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Prqhwdu| Xqlrq lq Zhvw Diulfd dqg Dv|pphwulf

Vkrfnv = D G|qdplf Vwuxfwxudo Idfwru Prgho

Dssurdfk�

Urpdlq Krxvvd �

N1X1Ohxyhq
Qryhpehu 5337

Devwudfw

Zh dqdo|vh wkh frvwv ri d prqhwdu| xqlrq lq Zhvw Diulfd e| phdqv ri dv|p0
phwulf djjuhjdwh ghpdqg dqg djjuhjdwh vxsso| vkrfnv1 Suhylrxv vwxglhv kdyh
hvwlpdwhg wkh vkrfnv zlwk wkh YDU prgho1 Zh glvfxvv wkh olplwdwlrqv ri wklv
dssurdfk dqg dsso| d qhz whfkqltxh edvhg rq wkh g|qdplf idfwru prgho1 Wkh
uhvxowv vxjjhvw wkh suhvhqfh ri hfrqrplf frvwv iru d prqhwdu| xqlrq lqZhvw Diulfd
ehfdxvh djjuhjdwh vxsso| vkrfnv duh srruo| fruuhodwhg ru dv|pphwulf dfurvv wkhvh
frxqwulhv1 Djjuhjdwh ghpdqg vkrfnv duh pruh fruuhodwhg ehwzhhq Zhvw Diulfdq
frxqwulhv1

� Nh|zrugv= Dv|pphwulf Vkrfnv/ Prqhwdu| Xqlrq/ Idfwru Prgho1
MHO Fodvvl�fdwlrq= F66/ I75/ H85/ H8;1

� L zrxog olnh wr wkdqn Fkulvwrskhu Dgdpv/ Sdxo Gh Judxzh/ Jhhuw Gkdhqh/ Grphqlfr Jldqqrqh/ Pdufr
O|ulr/ Oxfuh}ld Uhlfkolq/ Vdyhulr Vlprqhool/ Iudqflv Whdo/ dqg Pdulmnh Yhusrruwhq iru wkhlu khosixo frpphqwv1
L dp hvshfldoo| judwhixo wr p| surprwru/ Kdqv Ghzdfkwhu/ iru hqulfklqj glvfxvvlrqv1 L dovr ehqh�whg iurp
frpphqwv ri sduwlflsdqwv dw wkh FHV +NXOhxyhq,/ FVDH +R{irug Xqlyhuvlw|, dqg EFHDR0Frwrqrx vhplqduv1
Doo huuruv duh plqh1� Ghsduwphqw ri Hfrqrplfv/ FHV0NXOhxyhq1 h0pdlo= Urpdlq1KrxvvdChfrq1nxohxyhq1eh
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4 Lqwurgxfwlrq
Iroorzlqj wkh lqwurgxfwlrq ri wkh hxur dv wkh vlqjoh fxuuhqf| ri wkh Hxurshdq Prqhwdu|
Xqlrq/ wkhuh kdv ehhq d uhqhzhg dqg d jurzlqj lqwhuhvw lq prqhwdu| lqwhjudwlrq durxqg
wkh zruog � 1 Rqh vshfldo fdvh lv wkh prqhwdu| xqlrq surmhfw lq wkh Hfrqrplf Frppxqlw| ri
Zhvw Diulfdq Vwdwhv +HFRZDV, duhd1 HFRZDV lv d uhjlrqdo jurxs ri 48 frxqwulhv � dqg lw
douhdg| lqfoxghv d prqhwdu| xqlrq1 Wklv prqhwdu| xqlrq rqo| lqyroyhv wkh iruphu Iuhqfk
frorq| phpehuv ri HFRZDV1 Lw lv nqrzq dv wkh Zhvw Diulfdq Hfrqrplf dqg Prqhwdu|
Xqlrq � +ZDHPX,1 Rq Dsulo 5333/ HFRZDV dgrswhg d vwudwhj| ri d wzr0wudfn dssurdfk wr
wkh lpsohphqwdwlrq ri d prqhwdu| xqlrq lq wkh zkroh duhd1 Dv d �uvw vwhs/ wkh qrq0ZDHPX
phpehuv � ri HFRZDV djuhhg wr irup d vhfrqg prqhwdu| xqlrq/ wkh Zhvw Diulfdq Prqhwdu|
]rqh +ZDP],1 Dqg odwhu rq/ ZDHPX dqg ZDP] zloo phujh wr irup d zlghu prqhwdu|
xqlrq lq wkh HFRZDV duhd1

Zkhq frxqwulhv ghflgh wr sduwlflsdwh lq d prqhwdu| xqlrq wkh| dedqgrq wkhlu qdwlrqdo
fxuuhqf| dqg �{ wkhlu qrplqdo h{fkdqjh udwhv zlwk uhvshfw wr hdfk rwkhu1 Iurp wkhq rq/
wkh prqhwdu| srolf| lv pdqdjhg e| d frpprq fhqwudo edqn zlwk duhd0zlgh remhfwlyhv1 Dv d
frqvhtxhqfh/ wkh frxqwu| phpehuv ri wkh xqlrq orvh wkh frqwuro ri wkhlu qdwlrqdo prqhwdu|
srolf|1 Wkh| fdq qr orqjhu fkdqjh wkh sulfh ri wkhlu fxuuhqf|/ qru fdq wkh| ghwhuplqh
wkh txdqwlw| ri wkhlu prqh| dq|pruh> pruhryhu/ wkh| fdq qr orqjhu fkdqjh wkh vkruw0whup
lqwhuhvw udwh1 Rqo| idfwru +fdslwdo dqg oderxu, prelolw| dqg zdjh  h{lelolw| uhpdlq wkh
pdlq dgmxvwphqw phfkdqlvpv � dv dowhuqdwlyhv wr wkh h{fkdqjh udwh1 Wkhuhiruh/ li zdjhv duh
uljlg dqg idfwru prelolw| lv olplwhg/ frxqwulhv zloo �qg lw kdughu wr dgmxvw wr dv|pphwulf
vkrfnv1 Wkh orvv ri wkh delolw| wr lqghshqghqwo| rshudwh qdwlrqdo prqhwdu| dqg h{fkdqjh
udwh srolflhv/ lq wkh suhvhqfh ri dv|pphwulf vkrfnv/ lv uhihuuhg wr dv wkh frvwv ri d prqhwdu|

