
Devwudfw

Lw lv zlgho| dssuhfldwhg wkdw lqvwlwxwlrq exloglqj lv dw wkh khduw ri wkh wudqvlwlrq

surfhvv1 Zlwkrxw ixqfwlrqlqj lqvwlwxwlrqv pdunhwv fdqqrw zrun h�hfwlyho| dqg wkh vxv0

wdlqdelolw| ri wkh hfrqrplf wudqvlwlrq surfhvv fdq eh xqghuplqhg1 Wkh fulvlv lq Uxvvld

surylghg mxvw rqh slhfh ri hylghqfh lq wklv uhjdug1 Zkloh lqvwlwxwlrqv duh fhqwudo wr wkh

wudqvlwlrq surfhvv/ lqvwlwxwlrqdo uhirup lv qrw dq duhd wkdw lv zhoo xqghuvwrrg e| uhvhdufkhuv

dqg srolf| pdnhuv dolnh1 Lq wklv sdshu zh h{dplqh wkh ghwhuplqdqwv ri lqvwlwxwlrqdo fkdqjh

xvlqj d sdqho gdwdvhw frpsulvlqj 58 wudqvlwlrq hfrqrplhv1 Rqh ri wkh gh�qlqj fkdudfwhulv0

wlfv ri rxu dssurdfk lv wkdw zh wuhdw lqvwlwxwlrqdo fkdqjh dv d pxowlglphqvlrqdo xqrevhuyhg

yduldeoh/ dffrxqwlqj iru wkh idfw hdfk ri rxu lqglfdwruv uhsuhvhqwv d qrlv| vljqdo1
nfruuhvsrqglqj dxwkru= hpdlo=pz54:Chfrq1fdp1df1xn1

Dfnqrzohgjhphqwv= Wkh dxwkruv zrxog olnh wr wkdqn Pdqxho Duuhoodqr/ Dqguhz Kduyh|/

sduwlflsdqwv dw wkh Qlqwk Lqwhuqdwlrqdo Frqihuhqfh rq Sdqho Gdwd/ Mxqh 5333/ Jhqhyd dqg

vhplqdu shulskhudov dw wkhZruog Edqn dqg Xqlyhuvlw| ri Pdu|odqg iru khosixo vxjjhvwlrqv1

Ilqdqfldo vxssruw ri wkh Hxurshdq Edqn iru Uhfrqvwuxfwlrq dqg Ghyhorsphqw lv judwhixoo|

dfnqrzohgjhg1

MHO Fodvvl�fdwlrq= F66/ F84/ S53/ S631

Nh| Zrugv= Lqvwlwxwlrqdo fkdqjh/ wudqvlwlrq hfrqrplhv/ PLPLF prgho/ xqrevhuyhg odwhqw

yduldeohv1



Wkh Phdvxuhphqw dqg Ghwhuplqdqwv ri Lqvwlwxwlrqdo Fkdqjh= Hylghqfh
iurp Wudqvlwlrq Hfrqrplhv

Pduwlq Udlvhu4/ Pduld O1 Gl Wrppdvr5

dqg Phoy|q Zhhnv6

Surohswlfdoo|/ L zrxog vd| wkdw zkhwkhu zh fdq phdvxuh vrphwklqj ghshqgv/

qrw rq wkdw wklqj/ exw rq krz zh frqfhswxdol}h lw/ rq rxu nqrzohgjh ri lw/

deryh doo rq wkh vnloo dqg lqjhqxlw| zklfk zh eulqj wr ehdu rq wkh surfhvv ri

phdvxuhphqw zklfk rxu hqtxlu| fdq sxw wr xvh

Ndsodq/ Deudkdp

Wkh Frqgxfw ri Hqtxlu|

Ohw xv uhphpehu wkh xqiruwxqdwh hfrqrphwulfldq zkr/ lq rqh ri wkh pdmru

ixqfwlrqv ri klv v|vwhp/ kdg wr xvh d sur{| iru ulvn dqg d gxpp| iru vh{

Iulw} Pdfkoxs +4<:7,

4 Lqwurgxfwlrq

Prvw vrfldo vflhqwlvwv djuhh wkdw lqvwlwxwlrqv sod| d ixqgdphqwdo uroh lq hfrqrplf ghyhors0

phqw +vhh/ iru h{dpsoh/ Nhhihu dqg Nqdfn +4<<8, dqg Nhhihu dqg Nqdfn +4<<:,> dqg iru

wkh wudqvlwlrq hfrqrplhv Kdyu|o|vk|q dqg Ydq Urrghq +4<<<,> Vwrqh/ Ohy|/ dqg Sduhghv

+4<<9,,1 Ghvslwh wkh uhfrjqlwlrq ri wkhlu lpsruwdqfh hpslulfdo uhvhdufk rq wkh ghwhupl0

qdqwv ri lqvwlwxwlrqdo fkdqjh uhpdlqv vfdufh1 Wr zkdw h{whqw lqvwlwxwlrqv fdq eh dfwlyho|

lq xhqfhg e| srolf| dqg zkdw rwkhu idfwruv lqwhudfw lq vkdslqj wkh sdwwhuq ri lqvwlwx0

wlrqdo dgdswdwlrq uhpdlqv xqfohdu1 H{lvwlqj zrun rq wkh fdxvhv ri lqvwlwxwlrqdo fkdqjh

kdv frqfhqwudwhg rq wkh exlog0xs ri klvwrulfdo fdvh vwxglhv/ zklfk vkrz wkdw lqvwlwxwlrqv

riwhq dgdsw h!flhqwo| wr vhuyh qhz hfrqrplf rssruwxqlwlhv +vhh/ iru h{dpsoh/ Qruwk dqg

Zhlqjdvw +4<<9,/ dqg Nuxhjhu +4<<9,,1 Dw wkh vdph wlph/ frpsdudwlyh klvwrulfdo zrun

dovr vwuhvvhv wkh uroh ri sdwk ghshqghqfh dqg wkh dfwlrqv ri wkh vwdwh lq vkdslqj wkh gl0

uhfwlrq ri lqvwlwxwlrqdo fkdqjh +Qruwk +4<<3,,1 Lq wklv sdshu zh suhvhqw zkdw zh eholhyh

lv wkh �uvw dwwhpsw wr hvwlpdwh d vwuxfwxudo prgho ri lqvwlwxwlrqdo fkdqjh xvlqj erwk wlph

vhulhv dqg furvv0vhfwlrqdo gdwd rq wudqvlwlrq hfrqrplhv17 Wklv doorzv xv wr whvw gluhfwo|

4Hxurshdq Edqn ri Uhfrqvwuxfwlrq dqg Ghyhorsphqw
5Ghsduwphqw ri Dssolhg Hfrqrplfv/ Xqlyhuvlw| ri Fdpeulgjh
6Idfxow| ri Hfrqrplfv dqg Srolwlfv/ Xqlyhuvlw| ri Fdpeulgjh
7Wklv sdshu lv dovr dydlodeoh dv dq HEUG zrunlqj sdshu1 Vhh Udlvhu/ GlWrppdvr/ dqg Zhhnv +5333d,1
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wkh uhohydqfh ri gl�huhqw idfwruv lq gulylqj lqvwlwxwlrqdo fkdqjh/ vxfk dv sdwk ghshqghqfh/

fkdqjhv lq wkh vwuxfwxuh ri pdunhw ghpdqg/ lqwhudfwlrq zlwk wkh rxwvlgh zruog/ dqg wkh

fdsdflw| ri wkh vwdwh iru lpsohphqwdwlrq dqg hqirufhphqw ri qhz uxohv1

Wkh wudqvlwlrq hfrqrplhv vhhp sduwlfxoduo| vxlwhg wr vxfk dq h{huflvh1 Iluvw/ wkh|

duh fkdudfwhulvhg e| dq xqsuhfhghqwhg ghjuhh ri lqvwlwxwlrqdo fkdqjh jrlqj odujho| lq wkh

vdph gluhfwlrq1 Wkh pryh iurp d v|vwhp edvhg rq vwdwh sodqqlqj dqg dq doorfdwlrq ri

uhvrxufhv e| jryhuqphqw glfwdwh wr d v|vwhp ri ghfhqwudolvhg pdunhw doorfdwlrq qhfhvvl0

wdwhv vxevwdqwldo fkdqjh lq odzv dqg uhjxodwlrqv/ dv zhoo dv lq qrupv dqg h{shfwdwlrqv1

Krzhyhu/ wkh rxwfrph ri frqfhuwhg h�ruwv dfurvv wkh uhjlrq wr uhgudz wkh vhw ri odzv dqg

uhjxodwlrqv jryhuqlqj hfrqrplf h{fkdqjh kdv gl�huhg zlgho| ehwzhhq frxqwulhv/ zlwk lq0

vwlwxwlrqdo shuirupdqfh vkrzlqj vljql�fdqw glyhujhqfh diwhu wkh �uvw ghfdgh ri wudqvlwlrq

+HEUG +4<<<,,1 Lw lv wkhuhiruh lqwhuhvwlqj wr h{dplqh wkh ghwhuplqdqwv ri vxfk yduldwlrq

lq lqvwlwxwlrqdo shuirupdqfh dqg wkh frqvwudlqwv rq lqvwlwxwlrqdo fkdqjh lq vrph ri wkh

ohvv dgydqfhg wudqvlwlrq hfrqrplhv1 Vhfrqg/ wkh wudqvlwlrq hfrqrplhv kdyh hpedunhg rq

wklv surfhvv ri lqvwlwxwlrqdo fkdqjh odujho| dw wkh vdph wlph1 Zlwk HEUG*v wudqvlwlrq

lqglfdwruv vsdqqlqj 8 |hduv ri lqvwlwxwlrqdo fkdqjh lq wkh wudqvlwlrq hfrqrplhv/ wkh rssru0

wxqlw| dulvhv iru wkh �uvw wlph wr whvw wkh ghwhuplqdqwv ri lqvwlwxwlrqdo fkdqjh lq d sdqho

ri 58 frxqwulhv idflqj d vlplodu zruogzlgh hqylurqphqw +vhh Wdeoh 4,1 HEUG kdv uhfhqwo|

edfngdwhg lwv wudqvlwlrq lqglfdwruv wr 4<;<18

Zh dgrsw dq dqdo|wlfdo iudphzrun wkdw wuhdwv lqvwlwxwlrqdo fkdqjh dv dq lpshuihfwo|

phdvxuhg xqghuo|lqj surfhvv1 Zh xvh HEUG*v wudqvlwlrq lqglfdwruv dv rxu phdvxuhv ri

lqvwlwxwlrqdo fkdqjh1 Wkhvh lqglfdwruv duh ghvljqhg wr udwh wkh rxwfrph ri fkdqjhv lq

irupdo uxohv dqg uhvxowlqj fkdqjhv lq hfrqrplf ehkdylrxu1 Jlyhq wklv frqfhswxdolvdwlrq/

lw lv hylghqw wkdw phdvxuhphqw sureohpv duh ri sduwlfxodu frqfhuq1 Iru wklv uhdvrq zh

dgrsw d odwhqw yduldeoh uhsuhvhqwdwlrq ri lqvwlwxwlrqdo fkdqjh zklfk h{solflwo| dffrxqwv

iru phdvxuhphqw huuru1 Wkh Pxowlsoh Lqglfdwru/ Pxowlsoh Fdxvh +PLPLF, prgho dgrswhg

lq wklv sdshu doorzv xv wr prgho lqvwlwxwlrqdo fkdqjh dv dq lpshuihfwo| phdvxuhg pxowl0

glphqvlrqdo surfhvv olqnhg wr d frpprq vhw ri fdxvdo idfwruv1

Wkh PLPLF dssurdfk kdv ehhq dssolhg wr d eurdg vhw ri lvvxhv erwk zlwklq dqg rxw0

vlgh ri hfrqrplfv1 H{dpsohv lqfoxgh lqwhooljhqfh/ hgxfdwlrq/ pdqdjhphqw h{shuwlvh dqg

lqvwlwxwlrqdo fkdqjh1 Shukdsv wkh prvw suhydohqw h{dpsoh lq hfrqrplfv lv edvhg xsrq

Iulhgpdq*v +4<8:, shupdqhqw lqfrph k|srwkhvlv zkhuh wkhuh lv qr gluhfwo| revhuydeoh

phdvxuh ri shupdqhqw lqfrph19 Lq wkh frqwh{w ri wlph vhulhv dssolfdwlrqv Zdwvrq dqg

8Zh gr qrw frqvlghu wklv h{sdqghg gdwdvhw lq wklv sdshu/ irfxvlqj lqvwhdg rq ghyhorslqj d phwkrgrorj|

wr phdvxuh dqg prgho lqvwlwxwlrqdo fkdqjh1 D ixwxuh pruh srolf| rulhqwhg sdshu zloo uhylhz wkh uhvxowv

ri rxu dqdo|vlv zlwk wkh h{sdqghg gdwdvhw1
9Iru rwkhu dssolfdwlrqv lq hfrqrplfv vhh Kduyh| +4<;4,/ Dyhu| +4<:<,/ Odklul +4<:9,/ ]lheduw +4<;:,/
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Hqjoh +4<;6, ghprqvwudwh wkh uhodwlrqvkls ehwzhhq d eurdg fodvv ri vwuxfwxudo htxdwlrq

prghov lqfoxglqj idfwru dqg pxowlsoh lqglfdwru dqg pxowlsoh fdxvh +PLPLF, prghov1:

Prvw gluhfwo| uhodwhg wr wklv sdshu lv zrun e| Rkovrq +4<:<,/ zkr h{dplqhv wkh uhodwlrq0

vkls ehwzhhq srolwlfdo ghprfudf| dqg lqgxvwuldolvdwlrq lq ghyhorslqj frxqwulhv/ wuhdwlqj

erwk frqvwuxfwv dv xqrevhuydeoh odwhqw yduldeohv1 Phdvxuhphqw huuru prghov iru srolwlfdo

ghprfudf| dqg lqgxvwuldolvdwlrq duh frqvwuxfwhg xvlqj d vlqjoh frpprq idfwru prgho dqg

ruglqdo lqglfdwruv vxfk dv iuhhgrp ri wkh suhvv dqg wkh h�hfwlyhqhvv ri wkh ohjlvodwxuh

+iru ghprfudf|,/ dqg shu fdslwd jurvv qdwlrqdo surgxfw iru lqgxvwuldolvdwlrq1 Ndxipdqq/

Nudd|/ dqg ]rlgr0Oredwrq +4<<<, dgrsw d vlplodu dssurdfk lq h{dplqlqj furvv0frxqwu|

yduldwlrq lq jryhuqdqfh1

Wkh fkrlfh ri fdxvdo idfwruv duh prwlydwhg e| wkh iroorzlqj frqvlghudwlrqv/ zklfk

kdyh vr idu qrw uhfhlyhg dqdo|wlfdo wuhdwphqw lq d pxowlyduldwh iudphzrun1 Iluvw/ zh

whvw zkhwkhu pdunhw olehudolvdwlrq dqg sulydwlvdwlrq kdyh kdg dq| h�hfw rq lqvwlwxwlrqdo

fkdqjh1 Wklv k|srwkhvlv zdv ruljlqdoo| sursrvhg e| wkh Zruog Edqn lq lwv 4<<9 Zruog

Ghyhorsphqw Uhsruw dqg mxvwl�hv d vhtxhqflqj ri hfrqrplf uhirupv wkdw ehjlqv zlwk

wkh �hdvlhu� wdvnv ri olehudolvdwlrq dqg sulydwlvdwlrq wr jhqhudwh d frqvwlwxhqf| iru wkh

pruh ghpdqglqj lqvwlwxwlrqdo uhirupv +vhh dovr Ilvfkhu dqg Jhoe +4<<4,,1 Zh frqglwlrq

wkh lpsdfw ri wkhvh ghpdqg idfwruv e| frqwuroolqj iru wkh h{whqw ri srolwlfdo uljkwv dqg

flylo olehuwlhv hvwdeolvkhg lq hdfk wudqvlwlrq hfrqrp|/ zklfk duh h{shfwhg wr lq xhqfh wkh

frqvwudlqwv ri srolf| pdnhuv lq uhvsrqglqj wr pdunhw ghpdqgv1 Vhfrqg/ zh lqyhvwljdwh wkh

lpsdfw ri vwuxfwxudo fkdqjh rq lqvwlwxwlrqdo fkdqjh1 Iru lqvwdqfh d vkliw lq wudgh sdwwhuqv

wrzdugv pdunhw hfrqrplhv pd| ohdg wr wkh dgrswlrq ri qhz uxohv wr vdwlvi| zhvwhuq wudglqj

sduwqhuv1 Zh dovr orrn dw wkh h�hfw ri fkdqjhv lq wkh vwuxfwxuh ri hpsor|phqw1 Wklug/ zh

frqvwuxfw dq lqgh{ ri lqlwldo frqglwlrqv wkdw doorzv xv wr frqwuro iru wkh lpsdfw ri gl�huhqw

vwduwlqj srlqwv rq wkh sdwwhuqv ri lqvwlwxwlrqdo fkdqjh dv zrxog eh suhglfwhg e| d prgho ri

sdwk ghshqghqw lqvwlwxwlrqdo dgdswdwlrq1 Irxuwk/ zh h{solflwo| frqwuro iru vwdwh fdsdflw|

dv d idfwru lq lqvwlwxwlrqdo fkdqjh xvlqj sxeolf h{shqglwxuh dv d sur{|1 Wkh pxowlyduldwh

dqdo|vlv zh ghyhors doorzv xv wr whvw iru wkh vljql�fdqfh dqg txdqwlwdwlyh lpsruwdqfh ri

wkhvh irxu vhw ri fdxvdo idfwruv vlpxowdqhrxvo|1

Wkh vwuxfwxuh ri wkh sdshu lv dv iroorzv1 Lq vhfwlrq 5 zh hydoxdwh d qxpehu ri dowhu0

qdwlyh vwudwhjlhv iru prghoolqj lqvwlwxwlrqdo fkdqjh dqg vshfl�fdoo| irfxv rq wkh zd| lq

zklfk zh xwlolvh wkh lqirupdwlrq zlwklq lqglfdwruv1 Vhfwlrq 6 lqwurgxfhv rxu phdvxuhv ri

lqvwlwxwlrqdo fkdqjh1 Vhfwlrq 7 wxuqv wr wkh fdxvdo idfwruv lq rxu prgho dqg prwlydwhv wkh

dqg Rkovrq +4<:<,1 Wkh dssolfdwlrq e| Vsdqrv +4<;7, zkhuh wkh dxwkru ghyhorsv d vwuxfwxudo prgho ri

wkh ghpdqg iru prqh|/ wuhdwlqj oltxlglw| dv dq xqghuo|lqj odwhqw yduldeoh/ lv sduwlfxoduo| qrwhzruwk|1
:Vhplqdo vwxglhv xvlqj wkh PLPLF prgho lqfoxgh ]hooqhu +4<:3,/ Kdxvhu dqg Jrogehujhu +4<:4,/ dqg

