


h{shqglwxuhv16 E| wklv surfhgxuh/ wkhq/ wkh sxeolf ghew lv dozd|v }hur lq hyhu| wlph


shulrg1


Lq wkh prgho/ L devwudfw iurp srsxodwlrq jurzwk dqg uhsuhvhqw doo yduldeohv lq shu


fdslwd whupv1


Ilqdoo|/ d qrwdwlrqdo frpphqw> lq wkh iroorzlqj/ fdslwdo ohwwhuv ghqrwh hfrqrp| zlgh


dyhudjhv zklfk wkh djhqw wdnhv dv jlyhq dqg vpdoo ohwwhuv lqglylgxdo vshfl�f ydoxhv zklfk


wkh djhqw lqwhuqdol}hv1


514 Dq htxloleulxp prgho iru d vpdoo rshq hfrqrp|


Lq�qlwho| pdq| lghqwlfdo lq�qlwho| olyhg djhqwv pd{lpl}h h{shfwhg xwlolw| jlyhq e|


Hf


"[
|'f


q|� ES|c S
W


|
c �|� c +4,


5 �Ehvw� lq wkh vhqvh wkdw lw plplfhg wkh Vzhglvk srvwzdu exvlqhvv f|foh ehvw1
6 Qrwh wkdw Mrqvvrq dqg Nohlq +4<<9, frqvlghuhg wkh udwlr ri sxeolf frqvxpswlrq h{shqglwxuhv wr JGS/


ghqrwhg jw/ wr eh h{rjhqrxv1 Wklv dvvxpswlrq pd| eh ydolg lq wkh orqj uxq/ exw lq d exvlqhvv f|fohv
dqdo|vlv lw vhhpv pruh uhdvrqdeoh wr dvvxph wkdw jw lv hqgrjhqrxv dqg wkh ohyho ri sxeolf frqvxpswlrq
h{shqglwxuhv wr eh h{rjhqrxv1
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�� j


zkhuh S| lv frqvxpswlrq ri wkh grphvwlfdoo| surgxfhg jrrg lq wlph shulrg |/ SW| lv frq0


vxpswlrq ri wkh iruhljq jrrg dqg �| lv wkh vkduh ri dydlodeoh wlph vshqw lq hpsor|phqw1 Lq


E��/ �


j
lv wkh lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq ehwzhhq frqvxpswlrq dqg ohlvxuh dqg


q wkh vxemhfwlyh glvfrxqw idfwru/ zkloh k dqg # uh hfw wkh wudgh0r� ehwzhhq frqvxpswlrq


dqg ohlvxuh/ dqg wkh iruhljq dqg grphvwlf frqvxpswlrq jrrg uhvshfwlyho|1


Wkh  rz exgjhw frqvwudlqw idflqj wkh djhqw lv


E� n � S|� ES| n'|S
W


| � n �| n'|K
W


|n� '
`|


� n ��|
�| n-g


| &| n'|


�
� n-�W


|


�
KW| n WU| +5,


zkhuh � S| dqg ��| duh wkh h{rjhqrxv frqvxpswlrq dqg sd|uroo wd{/ erwk irupdoo| sdlg e|


wkh krxvhkrogv17 Wkxv/ `| lv lqwhusuhwhg dv d jurvv zdjh1 '| ghqrwhv wkh uhdo h{fkdqjh


udwh> d kljkhu ydoxh phdqv d uhdo ghsuhfldwlrq/ ru htxlydohqwo|/ wkdw wkh whupv ri wudgh lv


zruvhqhg1 �| lv wkh djhqw*v lqyhvwphqw dqg -
g
| / jlyhq e| ES�/ lv wkh jurvv uhdo uhwxuq rq wkh


fdslwdo vwrfn &|1 K
W


|n� ghqrwhv wkh djhqw*v kroglqj ri wkh iruhljq erqg dw wkh ehjlqqlqj ri


wlph shulrg |n� erxjkw lq wlph shulrg |/ dqg -�W


| / jlyhq e| E�e� ehorz/ wkh uhdo lqwhuhvw


udwh uhfhlyhg rq wkh vwrfn ri iruhljq erqgv erxjkw lq |1 Iurp E2�/ lw lv fohdu wkdw KW| lv qrw


d ulvn iuhh dvvhw> wkh uhwxuq rq lw zloo  xfwxdwh ehfdxvh ri fkdqjhv lq '| dqg -
�W


| 1 Ilqdoo|/


WU| lv wkh oxps0vxp wudqvihu iurp wkh sxeolf vhfwru wr wkh djhqw1


Wkh surgxfwlrq ixqfwlrq lv dvvxphg wr kdyh frqvwdqw uhwxuqv wr vfdoh dqg eh ri Free0


Grxjodv w|sh


t| ' e*?~|


�
LP wLP


| g�3wLP
|


�w �
AM
| M|


��3w
+6,


zkhuh t| lv rxwsxw/ LP | lqwhuphgldwh lqsxw/ ~| wkh whfkqrorj| ohyho dqg AM
| wkh ghwhu0


plqlvwlf oderu0dxjphqwlqj whfkqrorjlfdo ohyho zklfk iroorzv


AM
| ' E� n ��AM


|3� ' E� n ��| 1 +7,


7 Htxlydohqwo|/ L frxog ohw wkh �upv sd| wkh sd|uroo wd{1
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Lq Ee�/ � lv wkh ghwhuplqlvwlf oderu0dxjphqwlqj udwh ri whfkqrorjlfdo fkdqjh1 Dffruglqjo|/


wkh shuihfw frpshwlwlrq }hur sur�w pd{lpl}lqj frqglwlrqv iru wkh uhsuhvhqwdwlyh frpsdq|


duh


`| ' E�� w� e*?~|


#
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|
g�3wLP
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|
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/ +8,
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dqg


'| ' wwLP e
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#
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|
M|


$
w


AM


|
M|


LP |


1 +:,


Wkh whfkqrorj| ohyho lv dvvxphg wr eh h{rjhqrxv dqg wkh qdwxudo orj ri lw wr iroorz d


vwdwlrqdu| DU+4,0surfhvv


*?~|n� ' 4*?~ *?~| n 0*?~
|n�


/ 0~ q ����_� �
�
fc j2


*?~


�
1 +;,


Lqglylgxdo dqg djjuhjdwh lqyhvwphqw lq shulrg | surgxfhv surgxfwlyh fdslwdo lq shulrg


|n � dffruglqj wr


&|n� ' E�� B� &| n �| +<,


dqg


g|n� ' E�� B�g| n U|1 +43,


zkhuh B lv wkh udwh ri fdslwdo ghsuhfldwlrq1


Wkh jryhuqphqw*v exgjhw frqvwudlqw lv


� S
|
E�| n'|�


W


|
� n


��
|
`|


� n ��
|


M| ' C| n WU| +44,


zkhuh C| lv h{rjhqrxv sxeolf frqvxpswlrq h{shqglwxuhv1 Vlqfh � S
|
dqg ��


|
duh h{rjhqrxv


wrr/ WU| fdq kdyh wkh lqwhusuhwdwlrq ri jryhuqphqw exgjhw gh�flw1 Frqvhtxhqwo|/ wkh


jryhuqphqw ghew lv dozd|v }hur lq wklv hfrqrp|18


8 Qrwh wkdw/ jlyhq vhtxhqfhv iru iJwj
4


w@4
/ i�f


w
j
4


w@4
dqg i�z


w
j
4


w@4
/ Ulfdugldq htxlydohqfh krogv lq wklv


hfrqrp|/ vlqfh krxvhkrogv dqg wkh jryhuqphqw sd| wkh vdph lqwhuhvw udwh/ UE
�


w
1 Wkhuhiruh/ lw grhv qrw


pdwwhu zkhwkhu wkh jryhuqphqw kdv d ghew ru qrw1
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Dv qrwhg hduolhu/ grphvwlf surgxfwlrq fdq hlwkhu eh xvhg iru sulydwh dqg sxeolf frq0


vxpswlrq/ lqyhvwphqw ru h{sruw1 Iruhljq ghpdqg ri wkh grphvwlfdoo| surgxfhg jrrg/


ghqrwhg f|/ lv dvvxphg wr eh ghwhuplqhg e| iruhljq lqfrph dqg wkh uhdo h{fkdqjh udwh


dffruglqj wr


f| ' t W


|
'"f


|
+45,


zkhuh t W


|
ghqrwhv wkh h{rjhqrxv iruhljq lqfrph ohyho/ dvvxphg wr jurz dw wkh vdph udwh


dv grphvwlf rxwsxw lq vwhdg| vwdwh19 Lq E�2�/ wkh lqfrph hodvwlflw| lv dvvxphg wr eh htxdo


wr xqlw| dqg "f ghqrwhv wkh sulfh hodvwlflw|1 Wkh vshfl�fdwlrq E�2� fdq eh ghulyhg lq dq


rswlpl}lqj iudphzrun> vhh Duplqjwrq +�bSb,1 Wkh vwrfkdvwlf sduw ri t W


|
lq qdwxudo orjv/ht W


|
/ lv dvvxphg wr hyroyh dffruglqj wr


ht W


|n�
' 4


ht
W ht W


|
n 0


ht
W


|n�
/ 0


ht
W


q ����_� �
�
fc j2


ht W


�
/ � � 	 4t


W


	 �1 +46,


Dv lq Oxqgyln +�bb2,/ lw lv dvvxphg wkdw wkhuh lv rqo| rqh iruhljq rqh shulrg uhdo


erqg ghqrplqdwhg lq wkh iruhljq jrrg/ zklfk sd|v d jlyhq zruog lqwhuhvw udwh -W


|
1 Lq


rughu wr jhw d vwdwlrqdu| vroxwlrq iru wkh iruhljq erqgkroglqjv dqg wkh uhdo h{fkdqjh udwh/


L dgrsw wkh dvvxpswlrq lq Oxqgyln +�bb2,/ dqg vshfli| h{rjhqrxvo| d hfrqrp| vshfl�f


ulvn suhplxp rq wkh jlyhq zruog lqwhuhvw udwh dv
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W


|
'
/f 7t| n /��


W


|


/f 7t| n�W


|


-W


|
+47,


zkhuh /� 	 �/ �W


|
ghqrwhv djjuhjdwh iruhljq erqgkroglqjv dqg 7t| wkh vwhdg| vwdwh ydoxh


ri JGS lq wlph shulrg |1 Wkh prwlydwlrq iru wklv vshfl�fdwlrq lv wkdw wkh odujhu wkh


djjuhjdwh ghew dv d shufhqwdjh ri orqj uxq h{shfwhg JGS/ wkh odujhu wkh ulvn suhplxp


wkdw doo wkh djhqwv lq wkh hfrqrp| pxvw sd|1: -�
W


|
lv wkhq lqwhusuhwhg dv d ulvn dgmxvwhg


9 Irupdoo|/ dv qrwhg ehorz/ wklv lpsolhv wkdw \ �


w
@ W


K


w
h{s


�
�\
�


w


�
1


: Dqrwkhu/ ohvv hfrqrplf/ prwlydwlrq iru wklv dvvxpswlrq lv wkdw/ zlwkrxw lw/ wkh ghflvlrq uxohv zrxog
kdyh wr eh fdofxodwhg djdlq lq hyhu| wlph shulrg/ zklfk lv dq h{wuhpho| wlph frqvxplqj surfhgxuh zkhq
wkh sdudphwhuv lq wkh prgho duh hvwlpdwhg zlwk VPP1
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lqwhuhvw udwh1; Wkh zruog uhdo lqwhuhvw udwh lv dvvxphg wr eh h{rjhqrxvo| jlyhq e| wkh


vwdwlrqdu| surfhvv
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zklfk lv d vwdqgdug vpdoo rshq hfrqrp| dvvxpswlrq1


Rq wkh djjuhjdwh ohyho/ wkh fkdqjh lq uhdo iruhljq erqg kroglqjv lq grphvwlf whupv lv


jlyhq e|
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�
�W


|n� � �W
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�
' f| �'| E�
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| n LP |� n'|-
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| �W


| +48,


zkhuh '| E�
W


| n LP |� lv djjuhjdwh lpsruw ri wkh iruhljq jrrg1 Lw lv wkhq qdwxudo wr wklqn


ri f| �'| E�
W


| n LP |� dv wkh wudgh edodqfh dqg '|


�
�W


|n� � �W


|


�
dv wkh fxuuhqw dffrxqw1


Wkh djjuhjdwh uhvrxufh frqvwudlqw


t| ' �| n U| nC| nf| +49,


dovr krogv lq hyhu| shulrg


Dv vwdwhg lq wkh lqwurgxfwlrq/ wkh prgho zloo eh vroyhg zlwk dqg zlwkrxw �vfdo srolf|


lqfrusrudwhg1 Li wkh qrwdwlrq � | �
k
�C| �


S
| �


�
|


lA
lv lqwurgxfhg/ zkhuh �C| ghqrwhv wkh


vwrfkdvwlf sduw ri sxeolf h{shqglwxuhv lq qdwxudo orjv/ wkh prgho zlwkrxw �vfdo srolf| lv


vwudljkwiruzdug/ dqg rewdlqhg e| vhwwlqj � | ' d�4 f foA iru doo wlph shulrgv |1


Lq wkh yhuvlrq ri wkh prgho zlwk �vfdo srolf|/ �vfdo srolf| lv wuhdwhg dv dq h{rjhqrxv


