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|Zh duh lqghewhg wr Plfkdho Euhqqdq/ Mrkq Frfkudqh/ Eudgirug Fruqhoo/ Hxjhqh Idpd/ Zd|qh Ihuvrq/

Mrkq Khdwrq/ Qdudvlpkdq Mhjdghhvk/ Vkhulgdq Wlwpdq/ Lyr Zhofk dv zhoo dv sduwlflsdqwv ri wkh Orqgrq

Exvlqhvv Vfkrro/ Qruwkzhvwhuq/ Xqlyhuvlw| ri Eulwlvk Froxpeld/ Xqlyhuvlw| ri Fklfdjr/ XFOD/ dqg

Xqlyhuvlw| ri Plfkljdq/ Xqlyhuvlw| ri Loolqrlv Xuedqd0Fkdpsdljq/ Xqlyhuvlw| ri Lqgldqd/ dqg Xqlyhuvlw|

ri Lrzd �qdqfh vhplqduv dqg wkh DID Frqihuhqfh iru khosixo glvfxvvlrqv/ frpphqwv dqg vxjjhvwlrqv1

Zh duh uhvsrqvleoh iru doo uhpdlqlqj huuruv1
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DEVWUDFW

Deho +4<;;, lqwhuwhpsrudo dvvhw sulflqj prgho lpsolhv wkdw wkh dxwrfruuhodwlrq
sdwwhuq lq h{shfwhg uhwxuqv uh�hfwv wkdw revhuyhg lq rxwsxw jurzwk udwhv1 Frqvh0
txhqwo|/ e| xvlqj wkh revhuyhg dxwrfruuhodwlrq surshuwlhv ri pdfurhfrqrplf gdwd/
zh duh deoh wr surylgh xqlyduldwh whvwv zlwk srzhu wr ghwhfw ghyldwlrqv iurp wkh
vwdwlrqdu| udqgrp zdon prgho ryhu wkh srvw0Zruog Zdu LL vdpsoh shulrg1 Diwhu
uhjuhvvlqj h{fhvv uhwxuqv djdlqvw lqgxvwuldo surgxfwlrq*v f|folfdo frpsrqhqw/ wkhvh
xqlyduldwh whvwv surylgh olwwoh hylghqfh ri vhuldo fruuhodwlrq lq wkh uhvxowdqw uhvlgxdov/
frq�uplqj wkh suhvhqfh ri d exvlqhvv f|foh h�hfw lq h{fhvv uhwxuqv1 Krzhyhu/ rxu
pxowlyduldwh dqdo|vlv frqfoxghv wkdw zkloh wkh exvlqhvv f|foh frqwulexwhv wr wkhvh
ghyldwlrqv iurp wkh vwdwlrqdu| udqgrp zdon prgho/ suhglfwdeoh orqj whup vzlqjv lq
h{shfwhg uhwxuqv dulvlqj iurp yduldeoh wuhqgv lq pdfurhfrqrplf gdwd vwloo uhpdlq1
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Hduo| whvwv ri wkh h�flhqw pdunhwv k|srwkhvlv/ vxppdul}hg lq Idpd +4<:3,/ irxqg qr hfr0

qrplfdoo| vljql�fdqw hylghqfh ri vhuldo fruuhodwlrq lq vwrfn uhwxuqv� Krzhyhu/ Vxpphuv +4<;9,

vxjjhvwhg wkdw wklv zdv ehfdxvh wkhvh whvwv odfnhg srzhu= Vxpphuv vxjjhvwhg d prgho ri _idgv%

lq zklfk vwrfn sulfhv wdnh orqj vzlqjv dzd| iurp wkhlu ixqgdphqwdo ydoxhv/ dqg vkrzhg wkdw

hyhq li d idgv frpsrqhqw vxfk dv wklv dffrxqwhg iru d odujh iudfwlrq ri wkh yduldqfh ri uhwxuqv/

wkh idgv ehkdylru pljkw eh gl�fxow wr ghwhfw e| orrnlqj dw vkruw krul}rq dxwrfruuhodwlrqv ri

uhwxuqv dv wkhvh hduo| whvwv kdg grqh1 Vhyhudo dwwhpswv zhuh pdgh wr ghyhors whvwv zklfk zrxog

kdyh juhdwhu srzhu djdlqvw _idgv% k|srwkhvhv vxfk dv Vxpphuv*1 Idpd dqg Iuhqfk +4<;;e,

xvhg d orqj0krul}rq uhjuhvvlrq ri pxowl0|hdu uhwxuqv rq sdvw pxowl0|hdu uhwxuqv/ dqg Srwhued

dqg Vxpphuv +4<;;, xvhg d yduldqfh0udwlr whvw wr orrn iru idgv0w|sh ehkdylru lq vwrfn0lqgh{

uhwxuqv lq wkh 4<5904<;: shulrg1 Zkloh erwk wkhvh whvwv �qg hylghqfh ri _idgv% w|sh ehkdylru

lq uhwxuqv/ wkh hylghqfh wxuqv rxw wr eh udwkhu zhdn1 Iluvw/ dv Nlp/ Qhovrq/ dqg Vwduw} +4<;;,

srlqw rxw/ qhlwkhu whvw uhmhfwv wkh vwdwlrqdu| udqgrp zdon prgho ryhu wkh srvw0Zruog Zdu LL

vdpsoh shulrg12

Dovr/ Idpd dqg Iuhqfk +4<;;e, vxjjhvw wkdw wkh hylghqfh ri orqj0krul}rq dxwrfruuhodwlrqv

vkrxog qrw qhfhvvdulo| eh lqwhusuhg dv hylghqfh ri idgv ru ri pdunhw lqh�flhqf|= vorz/ phdq0

uhyhuwlqj h{shfwhg uhwxuq yduldwlrq frxog dovr lqgxfh vxfk orqj krul}rq dxwrfruuhodwlrqv1 Dqg/

lqghhg/ wkh hylghqfh iru vxfk yduldwlrq lq h{shfwhg uhwxuqv lv vwurqj1 Qxphurxv vwxglhv kdyh

grfxphqwhg wkh uhodwlrq ehwzhhq wkh glylghqg0|lhog/ whup0vsuhdg dqg ghidxow vsuhdg +vhh/ iru

h{dpsoh/ Nhlp dqg Vwdpedxjk +4<;9,/ Fdpsehoo +4<;:,/ Idpd dqg Iuhqfk+4<;;d/ 4<;<,1, Wkh

Idpd dqg Iuhqfk sdshuv/ lq sduwlfxodu/ wlh pryhphqwv lq wkhvh yduldeohv wr wkh exvlqhvv f|foh

e| uhodwlqj wkhp wr QEHU gdwlqjv1 Fkhq +4<<4, wdnhv wklv rqh vwhs ixuwkhu e| vkrzlqj wkdw

wkhvh yduldeohv duh forvho| uhodwhg wr sdvw dqg ixwxuh jurzwk udwhv lq surgxfwlrq1

Lqghhg/ lw lv lpsruwdqw wr ghwhuplqh zkhwkhu wkhvh yduldwlrqv duh wlhg wr fkdqjlqj hfrqrplf

frqglwlrqv= lq dq h�flhqw pdunhwv prgho h{shfwhg uhwxuq yduldwlrq pxvw lq wkh hqg eh wlhg

4Wkh hylghqfh wkdw vkruw0krul}rq dxwrfruuhodwlrqv pd| eh hfrqrplfdoo| vljql�fdqw lv qrz vrphzkdw
vwurqjhu +vhh Or dqg PdfNlqod| +4<;;,,1

5Dovr/ wkh vwdwlvwlfdo vljql�fdqfh ri wkhvh whvwv lv txhvwlrqhg e| Ulfkdugvrq +4<<6,/ zkr xvhv mrlqw "5

whvw surfhhgxuhv ghyhorshg lq Ulfkdugvrq dqg Vplwk +4<<4, wr vkrz wkdw d mrlqw whvw ri wkh Idpd dqg
Iuhqfk +4<;;e, ru Srwhued dqg Vxpphuv +4<;;, uhvxowv grhv qrw uhmhfw wkh qxoo ri frqvwdqw h{shfwhg
uhwxuqv1 Dovr/ Ulfkdugvrq dqg Vwrfn +4<;<, vxjjhvw wkdw wkh vljql�fdqfh ri wkh Idpd dqg Iuhqfk
+4<;;e, uhvxowv lv gxh wr eldvhg W0vwdwlvwlfv1

5



wr wkh fryduldwlrq ri uhwxuqv zlwk lqyhvwruv* lqwhuwhpsrudo pdujlqdo udwhv ri vxevwlwxwlrq1 Lq0

ghhg/ wkhuh duh qrz d qxpehu ri prghov lq wkh �qdqfh olwhudwxuh w|lqj wrjhwkhu rxwsxw dqg

h{shfwhg uhwxuqv1 Edoyhuv/ Frvlpdqr/ dqg PfGrqdog +4<<3, suhvhqw d jhqhudo htxloleulxp

prgho lq zklfk djjuhjdwh rxwsxw lv vhuldoo| fruuhodwhg/ dqg khqfh djhqwv dwwhpswv wr vprrwk

frqvxpswlrq d�hfwv wkh uhtxluhg udwh ri uhwxuq rq �qdqfldo dvvhwv1 Frfkudqh +4<<4, dqg Uhvwr|

dqg Urfnlqjhu +4<<7, suhvhqw sduwldo htxloleulxp prghov wkdw wlh wrjhwhu wkh uhwxuq rq lqyhvw0

phqw dqg wkh uhwxuq wr �qdqfldo dvvhwv1 Ndqgho dqg Vwdpedxjk +4<<3, vwxg| wkh prphqwv ri

frqvxpswlrq krz wkhvh uhodwh wr wkh prphqwv ri dvvhw uhwxuq> wkh| �qg vrph hylghqfh wkdw

wkh pdunhw sulfh ri ulvn lv kljkhu lq uhfhvvlrqv +frqvlvwhqw zlwk Kduyh| +4<;<d, dqg Kduyh|

+4<;<e,,1

Wkh

Zh �oo wzr jdsv lq wklv olwhudwxuh1 Iluvw/ zh olqn

Lq oljkw ri wklv pxowlyduldwh hylghqfh/ lw lv vxusulvlqj wkdw xqlyduldwh whvwv uhpdlq lqfrqfox0

vlyh e| qrw wdnlqj dgydqwdjh ri wkh hfrqrplf h{sodqdwlrqv r�huhg iru pxowlyduldwh suhglfwdelo0

lw|1 Ri frxuvh/ hyhq li h{shfwhg uhwxuqv gr ydu| zlwk suhydlolqj hfrqrplf frqglwlrqv/ h{fhvv

uhwxuqv qhhg qrw h{klelw xqlyduldwh suhglfwdelolw| li fkdqjhv lq hfrqrplf frqglwlrqv wkhpvhoyhv

duh vhuldoo| xqfruuhodwhg1 Krzhyhu/ wkh revhuyhg fkdudfwhulvwlfv ri vxfk hfrqrplf djjuhjdwhv

dv JGS dqg xqhpsor|phqw vxjjhvw wkdw wklv lv qrw wkh fdvh1 Dv qrwhg e| ]duqrzlw} +4<<5,/

qrwhv wkdw _exvlqhvv f|fohv duh fkdudfwhulvwlfdoo| shuvlvwhqw dqg shuydvlyh1% +s1 {y, Dsshdolqj

wr Deho*v prgho/ h{shfwhg uhwxuqv vkrxog h{klelw wklv vdph shuvlvwhqfh dqg/ dv d uhvxow/ zh fdq

h{sorlw wkh revhuyhg dxwrfruuhodwlrq surshuwlhv ri pdfurhfrqrplf gdwd wr ghvljq xqlyduldwh

whvwv zklfk uholdeo| uhmhfw wkh vwdwlrqdu| udqgrp zdon prgho ryhu wkh srvw0Zruog Zdu LL vdp0

soh shulrg1 E| frqwudvw/ zh ghprqvwudwh wkdw suhylrxv xqlyduldwh whvwv odfn srzhu wr ghwhfw

ghyldwlrqv eurxjkw derxw e| exvlqhvv f|foh uhodwhg yduldwlrq lq h{shfwhg uhwxuqv1

Deho*v prgho ixuwkhu lpsolhv wkdw dq| xqlyduldwh suhglfwdelolw| lq h{fhvv uhwxuqv vkrxog eh

h{sodlqhg e| fruuhvsrqglqj xqlyduldwh suhglfwdelolw| lq rxwsxw jurzwk dqg lwv yrodwlolw|1 Wkxv/

wkh frpsrqhqw ri fxuuhqw dqg sdvw rxwsxw zklfk suhglfwv ixwxuh jurzwk vkrxog dovr suhglfw

ixwxuh h{fhvv uhwxuqv1 Krzhyhu/ suhglfwlqj ixwxuh rxwsxw jurzwk iurp fxuuhqw dqg sdvw gdwd lv

frpsolfdwhg e| wkh idfw wkdw rxwsxw/ sur{lhg lq wklv sdshu e| lqgxvwuldo surgxfwlrq/ lv dq lq0
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whjudwhg surfhvv +L+4,,1 Hfrqrphwulfdoo|/ zh ryhufrph wklv sureohp e| ghfrpsrvlqj wklv wlph

vhulhv lqwr lwv shupdqhqw dqg whpsrudu| frpsrqhqwv1 Ehyhulgjh dqg Qhovrq +4<;4, hvwdeolvk

wkdw dq| lqwhjudwhg vhulhv fdq eh ghfrpsrvhg lqwr d sxuh udqgrp zdon zlwk guliw/ lqwhusuhwhg

dv lwv wuhqg frpsrqhqw/ dqg d vwdwlrqdu| frpsrqhqw/ lqwhusuhwhg dv lwv f|folfdo frpsrqhqw1

Frqvlvwhqw zlwk Oxfdv +4<::,/ wklv vshfl�fdwlrq ylhzv wkh exvlqhvv f|foh dv vwdwlrqdu| pryh0

phqwv derxw d vwrfkdvwlf wuhqg1� Wr wkh h{whqw wkdw surgxfwlrq*v f|folfdo frpsrqhqw surylghv

d jrrg sur{| iru ixwxuh surgxfwlrq jurzwk/ Deho*v prgho vxjjhvwv wkdw/ diwhu frqwuroolqj iru

wkhlu f|folfdo frpsrqhqw/ h{fhvv uhwxuqv vkrxog eh vhuldoo| xqfruuhodwhg1

Krzhyhu/ huuruv fdq dulvh li wklv f|folfdo frpsrqhqw lv hvwlpdwhg e| wkh uhvlgxdov ri d �wwhg

olqhdu wuhqg +Qhovrq dqg Ndqj +4<;4, dqg Qhovrq dqg Sorvvhu +4<;5,,1 Iluvw gl�huhqflqj d wlph

vhulhv zlwk erwk jurzwk +qrq0vwdwlrqdu|, dqg f|folfdo +vwdwlrqdu|, frpsrqhqwv lv dovr lqdssur0

suldwh dv wklv vlpso| frqirxqgv wkh frqwulexwlrq ri hdfk frpsrqhqw Vwrfn dqg Zdwvrq +4<;;,,1

Zh dyrlg wkhvh gl�fxowlhv e| xvlqj wkh Zdwvrq +4<;9, xqrevhuyhg frpsrqhqwv DULPD +XF0

DULPD, phwkrg dv zhoo dv d rqh0vlghg yhuvlrq ri wkh Krgulfn dqg Suhvfrww +4<;3, �owhu wr

vwrfkdvwlfdoo| ghwuhqg srvw0Zruog Zdu LL lqgxvwuldo surgxfwlrq gdwd1 Wkh urexvwqhvv ri rxu

uhvxowv duh dovr yhul�hg xvlqj vshfwudo edqg0sdvv �owhuv +Ed{whu dqg Nlqj 4<<7,1

Zh frq�up/ xvlqj orqj0krul}rq uhjuhvvlrqv/ wkdw lqgxvwuldo surgxfwlrq*v f|folfdo frpsr0

qhqw lv lqyhuvho| uhodwhg wr h{fhvv uhwxuqv1 Ixuwkhupruh/ diwhu uhjuhvvlqj h{fhvv uhwxuqv djdlqvw

surgxfwlrq*v hvwlpdwhg f|folfdo frpsrqhqw/ zh �qg wkdw/ frqvlvwhqw zlwk Deho*v prgho/ rxu

xqlyduldwh whvw surfhgxuhv surylgh olwwoh hylghqfh djdlqvw wkh qxoo k|srwkhvlv wkdw wkh uhvxowdqw

uhvlgxdov duh vhuldoo| xqfruuhodwhg1 Wklv uhvxow frpsohphqwv wkh Ihuvrq dqg Kduyh| +4<<4,

frqfoxvlrq wkdw prvw ri wkh wlph yduldwlrq lq h{fhvv uhwxuqv pd| eh dwwulexwhg wr d vlqjoh

idfwru1 Krzhyhu/ zh �qg wkdw wkhvh uhvlgxdov duh wkhpvhoyhv suhglfwdeoh xvlqj wkh ghidxow dqg

whup vsuhdgv1 Dffruglqj wr Deho*v prgho/ wkhvh qrq0surgxfwlrq yduldeohv fdq iruhfdvw h{fhvv

uhwxuqv rqo| li wkh| surylgh lqirupdwlrq derxw ixwxuh surgxfwlrq jurzwk ru surgxfwlrq yrodwlo0

lw|1 Frqvlvwhqw zlwk wklv/ zh surylgh hylghqfh wkdw wkh whup vsuhdg lv sulpdulo| lqirupdwlyh

derxw ixwxuh jurzwk survshfwv zkloh dgglwlrqdo lqirupdwlrq derxw ixwxuh surgxfwlrq yrodwlolw|

6Zh xvh wkh whupv wuhqg dqg f|foh rqo| wr frqirup wr wkhlu xvdjh lq wkh hfrqrplfv olwhudwxuh dqg
qrw wr vxjjhvw wkh suhvhqfh ri d olqhdu wuhqg qru ri dq dxwruhjuhvvlyh frpsrqhqw srvvhvvlqj frpsoh{
urrwv1
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lv frqwdlqhg lq wkh ghidxow vsuhdg1

Wkh sodq ri wklv sdshu lv dv iroorzv1 Zh ehjlq e| glvfxvvlqj Deho*v lqwhuwhpsrudo dvvhw

sulflqj prgho dqg kljkoljkw krz wklv iudphzrun prwlydwhv rxu vxevhtxhqw hpslulfdo dqdo|vhv1

Lq Vhfwlrq 6 zh ghyhors rxu xqlyduldwh whvw surfhgxuhv1 Dv|pswrwlfdoo| dqg lq vpdoo vdpsohv/

wkhvh whvwv kdyh vljql�fdqwo| pruh vwdwlvwlfdo srzhu wkdq suhylrxv whvwv lq ghwhfwlqj exvlqhvv

f|foh ghyldwlrqv iurp wkh vwdwlrqdu| udqgrp zdon prgho1 Lq Vhfwlrq 7 zh fkdudfwhul}h wkh

frpryhphqw ri h{fhvv uhwxuqv zlwk wkh f|folfdo frpsrqhqw ri lqgxvwuldo surgxfwlrq dv zhoo dv lwv

vwrfkdvwlf wuhqg1 Zh ghprqvwudwh wkdw wkh uhmhfwlrq ri wkh vwdwlrqdu| udqgrp zdon k|srwkhvlv

lq srvw0Zruog Zdu LL gdwd lv/ wr d odujh h{whqw/ dwwulexwdeoh wr frxqwhuf|folfdo pryhphqwv lq

h{fhvv uhwxuqv1 Zh dovr xvh rxu wlph vhulhv ghfrpsrvlwlrq ri lqgxvwuldo surgxfwlrq lqwr lwv

wuhqg dqg f|foh frpsrqhqwv wr ixuwkhu lqyhvwljdwh wkh uhodwlrq ehwzhhq h{fhvv uhwxuqv dqg

exvlqhvv f|foh lqglfdwruv/ vxfk dv wkh whup dqg ghidxow vsuhdgv1 Vhfwlrq 8 surylghv d vxppdu|

dqg frqfoxvlrqv1

2 , TiU|i_ +i|�h? V@h�@|�L? ��ih |�i ��t�?itt �)U*i

Deho +4<;;, surylghv d pxowlshulrg jhqhudo htxloleulxp dvvhw sulflqj prgho lq zklfk glylghqg

jurzwk dqg yrodwlolw| hyroyh vwrfkdvwlfdoo| ryhu wlph1 Iru d orj xwlolw| uhsuhvhqwdwlyh lqglylgxdo

+vhh dovr Fkhq +4<<4,,/ Deho vkrzv wkdw wkh ulvn iuhh udwh dqg wkh h{shfwhg pdunhw ulvn suhplxp

duh jlyhq e|

Us
|n� @ �3�

�
�|
||

�
� 4

4 . �2|
+4,

dqg

H|iUe
|j @ H|iU|n� �Us

|n�j @ �3�
�
�|
||

�
�2|

4 . �2|
+5,

zkhuh

� � wlph lqyduldqw glvfrxqw idfwru

|| � wkh fxuuhqw ohyho ri rxwsxw

�| � H|^||n�` � wkh h{shfwhg ohyho ri ixwxuh rxwsxw

�| � ydu|+||n�,@�
2
| � wkh frqglwlrqdo frh�flhqw ri

yduldwlrq ri ixwxuh rxwsxw1

Qrwlfh iurp +4, dqg +5, wkdw wkh ulvn iuhh udwh dqg wkh h{shfwhg pdunhw ulvn suhplxp
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duh frxqwhuf|folfdo1 Wkdw lv/ erwk duh ghfuhdvlqj lq wkh fxuuhqw ohyho ri surgxfwlrq || iru d

jlyhq ohyho ri ixwxuh surgxfwlrq/ �1e Lqwxlwlyho|/ lq dq h{sdqvlrq +uhfhvvlrq, zkhq lqfrph lv

whpsrudulo| kljk +orz, uhodwlyh wr zhdowk/ wkh uhsuhvhqwdwlyh lqglylgxdo lv pruh +ohvv, zloolqj

wr vxevwlwxwh fxuuhqw frqvxpswlrq iru ixwxuh frqvxpswlrq dqg/ doo hovh htxdo/ uhwxuqv duh

fruuhvsrqglqjo| orz +kljk,1 Dffruglqj wr +5,/ wkh h{shfwhg ulvn suhplxp lv dovr lqfuhdvlqj lq

wkh yrodwlolw| ri surgxfwlrq/ �21

Deho*v prgho lpsolhv wkdw h{fhvv uhwxuqv duh suhglfwdeoh rqo| wr wkh h{whqw wkdw ixwxuh sur0

gxfwlrq jurzwk dqg surgxfwlrq yrodwlolw| duh wkhpvhoyhv suhglfwdeoh1 Iru h{dpsoh/ li zh dvvxph

wkdw surgxfwlrq yrodwlolw| lv frqvwdqw/ wkhq shuvlvwhqfh lq h{fhvv uhwxuqv uhtxluhv shuvlvwhqfh

lq surgxfwlrq jurzwk1

Wr ixuwkhu xqghuvwdqg wkh lpsolfdwlrqv ri Deho*v prgho iru wkh wlph vhulhv ehkdylru ri

h{fhvv uhwxuqv/ zh iroorz/ dprqj rwkhuv/ Ehyhulgjh dqg Qhovrq +4<;4, dqg Zdwvrq +4<;9, dqg

ghfrpsrvh wkh orj ri surgxfwlrq lqwr d shupdqhqw ru vwrfkdvwlf wuhqg frpsrqhqw +�|, dqg d

whpsrudu| ru f|folfdo frpsrqhqw +f|,
D=

oq || @ ��| . �f|= +6,

Wkh wuhqg frpsrqhqw ��| lv prghohg dv d udqgrp zdon zlwk guliw/

��| @ � . ��|3� . �h�| > ydu+�h�| , @ �2� > +7,

zkloh wkh whpsrudu| ru f|folfdo frpsrqhqw/ �f| lv fkdudfwhul}hg e| d vwdwlrqdu| DUPD surfhvv

!+O,�f| @ �+O,�hS| > ydu+�hS|, @ �2S > +8,

zkhuh !+O, dqg �+O, ghqrwh �qlwh rughu sro|qrpldov lq wkh odj rshudwru O/ zlwk vwdwlrqdulw|

uhtxlulqj wkdw �+O,@!+O, kdyh urrwv rxwvlgh wkh xqlw flufoh1S

Lqqrydwlrqv lq surgxfwlrq*v wuhqg/ �h�| / duh/ e| frqvwuxfwlrq/ xqiruhfdvwdeoh xvlqj fxuuhqw

dqg sdvw surgxfwlrq gdwd/ zkloh ixwxuh fkdqjhv lq wkh vwdwlrqdu| frpsrqhqw ri surgxfwlrq/

