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Dgguhvv iru fruuhvsrqghqfh= G�hsduwphqw gh Vflhqfhv �Hfrqrpltxhv hw F1U1G1H1/ Xql0

yhuvlw�h gh Prqwu�hdo/ F1S1 945;/ Vxff1 Fhqwuh0Ylooh/ Prqwu�hdo/ Tx�hehf/ K6F 6M:/ Fdqdgd1

Wkh �uvw wzr dxwkruv judwhixoo| dfnqrzohgjh �qdqfldo vxssruw iurp wkh Irqgv gh od Iru0
pdwlrq gh Fkhufkhxuv hw o*Dlgh �d od Uhfkhufkh gx Tx�hehf +IFDU, dqg wkh Vrfldo Vflhqfhv

dqg Kxpdqlwlhv Uhvhdufk Frxqflo ri Fdqdgd +VVKUF,1 Wkh wklug dxwkru wkdqnv FLUDQR
dqg F1U1G1H1 iru �qdqfldo vxssruw1



41 Lqwurgxfwlrq

Lq wkh hpslulfdo rswlrq sulflqj olwhudwxuh/ ghsduwxuhv iurp wkh Eodfn0Vfkrohv +4<:6, +EV,
prgho duh riwhq fkdudfwhul}hg e| dq lpsolhg yrodwlolw| fxuyh/ zkhuhe| wkh yrodwlolw| h{wudfwhg
iurp wkh EV rswlrq sulflqj irupxod jlyhq wkh revhuyhg rswlrq sulfh lv judskhg djdlqvw wkh
prqh|qhvv ri wkh rswlrq1 Wkh hpslulfdo eldvhv ri wkh EV prgho kdyh ehhq gxeehg wkh vploh
h�hfw lq uhihuhqfh wr d v|pphwulf lpsolhg yrodwlolw| fxuyh/ exw qxphurxv glvwruwhg vplohv lq
wkh vkdsh ri vplunv ru iurzqv duh lqihuuhg pruh iuhtxhqwo| iurp pdunhw gdwd1

Vlqfh Uhqdxow +4<<:, dqg Uhqdxow dqg Wrx}l +4<<9,/ wkh v|pphwulf vkdsh ri wkh vploh
lv zhoo fkdudfwhul}hg wkhruhwlfdoo| lq whupv ri sdudphwhu khwhurjhqhlw|1 Zkhq wkh frqvwdqw
yrodwlolw| lq wkh EV zruog lv pdgh vwrfkdvwlf/ wkh sulfh ri wkh rswlrq lv h{suhvvhg dv dq
h{shfwdwlrq ri wkh EV sulfh zkhuh wkh h{shfwdwlrq lv wdnhq zlwk uhvshfw wr wkh glvwulexwlrq
ri wkh khwhurjhqhrxv vwrfkdvwlf yrodwlolw| idfwru1 Vxfk d vwrfkdvwlf yrodwlolw| prgho dv lq
Kxoo dqg Zklwh +4<;:, surgxfhv d v|pphwulf lpsolhg yrodwlolw| fxuyh dfurvv prqh|qhvv41
Zkloh iuhtxhqwo| revhuyhg/ dv|pphwulf vkdshv ri wkh vploh duh rqo| sduwldoo| fkdudfwhul}hg
wkhruhwlfdoo|1 Sodwhq dqg Vfkzhl}hu +4<<:, h{sodlq wklv dv|pphwu| e| ghyhorslqj d prgho
lq zklfk wkh gl�xvlrq surfhvv ri wkh vwrfn sulfh lqfrusrudwhv wkh whfkqlfdo ghpdqg lqgxfhg
e| khgjlqj vwudwhjlhv1 Uhqdxow +4<<:, kdv vkrzq wkdw d yhu| vpdoo glvfuhsdqf| ehwzhhq
wkh rswlrq pdunhwv dvvhvvphqw ri wkh vwrfn sulfh dqg wkh dfwxdo sulfh fdq fdswxuh vhqvleoh
dv|pphwulhv ri wkh vploh1

Lq wklv sdshu/ zh fkdudfwhul}h wkh dv|pphwulhv ri wkh vploh lq d vwrfkdvwlf g|qdplf dvvhw
sulflqj iudphzrun1 Zh sxw iruzdug krz wkhvh dv|pphwulhv duh surgxfhg e| ohyhudjh h�hfwv1
Zh nqrz vlqfh Eodfn +4<:8/ 4<:9, wkdw d vwrfn wkdw gursv vkduso| lq sulfh lv olnho| wr vkrz
d kljkhu yrodwlolw| lq wkh ixwxuh wkdq d vwrfn wkdw ulvhv vkduso| lq sulfh1 Lq rxu iudphzrun
wklv ghshqghqfh ehwzhhq sulfh pryhphqwv dqg ixwxuh yrodwlolw| lv lqwurgxfhg wkurxjk d vhw
ri odwhqw vwdwh yduldeohv1 Wkhvh odwhqw yduldeohv fdswxuh wkh yrodwlolw| ulvn dqg wkh lqwhuhvw
udwh ulvn zklfk d�hfw rswlrq sulfhv1 Wkh ohyhudjh h�hfw mxvw ghvfulehg lv surgxfhg e| d
furvv0fruuhodwlrq h�hfw ehwzhhq wkh vwdwh yduldeohv zklfk hqwhu lqwr wkh vwrfkdvwlf yrodwlolw|
surfhvv ri wkh vwrfn sulfh dqg wkh vwrfn sulfh surfhvv lwvhoi1 Zh surylgh d iudphzrun zlwk d
jhqhudo vwrfkdvwlf glvfrxqw idfwru zkhuh d jhqhudo frqglwlrq iru dv|pphwulf lpsolhg yrodwlolw|
fxuyhv lv wkh suhvhqfh ri d vwrfkdvwlf fruuhodwlrq ehwzhhq wkh uhwxuq rq wkh vwrfn dqg wkh
vwrfkdvwlf glvfrxqw idfwru1

Wr eh deoh wr sxw iruzdug wkh dv|pphwulf ghirupdwlrqv ri wkh vploh/ zh �uvw vwdwh qhf0
hvvdu| dqg vx!flhqw frqglwlrqv iru v|pphwu| lq d ixoo| jhqhudo vhwwlqj zkhuh wkh rqo| pdlq0
wdlqhg uhvwulfwlrq lv wkh krprjhqhlw| ri wkh rswlrq sulflqj ixqfwlrq +vhh Phuwrq +4<:6,,1Wklv
surshuw| dsshduv dv qdwxudo zkhq wkh EV lpsolhg yrodwlolw| lv vhhq dv d ixqfwlrq ri prqh|0
qhvv dqg qrw ri wkh xqghuo|lqj dvvhw sulfh dqg wkh vwulnh sulfh wdnhq vhsdudwho|1 Zh surylgh
qhz fkdudfwhul}dwlrqv ri wkh v|pphwu| ri wkh yrodwlolw| vploh lq whupv ri wkh rswlrq sulflqj

4Wkh phwulf iru prqh|qhvv lv wkh orjdulwkp ri wkh iruzdug sulfh ryhu wkh vwulnh sulfh1



ixqfwlrq dqg ri wkh sulflqj suredelolw| phdvxuh1 Vlqfh d Kxoo dqg Zklwh +4<;:, vwrfkdvwlf
yrodwlolw| prgho surgxfhv d v|pphwulf vploh/ zh sursrvh d jhqhudol}hg rswlrq sulflqj irupxod
edvhg rq d jhqhudo vwrfkdvwlf glvfrxqw idfwru frqwdlqlqj vwdwh yduldeohv1 Dv|pphwu| lv wkhq
fkdudfwhul}hg dv wkh frqvhtxhqfh ri d fruuhodwlrq h�hfw ehwzhhq wkh prqh|qhvv ri wkh rswlrq
dqg wkh frqwhpsrudqhrxv vwdwh yduldeohv1

Wr ixuwkhu fkdudfwhul}h wkhvh dv|pphwulhv dqg surylgh dq hfrqrplf lqwhusuhwdwlrq wr wkh
furvv0fruuhodwlrq h�hfwv/ zh sursrvh dq htxloleulxp vwrfkdvwlf glvfrxqw idfwru1 Wkh jhqhudo
uhoxfwdqfh wr xvh htxloleulxp prghov wr sulfh rswlrqv lv edvhg rq wkh xqrevhuydeoh fkdudf0
whu ri erwk wkh hqgrzphqw surfhvvhv dqg wkh suhihuhqfh sdudphwhuv1 Rxu odwhqw yduldeoh
iudphzrun pdnhv lw srvvleoh wr sdudphwul}h sduvlprqlrxvo| wkh g|qdplf hyroxwlrq ri wkh
frqvxpswlrq dqg glylghqg surfhvvhv1 Vlqfh wkh surfhvv ri vwdwh yduldeohv lv d odwhqw Pdunry
surfhvv/ d qdwxudo fdqglgdwh lv wkh Pdunry vzlwfklqj prgho lqwurgxfhg e| Kdplowrq +4<;<,
dqg dssolhg wr dvvhw sulflqj e| Fhffkhwwl/ Odp dqg Pdun +4<<3/ 4<<6, dqg Erqrpr dqg
Jdufld +4<<6/ 4<<7/ 4<<9,51

Wkh fdoleudwlrq ri suhihuhqfh sdudphwhuv lv xqdyrlgdeoh lq wkh suhvhqfh ri yrodwlolw| dqg
lqwhuhvw udwh ulvnv vlqfh ulvn suhpld sdudphwhuv hqwhu lq wkh rswlrq sulfh1 Vxfk sdudphwhuv duh
devhqw iurp vr0fdoohg suhihuhqfh0iuhh rswlrq sulflqj irupxodv vxfk dv wkh Eodfn dqg Vfkrohv
irupxod ehfdxvh wkh| duh klgghq lq wkh suhpld dvvrfldwhg zlwk wkh vwrfn dqg erqg sulfhv1
Zkhq d yrodwlolw| ulvn h{lvwv/ wkh qr0duelwudjh phwkrgrorj| fdqqrw klgh wkh ulvn suhplxp
sdudphwhu lq wkh rswlrq sulfh vlqfh wkhuh lv qr dvvhw zklfk wudghv gluhfwo| wkh yrodwlolw| ulvn1
Zkloh wkh ulvn suhplxp fdq eh fdoleudwhg xvlqj revhuyhg rswlrq sulfhv/ lw zloo qrw eh vwdeoh
ryhu gl�huhqw pdwxulwlhv ehfdxvh lw hqwdlov d wlph0ydu|lqj ulvn1 Wklv lv zk| wklv ulvn suhplxp
lv riwhq fkdudfwhul}hg lq wkh rswlrq sulflqj olwhudwxuh +vhh wkh vwrfkdvwlf yrodwlolw| prgho ri
Khvwrq +4<<6, iru h{dpsoh, e| lwv frxqwhusduw lq dq htxloleulxp dvvhw sulflqj prgho hyhq
wkrxjk dvvxpswlrqv xqghuo|lqj wkh htxloleulxp prgho duh ohiw xqvshfl�hg1 Luuhvshfwlyh ri
wkhlu hfrqrplf lqwhusuhwdwlrq/ wkh suhihuhqfh sdudphwhuv dqg wkh sdudphwhuv ri wkh vwrfkdvwlf
surfhvvhv zklfk jryhuq wkh odwhqw vwdwh yduldeohv fdq eh ylhzhg dv vwuxfwxudo sdudphwhuv
zklfk zloo khos suhglfw sulfhv ri ixwxuh rswlrqv ri dq| pdwxulw| lq d pruh vwdeoh pdqqhu1 Wr
hqulfk wkh vhw ri sdudphwhuv zlwk zklfk zh fdoleudwh wkh rswlrq sulfh/ zh vhw rxu htxloleulxp
prgho lq d uhfxuvlyh xwlolw| iudphzrun zlwk vwdwh qrq0vhsdudeoh suhihuhqfhv +Hsvwhlq dqg ]lq
^4<;<`,1 Lq wklv iudphzrun/ wkh uhvshfwlyh urohv ri glvfrxqwlqj/ ulvn dyhuvlrq dqg lqwhuwhpsrudo
vxevwlwxwlrq lq wkh rswlrq sulflqj irupxod fdq eh glvhqwdqjohg 61

5Wkh uhjlph0vzlwfklqj prgho kdv uhfhqwo| hqmr|hg vrph srsxodulw| lq wkh rswlrq sulflqj olwhudwxuh1 Vhh

lq sduwlfxodu Fdpsehoo dqg Ol +4<<;,/ Gdylg dqg Yhurqhvl +4<<;,/ Gxdq/ Srsryd dqg Ulfknhq +4<<;,1 Doo

wkhvh prghov fdq eh hpehgghg lq rxu iudphzrun1 D suhfxuvru sdshu lq uhjlph0vzlwfklqj rswlrq sulflqj lv

Qdln +4<<6,1
6Wzr sdshuv kdyh xvhg suhihuhqfhv wkdw glvhqwdqjoh ulvn dyhuvlrq iurp lqwhuwhpsrudo vxevwlwxwlrq lq wkh

frqwh{w ri rswlrq sulflqj1 Ghwhpsoh +4<<3, xvhv wkh ruglqdo fhuwdlqw| htxlydohqfh k|srwkhvlv sursrvhg e|

Vhoghq +4<:;, lq d wzr0shulrg hfrqrp| dqg vkrzv wkdw wlph suhihuhqfhv sod| d glvwlqfwlyh dqg vljql�fdqw uroh

lq sulflqj rswlrqv1 Iru h{dpsoh/ rswlrq sulfhv fkdqjh zlwk wkh h{shfwhg uhwxuq rq wkh vwrfn dqg pd| ghfuhdvh
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Zkhq zh fdoleudwh wklv prgho wr uhdvrqdeoh ydoxhv ri wkh sdudphwhuv/ zh duh deoh wr
uhsurgxfh wkh ydulrxv w|shv ri lpsolhg yrodwlolw| fxuyhv lqihuuhg iurp rswlrq pdunhw gdwd1 Lq
rwkhu zrugv/ qrw rqo| rxu prgho uhsurgxfhv dv|pphwulf vplohv exw lw doorzv iru uhyhuvdov lq
wkh vploh vnhzqhvv1 Doo wkh fodvvlf h{whqvlrqv ri wkh edvlf Eodfn0Vfkrohv prgho zlwk vwrfkdvwlf
yrodwlolw|/ vwrfkdvwlf lqwhuhvw udwhv ru mxpsv uhylhzhg lq Ednvkl/ Fdr dqg Fkhq +4<<:, fdqqrw
surgxfh vxfk uhyhuvdov1 Lqghhg/ dv Edwhv +4<<9, hpskdvl}hg/ lw lv vxfk fkdqjlqj vnhzqhvv lq
wkh vploh wkdw srvhv d fkdoohqjh wr fxuuhqw rswlrq sulflqj prghov1 Lq rxu vhwwlqj/ uhyhuvdov
lq vnhzqhvv rffxu zkhq wkh vrxufh ri ulvn fkdqjhv1

D fodvv ri jhqhudol}hg ghwhuplqlvwlf yrodwlolw| prghov kdv dovr ehhq sursrvhg wr ryhufrph
wkh hpslulfdo eldvhv ri wkh EV prgho1 Wkhvh prghov lqfoxgh wkh frqvwdqw hodvwlflw| ri yduldqfh
prgho ri Fr{ dqg Urvv +4<:9,/wkh lpsolhg elqrpldo wuhh dssurdfk ri Uxelqvwhlq +4<<7,/ wkh
ghwhuplqlvwlf yrodwlolw| prghov ri Gxsluh +4<<7, dqg Ghupdq dqg Ndql +4<<7,/ dqg wkh Nhuqho
dssurdfk ri Dòw0Vdkdold dqg Or +4<<;,1Lq wklv fodvv ri prghov/ lw lv dvvxphg wkdw wkh orfdo
yrodwlolw| ri wkh xqghuo|lqj dvvhw lv d nqrzq ixqfwlrq ri wlph dqg ri wkh sdwk dqg ohyho ri wkh
xqghuo|lqj dvvhw sulfh1 Zkloh wkhvh prghov duh dwwudfwlyh ehfdxvh wkh| fdq fdswxuh hpslulfdo
uhjxodulwlhv lq d qr0duelwudjh vhwwlqj zlwkrxw uhvruwlqj wr htxloleulxp prghov dqg wkh qhhg wr
hvwlpdwh ulvn suhpld/ wkh| duh surqh wr wkh ulvn ri ryhu�wwlqj1 Lqghhg/ Gxpdv/ Iohplqj dqg
Zkdoh| +4<<;, vkrz fohduo| wkdw ghwhuplqlvwlf yrodwlolw| prghov ryhu�w wkh vploh lq vdpsoh
dqg orrvh dq| suhglfwlyh srzhu rxw ri vdpsoh1 Exudvfkl dqg Mdfnzhuwk +4<<:, eulqj ixuwkhu
hylghqfh wkdw ghwhuplqlvwlf yrodwlolw| prghov duh qrw frqvlvwhqw zlwk revhuyhg rswlrq sulfhv
dqg wkdw vwrfkdvwlf yrodwlolw| prghov duh pruh olnho| wr h{sodlq wkh vploh1 Rxu prgho doorzv
dovr iru vwrfkdvwlf lqwhuhvw udwhv1 Zkloh wklv ihdwxuh grhv qrw dsshdu fuxfldo iru fkdudfwhul}lqj
wkh vkruw0whup eldvhv ri wkh EV prgho/ lw lv lpsruwdqw iru orqj0whup frqwudfwv +vhh Ednvkl/
Fdr dqg Fkhq +4<<;,,1

Uxelqvwhlq +4<:9, dqg Euhqqdq +4<:<, xvh d frqvxpswlrq0edvhg uhsuhvhqwdwlyh djhqw
iudphzrun wr sulfh rswlrqv1 Dplq dqg Qj +4<<6, h{whqg wklv iudphzrun wr d mrlqw surfhvv
iru frqvxpswlrq jurzwk dqg vwrfn uhwxuqv zklfk fdswxuhv erwk lqwhuhvw udwh dqg yrodwlolw|
ulvnv1 Dv vshfldo fdvhv ri rxu jhqhudo rswlrq sulflqj irupxod/ zh rewdlq wkh irupxod ghulyhg
e| Dplq dqg Qj +4<<6, dqg d iruwlrul doo wkh rwkhu sulflqj irupxodv wkdw zhuh qhvwhg lq wkh
odwwhu7= ri frxuvh wkh EV irupxod/ exw dovr wkh Kxoo dqg Zklwh +4<;:, dqg Edloh| dqg Vwxo}
+4<;<, vwrfkdvwlf yrodwlolw| rswlrq sulflqj irupxodv dqg wkh Phuwrq +4<:6,/ Wxuqexoo dqg
Ploqh +4<<4,/ dqg Dplq dqg Mduurz +4<<5, vwrfkdvwlf lqwhuhvw udwh rswlrq sulflqj irupxodv
iru htxlw| rswlrqv1

Wkh uhvw ri wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 surylghv jhqhudo frqglwlrqv xqghu

zkhq wkh ulvn ri wkh vwrfn uhwxuq lqfuhdvhv1 Pd +4<<6, h{whqgv wkh vwrfkdvwlf gl�huhqwldo xwlolw| frqfhsw lq