YDUER� prgho
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dv lq Mrqvvrq dqg Nohlq +�bbS,1
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$41 Dv lq Oxqgyln +4<<5,/ L vhw wkh sdudphwhuv jryhuqlqj wkh ulvn suhplxp/


$3 dqg $4/ wr 8 dqg 3=<< uhvshfwlyho|1
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515 Vroxwlrq ri wkh prgho


D zhoo0nqrzq ihdwxuh ri wkh vroxwlrq wr wkh prgho lv wkdw rxwsxw/ frqvxpswlrq/ lqyhvw0


phqw/ sxeolf h{shqglwxuhv/ h{sruw/ lpsruw/ fdslwdo vwrfn dqg iruhljq erqgkroglqjv jurz


dw wkh ghwhuplqlvwlf udwh � lq vwhdg| vwdwh/ zkloh wkh vkduh ri dydlodeoh wlph vshqw lq sdlg


hpsor|phqw/ wkh uhdo h{fkdqjh udwh dqg wkh fxuuhqw dffrxqw duh frqvwdqw ryhu wlph> vhh


Kdqvhq dqg Suhvfrww +�bbD,1 Lq wklv sdshu/ L kdyh iroorzhg wkh frqyhqwlrq lq wkh olwhud0


wxuh dqg jurzwk0dgmxvwhg wkh prgho e| glylglqj wkh iroorzlqj yduldeohv zlwk wkh frqvwdqw


jurzwk idfwru=
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Zh wkhq lqwhusuhw wkh qhz gh�qhg yduldeohv dv shu h!flhqf| xqlwv ri oderu1


Iroorzlqj Kdqvhq dqg Suhvfrww +�bbD,/ wkh uhsuhvhqwdwlyh djhqwv rswlpl}dwlrq sureohp


fdq wkhq eh h{suhvvhg dv wkh uhfxuvlyh g|qdplf surjudpplqj sureohp=
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Lq E�H�/ �q � q E� n ��kE�3j� lv wkh h�hfwlyh vxemhfwlyh glvfrxqwhg idfwru dqg 5| lv d yhfwru


zklfk frqwdlqv doo wkh h{rjhqrxv djjuhjdwh vwdwh yduldeohv> iru lqvwdqfh/ li wkh YDU prgho
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lq E�.� lv ri rughu rqh/ wkhq 5| frxog eh
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jlyhq1 Wkh ixqfwlrqv 	g/ 	�W dqg M ghvfuleh wkh uhodwlrqvkls shufhlyhg e| djhqwv ehwzhhq


wkh djjuhjdwh ghflvlrq yduldeohv dqg wkh vwdwh ri wkh hfrqrp|1 Dv wkh vroxwlrq wr wkh sure0
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Vlqfh lw lv lpsrvvleoh wr ghulyh wkh ghflvlrq uxohv dqdo|wlfdoo|/ L kdyh xvhg wkh frqyhq0


wlrqdo phwkrg ri fdofxodwlqj wkh ghflvlrq uxohv qxphulfdoo| e| dssur{lpdwlqj wkh ruljlqdo


sureohp zlwk d vhfrqg rughu Wd|oru h{sdqvlrq durxqg wkh frqvwdqw vwhdg| vwdwh ydoxhv


lq wkh jurzwk0dgmxvwhg hfrqrp|1 Dv d frqvhtxhqfh ri wklv dssur{lpdwlrq/ wkh phwkrg


surgxfhv olqhdu ghflvlrq uxohv1 Wkh dojrulwkp xwlol}hg lv grfxphqwhg lq Nohlq +�bbe,1 L


kdyh dovr iroorzhg wkh frqyhqwlrq lq wkh olwhudwxuh dqg vroyhg iru wkh ghflvlrq uxohv lq


qdwxudo orjv iru 	& dqg �1 Khqfh/ wkh frpshwlwlyh htxloleulxp lv frpsxwhg e| vroylqj d


�{hg srlqw sureohp zkhuh hdfk djhqw*v ghflvlrq uxohv pxvw eh rswlpdo jlyhq wkh djjuhjdwh


ghflvlrq uxohv lq wkh hfrqrp|1


6 Gdwd


Lq wklv vhfwlrq/ L suhvhqw wkh dqqxdo gdwd vhw dqg vrph vw|ol}hg idfwv iru wkh Vzhglvk


srvwzdu exvlqhvv f|foh iurp 4<83 wr 4<<81 E| lqfoxglqj wkh prvw uhfhqw gdwd/ L fryhu wkh
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ghhs uhfhvvlrq lq wkh Vzhglvk hfrqrp| lq wkh ehjlqqlqj ri wkh 4<<3v143


614 Edvlf gh�qlwlrqv


D pdmru sduw ri wkh gdwd vhw duh wkh JGS lghqwlwlhv lq qrplqdo dqg uhdo shu fdslwd whupv1


Lq dgglwlrq/ L kdyh wrwdo hpsor|phqw lq krxuv/ wkh wrwdo qrplqdo jurvv zdjh vxp/ qrplqdo


vrfldo lqvxudqfh frqwulexwlrqv/ wkh qrplqdo fxuuhqw dffrxqw lq wkh gdwd vhw soxv JGS


gh dwruv/ qrplqdo h{fkdqjh udwhv ylv0d0ylv wkh Vzhglvk nurqd dqg uhdo JGS*v dw pdunhw


sulfhv iru d qxpehu ri RHFG frxqwulhv144 Wkh phdvxuh ri rxwsxw/ t / lv qrplqdo JGS dw


idfwru frvwv shu fdslwd glylghg e| wkh gh dwru iru JGS dw pdunhw sulfhv145 Wkh vhulhv iru


sulydwh frqvxpswlrq shu fdslwd/ �/ lqfoxghv gxudeoh jrrgv exw h{foxghv wkh qhw ri lqgluhfw


wd{hv dqg vxevlglhv +gh dwhg zlwk wkh gh dwru iru JGS dw pdunhw sulfhv,1 Wzr uhdvrqv


iru wklv surfhgxuh duh/ �uvw/ wkdw gxudeoh jrrgv duh vxemhfw wr frqvxpswlrq wd{hv dqg/


vhfrqg/ wkdw L zdqw wkh JGS lghqwlw| wr krog lq uhdo whupv xs wr d phdvxuhphqw huuru lq


wkh qdwlrqdo dffrxqwv1 Iru wkh odwwhu uhdvrq/ L kdyh dovr lqfoxghg lqyhqwru| lqyhvwphqwv lq


wkh vhulhv iru sulydwh lqyhvwphqw shu fdslwd/ U1 Uhdo sxeolf h{shqglwxuhv/ C/ lqfoxghv erwk


uhdo sxeolf frqvxpswlrq dqg lqyhvwphqw1 Wkh frqvxpswlrq wd{/ � S/ lv fdofxodwhg dv wkh


qhw ri qrplqdo lqgluhfw wd{hv dqg vxevlglhv glylghg e| qrplqdo frqvxpswlrq h{shqglwxuhv/


zkloh wkh sd|uroo wd{/ ��/ lv fdofxodwhg dv qrplqdo vrfldo lqvxudqfh ihhv glylghg e| wkh


qhw ri wkh wrwdo qrplqdo jurvv zdjh vxp dqg vrfldo lqvxudqfh ihhv1 Wkh vkduh ri dydlodeoh


wlph vshqw lq hpsor|phqw/ M/ lv phdvxuhg dv wkh dyhudjh wrwdo qxpehu ri krxuv zrunhg


shu fdslwd1 Iruhljq ghpdqg/ t W/ lv fdofxodwhg dv d WFZ0zhljkwhg dyhudjh ri iruhljq uhdo


43 L xvh rqo| srvwzdu gdwd/ vlqfh Kdvvohu hw do1 +4<<7, kdyh irxqg vrph lqvwdelolw| lq Vzhglvk exvlqhvv
f|fohv lq frqqhfwlrq zlwk Zruog Zdu L dqg Zruog Zdu LL1 Wr surylgh uhvxowv wkdw fdq eh frpsduhg wr
wkh uhvxowv lq wkh YDU vwxglhv/ wkh dqdo|}h lv wkhuhiruh uhvwulfwhg wr wkh srvwzdu shulrg1 Lq idfw/ wklv
lv dovr dq dgglwlrqdo uhdvrq wr uhgr wkh fdofxodwlrqv lq Oxqgyln +4<<5,/ vlqfh kh xvh gdwd iru wkh shulrg
4;:404<;;1


44 Vhh dsshqgl{ D iru vrxufhv ri wkh gdwd vhw dqg h{dfw gh�qlwlrqv ri frpsrvlwh yduldeohv1
45 Rqh vkruwfrplqj lq wkh qdwlrqdo dffrxqwv lq Vzhghq lv wkdw wkhuh duh qr gh dwruv iru JGS dw idfwru


frvwv/ ru iru lqgluhfw wd{hv dqg vxevlglhv1 Wkhuhiruh/ L kdyh kdg wr dffhsw wkh gh dwru iru JGS dw pdunhw
sulfhv dv d sur{| iru wkh gh dwruv ri JGS dw idfwru frvwv/ dqg iru lqgluhfw wd{hv dqg vxevlglhv1 Wklv kdv
vrph txdqwlwdwlyh lpsruwdqfh zklfk lv glvfxvvhg lq dsshqgl{ D lq juhdwhu ghwdlo1
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JGS*v shu fdslwd lq Vzhglvk nurqru146 Ilqdoo|/ wkh uhdo h{fkdqjh udwh +lqyhuvh ri wkh


whupv0ri0wudgh,/ '/ dqg wkh fxuuhqw dffrxqw/ FD/ duh fdofxodwhg dv wkh lpsruw gh dwru


glylghg e| wkh h{sruw gh dwru dqg wkh qrplqdo FD glylghg e| wkh qrplqdo JGS dw idfwru


frvwv uhvshfwlyho|1


Iljxuh 5 ghslfwv wkh yduldeohv jhqhudwhg iurp wkh udz gdwd vhw1 Wkh yduldeohv t / �/


C/ U/ f/ � / M dqg t W duh ghslfwhg lq qdwxudo orjdulwkpv1 Dowkrxjk wkhuh lv d vwurqj


wuhqg lq prvw ri wkh vhulhv/ wkh �jxuh fohduo| ghprqvwudwhv wkh ghhs uhfhvvlrq lq wkh 4<<3v


zlwk d odujh idoo lq U1 Prvw qrwdeo| lv dovr wkh vwurqj ghfolqlqj wuhqg lq M ryhu wlph1


615 Ilowhulqj dqg vrph vw|ol}hg idfwv


Iurp Iljxuh 5/ lw lv fohdu wkdw prvw ri wkh yduldeohv iroorz/ shukdsv vwrfkdvwlf/ wuhqgv1


Vlqfh wkh sxusrvh ri wkh sdshu lv wr vwxg| exvlqhvv f|foh  xfwxdwlrqv/ qrw wuhqgv/ lw lv


ghvludeoh wr �owhu wkh gdwd wr h{wudfw wkh exvlqhvv f|foh frpsrqhqw ri wkh vhulhv1 Wkhuh


duh gl�huhqw �owhulqj phwkrgv dydlodeoh dqg zruwk frqvlghulqj iru wklv sxusrvh1 Iru hdvh


ri frpsdulvrq/ dqg vlqfh Hqjoxqg hw do1 +�bb2, dqg Kdvvohu hw do1 +�bbe, kdyh irxqg wkdw


exvlqhvv f|foh uhjxodulwlhv rq Vzhglvk gdwd gr qrw vhhp wr eh vhqvlwlyh wr wkh �owhulqj


phwkrg/ L kdyh iroorzhg wkh frqyhqwlrq lq wkh uhdo exvlqhvv f|foh olwhudwxuh dqg dssolhg


wkh Krgulfn0Suhvfrww +�bb., +K0S, �owhu rq wkh gdwd lq qdwxudo orjv zlwk wkh vprrwkqhvv


frh!flhqw b vhw wr �ff147 Wklv fkrlfh ri b fdswxuhv zkdw zh qrupdoo| phdq zlwk exvlqhvv


f|fohv> wkdw lv/ lw surgxfhv f|fohv zlwk d shulrglflw| ri 60; |hduv1 Lq wkh iroorzlqj/ L ghqrwh


d yduldeoh zklfk kdv ehhq K0S �owhuhg zlwk d wlogh> iru h{dpsoh/ K0S �owhuhg rxwsxw lv


ghqrwhg �t 1 Rq d sulrul jurxqgv/ dqg lq dffrugdqfh zlwk wkh prgho/ L kdyh qrw K0S


46 WFZ lv d wrwdoo| frpshwlwlyh wudglqj zhljkwhg fxuuhqf| edvnhw xvhg e| Vyhuljhv Ulnvedqn +Edqn ri


Vzhghq,/ dqg wkh zhljkwv iru wkh frxqwulhv lqfoxghg wr fdofxodwh �\
� vxp xs wr ;9=8 shufhqw ri wkh edvnhw1