�f|n� / duh iruhfdvwdeoh xvlqj fxuuhqw dqg sdvw surgxfwlrq gdwd1 Lqqrydwlrqv lq erwk wkh wuhqg

7Surgxfwlrq lv htxlydohqw wr glylghqgv dv zhoo dv wr frqvxpswlrq lq Deho*v uhsuhvhqwdwlyh lqyhvwru
vhwwlqj1 Lq d uhodwhg prgho ri wkh surgxfwlrq vhfwru/ Frfkudqh +4<<4, dovr ghulyhv dq lqyhuvh uhodwlrqvkls
ehwzhhq wkh ohyho ri surgxfwlrq dqg htxloleulxp udwhv ri uhwxuq1

8Wklv ghfrpsrvlwlrq lv dozd|v srvvleoh li surgxfwlrq lv dq L+4, surfhvv1
9Qrwh wkdw zh duh dvvxplqj/ iru wkh prphqw/ wkdw surgxfwlrq yrodwlolw| lv frqvwdqw1

9



dqg f|foh +�h�| dqg �hS|,/ krzhyhu/ pd| eh iruhfdvwdeoh li zh h{sdqg rxu lqirupdwlrq vhw wr lqfoxgh

qrq0surgxfwlrq gdwd/ iru h{dpsoh/ wkh ghidxow vsuhdg ru wkh whup vsuhdg1 Deho*v prgho lpsolhv

wkdw wkhvh yduldeohv fdq iruhfdvw h{fhvv uhwxuqv rqo| li wkh| surylgh lqirupdwlrq derxw ixwxuh

surgxfwlrq jurzwk ru surgxfwlrq yrodwlolw|1

Li surgxfwlrq lv d sxuh wuhqg +l1h1/ d udqgrp zdon,/ wkhq ixwxuh surgxfwlrq jurzwk zloo eh

xqfruuhodwhg zlwk fxuuhqw dqg sdvw surgxfwlrq jurzwk/ dqg/ iurp +5,/ wkh h{shfwhg +orj ri wkh,

pdunhw ulvn suhplxp zloo eh xquhodwhg wr sdvw dqg fxuuhqw hfrqrplf frqglwlrqv1 Krzhyhu/ li/

dv lv pruh olnho|/ surgxfwlrq lv fkdudfwhul}hg e| d shuvlvwhqw f|folfdo frpsrqhqw/ wkhq h{shfwhg

ixwxuh jurzwk zloo/ rq dyhudjh/ eh kljk +orz, zkhq wklv whpsrudu| frpsrqhqw lv uhodwlyho| orz

+kljk,/ lpso|lqj wkdw wkh h{shfwhg pdunhw ulvn suhplxp zloo eh fruuhvsrqglqjo| kljk +orz,1

Deho*v prgho dovr kdv lpsolfdwlrqv iru wkh vhuldo fruuhodwlrq surshuwlhv ri h{fhvv uhwxuqv1

Djdlq/ li surgxfwlrq iroorzv d udqgrp zdon/ wkhq/ vlqfh surgxfwlrq jurzwk lv xqfruuhodwhg/

h{fhvv uhwxuqv zloo dovr eh vhuldoo| xqfruuhodwhg1 Dowhuqdwlyho|/ wkh suhvhqfh ri d shuvlvwhqw

f|folfdo frpsrqhqw lq surgxfwlrq lpsolhv wkdw sdvw dqg ixwxuh surgxfwlrq jurzwk zloo eh fru0

uhodwhg/ dqg/ dv d uhvxow/ h{fhvv uhwxuqv zloo qrz eh vhuldoo| fruuhodwhg1 Lq dgglwlrq/ Deho*v

prgho lpsolhv wkdw wkh sdwwhuq ri vhuldo fruuhodwlrq lq h{fhvv uhwxuqv vkrxog eh forvho| uhodwhg

wr wkh sdwwhuq ri vhuldo fruuhodwlrq lq surgxfwlrq jurzwk1

Zh pdnh xvh ri wkhvh lpsolfdwlrqv ri Deho*v prgho lq vhyhudo zd|v1 Iluvw/ vlqfh h{wdqw

hpslulfdo hylghqfh frq�upv wkh suhvhqfh ri d f|folfdo frpsrqhqw lq surgxfwlrq/ Deho*v prgho

lpsolhv wkdw h{fhvv uhwxuqv vkrxog dovr eh vhuldoo| fruuhodwhg1 Ixuwkhupruh/ vlqfh wkh dxwrfru0

uhodwlrq sdwwhuq lq h{shfwhg uhwxuqv vkrxog eh forvho| uhodwhg wr wkdw revhuyhg lq surgxfwlrq

jurzwk udwhv/ wklv doorzv xv wr ghvljq xqlyduldwh whvwv zklfk kdyh srzhu wr ghwhfw ghyldwlrqv

iurp d vwdwlrqdu| udqgrp zdon prgho iru vwrfn sulfhv edvhg xsrq wkh revhuyhg dxwrfruuhodwlrq

surshuwlhv ri surgxfwlrq gdwd1 Dgglwlrqdoo|/ li zh fdq lghqwli| surgxfwlrq*v f|folfdo frpsrqhqw

wkhq lw vkrxog suhglfw ixwxuh h{fhvv uhwxuqv1 Wr wkh h{whqw wkdw surgxfwlrq*v f|folfdo frpsr0

qhqw lv d jrrg sur{| iru ixwxuh surgxfwlrq jurzwk/ wkh frpsrqhqw ri uhwxuqv wkdw uhpdlqv rqfh

zh frqwuro iru lwv f|folfdo frpsrqhqw vkrxog eh vhuldoo| xqfruuhodwhg/ dowkrxjk lw pd| yhu| zhoo

eh suhglfwdeoh xvlqj rwkhu yduldeohv lq wkh dydlodeoh lqirupdwlrq vhw1

:
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Iurp Deho*v prgho/ ulvn suhpld ydu| frxqwhu0f|folfdoo| zlwk wkh exvlqhvv f|foh/ lpso|lqj wkdw

wkh wlph vhulhv ehkdylru ri surgxfwlrq jurzwk udwhv vkrxog eh uh�hfwhg lq wkh vwrfkdvwlf surs0

huwlhv ri h{fhvv uhwxuqv1 Lq wklv vhfwlrq/ zh ghyhors xqlyduldwh whvw surfhgxuhv zklfk kdyh

vwdwlvwlfdo srzhu/ erwk dv|pswrwlfdoo| dqg lq vpdoo vdpsohv/ djdlqvw wklv dowhuqdwlyh k|srwkh0

vlv1

Wr ghyhors vxfk whvwv uhtxluhv wkdw zh h{sorlw wkh nqrzq surshuwlhv ri wkh exvlqhvv f|foh1

Zkloh pdq| dowhuqdwlyh gh�qlwlrqv ri wkh exvlqhvv f|foh duh dydlodeoh +iru h{dpsoh/ vhh Vdu0

jhqw +4<;:,/ hvshfldoo| sdjhv 5:<05;6,/ dq h{dfw fkdudfwhul}dwlrq lv/ xqiruwxqdwho|/ gl�fxow1

Ixuwkhupruh/ plvvshfli|lqj wkh dowhuqdwlyh pd| uhvxow lq d ohvv srzhuixo whvw1

Rqh exvlqhvv f|foh uhvwulfwlrq zklfk pd| uhdvrqdeo| eh lpsrvhg lv wkdw pryhphqwv lq

hfrqrplf djjuhjdwhv duh shuvlvwhqw/ ru pruh irupdoo|/ wkdw wkhlu vshfwudo ghqvlw| dw kljk iuh0

txhqflhv lv orz1 Lqwxlwlyho|/ shuvlvwhqfh lpsolhv wkdw li zh duh lq dq h{sdqvlrq +ru uhfhvvlrq,

wrgd|/ zh duh olnho| wr vwloo eh lq dq h{sdqvlrq +ru uhfhvvlrq, vl{ prqwkv iurp wrgd|1 Iru

h{dpsoh/ ]duqrzlw} +4<<5,/ s1 55/ zulwhv

Wkh revhuyhg �xfwxdwlrqv ydu| juhdwo| lq dpsolwxgh dqg vfrsh dv zhoo dv gxudwlrq/
|hw wkh| dovr kdyh pxfk lq frpprq1 Iluvw/ wkh| duh qdwlrqdo/ riwhq lqwhuqdwlrqdo/ lq
vfrsh/ vkrzlqj xs lq d pxowlwxgh ri surfhvvhv/ qrw mxvw lq wrwdo rxwsxw/ hpsor|phqw
dqg xqhpsor|phqw1 Vhfrqg/ wkh| duh shuvlvwhqw 0 odvwlqj/ dv d uxoh vhyhudo |hduv/
wkdw lv/ orqj hqrxjk wr shuplw wkh ghyhorsphqw ri fxpxodwlyh pryhphqwv lq wkh
grzqzdug dv zhoo dv xszdug gluhfwlrq1

Wkh shuvlvwhqfh ri wkh exvlqhvv f|foh prwlydwhv rxu xqlyduldwh whvw surfhgxuhv1 Deho*v prgho

lpsolhv wkdw uhwxuqv dqg/ dv zh ghprqvwudwh lq Dsshqgl{ Dsshqgl{ D/ uhwxuq dxwrfruuhodwlrqv

vkrxog h{klelw wklv vdph shuvlvwhqfh1 Krzhyhu/ wklv shuvlvwhqfh zloo w|slfdoo| eh revfxuhg e|

qrlvh lq wkh xqghuo|lqj gdwd1 Iurp vshfwudo whfkqltxhv/ zh glplqlvk wkh h�hfwv ri wklv qrlvh e|

dsso|lqj d prylqj dyhudjh �owhu wr uhwxuq dxwrfruuhodwlrqv1 E| grlqj vr/ zh uhgxfh wklv qrlvh

zlwkrxw vljql�fdqwo| dowhulqj wkh exvlqhvv f|foh lqgxfhg sdwwhuq ri shuvlvwhqw dxwrfruuhodwlrqv1.

:Dgglwlrqdo vwdwlvwlfdo whvwv zklfk gluhfwo| h{sorlw wkh shuvlvwhqfh ri uhwxuqv kdyh ehhq vxjjhvwhg wr
xv1 Zh kdyh vxevhtxhqwo| lpsohphqwhg wkhvh whvwv wr lqyhvwljdwh wkh urexvwqhvv ri rxu uhvxowv1 Erwk ri
wkhvh dgglwlrqdo whvwv dovr �qg vwdwlvwlfdoo| vljql�fdqw hylghqfh ri vhuldo fruuhodwlrq lq h{fhvv uhwxuqv1
Wkh �uvw whvw fdofxodwhv wkh �uvw rughu vhuldo fruuhodwlrq lq prqwko| uhwxuq dxwrfruuhodwlrqv ryhu wkh

4<7:0<5 vdpsoh shulrg1 Xqghu wkh vwdwlrqdu| udqgrp zdon k|srwkhvlv/ wklv vhuldo fruuhodwlrq vkrxog

;
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Zh �uvw surylgh lqwxlwlrq zk| suhylrxv whvwv odfn srzhu wr ghwhfw shuvlvwhqfh lq vwrfn uhwxuq

dxwrfruuhodwlrqv1 Iru h{srvlwlrqdo sxusrvhv/ zh frxfk rxu dqdo|vlv lq wkh frqwh{w ri wkh Idpd

dqg Iuhqfk +4<;;e, uhjuhvvlrq whvw1H

Wkh Idpd dqg Iuhqfk whvw h{dplqhv zkhwkhu �+�, @ 3 lq wkh iroorzlqj uhjuhvvlrq=

U+w> w. �, @ �+�, . �+�, � U+w� �> w, . �+w> w. �,

zkhuh U+w> w . �, uhsuhvhqwv wkh vwrfn*v uhwxuq iurp w wr w . � 1 Wkhlu ruglqdu| ohdvw vtxduhv

vorsh hvwlpdwru lv=
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zkhuh u ghqrwhv fruuhvsrqglqj ghphdqhg uhwxuqv1 Wkh dv|pswrwlf srzhu ri wkh Idpd dqg

Iuhqfk uhjuhvvlrq whvw pd| eh dqdo|wlfdoo| ghulyhg iru d orfdo dowhuqdwlyh k|srwkhvlv xvlqj wkh

dujxphqwv ri Gdylgvrq dqg PdfNlqqrq +4<;:,1b Uhfdoo wkdw iru d vx�flhqwo| odujh vdpsoh vl}h/

+W $ 4,/ zh fdq uhmhfw d qxoo k|srwkhvlv zlwk fhuwdlqw| iru dq| �{hg dowhuqdwlyh k|srwkhvlv1

Wkhuhiruh/ wr surshuo| hydoxdwh wkh dv|pswrwlf srzhu ri wkh Idpd dqg Iuhqfk whvw/ zh frqvlghu

wkh olplw ri d Slwpdq vhtxhqfh ri uhwxuq vhulhv iru zklfk wkh glvwdqfh ehwzhhq wkh dowhuqdwlyh

dqg qxoo k|srwkhvhv ehfrphv lq�qlwhvlpdo dv wkh vdpsoh vl}h jrhv wr lq�qlw|1 Wkh udwh dw zklfk

wkh dowhuqdwlyh frqyhujhv wrzdugv wkh qxoo lv vxfk wkdw lq wkh olplw wkh suredelolw| ri uhmhfwlqj

wkh qxoo/ zkhq wkh dowhuqdwlyh lv wuxh/ olhv lq wkh lqwhuydo +3> 4, dv W $ 41 Wklv uhtxluhv wkdw

wkh yduldqfh ri wkh whpsrudu| frpsrqhqw ri frpprq vwrfn sulfhv jrhv wr }hur dv W $ 41 Lw

lv fohdu wkdw iru wkh olplw ri wklv vhtxhqfh/ wkh suredelolw| olplw ri wkh ghqrplqdwru zloo eh=
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eh vwdwlvwlfdoo| lqglvwlqjxlvkdeoh iurp }hur1 Krzhyhu/ iru h{fhvv uhwxuqv wr wkh HZ/ YZ/ dqg vl}h
ghfloh sruwirolrv 6043/ wkhvh dxwrfruuhodwlrqv duh irxqg wr eh vwdwlvwlfdoo| gl�huhqw iurp }hur dw d 4(
vljql�fdqfh ohyho1
Wkh vhfrqg whvw lv qrqsdudphwulf dqg lqyhvwljdwhv zkhwkhu vdpsoh uhwxuq dxwrfruuhodwlrqv ri wkh

vdph vljq whqg wr foxvwhu1 Xqghu wkh vwdwlrqdu| udqgrp zdon k|srwkhvlv/ vdpsoh dxwrfruuhodwlrqv ri
qrq0ryhuodsslqj uhwxuqv dw gl�huhqw odjv zloo eh xqfruuhodwhg1 Krzhyhu/ wklv lv uhmhfwhg ryhu wkh 4<7:0
<5 vdpsoh shulrg e| d uxqv whvw dw d 8194( vljql�fdqfh ohyho iru h{fhvv uhwxuqv wr ghfloh 80< sruwirolrv
+pd{lpxp ohqjwk uxq ri 44,/ dqg dw d 43148( vljql�fdqfh ohyho iru h{fhvv uhwxuqv wr ghfloh 407 dqg 43
sruwirolrv +pd{lpxp ohqjwk uxq ri 43,1

;Dq lqyhvwljdwlrq ri yduldqfh udwlr whvwv/ qrw suhvhqwhg khuh/ vkrzv wkdw wkhvh whvwv dovr vx�hu iurp
d odfn ri srzhu djdlqvw exvlqhvv f|foh lqgxfhg shuvlvwhqfh lq uhwxuq dxwrfruuhodwlrqv1

<Wklv lv irupdoo| ghprqvwudwhg lq Gdqlho +4<<9,1

<



Vlploduo|/ wkh suredelolw| olplw ri wkh qxphudwru zloo eh=

�
A

S
| u+w> w. �,u+w� �> w, @ �

A

S
|

�S|n�3�
�'| u�

� �S|3�
�'|3� u�

�

@ �
A

S
|

S2�3�
r'� plq+v> 5� � v,u|u|nr

@
S2�3�

r'� plq+v> 5� � v, �A
S

| u|u|nr=

Wkhuhiruh/ wkh solp ri wkh vorsh hvwlpdwru zloo eh
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vkrzlqj wkdw wkh Idpd dqg Iuhqfk uhjuhvvlrq whvw dw uhwxuq krul}rq � lv dv|pswrwlfdoo| htxly0

dohqw wr d whvw ri wkh k|srwkhvlv wkdw d zhljkwhg vxp ri uhwxuq dxwrfruuhodwlrqv ehwzhhq odjv

4 dqg 5� � 4 lv htxdo wr }hur1

Qrwlfh wkdw Idpd dqg Iuhqfk*v uhjuhvvlrq whvw lpsolflwo| dvvxphv d wuldqjxodu zhljklqj

ixqfwlrq ri uhwxuq dxwrfruuhodwlrqv1 Zkhwkhu wklv surylghv d srzhuixo whvw ri wkh udqgrp zdon

k|srwkhvlv ghshqgv xsrq wkh sdwwhuq ri uhwxuq dxwrfruuhodwlrqv h{shfwhg xqghu wkh dowhuqd0

wlyh k|srwkhvlv1 Zh vkrz lq Vhfwlrq 615 wkdw xqghu wkh qxoo dqg orfdo dowhuqdwlyh k|srwkhvhv/

dxwrfruuhodwlrq hvwlpdwruv dw gl�huhqw odjv duh xqfruuhodwhg dqg kdyh dssur{lpdwho| wkh vdph

vwdqgdug huuru1 Jlyhq wklv/ wkh prvw srzhuixo whvw vwdwlvwlf zloo zhljkw vdpsoh dxwrfruuhodwlrqv

vr wkdw wkh zhljkw dw d sduwlfxodu odj ohqjwk zloo eh sursruwlrqdo wr wkh fruuhvsrqglqj dxwr0

fruuhodwlrq frh�flhqw h{shfwhg xqghu wkh dowhuqdwlyh k|srwkhvlv1 Dv d uhvxow/ wkh Idpd dqg

Iuhqfk uhjuhvvlrq whvw lv olnho| wr kdyh olwwoh srzhu djdlqvw uhdvrqdeoh dowhuqdwlyh k|srwkhvhv

srvlwlqj vorz yduldwlrq lq h{shfwhg uhwxuqv ryhu wkh exvlqhvv f|foh1

Vlqfh d whvw*v srzhu ghshqgv fulwlfdoo| rq wkh qdwxuh ri wkh dowhuqdwlyh k|srwkhvlv/ d srzhuixo

whvw pxvw lpsrvh d sulrul uhdvrqdeoh uhvwulfwlrqv rq wkh ehkdylru ri h{shfwhg uhwxuqv ryhu wkh

exvlqhvv f|foh1 D jhqhudo whvw/ vxfk dv wkh Er{ dqg Slhufh +4<:3, sruwpdqwhdx ru T whvw/ zloo

odfn srzhu suhflvho| ehfdxvh lw lpsrvhv olwwoh ru qr vxfk uhvwulfwlrqv1�f Rq wkh rwkhu kdqg/ lw

pd| dovr eh lqdssursuldwh wr uho| rq d whvw srvlwlqj dq h{dfw sdudphwhul}dwlrq ri uhwxuqv ryhu

wkh exvlqhvv f|foh/ iru h{dpsoh/ dq DU+s, vshfl�fdwlrq1 Zkloh vxfk d whvw zloo pruh olnho| uhmhfw

wkh vwdwlrqdu| udqgrp zdon prgho li vxfk d vshfl�fdwlrq dfwxdoo| fkdudfwhul}hv wkh h{shfwhg

43Wkh Er{0Slhufh whvw lv rqo| rswlpdo li zh eholhyh wkdw uhwxuq dxwrfruuhodwlrqv duh gl�huhqw iurp
}hur exw zh kdyh qr d sulrul lqirupdwlrq derxw krz wkh| vkrxog gl�hu iurp }hur1

43



uhwxuq jhqhudwlqj surfhvv/ lw pd| kdyh olwwoh ru qr srzhu li h{shfwhg uhwxuqv iroorz vrph rwkhu

htxdoo| uhdvrqdeoh dowhuqdwlyh1��
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Frqvlghu d ghphdqhg vwdwlrqdu| wlph vhulhv iu|jA|'� dqg gh�qh lwv dxwrfruuhorjudp e|

�� @
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Wkh dxwrfruuhorjudp vxppdul}hv wkh dxwrfruuhodwlrqv ri d vwdwlrqdu| wlph vhulhv dv d ixqfwlrq

ri odj ohqjwk � 1

Zh hvwlpdwh wkh dxwrfruuhodwlrq frh�flhqw dw odj ohqjwk � e|
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Krzhyhu/ wr plqlpl}h wkh h�hfwv ri dq| qrlvh lq wkh gdwd/ zh frqvlghu wkh dyhudjhg dxwrfru0

uhorjudp hvwlpdwhg e|
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Wkdw lv/ wkh dyhudjhg dxwrfruuhodwlrq dw � lv hvwlpdwhg e| wkh dulwkphwlf dyhudjh ri wkh fru0

uhvsrqglqj 5� . 4 vdpsoh dxwrfruuhodwlrq frh�flhqwv fhqwhuhg dw odj ohqjwk � 1 Xqghu wkh qxoo

k|srwkhvlv wkdw iu|jA|'� lv vhuldoo| xqfruuhodwhg/ lw iroorzv wkdw

t
+5� . 4, � +W � �, � a�W� � Q +3> 4,= +43,

Wkh prwlydwlrq iru wklv dyhudjlqj lv vlplodu wr wkdw ri vprrwklqj ru zlqgrzlqj lq vshfwudo

dqdo|vlv1�2 Krzhyhu/ li � lv fkrvhq wrr odujh/ wkh uhvxowdqw ryhu0dyhudjlqj zloo holplqdwh dq|

orqj0whup shuvlvwhqfh1 Dowhuqdwlyho|/ d wrr vpdoo � ydoxh zloo qrw plqlpl}h wkh h�hfwv ri dq|

qrlvh1 Zh xvh � @ 6> 7/ dqg 81 Rxu fkrlfh iroorzv gluhfwo| iurp wkh surshuwlhv ri wkh exvlqhvv

f|foh wdexodwhg e| pdfurhfrqrplvwv1 Lq sduwlfxodu/ shdfhwlph h{sdqvlrqv +iurp wurxjk wr

44Iru h{dpsoh/ Mdftxlhu dqg Qdqgd +4<<3, dvvxph wkdw vwrfn uhwxuqv h{solflwo| iroorz dq DU+5,
vshfl�fdwlrq zlwk frpsoh{ urrwv1

45Lq vshfwudo dqdo|vlv wkh sureohp lv pruh vhyhuh vlqfh li wkh vshfwuxp lv qrw vprrwkhg wkh uhvxowdqw
shulrgljudp hvwlpdwru zloo eh lqfrqvlvwhqw1 Qrwh wkdw wkh lpsolflw dvvxpswlrq zklfk mxvwl�hv wkh vshfwudo
zlqgrzlqj rshudwlrq lq vpdoo vdpsohv lv wkdw wkh wuxh vshfwuxp lv cvprrwk* ru shuvlvwhqw> wkdw lv/
dgmdfhqw shulrgljudp hvwlpdwhv duh forvh lq ydoxh1 Wklv lv suhflvho| wkh uhdvrqlqj zh xvh khuh1

44



shdn, lq wkh Xqlwhg Vwdwhv ryhu wkh shulrg 4<66 wr 4<;5 kdyh dq dyhudjh gxudwlrq ri 6: prqwkv

zlwk d vwdqgdug ghyldwlrq ri 48 prqwkv/ exw shdfhwlph frqwudfwlrqv +iurp shdn wr wurxjk, kdyh

rqo| dq dyhudjh gxudwlrq ri 44 prqwkv zlwk d vwdqgdug ghyldwlrq ri 6 prqwkv +vhh ]duqrzlw}

+4<<5, s1 56/ Wdeoh 514,1 Dv d uhvxow/ e| fkrrvlqj � @ 6> 7/ dqg 8/ wkh dyhudjlqj zlqgrz*v zlgwk

lv dssur{lpdwho| 44 prqwkv/ hqvxulqj wkdw zh gr qrw dyhudjh ryhu pruh wkdq rqh frqwudfwlrq1

Wr dvvhvv zkhwkhu vdpsohg dyhudjhg dxwrfruuhodwlrqv surylgh vwdwlvwlfdo hylghqfh djdlqvw

wkh vwdwlrqdu| udqgrp zdon k|srwkhvlv/ zh surylgh wzr xqlyduldwh whvw surfhgxuhv wr ghwhfw

exvlqhvv f|foh lqgxfhg ghyldwlrqv1 Wkh �uvw/ wkh Vsduvh "2 ru "27 whvw vwdwlvwlf/