Gx!h dqg Hsvwhlq +4<<5, wr d pl{hg Srlvvrq0Eurzqldq lqirupdwlrq vwuxfwxuh dqg ghulyhv d forvhg0irup

sulflqj irupxod iru Hxurshdq fdoo rswlrqv zulwwhq rq djjuhjdwh htxlw| xqghu Nuhsv0Sruwhxv suhihuhqfhv1
7Krzhyhu/ zh gr qrw lqfrusrudwh dv lq Dplq dqg Qj +4<<6, wkh h�hfw rq wkh rswlrq sulfh ri d v|vwhpdwlf

mxps lq wkh xqghuo|lqj dvvhw sulfh surfhvv/ iroorzlqj Phuwrq +4<:9, dqg Qdln dqg Ohh +4<<3,1 Wklv h{whqvlrq

frxog eh hdvlo| dffrprgdwhg lq rxu iudphzrun1
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zklfk wkh vploh lv v|pphwulf dqg surylghv d vwrfkdvwlf iudphzrun zlwk vwdwh yduldeohv wr
sulfh dvvhwv1 Dv|pphwu| ri wkh vploh lv dvvrfldwhg zlwk wkh suhvhqfh ri furvv0fruuhodwlrq
ru ohyhudjh h�hfwv1 Vhfwlrq 6 vshfldol}hv wkh vwrfkdvwlf sulflqj iudphzrun wr dq htxloleulxp
prgho zlwk d Pdunry fkdlq vwuxfwxuh iru wkh vwdwh yduldeohv1 Frqglwlrqv iru dq dv|pphwulf
vploh duh vwdwhg lq wklv vshfldol}hg frqwh{w1 Vhfwlrq 7 fdoleudwhv wkh sdudphwhuv wr looxvwudwh
wkh ydulrxv vkdshv ri wkh vploh wkdw fdq eh rewdlqhg xqghu ydulrxv vwrfkdvwlf dqg sdudphwhu
dvvxpswlrqv1 Vhfwlrq 8 frqfoxghv1

51 Wkh v|pphwulf dqg dv|pphwulf vkdshv ri wkh yrodwlolw| vploh= d

jhqhudo fkdudfwhul}dwlrq

Wkh EV irupxod sod|v d fhqwudo uroh lq rswlrq sulflqj vlqfh lpsolhg yrodwlolw|/ wkh yrodwlolw|
sdudphwhu ghulyhg iurp wkh EV irupxod dqg wkh revhuyhg rswlrq sulfh/ vhuyhv dv d xvhixo xqlw
ri phdvxuh lq rswlrq pdunhwv1 Dv |lhogv lq wkh erqg pdunhw fdswxuh wkh xqghuo|lqj whup
vwuxfwxuh ri lqwhuhvw udwhv/ wkh lpsolhg yrodwlolwlhv khos wr exlog d vwuxfwxuh ri yrodwlolwlhv
zlwk uhvshfw wr wkh prqh|qhvv ru wkh wlph wr pdwxulw| ri wkh rswlrqv1 Ydulrxv vkdshv ri wkh
yrodwlolw| vwuxfwxuh duh revhuyhg lq sudfwlfh1 Wkh vhdufk iru jrrg rswlrq sulflqj prghov lv
wkhuhiruh jxlghg e| wkhlu delolw| wr uhsurgxfh wkhvh ydulrxv vkdshv1 Wkh vwudljkw olqh wkdw
zrxog eh revhuyhg li wkh Eodfn0Vfkrohv prgho zhuh wuxh lv uduho| li hyhu revhuyhg1 Rswlrq
sulflqj prghov kdyh wkhuhiruh ehhq exlow wr pdnh hlwkhu wkh yrodwlolw| ri wkh xqghuo|lqj dvvhw
ru wkh lqwhuhvw udwh/ ru erwk/ vwrfkdvwlf1 Zkhq wkh yrodwlolw| lv vwrfkdvwlf dv lq wkh Kxoo dqg
Zklwh +4<;:, prgho/ wkh vkdsh ri wkh yrodwlolw| vwuxfwxuh zlwk uhvshfw wr wkh prqh|qhvv ri
wkh rswlrq lv v|pphwulf1 Prqh|qhvv %| lv gh�qhg dv wkh orjdulwkp ri wkh udwlr ri wkh iruzdug

sulfh ryhu wkh vwulnh sulfh/ %| ' uJ}
7|

g�E|c A �
+zlwk 7| wkh sulfh ri wkh xqghuo|lqj dvvhw/ g

wkh vwulnh sulfh dqg �E|c A � wkh sulfh ri d sxuh glvfrxqw erqg pdwxulqj dw W,1
Wkh lqwhuhvw ri sudfwlwlrqhuv lq wkh prqh|qhvv ri dq rswlrq dqg lq lpsolhg yrodwlolwlhv

vxjjhvw wkdw wkh EV lpsolhg yrodwlolw| vkrxog eh d ixqfwlrq ri %| rqo|/ dqg qrw ri 7| dqg g
vhsdudwho|1 Lq rwkhu zrugv/ wkh lpsolhg yrodwlolw| ixqfwlrq vkrxog eh krprjhqhrxv ri ghjuhh
}hur zlwk uhvshfw wr wkh sdlu +7|cg�1 Exw vlqfh Phuwrq +4<:6, lw lv zhoo0nqrzq wkdw wkh
EV rswlrq sulflqj irupxod lv krprjhqhrxv ri ghjuhh rqh zlwk uhvshfw wr wklv vdph sdlu1
Qrz vxssrvh wkdw d qhz sulflqj irupxod lv sursrvhg lq sodfh ri wkh EV irupxod dqg wkdw
EV lpsolhg yrodwlolwlhv duh frpsxwhg iurp rswlrq sulfhv jhqhudwhg e| wklv irupxod1 Wkhq/
wkh krprjhqhlw| ri ghjuhh }hur surshuw| lv pdlqwdlqhg iru wkhvh lpsolhg yrodwlolwlhv li dqg
rqo| li wkh rswlrq sulflqj irupxod nhhsv wkh krprjhqhlw| ri ghjuhh rqh surshuw|1 Iru wklv
uhdvrq/ zh zloo surylgh qhz fkdudfwhul}dwlrqv ri wkh v|pphwu| ri wkh yrodwlolw| vploh lq
whupv ri wkh rswlrq sulflqj ixqfwlrq dqg ri wkh sulflqj suredelolw| phdvxuh lq wkh frqwh{w ri
d krprjhqhrxv rswlrq sulflqj irupxod1

7



5141 Wkh v|pphwu| ri wkh yrodwlolw| vploh

Wkh wkhru| iru sulflqj frqwlqjhqw fodlpv lq wkh devhqfh ri duelwudjh lqwurgxfhv d sulflqj
suredelolw| phdvxuh T|cA xqghu zklfk wkh sulfh �| dw wlph w ri dq| frqwlqjhqw fodlp pdwxulqj
dw wlph W lv wkh glvfrxqwhg h{shfwdwlrq ri lwv whuplqdo sd|r�1 Lq wkh fdvh ri d Hxurshdq fdoo
rswlrq zlwk vwulnh sulfh N/ lw lv jlyhq e|=

�| ' �E|c A �.W

| E7A �g�nc +514,

zkhuh HW

| ghqrwhv wkh h{shfwdwlrq rshudwru zlwk uhvshfw wr T|cA � Ri frxuvh/ T|cA lv jhqhudoo|
gl�huhqw iurp wkh gdwd jhqhudwlqj surfhvv ri i7|j� H{lvwhqfh dqg xqlflw| ri T|cA zhuh vwxglhg
e| vhyhudo dxwkruv vlqfh wkh vhplqdo sdshu ri Kduulvrq dqg Nuhsv +4<:<,81

Lq wklv vxevhfwlrq/ zh zloo frpsduh d jhqhudo exw krprjhqhrxv rswlrq sulflqj irupxod
�|E7|cg� dv gh�qhg lq +514, zlwk wkh EV rswlrq sulflqj irupxod gh�qhg lwvhoi e| d krprjh0
qhrxv ixqfwlrq �5E�c �c j�/ iru d jlyhq yrodwlolw| sdudphwhu j/ zlwk=;AAAAAA?AAAAAA=

�5E7|cgc j� ' 7|�E_���g�E|c A ��E_2�c

_� '
�

j
s
A � |

�
uJ}%| n

�

2
j2EA � |�

�
c

_2 ' _� � j
s
A � |�

+515,

Lq rwkhu zrugv/ wkh EV lpsolhg yrodwlolw| lv d ixqfwlrq jW| E%|� ri wkh prqh|qhvv %| rqo|/
dqg qrw ri 7| dqg g vhsdudwho|1 Vwduwlqj zlwk wkh gh�qlqj irupxod=

�|E7|cg� ' �5E7|cgc j
W

| E%|��c +516,

d gluhfw dssolfdwlrq ri wkh krprjhqhlw| ri ghjuhh rqh ri �|E�c �� dqg �5E�c �c j� zlwk uhvshfw
wr wkh sdlu E7|cg� doorzv rqh wr glylgh hdfk vlgh ri +516, e| 7| dqg frqfoxgh wkdw jW| E%|� lv
zhoo0gh�qhg dv d ixqfwlrq ri g*7| ru +htxlydohqwo|, ri %| e| =

Z|E%|� ' �7E%|c j
W

| E%|�� +517,

zlwk wkh iroorzlqj voljkw fkdqjh ri qrwdwlrqv =;AA?AA=
Z|E%|� ' �|

�
�c g

7|

�
c

�7E%|c j� ' �5
�
�c g

7|

c j
�
�

+518,

8Wkh wkhru| ri frpsohwh pdunhwv lv eh|rqg wkh vfrsh ri wklv sdshu zkhuh zh duh rqo| lqwhuhvwhg lq wkh

h{lvwhqfh ri d sulflqj suredelolw| phdvxuh Tw>W zklfk lv zhoo0gh�qhg dqg jlyhq wr xv/ zkhwkhu lw lv xqltxh

ru qrw1

8



Wkh surshuw| zh mxvw hpskdvl}hg lv lq idfw wkh krprjhqhlw| ri ghjuhh }hur ri wkh EV
lpsolhg yrodwlolw| zlwk uhvshfw wr wkh sdlu E7|cg�1 Wkh vxevfulswv | lq wkh ixqfwlrqv Z|E�c ��
dqg jW

|
E�� lqglfdwh wkdw wkh| pd| ghshqg xsrq rwkhu yduldeohv lq wkh lqirupdwlrq vhw U|/ wkh

ydoxh ri zklfk lv �{hg dw wlph |1
Ydulrxv frqvhtxhqfhv ri wklv vhwwlqj erwk lq whupv ri rswlrq sulflqj dqg rswlrq khgjlqj

duh ghwdlohg lq Uhqdxow dqg Wrx}l +4<<9,/ Uhqdxow +4<<:, dqg Jdufld dqg Uhqdxow +4<<;,1 Lq
sduwlfxodu/ Uhqdxow dqg Wrx}l +4<<9, dqg Uhqdxow +4<<:, kdyh lqyhvwljdwhg wkh vorsh ri wkh
EV lpsolhg yrodwlolw| jW

|
E%� dv d ixqfwlrq ri lwv glvwdqfh % wr wkh prqh|91 Lq sduwlfxodu/ wzr

vwulnh sulfhv g� dqg g2 duh vdlg v|pphwulf zlwk uhvshfw wr wkh prqh| li wkh fruuhvsrqglqj
%� dqg %2 duh v|pphwulf zlwk uhvshfw wr }hur/ vlqfh lq wklv fdvh g� dqg g2 duh rq hdfk vlgh
ri wkh iruzdug sulfh exw wkhlu jhrphwulf dyhudjh frlqflghv zlwk wkh iruzdug sulfh1 Wkhuhiruh/
wkh uhohydqw v|pphwu| surshuw| ri wkh yrodwlolw| vploh lv wkh iroorzlqj=

jW
|
E%� ' jW

|
E�%� iru dq| %� +519,

Zh zloo fkdudfwhul}h wkh yduldwlrqv ri ZE%�/ �7E%c j�c jW
|
E%� dv ixqfwlrqv ri % iru d jlyhq

ydoxh ri 7|1 Lq rwkhu zrugv/ wkh jhqxlqh yduldeoh ri lqwhuhvw lv wkh vwulnh sulfh g/ zkloh wkh
vzlwfk wr wkh yduldeoh % lv rqo| d pdwwhu ri uhvfdolqj iru frqyhqlhqfh1

Lq Sursrvlwlrq 514 ehorz/ zh h{whqg d uhvxow �uvw vwdwhg lq Uhqdxow dqg Wrx}l +4<<9,/
zklfk fkdudfwhul}hv wkh v|pphwu| ri wkh vploh lq whupv ri wkh rswlrq sulflqj ixqfwlrq:1

Sursrvlwlrq 5141 Li rswlrq sulfhv duh frqirupdeoh wr d krprjhqhrxv rswlrq sulflqj irupxod
% $ ZE%�/ wkh yrodwlolw| vploh lv v|pphwulf EjWE%� ' jWE�%� iru dq| % , li dqg rqo| li/ iru
dq| %=

ZE�%� ' e%ZE%� n �� e%

Surri= Vhh Dsshqgl{ 41

Wklv fkdudfwhul}dwlrq ri wkh v|pphwu| ri wkh vploh dgplwv dq htxlydohqw irupxodwlrq lq
whupv ri wkh sulflqj suredelolw| phdvxuh1 Zkloh wkh sulflqj suredelolw| phdvxuh lv xvxdoo|

fkdudfwhul}hg wkurxjk wkh fxpxodwlyh glvwulexwlrq ixqfwlrq ri
7A
7|
c lw lv frqyhqlhqw khuh wr

fkdudfwhul}h lw wkurxjk hlwkhu wkh fxpxodwlyh glvwulexwlrq ixqfwlrq 8TA
E�� ru wkh suredelolw|

ghqvlw| ixqfwlrq sTA E�� ri TA ' uJ}
7A�E|c A �

7|
1 Zh duh wkhq deoh wr suryh +vhh Dsshqgl{ 4,

wkh iroorzlqj sursrvlwlrq=

Sursrvlwlrq 5151 Li wkh fxpxodwlyh glvwulexwlrq ixqfwlrq 8TA
E�� ri TA xqghu d sulflqj sure0

delolw| phdvxuh lv devroxwho| frqwlqxrxv +dvvrfldwhg zlwk d ghqvlw| ixqfwlrq sTA E�� ' 8
�

TA
E��,

9Prqh|qhvv { lv htxdo wr 3 dw wkh prqh|/ wkdw lv zkhq wkh vwulnh sulfh frlqflghv zlwk wkh iruzdug sulfh
Vw

E+w>W , =
:Iru vdnh ri qrwdwlrqdo vlpsolflw|/ wkh vxevfulswv w kdyh ehhq gursshg1
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dqg vxfk wkdw i TETA � lv lqwhjudeoh/ wkh yrodwlolw| vploh lv v|pphwulf li dqg rqo| li rqh ri wkh
iroorzlqj wkuhh htxlydohqw surshuwlhv lv ixo�oohg=

+l, Iru dq| %=

ZE%� ' 8TA E%�� e3%d�� 8TA E�%�o
+ll, Iru dq| {=

8TA E%� ' .W
| de

TA�dTAD3%oo

+lll, Wkhuh h{lvwv dq hyhq ixqfwlrq j+1, vxfk wkdw iru dq| {=

sTA E%� ' e3%*2}E%�

Wkhvh fkdudfwhul}dwlrqv r�hu wr sudfwlwlrqhuv ydulrxv zd|v wr h{whqg wkh EV irupxod/ zkloh
nhhslqj erwk d krprjhqhrxv rswlrq sulflqj ixqfwlrq dqg d v|pphwulf vploh1 Fkdudfwhul}d0
wlrq +l, surylghv d wkhruhwlfdo vxssruw wr ghvfulswlyh dssurdfkhv zklfk uhsodfh wkh vwdqgdug
qrupdo fxpxodwlyh glvwulexwlrq ixqfwlrq ri wkh EV irupxod e| dowhuqdwlyh glvwulexwlrq ixqf0
wlrqv/ srvvleo| dv|pphwulf +vhh Jdufld dqg Jhqfd| +4<<;,,1 Lw vkrzv wkdw lq rughu wr nhhs d
v|pphwulf vploh/ wkh whup �� 8TA E�%� vkrxog uhsodfh 8TA E%� lq wkh vhfrqg sduw ri wkh rs0
wlrq sulflqj irupxod1 Fkdudfwhul}dwlrq +ll, vkrxog eh lqwhusuhwhg lq whupv ri khgjlqj1 Lqghhg/
Jdufld dqg Uhqdxow +4<<;, kdyh vkrzq wkdw .W

| de
TA�dTAD3%oo lv suhflvho| wkh khgjlqj udwlr/ lq

rwkhu zrugv wkh ghulydwlyh ri wkh rswlrq sulflqj ixqfwlrq zlwk uhvshfw wr wkh vwrfn sulfh +wkh
vr0fdoohg ghowd ri wkh rswlrq,;1 Ilqdoo|/ iru fkdudfwhul}dwlrq +lll,/ lw vkrxog eh qrwlfhg wkdw li
wkh sulflqj suredelolw| phdvxuh lv fkdudfwhul}hg e| d frqglwlrqdo orj0qrupdo glvwulexwlrq ri
ixwxuh uhwxuqv jlyhq dydlodeoh lqirupdwlrq dw wlph | =

TA ' uJ}
7A�E|c A �

7|
m U| �E'|cA � Q E>|c j

2
| �c

wkh frqglwlrq ri Sursrvlwlrq 515 phdqv wkdw =

>| ' �
j2
|

2
c

zklfk lv dxwrpdwlfdoo| ixo�oohg lq wkh devhqfh ri duelwudjh vlqfh/ e| dssolfdwlrq ri +514, zlwk
g ' fc zh kdyh=

7| ' �E|c A �.W
| 7A �

Lq wkh qh{w vxevhfwlrq/ zh surylgh vx!flhqw frqglwlrqv rq wkh sulflqj suredelolw| phd0
vxuh wr hqvxuh wkh krprjhqhlw| ri wkh rswlrq sulflqj ixqfwlrq lq d frqyhqlhqw vwrfkdvwlf
iudphzrun zlwk vwdwh yduldeohv1

;Wkhlu sursrvlwlrq 514 vkrzv wkdw wklv fkdudfwhul}dwlrq ri wkh khgjlqj udwlr lv d qhfhvvdu| dqg vx!flhqw

frqglwlrq iru krprjhqhrxv rswlrq sulflqj1 Vlqfh khgjlqj lv qrw wkh sulpdu| irfxv ri wklv sdshu/ zh ohdyh wr

wkh uhdghu wkh lqwhusuhwdwlrq ri wklv idluo| qdwxudo uhodwlrqvkls ehwzhhq IYW +{, dqg wkh ghowd frh!flhqw1

:



5151 D jhqhudo vwdwh yduldeoh iudphzrun iru krprjhqhrxv rswlrq sulflqj

Phuwrq +4<:6, vwuhvvhg wkdw wkh ghvludeoh krprjhqhlw| ri rswlrq sulfhv zloo eh pdlqwdlqhg dv
vrrq dv dvvhw uhwxuqv duh vhuldoo| lqghshqghqw1 Wklv frqglwlrq h{suhvvhg lq whupv ri wkh gdwd
jhqhudwlqj surfhvv +GJS, ri wkh xqghuo|lqj dvvhw fdq eh voljkwo| jhqhudol}hg e| h{suhvvlqj
lw lq whupv ri wkh sulflqj suredelolw| phdvxuh1 Jlyhq wkh jhqhudo rswlrq sulflqj irupxod
+514,/ wkh uhtxluhg krprjhqhlw| surshuw| dprxqwv wr wkh iroorzlqj frqglwlrqdo lqghshqghqfh
surshuw| +zlwk uhvshfw wr T|cA �

< G

7A

7|

B E7���$|mU|� +51:,

Dv phqwlrqhg lq wkh lqwurgxfwlrq/ zh dlp dw �qglqj d jhqhudo rswlrq sulflqj irupxod zlwk d
ixqfwlrqdo vkdsh wkdw lv forvh wr wkh EV irupxod1 D vxlwdeoh dqg qrw wrr uhvwulfwlyh zd| wr
dfklhyh wklv lv wr uhfryhu orj0qrupdolw| frqglwlrqdoo| wr wkh ixoo sdwk ri d yhfwruldo surfhvv
+X|�|M� ri srvvleo| xqrevhuyhg vwdwh yduldeohv1 Lqghhg/ zkloh wkh EV jhrphwulf Eurzqldq
prwlrq zruog lv reylrxvo| xquhdolvwlf gxh wr khwhurjhqhlw| idfwruv/ lw lv pxfk pruh jhqhudo wr
dvvxph wkdw orj0qrupdolw| lv uhfryhuhg diwhu frqglwlrqlqj rq d qxpehu ri vwdwh yduldeohv1 Lq
sduwlfxodu/ lw lv d vwdqgdug zd| wr fdswxuh wkh ohswrnxuwlf ihdwxuh ri �qdqfldo wlph vhulhv431

Vwdwh yduldeohv kdyh wzr edvlf glvwlqfwlyh ihdwxuhv= wkh| duh h{rjhqrxv dqg wkh| vxppd0
ul}h wkh g|qdplfv ri wkh yduldeohv ri lqwhuhvw +vhh Uhqdxow +4<<;, dqg Jdufld dqg Uhqdxow
+4<<<, iru d jhqhudo glvfxvvlrq,1 Zh surylgh ehorz d gh�qlwlrq lq wkh frqwh{w ri d sulflqj
suredelolw| phdvxuh '|cA c | ' �c ���c A zlwkrxw vshfli|lqj lwv g|qdplfv dw wklv vwdjh 1

Gh�qlwlrq 5161 = D yhfwruldo surfhvv +X|��$|$A +dovr zulwwhq LA
�
� lv fdoohg d vwdwh yduldeoh

surfhvv44 zlwk uhvshfw wr wkh vwrfn sulfh surfhvv +7|��$|$A dqg wkh idplo| ri sulflqj sured0
elolw| phdvxuhv +'|cA ��$|$A

li iru dq| | ' �c ���c A � �c wkh '|cA mrlqw suredelolw| glvwulexwlrq

ri E7A
7|
c L� c � : |� grhv qrw ghshqg rq wkh sdvw ri wkh sulfh surfhvv E7���$�$|�

<Wklv frqglwlrq iru krprjhqhlw| lv pruh jhqhudo wkdq wkh vx!flhqw frqglwlrq sursrvhg e| Phuwrq +4<:6,

vlqfh lw lv vwdwhg lq whupv ri wkh sulflqj suredelolw| phdvxuh udwkhu wkdq wkh GJS1 Lqghhg/ zh gr qrw suhfoxgh

d srvvleoh ghshqghqfh ri wkh ulvn suhplxpv rq wkh vwrfn sulfh Vw/ zklfk frxog ylrodwh dvvxpswlrq 51: iru wkh

GJS1 Jdufld dqg Uhqdxow +4<<;, r�hu d suhflvh fkdudfwhul}dwlrq ri wklv surshuw| lq wkh vwdqgdug vhwwlqj ri

frqwlqxrxv wlph duelwudjh sulflqj1
43Vlqfh Fodun +4<:6,/ wkhuh lv d orqj wudglwlrq ri wklv dssurdfk lq �qdqfldo hfrqrphwulfv1 Fodun +4<:6,

vwuhvvhg wkdw qrq0qrupdolw| lv d sx}}oh zkhq rqh kdv lq plqg wkh jhrphwulf whpsrudo dyhudjlqj ri wkh uhwxuqv

dqg d fruuhvsrqglqj fhqwudo olplw wkhruhp dujxphqw1 Lq wklv uhvshfw/ orj qrupdolw| ri uhwxuqv fdq eh lqyrnhg

zlwkrxw dq| vljql�fdqw orvv ri jhqhudolw| rqfh lw lv uhfryhuhg diwhu frqglwlrqlqj rq d vx!flhqw qxpehu ri

vwdwh yduldeohv1 Dv idu dv rswlrq sulflqj lv frqfhuqhg/ wkh uroh ri khwhurjhqhlw| idfwruv kdv ehhq hqkdqfhg

e| Uhqdxow +4<<:, lq d jhqhudo vhwwlqj zklfk hqfrpsdvvhv lq sduwlfxodu Phuwrq +4<:9, mxps0gl�xvlrq prgho

dqg Kxoo dqg Zklwh +4<;:, vwrfkdvwlf yrodwlolw| prgho1
44
Lq pdq| dssolfdwlrqv ri wkh vwdwh yduldeoh frqfhsw/ Pdunryldqlw| lv xvxdoo| srvwxodwhg1 Wkhq/ wkh

uhohydqw frqglwlrqlqj lqriupdwlrq lv vxppdul}hg e| d ihz uhfhqw odjv ri wkh vwdwh yduldeoh surfhvv1 Vlqfh wklv

Pdunryldqlw| dvvxpswlrq lv qrw qhhghg dw wklv vwdjh/ zh pdlqwdlq lq ixoo jhqhudolw| wkh zkroh sdvw X
W

4
ri

wklv surfhvv1

;



Wklv gh�qlwlrq lpsolflwo| phdqv wkdw'|cA lv d idplo| ri wudqvlwlrq suredelolwlhv lqgh{hg e|
d frqglwlrqlqj vhw L| zklfk lqfoxghv wkh mrlqw sdvw E7� c L���$�$| ri sulfhv dqg vwdwh yduldeohv1
E| zulwlqj wkh xvxdo idfwrul}dwlrq ri suredelolw| ghqvlw| ixqfwlrqv=

,

�
7A

7|

c LA
|n�mU|

�
' ,

�
LA

|n�mU|
�
�,

�
7A

7|

mLA
|n�c U|

�
c +51;,

wkh deryh gh�qlwlrq phdqv wkdw wkh vwdwh yduldeoh surfhvv L| lv h{rjhqrxv lq wkh vhqvh ri
ehlqj lqghshqghqw ri wkh sdvw ri wkh sulfh surfhvv frqglwlrqdoo| wr lwv rzq sdvw dqg wkdw
wkh ixwxuh uhwxuqv duh frqglwlrqdoo| lqghshqghqw ri sdvw uhwxuqv jlyhq wkh ixoo sdwk ri vwdwh
yduldeohv zklfk/ lq wklv vhqvh/ vxppdul}h wkh g|qdplfv ri wkh sulfh surfhvv1 Wr pdnh wklv
srlqw fohdu/ lq wkh sduwlfxodu fdvh zkhuh wkh dydlodeoh lqirupdwlrq dw wlph w lv ghvfulehg e|
wkh vljpd �hog=

U| ' j d7� c L� c � � |o c +51<,

wkh idfwrul}dwlrq +51;, fdq eh uhzulwwhq dv iroorzv/ jlyhq wkh vwdwh yduldeoh frqfhsw mxvw
ghvfulehg deryh=

,

�
7A

7|

c LA
|n�mU|

�
' ,

�
LA

|n�mL |
�

�
�,

�
7A

7|

mLA
�

�
� +5143,

Lw lv wkhq fohdu lq wklv frqwh{w wkdw +5143, lv d vx!flhqw frqglwlrq iru wkh krprjhqhlw|
surshuw| +51:,1

Wkh v|pphwulf vploh frqglwlrq ri Sursrvlwlrq 515 lv dovr ydolg lq wkh pruh jhqhudo vhwwlqj
mxvw ghvfulehg1 Li TA iroorzv xqghu'|cA d frqglwlrqdo Jdxvvldq glvwulexwlrqQ d>|EL

A
| �c j

2

| EL
A
| �o

jlyhq U| dqg wkh sdwk LA
| +ehwzhhq | dqg A , ri vrph vwdwh yduldeohv L / wkh v|pphwu| frq0

glwlrq zloo eh ixo�oohg +e| lqwhjudwlrq ryhu LA
| , dv vrrq dv=

>|EL
A
| � ' �

j2| EL
A
| �

2
�

Wklv lv wkh fdvh iru lqvwdqfh iru dq Kxoo dqg Zklwh zruog/ zklfk h{sodlqv wkh pdlq uhvxow
ri Uhqdxow dqg Wrx}l +4<<9,= li rswlrq sulfhv duh frqirupdeoh wr wkh Kxoo dqg Zklwh rswlrq
sulflqj irupxod/ wkh yrodwlolw| vploh lv v|pphwulf1 Sursrvlwlrq 515 fkdudfwhul}hv suhflvho|
zklfk w|sh ri v|pphwu| ri wkh sulflqj suredelolw| phdvxuh lv uhtxluhg iru wkh v|pphwu| ri
wkh vploh1 Lq sduwlfxodu/ lw vkrzv wkdw lw lv qrw wkh ghqvlw| ri wkh orj uhwxuqv wkdw vkrxog eh
v|pphwulf +dv lw lv frpprqo| eholhyhg shukdsv ehfdxvh ri wkh xvxdo orj0qrupdo vhwwlqj,/ exw
wkh vdph ghqvlw| uhvfdohg e| d vxlwdeoh h{srqhqwldo ixqfwlrq1

Lq rughu wr jhqhudol}h wkh Kxoo dqg Zklwh prgho/ zh zloo dvvxph iurp qrz rq wkdw wkh
sulflqj suredelolw| phdvxuh '|cA lv gh�qhg wkurxjk d vwrfkdvwlf glvfrxqw idfwru +VGI,4|cA G

�| ' .|4|cA E7A �g�n +5144,

<



zkhuh .| ghqrwhv qrz wkh frqglwlrqdo h{shfwdwlrq rshudwru zlwk uhvshfw wr wkh GJS1 Kdqvhq
dqg Ulfkdug +4<;:, surylgh vrph jhqhudo frqglwlrqv xqghu zklfk wkh h{lvwhqfh dqg srvlwlylw|
ri 4|cA lv jxdudqwhhg1 Iluvw/ wr hqvxuh krprjhqhlw| ri wkh rswlrq sulflqj irupxod/ zh zloo
pdnh wzr vx!flhqw dvvxpswlrqv derxw wkh mrlqw g|qdplfv ri wkh vwrfkdvwlf glvfrxqw idfwru/
wkh vwrfn uhwxuqv dqg wkh vwdwh yduldeohv1

Dvvxpswlrq D= Wkh VGI 4|cA fdq eh idfwrul}hg dv iroorzv=

4|cA ' b|cA EL
A
�
�
A3�\
�'|

6�n�c +5145,

zkhuh lw lv dvvxphg wkdw=
D4= Wkh surfhvv E6�n�c

7�n�

7�
��$�$A3� grhv qrw fdxvh wkh surfhvv EL���$�$A (

D5= Wkh yduldeohv E6�n�c
7�n�

7�
��$�$A3� duh vhuldoo| lqghshqghqw jlyhq LA

�
�

Wkh frqglwlrqv +D4, dqg +D5, duh frqvlvwhqw zlwk wkh frqfhsw ri vwdwh yduldeohv lqwurgxfhg
lq Gh�qlwlrq 516451 Wkh qrq0fdxvdolw| surshuw| pd| eh lqwhusuhwhg htxlydohqwo| lq Judqjhu
+4<9<, ru lq Vlpv +4<:5, whupv1 Judqjhu fdxvdolw| phdqv wkdw/ jlyhq wkh sdvw L |

�
ri vwdwh

yduldeohv/ wkh sdvw revhuydwlrq ri surfhvvhv6� dqg 7� grhv qrw eulqj dq| uhohydqw lqirupdwlrq
wr iruhfdvw L|n� +zklfk lv lq wklv vhqvh h{rjhqrxv,1 Vlpv fdxvdolw| phdqv wkdw wkh suredelolw|
glvwulexwlrq ri E6|n�c

7|n�

7|

� jlyhq U| dqg LA

|n� grhv qrw ghshqg xsrq LA

|n�� Mrlqwo| zlwk wkh
frqglwlrqdo lqghshqghqfh dvvxpswlrq D5/ dvvxpswlrq D4 shuplwv wr fkdudfwhul}h wkh mrlqw
suredelolw| glvwulexwlrq ri E6�n�c

7�n�

7�
c L�n���D| jlyhq U| dv wkh iroorzlqj surgxfw=

�

�
E6�n�c

7�n�
7�

c L�n���D|mU|
�

' ,
�
LA

|n�mL |

�

�
�,

�
E6�n�c

7�n�
7�

��D|mLA

�

�
+5146,

'
A3|\
�'�

�
�
L|n�mL |n�3�

�

�
�
A3|\
�'�

�

�
6|n�c

7|n�
7|n�3�

mL |n�

�

�
�

Sursrvlwlrq 5171 = Xqghu +D4, dqg +D5, wkhuh h{lvwv d ghwhuplqlvwlf ixqfwlrq [|cA vxfk
wkdw wkh rswlrq sulfh +5144, fdq eh zulwwhq dv=

�| ' [|cA

�
L |

�c
g

7|

�
7|�

Sursrvlwlrq 517 hvwdeolvkhv wkdw wkh rswlrq sulflqj irupxod lv krprjhqhrxv ri ghjuhh rqh
zlwk uhvshfw wr wkh sdlu +7|cg��

45Vhh Jdufld dqg Uhqdxow +4<<<, iru d ghwdlohg dffrxqw ri wklv srlqw xqghu erwk wkh sulflqj suredelolw|

phdvxuh dqg wkh GJS1
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5161 D jhqhudol}hg Eodfn0Vfkrohv dqg Kxoo0Zklwh irupxod

Wr rewdlq d jhqhudol}hg EV dqg Kxoo0Zklwh rswlrq sulflqj irupxod vwduwlqj iurp +5144,/ rqh
qhhgv rqo|/ lq dgglwlrq wr wkh suhylrxv dvvxpswlrqv +D4, dqg +D5,/ d mrlqw orj0qrupdolw|
dvvxpswlrq ri 4|cA dqg 7A

7|
jlyhq U| ' jd6�c7� c L� c � � |o dqg d sdwk LA

|n� ri vwdwh yduldeohv1

Dvvxpswlrq D6= Wkh frqglwlrqdo suredelolw| glvwulexwlrq ri E*L}6|n�c *L}
7|n�

7|
� jlyhq

L |n�

� lv/ iru w@4/111/W04/ d elyduldwh qrupdo=

C
��

>
6|n�

>
r|n�

�
c

�
j2
6|n� j6r|n�

j6r|n� j2
r|n�

��
�

Sursrvlwlrq 5181 Xqghu dvvxpswlrqv D4/ D5 dqg D6=

�|

7|
' Z|E%� ' .|

+
'6rE|c A �xE_�E%���

h�E|c A �
�E|c A �

e3%xE_2E%��

,
+5147,

zkhuh=

_�E%� '
%

j|cA
n
j|cA
2

n
�

j|cA
uJ}

%
'6rE|c A �

�E|c A �h�E|c A �

&
_2E%� ' _�E%�� j|cA

j2
|cA

'

A3�[
�'|

j2
r�n��

dqg=

h�E|c A � ' b|cA EL
A

� � i TE
A3�[
�'|

>
6�n� n

�

2

A3�[
�'|

j26�n��c

'6rE|c A � ' h�E|c A � i TE A[
�'|n�

j6r�n��.d
7A
7|
mLA

� o� +5148,

Wr sxw wklv jhqhudo irupxod lq shuvshfwlyh/ zh zloo frpsduh lw wr wkh wkuhh pdlq ds0
surdfkhv wkdw kdyh ehhq xvhg iru sulflqj rswlrqv= htxloleulxp rswlrq sulflqj/ duelwudjh0edvhg
rswlrq sulflqj/ dqg JDUFK rswlrq sulflqj1 Wkh odwwhu sulflqj prgho fdq eh vhw hlwkhu lq dq
htxloleulxp iudphzrun ru lq dq duelwudjh iudphzrun1

Frqfhuqlqj wkh htxloleulxp dssurdfk/ rxu vhwwlqj lv yhu| jhqhudo vlqfh lw lv edvhg rq d
vwrfkdvwlf prgho iru wkh VGI zklfk grhv qrw uho| rq uhvwulfwlyh dvvxpswlrqv derxw suhihu0
hqfhv/ hqgrzphqwv/ ru djhqw khwhurjhqhlw|1 Pruhryhu/ rxu idfwrul}dwlrq iru wkh VGI lv pruh
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jhqhudo wkdq wkh xvxdo rqh6|cA ' #
A

#
|

46c zlwk wkh vwdqgdug lqwhusuhwdwlrq dv dq lqwhuwhpsrudo

pdujlqdo udwh ri vxevwlwxwlrq1 Dfwxdoo|/ wkh dgglwlrqdo idfwru b|cA EL
A

� � lq rxu VGI doorzv wr
dffrpprgdwh qrq0vhsdudeoh ru vwdwh0ghshqghqw suhihuhqfhv1 Wkh qrq0vhsdudeoh fdvh zloo eh
looxvwudwhg lq wkh qh{w vhfwlrq e| d uhfxuvlyh xwlolw| vhwwlqj1 Dq h{dpsoh ri vwdwh0ghshqghqw
suhihuhqfhv frxog eh kdelw irupdwlrq edvhg rq vwdwh yduldeohv1

Ri frxuvh/ wkh prvw srsxodu rswlrq sulflqj irupxodv dprqj sudfwlwlrqhuv duh edvhg rq
duelwudjh udwkhu wkdq rq htxloleulxp lq rughu wr dyrlg lq sduwlfxodu wkh vshfl�fdwlrq ri
suhihuhqfhv1 Iurp wkh vwduw/ lw vkrxog eh vwuhvvhg wkdw rxu jhqhudo irupxod +5147, qhvwv d
odujh qxpehu ri suhihuhqfh0iuhh h{whqvlrqv ri wkh Eodfn0Vfkrohv irupxod1 Lq sduwlfxodu li
'6rE|c A � ' � dqg h�E|c A � '

T
A3�

�'|
�E�c � n ��crqh fdq vhh wkdw wkh rswlrq sulfh +5147, lv

qrwklqj exw wkh frqglwlrqdo h{shfwdwlrq ri wkh Eodfn0Vfkrohv sulfh/ zkhuh wkh h{shfwdwlrq lv
frpsxwhg zlwk uhvshfw wr wkh mrlqw suredelolw| glvwulexwlrq ri wkh uroolqj0ryhu lqwhuhvw udwh
o|cA ' �SA3�

�'|
*L}�E�c � n �� dqg wkh fxpxodwhg yrodwlolw| j|cA � Wklv iudphzrun qhvwv wkuhh

zhoo0nqrzq prghov1 Iluvw/ wkh prvw edvlf rqhv/ wkh Eodfn dqg Vfkrohv +4<:6, dqg Phuwrq
+4<:6, irupxodv/ zkhq lqwhuhvw udwhv dqg yrodwlolw| duh ghwhuplqlvwlf1 Vhfrqg/ wkh Kxoo dqg