47 Qrwh wkdw wkh jurzwk sduw ri wkh prgho lq vhfwlrq 514 vxjjhvwv �owhulqj wkh gdwd e| uhprylqj wkh
vdph orj0olqhdu wuhqg iurp wkh yduldeohv \ / F/ L/ J/ [/ P / dqg \ � deryh> exw vlqfh wkh jurzwk sduw
ri wkh prgho lv d yhu| fuxgh dssur{lpdwlrq ri uhdolw|/ L gr qrw frqvlghu wklv wr eh d jrrg dowhuqdwlyh1
Dqrwkhu �owhulqj phwkrg lv vlpso| wr wdnh �uvw gl�huhqfhv ri wkh yduldeohv lq qdwxudo orjv/ zklfk lv dq
dssursuldwh phwkrg li wkh yduldeohv iroorz vwrfkdvwlf wuhqgv1 Erwk wkhvh �owhuv/ dqg wkh K0S �owhu/ zrun
lq wkh wlph grpdlq1 Lw lv dovr srvvleoh wr xvh wkh vr0fdoohg edqg0sdvv �owhu zklfk zrunv lq wkh iuhtxhqf|
grpdlq/ vhh Kdvvohu hw do1 +4<<5,1
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�owhuhg � S/ ��/ FD dqg '148 Wkh edvlf ihdwxuhv ri wkh Vzhglvk srvwzdu exvlqhvv f|foh duh


uhsruwhg lq Wdeoh 41


Wkh �jxuhv lq Wdeoh 4 frpsduh zhoo wr Hqjoxqg hw do1 +�bb2, dqg Kdvvohu hw do1 +�bbe,


lq vhyhudo uhvshfwv/ exw wkhuh duh vrph h{fhswlrqv1 Iluvw ri doo/ zkloh wkh yduldelolw| lq �t lv


xqfkdqjhg/ wkh yduldelolw| ri ��/ �U dqg �M uhodwlyh wr �t lv odujhu wkdq suhylrxvo| uhsruwhg


gxh wr wkh ghhs uhfhvvlrq lq wkh 4<<3v1 Wkh yduldelolw| lq wkh phdvxuh ri iruhljq ghpdqg/


�t W/ lv dovr kljkhu wkdq uhsruwhg lq Kdvvohu hw do1 +�bbe, gxh wr wkh dgmxvwphqw iru wkh


uhdo h{fkdqjh udwh/ exw kdv wkh xvxdo surf|folfdo surshuwlhv dqg ohdgv wkh exvlqhvv f|foh1


Xqolnh Kdvvohu hw do1 +�bbe,/ zh �qg hylghqfh wkdw h{sruwv/ �f/ dqg wkh fxuuhqw dffrxqw/


FD/ duh vwurqjo| surf|folfdo dqg ohdg wkh exvlqhvv f|foh zkloh �M odjv wkh exvlqhvv f|foh


e| lqfoxglqj wkh prvw uhfhqw h{shulhqfh1


7 Hvwlpdwlrq dqg Fdoleudwlrq


Wkh sdudphwhuv lq wkh prgho duh hvwlpdwhg lq wzr zd|v1 Prvw ri wkh sdudphwhuv duh


hvwlpdwhg zlwk VPP1 Wkh uhvw ri wkh sdudphwhuv duh fkrvhq vr wkdw wkh hvwlpdwhg prghov*


vwhdg| vwdwh surshuwlhv duh frqvlvwhqw zlwk wkh gdwd +jurzwk idfwv,1 Sdudphwhuv zklfk idoov


zlwklq wkh vhfrqg fdwhjru| duh dvvxphg wr eh lqghshqghqw ri zkhwkhu �vfdo srolf| vkrfnv


duh frqvlghuhg ru qrw149 Vlqfh qr jrrg gdwd duh dydlodeoh rq wkh grphvwlf whfkqrorj|


ohyho ~| dqg wkh zruog uhdo lqwhuhvw udwh -W


|
/ wkh sdudphwhuv lq wkh DU+�,0surfhvvhv iru


wkhvh vkrfnv duh lqfoxghg lq wkh VPP hvwlpdwlrqv1 Krzhyhu/ dv phqwlrqhg lq vhfwlrq 614/


lw kdv ehhq srvvleoh wr frqvwuxfw d phdvxuh ri wkh exvlqhvv f|foh frpsrqhqw ri iruhljq


ghpdqg �t W


|
1 Wkhuhiruh/ L hvwlpdwh wkh DU+�,0surfhvv iru �t W


|
zlwk pd{lpxp olnholkrrg14:


48 Qrwh wkdw wkh vkduh ri dydlodeoh wlph vshqw lq hpsor|phqw shu fdslwd/ K/ grhv qrw iroorz d wuhqg lq
wkh prgho1 Exw vlqfh wkh wuhqg lq wkh Vzhglvk srvwzdu gdwd iru wklv yduldeoh lv vr vwurqj/ dv fdq eh vhhq
lq Iljxuh 5/ L kdyh fkrvhq wr dsso| wkh K0S �owhu rq lw1


49 Irupdoo|/ wkhvh sdudphwhuv duh uhjdughg dv sduw ri wkh qxoo k|srwkhvlv lq wkh VPP hvwlpdwlrqv wkdw
d fhuwdlq vxevhw ri wkh +wuxh, prphqwv lq gdwd dqg wkh frqvlghuhg prgho frlqflgh1


4: Wkh hvwlpdwlrq uhvxowv iru �
�\
�


dqg �5
�\ �


duh 3=838: dqg 3=3347; uhvshfwlyho|1 L kdyh fkhfnhg iru


qrupdolw| dqg +devhqfh ri, �uvw rughu dxwrfruuhodwlrq ri wkh uhvlgxdov1
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Wkh �vfdo srolf| YDUER�0prgho lv dovr hvwlpdwhg zlwk pd{lpxp olnholkrrg1 Wr vxp xs/


wkh edvlf uhdvrq iru hvwlpdwlqj vrph ri wkh sdudphwhuv lq wkh prghov zlwk VPP lv wkdw


wkhuh h{lvwv qhlwkhu dq| jrrg lqirupdwlrq derxw wkhp qru jrrg gdwd wr fdoleudwh wkhp1


Lq dgglwlrq/ vlqfh wkh dqvzhu wr wkh txhvwlrq wklv sdshu dgguhvvhv lv khdylo| ghshqghqw


rq wkh ydoxhv iru wkhvh sdudphwhuv/ VPP kdv wkh dgydqwdjh wkdw lw surylghv xv zlwk dq


�remhfwlyh� vhw ri sdudphwhuv1


714 Fdoleudwlrq


Wkh ghwhuplqlvwlf vwhdg| vwdwh jurzwk udwh iru rxwsxw/ �/ lv vhw wr f�f2�/ zklfk lv wkh


dyhudjh jurzwk udwh iru t lq wkh vdpsoh1 Wkh vkduh ri jurvv oderu lqfrph wr rxwsxw/


w/ lv vhw htxdo wr f��DD/ zklfk lv wkh dyhudjh jurvv zdjh vxp dv udwlr ri t lq wkh gdwd1


Wr fdoleudwh B/ L h{sorlwhg wkh odz ri prwlrq iru fdslwdo lq wkh vwhdg| vwdwh zulwwhq dv


B '
7


U


7


t


7


t


7


g
��/ dqg xvhg wkh hvwlpdwhg fdslwdo vwrfn lq Kdqvvrq +�bb�, / JGS dw idfwru frvwv


dqg jurvv lqyhvwphqw +sulydwh dv zhoo dv sxeolf, iru wkh wlph shulrg 4<9304<;; wr frpsxwh


B ' f��22 rq dyhudjh1 Wkh xwlolw| ixqfwlrq sdudphwhu k/ zklfk w|slfdoo| ghwhuplqhv


wkh vwhdg| vwdwh vkduh ri dydlodeoh wlph vshqw lq pdunhw dfwlylwlhv/ 7M/ lv vhw wr f��� iru


uhdvrqv glvfxvvhg lq N|godqg +�bbD,1 Wkh vwhdg| vwdwh ydoxh iru sxeolf h{shqglwxuhv/ 7C/


lv fdoleudwhg vr wkdw vwhdg| vwdwh sxeolf h{shqglwxuhv dv udwlr ri rxwsxw/ 7}/ htxdo f�2bb/


zklfk lv wkh vdpsoh phdq ri }|1 � S
|
dqg ��


|
duh lq vwhdg| vwdwh vhw wr f��.. dqg f��.S/


zklfk duh wkhlu vdpsoh phdqv1 Ilqdoo|/ iruhljq lqfrph lv e| frqvwuxfwlrq htxdo wr wkh


ydoxh ri h{sruwv14;


715 Wkh �vfdo srolf| YDUER�0prgho


Lq wkh hvwlpdwlrq ri wkh �vfdo srolf| YDUER� prgho/ L iroorzhg wkh vwudwhj| lq Mrqvvrq


dqg Nohlq +�bbS,/ e| ghphdqlqj wkh yduldeohv lq E�.� sulru wr hvwlpdwlrq1 Gl�huhqw vshf0


4;
Wklv phdqv wkdw L frqvlghu d vwhdg| vwdwh zkhuh �E�


@ 3 dqg �T @ 41
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l�fdwlrq whvwv dqg lqirupdwlrq fulwhuld vxjjhvwhg vhwwlqj R ' �14< Wkh hvwlpdwh ri 	*
�
lq


E�.� vkrzv wkdw wkh dxwrfruuhodwlrqv iru � S
|
dqg ��


|
duh kljk/ f�b�� dqg f�b.D uhvshfwlyho|/


zkloh wkh dxwrfruuhodwlrq iru K0S �owhuhg sxeolf h{shqglwxuhv lq qdwxudo orjv/ �C|/ lv frq0


vlghudeo| orzhu dqg htxdo wr f�DSH1 Wkh qrwdeo| kljk dxwrfruuhodwlrqv iru � S
|
dqg ��


|
lv ri


frxuvh d frqvhtxhqfh ri qrw ghwuhqglqj wkhp/ dowkrxjk wkh| h{klelw vwurqj wuhqgv dv fdq


eh vhhq lq Iljxuh 5153


716 Wkh VPP hvwlpdwlrq


71614 Krz VPP zrunv


Eurdgo| vshdnlqj/ wkh VPP hvwlpdwru fkrrvhv hvwlpdwhv ri wkh xqnqrzq sdudphwhuv vr dv


wr pdnh wkh fkrvhq prphqwv lq wkh prgho plplf wkh fruuhvsrqglqj prphqwv lq wkh gdwd1


Wkh phwkrg xvhv wkh frpsohwh uhsuhvhqwdwlrq ri wkh vwrfkdvwlf jhqhudo htxloleulxp prgho1


Xqghu vrph fhuwdlq frqglwlrqv/ surylghg lq Ohh dqg Lqjudp +�bb�,/ wkh VPP hvwlpdwru


lv dv|pswrwlfdoo| qrupdo dqg rqh fdq wkhuhiruh xvh d jrrgqhvv0ri0�w whvw vwdwlvwlf edvhg


rq wkh �20glvwulexwlrq1 Ohw 4A ghqrwh d � � � yhfwru zlwk � vdpsoh prphqwv lq gdwd


dqg 4�


�
	�
�
wkh fruuhvsrqglqj vlpxodwhg prphqwv lq wkh prgho/ zkhuh A ghqrwhv wkh


qxpehu ri revhuydwlrqv lq wkh gdwd/ � wkh frqvlghuhg qxpehu ri vlpxodwhg revhuydwlrqv lq


wkh prgho dqg 	� wkh & � � yhfwru zlwk hvwlpdwhg sdudphwhuv1 Wkhq/ wkh VPP hvwlpdwru


plqlpl}hv wkh orvv0ixqfwlrq


A �
�
4A �4�


�
	�
���


`A �
�
4A �4�


�
	�
��


+4<,


zklfk lv �20glvwulexwhg zlwk � � & ghjuhhv ri iuhhgrp li`A lq E�b� lv d srvlwlyh gh�qlwh


zhljkwlqj pdwul{ fkrvhq wr jlyh wkh plqlpxp dv|pswrwlf yduldqfh ri 	�154


4< Rqh sureohp zruwk phqwlrqlqj lq wkh ghwhuplqdwlrq ri d jrrg ydoxh iru s zdv wkh odfn ri qrupdolw|
iru wkh hvwlpdwhg uhvlgxdov lq wkh htxdwlrq iru �


z


w
/ zklfk zdv lpsrvvleoh wr fxuh xqohvv yhu| odujh ydoxhv


ri s zhuh frqvlghuhg1
53 Iru d frqvwdqw vwhdg| vwdwh wr h{lvw lq wkh prgho/ lw lv uhtxluhg wkdw doo hljhqydoxhv } vdwlvi|


ghw +L6} � a*4, 5 +�4> 4,1 Wklv frqglwlrq lv phw iru a*4 lq +4:,1
54 Vlqfh L kdyh lpsohphqwhg VPP wkh vdph zd| dv Mrqvvrq dqg Nohlq +4<<9,/ vhh wkhlu h{fhoohqw vxp0


pdu| ri VPP lq dsshqgl{ E iru pruh whfkqlfdo ghwdlov1 Krzhyhu/ wkhuh duh wzr wklqjv zruwk phqwlrqlqj
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71615 Fkrlfh ri prphqw yhfwru


