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Devwudfw

Wklv sdshu frqwdlqv dq hpslulfdo lqyhvwljdwlrq ri wkh h�hfwv ri �vfdo srolf| rq wkh

|lhog fxuyh edvhg rq d frqyhqwlrqdo vwrfkdvwlf pdfur prgho ghvljqhg iru d vpdoo rshq

hfrqrp|1 Wkh hpslulfdo lqyhvwljdwlrq xqghuwdnhq xwlol}hv gdwd iru Vzhghq/ d frxqwu|

zklfk kdv h{shulhqfhg yhu| odujh  xfwxdwlrqv lq wkh jryhuqphqw exgjhw gh�flwv dqg

lq wkh vkruw0 dqg orqj0whup qrplqdo lqwhuhvw udwhv/ wkxv surylglqj d ehwwhu hpslulfdo

whvw wkdq suhylrxv vwxglhv1 Dffruglqj wr wkh hpslulfdo uhvxowv/ odujhu exgjhw gh�flwv

vshoo kljkhu lqwhuhvw udwhv/ dv srvlwhg e| frqyhqwlrqdo pdfurhfrqrplf wkhru|1

Nh|zrugv= Whup vwuxfwxuh ri lqwhuhvw udwhv> Ulfdugldq htxlydohqfh> exgjhw gh�flwv>

vpdoo rshq hfrqrp|> vwdwlrqdu| dqg qrq0vwdwlrqdu| wlph vhulhv1

MHO Fodvvl�fdwlrq Qxpehuv= H45> H95> I741

�Ghsduwphqw ri Hfrqrplfv/ Vwrfnkrop Vfkrro ri Hfrqrplfv1 Dgguhvv= Er{ 9834/ VH0446 ;6 Vwrfn0

krop/ Vzhghq1 H0pdlo= QHMOCkkv1vh1 L zrxog olnh wr wkdqn Wruemùuq Ehfnhu/ Khdwkhu Ehujgdko/ Plfkdho

Ehujpdq/ Sdxo Vùghuolqg dqg Dqghuv Yuhglq iru khosixo frpphqwv dqg glvfxvvlrqv> Dqqlnd Doh{lxv/ Shwhu

Hulnvvrq dqg Oduv Vwudqg dw Vyhuljhv Ulnvedqn +Edqn ri Vzhghq, iru gdwd1 L kdyh dovr ehqh�wwhg iurp

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

Dvvrfldwlrq Phhwlqj 4<<: lq Wrxorxvh dqg Vyhuljhv Ulnvedqn1 Ilqdqfldo vxssruw iurp Wkh Wruh Eurzdogk

Irxqgdwlrq iru Vflhqwl�f Uhvhdufk dqg Whdfklqj dqg Wkh Mdq Zdoodqghu dqg Wrp Khgholxv Irxqgdwlrq

lv judwhixoo| dfnqrzohgjhg1



4 Lqwurgxfwlrq

Lq wklv sdshu/ L dgguhvv wkh txhvwlrq zkhwkhu odujhu exgjhw gh�flwv surgxfh kljkhu lqwhuhvw

udwhv1 Wkhruhwlfdoo|/ lw lv zhoo nqrzq wkdw wkh h�hfwv ri fkdqjhv lq �vfdo srolf| rq wkh

whup vwuxfwxuh ri lqwhuhvw udwhv duh dpeljxrxv1 Wkh Ulfdugldq htxlydohqfh wkhruhp vwdwhv

wkdw/ iru d jlyhq sdwk ri jryhuqphqw frqvxpswlrq h{shqglwxuhv/ lqglylgxdov ylhz exgjhw

gh�flwv dv srvwsrqhg wd{0oldelolwlhv1 Wkhuhiruh exgjhw gh�flwv gr qrw dowhu zhdowk/ ghvluhg

frqvxpswlrq sdwkv ru lqwhuhvw udwhv1 Dffruglqj wr wkh pruh frqyhqwlrqdo ylhz lq pdfur0

hfrqrplfv/ rq wkh rwkhu kdqg/ lqglylgxdov gr qrw ixoo| lqwhuqdol}h wkh ixwxuh wd{0oldelolwlhv/

zklfk lpsolhv wkdw fkdqjhv lq jryhuqphqw ghew dgg wr sulydwh zhdowk/ lq xhqflqj ghvluhg

frqvxpswlrq sdwkv dqg wkxv lqwhuhvw udwhv14 Krzhyhu/ wkh hpslulfdo vwxglhv xqghuwdnhq

xs wr gdwh/ prvwo| xwlol}lqj gdwd iru wkh Xqlwhg Vwdwhv/ kdyh qrw ehhq deoh wr vxsso|

hlwkhu ylhz zlwk frqylqflqj hylghqfh1 Vlqfh wkh uhvroxwlrq ri wklv lvvxh lv lpsruwdqw iru

wkh ghvljq ri pdfurhfrqrplf srolf|/ wkhuh lv d qhhg iru pruh uhvhdufk lq wkh �hog1

Lq wklv sdshu/ L xwlol}h gdwd iru Vzhghq wr surylgh d jrrg hpslulfdo dqvzhu wr wkh

txhvwlrq srvhg deryh1 Wkh uhdvrq zk| Vzhghq lv dq lqwhuhvwlqj fdvh/ lv wkdw wkh frxqwu|

kdv h{shulhqfhg yhu| odujh  xfwxdwlrqv lq wkh jryhuqphqw exgjhw gh�flwv dqg vkruw0 dqg

orqj whup qrplqdo lqwhuhvw udwhv vlqfh wkh ehjlqqlqj ri wkh 4<;3v1 Frqvhtxhqwo|/ wklv

sdshu surylghv d kljk srzhuhg hpslulfdo whvw frpsduhg wr suhylrxv vwxglhv lq wkh �hog1

Wkh hpslulfdo dssurdfk lq wklv lqyhvwljdwlrq lv forvh wr wkdw ri Hydqv +4<;8/ 4<;:d/

4<;:e/ 4<;;,1 Iluvw/ L pdnh d vxuyh| ri wkh uhvxowv lq wkh suhylrxv olwhudwxuh dqg wu|

wr gudz vrph lpsruwdqw ohvvrqv iru wkh lqyhvwljdwlrq lq wklv sdshu1 Vhfrqg/ L vhw xs

d frqyhqwlrqdo vwrfkdvwlf pdfur prgho/ lq zklfk wkh whup vwuxfwxuh ri qrplqdo lqwhuhvw

udwhv lv ghwhuplqhg lq whupv ri gl�huhqw srolf| yduldeohv/ dqg xvh wklv prgho wr vwxg|

wkh h�hfwv ri �vfdo srolf|1 Vlqfh Vzhghq lv ehvw fkdudfwhul}hg dv d vpdoo rshq hfrqrp|/

4
Zkhq wkh whup �frqyhqwlrqdo� lv xvhg/ uhihuhqfh lv pdgh wr Nh|qhvldq ru rwkhu qrq0Ulfdugldq prghov

zlwk udwlrqdo h{shfwdwlrqv1
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d frqyhqwlrqdo vwrfkdvwlf pdfur prgho iru d vpdoo rshq hfrqrp| lv frqvwuxfwhg1 Wkh

uhdvrq iru vshqglqj wlph rq wklv lv wkdw wkhuh kdv ehhq olwwoh dwwhqwlrq sdlg wr wkh h�hfwv

ri �vfdo srolf| rq wkh whup vwuxfwxuh lq d vpdoo rshq hfrqrp|15 Lq dgglwlrq wr surylglqj

d iudphzrun iru wkh hpslulfdo uhvhdufk lq wklv sdshu/ wklv dssurdfk pd| dovr r�hu vhyhudo

lpsruwdqw lqvljkwv derxw wklv lvvxh1 Iru h{dpsoh/ lv lw dxwrpdwlfdoo| wkh fdvh wkdw odujhu

exgjhw gh�flwv surgxfh kljkhu lqwhuhvw udwhv hyhq lq d frqyhqwlrqdo prgho ghvljqhg iru

d vpdoo rshq hfrqrp|B Ilqdoo|/ L hvwlpdwh wkh lpsolhg qrplqdo lqwhuhvw udwh uhjuhvvlrq

htxdwlrqv rq Vzhglvk gdwd/ wdnlqj wkh ohvvrqv iurp wkh vxuyh| dqg wkh frqyhqwlrqdo prgho

lqwr dffrxqw1

Wkh hpslulfdo uhvxowv vxjjhvw wkdw odujhu exgjhw gh�flwv vshoo kljkhu qrplqdo lqwhuhvw

udwhv1 Dffruglqj wr wkh hpslulfdo hylghqfh/ dq lqfuhdvh lq wkh exgjhw gh�flw dv shufhqw

ri JGS zlwk rqh shufhqwdjh xqlw ohdgv wr lqfuhdvhv lq wkh grphvwlf vkruw0 dqg orqj whup

lqwhuhvw udwhv zlwk dssur{lpdwho| f�2f shufhqwdjh srlqwv diwhu wzr |hduv wlph1

Wkh vwuxfwxuh ri wkh sdshu lv dv iroorzv1 Wkh qh{w vhfwlrq lv d vxuyh| ri gl�huhqw

dssurdfkhv xvhg dqg hpslulfdo uhvxowv rewdlqhg lq wkh hduolhu olwhudwxuh1 Lq vhfwlrq 6/ wkh

prgho lv ghyhorshg dqg vroyhg iru wkh qrplqdo lqwhuhvw udwhv1 Wkh txduwhuo| dqg prqwko|

gdwd vhw duh glvfxvvhg lq vhfwlrq 71 Lq vhfwlrq 8/ vrph hpslulfdo lvvxhv duh glvfxvvhg dqg

wkh hpslulfdo uhvxowv iru Vzhghq suhvhqwhg1 Vrph whqwdwlyh frqfoxvlrqv duh wkhq �qdoo|

gudzq lq vhfwlrq 91

5 Lq d forvhg hfrqrp| vhwwlqj/ Wxuqryvn| +4<;<,/ ghyhorsv dqg xvhv d vwrfkdvwlf pdfur prgho wr vwxg|
wkh h�hfwv ri fkdqjhv lq pdfurhfrqrplf srolf| rq wkh whup vwuxfwxuh ri uhdo dqg qrplqdo lqwhuhvw udwhv1
D forvho| uhodwhg sdshu lv PfFd�huw| +4<;9,1 Julqrov dqg Wxuqryvn| +4<<7, xvh vwrfkdvwlf fdofxoxv wr
vwxg| wkh lqwhudfwlrq ehwzhhq h{fkdqjh udwhv dqg lqwhuhvw udwhv lq d vpdoo rshq hfrqrp|/ exw zlwkrxw d
whup vwuxfwxuh ri lqwhuhvw udwhv h{solflwo| lqfrusrudwhg1 Ilqdoo|/ wkh vhplqdo sdshu e| Fr{/ Lqjhuvroo dqg
Urvv +4<;8,/ frqwdlqv wkh prvw jhqhudo vwrfkdvwlf xwlolw| pd{lpl}lqj dssurdfk wr wkh whup vwuxfwxuh ri
lqwhuhvw udwhv/ exw wkh| gr qrw h{solflwo| frqvlghu fkdqjhv lq pdfurhfrqrplf srolf|1
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5 Suhylrxv uhodwhg vwxglhv

Suhylrxv uhvxowv lq wkh olwhudwxuh kdyh ehhq rewdlqhg zlwklq wkuhh w|shv ri dssurdfkhv1

Wkh �uvw lv qdphg frqyhqwlrqdo/ vlqfh lw hqfrpsdvvhv vwrfkdvwlf pdfur prghov/ Nh|qhvldq

ru qrq0Ulfdugldq/ zkhuh djhqwv duh dvvxphg wr irup wkhlu h{shfwdwlrqv udwlrqdoo|1 Wkh

sdshuv e| Doohq +4<<3/ 4<<5, dqg Hydqv +4<;8/ 4<;:d/ 4<;:e/ 4<;;, idoo lqwr wklv fdwhjru|1

Hydqv +4<;:d, ghyhorsv d vwrfkdvwlf udwlrqdo h{shfwdwlrqv prgho wr vwxg| wkh h�hfwv

ri pdfurhfrqrplf srolf| rq uhdo dqg qrplqdo lqwhuhvw udwhv lq d forvhg hfrqrp| vhwwlqj1

Lq sduwlfxodu/ kh irfxvhv rq wkh ydolglw| ri wkh sursrvlwlrq wkdw odujhu exgjhw gh�flwv duh

dvvrfldwhg zlwk kljkhu lqwhuhvw udwhv16 Iru d orqj vdpsoh shulrg iurp wkh Xqlwhg Vwdwhv/ kh

surylghv hylghqfh lqfrqvlvwhqw zlwk wklv sursrvlwlrq1 Wkdw lv/ odujhu suhvhqw ru h{shfwhg

jryhuqphqw exgjhw gh�flwv/ gr qrw vljql�fdqwo| sxvk xs hlwkhu qrplqdo ru uhdo lqwhuhvw

udwhv1 Wkh vdph frqfoxvlrq lv uhdfkhg iurp d gdwd vhw frqwdlqlqj vl{ frxqwulhv +Hydqv/

4<;:e,17 Ilqdoo|/ Hydqv +4<;;, lqyhvwljdwhv zkhwkhu iruzdug udwhv lq wkh Xqlwhg Vwdwhv

gxulqj wkh vhfrqg zruog zdu zhuh dq lqfuhdvlqj ixqfwlrq ri jryhuqphqw ghew1 Lq wkh

hpslulfdo whvwv/ qr hylghqfh iru vxfk d srvlwlyh uhodwlrqvkls fdq eh irxqg> udwkhu/ wkhuh lv

d qhjdwlyh uhodwlrqvkls1

Doohq +4<<3, hvwlpdwhv d uhgxfhg irup LV0OP0DV prgho xvlqj txduwhuo| gdwd rq ydul0

rxv phdvxuhv ri wkh ihghudo ghew lq wkh Xqlwhg Vwdwhv ehwzhhq 4<94 dqg 4<;8/ dqg �qgv

wkdw wkhuh lv d srvlwlyh dqg vwdwlvwlfdoo| vljql�fdqw olqndjh ehwzhhq jryhuqphqw ghew dqg d

wd{0dgmxvwhg vkruw0whup uhdo lqwhuhvw udwh1 Doohq +4<<5, prghov �uvw gl�huhqfhv lq rughu wr

frqwuro iru dxwrfruuhodwlrq dqg lqwhufhsw lqvwdelolw|/ dqg surylghv pruh hpslulfdo hylghqfh

ri d srvlwlyh dqg vwdwlvwlfdoo| vljql�fdqw uhodwlrqvkls1 Wkhuh duh vhyhudo srvvleoh h{sodqd0

wlrqv iru wkh gl�huhqw uhvxowv rewdlqhg e| Doohq dqg Hydqv1 Doohq fkrrvhv qrw wr prgho

6 Hydqv +4<;8, lqyhvwljdwhv wkh hpslulfdo uhodwlrqvkls ehwzhhq qrplqdo dqg uhdo lqwhuhvw udwhv dqg
fxuuhqw dqg sdvw jryhuqphqw exgjhw gh�flwv lq wkh Xqlwhg Vwdwhv/ dqg �qgv qr srvlwlyh dvvrfldwlrq1

7 Wkh vl{ frxqwulhv duh> Fdqdgd/ Iudqfh/ Zhvw Jhupdq|/ Mdsdq/ Xqlwhg Nlqjgrp dqg wkh Xqlwhg
Vwdwhv1

6



d uhgxfhg irup iru wkh lq dwlrq h{shfwdwlrqv1 Lqvwhdg kh xvhv sur{lhv lq wkh hvwlpdwhg

htxdwlrq1 Pruhryhu/ Doohq sulpdulo| frqvlghuv dowhuqdwlyh phdvxuhv ri ghew/ zkloh Hydqv

irfxvhv rq gl�huhqw phdvxuhv ri gh�flwv1

Wkh vhfrqg w|sh ri prghov dwwhpsw wr whvw wkh Ulfdugldq htxlydohqfh wkhruhp pruh

gluhfwo|1 Wkh sdshuv e| Sorvvhu +4<;5/ 4<;:, duh shukdsv wkh prvw zhoo nqrzq h{dpsohv

lq d forvhg hfrqrp| vhwwlqj1 Lq qhlwkhu ri klv sdshuv/ grhv Sorvvhu �qg dq| vwdwlvwlfdoo|

vljql�fdqw uhodwlrq ehwzhhq gh�flwv dqg lqwhuhvw udwhv lq wkh Xqlwhg Vwdwhv1 Kh lqwhusuhwv

wkhvh �qglqjv dv lqgluhfw hylghqfh iru wkh Ulfdugldq ylhz1 Errwkh dqg Uhlg +4<;<, h{0

whqg wkh zrun ri Sorvvhu wr wkh Fdqdgldq fdvh/ zklfk wkh| frqvlghu wr eh d vpdoo rshq

hfrqrp|1 Wkh hpslulfdo uhvxowv ri Errwkh dqg Uhlg duh dovr frqvlvwhqw zlwk wkh suhyl0

rxv vwxglhv xqghuwdnhq e| Hydqv dqg Sorvvhu1 Lq d srolwlfdo hfrqrp| vhwwlqj/ Plqirug