"27 @ +5� . 4,
�[
�'�

+W � +�� . �,, a�W2�� +44,

zkhuh �� @ � . +m � 4,+5� . 4,/ gluhfwo| whvwv wkh mrlqw uhvwulfwlrq lpsrvhg e| wkh vwdwlrqdu|

udqgrp zdon prgho dfurvv wkh dyhudjhg dxwrfruuhorjudp

Kf = �W�� @ = = = @ �W�� @ 3=

Wkh ghulydwlrq ri wkh "27 whvw vwdwlvwlf dqg lwv vpdoo vdpsoh surshuwlhv duh ghwdlohg lq Dsshqgl{

Dsshqgl{ E141

D srwhqwldo vkruwfrplqj ri wkh "27 vwdwlvwlf lv wkdw lwv uhdol}hg ydoxh pd| eh vhqvlwlyh wr

wkh sduwlfxodu dyhudjlqj lqwhuydo fkrvhq1 Lq rwkhu zrugv/ vlqfh wkh dyhudjhg dxwrfruuhorjudp lv

lqiuhtxhqwo| +ru vsduvho|, vdpsohg yld h{suhvvlrq +44,/ vljql�fdqw ghsduwxuhv iurp wkh vwdwlrq0

du| udqgrp zdon prgho hylghqfhg/ iru h{dpsoh/ e| d shdn lq wkh dyhudjhg dxwrfruuhorjudp/

pd| qrw eh ghwhfwhg1

Frqvhtxhqwo|/ zh dovr uho| rq d vhfrqg xqlyduldwh whvw surfhgxuh/ wkh Erqihuurql whvw vwdwlv0

wlf/ zklfk lv qrw vxemhfw wr wklv srwhqwldo vkruwfrplqj1 Lq sduwlfxodu/ frqvlghu wkh vhw ri dy0

hudjhg dxwrfruuhodwlrqv frh�flhqwv ia�W�j jhqhudwhg e| h{suhvvlrq +<,1�� Xvlqj wkh Erqihuurql

lqhtxdolw|/ zh fdq fdofxodwh dq xsshu erxqg iru wkh suredelolw|/ xqghu wkh qxoo k|srwkhvlv Kf/

ri dq dyhudjhg dxwrfruuhodwlrq ehlqj dw ohdvw dv h{wuhph dv wkh prvw h{wuhph ri wkh revhuyhg

dyhudjhg dxwrfruuhodwlrqv/ pd{� ma�W� m1 Wklv xsshu erxqg lv lqghshqghqw ri wkh fruuhodwlrq vwuxf0
wxuh ri ia�W�j1 Li wklv suredelolw| lv ohvv wkdq frqyhqwlrqdo vljql�fdqfh ohyhov/ zh pd| frq�ghqwo|

uhmhfw Kf1

46Lq rxu dfwxdo fdofxodwlrqv/ zh dgmxvwhg wklv h{suhvvlrq iru vpdoo vdpsoh eldv dv h{sodlqhg lq irrwqrwh
581
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Wkh ghulydwlrq ri wkh Erqihuurql whvw vwdwlvwlf dqg lwv vpdoo vdpsoh surshuwlhv duh ghwdlohg

lq Dsshqgl{ Dsshqgl{ E151 Dsshqgl{ Dsshqgl{ E16 lqyhvwljdwhv wkh hpslulfdo srzhu ri erwk

ri rxu xqlyduldwh whvwv dqg ghprqvwudwhv wkhlu srzhu lq vpdoo vdpsohv wr ghwhfw exvlqhvv f|foh

ghyldwlrqv iurp wkh vwdwlrqdu| udqgrp zdon prgho1

��� N?��@h�@|i Ait| +it�*|t

Zh dsso| rxu whvw surfhgxuhv wr prqwko| h{fhvv uhwxuqv ryhu wkh srvw0Zruog Zdu LL vdpsoh

shulrg/ 4<7:=4 0 4<<5=451 Wkh uhvxowv duh wdexodwhg lq Wdeoh 41

Qrwlfh wkdw lq wkh devhqfh ri dyhudjlqj/ � @ 3/ erwk wkh "27 +Sdqho D, dqg Erqihuurql

whvwv +Sdqho E, uhmhfw wkh udqgrp zdon prgho iru wkh vpdoo �up sruwirolr/ ghfloh 41 Jlyhq wkh

uhodwlyh lpsruwdqfh ri wkhvh vpdoo vwrfnv wr wkh htxdo0zhljkwhg +HZ, FUVS sruwirolr/ zh vhh

wkdw iru � @ 3 wkh "27 vwdwlvwlf dovr uhmhfwv wkh udqgrp zdon prgho iru HZ h{fhvv uhwxuqv1�e

Krzhyhu/ zlwkrxw dyhudjlqj/ zh fdqqrw uhmhfw wkh udqgrp zdon prgho iru h{fhvv uhwxuqv wr

hlwkhu wkh ydoxh0zhljkwhg +YZ, FUVS sruwirolr ru wkh odujh �up sruwirolr/ ghfloh 431

Zlwk dyhudjlqj/ erwk wkh "2r dqg Erqihuurql whvwv qrz surylgh hylghqfh djdlqvw h{fhvv

uhwxuqv ri wkh HZ dqg YZ sruwirolrv iroorzlqj d udqgrp zdon1 Exw dv vxjjhvwhg hduolhu/ wkh

shuirupdqfh ri wkh "27 whvw dsshduv vhqvlwlyh wr wkh fkrlfh ri � dqg wkh zlgwk ri wkh uhvxowdqw

dyhudjlqj zlqgrz1 Lq sduwlfxodu/ zkloh wkh Erqihuurql whvw uhmhfwv HZ dqg YZ h{fhvv uhwxuqv

iroorzlqj d udqgrp zdon iru hdfk ri � @ 6> 7/ dqg 8/ wkh "27 whvw rqo| uhmhfwv iru � @ 71 Lq

dgglwlrq/ erwk whvwv uhmhfw wkh qxoo k|srwkhvlv zlwk juhdwhu vljql�fdqfh iru wkh YZ sruwirolr1

Wklv uhvxow pd| uh�hfw wkh juhdwhu yrodwlolw| ri h{fhvv uhwxuqv wr vpdoo �up sruwirolrv1 Vlplodu

frqfoxvlrqv krog iru wkh ghfloh sruwirolrv zkhuh/ lq sduwlfxodu/ wkh Erqihuurql whvw doorzv xv wr

uhmhfw wkh udqgrp zdon k|srwkhvlv iru wkh odujh �up sruwirolr1�D

47Wkhvh uhmhfwlrqv duh gxh wr odujh dxwrfruuhodwlrqv dw odjv zklfk duh h{dfw pxowlsohv ri rqh |hdu
vxjjhvwlqj wkdw wklv uhvxow lv gxh wr wkh Mdqxdu| h�hfw Edq} +4<;4, dqg Nhlp +4<;6,,1

48Wkhvh uhvxowv dovr doorz xv wr uhmhfw wkh DU+4, idgv prgho iru vwrfn sulfhv1 Uhfdoo wkdw dq| DU+4,
idgv prgho lpsolhv qhjdwlyh uhwxuq dxwrfruuhodwlrqv dw doo odjv1 Vlqfh dsso|lqj wkh Erqihuurql lqhtxdolw|
wr wkh odujhvw srvlwlyh dyhudjhg dxwrfruuhodwlrq uhmhfwv wkh udqgrp zdon prgho/ iru zklfk doo dxwrfru0
uhodwlrqv duh dvvxphg htxdo wr }hur/ lw dovr uhmhfwv wkh DU+4, idgv prgho1 Dowhuqdwlyho|/ zh fdq dovr
dvvxph d sduwlfxodu vshfl�fdwlrq iru wkh DU+4, idgv prgho dqg wkhq wudqvirup wkh uhwxuq vhulhv vr wkdw
wkh uhvxowdqw dxwrfruuhodwlrqv zrxog doo eh }hur li wklv vshfl�fdwlrq khog1 Zh wkhq fdq dsso| rxu whvw
wr wkh dyhudjhg dxwrfruuhodwlrqv ri wkh wudqviruphg vhulhv1 Grlqj vr/ lq xquhsruwhg uhvxowv/ zh vwurqjo|
uhmhfw wkh vshfl�fdwlrqv ri wkh DU+4, idgv prgho vxjjhvwhg e| Srwhued dqg Vxpphuv +4<;;,1 Dovr/ lq
xquhsruwhg uhvxowv/ zh �qg wkdw rxu hylghqfh djdlqvw wkh vwdwlrqdu| udqgrp zdon prgho lv qrw gxh wr
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Rxu suhfhglqj hpslulfdo dqdo|vlv ghprqvwudwhv wkdw h{fhvv uhwxuqv gr qrw iroorz d vwdwlrqdu|

udqgrp zdon1 Vlqfh rxu xqlyduldwh whvw surfhgxuhv/ prwlydwhg e| Deho*v prgho/ duh ghvljqhg

wr h{sorlw wkh shuvlvwhqfh zklfk fkdudfwhul}hv wkh exvlqhvv f|foh/ wklv vxjjhvwv wkh suhvhqfh ri

d exvlqhvv f|foh h�hfw lq h{fhvv uhwxuqv1 Wr vwdwlvwlfdoo| frq�up dqg fkdudfwhul}h wklv h�hfw/

zh qrz surylgh d pxowlyduldwh hpslulfdo dqdo|vlv ri h{fhvv uhwxuqv dqg wkh exvlqhvv f|foh1

Rxu pxowlyduldwh dqdo|vlv lv uhodwhg wr wkdw ri Fkhq +4<<4, zkr lqyhvwljdwhv zkhwkhu wkh

delolw| ri wkh ghidxow dqg whup vsuhdgv/ dv zhoo dv rwkhu yduldeohv lqfoxglqj wkh pdunhw glylghqg

|lhog/ wr iruhfdvw h{fhvv uhwxuqv lv gxh wr wkhlu srzhu wr iruhfdvw ixwxuh rxwsxw jurzwk dqg

rxwsxw yrodwlolw|1 Krzhyhu/ zh h{whqg Fkhq*v dqdo|vlv lq vhyhudo zd|v1

Iluvw/ Fkhq frq�upv wkdw wkhvh iruhfdvwlqj yduldeohv duh lqglfdwruv ri fxuuhqw dqg ixwxuh

hfrqrplf survshfwv dqg fdq lqghhg iruhfdvw h{fhvv uhwxuqv1 \hw lw pd| yhu| zhoo eh wkh fdvh

wkdw d gl�huhqw frpsrqhqw ri wkhvh yduldeohv lv iruhfdvwlqj h{fhvv uhwxuqv wkdq lv iruhfdvwlqj

rxwsxw jurzwk ru yrodwlolw|1 Wkhuhiruh/ lw lv lpsruwdqw wr lqyhvwljdwh zkhwkhu wkhuh h{lvwv d

gluhfw olqn ehwzhhq rxwsxw dqg h{fhvv uhwxuqv1 Wr gr vr/ krzhyhu/ lv frpsolfdwhg e| wkh idfw

wkdw phdvxuhv ri rxwsxw/ vxfk dv lqgxvwuldo surgxfwlrq/ duh lqwhjudwhg yduldeohv/ uhtxlulqj xvh

ri vwrfkdvwlf ghwuhqglqj phwkrgv wr surshuo| rewdlq wkhlu vwdwlrqdu| frpsrqhqw1

Vhfrqgo|/ prwlydwhg e| wkh Idpd dqg Iuhqfk +4<;<, �qglqj wkdw wkh ghidxow vsuhdg dqg

wkh pdunhw glylghqg |lhog dsshdu wr wudfn orqjhu0uxq yduldelolw| lq hfrqrplf frqglwlrqv wkdq

grhv wkh whup vsuhdg/ zh dovr lqyhvwljdwh wkh whpsrudo fkdudfwhulvwlfv ri wkhvh iruhfdvwlqj

uhodwlrqvklsv1 Zh gr vr e| xvlqj vshfwudo whfkqltxhv/ dv glvfxvvhg e| Ed{whu dqg Nlqj +4<<7,/

wr ghfrpsrvh h{fhvv uhwxuqv/ wkh iruhfdvwlqj yduldeohv/ dqg surgxfwlrq jurzwk dqg lwv yrodwlolw|

lqwr wkhlu uhvshfwlyh wuhqg/ f|foh/ dqg kljk iuhtxhqf| frpsrqhqwv1

Wkh vdpsoh shulrg xvhg lq rxu pxowlyduldwh whvwv ehjlqv lq 4<86=341 Lqgxvwuldo surgxfwlrq

gdwd lv dydlodeoh rq d prqwko| edvlv iurp FLWLEDVH ehjlqqlqj lq 4<7:=34/ exw vl{ |hduv ri

prqwko| gdwd +:5 revhuydwlrqv, duh xvhg wr lqlwldol}h rxu vwrfkdvwlf ghwuhqglqj phwkrgv1

xqfrqglwlrqdo qru frqglwlrqdo khwhurvnhgdvwlflw| lq h{fhvv uhwxuqv1
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Zh xvh wzr vwrfkdvwlf ghwuhqglqj phwkrgv wr hpslulfdoo| hvwlpdwh wkh whpsrudu| frpsrqhqw ri

srvw0Nruhdq Zdu lqgxvwuldo surgxfwlrq= Wkh Zdwvrq +4<;9, Xqrevhuyhg Frpsrqhqwv DULPD

+XF0DULPD, phwkrg dqg wkh Krgulfn dqg Suhvfrww +4<;3, �owhu1

71414 Wkh XF0DULPD Phwkrg

Wkh XF0DULPDphwkrg uhfrjql}hv wkdw zkloh wkh orj ri lqgxvwuldo surgxfwlrq/ oq||/ lv lwvhoi re0

vhuydeoh/ lwv dgglwlyh frpsrqhqwv/ �| dqg f|/ duh lqglylgxdoo| xqrevhuydeoh1 Pruh vljql�fdqwo|/

wr lghqwli| sdudphwhuv/ wkh XF0DULPD phwkrg ghfrpsrvhv wkh revhuyhg vhulhv dvvxplqj wkdw

wkh wuhqg dqg vwdwlrqdu| lqqrydwlrqv duh xqfruuhodwhg=

fry+h�| > h
S
|3&, @ 3 ; n=

Wkdw lv/ wkh hfrqrplf idfwruv jlylqj ulvh wr wuhqg lqqrydwlrqv duh dvvxphg wr eh xquhodwhg wr

wkh hfrqrplf vrxufhv ri exvlqhvv f|foh pryhphqwv1

Pd{lpxp olnholkrrg hvwlpdwlrq ri wkh XF0DULPD prgho lv fduulhg rxw e| fdvwlqj wkh

prgho lqwr vwdwh0vsdfh irup dqg xvlqj wkh Ndopdq �owhu lqlwldol}hg dw d ydjxh sulru Kduyh|

+4<;4,,1 Jlyhq wkh pd{lpxp olnholkrrg sdudphwhu hvwlpdwhv/ wkh Ndopdq �owhu dovr |lhogv

fruuhvsrqglqj hvwlpdwhv ri wkh xqrevhuydeoh vwdwh yduldeohv +�|> f|,1 Wkh pd{lpxp olnholkrrg

hvwlpdwlrq uhvxowv iru wkh 4<86=4 wr 4<<5=45 vdpsoh shulrg duh dv iroorzv +zlwk dv|pswrwlf

vwdqgdug huuruv lq sduhqwkhvhv,

oq || @ �| . f|
��| @ =33648 .h�| �� @ =3393;

+=33364, +=3338;,
f| @ 4=997 �f|3�� 3=9;7; �f|32 . hS| �S @ 3=33985

+3=347, +3=347, +3=33393,=

Wkhvh uhvxowv duh frqvlvwhqw zlwk dq dyhudjh prqwko| jurzwk udwh ri 3=65( lq lqgxvwuldo sur0

gxfwlrq ryhu rxu vdpsoh shulrg1 Lqgxvwuldo surgxfwlrq*v whpsrudu| frpsrqhqw lv hvwlpdwhg e|

dq DU+5, vshfl�fdwlrq> kljkhu rughu dxwruhjuhvvlyh frh�flhqwv zhuh irxqg wr eh vwdwlvwlfdoo|

lqvljql�fdqw1�S

49Zh �w wkh XF0DULPD prgho zlwk DU+s, vshfl�fdwlrqv iru s@ 4/ 5/ 6/ dqg 71 Wkh Dndlnh lqirupd0
wlrq fulwhulrq +DLF, zdv frpsxwhg iru hdfk 0 iru s @ 4/ DLF @ 764417> iru s @ 5/ DLF @ 773;1;> iru s
@ 6/ DLF @ 77391;> iru s @7/ DLF @ 773819 0 dqg lv odujhvw iru s @ 51
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71415 Wkh Krgulfn0Suhvfrww Ilowhu

Wr hqvxuh wkdw rxu vxevhtxhqw hpslulfdo uhvxowv duh qrw vshfl�f wr d sduwlfxodu vwrfkdvwlf

ghwuhqglqj phwkrg/ zh dovr dsso| wkh Krgulfn0Suhvfrww �owhu wr rxu lqgxvwuldo surgxfwlrq

gdwd1 Wkh Krgulfn0Suhvfrww �owhu xvhv vsolqh vprrwklqj Uhlqvfk +4<9:,, wr vwrfkdvwlfdoo|

ghwuhqg pdfurhfrqrplf gdwd1 Zh prgli| wkhlu surfhgxuh wr xwlol}h rqo| sdvw gdwd +wkurxjk

wlph w, wr hvwlpdwh lqgxvwuldo surgxfwlrq*v vwrfkdvwlf wuhqg dw wlph w1 Wklv rqh0vlghg yhuvlrq ri

wkh Krgulfn0Suhvfrww �owhu hqvxuhv wkdw dq| hpslulfdoo| revhuyhg uhodwlrqvkls ehwzhhq uhdol}hg

uhwxuqv dqg wkh hvwlpdwhg f|folfdo frpsrqhqw grhv qrw vlpso| uh�hfw wkh hpslulfdo idfw wkdw

vwrfn uhwxuqv iruhfdvw ixwxuh fkdqjhv lq lqgxvwuldo surgxfwlrq +Idpd +4<;4/ 4<<3,,1

Rxu rqh0vlghg yhuvlrq ri wkh Krgulfn0Suhvfrww �owhu xvhv wkh suhylrxv q @ 453 prqwko|

revhuydwlrqv ri lqgxvwuldo surgxfwlrq wr hvwlpdwh �|1 Iru hdfk w zh ghwhuplqh wkh ixqfwlrq

ia�rj|r'|3? zklfk iru d jlyhq � plqlpl}hv

|[
r'|3?

+oq |r � a�r,
2 . �

|3�[
r'|3?n�

^+a�rn� � a�r,� +a�r � a�r3�,`
2 = +45,

Wkh wuhqg dw wlph w lv wkhq hvwlpdwhg e| a�| dqg wkh hvwlpdwh ri wkh f|folfdo frpsrqhqw lv jlyhq

e| af| @ oq || � a�|1

Khuh � uhsuhvhqwv wkh wudgh0r� ehwzhhq forvhqhvv ri �w/ phdvxuhg e| wkh uhvlgxdo vxp

ri vtxduhv +wkh �uvw sruwlrq ri h{suhvvlrq +45,,/ dqg wkh vprrwkqhvv ri �|/ phdvxuhg e| wkh

lqwhjudwhg vtxduhg vhfrqg ghulydwlyh ri wkh wuhqg +wkh vhfrqg sruwlrq ri h{suhvvlrq +45,,1

Dv qrwhg e| Nlqj dqg Uhehor +4<<6,/ wklv vwrfkdvwlf ghwuhqglqj phwkrg fdq dovr eh lq0

whusuhwhg dv d prylqj dyhudjh �owhu zklfk iru dssursuldwh � ydoxhv uhpryhv orz iuhtxhqf|

pryhphqwv lq wkh xqghuo|lqj gdwd1 Zh fkrvh wkdw ydoxh ri � +6� 43S, zklfk uhpryhv �xfwxd0

wlrqv kdylqj shulrglflw| ri juhdwhu wkdq ; |hduv lq prqwko| lqgxvwuldo surgxfwlrq gdwd1 Uhfdoo

wkdw dffruglqj wr QEHU fdofxodwlrqv/ wkh exvlqhvv f|foh lq srvw0Zruog Zdu LL pdfurhfrqrplf

gdwd kdv shulrglflw| ri ehwzhhq dssur{lpdwho| wzr dqg hljkw |hduv1 Wklv dovr fruuhvsrqgv

wr wkh vwrfkdvwlf fkdudfwhulvwlfv ri wkh Krgulfn0Suhvfrww �owhu lpsohphqwhg e| N|godqg dqg

Suhvfrww +4<<3,/ dv zhoo dv e| Krgulfn dqg Suhvfrww +4<;3, wkhpvhoyhv1

49



71416 Lqgxvwuldo Surgxfwlrq*v Hvwlpdwhg Whpsrudu| Frpsrqhqw

Lq Iljxuh 4 zh sorw wkh hvwlpdwhg whpsrudu| frpsrqhqw rewdlqhg e| dsso|lqj rxu rqh0vlghg

Krgulfn0Suhvfrww �owhu wr lqgxvwuldo surgxfwlrq gdwd ryhu wkh 4<86=34 wr 4<<5=45 vdpsoh shulrg1

Iru frpsdulvrq sxusrvhv/ zh dovr sorw wkh fruuhvsrqglqj whpsrudu| frpsrqhqw hvwlpdwhg e|

wkh XF0DULPD phwkrg dv zhoo dv wkh QEHU gdwlqjv ri exvlqhvv f|foh shdnv dqg wurxjkv1�.