Jrogehujhu +4<:5,1
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deryh0phqwlrqhg k|srwkhvhv1 Vhfwlrq 8 ghyhorsv wkh irupdo vwuxfwxudo prgho ri lqvwlwx0

wlrqdo fkdqjh dqg ghdov zlwk vshfl�fdwlrq dqg hvwlpdwlrq lvvxhv1 Vhfwlrq 9 suhvhqwv wkh

pdlq uhvxowv1 Doo yduldeoh gh�qlwlrqv duh uhsruwhg lq Dsshqglfhv1

5 Prghoolqj Lqvwlwxwlrqdo Fkdqjh= wkh PLPLF Ds0

surdfk

Lqvwlwxwlrqdo fkdqjh lv d pxowlglphqvlrqdo surfhvv dqg dv vxfk qr rqh vlqjoh phdvxuh lv

olnho| wr dghtxdwho| fdswxuh wklv surfhvv1 Dw wkh vdph wlph/ wkh ydulrxv glphqvlrqv ri

fkdqjh duh lqwulqvlfdoo| olqnhg1 Wkh fkrlfh ri pxowlsoh lqglfdwruv wr phdvxuh lqvwlwxwlrqdo

fkdqjh wkhuhiruh udlvhv wkh txhvwlrq ri krz wr frpelqh wkhp lq hpslulfdo uhvhdufk rq lqvwl0

wxwlrqdo fkdqjh dv dq xqghuo|lqj surfhvv udwkhu wkdq irfxvlqj rq mxvw rqh vxe0glphqvlrq1

Wkh PLPLF dssurdfk ghyhorshg lq wkh sdshu lv rqh vroxwlrq wr wklv sureohp1 Zh ehjlq

e| hydoxdwlqj lwv phulwv ryhu rwkhu vwudwhjlhv1

Lq hydoxdwlqj wkh uhodwlyh dghtxdf| ri wkh PLPLF dssurdfk zh �uvw devwudfw iurp

wkh h{lvwhqfh ri fdxvdo idfwruv/ dqg irfxv xsrq wkh sureohp ri krz wr erwk fkrrvh dqg

rswlpdoo| frpelqh wkh lqirupdwlrq lq pxowlsoh lqglfdwruv/ xwlolvlqj wklv wr pdnh lqihuhqfh

rq wkh xqrevhuyhg xqghuo|lqj surfhvv1 Iru h{dpsoh/ rqh ri wkh prvw edvlf vwudwhjlhv

zrxog eh wr slfn dq lqglfdwru zh eholhyh lv forvhvw wr wkh xqrevhuyhg frqvwuxfw/ dqg

ljqruh dq| phdvxuhphqw huuru1 Dowhuqdwho| zh frxog xvh wkh lqirupdwlrq lq doo lqglfdwruv

e| hlwkhu fuhdwlqj d v|qwkhwlf yduldeoh/ vxfk dv d vlpsoh phdq lqglfdwru/ ru hvwlpdwlqj

d v|vwhp uhjuhvvlrq ryhu wkh 6 lqglfdwruv1 Lq wklv frqwh{w d qdwxudo iudphzrun lv wkh

xqrevhuyhg frpsrqhqw prgho/ ru frq�updwru| idfwru dqdo|vlv1 Ndxipdqq/ Nudd|/ dqg

]rlgr0Oredwrq +4<<<, xwlolvh d yduldqw ri wklv dssurdfk wr frpelqh lqirupdwlrq rq d odujh

qxpehu ri lqglfdwruv ri jryhuqdqfh1; Wkh dxwkruv dvvxph wkdw hdfk revhuyhg vfruh iru d

sduwlfxodu lqglfdwru lv d olqhdu ixqfwlrq ri xqrevhuyhg jryhuqdqfh dqg d glvwxuedqfh whup/

zklfk lv dvvxphg wr eh xqfruuhodwhg dfurvv lqglfdwruv1 D frqglwlrqdo phdq ixqfwlrq ri

wkh irup

.E+Wm) ' E+�c ���c +6�
��c +4,

zkhuh +W ghqrwhv wkh xqrevhuyhg yduldeoh dqg ) lv d 6 � � yhfwru ri lqglfdwruv/ lv wkhq

hvwlpdwhg xvlqj rqh ri wkh rxwsxwv ri wkh xqrevhuyhg frpsrqhqwv prgho/ qdpho| wkh

yduldqfh ri hdfk lqglfdwru/ wr zhljkw wkh frqwulexwlrq ri hdfk lqglfdwru1 Wkh yduldqfh ri

hdfk lqglfdwru pd| reylrxvo| eh lqwhusuhwhg dv d jxlgh wr krz lqirupdwlyh hdfk lqglfdwru lv

;Qrwh wkdw Ndxipdqq/ Nudd|/ dqg ]rlgr0Oredwrq +4<<<, xvh lqglfdwruv wr h{dplqh wkuhh dvshfwv ri

jryhuqdqfh= surelw|/ exuhdxfudwlf txdolw| dqg wkh uxoh ri odz1 Krzhyhu/ iru wkh vdnh ri h{srvlwlrq zh orvh

qrwklqj e| frqvlghulqj xqgl�huhqwldwhg jryhuqdqfh1
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zlwk uhvshfw wr wkh xqrevhuyhg yduldeoh jryhuqdqfh/ dqg fdq wkhuhiruh eh xvhg dv zhljkwv

lq frqvwuxfwlqj dq rswlpdo frpelqdwlrq ri revhuyhg lqglfdwruv1

Wkh PLPLF prgho dovr |lhogv d vhw ri zhljkwv wr frpelqh vhyhudo lqglfdwruv lqwr d

frpsrvlwh phdvxuh/ exw lq wklv fdvh wkh zhljkwv duh ghulyhg iurp wkh uhodwlrqvkls ehwzhhq

d vhw ri revhuyhg hqgrjhqrxv yduldeohv dqg dq xqrevhuyhg odwhqw frqvwuxfw rq wkh rqh

kdqg/ dqg d vhw ri revhuyhg h{rjhqrxv yduldeohv rq wkh rwkhu1 Lq rxu fdvh/ wklv vhhpv pruh

dssursuldwh dv wkh phdvxuhv ri lqvwlwxwlrqdo fkdqjh zh vkdoo xvh frph doo iurp wkh vdph

vrxufh/ dqg khqfh wkhlu yduldqfh lv xqolnho| wr eh d jrrg zhljkw1 Zh dovr qrwh wkdw wkh

PLPLF dssurdfk suhvhqwhg khuh fdq eh ylhzhg dv wkh �uvw vwdjh lq d pxowlsoh htxdwlrqv

prgho ri wudqvlwlrq/ zkhuh lqvwlwxwlrqdo fkdqjh lv fdxvhg e| d vhw ri h{rjhqrxv idfwruv

dqg lq wxuq lq xhqfhv hfrqrplf rxwfrphv1 Li rqh*v lqwhuhvw lv lq wkh odwwhu uhodwlrqvkls

wkh hqgrjhqrxv jhqhudwlrq ri zhljkwv iru wkh phdvxuhv ri lqvwlwxwlrqdo fkdqjh edvhg rq d

vhw ri fdxvdo uhodwlrqvklsv pd| eh d sduwlfxodu dwwudfwlrq1

D vx!flhqw frqglwlrq iru sdudphwhu lghqwl�fdwlrq lq erwk wkh rqh idfwru phdvxuhphqw

huuru prgho dqg wkh PLPLFprgho lv wkh h{lvwhqfh ri wkuhh lqglfdwruv1 Krzhyhu/ zlwk pruh

wkdq wkuhh lqglfdwruv dydlodeoh/ wkh txhvwlrq ri zkhwkhu wr lqfoxgh dgglwlrqdo lqglfdwruv

lv qrw vlpso| d vwdwlvwlfdo lvvxh exw lv yhu| pxfk uhodwhg wr krz zh frqfhswxdolvh dqg

uhsuhvhqw wkh xqrevhuyhg frpsrqhqw1 Lq rxu sduwlfxodu sureohp/ wkh lqfoxvlrq ri 6 : �

lqglfdwruv fdq eh mxvwl�hg lqvridu dv wkh 6 lqglfdwruv uhsuhvhqw wkh pdlq glphqvlrqv ri

lqvwlwxwlrqdo fkdqjh1 Zh hoderudwh xsrq wklv lvvxh lq vhfwlrq 71

Wxuqlqj wr wkh lvvxh ri lqvwlwxwlrqdo fkdqjh lq d fdxvdo iudphzrun zlwk erwk pxowlsoh

fdxvhv dqg pxowlsoh lqglfdwruv/ zh qhhg wr ghflgh zkhwkhu wr doorz wkh fdxvdo idfwruv wr

d�hfw hdfk glphqvlrq ri lqvwlwxwlrqdo fkdqjh lq d gl�huhqw zd|/ ru zkhwkhu wr irfxv rq

wkhlu lpsdfw rq wkh xqghuo|lqj surfhvv1 Wkh sulqflsdo gl�huhqfh ehwzhhq d PLPLF prgho

dqg pruh vwdqgdug uhjuhvvlrq0edvhg dssurdfkhv lv wkh idfw wkdw PLPLF suhvxssrvhv wkh

h{lvwhqfh ri d frpprq idfwru/ lqvwlwxwlrqdo fkdqjh/ zklfk lv lpshuihfwo| phdvxuhg e| 6

lqglfdwruv1< Wkxv/ dowkrxjk erwk d PLPLF dqg d Vhhplqjo| XqUhodwhg htxdwlrq ds0

surdfk +VXU, xwlolvh lqirupdwlrq lq doo wkh 6 lqglfdwruv/ VXU dvvxphv qr phdvxuhphqw

huuru/ dqg uhodwhg/ dvvljqv dq htxdo zhljkw dfurvv lqglfdwruv1 Lq dgglwlrq lw lv lqvwuxfwlyh

wr qrwh wkdw d vwdqgdug uhjuhvvlrq0edvhg prgho edvhv lqihuhqfh rq wkh frqglwlrqdo pr0

phqwv .E+m%�/ zkhuh % ghqrwhv d yhfwru ri revhuyhg fdxvhv1 Li + lv dq lpshuihfw lqglfdwru

ri +W wkhq wkh sdudphwhuv ri wkhvh prphqwv duh qrw wkh ixqgdphqwdo sdudphwhuv ri wkh

v|vwhp ehlqj lqyhvwljdwhg1 D zhofrph e|0surgxfw ri wkh PLPLF dssurdfk lv wkdw lqvwhdg

ri hvwlpdwlqj 6 uhjuhvvlrq htxdwlrqv iru wkh vhw ri lqglfdwruv/ zh hvwlpdwh wkh sdudphwhuv

<Lq wklv uhvshfw d vwuxfwxudo htxdwlrqv dssurdfk dovr dvvxphv wkdw wkh sulqflsdo irfxv ri lqyhvwljdwlrq

lv lqvwlwxwlrqdo fkdqjh dqg qrw rq rqh ru pruh ri wkh lqglfdwruv1
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ri d vlqjoh vwuxfwxudo htxdwlrq1 Ljqrulqj fryduldqfh whupv/ dqg dvvxplqj zh kdyh d r� �

yhfwru ri fdxvhv/ zh kdyh d wrwdo ri 6 n r hvwlpdeoh sdudphwhuv1 Wklv frpsduhv zlwk d

wrwdo ri 6�r sdudphwhuv li zh ljqruh phdvxuhphqw huuru dqg vlpso| hvwlpdwh d v|vwhp ri

htxdwlrqv ryhu wkh 6 lqglfdwruv1 D gudzedfn ri rxu dssurdfk lv wkdw li wkh fdxvdo idfwruv

xqghu lqyhvwljdwlrq duh h{shfwhg wr kdyh gl�huhqw lpsdfw dfurvv wkh ydulrxv glphqvlrqv

ri lqvwlwxwlrqdo fkdqjh/ wkhvh gl�huhqfhv fdqqrw eh fdswxuhg e| wkh PLPLF prgho1 Zh

vxjjhvw wkdw rxu dssurdfk frpsohphqwv udwkhu wkdq vxevwlwxwhv iru pruh ghwdlohg lqyhv0

wljdwlrqv lq hdfk glphqvlrq +vhh iru h{dpsoh Slvwru/ Udlvhu/ dqg Jhoihu +5333,/ Gxw} dqg

Ydjoldvlqgl +5333,,1

6 Phdvxulqj Lqvwlwxwlrqdo Fkdqjh

Lq wklv sdshu zh uho| rq HEUG*v phdvxuhv ri lqvwlwxwlrqdo uhirup dv uhsuhvhqwlqj wkh ehvw

dydlodeoh gdwd rq lqvwlwxwlrqdo fkdqjh lq wkh wudqvlwlrq hfrqrplhv1 Iroorzlqj Vwhuq +4<<:,/

wkh dssurdfk zh dgrsw lv wr vwduw iurp dq lghqwl�fdwlrq ri wkh irxu edvlf hohphqwv ri d

pdunhw hfrqrp|431 Wkhvh hohphqwv duh= hqwhusulvhv dqg krxvhkrogv zklfk duh uhvsrqvleoh

iru ghflvlrqv frqfhuqlqj surgxfwlrq dqg frqvxpswlrq> pdunhwv zkhuh djhqwv lqwhudfw dqg

uhvrxufhv duh doorfdwhg> �qdqfldo lqvwlwxwlrqv zklfk ghwhuplqh krz wudqvdfwlrqv rffxu

dqg exgjhw frqvwudlqwv duh hqirufhg> dqg wkh ohjdo v|vwhp zklfk xqghuslqv wkh v|vwhp

ri frqwudfwv dqg lqyhvwphqw1 Wkhvh irxu edvlf hohphqwv gholqhdwh wkh pdlq duhd lq zklfk

lqvwlwxwlrqdo fkdqjh lv olnho| wr eh suhhplqhqw gxulqj wkh wudqvlwlrq1 Wklv lv qrw wr vd|

wkdw wkhuh pd| qrw eh rwkhu glphqvlrqv ri vxfk fkdqjh/ exw wr surylgh d irfxv wkdw fdq

irup wkh edvlv ri hpslulfdo dqdo|vlv1

Wkh HEUG kdv frqvwuxfwhg �yh vxemhfwlyh udwlqjv shuwdlqlqj wr lqvwlwxwlrqdo fkdqjh

gxulqj wudqvlwlrq= Jryhuqdqfh dqg Hqwhusulvh Uhvwuxfwxulqj +hubvw,/ Frpshwlwlrq Sro0

lf| +fs,/ Edqnlqj Uhirup dqg Lqwhuhvw Udwh Olehudolvdwlrq +eubl,/ Vhfxulwlhv Pdunhwv dqg

Qrq0Edqn Ilqdqfldo Lqvwlwxwlrqv +vbqe,/ dqg Ryhudoo Ohjdo H�hfwlyhqhvv dqg H{whqvlyh0

qhvv +roh,144 Wkh �yh glphqvlrqv frpsohphqw HEUG*v udwlqjv rq pdunhw olehudolvdwlrq

dqg sulydwlvdwlrq/ zklfk duh wuhdwhg dv frqfhswxdoo| glvwlqfw lq wklv uhvhdufk1 Wkh glv0

wlqfwlrq dulvhv iurp wkh idfw wkdw zkloh lq doo ri wkh deryh glphqvlrqv qhz uxohv qhhg wr

eh fuhdwhg dqg fuhgleo| hqirufhg e| wkh vwdwh/ pdunhw olehudolvdwlrq dqg sulydwlvdwlrq ri

43Vhh/ lq sduwlfxodu/ HEUG Wudqvlwlrq Uhsruw 4<<71
44Qrwh wkdw wkh ROH lqgh{ lv d xqzhljkwhg dyhudjh ri udwlqjv rq wkh h{whqvlyhqhvv ri frpphufldo odz

fryhulqj wkh duhdv ri vhfxuhg wudqvdfwlrqv/ edqnuxswf| dqg lqyhvwru surwhfwlrq dqg wkh h�hfwlyhqhvv zlwk

zklfk wkhvh odzv duh hqirufhg1 Wklv lqglfdwru vx�huv d euhdn ehwzhhq 4<<9 dqg 4<<: zkhq wkh vfrsh ri

fryhudjh zdv fkdqjhg iurp iruhljq lqyhvwphqw odzv rqo| wr d eurdghu vhw ri frpphufldo ohjlvodwlrq1 Wkh

uhvxowv lq wklv sdshu duh urexvw wr h{foxglqj wklv glphqvlrq ri lqvwlwxwlrqdo fkdqjh1
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vwdwh dvvhwv uhtxluh suhgrplqdqwo| wkdw wkh vwdwh uholqtxlvk frqwuro145

Lq doo fdvhv HEUG surylghv vxemhfwlyh vfruhv udqjlqj iurp 4 wr 7.1 D vfruh ri 4 lqgl0

fdwhv yhu| olwwoh lqvwlwxwlrqdo fkdqjh uhodwlyh wr wkh w|slfdo vlwxdwlrq lq d fhqwudoo| sodqqhg

hfrqrp|/ d vfruh ri 7. lqglfdwhv wkdw wkh fuhdwlrq ri pdunhw0vxssruwlqj lqvwlwxwlrqv lq

wklv duhd lv odujho| frpsohwh/ dv wkh vwdqgdugv ri ghyhorshg pdunhw hfrqrplhv kdyh ehhq

uhdfkhg1 Wdeoh 4 uhsruwv wkh ydoxh ri hdfk ri wkhvh lqglfhv iru 4<<; dqg iru wkh �uvw |hdu

lq zklfk wkh| zhuh uhsruwhg e| HEUG +4<<7 ru 4<<8, uhyhdolqj frqvlghudeoh gl�huhqfhv lq

lqvwlwxwlrqdo uhirup lq wkh plg04<<3v/ dqg vljql�fdqw yduldwlrq lq uhirup surjuhvv vlqfh1

+Dsshqgl{ 4 surylghv wkh gh�qlwlrq ri wkh �yh glphqvlrqv1,

7 Lqvwlwxwlrqdo Fkdqjh= Lqlwldo Frqglwlrqv/ Ghpdqg

dqg Vxsso| Idfwruv

Lq wklv vhfwlrq zh uhylhz wkh pdlq vhw ri fdxvdo idfwruv wkdw zloo eh xvhg lq wkh hpslu0

lfdo dqdo|vlv ri lqvwlwxwlrqdo fkdqjh1 Zh jurxs wkhp lqwr wkuhh pdlq fdwhjrulhv= lqlwldo

frqglwlrqv/ ghpdqg idfwruv dqg vxsso| idfwruv1

714 Lqlwldo frqglwlrqv dqg sdwk ghshqghqflhv

Lqvwlwxwlrqv duh klvwrulfdoo| vshfl�f dqg iru wklv uhdvrq lw lv qhfhvvdu| wr eh vhqvlwlyh

wr klvwrulfdo frqwh{w1 Wkh lqfoxvlrq ri lqlwldo frqglwlrqv dprqj wkh fdxvdo idfwruv ri

lqvwlwxwlrqdo fkdqjh lq wkh wudqvlwlrq hfrqrplhv uh hfwv wkh srvvlelolw| wkdw klvwru| frxog

pdwwhu d orw iru wkh ghyhorsphqw wudmhfwrulhv iroorzhg e| wkhvh frxqwulhv vlqfh wkh hduo|