L kdyh fkrvhq wr xvh prphqwv zklfk kljkoljkw wkuhh glphqvlrqv lq wkh prgho> wkh yrodwlolw|


glphqvlrq/ wkh frqwhpsrudqhrxv fruuhodwlrq glphqvlrq/ dqg wkh dxwrfruuhodwlrq glphq0


vlrq1 L kdyh dovr iroorzhg wkh frqyhqwlrq lq wkh olwhudwxuh dqg uhodwhg yrodwlolwlhv dqg


frqwhpsrudqhrxv fruuhodwlrqv iru wkh gl�huhqw yduldeohv wr rxwsxw1 Vlqfh wkh pdlq lqwhu0


hvwlqj yduldeohv lq wkh vwxg| duh frqvlghuhg wr eh rxwsxw/ sulydwh frqvxpswlrq/ sulydwh


lqyhvwphqw/ krxuv zrunhg/ wkh uhdo h{fkdqjh udwh dqg wkh fxuuhqw dffrxqw +dv udwlr ri


rxwsxw,/ wkh iroorzlqj �. prphqwv kdyh ehhq lqfoxghg lq wkh VPP hvwlpdwlrq


4 '


597 	j
�t|
/ 	j


��|
*	j


�t|
/ 	j


�U|
*	j


�t|
/ 	j


�M|
*	j


�t|
/ 	j'|


*	j
�t|
/ 	jFD|


*	j
�t|
/


	4
��|c�t|


/ 	4
�U|c�t|


/ 	4
�M|c�t|


/ 	4'|c�t|
/ 	4


FD|c�t|
/


	4
�t|c�t|3�


/ 	4
��|c ��|3�


/ 	4
�U|c�U|3�


/ 	4
�M|c �M|3�


/ 	4'|c'|3�
/ 	4FD|cFD|3�


6:8
�


1 +53,


Lq E2f�/ wkh �uvw �urz� frqwdlqv wkh vwdqgdug ghyldwlrq ri rxwsxw/ �t / dqg wkh vwdqgdug


ghyldwlrqv ri wkh rwkhu yduldeohv uhodwlyh wr �t / wkh vhfrqg wkh frqwhpsrudqhrxv fruuh0


odwlrqv ri wkh rwkhu yduldeohv zlwk �t dqg wkh wklug wkh dxwrfruuhodwlrq frh!flhqwv rqh


|hdu edfnzdugv iru doo yduldeohv155 E| wklv fkrlfh ri prphqw vhw/ L fdswxuh doo wkuhh


glphqvlrqv156


71616 Wkh surfhgxuh lq wkh hvwlpdwlrq


Lq sudfwlfh/ plqlpl}dwlrq ri wkh frqfdyh orvv ixqfwlrq E�b� lv grqh e| d julg vhdufk157 Vlqfh


wkhuh duh & ' b sdudphwhuv wr hvwlpdwh/ lw lv rqo| frpsxwdwlrqdoo| srvvleoh wr frqvlghu


lq dgglwlrq wr wkhlu h{srvlwlrq wkhuh1 Wkh �uvw wklqj lv wkdw L kdyh iroorzhg Qhzh| dqg Zhvw +4<<7,


uhfrpphqgdwlrq lq vhwwlqj wkh edqgzlgwk s @ 7+W@433,5@< iru wkh Eduwohww nhuqho lq wkh fdofxodwlrq ri
wkh yduldqfh0fryduldqfh pdwul{1 Vhfrqg/ L kdyh vlpxodwhg wkh prgho 733 wlphv dqg vnlsshg wkh �uvw 433
qxpehuv lq hdfk vlpxodwlrq wr jhw d vwrfkdvwlf lqlwldo vwdwh1 Wkxv Q @ 633 dqg W @ 791


55 Wkh uhdvrq qrw wr lqfoxgh wkh fruuhvsrqglqj prphqwv iru h{sruw/ �[/ lpsruw/ �P / dqg iruhljq ghpdqg
�\ � lq wkh VPP hvwlpdwlrq/ lv wkdw wkhuh pxvw eh dv pdq| vkrfnv dv hqgrjhqrxv yduldeohv lq wkh prgho/
rwkhuzlvh wkh prgho lv vlqjxodu dqg lpsrvvleoh wr hvwlpdwh dv ghprqvwudwhg e| Lqjudp hw do +4<<7,1


56 Ri frxuvh/ lw zrxog eh ri lqwhuhvw wr h{whqg wkh prphqw vhw iru wkh prgho zlwk �vfdo srolf| zlwk wkh


yduldeohv �Jw/ �
f
w dqg �


z
w wr eh deoh wr hqvxuh wkdw wkh sursdjdwlrq phfkdqlvpv lq wkh prgho duh fruuhfw1


Exw vlqfh wkh| duh qrw wkh wdujhw yduldeohv khuh/ dqg lw lv ri lqwhuhvw wr frpsduh wkh jrrgqhvv0ri0�w
fulwhulrq lq wkh prgho zlwk �vfdo srolf| zlwk wkh rqh zlwkrxw/ L kdyh fkrvhq qrw wr lqfoxgh wkhp1


57 Vlqfh wkh orvv ixqfwlrq lv qrw vx!flhqwo| vprrwk lq wkh sdudphwhuv �LP / �/ �[ / � dqg �/ lw kdv qrw
ehhq srvvleoh wr xvh d vlpsoh rswlpl}dwlrq dojrulwkp/ vxfk dv wkh vwhhshvw ghvfhqg/ wr �qg wkh VPP
hvwlpdwhv1
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� ydoxhv iru hdfk sdudphwhu lq wkh �qdo julg1 Wr rewdlq wkh �qdo julg/ L frqvlghuhg odujh


yduldwlrqv dw d wlph iru wkh sdudphwhuv wLP / #/ "
f/ j/ q/ 4-


W


/ j2


-W
/ 4*?~ dqg j2


*?~
lq wkdw


rughu/ xsgdwlqj wkh sdudphwhu ydoxhv uhfxuvlyho|/ wr �qg wkh fhqwuh dqg wkh vwhsv ri wkh


�qdo julg158


8 Hpslulfdo uhvxowv


814 VPP hvwlpdwlrq ri wkh prghov


Wkh uhvxowv ri wkh VPP hvwlpdwlrq duh uhsruwhg lq Wdeohv 5 dqg 61


Rq wkh zkroh/ wkh srlqw hvwlpdwhv lq Wdeoh 5 duh uhdvrqdeoh dqg frxog eh wkh rxwfrph


ri dq ruglqdu| fdoleudwlrq surfhgxuh/ dw ohdvw iru wkh yhuvlrq ri wkh prgho zlwk �vfdo


srolf|1 Krzhyhu/ frpsdulvrq ri wkh prghov zlwk dqg zlwkrxw �vfdo srolf| uhyhdov vrph


gl�huhqfhv ri lpsruwdqfh1 Iluvw ri doo/ wkh hvwlpdwhg sulfh hodvwlflw| iru h{sruw ghpdqg/


	"f / lv udwkhu orz lq wkh prgho zlwkrxw �vfdo srolf|1 Wklv zloo whqg wr orzhu wkh h{sruw


 xfwxdwlrqv/ dqg wkhuhe| dovr wkh yrodwlolw| lq rxwsxw1 Vhfrqg/ wkh hvwlpdwhg lqyhuvh ri


lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq/ 	j/ lq wkh prgho zlwkrxw �vfdo srolf| lv orzhu1


Wklv zloo whqg wr udlvh wkh uhodwlyh yrodwlolw| ri frqvxpswlrq wr rxwsxw lq wkdw yhuvlrq ri


wkh prgho frpsduhg wr wkh �vfdo srolf| rqh1 Wklug/ 	4-
W


dqg 	j2


-W
duh kljkhu lq wkh prgho


zlwk �vfdo srolf|/ lpso|lqj wkdw lqwhuhvw udwhv vkrfnv duh pruh lpsruwdqw lq wkdw prgho


frpsduhg wr wkh prgho zlwkrxw �vfdo srolf|1


Wxuqlqj wr Wdeoh 6/ zh vhh wkdw erwk yhuvlrqv ri wkh prgho xqghuhvwlpdwh wkh vwdqgdug


ghyldwlrq lq �t dqg wkh uhodwlyh yrodwlolwlhv iru sulydwh lqyhvwphqw dqg krxuv zrunhg wr �t


lq wkh gdwd/ dowkrxjk wkh yhuvlrq zlwk �vfdo srolf| wr d ohvvhu h{whqw1 Krzhyhu/ erwk


prghov uhsurgxfh wkh uhodwlyh yrodwlolwlhv lq sulydwh frqvxpswlrq/ wkh uhdo h{fkdqjh udwh


58 Vlqfh wkh orvv ixqfwlrq lv joredoo| frqfdyh lq hdfk sdudphwhu/ wkh hvwlpdwlrq rughulqj ri �LP / �/ �[ /


�/ �/ �U
�


/ �5


U�
/ �oq] dqg �5


oq]
wr rewdlq wkh �qdo julg grhv qrw pdwwhu1


4:







dqg fxuuhqw dffrxqw wr �t uhpdundeo| zhoo1 Prvw vxusulvlqjo|/ wkh uhodwlyh yrodwlolw| lq


�� wr �t lv dv kljk dv ��2. lq wkh prgho zlwkrxw �vfdo srolf|1 Wklv phdqv wkdw/ dowkrxjk


 xfwxdwlqj frqvxpswlrq wd{hv dqg wkh kljkhu yduldqfh iru wkh iruhljq uhdo lqwhuhvw udwh


whqg wr gulyh xs wkh uhodwlyh yrodwlolw| ri frqvxpswlrq wr rxwsxw lq wkh �vfdo srolf| yhuvlrq


ri wkh prgho/ wkh| mxvw frpshqvdwh iru wkh kljkhu hvwlpdwh ri j uhsruwhg lq Wdeoh 51 Erwk


prghov h{djjhudwh wkh frqwhpsrudqhrxv fruuhodwlrq ehwzhhq �t dqg' exw wudfn wkh udwkhu


orz fruuhodwlrq ehwzhhq �t dqg FD zhoo1 Wkh hvwlpdwhg fruuhodwlrq ehwzhhq �M dqg �t lv


wrr orz lq wkh prgho zlwkrxw �vfdo srolf|1 Lq jhqhudo/ wkh dxwrfruuhodwlrqv duh voljkwo|


ehwwhu wudfnhg e| wkh prgho zlwk �vfdo srolf|1 Lw lv uhpdundeoh/ krz zhoo wkh yhu| kljk


dxwrfruuhodwlrq lq ' lv wudfnhg lq wkh prgho zlwk �vfdo srolf|1


Ilqdoo|/ d ihz frpphqwv xsrq wkh �20vwdwlvwlfv lq Wdeoh 6 duh lq rughu1 Dv lq Mrqvvrq


dqg Nohlq +�bbS,/ Wdeoh 6 uhyhdov wkdw wkh lqwurgxfwlrq ri vwrfkdvwlf �vfdo srolf| lpsuryh


wkh hpslulfdo �w ri wkh prgho1 Exw lq frqwudvw wr wkhlu �qglqjv/ lw grhv qrw hqwhu lq


dq| vljql�fdqw zd| zkhq rqh frqvlghuv d eurdghu vhw ri prphqwv zklfk dovr frqwdlqv


rshq hfrqrp| yduldeohv1 Erwk prghov duh vwurqjo| uhmhfwhg e| wkh gdwd xvlqj dv|pswrwlf


vljql�fdqfh ohyhov159 Lq oljkw ri wkh prvw uhfhqw h{shulhqfh lq wkh Vzhglvk hfrqrp|/ wklv lv


qrw yhu| vxusulvlqj> Wdeoh 4 glvsod|hg wkdw wkh vwdqgdug ghyldwlrqv lq pdq| yduldeohv duh


pxfk kljkhu zkhq lqfoxglqj wkh ghhs uhfhvvlrq lq wkh 4<<3v1 Ri frxuvh/ hyhu| prgho lv lq


vrph vhqvh d fuxgh dssur{lpdwlrq ri wkh hfrqrp|> wkh| gr ehwwhu lq vrph dvshfwv wkdq


rwkhuv1 Khuh/ wkh prgho zlwk �vfdo srolf| deryh grhv d idluo| jrrg mre iru wkh yduldeohv


�t / ' dqg FD/ zklfk lv d jrrg wklqj vlqfh zh duh sduwlfxoduo| lqwhuhvwhg lq lqyhvwljdwlqj


zkdw wkh irufhv ehklqg wkh  xfwxdwlrqv lq wkhvh yduldeohv duh1 Iru wkh yduldeohv ��/ �U dqg


�M/ wkh prgho shuirup ohvv zhoo> exw ehiruh uhmhfwlqj wkh surshuwlhv ri wkh prgho lq wklv


vhqvh/ wkh lpsdfw ri wkh ghhs uhfhvvlrq vkrxog nhsw lq plqg1


59 Ri frxuvh/ lw lv yhu| olnho| wkdw wkh vpdoo vdpsoh glvwulexwlrq ri wkh "50vwdwlvwlf ghyldwhv vljql�fdqwo|
iurp lw*v dv|pswrwlf glvwulexwlrq/ exw vlqfh lw wdnh derxw 4 gd| wr hvwlpdwh wkh prgho rq d yhu| idvw
frpsxwhu/ lw lv qrw frpsxwdwlrqdoo| srvvleoh wr lqyhvwljdwh wklv lvvxh1
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815 Yduldqfh ghfrpsrvlwlrq ri wkh yrodwlolwlhv