Qrwlfh wkdw uhjdugohvv ri wkh vwrfkdvwlf ghwuhqglqj phwkrg xvhg/ wkhuh dsshduv wr eh eurdg

fruuhvsrqghqfh ehwzhhq rxu hvwlpdwhv dqg wkh QEHU*v shdn wr wurxjk exvlqhvv f|foh shulrgv1

e�2 , Uitt +i|�h?t @?_ W?_�t|h�@* �hL_�U|�L?<t Ai4TLh@h) �L4TL?i?|

Dffruglqj wr Deho*v prgho dqg rxu wlph vhulhv vshfl�fdwlrq ri lqgxvwuldo surgxfwlrq g|qdplfv/

zh vkrxog revhuyh dq lqyhuvh uhodwlrqvkls ehwzhhq h{fhvv uhwxuqv dqg lqgxvwuldo surgxfwlrq*v

whpsrudu| frpsrqhqw1 Ixuwkhupruh/ li wkh suhylrxvo| grfxphqwhg ghyldwlrqv iurp wkh vwd0

wlrqdu| udqgrp zdon prgho duh gxh wr exvlqhvv f|foh uhodwhg pryhphqwv lq h{shfwhg uhwxuqv/

wkhq rqfh zh frqwuro iru lqgxvwuldo surgxfwlrq*v f|folfdo frpsrqhqw/ rxu xqlyduldwh whvwv vkrxog

surylgh olwwoh/ li dq|/ hylghqfh djdlqvw wkh qxoo k|srwkhvlv wkdw wkh uhvxowdqw uhvlgxdov duh vh0

uldoo| xqfruuhodwhg1 Wdeoh 5 suhvhqwv wkh uhvxowv ri uhjuhvvlqj h{fhvv uhwxuqv wr wkh HZ/ YZ/

dqg vl}h ghfloh sruwirolrv djdlqvw lqgxvwuldo surgxfwlrq*v whpsrudu| frpsrqhqw hvwlpdwhg e|

wkh XF0DULPD phwkrg +Sdqho D, dqg wkh Krgulfn0Suhvfrww �owhu +Sdqho E,1 Frqvlvwhqw zlwk

frxqwhuf|folfdo pryhphqwv lq h{shfwhg uhwxuqv/ qrwlfh wkdw wkh uhjuhvvlrq vorsh frh�flhqwv duh

vljql�fdqwo| qhjdwlyh wkurxjkrxw1 Wkh vpdoohu �up sruwirolrv dsshdu wr eh pruh vhqvlwlyh wr

exvlqhvv f|foh pryhphqwv wkdq wkh odujhu �up sruwirolrv1 Krzhyhu/ wkh h{sodqdwru| srzhu ri

wkhvh uhjuhvvlrqv/ dv phdvxuhg e| wkhlu dgmxvwhg U2v/ lv orz1 Dvvxplqj wkdw doo ri wkh exvlqhvv

f|foh yduldwlrq lq h{shfwhg uhwxuqv kdv ehhq fdswxuhg/ wkhvh uhvxowv vxjjhvw wkdw wklv exvlqhvv

f|foh yduldwlrq lv vpdoo zkhq frpsduhg wr wkh wrwdo yduldwlrq revhuyhg lq uhdol}hg prqwko|

uhwxuqv1 Wr ghwhuplqh zkhwkhu wkh suhylrxvo| grfxphqwhg ghyldwlrqv iurp wkh vwdwlrqdu| udq0

grp zdon prgho duh dwwulexwdeoh wr exvlqhvv f|foh uhodwhg pryhphqwv lq h{shfwhg uhwxuqv/ zh

lqyhvwljdwh wkh vwrfkdvwlf ehkdylru ri wkhvh h{fhvv uhwxuqv rqfh wkh hvwlpdwhg f|folfdo h�hfw lv

frqwuroohg iru1 Zh gr vr e| vxemhfwlqj wkh uhvlgxdov ri Wdeoh 5*v uhjuhvvlrqv wr rxu xqlyduldwh

4:Wkh hvwlpdwh ri lqgxvwuldo surgxfwlrq*v whpsrudu| frpsrqhqw rewdlqhg xvlqj vshfwudo edqg0sdvv
�owhulqj lv dovr suhvhqwhg1 Vhh Dsshqgl{ F iru ixuwkhu ghwdlov1
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whvw surfhgxuhv1 Wkh uhvxowv duh suhvhqwhg lq Wdeoh 6 zkhuh lw lv hylghqw wkdw wkh qxoo k|srwk0

hvlv ri vhuldoo| xqfruuhodwhg uhvlgxdov lv uhmhfwhg ohvv iuhtxhqwo| wkdq wkh fruuhvsrqglqj qxoo

k|srwkhvlv iru h{fhvv uhwxuqv1 Lq idfw/ wkh whvwv surylgh qr hylghqfh ri shuvlvwhqfh lq wkh HZ

dqg YZ uhvlgxdov dw frqyhqwlrqdo vljql�fdqfh ohyhov1�H Wklv uhvxow frpsolphqwv wkh Ihuvrq

dqg Kduyh| +4<<4, frqfoxvlrq wkdw prvw ri wkh wlph yduldwlrq lq uhwxuqv pd| eh dwwulexwhg wr

d vlqjoh idfwru1

Xqiruwxqdwho|/ wklv dqdo|vlv ljqruhv wkh idfw wkdw vwrfkdvwlf ghwuhqglqj phwkrgv hvwlpdwh

lqgxvwuldo surgxfwlrq*v whpsrudu| frpsrqhqw zlwk huuru1 Frqvhtxhqwo|/ dq huuruv0lq0yduldeoh

sureohp pd| dulvh1 Wr hqvxuh wkh urexvwqhvv ri wkh uhvxowv suhvhqwhg lq Wdeoh 6/ zh jhqhudol}h

rxu XF0DULPD iudphzrun dv iroorzv=

u| @ �. �f| . �o|

oq+||, @ �| . f|

�| @ � . �|3� . ��|

f| @ ��f|3� . �2f|3� . �S| +46,

zkhuh/ lq dgglwlrq/ zh dvvxph wkdw

fry+ho| > h
S
|3&, @ fry+ho| > h

�
|3&, @ fry+hS| > h

�
|3&, @ 3 ; n=

Wklv mrlqw hvwlpdwlrq doorzv xv wr lqyhvwljdwh wkh uhodwlrqvkls ehwzhhq h{fhvv uhwxuqv dqg

lqgxvwuldo surgxfwlrq*v whpsrudu| frpsrqhqw zkloh h{solflwo| uhfrjql}lqj wkdw wklv f|folfdo

frpsrqhqw lv hvwlpdwhg zlwk huuru1 Wdeoh 7 suhvhqwv wkh uhvxowv ri dsso|lqj rxu xqlyduldwh

whvwv wr wkh uhvlgxdov iru wkh HZ/ YZ/ dqg vl}h ghfloh 4 dqg 43 sruwirolrv1 Dv lq Wdeoh 6/ zh

vwloo vhh olwwoh hylghqfh ri shuvlvwhqfh lq wkhvh uhvlgxdov1�b

4;Zh ixuwkhu lqyhvwljdwh wkh urexvwqhvv ri wkhvh frqfoxvlrqv wr wkh fkrlfh ri vwrfkdvwlf ghwuhqglqj
phwkrg dv zhoo dv wkh fkrlfh ri rxwsxw vhulhv lq Dsshqgl{ Dsshqgl{ F1 Wkhuh zh dsso| d edqg0
sdvv �owhu wr JGS jurzwk udwhv wr hvwlpdwh JGS*v f|folfdo frpsrqhqw1 Wkh Erqihuurql whvw surylghv
olwwoh hylghqfh ri vhuldo fruuhodwlrq lq wkh uhvlgxdov rewdlqhg iurp uhjuhvvlqj h{fhvv uhwxuqv djdlqvw wklv
hvwlpdwh ri JGS*v f|folfdo frpsrqhqw1

4<Wkhvh uhvxowv vkrxog vwloo eh lqwhusuhwhg zlwk vrph fdxwlrq vlqfh zh kdyh qrw irupdoo| dffrxqwhg
iru wkh idfw wkdw wkh uhvlgxdov duh hvwlpdwhg lq d vhsdudwh vwhs1

4;



71514 Exvlqhvv F|foh Lqglfdwruv dqg wkh Suhglfwdelolw| ri H{fhvv Uhwxuqv

Wkh suhfhglqj dqdo|vlv surylghv hylghqfh wkdw wkh whpsrudu| frpsrqhqw ri lqgxvwuldo surgxf0

wlrq frqwulexwhv gluhfwo| wr wkh ghyldwlrqv iurp wkh vwdwlrqdu| udqgrp zdon prgho ghwhfwhg

e| rxu xqlyduldwh whvw surfhgxuhv1 Wklv frqfoxvlrq lv frqvlvwhqw zlwk wkh hylghqfh ri Idpd

dqg Iuhqfk +4<;<, dqg rwkhuv wkdw wkh ghidxow dqg whup vsuhdgv fdq uholdeo| iruhfdvw h{fhvv

uhwxuqv/ hvshfldoo| dw orqj krul}rqv1 Ghidxow dqg whup vsuhdgv duh exvlqhvv f|foh lqglfdwruv/

zlwk erwk vsuhdgv ehlqj orz durxqg shdnv dqg kljk durxqg wurxjkv1 Li h{shfwhg uhwxuqv dovr

kdyh d exvlqhvv f|foh frpsrqhqw/ kljk uhwxuqv zkhq exvlqhvv frqglwlrqv duh srru dqg orz uh0

wxuqv zkhq exvlqhvv frqglwlrqv duh jrrg/ wkhq wkh ghidxow dqg whup vsuhdgv duh wudfnlqj wklv

suhglfwdeoh yduldwlrq lq h{shfwhg uhwxuqv1

Wkh hvwlpdwhg f|folfdo frpsrqhqw ri lqgxvwuldo surgxfwlrq dovr uholdeo| iruhfdvwv h{fhvv

uhwxuqv1 Wklv fdq eh vhhq lq Wdeoh 8 zkhuh orqj0krul}rq uhjuhvvlrqv duh xvhg wr lqyhvwljdwh

wkh suhglfwdelolw| ri h{fhvv HZ +Sdqho D, dqg h{fhvv YZ +Sdqho E, uhwxuqv xvlqj wkh XF0

DULPD hvwlpdwhg f|folfdo frpsrqhqw dv zhoo dv wkh ghidxow dqg whup vsuhdgv12f Olnh wkh

whup vsuhdg/ wkh hvwlpdwhg f|folfdo frpsrqhqw rqo| iruhfdvwv ryhu dssur{lpdwho| wkh qh{w 45

prqwkv/ zlwk h{fhvv YZ uhwxuqv ehlqj pruh suhglfwdeoh wkdq h{fhvv HZ uhwxuqv1 Wklv odwwhu

uhvxow lv frqvlvwhqw zlwk rxu xqlyduldwh whvw surfhgxuhv surylglqj vwurqjhu hylghqfh djdlqvw

wkh udqgrp zdon k|srwkhvlv iru h{fhvv YZ uhwxuqv1 Lq frqwudvw/ wkh ghidxow vsuhdg iruhfdvwv

h{fhvv uhwxuqv ryhu orqjhu uhwxuq krul}rqv1 Wkh h{sodqdwru| srzhu ri wkh ghidxow vsuhdg lv

sduwlfxoduo| lpsuhvvlyh iru orqj krul}rq h{fhvv YZ uhwxuqv> iru h{dpsoh/ wkh ghidxow vsuhdg

dorqh h{sodlqv dssur{lpdwho| 63( ri wkh yduldwlrq lq 7; prqwk h{fhvv YZ uhwxuqv1

Li wklv hylghqfh ri suhglfwdelolw| lv frqvlvwhqw zlwk wkh whup vsuhdg dqg wkh ghidxow vsuhdg

wudfnlqj wkh exvlqhvv f|foh yduldwlrq lq h{fhvv uhwxuqv/ wkhq wkhvh vsuhdgv vkrxog wudfn lqgxv0

wuldo surgxfwlrq*v f|folfdo frpsrqhqw lwvhoi1 Wdeoh 9 gluhfwo| lqyhvwljdwhv wklv e| xvlqj wkh

XF0DULPD hvwlpdwhg f|folfdo frpsrqhqw dqg uhjuhvvlqj lwv fkdqjhv ryhu vxffhvvlyh sdvw dqg

ixwxuh txduwhuv djdlqvw wkh ghidxow dqg whup vsuhdgv1 Wkh frxqwhuf|folfdo ehkdylru ri erwk

53Wkh ghidxow dqg whup vsuhdgv duh fdofxodwhg dv lq Idpd dqg Iuhqfk +4<;<,1 Zh gr qrw lqfoxgh wkh
pdunhw glylghqg |lhog lq rxu dqdo|vlv ehfdxvh Idpd dqg Iuhqfk vkrz wkdw lw lv vljql�fdqwo| fruuhodwhg
zlwk wkh ghidxow vsuhdg dqg vr pryhv lq d vlplodu zd| zlwk exvlqhvv frqglwlrqv1 Lqgxvwuldo surgxfwlrq*v
whpsrudu| frpsrqhqw hvwlpdwhg e| wkh pruh dg0krf Krgulfn0Suhvfrww �owhu lv qrw vhsdudwho| dqdo|}hg
exw surylghv vlplodu uhvxowv1

4<



wkhvh vsuhdgv lv uhdglo| dssduhqw1 Iru h{dpsoh/ wkh whup vsuhdg lv vljql�fdqwo| uhodwhg wr

erwk sdvw dqg ixwxuh fkdqjhv lq wkh hvwlpdwhg f|folfdo frpsrqhqw ri lqgxvwuldo surgxfwlrq1

Dv phdvxuhg e| wkh uhjuhvvlrqv* U2v/ wkh whup vsuhdg lv sduwlfxoduo| lqirupdwlyh derxw ixwxuh

f|folfdo fkdqjhv +xs wr irxu txduwhuv,1 Lq frpsdulvrq/ zkloh wkh ghidxow vsuhdg lv dovr vljql�0

fdqwo| uhodwhg wr erwk sdvw dqg ixwxuh fkdqjhv lq wkh hvwlpdwhg f|folfdo frpsrqhqw/ lw dsshduv

wr surylgh rqo| d prghvw dprxqw ri lqirupdwlrq derxw wkhvh fkdqjhv +xs wr irxu txduwhuv lq

hlwkhu gluhfwlrq,1

Krzhyhu/ e| frqvwuxfwlrq/ fkdqjhv lq surgxfwlrq*v f|folfdo frpsrqhqw +�f, gr qrw uh�hfw

fkdqjhv lq lwv wuhqg frpsrqhqw +��, zklfk dovr frqwulexwh wr ixwxuh surgxfwlrq jurzwk +�oq|,1

Wr fdswxuh wklv/ zh uhjuhvv fkdqjhv lq wkh orj ri lqgxvwuldo surgxfwlrq ryhu vxffhvvlyh sdvw dqg

ixwxuh txduwhuv djdlqvw wkh whup dqg ghidxow vsuhdgv dv zhoo dv lwv hvwlpdwhg f|folfdo frpsrqhqw

+Wdeoh :,1 Wr hqvxuh wkh urexvwqhvv ri rxu uhvxowv/ zh dovr xvh jurvv grphvwlf surgxfw +JGS,

+Wdeoh ;,1

Olnh Fkhq +4<<4,/ zh �qg wkdw wkh ghidxow vsuhdg lv rqo| fruuhodwhg zlwk lpphgldwh sdvw

jurzwk udwhv lq lqgxvwuldo surgxfwlrq dqg JGS/ dowkrxjk wkh lqirupdwlyhqhvv ri wkhvh uhjuhv0

vlrqv/ dv phdvxuhg e| wkhlu fruuhvsrqglqj U2v/ lv plqlpdo1 Lq frqwudvw/ wkh whup vsuhdg lv

fruuhodwhg/ lq d frxqwhuf|folfdo idvklrq/ zlwk erwk ixwxuh dqg/ xqolnh Fkhq/ sdvw jurzwk udwhv12�

Wkhvh uhjuhvvlrqv duh sduwlfxoduo| lqirupdwlyh derxw wkh ixwxuh jurzwk ri wkh hfrqrp| +xs wr

irxu txduwhuv,1 Vlplodu wr wkh ghidxow vsuhdg/ wkh hvwlpdwhg f|folfdo frpsrqhqw lv rqo| fruuh0

odwhg zlwk sdvw jurzwk udwhv lq lqgxvwuldo surgxfwlrq dqg JGS1 Krzhyhu/ xqolnh wkh ghidxow

vsuhdg uhjuhvvlrqv/ wkhvh uhjuhvvlrqv duh txlwh lqirupdwlyh derxw wkhvh sdvw jurzwk udwhv1 Wkdw

wkh f|folfdo frpsrqhqw surylghv olwwoh lqirupdwlrq derxw wkh hfrqrp|*v ixwxuh survshfwv lv qrw

vxusulvlqj vlqfh lw lv hvwlpdwhg rq wkh edvlv ri fxuuhqw dqg sdvw lqgxvwuldo surgxfwlrq gdwd1 Zh

dovr xvh orqj krul}rq uhjuhvvlrqv wr lqyhvwljdwh zkhwkhu wkh uhvlgxdov iurp uhjuhvvlqj h{fhvv

YZ uhwxuqv rq wkh XF0DULPD hvwlpdwhg f|folfdo frpsrqhqw duh wkhpvhoyhv suhglfwdeoh xvlqj

wkh ghidxow dqg whup vsuhdgv dv zhoo dv wkh hvwlpdwhg f|folfdo frpsrqhqw +Wdeoh <,1 Olnh wkh

orqj krul}rq h{fhvv uhwxuq uhjuhvvlrqv/ zh �qg wkdw wkh whup vsuhdg lv vljql�fdqw lq iruhfdvwlqj

wkhvh uhvlgxdov rxw wr d 45 prqwk krul}rq/ zkloh wkh ghidxow vsuhdg lv vljql�fdqw rxw wr d 7;

prqwk krul}rq1 Dovr/ wkh h{sodqdwru| srzhu ri wkh ghidxow vsuhdg lq wkhvh uhjuhvvlrqv vljql�0

54Wklv odwwhu uhvxow pd| vlpso| uh�hfw wkh idfw wkdw Fkhq jrhv edfn rqo| 7 txduwhuv lq klv dqdo|vlv1
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fdqwo| h{fhhgv wkdw ri wkh whup vsuhdg1 Wkh hvwlpdwhg f|folfdo frpsrqhqw/ dv h{shfwhg/ lv qrw

irxqg wr eh vljql�fdqw wkurxjkrxw1

Zkloh wkh ghidxow vsuhdg fdq uholdeo| iruhfdvw h{fhvv uhwxuqv +Wdeoh 8,/ lw vd|v olwwoh derxw

wkh fxuuhqw khdowk ri wkh hfrqrp| ru lwv ixwxuh jurzwk survshfwv +Wdeoh 9/ :/ dqg ;,1 Dsshdolqj

wr Deho*v prgho/ wklv vxjjhvwv wkdw wkh ghidxow vsuhdg surylghv lqirupdwlrq derxw surgxfwlrq*v

yrodwlolw|1 Iroorzlqj Fkhq +4<<4,/ zh sur{| wklv yrodwlolw| e| wkh devroxwh ydoxh ri wkh uhvlgxdov

rewdlqhg iurp uhjuhvvlqj fkdqjhv lq wkh orj ri lqgxvwuldo surgxfwlrq djdlqvw wkh dyhudjh ri wkh

ghidxow vsuhdg ryhu wkh suhfhglqj wkuhh prqwkv dv zhoo dv odvw prqwk*v whup vsuhdg dqg f|folfdo

hvwlpdwh22=

� orj+LS| . m, @ �. ��

�[
�'�

GHI|3� . �2WHUP|3� . ��F|foh|3� . �| . m

dqg rxu sur{| iru yrodwlolw| lv2�=

a�U� @ m�|m=

Zh wkhq uhjuhvv fkdqjhv lq surgxfwlrq yrodwlolw| ryhu vxffhvvlyh sdvw dqg ixwxuh txduwhuv

djdlqvw wkh whup vsuhdg dqg wkh ghidxow vsuhdg1 Wkh uhvxowv duh wdexodwhg lq Wdeoh 431 Qrwlfh

wkdw wkh ghidxow vsuhdg dqg/ wr d ohvvhu h{whqw/ wkh whup vsuhdg duh fruuhodwhg zlwk ixwxuh

fkdqjhv lq surgxfwlrq yrodwlolw|1 Lq sduwlfxodu/ d kljk +orz, ghidxow vsuhdg wrgd| lv dvvrfldwhg

zlwk dq lqfuhdvh +ghfuhdvh, lq ixwxuh surgxfwlrq yrodwlolw|/ zkloh d kljk +orz, whup vsuhdg

wrgd| lpsolhv d ghfuhdvh +lqfuhdvh, lq ixwxuh surgxfwlrq yrodwlolw|1

Frqvlvwhqw zlwk Fkhq +4<<4,/ zh frqfoxgh wkdw wkh whup vsuhdg surylghv lqirupdwlrq derxw

wkh hfrqrp|*v ixwxuh jurzwk survshfwv1 Krzhyhu/ zkloh Fkhq dwwulexwhv wkh ghidxow vsuhdg*v

delolw| wr iruhfdvw h{fhvv uhwxuqv wr lwv lqirupdwlyhqhvv uhjduglqj wkh hfrqrp|*v fxuuhqw khdowk/

rxu uhvxowv/ lq frqwudvw/ ghprqvwudwh wkdw wkh ghidxow vsuhdg*v iruhfdvwlqj delolw| dulvhv sulpdu0

lo| iurp lwv lqirupdwlyhqhvv uhjduglqj ixwxuh surgxfwlrq yrodwlolw|1 Zh h{soruh wkh pdfurhfr0

qrplf ghwhuplqdqwv ri wklv suhglfwlyh delolw| lq wkh qh{w vhfwlrq1

55Zh xvh wkh dyhudjh ri wkh ghidxow vsuhdg ehfdxvh wklv surylghv pruh iruhfdvw srzhu iru ixwxuh LS
jurzwk dqg d fruuhvsrqglqj kljkhu U5 iru wkh uhjuhvvlrq1

56Vlplodu uhvxowv duh rewdlqhg li zh sur{| surgxfwlrq yrodwlolw| e| wkh vtxduh ri wkhvh uhvlgxdov1
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71515 Iuhtxhqf| Edqg Fruuhodwlrqv

Wkh �uvw gl�huhqflqj ri pdfurhfrqrplf yduldeohv/ vxfk dv surgxfwlrq ru lwv yrodwlolw|/ srwhq0

wldoo| revfxuhv dq| orqj whup ghshqghqfh zklfk pd| h{lvw ehwzhhq wkhvh yduldeohv dqg h{fhvv

uhwxuqv e| uhprylqj pxfk ri wklv gdwd*v orz iuhtxhqf| frpsrqhqw1 Vxfk orqj whup ghshqghqfh

kdv suhylrxvo| ehhq vxjjhvwhg e| Idpd dqg Iuhqfk +4<;<, zkr dujxh/ xvlqj orqj krul}rq uh0

juhvvlrqv dqg e| ylvxdo lqvshfwlrq ri wkh gdwd/ wkdw orqj0uxq yduldwlrq lq h{shfwhg uhwxuqv lv

fdswxuhg e| wkh ghidxow vsuhdg/ zkloh wkh whup vsuhdg iruhfdvwv h{shfwhg uhwxuqv* vkruwhu0uxq

yduldwlrq1

Lq wklv vhfwlrq/ zh gluhfwo| lqyhvwljdwh wklv k|srwkhvlv e| vhsdudwho| fruuhodwlqj pryhphqwv

lq h{fhvv uhwxuqv zlwk pryhphqwv lq ghidxow dqg whup vsuhdgv dw iuhtxhqflhv fruuhvsrqglqj wr

wuhqg pryhphqwv/ exvlqhvv f|foh pryhphqwv/ dv zhoo dv wkh uhpdlqlqj kljk0iuhtxhqf| pryh0

phqwv lq wkh gdwd1 Wr gr vr/ zh �owhu wkhvh yduldeohv wr lvrodwh wkhlu +l, �xfwxdwlrqv zklfk

h{fhhg 65 txduwhuv lq ohqjwk +wuhqg frpsrqhqw,> +ll, �xfwxdwlrqv ehwzhhq 9 dqg 65 txduwhuv lq

ohqjwk +exvlqhvv f|foh frpsrqhqw,> dqg +lll, �xfwxdwlrqv ohvv wkdq 9 txduwhuv lq ohqjwk +kljk0

iuhtxhqf| frpsrqhqw,1 Dv qrwhg e| Ed{whu dqg Nlqj +4<<7,/ wklv vshfl�fdwlrq ri iuhtxhqf|

edqgv lv frqvlvwhqw zlwk Exuqv dqg Plwfkhoo +4<79, �qglqj wkdw exvlqhvv f|fohv whqg wr eh qr

ohvv wkdq 9 txduwhuv lq ohqjwk exw w|slfdoo| odvw ihzhu wkdq 65 txduwhuv12e

Wdeoh 44 suhvhqwv wkhvh iuhtxhqf| edqg fruuhodwlrqv iru h{fhvv HZ YZ uhwxuqv1 Qrwlfh

wkdw h{fhvv uhwxuqv duh vljql�fdqwo| srvlwlyho| fruuhodwhg zlwk wkh ghidxow dqg whup vsuhdgv

dw wkh exvlqhvv f|foh iuhtxhqflhv1 Lq rwkhu zrugv/ frqvlvwhqw zlwk wkh suhylrxv pxowlyduldwh

hpslulfdo hylghqfh ri Nhlp dqg Vwdpedxjk +4<;9, dqg Idpd dqg Iuhqfk +4<;<, dqg rwkhuv/

wkhvh vsuhdg yduldeohv gr fdswxuh wkh exvlqhvv f|foh frpsrqhqw ri h{fhvv uhwxuqv/ zlwk kljk

+orz, ghidxow dqg whup vsuhdgv ehlqj vljql�fdqwo| dvvrfldwhg zlwk kljk +orz, h{fhvv uhwxuqv dw

wkhvh iuhtxhqflhv1 Krzhyhu/ h{fhvv uhwxuqv duh fruuhodwhg zlwk wkh ghidxow dqg whup vsuhdgv

dw rwkhu iuhtxhqflhv1 Dw kljk iuhtxhqflhv zh vhh d vljql�fdqw srvlwlyh fruuhodwlrq rqo| ehwzhhq

h{fhvv uhwxuqv dqg wkh whup vsuhdg1 Lq frqwudvw/ dw wkh wuhqg iuhtxhqflhv/ d vljql�fdqw srvlwlyh

fruuhodwlrq lv irxqg rqo| ehwzhhq wkh ghidxow vsuhdg dqg h{fhvv uhwxuqv1 Wkhuhiruh/ frqvlvwhqw

57Wklv sduwlfxodu vshfl�fdwlrq lv dovr xvhg e| Ed{whu +4<<7, zkr �qgv wkdw wkh fruuhodwlrq ehwzhhq
uhdo h{fkdqjh udwhv dqg uhdo lqwhuhvw udwh gl�huhqwldov lv vwurqjhvw dw wkhvh wuhqg dqg exvlqhvv f|foh
iuhtxhqflhv1 Zh �owhu rxu yduldeohv xvlqj dssur{lpdwh edqg0sdvv �owhuv1 Ixuwkhu ghwdlov duh surylghg
lq Dsshqgl{ Dsshqgl{ F1
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zlwk Idpd dqg Iuhqfk*v fodlp/ wkh ghidxow vsuhdg*v wuhqg ru orz iuhtxhqf| frpsrqhqw uholdeo|

wudfnv h{fhvv uhwxuqv* orz iuhtxhqf| frpsrqhqw/ zkloh kljk iuhtxhqf| pryhphqwv lq h{fhvv

uhwxuqv duh fdswxuhg e| wkh whup vsuhdg*v kljk iuhtxhqf| frpsrqhqw1

Wr ehwwhu xqghuvwdqg wkh pdfurhfrqrplf ghwhuplqdqwv ri wkhlu suhglfwlyh delolw|/ Wdeoh