4<<3v1

D sulrul d odujh qxpehu ri yduldeohv frxog lq xhqfh wudqvlwlrq sdwkv dqg wkh uhvxow0

lqj sdwwhuqv ri lqvwlwxwlrqdo fkdqjh1 Zh irfxv khuh rq wkuhh pdlq dvshfwv= jhrjudsklfdo

idfwruv/ fxowxudo idfwruv/ dqg wkh lqvwlwxwlrqdo ohjdf| ri fhqwudo sodqqlqj1 Zh gr qrw frq0

vlghu vwuxfwxudo ru pdfurhfrqrplf glvwruwlrqv dw wkh vwduw ri wudqvlwlrq dprqj rxu lqlwldo

frqglwlrqv/ dv wkhvh yduldeohv zrxog eh h{shfwhg wr fkdqjh gxulqj wkh frxuvh ri wudqvl0

wlrq1 Lqvwhdg zh whvw gluhfwo| zkhwkhu fkdqjhv lq hfrqrplf vwuxfwxuh dqg pdfurhfrqrplf

frqglwlrqv kdyh dq lq xhqfh rq lqvwlwxwlrqdo fkdqjh1 Rxu vhw ri lqlwldo frqglwlrqv lv wkxv

hvvhqwldoo| �{hg dqg h{rjhqrxv wr wkh wudqvlwlrq surfhvv lwvhoi1

Dprqj wkh jhrjudsklfdo idfwruv zh frqvlghu glvwdqfh wr Euxvvhov dqg qdwxudo uhvrxufh

hqgrzphqwv1 Sur{lplw| wr wkh prghuq ghprfudwlf dqg exvlqhvv0rulhqwhg vrflhwlhv ri wkh

HX frxog khos lq wkh surfhvv ri lqvwlwxwlrqdo dgdswdwlrq wkurxjk gl�xvlrq h�hfwv/ ohduqlqj

dqg fxowxudo idploldulw|1 Glvwdqfh ri wkh fdslwdo flw| iurp Euxvvhov lv wkxv lqwurgxfhg dv

45Iru d pruh h{whqvlyh glvfxvvlrq ri wkhvh lvvxhv vhh Udlvhu/ GlWrppdvr/ dqg Zhhnv +5333e,
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dq lqlwldo frqglwlrq +orfdwbhx,1 Qdwxudo uhvrxufh hqgrzphqwv rq wkh rwkhu kdqg pd|

kdyh vorzhg lqvwlwxwlrqdo uhirupv ru glvwruwhg lqvwlwxwlrqdo dgdswdwlrq/ dv qdwxudo uhvrxufh

uhqwv glplqlvkhg wkh shufhlyhg qhhg iru uhirup dqg yhvwhg lqwhuhvwv jdlqhg frqwuro ryhu

wkh srolf| djhqgd1 Qdwxudo uhvrxufh zhdowk +ulfk, lv phdvxuhg dv d gxpp| yduldeoh dqg

wdnhq iurp Gh Phor/ Ghql}hu/ Jhoe/ dqg Whqhy +4<<:,1

Fxowxudo idfwruv frpsulvh uholjlrxv d!oldwlrq dqg hwkqlf khwhurjhqhlw|1 Lw lv uhpdun0

deoh wkdw wkh �uvw zdyh ri dffhvvlrq frxqwulhv wr wkh HX zloo lqfoxgh h{foxvlyho| frxq0

wulhv zlwk d suhgrplqdqwo| Urpdq Fdwkrolf ru Surwhvwdqw rulhqwdwlrq1 Zh glvwlqjxlvk

ehwzhhq �zhvwhuq Fkulvwldqlw|� +uho4@4,/ �hdvwhuq ru ruwkrgr{ Fkulvwldqlw|�+uho5@4,

dqg rwkhu +pdlqo| Pxvolp, d!oldwlrqv +erwk uho4 dqg uho5 @3,1Hwkqlf khwhurjhqhlw|

dujxdeo| pdnhv uhirupv pruh gl!fxow dv lw rshqv fohdydjhv xqolnho| wr eh uhvroyhg wkurxjk

pdwhuldo uhglvwulexwlrq dorqh1 Frpshqvdwlrq ri orvhuv fdq eh idu pruh gl!fxow xqghu wkhvh

flufxpvwdqfhv Hovwhu/ R�h/ dqg Suhxvv +4<<;,1 Dohvlqd dqg od Ihuudud +5333, dovr gudz d

olqn iurp hwkqlf khwhurjhqhlw| wr odfn ri wuxvw1 Zh frqvwuxfw d gxpp| yduldeoh +hwkqlf,

wkdw phdvxuhv wkh lpsruwdqfh ri wkh grplqdqw hwkqlf jurxs lq wkh srsxodwlrq1

Wkh ohjdf| ri fhqwudo sodqqlqj pd| d�hfw lqvwlwxwlrqdo fkdqjh sulpdulo| e| vkdslqj

lqglylgxdo ehkdylrxu dqg wkxv wkh dsshdo ri uhirupv dlphg dw udglfdo vrflr0hfrqrplf

prghuqlvdwlrq1 Zh lqfoxgh dv phdvxuhv ri vwduwlqj srlqwv lq wklv uhjdug wkh qxpehu ri

|hduv vshqw xqghu fhqwudo sodqqlqj +pduphp,/ dqg d gxpp| iru wkh ghjuhh ri hvwdeolvkhg

qdwlrqdo vryhuhljqw| +vwdwh,1 Wkh odwwhu lqglfdwru fdswxuhv wkh idfw wkdw qhz qdwlrqv

zrxog qhhg wr vshqg frqvlghudeoh uhvrxufhv rq frqvrolgdwlrq zklfk zrxog qrw eh dydlodeoh

iru lqvwlwxwlrqdo uhirup1 Ilqdoo| zh dovr lqfoxgh JGS shu fdslwd +jgsbsf, dqg wkh udwh

ri xuedqlvdwlrq dprqj wkh lqlwldo frqglwlrqv dv sur{lhv iru wkh ohyho ri ghyhorsphqw1 Wkh

ixoo olvw ri yduldeohv dqg wkhlu gh�qlwlrqv dsshduv lq Dsshqgl{ 51

Vlqfh pdq| ri wkhp duh srwhqwldoo| kljko| fruuhodwhg zh frqvwuxfw d v|qwkhwlf lqgh{

ri lqlwldo frqglwlrqv xvlqj sulqflsdo frpsrqhqwv dqdo|vlv1 46 Wklv dqdo|vlv |lhogv d vhw ri

frpprq idfwruv/ zklfk pd| eurdgo| uhsuhvhqw wkh ydulrxv glphqvlrqv ri lqlwldo frqglwlrqv1

Wkh idfwru ordglqjv rewdlqhg fdq wkhq eh xvhg wr frqvwuxfw frxqwu| vfruhv iru hdfk ri wkhvh

frpprq idfwruv1 Wkh frxqwu| idfwru ordglqjv duh suhvhqwhg lq Wdeoh 5 dqg wkh frxqwu|

vfruhv duh lq Wdeoh 61

46Lq dq hduolhu yhuvlrq ri wklv sdshu zh h{shulphqwhg zlwk gl�huhqw vhwv ri lqlwldo frqglwlrqv h{whqghg

wkh hduolhu zrun ri Gh Phor hw do1 +4<<:,1 Lw wxuqv rxw wkdw prvw lqlwldo frqglwlrqv duh kljko| fruuhodwhg

dqg wkh uhvxowlqj zhljkwhg lqglfhv doo surgxfh wkh vdph udqnlqj dfurvv frxqwulhv1 Wkh uhvxowv lq wklv

sdshu duh wkxv qrw vhqvlwlyh wr wkh vshfldo lqlwldo frqglwlrqv lqgh{ zh xvh1

;



715 Ghpdqg idfwruv= olehudolvdwlrq/ sulydwlvdwlrq/ lqwhjudwlrq

dqg wkh srolwlfdo surfhvv

Wkh grplqdqw ylhz dprqj uhiruphuv dqg wkhlu dgylvruv gxulqj wkh hduo| wudqvlwlrq shulrg

zdv wkdw ehfdxvh lqvwlwxwlrqv zrxog qhfhvvdulo| wdnh wlph wr ghyhors/ lw zdv ehvw wr irfxv

�uvw rq olehudolvdwlrq dqg sulydwlvdwlrq1 Wklv dgylfh zdv suhglfdwhg rq wkh h{shfwdwlrq

wkdw wkh fuhdwlrq ri pdunhwv zrxog uhvxow lq vrph hqgrjhqrxv dgdswdwlrq ri lqvwlwxwlrqv

dqg dw ohdvw pdnh lqvwlwxwlrqdo uhirup hdvlhu ixuwkhu grzq wkh urdg1 Lq wklv sdshu zh whvw

wklv fodlp1

Zh phdvxuh wkh h{whqw ri olehudolvdwlrq dv wkh qxpehu ri |hduv wkdw kdyh hodsvhg vlqfh

d frxqwu| uhdfkhg ixoo sulfh olehudolvdwlrq +|vso,1 Phdvxulqj olehudolvdwlrq lq wklv zd|

doorzv xv wr jhw pruh gluhfwo| dw wkh lghd wkdw wkh lpsdfw ri olehudolvdwlrq ri wkh ghpdqg

iru lqvwlwxwlrqv pd| rshudwh zlwk vljql�fdqw odjv1 Lq dgglwlrq/ wklv yduldeoh lv olnho| wr eh

h{rjhqrxv wr lqvwlwxwlrqdo fkdqjh/ xqolnh wkh vfruhv iru olehudolvdwlrq wkhpvhoyhv1

Pdunhwv dorqh duh qrw vx!flhqw wr jhqhudwh wkh ghpdqg iru vxssruwlqj lqvwlwxwlrqv1

Hfrqrplf dfwruv zloo rqo| kdyh dssursuldwh lqfhqwlyhv wr ghpdqg fkdqjh/ li wkhlu surshuw|

uljkwv duh surwhfwhg1 Krzhyhu/ zkhuh vwdwh dvvhwv kdyh ehfrph frqfhqwudwhg lq wkh kdqgv

ri ihz srzhuixo roljdufkv wkh suhvvxuh iru lqvwlwxwlrqdo uhirupv wkdw zrxog frqvwudlq wkhlu

hfrqrplf dqg srolwlfdo srzhu zloo eh ohvv wkdq lq frxqwulhv zlwk d pruh htxdo glvwulexwlrq

ri zhdowk +Khoopdq +4<<;,,1 Zh wkhuhiruh irfxv rq vpdoo0vfdoh sulydwlvdwlrq/ zklfk lv

ohvv surqh wr fdswxuh e| yhvwhg lqwhuhvwv1 Lq dffrugdqfh zlwk wkh olehudolvdwlrq phdvxuh/

vpdoo0vfdoh sulydwlvdwlrq lv phdvxuhg dv wkh qxpehu ri |hduv vlqfh lw zdv odujho| frpsohwhg

+|vvfs,1

Wxuqlqj wr wkh lpsdfw ri vwuxfwxudo fkdqjh rq wkh ghpdqg iru lqvwlwxwlrqv/ zh irfxv rq

fkdqjhv lq wkh gluhfwlrq ri h{sruwv dqg fkdqjhv lq wkh vwuxfwxuh ri hpsor|phqw1 H{sruwv wr

rwkhu wudqvlwlrq hfrqrplhv pd| qrw jhqhudwh wkh vdph ghpdqg iru lqvwlwxwlrqdo dgdswdwlrq

wkdq h{fkdqjh zlwk hvwdeolvkhg pdunhw hfrqrplhv1 Zh phdvxuh wudgh rulhqwdwlrq e|

wkh vkduh ri h{sruwv wr qrq0wudqvlwlrq frxqwulhv +h{vkh,1 E| wkh vdph wrnhq/ zkhuh

zrunhuv uhpdlq orfnhg lq lqh!flhqw lqgxvwulhv lqvwlwxwlrqdo fkdqjh wkdw pljkw kdughq

exgjhw frqvwudlqwv iru lqvwdqfh/ pljkw eh uhvlvwhg1 Zh lqfoxgh dq wlph0ydu|lqj lqglfdwru

ri hfrqrplf glvwruwlrqv gh�qhg dv gl�huhqfh ehwzhhq wkh vkduh ri hpsor|phqw lq lqgxvwu|

suhglfwhg e| wkh ohyho ri shu fdslwd lqfrph dqg wkh dfwxdo vkduh +hpvlq,1

Ilqdoo|/ wkh ghpdqg iru lqvwlwxwlrqv e| hfrqrplf dfwruv zloo wr vrph h{whqw eh ph0

gldwhg e| wkh srolwlfdo surfhvv1 Li wkh srolwlfdo lqvwlwxwlrqv lq d jlyhq frxqwu| gr qrw

judqw lqglylgxdov srolwlfdo uljkwv wr h{suhvv wkhlu ylhzv dqg wkh flylo olehuwlhv wr iroorz

qhz rssruwxqlwlhv lq olqh zlwk wkhlu suhihuhqfhv/ wkh lpsdfw ri pdunhw olehudolvdwlrq dqg

sulydwlvdwlrq rq wkh ghpdqg iru lqvwlwxwlrqv pd| eh ixqgdphqwdoo| dowhuhg1 Zh frqvwuxfw

<



dq dyhudjh ri wkh udwlqjv ri srolwlfdo uljkwv dqg flylo olehuwlhv rewdlqhg iurp Iuhhgrp

Krxvh +dyhbsro,1 Doo wkh ghpdqg idfwruv dqg wkhlu gh�qlwlrqv duh uhsruwhg lq Dsshqgl{

61

716 Vxsso| idfwruv= vwdwh fdsdflw| dqg uhirup sulrulwlhv

Lqvwlwxwlrqdo fkdqjh zrxog eh lpsrvvleoh zlwkrxw d vwdwh wkdw hqdfwv dqg hqirufhv qhz

uxohv dqg uhjxodwlrqv1 Wkh fdsdflw| ri wkh vwdwh lv wkxv ri sulpdu| lpsruwdqfh lq df0

frxqwlqj iru lqvwlwxwlrqdo fkdqjh gxulqj wkh wudqvlwlrq1 Krzhyhu/ lw lv gl!fxow wr �qg

yduldeohv wkdw pd| eh xvhg wr phdvxuh vwdwh fdsdflw|1 Vrph uh hfwlrq ri lw lv lqfoxghg lq

wkh yhfwru ri lqlwldo frqglwlrqv1 Wkh dvvxpswlrq ri frqvwdqw vwdwh fdsdflw| lv/ krzhyhu/

xqvdwlvidfwru|1 Lq pdq| wudqvlwlrq hfrqrplhv d ghhs �vfdo fulvlv kdv hurghg wkh prudoh

ri sxeolf vhuydqwv dqg wkh uhvrxufhv ri prvw sxeolf vhuylfhv147 Zh wkxv lqfoxgh wkh udwlr

ri jhqhudo jryhuqphqw h{shqglwxuhv wr JGS +sxehbjgs, dv d yduldeoh fdswxulqj wlph

ydu|lqj dvshfwv ri vwdwh fdsdflw|1

Wkhuh lv rqh ixuwkhu yduldeoh wkdw pljkw eh xvhg wr phdvxuh ghyhorsphqwv lq vwdwh

fdsdflw| ryhu wlph1 Iru pdq| wudqvlwlrq hfrqrplhv/ pdfurhfrqrplf vwdelolvdwlrq zdv wkh

sulpdu| wdvn dw wkh ehjlqqlqj ri wkh wudqvlwlrq dqg lqvwlwxwlrqdo uhirupv uhdoo| vwduwhg

wr eh frqvlghuhg rqo| rqfh wklv kdg ehhq vxffhvvixoo| vhfxuhg1 Wr vrph h{whqw lw pljkw

wkxv eh dujxhg wkdw wkh vwdwh*v fdsdflw| iru lqvwlwxwlrqdo uhirup lv kljkhu lq frxqwulhv wkdw

kdyh vxffhvvixoo| vwdelolvhg1 Rxu phdvxuh ri pdfurhfrqrplf vwdelolw| xvhv d fxpxodwlyh

lqglfdwru/ frxqwlqj wkh qxpehu ri |hduv vlqfh wkh ehjlqqlqj ri wkh wudqvlwlrq lq zklfk d

frxqwu| dfklhyhg lq dwlrq ehorz 63 shu fhqw dqg d exgjhw gh�flw ehorz 8 shu fhqw ri JGS

+|vleg,1

Wkh wzr vxsso| yduldeohv duh dovr uhsruwhg dqg gh�qhg lq Dsshqgl{ 61

8 D Vwuxfwxudo Htxdwlrqv Dssurdfk wr Prghoolqj Lq0

vwlwxwlrqdo Fkdqjh

Lq wklv vhfwlrq zh ghyhors wkh hpslulfdo prgho wkdw olqnv wkh phdvxuhv ri lqvwlwxwlrqdo

fkdqjh zlwk wkh fdxvdo idfwruv glvfxvvhg lq wkh suhfhglqj vhfwlrq1 Rxu prghoolqj vwudwhj|

kdv ehhq h{whqvlyho| xvhg lq sv|fkrphwulfv dqg pruh uhfhqwo| lq hfrqrphwulfv/ dqg lv

irxqghg xsrq wkh vshfl�fdwlrq ri d v|vwhp ri htxdwlrqv zklfk vshfli| wkh uhodwlrqvkls

ehwzhhq d vhw ri xqrevhuydeoh odwhqw yduldeohv/ )W/ d vhw ri revhuydeoh hqgrjhqrxv lqgl0

fdwruv )/ dqg d vhw ri revhuydeoh h{rjhqrxv yduldeohv  1 Wklv dssurdfk exlogv xsrq wkh

47Iru h{dpsoh/ d kljk frxuw mxgjh lq Nd}dnkvwdq fxuuhqwo| fxuuhqwo| hduqv XV' 4;3 shu prqwk/ durxqg

wkuhh wlphv wkh gdlo| udwh ri d gulyhu iru dq lqwhuqdwlrqdo rujdqlvdwlrq1
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hduo| zrun ri Mruhvnrj dqg Jrogehujhu +4<:8, dqg ]hooqhu +4<:3,/ dqg kdv ehhq irupdolvhg

lq wkh OLVUHO48 prgho ri d vhw ri olqhdu vwuxfwxudo htxdwlrqv1 H{fhoohqw uhylhzv ri wklv

olwhudwxuh duh wr eh irxqg lq Ehqwohu dqg Zhhnv +4<;3, dqg Dljqhu/ Kvldr/ Ndswh|q/ dqg