Wr lqyhvwljdwh wkh uhodwlyh lpsruwdqfh ri iruhljq dqg grphvwlf vkrfnv iru wkh nh| pdfur


yduldeohv �t / ' dqg FD/ zklfk zhuh uhdvrqdeo| zhoo wudfnhg e| wkh prgho/ L iroorz Vlpv


+�bHf, dqg xvh wkh yduldqfh ghfrpsrvlwlrq phwkrg1 E| qrw lqfoxglqj pruh yduldeohv


lq wkh VPP hvwlpdwlrq ri wkh prgho wkdq vkrfnv/ L dyrlg wkh fulwltxh djdlqvw wkh ydul0


dqfh ghfrpsrvlwlrq phwkrg udlvhg e| Lqjudp hw do1 +�bbe,1 Wkh yduldqfh ghfrpsrvlwlrq


phwkrg lv dwwudfwlyh vlqfh lw phdvxuhv wkh iudfwlrq ri vlpxodwhg yrodwlolw| lq d yduldeoh &


|hduv dkhdg dffrxqwhg iru e| gl�huhqw vkrfnv lq d yhu| suhflvh zd|1 Krzhyhu/ lw kdv rqh


gudzedfn> wkh lghqwli|lqj dvvxpswlrqv duh/ lq jhqhudo/ ri vxevwdqwldo lpsruwdqfh iru wkh


rewdlqhg uhvxowv1 Lq wkh vhwwlqj khuh/ lw lv wkh rughulqj ri wkh vkrfnv wkdw pdwwhu vlqfh wkh


hvwlpdwhg glvwxuedqfh yhfwru lv ruwkrjrqdol}hg e| d fkrohvn| ghfrpsrvlwlrq1 Exw vlqfh


wkh lqqrydwlrqv lq wkh surfhvvhv iru -W/ �t W dqg *?~ duh xqfruuhodwhg zlwk rwkhu vkrfnv/


wkh rughulqj ri wkhvh yduldeohv gr qrw pdwwhu1 Wkxv rqo| wkh rughulqj ri wkh �vfdo sro0


lf| yduldeohv pdwwhu iru wkh uhvxowv khuh1 Vlqfh wkh irfxv ri wkh sdshu lv wr lqyhvwljdwh


wkh uhodwlyh lpsruwdqfh ehwzhhq iruhljq dqg grphvwlf vkrfnv/ dqg wkxv wkh �vfdo srolf|


lqqrydwlrqv dv d zkroh udwkhu wkdq wkh uhodwlyh lpsruwdqfh dprqj wkhp/ wkh h�hfwv ri


gl�huhqw rughulqj ri wkh lqqrydwlrqv kdyh qr lpsruwdqfh khuh1 Frpsohwho| duelwudulo|/


wkhq/ L fkrvh wkh iroorzlqj rughu= -W/ �t W/ *?~/ �C/ � S dqg ��1


Lq Wdeoh 7/ L suhvhqw wkh uhvxowv iru gl�huhqw krul}rqv1 Wkh vkruw uxq lpsdfw ri d vkrfn


lv fdswxuhg e| & htxdo wr �/ D dqg �f/ dqg wkh orqj uxq e| & htxdo wr Df dqg 41 Ehiruh


wxuqlqj wr wkh uhvxowv uhsruwhg lq Wdeoh 7 ehorz/ lw vkrxog eh hpskdvl}hg wkdw wkh �jxuhv


suhvhqwhg wkhuh duh srlqw hvwlpdwhv/ zklfk duh vhqvlwlyh wr wkh sdudphwhul}dwlrq ri wkh


prgho1 Wkhuhiruh/ rqh vkrxog lqwhusuhw wkh h{dfw �jxuhv zlwk d judlq ri vdow/ exw wdnh


wkh pdlq ihdwxuhv lq wkh wdeoh pruh vhulrxvo|1 Iurp Wdeoh 7/ zh vhh wkdw grphvwlf vkrfnv


dffrxqw iru prvw ri wkh yrodwlolw| lq rxwsxw shu fdslwd/ �t 1 Lq wkh vkruw uxq/ lqqrydwlrqv


lq surgxfwlylw| duh prvw lpsruwdqw/ dqg dffrxqw iru ryhu Df shufhqw ri wkh yrodwlolw| lq
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�t 1 Exw lq wkh orqj uxq/ �vfdo srolf| vkrfnv/ lq sduwlfxodu vkrfnv wr ��/ ehfrph wkh prvw


lpsruwdqw vrxufh ri rxwsxw  xfwxdwlrqv15: Ioxfwxdwlrqv lq wkh uhdo h{fkdqjh udwh/ '/ duh


wr d odujh h{whqw fdxvhg e| iruhljq vkrfnv lq wkh vkruw uxq/ exw lq wkh orqj uxq/ grphvwlf


vkrfnv ehfrph pruh lpsruwdqw1 Iru wkh fxuuhqw dffrxqw/ zh �qg/ hvvhqwldoo|/ wkdw rqo|


 xfwxdwlrqv lq iruhljq yduldeohv pdwwhu15;


Wkh uhvxowv lq Wdeoh 7 duh lq olqh zlwk Mrqvvrq dqg Nohlq +�bbS, lq wkh vhqvh wkdw lw


vhhpv olnh lqqrydwlrqv lq �vfdo srolf| duh yhu| lpsruwdqw iru wkh exvlqhvv f|foh/ hvshfldoo|


lq wkh orqj uxq1 Krzhyhu/ wkh| gl�hu lq rqh lpsruwdqw dvshfw1 Mrqvvrq dqg Nohlq irxqg


wkdw lw zdv lqqrydwlrqv lq wkh h{rjhqrxv udwlr ri jryhuqphqw h{shqglwxuhv wr rxwsxw/ }/


zklfk frqwulexwhg wr prvw ri wkh  xfwxdwlrqv lq rxwsxw lq wkh orqj uxq dprqj wkh �vfdo


srolf| yduldeohv1 Khuh/ L �qg/ zlwk wkh vdph rughulqj ri wkh �vfdo srolf| yduldeohv/ wkdw


lqqrydwlrqv lq wkh ohyho ri jryhuqphqw h{shqglwxuhv/ duh xqlpsruwdqw lq wkh orqj uxq1


Wkhuh duh wzr srvvleoh h{sodqdwlrqv wr wklv lqfrqvlvwhqf|1 Iluvw/ lw pljkw eh wkdw L nhhs


wkh ohyho ri jryhuqphqw h{shqglwxuhv h{rjhqrxv/ udwkhu wkdq } dv Mrqvvrq dqg Nohlq1


Exw zkhq L uhhvwlpdwhg wkh prgho zlwk VPP zlwk �C lq E�.� uhsodfhg zlwk K0S �owhuhg


*? }/ ghqrwhg �}/ dv h{rjhqrxv yduldeoh dqg ghfrpsrvhg wkh vlpxodwhg yduldqfh djdlq/ wkh


uhvxowv lq Wdeoh 7 zhuh sudfwlfdoo| xqfkdqjhg15< Wkh uhpdlqlqj srvvleoh h{sodqdwlrq lv


wkdw Mrqvvrq dqg Nohlq gr qrw K0S �owhu }/ d sulrul dqg lq dffrugdqfh zlwk wkh prgho


wkh| wuhdw lw dv d vwdwlrqdu| yduldeoh wrjhwkhu zlwk � S dqg ��/ zkloh L K0S �owhu wkh ohyho


ri h{rjhqrxv jryhuqphqw h{shqglwxuhv khuh1 D forvhu orrn dw Wdeoh 7 uhyhdov wkdw wklv


5: Dowkrxjk qrw uhsruwhg lq Wdeoh 7/ L kdyh shuiruphg yduldqfh ghfrpsrvlwlrqv iru �F/ �L dqg �K1
Txlwh qdwxudoo|/ lqqrydwlrqv lq iruhljq ghpdqg dqg/ lq sduwlfxodu/ wkh iruhljq uhdo lqwhuhvw udwh duh prvw


lpsruwdqw iru  xfwxdwlrqv lq �L/ dqg wrjhwkhu wkh| dffrxqw iru ryhu :3 shufhqw ri wkh  xfwxdwlrqv lq erwk


wkh vkruw dqg orqj uxq1 Iru �F/ lqqrydwlrqv lq �f dffrxqw iru dssur{lpdwho| 79 ri wkh  xfwxdwlrqv lq wkh


vkruw uxq/ dqg iru �K lqqrydwlrqv lq �z duh prvw lpsruwdqw1
5; L kdyh whvwhg wkh vhqvlwlylw| ri wkh uhvxowv lq Wdeoh 7 z1u1w1 wkh rughulqj ri wkh �vfdo srolf| yduldeohv1


Lw wxuqhg rxw wkdw wkh uhodwlyh lpsruwdqfh ri lqqrydwlrqv lq �J/ �f dqg �z fuxfldoo| ghshqghg rq wkh
rughulqj ri wkhvh yduldeohv/ lq frqwudvw wr Mrqvvrq dqg Nohlq +4<<9,1 Iru lqvwdqfh/ li �z fkdqjh sodfh


zlwk �J/ lw ehfrphv wkh rqo| lpsruwdqw vrxufh ri  xfwxdwlrqv dprqj wkh �vfdo srolf| yduldeohv1
5< L kdyh dovr uhhvwlpdwhg wkh prgho zlwk VPP zlwk �J lq +4:, uhsodfhg zlwk oq j dv h{rjhqrxv yduldeoh1


Vkrfnv wr oq j duh wkhq/ dv lq Mrqvvrq dqg Nohlq/ irxqg wr eh wkh rxwvwdqglqj vrxufh ri exvlqhvv f|fohv
dprqj wkh �vfdo srolf| yduldeohv1 Iru lqvwdqfh/ vkrfnv wr oq j wkhq dffrxqw iru :4 dqg 7; shufhqw ri wkh


 xfwxdwlrqv lq �\ dqg T uhvshfwlyho| lq wkh orqj uxq1
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vhhpv wr eh fruuhfw1 Lq wkh wdeoh/ zh vhh wkdw lqqrydwlrqv lq � S dqg �� ehfrph pruh


dqg pruh lpsruwdqw uhodwlyh wr �C/ dqg wkh rwkhu vkrfnv wrr/ zkhq & lqfuhdvhv vlqfh wkh


dxwrfruuhodwlrqv duh vr kljk iru wkhvh yduldeohv +dv qrwhg lq vhfwlrq 715, gxh wr wkh vwurqj


wuhqgv lq wkhp +vhh Iljxuh 5,1


Exw wklv/ wkhq/ udlvhv grxewv derxw wkh uhvxow wkdw �vfdo srolf| lv yhu| lpsruwdqw iru


wkh exvlqhvv f|foh/ vlqfh lw pd| eh wkh fdvh wkdw wklv uhvxow fuxfldoo| ghshqgv rq wkh


dvvxpswlrq ri wuhdwlqj � S dqg �� dv vwdwlrqdu| yduldeohv/ wkhuhe| qrw uhprylqj wkh vwurqj


wuhqgv lq wkhp zlwk wkh K0S �owhu1 Lq wkh qh{w vhfwlrq/ L wkhuhiruh whvw wr zkdw h{whqw


wkh uhvxowv fkdqjh li rqh uhod{hv wklv dvvxpswlrq dqg K0S �owhuv wkhp1


816 Vhqvlwlylw| dqdo|vlv


Lq wklv vhfwlrq/ L uhhvwlpdwh wkh prgho zlwk VPP zkhq � S dqg �� lq E�.�/ wrjhwkhu zlwk


' dqg FD/ duh K0S �owhuhg wr h{dplqh wkh urexvwqhvv ri wkh uhvxowv lq Wdeoh 7163 Ehiruh


wxuqlqj wr wkh uhvxowv ri wkh yduldqfh ghfrpsrvlwlrqv lq Wdeoh 8/ L zdqw wr frpphqw


eulh | rq wkh VPP hvwlpdwlrq uhvxowv1 Djdlq/ doo wkh VPP hvwlpdwhg sdudphwhuv duh


uhdvrqdeoh/ h{fhsw 	4*?~ zklfk htxdo f�D./ d udwkhu orz hvwlpdwh +fruuhvsrqgv wr f�H. rq


txduwhuo| gdwd,1 Wkh frpsxwhg fkl0vtxduh vwdwlvwlf lv �f��fe1 Wkxv/ wkh hpslulfdo �w ri


wkh prgho lv fohduo| zruvhqhg1 Krzhyhu/ lw lv vwloo wkh fdvh wkdw wkh yhuvlrq ri wkh prgho


zlwk �vfdo srolf| rxwshuirupv wkh rqh zlwkrxw/ exw qrw vljql�fdqwo| vr/ xvlqj dv|pswrwlf


fulwlfdo ydoxhv1


Wxuqlqj wr Wdeoh 8/ zh vhh wkdw wkh yduldqfh ghfrpsrvlwlrq uhvxowv fkdqjhv frpsohwho|1