Zklwh +4<;:, vwrfkdvwlf yrodwlolw| h{whqvlrq/ vlqfh j2
|cA

' T @o
k
*L} 7A

7|
mLA

�

l
fruuhvsrqgv wr

wkh fxpxodwhg yrodwlolw|
U
A

|
j2
�
_� lq wkh Kxoo dqg Zklwh frqwlqxrxv0wlph vhwwlqj47� Wklug/

wkh irupxod doorzv iru vwrfkdvwlf lqwhuhvw udwhv dv lq Wxuqexoo dqg Ploqh +4<<4, dqg Dplq
dqg Mduurz +4<<5,1 Krzhyhu/ wkh xvhixoqhvv ri rxu jhqhudo irupxod +5147, frphv deryh doo
iurp wkh idfw wkdw lw r�huv dq h{solflw fkdudfwhul}dwlrq ri lqvwdqfhv zkhuh wkh suhihuhqfh0
iuhh sdudgljp fdqqrw eh pdlqwdlqhg1 Xvxdoo|/ suhihuhqfh0iuhh rswlrq sulflqj lv xqghuslqqhg
e| wkh devhqfh ri duelwudjh lq d frpsohwh pdunhw vhwwlqj1 Krzhyhu/ rxu VGI0edvhg rswlrq
sulflqj grhv qrw suhfoxgh lqfrpsohwhqhvv dqg srlqwv rxw lq zklfk fdvhv wklv lqfrpsohwhqhvv
zloo lqydolgdwh wkh suhihuhqfh0iuhh sdudgljp1 Wkh rqo| fdvhv ri lqfrpsohwhqhvv zklfk pdwwhu
lq wklv uhvshfw rffxu suhflvho| zkhq dw ohdvw rqh ri wkh wzr iroorzlqj frqglwlrqv=

'6rE|c A � ' � +5149,

h�E|c A � ' A3�\
�'|

�E�c � n �� +514:,

lv qrw ixo�oohg1
Lq jhqhudo/ suhihuhqfh sdudphwhuv dsshdu h{solflwo| lq wkh rswlrq sulflqj irupxod wkurxjkh�E|c A � dqg '6rE|c A � vlqfh wkhvh wzr txdqwlwlhv ghshqg rq wkh fkdudfwhulvwlfv ri wkh VGI=

46Vhh iru lqvwdqfh Dplq dqg Qj +4<<6e, dqg Eroohuvohy dqg Plnnhovhq +4<<9, iroorzlqj Frqvwdqwlqlghv
+4<<5, dqg Wxuqexoo dqg Ploqh +4<<4,1

47Vhh Dsshqgl{ 6 iru d ghwdlohg frpsdulvrq ehwzhhq vwdqgdug vwrfkdvwlf yrodwlolw| prghov dqg rxu vwdwh
yduldeoh iudphzrun1
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b|cA EL
A
�
�c E>6�n�c j

2
6�n�cj6r�n��

A3�
|'| � Krzhyhu/ lq vr0fdoohg suhihuhqfh0iuhh irupxodv/ lw kds0

shqv wkdw wkhvh sdudphwhuv duh holplqdwhg iurp wkh rswlrq sulflqj irupxod wkurxjk wkh
revhuydwlrq ri wkh erqg sulfh dqg wkh vwrfn sulfh1 Dfwxdoo|/ wkh erqg sulflqj irupxod dqg
wkh vwrfn sulflqj irupxod surylgh wzr g|qdplf uhvwulfwlrqv uhodwlqj wkh VGI fkdudfwhulvwlfv
wr wkh erqg dqg vwrfn sulfh surfhvvhv1 Wr dyrlg fxpehuvrph qrwdwlrq/ zh zloo frqvlghu iru
wkh prphqw d rqh0shulrg rswlrq sulfh1 Lq wklv fdvh/ wkh erqg sulflqj htxdwlrq lv jlyhq e|=

�E|c |n �� ' .|

k h�E|c |n ��
l

+514;,

dv vkrzq lq Dsshqgl{ 51 Wkhuhiruh/ revhuylqj wkh erqg sulfh zloo pdnh suhihuhqfh sdudphwhuv
lq h�E|c |n �� ydqlvk iurp wkh rswlrq sulfh dv vrrq dv h�E|c |n �� ' �E|c |n ��cwkdw lv li dqg

rqo| li h�E|c | n �� ehorqjv wr wkh lqirupdwlrq vhw U|� Vlqfh h�E|c | n �� ' .|d6|c|n�mL |n�
� oclw

phdqv wkdw wkhuh lv qr lqvwdqwdqhrxv fdxvdolw| lq h{shfwdwlrq iurp wkh vwdwh yduldeohv wr wkh
VGI1 Zh zloo fdoo jhqhulfdoo| vxfk lqvwdqwdqhrxv fdxvdolw| d ohyhudjh h�hfw/ lq wkh vslulw ri
Eodfn +4<:8/4<:9,/ e| uhihuhqfh wr d vwdqgdug prgho zkhuh uhwxuqv duh xqsuhglfwdeoh exw
frqglwlrqdoo| khwhurvnhgdvwlf481

D xvhixo zd| ri zulwlqj wkh vwrfn sulflqj irupxod lv=

.| d'6rE|c |n ��o ' �c +514<,

Vlploduo| wr wkh erqg sulflqj/ zkhq '6rE|c |n �� lv nqrzq dw wlph |c dqg wkhuhiruh htxdo wr
rqh/ wkhuh lv qr ohyhudjh h�hfw1 Dv vkrzq lq Dsshqgl{ 5/ zh fdq h{suhvv lq wklv fdvh wkh
frqglwlrqdo h{shfwhg vwrfn uhwxuq dv=

.

�
7|n�
7|
mU|
�
'

�

�E|c |n ��
i Td�j6r|n�oc

zklfk lv yhu| forvh wr d vwdqgdug frqglwlrqdo FDSP htxdwlrq1 Wkhuhiruh/ wkh devhqfh ri
ohyhudjh surgxfhv erwk d suhihuhqfh0iuhh rswlrq sulflqj irupxod dqg d FDSP0olnh vwrfn
sulflqj htxdwlrq491 Wr frqfoxgh/ lw vkrxog eh vwuhvvhg wkdw hyhq lq dq htxloleulxp iudphzrun
zlwk lqfrpsohwh pdunhwv/ rswlrq sulflqj lv suhihuhqfh0iuhh li dqg rqo| li wkhuh lv qr ohyhudjh
h�hfw1 Wklv uhvxow jhqhudol}hv Dplq dqg Qj +4<<6d,/ zkr fdoohg wklv h�hfw suhglfwdelolw|1

Lw lv zruwk qrwlqj wkdw rxu uhvxowv ri htxlydohqfh ehwzhhq suhihuhqfh0iuhh rswlrq sulf0
lqj dqg qr lqvwdqwdqhrxv fdxvdolw| ehwzhhq vwdwh yduldeohv dqg dvvhw uhwxuqv duh frqvlvwhqw
zlwk dqrwkhu vwudqg ri wkh rswlrq sulflqj olwhudwxuh/ qdpho| JDUFK rswlrq sulflqj1 Gxdq
+4<<8, ghulyhg lw �uvw lq dq htxloleulxp iudphzrun/ exw Ndoovhq dqg Wdttx +4<<7, kdyh
vkrzq wkdw lw frxog eh rewdlqhg zlwk dq duelwudjh dujxphqw1 Wkhlu lghd lv wr frpsohwh wkh
pdunhwv e| soxjjlqj wkh glvfuhwh0wlph prgho lqwr d frqwlqxrxv wlph rqh/ zkhuh frqglwlrqdo

48Vhh Dsshqgl{ 6 iru d ghwdlohg frpsdulvrq ehwzhhq ohyhudjh h�hfw lq d vwdqgdug vwrfkdvwlf yrodwlolw|
iudphzrun dqg zkdw zh fdoo ohyhudjh h�hfw lq rxu vhwwlqj1

49D vlplodu sdudooho lv gudzq lq dq xqfrqglwlrqdo wzr0shulrg iudphzrun lq Euhhghq dqg Olw}hqehujhu +4<:;,1
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yduldqfh lv frqvwdqw ehwzhhq wzr lqwhjhu gdwhv1 Wkh| vkrz wkdw vxfk d frqwlqxrxv0wlph
hpehgglqj pdnhv srvvleoh duelwudjh sulflqj zklfk lv shu vh suhihuhqfh0iuhh1 Lw lv wkhq fohdu
wkdw suhihuhqfh0iuhh rswlrq sulflqj lv lqfrpsdwleoh zlwk wkh suhvhqfh ri dq lqvwdqwdqhrxv
fdxvdolw| h�hfw/ vlqfh lw lv vxfk dq h�hfw wkdw suhyhqwv wkh hpehgglqj xvhg e| Ndoovhq dqg
Wdttx +4<<7,1

Wklv fkdudfwhul}dwlrq ri wkh suhihuhqfh0iuhh irupxodv fdq eh jhqhudol}hg wr d pxowlshulrg
vhwwlqj li wkh VGI fdq eh idfwrul}hg dv iroorzv=

b|cA EL
A
� � '

A3�\
�'|

b�c�n�EL
�n�
� � +5153,

Wklv idfwrul}dwlrq uhpdlqv pruh jhqhudo wkdq wkh vwdqgdug rqh6|cA '
TA3�

�'|
6�c�n�c vlqfh

b�c�n�doorzv iru wlph qrqvhsdudelolwlhv/ lq sduwlfxodu/ dv zh zloo vhh lq Vhfwlrq 6/ uhfxuvlyh
xwlolw|1 Xqghu wkh idfwrul}dwlrq +5153,/ wkh devhqfh ri ohyhudjh zloo lpso| frqglwlrqv +5149,
dqg +514:,4:/ wkdw lv suhihuhqfh0iuhh rswlrq sulfhv1

5171 Wkh dv|pphwulf glvwruwlrqv ri wkh vploh gxh wr ohyhudjh h�hfwv

Lq wklv vhfwlrq/ zh irfxv rq wkh rswlrq sulflqj irupxod surylghg e| Sursrvlwlrq +518, wr
fkdudfwhul}h wkh fdvhv zkhuh wkh fruuhvsrqglqj yrodwlolw| vplohv duh v|pphwulf1 Dffruglqj
wr fulwhulrq l, ri Sursrvlwlrq +515, iru wkh v|pphwu| ri wkh vploh/ lw phdqv wkdw wkh deryh
rswlrq sulflqj irupxod=

Z|E%� ' .| i'6rE|c A �xE_�E%��j � e3%.|

+ h�E|c A �
�E|c A �

xE_2E%��

,

fdq eh zulwwhq=

ZE%� ' 8TA E%�� e3%d�� 8TA E�%�o�

Exw lw fdq eh vhhq lq wkh ghulydwlrq ri wkh rswlrq sulflqj irupxod +5147, +vhh Dsshqgl{
5, wkdw=

d�� 8TA E�%�o ' .|

% h�E|c A �
�E|c A �

xE_2E%��

&
� +5154,

Wkhuhiruh/ d qhfhvvdu| dqg vx!flhqw frqglwlrq iru v|pphwulf vplohv ri +5147, lv wkdw=

.| i'6rE|c A �xE_�E%��j ' 8TA E%�

4:Lq frqglwlrq +514:,/ wkhuh uhpdlqv lqwhuhvw udwh ulvn vlqfh
T
W�4

�@w
E+�> � . 4, lv qrw htxdo wr E+w> W ,=
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ru htxlydohqwo|=

.| i'6rE|c A �xE_�E%��j ' ��.|

+ h�E|c A �
�E|c A �

xE_2E�%��
,

+5155,

Exw iurp +5147,=

_2E�%� ' �_�E%� n 2

j|cA
uJ}

%
'6rE|c A �

�E|c A �h�E|c A �
&
�

Wkxv e| wdnlqj lqwr dffrxqw wkdw .|d
h�E|cA �

�E|cA �
o ' �c wkh v|pphwu| fulwhulrq fdq eh uhzulwwhq=

.| i'6rE|c A �xE_�E%��j ' ��.|

+ h�E|c A �
�E|c A �

xE_�E%�� 2

j|cA
uJ}

%
'6rE|c A �

�E|c A �h�E|c A �

&
�

,

Zh kdyh wkhuhiruh suryhq wkh iroorzlqj sursrvlwlrq=

Sursrvlwlrq 5191 D qhfhvvdu| dqg vx!flhqw frqglwlrq iru d v|pphwulf yrodwlolw| vploh lv
wkh iroorzlqj lghqwlw| =

.| i'6rE|c A �xE_�E%��j ' ��.|

+ h�E|c A �
�E|c A �

xE_�E%�� 2

j|cA
uJ}

%
'6rE|c A �

�E|c A �h�E|c A �
&
�

,
+5156,

D vx!flhqw frqglwlrq iru d v|pphwulf yrodwlolw| vploh lv=

'6rE|c A � '
h�E|c A �
�E|c A �

+5157,

Lw vkrxog eh vwuhvvhg wkdw wkh vx!flhqw frqglwlrq +5157, lv dozd|v ixo�oohg lq h{shfwdwlrq
+vhh Dsshqgl{ 5,1 Pruhryhu/ wdnlqj lqwr dffrxqw wkh kljko| qrqolqhdu ihdwxuhv ri wkh wzr
vlghv ri wkh qhfhvvdu| dqg vx!flhqw lghqwlw| +5156,/ Mhqvhq h�hfwv duh olnho| wr ylrodwh lw li
+5157, lv qrw ixo�oohg1 Lq rwkhu zrugv/ frqglwlrq +5157, dsshduv dw �uvw vljkw qrw wrr idu iurp
ehlqj qhfhvvdu|1 Lq dgglwlrq/ lw lv srvvleoh wr surylgh d vwuxfwxudo irxqgdwlrq wr frqglwlrq
+5157, lq wkh sduwlfxodu fdvh ri d idfwrul}deoh VGI +vhh 5153,1 Lqghhg/ lq wklv fdvh/ zh nqrz
wkdw wkh joredo devhqfh ri ohyhudjh h�hfwv lpso| +5149, dqg +514:,1 Wkhuhiruh/ lq wkh devhqfh
ri ohyhudjh h�hfwv/ frqglwlrq +5157, iru v|pphwulf vplohv lv ixo�oohg li dqg rqo| li wkhuh lv qr
lqwhuhvw ulvn/ wkdw lv=

48



�E|c A � '
A3�\
�'|

�E�c � n ���

Pruh jhqhudoo|/ lw vkrxog dovr eh vwuhvvhg wkdw/ zlwkrxw pdlqwdlqlqj dq| dgglwlrqdo dv0
vxpswlrq/ frqglwlrq +5157, iru v|pphwu| lpsolhv d vwrfn sulflqj uhodwlrq ri wkh FDSP w|sh=
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Wklv h{whqgv wkh dqdo|vlv ri vxevhfwlrq 516 deryh1 FDSP0olnh vwrfn sulflqj lv rewdlqhg
qrw rqo| zkhq wkhuh lv qr ohyhudjh h�hfwv exw dovr/ pruh jhqhudoo|/ zkhq yrodwlolw| vplohv duh
v|pphwulf1

Lq rwkhu zrugv wzr nlqgv ri �jhqhudol}hg� ohyhudjh h�hfwv pd| h{sodlq +ehvlghv wkh lqwhu0
hvw udwh ulvn, dv|pphwulf vplohv= hlwkhu d jhqxlqh ohyhudjh h�hfw/ wkdw lv dq lqvwdqwdqhrxv
fruuhodwlrq ehwzhhq wkh uhwxuq rq wkh vwrfn dqg lwv vwrfkdvwlf yrodwlolw| surfhvv/ ru d vwr0
fkdvwlf fruuhodwlrq ehwzhhq wkh uhwxuq ri wkh vwrfn dqg wkh vwrfkdvwlf glvfrxqw idfwru1 Wkhvh
uhvxowv surylgh vrph wkhruhwlfdo irxqgdwlrqv wr wkh revhuyhg dv|pphwulf vplohv1 D olqn fdq
dovr eh hvwdeolvkhg zlwk wkh suhylrxv wkhruhwlfdo h{sodqdwlrqv ri wkh dv|pphwulf vploh phq0
wlrqhg lq wkh lqwurgxfwlrq1 Lq Sodwhq dqg Vfkzhl}hu +4<<:,/ wkh dv|pphwu| lv lqwurgxfhg e|
wkh ghshqghqfh ri wkh gl�xvlrq surfhvv ri wkh vwrfn sulfh rq wkh whfkqlfdo ghpdqg lqgxfhg
e| khgjlqj vwudwhjlhv1 Wklv khgjlqj vwudwhj| vkrxog lqwurgxfh d frqglwlrqdo fruuhodwlrq eh0
wzhhq wkh fxuuhqw sulfh dqg wkh ixwxuh yrodwlolw| vlplodu wr zkdw lv fdswxuhg lq rxu prgho1
Lq Uhqdxow +4<<:,/ wkh dv|pphwu| lv uhodwhg wr d glvwruwlrq lq wkh vwrfn sulfh zkhuhe| rs0

wlrq wudghuv frqvlghu d h7| ydoxh iru wkh vwrfn sulfh lqvwhdg ri wkh wuxh sulfh 7|� Wklv fdq eh
lqwhusuhwhg lq rxu prgho e| d fruuhfwlrq ri 7| wkurxjk '6rE|c A ��

61 D vwuxfwxudo prgho iru rswlrq sulflqj

Lq wklv vhfwlrq/ wr r�hu d vhwxs wkdw ohdgv wr d frpsxwdeoh irupxod/ zh surylgh dq htxl0
oleulxp yhuvlrq ri wkh VGI zlwk suhihuhqfhv lq wkh uhfxuvlyh xwlolw| fodvv +Hsvwhlq dqg ]lq/
4<;<,1 Wkhvh suhihuhqfhv duh ulfkhu wkdq wkh xvxdo h{shfwhg xwlolw| prgho1 Lq sduwlfxodu/
wkh hodvwlflw| ri lqwhuwhpsrudo vxevwlwxwlrq lv glvhqwdqjohg iurp wkh ulvn dyhuvlrq sdudph0
whu1 Iurp d sudfwlfdo srlqw ri ylhz/ wklv dgglwlrqdo sdudphwhu pljkw khos ehwwhu h{sodlq
sulfhv ri orqj0whup rswlrqv vxfk dv OHDSV +Orqj0whup Htxlw| Dqwlflsdwlrq Vhfxulwlhv,1 Zh
pdlqwdlq d vlplodu vwrfkdvwlf iudphzrun wr wkh rqh lq Vhfwlrq 51 Wr rewdlq d jhqhudol}hg
Eodfn0Vfkrohv irupxod iru rswlrq sulfhv zklfk lv krprjhqhrxv/ zh rxwolqh qhfhvvdu| dqg
vx!flhqw frqglwlrqv wkdw wkh yduldeohv hqwhulqj wklv sduwlfxodu htxloleulxp VGI pxvw reh|1
Wkh frqglwlrqlqj ri yduldeohv vxfk dv wkh frqvxpswlrq jurzwk udwh ru wkh pdunhw sruwirolr
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uhwxuqv rq vwdwh yduldeohv lv d zd| wr flufxpyhqw wkh idfw wkdw wkhvh yduldeohv duh xqrevhuy0
deoh ru duh qrw dydlodeoh dw wkh uhtxluhg iuhtxhqf|1 Wkh uhpdlqlqj wdvn zloo eh wr fdoleudwh
wkh frqglwlrqdo prphqwv ri wkh yduldeohv hqwhulqj wkh VGI dqg d vwrfkdvwlf surfhvv iru wkh
vwdwh yduldeohv1 Zh zloo dwwhqg wr wklv wdvn lq Vhfwlrq 71

6141 Wkh htxloleulxp vwrfkdvwlf glvfrxqw idfwru

Lq wkh uhfxuvlyh xwlolw| iudphzrun ri Hsvwhlq dqg ]lq +4<;</4<<4,/ wkh vwrfkdvwlf glvfrxqw
idfwru lv jlyhq e|=