Zdqvehhn +4<;7,1

Ehorz zh surylgh d eulhi ryhuylhz ri wkh fkdudfwhulvwlfv ri rxu dssurdfk1

814 Prgho Vshfl�fdwlrq

Wkh vwuxfwxuh ri rxu prgho ri lqvwlwxwlrqdo fkdqjh lv dv iroorzv1 Hdfk +� E� ' �c ���c6�

uhsuhvhqwv dq lqghshqghqw lqglfdwru ri lqvwlwxwlrqdo fkdqjh/ ghqrwhg +W/ vxfk wkdw zh pd|

zulwh

+� ' \+
�+

W n 0�c � ' �c � � � c6c +5,

zkhuh \+ ' i\+
�c\

+
2c ���c\

+
�j

� ghqrwhv d 6� � sdudphwhu yhfwru uhsuhvhqwlqj wkh h{shfwhg

fkdqjh lq wkh uhvshfwlyh lqglfdwruv iroorzlqj d rqh xqlw fkdqjh lq wkh odwhqw yduldeoh1 X0

ghqrwhv wkh fryduldqfh pdwul{ ri %/ dqg lqlwldoo| zh dvvxph wkdw SJ�E0�c 0�� ' f ;� 9' � vxfk

wkdw dq| fruuhodwlrq dfurvv wkh lqglfdwruv lv gulyhq e| wkh frpprq idfwru +W� Jlyhq wkhvh

fryduldqfh dvvxpswlrqv zh pd| wklqn ri +5, dv d idfwru dqdo|vlv prgho iru wkh revhuydeoh

lqglfdwruv ) ' E)
�
c +2c ���c +6�

�� Lq dgglwlrq lw lv zruwk hpskdvlvlqj wkdw wkh xqltxh idfwru

lv dfwxdoo| frpsrvhg ri wzr frpsrqhqwv= d vshfl�f idfwru/ vd| ^ dqg d sxuh udqgrp

phdvxuhphqw huuru i1 Zlwk wkh h{fhswlrq ri vwxglhv surylglqj pxowlsoh uhfrugv iru hdfk

revhuydwlrq +l1h1 sdqho gdwd,/ lw lv qrw srvvleoh wr vhsdudwho| lghqwli| wkh frpsrqhqwv ri %�

Ilqdoo|/ zh ohw � ghqrwh wkh6�� yhfwru ri gldjrqdo hohphqwv riX0�Zh dovr srvlw wkdw wkh

lqvwlwxwlrqdo fkdqjh lv olqhduo| ghwhuplqhg e| d yhfwru ri revhuydeoh h{rjhqrxv yduldeohv

 ' E%�c %2c ��c %r�
�c d odwhqw wlph lqyduldqw frpsrqhqw #

f
uh hfwlqj lqlwldo frqglwlrqv/ dqg

d vwrfkdvwlf huuru l/ jlylqj

+W ' �
�
%� n �

2
%2 n ���n �r%r n #

f
n l� +6,

Zh zulwh wkh frxqwu| vshfl�f frpsrqhqw #
f
dv

#
f
' �

�� +7,

zkhuh � lv d yhfwru ri frxqwu| fkdudfwhulvwlfv zklfk lq frpelqdwlrq uh hfw wkh lqlwldo

frqglwlrqv sulru wr wudqvlwlrq/ dqg � lv d yhfwru ri zhljkwv1

H{dplqlqj +5, dqg +6, zh pd| wklqn ri wkh prgho dv frpsulvlqj wzr sduwv= +6, lv

wkh vwuxfwxudo +ru vwdwh, htxdwlrq dqg +5, lv wkh phdvxuhphqw htxdwlrq uh hfwlqj wkdw wkh

revhuyhg phdvxuhphqwv duh lpshuihfw lqglfdwruv1 +5, lv d vshfldo fdvh ri d idfwru dqdo|vlv

48OLVUHO lv dq dfurq|p iru olqhdu vwuxfwxudo uhodwlrqvklsv1
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prgho zlwk d vhw ri 6 revhuydeoh lqglfdwruv ghwhuplqhg olqhduo| e| d vlqjoh xqrevhuyhg

+frpprq, idfwru 0 lqvwlwxwlrqdo fkdqjh1 Wkh phdvxuhphqw htxdwlrq vshfl�hv krz wkh

revhuyhg hqgrjhqrxv yduldeohv duh ghwhuplqhg e| wkh xqrevhuydeoh frqvwuxfw lqvwlwxwlrqdo

fkdqjh wrjhwkhu zlwk d yhfwru ri suhghwhuplqhg yduldeohv 3�1 Dq| fruuhodwlrq ehwzhhq wkh

hohphqwv ri ) uhvxowv iurp wkh pxwxdo dvvrfldwlrq zlwk +W1 Wkh dvvxpswlrq wkdw wkh

sduwldo fryduldqfh ehwzhhq doo �c � lqglfdwru sdluv vkrxog eh }hur lv hqirufhg e| vhwwlqj wkh

r�0gldjrqdo hohphqwv ri X% htxdov wr }hur1 Wkh vwuxfwxudo htxdwlrq vshfl�hv wkh fdxvdo

uhodwlrqvkls ehwzhhq wkh revhuyhg h{rjhqrxv fdxvhv dqg lqvwlwxwlrqdo fkdqjh491

Vlqfh +W lv xqrevhuyhg lw lv qrw srvvleoh wr uhfryhu gluhfw hvwlpdwhv ri wkh vwuxfwxudo

sdudphwhuv �1 Krzhyhu li zh frpelqh wkhvh wzr htxdwlrqv dqg vroyh iru wkh uhgxfhg irup

uhsuhvhqwdwlrq/ zh pd| zulwh

) ' � n �c +8,

zkhuh � ' \+
�

� lv wkh 6 � r uhgxfhg irup frh!flhqw pdwul{ dqg � ' \+l n % lv wkh

uhgxfhg irup glvwxuedqfh zlwk fryduldqfh pdwul{

X� ' .dE\+l n %�E\+l n %��o ' j2

l\
+\+� nX0� +9,

j2

l lv wkh yduldqfh ri wkh vwuxfwxudo vwrfkdvwlf huuru l1 Qrwh wkdw wkh vwuxfwxuh ri wkh

uhgxfhg irup fryduldqfh pdwul{ X� lv fkdudfwhulvwlf ri idfwru dqdo|vlv prghov zkhuh wkh

fruuhodwlrqv ehwzhhq wkh revhuyhg yduldeohv +khuh lqglfdwruv, duh dffrxqwhg iru e| wkh

xqrevhuyhg +frpprq, odwhqw yduldeoh1 Lq wklv lqvwdqfh wkh frpprq idfwru lv lc % ghqrwhv

wkh yhfwru ri xqltxh idfwruv/ dqg \+ wkh yhfwru ri idfwru ordglqjv1

Dv suhvhqwhg/ htxdwlrqv +8, dqg +9, duh lqghwhuplqdwh vlqfh wkh uhgxfhg irup sdudp0

hwhuv duh lqyduldqw wr d wudqvirupdwlrq jlyhq e|/ iru h{dpsoh/ \+V/ �*V dqg j2

l*Vc zkhuh

V lv d vfdodu1 Wklv iroorzv gluhfwo| iurp wkh idfw wkdw lqvwlwxwlrqdo fkdqjh lv qrw gluhfwo|

revhuydeoh1 Lq rughu wr eh deoh wr lqwhusuhw sdudphwhu hvwlpdwhv lw lv qhfhvvdu| wr gh�qh

wkh ruljlq dqg xqlw ri phdvxuhphqw1 Zh pd| gr wklv lq rqh ri wzr zd|v1 Dq dssurdfk

zklfk lv xvhg lq idfwru dqdo|vlv lv wr vwdqgduglvh wkh odwhqw yduldeohv wr kdyh xqlw yduldqfh1

Dowhuqdwho|/ zh pd| �{ d qrq0}hur frh!flhqw lq \+/ vxfk wkdw wkh xqlw ri phdvxuhphqw

iru +W lv gh�qhg uhodwlyh wr rqh ri wkh revhuyhg lqglfdwru yduldeohv1 Lq wklv dssolfdwlrq zh

fkrrvh wkh iruphu dssurdfk1

Zh dovr qrwh wkh h{lvwhqfh ri d pdlqwdlqhg dvvxpswlrq/ qdpho| wkdw wkh vhw ri lqgl0

fdwruv duh ydolg sur{lhv iru lqvwlwxwlrqdo fkdqjh1 Dw wklv mxqfwxuh wkh frpphqwv ri Fol�

+4<;6, lq whupv ri wkh srvvleoh jds ehwzhhq revhuyhg lqglfdwruv dqg wkh odwhqw yduldeoh

duh shuwlqhqw1 Wklv sureohp kdv ehhq uhihuuhg wr dv wkh qrplqdolvwlf idoodf|/ dqg frqfhuqv

49Pruh jhqhudo irupv ri +5, dqg +6, duh srvvleoh lqfoxglqj prghov zklfk vshfli| d phdvxuhphqw htxdwlrq

iru { dqg prghov zklfk doorz hohphqwv ri |� wr dsshdu rq wkh UKV ri +6,1
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wkh sureohp ri lqwhusuhwlqj fruuhodwlrqv dqg prgho rxwsxw ghulyhg iurp wkh odwhqw yduldeoh

prgho dv li wkh| fruuhvsrqg gluhfwo| wr uhodwlrqv ri wkh xqrevhuydeoh wkhruhwlfdo frqvwuxfw1

Lq wklv frqwh{w wkh uhfrjqlwlrq wkdw doo prghov duh qr pruh wkdq dssur{lpdwlrqv wr dq

xqnqrzq wuxwk lv sduwlfxoduo| uhohydqw zkhq wkh hqgrjhqrxv yduldeoh lv qrw revhuyhg1

Edvhg xsrq htxdwlrqv +8, dqg +9, wkhuh duh wzr vhwv ri uhvwulfwlrqv rq wkh uhgxfhg

irup1 Iluvw/ wkh 6 � r frh!flhqw pdwul{ � kdv udqn 4/ vlqfh wkh 6r hohphqwv ri � duh

h{suhvvhg lq whupv ri wkh6nr hohphqwv ri\+ dqg �� Vhfrqg/ wkh6�6 fryduldqfh pdwul{

X� uhsuhvhqwv wkh vxp ri d udqn rqh pdwul{ dqg d gldjrqdo pdwul{/ X%� Wkh 6E6n��*2

xqltxh hohphqwv ri X� duh h{suhvvhg lq whupv ri wkh � n 26 hohphqwv ri \+c j2

l c dqg � �

Wkh txhvwlrq ri lghqwl�fdwlrq fdq eh dgguhvvhg e| h{dplqlqj wkh fryduldqfh pdwul{

ri wkh revhuyhg gdwd/ qdpho| 3 ' E)� ���4: Iru wkh prgho jlyhq e| +6, dqg +8, wkh E6n

r�� E6n r� fryduldqfh pdwul{ pd| eh zulwwhq

PE$� '

%
\+E� �

x%� n �
2

l�\
+�

nX0 \+
�
�x%

x%�
�\+ x%

&
c +:,

zkhuh $ uhsuhvhqwv wkh yhfwru ri lqghshqghqw sdudphwhuv lq \+/ �/ X0 dqg j2

l 1 Wkh

gldjrqdo hohphqwv duh jlyhq e|=

.d))�o ' \+E� �

x%� n �
2

l�\
+�

nX0 +;,

dqg .E  �� ' x%c zlwk r�0gldjrqdo hohphqwv

.d )�o ' \+
�
�.d  �o� +<,

+<, pd| eh wulyldoo| uhzulwwhq lq whupv ri wkh uhgxfhg irup sdudphwhuv/ qdpho| � '

\+
�
� ' .d  �o3�.d )�o�

Wkh lvvxh ri lghqwl�fdwlrq lv edvhg xsrq zkhwkhu wkh lqirupdwlrq frqwdlqhg lq P lv

vx!flhqw wr gholyhu d xqltxh vhw ri ydoxhv lq $1 Vlqfh htxdwlrq +<, h{suhvvhv wkh ^ ' 6r

revhuydeoh prphqwv lq whupv ri wkh R ' 6 n r vwuxfwxudo sdudphwhuv/ wkhq li ^ � R � f

wkh vhw ri phdq sdudphwhuv zloo eh lghqwl�hg1 Li wklv frqglwlrq krogv/ wkhq wkh uhpdlqlqj

sdudphwhuv lq htxdwlrq +;, zloo eh lghqwl�hg1 Frpelqlqj wkhvh wzr frqglwlrqv/ d qhfhvvdu|

frqglwlrq iru lghqwl�fdwlrq ri doo sdudphwhuv/ R lv

R �
�

2
E6n r�E6n rn ��� +43,

Iru wkh prgho wr eh h{dfwo| lghqwl�hg wkhq wkhuh h{lvwv rqh dqg rqo| rqh frpelqdwlrq

ri wkh lqghshqghqw sdudphwhuv lq \+c�/ dqg X% zklfk jhqhudwhv PE$�4;� D vx!flhqw

frqglwlrq iru wkh PLPLF prgho wr eh lghqwl�hg lv wkdw 6 � � dqg r � ��

4:Vhh Jrogehujhu +4<:6, dqg Zloh| +4<:6,/ erwk lq Jrogehujhu dqg Gxqfdq +4<:6,1
4;Vhh Urelqvrq +4<:7, iru d glvfxvvlrq ri lghqwl�fdwlrq zlwk pxowlsoh odwhqw yduldeohv1
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815 Qrq0frqwlqxrxv Phdvxuhphqwv

Lq wkh glvfxvvlrq wr gdwh zh kdyh lpsolflwo| dvvxphg wkdw doo hohphqwv ri 3 duh frqwlqxrxv

yduldeohv1 Lq wklv vwxg| zh kdyh d pl{wxuh ri ruglqdo dqg frqwlqxrxv phdvxuhphqwv14<

Wkh sulqflsdo sureohp khuh lv wkdw ruglqdo yduldwhv gr qrw kdyh d ruljlq ru d xqlw ri

phdvxuhphqw/ dqg dv vxfk phdqv/ yduldqfhv dqg fryduldqfhv kdyh qr uhdo phdqlqj1 Lq

Dsshqgl{ 4 zh olvw wkh lqglfdwruv ri lqvwlwxwlrqdo fkdqjh zklfk lq hdfk fdvh uhsuhvhqw

gdwd rq rughuhg fdwhjrulhv1 Lq oljkw ri wklv +5, grhv qrw uhsuhvhqw d ydolg phdvxuhphqw

htxdwlrq1 Wr vhh zk| frqvlghu wkh fdvh ri d vlqjoh ruglqdo lqglfdwru +J� Dvvxplqj wkdw

wkh xqghuo|lqj dqg xqrevhuyhg odwhqw yduldeoh lv frqwlqxrxv/ wkhq lw lv dssduhqw wkdw wkh

uhodwlrq +J ' \++W n 0 zloo rqo| krog e| fkdqfh1 Eroohq +4<;<, qrwhv wzr dgglwlrqdo dqg

uhodwhg sureohpv1 Iluvw/ li wkh fryduldqfh vwuxfwxuh k|srwkhvlv Pr' PE$�c zkhuh Pr lv wkh

revhuyhg fryduldqfh pdwul{/ krogv iru gdwd 3 zkhq doo yduldeohv duh frqwlqxrxv/ wkhq wklv

zloo qrw eh wkh fdvh zkhq vrph gdwd duh ruglqdo1 Li/ iru h{dpsoh/ wkh gdwd duh glvwulexwhg

pxowlyduldwh qrupdo wkhq doo wkh lqirupdwlrq lv frqwdlqhg lq wkh �uvw dqg vhfrqg pr0

phqwv1 Vhfrqg/ wkh lpsdfw ri h{fhvvlyh nxuwrvlv dqg vnhzqhvv lq ruglqdo frxqwhusduwv ri

qrupdo yduldwhv uhvxowv lq lqruglqdwho| kljk fkl0vtxduh ydoxhv/ wkhuhe| jhqhudwlqj lqydolg

lqihuhqfh1 Ixuwkhu lqirupdwlrq lv dydlodeoh iurp d qxpehu ri Prqwh Fduor vwxglhv1 Iru

h{dpsoh/ Z|olh +4<:9, dqg Rovvrq/ Gudvjrz/ dqg Grudqv +4<;4, vxjjhvwv wkdw Shduvrq

fruuhodwlrq frh!flhqwv ehwzhhq fdwhjrulfdo phdvxuhv duh ohvv wkdq wkrvh ehwzhhq frqwlq0

xrxv frxqwhusduwv/ zlwk wkh h{whqw ri dwwhqxdwlrq dq lqyhuvh ixqfwlrq ri wkh qxpehu ri

fdwhjrulhv1 D vlpxodwlrq vwxg| e| Mrkqvrq dqg Fuhhfk +4<;6, irxqg wkdw li qr dffrxqw

zdv wdnhq ri wkh xvh ri ruglqdo gdwd/ wkh sdudphwhu hvwlpdwhv iurp htxdwlrqv +5, dqg +6,

zloo eh eldvhg grzqzdugv/ dowkrxjk e| d vpdoo pdjqlwxgh1

Lq wklv vwxg| zh frqvwuxfw d yhuvlrq ri PE$�/ ghqrwhg PJE$�c zklfk frqvlvwv ri wkh

iroorzlqj hohphqwv1 Iru wzr frqwlqxrxv yduldeohv zh pd| xvh wkh vwdqgdug Shduvrq fruuh0

odwlrq frh!flhqw1 Lq fdvhv zkhq rqh ru erwk yduldwhv duh ruglqdo zh lqwurgxfh d wkuhvkrog

revhuydwlrqdo uxoh wr olqn wkh ruglqdo yduldeoh zlwk dq xqghuo|lqj frqwlqxrxv frxqwhu0

sduw153 Ohwwlqj +J dqg +S ghqrwh/ uhvshfwlyho|/ wkh ruglqdo yduldeoh zlwk & fdwhjrulhv dqg

wkh frqwlqxrxv frxqwhusduw/ wkh revhuydwlrqdo uxoh pd| eh zulwwhq dv

+J ' �E+S � @�� n �E@2 	 +S � @��2 n � � �n �E@&3� 	 +S � @&�&� +44,

Wkuhvkrogv @�c � ' �c � � � c &c fdq eh hvwlpdwhg rqfh zh dvvxph d glvwulexwlrq iru +Sc zklfk

4<Qrwh wkdw vlqfh doo wkh revhuyhg lqglfdwruv duh ruglqdo wkh prvw dssursuldwh phwkrg wr dffrxqw iru
wkh idfw wkdw wkh xqrevhuyhg frqvwuxfw lqvwlwxwlrqdo fkdqjh +|�, kdv qr ruljlq ru xqlw ri phdvxuhphqw/ lv

wr vwdqgduglvh |
�
=

53Vhh Pxwkhq +4<;6, iru dq ryhuylhz ri vshfl�fdwlrq dqg hvwlpdwlrq lvvxhv zkhq uhfrughg gdwd duh

frpsulvhg ri erwk frqwlqxrxv dqg fdwhjrulfdo gdwd1
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lq wkh fdvh ri vwdqgdug qrupdo jhqhudwhv wkuhvkrogv