+4<;;,/ surylghv wkhruhwlfdo dujxphqwv djdlqvw wkh Ulfdugldq ylhz1 Lq eulhi/ wkh dujx0

phqw lv wkdw gl�huhqw srolwlfdo sduwlhv whqg wr sxuvxh srolflhv ghvljqhg wr idyru wkhlu rzq

hohfwrudwh1 Iru lqvwdqfh/ wkh �ohiw� zlqj prqhwdu| srolf| zloo eh pruh lq dwlrqdu| wkdq

wkh �uljkw� zlqj/ vlqfh wkh �uljkw� hohfwrudwh*v qrplqdo jryhuqphqw erqg kroglqjv fdq

eh h{sursuldwhg wkurxjk xqdqwlflsdwhg lq dwlrq1 Wklv zloo ohdg wr d ulvn suhplxp rq

qrplqdo jryhuqphqw erqgv/ zklfk zloo eh dq lqfuhdvlqj ixqfwlrq ri wkh vl}h ri wkh erqg

�qdqfhg gh�flw1 Plqirug wkhq surylghv hpslulfdo hylghqfh frqvlvwhqw zlwk wkh suhglfwlrqv

iurp wkh prgho/ xvlqj dqqxdo gdwd iru wkh Xqlwhg Nlqjgrp ehwzhhq 4<5304<;518

Wkh wklug w|sh ri prgho frqvlghuhg lq wkh olwhudwxuh/ lv wkh vr fdoohg �ordqdeoh ixqgv�

prgho1 Wklv w|sh ri prgho/ zklfk prghov lqwhuhvw udwhv dv htxloleulxp uhvsrqvhv wr wkh

ghpdqg dqg vxsso| lq wkh ordq pdunhwv/ duh xvhg/ iru h{dpsoh/ e| Fhexod hw do1 +4<;;,/

gh Kddq dqg ]hokruvw +4<<3,/ Fhexod hw do1 +4<<3,/ Fhexod dqg Ukrgg +4<<6,/ Fruuhld0

Qxqhv dqg Vwhplwvlrwlv +4<<8, dqg Ploohu dqg Uxvvhn +4<<9,1 Wkh hvwlpdwhg htxdwlrqv

8 Lw lv qrwdeoh wkdw wkh sdudphwhul}dwlrq lq wkh prgho frqvlghuhg lv qrw dv sduvlprqlrxv dv lq wkh rwkhu
vwxglhv1 Kh dovr lqfoxghv d phdvxuh ri lq dwlrq h{shfwdwlrqv/ gxpplhv iru wkh vhfrqg zruog zdu dqg wkh
Nruhdq zdu hwf1 lq klv uhjuhvvlrq prgho1
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lq wklv olwhudwxuh duh yhu| vlplodu> vrph qrplqdo orqj0whup lqwhuhvw udwh lv olqhduo| uhodwhg

wr d vhw ri h{sodqdwru| yduldeohv/ lqfoxglqj vrph phdvxuhv ri wkh h{shfwhg lq dwlrq udwh

dqg jryhuqphqw gh�flwv dqg ghewv1 Dqrwkhu fkdudfwhulvwlf ri wkhvh vwxglhv lv wkdw wkh|

xvh dqqxdo gdwd1 Wkh hpslulfdo hylghqfh surylghg lq wklv vhwwlqj srlqwv lq rqh gluhfwlrq>

wkh ohyho ri qrplqdo lqwhuhvw udwhv lv srvlwlyho| uhodwhg wr jryhuqphqw exgjhw gh�flwv1

Vr/ zklfk wkhruhwlfdo ylhz lv vxssruwhg e| wkh hpslulfdo hylghqfhB Dowkrxjk wkh

hpslulfdo uhvxowv suhvhqwhg e| Errwkh dqg Uhlg/ Hydqv/ dqg Sorvvhu duh frqvlvwhqw zlwk

Ulfdugldq htxlydohqfh/ wkhlu lqyhvwljdwlrqv gr qrw frqvwlwxwh d gluhfw whvw1 Wklv vwhpv iurp

wkh idfw wkdw vrph ri wkh dvvxpswlrqv xqghuo|lqj wkh wkhruhp fdq eh ylrodwhg vlpxowdqh0

rxvo|/ exw zrun lq gl�huhqw gluhfwlrqv/ vr hyhq li Ulfdugldq htxlydohqfh lv qrw uhmhfwhg e|

wkh gdwd/ rqh vkrxog rqo| lqwhusuhw wkh hpslulfdo uhvxowv vxssruwlqj Ulfdugldq htxlydohqfh

dv d fuxgh dssur{lpdwlrq ri uhdolw|19 Rq wkh rwkhu kdqg/ wkh sdshuv zklfk whvw ordqdeoh

ixqgv prghov/ dqg wkh sdshuv e| Doohq dqg Plqirug/ vhhp wr srlqw lq dqrwkhu gluhfwlrq>

qdpho| wkdw jryhuqphqw gh�flwv dqg ghewv kdyh d vljql�fdqw lpsdfw rq qrplqdo dqg uhdo

lqwhuhvw udwhv1 Wkhuhiruh/ wkhvh sdshuv surylgh vrph hylghqfh iru wkh frqyhqwlrqdo prgho/

dqg djdlqvw wkh Ulfdugldq ylhz1

Zkdw duh wkh whqwdwlyh frqfoxvlrqv dv wr zk| wkhvh glvfuhsdqflhv lq wkh hpslulfdo hy0

lghqfh uhsruwhg kdyh rffxuuhgB Wkh dqdo|vhv vxppdul}hg deryh vxjjhvw wzr lpsruwdqw

idfwruv/ zklfk pd| dffrxqw iru wkh gl�huhqw hpslulfdo uhvxowv1 Iluvw ri doo/ wkh gdwd iuh0

txhqf| vhhpv wr eh lpsruwdqw1 Lq vwxglhv zklfk kdyh h{sorlwhg orzhu iuhtxhqf| gdwd/

wkh hylghqfh lv pruh lq idyru ri wkh frqyhqwlrqdo zlvgrp dqg djdlqvw wkh Ulfdugldq ylhz1

Vrph hfrqrplvwv kdyh dovr dujxhg wkdw plvohdglqj hvwlpdwhv fdq uhvxow iurp �wwlqj hfrqr0

phwulf prghov wr gdwd wrr �qho| glvdjjuhjdwhg ryhu wlph1: Vhfrqgo|/ wkh wuhdwphqw ri wkh

h{shfwhg lq dwlrq udwh vhhpv wr eh ri frqvlghudeoh lpsruwdqfh1 Lq wkh vwxglhv vxuyh|hg/

wkh uhvxowv whqg wr eh pruh vxssruwlyh ri wkh frqyhqwlrqdo prgho zkhq d sur{| kdv ehhq

9 Vhh Ehfnhu +4<<8, iru d ghhshu glvfxvvlrq ri wklv sureohp1
: Iru d glvfxvvlrq ri wkh uhdvrqv/ vhh Hydqv +4<;:d, dqg wkh uhihuhqfhv wkhuhlq1
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xvhg wr dffrxqw iru wkh h{shfwhg lq dwlrq udwh/ udwkhu wkdq d uhgxfhg irup1

6 Wkh |lhog fxuyh lq d frqyhqwlrqdo vpdoo rshq hfrq0

rp| prgho

Lq wklv vhfwlrq/ L frqvwuxfw dqg xvh d frqyhqwlrqdo vwrfkdvwlf pdfur prgho wr looxvwudwh

wkh h�hfwv ri �vfdo srolf| rq wkh whup vwuxfwxuh ri qrplqdo lqwhuhvw udwhv lq d vpdoo rshq

hfrqrp|1 Wkh prgho lv d vwudljkwiruzdug vpdoo rshq hfrqrp| h{whqvlrq ri wkh prghov

suhvhqwhg e| Wxuqryvn| +4<;<, dqg Urjr� +4<;8,1 Iru hdvh ri h{srvlwlrq/ qr g|qdplfv duh

h{solflwo| frqvlghuhg/ exw ri frxuvh/ lq dq hpslulfdo dqdo|vlv ri uhdo zruog gdwd/ g|qdplfv

duh lpsruwdqw1 Wkhuhiruh/ rqh fdq ylhz wkh sdudphwhuv lq wkh wkhruhwlfdo prgho ehorz dv

vwdwlrqdu| sro|qrpldov lq wkh odj rshudwru1

614 Wkh prgho

Wkh djjuhjdwh vxsso| ixqfwlrq/ zkhuh rxwsxw/ phdvxuhg dv d ghyldwlrq durxqg lwv qdwxudo

udwh/ ghshqgv xsrq wkh xqdqwlflsdwhg fkdqjh lq wkh grphvwlf sulfh ohyho lv jlyhq e|=

+| ' q ER| � H|3�R|� n 0�7
|
/ +4,

zkhuh +| ghqrwhv uhdo rxwsxw jds lq qdwxudo orjv lq wlph shulrg |/ R| wkh sulfh ri + lq

qdwxudo orjv dqg H|3�R| wkh frqglwlrqdo h{shfwdwlrq ri wkh sulfh ohyho lq | frqglwlrqdo rq

doo dydlodeoh lqirupdwlrq lq | � �1 Lq E��/ 0�7 lv lqwhusuhwhg dv dq h{rjhqrxv zklwh qrlvh

surgxfwlylw| vkrfn1

Djjuhjdwh ghpdqg lq wkh prgho lv ghvfulehg e| wkh LV0OP htxdwlrqv1 Wkh LV fxuyh lv

jlyhq e|

+| ' �b�o
,

| n b2}| n b�(| n be Er| n RW| � R|� n 0U7| +5,

� �b�o
,

|
nf| n be Er| � R|� n 0U7

|

9



zkhuh o, ghqrwhv wkh grphvwlf orqj0whup uhdo lqwhuhvw udwh lq qdwxudo xqlwv/ } uhdo jryhuq0

phqw vshqglqj lq qdwxudo orjv/ ( uhdo jryhuqphqw exgjhw gh�flw lq qdwxudo xqlwv/ r wkh

qrplqdo vsrw h{fkdqjh udwh lq qdwxudo orjv/ RW wkh iruhljq sulfh ohyho lq qdwxudo orjv dqg

f � b2}nb�(nbeR
W lv mxvw d frqyhqlhqw qrwdwlrq1 Dv lq Wxuqryvn| +4<;<,/ wkh uhohydqw

lqwhuhvw udwh lq E2� lv wdnhq wr eh wkh grphvwlf orqj0whup uhdo lqwhuhvw udwh1 Wkh LV fxuyh

dovr fdswxuhv wkh frqyhqwlrqdo phfkdqlvp wkdw jryhuqphqw exgjhw gh�flwv dgg wr sulydwh

zhdowk/ lq xhqflqj ghvluhg frqvxpswlrq sdwkv dqg wkxv rxwsxw dqg lqwhuhvw udwhv iru d

jlyhq h{fkdqjh udwh dqg d jlyhq grphvwlf sulfh ohyho1

Prqh| pdunhw htxloleulxp lv ghvfulehg e| wkh OP fxuyh

6| � R| ' k+| � ��r
|
n 0u�

|
/ +6,

zkhuh 6 ghqrwhv wkh qrplqdo prqh| vxsso| lq qdwxudo orjv dqg �r wkh grphvwlf qrplqdo

vkruw0whup lqwhuhvw udwh1 Wkxv/ dv lq Wxuqryvn| +4<;<,/ wkh ghpdqg iru prqh| lv dvvxphg

wr ghshqg rq wkh grphvwlf vkruw0whup qrplqdo lqwhuhvw udwh1 Lq E2� dqg E��/ 0U7 dqg 0u�

duh lqwhusuhwhg dv uhdo ghpdqg dqg prqh| ghpdqg vkrfnv/ uhvshfwlyho|1 Lw lv dvvxphg

wkdw wkh sdudphwhuv lq E��/ E2� dqg E��/ ghqrwhg k/ q/ �/ b�/ b2/ b� dqg be/ duh doo srvlwlyh/

zklfk lv vwdqgdug lq frqyhqwlrqdo pdfur prghov1

Wkh �qdqfldo sduw ri wkh prgho lqyroyhv wkh uhodwlrqvklsv ehwzhhq wkh grphvwlf dqg

iruhljq vkruw0 dqg orqj0whup uhdo dqg qrplqdo lqwhuhvw udwhv1;

Wkh Ilvkhu htxdwlrqv zklfk uhodwh grphvwlf qrplqdo dqg uhdo lqwhuhvw udwhv duh

�r
|
' or

|
n EH|R|n� � R|� +7,

dqg

�,
|
' o,

|
n

�

2
EH|R|n2 � R|� +8,

; Lq dffrugdqfh zlwk Wxuqryvn| +4<;<,/ lw lv dvvxphg wkdw wkhuh h{lvwv wzr w|shv ri grphvwlf dqg
iruhljq dvvhwv zlwk rqh dqg wzr shulrgv wr pdwxulw|1 Lw lv wkhq vwudljkwiruzdug wr ghulyh +9,/ +:,/ +;, dqg
+<, xs wr d frqvwdqw ulvn0suhplxp dv vlpsoh dvvhw sulflqj uhodwlrqvklsv1

:



zkhuh or ' grphvwlf vkruw0whup uhdo lqwhuhvw udwh lq qdwxudo xqlwv dqg �, ' grphvwlf

orqj0whup qrplqdo lqwhuhvw udwh lq qdwxudo xqlwv1

Wkh htxdwlrqv zklfk ghvfuleh wkh uhdo dqg qrplqdo whup vwuxfwxuhv ri lqwhuhvw udwhv

duh jlyhq e|

o,
|
'

�

2

�
or
|
n H|o

r

|n�

�
+9,

dqg

�,
|
'

�

2

�
�r
|
n H|�

r

|n�

�
1 +:,

Wkh xqfryhuhg lqwhuhvw sdulw|/ XLS/ frqglwlrq/ zklfk uhodwhv wkh grphvwlf vkruw0 dqg

orqj0whup qrplqdo lqwhuhvwv udwhv wr wkhlu iruhljq frxqwhusduwv/ ghqrwhg �r
W

dqg �,
W

/ dqg

wkh h{shfwhg rqh dqg wzr shulrg fkdqjhv lq wkh qrplqdo h{fkdqjh udwh duh

�r
|
� �r

W

|
' {H|r|n� +;,

dqg

�,
|
� �,

W

|
'

�

2
EH|r|n2 � r|� 1 +<,

Lq rughu wr forvh wkh prgho/ zh qhhg wr pdnh vrph dgglwlrqdo dvvxpswlrqv1 Iluvw/

lq frqyhqwlrqdo pdfur prghov/ } dqg ( duh qrupdoo| frqvlghuhg wr eh h{rjhqrxv1 Zh

zloo dgrsw wklv dssurdfk khuh wkurxjkrxw wkh wkhruhwlfdo dqdo|vlv lq wklv sdshu1 Vhfrqg/

RW/ �r
W

dqg �,
W

zloo dovr eh wuhdwhg dv h{rjhqrxv wr wkh grphvwlf hfrqrp|/ zklfk lv txlwh

qdwxudo lq d vpdoo rshq hfrqrp| iudphzrun1 Ilqdoo|/ zh qhhg wr vshfli| d srolf| uxoh iru

61 Lq wkhruhwlfdo dqdo|vlv/ lw lv vwdqgdug wr dvvxph wkdw 6 lv lqghshqghqw ri wkh rwkhu

h{rjhqrxv yduldeohv1 Vlqfh wkh pdlq lqwhuhvw lq wklv sdshu lv wkh lqwhudfwlrq ehwzhhq �vfdo

srolf| dqg wkh whup vwuxfwxuh/ zh dgrsw wkh frqyhqwlrqdo ylhz lq wkh wkhruhwlfdo sduw ri

wkh sdshu1 Krzhyhu/ lq dq dqdo|vlv ri uhdo zruog gdwd/ wklv vwudwhj| pd| ohdg wr sureohpv/

vlqfh/ iru lqvwdqfh/ wkh prqhwdu| srolf| uxoh lv xqolnho| wr eh lqghshqghqw ri } dqg (1

Wkhuhiruh/ wkh �uvw dqg wklug dvvxpswlrqv duh uhod{hg lq wkh hpslulfdo dqdo|vlv lq wklv

sdshu1

;