44 dovr jlyhv wkh fruuhodwlrqv ri wkh �owhuhg frpsrqhqwv ri wkh whup dqg ghidxow vsuhdgv zlwk

surgxfwlrq jurzwk udwhv dqg surgxfwlrq yrodwlolw|1 Surgxfwlrq jurzwk udwhv duh vljql�fdqwo|

srvlwlyho| fruuhodwhg zlwk wkh whup dqg ghidxow vsuhdgv dw wkh exvlqhvv f|foh iuhtxhqflhv/ zlwk

wkh whup vsuhdg*v fruuhodwlrq ehlqj voljkwo| kljkhu1 Krzhyhu/ wkhvh vsuhdgv duh rqo| pdujlqdoo|

fruuhodwhg zlwk h{wuhpho| vkruw uxq yduldwlrq lq surgxfwlrq jurzwk udwhv/ dqg dsshdu wr surylgh

qr lqirupdwlrq derxw wkh orqj uxq yduldwlrq lq surgxfwlrq jurzwk udwhv1 Dowhuqdwlyho|/ zh vhh

wkdw surgxfwlrq yrodwlolw| dsshduv wr eh vljql�fdqwo| dqg srvlwlyho| fruuhodwhg zlwk wkh ghidxow

vsuhdg dw doo iuhtxhqf| edqgv1 Lq sduwlfxodu/ d srvlwlyh fruuhodwlrq rewdlqv ehwzhhq surgxfwlrq

yrodwlolw| dqg wkh ghidxow vsuhdg dw wkh wuhqg iuhtxhqflhv12D

Wkh suhfhglqj vshfwudo dqdo|vlv surylghv dq lqwhuhvwlqj shuvshfwlyh rq wkh uhodwlrqvkls

ehwzhhq vwrfn uhwxuqv dqg wkh pdfurhfrqrp|1 Wkh g|qdplfv ri pdfurhfrqrplf yduldeohv/

vxfk dv surgxfwlrq ru lwv yrodwlolw|/ duh fkdudfwhul}hg e| erwk d vwrfkdvwlf wuhqg frpsrqhqw

58Wklv vshfwudo dqdo|vlv vxjjhvwv dq dowhuqdwlyh xqlyduldwh whvw surfhgxuh wr h{sorlw wkh shuvlvwhqfh
zklfk fkdudfwhul}hv wkh exvlqhvv f|foh1 Uhfdoo wkdw rxu "5V dqg Erqihuurql whvw vwdwlvwlfv duh ghvljqhg
h{solflwo| wr wdnh dgydqwdjh ri wklv fkdudfwhulvwlf ri wkh exvlqhvv f|foh1 Dowhuqdwlyho|/ li h{fhvv uhwxuqv
duh lqghshqghqwo| glvwulexwhg/ wkhq wkh yduldqfh ri h{fhvv uhwxuqv vkrxog eh udqgrpo| glvwulexwhg dfurvv
doo iuhtxhqflhv1 Krzhyhu/ li h{fhvv uhwxuqv h{klelw d exvlqhvv f|foh lqgxfhg shuvlvwhqfh/ wkhq uhodwlyho|
pruh ri wklv yduldqfh vkrxog eh frqfhqwudwhg dw wkh exvlqhvv f|foh iuhtxhqflhv1 Khqfh d prvw srzhuixo
whvw lv rewdlqhg e| wdnlqj wkh udwlr ri wkh yduldqfh ri wkh h{fhvv uhwxuq vhulhv dw wkh exvlqhvv f|foh
iuhtxhqflhv wr lwv wrwdo yduldqfh +vhh Gdqlho +4<<9, iru ixuwkhu ghwdlo,1
Pruh irupdoo|/ ohw D+uw, @ ew � uw ghqrwh wkh h{fhvv uhwxuq vhulhv �owhuhg/ dv ehiruh/ wr uhwdlq rqo|

exvlqhvv f|foh �xfwxdwlrqv ehwzhhq 9 dqg 65 txduwhuv lq ohqjwk1 Wkh rswlpdo whvw vwdwlvwlf lv ri wkh irup

a�5+D+uw,,

a�5+uw,

zkhuh a�5 ghqrwhv wkh vdpsoh yduldqfh1 Qrwlfh wkdw wklv whvw vwdwlvwlf lv olnh d vwdqgdug yduldqfh0udwlr
whvw vwdwlvwlf +Frfkudqh +4<;;,, h{fhsw wkdw iru wkh vwdqgdug yduldqfh0udwlr whvw e lv vlpso| d prylqj
dyhudjh �owhu1
Xqghu wkh qxoo k|srwkhvlv wkdw h{fhvv uhwxuqv duh lqghshqghqwo| glvwulexwhg/ wklv whvw vwdwlvwlf zloo eh

dv|pswrwlfdoo| I glvwulexwhg1 Krzhyhu/ wr wdnh dffrxqw ri dq| vpdoo vdpsoh eldv/ Prqwh Fduor phwkrgv
vkrxog eh xvhg wr ghwhuplqh fruuhvsrqglqj hpslulfdo fxw0r� ydoxhv1 Zkhq dsso|lqj wklv whvw wr h{fhvv
uhwxuqv ryhu wkh 4<7:=3404<<6=45 vdpsoh shulrg/ zh uhmhfw wkh qxoo k|srwkhvlv dw ehwwhu wkdq wkh 4(
vljql�fdqfh ohyho iru wkh HZ/ YZ dqg doo vl}h ghfloh sruwirolrv vdyh iru ghfloh 4 uhwxuqv zkhuh wkh qxoo
lv uhmhfwhg dw ehwwhu wkdq wkh 8( vljql�fdqfh ohyho1 Wklv odwwhu uhvxow lv suredeo| gxh wr wkh suhvhqfh ri
wkh Mdqxdu| vhdvrqdo1
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dv zhoo dv d exvlqhvv f|foh frpsrqhqw1 Dsshdolqj wr Deho*v prgho/ h{fhvv uhwxuqv zloo dovr eh

fkdudfwhul}hg e| vwrfkdvwlf wuhqg dqg exvlqhvv f|foh frpsrqhqwv> lw lv wklv odwwhu frpsrqhqw

zklfk lv ghwhfwhg e| rxu xqlyduldwh whvw surfhgxuhv dv exvlqhvv f|foh ghyldwlrqv iurp wkh

vwdwlrqdu| udqgrp zdon prgho1 Krzhyhu/ wkh ghidxow dqg whup vsuhdgv surylgh dgglwlrqdo

lqirupdwlrq derxw h{fhvv uhwxuqv eh|rqg wkdw frqwdlqhg dw exvlqhvv f|foh iuhtxhqflhv1 Lq

sduwlfxodu/ orqj vzlqjv lq h{fhvv uhwxuqv/ dwwulexwdeoh wr fkdqjhv lq wkh pdfurhfrqrp|*v wuhqg/

duh fdswxuhg e| wkh ghidxow vsuhdg zkrvh orqj uxq suhglfwlyh delolw| dulvhv iurp wkh idfw wkdw

lw frqwdlqv lqirupdwlrq derxw fruuhvsrqglqj orqj vzlqjv lq surgxfwlrq yrodwlolw|1

D �L?U*�t�L?t

Pxowlyduldwh whvwv ri pdunhw h�flhqf|/ iru h{dpsoh/ Nhlp dqg Vwdpedxjk +4<;9, dqg Idpd

dqg Iuhqfk +4<;<,/ frqfoxgh wkdw exvlqhvv f|foh lqglfdwruv/ vxfk dv wkh ghidxow vsuhdg dqg

wkh whup vsuhdg/ uholdeo| iruhfdvw vwrfn uhwxuqv1 Wklv uhvxow lv jhqhudoo| dwwulexwhg wr wkh

v|vwhpdwlf yduldwlrq lq h{shfwhg uhwxuqv ryhu wkh exvlqhvv f|foh1

Vlqfh wkh glvwlqjxlvklqj fkdudfwhulvwlf ri wkh exvlqhvv f|foh lv lwv shuvlvwhqfh/ wkh Deho +4<;;,

lqwhuwhpsrudo dvvhw sulflqj prgho lpsolhv wkdw wklv vdph shuvlvwhqfh zloo dovr eh hylghqw lq

wkh wlph vhulhv ehkdylru ri h{shfwhg uhwxuqv1 Xqiruwxqdwho|/ h{wdqw xqlyduldwh whvwv ri pdunhw

h�flhqf| surylgh olwwoh srzhu djdlqvw uhdvrqdeoh dowhuqdwlyh k|srwkhvhv srvlwlqj vorz yduldwlrq

lq h{shfwhg uhwxuqv ryhu wkh exvlqhvv f|foh1 E| frqwudvw/ wklv sdshu*v xqlyduldwh whvw surfhgxuhv/

prwlydwhg e| Deho*v prgho dqg edvhg rq d zhljkwhg dxwrfruuhorjudp ri uhwxuqv/ doorz xv wr

uhmhfw/ zlwk d kljk ghjuhh ri vwdwlvwlfdo frq�ghqfh/ wkh qxoo k|srwkhvlv wkdw h{shfwhg uhwxuqv

duh frqvwdqw ryhu wkh exvlqhvv f|foh1

Zh frq�up wkdw lqgxvwuldo surgxfwlrq jurzwk udwhv dqg h{fhvv uhwxuqv h{klelw vlplodu dxwr0

fruuhodwlrq sdwwhuqv lq wkh srvw0Zruog Zdu LL vdpsoh shulrg/ vxjjhvwlqj wkdw wkh exvlqhvv f|foh

pd| h{sodlq wkhvh ghyldwlrqv iurp wkh vwdwlrqdu| udqgrp zdon prgho1 Zh gluhfwo| phdvxuh wkh

exvlqhvv f|foh e| wkh vwrfkdvwlfdoo| ghwuhqghg ohyho ri lqgxvwuldo surgxfwlrq1 Uhjuhvvlqj h{fhvv

uhwxuqv djdlqvw wklv hvwlpdwh ri lqgxvwuldo surgxfwlrq*v f|folfdo frpsrqhqw/ rxu xqlyduldwh whvw

surfhgxuhv surylgh olwwoh hylghqfh wkdw wkh uhvxowdqw uhvlgxdov h{klelw shuvlvwhqfh1

Ri frxuvh/ zh fdqqrw ghvljq d vlqjoh xqlyduldwh whvw zklfk lv prvw srzhuixo djdlqvw doo
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dowhuqdwlyhv1 Lw lv txlwh olnho| wkhq wkdw rxu "2r dqg Erqihuurql whvw vwdwlvwlfv zloo qrw eh deoh wr

ghwhfw srwhqwldoo| pruh frpsolfdwhg dxwrfruuhodwlrq sdwwhuqv suhvhqw lq wkh gdwd rqfh zh kdyh

uhpryhg lqgxvwuldo surgxfwlrq*v f|folfdo frpsrqhqw1 Wkdw wkh ghidxow dqg whup vsuhdgv fdq

iruhfdvw wkhvh uhvlgxdov lpsolhv wkdw wkhvh pdunhw edvhg yduldeohv surylgh lqirupdwlrq derxw

h{fhvv uhwxuqv eh|rqg wkdw frqwdlqhg lq surgxfwlrq*v f|folfdo frpsrqhqw dqg vxjjhvwv wkdw wkh

exvlqhvv f|foh lwvhoi grhv qrw h{sodlq doo ri wkh suhglfwdelolw| lq h{fhvv uhwxuqv1

Wr pruh ixoo| fkdudfwhul}h wkh uhodwlrqvkls ehwzhhq �qdqfldo pdunhwv dqg wkh pdfurhfrq0

rp|/ wklv sdshu uhfrjql}hv wkdw pdfurhfrqrplf wlph vhulhv duh fkdudfwhul}hg e| yduldeoh wuhqgv

dv zhoo dv uhfxuuhqw f|folfdo �xfwxdwlrqv durxqg wklv jurzwk sdwk1 Rxu uhvxowdqw pxowlyduldwh

dqdo|vlv frqfoxghv wkdw zkloh wkh exvlqhvv f|foh frqwulexwhv wr wkh ghyldwlrqv iurp wkh vwd0

wlrqdu| udqgrp zdon prgho wkdw zh kdyh grfxphqwhg iru vwrfn sulfhv/ suhglfwdeoh orqj whup

vzlqjv lq h{shfwhg uhwxuqv dulvlqj iurp wkhvh yduldeoh wuhqgv uhpdlq1
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�TTi?_� � #i4L?t|h@|�L? |�@| |�i @�|LULhhi*L}h@4 Lu @ Tih�
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Wklv Dsshqgl{ irupdoo| ghprqvwudwhv wkdw li d vhulhv lv shuvlvwhqw/ lwv dxwrfruuhodwlrqv zloo eh
vhuldoo| fruuhodwhg1

Frqvlghu wkh uhdo ydoxhg/ vtxduh0vxppdeoh vhulhv i{|j zkrvh Irxulhu wudqvirupv lv jlyhq
e| {+$,/ zkhuh wkh Irxulhu wudqvirup lv gh�qhg e|=

{+$, @
"[

&'3"

{|h
�/|=

Jlyhq Sduvhydo*v uhodwlrq/ zh kdyh wkdw {+$, lv lq O2^��> �`1 Frqvlghu d vhfrqg vhulhv i}|j
zklfk lv gh�qhg e| wkh uhodwlrq ri lwv Irxulhu wudqvirup wr wkdw ri i{|j=

}+$, @ |+$, � {+$,
zkhuh

|+$, @

+
4 m$m ? $f
3 $f � m$m � �

+47,

Wkdw lv/ zh duh gh�qlqj i}|j wr eh mxvw i{|j zlwk lwv kljk iuhtxhqf| frpsrqhqwv dwwhqxdwhg1

Wkh vshfwuxp ri i}|j lv jlyhq e| wkh surgxfw ri }+$, dqg lwv frpsoh{ frqmxjdwh=

j5+h
3�/, @ }+$, � }+�$, @ {+$, � {+�$, � |+$, � |+�$, @ j%+h

3�/, � j++h3�/,
Lqyhuvh Irxulhu wudqviruplqj wkh deryh uhodwlrqvkls jlyhv wkh dxwrfrydulrjudp ri wkh wudqv0
iruphg vhulhv=

f5+n, @
4

5�

] Z

3Z
j5+h

3�/,h�/&g$ @
4

5�

] Z

3Z
j%+h

3�/, � j++h3�/,h�/&g$ @ +f% B f++n,,& =

zkhuh wkh B ghqrwhv wkh frqyroxwlrq rshudwlrq zklfk lv gh�qhg e|=

+f% B f++n,,& @
"[

r'3"

f%+v,f++n � v, @
"[

r'3"

f%+n � v,f++v,

Vlqfh j%+h
3�/, dqg j++h

3�/, duh uhdo0ydoxhg/ dqg f%+�n, @ f%+n, dqg f++�n, @ f++n,/ zh kdyh
wkdw

f++n, @
4

5�

] Z

3Z
j++h

3�/,h�/&g$ @
4

5�

] Z

3Z
^|+$, � |+�$,` h�/& g$=

f++n, fdq wkhq eh vroyhg iru gluhfwo| xvlqj wkh gh�qlwlrq ri |+$, jlyhq lq htxdwlrq +47,1

f++n, @
4

5�

] /f

3/f
h�/&g$ @

�
4

5�

�
h�/&

ln

�����
/f

3/f

@

�
4

5�

�
h�/f& � h3�/f&

ln
@

vlq+$fn,

�n
+48,

Dovr/ qrwh wkdw wkh ydoxh ri wkh lqwhjudo lv gh�qhg dw n @ 3 dqg lv htxdo wr /f
Z 1 Iru odujh ydoxhv

ri n/ wkh ydoxh ri f++n, zloo eh vpdoo1

Wkxv zh vhh wkdw wkh dxwrfrydulrjudp ri i}|j lv zkdw lv rewdlqhg zkhq wkh dxwrfrydulrjudp
ri i{|j lv vprrwkhg xvlqj wkh vprrwklqj nhuqho jlyhq lq htxdwlrq +48,1 Wkh vpdoohu wkh ydoxh
ri $f +wkh pruh wkh kljk iuhtxhqflhv duh dwwhqxdwhg, wkh pruh wkh dxwrfrydulrjudp zloo eh
vprrwkhg1
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Frqvlghu wkh dyhudjhg dxwrfruuhodwlrq hvwlpdwru

a�W� @
4

+5� . 4,

�nB[
�'�3B

a�� +49,

zkhuh a�� lv qrz gh�qhg e|

a�� @

SA3E�nB�
�'� u�u�n�SA3E�nB�
�'� u2�

= +4:,

Wr ghulyh wkh dv|pswrwlf vdpsolqj surshuwlhv ri a�W� / qrwh wkdw h{suhvvlrqv +49, dqg +4:,
lpso| wkh iroorzlqj vhw ri ruwkrjrqdolw| frqglwlrqv

4

W � +� . �,

A3E�nB�[
�'�

+u�u�n�3B . = = =. u�u�n�nB � +5� . 4,a�W�u
2
� , @ 3 � @ ��> = = = > �� = +4;,

Iurp Kdqvhq +4<;5,/ a�W� zloo eh dv|pswrwlfdoo| qrupdoo| glvwulexwhg derxw lwv wuxh phdq/
dqg/ ixuwkhupruh/ xqghu wkh qxoo k|srwkhvlv wkdw uhwxuqv duh vhuldoo| xqfruuhodwhg/ lwv fruuh0
vsrqglqj dqdo|wlfdo yduldqfh0fryduldqfh pdwul{ lv jlyhq e| Y @ ^y���� ` zkhuh

y���� @
pd{^+5� . 4,� m�� � ��m> 3`

+5� . 4,2
= +4<,

Wr whvw wkh qxoo k|srwkhvlv
Kf = �W�� @ = = = @ �W�� @ 3>

zh frqvlghu wkh iroorzlqj whvw vwdwlvwlf

�2 '
�s

A 3 E�� n B�	4W�4 � � �
s

A 3 E�� n B�
�
	4W�QV

3�

3
EC
s

A 3 E�� n B�	4W�4
���s

A 3 E�� n B�	4W�Q

4
FD � E2f�

Xqghu Kf/ wklv whvw vwdwlvwlf lv dv|pswrwlfdoo| glvwulexwhg "2EQ, zkhuh Q uhsuhvhqwv wkh
qxpehu ri uhvwulfwlrqv lpsrvhg1 Wr lpsohphqw wklv whvw surfhgxuh wkh iroorzlqj vkrxog eh
qrwhg=

41 Rxu mrlqw whvw dssolhg wr dq xqdyhudjhg dxwrfruuhorjudp +� @ 3, zloo kdyh olwwoh vwdwlvwl0
fdo srzhu wr ghwhfw exvlqhvv f|foh lqgxfhg ghyldwlrqv iurp wkh vwdwlrqdu| udqgrp zdon
prgho1 Uhfdoo wkdw uhwxuq dxwrfruuhodwlrqv zloo wkhpvhoyhv eh fruuhodwhg lq wkh suhvhqfh
ri wkh exvlqhvv f|foh1 Wkrxjk wkh lqgxfhg fruuhodwlrqv pd| eh vpdoo lq pdjqlwxgh/ dxwr0
fruuhodwlrqv ri wkh vdph vljq zloo whqg wr foxvwhu1 Krzhyhu/ wkh "2 vwdwlvwlf lq wkh devhqfh
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ri dyhudjlqj +� @ 3, lq h{suhvvlrq +53, lv lqyduldqw wr wkh rughulqj ri dxwrfruuhodwlrqv
dqg/ dv vxfk/ wkh foxvwhulqj hylghqw lq wkh uhwxuqv dxwrfruuhorjudp kdv qr h�hfw rq lwv
ydoxh1

51 Wkh mrlqw whvw dssolhg dfurvv dq dyhudjhg dxwrfruuhorjudp fdq eh edvhg rq hlwkhu ryhu0
odsslqj dyhudjlqj lqwhuydov/ +��n����, ? +5�.4,/ ru qrq0ryhuodsslqj dyhudjlqj lqwhuydov/
+��n�� ��, @ +5�.4,1 Iru h{dpsoh/ zh frxog dsso| rxu whvw vwdwlvwlf/ h{suhvvlrq +53,/ wr
doo dyhudjhg dxwrfruuhodwlrqv ehwzhhq odjv �� wkurxjk �� dv d whvw ri wkh mrlqw uhvwulfwlrq

�W�� @ �W��n� @ � � � @ �W��3� @ �W�� @ 3 +54,

zkhuh wkh wzr dgmdfhqw dyhudjhg dxwrfruuhodwlrqv �W�� dqg �
W
��n� vkduh 5� dxwrfruuhodwlrqv

i���3Bn�> � � � > ���nBj1 Krzhyhu/ li wkh iroorzlqj 5� uhvwulfwlrqv duh dgglwlrqdoo| lpsrvhg

���3B @ ���3Bn� @ � � � @ ���nB32 @ ���nB3� @ 3

wkhq wdnhq wrjhwkhu wkhvh uhvwulfwlrqv |lhog

���3B @ ���3Bn� @ � � � @ ���nB3� @ ���nB @ 3> +55,

suhflvho| wkh mrlqw uhvwulfwlrq whvwhg e| dsso|lqj rxu whvw vwdwlvwlf wr wkh xqdyhudjhg dx0
wrfruuhorjudp ehwzhhq odjv �� � � dqg �� . �1 Lqwxlwlyho|/ wkh lqghshqghqw uhvwulfwlrqv
lpsolhg e| h{suhvvlrq +54, fruuhvsrqg dssur{lpdwho| wr wkh uhvwulfwlrqv lpsolhg e| h{0
suhvvlrq +55,1 iurp Pruulvrq +4<:9,/ lw iroorzv wkdw wkh ydoxh ri wkh "2 vwdwlvwlf whvwlqj
h{suhvvlrq +54, zloo eh dssur{lpdwho| htxdo wr wkh ydoxh ri wkh "2 vwdwlvwlf whvwlqj h{suhv0
vlrq +55,12S Wkhuhiruh wklv mrlqw whvw zloo kdyh olwwoh srzhu wr ghwhfw f|folfdo ghyldwlrqv
iurp wkh qxoo k|srwkhvlv1

Frqvhtxhqwo|/ zh uhvwulfw rxu dwwhqwlrq wr wkh whvw vwdwlvwlf edvhg rq dyhudjhg dxwrfruuhodwlrqv
zlwk qrq0ryhuodsslqj dyhudjlqj lqwhuydov +��n� � ��, @ +5� . 4,/ dv dssolhg wr htxdwlrq 441

Zh dvvhvv wkh hpslulfdo shuirupdqfh ri wkh "27 vwdwlvwlf e| frqgxfwlqj wkh iroorzlqj Prqwh
Fduor vlpxodwlrq12. Wr uh�hfw prqwko| revhuydwlrqv ryhu wkh 4<7:=4 wr 4<<5=45 vdpsoh shulrg/
885 revhuydwlrqv duh gudzq lqghshqghqwo| iurp dQ +�> �M, glvwulexwlrq zlwk sdudphwhuv fkrvhq
wr pdwfk wkh fruuhvsrqglqj phdq dqg wkh yduldqfh ri wkh FUVS YZ lqgh{12H Vxevhtxhqwo|/

59Pruh suhflvho|/ Pruulvrq vkrzv wkdw li wzr uhvwulfwlrqv duh htxlydohqw +l1h1 olqhdu frpelqdwlrqv ri
rqh dqrwkhu,/ wkh fruuhvsrqglqj "5 vwdwlvwlfv zloo eh lghqwlfdo1

5: Vlqfh wkh dxwrfruuhodwlrq hvwlpdwru/ h{suhvvlrq +49,/ h{klelwv vpdoo vdpsoh eldv xqghu wkh qxoo
k|srwkhvlv/ zh fruuhfw iru wklv e| xvlqj wkh iroorzlqj dxwrfruuhodwlrq hvwlpdwru=

a�l @

SW�+�.�,
m@4 umum.lSW�+�.�,

m@4 u5m
.