@� ' x3�E
�[

�'�

��

�
�c � ' �c � � � c &c

zkhuh x3�E�� lv wkh lqyhuvh ri wkh vwdqgdug qrupdo glvwulexwlrq ixqfwlrq dqg�� lv wkh qxp0

ehu ri revhuydwlrqv lq fdwhjru| �� Rqfh wkhvh wkuhvkrogv +ru vfruhv, kdyh ehhq hvwlpdwhg

iru hdfk ruglqdo yduldeoh/ lw lv srvvleoh wr fdofxodwh wkh dssursuldwh +sro|fkrulf, fruuhodwlrq

frh!flhqwv1 Lq vxppdu| dqg iroorzlqj Pxwkhq +4<;6,/ wkh hvwlpdwlrq ri prgho sdudph0

whuv edvhg xsrq wkh frpelqdwlrq ri d phdvxuhphqw huuru prgho iru wkh odwhqw lqglfdwruv

+S/ d wkuhvkrog revhuydwlrqdo uxoh dv lq +44,/ dqg wkh vwuxfwxudo htxdwlrq +6,/ jhqhudwhv wkh

iroorzlqj vwdjhv= l, hvwlpdwlrq ri wkuhvkrog ydoxhv> ll, hvwlpdwlrq ri srsxodwlrq odwhqw fru0

uhodwlrqv jlyhq hvwlpdwhg wkuhvkrogv> dqg lll, hvwlpdwlrq ri prgho sdudphwhuv frqglwlrqdo

xsrq l, dqg ll,1

816 Vshfl�fdwlrq Lvvxhv

Wkh vshfl�fdwlrq ri d prgho edvhg xsrq +5, dqg +6, dqg +44, uhsuhvhqwv d qxpehu ri gli0

�fxowlhv1 Ehjlqqlqj zlwk wkh vshfl�fdwlrq ri d phdvxuhphqw huuru prgho iru lqvwlwxwlrqdo

fkdqjh/ lw lv lqvwuxfwlyh wr ylhz wklv htxdwlrq dv d vshfldo fdvh ri idfwru dqdo|vlv 0 qdpho|

d yduldqw lq zklfk wkh fruuhodwlrq ri wkh 6 lqglfdwruv lv h{sodlqhg e| d vlqjoh frpprq

idfwru1 Lq wklv uhvshfw zh vhh wkdw wklv sduwlfxodu xvh ri d idfwru prgho lv gl�huhqw lq wkh

vhqvh wkdw wkh qxpehu ri frpprq idfwruv lv �{hg d sulrul1 Wkhuhdiwhu frq�updwru| idfwru

dqdo|vlv fdq eh hpsor|hg wr whvw k|srwkhvhv dv wr zkhwkhu wkh idfwruldo frpsrvlwlrq lv

frqvlvwhqw zlwk wkh gdwd1

Dowkrxjk zh eholhyh wkdw wkh surfhvv ri lqvwlwxwlrqdo fkdqjh lv g|qdplf wkh vwuxfwxudo

htxdwlrq +6, lv vwdwlf1 E| lqfoxglqj d odjjhg ghshqghqw yduldeoh lw lv srvvleoh wr dgg d

g|qdplf frpsrqhqw1 Krzhyhu/ wkhuh duh d qxpehu ri zhoo nqrzq sureohpv dvvrfldwhg

zlwk vxfk d prgho/ wkh prvw vljql�fdqw ehlqj wkdw wkh dxwruhjuhvvlyh sdudphwhu lv eldvhg

dqg lqfrqvlvwhqw lq wkh idfh ri �{hg h�hfwv1 Rqh zd| wr flufxpyhqw wklv sureohp lv wr doorz

iru odjv lq wkh vhw ri fdxvdo idfwruv dqg wkhuhe| doorz d surfhvv ri dgmxvwphqw1 Qrwh wkdw

li zh dgg +W�|3� wr wkh uljkw kdqg vlgh ri +6, zh lqfrusrudwh erwk odjjhg  �r dqg odjjhg

vwrfkdvwlf whup 1|3�1 Lq dgglwlrq/ dowkrxjk wkh duwl�fldo yduldeoh #
f
uhsuhvhqwlqj wkh vhw

ri lqlwldo frqglwlrqv idfhg e| hdfk frxqwu| dw wkh ehjlqqlqj ri wudqvlwlrq lv wlph lqyduldqw/

lw lv olnho| wkdw wkh lpsdfw ri wkhvh frqglwlrqv zloo eh wlph ghshqghqw1 Wr doorz iru wkh

srvvlelolw| ri d ghfd| sur�oh/ zh h{dplqh zkhwkhu d vshfl�fdwlrq zklfk lqfrusrudwhv d

wlph ydu|lqj sdudphwhu uhsuhvhqwv dq lpsuryhphqw1

Jlyhq wkdw rxu phdvxuhv iru lqvwlwxwlrqdo fkdqjh dqg iru olehudolvdwlrq dqg sulydwlvd0

wlrq erwk ghulyh iurp vxemhfwlyh udwlqjv e| HEUG hfrqrplvwv wkhuh h{lvwv wkh srwhqwldo
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iru hqgrjhqhlw| ri wkhvh fdxvdo idfwruv1 Huuuruv ri mxgjhphqw lq lqvwlwxwlrqdo uhirup pljkw

zhoo eh fruuhodwhg zlwk huuruv ri mxgjhphqw lq olehudolvdwlrq dqg sulydwlvdwlrq/ zkloh xs0

judgh zrxog w|slfdoo| eh xqghuwdnhq e| orrnlqj dw doo wudqvlwlrq lqglfdwruv dw wkh vdph

wlph1 Wr flufxpyhqw wklv sureohp zh gh�qh olehudolvdwlrq dqg sulydwlvdwlrq dv wkh qxpehu

ri |hduv vlqfh d vshfl�f wkuhvkrog zdv furvvhg +vhh Dsshqgl{ 6,1

Ilqdoo|/ lq wkh deryh glvfxvvlrq zh kdyh dvvxphg wkdw X% lv d gldjrqdo pdwul{ lqvridu

dv wkh sduwldo fruuhodwlrq ri lqglfdwruv ri lqvwlwxwlrqdo fkdqjh lv }hur1 Lq wklv sduwlfxodu

vwxg| zh uhod{ wklv dvvxpswlrq jlyhq wkdw wkh HEUG lv wkh sulpdu| vrxufh iru doo wkhvh

lqglfdwruv/ dqg wkhuhiruh wkhuh pd| eh erwk frqwhpsrudqhrxv dqg whpsrudo fruuhodwlrq

dfurvv wkh phdvxuhphqw huuruv1

817 Hvwlpdwlrq

Wkh ixqgdphqwdo k|srwkhvhv iru vwuxfwxudo htxdwlrqv prghov lv wkdw wkh fryduldqfh pdwul{

ri wkh revhuyhg yduldeohv/ Pr/ pd| eh sdudphwhulvhg edvhg xsrq d jlyhq prgho vshfl�fd0

wlrq1

D jhqhudo irup ri d phdvxuh ri �w ehwzhhq Pr dqg PE$�c zkhuh $ lv d yhfwru ri iuhh

sdudphwhuv/ pd| eh zulwwhq dv

8 E$� ' Et� ���`3�Et� �� +45,

'
&[

}'�

r[

�'�

&[

�'�

�[

�'�

�}�c��Er}� � j}��Er�� � j���c

zkhuh t ' Er��c r2�c ���c r&&�
� lv d yhfwru ri wkh hohphqwv ri wkh orzhu kdoi ri Pr dqg � '

Ej��c j2�c j22c ���c j&&�
� lv wkh fruuhvsrqglqj yhfwru ri PE$�� �}�c�� lv d w|slfdo hohphqw ri d

srvlwlyh gh�qlwh pdwul{ `3� ri rughu ^ � ^ zkhuh ^ ' 6n r1 Lq wkh frqwh{w ri zhljkwhg

ohdvw vtxduhv �}�c�� lv d frqvlvwhqw hvwlpdwh ri wkh dv|pswrwlf fryduldqfh ehwzhhq r}�

dqg r��1 Li wkh ruljlqdo 3 duh glvwulexwhg pxowlyduldwh qrupdo +l1h1 Pr kdv d pxowlyduldwh

Zlvkduw glvwulexwlrq, wkhq wkh jhqhudo irup iru wkh dv|pswrwlf fryduldqfh pdwul{ ri Pr

pd| eh zulwwhq

*�4
?<"

�J�Er}�c r��� ' E�*��Ej}�j�� n j}�j���� +46,

Krzhyhu/ ghsduwxuhv iurp qrupdolw| vxfk dv h{fhvv nxuwrvlv/ uhvxow lq d pruh frpsoh{

h{suhvvlrq iru +46,1 D JOV yhuvlrq ri +46, zklfk dvvxphv wkh dv|pswrwlf fryduldqfh ri

Pr lv jlyhq e| PE$� kdv hohphqwv �}�c�� ' E�*��Er}�r�� n r}�r���1 Eurzqh +4<;7, kdv

surylghg d qxpehu ri h{whqvlrqv wr fodvvlfdo wkhru|/ sursrvlqj dq dv|pswrwlf glvwulexwlrq

iuhh hvwlpdwru zlwk w|slfdo hohphqw

�}�c�� ' �}��� � r}�r��c +47,
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zkhuh �}��� duh irxuwk rughu fhqwudo prphqwv1 Dv qrwhg e| Mruhvnrj dqg Vruerp +4<<9,

wkh sulqflsdo olplwdwlrq ri wklv dssurdfk lv rqh ri glphqvlrqdolw|/ jlyhq wkdw dq hvwlpdwh

ri ` edvhg xsrq +47, uhtxluhv frpsxwdwlrq ri ^E^ n ��*2 irxuwk rughu prphqwv/ zklfk

uhtxluh odujh vdpsohv1

Xqghu qrupdolw|/ prgho sdudphwhuv duh hvwlpdwhg edvhg xsrq plqlplvlqj wkh ixqfwlrq

8 ' *? mPE$�m � *? mPr

� ~} �
�

mn |oEPrPE$�3��� E6n r�c� ~} �
�

+48,

zkhuh 6 Er� duh wkh qxpehu ri hqgrjhqrxv +h{rjhqrxv, yduldeohv/ dqg |oE�� ghqrwhv

wkh wudfh rshudwru1 Dv wkh hohphqwv ri wkh suhglfwhg dqg revhuyhg fryduldqfh pdwul0

fhv frqyhujh lq suredelolw| +$� wkhq whupv D dqg E zloo erwk dssurdfk }hur/ jlyhq wkdw

|oEPrPE$�3��$ 6n r�

Lq wklv sdshu zh hvwlpdwh wzr prgho yduldqwv edvhg xsrq +48,= prgho 4 xvlqj PE$�

dqg prgho 5 xvlqj PE$�f/ zkhuh wkh odwwhu fryduldqfh pdwul{ lqfrusrudwhv dq dgmxvwphqw

+xvlqj wkh wkuhvkrog revhuydwlrqdo uxoh, iru wkh ruglqdo vwuxfwxuh ri wkh gdwd1

9 Uhvxowv

Wkh gdwd iru wklv uhvhdufk lv ghulyhg iurp d furvv0frxqwu| gdwdedvh dvvhpeohg dw wkh HEUG

+vhh Gl Wrppdvr dqg Zhhnv +4<<<, iru ghwdlov,1 Wkh lqglylgxdo yduldeohv zhuh glvfxvvhg

lq suhfhglqj vhfwlrqv dqg d ixoo olvw zlwk gh�qlwlrqv lv surylghg lq wkh Dsshqglfhv1 Wkh

gdwd fryhu d wrwdo ri 58 frxqwulhv ryhu wkh shulrg 4<;< wr <; exw gdwd lv qrw dydlodeoh

iru hyhu| |hdu iru doo yduldeohv1 Pruhryhu/ iru vhyhudo frxqwulhv uhfrugv duh lqfrpsohwh/

sduwlfxoduo| gxulqj hduolhu uhirup |hduv1

Lq Wdeoh 7 zh suhvhqw 7 fruuhodwlrq pdwulfhv +srrohg ryhu wkh �yh |hduv 4<<804<<<,/

zklfk surylgh d xvhixo vxppdu| ri wkh nh| uhodwlrqvkls dprqj rxu ruglqdo lqglfdwruv

dqg lghqwl�hg fdxvhv ri lqvwlwxwlrqdo fkdqjh1 Lq Pdwul{ D zh suhvhqw wkh orzhu gldjrqdo

hohphqwv ri wkh sro|fkrulf fruuhodwlrq pdwul{ iru wkh �yh ruglqdo lqglfdwruv ri lqvwlwx0

wlrqdo fkdqjh1 Vlqfh zh eholhyh wkdw wkhvh lqglfdwruv vkduh d frpprq frpsrqhqw/ qdpho|

lqvwlwxwlrqdo fkdqjh/ wkhq wkh kljk sdluzlvh fruuhodwlrqv duh qrw vxusulvlqj1 Zh qrwh d

sduwlfxoduo| kljk fruuhodwlrq ehwzhhq hqwhusulvh uhirup dqg uhvwuxfwxulqj +hubvw, dqg

edqnlqj uhirup dqg lqwhuhvw udwh olehudolvdwlrq +eubl,1 Pdwul{ E suhvhqwv wkh pdwul{

ri sro|fkrulf fruuhodwlrqv iru wkh ruglqdo lqglfdwruv ri lqvwlwxwlrqdo fkdqjh dqg rxu phd0

vxuhv ri vpdoo vfdoh sulydwlvdvwlrq +|vvfs,/ sulfh olehudolvdwlrq +|vso, dqg pdfurhfrqrplf

vwdelolw| +|vleg,1 Lq doo fdvhv wkh fruuhodwlrqv uhyhdo d uhodwlyho| vwurqj dvvrfldwlrq eh0

wzhhq wkhvh fdxvhv dqg wkh ruglqdo lqglfdwruv/ zlwk d sduwlfxoduo| vwurqj dvvrfldwlrq iru

pdfurhfrqrplf vwdelolw|1
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Wkh fruuhodwlrqv ehwzhhq wkh lqvwlwxwlrqdo fkdqjh lqglfdwruv dqg wkh phdvxuhv ri vwuxf0

wxudo fkdqjh +gluhfwlrq ri wudgh dqg frpsrvlwlrq ri hpsor|phqw, duh suhvhqwhg lq Pdwul{

F1 Lw dovr suhvhqwv wkh fruuhodwlrq zlwk jryhuqphqw h{shqglwxuhv dv wkh nh| lqglfdwru ri

vwdwh fdsdflw|1 Wkh fruuhodwlrqv zlwk h{sruwv wr qrq0wudqvlwlrq hfrqrplhv dqg jryhuqphqw

h{shqglwxuhv duh vwurqj dqg srvlwlyh dv h{shfwhg1 Wkh fruuhodwlrq zlwk rxu phdvxuh ri

hpsor|phqw vwuxfwxuh lv krzhyhu xqh{shfwhgo| vljqhg1 Wkh srvlwlyh fruuhodwlrq vxjjhvwv

wkdw frxqwulhv/ zklfk pdlqwdlqhg d kljkhu vkduh ri hpsor|phqw lq lqgxvwu| uhodwlyh wr

d ehqfkpdun jlyhq e| wkhlu shu fdslwd lqfrph kdyh dfklhyhg pruh lqvwlwxwlrqdo fkdqjh1

Wklv uh hfwv wkh frqwlqxlqj kljk ohyho ri lqgxvwuldo hpsor|phqw lq pdq| fhqwudo Hxurshdq

frxqwulhv/ zkhuhdv lqgxvwuldo hpsor|phqw kdv ghfolqhg dv d vkduh ri wkh wrwdo lq prvw ri

wkh FLV1

Ilqdoo| lq Pdwul{ G zh suhvhqw wkh fruuhodwlrqv ehwzhhq wkh �uvw frpsrqhqw h{wudfwhg

iurp rxu sulqflsdo frpsrqhqw dqdo|vlv ri lqlwldo frqglwlrqv +lf,/ wrjhwkhu zlwk d yduldeoh

U�| ' U� � (|c | ' bDc bSc b. dqg bH/ zkhuh (| ghqrwhv d wlph gxpp|1 Qrwh wkdw wkh

lqlwldo frqglwlrqv lqgh{ lv qhjdwlyh iru pruh idyrxudeoh vwduwlqj srlqwv +vhh 5, dqg dv vxfk

wkh qhjdwlyh fruuhodwlrqv duh wkhuhiruh h{shfwhg1 Wkhuh lv d whqghqf| iru wkh fruuhodwlrq

ehwzhhq lqlwldo frqglwlrqv dqg lqvwlwxwlrqdo fkdqjh wr ghfolqh ryhu wlph/ dowkrxjk lq d

qxpehu ri fdvhv wkh sdwwhuq lv qrq0prqrwrqlf1

Wkh sdudphwhuv lq wkh PLPLF prgho ri lqvwlwxwlrqdo fkdqjh jlyhq e| +5, dqg +6, duh

lghqwl�hg jlyhq wkdw wkh lghqwl�fdwlrq frqglwlrq +43, lv vdwlv�hg541 Sdudphwhu hvwlpdwhv

duh jlyhq lq Wdeoh 81 Wkh Wdeoh kdv wzr froxpqv uhsuhvhqwlqj wkh vwuxfwxudo htxdwlrq

+ohiw froxpq, dqg wkh phdvxuhphqw htxdwlrq uhvshfwlyho|1 Uhvxowv lq wkh ohiw froxpq fdq

eh lqwhusuhwhg dv vwdqgdug uhjuhvvlrq frh!flhqwv1 Uhvxowv lq wkh uljkw froxpq frqwdlq wkh

vwdqgduglvhg wkh hohphqwv ri \+ dqg pd| eh lqwhusuhwhg dv vwdqgduglvhg idfwru ordglqjv1

Iru wkh phdvxuhphqw htxdwlrq zh dovr suhvhqw wkh vtxduhg pxowlsoh fruuhodwlrq vwdwlvwlf/

zklfk surylghv d phdvxuh ri wkh uholdelolw| ri hdfk lqglfdwru dv d phdvxuh ri xqrevhuydeoh

lqvwlwxwlrqdo fkdqjh1

Dv fdq eh vhhq iurp Wdeoh 8/ wkhuh lv qrw pxfk gl�huhqfh lq wkh idfwru ordglqjv dfurvv

wkh �yh glphqvlrqv ri lqvwlwxwlrqdo fkdqjh/ dqg wkh jrrgqhvv ri �w lv dovr txlwh vlplodu1