615 Ghwhuplqdwlrq ri qrplqdo lqwhuhvw udwhv

Wr ghulyh dqdo|wlfdo vroxwlrqv iru wkh hqgrjhqrxv yduldeohv �r dqg �, lq whupv ri fxuuhqw dqg

h{shfwhg ixwxuh ydoxhv ri wkh h{rjhqrxv yduldeohv }/ (/ 6/ RW/ �r
W

dqg �,
W

/ zh surfhhg e|

�uvw ghwhuplqlqj sulfh ohyho h{shfwdwlrqv/ dqg wkhq vxevwlwxwlqj wkh uhvxowlqj h{suhvvlrqv

edfn lqwr wkh v|vwhp dqg vroyh iru r|1 Ilqdoo|/ wkh vroxwlrq iru r| fdq wkhq eh xvhg lq

wkh XLS frqglwlrqv wr jhw wkh vroxwlrqv iru wkh vkruw0 dqg orqj0whup grphvwlf qrplqdo

lqwhuhvw udwhv gl�huhqwldov �r| � �r
W

| dqg �,| � �,
W

| 1
<

E| wklv surfhgxuh/ wkh vkruw0 dqg orqj0whup lqwhuhvw udwh gl�huhqwldo ghshqgv erwk

rq wkh dv ri shulrg | dqg | � � h{shfwhg glvfrxqwhg vxp ri qrplqdo prqh| vxssolhv/

jryhuqphqw h{shqglwxuhv dqg gh�flwv/ iruhljq sulfh ohyho dqg vkruw0whup qrplqdo lqwhuhvw

udwhv dqg wkh dv ri | h{shfwhg glvfrxqwhg vxp ri iruhljq orqj0whup qrplqdo lqwhuhvw udwhv1

Pruh irupdoo|/ ohw ��rc(

� dqg ��,c(

� phdvxuh wkh h�hfwv ri +dv ri shulrg |/ xqnqrzq lq shulrg

|��, h{shfwhg exgjhw gh�flwv � ' fc �c 2c ��� shulrgv dkhdg/ H|(|n�/ rq wkh vkruw0 dqg orqj0

whup lqwhuhvw udwh gl�huhqwldov uhvshfwlyho| +dqdorjrxv qrwdwlrq iru wkh rwkhu yduldeohv }/

RW/ 6/ �r
W

dqg �,
W

dv zhoo,1 Vlqfh wkh ��r

� 0 dqg ��,

� 0frh!flhqwv duh txlwh phvv| wr hydoxdwh

dqdo|wlfdoo| iru � : �/ L kdyh pdgh vlpxodwlrqv frqglwlrqdo rq vrph uhdvrqdeoh ydoxhv

iru k/ q/ �/ b� dqg be lq rughu wr jhw d ihholqj iru wkh vl}h dqg pdjqlwxgh ri wkh sdwkv

iru wkhp143 Iru vlpsolflw|/ lw lv dvvxphg wkdw b2 ' b� ' �/ vr wkdw ��rc}

� ' �
�rc(

� dqg

�
�,c}

� ' �
�,c(

� iru doo �1 Wkh uhvxowlqj sdwkv iru � ' fc �c 2c ���c ef duh ghslfwhg lq Iljxuhv 4

dqg 5 iru �r| � �r
W

| dqg �,|� �,
W

| uhvshfwlyho|1 Lq Iljxuhv 4 dqg 5/ wkh gdvkhg olqhv uhihu wr wkh

��r

� 0 dqg ��,

� 0frh!flhqwv/ zkloh wkh vrolg olqhv uhihu wr wkh dffxpxodwhg h�hfwv lq shulrg

|n �/ phdvxuhg dv
S�

?'f �
�r

? dqg
S�

?'f �
�,

? 1

Dv fdq eh vhhq iurp Iljxuh 4/ doo wkh ��r

� 0frh!flhqwv udqjh iurp srvlwlyh wr qhjdwlyh

< Doo wkh ghulydwlrqv ri wkh htxdwlrqv lqirupdoo| suhvhqwhg dqg dqdo|}hg lq wklv vhfwlrq duh surylghg
lq dsshqgl{ D/ zklfk lv dydlodeoh rq uhtxhvw iurp wkh dxwkru1

43 Wkh ydoxhv iru � dqg � duh wdnhq iurp wkh hpslulfdo vwxg| e| Jrogihog dqg Vlfkho +4<<3, dqg
vhw wr 3=94:< dqg 3=54:3 uhvshfwlyho|1 �4 dqg � duh wdnhq iurp Vùghuolqg +4<<:, dqg vhw wr 8 dqg 833

uhvshfwlyho|1 �7 lv wdnhq iurp Kdqvvrq +4<<6, dqg vhw wr 3=<9771

<



ydoxhv iru � ' fc ���c ef> iru � ' f/ ��rc}
f

/ ��rc(
f

dqg �
�rcRW

f
duh srvlwlyh zkloh �

�rc6
f

/ ��rcrW

f

dqg �
�rc,W

f
duh qhjdwlyh zklfk fdq eh ghprqvwudwhg dqdo|wlfdoo|1 Wkh frh!flhqwv iru wkh

iruhljq sulfh ohyho duh yhu| vlplodu wr wkrvh ri jryhuqphqw h{shqglwxuhv dqg exgjhw gh�flw

vlqfh qxphulfdo ydoxh iru be lv forvh wr 41 Wxuqlqj wr Iljxuh 5/ zh �qg +zklfk fdq dovr eh

vkrzq dqdo|wlfdoo|, wkdw wkh frh!flhqwv qrz udqjh iurp srvlwlyh wr qhjdwlyh dqg qhjdwlyh

wr srvlwlyh ydoxhv diwhu wkh vhfrqg shulrg1 Lw lv lqwhuhvwlqj wr qrwh wkdw wkh vlpxodwhg

sdwkv iru wkh exgjhw gh�flw lq Iljxuhv 4 dqg 5 frpsduh txdolwdwlyho| zhoo wr wkh forvhg

hfrqrp| uhvxowv lq Wxuqryvn| +4<;<,/ lq wkh vhqvh wkdw wkh ��rc(

|n� 0 dqg �
�,c(

|n� 0frh!flhqwv

duh erwk srvlwlyh dqg qhjdwlyh/ exw srruo| wr Hydqv +4<;:d,/ zkhuh doo wkh fruuhvsrqglqj

�
�rc(
� 0 dqg �

�,c(
� 0frh!flhqwv duh irxqg wr eh juhdwhu wkdq }hur1 Lw fdq eh vkrzq wkdw wklv

uhvxow lv gxh wr wkh lqwurgxfwlrq ri d whup vwuxfwxuh zlwklq wkh prgho> vhh Wxuqryvn|

+4<;<, iru d ghhshu glvfxvvlrq derxw wkh lqwxlwlrq1

Iurp Iljxuhv 4 dqg 5/ zh dovr vhh wkdw wkh dffxpxodwhg h�hfwv ri dq dv ri | shupdqhqw

fkdqjh lq }/ (/ RW dqg �,
W

jr wrzdugv }hur zkhq � lqfuhdvhv1 Wklv uhvxow lv gxh wr wkh vpdoo

rshq hfrqrp| dvvxpswlrq> iru h{dpsoh/ diwhu dq dv ri | shupdqhqw fkdqjh +xqnqrzq lq

shulrg |� �, lq wkh exgjhw gh�flw/ zh kdyh wkdw wkh qrplqdo h{fkdqjh udwh wrgd|/ r|/ dqg

wkh dv ri | h{shfwhg h{fkdqjh udwhv lq shulrg |n � dqg |n 2/ H|r|n� dqg H|r|n2/ fkdqjhv

zlwk wkh vdph dprxqw1 Yld wkh XLS frqglwlrqv EH� dqg Eb�/ wkh h�hfwv rq wkh vkruw0 dqg

orqj0whup lqwhuhvw udwh gl�huhqwldov duh wkhq }hur1 Wklv uhvxow lv lpsruwdqw vlqfh lw vxjjhvwv

wkdw wkh h�hfwv ri exgjhw gh�flwv rq lqwhuhvw udwhv lq d vpdoo rshq hfrqrp| iudphzrun

duh qhjoljleoh li exgjhw gh�flwv fdq eh fkdudfwhul}hg dv +ru forvh wr, udqgrp zdonv1

Ilqdoo|/ wkh orqj0uxq dffxpxodwhg h�hfwv ri dq dv ri | lqfuhdvh lq prqh| vxsso| dqg

wkh iruhljq vkruw0whup qrplqdo lqwhuhvw udwh duh srvlwlyh dqg h{dfwo| kdoi dv odujh rq

wkh orqj0whup lqwhuhvw udwh gl�huhqwldo frpsduhg wr wkh vkruw0whup lqwhuhvw gl�huhqwldo

iurp wkh XLS frqglwlrqv EH� dqg Eb�1 Wklv phdqv wkdw d shupdqhqw lqfuhdvh lq 6| dqg

�r
W

| dovr lqfuhdvhv wkh vkruw0 dqg orqj0whup lqwhuhvw udwh gl�huhqwldov lq shulrg |1 Wkh

43



lqwxlwlrq ehklqg wklv uhvxow lv wkdw wkh dv ri |� � h{shfwhg sulfh ohyho lq shulrg |/ H|3�R|/

lv xqd�hfwhg e| dq lqfuhdvh lq dv ri | yduldeohv/ vr r| lv xqd�hfwhg lq wklv uhvshfw e| d

shupdqhqw lqfuhdvh lq 6| dqg �r
W

| 1 Exw shupdqhqw lqfuhdvhv lq 6| dqg �r
W

| lqfuhdvh wkh

dv ri | h{shfwhg ixwxuh sulfh ohyho lq shulrg | n � dqg | n 2/ H|R|n� dqg H|R|n2/ lq wklv

uhvshfw dqg wkhuhe| dovr H|r|n� dqg H|r|n21 Yld wkh XLS frqglwlrqv/ zh wkhq jhw lqfuhdvhv

lq �r| � �r
W

| dqg �,| � �,
W

| 1
44

616 Hpslulfdo lpsohphqwdwlrq ri wkh prgho

Lq rughu wr jhqhudwh hpslulfdo whvwdeoh lpsolfdwlrqv iru wkh qrplqdo vkruw0 dqg orqj0whup

lqwhuhvw udwh gl�huhqwldov/ zh qhhg wr pdnh vrph dvvxpswlrqv uhjduglqj wkh vwrfkdvwlf

surfhvvhv iru wkh h{rjhqrxv yduldeohv/ dqg wkxv krz wkh h{shfwdwlrqv iru wkhvh yduldeohv

duh iruphg1

Khuh/ lw lv dvvxphg wkdw wkh h{rjhqrxv yhfwru ri yduldeohv 3
W

| �
�
RW �r

W

�,
W

} ( 6
�

hyroyhv dffruglqj wr d YDUER� surfhvv

3|n� ' �3 Eu� 3| n %3|n�/ +43,

zkhuh �3 Eu� �
SR

�'f
�3

�u
� dqg wkh huuruv lq %3 duh qrupdoo| glvwulexwhg dqg vhuldoo|

xqfruuhodwhg zlwk H|%
3

|n� ' f iru doo � : f zlwk d srvlwlyh gh�qlwh fryduldqfh pdwul{1

Wklv lv d frqyhqwlrqdo dvvxpswlrq lq hpslulfdo dqdo|vlv/ dqg iru lqvwdqfh Hydqv +4<;:d,

xvhv dq dvvxpswlrq vlplodu wr E�f�1 Wkh vshfl�fdwlrq lq E�f� uhod{hv wkh hduolhu dvvxpswlrq

ri lqghshqghqwo| glvwulexwhg h{rjhqrxv yduldeohv1 Iru h{dpsoh/ lw doorzv iru prqh| vxsso|

wr eh ghwhuplqhg e| vrph srolf| ixqfwlrq ri wkh rwkhu h{rjhqrxv yduldeohv145

Xvlqj E�f�/ lw fdq eh vkrzq wkdw wkh vroxwlrqv iru wkh lqwhuhvw udwh gl�huhqwldov duh ri

44 Krzhyhu/ wklv uhvxow lv vhqvlwlyh wr wkh sdudphwhul}dwlrq ri wkh prgho1 Zlwk wkh qxphulfdo dvvxps0
wlrqv derxw �/ �4 dqg �7 khuh/ lw lv wkh fdvh wkdw � +�4 . 5�7, � 5 A 31 Exw li � +�4 . 5�7, � 5 ? 3/
shupdqhqw lqfuhdvhv lq pw dqg l

v
�

w
kdyh qhjdwlyh dffxpxodwhg h�hfwv rq lv

w
� lv

�

w
dqg lo

w
� lo

�

w
1

45 Qrwh dovr wkdw iurp qrz rq/ g|qdplfv duh h{solflwo| frqvlghuhg lq wkh prgho1 Wkdw lv/ zh xvh wkh
lpsolflw dvvxpswlrq wkdw doo wkh sdudphwhuv duh vwdwlrqdu| odj sro|qrpldov/ l1h1 � � � +O,/ � � � +O, dqg
vr iruwk1
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wkh iroorzlqj jhqhudo irup
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Krzhyhu/ lq wklv jhqhudo fdvh/ qrwklqj fdq eh vdlg derxw wkh vxpv ri wkh lqglylgxdo

sdudphwhuv lq wkh odj sro|qrpldov lq �o> wkh vljq dqg vl}h ri wkhvh vxpv zloo xowlpdwho|

ghshqg rq wkh frh!flhqwv lq �3 Eu�/ derxw zklfk zh nqrz yhu| olwwoh1 Lq wklv vhqvh/ lw lv

idlu wr vd| wkdw lw lv hvvhqwldoo| dq hpslulfdo txhvwlrq zkhwkhu odujhu jryhuqphqw exgjhw

gh�flwv ohdg wr kljkhu lqwhuhvw udwhv> wkdw lv/ zkhwkhu wkh vxp ri wkh frh!flhqwv lq wkh

odj sro|qrpldov Brc( Eu� dqg B,c( Eu�/ htxdo wr
S

B
rc(

�
u� dqg

S
B
rc(

�
u� uhvshfwlyho|/ duh

srvlwlyh ru qhjdwlyh1

Krzhyhu/ li zh pdnh wkh vlpsoli|lqj dvvxpswlrq wkdw �3 Eu� � �3/ zkhuh �3 lv d

gldjrqdo pdwul{ zlwk wkh hohphqwv
�
4R

W

4r
W

4,
W

4} 4( 46
�
lq wkh gldjrqdo/ lw srvvleoh wr

gudz ixuwkhu frqfoxvlrqv1 Lq wklv fdvh/ wkh vroxwlrq iru wkh lqwhuhvw udwh gl�huhqwldov duh
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wkh vroxwlrq fdq eh zulwwhq rq wkh jhqhudo irup frqvlghuhg lq E���1 Zlwk wkhvh uhvwulf0

wlyh dvvxpswlrqv/ wkh prgho kdv vrph qlfh lpsolfdwlrqv1 Lw lv qrz wkh fdvh wkdw doo

wkh sdudphwhuv lq wkh odj sro|qrpldov Bo
�
Eu� iru � ' �c ���c S duh srvlwlyh surylghg wkdw
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Doo wkh ghulydwlrqv ri wkh htxdwlrqv suhvhqwhg lq wklv vhfwlrq duh surylghg lq dsshqgl{ D/ zklfk lv

dydlodeoh rq uhtxhvw iurp wkh dxwkru1
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q
4}c 4(c 4R

W

c 46c 4�
r
W

c 4�
,
W

r
5 dfc ��1 Wklv lpsolhv wkdw wkh vxp ri doo wkh sdudphwhuv lq

hdfk ri wkh sro|qrpldov Boc} Eu�/ Boc( Eu�/ BocR
W

Eu�/ Boc6Eu�/ Boc�
r
W

Eu� dqg Boc�
,
W

Eu� dovr duh

srvlwlyh1 Krzhyhu/ h{fhsw iru Boc�
,
W

Eu�/ wkh vdph frqfoxvlrq fdqqrw eh pdgh iru doo wkh

lqglylgxdo sdudphwhuv lq wkhvh sro|qrpldov> wkh vljq ri wkhp fdq dowhuqdwh ryhu wlph1 Wkh

uhdvrq lv wkdw fkdqjhv lq wkh h{rjhqrxv yduldeohv kdyh h�hfwv rq wkh lqwhuhvw udwh gl�huhq0

wldov yld wkh odj sro|qrpldov Bo
�
Eu� iru � ' .c ���c ��/ dqg wkdw wkh vljqv ri wkh sdudphwhuv

lq wkhvh odj sro|qrpldov duh dpeljxrxv1 Lqghhg/ wkhvh wkhruhwlfdo suhglfwlrqv duh gl�hu0

hqw iurp Doohq +4<<3/ 4<<5, dqg Hydqv +4<;8/ 4<;:d/ 4<;:e,/ vlqfh wkhlu prghov glg qrw

lpso| wkhvh dpeljxlwlhv iru wkh lqglylgxdo sdudphwhuv1 Wkh uhdvrq zk| wkhvh gl�huhqfhv

rffxu lv wkdw L kdyh dq djjuhjdwh vxsso| ixqfwlrq lq wkh prgho/ zklfk pdnhv lw srvvleoh

wr h{solflwo| vroyh iru wkh sulfh ohyho h{shfwdwlrqv1 Wkh idfw wkdw wkh prgho frqvlghuhg

lqfoxghv d whup vwuxfwxuh ri lqwhuhvw udwhv/ dqg lv ghvljqhg iru d vpdoo rshq hfrqrp| grhv

qrw pdwwhu iru wklv uhvxow1

Lq dgglwlrq/ li �3 ' WS/ wkhq wkh yduldeohv }/ (/ RW dqg �,
W

gr qrw kdyh dq| h�hfwv

hlwkhu rq wkh vkruw0 ru orqj0whup lqwhuhvw udwh gl�huhqwldov/ dqg lq wklv fdvh/ rqo| fkdqjhv lq

prqh| vxsso| dqg wkh iruhljq qrplqdo vkruw0whup lqwhuhvw udwh lq xhqfh �r
|
��r

W

|
dqg �,

|
��,

W

|

yld fkdqjhv lq wkh h{shfwhg sulfh ohyho1 Wkh lqwxlwlrq ehklqg wklv uhvxow lv vwudljkwiruzdug1