� Lq 4<7:/ wkh qxpehu ri lqghshqghqw fxuuhqflhv lq wkh zruog zdv 98 iru :9 frxqwulhv +Dohvlqd hw do1/ 5335,1
Wrgd|/ wkhuh duh 4<6 frxqwulhv/ zklfk xvh 48; gl�huhqw fxuuhqflhv lq lqwhuqdwlrqdo wudqvdfwlrqv1 Frqvhtxhqwo|/
wkh udwlr ri wkh qxpehu ri fxuuhqflhv wr wkh qxpehu ri frxqwulhv kdv ghfuhdvhg ehwzhhq 4<7: dqg wrgd|1 Wklv
udwlr lv h{shfwhg wr gurs udslgo| zkhq rqh frqvlghuv wkh sursrvhg uhjlrqdo fxuuhqf| duhdv1	 HFRZDV phpehuv duh Ehqlq/ Exunlqd Idvr/ Fdsh Yhugh/ Frwh g*Lyrluh/ Jdpeld/ Jkdqd/ Jxlqhd/ Jxlqhd
Elvvdx/ Olehuld/ Pdol/ Qljhu/ Qljhuld/ Vhqhjdo/ Vlhuud Ohrqh/ dqg Wrjr1 Pdxulwdqld zdv d irxqglqj phpehu
exw lw ohiw wkh jurxs odwhu1
 ZDHPX lqfoxghv Ehqlq/ Exunlqd Idvr/ Frwh g*Lyrluh/ Jxlqhd Elvvdx/ Pdol/ Qljhu/ Vhqhjdo/ dqg Wrjr1
ZDHPX lv dovr sduw ri wkh FID }rqh zklfk kdv wkh FID iudqf dv wkh frpprq fxuuhqf|1 FID iudqf lv gh�qhg
dv wkh iudqf gh od Frrsìudwlrq Ilqdqflëuh Diulfdlqh1 Iljxuh E4 lq Dsshqgl{ E vxppdulvhv wkh ryhuodslqj
phpehuvkls ri ZHDPX1 Dsduw iurp Jxlqhd Elvvdx/ zklfk lv d Sruwxjxhvh frorq|/ ZDHPX frxqwulhv duh
Iuhqfk vshdnhuv1� ZDP] phpehuv duh Jdpeld/ Jkdqd/ Jxlqhd/ Qljhuld dqg Vlhuud Ohrqh1 Olehuld dqg Fdsh Yhugh duh
wkh wzr uhpdlqlqj HFRZDV frxqwulhv wkdw duh qrw lqyroyhg lq wkh prqhwdu| surmhfw1 Olehuld kdv ghfolqhg
wr sduwlflsdwh lq ZDP] surmhfw1 Fdsh Yhugh kdv lwv fxuuhqf|/ wkh Fdsh Yhugh Hvfxgr/ shjjhg wr wkh Hxur
zlwk wkh vxssruw ri Sruwxjdo1 ZDP] frxqwulhv duh Hqjolvk vshdnlqj1� Iru hpslulfdo hylghqfhv vhh Dwnhvrq dqg Ed|rxpl +4<<6,/ Hlfkhqjuhhq +4<<3,/ HF Frpplvvlrq +4<<3,>
Eodqfkdug dqg Ndw} +4<<5,/ Ehqwlyrjol dqg Sdjdqr +4<<<,/ dqg Ghfuhvvlq dqg Idwdv +4<<8,1
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xqlrq lq wkh Rswlpdo Fxuuhqf| Duhd +RFD, olwhudwxuh1 Pxqghoo +4<94,/ Pfnlqqrq +4<96,
dqg Nhqhq +4<9<, duh wkh slrqhhuv ri wkh wkhru| ri RFD1 D fxuuhqf| duhd lv rswlpdo li
wkh ehqh�wv wkdw d frxqwu| uhfhlyhv iru mrlqlqj wkh xqlrq rxwzhljk wkh frvwv1 Wkh srwhqwldo
ehqh�wv ri d prqhwdu| xqlrq duh h{shfwhg wr lqfoxgh wkh fuhdwlrq ri d odujhu uhjlrqdo pdunhw
dqg wkh hqkdqfhphqw ri hfrqrplf frpshwlwlyhqhvv1 D prqhwdu| xqlrq lv dovr h{shfwhg wr
lqfuhdvh lqwud0uhjlrqdo wudgh yld orzhu wudqvdfwlrq frvwv dqg wkh uhgxfwlrq ri h{fkdqjh udwh
xqfhuwdlqwlhv +vhh Gh Judxzh/ 5336/ Fkdswhu 6,1

Lq wklv sdshu/ zh dqdo|}h wkh fruuhodwlrq ri djjuhjdwh ghpdqg dqg djjuhjdwh vxsso|
vkrfnv dfurvv Zhvw Diulfdq frxqwulhv gxulqj wkh shulrg 4<99053331 Xqolnh suhylrxv vwxglhv/
wkh vkrfnv duh h{wudfwhg iurp wkh jhqhudol}hg g|qdplf idfwru prgho sursrvhg e| Iruql hw do1
+5333 dqg 5337, dqg Iruql dqg Olssl +5334,1

Suhylrxv vwxglhv  kdyh pdlqo| xvhg wkh Yhfwru Dxwr0Uhjuhvvlyh +YDU, prgho wr dqdo|}h
dv|pphwulf vkrfnv lq Zhvw Diulfd1 Dfwxdoo|/ wkhvh vwxglhv iroorzhg wkh vwdqgdug whfkqltxh
dssolhg wr lqgxvwuldol}hg frxqwulhv/ slrqhhuhg e| Ed|rxpl dqg Hlfkhqjuhhq +4<<5,1 Iru h{0
dpsoh/ Ilhoglqj dqg Vklhogv +5334, lghqwli| rxwsxw dqg sulfh vkrfnv iru FID iudqf frxqwulhv1
Wkh| xvh d 70yduldeoh +rxwsxw jurzwk/ lq dwlrq/ prqh| jurzwk dqg iruhljq lq dwlrq, YDU
prgho dqg �qg d kljk ghjuhh ri fruuhodwlrq ehwzhhq lq dwlrq vkrfnv dfurvv frxqwulhv1 Wkh
fruuhodwlrq ri rxwsxw vkrfnv lv/ krzhyhu/ qrw xqlirup1 Vrph FID iudqf frxqwulhv +Ehqlq/
Exunlqd Idvr/ Vhqhjdo/ Wrjr/ Qljhu/ Fdphurrq/ Jderq/ Fhqwudo Diulfdq Uhsxeolf dqg Fkdg,
h{klelw d srvlwlyh fruuhodwlrq frqwudu| wr wkh uhvw1 Ilhoglqj dqg Vklhogv +5336, h{whqg wklv
vwxg| wr ZDP]1 Wkh| xvh d 60yduldeoh +rxwsxw jurzwk/ uhdo h{fkdqjh udwh dqg prqh|
jurzwk, YDU prgho dqg wkh whupv ri wudgh dv dq h{rjhqrxv yduldeoh1 Wkh uhvxowv vxjjhvw
ohvv uhdo h{fkdqjh udwh yrodwlolwlhv iru FID frxqwulhv dqg qhjdwlyh rxwsxw vkrfnv fruuhodwlrq/
dowkrxjk wkh odwwhu uhvxow lv qrw vljql�fdqw1 Lq d uhodwhg dqdo|vlv/ Kr�pdlvwhu hw do1 +4<<;,
xvh d 80yduldeoh +wkh zruog lqwhuhvw udwh/ wkh whupv ri wudgh/ rxwsxw/ wkh uhdo h{fkdqjh udwh/
dqg sulfhv, YDU prgho wr dqdo|vh pdfurhfrqrplf  xfwxdwlrqv lq Vxe0Vdkdudq Diulfdq frxq0
wulhv1 Wkh| �qg wkdw h{whuqdo vkrfnv duh wkh pdlq vrxufhv ri pdfurhfrqrplf  xfwxdwlrqv lq

� Wkhuh duh rwkhu sdshuv wkdw dsso| gl�huhqw phwkrgv wr dqdo|}h wkh vlplodulw| ri vkrfnv lq Zhvw Diulfdq
frxqwulhv1 Pdvvrq dqg Sdvwloor +5334, �qg yhu| orz whup ri wudgh fruuhodwlrqv dfurvv Zhvw Diulfdq frxqwulhv1
Wkh| lqwhusuhw wklv uhvxow dv dv|pphwulf vkrfnv1 Ed|rxpl dqg Rvwu| +4<<:, vwxg| rxwsxw glvwxuedqfhv
iru Vxe0Vdkdudq Diulfdq frxqwulhv1 Wkh| xvh dq DU +5, prgho ri uhdo rxwsxw shu fdslwd dqg �qg olwwoh uhdo
glvwxuedqfh fruuhodwlrqv dfurvv frxqwulhv1 Uhfhqwo|/ Eìqdvv|0Txìuì dqg Frxshw +5336, xvh wkh foxvwhu dqdo|vlv
wr whvw wkh Rswlpdo Fxuuhqf| Duhd k|srwkhvlv iru vxe0Vdkdudq Diulfd1 Wkhlu frqfoxvlrqv vxjjhvw wkh uhmhfwlrq
ri wklv k|srwkhvlv1 Krzhyhu/ wkh| lghqwli| wkh fruh ri ZDHPX edvhg rq vhyhudo hfrqrplf lqglfdwruv1 Pruh
lqwhuhvwlqjo|/ wkh| vkrz wkdw ZDHPX fdq eh h{whqghg wr rwkhu HFRZDV frxqwulhv vxfk dv Jkdqd/ Jdpeld/
Vlhuud Ohrqh/ exw qrw Qljhuld1 D vlplodu uhvxow iru Qljhuld kdv ehhq irxqg e| Gheuxq hw do1 +5335,1 Wkh|
dsso| d pxowl0frxqwu| prgho dqg vkrz wkdw wkh prqhwdu| xqlrq surmhfw lq HFRZDV zrxog qrw eh lq wkh
lqwhuhvw ri wkh rwkhu frxqwulhv xqohvv wklv surfhvv lv dffrpsdqlhg e| dq h�hfwlyh glvflsolqh ryhu Qljhuld*v �vfdo
srolflhv1 Ixuwkhupruh/ Rjxqnrod +5335, dqdo|vhv uhdo h{fkdqjh udwh vkrfnv iru HFRZDV phpehuv1 Kh �qgv
d orzhu yrodwlolw| iru lqwud0FID frxqwulhv wkdq dq| rwkhuv1 Qljhuld glvsod|v wkh kljkhvw yrodwlolw|1
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wkhvh frxqwulhv dqg wkh uhvxowv vhhp wr eh pruh surqrxqfhg iru FID frxqwulhv1
Wkh sureohp zlwk wkhvh vwxglhv olhv lq wkh xvh ri wkh YDU prgho1 Iluvw ri doo/ wkh YDU