6|n� ' q�E
�|n�

�|

��E43����3�
|n� +614,

zkhuh �|n�

�|

lv wkh jurzwk udwh ri frqvxpswlrq lq wkh hfrqrp| dqg �|n� uhsuhvhqwv wkh
uhwxuq rq wkh pdunhw sruwirolr1 Wkh sdudphwhuv qc � dqg 4 duh suhihuhqfh sdudphwhuv1 Wkh
sdudphwhu q lv wkh vxemhfwlyh udwh ri wlph suhihuhqfh/ zkloh k ' �4 fdq eh lqwhusuhwhg
dv d uhodwlyh ulvn dyhuvlrq sdudphwhu zlwk wkh ghjuhh ri ulvn dyhuvlrq lqfuhdvlqj dv k idoov
+k � ��1 Wkh sdudphwhu 4 lv dvvrfldwhg zlwk lqwhuwhpsrudo vxevwlwxwlrq/ vlqfh wkh hodvwlflw|
ri lqwhuwhpsrudo vxevwlwxwlrq lv �*E�� 4�4;� Wkh srvlwlrq ri k zlwk uhvshfw wr 4 ghwhuplqhv
zkhwkhu wkh djhqw kdv d suhihuhqfh wrzdugv hduo| uhvroxwlrq ri xqfhuwdlqw| +k 	 4, ru odwh
uhvroxwlrq ri xqfhuwdlqw| +k : 4,1 Zkhq � ' �c zh rewdlq wkh zhoo0nqrzq vwrfkdvwlf glvfrxqw
idfwru iru wkh h{shfwhg xwlolw| fdvh 6|n� ' qE�|n�

�|

�k3��
Jlyhq wklv vwrfkdvwlf glvfrxqw idfwru/ wkh sulfh ri d Hxurshdq rswlrq Z| pdwxulqj dw w.4

lv jlyhq e|=

Z| ' 7|.|
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� g
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Wklv sulfh ghshqgv rq erwk wkh pdunhw sruwirolr uhwxuq �|n� dqg wkh vwrfn h{0glylghqg
uhwxuq 7|n�

7|

� Lq wklv prgho/ wkh sd|r� ri wkh pdunhw sruwirolr dw wlph w lv wkh wrwdo hqgrzphqw
ri wkh hfrqrp| F|� Wkhuhiruh/ wkh uhwxuq rq wkh pdunhw sruwirolr �|n� fdq eh zulwwhq dv
iroorzv=

�|n� '
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Gh�qlqj b| ' bEU|� '
��
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�|
dqg )| ' )EU|� '

7|
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+zlwk (| wkh glylghqg rq wkh vwrfn, dv wkh

4;Dv phqwlrqhg lq Hsvwhlq dqg ]lq +4<<4,/ wkh dvvrfldwlrq ri ulvn dyhuvlrq zlwk � dqg lqwhuwhpsrudo

vxvwlwxwlrq zlwk � lv qrw ixoo| fohdu/ vlqfh dw d jlyhq ohyho � ri ulvn dyhuvlrq/ fkdqjlqj � d�hfwv qrw rqo|

wkh hodvwlflw| ri lqwhuwhpsrudo vxvwlwxwlrq exw dovr ghwhuplqhv zkhwkhu wkh djhqw zloo suhihu hduo| ru odwh

uhvroxwlrq ri xqfhuwdlqw|1
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vroxwlrqv wr vlplodu Hxohu htxdwlrqv4< wkdq +615, iru wkh sulfh ri wkh pdunhw sruwirolr dqg
wkh sulfh ri wkh vwrfn/ wkh g|qdplf ehkdylru ri wkhvh sulfhv/ ru htxlydohqwo| ri wkh dvvrfldwhg
udwhv ri uhwxuq=
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lv ghwhuplqhg e| wkh mrlqw suredelolw| glvwulexwlrq ri wkh vwrfkdvwlf surfhvv Ef|c t|c U|� zkhuh=
f| ' uJ} �|

�|3�
dqg t| ' uJ} (|

(|3�
� Zh vkdoo gh�qh wklv g|qdplfv wkurxjk d vwdwlrqdu| yhfwru0

surfhvv ri vwdwh yduldeohv X| vr wkdw=

U| ' b�$|df� c t� c L� o�

Wr rewdlq d krprjhqhrxv rswlrq sulflqj irupxod/ zh lpsrvh rq f| dqg t| vlplodu dv0
vxpswlrqv wr D4 dqg D5=

Dvvxpswlrq E4= +[/\, grhv qrw fdxvh X1
Dvvxpswlrq E5= Wkh sdluv +[|c t|�c | ' �c 2c ���c A duh pxwxdoo| lqghshqghqw nqrzlqj

LA
� ' EL|��$|$A �

Jlyhq wkhvh dvvxpswlrqv/ Jdufld dqg Uhqdxow +4<<;, vkrz wkdw wkhuh h{lvwv d krprjh0
qhrxv rswlrq sulflqj irupxod=
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6151 Dq htxloleulxp jhqhudol}hg Eodfn0Vfkrohv dqg Kxoo dqg Zklwh irupxod

Zlwk dq dgglwlrqdo qrupdolw| dvvxpswlrq rq wkh suredelolw| glvwulexwlrq ri wkh ixqgdphq0
wdov f dqg t jlyhq wkh vwdwh yduldeohv L G

Dvvxpswlrq E6=�
f|

t|

�
mL |
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4<Zh dvvxph wkdw wkh uhjxodulw| dqg vwdwlrqdulw| dvvxpswlrqv iru xqltxh vroxwlrqv wr wkhvh htxdwlrqv duh

ixo�oohg1
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Zh duulyh dw wkh jhqhudol}hg Eodfn0Vfkrohv dqg Kxoo dqg Zklwh irupxod iru sulflqj rs0
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Rxu vhwxs surylghv d iudphzrun wr fdswxuh wkh hpslulfdoo| grfxphqwhg uhodwlrqvkls ri
wkh dv|pphwulhv zlwk wkh exvlqhvv f|foh dqg lqwhuhvw udwh pryhphqwv +vhh iru lqvwdqfh wkh
vxuyh| e| Edwhv +4<<9,,1 Pruh lpsruwdqwo|/ wkh qhz frqfoxvlrq ri rxu prgho iru sudfwlwlrqhuv
vkrxog eh wkdw dq dv|pphwulf vploh lv lqglfdwlyh ri wkh uhohydqfh ri suhihuhqfh sdudphwhuv
wr sulfh rswlrqv1 Lqghhg/ rxu vwuxfwxudo htxloleulxp prgho kdv vkrzq wkdw ylrodwlrqv ri
wkh v|pphwu| frqglwlrq lq Sursrvlwlrq 519 +gxh wr lqwhuhvw udwh ulvn ru wkh rffxuuhqfh ri
d ohyhudjh h�hfw lq wkh jhqhudo vhqvh deryh, fruuhvsrqg suhflvho| wr fdvhv zkhuh suhihuhqfh
sdudphwhuv pdwwhu iru rswlrq sulflqj1

Wkhuhiruh/ zkhqhyhu dq dv|pphwulf vploh lv revhuyhg/ wkh �uvw lvvxh wr dgguhvv lv wr
vshfli| d olvw ri vwdwh yduldeohv dv zhoo dv d vhw ri phdq/ yduldqfh dqg fryduldqfh ixqfwlrqv

53Wkh olqhv ri surri iroorz forvho| wkh surri lq Dsshqgl{ 5 dqg duh surylghg lq ghwdlo lq Jdufld dqg Uhqdxow
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frqirupdeoh wr E61 Vlqfh wkh surfhvv ri vwdwh yduldeohv lv d odwhqw Pdunry surfhvv/ d qdwxudo
fdqglgdwh lv wkh Pdunry vzlwfklqj prgho lqwurgxfhg e| Kdplowrq +4<;<, dqg dssolhg wr
dvvhw sulflqj e| Fhffkhwwl/ Odp dqg Pdun +4<<3/ 4<<6, dqg Erqrpr dqg Jdufld +4<<6/
4<<7/ 4<<9,1 Wkh vwdqgdug surfhgxuhv ri hvwlpdwlrq dqg lghqwl�fdwlrq ri vxfk d prgho
+Kdplowrq +4<;<,/ Jdufld +4<<:,, fdq wkhq eh xvhg iru wkh prgholqj ri wkh elyduldwh surfhvv
Ef|c t|�1 Zh surylgh vxfk d vhwxs lq vhfwlrq 7 ehorz1

Rxu dssurdfk kdv wr eh frpsduhg zlwk d uhfhqw wuhqg lq wkh olwhudwxuh fdoohg lpsolhg
elqrpldo wuhhv +Uxelqvwhlq +4<<7,,1 Wkhuh lv d irupdo vlplodulw| ehwzhhq wkh wzr dssurdfkhv/
ehfdxvh lq erwk fdvhv zh wu| wr fdoleudwh d elqrpldo wuhh ru d glvfuhwh Pdunry surfhvv rq
wkh g|qdplfv ri rswlrq sulfhv1 Krzhyhu/ zkloh lpsolhg elqrpldo wuhhv lqihuuhg lq Uxelqvwhlq
+4<<7, uhsuhvhqw wkh orfdo yrodwlolw| ri wkh xqghuo|lqj dvvhw/ wkh ulvnohvv lqwhuhvw udwh dqg
wkh dvvhw sd|rxw udwh dv d ixqfwlrq ri wkh sulru sdwk ri wkh xqghuo|lqj dvvhw sulfh/ rxu
lpsolhg odwhqw elqrpldo wuhhv duh klgghq Pdunry fkdlqv zklfk fruuhvsrqg wr ylrodwlrq 6 ri
wkh EV prgho lq Uxelqvwhlq +4<<7/ s1 ::;,= �Wkh orfdo yrodwlolw| ri wkh xqghuo|lqj dvvhw/
wkh ulvnohvv lqwhuhvw udwh ru wkh dvvhw sd|rxw udwh lv d ixqfwlrq ri d vwdwh yduldeoh zklfk lv
qrw wkh frqfxuuhqw xqghuo|lqj dvvhw sulfh ru wkh sulru sdwk ri wkh xqghuo|lqj dvvhw sulfh�1
Zh kdyh h{sodlqhg wkdw wklv w|sh ri ylrodwlrq lv xvhixo vlqfh lw pdlqwdlqv wkh krprjhqhlw|
ri rswlrq sulfhv exw ri frxuvh zh duh ohg wr iroorz wkh urxwh ri zkdw Uxelqvwhlq fdoov wkh
xqsdodwdeoh dowhuqdwlyh ri hvwdeolvklqj dq htxloleulxp prgho lq zklfk lqyhvwru suhihuhqfhv
h{solflwo| hqwhu1 Dv zh zloo vhh ehorz/ wkhvh sdudphwhuv vkrxog khos fkdudfwhul}h wkh lpsolhg
yrodwlolw| vwuxfwxuh lq d pruh vwdeoh pdqqhu dqg wkhlu lqwhusuhwdwlrq dv suhihuhqfh sdudphwhuv
vkrxog qrw eh d klqgudqfh iru wklv sxusrvh1

71 D Pdunry0Fkdlq Vhwxs iru wkh Vwdwh Yduldeohv

Lq rughu wr uhqghu rshudwlrqdo wkh rswlrq sulflqj irupxod ghvfulehg lq wkh suhylrxv vhfwlrq/
zh hqgrz wkh vwdwh yduldeoh zlwk d glvfuhwh Pdunry fkdlq vwuxfwxuh1 Wklv vwrfkdvwlf vwuxfwxuh
iudphzrun lv xvhixo vlqfh lw surylghv dqdo|wlfdo irupxodv dqg fdq hdvlo| eh vlpxodwhg dv zhoo1
Lq wklv vhfwlrq zh ghvfuleh vxfk d vhwxs dqg wkhq surfhhg rq wr vlpxodwlrq h{shulphqwv xqghu
ydulrxv sdudphwhu ydoxh frq�jxudwlrqv1

7141 Prgho vhwxs

Htxloleulxp uhtxluhv wkdw dvvhw sulfhv duh vxfk wkdw wkh uhsuhvhqwdwlyh djhqw lv vdwlv�hg wr
frqvxph khu h{shfwhg hqgrzphqw1 Wkh htxloleulxp pdunhw sruwirolr sulfh dqg htxloleulxp
vwrfn sulfh duh ghwhuplqhg e| frqvxpswlrq dqg glylghqg jurzwk zklfk lq wxuq ghshqg
ixqgdphqwdoo| rq wkh hyroxwlrq ri wkh vwdwh yduldeoh1 Lqghhg/ wkh fduglqdolw| ri wkh vhw
ri ydoxhv wkdw wkh sulfh0glylghqg udwlrv dvvrfldwhg zlwk wkh pdunhw sruwirolr dqg wkh vwrfn
fdq dvvxph lv wkh vdph dv wkdw ri wkh vwdwh yduldeoh1 Zh dvvxph wkdw wkh vwdwh yduldeoh
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wdnhv rqh ri wzr srvvleoh ydoxhv1 Lq wklv vhqvh/ wkh vwdwh yduldeoh ghwhuplqhv lq zklfk ri wzr
srvvleoh htxloleuld wkh hfrqrp| lv dw dq| jlyhq wlph1

Wkh vwrfkdvwlf surfhvv ghvfulelqj wkh mrlqw hyroxwlrq ri f| ' *L} �|

�|3�

dqg t| ' *L} (|

(|3�

lv wkhq sdudphwhul}hg dv iroorzv=

f| ' 6f��dL| ' �o n6f2�dL| ' 2o n jf0f| +714,

t| ' Ejt ��dL| ' �o n jt 2�dL| ' 2o�0t |

zkhuh �d o lv wkh lqglfdwru ixqfwlrq/ dqg zkhuh wkh vwdwh0frqwlqjhqw sdudphwhu ydoxhv duh
6f� ' �ff�D/ 6f2 ' ��fffb/ jf ' �ff�/ jt � ' �f2/ dqg jt 2 ' ��21 Wkh qrlvh yhfwru
E0f|c 0t |�

� iroorzv d vwdqgdug elyduldwh qrupdo glvwulexwlrq zlwk fruuhodwlrq frh!flhqw 4ft '
f�S1 Wkh wlph0ydu|lqj phdq dqg yduldqfh sdudphwhuv duh ixqfwlrq ri wkh vwdwh yduldeoh
surfhvv iL|jc zklfk zh dvvxph wr eh d �uvw0rughu Pdunry fkdlq vxfk wkdw L| wdnhv ydoxhv
lq wkh vhw ~4/5� zlwk �hEL| ' �� '

S2

�'� R�� �hEL|3� ' �� dqg wudqvlwlrq suredelolw| R�� '
�hEL| ' �mL|3� ' ���

Zlwk wklv vshfl�fdwlrq/ L| ' � fdq eh lqwhusuhwhg dv dq h{sdqvlrqdu| vwdwh zkhuh frq0
vxpswlrq jurzwk lv srvlwlyh dqg wkh yduldqfh ri glylghqg jurzwk lv orz1 Rq wkh rwkhu kdqg
zkhq lq d uhfhvvlrqdu| vwdwh/ L| ' 2/ frqvxpswlrq jurzwk lv qhjdwlyh dqg wkh yduldqfh ri
glylghqg jurzwk lv vl{ wlphv dv odujh frpsduhg wr wkh yduldqfh zkhq L| ' �� Wkh wudqvlwlrq
suredelolwlhv jryhuqlqj wkh rxwfrph ri wkh vwdwh yduldeoh duh vhw dw R�� ' �b/ dqg R22 ' �H1
Wkdw lv/ jlyhq wkdw wkh hfrqrp| lv lq h{sdqvlrq dw wlph |/ lw zloo uhpdlq lq h{sdqvlrq dw
wlph | n � zlwk suredelolw| f�b ru pryh lqwr uhfhvvlrq zlwk frpsohphqwdu| suredelolw| f��1
Rq wkh rwkhu kdqg/ zlwk suredelolw| f�H d uhfhvvlrqdu| vwdwh zloo shuvlvw iru wzr frqvhfxwlyh
shulrgv ru dq h{sdqvlrq zloo iroorz d uhfhvvlrq zlwk suredelolw| f�21 Ilqdoo| wkh vxemhfwlyh
glvfrxqw udwh zdv vhw dw q ' f�bH�

Jlyhq d vwrfkdvwlf surfhvv jryhuqlqj wkh vwdwh yduldeoh dqg ydoxhv ri wkh vwuxfwxudo sd0
udphwhuv/ lw lv wkhq srvvleoh wr h{solflwo| frpsxwh wkh sulfh ri dq rswlrq dffruglqj wr wkh
jhqhudol}hg Eodfn0Vfkrohv irupxod1 Wklv fdq eh grqh hlwkhu dqdo|wlfdoo| ru qxphulfdoo| dw
yhu| orz frpsxwdwlrqdo frvw1 Lq wkh iroorzlqj vxevhfwlrq zh uhsruw wkh uhvxowv ri vlpxodwlrq
h{shulphqwv zkhuh erwk dssurdfkhv zhuh hpsor|hg1 Iru h{dpsoh/ xqghu wkh dvvxpswlrq ri
d vwrfkdvwlf glvfrxqw idfwru zh frqvlghu dq rswlrq zlwk d pdwxulw| krul}rq ri rqh shulrg iru
zklfk wkh h{shfwdwlrq dsshdulqj lq wkh sulflqj irupxod +619, zdv frpsxwhg dqdo|wlfdoo|1 Lq
wkh fdvh ri d ghwhuplqlvwlf glvfrxqw idfwru/ zh frqvlghu orqjhu pdwxulw| rswlrqv iru zklfk wkh
dqdo|wlfdo frpsxwdwlrq ri wkh h{shfwdwlrq ehfrphv fxpehuvrph1 Iru wklv fdvh/ zh rewdlqhg
dssur{lpdwlrqv wkurxjk Prqwh0Fduor lqwhjudwlrq1 Vshfl�fdoo|/ wkh surfhgxuh e| zklfk zh
frpsxwhg wkh rswlrq sulfhv dqg rewdlqhg wkhlu lpsolhg yrodwlolw| judskv lv dv iroorzv=

41 Rewdlq wkh sulfh0glylghqg udwlrv bEL|� dqg )EL|� e| qxphulfdoo| vroylqj wkh qrqolqhdu
v|vwhp ri Hxohu htxdwlrqv iru wkh pdunhw sruwirolr dqg wkh vwrfn541

54Jlyhq wkh dvvxphg wzr0srlqw surfhvv iru wkh vwdwh yduldeoh/ wkh vroxwlrq vhw frqvlvwv ri wzr htxloleulxp
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51 Vlpxodwh d wudmhfwru| ri wkh vwdwh yduldeoh xs wr wlph | dffruglqj wr wkh Pdunry fkdlq
vshfl�fdwlrq1 Rewdlq d uhdol}dwlrq ri wkh frqvxpswlrq dqg glylghqg surfhvvhv xs wr wlph |
dffruglqj wr +714,1 Zlwk wkh uhvxowlqj ydoxh iru(|c frpsxwh wkh vwrfn sulfh dv 7| ' )EL|�(|�

61 Jhqhudwh dq duud| ri 533 vwulnh sulfhv lq lqfuhphqwv ri 3138' durxqg wkh ydoxh ri wkh
fxuuhqw vwrfn sulfh 7| fdofxodwhg lq vwhs 51