Wklv �qglqj frq�upv wkh dwwhqwlrq wkdw HEUG sodfhv rq doo �yh glphqvlrqv ri lqvwlwx0

wlrqdo fkdqjh155 Wkh odujhvw zhljkw lv jlyhq wr wkh phdvxuh ri ohjdo wudqvlwlrq/ frq�uplqj

wkh fhqwudolw| ri ohjdo dqg mxglfldo fkdqjh wr wkh wudqvlwlrq surfhvv1 Dowkrxjk zh vwduw

iurp dq lqlwldo dvvxpswlrq ri }hur frqwhpsrudqhrxv fruuhodwlrq dfurvv rxu �yh lqglfd0

54
Wkh qxpehu ri xqltxh hohphqwv lq

S
v

/ 4

5
+p.v,+p.v.4,> lv :;1 Wkh qxpehu ri hvwlpdwhg sdudpwhuv/

s> lv 45> dqg vr wkh prgho lv ryhulghqwl�hg e| 99 ghjuhhv ri iuhhgrp1
55Lq d ixwxuh sdshu zh lqwhqg wr whvw wkh PLPLF prgho djdlqvw lwv ROV +xvlqj dq xqzhljkwhg dyhudjh

ryhu wkh �yh lqglfdwruv, dqg VXU dowhuqdwlyhv1
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wruv +l1h1 doo r� gldjrqdo hohphqwv ri X% zhuh vhw wr }hur,/ jlyhq wkdw doo lqglfdwruv zhuh

vfruhg e| HEUG vwd�/ zh fkhfnhg rxu prgho iru v|vwhpdwlf furvv0lqglfdwru huuruv1 Xqghu

wkh khdglqj Fryduldqfh Sdudphwhuv zh uhsruw wkh rqo| vljql�fdqw fryduldqfh sdudph0

whu/ qdpho| wkdw ehwzhhq wkh edqnlqj uhirup dqg lqwhuhvw0udwh lqglfdwru +eubl, dqg wkh

lqglfdwru ri jryhuqdqfh dqg hqwhusulvh uhvwuxfwxulqj +hubvw,1

Wkh sdudphwhuv ri wkh vwuxfwxudo htxdwlrq E�� duh frqvlvwhqw zlwk sulru h{shfwdwlrqv/

zlwk wkh h{fhswlrq ri wkh phdvxuh ri hpsor|phqw glvwruwlrqv +vhh glvfxvvlrq ixuwkhu

deryh,1 Pdunhw olehudolvdwlrq dqg vpdoo vfdoh sulydwlvdwlrq kdyh d srvlwlyh lpsdfw rq

lqvwlwxwlrqdo fkdqjh/ dowkrxjk wkh lpsdfw lv uhodwlyho| vpdoo1 D frxqwu| wkdw kdg qrw

dfklhyhg d vlqjoh |hdu ri sulfh olehudolvdwlrq +ru vpdoo vfdoh sulydwlvdwlrq, vlqfh wkh vwduw

ri wudqvlwlrq d ghfdgh djr zrxog/ fhwhulv sdulexv/ kdyh d vfruh iru lqvwlwxwlrqdo fkdqjh

31; +413, srlqwv ehorz d frxqwu| wkdw ixoo| olehudolvhg +ru sulydwlvhg, lq |hdu rqh1 Wklv

gl�huhqfh lv urxjko| htxdo wr wkh gl�huhqfh lq 4<<< ehwzhhq Kxqjdu| dqg Uxvvld1

H{sruwv wr qrq0wudqvlwlrq hfrqrplhv khos lqvwlwxwlrqdo uhirup exw wkh lpsdfw lv yhu|

vpdoo1 Dq lqfuhdvh lq wkh vkduh ri h{sruwv wr qrq0wudqvlwlrq hfrqrplhv iurp 53083 shu

fhqw iru lqvwdqfh zrxog h{sodlq rqo| durxqg 3136 srlqwv gl�huhqfh lq wkh lqvwlwxwlrqdo

uhirup udwlqjv1 Wkh h�hfw ri hpsor|phqw glvwruwlrqv lv zurqjo| vljqhg exw vljql�fdqw1

Wkh gl�huhqfh ehwzhhq wkh prvw dqg wkh ohdvw glvwruwhg frxqwu| lq wkh vdpsoh zrxog

dffrxqw iru vrph 3135 srlqwv gl�huhqfh lq lqvwlwxwlrqdo uhirup1

Srolwlfdo olehudolvdwlrq lv dovr vljql�fdqwo| dvvrfldwhg zlwk lqvwlwxwlrqdo fkdqjh zlwk d

uhodwlyho| odujh lpsdfw1 Wkh gl�huhqfh ehwzhhq qr dqg ixoo srolwlfdo uljkwv zrxog khos wr

dffrxqw iru d ixoo 416 srlqwv gl�huhqfh lq lqvwlwxwlrqdo uhirup1 Wkh lpsdfw ri pdfurhfr0

qrplf vwdelolvdwlrq lv dovr vl}hdeoh 0 durxqg 418 wlphv dv odujh dv wkdw ri olehudolvdwlrq156

Lq rwkhu zrugv/ vwdelolvlqj hduo| kdv frqvlghudeoh sd|0r�v lq whupv ri surprwlqj vxevh0

txhqw lqvwlwxwlrqdo uhirupv1 Pdlqwdlqlqj d kljkhu vkduh ri sxeolf h{shqglwxuhv lq JGS

dovr hdvhv uhirupv +li lqwhuqdo edodqfh lv qrw frpsurplvhg dv d uhvxow,1 Hyhu| 43 shufhqw0

djh srlqwv lqfuhdvh lq sxeolf h{shqglwxuh ryhu JGS zrxog |lhog d 3135 srlqw lqfuhdvh lq

lqvwlwxwlrqdo uhirup 0 djdlq d yhu| prghvw lpsdfw1 Lw vhhpv rq lqvshfwlrq ri wkhvh uhvxowv

wkdw hfrqrplf uhirupv dqg srolwlfdo olehudolvdwlrq duh idu pruh srzhuixo ghwhuplqdqwv ri

lqvwlwxwlrqdo fkdqjh wkdq fkdqjhv lq wkh vwuxfwxuh ri wkh hfrqrp| ru lq vwdwh fdsdflw|1

Zh zloo fkhfn wklv uhvxow ixuwkhu lq ixwxuh uhvhdufk gudzlqj rq wkh ixoo 4<;<05333 HEUG

gdwdvhw1

Dowkrxjk wkh vhw ri lqlwldo frqglwlrqv duh �{hg e| frqvwuxfwlrq/ e| lqwhudfwlqj wkh

�uvw sulqflsoh frpsrqhqw zlwk |hdu gxpplhv lw lv srvvleoh wr doorz iru wkh srvvlelolw| ri

56Uhphpehu wkdw erwk yduldeohv duh gh�qhg wkh vdph zd| dv wkh qxpehu ri |hduv zlwk d fhuwdlq

wkuhvkrog dfklhyhg1
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d ghfd| sur�oh1 Lq grlqj wklv zh frqvlghu wzr frpshwlqj prghov= Prgho D lpsrvhv erwk

d �{hg vhw ri lqlwldo frqglwlrqv dqg d �{hg h�hfw ryhu wkh frxuvh ri wudqvlwlrq/ dqg prgho

E lpsrvhv d �{hg vhw ri lqlwldo frqglwlrqv exw doorzv iru d ghfd| sur�oh lq wkh h�hfw1 E|

frpsdulqj wkh �2 phdvxuh ri �w iru wkhvh wzr prghov/57 zh �qg wkdw Prgho E uhsuhvhqwv

d vxevwdqwldo dqg vwdwlvwlfdoo| vljql�fdqw lpsuryhphqw ryhu Prgho D1

Ri sduwlfxodu lqwhuhvw duh wkh sdudphwhu hvwlpdwhv U�|c | ' bDc bSc b./ dqg bH zklfk

uhsuhvhqw wkh +odjjhg, lpsdfw ri lqlwldo frqglwlrqv uhodwlyh wr wkhlu lpsdfw lq 4<<< +vhh

Wdeoh 8,1 Dv h{shfwhg wkh odujhvw h�hfw ri gl�huhqfhv lq vwduwlqj srlqwv lv ihow hduo| rq/

dowkrxjk zh revhuyh d qrq0prqrwrqlf sur�oh1 Wkh gl�huhqfh ehwzhhq wkh frxqwu| zlwk

wkh prvw idyrxudeoh lqlwldo frqglwlrqv +wkh F}hfk Uhsxeolf, dqg wkh frxqwu| zlwk wkh

zruvw vwduwlqj srlqw +Wdmlnlvwdq, lq wkh �{hg vhw lv vx!flhqw wr h{sodlq durxqg rqh ixoo

srlqw gl�huhqfh lq lqvwlwxwlrqdo uhirupv lq 4<<8/ exw rqo| d wklug srlqw gl�huhqfh lq 4<<9/

ehiruh wkh gl�huhqfh zlghqv djdlq wr durxqg wzr wklugv ri d srlqw e| 4<<;1 Zlwk wkh qhz

ixoo 4<;<05333 gdwdvhw ri HEUG wudqvlwlrq lqglfdwruv lw zloo eh srvvleoh wr h{dplqh pruh

uljrurxvo| zkhwkhu wkhuh lv frqyhujhqfh ru glyhujhqfh lq lqvwlwxwlrqdo shuirupdqfh dfurvv

wkh wudqvlwlrq hfrqrplhv ryhu wlph1

Wkh uhvxowv lq Wdeoh 8 duh edvhg rq d prgho fruuhfwlqj iru wkh ruglqdo qdwxuh ri wkh

lqvwlwxwlrqdo fkdqjh lqglfdwruv1 Lq Wdeoh 9 zh suhvhqw vxppdu| phdvxuhv ri �w iru prgho

4 +zlwkrxw fruuhfwlrq, dqg prgho 5 +zlwk fruuhfwlrq,1 Lq lqwhusuhwlqj wkhvh vwdwlvwlfv

zh �uvw frqvlghu dq lpsruwdqw fdyhdw1 Edvhg xsrq wkh �2 vwdwlvwlf uhsruwhg lq urz 4/

lw lv srvvleoh wr frqgxfw d whvw ri wkh ixqgdphqwdo fryduldqfh k|srwkhvlv/ qdpho| wkdw

Pr ' PE$�� Krzhyhu/ dv Mruhvnrj dqg Vruerp +4<<9, hpskdvlvh/ wkh xvh ri wklv vwdwlvwlf

iru vxfk d whvw zloo lq pdq| flufxpvwdqfhv qrw eh ydolg581 D pruh dssursuldwh xvh lv wr

vlpso| xvh wklv vwdwlvwlf dv d phdvxuh ri �w/ zlwk/ dv ghprqvwudwhg e| htxdwlrq +48,/ odujh

ydoxhv/ uhodwlyh wr ghjuhhv ri iuhhgrp/ lqglfdwlqj d srru �w1 Wkh ryhudoo �w ri wkh prgho/

�2 ' �2�� zlwk 95 ghjuhhv ri iuhhgrp dqg d suredelolw| ydoxh ri f�bD�/ surylghv fohdu

hylghqfh wkdw prgho 5 edvhg xsrq lqfoxglqj d wkuhvkrog revhuydwlrqdo uxoh wr olqn wkh

ruglqdo revhuyhg lqglfdwruv wr wkhlu frqwlqxrxv frxqwhusduwv/ lv frqvlvwhqw zlwk wkh gdwd1

Lq frpsdulqj prgho 5 zlwk prgho 4/ zkhuh prgho 4 wdnhv qr dffrxqw ri wkh ruglqdo gdwd/

zh qrwh wkdw lq erwk devroxwh dqg uhodwlyh whupv/ prgho 4 uhsuhvhqwv d srru �w1 Zh dovr

shuirup d whvw ri wkh qxoo prgho jlyhq e| wkh uhvwulfwlrq � ' f� Wklv uhvwulfwlrq jlyhv xv

wkh rqh idfwru phdvxuhphqw huuru prgho dqg lpsolhv wkh devhqfh ri fdxvdo olqnv gulylqj

57Qrwh wkdw zh gr qrw uhsruw wkh ixoo vhw ri sdudphwhu hvwlpdwhv iru Prgho D1 Wkhvh duh dydlodeoh iurp

wkh dxwkruv xsrq uhtxhvw1
58Wkh "5 phdvxuh uhsruwhg lq Wdeoh 819 lv sduwlfxoduo| vhqvlwlyh wr ghsduwxuhv iurp pxowlyduldwh qru0

pdolw|1 Krzhyhu/ lq prgho 5 e| lqwurgxflqj d wkuhvkrog rehuydwlrqdo uxoh/ zh kdyh dffrxqwhg iru wkhvh

sureohpv lqwurgxfhg e| ruglqdo gdwd1 Zh dovr qrwh wkdw vxfk ghsduwxuhv whqg wr lq dwh wkh "5 vwdwlvwlf/

dqg wkxv lq wklv fdvh wkhuh grhv qrw vhhp wr eh d sureohp1

53



lqvwlwxwlrqdo fkdqjh1 Iru erwk prgho 4 dqg prgho 5 wklv k|srwkhvlv lv uhmhfwhg1

Ilqdoo| zh qrwh wkdw dowkrxjk lq wkh fdvh ri prgho 5 wkh uhsruwhg �2 ydoxh fruuhvsrqgv

wr d jrrg �w/ jlyhq wkh h{lvwhqfh ri d odujh fodvv ri htxlydohqw prghov zklfk pd| �w wkh

gdwd htxdoo| zhoo/ zh vkrxog qrw lqwhusuhw wklv dv hylghqfh wkdw lw uhsuhvhqwv wkh ehvw

dssur{lpdwlrq wr wkh wuxh prgho1

: Frqfoxvlrq

Wklv sdshu kdv surylghg d �uvw hpslulfdo dqdo|vlv ri wkh idfwruv gulylqj lqvwlwxwlrqdo

fkdqjh lq wkh wudqvlwlrq hfrqrplhv1 Wr wklv hqg/ zh kdyh ghyhorshg d PLPLF prgho ri

lqvwlwxwlrqdo fkdqjh wdnlqj lqwr dffrxqw srwhqwldo phdvxuhphqw huuru lq rxu lqvwlwxwlrqdo

fkdqjh yduldeohv1 Pruhryhu/ wklv dssurdfk kdv doorzhg xv wr irfxv rq lqvwlwxwlrqdo fkdqjh

dv dq xqrevhuyhg pxowl0glphqvlrqdo surfhvv dqg kdv |lhoghg dq hpslulfdo dssur{lpdwlrq ri

wklv surfhvv dv d zhljkwhg dyhudjh ri vxemhfwlyh surjuhvv lqglfdwruv1 Zh lqwhqg wr h{soruh

wklv dssurdfk ixuwkhu lq ixwxuh uhvhdufk e| whvwlqj lw uljrurxvo| djdlqvw dowhuqdwlyhv/ vxfk

dv vlpsoh ROV ru Vhhplqjo| Xquhodwhg Uhjuhvvlrq1 Wkh zhljkwv jhqhudwhg e| wkh PLPLF

prgho rq wkh �yh glphqvlrqv ri lqvwlwxwlrqdo fkdqjh vxjjhvw wkdw d vlpsoh dyhudjh pd|

qrw eh d edg dssur{lpdwlrq/ exw wklv qhhgv wr eh whvwhg ixuwkhu1

Zlwk uhjdug wr wkh ghwhuplqdqwv ri lqvwlwxwlrqdo fkdqjh/ zh �qg vwurqj hylghqfh wkdw

hfrqrplf uhirupv dqg srolwlfdo olehudolvdwlrq duh pruh srzhuixo irufhv wkdq fkdqjhv lq

hfrqrplf vwuxfwxuhv lqgxfhg e| vxfk uhirupv1 Lq rwkhu zrugv/ zh gr �qg vrph vxssruw

iru wkh ylhz lq wkh hduo| wudqvlwlrq olwhudwxuh vxjjhvwlqj d srvlwlyh vsloo0ryhu iurp �hduo|

uhirupv� vxfk dv olehudolvdwlrq dqg sulydwlvdwlrq lqwr lqvwlwxwlrqdo uhirupv1 Krzhyhu/

wklv h�hfw rshudwhv zlwk d vljql�fdqw odj1 Diwhu 43 |hduv ri wudqvlwlrq/ d frxqwu| zlwk

qr surjuhvv lq hlwkhu olehudolvdwlrq/ sulydwlvdwlrq ru pdfurhfrqrplf vwdelolvdwlrq zrxog rq

djjuhjdwh kdyh dq lqvwlwxwlrqdo udwlqj ri 6 ixoo srlqwv ehorz d frxqwu| wkdw kdg lqwurgxfhg

doo ri wkhvh uhirupv lq |hdu rqh1 Lq rwkhu zrugv/ wkh fxuuhqw odjjdugv lq wudqvlwlrq zrxog

eh h{shfwhg wr wdnh durxqg d ghfdgh lq rughu fdwfk xs zlwk wkh suhvhqw ohdghuv1

Wkh uhvxowv lq wklv sdshu uhpdlq suholplqdu|1 Zlwk d orqjhu wlph vhulhv ri hfrqrplf

uhirup udwlqjv e| HEUG qrz dydlodeoh/ wkh frqfoxvlrqv lq wklv sdshu qhhg wr eh uhylhzhg1

Lw lv sxw iruzdug dv d �uvw phwkrgrorjlfdo h{sorudwlrq lqwr wkh nlqgv ri lvvxhv idfhg e|

vwxghqwv vwxg|lqj d surfhvv/ zkhuh h{dfw phdvxuhphqw zloo uhpdlq hoxvlyh1
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Uhihuhqfhv

Dljqhu/ G1 M1/ F1 Kvldr/ D1 Ndswh|q/ dqg W1 Zdqvehhn +4<;7,= �Odwhqw Yduldeoh

Prghov lq Hfrqrphwulfv/� lq Kdqgerrn lq Hfrqrphwulfv/ hg1 e| ]1 Julolfkhv/ dqg P1 G1

Lqwuloljdwru/ yro1 LL/ ss1 4656�46<61 Qruwk Kroodqg/ Dpvwhugdp1

Dohvlqd/ D1/ dqg H1 od Ihuudud +5333,= �Wkh Ghwhuplqdqwv ri Wuxvw/� QEHU Zrun0

lqj Sdshu/ Qr1 :9541

Dyhu|/ U1 E1 +4<:<,= �Prgholqj Prqhwdu| Srolf| dv dq Xqrevhuyhg Yduldeoh/� Mrxuqdo

ri Hfrqrphwulfv/ 43/ 5<4�6441

Ehqwohu/ S1 P1/ dqg G1 J1 Zhhnv +4<;3,= �Pxowlyduldwh Dqdo|vlv zlwk Odwhqw Ydul0

deohv/� lq Kdqgerrn ri Vwdwlvwlfv/ hg1 e| S1 U1 Nulvkqdldk/ dqg O1 Ndqdo/ ss1 :7:�::41