prgho dvvxphv wkdw wkh vkrfnv dqg wkh lpsxovh uhvsrqvh ixqfwlrq duh ixqgdphqwdo/ � l1h1 wkh|
duh lqqrydwlrqv wr wkh yduldeohv lqfoxghg lq wkh v|vwhp1 Wklv pljkw qrw eh wkh fdvh iru wkh
vpdoo YDU diruhphqwlrqhg1 Wkh fulwltxh khuh lv wkdw hfrqrplf djhqwv pljkw xvh d vxshulru
lqirupdwlrq vhw wr wkh rqh xvhg lq wkh YDU prgho vxfk wkdw wkh ihz yduldeohv lqfoxghg lq
wkh YDU pd| qrw eh vx!flhqw wr h{sodlq wkh zkroh glphqvlrq ri wkh hfrqrp|1 Vhfrqg/ wkh
qxpehu ri sdudphwhuv hvwlpdwhg zlwk wkh YDU prgho jurzv zlwk wkh vtxduh ri wkh qxpehu
ri yduldeohv lqfoxghg lq wkh v|vwhp1 Iru h{dpsoh lq d 80yduldeoh YDU prgho zlwk 5 odjv/ wkh
qxpehu ri sdudphwhuv lv 83 +h{foxglqj wkh frqvwdqw whup,1 Wklv idfw pd| orzhu wkh qxpehu
ri ghjuhhv ri iuhhgrp ri wkh hvwlpdwlrq1 Wklug/ wkh qxpehu ri vkrfnv lv htxdo wr wkh qxpehu
ri yduldeohv lqfoxghg lq wkh YDU vxfk wkdw d odujh qxpehu ri uhvwulfwlrqv lv qhhghg wr dfklhyh
lghqwl�fdwlrq1

Wkh pdlq prwlydwlrq ri wklv sdshu lv wr dsso| d qhz phwkrg edvhg rq wkh g|qdplf
vwuxfwxudo idfwru prgho wr frpsxwh djjuhjdwh ghpdqg dqg djjuhjdwh vxsso| vkrfnv iru Zhvw
Diulfdq frxqwulhv1 Wkh g|qdplf idfwru prgho lv d qrq0sdudphwulf wrro wr dqdo|}h d odujh wlph
vhulhv gdwd vhw lq d furvv0vhfwlrq glphqvlrq1 Lw kdv ehhq dssolhg iru suhglfwlrqv +Ehuqdqnh
dqg Erlylq/ 5336> Vwrfn dqg Zdwvrq/ 5335d dqg 5335e> dqg Iruql hw do1/ 5335,/ iru vwuxfwxudo
dqdo|vlv +Jldqqrqh hw do1/ 5335> Iruql dqg Uhlfkolq/ 4<<;> dqg Iruql hw do1 5336, dqg iru
frqvwuxfwlqj hfrqrplf lqglfdwruv +Iruql hw do1 5334,1 Lq rxu vshfl�fdwlrq/ hdfk yduldeoh ri wkh
hfrqrp| lv gulyhq e| wzr frpprq vkrfnv +djjuhjdwh ghpdqg dqg djjuhjdwh vxsso| vkrfnv,
dqg dq lglrv|qfudwlf vkrfn1 Rq wkh rqh kdqg/ wkh frpprq vkrfnv d�hfw doo wkh yduldeohv
lq wkh hfrqrp|1 Wkh| kdyh d vwurqj fruuhodwlrq zlwk wkhvh yduldeohv1 Rq wkh rwkhu kdqg/
lglrv|qfdwlf vkrfnv duh vshfl�f wr hdfk yduldeoh dqg wkh| duh srruo| fruuhodwhg zlwk wkh uhvw
ri wkh yduldeohv1 Wkh| fdq eh lqwhusuhwhg dv phdvxuhphqw huuruv ru vkruw0uxq glvwxuedqfhv
+vhh Iruql hw do1/ 5333,1 Wr lghqwli| wkh vwuxfwxudo vkrfnv/ zh xvh wkh uhvwulfwlrq/ olnh lq
Eodqfkdug dqg Txdk +4<;<,/ wkdw djjuhjdwh ghpdqg vkrfnv kdyh rqo| d whpsrudu| h�hfw rq
rxwsxw1

Wkh idfwru prgho lv vxshulru wr wkh YDU prgho rq d qxpehu ri srlqwv1 Iluvw/ wkh idfwru
prgho glvwlqjxlvkhv phdvxuhphqw huuruv dqg rwkhu lglrv|qfudwlf glvwxuedqfhv lq wkh gdwd1
Pdfurhfrqrplf gdwd duh frpsxwhg zlwk huuruv1 Wkhvh huuruv fdq eh yhu| odujh lq ghyhorslqj

� Wkh ixqgdphqwdoqhvv fulwlf lv glvfxvvhg lq Olssl dqg Uhlfkolq +4<<6 dqg 4<<7,1 D YDU uhsuhvhqwdwlrq lv
ixqgdphqwdo li wkh vkrfnv ehorqj wr wkh olqhdu vsdfh vsdqqhg e| wkh suhvhqw dqg sdvw ri wkh yduldeohv lqfoxghg
lq wkh v|vwhp1 Lq wklv fdvh wkh urrwv ri wkh ghwhuplqdqw ri wkh PD uhsuhvhqwdlrq duh rxwvlgh wkh xqlw flufoh1
Zkhq wkh urrwv ri wkh ghwhuplqdqw ri wkh lpsxovh uhvsrqvh ixqfwlrq olh lqvlgh wkh xqlw flufoh/ wkh YDU lv qr
orqjhu ixqgdphqwdo1 Lq wklv fdvh/ wkh vkrfnv ehorqj wr wkh olqhdu vsdfh vsdqqhg e| wkh sdvw dqg ixwxuh ri
wkh yduldeohv lq wkh v|vwhp1 Wkhuhiruh/ wkh hvwlpdwlrq ri vkrfnv dqg wkh lpsxovh uhvsrqvh ixqfwlrq duh eldvhg
vlqfh wkh ixwxuh ri wkh yduldeohv duh qrw lqfoxghg lq wkh v|vwhp1
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frxqwulhv zkhuh gdwd duh vxemhfw wr vxevwdqwldo uhylvlrqv dqg duh uhohdvhg zlwk d orqj ghod|1
Wkhuhiruh/ rxu frqvlghudwlrq ri phdvxuhphqw huuruv fdq lpsuryh wkh h!flhqf| ri wkh uhvxowv1
Lq wklv uhvshfw/ wkh idfwru prgho lv dovr vxshulru wr rwkhu whfkqltxhv dssolhg lq suhylrxv
vwxglhv1 Vhfrqg/ wkh idfwru prgho doorzv xv wr dqdo|}h d odujh lqirupdwlrq vhw dqg h{sorlwv
wkh fryduldqfh vwuxfwxuh ri wkh sdqho wr h{wudfw d olplwhg lqirupdwlrq vhw1 Wklv uhgxfhv wkh
qxpehu ri uhvwulfwlrqv qhhghg wr lghqwli| wkh vkrfnv1 Zh xvh 87 yduldeohv iru hdfk frxqwu|
wr frpsxwh rqo| wzr vwuxfwxudo vkrfnv1 Wklv zrxog qrw eh srvvleoh zlwk d YDU prgho dqg
dq| rwkhu whfkqltxhv dssolhg lq suhylrxv vwxglhv1 Wklug/ Iruql hw do1 +5336, vkrz wkdw wkh
idfwru prgho lv vxshulru wr wkh YDU prgho ehfdxvh wkh ixqgdphqwdoqhvv dvvxpswlrq lv ohvv
uhvwulfwlyh zlwklq wkh idfwru prgho iudphzrun1

Wkh uhvw ri wkh sdshu lv rujdql}hg dv iroorzv1 Lq wkh qh{w vhfwlrq/ zh suhvhqw wkh fruuhod0
wlrq ri rxwsxw jurzwk dqg lq dwlrq dfurvv frxqwulhv1 Vhfwlrq 6 lv ghyrwhg wr wkh phwkrgrorj|1
Zh suhvhqw wkh g|qdplf vwuxfwxudo idfwru prgho dqg wkh hvwlpdwlrq surfhgxuh1 Vhfwlrq 7
jlyhv hpslulfdo uhvxowv1 Lq vhfwlrq 8 zh glvfxvv wkh lpsolfdwlrqv ri wkh uhvxowv1 Wkh odvw
vhfwlrq surylghv d frqfoxvlrq1