4

W � +� . �,
=

Zh xvh wklv hvwlpdwru lq doo rxu dqdo|vhv1
5;Wkh vdpsolqj uhvxowv duh lqyduldqw zlwk uhvshfw wr wkh sduwlfxodu fkrlfh ri phdq dqg yduldqfh1

Lqwxlwlyho|/ ydu|lqj wkhvh sdudphwhuv grhv qrw d�hfw wkh pdlqwdlqhg dvvxpswlrq wkdw prqwko| uhwxuq
revhuydwlrqv duh xqfruuhodwhg1 Lq sduwlfxodu/ fkdqjlqj wkh dvvxphg phdq vlpso| vkliwv wkh vlpxodwhg
uhwxuq vhulhv xs ru grzq/ wkh h�hfw ri zklfk lv uhpryhg e| ghphdqlqj/ dqg wkhuhiruh grhv qrw d�hfw
uhwxuq dxwrfruuhodwlrqv1 Vlploduo|/ pxowlso|lqj wkh vlpxodwhg uhwxuqv e| d frqvwdqw lqfuhdvhv wkh vhulhv*
yduldqfh/ exw grhv qrw d�hfw vdpsoh dxwrfruuhodwlrqv1
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iru hdfk ri � @ 3> 6> 7> dqg 8/ zh fkrrvh qrq0ryhuodsslqj odj ohqjwkv/ ��> = = = > �� > vsdqqlqj 43<
prqwkv iurp d plqlpxp ri 45 prqwkv wr d pd{lpxp ri 453 prqwkv1 Iru h{dpsoh/ iru � @ 6
zh kdyh 48 qrq0ryhuodsslqj dyhudjlqj lqwhuydov ri ohqjwk : prqwkv fhqwhuhg dw �� @ 48 prqwkv/
�2 @ 55 prqwkv/ = = = > ��e @ 439 prqwkv/ dqg ��D @ 446 prqwkv1 E| frqvlghulqj odjv ri ehwzhhq
45 dqg 453 prqwkv/ zh lqfoxgh kroglqj shulrgv frqvlghuhg e| Idpd dqg Iuhqfk +4<;;e, +rqh wr
whq |hduv, dqg Srwhued dqg Vxpphuv +4<;;, +wzr wr hljkw |hduv,/ dv zhoo dv wkh shulrglflw| ri
wkh QEHU plqru exvlqhvv f|foh +wzr wr irxu |hduv, dqg wkh QEHU pdmru exvlqhvv f|foh +hljkw
|hduv,1 Wkh "27 vwdwlvwlf lv fdofxodwhg dffruglqj wr h{suhvvlrq +44, iru hdfk ri � @ 3> 6> 7> dqg
81 Zh uhshdw wklv surfhgxuh 433/333 wlphv dqg wdexodwh wkh uhvxowdqw vdpsolqj glvwulexwlrqv
lq Wdeoh 451

Qrwlfh wkdw iru hdfk �/ wkh hpslulfdo glvwulexwlrq lv vkliwhg rxw uhodwlyh wr wkh wdlov ri wkh
fruuhvsrqglqj "2 glvwulexwlrq1 Ixuwkhupruh/ wklv uhmhfwlrq eldv dsshduv wr eh pruh vhyhuh wkh
vpdoohu wkh dvvxphg ydoxh ri �1 Jlyhq wkdw rxu whvw lv eldvhg wrzdug uhmhfwlrq zkhq xvlqj
wdexodwhg "2 ydoxhv/ zh uho| h{foxvlyho| rq wkh fruuhvsrqglqj hpslulfdo glvwulexwlrqv1

�TTi?_� ��2 #ih��@|�L? Lu |�i �L?uihhL?� aL�?| ~ Ait| 5|@|�t|�U

Dvvxph Kf lpsrvhv Q uhvwulfwlrqv rq wkh dyhudjhg dxwrfruuhorjudp1 Lq sduwlfxodu/ iru hdfk
ri wkh odj ohqjwkv ��> = = = > �� / zh fdofxodwh iurp h{suhvvlrq +43, fruuhvsrqglqj whvw vwdwlvwlfv
i]�� > = = = > ]�� j1 Ri wkh Q dydlodeoh whvw vwdwlvwlfv/ ohw

]6@% @ pd{
�
im]� mj

zlwk d fruuhvsrqglqj pdujlqdo vljql�fdqfh ohyho ri �W zkhuh

4� �+]6@%, @ �W@5

dqg �+�, uhsuhvhqwv wkh vwdqgdug qrupdo fxpxodwlyh glvwulexwlrq ixqfwlrq1 Lq rwkhu zrugv/

Sim]� m A ]6@%j @ �W iru doo � 1

Dq xsshu erxqg rq wkh suredelolw| ri uhmhfwlqj Kf lv jlyhq e| Q�W vlqfh e| wkh Erqihuurql
lqhtxdolw| +vhh Ploohu +4<99,/ hvshfldoo| sdjh ;, lw iroorzv wkdw

Si^� ^m]� m � ]k*2� `j @ 4� Si_� ^m]� m ? ]6@%`j �
[
�

Sim]� m A ]6@%j @ Q�W=

Dowhuqdwlyho|/ iru d jlyhq vljql�fdqfh ohyho �/ zh fdq ghwhuplqh wkh fulwlfdo whvw vwdwlvwlf ydoxh
]W vxfk wkdw

4� �+]W, @ �@5Q +56,

zklfk doorzv uhmhfwlrq ri Kf zlwk suredelolw| qrw h{fhhglqj �1 Lqwxlwlyho|/ ljqrulqj wkh srwhq0
wldo ghshqghqfh ehwzhhq whvw vwdwlvwlfv dfurvv gl�huhqw kroglqj shulrgv zloo/ lq jhqhudo/ ryhuvwdwh
wkh mrlqw suredelolw| ri uhmhfwlqj Kf1

Zh dovr vxppdul}h wkh hpslulfdo shuirupdqfh ri wkh Erqihuurql whvw lq Wdeoh 451 Dv ehiruh/
887 revhuydwlrqv duh lqghshqghqwo| gudzq iurp dQ+�> �2, glvwulexwlrq zlwk sdudphwhuv fkrvhq
wr pdwfk wkh phdq dqg yduldqfh ri wkh FUVS YZ lqgh{ ryhu wkh vdpsoh shulrg 4<7:=4 wr
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4<<5=451 Uhshdwlqj wklv surfhgxuh 433/333 wlphv/ zh fdofxodwh hpslulfdo fxwr� ydoxhv iru wkh
Erqihuurql whvw vwdwlvwlf/ iru hdfk ri � @ 3> 6> 7 dqg 8/ xqghu wkh dvvxpswlrq wkdw wkh vwdwlrqdu|
udqgrp zdon prgho lpsolhv wkh iroorzlqj Q @ 43<� 5� uhvwulfwlrqv=

Kf = �
W
�2nB @ �W�2nBn� @ � � � @ �W�2f3B3� @ �W�2f3B @ 3=

Iru frpsdulvrq sxusrvhv/ h{suhvvlrq +56, lv xvhg wr fdofxodwh fruuhvsrqglqj wkhruhwlfdo fxwr�
ydoxhv1

Zkhwkhu zh dyhudjh ru qrw/ zh vhh iurp Wdeoh 45 wkdw wkh hpslulfdo fxwr� ydoxhv duh lq
eurdg djuhhphqw zlwk wkhlu wkhruhwlfdo frxqwhusduwv1 Krzhyhu/ zlwk dyhudjlqj wkh hpslulfdo
glvwulexwlrq lv vkliwhg rxw voljkwo| uhodwlyh wr wkh wdlov ri wkh wkhruhwlfdo glvwulexwlrq1 Dv lq wkh
fdvh ri wkh "27 vwdwlvwlf/ zh vxevhtxhqwo| uho| rq wkh hpslulfdo glvwulexwlrq ri wkh Erqihuurql
whvw vwdwlvwlf1

�TTi?_� ��� ,4T�h�U@* �L�ih Lu |�i �2r @?_ �L?uihhL?� Ait|t

Zh qrz lqyhvwljdwh wkh srzhu ri wkh "27 dqg Erqihuurql whvwv lq vpdoo vdpsohv1 Wkh sduwlfxodu
dowhuqdwlyh k|srwkhvlv/ K�/ dvvxphg lv wkdw uhwxuqv duh jhqhudwhg e| dq DU+5, surfhvv zlwk
frpsoh{ urrwv +vhh Mdftxlhu dqg Qdqgd +4<<3,,1 Wklv sduvlprqlrxv vshfl�fdwlrq doorzv xv wr
ydu| h{shfwhg uhwxuqv lq d vprrwk f|folfdo idvklrq1 Zh hpskdvl}h/ krzhyhu/ wkdw wkh DU+5,
vshfl�fdwlrq lv fkrvhq rqo| iru looxvwudwlyh sxusrvhv1 Dv qrwhg hduolhu/ zh h{shfw rxu xqlyduldwh
whvwv wr h{klelw srzhu djdlqvw dq| dowhuqdwlyh fkdudfwhul}hg e| vorz yduldwlrq lq h{shfwhg
uhwxuqv1

Zh dvvxph wkdw uhdol}hg uhwxuqv +u|, duh frpsrvhg ri h{shfwhg uhwxuq +�|, dqg lglrv|qfudwlf
+�|, frpsrqhqwv1 Wkh lglrv|qfudwlf frpsrqhqw lv dvvxphg qrupdoo| glvwulexwhg/ zkloh h{shfwhg
uhwxuqv iroorz d vhfrqg rughu surfhvv1 Pruh irupdoo|/

�u| @ ��| . ��| ��| � Q +3> �2D,
+4� ��O,+4� �2O,��| @ ��| ��| � Q +4638;4,+3> �2" ,
�� @ h34h�/> �2 @ h34h3�/

Dffruglqj wr wklv vshfl�fdwlrq/ wkh dxwrfruuhorjudp iru uhdol}hg uhwxuqv h{klelwv gdpshg
rvfloodwlrqv +iru � A 3, zlwk shulrglflw| ri 5�@$1

Rxu vdpsolqj h{shulphqwv dvvxph wkdw wkh shulrglflw| ri pryhphqwv lq h{shfwhg uhwxuqv
fruuhvsrqgv wr d exvlqhvv f|foh shulrglflw| ri 7; prqwkv e| vhwwlqj $ @ 5�@7;1 Dffruglqj wr
]duqrzlw} +4<<5,/ shdfhwlph exvlqhvv f|fohv lq wkh Xqlwhg Vwdwhv kdyh dq dyhudjh gxudwlrq ri
7; prqwkv ryhu wkh shulrg 4<66 wr 4<;51 Zh dovr vhw � @ 3=34 dv zhoo dv � @ 3=36> wkh odujhu wkh
ydoxh ri �/ wkh pruh gdpshg h{shfwhg uhwxuq rvfloodwlrqv1 Ilqdoo|/ zlwkrxw orvv ri jhqhudolw|/
zh dvvxph �2D @ 4 dqg ydu| wkh sursruwlrq/ �/ ri wkh wrwdo yduldqfh ri wkh uhdol}hg uhwxuq vhulhv
dwwulexwdeoh wr wlph ydu|lqj h{shfwhg uhwxuqv ehwzhhq � @ 3=334 dqg � @ =51 Wkh odujhu �>
wkh pruh lpsruwdqw h{shfwhg uhwxuq yduldwlrq lv wr wkh ehkdylru ri uhdol}hg uhwxuqv1

Iru d jlyhq vshfl�fdwlrq ri wkh dowhuqdwlyh k|srwkhvlv/ zh jhqhudwh d uhdol}hg uhwxuq vhulhv
ri ohqjwk 887 prqwkv1 Zh wkhq xvh wkh fruuhvsrqglqj hpslulfdo fxwr� ydoxhv ri wkh "27 dqg
Erqihuurql mrlqw ] whvw vwdwlvwlfv wr ghwhuplqh zkhwkhu wr uhmhfw wkh qxoo k|srwkhvlv/ Kf/ ri d
vwdwlrqdu| udqgrp zdon prgho1 Zh dovr lqyhvwljdwh wkh hpslulfdo srzhu ri Idpd dqg Iuhqfk*v
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orqj0krul}rq uhjuhvvlrq whvw e| xvlqj wkh hpslulfdo fxwr� ydoxhv ri wkh Ulfkdugvrq dqg Vplwk
+4<<4, Zdog whvw ri zkhwkhu wkh hljkw Idpd dqg Iuhqfk uhjuhvvlrq frh�flhqwv duh mrlqwo| htxdo
wr }hur1 Zh jhqhudwh 433/333 uhdol}hg uhwxuq vhulhv dqg fdofxodwh wkh hpslulfdo srzhu ri d
sduwlfxodu whvw dv wkh sursruwlrq ri wlphv lw uhmhfwv Kf dw d jlyhq vljql�fdqfh ohyho1

Wkh uhvxowv duh wdexodwhg lq Wdeoh 46 dvvxplqj d 8( vljql�fdqfh ohyho1 Dv h{shfwhg/ iru
wkh vpdoohvw ydoxh ri �/ hdfk whvw uhmhfwv Kf dssur{lpdwho| 8( ri wkh wlph1 Krzhyhu/ dv �
lqfuhdvhv/ wkdw lv/ dv wkh sursruwlrq ri wkh yduldqfh dwwulexwdeoh wr wlph ydu|lqj h{shfwhg
uhwxuqv lqfuhdvhv/ erwk wkh "27 dqg Erqihuurql mrlqw ] whvwv uhmhfw Kf idu pruh iuhtxhqwo|1 Iru
h{dpsoh/ iru � @ 3=53 dqg � @ 3=36/ wkh shufhqwdjh uhmhfwlrq ohyhov iru wkh "27 dqg Erqihuurql
mrlqw ] whvwv duh <;(/ |hw rqo| 4<( iru wkh orqj0krul}rq uhjuhvvlrq whvw1 Wkh hpslulfdo srzhu
jdlqv ri wkh "27 dqg Erqihuurql mrlqw ] whvwv dsshdu wr eh odujhu iru � @ 3=36 wkdq � @ 3=34/
vxjjhvwlqj wkdw wkh pruh gdpshg h{shfwhg uhwxuq rvfloodwlrqv duh/ wkh juhdwhu wkh ghwhulrudwlrq
lq wkh shuirupdqfh ri wkh orqj0krul}rq uhjuhvvlrq whvw1

�TTi?_� � 6hi^�i?U) �@?_ �Lhhi*@|�L? �?@*)t�t

Iurp Ed{whu dqg Nlqj +4<<7,/ zh dgdsw wkh Exuqv dqg Plwfkhoo +4<79, vshfl�fdwlrq wkdw wkh
exvlqhvv f|foh/ rq dyhudjh/ odvwv qr ohvv wkdq vl{ txduwhuv ru hljkwhhq prqwkv/ dqg w|slfdoo|
odvwv ihzhu wkdq wkluw|0wzr txduwhuv ru hljkw |hduv1

E| vshfli|lqj wkh exvlqhvv f|foh dv �xfwxdwlrqv zlwklq wklv sduwlfxodu udqjh ru edqg ri
shulrglflwlhv qhfhvvlwdwhv wkdw zh holplqdwh yhu| vorz prylqj frpsrqhqwv lq wkh gdwd +kdylqj
shulrglflwlhv juhdwhu wkdq hljkw |hduv, dv zhoo dv udslgo| ydu|lqj vhdvrqdo dqg luuhjxodu frp0
srqhqwv +kdylqj shulrglflwlhv ohvv wkdq hljkwhhq prqwkv,/ zkloh uhwdlqlqj/ ru sdvvlqj wkurxjk/
wkh uhpdlqlqj lqwhuphgldwh frpsrqhqwv1

Wkh uhvxowdqw lghdo edqg0sdvv �owhu uhtxluhv d v|pphwulf wzr0vlghg prylqj0dyhudjh �owhu
ri/ xqiruwxqdwho|/ lq�qlwh rughu1 Zh dssur{lpdwh wklv �owhu e| d �qlwh0rughu wzr0vlghg prylqj
dyhudjh zlwk pd{lpxp odj ohqjwk N/ lpso|lqj wkdw zh orvh 5N revhuydwlrqv +N odjv dqg N
ohdgv,1 Vr zkloh lqfuhdvlqj N lpsuryhv wklv dssur{lpdwlrq/ lw uhvxowv lq pruh orvw revhuyd0
wlrqv1 Zh fkrvh N @ 63 prqwkv iru rxu srvw0Zruog Zdu LL prqwko| wlph vhulhv/ lpso|lqj
wkdw rxu vshfwudo dqdo|vlv fryhuv wkh 4<7<=3: wr 4<<3=39 vdpsoh shulrg12b1 Zh wkhq ghwhuplqh
wkh uhvxowdqw prylqj dyhudjh zhljkwv zklfk plqlpl}h wkh glvwdqfh/ lq d zhljkwhg ohdvw vtxduhv
vhqvh/ ehwzhhq wkh lghdo dqg dfwxdo iuhtxhqf| uhvsrqvhv xvlqj PDWODE*v ILUOV +�qlwh lp0
sxovh uhvsrqvh ohdvw vtxduhv, ixqfwlrq1 Vlploduo|/ zh frqvwuxfw orz0sdvv dqg kljk0sdvv �owhuv
zklfk/ uhvshfwlyho|/ rqo| sdvv wkurxjk pryhphqwv lq wkh gdwd ri pruh wkdq hljkw |hduv dqg ohvv
wkdq hljkwhhq prqwkv1 Wkh iuhtxhqf| uhvsrqvhv ri wkh uhvxowdqw �owhuv duh sorwwhg lq Iljxuh 51
Qrwlfh wkdw wkh uhvsrqvhv ri wkh kljk0sdvv dqg edqg0sdvv �owhuv duh erwk }hur dw }hur iuhtxhqf|
phdqlqj wkdw erwk zloo uhpryh dq| L+4, ru xqlw urrw frpsrqhqw suhvhqw lq wkh gdwd1 Wklv lv
qrw wkh fdvh iru wkh orz0sdvv �owhu1

Wr lqyhvwljdwh wkh urexvwqhvv ri rxu xqlyduldwh frqfoxvlrqv/ zh dsso| wklv edqg0sdvv �owhu
wr JGS jurzwk udwhv dqg uhjuhvv h{fhvv uhwxuqv djdlqvw JGS*v uhvxowdqw f|folfdo frpsrqhqw1

5<Iru ixuwkhu glvfxvvlrq rq wkh fkrlfh ri N/ vhh Ed{whu dqg Nlqj +4<<7,/ hvshfldoo| Vhfwlrq 519/ sdjhv
;0<1
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E| xvlqj JGS udwkhu wkdq lqgxvwuldo surgxfwlrq/ zh hqvxuh wkdw rxu uhvxowv duh qrw sduwlfxodu
wr lqgxvwuldo surgxfwlrq gdwd1 Wkh Erqihuurql whvw rqfh djdlq uhyhdov olwwoh hylghqfh ri vhuldo
fruuhodwlrq lq wkh uhvxowdqw uhvlgxdov=

� @ 6 � @ 7 � @ 8

YZ 051:: 0517: 0516:
HZ 6158_ 518; 5156

zkhuh _ ghqrwhv vljql�fdqfh dw d 43( ohyho1

Zh fdofxodwh iuhtxhqf| edqg fruuhodwlrqv ehwzhhq wzr �owhuhg wlph vhulhv dv iroorzv1 Zh
odj rqh ri wkh vhulhv e| ehwzhhq 045 dqg .45 prqwkv dqg fdofxodwh wkh fruuhodwlrq ehwzhhq
wkh wzr vhulhv dw hdfk ri wkhvh wzhqw|0�yh odjv1 Wkh fruuhodwlrq wkdw zh dfwxdoo| uhsruw dw
d sduwlfxodu iuhtxhqf| lv wkh pd{lpxp ri wkhvh wzhqw|0�yh fruuhodwlrqv vlqfh lw lv xqolnho|
wkdw wkh vwurqjhvw uhodwlrqvkls ehwzhhq wkh wzr �owhuhg vhulhv rffxuv zkhq wkh wzr vhulhv duh
frlqflghqw1 Wklv surfhgxuh grhv qrw lqwurgxfh d eldv zkhq dvvhvvlqj wkh vwdwlvwlfdo vljql�fdqfh
ri rxu uhvxowv ehfdxvh zh wdnh wklv pd{lpl}dwlrq lqwr dffrxqw zkhq fdofxodwlqj wkh uhsruwhg
fruuhodwlrq frh�flhqwv* s0ydoxhv1

Ehfdxvh �owhulqj lqwurgxfhv vhuldo ghshqghqfh lq wkh uhvxowdqw wlph vhulhv/ vwdqgdug phd0
vxuhv ri wkh vwdwlvwlfdo vljql�fdqfh ri dxwrfruuhodwlrqv duh lqdssursuldwh1 Zh wkhuhiruh xvh
Prqwh Fduor phwkrgv wr surshuo| dvvhvv wklv vwdwlvwlfdo vljql�fdqfh1 Lq sduwlfxodu/ zh shuirup
d iuhtxhqf| edqg fruuhodwlrq dqdo|vlv/ h{dfwo| dv deryh/ iru d vhtxhqfh ri l1l1g1 qrupdo udqgrp
qxpehuv zlwk hlwkhu wkh ghidxow vsuhdg ru wkh whup vsuhdg1 Wklv dqdo|vlv lv uhshdwhg 83/333
wlphv1 Wkh s0ydoxhv uhsruwhg duh wkh iudfwlrq ri wkhvh 83/333 fruuhodwlrq frh�flhqwv zklfk duh
kljkhu wkdq wkh fruuhvsrqglqj frh�flhqw rewdlqhg zlwk dfwxdo gdwd1 Wkxv wkh s0ydoxhv uhsuh0
vhqw wkh suredelolw| ri rewdlqlqj fruuhodwlrq frh�flhqwv dw ohdvw dv odujh dv revhuyhg li uhwxuqv
ru lqgxvwuldo surgxfwlrq jurzwk udwhv duh l1l1g1 qrupdo dqg glvwulexwhg lqghshqghqwo| ri wkh
ghidxow dqg whup vsuhdgv1 Krzhyhu/ wklv glvwulexwlrqdo dvvxpswlrq pd| qrw eh dssursuldwh iru
wkh lqgxvwuldo surgxfwlrq vhulhv dqg/ dv d uhvxow/ pd| lqwurgxfh d eldv lq wkh fruuhvsrqglqj
s0ydoxhv1
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Deho/ Dqguhz/ 4<;;/ Vwrfn sulfhv xqghu wlph0ydu|lqj glylghqg ulvn/ Mrxuqdo ri Prqhwdu| Hfr0
qrplfv 55/ 6:8~6<61

Edoyhuv/ Urqdog M1/ Wkrpdv I1 Frvlpdqr/ dqg Eloo PfGrqdog/ 4<<3/ Suhglfwlqj vwrfn uhwxuqv
lq dq h�flhqw pdunhw/ Mrxuqdo ri Ilqdqfh 78/ 443<~445;1

Edq}/ Uroi Z1/ 4<;4/ Wkh uhodwlrqvkls ehwzhhq uhwxuq dqg wkh pdunhw ydoxh ri frpprq vwrfnv/
Mrxuqdo ri Ilqdqfldo dqg Txdqwlwdwlyh Dqdo|vlv 47/ 754~7741

Ed{whu/ Pduldqqh/ 4<<7/ Uhdo h{fkdqjh udwhv dqg uhdo lqwhuhvw udwh gl�huhqwldov= Kdyh zh
plvvhg wkh exvlqhvv f|foh uhodwlrqvklsB/ Mrxuqdo ri Prqhwdu| Hfrqrplfv 66/ 8~6:1

/ dqg Urehuw Nlqj/ 4<<7/ Phdvxulqj exvlqhvv f|fohv= Dssur{lpdwh edqg0sdvv �owhuv
iru hfrqrplf wlph vhulhv/ xqsxeolvkhg pdqxvfulsw/ Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri
Ylujlqld1

Ehyhulgjh/ Vwhskhq/ dqg Fkduohv U1 Qhovrq/ 4<;4/ D qhz dssurdfk wr wkh ghfrpsrvlwlrq ri
hfrqrplf wlphv vhulhv lqwr shupdqhqw dqg wudqvlwru| frpsrqhqwv zlwk sduwlfxodu dwwhqwlrq
wr phdvxuhphqw ri wkh cexvlqhvv f|foh*/ Mrxuqdo ri Prqhwdu| Hfrqrplfv :/ 484~4:71

Er{/ J1H1S1/ dqg G1D1 Slhufh/ 4<:3/ Glvwulexwlrq ri uhvlgxdo dxwrfruuhodwlrqv lq dxwruhjuhvvlyh0
lqwhjudwhg prylqj dyhudjh wlph vhulhv prghov/ Mrxuqdo ri Wkh Dphulfdq Vwdwlvwlfdo Dvvrfl0
dwlrq 48/ 483<~48591

Exuqv/ Duwkxu/ dqg Zhvoh| Plwfkhoo/ 4<79/ Phdvxulqj Exvlqhvv F|fohv +Qdwlrqdo Exuhdx ri
Hfrqrplf Uhvhdufk= Qhz \run,1

Fdpsehoo/ Mrkq \1/ 4<;:/ Vwrfn uhwxuqv dqg wkh whup vwuxfwxuh/ Mrxuqdo ri Ilqdqfldo Hfr0
qrplfv 4;/ 6:6~6<<1