Frqvlghu/ iru h{dpsoh/ dq lqfuhdvh lq wkh exgjhw gh�flw lq shulrg |1 Li 4( lv htxdo wr rqh/

wkhq wkh qrplqdo h{fkdqjh udwh wrgd|/ r|/ dqg wkh h{shfwhg h{fkdqjh udwhv lq shulrg |n�

dqg | n 2/ H|r|n� dqg H|r|n2/ zloo eh ixoo| dgmxvwhg grzqzdugv e| wkh vdph dprxqw +r|

dssuhfldwhv,/ wkxv ohdylqj �r
|
� �r

W

|
dqg �,

|
� �,

W

|
xqd�hfwhg yld wkh XLS frqglwlrqv1 Exw li

4( lv ohvv wkdq rqh/ wkhq wkh qrplqdo h{fkdqjh udwh r| lv vwloo ixoo| dgmxvwhg/ zkloh H|r|n�

dqg H|r|n2 rqo| duh sduwldoo| dgmxvwhg grzqzdugv/ wkxv lqfuhdvlqj �r
|
� �r

W

|
dqg �,

|
� �,

W

|
yld

wkh XLS frqglwlrqv vlqfh {H|r|n� dqg H|r|n2 � r| ehfrph srvlwlyh1 Pruhryhu/ vlqfh lw lv

sodxvleoh wr dvvxph wkdw doo wkh sdudphwhuv 4}/ 4R
W

/ 46/ 4�
r
W

dqg 4�
,
W

duh htxdo ru yhu|

forvh wr rqh/ zh gr qrw h{shfw dq| ri wkhvh yduldeohv wr kdyh dq| odujh ohyho h�hfwv rq wkh
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vkruw0 dqg orqj0whup lqwhuhvw udwh gl�huhqwldov1 Lw dovr vhhpv uhdvrqdeoh wr dvvxph wkdw

4( lv kljk/ exw voljkwo| ohvv wkdq rqh/ zklfk lpsolhv wkdw dq lqfuhdvh lq wkh exgjhw gh�flw

zloo lqfuhdvh �r
|
� �r

W

|
dqg �,

|
� �,

W

|
e| d uhodwlyho| vpdoo dprxqw1 Wkxv/ li 4( lv vx!flhqwo|

forvh wr rqh/ wkh h�hfw ri fkdqjhv lq wkh exgjhw gh�flw rq �r
|
� �r

W

|
dqg �,

|
� �,

W

|
zloo eh doprvw

}hur/ lqghshqghqwo| ri wkh prqhwdu| srolf| uxoh1 Krzhyhu/ lw vkrxog eh hpskdvl}hg wkdw

wkhvh odvw uhvxowv duh gxh wr wkh vpdoo rshq hfrqrp| ihdwxuh ri wkh prgho1

Wkh prvw vwulnlqj lpsolfdwlrq ri wkh ghulydwlrqv deryh lv d vlpsoh frqyhqwlrqdo pdfur0

hfrqrplf prgho pd| r�hu d srvvleoh h{sodqdwlrq iru wkh odfn ri hpslulfdo uhodwlrqvkls

ehwzhhq jryhuqphqw exgjhw gh�flwv dqg lqwhuhvw udwhv1 Wkdw lv/ zkhq hpslulfdo dqdo|vhv

edvhg rq E��� duh frqgxfwhg/ rqh pljkw uhdglo| rewdlq �zurqj� uhvxowv/ ehfdxvh/ dv du0

jxhg deryh/ hyhq lq wkh prvw vlpsohvw fdvh zkhq wkh h{rjhqrxv yduldeohv duh dvvxphg wr

iroorz xqlyduldwh dxwruhjuhvvlyh surfhvvhv/ lw pd| yhu| zhoo eh wkh fdvh wkdw wkh vxp ri

wkh hohphqwv lq wkh odj sro|qrpldov iru (| duh yhu| forvh wr }hur1

E��� dqg E�2� surylghv wkh iudphzrun iru wkh hpslulfdo lqyhvwljdwlrq wkdw iroorzv ehorz/

dqg lw vkrxog wkhuhiruh eh qrwhg wkdw wkh h{rjhqrxv vkrfnv Do
|
duh yhu| olnho| wr eh vhuldoo|

fruuhodwhg ryhu wlph147

7 Gdwd

Lq wklv vhfwlrq/ d ghvfulswlrq ri wkh gdwd vhw xvhg lq wkh hpslulfdo dqdo|vlv lv jlyhq1

Vlqfh wkh Vzhglvk �qdqfldo pdunhwv kdyh ehhq khdylo| uhjxodwhg xqwlo wkh ehjlqqlqj

ri wkh 4<;3v/ lv lw kdug wr dftxluh jrrg lqwhuhvw udwh gdwd iru orqj vdpsohv iru Vzhghq1 Lq

wklv sdshu/ d wkuhh0prqwk jryhuqphqw Wuhdvxu| eloo dqg d �yh0 wr whq0|hdu jryhuqphqw

Wuhdvxu| erqg duh xvhg dv phdvxuhv ri �r dqg �, +erwk h{suhvvhg dv h�hfwlyh |lhogv,/

dqg gdwd ri jrrg txdolw| rq wkhvh wzr vhulhv duh rqo| dydlodeoh iurp Mdqxdu| 4<;5 dqg

47 Vlqfh L frqvlghu wkh sdudphwhuv wr eh vwdwlrqdu| odj sro|qrpldov/ l1h1 � � � +O,/ � � � +O, dqg vr
iruwk/ wkh prgho lpso| wkdw wkh huuru whupv lq +44,/ �v

w
dqg �o

w
/ duh prylqj dyhudjh +PD0, whupv1
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wkh plggoh ri Iheuxdu| 4<;7 uhvshfwlyho|148 Dffruglqjo|/ wkh gdwd iuhtxhqflhv zklfk fdq

eh h{sorlwhg lq wkh dqdo|vlv pxvw eh udwkhu kljk/ lq rughu wr jhw d vx!flhqw qxpehu

ri revhuydwlrqv1 Prqwko| iuhtxhqf| xqwlo Mxqh 4<<9 wkhq jlyhv 4:7 revhuydwlrqv/ zkloh

txduwhuo| iuhtxhqf| jlyhv dw wkh prvw rqo| 8;1 Wklv phdqv wkdw wkh prqwko| iuhtxhqf|

lv ghvludeoh/ dqg doprvw hyhu| gdwd vhulhv wkdw duh qhhghg lv dovr dydlodeoh rq prqwko|

iuhtxhqf|1 Xqiruwxqdwho| wkh kljkhvw iuhtxhqf| iru } dqg + duh txduwhuo|149 Khqfh/ lq

rughu wr eh deoh wr xvh prqwko| gdwd lq wkh uhjuhvvlrqv/ vrph nlqg ri lqwhusrodwlrq iru

wkhvh wzr yduldeohv duh qhfhvvdu|1 Lq wklv sdshu/ lw lv dvvxphg wkdw= E�� wkh txduwhuo|

ydoxhv ri } duh xqlirupo| glvwulexwhg ryhu wkh prqwkv zlwklq hdfk txduwhu> E��� wkh prqwko|

glvwulexwlrq ri + zlwklq wkh txduwhuv iroorzv wkh sulydwh lqgxvwuldo surgxfwlrq/ ghqrwhg %/

iru zklfk gdwd lv dydlodeoh rq prqwko| edvlv/ dffruglqj wr wkh vfkhph +6c| ' V|%6c| zkhuh

V| �
+^c�E|�

%^c�E|�
dqg �E|� ' � iru doo | ' �c 2c �/ �E|� ' 2 iru doo | ' ec Dc S hwf14: Wkhuhiruh/ lq

rughu wr jhw d ihholqj iru wkh ydolglw| ri wkh lqwhusrodwlrq/ erwk prqwko| dqg txduwhuo| gdwd

duh xvhg lq wklv sdshu1 Dqrwkhu mxvwl�fdwlrq iru xvlqj erwk txduwhuo| dqg prqwko| gdwd lv

wkdw wkh vxuyh| ri wkh suhylrxv hpslulfdo olwhudwxuh vxjjhvwhg wkdw gl�huhqw fkrlfh ri gdwd

iuhtxhqf| kdv ehhq lpsruwdqw iru gl�huhqw hpslulfdo hylghqfh1 E| xvlqj erwk iuhtxhqflhv

khuh/ zh wdnh wklv dvshfw lqwr dffrxqw1 Wkh uhdvrqv zk| wkh qhhg wr xvh + dulvh duh

pdlqo| wzr1 Iluvw/ zh zdqw wr ghwuhqg wkh gdwd vhulhv dqg rqo| frqvlghu wkh exvlqhvv

f|foh frpsrqhqw ri wkh uhdo yduldeohv }/ ( dqg 61 D yhu| qdwxudo zd| wr dffrpsolvk wklv

lv wr glylgh wkh uhohydqw yduldeohv e| +1 Vhfrqg/ wkh suhvxpswlrq lv pdgh wkdw wkh Vzhglvk

hfrqrp| kdv wkh surshuw| ri krprjhqhlw|> wkdw lv/ grxeolqj jryhuqphqw frqvxpswlrq dqg

gh�flwv dqg qrplqdo prqh| vxsso| dqg wkh vl}h ri wkh hfrqrp| ohdyhv wkh lqwhuhvw udwh

gl�huhqwldov xqd�hfwhg1 Hydqv +4<;:d, xvhv wkh vdph dssurdfk1

48 Wr jhw dq lqglfdwlrq ri wkh urexvwqhvv zlwk uhvshfw wr wkh fkrlfh ri pdwxulw| iru wkh vkruw0whup
Wuhdvxu| eloo iru wkh hpslulfdo lqyhvwljdwlrq/ rwkhu Wuhdvxu| eloov zlwk rqh0/ vl{0 dqg wzhoyh0prqwkv wr
pdwxulwlhv kdyh ehhq h{dplqhg/ dqg vlqfh wkh uhvxowv zhuh xqd�hfwhg wkh| duh qrw uhsruwhg1

49 Iurp qrz rq/ | ghqrwhv wkh jurvv grphvwlf surgxfw/ JGS/ dqg qrw wkh orj ri wkh rxwsxw jds1
4: Wr whvw wkh vhqvlwlylw| ri wkhvh dvvxpswlrqv iru wkh dqdo|vlv/ dq dowhuqdwlyh phwkrg vxjjhvwhg e|

Olwwhupdq +4<;6, zlwk ehwwhu surshuwlhv iurp d vwdwlvwlfdo ylhzsrlqw kdyh ehhq whvwhg wr jhqhudwh j dqg
| rq prqwko| iuhtxhqflhv/ exw vlqfh wkh txdolwdwlyh frqfoxvlrqv zhuh xqd�hfwhg/ wkh| duh qrw uhsruwhg1
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Vlqfh Vzhghq kdg d �{hg h{fkdqjh udwh uhjlph ehwzhhq 4<;5 dqg Qryhpehu 4<<5/

wkxv wkh juhdwhu sduw ri wkh vdpsoh shulrg/ �fxuuhqf|0edvnhw� zhljkwhg iruhljq vkruw0 dqg

orqj0whup lqwhuhvw udwhv +erwk h{suhvvhg dv h�hfwlyh |lhogv, dqg sulfh ohyhov kdyh ehhq

frqvwuxfwhg wr rewdlq phdvxuhv ri �r
W

/ �,
W

dqg RW gxulqj wkh zkroh vdpsoh shulrg1 Zkhq

wkhuh kdv ehhq qr srvvlelolw| ri dftxlulqj lqwhuhvw udwh gdwd iru fhuwdlq frxqwulhv gxulqj

olplwhg shulrgv lq wkh vdpsoh/ wkh �fxuuhqf|0edvnhw� zhljkwv kdyh ehhq qrupdol}hg wr

rqh14; Pruhryhu/ vlqfh wkh iruhljq orqj0whup lqwhuhvw udwhv rqo| zhuh dydlodeoh dv prqwko|

dyhudjhv/ dyhudjhv kdyh ehhq xwlol}hg iru wkh rwkhu lqwhuhvw udwhv dv zhoo14<Wkh fdofxodwhg

vhulhv iru �r
W

/ �,
W

/ �r � �r
W

dqg �, � �,
W

duh ghslfwhg lq Iljxuh 61

Vxppdu| vwdwlvwlfv iru txduwhuo| dqg prqwko| gdwd duh jlyhq lq Wdeohv 4 dqg 5 uh0

vshfwlyho|153 Lq jhqhudo/ Wdeohv 4 dqg 5 glvsod| wkdw wkh vdpsoh dxwrfruuhodwlrqv duh yhu|

kljk dqg wdshu r� yhu| vorzo| ryhu wlph/ zlwk wkh srvvleoh h{fhswlrq ri �r/ �r
W

/ �,/ �,
W

/

�r � �r
W

/ �, � �,
W

dqg (1 Wklv sdwwhuq lv qrupdoo| dq lqglfdwlrq wkdw wkh yduldeohv pd|

eh qrq0vwdwlrqdu|1 Wkh| uhyhdo wkdw wkh suhplxp kdv rq dyhudjh ehhq kljkhu rq �r � �r
W

frpsduhg wr �, � �,
W

1 Wkh yduldqfh lv dovr kljkhu iru wkh eloov/ erwk Vzhglvk dqg iruhljq/

wkdq wkh erqgv1 Dprqj wkh pdfurhfrqrplf yduldeohv/ wkh yduldqfh lq ( lv pxfk kljkhu

wkdq wkh yduldelolw| lq } dqg 61 Wklv lv d uhpdundeoh idfw/ vlqfh Sorvvhu +4<;:, uhsruwv

yduldelolwlhv lq } dqg6 zklfk h{fhhg wkh yduldelolw| lq ( e| odujh dprxqwv iru wkh Xqlwhg

Vwdwhv1 Iru lqvwdqfh/ Sorvvhu +4<;:, uhsruwv wkdw wkh udwlr ehwzhhq wkh vwdqgdug ghyldwlrq

lq } wr ( dqg lq 6 wr ( duh .�� dqg 2�� rq wkh prqwko| iuhtxhqf|1 Lq wklv gdwd vhw/ wkh

fruuhvsrqglqj �jxuhv duh f��D dqg f�H�1 Ri frxuvh/ wkh kljk yrodwlolw| lq ( uh hfwv wkh

4; Wklv kdv qrw ehhq d vljql�fdqw sureohp wkrxjk/ frxqwulhv zklfk wrjhwkhu pdnh xs dw ohdvw 9:=43
shufhqw lq wkh ehjlqqlqj dqg xs wr 433 shufhqw dw wkh hqg ri wkh vdpsoh shulrg duh lqfoxghg lq wkh
fdofxodwlrq ri wkh iruhljq orqj0whup lqwhuhvw udwh1 Wkh fruuhvsrqglqj �jxuhv iru wkh vkruw0whup lqwhuhvw
udwh duh 433 shufhqw xqwlo Qryhpehu 4<<5/ dqg wkhuhdiwhu ehwzhhq :<=< wr <:=87 shufhqw1

4< Qrwh wkdw wkh pdfurhfrqrplf yduldeohv j/ G/ p dqg s� kdyh ehhq vxemhfwhg wr vhdvrqdo dgmxvwphqw1
Vlqfh wkhuh vhhphg wr eh whqghqflhv ri fkdqjlqj vhdvrqdo sdwwhuq lq prvw ri wkh gdwd vhulhv/ wkh [440
phwkrg wr ghvhdvrqdol}h wkh gdwd1 Krzhyhu/ vlqfh wkh odujh dqg fkdqjlqj prqwko| vhdvrqdo yduldwlrq lq
wkh sulydwh lqgxvwuldo surgxfwlrq +{p,/ xvhg wr jhqhudwh d phdvxuh ri prqwko| JGS +|p,/ frxog qrw eh
vx!flhqwo| zhoo ghvhdvrqdol}hg zlwk wkh [440phwkrg/ L xvhg ghvhdvrqdol}hg udz gdwd rq |t dqg {p wr
fdofxodwh |p1

53 H{dfw gh�qlwlrqv dqg vrxufhv ri doo wkh yduldeohv xvhg duh jlyhq lq dsshqgl{ E/ zklfk lv dydlodeoh rq
uhtxhvw iurp wkh dxwkru1
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gudpdwlf vzlqjv lq wkh Vzhglvk exgjhw gh�flwv/ zklfk fdq eh vhhq lq Iljxuh 71