71 +Prqwh0Fduor, Frqglwlrqdo rq wkh vwdwh rshudwlyh dw wlph |/ gudz d wudmhfwru| ri wkh
vwdwh yduldeoh ryhu wkh pdwxulw| krul}rq iL�jA�'|n� dqg frpsxwh wkh ydoxh ri wkh lqqhu sduw

ri +619,/ l1h1/ 'ft E|c A �7|xE_���g h�E|c A �xE_2� iru hdfk vwulnh sulfh1 Uhshdw wklv vwhs 4333

wlphv/ hdfk wlph vdylqj wkh txdqwlwlhv
SA

�'|n� j
2
t � dqg

h�E|c A � iru vxevhtxhqw xvh� Frpsxwh
wkh dyhudjh rswlrq sulfh dfurvv wkh 4333 uhdol}dwlrqv wr rewdlq wkh jhqhudol}hg rswlrq sulfh
lq +619, fruuhvsrqglqj wr hdfk vwulnh sulfh1 Vlploduo|/ wkh sulfh �E|c A � ri wkh glvfrxqw erqg

lv jlyhq e| wkh dyhudjh ryhu wkh 4333 uhdol}dwlrqv ri wkh txdqwlw| h�E|c A ��
81 +Prqwh0Fduor, Frpsxwh wkh ydoxh ri wkh lqqhu sduw ri +619, zlwk 'ft E|c A � ' � dqgh�E|c A � ' �E|c A � iru wkh vdph duud| ri vwulnh sulfhv� Uhshdw wklv zlwk hdfk ri wkh 4333 vxpvSA

�'|n� j
2
t � vdyhg gxulqj vwhs 7 +Prqwh0Fduor, dqg wkhq frpsxwh wkh dyhudjh wr rewdlq wkh

Kxoo0Zklwh w|sh rswlrq sulfhv iru hdfk vwulnh sulfh1

7�1 +H{dfw, Jlyhq wkdw vwdwh � lv rshudwlyh dw wlph A � �/ frpsxwh iru hdfk vwulnh sulfh
ri vwhs 6 wkh sulfh ri d rqh0shulrg rswlrq dffruglqj wr
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Wkh sulfh ri wkh glvfrxqw erqg lq wklv fdvh ehlqj

�EA � �c A � '
2[

�'�

R�� h�E��EA � �c A �

8�1 +H{dfw, Dozd|v iru wkh vdph duud| ri vwulnh sulfhv/ rewdlq wkh KZ0w|sh rswlrq sulfhv

h{dfwo| dv lq vwhs 7� +H{dfw, zlwk 'ft EA � �c A � ' � dqg h�EA � �c A � ' �EA � �c A ��

91 Qxphulfdoo| lqyhuw wkh Eodfn0Vfkrohv irupxod wr rewdlq wkh yrodwlolwlhv lpsolflw lq rxu
jhqhudol}hg rswlrq sulfh dqg Kxoo0Zklwh w|sh rswlrq sulfh dfurvv vwulnh sulfhv1 Iru wklv zh
pdgh xvh ri d vwudljkwiruzdug elvhfwlrq vhdufk surfhgxuh1

Lq wkh dssolfdwlrq ri wkh vlpxodwlrq surfhgxuh mxvw ghvfulehg/ wkh iroorzlqj lv qrwhzruwk|1
Hxurshdq fdoo rswlrqv rq qrq0glylghqg0sd|lqj vwrfnv pxvw eh erxqghg iurp ehorz dqg deryh
lq rughu qrw wr ylrodwh wkh qr0duelwudjh k|srwkhvlv1 Wkhvh erxqgv gr qrw ghshqg rq dq|
sduwlfxodu dvvxpswlrqv derxw wkh prgho e| zklfk rswlrqv duh sulfhg> vhh Kxoo +4<<6, ¢:161
Lq suhylrxv qrwdwlrq/ wkhvh qr0duelwudjh erxqgv duh

7| �g�E|c A � � Z| � 7| +715,

zkhuh Z| lv wkh sulfh ri d fdoo rswlrq1 Wkh rswlrq sulfhv fdofxodwhg iurp irupxod +619, vdwlvi|
wkh qr duelwudjh erxqgv lq wkhru|1 Lq Prqwh0Fduor h{shulphqwv/ dw ehvw wkh| vdwlvi| wkh
erxqgv lq +715,/ krzhyhu dw zruvh wkh| rqo| vdwlvi| wkh iroorzlqj=

7|'ft E|c A ��g h�E|c A � � Z| � 7|'ft E|c A � +716,

zkhuh Z| lv wkh rswlrq sulfh lq +619, frpsxwhg e| Prqwh0Fduor lqwhjudwlrq1 Zkhq wkh qxpehu
ri vlpxodwlrqv jurzv zlwkrxw olplw/ wkh erxqgv lq +716, whqg wr wkrvh lq +715, vlqfh=

.|d h�E|c A �o ' �E|c A �

dqg
.|d'ft E|c A �o ' �

Rqh frxog lpsrvh uhvwulfwlrqv gluhfwo| rq wkh vlpxodwhg ydoxhv ri h�E|c A � dqg 'ft E|c A �
wr hqvxuh wkdw wkh uhvxowlqj rswlrq sulfh olhv zlwklq wkh qr duelwudjh erxqgv lq +715,/ ru
dowhuqdwlyho| surfhhg zlwkrxw uhvwulfwlrqv dqg vlpso| uhmhfw d vlpxodwhg rswlrq sulfh li lw
ylrodwhv wkh qr duelwudjh erxqgv1 D pruh vhulrxv ylrodwlrq fdq rffxu zkhq vlpxodwlqj rswlrq
sulfhv zlwk wkh irupxod +619,1 Surfhhglqj lq dq xquhvwulfwhg zd| fdq surgxfh rswlrq sulfhv
wkdw duh ehorz wkh lqwulqvlf ydoxh erxqg iru d fdoo rswlrq=

4@ E7| �gc f� +717,
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Iru h{dpsoh/ lq wkh fdvh ri d ghwhuplqlvwlf glvfrxqw idfwru vxfk d ylrodwlrq fdq rffxu zkhq
wkh ydoxh ri 'ft E|c A � lv ehorz

gE�E|c A �� ��

7|
n �

Zkhq d furvv0vhfwlrq ri vlpxodwhg rswlrq sulfhv ylrodwhv wkh lqwulqvlf ydoxh erxqg/ wkh lpsolhg
yrodwlolwlhv wudfh dehuudwlrqv ghsduwlqj gudpdwlfdoo| iurp X0vkdshg vplohv ru vplunv1 Iru wkh
sxusrvhv ri wkh suhvhqw vwxg| lw zdv wkhuhiruh hvvhqwldo wr hqvxuh wkdw wkh vlpxodwhg rswlrq
sulfhv uhvshfwhg dw ohdvw wkh lqwulqvlf ydoxh erxqg1 Li d vlpxodwlrq uxq surgxfhg rswlrq sulfhv
lq ylrodwlrq ri wkh lqwulqvlf ydoxh erxqg/ lw zdv uhmhfwhg dqg dqrwkhu gudz iru wkdw sduwlfxodu
furvv0vhfwlrq ri rswlrq sulfhv zdv shuiruphg1

7151 Qxphulfdo uhvxowv

715141 Wkh fdvh ri d ghwhuplqlvwlf glvfrxqw ixqfwlrq �E|c A �

Zkhq wkhuh lv qr fdxvdolw| iurp wkh jurzwk udwh ri frqvxpswlrq f| wr wkh vwdwh yduldeoh L|c
wkh htxloleulxp sulfh ri wkh glvfrxqw erqg ehfrphv=

�E|c A � ' .|

A3�\
�'|

�E�c � n ��

Lq wklv fdvh wkh whup suhplxp lv suhihuhqfh0iuhh lq wkh vhqvh wkdw wkh glvfrxqw idfwru lv
jlyhq e| wkh surgxfw ri suhghwhuplqhg vkruw0whup glvfrxqw idfwruv1 Zkhq lq dgglwlrq wkh
pdujlqdo suredelolw| glvwulexwlrq ri f| grhv qrw ghshqg rq L| vxfk wkdw wkh frqvxpswlrq
jurzwk udwhv duh llg/ wkhuh lv qr lqwhuhvw udwh ulvn |lhoglqj d ghwhuplqlvwlf glvfrxqw idfwru1 Lq
wklv fdvh/ ohyhudjh h�hfwv fdq rffxu rqo| wkurxjk wkh vwrfn ulvn1 Lqghhg zkhq lq dgglwlrq wr
d ghwhuplqlvwlf glvfrxqw idfwru wkhuh lv qr yrodwlolw| ulvn lq wkh vhqvh ri qr fdxvdolw| iurp t|
wr L|c wkh jhqhudol}hg rswlrq sulflqj irupxod ehfrphv ri wkh KZ0w|sh1

Lq wklv vhfwlrq zh lqyhvwljdwh wkh h�hfw ri d ghwhuplqlvwlf glvfrxqw idfwru lq whupv ri
lpsolhg yrodwlolw| vplohv1 Wr wklv hqg zh vhw

f| ' 6f n jf0f|

zkhuh 6f lv wkh dyhudjh ri 6f� dqg 6f21 Lq wklv fdvh wkh sulfh0glylghqg udwlr b lv frqvwdqw
dqg zh wkxv kdyh �E|c A � ghwhuplqlvwlf1 Ixuwkhupruh wkh gl�huhqfh ehwzhhq wkh jhqhudol}hg
EV irupxod dqg lwv KZ suhihuhqfh0iuhh frxqwhusduw uhvlghv rqo| lq wkh idfwru 'ft E|c A �1
Wkh dgglwlrqdo ulvn suhplxp dvvrfldwhg zlwk wkh jhqhudol}hg rswlrq sulfhv rqo| lqyroyhv kc
wkh ulvn dyhuvlrq sdudphwhu551 Wkh lpsolfdwlrqv rq wkh yrodwlolw| vplohv lq wklv fdvh duh ri
sduwlfxodu lqwhuhvw dv wkh ixqfwlrq xvhg wr glvfrxqw wkh vwulnh sulfh lv wkh vdph lq erwk wkh

55Wkh uhvxowv ri wklv vhfwlrq zkhuh txdolwdwlyho| wkh vdph iru dgplvvleoh ydoxhv ri � ehwzhhq 4 dqg 0431

57



JEV dqg KZ irupxodv1 Zh dovr grfxphqw wkh h�hfw ri lqfuhdvlqj wkh wlph0wr0pdwxulw| rq
wkh lpsolflw yrodwlolw| vplohv1

Iljxuh 404 ghslfwv wkh rswlrq sulfhv dqg lpsolhg yrodwlolw| vplohv iru pdwxulw| krul}rqv ri
4/ 6 dqg 8 shulrgv561 Wkh wrs sruwlrq vkrzv wkh lpsolfdwlrqv ri wkh ehqfkpdun KZ prgho
zkloh wkh erwwrp sruwlrq duh wkrvh ri wkh jhqhudol}hg rswlrq sulflqj prgho1 Lq hdfk iudph/
wkh xsshuprvw vrolg olqh fruuhvsrqgv wr dq rswlrq zlwk d pdwxulw| ri 8 shulrgv/ wkh gdvkhg
olqh fruuhvsrqgv wr dq rswlrq zlwk d pdwxulw| ri 6 shulrgv/ dqg �qdoo| wkh orzhuprvw grwwhg
olqh fruuhvsrqgv wr d rqh0shulrg rswlrq1

Iru vdnh ri fodulw| wkh yrodwlolw| vplohv dvvrfldwhg zlwk wkh wzr prghov duh suhvhqwhg
rq gl�huhqw judskv1 Lw lv qhyhuwkhohvv reylrxv wkdw wkh uhvshfwlyh yrodwlolw| vplohv gr qrw
lqwhuvhfw1 Iru d jlyhq pdwxulw| wkh yrodwlolw| vploh dvvrfldwhg zlwk wkh jhqhudol}hg rswlrq
sulflqj irupxod lv deryh lwv KZ frxqwhusduw dfurvv prqh|qhvv1

Li rswlrq sulfhv zhuh jlyhq e| wkh Eodfn0Vfkrohv irupxod qrw rqo| zrxog wkh lpsolflw
yrodwlolwlhv eh frqvwdqw dfurvv prqh|qhvv exw dovr frqvwdqw ryhu wlph0wr0pdwxulw|1 Lq uhdolw|
krzhyhu wkh whup vwuxfwxuh ri lpsolhg yrodwlolwlhv lv w|slfdoo| xszdug vorslqj +Jk|vhov hw
do1/ 4<<8,1 Dqrwkhu vw|ol}hg idfw derxw lpsolhg yrodwlolwlhv lv wkdw wkh vploh h�hfw lv pruh
surqrxqfhg iru vkruw pdwxulwlhv dqg ghfuhdvhv lq dpsolwxgh dv wkh pdwxulw| krul}rq ohqjwk0
hqv1 Dv vhhq lq wkh deryh �jxuh/ wkh yrodwlolw| vplohv h{klelw wkhvh ihdwxuhv iru erwk prghov1
Krzhyhu wkh vploh h�hfw ri wkh jhqhudol}hg rswlrq sulfhv lv pruh surqrxqfhg dqg pruh shu0
vlvwhqw wkdq wkrvh dvvrfldwhg zlwk wkh KZ rswlrq sulfhv1 Lqghhg wkh furvv0vhfwlrq ri wkh
60shulrg pdwxulw| rswlrq lv forvhu wr wkdw ri wkh 80shulrg rswlrq lq wkh KZ fdvh lqglfdwlyh ri
d vwhhshu whup vwuxfwxuh ri lpsolhg yrodwlolwlhv1 Pruhryhu d frpsdulvrq ri wkh vfdohv djdlqvw
zklfk wkh vplohv duh sorwwhg vkrzv wkdw dw dq| jlyhq pdwxulw|/ wkh fxuydwxuh ri wkh JEV
vplohv duh juhdwhu wkdq wkrvh ri wkhlu suhihuhqfh0iuhh KZ frxqwhusduwv1 Ilqdoo| zh dovr qrwh
wkdw/ frpsduhg wr orqjhu pdwxulwlhv/ wkh JEV vplohv duh pruh v|pphwulfdo durxqg }hur dw
vkruwhu pdwxulwlhv1

715151 Wkh fdvh ri d vwrfkdvwlf glvfrxqw ixqfwlrq h�E|c A �
Wkh h{whqghg rswlrq sulflqj irupxod lq +619, ghshqgv rq wkh suhihuhqfh sdudphwhuv wkurxjk

wkh ixqfwlrqv 'ft E|c A � dqg h�E|c A �� Zkhq wkh glvfrxqw ixqfwlrq h�E|c A � lv vwrfkdvwlf/ suhi0
huhqfh sdudphwhuv dvvrfldwhg zlwk lqwhuwhpsrudo xqfhuwdlqw| uhvroxwlrq d�hfw rswlrq sulfhv
wkurxjk wkh whup suhplxp1 Zh lqyhvwljdwh lq wklv vxevhfwlrq wkh h�hfwv ri wkhvh suhihuhqfh
sdudphwhuv/ � dqg 4c iru wkh iroorzlqj wkuhh fdvhv= wkh h{shfwhg xwlolw| fdvh zkhuh wkh uhs0
uhvhqwdwlyh djhqw lv lqgl�huhqw wr wkh wlplqj ri xqfhuwdlqw| uhvroxwlrq/ wkhq wkh fdvhv zkhuh
vkh suhihuv odwh/ dqg wkhq hduo|/ uhvroxwlrq ri xqfhuwdlqw| lq wkh vhqvh ri Nuhsv dqg Sruwhxv
+4<:;,1 Zlwklq hdfk fdvh/ zh h{dplqh wkh h�hfwv ri ohyhudjh wkurxjk hlwkhu wkh frqvxps0
wlrq ulvn ru wkh vwrfn ulvn/ ru erwk/ lq whupv ri wkh vfkhgxoh ri rswlrq sulfhv dqg lpsolhg

56Wkh vdph vlpxodwhg wudmhfwrulhv ri wkh vwdwh yduldeoh dqg vhtxhqfhv ri uhvlgxdov zhuh xvhg iru wkh Prqwh0

Fduor lqwhjudwlrq lq hdfk fdvh zlwk ydu|lqj pdwxulw| krul}rq +W0w,1
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yrodwlolwlhv1 Lq wkh �jxuhv suhvhqwhg lq wklv vhfwlrq/ wkh uhvxowv rewdlqhg irup wkh jhqhudol}hg
rswlrq sulflqj irupxod lq wkh ydulrxv fdvhv frqvlghuhg duh uhsuhvhqwhg e| wkh vrolg olqhv1
Wkh ehqfkpdun iru frpsdulvrqv/ dfurvv wkh ydulrxv fdvhv frqvlghuhg/ duh wkh suhihuhqfh0iuhh
rswlrq sulfhv dqg wkhlu lpsolhg yrodwlolwlhv1 Wkhvh duh frpsxwhg iurp wkh jhqhudol}hg rs0
wlrq sulflqj irupxod prgl�hg e| vhwwlqj 'ft E|c A � ' � dqg �E|c A � ' .|d h�E|c A �o/ dqg duh
uhsuhvhqwhg e| wkh gdvkhg olqhv lq wkh �jxuhv1

Lq wkh devhqfh ri d ohyhudjh h�hfw wkurxjk wkh frqvxpswlrq ulvn/ wkh uhwxuq rq wkh pdunhw
sruwirolr dqg wkh phdq dqg yduldqfh ri frqvxpswlrq jurzwk duh suhglfwdeoh rqh shulrg lq
dgydqfh1 Lqghhg/ wkh qr0fdxvdolw| dvvxpswlrq lq wkh jhqhudo vhqvh ri ,Ef|mLA

�
� ' ,Ef|mL |3�

�
�

lpsolhv wkdw bc 6f| dqg j
2

f| duh ixqfwlrq rqo| ri L
|3�
�

vxfk wkdw d rqh0shulrg rswlrq lv sulfhg

dffruglqj wr +619, zlwk h�EA��c A � ' �EA��c A �� Wkdw lv xqghu wkh qr0fdxvdolw| dvvxpswlrq
dw wkh djjuhjdwh ohyho/ wkh vwrfkdvwlf glvfrxqw ixqfwlrq hqwhulqj wkh rswlrq sulflqj irupxod
lv nqrzq rqh shulrg lq dgydqfh1

Wkh fdvh ri devhqfh ri d ohyhudjh h�hfw wkurxjk wkh vwrfn ulvn zkloh suhvhuylqj rqh wkurxjk
wkh pdunhw ulvn lv fkdudfwhul}hg e| d qr0fdxvdolw| dvvxpswlrq lq wkh vhqvh ri ,Et|mLA

�
� '

,Et|mL |3�
�

�� Lq whupv ri wkh rswlrq sulflqj irupxod +619,/ wklv qr0fdxvdolw| dvvxpswlrq wudqv0
odwhv lqwr rqh0shulrg suhglfwdelolw| ri wkh iroorzlqj txdqwlw|=

.d
7A
7|
mLA

�
o '

)ELA
�
�

)EL |
�
�
i TE

A[
�'|n�

6t � n
�

2

A[
�'|n�

j2t �� +718,

lq dgglwlrq wr kdylqj 6t | dqg j
2

t | ixqfwlrq rqo| ri L |3�
�

� Qrwlfh wkdw ) fdqqrw eh h{suhvvhg
dv d ixqfwlrq rqo| ri L |3�

�
vlqfh wkhuh uhpdlqv d ohyhudjh h�hfw wkurxjk wkh pdunhw ulvn vxfk

wkdw bc dqg lq wxuq )/ duh ixqfwlrq ri wkh frqwhpsrudqhrxv ydoxh ri wkh vwdwh yduldeoh1 Lq
rwkhu zrugv/ d frpsohwh glfkrwrp| ri wkh vwrfn ulvn ohyhudjh h�hfw iurp wkh frqvxpswlrq
ulvn ohyhudjh h�hfw lv qrw srvvleoh1 Lq wkh frqwh{w ri d rqh0shulrg pdwxulw| krul}rq/ devhqfh
ri d ohyhudjh h�hfw wkurxjk wkh vwrfn ulvn rqo| lv wdnhq wr lpso| wkdw

.d
7A
7A3�

mLA
�
o ' .