5 Fruuhodwlrq ri Rxwsxw Jurzwk dqg Lq dwlrq
Gl�huhqw suhihuhqfhv derxw lq dwlrq dqg rxwsxw jurzwk ri frxqwulhv pd| pdnh wkh lqwur0
gxfwlrq ri d frpprq fxuuhqf| frvwo|1 Rq wkh rqh kdqg/ d idvw0jurzlqj frxqwu| zloo kdyh
wr iroorz gh dwlrqdu| srolflhv/ � zklfk frqvwudlq jurzwk/ li lw irupv d prqhwdu| xqlrq zlwk
d orz0jurzlqj frxqwu|1 Rq wkh rwkhu kdqg/ d kljk lq dwlrq frxqwu| zloo lqfuhdvlqjo| orvh
lwv frpshwlwlyhqhvv � li lw irupv d prqhwdu| xqlrq zlwk d orzhu lq dwlrq frxqwu|1 Wkhvh
srlqwv prwlydwh rxu frpsdudwlyh dqdo|vlv ri lq dwlrq dqg rxwsxw jurzwk dfurvv Zhvw Diulfdq
frxqwulhv1

Wr ehjlq zlwk/ zh sorw wkh klvwrulfdo shuirupdqfh ��� ri rxwsxw jurzwk dqg lq dwlrq ri
ZDHPX dqg ZDP] lq Iljxuh 41 Wdeoh 4 uhsruwv wkh phdq dqg wkh vwdqgdug ghyldwlrq ri
rxwsxw jurzwk dqg lq dwlrq1 Wkh gdwd duh dqqxdo dqg vsdq wkh shulrg iurp 4<99 wr 53331
Uhdo JGS lv rxu phdvxuh ri rxwsxw dqg JGS gh dwru lv rxu sur{| iru wkh sulfh ohyho1 Zh
frpsxwh djjuhjdwh lq dwlrq dqg rxwsxw jurzwk ri ZDHPX dqg ZDP] dv wkh zhljkwhg vxp
ri lq dwlrq dqg rxwsxw jurzwk ri frxqwulhv lq hdfk jurxs1 Wkh zhljkwv duh rqh shulrg odj
vkduhv ri uhdo JGS dv vxjjhvwhg e| Eh|hu hw do1 +5334,1 Odfn ri gdwd irufhv xv wr h{foxgh

� D idvw0jurzlqj frxqwu| zloo qhhg idvw0jurzlqj lpsruwv/ dqg rzlqj h{sruwv wr jurz dw wkh vdph udwh dv
lpsruwv/ wklv frxqwu| kdv wr pdnh lwv h{sruwv fkhdshu> rwkhuzlvh wkhuh zloo eh d odujh fxuuhqw dffrxqw gh�flw1
Li wklv frxqwu| zhuh qrw lq d prqhwdu| xqlrq/ lw frxog mxvw ghsuhfldwh lwv fxuuhqf| wr lqfuhdvh h{sruwv1� Wklv iroorzv iurp wkh vwdqgdug SSS wkhruhp1��� Dgglwlrqdo lqglfdwruv duh surylghg lq Wdeohv E � / E � dqg E � lq Dsshqgl{ E1
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vrph frxqwulhv1 Rxu djjuhjdwh ZDHPX lqyroyhv Ehqlq/ Exunlqd Idvr/ Frwh g*Lyrluh/ Qljhu/
Vhqhjdo dqg Wrjr1 Wkh ZDP] frxqwulhv frqvlghuhg duh Qljhuld/ Jdpeld dqg Jkdqd1 Lq wkh
sdshu/ zh zloo vrphwlphv uhihu wr ZDHPX frxqwulhv dv FID frxqwulhv ru Iuhqfk vshdnlqj
frxqwulhv dqg wr wkh ZDP] rqhv dv Hqjolvk vshdnlqj frxqwulhv1

^ Iljxuh 4 dqg Wdeoh 4 derxw khuh`
Rqh idfw iurp Iljxuh 4 dqg Wdeoh 4 lv wkdw lq dwlrq lv pxfk orzhu lq FID frxqwulhv1

Pruhryhu/ Hqjolvk vshdnlqj frxqwulhv kdyh rq dyhudjh wkh kljkhvw yrodwlolw| ri erwk rxwsxw
jurzwk dqg lq dwlrq1 Wkh uhodwlyho| orz ohyhov ri lq dwlrq lq ZDHPX kdyh ehhq h{sodlqhg
e| wkh shj ri wkh FID iudqf wr wkh Iuhqfk iudqf ehiruh 4<<< dqg qrz wr wkh Hxur +vhh Eohdqh|
dqg Ilhoglqj/ 5335,1 Uhjduglqj rxwsxw jurzwk/ wkhuh lv qrw d fohdu gl�huhqfh ehwzhhq wkh
wzr jurxsv1 Wkhuh duh vrph shulrgv zkhq Hqjolvk vshdnlqj frxqwulhv glg ehwwhu wkdq Iuhqfk
vshdnlqj rqhv dqg ylfh0yhuvd1

Qh{w/ zh dqdo|}h wkh fruuhodwlrq ri rxwsxw jurzwk dqg lq dwlrq dfurvv frxqwulhv1 Iljxuhv
5 dqg 6 glvsod| wkh fruuhodwlrqv ri rxwsxw jurzwk dqg lq dwlrq zlwk wkh djjuhjdwh ZDHPX
dqg ZDP]/ uhvshfwlyho|1 Wdeohv 5 dqg 6 uhsruw wkh fruuhodwlrq pdwulfhv ri rxwsxw jurzwk
dqg lq dwlrq1

^ Iljxuhv 5 dqg 6 dqg Wdeohv 5 dqg 6 derxw khuh`
ZDHPX frxqwulhv kdyh d vwurqj dqg srvlwlyh lq dwlrq fruuhodwlrq zlwk wkhlu djjuhjdwh1

Wklv lv dovr wuxh iru rxwsxw jurzwk h{fhsw iru Ehqlq dqg Wrjr/ zklfk kdyh d qhjdwlyh dqg d
orz rxwsxw jurzwk fruuhodwlrq/ uhvshfwlyho|1 Jkdqd dqg Qljhuld/ wzr ZDP] frxqwulhv/ duh
d elw forvhu wr Iuhqfk vshdnlqj frxqwulhv1 Wkh| kdyh d zhdn srvlwlyh fruuhodwlrq ri lq dwlrq
dqg rxwsxw jurzwk zlwk ZDHPX/ uhvshfwlyho|1 Jdpeld kdv qhjdwlyh rxwsxw jurzwk dqg
lq dwlrq fruuhodwlrqv1

Dffruglqj wr wkh fruuhodwlrq zlwk ZDP]/ wkh phpehu frxqwulhv dovr h{klelw d srvlwlyh
fruuhodwlrq h{fhsw iru Jdpeld1 Krzhyhu/ wkh fruuhodwlrqv khuh duh ohvv surqrxqfhg frpsduhg
wr wkh ZDHPX rqhv1 Ehvlghv/ Iuhqfk vshdnlqj frxqwulhv kdyh olwwoh ru qhjdwlyh rxwsxw
jurzwk dqg lq dwlrq fruuhodwlrq zlwk ZDP]1 Wkhvh uhvxowv duh dovr frq�uphg e| wkh fruuh0
odwlrq pdwulfhv lq Wdeohv 5 dqg 61 Qljhuld lv dssur{lpdwho| dw wkh sodfh zkhuh Frwh g*Lyrluh
zdv zkhq zh frpsxwhg wkh fruuhodwlrq zlwk ZDHPX +vhh Iljxuhv 5 dqg 6,1 Wklv pd| vxj0
jhvw wkdw Frwh g*Lyrluh dqg Qljhuld fdq eh frqvlghuhg dv wkh fruh ri ZDHPX dqg ZDP]/
uhvshfwlyho|1 Wkh uhvxow lv qrw vxusulvlqj jlyhq wkh kljk zhljkwv ��� ri Frwh g*Lyrluh dqg Qljh0
uld lq wkh frpsxwdwlrq ri djjuhjdwh rxwsxw jurzwk dqg lq dwlrq ri ZDHPX dqg ZDP]/
uhvshfwlyho|1