Wr vxppdul}h/ wkh gdwd vhw xwlol}hg lq wklv sdshu lpsolhv wkdw wkh uhjuhvvlrqv iru wkh

vkruw0 dqg orqj0whup lqwhuhvw udwh gl�huhqwldov rq wkh jryhuqphqw exgjhw gh�flw zloo kdyh

kljk srzhu frpsduhg wr suhylrxv vwxglhv1

8 Hvwlpdwlrq dqg hpslulfdo uhvxowv

Wklv vhfwlrq ghdov zlwk wkh sureohp ri krz wr hvwlpdwh E��� lq dq dssursuldwh zd| dqg

wkhq uhsruwv wkh uhvxowv ri wkh uhjuhvvlrqv1

814 Qrq0vwdwlrqdulw| dqg frlqwhjudwlrq

Dv douhdg| qrwhg lq vhfwlrq 7/ rqh vwulnlqj ihdwxuh ri wkh vdpsoh dxwrfruuhodwlrqv lv wkdw

wkh| vwduw dw yhu| kljk ydoxhv dqg wkhq wdshu r� yhu| judgxdoo|/ srvvleoh h{fhswlrqv ehlqj

�r � �r
W

/ �, � �,
W

dqg (1 Wklv sdwwhuq lv jhqhudoo| dq lqglfdwlrq wkdw wkh wlph vhulhv duh

qrq0vwdwlrqdu|1 Edqhumhh hw do1 +4<<6, glvfxvv wkh surshuwlhv ri wkh uhjuhvvlrq hvwlpdwhv

rewdlqhg zkhq vrph ri wkh yduldeohv duh lqwhjudwhg/ dqg �qg wkdw zkdw lv riwhq fdoohg

edodqfh lq wkh uhjuhvvlrq lv dq lpsruwdqw surshuw|1 Wklv phdqv wkdw zkhq wkh ghshqghqw

yduldeoh lv vwdwlrqdu|/ wkh h{sodqdwru| yduldeohv vkrxog dovr eh lqwhjudwhg ri rughu }hur ru

frlqwhjudwhg154 Frqvhtxhqwo|/ wkhuh lv d qhhg wr whvw wkh lqwhjudwlrq rughu ri wkh yduldeohv

lqyroyhg lq wkh uhjuhvvlrqv1

Wr whvw wkh lqwhjudwlrq rughu ri wkh lqglylgxdo vhulhv/ L kdyh xvhg wkh dxjphqwhg

Glfnh|0Ixoohu +DGI, surfhgxuh dqg dssolhg wkh sudfwlfdo jxlgholqhv sursrvhg lq Kdplowrq

+4<<7,/ zklfk phdqv wkdw d frqvwdqw dqg2ru olqhdu wuhqg lv lqfoxghg lq wkh uhjuhvvlrq li

wkh yduldeoh glvsod|v d qrq0}hur phdq dqg2ru vljq ri olqhdu wuhqg lq wkh revhuyhg vdpsoh1

54
Qrwh= Li d yduldeoh qhhgv wr eh gl�huhqwldwhg h{dfwo| n wlphv wr dfklhyh vwdwlrqdulw|/ wkhq wkh yduldeoh

lv L +n,/ lqwhjudwhg ri rughu n1 Lw iroorzv wkdw d vwdwlrqdu| yduldeoh lv L +3,1 Li iru d sduwlfxodu yduldeoh

n A 3/ zkhuh n lv d srvlwlyh lqwhjhu/ wkhq lw lv vdlg wr eh qrq0vwdwlrqdu|1

4:



Lq wkh DGI surfhgxuh/ Mf lv wkh k|srwkhvlv wkdw wkh vhulhv xqghu frqvlghudwlrq lv qrq0

vwdwlrqdu|/ zklfk lq sudfwlfh lpsolhv dq hvwlpdwhg 	� lq Wdeohv 6 dqg 7 qrw vljql�fdqwo|

orzhu wkdq }hur1 Wkh DGI whvw uhvxowv iru wkh yduldeohv lq ohyho irup duh uhsruwhg lq Wdeoh

61

Dv vhhq iurpWdeoh 6/ wkh qxoo k|srwkhvlv wkdw wkh yduldeohv duh qrq0vwdwlrqdu| fdq rqo|

eh uhmhfwhg iru �r � �r
W

/ �, � �,
W

dqg ( rq uhdvrqdeoh vljql�fdqfh ohyhov1 Dowkrxjk zh fdq

uhmhfw wkh k|srwkhvlv wkdw ( lv qrq0vwdwlrqdu|/ wkh hvwlpdwhg dxwruhjuhvvlyh frh!flhqwv

duh forvh wr rqh> lpso|lqj wkdw rxu hpslulfdo hvwlpdwh ri 4( dovr lv forvh wr rqh1 Wkhvh

�qglqjv duh frqvlvwhqw zlwk zkdw zh h{shfwhg d sulrul/ dqg glvfxvvhg lq vhfwlrq 6151 Wkxv/

dffruglqj wr wkh wkhruhwlfdo prgho E���/ wkh h�hfwv ri jryhuqphqw exgjhw gh�flwv rq wkh

qrplqdo lqwhuhvw udwh gl�huhqwldov duh olnho| wr eh uhodwlyho| vpdoo1

Lq rughu wr ghwhuplqh wkh lqwhjudwlrq rughu iru wkh rwkhu yduldeohv/ zh surfhhg wr wkh

U E�� whvwv1 Zlwk txduwhuo| dqg prqwko| iuhtxhqflhv/ erwk �uvw gl�huhqfhv rq vhdvrqdoo|

dgmxvwhg gdwd ru dqqxdo fkdqjhv rq vhdvrqdo xqdgmxvwhg gdwd fdq eh xwlol}hg lq wkh whvwv1

Rqh ri wkh dlpv ri xvlqj dqqxdo fkdqjhv lv wr holplqdwh prvw ri wkh vhdvrqdo yduldelolw|

sulru wr hvwlpdwlrq1 Lq dgglwlrq/ wkh vhulhv rewdlqhg duh riwhq hdvlhu wr lqwhusuhw wkdq �uvw

gl�huhqfh vhulhv/ zkhuh wkh vhdvrqdo yduldelolw| riwhq frpsohwho| vzdpsv wkh uhpdlqlqj

yduldelolw|155 Wkxv/ iru �r
W

dqg �,
W

/ wkh whvwv duh edvhg rq �uvw gl�huhqfhv/ dqg iru }/ RW

dqg 6 rq dqqxdo fkdqjhv ri vhdvrqdoo| xqdgmxvwhg gdwd156

Wkh ryhudoo lpsuhvvlrq iurp Wdeoh 7 lv wkdw wkh qxoo k|srwkhvlv lv �upo| uhmhfwhg/ dqg

wrjhwkhu zlwk wkh whvw uhvxowv lq Wdeoh 6/ lw lv frqfoxghg wkdw �r
W

/ �,
W

/ }/ RW dqg 6 duh

qrq0vwdwlrqdu| dqg lqwhjudwhg ri rughu rqh1 Lw lv d uholhi wr qrwh wkh uhvhpeodqfh ri wkh

uhvxowv iru wkh gl�huhqw iuhtxhqflhv1

Wkh DGI whvwv deryh kdyh vkrzq wkdw wkh ghshqghqw yduldeohv lqyroyhg lq wkh uhjuhv0

55 Ixuwkhupruh/ qrwh wkdw 4�O
7 @ +4� O,

�
4 . O. O

5 . O
6
�
/ zklfk vkrzv wkdw dq dqdo|vlv edvhg rq

dqqxdo fkdqjhv fdq eh uhjdughg dv dq dqdo|vlv edvhg rq �uvw gl�huhqfhv rq vhdvrqdoo| dgmxvwhg gdwd1
56 Wkh L +4, whvwv duh qrw h{hfxwhg iru l

v dqg l
o/ vlqfh wkhvh yduldeohv duh qrw lqglylgxdoo| lqyroyhg lq

wkh uhjuhvvlrqv1

4;



vlrq E��� duh vwdwlrqdu|/ exw wkdw hyhu| h{sodqdwru| yduldeoh h{fhsw ( lv qrq0vwdwlrqdu|1

Frqvhtxhqwo|/ zh kdyh wkh xqghvludeoh xqedodqfhg uhjuhvvlrq fdvh/ zkhuh vrph yduldeohv

lqyroyhg duh vwdwlrqdu| dqg vrph qrq0vwdwlrqdu|1 Exw/ li rqh wuxvwv lq E���/ wkhq lw lv dovr

d idfw wkdw fkdqjhv lq d vhw ri U E�� yduldeohv fdqqrw h{sodlq fkdqjhv lq d U Ef� yduldeohv

lq wkh orqj0uxq/ xqohvv wkh U E�� yduldeohv frlqwhjudwh/ phdqlqj wkdw fhuwdlq olqhdu frp0

elqdwlrqv ri wkh qrq0vwdwlrqdu| h{sodqdwru| yduldeohv lqghhg duh vwdwlrqdu|1 Lq rughu wr

uhphg| wkh xqedodqfhg uhjuhvvlrq sureohpv sulru wr hvwlpdwlrq/ zh wkxv �uvw vhhn wr �qg

wkh vwdwlrqdu| frlqwhjudwlqj uhodwlrqvklsv ehwzhhq RW/ �r
W

/ �,
W

/ } dqg6/ wkh huuru0fruuhfwlrq

whupv/ zklfk fdq eh lqfoxghg lq wkh uhjuhvvlrqv lq E��� wr uhsuhvhqw wkh orqj0uxq g|qdp0

lfv ri wkh gl�huhqw yduldeohv1 Vhfrqgo|/ lq rughu wr lqfrusrudwh hohphqwv wkdw ghvfuleh wkh

vkruw uxq ghyhorsphqw/ wkh vwdwlrqdu| gl�huhqfhv ri wkhvh yduldeohv duh dovr lqfoxghg lq

wkh uhjuhvvlrqv1

D phwkrgrorj| wr whvw iru wkh qxpehu ri frlqwhjudwlqj uhodwlrqvklsv ehwzhhq wkh ydul0

deohv RW/ �r
W

/ �,
W

/ } dqg 6 kdv ehhq ghyhorshg e| Mrkdqvhq +4<;;,1 Li zh gh�qh d YDU+R,

prgho zlwk RW/ �r
W

/ �,
W

/ } dqg 6 lqfoxghg/ wkh dqdo|vlv ri wkh qxpehu dqg wkh vkdsh ri

wkh frlqwhjudwlqj yhfwruv lq wkh Mrkdqvhq surfhgxuh lv edvhg rq wkh vroxwlrq ri d fhuwdlq

hljhqydoxh sureohp lq wkh prgho1 Krzhyhu/ wkh �uvw sduw ri wkh dqdo|vlv frqvlvwv ri gh0

whuplqlqj wkh ehvw ydoxh ri R/ wkh qxpehu ri odjv lq wkh prgho1 Edvhg rq wkh surshuwlhv

ri wkh hvwlpdwhg uhvlgxdov +qrupdolw| dqg odfn ri vhuldo fruuhodwlrq, lq wkh gl�huhqw YDU

htxdwlrqv/ R ' e dqg R ' . zhuh fkrvhq iru txduwhuo| dqg prqwko| gdwd iuhtxhqflhv uh0

vshfwlyho|1 D vhqvlwlylw| dqdo|vlv vkrzhg wkdw rwkhu ydoxhv ri R glg qrw ohdg wr juhdwo|

gl�huhqw uhvxowv hlwkhu rq txduwhuo| ru prqwko| gdwd1

Wkh ryhudoo lpsuhvvlrq iurp Wdeoh 8/ xvlqj wkh wzr vwdqgdug whvwv glvfxvvhg lq pruh

ghwdlo e| Mrkdqvhq dqg Mxvholxv +4<<3,/ lv wkdw wzr frlqwhjudwlrq yhfwruv h{lvw1 Wkdw lv/

o ' 2 rq erwk wkh txduwhuo| dqg prqwko| iuhtxhqf|1 Wkh hvwlpdwhg qrupdol}hg txduwhuo|

4<



huuru fruuhfwlrq whupv duh

	�'
�c| ' D��Sb n RW| n f�D2e�,

W

| n e�ebe}| � S�DDS6|/

	�'
2c| ' ���f2f n �r

W

| � 2��2D�,
W

| � D2�HfH}| n ef�HD26|/

dqg wkh fruuhvsrqglqj prqwko| duh

	��
�c| ' b�e�.e� n RW| n �H���H�,

W

| n Sf�2S�}| � ��e�b��6|/

	��
2c| ' ��2b��f2 n �r

W

| � H�eDb�,
W

| � eD��.�}| n �e��fH.6|1

Lq wkh hvwlpdwlrq ri wkh frlqwhjudwlqj yhfwruv/ wkh huuru0fruuhfwlrq whupv/ L kdyh iroorzhg

wkh sudfwlfdo jxlgholqhv sursrvhg lq Kdplowrq +4<<7, dqg lqfoxghg d frqvwdqw whup vlqfh

wkh yduldeohv frqvlghuhg iroorz olqhdu wuhqgv dqg2ru kdyh phdqv gl�huhqw iurp }hur157 Wkh

hvwlpdwhg frh!flhqwv lq wkh txduwhuo| dqg prqwko| huuru0fruuhfwlrq whupv kdyh wkh vdph

vljqv dqg vwuxfwxuh/ zklfk lv jrrg1 Krzhyhu/ dv qrwhg lq vhfwlrq 616/ wkh wkhruhwlfdo prgho

lq E��� grhv qrw surylgh dq| jxlgdqfh ri zkdw wkh hvwlpdwhg frh!flhqwv vkrxog eh/ dqg

lw lv wkhuhiruh srlqwohvv wr glvfxvv wkhp khuh1

815 Hfrqrphwulf Lvvxhv

Wkh hvwlpdwhg uhjuhvvlrq htxdwlrqv iru wkh vkruw0 dqg orqj0whup lqwhuhvw udwh gl�huhqwldov

lqfoxgh wkh vwdwlrqdu| huuru fruuhfwlrq whupv dv gh�qhg deryh/ d odj sro|qrpldo lq wkh

vwdwlrqdu| yduldeoh (/ dqg odj sro|qrpldov lq wkh vwdwlrqdu| gl�huhqfhv iru wkh U E�� ydul0

deohv1 Vlqfh wkh frh!flhqw vxpv rq wkh uhjuhvvruv lq E��� kdyh dssursuldwh suredelolw|

olplwv rqo| li hqrxjk odjjhg ydoxhv duh lqfoxghg lq wkh uhjuhvvlrqv/ rqh vkrxog qrw eh

wr sduvlprqlrxv1 Rq wkh rwkhu kdqg/ wkh pruh h{wudqhrxv uhjuhvvruv lqfoxghg/ wkh ohvv

srzhu wkhuh lv wr whvw k|srwkhvhv1 Wkhvh wzr frpshwlqj frqvlghudwlrqv kdyh ehhq edo0

dqfhg e| lqfoxglqj odjjhg ydoxhv xs wr 6 |hduv1 Wkh lqvljql�fdqw odjjhg ydoxhv ri hdfk

57 Dffruglqj wr Kdplowrq/ rqh frxog dovr frqvlghu d olqhdu wuhqg lq wkh frlqwhjudwlqj yhfwru1 Exw zkhq
L lqfoxghg d olqhdu wuhqg/ lw glg qrw fkdqjh u dqg wkh uhvxowv uhsruwhg lq vhfwlrq 816 zhuh xqd�hfwhg1
Wkhuhiruh/ dqg lq dffrugdqfh zlwk wkh prgho lq +44,/ wkh vshfl�fdwlrq zlwkrxw d wuhqg zdv �qdoo| fkrvhq1
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yduldeoh zhuh wkhq uhpryhg vr wkdw wkh prvw lpsruwdqw g|qdplfv zhuh fdswxuhg lq wkh

�qdo hvwlpdwhg htxdwlrqv158 Wr jlyh dq lqglfdwlrq ri wkh hvwlpdwhg prgho*v jrrgqhvv ri

�w/ wkh dgmxvwhg vdpsoh frh!flhqwv ri ghwhuplqdwlrq/ 7-2/ duh surylghg1 Lq jhqhudo/ wkh

hfrqrphwulf phwkrgrorj| hpsor|hg khuh lv lq olqh zlwk wkh �jhqhudo wr vshfl�f� dssurdfk

lq hfrqrphwulfv vxjjhvwhg e| Gdylg I1 Khqgu|1

Ehiruh wxuqlqj wr wkh hvwlpdwlrq uhvxowv suhvhqwhg lq Wdeohv 9 dqg :/ d frpphqw rq

wkh phwkrg xvhg lq wkh hvwlpdwlrqv lv lq rughu1 Iluvw/ hvwlpdwlrq zlwk ROV lv edvhg

rq wkh dvvxpswlrqv wkdw wkh huuru whup lv xqfruuhodwhg zlwk wkh uhjuhvvruv dqg wkdw wkh

uhjuhvvruv duh zhdno| h{rjhqrxv zlwk uhvshfw wr wkh ghshqghqw yduldeohv1 Krzhyhu/ lw

lv hdv| wr dujxh wkdw djjuhjdwh prqh|/ ghpdqg dqg vxsso| vkrfnv/ frqwdlqhg lq wkh

uhvlgxdo Do

|
/ kdyh frqwhpsrudqhrxv h�hfwv dovr rq wkh uhjuhvvruv1 Iru h{dpsoh/ frqvlghu d

srvlwlyh djjuhjdwh ghpdqg vkrfn1 Qrplqdo lqwhuhvw udwhv dqg rxwsxw ulvh vlpxowdqhrxvo|1