Lqqrydwlrqv lq �vfdo srolf| duh qrz rqo| ri prghudwh lpsruwdqfh iru rxwsxw  xfwxdwlrqv1


Lqvwhdg/ surgxfwlylw| vkrfnv duh ri juhdwhu lpsruwdqfh iru  xfwxdwlrqv lq �t 1 Iruhljq


vkrfnv duh dovr pruh lpsruwdqw iru  xfwxdwlrqv lq �t dqg wkh uhdo h{fkdqjh udwh/ erwk lq


63 L kdyh dovr K0S �owhuhg T dqg FD lq wkh uhhvwlpdwlrq ri wkh prgho1 Wkxv/ lq wklv vhfwlrq/ doo
yduldeohv xvhg lq wkh VPP hvwlpdwlrq duh K0S �owhuhg1
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wkh vkruw dqg orqj uxq1 Dv lq Wdeoh 7/ lw lv vwloo wkh fdvh wkdw iruhljq vkrfnv duh wkh rqo|


vrxufh ri  xfwxdwlrqv lq wkh fxuuhqw dffrxqw164


Vr zkdw duh wkh jhqhudo lpsuhvvlrqv ri Wdeoh 8B Iluvw ri doo/ wkh �jxuhv frpsduh


txdolwdwlyho| zhoo zlwk wkh uhvxowv ri Oxqgyln +�bb2,/ dowkrxjk lw vhhpv olnh iruhljq vkrfnv


duh irxqg wr eh voljkwo| pruh lpsruwdqw khuh1 Lq wkh vkruw0uxq/ zh vhh wkdw grphvwlf vkrfnv


duh/ txlwh qdwxudoo|/ irxqg wr eh voljkwo| pruh lpsruwdqw/ dqg dffrxqw iru S. shufhqw ri wkh


 xfwxdwlrqv lq rxwsxw1 Wkh uhvxowv dovr frpsduh zhoo zlwk wkh sdshuv zklfk kdyh h{sorlwhg


yhfwru dxwruhjuhvvlrqv +YDUv, wr lqyhvwljdwh wkh vrxufhv ri exvlqhvv f|fohv1 Hqjoxqg hw


do1 +�bbe, �qg wkdw iruhljq vkrfnv dffrxqw iru �� shufhqw ri wkh  xfwxdwlrqv lq rxwsxw lq


wkh vkruw0uxq dqg e. shufhqw lq wkh orqj0uxq1 Iru wkh orqj0uxq/ Phoodqghu hw do1 +�bb2,


�qg wkdw iruhljq vkrfnv dffrxqw iru D. shufhqw ri rxwsxw  xfwxdwlrqv1 Phoodqghu hw do1


+�bb2, dovr �qg wkdw iruhljq vkrfnv dffrxqw iru doo wkh yduldelolw| lq wkh uhdo h{fkdqjh


udwh lq wkh orqj uxq1


9 Frqfoxglqj uhpdunv


Lq Vzhghq/ lw lv/ ru dw ohdvw kdv ehhq/ d frpprq ylhz wkdw prvw ri wkh exvlqhvv f|fohv duh


fdxvhg e| iruhljq vkrfnv/ vxfk dv vkrfnv wr iruhljq ghpdqg iru Vzhglvk h{sruw1 Lq wklv


sdshu/ L kdyh lqyhvwljdwhg wkh ydolglw| ri wklv ylhz e| frpsxwlqj wkh uhodwlyh lpsruwdqfh


ri iruhljq dqg grphvwlf vkrfnv iru wkh Vzhglvk srvwzdu exvlqhvv f|foh 4<8304<<8 xvlqj d


vwrfkdvwlf jurzwk prgho ghvljqhg iru d vpdoo rshq hfrqrp|1 L kdyh h{whqghg suhylrxv


zrun e| Oxqgyln +�bb2, e| doorzlqj iru vwrfkdvwlf �vfdo srolf|/ vlqfh uhfhqw uhvhdufk e|


Mrqvvrq dqg Nohlq +�bbS, vxjjhvwv wkdw lqqrydwlrqv lq �vfdo srolf| pljkw eh lpsruwdqw


iru srvwzdu exvlqhvv f|fohv lq Vzhghq1 E| xvlqj gdwd xs wr 4<<8/ wklv lv wkh �uvw vwxg|


zklfk wdnh wkh ghhs uhfhvvlrq lq wkh ehjlqqlqj ri wkh 4<<3v lqwr dffrxqw1 L kdyh dovr


64 Iruhljq vkrfnv dovr qrz dffrxqw iru pruh wkdq :3 shufhqw ri wkh  xfwxdwlrqv lq �L dqg �K/ dqg 69


shufhqw ri wkh  xfwxdwlrqv lq �F1
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whvwhg zkhwkhu wkh lqwurgxfwlrq ri vwrfkdvwlf �vfdo srolf| lpsuryhv wkh hpslulfdo �w ri


wkh prgho lq d vljql�fdqw zd| e| hvwlpdwlqj prvw ri wkh sdudphwhuv lq wkh prgho zlwk


VPP1


Wkh pdlq uhvxowv lq wkh sdshu duh dv iroorzv1 Iluvw/ lw lv vkrzq wkdw �vfdo srolf| vkrfnv


lpsuryh wkh hpslulfdo �w ri wkh prgho/ exw qrw vljql�fdqwo| vr xvlqj dv|pswrwlf fulwlfdo


ydoxhv1 Wkh pdlq uhdvrq iru uhmhfwlqj wkh prgho lv wkh lqfuhdvhg vwdqgdug ghyldwlrqv


lq sulydwh frqvxpswlrq/ sulydwh lqyhvwphqw dqg hpsor|phqw shu fdslwd gxh wr wkh ghhs


uhfhvvlrq lq wkh 4<<3v1 Lw dovr wxuqv rxw wkdw wkh hpslulfdo lpsuryhphqw ri wkh prgho


zlwk �vfdo srolf| lv ghshqghqw rq zkhwkhu wkh �vfdo srolf| yduldeohv duh K0S �owhuhg ru


qrw1 Li wkh| duh K0S �owhuhg/ wkh �w lv fohduo| zruvhqhg lq frpsdulvrq wr li wkh| duh qrw1


Wkh uhdvrq zk| wklv uhvxow lv rewdlqhg/ duh wkdw wkh �vfdo srolf| yduldeohv frqwdlq vwurqj


wuhqgv gxulqj wkh srvwzdu shulrg gxh wr wkh sxeolf vhfwru h{sdqvlrq lq Vzhghq1 Wklv


�qglqj fdvwv vrph grxewv dv wr zkhwkhu wkh uhvxowv surylghg lq Mrqvvrq dqg Nohlq +�bbS,


duh urexvw zlwk uhvshfw wr ghwuhqglqj dqg fkrlfh ri vdpsoh shulrg1


Vhfrqg/ e| ghfrpsrvlqj wkh vlpxodwhg yrodwlolw| lq rxwsxw shu fdslwd/ wkh uhdo h{fkdqjh


udwh dqg wkh fxuuhqw dffrxqw dwwulexwhg wr ydulrxv iruhljq dqg grphvwlf vkrfnv/ L �qg wkdw


wkh uhodwlyh lpsruwdqfh ri iruhljq dqg grphvwlf vkrfnv/ dqg lq sduwlfxodu wkh lpsruwdqfh


ri �vfdo srolf| vkrfnv/ iru  xfwxdwlrqv lq rxwsxw duh khdylo| ghshqghqw rq zkhwkhu wkh


�vfdo srolf| yduldeohv duh �owhuhg zlwk wkh K0S �owhu ru qrw1 Li wkh �vfdo srolf| yduldeohv


duh ohiw xq�owhuhg/ dv lq Mrqvvrq dqg Nohlq +�bbS,/ wkhq lqqrydwlrqv lq �vfdo srolf| duh


irxqg wr eh yhu| lpsruwdqw iru rxwsxw  xfwxdwlrqv/ dqg dffrxqw iru ryhu Df shufhqw ri wkh


 xfwxdwlrqv lq rxwsxw lq wkh orqj uxq1 Exw li wkh �vfdo srolf| yduldeohv duh �owhuhg/ �vfdo


srolf| vkrfnv rqo| dffrxqw iru �2 shufhqw ri wkh  xfwxdwlrqv lq rxwsxw lq wkh orqj uxq1 Lq


wklv fdvh/ iruhljq vkrfnv dffrxqw iru e� shufhqw ri wkh rxwsxw  xfwxdwlrqv/ zkloh grphvwlf


surgxfwlylw| vkrfnv dffrxqw iru eD shufhqw1 Iruhljq vkrfnv duh/ lqghshqghqw ri zkhwkhu


wkh �vfdo srolf| duh �owhuhg ru qrw/ irxqg wr eh prvw lpsruwdqw iru  xfwxdwlrqv lq wkh uhdo


56







h{fkdqjh udwh dqg/ lq sduwlfxodu/ wkh fxuuhqw dffrxqw1 Wkh uhdvrq zk| wkhvh gl�huhqfhv


rffxu iru rxwsxw  xfwxdwlrqv lv wkdw wkh �vfdo srolf| yduldeohv frqwdlq vwurqj wuhqgv gxulqj


wkh srvwzdu shulrg/ gxh wr wkh sxeolf vhfwru h{sdqvlrq lq Vzhghq1 Wkhuhiruh/ lw lv wkh


odwwhu uhvxowv wkdw duh ydolg/ dqg wkhvh uhvxowv frpsduh zhoo wr wkh �qglqjv ri wkh YDU


vwxglhv lq wkh �hog1


Wr frqfoxgh/ lw vhhpv wr eh d urexvw �qglqj/ erwk lq wkh hpslulfdo dqg wkhruhwlfdo olw0


hudwxuh/ wkdw iruhljq dqg grphvwlf vkrfnv frqwulexwh derxw htxdoo| wr rxwsxw  xfwxdwlrqv/


dqg wkdw iruhljq vkrfnv frqwulexwh e| idu wkh prvw wr  xfwxdwlrqv lq wkh uhdo h{fkdqjh


udwh dqg wkh fxuuhqw dffrxqw1


Zkdw derxw wkh olplwdwlrqv ri wkh sdshuB Dv lq doo rwkhu sdshuv lq wkh suhylrxv olw0


hudwxuh/ �vfdo srolf| lv wuhdwhg dv dq h{rjhqrxv/ qrq0rswlpdo/ surfhvv vlqfh lw lv qrw dq


hdv| wdvn wr dwwdfk d vwdeoh orvv0ixqfwlrq wr wkh jryhuqphqw1 Lw zrxog eh dq lqwhuhvw0


lqj h{whqvlrq wr frqvlghu wkh h�hfwv ri hqgrjhqrxv/ rswlpdo/ �vfdo srolf| rq wkh exvlqhvv


f|foh zlwklq d fhuwdlq uhjlph1 Krzhyhu/ iru wkh sxusrvh ri sdudphwhu hvwlpdwlrq +zlwk


VPP shukdsv, dqg k|srwkhvhv whvwlqj/ rqh pxvw ghyhors dq dojrulwkp wr vroyh wkh jry0


huqphqw*v dqg krxvhkrog*v sureohp vlpxowdqhrxvo|/ ehfdxvh dq lwhudwlyh surfhgxuh zklfk


E�� fdofxodwhv krxvhkrog ghflvlrq uxohv jlyhq d �vfdo srolf| ghflvlrq uxoh/ E��� fkhfn krz


wkh jryhuqphqwv orvv0ixqfwlrq fdq eh lpsuryhg rq wkh pdujlq e| fkdqjlqj sdudphwhuv lq


wkh �vfdo srolf| ghflvlrq uxoh/ E���� uhshdw E�� dqg E��� xqwlo frqyhujhqfh zrxog eh idu wr


vorz1 Lq d uhfhqw sdshu/ Vùghuolqg +�bbH, vkrzv krz wklv fdq eh grqh1 Pruh vshfl�fdoo|/


Vùghuolqg +�bbH, vkrzv krz wr vroyh dqg hvwlpdwh d olqhdu udwlrqdo h{shfwdwlrqv prgho


zlwk rswlpdo srolf| rq gdwd xvlqj wkh Ndopdq �owhu1


Dqrwkhu srvvleoh olplwdwlrq lv wkdw wkhuh duh qr prqh| vkrfnv lq wkh prgho1 Wkh


uhdvrq iru wklv lv wkdw rqo| uhdo yduldeohv duh ri lqwhuhvw khuh/ dqg xqohvv rqh lpsrvhv +dg


krf, vrph uljlglwlhv/ prqh| vkrfnv vhhpv wr eh xqlpsruwdqw iru uhdo yduldeohv lq erwk wkh


vkruw dqg wkh orqj uxq1 Hyhq li rqh lpsrvh vrph uljlglwlhv/ prqh| rqo| vhhpv wr kdyh d


57







olplwhg h�hfw lq wkh vkruw uxq dqg eh qhxwudo lq wkh orqj uxq1 Vhh Frroh| dqg Kdqvhq