Fkhq/ Qdl0Ix/ 4<<4/ Ilqdqfldo lqyhvwphqw rssruwxqlwlhv dqg wkh pdfurhfrqrp|/ Mrxuqdo ri
Ilqdqfh 79/ 85<~881

Frfkudqh/ Mrkq K1/ 4<<4/ Surgxfwlrq edvhg dvvhw sulflqj dqg wkh olqn ehwzhhq vwrfn uhwxuqv
dqg pdfurhfrqrplf �xfwxdwlrqv/ Mrxuqdo ri Ilqdqfh 79/ 53<~56;1

Gdqlho/ Nhqw G1/ 4<<9/ Wkh srzhu dqg vl}h ri dvvhw sulflqj whvwv/ Zrunlqj sdshu/ Nhoorjj Vfkrro
0 Qruwkzhvwhuq Xqlyhuvlw|1

Gdylgvrq/ Uxvvhoo/ dqg Mdphv J1 PdfNlqqrq/ 4<;:/ Lpsolflw dowhuqdwlyhv dqg wkh orfdo srzhu
ri whvw vwdwlvwlfv/ Hfrqrphwulfd 88/ 4638~465<1

Idpd/ Hxjhqh I1/ 4<:3/ H�flhqw fdslwdo pdunhwv= D uhylhz ri wkhru| dqg hpslulfdo zrun/
Mrxuqdo ri Ilqdqfh 58/ 6;6~74:1

/ 4<;4/ Vwrfn uhwxuqv/ uhdo dfwlylw|/ lq�dwlrq/ dqg prqh|/ Wkh Dphulfdq Hfrqrplf
Uhylhz :4/ 878~8981
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/ 4<<3/ Vwrfn uhwxuqv/ h{shfwhg uhwxuqv/ dqg uhdo dfwlylw|/ Mrxuqdo ri Ilqdqfh 78/ 43;<~
443;1

/ dqg Nhqqhwk U1 Iuhqfk/ 4<;;d/ Glylghqg |lhogv dqg h{shfwhg vwrfn uhwxuqv/ Mrxuqdo
ri Ilqdqfldo Hfrqrplfv 55/ 6~581

/ 4<;;e/ Shupdqhqw dqg whpsrudu| frpsrqhqwv ri vwrfn sulfhv/ Mrxuqdo ri Srolwlfdo
Hfrqrp| <9/ 579~5:61

/ 4<;</ Exvlqhvv frqglwlrqv dqg h{shfwhg uhwxuqv rq vwrfnv dqg erqgv/ Mrxuqdo ri
Ilqdqfldo Hfrqrplfv 58/ 56~7<1

Ihuvrq/ Zd|qh H1/ dqg Fdpsehoo U1 Kduyh|/ 4<<4/ Wkh yduldwlrq ri hfrqrplf ulvn suhplxpv/
Mrxuqdo ri Srolwlfdo Hfrqrp| <</ 6;8~7481

Kdqvhq/ Oduv S1/ 4<;5/ Odujh vdpsoh surshuwlhv ri jhqhudol}hg phwkrg ri prphqwv hvwlpdwruv/
Hfrqrphwulfd 83/ 435<~43871

Kduyh|/ Dqguhz/ 4<;4/ Wlph Vhulhv Prghov +Sklols Doodq= R{irug,1

Kduyh|/ Fdpsehoo/ 4<;<d/ Iruhfdvwv ri hfrqrplf jurzwk iurp wkh erqg dqg vwrfn pdunhwv/
Ilqdqfldo Dqdo|vwv Mrxuqdo 78/ 6;~781

/ 4<;<e/ Wkh zruog sulfh ri fryduldqfh ulvn/ Mrxuqdo Ilqdqfh 79/ 444~48:1

Krgulfn/ Urehuw/ dqg Hgzdug F1 Suhvfrww/ 4<;3/ Srvwzdu X1V1 exvlqhvv f|fohv= Dq hpslulfdo
lqyhvwljdwlrq/ Glvfxvvlrq Sdshu 784/ Fduqhjlh0Phoorq Xqlyhuvlw|1

Mdftxlhu/ Hulf/ dqg Ylnudp Qdqgd/ 4<<3/ F|folfdo frpsrqhqwv lq vwrfn pdunhw uhwxuqv/ Xql0
yhuvlw| ri Fklfdjr Zrunlqj Sdshu1

Ndqgho/ Vkpxho/ dqg Urehuw Vwdpedxjk/ 4<<3/ H{shfwdwlrqv dqg yrodwlolw| ri frqvxpswlrq
dqg dvvhw uhwxuqv/ Uhylhz ri Ilqdqfldo Vwxglhv 6/ 53:~5651

Nhlp/ Grqdog E1/ 4<;6/ Vl}h uhodwhg dqrpdolhv dqg vwrfn uhwxuq vhdvrqdolw|= Ixuwkhu hylghqfh/
Mrxuqdo ri Ilqdqfldo Hfrqrplfv 45/ 46~651

/ dqg Urehuw I1 Vwdpedxjk/ 4<;9/ Suhglfwlqj uhwxuqv lq wkh vwrfn dqg erqg pdunhwv/
Mrxuqdo ri Ilqdqfldo Hfrqrplfv 4:/ 68:~6<31

Nlp/ P|xqj0mlj/ Fkduohv U1 Qhovrq/ dqg Ulfkdug Vwduw}/ 4<;;/ Phdq uhyhuvlrq lq vwrfn sulfhvB
D uhdssudlvdo ri wkh hpslulfdo hylghqfh/ Uhylhz ri Hfrqrplf Vwxglhv 8;/ 884~85;1

Nlqj/ Urehuw J1/ dqg Vhujlr W1 Uhehor/ 4<<6/ Orz iuhtxhqf| �owhulqj dqg exvlqhvv f|fohv/
Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro 4:/ 53:~5641

N|godqg/ Ilqq H1/ dqg Hgzdug F1 Suhvfrww/ 4<<3/ Exvlqhvv f|fohv= Uhdo idfwv dqg d prqhwdu|
p|wk/ Ihghudo Uhvhuyh Edqn ri Plqqhdsrolv Txduwhuo| Uhylhz 47/ 6~4;1

Or/ Dqguhz Z1/ dqg D1 Fudlj PdfNlqod|/ 4<;;/ Vwrfn pdunhw sulfhv gr qrw iroorz udqgrp
zdonv= Hylghqfh iurp d vlpsoh vshfl�fdwlrq whvw/ Uhylhz ri Ilqdqfldo Vwxglhv 4/ 74~791
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Oxfdv/ Mu1/ Urehuw H1/ 4<::/ Xqghuvwdqglqj exvlqhvv f|fohv/ lq Vwdelol}dwlrq ri wkh Grphvwlf
dqg Lqwhuqdwlrqdo Hfrqrp|/ yro1 8 1 ss1 :~5< +Qruwk0Kroodqg= Dpvwhugdp,1

Ploohu/ Uxshuw J1/ 4<99/ Vlpxowdqhrxv Vwdwlvwlfdo Lqihuhqfh +PfJudz0Kloo= Qhz \run,1

Pruulvrq/ Grqdog I1/ 4<:9/ Pxowlyduldwh Vwdwlvwlfdo Phwkrgv +PfJudz0Kloo= Qhz \run,1

Qhovrq/ Fkduohv/ dqg Fkduohv Sorvvhu/ 4<;5/ Wuhqgv dqg udqgrp zdonv lq pdfurhfrqrplf wlph
vhulhv/ Mrxuqdo ri Prqhwdu| Hfrqrplfv 43/ 46<~49:1

Qhovrq/ Fkduohv U1/ dqg K1 Ndqj/ 4<;4/ Vsxulrxv shulrglflw| lq lqdssursuldwho| ghwuhqghg wlph
vhulhv/ Hfrqrphwulfd ss1 :74~:841

Srwhued/ Mdphv P1/ dqg Odzuhqfh K1 Vxpphuv/ 4<;;/ Phdq uhyhuvlrq lq vwrfn uhwxuqv= Hyl0
ghqfh dqg lpsolfdwlrqv/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv 55/ 5:~8<1

Uhlqvfk/ F1/ 4<9:/ Vprrwklqj e| vsolqh ixqfwlrqv/ Qxphulvfkh Pdwkhpdwln 43/ 4::~4;61

Uhvwr|/ Ihuqdqgr/ dqg J1 Plfkdho Urfnlqjhu/ 4<<7/ Rq vwrfn pdunhw uhwxuqv dqg uhwxuqv rq
lqyhvwphqw/ Mrxuqdo ri Ilqdqfh 7</ 876~8891

Ulfkdugvrq/ Pdwwkhz/ 4<<6/ Whpsrudu| frpsrqhqwv ri vwrfn sulfhv= D vnhswlf*v ylhz/ Mrxuqdo
ri Exvlqhvv dqg Hfrqrplfv Vwdwlvwlfv 44/ 4<<~53:1

/ dqg Wrp Vplwk/ 4<<4/ Whvwv ri �qdqfldo prghov lq wkh suhvhqfh ri ryhuodsslqj revhu0
ydwlrqv/ Uhylhz ri Ilqdqfldo Vwxglhv 7/ 55:~5871

Ulfkdugvrq/ Pdwwkhz/ dqg Mdphv K1 Vwrfn/ 4<;</ Gudzlqj lqihuhqfhv iurp vwdwlvwlfv edvhg rq
pxowl|hdu dvvhw uhwxuqv/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv 58/ 656~67;1

Vdujhqw/ Wkrpdv M1/ 4<;:/ Pdfurhfrqrplf Wkhru| +Dfdghplf Suhvv= Qhz \run, vhfrqg hgq1

Vwrfn/ Mdphv K1/ dqg Pdun Zdwvrq/ 4<;;/ Yduldeoh wuhqgv lq hfrqrplf wlph vhulhv/ Mrxuqdo ri
Hfrqrplf Shuvshfwlyhv 6/ 47:~4:71

Vxpphuv/ Odzuhqfh K1/ 4<;9/ Grhv wkh vwrfn pdunhw udwlrqdoo| uh�hfw ixqgdphqwdo ydoxhvB/
Mrxuqdo ri Ilqdqfh 74/ 8<4~9341

Zdwvrq/ Pdun Z1/ 4<;9/ Xqlyduldwh ghwuhqglqj phwkrgv zlwk vwrfkdvwlf wuhqgv/ Mrxuqdo ri
Prqhwdu| Hfrqrplfv 4;/ <~:81

]duqrzlw}/ Ylfwru/ 4<<5/ Exvlqhvv F|fohv= Wkhru|/ Klvwru|/ Lqglfdwruv/ dqg Iruhfdvwlqj +Xql0
yhuvlw| ri Fklfdjr Suhvv= Fklfdjr,1
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Wdeoh 4= "27 dqg Erqihuurql Vwdwlvwlfv 0 Vwdwlrqdu| Udqgrp Zdon Prgho

Wklv wdeoh suhvhqwv wkh uhvxowv ri dsso|lqj wkh xqlyduldwh whvw vwdwlvwlfv wr prqwko| sruwirolr h{fhvv

uhwxuqv1 Wkh sruwirolr uhwxuqv duh wkh orj uhwxuqv ri wkh YZ/ HZ/ dqg wkh Q\VH2FUVS vl}h ghfloh

sruwirolrv 4 dqg 43 +4 lv vpdoohvw,/ qhw ri wkh 40prqwk W0Eloo udwh iurp wkh FUVS ULVNIUHH �oh1

Wkh vwdwlvwlfv iru wkh "5V +Sdqho D, dqg Erqihuurql +Sdqho E, whvwv duh iru dxwrfruuhorjudp vprrwklqj

sdudphwhuv ri � @ 3> 6> 7/ dqg 81 Vljql�fdqfh ohyhov duh lqglfdwhg ehorz1 Wkh vdpsoh shulrg lv 4<7:=34

wr 4<<5=451

Sdqho D= "27 Vwdwlvwlf Sdqho E= Erqihuurql Vwdwlvwlfv

lqgh{ � @ 3 � @ 6 � @ 7 � @ 8 � @ 3 � @ 6 � @ 7 � @ 8

HZ 4851;4W 4<19<_ 4;134_ 44154 51:3 61<5W 713:W 7147W

YZ 4441<6 4:1;; 5619;W 44159 06137 6173W 6159_ 0613<_

G4 65418<W 85147W 5;18;W 531:5W 91<5W 07153W 07174W 07188W

G43 443196 53138_ 5618;W 45184_ 51:9 61<7 W 714:W 7157W

| ghqrwhv vljql�fdqfh dw d 43( ohyho/ dqg � dw d 8( ohyho1

Wdeoh 5= Uhjuhvvlrq ri H{fhvv Sruwirolr Uhwxuqv rq Vwrfkdvwlfdoo| Ghwuhqghg Lq0
gxvwuldo Surgxfwlrq

Wklv wdeoh suhvhqwv vorsh frh�flhqwv zlwk Kdqvhq0Krgulfn fruuhfwhg w0vwdwlvwlfv dqg U5v ri xqlyduldwh

uhjuhvvlrqv ri h{fhvv sruwirolr uhwxuqv rq vwrfkdvwlfdoo| ghwuhqghg lqgxvwuldo surgxfwlrq1 Wkh lqghshq0

ghqw yduldeohv duh orj uhwxuqv ri wkh YZ/ HZ/ dqg wkh Q\VH2FUVS vl}h ghfloh sruwirolrv 4 dqg 43 +4 lv

vpdoohvw, qhw ri wkh 40prqwk W0eloo udwh iurp wkh FUVS ULVNIUHH �oh1 Wkh ghshqghqw yduldeoh lv wkh

wrwdo XV lqgxvwuldo surgxfwlrq vhulhv +vhdvrqdoo| dgmxvwhg, iurp FLWLEDVH +Vhulhv LS, vwrfkdvwlfdoo|

ghwuhqghg xvlqj wkh XF � DULPD phwkrg +Sdqho D, dqg d rqh0vlgh yhuvlrq ri wkh Krgulfn0Suhvfrww

�owhu +Sdqho E,1 Vljql�fdqfh ohyhov duh lqglfdwhg ehorz1 Wkh vdpsoh shulrg lv 4<86=34 wr 4<<5=451

D= XF0DULPD E= Krgulfn0Suhvfrww
� W +�, U5+(, � W +�, U5+(,

YZ 03154 06147� 517 031338< 051;;� 513
HZ 0315; 06149� 517 03133:; 051<5� 513
G4 03163 05174� 417 03133:9 05139� 413
G43 0314< 051<3� 513 0313386 0519:� 41:

| ghqrwhv vljql�fdqfh dw d 43( ohyho/ dqg � dw d 8( ohyho1
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Wdeoh 6= Xqlyduldwh Whvw Vwdwlvwlfv ri Uhvlgxdov iurp Uhjuhvvlrqv ri H{fhvv Sruwirolr
Uhwxuqv rq Vwrfkdvwlfdoo| Ghwuhqghg Lqgxvwuldo Surgxfwlrq

Wklv wdeoh suhvhqwv wkh uhvxowv ri dsso|lqj wkh xqlyduldwh whvw vwdwlvwlfv wr wkh uhvlgxdov rewdlqhg iurp wkh

uhjuhvvlrq ri sruwirolr h{fhvv uhwxuqv rq vwrfkdvwlfdoo| ghwuhqghg lqgxvwuldo surgxfwlrq1 Wkh Erqihuurql

dqg "5V vwdwlvwlfv duh iru dxwrfruuhorjudp vprrwklqj sdudphwhuv ri � @ 3> 6> 7/ dqg 81 Vljql�fdqfh ohyhov

duh lqglfdwhg ehorz1 Sdqho D suhvhqwv wkh uhvxowv iru wkh uhjuhvvlrq ri h{fhvv uhwxuqv rq Krgulfn0Suhvfrww

ghwuhqghg lqgxvwuldo surgxfwlrq/ dqg Sdqho E iru XF0DULPD ghwuhqghg lqgxvwuldo surgxfwlrq1 Wkh

vdpsoh shulrg lv 4<86=34 wr 4<<5=451

Sdqho D= Uhvlgxdov iurp Uhjuhvvlrq rq KS Ghwuhqghg Surgxfwlrq
"2r vwdwlvwlf Erqihuurql vwdwlvwlfv

lqgh{ � @ 3 � @ 6 � @ 7 � @ 8 � @ 3 � @ 6 � @ 7 � @ 8

HZ 473168_ 5715;_ 4:15< 451<7 051<< 51:< 06186 051;7
YZ 44314: 53133 4716< 461:; 05196 6174W 51:6 51;;
G4 53317;W 55138 4817< ;1<: 7197W 06134 051;9 05186
G43 43;1;3 4<153 45178 4419; 05196 6185W 51:6 519;

Sdqho E= Uhvlgxdov iurp Uhjuhvvlrq rq XF0DULPD Ghwuhqghg Surgxfwlrq
"2r vwdwlvwlf Erqihuurql vwdwlvwlfv

lqgh{ � @ 3 � @ 6 � @ 7 � @ 8 � @ 3 � @ 6 � @ 7 � @ 8

HZ 473193_ 5614< 491;3 45143 6135 51;8 06184 051;6
YZ 44317< 4<177 47169 46163 5199 616<W 51:3 51<7
G4 4<<1<<W 531;8 4717; ;15: 7189W 051<7 051;5 05178
G43 43;1:: 4;193 45156 4414< 05194 617:W 519; 51:4

| ghqrwhv vljql�fdqfh dw d 43( ohyho/ dqg � dw d 8( ohyho1
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Wdeoh 7= Xqlyduldwh whvw vwdwlvwlfv ri h{fhvv uhwxuq uhvlgxdov rewdlqhg iurp wkh
Elyduldwh Ndopdq �owhu1

Wklv wdeoh suhvhqwv wkh wkh uhvxowv ri dsso|lqj wkh xqlyduldwh whvw vwdwlvwlfv wr wkh uhwxuq uhvlgxdov +huw ,

rewdlqhg iurp wkh pd{lpxp olnholkrrg hvwlpdwlrq ri wkh v|vwhp ri htxdwlrqv lq h{suhvvlrq +46,1 Wkh

Erqihuurql dqg "5V vwdwlvwlfv duh fdofxodwhg iru dxwrfruuhorjudp vprrwklqj sdudphwhuv ri � @ 3> 6> 7/

dqg 81 Vljql�fdqfh ohyhov duh lqglfdwhg ehorz1 Wkh vdpsoh shulrg lv 4<86=34 wr 4<<5=451

"27 Vwdwlvwlf Erqihuurql Vwdwlvwlfv

lqgh{ � @ 3 � @ 6 � @ 7 � @ 8 � @ 3 � @ 6 � @ 7 � @ 8

HZ 4741;9W 49157 :187 :13< 6176W 51:4 51:5 5174
YZ 4451:5 54145 46153 461<4 051:5 6164_ 518< 51<9
GHF4 497137W 4816< ;15: 917< 061::W 517< 518: 05188
GHF43 447199 58178_ 49134 49158_ 0519: 61<;W 614;_ 6139_

| ghqrwhv vljql�fdqfh dw d 43( ohyho/ dqg � dw d 8( ohyho1
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Wdeoh 8= Orqj0krul}rq Xqlyduldwh Uhjuhvvlrqv ri H{fhvv Sruwirolr Uhwxuqv rq Vwdwh
Yduldeohv

Wklv wdeoh suhvhqwv vorsh frh�flhqwv zlwk Kdqvhq0Krgulfn fruuhfwhg w0vwdwlvwlfv dqg U5v ri xqlyduldwh

uhjuhvvlrqv ri orqj0krul}rq h{fhvv uhwxuqv rq vwdwh yduldeohv1 Uhvxowv iru h{fhvv HZ uhwxuqv duh lq Sdqho

D zkloh uhvxowv iru h{fhvv YZ uhwxuqv duh lq Sdqho E1 Wkh vwdwh yduldeohv xvhg duh wkh ghidxow vsuhdg/

wkh whup vsuhdg/ dqg lqgxvwuldo surgxfwlrq*v whpsrudu| frpsrqhqw hvwlpdwhg xvlqj wkh XF�DULPD

phwkrg1 Vljql�fdqfh ohyhov duh lqglfdwhg ehorz1 Wkh vdpsoh shulrg lv 4<86=34 wr 4<<5=451

Sdqho D 0 H{fhvv HZ Uhwxuqv

Krul}rq Ghidxow Vsuhdg Whup Vsuhdg Hvwlpdwhg F|foh
+prqwkv, Frh� W0vwdw U5+(, Frh� W0vwdw U5+(, Frh� W0vwdw U5+(,

4 615:53 5187� 4166 3193<< 6174� 516: 0315:8; 614:� 5139
6 4415437 6155� 7155 415;;7 51:7� 51;7 031:855 6153� 7146
9 5416::6 6189� :166 41:;36 5155� 518: 0415<53 6147� 81;4
45 6719679 6177� 43174 5187:< 41;4| 51:; 041:8:8 5169� 81:9
57 73169;4 5159� ;14< 051<455 4168 513; 031553< 314; 3138
69 4:17<67 31;3 415< 0713:46 4184 6176 316:<8 3159 3146
7; 614888 3145 3137 061:96; 413< 5173 313593 4189 3133

Sdqho E 0 H{fhvv YZ Uhwxuqv

Krul}rq Ghidxow Vsuhdg Whup Vsuhdg Hvwlpdwhg F|foh
+prqwkv, Frh� W0vwdw U5+(, Frh� W0vwdw U5+(, Frh� W0vwdw U5+(,

4 51:48; 51:6� 4186 318865 61<:� 6156 03153<5 6144� 41<:
6 ;1;4;5 6188� 8136 415486 6197� 816< 0318<4< 6183� 71<6
9 4;14344 7159� <1<6 41<754 6173� 917; 0413963 6189� :176
45 651;:35 8168� 491;< 613775 6144� :15; 041887; 51<8� ;145
57 83156<; 8165� 58135 319847 3179 513; 031<6:< 3135 41;4
69 831:::4 7168� 56167 31<473 318: 31;4 031<54< 3135 61;:
7; 8;1969: 7159� 5;19; 419;:8 31<5 4177 0417<73 417; 61;7

| ghqrwhv vljql�fdqfh dw d 43( ohyho/ dqg � dw d 8( ohyho1
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Wdeoh 9= Xqlyduldwh Uhjuhvvlrqv ri Txduwhuo| Fkdqjhv lq Lqgxvwuldo Surgxfwlrq*v
Hvwlpdwhg Whpsrudu| Frpsrqhqw rq Vwdwh Yduldeohv

Wklv wdeoh suhvhqwv vorsh frh�flhqwv zlwk Kdqvhq0Krgulfn fruuhfwhg w0vwdwlvwlfv dqg U5v ri xqlyduldwh

uhjuhvvlrqv ri wkh irup �fw.odj @ d. e � vwdwh yduldeohw . hw zkhuh �fw.odj lv wkh fkdqjh lq lqgxvwuldo

surgxfwlrq*v whpsrudu| frpsrqhqw iurp txduwhu w . odj � 4 wr w . odj1 Wkh whpsrudu| frpsrqhqw lv

hvwlpdwhg xvlqj wkh XF �DULPD phwkrg1 Wkh vwdwh yduldeohv xvhg duh wkh ghidxow vsuhdg/ wkh whup

vsuhdg/ dqg lqgxvwuldo surgxfwlrq*v whpsrudu| frpsrqhqw lwvhoi1 Vljql�fdqfh ohyhov duh lqglfdwhg ehorz1

Wkh vdpsoh shulrg lv 4<86=34 wr 4<<5=451

Odj Ghidxow Vsuhdg Whup Vsuhdg Hvwlpdwhg F|foh
frh� W0vwdw U5+(, frh� W0vwdw U5+(, frh� W0vwdw U5+(,