Wkh lqfuhdvhg rxwsxw uhgxfhv vrph frpsrqhqwv ri jryhuqphqw vshqglqj/ lqfuhdvhv wd{

uhyhqxh dqg wkxv ohvvhqv wkh exgjhw gh�flw1 Ixuwkhupruh/ wkh prqhwdu| dxwkrulwlhv pd|

dffrpprgdwh vrph ri wkh lqfuhdvhg prqh| ghpdqg wkdw wkh kljkhu vshqglqj lqgxfhv1 Dv

d uhvxow/ �r� �r
W

dqg �,� �,
W

ulvh zkloh } dqg ( duh idoolqj dqg 6 lv ulvlqj hqgrjhqrxvo|1 Dv

d frqvhtxhqfh ri wklv/ wkh ROV hvwlpdwhv ri wkh frh!flhqw vxpv lq E��� duh yhu| olnho| wr

eh lqfrqvlvwhqw1 Wkh lqfrqvlvwhqflhv fdq eh vhulrxv dqg ri hlwkhu vljq/ ghshqglqj rq krz

lpsruwdqw hdfk vrxufh ri hqgrjhqhlw| lv1 Lq wklv sdshu/ L kdyh ryhufrph wklv sureohp lq

wkuhh zd|v1 Iluvw/ iru wkh vdpsoh shulrg frqvlghuhg/ L wklqn lw lv uhdvrqdeo| idlu wr vd| wkdw

h{rjhqrxv lq xhqfhv kdyh ehhq lpsruwdqw iru } dqg (1 Vhfrqg/ uhodwlyho| kljk iuhtxhqf|

gdwd kdyh ehhq xvhg vr wkdw wkh hqgrjhqhlw| h�hfwv iurp wkh vkrfnv lq wkh uhvlgxdo rq wkh

uhjuhvvruv duh olnho| wr eh uhodwlyho| vpdoo1 Pruhryhu/ wkh uhjuhvvlrqv kdyh ehhq hvwlpdwhg

zlwk wkh Wzr0Vwdjh Ohdvw Vtxduhv +5VOV, zlwk fruuhfwlrq iru vhuldo fruuhodwlrq phwkrg

58 Lq wkh hvwlpdwlrqv/ L xvh Doprq odjv zlwk qr hqg srlqw uhvwulfwlrqv dqg doorz iru d wklug ghjuhh
sro|qrpldo1 Wkh odj lq h�hfw pd|/ e| wklv surfhgxuh/ eh glvwulexwhg dv d vwudljkw olqh/ d sduderod ru dv
dq �v0fxuyh�1
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vxjjhvwhg e| Idlu +4<:3,1 Idlu vkrzv wkdw frqvlvwhqw hvwlpdwhv fdq eh rewdlqhg zkhq

wkh uhvlgxdov duh vhuldoo| fruuhodwhg/ li odjjhg ydoxhv ri wkh uhjuhvvruv dqg wkh ghshqghqw

yduldeoh duh xvhg dv lqvwuxphqwv dqg wkh hvwlpdwhg uhvlgxdo lv h{solflwo| prghoohg dv

dq DUPDERc ^�0surfhvv1 Wkh uhdvrq qrw wr xvh 5VOV zlwkrxw vhuldo fruuhfwlrq lv/ dv

glvfxvvhg lq vhfwlrq 616/ wkdw zh h{shfw wkh uhvlgxdov wr eh vhuldoo| fruuhodwhg1 Wkhuhiruh/

dq dxjphqwhg DUPDERc ^�0surfhvv Do

|
' 4D

o

�
Do

|3�
n ���n4D

o

R
Do

|3R
n0D

o

|
nwD

o

�
0D

o

|3�
n ���nwD

o

^
0D

o

|3^

zdv lqfoxghg lq wkh 5VOV hvwlpdwlrqv ri E���/ xqwlo wkh Omxqj0Er{ Eu�� vwdwlvwlf lqglfdwhg

devhqfh ri vhuldo fruuhodwlrq lq wkh uhvlgxdov159

Ilqdoo|/ vlqfh L kdyh d olplwhg qxpehu ri revhuydwlrqv lq wkh uhjuhvvlrqv/ L kdyh vlpx0

odwhg wkh fulwlfdo ydoxhv uhsruwhg lq Wdeohv 9 dqg : ehorz wr jhw wkh fruuhfw vpdoo vdpsoh

vljql�fdqfh ohyhov1 Lq wkh vlpxodwlrqv/ L �uvw hvwlpdwhg dqg wkhq vlpxodwhg E�f� rq txdu0

whuo| dqg prqwko| gdwd wr jhw d vdpsoh ri wkh vdph vl}h dv xvhg lq wkh uhjuhvvlrqv uhsruwhg

lq Wdeohv 9 dqg : iru wkh lqghshqghqw yduldeohv/ zklfk wkhq zhuh xvhg wr jhqhudwh �r� �r
W

dqg �, � �,
W

1 L wkhq xvhg wkh vlpxodwhg ghshqghqw dqg lqghshqghqw yduldeohv wr hvwlpdwh

wkh uhjuhvvlrqv lq wkh Wdeohv 9 dqg :1 Wr jhw vpdoo vdpsoh glvwulexwlrqv iru wkh frh!flhqw

vxpv/ L uhshdwhg wklv surfhgxuh xqwlo wkh vlpxodwhg glvwulexwlrqv frqyhujhg lq phdq dqg

yduldqfh15: Wr jhw d ihholqj iru wkh lpsruwdqfh ri wkh vpdoo vdpsoh vljql�fdqfh ohyhov/ wkh

dv|pswrwlf |0vwdwlvwlfv duh dovr surylghg lq sduhqwkhvlv1

816 Uhvxowv

Wdeoh 9 uhsruwv wkdw wkh frh!flhqw vxpv iru( duh lqghhg srvlwlyh dqg vwurqjo| vwdwlvwlfdoo|

vljql�fdqw rq wkh txduwhuo| iuhtxhqf|1 Wkh hvwlpdwhg frh!flhqw vxpv duh f��b dqg f�2e/

59 Dqrwkhu hvwlpdwlrq phwkrg zklfk surgxfhv frqvlvwhqw hvwlpdwhv ri wkh frh!flhqw vxpv lq +44,/ lv
wkh vr fdoohg Wzr0Vwhs Wzr0Vwdjh Ohdvw Vtxduhv +5V5VOV, sursrvhg e| Fxpe| hw do1 +4<;6,1 Krzhyhu/
zkhq L whvwhg 5V5VOV dqg wkh 5VOV zlwk fruuhfwlrq iru vhuldo fruuhfwlrq phwkrg/ L irxqg wkdw wkh uhvxowv
zhuh yhu| vlplodu1 Exw vlqfh wkh odwwhu phwkrg zdv pxfk pruh vlpsohu wr lpsohphqw/ gxh wr wkh idfw
wkdw frh!flhqw vxpv zhuh hvwlpdwhg zlwk Doprq odjv/ lw zdv xvhg lq wkh �qdo uhjuhvvlrqv1

5: Lq sudfwlfh/ lw wrrn dssur{lpdwho| 4333 uhshwlwlrqv rq erwk wkh prqwko| dqg txduwhuo| iuhtxhqf| iru
wkh vlpxodwhg glvwulexwlrqv wr frqyhujh dffruglqj wr wkh phdq0yduldqfh fulwhuld1
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vxjjhvwlqj wkdw d rqh shufhqwdjh xqlw lqfuhdvh lq wkh jryhuqphqw exgjhw gh�flw dv d udwlr

ri JGS ohdgv wr dq lqfuhdvh lq wkh vkruw0 dqg orqj0whup qrplqdo lqwhuhvw udwh gl�huhqwldov

e| f��b dqg f�2e shufhqwdjh srlqwv uhvshfwlyho| diwhu wzr |hduv wlph1 Wkhvh �jxuhv duh

forvh wr srlqw hvwlpdwhv uhsruwhg e| Fruulhd0Qxqhv dqg Vwhplwvlrwlv +4<<8, iru Mdsdq

Ef�2��/ Jhupdq| Ef�22� dqg Luhodqg Ef�22�/ exw duh orzhu wkdq wkhlu hvwlpdwh iru wkh Xqlwhg

Vwdwhv Ef�.b� xvlqj |hduo| gdwd1 Dprqj wkh rwkhu uhjuhvvruv/ wkh vkruw uxq g|qdplfv iru

} dqg RW duh prvw lpsruwdqw/ dowkrxjk wkhlu hvwlpdwhg sdudphwhuv kdyh rssrvlwh vljqv1

Wkh huuru fruuhfwlrq whupv duh kljko| vljql�fdqw lq wkh uhjuhvvlrq iru �r � �r
W

/ exw qrw

lq wkh uhjuhvvlrq iru �, � �,
W

1 D gxpp| yduldeoh kdv dovr ehhq lqfoxghg lq wkh uhjuhvvlrq

iru wkh vkruw0whup lqwhuhvw udwh gl�huhqwldo wr fdswxuh wkh h�hfwv ri wkh lqwhuyhqwlrqv ri

Vyhuljhv Ulnvedqn +Edqn ri Vzhghq, rq wkh pdunhw iru vkruw0whup eloov lq Vhswhpehu wr

Qryhpehu 4<<51 Wklv �lqwhuyhqwlrq h�hfw� lv hdvlo| vhhq lq Iljxuh 61

Rq wkh prqwko| iuhtxhqf|/ dv vhhq iurp Wdeoh :/ wkh hvwlpdwhg frh!flhqw vxpv iru

( duh vwloo srvlwlyh dqg kljko| vljql�fdqw lq wkh uhjuhvvlrq htxdwlrq iru �r � �r
W

1 Wkh

frh!flhqw vxp iru ( lq wkh uhjuhvvlrqv iru �r� �r
W

rq txduwhuo| dqg prqwko| gdwd duh dovr

uhodwlyho| vlplodu1 Exw/ lq wkh �,��,
W

uhjuhvvlrq/ wkh frh!flhqw vxp iru( lv qrw vwdwlvwlfdoo|

gl�huhqw iurp }hur/ dqg wkxv vljql�fdqwo| orzhu wkdq rq txduwhuo| gdwd1 Krzhyhu/ wkh qxoo

k|srwkhvlv wkdw wkh frh!flhqw vxp iru ( lv ohvv wkdq }hur fdq eh vwdwlvwlfdoo| uhmhfwhg dw

wkh whq shufhqw ohyho1 Frpsdulvrq ri wkh Wdeohv 9 dqg : dovr uhyhdov wkdw wkh odj ohqjwk

h�hfw ri ( lv wkh vdph lq erwk wkh txduwhuo| dqg prqwko| uhjuhvvlrqv1 Iru wkh rwkhu

yduldeohv/ wkh prvw surqrxqfhg gl�huhqfh lv wkdw wkh hvwlpdwhg frh!flhqw iru } lv srvlwlyh

lq frqwudvw wr wkh txduwhuo| uhjuhvvlrqv1 Wklv pd| eh dq lqglfdwlrq wkdw rxu lqwhusrodwlrq

phdvxuh ri C lv  dzhg rq wkh prqwko| iuhtxhqf|1 Xqolnh wkh txduwhuo| uhjuhvvlrqv/ wkh

hvwlpdwhg frh!flhqw vxpv iru 6 duh qrz dozd|v qhjdwlyh dqg vwdwlvwlfdoo| vljql�fdqw1 Zh

dovr vhh wkdw �r
W

dqg �,
W

qrz ehfrphv kljko| vljql�fdqw lq wkh uhjuhvvlrq iru �r� �r
W

/ zkloh

wkh vkruw uxq g|qdplfv iru RW duh qrw vwdwlvwlfdoo| vljql�fdqw1 Wkh hvwlpdwhg sdudphwhuv
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iru wkh huuru fruuhfwlrq whupv kdyh rssrvlwh vljqv/ exw duh qrw vljql�fdqw1 Ilqdoo|/ wkh

hvwlpdwhg sdudphwhu iru wkh gxpp| yduldeoh lv kljkhu vlqfh wkh yduldeoh fdq eh gh�qhg

lq d pruh dssursuldwh zd| zlwk prqwko| gdwd1

Zkdw lv wkhq wkh jhqhudo lpsuhvvlrq ri wkh hvwlpdwlrq uhvxowv ri wkh frqyhqwlrqdo pdfur

prgho uhsruwhg lq Wdeohv 9 dqg :B Iluvw/ zh qrwlfh wkdw wkh prgho lq E��� glg qrw vxjjhvw

vljq xqltxhqhvv ri wkh frh!flhqw vxpv hvwlpdwhg deryh1 Frqvhtxhqwo|/ rqh fdqqrw uhmhfw

wkh frqyhqwlrqdo pdfur prgho hlwkhu rq wkh edvlv wkdw wkh hvwlpdwhg frh!flhqw vxpv iru

wkh yduldeohv zklfk fdswxuh wkh vkruw uxq g|qdplfv zhuh qrw vwdwlvwlfdoo| vljql�fdqw ru

wkdw wkh| kdyh wkh �zurqj� vljq1 Vhfrqg/ li wkh sdudphwhuv 4R
W

/ 4�
r
W

/ 4�
,
W

/ 4} dqg 46

zhuh htxdo wr rqh/ wkh vlpsol�hg yhuvlrq ri wkh frqyhqwlrqdo prgho/ vxppdul}hg e| E�2�/

vxjjhvwhg wkdw wkh yduldeohv RW/ �r
W

/ �,
W

/ } dqg 6 vkrxog qrw kdyh dq| orqj0uxq lq xhqfh

rq �r � �r
W

dqg �, � �,
W

1 Lq wkh DGI whvwv uhsruwhg deryh/ zh frxog qrw uhmhfw wkh qxoo

k|srwkhvlv wkdw wkhvh sdudphwhuv zhuh lqwhjudwhg ri rughu rqh15; Wkxv/ wkh idfw wkdw wkh

huuru fruuhfwlrq whupv lq prvw fdvhv wxuqhg rxw wr eh lqvljql�fdqw grhv qrw irup d edvlv iru

uhmhfwlrq ri wkh frqyhqwlrqdo prgho hlwkhu1 Udwkhu/ L zrxog olnh wr dujxh wkdw wkh jrrgqhvv

ri �w fulwhulrq iru wkh prgho vkrxog eh xvhg wr hydoxdwh wkh prgho dv d zkroh1 Wkh 7-20

ydoxhv uhsruwhg lq Wdeohv 9 dqg : duh kljk/ exw zh qhhg d frpsdulvrq zlwk dq dowhuqdwlyh

prgho/ lq rughu wr jhw d phdvxuh ri wkh prghov zlwklq0vdpsoh iruhfdvwlqj dffxudf|1 Khuh/

L iroorzhg wkh dssurdfk lq Phhvh dqg Urjr� +4<;6,/ dqg xvhg wkh 7-20ydoxhv jhqhudwhg e|

d udqgrp zdon zlwk d guliw wr irup d edvlv iru d frpsdulvrq1 Wkh fruuhvsrqglqj 7-20ydoxhv

iru wkh vkruw0 dqg orqj0whup lqwhuhvw gl�huhqwldov rq txduwhuo| dqg prqwko| iuhtxhqf| zhuh

if��./ f�DHj dqg if�Df/ f�HSj uhvshfwlyho|1 Lq doo fdvhv wkh| duh orzhu wkdq wkh rqhv lq

Wdeohv 9 dqg :1 Wkxv/ lw lv whpswlqj wr dujxh wkdw wkh hpslulfdo hylghqfh suhvhqwhg khuh

dovr vxssruwv wkh frqyhqwlrqdo prgho lq jhqhudo> dw ohdvw/ wkh hpslulfdo uhvxowv duh qrw

5; Irupdoo|/ wkh idfw wkdw wkhvh yduldeohv zhuh irxqg wr eh lqwhjudwhg ri rughu rqh gr qrw lpso| wkdw

wkh| duh udqgrp zdonv1 Exw li zh frqvlghu �
s
�

/ �
l
v
�

/ �
l
o
�

/ �
j dqg �

p wr eh odj sro|qrpldov lq wkh odj

rshudwru zlwk �
s
�

+4, @ 4> ===> �p +4, @ 4/ wkh lqwhusuhwdwlrqv pdgh lq wkh udqgrp zdon fdvh duh vwloo ydolg1
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reylrxvo| lqfrqvlvwhqw zlwk wkh suhglfwlrqv ri wkh frqyhqwlrqdo prgho1

Lq dffrugdqfh zlwk pdq| rwkhu frxqwulhv/ Vzhghq zhqw iurp d �{hg wr d pdqdjhg

 rdwlqj h{fkdqjh udwh uhjlph lq Qryhpehu 4<<51 Lq wklv sdshu/ L kdyh xvhg gdwd iurp

erwk wkh �{hg dqg  rdwlqj uhjlphv wr jhw vx!flhqwo| pdq| revhuydwlrqv lq wkh uhjuhvvlrqv1