+�bbD, iru ixuwkhu ghwdlov1 Krzhyhu/ rqh h{whqvlrq ri wkh zrun khuh zrxog eh wr frqvlghu


wkh vkruw uxq h�hfwv ri prqh| vkrfnv rq wkh uhdo h{fkdqjh udwh dqg wkh fxuuhqw dffrxqw


lq d prgho zlwk qrplqdo sulfh dqg2ru zdjh uljlglwlhv1
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Dsshqgl{ D Gdwd vrxufhv dqg gh�qlwlrqv


Lq wklv dsshqgl{/ L suhvhqw h{dfw vrxufhv iru wkh gdwd vhw dqg h{dfw gh�qlwlrqv ri wkh


frpsrvlwh yduldeohv xvhg1 Wdeoh D14 glvsod| wkh h{dfw vrxufhv ri wkh gdwd1 Lq Wdeoh D15/


L surylgh h{dfw gh�qlwlrqv ri frpsrvlwh yduldeohv/ iroorzlqj wkh qrwdwlrq lq vhfwlrq 5141


Wr jlyh d prwlydwlrq iru wkh gh�qlwlrqv ri wkh yduldeohv lq wkh qdwlrqdo dffrxqw eorfn/


L vwduw rxw iurp wkh qrplqdo


� t
�


|
t �


|
' �FS


|
FS | n �FJ


|
FJ | n � LJ


|
LJ | n � LS


|
LE | n � LL


|
LL | n �f


|
f| � ��


|
�| +D14,


dqg uhdo


t �


|
' FS| n FJ | n LJ| n LE | n LL | nf| ��| +D15,


JGS lghqwlwlhv zkhuh wkh qrplqdo krogv iru wkh zkroh vdpsoh shulrg zkloh wkh uhdo rqo|


krogv iurp 4<<3 wr 4<<81 Lq dgglwlrq/ lw lv wkh fdvh wkdw


� t
�


|
t �


|
' � t


8


|
t 8


|
n � A


U


|
A U


|
� � A


7


|
A7


|
+D16,


krogv lq wkh gdwd 4<83 wr 4<<81 Xqiruwxqdwho|/ qr gdwd rq � t
8


|
/ t 8


|
/ � A


U


|
/ A U


|
/ � A


7


|
dqg


A 7


|
h{lvwv1 Lw lv rqo| srvvleoh wr dftxluh gdwd rq � t 8


|
t 8


|
/ � A U


|
A U


|
dqg � A7


|
A7


|
1 Wklv fuhdwhv


d gdwd sureohp vlqfh wkh prvw dghtxdwh phdvxuh ri surgxfwlrq lq wkh prgho/ t|/ lv t
8


|


lq wkh gdwd1 Dv qrwhg lq Kdvvohu hw do1 +�bbe, dqg Hqjoxqg hw do1 +�bb2,/ wkh zd| rqh


kdqgohv wklv sureohp lv dovr ri txdqwlwdwlyh lpsruwdqfh1 Khuh/ L kdyh iroorzhg wkh vwudwhj|


lq Kdvvohu hw do1 +�bb2, dqg dffhswhg wkh JGS0gh dwru dw pdunhw sulfhv/ � t�


|
/ dv sur{|


iru � t
8


|
/ � A


U


|
dqg � A


7


|
1 E| frpelqlqj ED15� dqg ED16�/ L wkhq rewdlq


� t 8


|
t 8


|


� t�


|


' FS| �
� A U


|
A U


|
� � A7


|
A7


|


� t�


|


n FJ| n LJ| n LE | n LL | nf| ��| +D17,


zklfk irupv wkh edvlv iru wkh gh�qlwlrqv ri pdq| yduldeohv xvhg165


65 Krzhyhu/ lw vkrxog eh hpskdvl}hg wkdw e| xvlqj +D17,/ rqh vwloo kdv d frqvlghudeoh phdvxuhphqw
huuru ehwzhhq 4<83 dqg 4<;< gxh wr wkh phdvxuhphqw huuru iru +D15, lq wkh1 Dq dowhuqdwlyh zd| wkhq/ wr


jhw ulg ri wkh phdvxuhphqw huuru/ zrxog eh wr frpelqh +D14, dqg +D16, dqg glylgh wkurxjk zlwk S\
P


w
dv


lq Hqjoxqg hw do1 +4<<5,1
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Wdeoh D14= Wkh gdwd vhw1


Yduldeohv Vdpsoh shulrg Vrxufh


JGSPQ dqg JGSP 4<8304<<8 VFE WVGE


JGSIQ 4<8304<<8 VFE WVGE


WLQGQ dqg WVXEQ 4<8304<<8 VFE WVGE


FSQ dqg FS 4<8304<<8 VFE WVGE


FJQ/ LJQ/ FJ dqg LJ 4<8304<<8 VFE WVGE


LEQ/ LLQ/ LE dqg LL 4<8304<<8 VFE WVGE


[Q/ PQ/ [ dqg P 4<8304<<8 VFE WVGE


PIPW 4<8304<<8 VFE WVGE


KZW 4<8304<9< Mrqvvrq dqg Nohlq +�bbS,


KZW 4<:304<:< VFE/ Q43 VP ;<34 Wdeoh K=8 odvw urz


KZW 4<;304<<8 VFE/ Q43 VP <934 Wdeoh 9 odvw urz


ZVLVLIQ dqg VLIQ 4<8304<9< VFE/ Q 4<:4=44 Wdeoh 8 urzv 4/ 47


ZVLVLIQ dqg VLIQ 4<:304<:< VFE/ Q43 VP ;934 Wdeoh K=45 urzv 4/ 4<


ZVLVLIQ dqg VLIQ 4<;304<<8 VFE/ Q43 VP <934 Wdeoh :/ urzv 4/ 4<


FDQ 4<8304<<8 Vyhuljhv Ulnvedqn/ Iuhgulnd Uùfnhuw


SIRU 4<8304<<8 RHFG PHL


HVZHIRU 4<9304<<8 RHFG PHL


JGSIRU 4<8304<<8 RHFG PHL
Qrwh= Doo uhdo pdfurhfrqrplf yduldeohv duh phdvxuhg lq 4<<4 sulfhv lq ploolrqv1 VFE vwdqgv iru


Vwdwlvwlfv Vzhghq/ WVGE iru VFE*v wlph vhulhv gdwdedvh/ Vyhuljhv Ulnvedqn iru Edqn ri Vzhghq1 Deeuh0
yldwlrqv> JGSPQ dqg JGSP ghqrwhv JGS dw pdunhw sulfhv lq qrplqdo dqg uhdo whupv> JGSIQ qrplqdo
JGS dw idfwru sulfhv> WLQGQ dqg WVXEQ qrplqdo lqgluhfw wd{ uhyhqxhv dqg ydulrxv vxevlglhv> FSQ
dqg FS qrplqdo dqg uhdo sulydwh frqvxpswlrq h{shqglwxuhv> FJQ/ LJQ/ FJ dqg LJ sxeolf frqvxpswlrq
dqg lqyhvwphqw lq qrplqdo dqg uhdo whupv> LEQ/ LLQ/ LE dqg LL qrplqdo dqg uhdo exvlqhvv dqg lqyhqwru|
lqyhvwphqwv> [Q/ PQ/ [ dqg P qrplqdo dqg uhdo h{sruwv dqg lpsruwv> PIPW dyhudjh srsxodwlrq lq
wkrxvdqgv> KZW wrwdo krxuv zrunhg lq ploolrqv> ZVLVLIQ dqg VLIQ wrwdo qrplqdo zdjh vxp lqfoxglqj
vrfldo lqvxudqfh ihhv dqg qrplqdo vrfldo lqvxudqfh ihhv uhvshfwlyho|> FDQ wkh qrplqdo fxuuhqw dffrxqw>
SIRU/ HVZHIRU dqg JGSIRU duh 44 � 4 yhfwruv zlwk JGS gh dwruv/ qrplqdo h{fkdqjh udwhv
ylv0d0ylv wkh Vzhglvk nurqd dqg uhdo JGS*v shu fdslwd iru wkh X1V1/ X1N1/ Jhupdq|/ Iudqfh/ Mdsdq/ Lwdo|/
Ilqodqg/ Qruzd|/ Ghqpdun/ Ehojlxp dqg Fdqdgd/ uhvshfwlyho|1
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Wdeoh D15= Jhqhudwlrq ri frpsrvlwh gdwd vhulhv1


Yduldeoh Fdofxodwlrq irupxod


t JGSIQ2+JGSPQ2JGSP,2PIPW


� FS2PIPW0+WLQGQ0WVXEQ,2+JGSPQ2JGSP,2PIPW


C +FJ.LJ,2PIPW


} +FJ.LJ,2+JGSIQ2+JGSPQ2JGSP,,


U +LE.LL,2PIPW


f [2PIPW


� P2PIPW


M KZW-43332PIPW


t W


S
��


�'�
/� dSIRU�-JGSIRU�-HVZHIRU�2+JGSPQ2JGSP,o


FD FDQ2JGSIQ


' +]Q2],2+[Q2[,


� S +WLQGQ0WVXEQ,2FSQ


�� VLIQ2+ZVLVLIQ0VLIQ,
Qrwh= \ / F/ J/ L / [/ P / K dqg \


�
duh wkhq vxemhfw wr Krgulfn0Suhvfrww �owhulqj lq qdwxudo orjv/


dv ghvfulehg lq vhfwlrq 6151 Wkh $l zhljkwv iurp wkh WFZ fxuuhqf| edvnhw lqgh{ duh qrupdol}hg vr wkdw


wkh| vxp wr 41


5;







Uhihuhqfhv


Duplqjwrq/ S1 V1/ +4<9<,/ �D Wkhru| ri Ghpdqg iru Surgxfwv Glvwlqjxlvkhg e| Sodfh ri
Surgxfwlrq�/ LPI Vwd� Sdshuv/ Yro1 59/ ss 48<04:;1


Eudxq/ Dqwrq U1/ +4<<7,/ �Wd{ Glvwxuedqfhv dqg Uhdo Hfrqrplf Dfwlylw| lq wkh Srvwzdu
Xqlwhg Vwdwhv�/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ Yro1 66/ Qr1 6/ ss 77407951


Frroh|/ Wkrpdv I1 ) Kdqvhq/ Jdu| G1/ +4<<8,/ �Prqh| dqg wkh Exvlqhvv F|foh�/ Fkds0
whu : lq Frroh|/ Wkrpdv I1 +Hg11,/ Iurqwlhuv ri Exvlqhvv F|foh Uhvhdufk/ Sulqfhwrq
Xqlyhuvlw| Suhvv/ Sulqfhwrq1


Hqjoxqg/ Shwhu/ Shuvvrq/ Wruvwhq ) Vyhqvvrq/ Oduv H1 R1/ +4<<5,/ �Vzhglvk Exvlqhvv
F|fohv= 4;94 0 4<;;�/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ Yro1 63/ Qr1 6/ ss 67606:41


Hqjoxqg/ Shwhu/ Yuhglq/ Dqghuv )Zduqh/ Dqghuv/ +4<<7,/ �Pdfurhfrqrplf Vkrfnv lq dq
Rshq Hfrqrp|= D Frpprq0Wuhqgv Uhsuhvhqwdwlrq ri Vzhglvk Gdwd 4;:4 0 4<<3�/
lq Ehujvwuùp/ Yloo| ) Yuhglq/ Dqghuv +Hgv1,/ Phdvxulqj dqg Lqwhusuhwlqj Exvlqhvv
F|fohv/ ILHI Vwxglhv lq Oderxu Pdunhwv dqg Hfrqrplf Srolf| Yro1 8/ ss1 45804<7/
Foduhqgrq Suhvv/ R{irug1


Kdqvhq/ Jdu| G1 ) Suhvfrww/ Hgzdug F1/ +4<<8,/ �Uhfxuvlyh Phwkrgv iru Frpsxwlqj
Htxloleuld ri Exvlqhvv F|foh Prghov�/ Fkdswhu 5 lq Frroh|/ Wkrpdv I1 +Hg11,/ Iurq0
wlhuv ri Exvlqhvv F|foh Uhvhdufk/ Sulqfhwrq Xqlyhuvlw| Suhvv/ Sulqfhwrq1


Kdqvvrq/ Ehqjw/ +4<<4,/ �Fdslwdo Vwrfn Hvwlpdwhv iru Vzhghq 4<9304<;;= Dq dssolfdwlrq
ri wkh Kxowhq0Z|nr� Vwxglhv�/ fkdswhu 8 lqPhdvxulqj dqg Prghoolqj Whfkqrorjlfdo
Fkdqjh/ Sk G glvvhuwdwlrq/ Ghsduwphqw ri Hfrqrplfv/ Xssvdod Xqlyhuvlw|1


Kdvvohu/ Mrkq/ Oxqgyln/ Shwwhu/ Shuvvrq/ Wruvwhq ) Vùghuolqg/ Sdxo/ +4<<7,/ �Wkh Vzhglvk
Exvlqhvv F|foh= Vw|ol}hg Idfwv ryhu 463 \hduv�/ lq Ehujvwuùp/ Yloo| ) Yuhglq/ Dq0
ghuv +Hgv1,/ Phdvxulqj dqg Lqwhusuhwlqj Exvlqhvv F|fohv/ ILHI Vwxglhv lq Oderxu
Pdunhwv dqg Hfrqrplf Srolf| Yro1 8/ ss1 44043;/ Foduhqgrq Suhvv/ R{irug1