049 318483 31;;<7 3187 03133:9 31435; 3134 0313554 31896< 3155
048 31<754 419764 41;5 03135:7 316:69 3143 0313648 31;3<3 3178
047 31::<9 416938 4157 0313554 316358 3139 0313548 31887; 3154
046 31:9;3 416746 4153 03139<3 31<788 3193 0313569 3193<5 3158
045 3187<< 31<8<< 3194 0314685 41;:<6| 5163 03133<: 315855 3137
044 316885 31955: 3159 0314;43 51874;� 7146 031335: 3139<5 3133
043 03158<5 3178:: 3147 031474< 41<;68� 5187 03133<6 31578: 3137
0< 0315:<4 317<9: 3149 0314395 417;36 4175 3133<9 315885 3137
0; 0316554 318:<3 3155 0313976 31;<87 3185 3138;; 418::; 4193
0: 0316::3 319;4< 3163 0313865 31:6<; 3168 313;79 515<64� 6163
09 0317;4< 31;::6 317< 0313976 31;<:4 3185 313<74 518:68� 7143
08 031:;75 417746 4164 0313689 317<:5 3149 3146;4 61;<6:� ;1;9
07 04153<8 51589<� 6147 03133:5 314343 3134 314;46 8166<<� 4816:
06 041775; 51:669� 7185 3134;; 31597; 3137 314;;8 819549� 4919:
05 0417:<4 51;596� 71:; 313493 315583 3136 314;66 817885� 481::
04 0414<<6 515<67� 614; 313386 313:88 3133 3143;3 613778� 817;
3 031:8:; 4177<8 415< 314;<3 51:773� 717: 0314388 51<;4:� 8156
4 0313:<< 314846 3134 3165<6 71<;73� 46177 0314;46 816<79� 4816<
5 416:65 519<83� 716: 315<34 7169;7� 431:5 0314;65 8187<9� 49156
6 41856; 613;;6� 819< 3159<3 714493� <19; 0314;34 818;59� 4917;
7 417;53 51<<99� 8174 3153<9 614676� 81;< 031469< 71394:� <184
8 413;38 5147<6� 51;; 313;;8 415;8< 4138 0313<46 519478� 7153
9 317<;9 31<::8 3194 31366: 317;7; 3148 0313;65 5167<:� 6177
: 318:<7 414738 31;7 0313:<9 414798 31;8 03138:< 4194:5 419:
; 31<65: 41;;6;| 515: 0315365 6139:7� 81:< 031338; 314966 3135
< 3186:4 413:77 31:8 03154:< 615<<8� 919; 313476 31735: 3144
43 313<74 314;9: 3135 0314<55 51;:<7� 8153 3133:4 314<;9 3136
44 0313644 313947 3133 03147<: 515453� 6149 31346; 316;99 3143
45 0317<3: 31<;36 3197 031387: 31;363 3176 313583 31:375 3166
46 0316483 319655 315: 031358; 316;33 3143 3134<9 31887: 3154
47 0314776 315;;; 3139 03137<9 31:5<5 3169 3135;7 31;393 3177
48 0315459 317575 3145 03135:5 316<:: 3144 3134<4 3186:9 3153
49 0316:8: 31:7;4 316; 031343; 3148:5 3135 031347; 31749; 3145

| ghqrwhv vljql�fdqfh dw d 43( ohyho/ dqg � dw d 8( ohyho1
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Wdeoh := Xqlyduldwh Uhjuhvvlrqv ri Txduwhuo| Jurzwk Udwhv lq Lqgxvwuldo Surgxf0
wlrq rq Vwdwh Yduldeohv

Wklv wdeoh suhvhqwv vorsh frh�flhqwv zlwk Kdqvhq0Krgulfn fruuhfwhg w0vwdwlvwlfv dqg U5v ri xqlyduldwh

uhjuhvvlrqv ri wkh irup jurzwk udwhw.odj @ d . e � vwdwh yduldeohw . hw zkhuh jurzwk udwhw.odj lv wkh

jurzwk lq lqgxvwuldo surgxfwlrq iurp txduwhu w . odj � 4 wr w . odj1 Wkh vwdwh yduldeohv xvhg duh

wkh ghidxow vsuhdg/ wkh whup vsuhdg/ dqg lqgxvwuldo surgxfwlrq*v whpsrudu| frpsrqhqw hvwlpdwhg e|

wkh XF � DULPD phwkrg1 Vljql�fdqfh ohyhov duh lqglfdwhg ehorz1 Wkh vdpsoh shulrg lv 4<86=34 wr

4<<5=451

Odj Ghidxow Vsuhdg Whup Vsuhdg Hvwlpdwhg F|foh
frh� W0vwdw U5+(, frh� W0vwdw U5+(, frh� W0vwdw U5+(,

049 31:574 31:97; 3173 031347< 314569 3134 03135;9 31778: 3147
048 414946 41567: 4136 0313683 315<47 3139 03136:8 318;;; 3157
047 31<7;6 4133<9 319< 0313675 315;94 3139 031365; 3184;6 314;
046 414935 4156;3 4135 0314874 415<88 4145 0313649 318336 314:
045 31;799 31<36; 3188 031598; 515997� 6166 0313456 314<85 3136
044 316865 316:;8 3143 031665< 51;:8;� 8156 03134<6 3163;8 3139
043 0315;<8 316458 3139 0315;:: 517:97� 61<3 0313686 3189:; 3154
0< 0314858 31498; 3135 03155<< 41<:45� 517< 3134<6 31645: 3139
0; 0316774 316::4 313< 0314<8< 419:6;| 41;3 313<:9 418<;8 4197
0: 0316;35 3174;6 3144 0315667 41<<<3� 5186 3146<3 515<66� 6163
09 031;<99 31<855 3196 031583< 5148<4� 51<5 314<:; 616747� 91:5
08 041:5;: 41<7;;| 516; 0315384 41:95:| 41<8 316545 81;4:5� 4:1;6
07 0517<4< 51;968� 71<9 0314<37 41973< 419< 31737: :1<447� 5;183
06 0614838 61:3;<� ;134 0314686 414987 31;8 3177:9 <15448� 671<7
05 0615474 61;558� ;175 0314;6< 418<8< 418; 3177<3 <1635;� 68158
04 051<7:8 61845:� :149 0313;;6 31:96< 3169 315688 714797� <1:3
3 0515954 519;47� 715: 3159<7 516:68� 616; 03139:: 414746 31;3
4 0318<6< 319;<7 3163 31776; 713478� <148 031476; 517876� 6196
5 41589; 417975 4166 316;<6 61795;� :134 0314:45 51<6;<� 8148
6 4159:7 4183<: 4175 3177<8 714676� <1:9 0314:;: 614688� 81;9
7 41644; 4188<8 4186 3165:; 51<638� 814< 0314487 41<:;3� 5176
8 31:3<6 31;695 3178 3153:6 41;49:| 513: 0313<8: 41955; 4199
9 314486 314685 3134 314374 31;<<8 3185 0313<99 4195;5 419:
: 31<8:: 414834 31;8 0313<<9 31;:75 317< 031386< 31<45: 3187
; 415488 417:6; 4173 0315:6< 5179:7� 61;6 313494 315:7: 3138
< 31865< 31973; 315: 0315<6; 5197<8� 7174 313655 318798 3153
43 3133;: 313436 3133 0315;63 5186<6� 7143 3134;6 3163<5 3139
44 0315:<3 316666 313: 031538; 41;5:<| 514; 313779 31:887 316;
45 031<44; 414399 31;5 0314358 31<46; 3189 313837 31;973 3183
46 0318395 319497 3159 031439: 31<899 3194 3137<7 31;854 317<
47 0317536 318433 314; 0314647 414:6< 31<6 313993 41469: 31;:
48 0319<44 31;6;6 317; 0314336 31;<63 3187 3136:7 31973: 315;
49 031;569 31<<9; 319; 0313<33 31:<;5 3177 0313478 3157:4 3137

| ghqrwhv vljql�fdqfh dw d 43( ohyho/ dqg � dw d 8( ohyho1
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Wdeoh ;= Xqlyduldwh Uhjuhvvlrqv ri Txduwhuo| Jurzwk Udwhv lq JGS rq Vwdwh Ydul0
deohv

Wklv wdeoh suhvhqwv vorsh frh�flhqwv zlwk Kdqvhq0Krgulfn fruuhfwhg w0vwdwlvwlfv dqg U5v ri xqlyduldwh

uhjuhvvlrqv ri wkh irup jurzwk udwhw.odj @ d . e � vwdwh yduldeohw . hw zkhuh jurzwk udwhw.odj lv wkh

jurzwk udwh lq JGS iurp txduwhu w. odj�4 wr w. odj1 Wkh vwdwh yduldeohv xvhg duh wkh ghidxow vsuhdg/

wkh whup vsuhdg/ dqg lqgxvwuldo surgxfwlrq*v whpsrudu| frpsrqhqw hvwlpdwhg e| wkh XF � DULPD

phwkrg1 Vljql�fdqfh ohyhov duh lqglfdwhg ehorz1 Wkh vdpsoh shulrg lv 4<86=34 wr 4<<5=451

Odj Ghidxow Vsuhdg Whup Vsuhdg Hvwlpdwhg F|foh
frh� W0vwdw U5+(, frh� W0vwdw U5+(, frh� W0vwdw U5+(,

049 315577 3186;5 3153 031367; 31989< 3163 03133:< 315:<: 3138
048 31654; 31::87 3174 031373: 31::5< 3174 03134:6 3194:4 3159
047 3163:5 31:757 316: 0313676 319867 315< 03133<: 3167;: 313;
046 314845 31698: 313< 0313;6< 419443 41:5 031333: 313597 3133
045 3144:6 315;78 3138 0314833 51<784� 8183 3133;3 315;<; 3139
044 0313469 313665 3133 0314;;7 61::8:� ;19; 313399 3156;< 3137
043 03168;7 31;;55 3184 03144<3 516584� 6179 3133<9 316839 313;
0< 0317;:7 41539; 31<8 0313;93 419985| 41:< 3136:3 416985 4154
0; 0316:<6 31<734 318: 03143<4 514476� 51;7 313:;4 51<75:� 8169
0: 03177<7 414493 31;3 03145:: 517:97� 61;6 313<<5 61:;78� ;184
09 031;557 513:76� 51:3 03147:4 51;:<8� 813; 314579 71<488� 4617<
08 04144:4 51;9<5� 8134 03138;; 4145<; 31;4 314974 91<546� 5617<
07 0416833 6185::� :167 0313;93 41996:| 41:6 314<5: ;1:3<9� 6518;
06 0418394 7133;9� <156 0313956 415377 31<4 314<96 ;1<<<9� 661;<
05 0418659 7144:9� <196 03137:7 31<4:9 3186 314:4< :17::5� 59135
04 041785< 61<4<5� ;1:9 313374 313;37 3133 313;<8 617;:8� :139
3 031<744 517<96� 61:6 31498: 6165;4� 9177 031353; 31:;87 316;
4 031577< 319694 3158 315786 814363� 47133 031385< 5133;6� 5179
5 317<6 415:<8 4135 315557 71854:� 4416< 031387; 513:57� 5196
6 316878 31<54: 3186 315385 7146;5� <1:; 0313856 41<:93� 5174
7 3179;< 41554; 31<7 3149;9 6166<;� 9196 03136:; 417496 4159
8 315;;4 31:794 3169 313;73 419486 4198 03135<5 413;5< 31:8
9 315637 318<:6 3156 31386< 4135<3 319; 031365; 415455 31<7
: 31596< 319;;: 3164 0313749 31:<89 3174 03135<: 413<:4 31:;
; 3176<4 4147<9 31;9 0313;58 418<46 4196 0313475 318583 314;
< 31539; 3186;< 314< 03144<7 51655<� 6176 0313468 317<:8 3149
43 03133:: 313534 3133 0313;55 418;39 4196 0313555 31;489 3177
44 0313964 314964 3135 031385< 4133<6 319: 0313487 318956 3154
45 0314785 316:<7 3143 0313943 414:94 31<5 313349 313935 3133
46 031477: 316:99 3143 0313996 415:78 413< 313484 318884 3154
47 0314938 317499 3145 0313:<7 418575 4189 313596 31<9:5 3196
48 0314;9< 317;68 3149 0313<8< 41;73<| 515: 31355: 31;633 317:
49 031579 3196:4 315; 0313;6< 4193:5 41:8 0313335 3133;6 3133

| ghqrwhv vljql�fdqfh dw d 43( ohyho/ dqg � dw d 8( ohyho1
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Wdeoh <= Orqj0Krul}rq Xqlyduldwh Uhjuhvvlrqv ri H{fhvv Uhwxuqv Frqwuroohg iru
Lqgxvwuldo Surgxfwlrq*v Hvwlpdwhg Whpsrudu| Frpsrqhqw rq Vwdwh Yduldeohv

Wklv wdeoh suhvhqwv vorsh frh�flhqwv zlwk Kdqvhq0Krgulfn fruuhfwhg w0vwdwlvwlfv dqg U5v ri xqlyduldwh

orqj0krul}rq uhjuhvvlrqv ri uhvlgxdov rewdlqhg iurp uhjuhvvlqj h{fhvv YZ uhwxuqv rq wkh XF�DULPD

hvwlpdwhg whpsrudu| frpsrqhqw ri lqgxvwuldo surgxfwlrq rq vwdwh yduldeohv1 Wkh vwdwh yduldeohv xvhg

duh wkh ghidxow vsuhdg/ wkh whup vsuhdg/ dqg lqgxvwuldo surgxfwlrq*v hvwlpdwhg whpsrudu| frpsrqhqw1

Vljql�fdqfh ohyhov duh lqglfdwhg ehorz1 Wkh vdpsoh shulrg lv 4<86=34 wr 4<<5=451

Krul}rq Ghidxow Vsuhdg Whup Vsuhdg Hvwlpdwhg F|foh
+prqwkv, Frh� W0vwdw U5+(, Frh� W0vwdw U5+(, Frh� W0vwdw U5+(,

4 4175 4174 3174 3173;4 51<6� 41:8 3133:3 3143 3133
6 71;4 41;8| 4179 31;3;9 5167� 5143 3136;4 3154 3135
9 <1:< 5133� 51;8 415<6; 5139� 5183 314355 3163 313:
45 4:193 41;:| 717< 518373 5145� 7179 3164;7 3183 3165
57 651<< 41;;| :16< 41:57; 31;: 31<; 415;65 414: 5165
69 6;1:< 4193 91:6 5166;6 31<5 4153 415434 31;8 4169
7; 7<175 4198| ;177 513934 319< 31:4 31;734 317< 3184

| ghqrwhv vljql�fdqfh dw d 43( ohyho/ dqg � dw d 8( ohyho1
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Wdeoh 43= Pxowlyduldwh Uhjuhvvlrqv ri Txduwhuo| Fkdqjhv lq Hvwlpdwhg Surgxfwlrq
Yrodwlolw| Djdlqvw wkh Whup dqg Ghidxow Vsuhdgv

Wklv wdeoh suhvhqwv vorsh frh�flhqwv zlwk Kdqvhq0Krgulfn fruuhfwhg w0vwdwlvwlfv dqg U5*v ri pxowlyduldwh

uhjuhvvlrqv ri wkh irup a�LS>w.odj @ d . e � WHUPw . f � GHI . hw zkhuh a�LS>w.odj lv wkh fkdqjh lq wkh

hvwlpdwhg surgxfwlrq yrodwlolw| iurp txduwhu w . odj � 4 wr w . odj1 Vljql�fdqfh ohyhov duh lqglfdwhg

ehorz1 Wkh vdpsoh shulrg lv 4<86=34 wr 4<<5=451

Odj Ghidxow Vsuhdg Whup Vsuhdg
frh� W0vwdw frh� W0vwdw U5+(,

049 031495 03156 03145< 04175 41;
048 0318:< 031;6 031369 03173 31;
047 031;<5 0415; 31377 3183 417
046 031767 03194 31396 31:3 319
045 31533 315< 31378 3183 316
044 3179: 319< 31436 414: 419
043 3149< 3159 3145 4175 41:
0< 316;: 318: 313;: 31<: 414
0; 31<3< 4167 313<8 4139 518
0: 4155; 41;8| 31489 41:;| 817
09 414<; 41;3| 31468 4186 719
08 41734 5157� 3136< 317: 713
07 41;3: 615<� 3133: 3143 :1:
06 41848 51<4� 031385 031:8 914
05 41837 6139� 313;5 4157 ;13
04 518<8 7159� 31389 319; 4518
3 61687 9148� 03145; 041:5 5517
4 51989 7194� 03146 04198| 4718
5 51435 617;� 0314<7 05168� 4413
6 41;65 6149� 0314<4 05174� 4313
7 5156< 61;3� 031537 05187� 451<
8 51637 61<3� 03155: 051;4� 4715
9 4184; 517:� 0314;; 05154� :16
: 4144; 41;6| 031475 04199| 716
; 3199< 4144 0313:; 031<5 418
< 41535 41<9� 03135< 03166 613
43 31954 31<< 31348 314: 31;
44 31984 4135 313;: 31<8 419
45 41375 4199 31375 3179 517
46 31<78 4185 31366 316: 513
47 317:8 31:9 313:; 31;: 414
48 31859 31;7 31396 319< 413
49 31;89 416< 313<9 4139 518

| ghqrwhv vljql�fdqfh dw d 43( ohyho/ dqg � dw d 8( ohyho1
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Wdeoh 44= Iuhtxhqf| Edqg Fruuhodwlrqv

Wklv wdeoh suhvhqwv iuhtxhqf| edqg fruuhodwlrqv ri wkh ghidxow dqg whup vsuhdgv zlwk h{fhvv YZ dqg

HZ uhwxuqv/ dv zhoo dv wkh jurzwk lq lqgxvwuldo surgxfwlrq dqg wkh hvwlpdwhg yrodwlolw| ri lqgxvwuldo

surgxfwlrq1 Wkh wuhqg frpsrqhqw lv jlyhq e| �xfwxdwlrqv zklfk h{fhhg 65 txduwhuv lq ohqjwk/ wkh

exvlqhvv f|foh frpsrqhqw lv jlyhq e| �xfwxdwlrqv ehwzhhq 9 dqg 65 txduwhuv lq ohqjwk/ zkloh wkh

kljk0iuhtxhqf| frpsrqhqw lv jlyhq e| �xfwxdwlrq ohvv wkdq 9 txduwhuv lq ohqjwk1 Wklv �owhulqj lv

dffrpsolvkhg xvlqj dq dssur{lpdwh edqg0sdvv �owhu dv ghwdlohg lq Dsshqgl{ F1 Wkh vdpsoh shulrg lv

4<7<=3: wr 4<<3=391 Wr fdofxodwh iuhtxhqf| edqg fruuhodwlrqv ehwzhhq dq| wzr �owhuhg vhulhv zh odj rqh

ri wkh vhulhv e| ehwzhhq 045 dqg .45 prqwkv dqg fdofxodwh wkh fruuhodwlrq ehwzhhq wkh wzr vhulhv dw

hdfk ri wkhvh wzhqw|0�yh odjv1 Wkh uhsruwhg fruuhodwlrq frh�flhqw lv wkh pd{lpxp ri wkhvh wzhqw|0�yh

fruuhodwlrqv1

Wuhqg Exv1 F|foh Kljk Iuht1

Vhulhv GHI WHUP GHI WHUP GHI WHUP

YZ 31;<4:W 0313;65 319744WW 319:48WW 314499 314893_

HZ 317:;: 0316455 31:45;WW 319::7WW 3146<5_ 314::8W

LS Jurzwk 31336< 03164;3 319484WW 31:375WW 314644_ 314388
LS Yrodwlolw| 31:4;:_ 0314:;5 3195:9WW 316<<3_ 314<<6WW 3145:3

| ghqrwhv vljql�fdqfh dw d 43( ohyho/ � dw d 4( ohyho/ dqg �� dw d 314( ohyho1
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Wdeoh 45= Wkhruhwlfdo dqg Prqwh Fduor Ghwhuplqhg Vljql�fdqfh Ohyhov ri "27 dqg
Erqihuurql Vwdwlvwlfv

Wklv wdeoh suhvhqwv wkh wkhruhwlfdoo| dqg Prqwh0Fduor fdofxodwhg fxwr� ohyhov ri wkh "5V +Sdqho D, dqg

Erqihuurql +Sdqho E, whvw vwdwlvwlfv iru dxwrfruuhorjudp vprrwklqj sdudphwhuv ri � @ 3/ 6/ 7/ dqg 8

dqg d krul}rq ri � @ 453 prqwkv1 Wkh hpslulfdo fxwr�v duh fdofxodwhg xvlqj 433/333 vlpxodwhg uhwxuqv

vhulhv zlwk 877 uhwxuqv lq hdfk1 Wkh vlpxodwhg vhulhv zhuh ghphdqhg dqg wkh xqlyduldwh vwdwlvwlfv +edvhg

rq eldv0dgmxvwhg vdpsoh dxwrfruuhodwlrqv, zhuh fdofxodwhg dqg frpslohg1

Sdqho D= "27 Vwdwlvwlf

� @ 3 � @ 6 � @ 7 � @ 8
t�}?��U@?Ui g1i1@43< g1i1@48 g1i1@45 g1i1@<

*i�i* |�iLhi|�U@* i4T�h�U@* |�iLhi|�U@* i4T�h�U@* |�iLhi|�U@* i4T�h�U@* |�iLhi|�U@* i4T�h�U@*

43( 45;17 4551; 5516 4<16 4;18 4818 471: 441;
8( 46717 46415 5813 5615 5413 4<15 491< 4814
5( 47416 46<15 5;18 5:15 5716 551< 4<1< 4;17
4( 47917 47<13 6319 6519 5915 5;13 541: 551;
318( 48413 48915 651; 6919 5;16 641; 5619 5916
315( 48;14 49618 681: 7318 6413 681< 5913 6315
314( 49317 4:515 6:1: 781; 651< 7417 5:1< 6813

Sdqho E= Erqihuurql Vwdwlvwlf

t�}?��U@?Ui � @ 3 � @ 6 � @ 7 � @ 8
*i�i* |�iLhi|�U@* i4T�h�U@* |�iLhi|�U@* i4T�h�U@* |�iLhi|�U@* i4T�h�U@* |�iLhi|�U@* i4T�h�U@*

43( 6164 615; 6163 6147 615< 613; 615; 6136
8( 6183 617; 617< 616; 617; 6168 617: 6164
5( 61:7 61:5 61:6 619< 61:5 6199 61:4 6197
4( 61<4 61<3 61<3 61<3 61;< 61;; 61;< 61;:
318( 713: 713: 7139 7146 7139 7145 7138 713;
315( 715; 715< 715: 7169 7159 716< 7159 716:
314( 7177 7178 7175 7185 7175 7193 7174 7194
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Wdeoh 46= Prqwh Fduor fdofxodwhg Srzhu ydoxhv iru "27/ Erqihuurql dqg Orqj0Krul}rq
Uhjuhvvlrq Whvwv

Wklv wdeoh suhvhqwv wkh Prqwh0Fduor srzhu +gh�qhg dv 4 plqxv wkh W|sh L huuru udwh, iru wkh "5V /

Erqihuurql dqg Orqj0Krul}rq whvwv djdlqvw d vshfl�f DU+5, dowhuqdwlyh +ghvfulehg lq wkh wh{w, iru

uhyhuvlrq sdudphwhuv ri � @ 3=34 dqg � @ 3=361 Wkh Erqihuurql whvw vwdwlvwlf lv wkh pd{lpxp devroxwh

ydoxh ri wkh dyhudjhg0dxwrfruuhorjudp ehwzhhq odjv ri }hur dqg 453 prqwkv zkloh wkh "5V lv wkh ydoxh

ri d "5 whvw ri zkhwkhu wkh dyhudjhg dxwrfruuhorjudp lv hyhu|zkhuh }hur +ghvfulehg lq pruh ghwdlo lq

wkh wh{w,1 Erwk whvwv xvh � @ 71 Wkh orqj0krul}rq uhjuhvvlrq whvw lv wkh Zdog whvw ri zkhwkhu wkh

hljkw Idpd0Iuhqfk uhjuhvvlrq frh�flhqwv duh mrlqwo| htxdo wr }hur1 Wkh vljql�fdqfh ohyho iru hdfk whvw

lv hpsulflfdoo| ghwhuplqhg wr eh wkdw zklfk |lhogv d w|sh LL huuru udwh ri 8(1

Prqwh0Fduor Ghwhuplqhg Srzhu Ydoxhv iru � @ 3=34

�
Whvw W|sh 31334 31335 31338 3134 3135 3138 314 315

"27 313859 313937 3139<4 314445 315536 3188:6 31;76: 31<;39
Erqihuurql 31386< 3138<: 313:49 314449 31545; 318738 31;656 31<:9;
Orqj0Krul}rq 3137<: 31383; 313863 313939 313;78 314:66 31646: 3183;8

Prqwh0Fduor Ghwhuplqhg Srzhu Ydoxhv iru � @ 3=36

�
Whvw W|sh 31334 31335 31338 3134 3135 3138 314 315

"27 31385< 313934 3139:4 313<;3 3149<< 3178;5 31;44: 31<;77
Erqihuurql 31386: 3138;< 3139<9 313<;6 314986 31766; 31:;3: 31<:73
Orqj0Krul}rq 313833 3137<5 31384; 313879 31396; 313;5< 3145;: 314;:<

7:



Iljxuh 4= Vwrfkdvwlfdoo| Ghwuhqghg Surgxfwlrq dqg QEHU Wxuqlqj Srlqwv/
4<8504<<6

UC−ARIMA          
HP Filtered       
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Iljxuh 5= Iuhtxhqf| Uhvsrqvhv ri Wuhqg/ Exvlqhvv F|foh dqg kljk0sdvv �owhuv
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