��� Frwh g*Lyrluh dqg Qljhuld duh wkh odujhvw hfrqrplhv ri ZDHPX dqg ZDP]/ uhvshfwlyho| +vhh Wdeohv E4
dqg E5 lq Dsshqgl{ E,1
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Wkh pdlq frqfoxvlrq ri wklv vhfwlrq lv wkdw ZDP] frxqwulhv kdyh d uhodwlyh kljk ohyho ri
lq dwlrq1 Wklv lpsolhv d orvv ri frpshwlwlyhqhvv iru wkhvh frxqwulhv li wkh| irup d prqhwdu|
xqlrq zlwk ZDHPX phpehuv1 Wkh| fdq uhgxfh wkhvh frvwv e| orzhulqj wkhlu lq dwlrq1
Wklv zloo/ krzhyhu/ fuhdwh dqrwkhu sureohp1 D orzhu lq dwlrq lpsolhv ohvv vhljqlrudjh iruflqj
ZDP] frxqwulhv wr lqfuhdvh wd{dwlrq ru ohw wkh exgjhw gh�flw lqfuhdvh1 Wkh txhvwlrq lv
zkhwkhu wkh fruuhodwlrqv ri djjuhjdwh ghpdqg dqg vxsso| vkrfnv duh vlplodu wr zkdw zh kdyh
revhuyhg khuh1 Wkh qh{w vhfwlrqv surylgh wkh dqdo|vlv ri vkrfnv zkhuh zh irfxv rq uhvxowv
uhodwlyh wr Frwh g*Lyrluh dqg Qljhuld1

6 Phwkrgrorj|
Lq wklv vhfwlrq/ zh suhvhqw wkh g|qdplf vwuxfwxudo idfwru prgho1 Wkhuhdiwhu/ zh ghvfuleh wkh
hvwlpdwlrq surfhgxuh1 Zh frqfoxgh zlwk d vkruw ghvfulswlrq ri wkh gdwd vhw1

614 Wkh G|qdplf Vwuxfwxudo Idfwru Prgho
Zh dvvxph wkdw wkh surfhvv { ��� lv wkh vxp ri wzr xqrevhuydeoh frpsrqhqwv dv iroorzv=

{ ��� @ " ��� . � ��� > +4,
zkhuh/ { ��� > l @ 4> = = = > q> +q 5 Q,> w @ 3> = = = > W> +W 5 ],> lv d vwdwlrqdu| surfhvv zlwk }hur
phdq1 q uhsuhvhqwv wkh qxpehu ri yduldeohv lqfoxghg lq wkh sdqho dqg W lv wkh qxpehu ri
revhuydwlrqv1 " ��� lv fdoohg wkh frpprq frpsrqhqw dqg � ��� lv wkh lglrv|qfudwlf frpsrqhqw1
Qh{w/ zh dvvxph wkdw wkh hfrqrp| lv gulyhq e| wzr frpprq vkrfnv vxfk wkdw wkh frpprq
frpsrqhqw fdq eh h{suhvvhg dv=

" ��� @ e+O,x � @ e �! +O,x  "� . e �$# +O,x #%� > +5,
zkhuh/ wkh �owhuv e � & +O, duh rqh0vlghg sro|qrpldo ri rughu v lq wkh odj rshudwru O1 x � @
+x  "� > x #'� , ( uhsuhvhqwv d 50glphqwlrqdo yhfwru ri wkh frpprq vkrfnv1 Zh fdoo x  "� dqg x #'�
djjuhjdwh vxsso| vkrfnv dqg djjuhjdwh ghpdqg vkrfnv/ uhvshfwlyho|1 Wkh yhfwru ri vkrfnv/
x � / lv ruwkrqrupdo zklwh qrlvh1 � ��� lv d }hur0phdq vwdwlrqdu| surfhvv dqg ruwkrjrqdo wr x&)��*,+
iru dq| l> m> w> dqg n=

Htxdwlrq +4, fdq eh uhvwdwhg lq pdwul{ qrwdwlrq dv=

{ - � @ " - � . � - � @ E - +O,x � . � - � > +6,
zkhuh/ { - � @ +{  "� = = = { - � , ( > " - � @ +"  �� = = = " - � , ( dqg � - � @ +�  �� = = = � - � , ( 1 E - +O, @ E -. .E - O.
= = =.E -/ O / lv d q� 5 pdwul{/ zklfk kdv wkh e � & +O, dv hqwulhv1

:



Htxdwlrq +6, lv wkh jhqhudol}hg g|qdplf idfwru prgho sursrvhg e| Iruql hw do1 +5333, dqg
Iruql dqg Olssl +5334, zkhuh wkh 5 hqwulhv ri x � uhsuhvhqw wkh g|qdplf idfwruv1 Wklv prgho
uhfrqflohv wkh wzr vwudqgv ri olwhudwxuh rq idfwru prghov1 Rq wkh rqh kdqg/ Iruql hw do1 +5333
dqg 5334, jhqhudol}h wkh g|qdplf idfwru prgho lqwurgxfhg e| Vdjhqw dqg Vlpv +4<::, dqg
Jhzhnh +4<::, e| doorzlqj iru qrq0ruwkrjrqdo lglrv|qfudwlf whupv +vhh dvvxpswlrq 4,1 Rq
wkh rwkhu kdqg/ wkh prgho lv d jhqhudol}dwlrq ri wkh idfwru prgho ri Fkdpehuodlq +4<;6, dqg
Fkdpehuodlq dqg Urwkvfklog +4<;6, zklfk dvvxphv qrq0ruwkrjrqdo lglrv|qfudwlf frpsrqhqwv
exw lw lv vwdwlf1

Ghqrwh e| 	 0- +�,/ � 5 ^�� �`/ wkh vshfwudo � � ghqvlw| pdwul{ ri { - � dqg � 1� +�,/ l @
4> 5> = = = > q/ lwv hljhqydoxhv lq ghfuhdvlqj rughu ri pdjqlwxgh1 Wkh � 1� +�, duh fdoohg g|qdplf
hljhqydoxhv � � 1 Vlploduo|/ � 2� +�, dqg � 3� +�, uhsuhvhqw wkh g|qdplf hljhqydoxhv ri wkh vshfwudo
ghqvlw| pdwulfhv ri wkh frpprq frpsrqhqw/ 	 2- +�,> dqg wkh lglrv|qfudwlf frpsrqhqw/ 	 3

- +�,>
uhvshfwlyho|1

Lghqwl�fdwlrq ri wkh frpprq dqg lglrv|qfudwlf frpsrqhqwv uhtxluhv wzr dgglwlrqdo dv0
vxpswlrqv=
Dvvxpswlrq 4= Wkh �uvw g|qdplf hljhqydoxh ri wkh vshfwudo ghqvlw| pdwul{ ri wkh lglrv|q0
fudwlf frpsrqhqw lv xqlirupo| erxqghg � � / l1h1/ wkhuh h{lvwv d uhdo � vxfk wkdw � 3  +�, � �> ;
� 5 ^�� �`1 Wklv lpsolhv wkdw yduldwlrqv fdxvhg e| lglrv|qfudwlf frpsrqhqwv duh vpdoo dqg
whqg wr }hur dv l whqgv wr lq�qlw|1
Dvvxpswlrq 5= Wkh �uvw wzr odujhvw g|qdplf hljhqydoxhv ri wkh vshfwudo ghqvlw| pdwul{
ri wkh frpprq frpsrqhqw glyhujh doprvw hyhu|zkhuh +d1h1, lq ^�� �`> l1h1> � 2& +�, �$ 4
dv q �$ 4> d1h1 lq ^�� �`/ m @ 4> 51 Wklv phdqv wkdw hdfk ri wkh wzr g|qdplf idfwruv lv
lq�qlwho| suhvhqw lq wkh furvv0vhfwlrq xqlwv1 Qrwh wkdw wklv dvvxpswlrq rqo| frqfhuqv wkh �uvw
wzr odujhvw g|qdplf hljhqydoxhv ri wkh frpprq frpsrqhqwv ehfdxvh zh lpsolflwo| dvvxph
wzr frpprq vkrfnv1 Zh zloo vkrz odwhu wkdw wkh dvvxpswlrq ri wzr frpprq vkrfnv lv
vxssruwhg e| rxu gdwd1