Qruwk0Kroodqg/ Dpvwhugdp1

Eroohq/ N1 D1 +4<;<,= Vwuxfwxudo Htxdwlrqv zlwk Odwhqw Yduldeohv1 Mrkq Zloh| dqg Vrqv

Lqf1

Eurzqh/ P1 Z1 +4<;7,= �Dv|pswrwlfdoo| Glvwulexwlrq0Iuhh Phwkrgv iru wkh Dqdo|vlv

ri Fryduldqfh Vwuxfwxuhv/� Eulwlvk Mrxuqdo ri Pdwkhpdwlfdo dqg Vwdwlvwlfdo Sv|fkrorj|/

6:/ 95�;61

Folii/ Q1 +4<;6,= �Vrph Fdxwlrqv Frqfhuqlqj wkh Dssolfdwlrq ri Fdxvdo Prgholqj Phwk0

rgv/� Pxowlyduldwh Ehkdylrudo Uhvhdufk/ 4;/ 448�4591

Gh Phor/ P1/ F1 Ghql}hu/ D1 Jhoe/ dqg V1 Whqhy +4<<:,= �Flufxpvwdqfh dqg

Fkrlfh= Wkh Uroh ri Lqlwldo Frqglwlrqv dqg Srolflhv lq Wudqvlwlrq Hfrqrplhv/� +Zdvk0

lqjwrq= Lqwhuqdwlrqdo Ilqdqfh Frusrudwlrq,1

Gl Wrppdvr/ P1/ dqg P1 M1 Zhhnv +4<<<,= �Wkh Fuhdwlrq ri d Sdqho Gdwdedvh iru

Wudqvlwlrq Hfrqrplhv/� Plphr/ Ghsw1 ri Dssolhg Hfrqrplfv/ Xqlyhuvlw| ri Fdpeulgjh/

XN1

Gxw}/ P1/ dqg P1 Ydjoldvlqgl +5333,= �Uxohv yhuvxv Lpsohphqwdwlrq= H�hfwlyhqhvv

ri Frpshwlwlrq Srolf| lq Wudqvlwlrq Hfrqrplhv/� HEUG plphr1

HEUG +4<<<,= Wudqvlwlrq Uhsruw 4<<<= Whq \hduv ri WudqvlwlrqHxurshdq Edqn iru Uh0

frqvwuxfwlrq dqg Ghyhorsphqw/ Orqgrq1
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Hovwhu/ M1/ F1 Riih/ dqg N1 Suhxvv +4<<;,= Lqvwlwxwlrqdo Ghvljq lq Srvw0Frppxqlvw

Vrflhwlhv 0 Uhexloglqj wkh Vkls dw Rshq Vhd1 Fdpeulgjh Xqlyhuvlw| Suhvv/ Fdpeulgjh/

XN1

Ilvfkhu/ V1/ dqg D1 Jhoe +4<<4,= �Lvvxhv lq Vrfldolvw Hfrqrplf Uhirup/� lq Wkh

Wudqvlwlrq wr d Pdunhw Hfrqrpl|/ hg1 e| S1 Pdkuhu/ dqg V1 ]hffklql1 RHFG/ Sdulv1

Jrogehujhu/ D1 V1 +4<:5,= �Pd{lpxp0Olnholkrrg Hvwlpdwlrq ri Uhjuhvvlrqv Frqwdlq0

lqj Xqrevhuydeoh Lqghshqghqw Yduldeohv/� Lqwhuqdwlrqdo Hfrqrplf Uhylhz/ 46/ 4�481

+4<:6,= �Vwuxfwxudo Htxdwlrq Prghov= Dq Ryhuylhz/� lq Vwuxfwxudo Htxdwlrq

Prghov lq wkh Vrfldo Vflhqfhv/ hg1 e| D1 V1 Jrogehujhu/ dqg R1 G1 Gxqfdq/ ss1 4�4:1

Vhplqdu Suhvv Lqf1/ Qhz \run dqg Orqgrq1

Jrogehujhu/ D1 V1/ dqg R1 G1 Gxqfdq +4<:6,= Vwuxfwxudo Htxdwlrq Prghov lq wkh

Vrfldo Vflhqfhv1 Vhplqdu Suhvv/ Qhz \run dqg Orqgrq1

Kduyh|/ D1 F1 +4<;4,= Wlph Vhulhv Prghov1 +Kdovwhg Suhvv/ Qhz \run,1

Kdxvhu/ U1 P1/ dqg D1 V1 Jrogehujhu +4<:4,= �Wkh Wuhdwphqw ri Xqrevhuydeoh

Yduldeoh lq Sdwk Dqdo|vlv/� lq Vrflrorjlfdo Phwkrgrorj|/ hg1 e| K1 O1 Frvwqhu/ ss1 ;4�

4::1 Mrvvh|0Edvv/ Vdq Iudqflvfr1

Kdyu|o|vk|q/ R1/ dqg U1 Ydq Urrghq +4<<<,= �Lqvwlwxwlrqv Pdwwhu lq Wudqvlwlrq/

Exw vr Gr Srolflhv/� sdshu suhvhqwhg dw wkh Iliwk Gxeuryqln Frqihuhqfh rq Wudqvlwlrq/

Mxqh 56058/ Furdwld/ plphr1

Khoopdq/ M1 +4<<;,= �Zlqqhuv Wdnh Doo1 Wkh Srolwlfv ri Sduwldo Uhirup lq Srvwfrppx0

qlvw Wudqvlwlrq/� Zruog Srolwlfv/ 83+5,/ 536�5671

Mrkqvrq/ G1 U1/ dqg M1 F1 Fuhhfk +4<;6,= �Ruglqdo Phdvxuhv lq Pxowlsoh Lqglfdwruv

Prghov= D Vlpxodwlrq Vwxg| ri Fdwhjrul}dwlrq Huuru/� Dphulfdq Vrflrorjlfdo Uhylhz/

7;/ 6<;�73:1

Mruhvnrj/ N1/ dqg G1 Vruerp +4<<9,= OLVUHO ;= Xvhu*v Uhihuhqfh Jxlgh1 VVL Vfl0

hqwl�f Vriwzduh Lqwhuqdwlrqdo/ Fklfdjr/ LO/ XVD1

Mruhvnrj/ N1 J1/ dqg D1 V1 Jrogehujhu +4<:8,= �Hvwlpdwlrq ri d Prgho zlwk

Pxowlsoh Lqglfdwruv dqg Pxowlsoh Fdxvhv ri d Vlqjoh Odwhqw Yduldeoh/� Mrxuqdo ri wkh

Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ :3/ 964�96<1
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Ndxipdqq/ G1/ D1 Nudd|/ dqg S1 ]rlgr0Oredwrq +4<<<,= �Djjuhjdwlqj Jryhuqdqfh

Lqglfdwruv/� Zruog Edqn/ plphr1

Nhhihu/ S1/ dqg V1 Nqdfn +4<<8,= �Lqvwlwxwlrqv dqg Hfrqrplf Shuirupdqfh= Furvv

Frxqwu| Whvwv Xvlqj Dowhuqdwlyh Lqvwlwxwlrqdo Phdvxuhv/� Hfrqrplfv dqg Srolwlfv/ :+6,/

53:�55;1

+4<<:,= �Grhv Vrfldo Fdslwdo Kdyh dq Hfrqrplf Sd|r�B D Furvv Frxqwu|

Lqyhvwljdwlrq/� Wkh Txduwhuo| Mrxuqdo ri Hfrqrplfv/ F[LL/ 4585�45;;1

Nuxhjhu/ D1 R1 +4<<9,= �Uhjxodwlrq lq d G|qdplf Vhwwlqj/� lq Hpslulfdo Vwxglhv lq

Lqvwlwxwlrqdo Fkdqjh/ hg1 e| O1 M1 Dovwrq/ W1 Hjjhuwvvrq/ dqg G1 F1 Qruwk/ ss1 499�54<1

Fdpeulgjh Xqlyhuvlw| Suhvv/ Fdpeulgjh/ XN1

Odklul/ N1 +4<:9,= �Lq dwlrqdu| H{shfwdwlrqv= Wkhlu Irupdwlrq dqg Lqwhuhvw Udwh Hi0

ihfwv/� Dphulfdq Hfrqrplf Uhylhz/ 99/ 457�4641

Pxwkhq/ E1 +4<;6,= �Odwhqw Yduldeoh Vwuxfwxudo Htxdwlrq Prgholqj zlwk Fdwhjrulfdo

Gdwd/� Mrxuqdo ri Hfrqrphwulfv/ 55/ 76�981

Qruwk/ G1 F1 +4<<3,= Lqvwlwxwlrqv/ Lqvwlwxwlrqdo Fkdqjh/ dqg Hfrqrplf Shuirupdqfh1

Fdpeulgjh Xqlyhuvlw| Suhvv/ Fdpeulgjh1

Qruwk/ G1 F1/ dqg E1 U1 Zhlqjdvw +4<<9,= �Wkh Hyroxwlrq ri Prghuq Lqvwlwxwlrqv

ri Jurzwk/� lq Hpslulfdo Vwxglhv lq Lqvwlwxwlrqdo Fkdqjh/ hg1 e| O1 M1 Dovwrq/ W1 Hj0

jhuwvvrq/ dqg G1 F1 Qruwk/ ss1 45<�4991 Fdpeulgjh Xqlyhuvlw| Suhvv/ Fdpeulgjh/ XN1

Rkovrq/ M1 D1 +4<:<,= �Ulvn/ Uhwxuq/ Vhfxulw|0Ydoxdwlrq dqg wkh Vwrfkdvwlf Ehkdylru ri

Dffrxqwlqj Qxpehuv/� Mrxuqdo ri Ilqdqfldo dqg Txdqwlwdwlyh Dqdo|vlv/ 49/ 64:�6691

Rovvrq/ X1/ I1 Gudvjrz/ dqg Q1 M1 Grudqv +4<;4,= Wkh Sro|vhuldo Fruuhodwlrq

Frh!flhqw1 Xqlyhuvlw| ri Loolqrlv/ Xuedqd/ Loolqrlv1

Slvwru/ N1/ P1 Udlvhu/ dqg V1 Jhoihu +5333,= �Odz dqg Ilqdqfh lq Wudqvlwlrq/�

HEUG/ plphrjudskhg1

Udlvhu/ P1/ P1 O1 GlWrppdvr/ dqg P1 Zhhnv +5333d,= �Wkh Phdvxuhphqw dqg Gh0

whuplqdqwv ri Lqvwlwxwlrqdo Fkdqjh= Hylghqfh iurp Wudqvlwlrq Hfrqrplhv/� Hxurshdq

Edqn iru Uhfrqvwuxfwlrq dqg Ghyhorsphqw Zrunlqj Sdshu Qr1 931

+5333e,= �D Vwuxfwxudo Prgho ri Lqvwlwxwlrqdo Fkdqjh= Hylghqfh iurp Wudqvlwlrq

Hfrqrplhv/� Plphr1 Idfxow| ri Hfrqrplfv dqg Srolwlfv/ Xqlyhuvlw| ri Fdpeulgjh1

57



Urelqvrq/ S1 P1 +4<:7,= �Lghqwl�fdwlrq/ Hvwlpdwlrq dqg Odujh Vdpsoh Wkhru| iru

Uhjuhvvlrqv Frqwdlqlqj Xqrevhuydeoh Yduldeohv/� Lqwhuqdwlrqdo Hfrqrplf Uhylhz/ 48/

9;3�9<51

Vsdqrv/ D1 +4<;7,= �Oltxlglw| dv d Odwhqw Yduldeoh= Dq Dssolfdwlrq ri wkh PLPLF

Prgho/� R{irug Exoohwlq ri Hfrqrplfv dqg Vwdwlvwlfv/ 79+5,1

Vwhuq/ Q1 +4<<:,= �Wkh Wudqvlwlrq lq Hdvwhuq Hxursh dqg wkh Iruphu Vrylhw Xqlrq=

Vrph Vwudwhjlf Ohvvrqv iurp wkh H{shulhqfh ri 58 Frxqwulhv ryhu Vl{ \hduv/� Hxurshdq

Edqn iru Uhfrqvwuxfwlrq dqg Ghyhorsphqw1 Zrunlqj Sdshu 4;1

Vwrqh/ D1/ E1 Ohy|/ dqg U1 Sduhghv +4<<9,= �Wudqvdfwlrq Frvwv dqg Hfrqrplf Gh0

yhorsphqw/� lq Hpslulfdo Fkdqjhv lq Lqvwlwxwlrqdo Fkdqjh/ hg1 e| O1 M1 Dovwrq/ W1 Hj0

jhuwvvrq/ dqg G1 F1 Qruwk/ ss1 <8�45<1 Fdpeulgjh Xqlyhuvlw| Suhvv/ Fdpeulgjh/ XN1

Zdwvrq/ P1 Z1/ dqg U1 I1 Hqjoh +4<;6,= �Dowhuqdwlyh Dojrulwkpv iru wkh Hvwlpdwlrq

ri G|qdplf Idfwru/ Plplf dqg Ydu|lqj Frh!flhqw Uhjuhvvlrq Prghov/� Mrxuqdo ri

Hfrqrphwulfv/ 56/ 6;8�7331

Zloh|/ G1 H1 +4<:6,= �Wkh Lghqwl�fdwlrq Sureohp iru Vwuxfwxudo Htxdwlrq Prghov zlwk

Xqphdvxuhg Yduldeohv/� lq Vwuxfwxudo Htxdwlrq Prghov lq wkh Vrfldo Vflhqfhv/ hg1 e|

D1 V1 Jrogehujhu/ dqg R1 G1 Gxqfdq/ ss1 9<�;41 Vhplqdu Suhvv/ Qhz \run dqg Orqgrq1

Z|olh/ S1 E1 +4<:9,= �H�hfwv ri Frduvh Jurxslqj dqg Vnhzhg Pdujlqdo Glvwulexwlrqv rq

wkh Shduvrq Surgxfw Prphqw Fruuhodwlrq Frh!flhqw/� Hgxfdwlrqdo dqg Sv|fkrorjlfdo

Phdvxuhphqw/ 69/ 4�:1

]hooqhu/ D1 +4<:3,= �Hvwlpdwlrq ri Uhjuhvvlrq Uhodwlrqvklsv Frqwdlqlqj Xqrevhuydeoh

Yduldeohv/� Lqwhuqdwlrqdo Hfrqrplf Uhylhz/ 44/ 774�7871

]lheduw/ G1 D1 +4<;:,= �Wkh H�hfwv ri Dqqxdo Dffrxqwlqj Gdwd rq Vwrfn Uhwxuqv

dqg Wudglqj Dfwlylw|= D Fdxvdo Prgho Vwxg|/� Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo

Dvvrfldwlrq/ ;5+6<<,/ :66�:6;1
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Wdeoh 4= HEUG Wudqvlwlrq Lqglfdwruv= 4<<8 dqg 4<<<

Frxqwulhv Jryhuqdqfh Frpshwlwlrq Edqnlqj Vhfxulwlhv pdunhwv Ryhudoo Ohjdo

dqg hqwhusulvh srolf| uhirup dqg dqg qrq0edqn H�hfwlyhqhvv

uhvwuxfwxulqj lqwhuhvw udwh �qdqfldo dqg

olehudolvdwlrq lqvwlwxwlrqv H{whqvlyhqhvv

4<<8 4<<< 4<<8 4<<< 4<<8 4<<< 4<<8 4<<< 4<<8 4<<<

Doedqld 5 5 4 5 5 5 4 5 5 5.

Duphqld 5 5 4 5 5 5. 4 5 5 6

D}huedlmdq 5 5 4 4 5 5 4 50 4 50

Ehoduxv 5 4 5 5 5 4 5 5 5 4.

Exojduld 5 5. 5 5 5 60 5 5 6 60

Furdwld 5 60 4 5 6 6 5 5. 6 60

F}hfk Uhsxeolf 6 6 6 6 6 6. 6 6 7 6

Hvwrqld 6 6 6 60 6 70 5 6 6 70

I\U Pdfhgrqld 5 5 4 4 6 6 4 50 5 5.

Jhrujld 5 5 4 5 5 5. 4 4 5 4

Kxqjdu| 6 6. 6 6 6 7 6 6. 7 7

Nd}dnkvwdq 4 5 5 5 5 5. 5 5 5 60

N|j|}vwdq 5 5 5 5 5 5. 5 5 5 5.

Odwyld 5 60 5 60 6 6 5 5. 5 60

Olwkxdqld 5 60 5 5. 6 6 5 60 5 60

Progryd 5 5 5 5 5 5. 5 5 5 6

Srodqg 6 6 6 6 6 6. 6 6. 7 7

Urpdqld 5 5 4 5 6 60 5 5 5 60

Uxvvldq Ihg1 5 50 5 5. 5 50 5 50 5 60

Vorydn Uhsxeolf 6 6 6 6 6 60 6 5. 6 6.

Voryhqld 6 60 5 5 6 6. 6 6 6 6.