Krgulfn/ Urehuw M1 ) Suhvfrww Hgzdug F1/ +4<<:,/ �Srvwzdu X1V1 Exvlqhvv F|fohv= Dq
Hpslulfdo Lqyhvwljdwlrq�/ Mrxuqdo ri Prqh|/ Fuhglw dqg Edqnlqj/ Yro1 5</ Qr1 4/
ss 40491


Lqjudp Ehwk I1/ Nrfkhuodnrwd/ Qdud|dqd U1 ) Vdylq Q1H1/ +4<<7,/ �H{sodlqlqj Exvlqhvv
F|fohv= D Pxowlsoh0Vkrfn Dssurdfk�/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ Yro1 67/ Qr1
6/ ss 748075;1


Mrqvvrq/ Jxqqdu ) Nohlq/ Sdxo/ +4<<9,/ �Vwrfkdvwlf Ilvfdo Srolf| dqg wkh Vzhglvk Exvl0
qhvv F|foh�/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ Yro1 6;/ Qr1 5/ ss 57809;1


Nohlq/ Sdxo/ +4<<7,/ �Ilqglqj wkh Rswlpdo Olqhdu Uhjxodwru lq d Qrq0Rswlpdo Hfrqr0
p|�/ plphr/ LLHV/ Vwrfnkrop Xqlyhuvlw|1


N|godqg/ Ilqq H1/ +4<<8,/ �Exvlqhvv F|fohv dqg Djjuhjdwh Oderu Pdunhw Ioxfwxdwlrq0
v�/ Fkdswhu 8 lq Frroh|/ Wkrpdv I1 +Hg11,/ Iurqwlhuv ri Exvlqhvv F|foh Uhvhdufk/
Sulqfhwrq Xqlyhuvlw| Suhvv/ Sulqfhwrq1


Ohh/ Erqj0Vrr ) Lqjudp/ Ehwk I1/ +4<<4,/ �Vlpxodwlrq Hvwlpdwlrq ri Wlph0vhulhv Prg0
hov�/ Mrxuqdo ri Hfrqrphwulfv/ Yro1 7:/ Qr1 5/ ss1 4<:05381


Olqgehfn/ Dvvdu/ +4<:8,/ Vzhglvk Hfrqrplf Srolf|/ PdfPloodq/ Edvlqjvvwrnh1
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Oxfdv/ Urehuw H1 Mu/ +4<::,/ �Xqghuvwdqglqj Exvlqhvv F|fohv�/ lq Euxqqhu/ N1/ )
Phow}hu/ D1 K1 +Hgv1,/ Vwdelolvdwlrq ri wkh Grphvwlf dqg Lqwhuqdwlrqdo Hfrqrp|/
Fduqhjlh0Urfkhvwhu Frqihuhqfh Vhulhv rq Sxeolf Srolf| Yro1 8/ ss1 :05</ Qruwk
Kroodqg/ Dpvwhugdp1


Oxqgyln/ Shwwhu/ +4<<5,/ �Iruhljq Ghpdqg dqg Grphvwlf Exvlqhvv F|fohv= Vzhghq 4;<40
4<;:�/ fkdswhu 6 lq Exvlqhvv F|fohv dqg Jurzwk/ Prqrjudsk Vhulhv Qr1 55/ LLHV/
Vwrfnkrop Xqlyhuvlw|1


PfJudwwdq/ Hoohq U1/ +4<<7,/ �Wkh Pdfurhfrqrplf H�hfwv ri Glvwruwlrqdu| Wd{dwlrq�/
Mrxuqdo ri Prqhwdu| Hfrqrplfv/ Yro1 66/ Qr1 6/ ss 8:609341


Phoodqghu/ Huln/ Yuhglq/ Dqghuv ) Zduqh/ Dqghuv/ Sdxo/ +4<<5,/ �Vwrfkdvwlf Wuhqgv dqg
Hfrqrplf Ioxfwxdwlrqv lq d Vpdoo Rshq Hfrqrp|�/ Mrxuqdo ri Dssolhg Hfrqrphw0
ulfv/ Yro1 :/ ss1 69<06<71


Qhzh|/ Zklwqh| N1 )Zhvw/ Nhqqhwk G1/ +4<<7,/ �Dxwrpdwlf Odj Vhohfwlrq lq Fryduldqfh
Pdwul{ Hvwlpdwlrq�/ Uhylhz ri Hfrqrplf Vwxglhv/ Yro1 94/ Qr1 7/ ss1 96409881


Vlpv/ Fkulvwrskhu D1/ +4<;3,/ �Pdfurhfrqrplfv dqg Uhdolw|�/ Hfrqrphwulfd/ Yro1 7;/
Qr1 4/ ss1 407;1


Vùghuolqg/ Sdxo/ +4<<;,/ �Vroxwlrq dqg Hvwlpdwlrq ri UH Pdfurprghov zlwk RswlpdoSro0
lf|�/ Zrunlqj Sdshu Qr1 589/ Zrunlqj Sdshu Vhulhv lq Hfrqrplfv dqg Ilqdqfh/
Vwrfnkrop Vfkrro ri Hfrqrplfv
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Iljxuh 4= H{sruw/ lpsruw dqg wkh fxuuhqw dffrxqw dv udwlrv ri JGS1


64







Iljxuh 5= Wkh gdwd1
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Wdeoh 4= Edvlf vw|ol}hg exvlqhvv f|foh idfwv iru Vzhghq 4<8304<<81


Vwg1 Vwg1 Fruuhodwlrq ri yduldeoh zlwk


ghy1 ghy1 lwvhoi lq | dw �t| dw


lq ( wr �t |� 2 |� � | |n � |n 2 |� 2 |� � | |n � |n 2
�t 4189 4 03153 316; 4133 316; 03153 03153 316; 4133 316; 03153
�� 5158 4177 3147 3179 4133 3179 3147 03154 3145 317< 314: 3146
�U <16< 9134 03139 317; 4133 317; 03139 03157 3145 31:9 3197 3139
�C 41;; 4153 3139 3189 4133 3189 3139 03155 0313; 3137 3138 3148
�f 7174 51;5 03149 317; 4133 317; 03149 315; 317< 3174 03149 03188
�� 7194 51<8 0314: 3166 4133 3166 0314: 03149 3153 319: 3174 03149
�M 419; 413; 314: 319; 4133 319; 314: 03149 314: 3197 3195 314:
�t W 7176 51;6 03147 3183 4133 3183 03147 3178 3178 3139 03176 0318<


' ;187 8179 31<3 31<7 4133 31<7 31<3 3138 3136 03139 03146 0313<


FD 4194 4136 3165 318; 4133 318; 3165 316< 316; 3136 0315< 03164


Qrwh= �\ / �F/ �L/ �J/ �[/ �P / �K dqg �\
� duh wkh exvlqhvv f|foh frpsrqhqwv ri wkh K0S �owhuhg vhulhv \ /


F/ L/ J/ [/ P / K dqg \ � lq qdwxudo orjv zlwk wkh vprrwkqhvv sdudphwhu/ �/ vhw wr 43b31 Vhh dsshqgl{
D iru d ghwdlohg ghvfulswlrq ri wkh gdwd vhw dqg h{dfw gh�qlwlrqv ri yduldeohv1


Wdeoh 5= VPP hvwlpdwhv1


VPP srlqw hvwlpdwh ri


Lq wkh prgho wLP # "f j q 4-
W


j2


-W 4*?~ j2


*?~


Zlwkrxw I1S1 31349 31:35 318<3 41:3 31<;: 31578 313349 31<83 3133343


Zlwk I1S1 31358 318:3 31<5; 5178 31<:< 31793 313353 31<43 3133345
Qrwh= I1S1 lv vkruwkdqg qrwdwlrq iru �vfdo srolf|1
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Wdeoh 6= VPP hvwlpdwhg prphqwv dqg jrrgqhvv0ri0�w vwdwlvwlfv1


Prgho zlwk


Prphqw Qr �vfdo srolf| Ilvfdo srolf| Hpslulfdo


	j �t|
� �ff 4134 4159 4189


	j ��|
*	j �t|


415: 415< 4177


	j �U|
*	j �t|


41<4 51<8 9136


	j �M|
*	j �t|


316< 31:: 413;


	j'|
*	j �t|


:135 9155 817<


	jFD|
*	j �t|


413; 31:9 4136


	4 ��|c �t|
31:5 31:6 317<


	4�U|c�t|
3188 3195 31::


	4 �M|c�t|
314< 318< 3197


	4'|c�t|
313; 3157 03139


	4
FD|c�t|


3135 313; 3135


	4�t|c�t|3�
3179 317< 316;


	4 ��|c ��|3�
316; 3179 3179


	4�U|c�U|3� 3166 3167 317;


	4 �M|c �M|3�
3173 3178 319;


	4'|c'|3�
31;3 31;7 31<7


	4FD|cFD|3�
318; 3183 318;


�2


JKr 4:5195 96187


R0ydoxh 3133 3133


Qrwh= Wkh vwdqgdug ghyldwlrq lq �\ dqg wkh uhodwlyh vwdqgdug ghyldwlrqv lq �F/ �L/ �K/ T dqg FD wr


�\ duh vrphzkdw gl�huhqw wkdq wkh rqh uhsruwhg lq Wdeoh 4 vlqfh wkh �uvw |hdu kdyh ehhq ohiw rxw khuh


iru hvwlpdwlrq whfkqlfdo uhdvrqv1 Wkh vdph h{sodqdwlrq dssolhv iru wkh frqwhpsrudqhrxv fruuhodwlrqv


ehwzhhq wkhvh yduldeohv1
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Wdeoh 7= Yduldqfh ghfrpsrvlwlrq & |hduv dkhdg1


Iudfwlrq ri vlpxodwhg yrodwlolw| & |hduv dkhdg lq yduldeoh
�t ' FD


Gxh & & &
wr 4 8 43 83 4 4 8 43 83 4 4 8 43 83 4
-W 313< 3143 313; 3138 3138 31<6 31:; 31:3 318: 3189 317: 3178 3178 3178 3178
�t W 313< 3136 3135 3134 3135 3138 3146 3148 3149 3149 3186 3187 3187 3187 3187
*?~ 3185 3185 3183 316; 316: 3134 3138 313; 313< 313< 3133 3133 3133 3133 3133
�C 3137 3135 3134 3134 3134 3134 3133 3133 3133 3133 3133 3133 3133 3133 3133
� S 3147 3149 314: 314: 3149 3133 3135 3136 313: 313; 3133 3134 3134 3134 3134
�� 3145 314: 3155 316; 316< 3133 3135 3137 3144 3144 3133 3133 3133 3133 3133
Vxp 4133 4133 4133 4133 4133 4133 4133 4133 4133 4133 4133 4133 4133 4133 4133


Qrwh= Wkh yduldqfh ghfrpsrvlwlrq kdv ehhq pdgh lq qdwxudo orjv iru \ durxqg lwv wuhqg dqg lq qdwxudo
qxpehuv iru wkh vwdwlrqdu| yduldeohv T dqg FD1 Wkh iudfwlrqv uhsruwhg deryh kdyh ehhq fdofxodwhg e|
dqdo|}lqj wkh h�hfwv ri d rqh vwdqgdug ghyldwlrq lqfuhdvh lq hdfk ri wkh vkrfnv dw d wlph1


Wdeoh 8= Yduldqfh ghfrpsrvlwlrq & |hduv dkhdg= doo yduldeohv K0S �owhuhg1


Iudfwlrq ri vlpxodwhg yrodwlolw| & |hduv dkhdg lq yduldeoh
�t ' FD


Gxh & & &
wr 4 8 43 83 4 4 8 43 83 4 4 8 43 83 4
-W 3139 3143 3143 3143 3143 31:8 3184 3178 316; 3164 3145 3144 3144 3144 3144
�t W 315: 3153 3156 315; 3166 3156 3176 317< 318: 3198 31;; 31;< 31;< 31;< 31;<
*?~ 318: 318: 3186 317< 3178 3134 3137 3137 3136 3136 3133 3133 3133 3133 3133
�C 3135 313: 313; 313; 313: 3134 3135 3135 3135 3134 3133 3133 3133 3133 3133
�� S 3137 3135 3135 3135 3135 3133 3133 3133 3133 3133 3133 3133 3133 3133 3133
��� 3137 3137 3137 3136 3136 3133 3133 3133 3133 3133 3133 3133 3133 3133 3133
Vxp 4133 4133 4133 4133 4133 4133 4133 4133 4133 4133 4133 4133 4133 4133 4133


Qrwh= Wkh yduldqfh ghfrpsrvlwlrq kdv ehhq pdgh lq qdwxudo orjv iru \ durxqg lwv wuhqg dqg lq qdwxudo
qxpehuv iru wkh vwdwlrqdu| yduldeohv T dqg FD1 Wkh iudfwlrqv uhsruwhg deryh kdyh ehhq fdofxodwhg e|
dqdo|}lqj wkh h�hfwv ri d rqh vwdqgdug ghyldwlrq lqfuhdvh lq hdfk ri wkh vkrfnv dw d wlph1
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