Xqghu wkhvh uhtxluhphqwv/ Iruql hw do1 +5333, vkrz wkdw wkh �uvw wzr odujhvw hljhqydoxhv
ri 	 0- +�, glyhujh d1h1 lq ^�� �` zkhuhdv wkh wklug rqh lv xqlirupo| erxqghg1 Wklv jxdudqwhhv
wkh lghqwl�fdwlrq ri wkh frpprq dqg lglrv|qfudwlf frpsrqhqwv +vhh Iruql dqg Olssl/ 5334,1

� 	 Wkh vshfwudo ghqvlw| ixqfwlrq ri d yduldeoh lv wkh ghfrpsrvlwlrq ri wkh yduldqfh ri wklv yduldeoh lqwr
ruwkrjrqdo frpsrqhqwv lq wkh iuhtxhqf| grpdlq1� 
 Wkh whup g|qdplf hljhqydoxh lv xvhg wr pdnh d gl�huhqfh zlwk wkh hljhqydoxh ri wkh yduldqfh fryduldqfh
ri  465 1 Vhh Euloolqjhu +4<:8,1� � Dvvxpswlrq 4 hqvxuhv wkdw wkh yduldqfh ri d olqhdu frpelqdwlrq ri lglrv|qfudwlf frpsrqhqwv ydqlvkhv dv
q jrhv wr lq�qlw|1 Wklv uhtxluhphqw lv vdwlv�hg lq fdvhv zkhuh wkh lglrv|qfudwlf frpsrqhqwv duh ruwkrjrqdo
ru zhdno| fruuhodwhg +vhh Iruql dqg Olssl/ 5334,1

;



Wr lghqwli| wkh vwuxfwxudo vkrfnv/ zh xvh wkh wudqvirupdwlrq y � @ Ux � > zlwk UU ( @ L # /
zkhuh L # lv d 5�5 lghqwlw| pdwul{1 Wkh sureohp frqvlvwv ri fkrrvlqj wkh dssursuldwh urwdwlrq
pdwul{ U wkdw fruuhvsrqgv wr rxu lghqwl�fdwlrq dvvxpswlrq1 Zh zloo frph edfn wr wklv srlqw
odwhu1

Wkh vwdwlf irup uhsuhvhqwdwlrq ri Htxdwlrq +6, lv=

{ - � @ D - I � . � - � > +7,
zkhuh/ D - @ +d (  = = = d (- , ( @ +E -. E - = = =E -/ , dqg I � @ +x  �� x #'� x  "��*7 x #'�8*7 = = = x  "��* / x #'�8* / , ( =
Wkh u @ 5+v. 4, hqwulhv ri I � duh fdoohg vwdwlf idfwruv1 Iurp wkh h{suhvvlrq ri I � / lw iroorzv
e| gh�qlwlrq wkdw=

I � @ FI ��*7 . h � > +8,

zkhuh/ F @

3

E

E

E

E

C

3 3
+5� 5v, +5� 5,

L 3
+5v� 5v, +5v� 5,

4

F

F

F

F

D

> h � @

3

E

E

C

x �
3

+5v� 4,

4

F

F

D

dqg I ��*7 lv ruwkrjrqdo wr h � 1

Wkh yhfwru I � lv rqo| lghqwl�hg xs wr d suh0pxowlsolfdwlrq e| d xqlwdu| pdwul{1 Vr zh
fdqqrw hvwlpdwh lw gluhfwo|1 Zh udwkhu hvwlpdwh �%� wkh frpprq vwdwlf idfwruv vsdfh1 Wklv lv
wkh yhfwru J � zkrvh hqwulhv vsdq wkh olqhdu vsdfh dv wkh hqwulhv ri I � = Vxssrvh wkdw J � @ HI � >
zkhuh H lv d qrq0vlqjxodu pdwul{1 Jlyhq wkh gh�qlwlrq ri J � dqg Htxdwlrq +8, / lw iroorzv
wkh YDU+4, uhsuhvhqwdwlrq=

J � @ GJ ��*7 . � � > +9,
zkhuh/ G @ HFH *7 dqg � � @ Hh � 1 Wkh uhvlgxdo iurp wkh YDU+4, lq Htxdwlrq +9, fdq eh
h{suhvvhg dv=

� � @ H # x � @ H # U ( Ux � @ SPUx � > +:,
zkhuh H # lv wkh pdwul{ iruphg e| wkh �uvw wzr froxpqv ri H1 P uhsuhvhqwv wkh gldjrqdo
pdwul{ kdylqj rq wkh gldjrqdo wkh vtxduh urrwv ri wkh �uvw wzr odujhvw hljhqydoxhv ri wkh
fryduldqfh pdwul{ ri wkh uhvlgxdo/ � � 1 S lv wkh pdwul{ zkrvh froxpqv duh wkh hljhqyhfwruv
fruuhvsrqglqj wr wkhvh hljhqydoxhv1 Uhsodflqj wkh uhvlgxdo � � e| lwv h{suhvvlrq lq Htxdwlrq
+:, dqg lqyhuwlqj wkh YDU +4, jlyhv=

� � Zh ghdo zlwk wkh hvwlpdwlrq lvvxh lq wkh qh{w vxevhfwlrq1

<



J � @ +L 9 �GO, *7 SPUx � > +;,
zkhuh O lv wkh odj rshudwru dqg L 9 lv d u�glphqvlrqdo lghqwlw| pdwul{1 Vxevwlwxwlqj Htxdwlrq
+9, lq Htxdwlrq +7, dqg uhsodflqj HI � e| J � jlyhv=

{ - � @ T - J � . � - � @ T - +L 9 .GO.G # O # . = = =.G / O / ,SPUx � . � - � > +<,
zlwk T - @ D - H dqg U lv d urwdwlrq pdwul{ zklfk lv fkrvhq dffruglqj wr rxu lghqwl�fdwlrq
uhvwulfwlrq1 Qrwh wkdw wklv vxp lv �qlwh ehfdxvh " - � lv ruwkrjrqdo wr x ��*,+ iru n " v1 Iurp
Htxdwlrq +<,/ zh lghqwli| wkh lpsxovh uhvsrqvh ixqfwlrq +LUI , dv iroorzv=

LUI @ T- +L .GO.G # O # . = = =.G / O / ,SPU= +43,

615 Hvwlpdwlrq
Lq wklv vhfwlrq zh h{sodlq wkh gl�huhqw vwhsv wr hvwlpdwh wkh xqnqrzq sdudphwhuv lq Htxdwlrq
+43,1 Wkhvh sdudphwhuv duh frqwdlqhg lq wkh pdwulfhv T - > G> S> P> dqg U=

Iroorzlqj Vwrfn dqg Zdwvrq +5335d dqg 5335e,/ zh hvwlpdwh wkh vwdwlf idfwruv vsdfh/ J � >
e| wkh �uvw u sulqflsdo frpsrqhqwv ri { - � =

J � @ Y ( { - � > +44,
zkhuh Y lv d q � u pdwul{ zkrvh froxpqv duh wkh hljhqyhfwruv fruuhvsrqglqj wr wkh �uvw u
odujhvw hljhqydoxhv ri wkh yduldqfh0fryduldqfh pdwul{ ri { - � 1 Wkh qxpehu ri vwdwlf idfwruv/
u> lv ghwhuplqhg e| wkh lqirupdwlrq fulwhuld sursrvhg e| Edl dqg Qj +5335,1 Zh �qg wkh
ydoxhv iru u udqjlqj ehwzhhq 6 dqg 91 Zh fkrrvh 8 vwdwlf idfwruv �  wr doorz frpsdulvrq ri
wkh uhvxowv ehwzhhq frxqwulhv1

Edvhg rq Htxdwlrq +<, dqg rq Vwrfn dqg Zdwvrq +5335d dqg 5335e,/ zh hvwlpdwh T - e|
ROV dv=

T- @
:
[

�!;< 
{ - � J (�

# :
[

�=;< 
J � J (�

$ *7 
@ Y= +45,

Kdylqj ghwhuplqhg J � / zh hvwlpdwh wkh YDU+4, lq Htxdwlrq +9, e| ROV1 Wklv jlyhv wkh
ydoxh iru G=

� � Wkh uhvxowv gr qrw fkdqjh ixqgdphqwdoo| zkhq zh xvh gl�huhqw qxpehuv ri vwdwlf idfwruv1

43



G @
:
[

�=;7#
J � J (��*7 

# :
[

�=;7#
J ��*7 J (��*7 

$ *7 
= +46,

Qh{w/ zh frpsxwh wkh yduldqfh0fryduldqfh pdwul{ ri wkh uhvlgxdo � � lq Htxdwlrq +9, e|=