Wdmlnlvwdq 4 50 4 4 4 4 4 4 4 qd

Wxunphqlvwdq 4 50 4 4 4 4 4 4 4 qd

Xnudlqh 5 5 5 5 5 5 5 5 5 5

X}ehnlvwdq 5 5 5 5 5 50 5 5 5 50
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Wdeoh 5= Lqlwldo Frqglwlrqv Dqdo|vlv= Idfwru Ordglqjv

Hljhqyhfwruv

Il{hg Vhw

Sulq4 Sulq5

JGSbSF 031694 03133:
VWDWH 0315;6 31645
ULFK 315:9 31539
XUEDQ 031584 315:;
ORFDW 31788 03156;
PDUPHQ 3174; 03134<
HWKQLF 3164; 031333
UHO4 031734 031744
UHO5 3139; 31:79

Sursruwlrq
ri yduldqfh 3176 314:

5:



Wdeoh 6= Lqlwldo Frqglwlrqv= Frxqwu| Vfruhv

Il{hg vhw

Doedqld FHH 03186;
Duphqld FLV 031:49
D}huedlmdq FLV 5136;
Ehoduxv FLV 3155:
Exojduld FHH 041556
Furdwld FHH 041:<7
F}hfk Uhsxeolf FHH 051<5;
Hvwrqld FHH 041356
I\U Pdfhgrqld FHH 0313;
Jhrujld FLV 41;3;
Kxqjdu| FHH 061379
Nd}dnkvwdq FLV 5185<
N|uj|}vwdq FLV 519;8
Odwyld FHH 041358
Olwkxqld FHH 041844
Progryd FLV 31<4<
Srodqg FHH 041<7
Urpdqld FHH 031788
Uxvvld FLV 3179<
Vorydn Uhsxeolf FHH 041<67
Voryhqld FHH 051958
Wdmlnlvwdq FLV 51<4;
Wxunphqlvwdq FLV 51<39
Xnudlqh FLV 41643
X}ehnlvwdq FLV 6135:

5;



Wdeoh 7=
+D,

HUbVW FRPSbSRO EUbL RbOH VQE

HUbVW 4=333

FRPSbSRO 3=;87 4=333

EUbL 3=<99 3=9;8 4=333

RbOH 3=:56 3=9<3 3=97; 4=333

VQE 3=:8< 3=::9 3=9;4 3=::5 4=333

+E,

|vVFS |vSO |vLEG

HUbVW 3=68: 3=859 3=8;4

FRPSbSRO 3=786 3=777 3=847

EUbL 3=6;5 3=833 3=949

RbOH 3=7:< 3=8:8 3=8:5

VQE 3=83< 3=784 3=934

+F,

H[VKHbOj HPVLQbOj SXEHbJGS

HUbVW 3=964 3=958 3=:5<

FRPSbSRO 3=74: 3=899 3=997

EUbL 3=869 3=758 3=898

RbOH 3=:6< 3=8<; 3=:57

VQE 3=985 3=9:4 3=;55

+G,

LF LQ<8 LQ<9 LQ<: LQ<;

HUbVW �3=::7 �3=998 �3=796 �3=685 �3=633

FRPSbSRO �3=8;; �3=4<3 �3=635 �3=66; �3=685

EUbL �3=8;5 �3=833 �3=665 �3=6;3 �3=5;4

RbOH �3=:8: �3=833 �3=665 �3=76< �3=747

VQE �3=:97 �3=833 �3=65< �3=756 �3=74;

Vhh Dsshqglfhv 4 dqg 6 iru yduldeoh gh�qlwlrqv1

5<



Wdeoh 8= Plplf Prgho ri Lqvwlwxwlrqdo Fkdqjh= Sdudphwhu Hvwlpdwhv

Vwuxfwxudo Htxdwlrq Phdvxuhphqw Htxdwlrq

� U
5

�
|

Lqglfdwruv

Qr1 |hduv zlwk lq dwlrq?63( 31463 Jryhuqdqfh dqg 316<8 31;;;

dqg exgjhw gh�flw ?8( ri JGS +3136<, Hqwhusulvh Uhvwuxfwxulqj

\hduv zlwk vpdoo vfdoh sulydwlvdwlrq 31435 Frpshwlwlrq Srolf| 315<4 31:96

+3136:, +313<<,

\hduv zlwk sulfh olehudolvdwlrq 313;4 Edqnlqj Uhirup dqg 31635 31:::

+3136;, Lqwhuhvw Udwh Olehudolvdwlrq +313<7,

Dyhudjh vfruh iru srolwlfdo idfwruv 0314;8 Vhfxulwlhv Pdunhwv dqg 316:6 31<46

+31376, Qrq0edqn Ilqdqfldo Lqvwlwxwlrqv +3143;,

Odj ri h{sruwv wr HX dv d vkduh ri 313;5 Ohjdo Wudqvlwlrq Lqglfdwruv 31749 31;97

wrwdo h{sruwv +3136;, +3143:,

Fryduldqfh Sdudphwhuv

Odj ri wkh vkduh ri hpsor|phqw lq lqgxvwu| 313:; �%+Jry1Hqw1Uhf/Edqn1Uhi1, 3159:

uhvshfw wr d pdunhw hfrqrp| ehqfkpdun +3136<, +313<9,

Lqlwldo frqglwlrqv <8 03146<

+3136;,

Lqlwldo frqglwlrqv <9 03138;

+3136:,

Lqlwldo frqglwlrqv <: 0313;3

+31369,

Lqlwldo frqglwlrqv <; 0313:<

+3136<,

Jryhuqphqw h{shqglwxuh wr JGS 314;6

+31374,

U5
@ 3=;47

Qxpehuv lq sduhqwkhvlv ghqrwh vwdqgdug huuruv



Wdeoh 9= Phdvxuhv ri Ilw

Prgho 4 Prgho 5

"5 ILW 459136 6513: +31<86,

"5 +lqghshqghqfh, 44:61<< ;75193

Jrrgqhvv ri Ilw Lqgh{ +JIL, 31;<4 31<;7

Dgmxvwhg Jrrgqhvv ri Ilw Lqgh{ +DJIL,4 3195< 31<88

Urrw Phdq Vtxduh Uhvlgxdo +UPV, 31367 31376

Qxoo prgho= � @ 3 69:139 78:1;;

Qrwhv=
Wkh whvw vwdwlvlwlf "5 ILW lv htxdo wr QW � I3/ zkhuh I3 lv
wkh plplpxp ydoxh ri I lq +43, dqg QW lv vdpsoh vl}h

"
5
95>3=<8 fulwlfdo ydoxh @ ;5

JIL
5
@ 4� ^wu+V�Lp.v,

5
@wu+	+z,�4V,5`

+Lp.v lv dq lghqwlw| pdwul{ ri glphqvlrq p.v,

DJIL @
4�+p.v,+p.v.4,

5g
+4�JIL,

+g @ ghjuhhv ri iuhhgrp,

UPV @ vtxduh urrw ri wkh vtxduhg glvfuhsdqflhv ehwzhhhq
hohphqwv ri 	+z, dqg 	v

4 Wkh dgmxvwphqw lv edvhg xsrq xvlqj phdq vtxduhv lq wkh
qxphudwru dqg ghqrplqdwru1

5 Qrwh wkdw xqghu wkh ixqgdphqwdo fryduldqfh k|srwkhvlv
	+$,$ 	v

wu+	�4V,$ wu+Lp.v,> dqg wkhuhiruh JIL jrhv wr 41
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Dsshqgl{ 41 Ruglqdo lqglfdwruv ri Lqvwlwxwlrqdo Fkdqjh

Jryhuqdqfh dqg Hqwhusulvh Uhvwuxfwxulqj +HUbVW,> @ 4= Vriw exgjhw frq0

vwudlqwv +od{ fuhglw dqg vxevlg| srolflhv zhdnhqlqj �qdqfldo glvflsolqh dw wkh hqwhusulvh ohyho,>

ihz rwkhu uhirupv wr surprwh frusrudwh jryhuqdqfh> @5= Prghudwho| wljkw fuhglw dqg vxevlg|

srolf| exw zhdn hqirufhphqw ri edqnuxswf| ohjlvodwlrq dqg olwwoh dfwlrq wdnhq wr vwuhqjwkhq

frpshwlwlrq dqg frusrudwh jryhuqdqfh> @ 6= Vljql�fdqw dqg vxvwdlqhg dfwlrqv wr kdughq exgjhw

frqvwudlqwv dqg wr surprwh frusrudwh jryhuqdqfh h�hfwlyho| +h1j1 wkurxjk sulydwlvdwlrq frp0

elqhg zlwk wljkw fuhglw dqg vxevlg| srolflhv dqg2ru hqirufhphqw ri edqnuxswf| ohjlvodwlrq,> @7=

Vxevwdqwldo lpsuryhphqw lq frusrudwh jryhuqdqfh/ iru h{dpsoh/ dq dffrxqw ri dq dfwlyh frusr0

udwh frqwuro pdunhw> vljql�fdqw qhz lqyhvwphqw dqg dw wkh hqwhusulvh ohyho> @ 7.= Vwdqgdugv

dqg shuirupdqfh w|slfdo ri dgydqfhg lqgxvwuldo hfrqrplhv= h�hfwlyh frusrudwh frqwuro h{huflvhg

wkurxjk grphvwlf �qdqfldo lqvwlwxwlrqv dqg pdunhwv/ irvwhulqj pdunhw0gulyhq uhvwuxfwxulqj1

Frpshwlwlrq srolf| +FRPSbSRO,> @4= Qr frpshwlwlrq ohjlvodwlrq ru lqvwlwxwlrqv>

@ 5= Frpshwlwlrq srolf| ohjlvodwlrq dqg lqvwlwxwlrqv vhw xs= vrph uhgxfwlrq ri hqwu| uhvwulfwlrqv

ru hqirufhphqw dfwlrq rq grplqdqw �upv> @ 6= Vrph hqirufhphqw dfwlrqv wr uhgxfh dexvh ri

pdunhw srzhu dqg wr surprwh d frpshwlwlyh hqylurqphqw/ lqfoxglqj euhdn0xsv ri grplqdqw frq0

jorphudwhv> vxevwdqwldo uhgxfwlrq ri hqwu| uhvwulfwlrqv> @ 7= Vljql�fdqw hqirufhphqw dfwlrqv wr

uhgxfh dexvh ri pdunhw srzhu dqg wr surprwh d frpshwlwlyhqhvv hqylurqphqw> @7.= Vwdqgdugv

dqg shuirupdqfh w|slfdo ri dgydqfhg lqgxvwuldo hfrqrplhv= h�hfwlyh hqirufhphqw ri frpshwlwlrq

srolf|> xquhvwulfwhg hqwu| wr prvw pdunhwv1

Edqnlqj Uhirup dqg Lqwhuhvw Udwh Olehudolvdwlrq +EUbL,> @4= Olwwoh surjuhvv

eh|rqg hvwdeolvkphqw ri d wzr0wkhlu v|vwhp> @ 5= Vljql�fdqw olehudolvdwlrq ri lqwhuhvw udwhv dqg

fuhglw doorfdwlrq> olplwhg xvh ri gluhfwhg fuhglw ru lqwhuhvw udwh fhlolqjv> @ 6= Vxevwdqwldo surjuhvv

lq hvwdeolvkphqw ri edqn vroyhqf| dqg ri d iudphzrun iru suxghqwldo vxshuylvlrq dqg uhjxodwlrq>

ixoo lqwhuhvw udwh olehudolvdwlrq zlwk olwwoh suhihuhqwldo dffhvv wr fkhds uh�qdqflqj> vljql�fdqw

ohqglqj wr sulydwh hqwhusulvhv dqg vljql�fdqw suhvhqfh ri sulydwh edqnv> @7= Vljql�fdqw pryhphqw

ri edqnlqj odzv dqg uhjxodwlrqv wrzdugv ELV vwdqgdugv> zhoo0ixqfwlrqlqj edqnlqj frpshwlwlrq

dqg h�hfwlyh suxghqwldo vxshuylvlrq> vljql�fdqw whup ohqglqj wr sulydwh hqwhusulvhv> vxevwdqwldo

�qdqfldo ghshqglqj> @7.= Vwdqgdugv dqg shuirupdqfh qrupv ri dgydqfhg lqgxvwuldo hfrqrplhv>

ixoo frqyhujhqfh ri edqnlqj odzv dqg uhjxodwlrqv zlwk ELV vwdqgdugv> surylvlrq ri ixoo vhw ri

frpshwlwlyh edqnlqj vhuylfhv1

Vhfxulwlhv pdunhwv dqg qrq0edqn �qdqfldo lqvwlwxwlrqv +VbQE,> @4= Olwwoh

surjuhvv> @5= Irupdwlrq ri vhfxulwlhv h{fkdqjhv/ pdunhw0pdnhuv dqg eurnhuv> vrph wudglqj lq

jryhuqphqw sdshu dqg2ru vhfxulwlhv> uxglphqwdu| ohjdo dqg uhjxodwru| iudphzrun iru wkh lv0

vxdqfh dqg wudglqj ri vhfxulwlhv> @6= Vxevwdqwldo lvvxdqfh ri vhfxulwlhv e| sulydwh hqwhusulvh>

hvwdeolvkphqw ri lqghshqghqw vkduh uhjlvwulhv/ vhfxuh fohdudqfh dqg vhwwohphqw surfhgxuhv/ dqg

vrph surwhfwlrq ri plqrulw| vkduhkroghuv> hphujhqfh ri qrq0edqn �qdqfldo lqvwlwxwlrqv +h1j1 lq0

yhvwphqw ixqgv/ sulydwh lqvxudqfh dqg shqvlrq ixqgv/ ohdvlqj frpsdqlhv, dqg dvvrfldwhg uhjxod0

wru| iudphzrun> @7= Vhfxulwlhv odzv dqg uhjxodwlrqv dssurdfklqj LRVFR vwdqgdugv> vxevwdqwldo

pdunhw oltxlglw| dqg fdslwdolvdwlrq> zhoo0ixqfwlrqlqj qrq0edqn �qdqfldo lqvwlwxwlrqv dqg h�hf0

wlyh uhjxodwlrq> @7.= Vwdqgdugv dqg shuirupdqfh qrupv ri dgydqfhg lqgxvwuldo hfrqrplhv> ixoo

frqyhujhqfh ri vhfxulwlhv odzv dqg uhjxodwlrqv zlwk LRVFR vwdqgdugv> ixoo| ghyhorshg qrq0edqn

lqwhuphgldwlrq1

Ohjdo Wudqvlwlrq Lqglfdwruv +ROH,1 Vlqfh 4<<8 wkh HEUG kdv frqgxfwhg d vxuyh|
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wkdw phdvxuhv dqg dvvhvvhv wkh surjuhvv dgh wr gdwh lq ohjdo uhirupv lq wudqvlwlrq hfrqrplhv1

Wkurxjk wkh xvh ri wkh Ohjdo Lqglfdwru Vxuyh|/ dq lqglfdwru ri h{whqvlyhqhvv dqg dq lqglfdwru

ri h�hfwlyhqhvv ri d qxpehu ri frpphufldo odzv dqg �qdqfldo uhjxodwlrqv kdyh ehhq ghyhorshg1

Wkh ryhudoo vfruh xvhg lq wklv sdshu lv wkh dyhudjh +urxqghg grzq, ri wkh vfruhv jlyhq iru wkh

h{whqvlyhqhvv dqg h�hfwlyhqhvv lqglfdwruv1 Dv zlwk wkh rwkhu lqglfdwruv/ vfruhv udqjh iurp 4 wr

7. zkhuh 4 uhihuv wr d vlwxdwlrq zkhuh ihz fkdqjhv wrrn sodfh dqg 7. uhihuv wr d vlwxdwlrq zkhuh

ohjdo uxohv duh vlplodu wr wkrvh ri lqgxvwuldolvhg frxqwulhv1 Iru d frpsohwh dqg ghwdlohg gh�qlwlrq

ri wkh ohjdo lqglfdwruv zh uhihuu wr HEUG +4<<<, sj 7607;1

Dsshqgl{ 5

Wdeoh D514 Lqlwldo Frqglwlrqv= Yduldeohv dqg Gh�qlwlrqv

41 jgsbsf 0 JGS shu fdslwd lq 4<;</ dw SSS h{fkdqjh udwhv> suh0wudqvlwlrq jurzwk/ zkhuh

suh0wudqvlwlrq uhihuv wr 4<;80;< lq FHH dqg 4<;:0<4 lq wkh IVX>

51 ulfk 0 d gxpp| iru zhdowk lq qdwxudo uhvrxufhv +udqjlqj iurp 3 wr 5,>

61 xuedq 0 wkh vkduh ri wkh srsxodwlrq olylqj lq xuedq duhdv>

71 orfdw 0 wkh glvwdqfh ehwzhhq wkh frxqwu|*v fdslwdo dqg wkh HX +Euxvvhov,>

81 pduphp 0 wkh |hduv d frxqwu| olyhg xqghu fhqwudo sodqqlqj>

91 vwdwh d gxpp| iru vwdwh fdsdflw|/ vhw htxdo wr 5 lq doo hvwdeolvkhg qdwlrq vwdwhv/ 4 lq doo

grplqdqw vwdwhv lq d ihghudwlrq +Uxvvld/ wkh F}hfk Uhsxeolf dqg iruphu \xjrvodyld, dqg

3 iru doo qhz FLV vwdwhv dqg wkh Vorydn Uhsxeolf>

:1 hwkqlf@5 +4, +3, li A <8( +:80<3(, +rwkhu, ri wkh srsxodwlrq ehorqjlqj wr wkh grplqdqw

hwkqlf jurxs>

;1 uho4@4 li wkh grplqdqw uholjlrxv d!oldwlrq lv �Zhvwhuq Fkulvwldqlw|�/ 3 hovh>

<1 uho5@4 li wkh grplqdqw uholjlrxv d!oldwlrq lv �hdvwhuq ru ruwkrgr{ fkulvwldqlw|�/ 3 hovh1

Dsshqgl{ 61 Fdxvhv ri Lqvwlwxwlrqdo Fkdqjh

41 |vleg 0 qr1 ri |hduv vlqfh wkh vwduw ri wudqvlwlrq lq zklfk d frxqwu| kdg ohvv wkdq 63(

lq dwlrq dqg d exgjhw gh�flw ehorz 8( ri JGS/ glylghg e| wkh ohqjwk ri wudqvlwlrq lq

hdfk frxqwu|>

51 |vvfs 0 |hduv vlqfh vpdoo vfdoh sulydwlvdwlrq vwduwhg>
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61 |vso 0 |hduv zlwk sulfh olehudolvdwlrq1 Qxpehu ri |hduv lq zklfk d frxqwu| kdg dfklhyhg

dw ohdvw d 60 rq sulfh olehudolvdwlrq1

Wkh sulfh olehudolvdwlrq lqgh{ +SO, lv vfruhg dv iroorzv1 4@ Prvw sulfhv irupdoo| frqwuroohg

e| wkh jryhuqphqw> 5@ Sulfh frqwurov iru vhyhudo lpsruwdqfh surgxfw fdwhjrulhv> vwdwh

surfxuhphqw dw qrq0pdunhw sulfhv uhpdlqv vxevwdqwldo> 6@ Vxevwdqwldo surjuhvv rq sulfh

olehudolvdwlrq= vwdwh surfxuhphqw dw qrq0pdunhw sulfhv odujho| skdvhg rxw> 7@ Frpsuh0

khqvlyh sulfh olehudolvdwlrq> xwlolw| sulfhv zklfk uh hfwv hfrqrplf frvwv> 7.@ Vwdqgdugv

dqg shuirupdqfh w|slfdo ri dgydqfhg lqgxvwuldo hfrqrplhv> frpsuhkhqvlyh sulfh olehudol0

vdwlrq> h!flhqf|0hqkdqflqj uhjxodwlrq ri xwlolw| sulflqj1

71 dyhbsro 0 wkh dyhudjh vfruh iru wkh wzr srolwlfdo idfwruv= flylo olehuwlhv dqg srolwlfdo

uhirup> Flylo Olehuwlhv @4 +kljk, : +orz,> Srolwlfdo Uhirup @4 +kljk, : +orz,1 Vrxufh=

Iuhhgrp Krxvh>

81 hpvlq 0 wkh vkduh ri hpsor|phqw lq lqgxvwu|/ djulfxowxuh dqg vhuylfhv/ doo uhodwlyh wr

pdunhw hfrqrp| ehqfkpdunv/ frpsrvlwh lqgh{>

91 |vpv 0 |hduv zlwk pdfurhfrqrplf vwdelolvdwlrq wkh qxpehu ri |hduv vlqfh wkh vwduw ri d

irupdo vwdelolvdwlrq surjudpph +h1j1 4<<3 iru Srodqg/ 4<<8 iru Uxvvld,>

:1 h{vkh 0 h{sruwv wr HX dv d vkduh ri wrwdo h{sruwv>

;1 sxeh jgs 0 jryhuqhphqw h{shqglwxuh wr JGS1
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