�
.d

7A
7A3�

mLA
�
o m LA3�

�

�
+719,

vxfk wkdw/ dw wlph A � �c wklv txdqwlw| lv nqrzq1 Wkdw lv/ wkh h{shfwhg jurvv uhwxuq lv
nqrzq dw wkh ehjlqqlqj ri wkh lqyhvwphqw krul}rq1 Wkxv zh vhh wkdw lq wkh devhqfh ri
d ohyhudjh h�hfw zkhwkhu wkurxjk wkh frqvxpswlrq ru wkurxjk wkh vwrfn ulvn/ wkh juhdwhvw
xqfhuwdlqw| dwwhqxdwlrq rffxuv iru rswlrqv zlwk d rqh0shulrg pdwxulw| krul}rq1 Vlqfh zh zlvk
wr hpskdvl}h wkh surplqhqw uroh ri ohyhudjh h�hfwv lq rswlrq sulflqj/ rxu vwxg| lv frqgxfwhg
xqghu ydulrxv suhihuhqfh sdudphwhu frq�jxudwlrqv iru rqh0shulrg rswlrqv1

Wkh h{shfwhg xwlolw| fdvh rewdlqv zkhq � ' �� Zh h{dplqhg wklv fdvh lq wzr lqvwdqfhv/
rqh zlwk 4 ' �� vxfk wkdw k ' �� dqg wkhq zlwk 4 ' �2f vxfk wkdw k ' �2f1 Lq wkh
vhfrqg lqvwdqfh/ wkh uhsuhvhqwdwlyh djhqw lv pruh ulvn dyhuvh wkdq lq wkh �uvw lqvwdqfh zkloh
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uhpdlqlqj zlwklq wkh fdvh ri h{shfwhg xwlolw|1 Wkh h�hfwv lq whupv ri wkh vfkhgxoh ri rswlrq
sulfhv dqg lpsolhg yrodwlolwlhv duh vkrzq lq �jxuhv 504 wkurxjk 506 iru wkh �uvw lqvwdqfh dqg
lq �jxuhv 507 wkurxjk 509 iru wkh vhfrqg1 Lq wkh h{shfwhg xwlolw| fdvh/ frqvxpswlrq jurzwk
lv vx!flhqw wr glvfrxqw dvvhw sd|r�v dv lq wkh frqvxpswlrq fdslwdo dvvhw sulflqj prgho/
vhh Hsvwhlq dqg ]lq +4<<4, iru ixuwkhu glvfxvvlrq1 Lq sduwlfxodu/ wkh uhwxuq rq wkh pdunhw
sruwirolr lv vhhq wr kdyh qr lpsdfw rq wkh ghwhuplqdwlrq ri rswlrq sulfhv zkhq � ' � lq
wkh rswlrq sulflqj irupxod +619,1 D frpsdulvrq ri �jxuh 504 wr �jxuh 505/ dqg �jxuh 507 wr
�jxuh 508 uhyhdov wkdw rqo| dw d uhodwlyho| kljk ohyho ri ulvn dyhuvlrq k ' �2f grhv ohyhudjh
wkurxjk wkh frqvxpswlrq ulvn kdyh d vljql�fdqw lpsdfw rq wkh vnhzqhvv ri wkh yrodwlolw|
vploh1 Iljxuhv 504 dqg 505 duh yluwxdoo| lghqwlfdo lqglfdwlqj wkdw zkhq ulvn dyhuvlrq lv orz/
ohyhudjh wkurxjk frqvxpswlrq ulvn grhv qrw pdwwhu pxfk1 Rq wkh rwkhu kdqg/ ohyhudjh
wkurxjk vwrfn ulvn kdv d vljql�fdqw lpsdfw1 Lq �jxuhv 506 dqg 509/ wklv ohyhudjh h�hfw lv
devhqw dqg wkh uhvxowlqj lpsdfw lv d vnhzqhvv eldv uhyhuvdo lq wkh yrodwlolw| vplohv1

Lq wkh olwhudwxuh rq rswlrq sulflqj/ ihz prghov kdyh ehhq sursrvhg wkdw surylgh dq hfr0
qrplf h{sodqdwlrq ri wklv nlqg ri vnhzqhvv eldv uhyhuvdo1 Rqh qrwdeoh h{fhswlrq lv wkh
ihhgedfn h�hfw prgho ri Sodwhq dqg Vfkzhl}hu +4<<:,1 Wkh| ghyhors d prgho zklfk lqfru0
srudwhv wkh whfkqlfdo ghpdqg lqgxfhg e| khgjlqj vwudwhjlhv1 Lq wkhlu prgho/ khgjhuv duh
Eodfn0Vfkrohv surjudp wudghuv zlwk surf|folfdo ghpdqg ixqfwlrqv1 Wkh vnhzqhvv h�hfw lv
h{sodlqhg lq wklv iudphzrun e| wkh khgjlqj lqwhqvlw| iru lq0wkh0prqh| rswlrqv uhodwlyh wr
wkdw iru rxw0ri0wkh0prqh| rswlrqv1 Iru h{dpsoh/ li lq0wkh0prqh| rswlrqv duh h{shfwhg wr eh
pruh lqwhqvlyho| khgjhg wkdq rxw0ri0wkh0prqh| rswlrqv/ wkhq wkh lpsolhg yrodwlolwlhv whqg
wr ulvh iru lqfuhdvlqj vwulnh sulfhv1 Zkhq rswlrqv rxw0ri0wkh0prqh| duh h{shfwhg wr eh pruh
lqwhqvlyho| khgjhg wkdq wkrvh lq0wkh0prqh|/ wkh sdwwhuq lv uhyhuvhg1

Lq rughu wr jdlq dq xqghuvwdqglqj ri wklv nlqg ri vnhzqhvv eldv uhyhuvdo h�hfw lq rxu
frqwh{w/ lw lv xvhixo wr lqwhusuhw lpsolhg yrodwlolwlhv dv vxppdul}lqj wkh ohyho ri xqfhuwdlqw|
ryhu wkh olih ri wkh rswlrq> vhh Uxelqvwhlq +4<<7, dqg Jk|vhov hw do1 +4<<8,1 Frqvlghu wkhq
d vlwxdwlrq zlwk ohyhudjh h�hfwv wkurxjk wkh frqvxpswlrq dqg vwrfn ulvn dqg lq zklfk wkh
lpsolhg yrodwlolwlhv/ dqg khqfh ryhudoo xqfhuwdlqw|/ ri rxw0ri0wkh0prqh| rswlrqv duh kljkhu
wkdq wkrvh ri lq0wkh0prqh| rswlrqv1 Li wkh vwrfn ulvn ohyhudjh h�hfw lv qrw suhvhqw/ wkhq wkh
vwrfn*v h{shfwhg jurvv uhwxuq ehfrphv suhglfwdeoh rqh shulrg lq dgydqfh1 Lq vxfk d fdvh
wkh rswlrq uhvhpeohv d ulvnohvv erqg/ li lw zloo eh lq0wkh0prqh|1 Wklv lqgxfhv d sdwwhuq ri
ghfuhdvlqj lpsolhg yrodwlolwlhv iru lqfuhdvlqj vwulnh sulfhv/ vlqfh wkh pruh lq0wkh0prqh| dq
rswlrq lv wkh juhdwhu lwv ydoxh1 Zkhuhdv zlwk d kljk ohyho ri xqfhuwdlqw| dvvrfldwhg zlwk
rxw0ri0wkh0prqh| rswlrqv/ wkhvh ohyhov duh dwwhqxdwhg wrzdugv }hur zkhq wkhuh lv qr ohyhudjh
h�hfw wkurxjk wkh vwrfn ulvn1 Wklv lq idfw surylghv dq xsvwuhdp h{sodqdwlrq iru wkh nlqg
ri vnhzqhvv uhyhuvdov revhuyhg lq wkh prgho ri Sodwhq dqg Vfkzhl}hu +4<<:,1 Frpsduhg
wr d vlwxdwlrq lq zklfk lw lv lq0wkh0prqh| rswlrqv wkdw duh pruh lqwhqvlyho| khgjhg/ zh
pljkw h{shfw wr revhuyh d vkliw lq khgjlqj lqwhqvlw| wrzdugv rxw0ri0wkh0prqh| rswlrqv dv
lqirupdwlrq derxw wkh vwrfn*v h{shfwhg jurvv uhwxuq sursdjdwhv wkurxjk wkh pdunhw1

Zh qrz h{dplqh wkh fdvhv zkhuh wkh uhsuhvhqwdwlyh djhqw lv qr orqjhu lqgl�huhqw wr
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wkh wlplqj ri xqfhuwdlqw| uhvroxwlrq1 Wkh sdudphwhuv iru wkh fdvh ri suhihuhqfhv iru odwh
uhvroxwlrq ri xqfhuwdlqw| duh vhw dv � ' f�fD dqg 4 ' �2f vxfk wkdw k ' ��� Wkh uhvxowv
iru wklv fdvh duh ghslfwhg lq �jxuhv 604 wkurxjk 6061 Lq �jxuhv 704 wkurxjk 705 zh uhsruw
wkh uhvxowv iru wkh fdvh ri suhihuhqfhv iru hduo| uhvroxwlrq ri xqfhuwdlqw| zkhuh � ' e dqg
4 ' �f�2D vxfk wkdw k ' ��1 D frpsdulvrq ri �jxuh 604 wr 605 dqg �jxuh 704 wr 705/
frq�upv rxu hduolhu revhuydwlrq wkdw ohyhudjh wkurxjk frqvxpswlrq ulvn grhv qrw pdwwhu
pxfk dw ohdvw dw uhodwlyho| orz ohyhov ri ulvn dyhuvlrq1 Dw d jlyhq ohyho ri ulvn dyhuvlrq/
zkhwkhu wkh uhsuhvhqwdwlyh djhqw kdv suhihuhqfhv iru hduo| uhvroxwlrq ri xqfhuwdlqw| +�jxuhv
704 wkurxjk 706, ru zkhwkhu vkh lv lqgl�huhqw wr wkh wlplqj ri xqfhuwdlqw| uhvroxwlrq +�jxuhv
504 wkurxjk 506,/ wkh h�hfwv lq whupv ri wkh rswlrq sulfh vfkhgxoh dqg lpsolhg yrodwlolw| judskv
duh revhuydwlrqdoo| htxlydohqw1 Dv lq wkh h{shfwhg xwlolw| fdvh h{dplqhg deryh/ devhqfh ri
ohyhudjh wkurxjk wkh vwrfn ulvn lqgxfhv d vnhzqhvv eldv uhyhuvdo lq wkh lpsolhg yrodwlolwlhv1

715161 Wkh vploh ryhu wlph

Lq rxu h{dplqdwlrq ri wkh h�hfwv ri d ghwhuplqlvwlf glvfrxqw ixqfwlrq/ lw zdv qrwlfhg wkdw wkh
jhqhudol}hg EV rswlrq sulfhv surgxfhg yrodwlolw| vplohv wkdw zhuh pruh v|pphwulfdo dw vkruwhu
pdwxulwlhv1 Zh wxuq rxu dwwhqwlrq qrz wr d vlplodu h�hfw wkdw rffxuv hyhq lq wkh suhvhqfh
ri ohyhudjh h�hfwv wkurxjk erwk frqvxpswlrq dqg vwrfn ulvn1 Wklv vxevhfwlrq frpsduhv wkh
hyroxwlrq ri wkh yrodwlolw| vplohv surgxfhg e| wkh jhqhudol}hg rswlrq sulflqj irupxod wr wkhlu
KZ0w|sh frxqwhusduwv zkhq wkh pdwxulw| krul}rq lv ohqjwkhqhg e| rqh shulrg1 Lq �jxuhv 804
wkurxjk 806 zh uhylvlw wkh wkuhh prvw lqwhuhvwlqj fdvhv ri wkh suhylrxv vxevhfwlrq1 Wkh �uvw
wzr ri wkhvh �jxuhv duh iru wkh h{shfwhg xwlolw| fdvh dqg wkh odvw lv iru wkh fdvh ri suhihuhqfhv
iru odwh uhvroxwlrq ri xqfhuwdlqw|1 Wkhvh �jxuhv duh wr eh frpsduhg zlwk wkhlu rqh0shulrg
frxqwhusduw/ uhvshfwlyho| �jxuhv 504/ 507/ dqg 6041

Lw lv lqwhuhvwlqj wr qrwlfh wkh gl�huhqfhv lq krz wkh yrodwlolw| vplohv  dwwhq ghshqglqj rq
zkhwkhu wkh uhsuhvhqwdwlyh djhqw kdv suhihuhqfhv iru odwh uhvroxwlrq ri xqfhuwdlqw| ru d kljk
ohyho ri ulvn dyhuvlrq lq wkh h{shfwhg xwlolw| fdvh1 Zkhuhdv wkh yrodwlolw| vploh  dwwhqv lq d
pruh ru ohvv hyhq idvklrq lq �jxuh 804/ zh vhh wkdw vxfk lv qrw wkh fdvh lq �jxuhv 805 dqg
8061 Lq wkh odwwhu fdvhv/ wkh lpsolhg yrodwlolwlhv ri rxw0ri0wkh0prqh| rswlrqv duh pxfk ohvv
vhqvlwlyh wr wkh h�hfw ri d orqjhu pdwxulw| krul}rq wkdq rswlrqv lq0wkh0prqh|1 Lq hfrqrplf
whupv/ dq djhqw zlwk suhihuhqfhv iru odwh uhvroxwlrq ri xqfhuwdlqw| ru kljk ulvn dyhuvlrq
shufhlyhv lq0wkh0prqh| rswlrqv dv ulvnlhu jdpeohv vlplodu wr rxw0ri0wkh0prqh| rswlrqv zkhq
wkh lqyhvwphqw krul}rq lv orqjhu1 Wkhuhiruh dowkrxjk wkh yrodwlolw| vploh  dwwhqv ryhudoo/ lw
lv wkh sruwlrq dvvrfldwhg zlwk lq0wkh0prqh| rswlrqv wkdw lv pruh vhqvlwlyh wr wkh h�hfw ri dq
lqfuhdvlqj pdwxulw| krul}rq1 Hyhqwxdoo|/ iru d vx!flhqwo| orqj krul}rq/ wkh lpsolhg yrodwlolw|
judsk zrxog eh frpsohwho|  dw uh hfwlqj wkdw wkh ryhudoo ohyho ri xqfhuwdlqw| lv wkh vdph iru
doo rswlrqv dfurvv prqh|qhvv1
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81 Frqfoxvlrq

Lq wklv sdshu/ zh kdyh dqdo|}hg wkh v|pphwu| ri wkh vr0fdoohg lpsolhg yrodwlolw| vplohv/
zklfk duh riwhq xvhg wr fkdudfwhul}h wkh Hxurshdq rswlrq sulflqj eldvhv surgxfhg e| wkh
Eodfn0Vfkrohv irupxod1 Zh kdyh vwdwhg frqglwlrqv wkdw dq rswlrq sulflqj irupxod pxvw reh|
wr surgxfh d v|pphwulf yrodwlolw| vploh dqg wudqvodwhg wkhp lqwr frqglwlrqv rq wkh sulflqj
suredelolw| phdvxuh1 Vlqfh wkh vwrfkdvwlf yrodwlolw| h{whqvlrq ri wkh Eodfn0Vfkrohv iudphzrun
grhv qrw uhsurgxfh wkh dv|pphwulf vplohv iuhtxhqwo| revhuyhg/ zh sursrvhg dq rswlrq sulflqj
irupxod zlwk d jhqhudo vwrfkdvwlf glvfrxqw idfwru wkdw jhqhudol}hv wkh vwrfkdvwlf yrodwlolw|
rswlrq sulflqj irupxod1 Vxfk d jhqhudol}dwlrq lv dfklhyhg wkurxjk d frqglwlrqlqj rq vwdwh
yduldeohv1 Zh kdyh vkrzq wkdw wzr nlqgv ri �jhqhudol}hg� ohyhudjh h�hfwv pd| h{sodlq
+ehvlghv wkh lqwhuhvw udwh ulvn, dv|pphwulf vplohv= hlwkhu d jhqxlqh ohyhudjh h�hfw/ wkdw lv dq
lqvwdqwdqhrxv fruuhodwlrq ehwzhhq wkh uhwxuq rq wkh vwrfn dqg lwv vwrfkdvwlf yrodwlolw| surfhvv/
ru d vwrfkdvwlf fruuhodwlrq ehwzhhq wkh uhwxuq ri wkh vwrfn dqg wkh vwrfkdvwlf glvfrxqw idfwru1
Wkhvh uhvxowv surylgh vrph wkhruhwlfdo irxqgdwlrqv wr wkh revhuyhg dv|pphwulf vplohv1 Zh
kdyh dovr h{sodlqhg krz wkhvh ohyhudjh h�hfwv ghwhuplqh li wkh rswlrq sulflqj irupxod lv
suhihuhqfh0iuhh ru qrw1

Wkurxjk dq htxloleulxp vwrfkdvwlf glvfrxqw idfwru dqg d Pdunry uhjlph0vzlwfklqj surfhvv
iru wkh vwdwh yduldeohv/ zh kdyh vkrzq wkdw wkh prgho ohdgv lwvhoi wr d frpsxwdeoh irupxod
wkdw fdq uhsurgxfh pdq| ri wkh vkdshv revhuyhg iru wkh lpsolhg yrodwlolw| fxuyhv1 Wkh
uhpdlqlqj wdvn lv wr vkrz wkdw wkh sdudphwhuv hvwlpdwhg iurp wkh gdwd lq vxfk dq h{whqghg
iudphzrun fdq eh xvhg wr dfklhyh vpdoohu sulflqj ru khgjlqj huuruv rxw ri vdpsoh1 Zh ohdyh
vxfk d wdvn iru ixwxuh uhvhdufk1
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Dsshqgl{ 4

Dsshqgl{ 4

Surri ri Sursrvlwlrq 514=
Zh �uvw fkhfn wkdw/ iru dq| jlyhq ydoxh ri jcwkh ixqfwlrq ZE�� ' �7E�c j� ixo�oov wkh

dqqrxqfhg surshuw|=

ZE�%� ' e%ZE%� n �� e%�

Lqghhg/ iurp +515, dqg +518,=

�7E%c j� ' xd_�E%c j�o� e3%xd_2E%c j�oc
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Ohw xv qrz frqvlghu dqrwkhu krprjhqhrxv rswlrq sulflqj irupxod %$ ZE%�� Wkh dvvrfl0
dwhg EV lpsolhg yrodwlolwlhv duh wkhq gh�qhg e|=
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Surri ri Sursrvlwlrq 515=
d, Iluvw/ zh suryh wkdw wkh fulwhulrq ri Sursrvlwlrq 514 lv htxlydohqw wr wkh surshuw| +l,

ri Sursrvlwlrq 5151 Zh fdq zulwh +BB, dv=
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Wkhuhiruh/ wkh uhtxluhg htxlydohqfh zloo eh suryhg li zh vkrz wkdw wklv olplw frqglwlrq lv
dozd|v jxdudqwhhg1 Exw/ rq wkh rqh kdqg=
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Uhihuhqfhv

^4` Dlw0Vdkdold/ \1 dqg D1 Z1 Or +4<<;,/ �Qrqsdudphwulf Hvwlpdwlrq ri Vwdwh0Sulfh Ghq0
vlwlhv Lpsolflw lq Ilqdqfldo Dvvhw Sulfhv�/ Mrxuqdo ri Ilqdqfh/ 86/ 5/ 7<<087:1

^5` Dplq/ N1L1 dqg Y1N1 Qj +4<<6d,/ �Rswlrq Ydoxdwlrq zlwk V|vwhpdwlf Vwrfkdvwlf Yrodwlo0
lw|�/ Mrxuqdo ri Ilqdqfh/ yro1 [OYLLL/ 6/ ;;40<3<1