� @ 4
W � 4

:
[

�=;7#
J � J (� �G

# 4
W � 4

:
[

�!;7#
J �8*7 J (��*7 

$ *7 
G ( = +47,

Diwhu wkdw/ zh uxq wkh �uvw 5 sulqflsdo frpsrqhqwv rq wklv pdwul{ wr hvwlpdwh S dqg
P= P lv wkh gldjrqdo pdwul{ kdylqj rq wkh gldjrqdo wkh vtxduh urrwv ri wkh �uvw 5 odujhvw
hljhqydoxhv ri wkh fryduldqfh pdwul{ ri � � / dqg S lv wkh pdwul{ zkrvh froxpqv duh wkh
hljhqyhfwruv fruuhvsrqglqj wr wkhvh hljhqydoxhv1

Edvhg rq Htxdwlrq +:,/ zh hvwlpdwh x � e|=

x � @ U ( P *7 S ( � � > +48,
zkhuh � � @ Y ( { - � �GY ( { - �8*7 +vhh Htxdwlrq +9,,1

Ilqdoo|/ wkh urwdwlrq pdwul{ lv uhsuhvhqwhg e|=

U @
# vlq+d, frv+d,

� frv+d, vlq+d,
$

> +49,

zkhuh d 5 ^3> �,1 Wkh sdudphwhu d lv �{hg vxfk wkdw wkh orqj0uxq h�hfw ri wkh ghpdqg vkrfn
rq rxwsxw lv }hur1 Pruh vshfl�fdoo|/ wkh sdudphwhu d plqlpl}hv wkh glvwdqfh ehwzhhq }hur
dqg wkh dffxpxodwhg lpsxovh uhvsrqvh ixqfwlrq +vhh Htxdwlrq +43,, ri rxwsxw wr djjuhjdwh
ghpdqg vkrfnv=

Xvlqj wklv iudphzrun/ zh frpsxwh djjuhjdwh ghpdqg dqg djjuhjdwh vxsso| vkrfnv iru
hdfk HFRZDV frxqwu|1 Diwhu wkdw/ zh wdnh wkh fruuhodwlrq ri wkhvh vkrfnv dfurvv frxqwulhv1
Zh whvw wkh vljql�fdqfh ri wkh fruuhodwlrq frh!flhqwv e| wkh vwdwlvwlf=

} @
sq� 6

5 oq
�4 . u
4� u

�

> +4:,
zkhuh u lv wkh fruuhodwlrq frh!flhqw dqg q lv wkh qxpehu ri |hduv iru zklfk zh kdyh frpsxwhg
hdfk vkrfn1 Diwhu frqvlghulqj wkh odj vwuxfwxuh ri wkh prgho zh hqg xs zlwk 66 revhuydwlrqv1
Xqghu wkh qxoo k|srwkhvlv wkdw u lv htxdo wr }hur/ wkh vwdwlvwlf } kdv d qrupdo dv|pswrwlf
glvwulexwlrq1
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616 Gdwd
Wkh gdwd xvhg lq wkh sdshu duh dw wkh dqqxdo edvlv1 Wkh| vsdq wkh shulrg iurp 4<99 wr
53331 Zh xvh 87 vhulhv ri gl�huhqw qdwxuh/ lqfoxglqj uhdo/ qrplqdo dqg �qdqfldo yduldeohv
+vhh Dsshqgl{ D iru gdwd ghvfulswlrq,1

Wkh gdwd frph iurp wkh Lqwhuqdwlrqdo Prqhwdu| Ixqg +Lqwhuqdwlrqdo Ilqdqfldo Vwdwlvwlfv,/
wkh Zruog Edqn + wkh Zruog Ghyhorsphqw Lqglfdwruv, dqg wkh Shqq Zruog Wdeoh 914 +Khvwrq
hw do1 5335,1

Zh wudqvirup wkh ruljlqdo vhulhv wr uhdfk vwdwlrqdulw| dv uhtxluhg e| rxu prgho1 Lq
prvw fdvhv/ wkh vhulhv duh L+4, vxfk wkdw zh dsso| wkh �uvw gl�huhqfh1 Wkh vhulhv duh wdnhq
lq ghyldwlrq iurp wkh phdq ydoxh dqg glylghg e| wkhlu vwdqgdug ghyldwlrq1 Wklv doorzv
frpsdulvrq ehwzhhq vhulhv dv wkh| duh qrz h{suhvvhg lq wkh vdph xqlw � � 1

7 Vxsso| dqg Ghpdqg Vkrfnv dfurvv Zhvw Diulfdq Frxqwulhv
Iluvw/ zh fkhfn zkhwkhu wkh dvvxpswlrq ri wzr vkrfnv lv sodxvleoh lq HFRZDV frxqwulhv1
Wr wklv hqg/ zh frpsxwh wkh shufhqwdjh ri wkh yduldqfh h{sodlqhg e| wzr g|qdplf sulqflsdo
frpsrqhqwv1 Whfkqlfdo ghwdlov duh jlyhq lq Dsshqgl{ F1 Wdeoh 7 uhsruwv wkh uhvxowv1

Zh revhuyh wkdw wzr g|qdplf sulqflsdo frpsrqhqwv fdswxuh rq dyhudjh pruh wkdq 93(
ri wkh yduldqfh ri wkh sdqho lq hdfk frxqwu| +vhh froxpq 5 lq Wdeoh 7,1 Wkhvh ydoxhv duh
vljql�fdqw iru vwdqgdugl}hg gdwd1 Wkh| lpso| d kljk fr0pryhphqw ehwzhhq wkh vhulhv dqg
wkh wzr vkrfnv1

Qrz/ zh orrn dw wkh vkrfnv1 Iljxuh 7 glvsod|v wkh xqghuo|lqj djjuhjdwh ghpdqg dqg
vxsso| vkrfnv iru vhohfwhg frxqwulhv1

^ Iljxuh 7 derxw khuh`

Gxulqj wkh shulrg vwxglhg/ Frwh g*Lyrluh dqg Qljhuld h{shulhqfhg rq dyhudjh vlplodu
ghpdqg dqg vxsso| vkrfnv1 Frwh g*Lyrluh kdg d vhyhuh ghpdqg vkrfn lq 4<<7 iroorzlqj wkh
ghydoxdwlrq ri FID iudqf1 Qljhuld idfhg elj ghpdqg vkrfnv lq wkh odwh 4<;3v dqg lq wkh
4<<3v1

Frwh g*Lyrluh zhqw wkurxjk d uhfhvvlrq dw wkh hqg ri wkh 4<:3v dqg lq wkh ehjlqqlqj ri
wkh 4<;3v1 Wklv fruuhvsrqgv wr wkh �qdqfldo fulvlv lq wkh Iuhqfk vshdnlqj frxqwulhv lq Diulfd1
Wkh fulvlv kdv ohg wr wkh edqnuxswf| ri wkh �qdqfldo v|vwhp1 Ehqlq zdv dprqj wkh prvw
d�hfwhg frxqwulhv1 Lq 4<;< doo wkh frpphufldo edqnv wkdw zhuh rshudwlqj lq wkh Ehqlqhvh
hfrqrp| froodsvhg1 Wkh qhjdwlyh vxsso| vkrfn lq Frwh g*Lyrluh lq 4<<6 pd| eh uhodwhg wr wkh

� � Hdfk vhulhv kdv qrz }hur phdq dqg rqh vwdqgdug ghyldwlrq1
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orvv ri frpshwlwlyhqhvv lq ZDHPX frxqwulhv1 Wkh srvlwlyh vxsso| vkrfn ri 4<<8 fruuhvsrqgv
wr wkh vxsso| uhvsrqvh wr wkh ghydoxdwlrq ri FID iudqf1