Wkhuhiruh/ lw lv ghvludeoh wr whvw zkhwkhu wkh vwuxfwxuh ri wkh uhjuhvvlrqv uhsruwhg lq Wdeohv

9 dqg : duh wkh vdph diwhu wkh uhjlph vkliw1 Wkh vwdqgdug whvw dydlodeoh iru wklv sxusrvh

lv wkh Fkrz whvw/ wkh edvlf lghd ri zklfk fdq eh ghvfulehg dv frpsdulqj wkh uhvxowv ri

vhsdudwh hvwlpdwlrq lq wkh wzr vxeshulrgv/ �{hg dqg  rdwlqj uhjlph shulrgv/ dqg rq wkh

edvlv ri wkh frpsohwh shulrg> lq wkh odwwhu fdvh dvvxplqj wkdw wkh vwuxfwxuh ri wkh prgho

lv xqfkdqjhg15<

Dv fdq eh vhhq iurp Wdeoh ;/ zh fdq rqo| uhmhfw wkh qxoo k|srwkhvlv ri dq xqfkdqjhg

vwuxfwxuh lq rqh rxw ri irxu uhjuhvvlrqv dw uhdvrqdeoh vljql�fdqfh ohyhov1 Lq qr fdvhv lv

wkh whvw vwdwlvwlf yhu| odujh/ lqglfdwlqj udwkhu prghudwh fkdqjhv1 Rq wkh zkroh wkhuhiruh/

lw vhhpv olnh wkh uhvxowv uhsruwhg lq Wdeohv 9 dqg : duh idluo| urexvw zlwk uhvshfw wr wkh

h{fkdqjh udwh uhjlph vkliw lq Vzhghq1

9 Frqfoxglqj uhpdunv

Lq wklv sdshu/ L kdyh wulhg wr vkhg oljkw xsrq wkh hpslulfdo uhodwlrq ehwzhhq qrplqdo

lqwhuhvw udwhv dqg jryhuqphqw exgjhw gh�flwv1 Wkh vwudwhj| hpsor|hg lv vlplodu wr wkdw

ri Hydqv +4<;8/ 4<;:d/ 4<;:e/ 4<;;, lq wkh vhqvh wkdw L kdyh xvhg d frqyhqwlrqdo pdfur

5< Vlqfh wkh ruljlqdo Fkrz0whvw lv lpsrvvleoh wr xvh lq rxu fdvh gxh wr wkh vkruw  rdwlqj h{fkdqjh udwh
uhjlph shulrg/ L kdyh xvhg d prgl�fdwlrq ri wkh whvw/ vrphwlphv fdoohg wkh Fkrz iruhfdvw whvw1 Li wkh

prgho vwuxfwxuh lv xqfkdqjhg/ wkh vwdwlvwlf I rev @
a�5W.+a�

5

W�a�
5

il,
+qil�n,

qio

a�5
il

iroorzv wkh I 0glvwulexwlrq zlwk

qio dqg qil�n ghjuhhv ri iuhhgrp zkhuh> qil @ qxpehu ri revhuydwlrqv lq wkh �{hg h{fkdqjh udwh uhjlph
shulrg/ qio @ qxpehu ri revhuydwlrqv lq wkh pdqdjhg  rdwlqj h{fkdqjh udwh uhjlph shulrg/ n @ qxpehu

ri hvwlpdwhg sdudphwhuv/ a�5W @ hvwlpdwhg uhvlgxdo yduldqfh lq wkh frpsohwh shulrg dqg a�5il @ hvwlpdwhg

uhvlgxdo yduldqfh lq wkh �{hg h{fkdqjh udwh uhjlph shulrg1 Li wkh uhvlgxdo yduldqfh lv xqfkdqjhg/ wkh

ydoxh ri I rev lv 41 D fkdqjh lq vwuxfwxuh vkrxog ohdg wr d odujh uhvlgxdo yduldqfh iru wkh frpsohwh shulrg/

zlwk d frqvhtxhqw I rev wkdw lv odujhu wkdq 41
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prgho dv p| srlqw ri ghsduwxuh iru wkh hpslulfdo lqyhvwljdwlrq1 Exw edvhg rq d vxuyh|/

L kdyh dovr wdnhq lqwr dffrxqw zkdw vhhpv wr eh wkh prvw lpsruwdqw ohvvrqv iurp wkh

suhylrxv hpslulfdo olwhudwxuh1

Wkh vxuyh| vxjjhvwv wzr idfwruv wkdw pd| dffrxqw iru wkh gl�huhqw hpslulfdo uhvxowv lq

wkh suhylrxv olwhudwxuh1 Iluvw ri doo/ wkh wuhdwphqw ri wkh h{shfwhg lq dwlrq udwh vhhpv wr

eh ri frqvlghudeoh lpsruwdqfh> wkh uhvxowv whqg wr eh pruh vxssruwlyh iru wkh frqyhqwlrqdo

ylhz zkhq d sur{| lv xvhg wr dffrxqw iru wkh h{shfwhg lq dwlrq udwh/ udwkhu wkdq d uhgxfhg

irup1 Vhfrqg/ wkh gdwd iuhtxhqf| vhhpv wr eh lpsruwdqw1 Lq vwxglhv zklfk kdyh h{sorlwhg

orzhu iuhtxhqf| gdwd/ wkh hylghqfh lv pruh lq idyru ri wkh frqyhqwlrqdo wkdq wkh Ulfdugldq

ylhz1 Lq rughu wr frqwuro iru wkh �uvw idfwru/ L kdyh frqvwuxfwhg dqg xvhg d frqyhqwlrqdo

prgho lq zklfk lw lv srvvleoh wr vroyh iru wkh udwlrqdo lq dwlrq h{shfwdwlrqv dqdo|wlfdoo|1

Wr wdnh wkh odwwhu idfwru lqwr surshu dffrxqw/ L kdyh xvhg erwk txduwhuo| dqg prqwko|

gdwd lq wkh hvwlpdwlrqv1

Wkh wkhruhwlfdo dqdo|vlv vkrzv wkdw wkh frqyhqwlrqdo pdfur prgho ghyhorshg khuh/ lq

frqwudvw wr wkh �qglqjv lq wkh suhylrxv olwhudwxuh/ grhv qrw lpso| vljq xqltxhqhvv iru wkh

vxp ri wkh hohphqwv lq wkh sdudphwhu sro|qrpldov iru wkh exgjhw gh�flw lq wkh uhjuhvvlrq

htxdwlrqv iru wkh vkruw0 dqg orqj0whup qrplqdo lqwhuhvw udwhv1 Krzhyhu/ lq wkh vshfldo fdvh

zkhq wkh exgjhw gh�flw lv dvvxphg wr iroorz dq DUER� surfhvv/ wkh prgho lpsolhv wkdw wkh

frh!flhqw vxp ri wkh hohphqwv lq wkh sdudphwhu sro|qrpldov iru wkh exgjhw gh�flw vkrxog

eh srvlwlyh/ dowkrxjk lqglylgxdo hohphqwv pd| eh qhjdwlyh/ jlyhq wkdw wkh exgjhw gh�flw

lv d vwdwlrqdu| surfhvv1 Wkxv/ wkh prgho r�huv wkuhh lpsruwdqw lqvljkwv iru hpslulfdo

lqyhvwljdwlrqv ri wklv lvvxh1 Iluvw/ lw vwuhvvhv wkh lpsruwdqfh ri d fduhixo ghwhuplqdwlrq ri

wkh qxpehu ri odjv iru wkh uhjuhvvruv> li dq lqvx!flhqw qxpehu ri odjv iru wkh jryhuqphqw

exgjhw gh�flw duh lqfoxghg lq wkh uhjuhvvlrqv/ wkh hvwlpdwhg frh!flhqw vxpv pd| eh forvh

wr }hur1 Vhfrqg/ li wkh shuvlvwhqfh lq wkh exgjhw gh�flw lv vx!flhqwo| kljk/ wkh hvwlpdwhg

frh!flhqw vxpv iru wkh exgjhw gh�flw zloo eh forvh wr }hur uhjdugohvv ri krz pdq| odjv

59



rqh lqfoxghv lq wkh hvwlpdwlrqv> krzhyhu/ lw vkrxog eh hpskdvl}hg wkdw wklv lv d +vpdoo,

rshq hfrqrp| uhvxow1 Wklug/ lw lv hvvhqwldoo| dq hpslulfdo txhvwlrq dv wr zkhwkhu odujhu

exgjhw gh�flwv duh dvvrfldwhg zlwk kljkhu lqwhuhvw udwhv ru qrw1 Frqvhtxhqwo|/ wkh odfn

ri d urexvw �qglqj ehwzhhq exgjhw gh�flwv dqg lqwhuhvw udwhv vkrxog qrw wkhq qhfhvvdulo|

eh lqwhusuhwhg dv hylghqfh djdlqvw wkh frqyhqwlrqdo ylhz dqg lqgluhfw vxssruw iru wkh

Ulfdugldq htxlydohqfh wkhruhp/ zklfk/ iru lqvwdqfh/ Hydqv +4<;:d, dqg Sorvvhu +4<;:,

fodlp1

Wkh hpslulfdo vwxg| xwlol}hv gdwd iru Vzhghq/ d vpdoo rshq hfrqrp| zlwk h{wuhpho|

kljk vdpsoh yduldelolw| iru wkh jryhuqphqw exgjhw gh�flw frpsduhg wr suhylrxv vwxglhv1

Wkxv/ wkh hpslulfdo uhvxowv khuh rxjkw wr eh pruh uholdeoh wkdq wkrvh ri suhylrxv vwxglhv1

Wkh uhvxowv suhvhqwhg lq wkh sdshu/ zklfk vhhp wr eh idluo| urexvw ryhu wlph/ surylgh

hylghqfh iru wkh frqyhqwlrqdo ylhz lq pdfurhfrqrplfv= odujhu jryhuqphqw exgjhw gh�flwv

surgxfh kljkhu qrplqdo lqwhuhvw udwhv$

5:



Iljxuh 4= Shulrg dqg dffxpxodwhg h�hfwv rq �r
|
� �r

W

|
ri h{rjhqrxv yduldeohv � shulrgv

dkhdg1 5;



Iljxuh 5= Shulrg dqg dffxpxodwhg h�hfwv rq �,
|
��,

W

|
ri h{rjhqrxv yduldeohv � shulrgv dkhdg1

5<



Iljxuh 6= Prqwko| gdwd rq qrplqdo lqwhuhvw udwhv1
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Iljxuh 7= Prqwko| gdwd rq vhdvrqdoo| dgmxvwhg pdfuryduldeohv1
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Wdeoh 4= Vxppdu| vwdwlvwlfv iru txduwhuo| gdwd1

Vdpsoh dxwrfruuhodwlrqv
Yduldeoh Phdq Vwg1ghy1 	4

�
	4
2

	4
�

	4
e

	4
H

	4
�2

�r 431<5 519; 31;5 3197 3183 3166 3145 03145
�r

W

;193 5169 31;< 31:6 3194 317< 3155 03139
�r � �r

W

5198 415< 3189 3156 3136 03156 03148 3136
�, 431;3 41:4 31;7 3195 316< 3154 3153 3147
�,
W

<146 419< 31<7 31;8 31:9 3198 3173 315;
�, � �,

W

5146 31<4 31:8 3176 314; 0313: 3136 0313<
} 6159 3138 31<7 31;< 31;8 31;3 318; 316:
( 8186 7188 31<8 31;; 31;4 31:4 3168 03138
6 61;8 3145 31<: 31<7 31<4 31;; 31:8 3198
RW 03148 3153 31<8 31<3 31;8 31;3 3194 3178

Qrwh= j/ G/ p dqg s
�
kdyh ehhq vxemhfwhg wr vhdvrqdo dgmxvwphqw1 j/ p dqg s

�
duh lq qdwxudo orjv1

Wdeoh 5= Vxppdu| vwdwlvwlfv iru prqwko| gdwd1

Vdpsoh dxwrfruuhodwlrqv
Yduldeoh Phdq Vwg1ghy1 	4

�
	4
S

	4
�2

	4
�H

	4
2e

	4
�f

	4
�S

�r 431<5 51:9 31<4 318< 3163 314; 3145 3137 03144
�r

W

;193 5169 31<: 31:6 317; 3165 3155 3144 03139
�r � �r

W

5198 4179 31:9 3149 03153 03157 03143 3138 3135
�, 431;4 41:4 31<9 318< 314; 313; 3153 3163 3144
�,
W

<168 419: 31<; 31;7 3197 317; 3173 3164 314;
�, � �,

W

5148 31<6 31<5 3174 0313; 03148 03134 3147 03143
} 615: 3139 31;3 31:: 31:4 318< 317: 3175 3165
( 8196 71:7 31<; 31;< 31:5 3189 316: 314: 03135
6 61<4 3145 31<8 31<4 31;8 31:; 31:7 31:4 319:
RW 03148 3153 31<; 31<3 31;3 31:3 3194 3186 3178

Qrwh= j/ G/ p dqg s
�
kdyh ehhq vxemhfwhg wr vhdvrqdo dgmxvwphqw1 j/ p dqg s

�
duh lq qdwxudo orjv1
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Wdeoh 6= Dxjphqwhg Glfnh|0Ixoohu whvwv ri lqwhjudwlrq rughu rq ohyhov1

Txduwhuo| iuhtxhqf| Prqwko| iuhtxhqf|

Yduldeoh A R 	� |0ydoxh A R 	� |0ydoxh
�r 84 7 031438 041798 48; < 031393 0418;4
�r

W

89 6 031389 041449 499 46 031345 041396
�r � �r

W

7; : 031:<7 06154;WW 48: 43 031639 0618;;WWW

�, 7< 4 0314:8 05183; 47: 9 03136< 041<98
�,
W

93 8 031383 0418:7 4;8 46 031349 041887
�, � �,

W

7: 6 0316:8 0617:8WW 476 43 031453 0614:6WW

} <; : 03139: 0514:9 5<6 57 031398 051543
( <6 ; 0313<: 06153;WW 5<: 53 031365 061475WWW

RW 95 7 0313;: 04147< 4<9 8 031343 051675
6 <5 46 03145: 041;5: 5<7 56 031443 05186<

Qrwh= j/ G/ s� dqg p kdyh ehhq vxemhfwhg wr vhdvrqdo dgmxvwphqw dv ghvfulehg lq dsshqgl{ E1 W duh
wkh qxpehu ri revhuydwlrqv lqfoxghg lq wkh whvw1 � +��, ^� � �` lqglfdwhv wkdw K3= ] q L +n, zkhuh n A 3
lv uhmhfwhg dw wkh 43 +8, ^4` shufhqw vljql�fdqfh ohyho1 PfNlqqrq fulwlfdo ydoxhv duh xvhg1

Wdeoh 7= Dxjphqwhg Glfnh|0Ixoohu whvwv ri lqwhjudwlrq rughu rq gl�huhqfhv1

Txduwhuo| iuhtxhqf| Prqwko| iuhtxhqf|

Yduldeoh A R 	� |0ydoxh A R 	� |0ydoxh
{�r

W

8; 3 0318<; 071<6;WWW 499 45 031878 06197<WWW

{�,
W

93 7 0414;8 09146;WWW 4;7 46 031;38 071::3WWW

{} 433 4 031596 0613<<WWW 5;6 55 03156< 041<85WW

{RW 8< 7 0313:6 051<97WW 4:: 45 03135; 061693WWW

{6 <3 44 031764 061778WW 5;6 55 031747 061;98WWW

Qrwh= Wkh whvwv duh shuiruphg rq �uvw gl�huhqfhv iru lv
�

dqg lo
�

/ dqg rq dqqxdo fkdqjhv rq vhdvrqdoo|
xqdgmxvwhg gdwd iru j/ s� dqg p1 W duh wkh qxpehu ri revhuydwlrqv lqfoxghg lq wkh whvw1 � +��, ^� � �`
lqglfdwhv wkdw K3= ] q L +n, zkhuh n A 4 lv uhmhfwhg dw wkh 43 +8, ^4` shufhqw vljql�fdqfh ohyho1 PfNlqqrq
fulwlfdo ydoxhv duh xvhg1
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Wdeoh 8= Whvw uhvxowv iru wkh qxpehu ri frlqwhjudwlqj yhfwruv1

Wudfh whvw Pd{lpxp hljhqydoxh whvw
Whvw vwdwlvwlf Fulwlfdo ydoxhv Whvw vwdwlvwlf Fulwlfdo ydoxhv

o Txduwhuo| Prqwko| <8( <<( Txduwhuo| Prqwko| <8( <<(
3 458187 4381;4 9<1<; ::1<4 8;15; 831<3 66159 6;1;9
4 9:159 871<3 7;175 88188 691<9 651<6 5:167 65195
5 63163 541<; 64159 6:15< 4:16: 48149 5415; 59148
6 451<6 91;5 4:1;7 541<9 ;1<4 819: 47193 4;1:;
7 7135 4148 ;13; 4418; 7135 4148 ;13; 4418;

Qrwh= Wkh vdpsoh frqvlvwv ri 86 dqg 499 revhuydwlrqv uhvshfwlyho|1 Wkh fulwlfdo ydoxhv duh wdnhq iurp

Wdeoh D5 lq Mrkdqvhq dqg Mxvholxv +4<<3,1

Wdeoh 9= Txduwhuo| 5VOV zlwk fruuhfwlrq iru vhuldo fruuhodwlrq uhjuhvvlrqv1

�r � �r
W

�, � �,
W

Frh!flhqw vxp Odj ohqjwk Frh!flhqw vxp Odj ohqjwk
{} � f�2b2

E3��bD�

WWW 3 � f��2b
E32�SH�

WWW 3

{RW ��2eS
E��b��

WWW 3 f�H�e
E��b��

WW 43

{6 � f��bf
E3��2D�

45 f�fe�
E���.�

W 3

{�r
W

� f�..f
E3f�S2�

45 2�eff
E2�e.�

WWW <

{�,
W

f�22.
Ef�HH�

W 3 � �f�SSb
E3D��S�

WWW 43

( f��HH
Ee��D�

WW ; f�2�S
ES�fb�

WWW ;

	�'
�c3e 2�D�.