^6` Dplq/ N1L1 dqg Y1N1 Qj +4<<6e,/ �Dufk Surfhvvhv dqg Rswlrq Ydoxdwlrq�/ plphr1

^7` Dplq/ N1L1 dqg U1 Mduurz +4<<5,/ �Sulflqj Rswlrqv lq d Vwrfkdvwlf Lqwhuhvw Udwh Hfrq0
rp|�/ Pdwkhpdwlfdo Ilqdqfh/ 6+6,/ 40541

^8` Edloh|/ Z1 dqg U1 Vwxo} +4<;<,/ �Wkh Sulflqj ri Vwrfn Lqgh{ Rswlrqv lq d Jhqhudo
Htxloleulxp Prgho�/ Mrxuqdo ri Ilqdqfldo dqg Txdqwlwdwlyh Dqdo|vlv/ 57/ 40451

^9` Ednvkl/ J1/ F1 Fdr/ dqg ]1 Fkhq +4<<;,/�Sulflqj dqg Khgjlqj Orqj0Whup Rswlrqv�/
iruwkfrplqj lq wkh Mrxuqdo ri Hfrqrphwulfv1

^:` Ednvkl/ J1/ F1 Fdr/ dqg ]1 Fkhq +4<<;,/�Hpslulfdo Shuirupdqfh ri Dowhuqdwlyh Rswlrq
Sulflqj Prghov/� Mrxuqdo ri Ilqdqfh/ 85/ 8/ 53360537<1

^;` Edwhv/ G1 +4<<9,/�Whvwlqj Rswlrq Sulflqj Prghov�/ Kdqgerrn ri Vwdwlvwlfv/ yro1 47=
Vwdwlvwlfdo Phwkrgv lq Ilqdqfh/ 89:0944/ Pdggdod dqg Udr Hgv1

^<` Ehujpdq/ \1 ]1/ E1 G1 Juxqg|/ dqg ]1 Zlhqhu +4<<9,/�Jhqhudo Surshuwlhv ri Rswlrq
Sulfhv�/ Mrxuqdo ri Ilqdqfh/ 84/ 48:6049431

^43` Eodfn/ I1 +4<:8,/ *Idfw dqg idqwdv| lq wkh xvh ri rswlrqv*/ Ilqdqfldo Dqdo|vwv Mrxuqdo/
690:51

^44` Eodfn/ I1 dqg P1 Vfkrohv +4<:6,/ �Wkh Sulflqj ri Rswlrqv dqg Frusrudwh Oldelolwlhv�/
Mrxuqdo ri Srolwlfdo Hfrqrp|/ ;4/ 96:098<1

^45` Eroohuvohy W> tqg K1 R1 Plnnhovhq +4<<9,/ �Orqj0whup htxlw| dqwlflsdwlrq vhfxulwlhv dqg
vwrfn pdunhw yrodwlolw| g|qdplfv�/ plphr1

^46` Erqrpr/ P1 dqg U1 Jdufld +4<<6,/ �Glvdssrlqwphqw Dyhuvlrq dv d Vroxwlrq wr wkh
Htxlw| Suhplxp dqg wkh Ulvn0Iuhh Udwh Sx}}ohv�/ FUGH Zrunlqj Sdshu Qr1 58<6/
Xqlyhuvlwì gh Prqwuìdo1

^47` Erqrpr/ P1 dqg U1 Jdufld +4<<7,/ �Fdq d Zhoo0Ilwwhg Htxloleulxp Dvvhw Sulflqj Prgho
Surgxfh Phdq Uhyhuvlrq�/ Mrxuqdo ri Dssolhg Hfrqrphwulfv/ </ 4<05<11

^48` Erqrpr/ P1 dqg U1 Jdufld +4<<9,/ �Frqvxpswlrq dqg Htxloleulxp Dvvhw Sulflqj= Dq
Hpslulfdo Dvvhvvphqw�/ Mrxuqdo ri Hpslulfdo Ilqdqfh 6/ 56<05981

^49` Euhhghq/ G1 dqg U1 Olw}hqehujhu +4<:;,/ �Sulfhv ri Vwdwh0Frqwlqjhqw Fodlpv Lpsolflw lq
Rswlrq Sulfhv�/ Mrxuqdo ri Exvlqhvv/ 84/ 95409841
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^4:` Euhqqdq/ P1 +4<:<,/ �Wkh Sulflqj ri Frqwlqjhqw Fodlpv lq Glvfuhwh0Wlph Prghov�/
Mrxuqdo ri Ilqdqfh/ 67/ 8609;1

^4;` Exudvfkl/ D1 dqg M1 Mdfnzhuwk +4<<:,/ �Lv Yrodwlolw| Ulvn Sulfhg lq wkh Rswlrq PdunhwB
Hpslulfdo Hylghqfh dqg Lpsolfdwlrqv iru Ghwhuplqlvwlf dqg Vwrfkdvwlf Rswlrq SSSulflqj
Prghov/� Zrunlqj Sdshu/ Orqgrq Exvlqhvv Vfkrro1

^4<` Fhffkhwwl V1 J1/ S1 Odp dqg Q1 F1 Pdun +4<<3,/ �Phdq Uhyhuvlrq lq Htxloleulxp Dvvhw
Sulfhv�/ Dphulfdq Hfrqrplf Uhylhz/ ;3/ 6<;074;1

^53` Fhffkhwwl V1 J1/ S1 Odp dqg Q1 F1 Pdun +4<<6,/ �Wkh Htxlw| Suhplxp dqg wkh Ulvn
Iuhh Udwh= Pdwfklqj wkh Prphqwv�/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 64/ 540781

^54` Fodun/ S1 N1 +4<:6,/ � D vxeruglqdwhg vwrfkdvwlf surfhvv prgho zlwk �qlwh yduldqfh iru
vshfxodwlyh sulfhv�/ Hfrqrphwulfd/ 74/ 46804891

^55` Frqvwdqwlqlghv J1 +4<<5,/ �D wkhru| ri wkh qrplqdo whup vwuxfwxuh ri lqwhuhvw udwhv�/
Uhylhz ri Ilqdqfldo Vwxglhv/ 8/ 86408851

^56` Fr{/ M1 F1 dqg V1 D1 Urvv +4<:9,/ �Wkh Ydoxdwlrq ri Rswlrqv iru Dowhuqdwlyh Vwrfkdvwlf
Surfhvvhv/� Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 6/ 425/ 47804991

^57` Ghupdq/ H1 dqg L1 Ndql +4<<7,/ �Ulglqj rq wkh Vploh/� Ulvn/ :/ 6506<1

^58` Ghwhpsoh/ M1 +4<<3,/ �Dq Htxloleulxp Dqdo|vlv ri Erqg/ Vwrfn dqg Rswlrq Sulfhv�/
plphr/ Froxpeld Xqlyhuvlw|/ Q\1

^59` Gxdq/ M1F1 +4<<8,/ �Wkh JDUFK Rswlrq Sulflqj Prgho�/ Pdwkhpdwlfdo Ilqdqfh 8/
460651

^5:` Gx!h/ G1 dqg O1 Hsvwhlq +4<<5,/ �Dvvhw Sulflqj zlwk Vwrfkdvwlf Gl�huhqwldo Xwlolw|�/
Wkh Uhylhz ri Ilqdqfldo Vwxglhv/ 8/ 74407691

^5;` Gxpdv/ E1/ M1 Iohplqj dqg U1 H1 Zkdoh| +4<<9,/ �Lpsolhg Yrodwlolw| Ixqfwlrqv= Hp0
slulfdo Whvwv�/ iruwkfrplqj lq wkh Mrxuqdo ri Ilqdqfh1

^5<` Gxsluh/ E1 +4<<7,/ �Sulflqj zlwk d Vploh/� Ulvn/ :/ 4;0531

^63` Hsvwhlq/ O1 dqg V1 ]lq +4<;<,/ �Vxevwlwxwlrq/ Ulvn Dyhuvlrq/ dqg wkh Whpsrudo Ehkdylru
ri Frqvxpswlrq dqg Dvvhw Uhwxuqv L= D Wkhruhwlfdo Iudphzrun�/ Hfrqrphwulfd/ 8:/
<6:0<9<1

^64` Hsvwhlq/ O1 dqg V1 ]lq +4<<4,/ �Vxevwlwxwlrq/ Ulvn Dyhuvlrq/ dqg wkh Whpsrudo Ehkdylru
ri Frqvxpswlrq dqg Dvvhw Uhwxuqv L= Dq Hpslulfdo Dqdo|vlv�/ Mrxuqdo ri Srolwlfdo
Hfrqrp|/ <</ 5/ 59605;91

^65` Jdufld/ U1/ 4<<:/ �Dv|pswrwlf Qxoo Glvwulexwlrq ri wkh Olnholkrrg Udwlr Whvw lq Pdunry
Vzlwfklqj Prghov�/ iruwkfrplqj lq Lqwhuqdwlrqdo Hfrqrplf Uhylhz1

^66` Jdufld/ U1 dqg U1 Jhqfd| +4<<;,/ �Sulflqj dqg Khgjlqj Ghulydwlyhv Vhfxulwlhv zlwk
Qhxudo Qhwzrunv dqg d Krprjhqhlw| Klqw�/ iruwkfrplqj lq wkh Mrxuqdo ri Hfrqrphwulfv1
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^67` Jdufld/ U1 dqg H1 Uhqdxow +4<<;,/ �D qrwh rq JDUFK rswlrq sulflqj dqg khgjlqj�/
Pdwkhpdwlfdo Ilqdqfh/ ;/5/ 48604941

^68` Jdufld/ U1 dqg H1 Uhqdxow +4<<;,/ �Ulvn Dyhuvlrq/ Lqwhuwhpsrudo Vxevwlwxwlrq dqg
Rswlrq Sulflqj�/ Zrunlqj Sdshu Fludqr <;v0351

^69` Jdufld/ U1 dqg H1 Uhqdxow +4<<<,/ �Furvv0vhfwlrqdo dqg orqjlwxglqdo odwhqw yduldeoh
prghov iru vwrfkdvwlf glvfrxqw idfwruv�/ iruwkfrplqj lq Kdqgerrn ri Pdwkhpdwlfdo Il0
qdqfh1

^6:` Jk|vhov/ H1/ D1 Kduyh| dqg H1 Uhqdxow +4<<9,/ *Vwrfkdvwlf yrodwlolw|*/ lq J1V1 Pdggdod
+hg1, Kdqgerrn ri vwdwlvwlfv/ Yro1 47/ Vwdwlvwlfdo Phwkrgv lq Ilqdqfh/ Qruwk Kroodqg/
Dpvwhugdp1

^6;` Judqjhu/ F1Z1M1 +4<9<,/ � Lqyhvwljdwlqj fdxvdo uhodwlrqv e| hfrqrphwulf prghov dqg
furvv0vshfwudo phwkrgv�/ Hfrqrphwulfd/ 6:/ 757076;1

^6<` Kdplowrq/ M1 G1 +4<;<,/ �D Qhz Dssurdfk wr wkh Hfrqrplf Dqdo|vlv ri Qrqvwdwlrqdu|
Wlph Vhulhv dqg wkh Exvlqhvv F|foh�/ Hfrqrphwulfd/ 8:/ 68:0;71

^73` Kdqvhq/ O1 dqg V1 Ulfkdug +4<;:,/ �Wkh uroh ri Frqglwlrqlqj Lqirupdwlrq lq Ghgxflqj
Whvwdeoh Uhvwulfwlrqv Lpsolhg e| G|qdplf Dvvhw Sulflqj Prghov�/ Hfrqrphwulfd/ 88/
8;:09461

^74` Khvwrq/ V1O1 +4<<6,/ � D forvhg0irup vroxwlrq iru rswlrqv zlwk vwrfkdvwlf yrodwlolw| zlwk
dssolfdwlrqv wr erqg dqg fxuuhqf| rswlrqv�/ Uhylhz ri Ilqdqfldo Vwxglhv/ 9/ 65:06761

^75` Kxoo/ M1 +4<<6,/ Rswlrqv/ Ixwxuhv/ dqg Rwkhu Ghulydwlyh Vhfxulwlhv/ Suhqwlfh Kdoo1

^76` Kxoo/ M1 dqg D1 Zklwh +4<;:,/ �Wkh Sulflqj ri Rswlrqv rq Dvvhwv zlwk Vwrfkdvwlf Yrodwlo0
lwlhv�/ Mrxuqdo ri Ilqdqfh/ yro1 [OLL/ 5;406331

^77` Mrulrq/ S1 +4<<8,/ �Suhglfwlqj Yrodwlolw| lq wkh Iruhljq H{fkdqjh Pdunhw�/ Mrxuqdo ri
Ilqdqfh 83/ 1

^78` Ndoovhq/ M1 dqg P1 V1 Wdttx +4<<;,/ �Rswlrq Sulflqj lq DUFK0w|sh Prghov�/ Pdwkh0
pdwlfdo Ilqdqfh/ 1

^79` Nuhsv/ G1 dqg H1 Sruwhxv +4<:;,/ �Whpsrudo Uhvroxwlrq ri Xqfhuwdlqw| dqg G|qdplf
Fkrlfh Wkhru|�/ Hfrqrphwulfd/ 79/ 4;805331

^7:` Oxfdv/ U1 +4<:;,/ �Dvvhw Sulfhv lq dq H{fkdqjh Hfrqrp|�/ Hfrqrphwulfd/ 79/ 475<0
47781

^7;` Pd/ F1 +4<<6,/ �Ydoxdwlrq ri Ghulydwlyh Vhfxulwlhv zlwk Pl{hg Srlvvrq0Eurzqldq Lqiru0
pdwlrq dqg Uhfxuvlyh Xwlolw|�/ Pdwkhpdwlfdo Ilqdqfh/1

^7<` Phuwrq/ U1 F1 +4<:6,/ �Udwlrqdo Wkhru| ri Rswlrq Sulflqj�/ Ehoo Mrxuqdo ri Hfrqrplfv
dqg Pdqdjhphqw Vflhqfh 7/ 47404;61
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^83` Phuwrq/ U1 F1 +4<:9,/ �Rswlrq Sulflqj zkhq Xqghuo|lqj Vwrfn Uhwxuqv duh Glvfrqwlq0
xrxv�/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv 6/45804771

^84` Phuwrq/ U1 F1 +4<<3,/ Frqwlqxrxv Wlph Ilqdqfh/ Edvlo Eodfnzhoo/ R{irug1

^85` Qdln/ Y1 dqg P1 Ohh +4<<3,/ �Jhqhudo Htxloleulxp Sulflqj ri Rswlrqv rq wkh Pdunhw
Sruwirolr zlwk Glvfrqwlqxrxv Uhwxuqv�/ Uhylhz ri Ilqdqfldo Vwxglhv/ 6/ 7<608551

^86` Sodwhq/ H1 dqg P1 Vfkzhl}hu +4<<:,/ *Rq ihhgedfn h�hfwv iurp khgjlqj ghulydwlyhv*/
glvfxvvlrq sdshu/ Xqlyhuvlw| ri Erqq1

^87` Jk|vhov/ H1/ D1 Kduyh| dqg H1 Uhqdxow +4<<8,/ *Vwrfkdvwlf yrodwlolw|*/ lq J1V1 Pdggdod
+hg1, Kdqgerrn ri vwdwlvwlfv/ Yro1 47/ Vwdwlvwlfdo Phwkrgv lq Ilqdqfh/ Qruwk Kroodqg/
Dpvwhugdp1

^88` Uhqdxow/ H1 +4<<:,/ �Hfrqrphwulf Prghov ri Rswlrq Sulflqj Huuruv�/ Dgydqfhv lq Hfr0
qrplfv dqg Hfrqrphwulfv/ Nuhsv dqg Zdoolv Hg1/ Fdpeulgjh Xqlyhuvlw| Suhvv1

^89` Uhqdxow/ H1 +4<<;,/ �G|qdplf Idfwru Prghov lq Ilqdqfh�/ Fruh Ohfwxuhv1

^8:` Uhqdxow/ H1 dqg Q1 Wrx}l +4<<9,/ �Rswlrq Khgjlqj dqg Lpsolhg Yrodwlolwlhv lq d Vwr0
fkdvwlf Yrodwlolw| Prgho�/ Pdwkhpdwlfdo Ilqdqfh/ 9/5:<06351

^8;` Uxelqvwhlq/ P1 +4<:9,/ �Wkh Ydoxdwlrq ri Xqfhuwdlq Lqfrph Vwuhdpv dqg wkh Sulflqj
ri Rswlrqv�/ Ehoo Mrxuqdo ri Hfrqrplfv dqg Pdqdjhphqw Vflhqfh/ 73:07581

^8<` Uxelqvwhlq/ P1 +4<<7,/ �Lpsolhg Elqrpldo Wuhhv�/ Mrxuqdo ri Ilqdqfh/ yro1 [OL[/ 6/
::40;4;1

^93` Vhoghq/ O1 +4<:;,/ �D Qhz Uhsuhvhqwdwlrq ri Suhihuhqfhv ryhu cFhuwdlq { Xqfhuwdlq*
Frqvxpswlrq Sdluv= Wkh cRuglqdo Fhuwdlqw| Htxlydohqw* K|srwkhvlv�/ Hfrqrphwulfd
79/ 4378043931

^94` Vlpv/ F1D1 +4<:5,/ �Prqh|/ Lqfrph dqg Fdxvdolw|�/ Dphulfdq Hfrqrplf Uhylhz/ 95/
87308851

^95` Wxuqexoo/ V1/ dqg I1 Ploqh +4<<4,/ �D Vlpsoh Dssurdfk wr Lqwhuhvw0Udwh Rswlrq Sulf0
lqj�/ Uhylhz ri Ilqdqfldo Vwxglhv/ 7/ ;:04541
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Iljxuh 404= Wrs= KZ sulfhv dqg yrodwlolw| vplohv> Erwwrp= Jhqhudol}hg EV sulfhv dqg
yrodwlolw| vplohv1

Iljxuh 504= Ohyhudjh wkurxjk frqvxpswlrq dqg vwrfn ulvn1
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Iljxuh 505= Ohyhudjh wkurxjk vwrfn ulvn rqo|1

Iljxuh 506= Ohyhudjh wkurxjk frqvxpswlrq ulvn rqo|1

Iljxuh 507= Ohyhudjh wkurxjk frqvxpswlrq dqg vwrfn ulvn1
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Iljxuh 508= Ohyhudjh wkurxjk vwrfn ulvn rqo|1

Iljxuh 509= Ohyhudjh wkurxjk frqvxpswlrq ulvn rqo|1

Iljxuh 604= Ohyhudjh wkurxjk frqvxpswlrq dqg vwrfn ulvn1
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Iljxuh 605= Ohyhudjh wkurxjk vwrfn ulvn rqo|1

Iljxuh 606= Ohyhudjh wkurxjk frqvxpswlrq ulvn rqo|1

Iljxuh 704= Ohyhudjh wkurxjk frqvxpswlrq dqg vwrfn ulvn1
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Iljxuh 705= Ohyhudjh wkurxjk vwrfn ulvn rqo|1

Iljxuh 706= Ohyhudjh wkurxjk frqvxpswlrq ulvn rqo|1

Iljxuh 804= H{shfwhg xwlolw| E� ' �� zlwk 4 ' ���
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Iljxuh 805= H{shfwhg xwlolw| E� ' �� zlwk 4 ' �2f�

Iljxuh 806= Suhihuhqfhv iru odwh uhvroxwlrq ri xqfhuwdlqw| zlwk � ' f�fD dqg 4 ' �2f�
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