Ee�22�

WWW f��H�
Ef�eS�

	�'
2c3e f�H2H

ED�HH�

WW f���2
E��f��

S � ��2ee
E32�DH�

WWW � ��HD�
E32��f�

(�66+ ��S2�
Ee�f.�

WWW

Rc ^ 4/7 3/3
7-2 31<5 31;;
Qrwh= Vlpxodwhg fulwlfdo olplwv1 f ghqrwhv wkh frqvwdqw whup dqg Gxpp| lv d gxpp| yduldeoh

htxdo wr 4 4<<5=6 0 4<<5=7 dqg 3 rwkhuzlvh1 � +��, ^� � �` lqglfdwhv wkdw wkh frh!flhqw lv vwdwlvwlfdoo|

vljql�fdqw dw wkh 43 +8, ^4` shufhqw ohyho dffruglqj wr wkh vlpxodwhg glvwulexwlrq1 Dv|pswrwlf w0vwdwlvwlfv

zlwklq sduhqwkhvlv1 Wkh vdpsoh frqvlvwv ri 77 dqg 7: revhuydwlrqv uhvshfwlyho|1 Odjjhg ghshqghqw dqg

h{sodqdwru| yduldeohv kdyh ehhq xvhg dv lqvwuxphqwv1 s dqg t ghqrwh wkh rughu ri wkh DUPD+s> t,0surfhvv
iru wkh uhvlgxdo lq wkh hvwlpdwlrqv1
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Wdeoh := Prqwko| 5VOV zlwk fruuhfwlrq iru vhuldo fruuhodwlrq uhjuhvvlrqv1
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Qrwh= Vlpxodwhg fulwlfdo olplwv1 f ghqrwhv wkh frqvwdqw whup dqg Gxpp| lv d gxpp| yduldeoh htxdo

wr 4 4<<5=3< dqg 4<<5=44/ 3 rwkhuzlvh1 � +��, ^� � �` lqglfdwhv wkdw wkh frh!flhqw lv vwdwlvwlfdoo| vljql�fdqw

dw wkh 43 +8, ^4` shufhqw ohyho dffruglqj wr wkh vlpxodwhg glvwulexwlrq1 Dv|pswrwlf w0vwdwlvwlfv zlwklq

sduhqwkhvlv1 Wkh vdpsoh frqvlvwv ri 47; lq erwk uhjuhvvlrqv1 Odjjhg ghshqghqw dqg h{sodqdwru| yduldeohv

kdyh ehhq xvhg dv lqvwuxphqwv1 s dqg t ghqrwh wkh rughu ri wkh DUPD+s> t,0surfhvv iru wkh uhvlgxdo lq

wkh hvwlpdwlrqv1

Wdeoh ;= Fkrz whvw iru vwuxfwxudo vwdelolw|1

Txduwhuo| uhjuhvvlrqv Prqwko| uhjuhvvlrqv
Whvw vwdwlvwlf �r � �r

W

�, � �,
W

�r � �r
W

�, � �,
W

8 JKr 51548 41758 4153: 41889
R0ydoxh 31449 315:5 31565 31378

Qrwh= qio lv htxdo wr 47 +4<<6T4� 4<<9T5, rq txduwhuo| gdwd dqg 76 +4<<5=45� 4<<9=39, rq prqwko|

gdwd/ zkloh qil lv htxdo wr 63 +4<;8T6� 4<<5T7, dqg 66 +4<;7T7� 4<<5T7, rq txduwhuo| gdwd dqg 438

+4<;7=36� 4<<5=44, rq prqwko| gdwd iru lv � lv
�

dqg lo � lo
�

uhvshfwlyho|1
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Uhihuhqfhv

Doohq/ Vwxduw G1/ +4<<3,/ �Wkh H�hfw ri Ihghudo Gh�flwv dqg Ghew rq wkh Wd{0dgmxvwhg/
Vkruw0whup/ Uhdo Lqwhuhvw Udwh�/ Hfrqrplf Ohwwhuv/ Yro1 67/ Qr1 4/ ss1 49<04:61

Doohq/ Vwxduw G1/ +4<<5,/ �Wkh Ghwhuplqdqwv ri wkh Wd{0Dgmxvwhg Uhdo Lqwhuhvw Udwh�/
Mrxuqdo ri Pdfurhfrqrplfv/ Yro1 47/ qr1 4/ ss1 480651

Edqhumhh/ Dqlqg|d/ Grodgr/ Mxdq/ Jdoeudlwk/ Mrkq Z1 ) Khqgu|/ Gdylg I1/ +4<<6,/
Fr0lqwhjudwlrq/ �Huuru0fruuhfwlrq/ dqg wkh Hfrqrphwulf Dqdo|vlv ri Qrq0vwdwlrqdu|
Gdwd�/ lq Judqjhu/ F1Z1M1 ) Pl}rq/ J1H1 +hgv1,/ Dgydqfhg Wh{wv lq Hfrqrphwulfv/
R{irug Xqlyhuvlw| Suhvv/ R{irug1

Ehfnhu/ Wruemùuq L1/ +4<<8,/ �Jryhuqphqw Ghew dqg Sulydwh Frqvxpswlrq= Wkhru| dqg
Hylghqfh�/ Zrunlqj sdshu vhulhv lq Hfrqrplfv dqg Ilqdqfh Qr1 :4/ Vwrfnkrop
Vfkrro ri Hfrqrplfv/ Vwrfnkrop1

Errwkh/ Sdxo P1 ) Uhlg/ Eudgirug J1/ +4<;<,/ �Dvvhw Uhwxuqv dqg Jryhuqphqw Exgjhw
Gh�flwv lq d Vpdoo Rshq Hfrqrp|= Hpslulfdo Hylghqfh iru Fdqdgd�/ Mrxuqdo ri
Prqhwdu| Hfrqrplfv/ Yro1 56/ ss1 980::1

Fhexod/ Ulfkdug M1/ Edwhv/ Nlpehuo|/ Pdunv/ Orxlvh ) Urwk/ Doolvrq/ +4<;;,/ �Ilqdqfldo0
Pdunhw H�hfwv ri Ihghudo Jryhuqphqw Exgjhw Gh�flwv�/Zhowzluwvfkdiwolfkhv Dufkly/
Edqg 457/ Khiw 7/ ss1 :5<0:661

Fhexod/ Ulfkdug M1/ Edwhv/ Nlpehuo|/ Pdunv/ Orxlvh ) Urwk/ Doolvrq/ +4<<3,/ �Ilqdqfldo0
Pdunhw H�hfwv ri Ihghudo Jryhuqphqw Exgjhw Gh�flwv= Uhso|�/Zhowzluwvfkdiwolfkhv
Dufkly/ Edqg 459/ Khiw 5/ ss1 6<606<91

Fhexod/ Ulfkdug M1 ) Ukrgg/ Uxshuw J1/ +4<<6,/ �D Qrwh rq Exgjhw Gh�flwv/ Ghew
Vhuylfh Sd|phqwv/ dqg Lqwhuhvw Udwhv�/ Wkh Txduwhuo| Uhylhz ri Hfrqrplfv dqg
Ilqdqfh/ Yro1 66/ Qr1 7/ ss1 76<07781

Fruuhld0Qxqhv/ Mrvh ) Vwhplwvlrwlv/ Orxndv/ +4<<8,/ �Exgjhw Gh�flw dqg Lqwhuhvw Udwhv=
lv Wkhuh d OlqnB Lqwhuqdwlrqdo Hylghqfh�/ R{irug Exoohwlq ri Hfrqrplfv dqg Vwd0
wlvwlfv/ Yro1 8:/ Qr1 7/ ss1 758077<1

Fr{/ Mrkq F1/ Lqjhuvroo/ Mrqdwkdq H1 ) Urvv/ Vwhskhq D1/ +4<;8,/ �D Wkhru| ri wkh Whup
Vwuxfwxuh ri Lqwhuhvw Udwhv�/ Hfrqrphwulfd/ Yro1 86/ ss1 6;8073:1

Fxpe|/ Urehuw H1/ Kxl}lqjd/ Mrkq ) Revwihog/ Pdxulfh/ +4<;6,/ �Wzr0Vwhs Wzr0Vwdjh
Ohdvw Vtxduhv Hvwlpdwlrq lq Prghov zlwk Udwlrqdo H{shfwdwlrqv�/ Mrxuqdo ri Hfrqr0
phwulfv/ Yro1 54/ Qr1 6/ ss1 66606881

Hydqv/ Sdxo/ +4<;8,/ �Gr Odujh Gh�flwv Surgxfh Kljk Lqwhuhvw UdwhvB�/ Dphulfdq Hfr0
qrplf Uhylhz/ Yro1 ;8/ Qr1 4/ ss1 9;0;:1

Hydqv/ Sdxo/ +4<;:d,/ �Lqwhuhvw Udwhv dqg H{shfwhg Ixwxuh Exgjhw Gh�flwv lq wkh Xqlwhg
Vwdwhv�/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ Yro1 <8/ Qr1 4/ ss1 6708;1

Hydqv/ Sdxo/ +4<;:e,/ �Gr Exgjhw Gh�flwv Udlvh Qrplqdo Lqwhuhvw Udwhv= Hylghqfh iurp
Vl{ Frxqwulhv�/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ Yro1 53/ ss1 5;406331

Hydqv/ Sdxo/ +4<;;,/ �Duh Jryhuqphqw Erqgv Qhw ZhdowkB Hylghqfh iru wkh Xqlwhg
Vwdwhv�/ Hfrqrplf Lqtxlu|/ Yro1 [[YL/ ss1 88408991
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Idlu/ Ud| F1/ +4<:3,/ �Wkh Hvwlpdwlrq ri Vlpxowdqhrxv Htxdwlrq Prghov zlwk Odjjhg
Hqgrjhqrxv Yduldeohv dqg Iluvw Rughu Vhuldoo| Fruuhodwhg Huuruv�/ Hfrqrphwulfd/
Yro1 6;/ Qr1 6/ ss1 83:08491

Julqrov/ Hduo O1 ) Wxuqryvn|/ Vwhskhq M1/ +4<<7,/ �H{fkdqjh Udwh Ghwhuplqdwlrq dqg
Dvvhw Sulfhv lq d Vpdoo Rshq Hfrqrp|�/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ Yro1
69/ ss1 :80<:1

Jrogihog/ VwhskhqP1 ) Vlfkho/ Gdqlho H1/ +4<<3,/ �Wkh Ghpdqg iru Prqh|�/ lq Iulhgpdq
E1P1 ) Kdkq I1K1 +hgv1,/ Kdqgerrn ri Prqhwdu| Hfrqrplfv/ Yro1 4/ ss1 5<<0689/
Qruwk0Kroodqg/ Dpvwhugdp1

gh Kddq/ Mdnre ) ]hokruvw/ Glfn/ +4<<3,/ �Ilqdqfldo0Pdunhw H�hfwv ri Ihghudo Jryhuq0
phqw Exgjhw Gh�flwv= Frpphqw�/ Zhowzluwvfkdiwolfkhv Dufkly/ Edqg 459/ Khiw 5/
ss1 6;;06<51

Kdqvvrq/ Ehqjw/ +4<<6,/ �Hq vwuxnwxuhoo prghoo�/ lq Shqqlqjsrolwlvnd lqglndwruhu lvvxhg
e| Edqn ri Vzhghq/ Mxqh 4<<6/ Sduw LL/ ss1 860951

Kdplowrq/ Mdphv G1/ +4<<7,/ Wlph Vhulhv Dqdo|vlv/ Sulqfhwrq Xqlyhuvlw| Suhvv/ Sulqfh0
wrq1

Mrkdqvhq/ Vûuhq/ +4<;;,/ �Vwdwlvwlfdo Dqdo|vlv ri Frlqwhjudwlrq Yhfwruv�/ Mrxuqdo ri Hfr0
qrplf G|qdplfv dqg Frqwuro/ Yro1 45/ ss1 56405871

Mrkdqvhq/ Vûuhq ) Mxvholxv/ Ndwdulqd/ +4<<3,/ �Pd{lpxp Olnholkrrg Hvwlpdwlrq dqg
Lqihuhqfh rq Frlqwhjudwlrq 0 zlwk Dssolfdwlrqv wr wkh Ghpdqg iru Prqh|�/ R{irug
Exoohwlq ri Hfrqrplfv dqg Vwdwlvwlfv/ Yro1 85/ Qr1 5/ ss1 49<05431

Olqgehuj/ Kdqv ) Vùghuolqg/ Sdxo/ +4<<7,/ �Whvwlqj wkh Edvlf Wdujhw ]rqh Prgho rq
Vzhglvk Gdwd 4<;504<<3�/ Hxurshdq Hfrqrplf Uhylhz/ Yro1 6;/ Qr1 :/ ss1 47740
479<1

Olwwhupdq/ Urehuw E1/ +4<;6,/ �D Udqgrp Zdon/ Pdunry Prgho iru wkh Glvwulexwlrq ri
Wlph Vhulhv�/ Mrxuqdo ri Exvlqhvv ) Hfrqrplf Vwdwlvwlfv/ Yro14/ Qr1 5/ ss1 49<04:61

PfFd�huw|/ Vwhskhq/ +4<;9,/ �Djjuhjdwh Ghpdqg dqg Lqwhuhvw Udwhv= d Pdfurhfrqrplf
Dssurdfk wr wkh Whup Vwuxfwxuh�/ Hfrqrplf Lqtxlu|/ Yro1 [[LY/ ss1 85408661

Phhvh/ Ulfkdug D1 ) Urjr�/ Nhqqhwk/ +4<;6,/ �Hpslulfdo H{fkdqjh Udwh Prghov ri wkh
Vhyhqwlhv 0 Gr Wkh| Ilw Rxw ri VdpsohB�/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ Yro1
47/ Qr1 4/ ss1 60571

Ploohu/ Vwhskhq P1 ) Uxvvhn/ Iudqn V1/ +4<<9,/ �Gr Ihghudo Gh�flwv D�hfw Lqwhuhvw
UdwhvB�/ Mrxuqdo ri Pdfurhfrqrplfv/ Yro1 4;/ Qr1 6/ ss1 736075;1

Plqirug/ Sdwulfn/ +4<;;,/ �Lqwhuhvw Udwhv dqg Erqg Ilqdqfhg Gh�flwv lq d Ulfdugldq
Wzr0Sduw| Ghprfudf|�/ Zhowzluwvfkdiwolfkhv Dufkly/ Edqg 457/ Khiw 6/ ss1 6;:0
7341

Sorvvhu/ Fkduohv L1/ +4<;5,/ �Jryhuqphqw Ilqdqflqj Ghflvlrqv dqg Dvvhw Uhwxuqv�/ Mrxu0
qdo ri Prqhwdu| Hfrqrplfv/ Yro1 </ ss1 65806851

Sorvvhu/ Fkduohv L1/ +4<;:,/ �Ilvfdo Srolf| dqg wkh Whup Vwuxfwxuh�/ Mrxuqdo ri Prqhwdu|
Hfrqrplfv/ Yro1 53/ ss1 676069:1

Urjr�/ Nhqqhwk/ +4<;8,/ �Wkh Rswlpdo Ghjuhh ri Frpplwphqw wr dq Lqwhuphgldwh Prq0
hwdu| Wdujhw�/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ Yro1 433/ Qr1 7/ ss1 449<044;<1
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Wxuqryvn|/ Vwhskhq M1/ +4<;<,/ �Wkh Whup Vwuxfwxuh ri Lqwhuhvw Udwhv dqg wkh H�hfwv
ri Pdfurhfrqrplf Srolf|�/ Mrxuqdo ri Prqh|/ Fuhglw/ dqg Edqnlqj/ Yro1 54/ Qr1 6/
ss1 654067:1

Vùghuolqg/ Sdxo/ +4<<:,/ �Prqhwdu| Srolf| dqg wkh Ilvkhu H�hfw�/ Zrunlqj Sdshu Qr1
48</ Vwrfnkrop Vfkrro ri Hfrqrplfv/ Vzhghq1
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