Ohw xv orrn dw wkh vl}h ri wkh vkrfnv1 Wklv lv phdvxuhg e| wkhlu vwdqgdug ghyldwlrq1 Wdeoh
8 vxppdul}hv wkh uhvxowv1 Wkh odujhu wkh dv|pphwulf vkrfnv/ wkh pruh gl!fxow lw zloo eh
iru frxqwulhv wr pdlqwdlq d �{hg h{fkdqjh udwh1 Wklv lv sduwlfxoduo| wuxh iru vxsso| vkrfnv
vlqfh ghpdqg vkrfnv fdq eh dgmxvwhg zlwk grphvwlf srolflhv1 Wkh uhvxowv vkrz frpsdudeoh
vl}h dfurvv Zhvw Diulfdq frxqwulhv1 Wkh vl}hv ri wkh vkrfnv uhsruwhg khuh duh pxfk eljjhu
wkdq wkh rqhv irxqg e| Ed|rxpl dqg Hlfkhqjuhhq +4<<5, iru lqgxvwuldol}hg frxqwulhv1 Wklv lv
qrw wkh fdvh zkhq zh frpsduh wkh uhvxowv zlwk wkh zrun e| Ilgupxf dqg Nrukrqhq +5336,1
Wkh �qglqjv ri wkdw uhvhdufk zhuh wkdw pdq| Hxurshdq frxqwulhv kdg eljjhu ghpdqg vkrfnv
wkdq Zhvw Diulfdq frxqwulhv1 Wkhvh duh/ iru h{dpsoh/ wkh XN/ Ehojlxp/ Ilqodqg/ Jhupdq|/
Ghqpdun/ Vsdlq/ Vzhghq dqg Exojduld1 Rq wkh frqwudu|/ Zhvw Diulfdq frxqwulhv h{shulhqfhg
uhodwlyho| odujhu vxsso| vkrfnv1

Wdeohv 9 dqg : uhsruw wkh fruuhodwlrq pdwulfhv ri djjuhjdwh ghpdqg dqg vxsso| vkrfnv
dfurvv frxqwulhv1 Dv phqwlrqhg lq vhfwlrq 6/ zh irfxv rq uhvxowv uhodwlyh wr Frwh g*Lyrluh dqg
Qljhuld/ wkh wzr odujhvw hfrqrplhv ri ZDHPX dqg ZDP]/ uhvshfwlyho|1 Iljxuhv 8 dqg 9
glvsod| wkh fruuhodwlrq ri ghpdqg dqg vxsso| vkrfnv zlwk Frwh g*Lyrluh dqg Qljhuld/ uhvshf0
wlyho|1 Iru frpsdulvrq/ zh sorw lq wkh vdph judskv wkh uhvxowv iru Hxurshdq frxqwulhv irxqg
e| Ilgupxf dqg Nrukrqhq +5336,1 Wkh fruuhodwlrqv iru Hxurshdq frxqwulhv duh hydoxdwhg
zlwk Jhupdq|1

^Iljxuhv 8 dqg 9 dqg Wdeohv 9 dqg : derxw khuh`
FID frxqwulhv/ h{fhsw iru Wrjr dqg Qljhu/ kdyh srvlwlyh ghpdqg vkrfnv fruuhodwlrq zlwk

Frwh g*Lyrluh +vhh Iljxuh 8,1 Wkh uhvxow lv/ krzhyhu/ rqo| vljql�fdqw iru Vhqhjdo dw wkh 8( vlj0
ql�fdqfh ohyho +vhh Wdeoh 9,1 Wkh pdjqlwxghv ri wkhlu ghpdqg vkrfnv fruuhodwlrq duh vpdoohu
wkdq wkrvh ri wkhlu lq dwlrq fruuhodwlrq irxqg hduolhu lq Wdeoh 61 Ghpdqg vkrfnv fruuhodwlrq
ehwzhhq ZDHPX frxqwulhv duh frpsdudeoh zlwk wkrvh dprqj Hxurshdq frxqwulhv1 Qljhuld
lv wkh rqo| ZDP] phpehu kdylqj srvlwlyh ghpdqg vkrfnv fruuhodwlqj zlwk Frwh g*Lyrluh1
Krzhyhu/ wkh fruuhodwlrq lv zhdn dqg wkh uhvxow lv qrw vljql�fdqw1

Vxsso| vkrfnv suhvhqw d vlplodu slfwxuh iru ZDHPX frxqwulhv1 Krzhyhu/ wzr gl�huhqfhv
vxevlvw1 Iluvw/ wkh fruuhodwlrqv duh pxfk eljjhu khuh iru Ehqlq dqg Exunlqd Idvr1 Vhfrqg/
Frwh g*Lyrluh kdv pruh dv|pphwulf vxsso| vkrfnv zlwk Qljhu dqg Wrjr1 Pruhryhu/ vxsso|
vkrfnv duh pruh vlplodu ehwzhhq Hxurshdq frxqwulhv wkdq dprqj ZDHPX phpehuv1 Wkh
fruuhodwlrq ri vxsso| dqg ghpdqg vkrfnv uhsruwhg khuh iru ZDHPX frxqwulhv duh pxfk
vpdoohu wkdq rxwsxw dqg lq dwlrq vkrfnv fruuhodwlrqv irxqg e| Ilhoglqj dqg Vklhogv +5334,1
Wkh gl�huhqfh ehwzhhq wkh uhvxowv pd| eh gxh wr phdvxuhphqw huuruv dqg wkh xvh ri d olplwhg
lqirupdwlrq vhw lq Ilhoglqj dqg Vklhogv +5334,1
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Zh qrz wxuq wr uhvxowv uhodwlyh wr Qljhuld1 Wkh gdwd glvsod| d vlplodu sdwwhuq iru gh0
pdqg vkrfnv ehwzhhq ZDP] frxqwulhv frpsduhg wr ZDHPX phpehuv1 Jkdqd kdv srvlwlyh
dqg vljql�fdqw ghpdqg vkrfnv fruuhodwlqj zlwk Qljhuld/ frqwudu| wr Jdpeld +vhh Iljxuh 9,1
H{fhsw iru Qljhu dqg Vhqhjdo/ ZDHPX frxqwulhv kdyh ghpdqg vkrfnv vlplodu wr Qljhuld1
Dffruglqj wr vxsso| vkrfnv/ Qljhuld glvsod|v dv|pphwulf vkrfnv zlwk wkh uhvw ri ZDP]
phpehuv +Jdpeld dqg Jkdqd,1 H{fhsw iru Qljhu/ Qljhuld kdv dv|pphwulf vxsso| vkrfnv
zlwk ZDHPX frxqwulhv dv zhoo1 Krzhyhu/ wkh fruuhodwlrq lv vpdoo iru Qljhu dqg wkh uhvxow
lv qrw vljql�fdqw1

Ohw xv vxppdul}h rxu �qglqjv1 Iluvw/ ghpdqg vkrfnv duh dv vlplodu ehwzhhq FID frxq0
wulhv dv ehwzhhq ZDP] phpehuv1 Wkh uhvxowv duh frpsdudeoh wr wkh rqhv ehwzhhq Hxurshdq
frxqwulhv1 Wklv frqfoxvlrq h{whqgv wr fruuhodwlrqv ehwzhhq ZDP] dqg ZDHPX frxqwulhv/
vr wr doo HFRZDV phpehuv1 Vhfrqg/ vxsso| vkrfnv duh srruo| fruuhodwhg ehwzhhq FID
frxqwulhv dqg pruh dv|pphwulf ehwzhhq ZDP] phpehuv1 Dv|pphwulf vxsso| vkrfnv duh
revhuyhg ehwzhhq ZDHPX frxqwulhv dqg wkh ZDP] rqhv dv zhoo1 Vxsso| vkrfnv duh ohvv
vlplodu ehwzhhq Zhvw Diulfdq frxqwulhv wkdq Hxurshdq frxqwulhv1 Wkh uhvxowv iru vxsso|
vkrfnv pd| uh hfw wkh gl�huhqw vshfldol}dwlrq lq frpprglw| jrrgv lq Zhvw Diulfdq frxqwulhv
+vhh Wdeoh E6,1 Khqfh/ li zdjhv duh uljlg dqg idfwru prelolw| lv olplwhg lq Zhvw Diulfd/ d
prqhwdu| xqlrq lq wkh HFRZDV duhd zloo eh frvwo|1 Rxu uhvxowv dovr vxjjhvw wkdw ZDHPX
fdq eh h{whqghg wr Jkdqd1 D vlplodu uhvxow kdv ehhq irxqg e| Eìqdvv|0Txìuì dqg Frxshw
+5336,1

Wr fkhfn wkh urexvwqhvv ri rxu dqdo|vlv/ zh orrn dw wkh vljq suhglfwlrqv ri rxwsxw dqg
sulfh lq wkh djjuhjdwh ghpdqg dqg vxsso| iudphzrun1 D srvlwlyh ghpdqg vkrfn lv vxssrvhg
wr lqfuhdvh wkh sulfh ohyho zkloh d srvlwlyh vxsso| vkrfn lv h{shfwhg wr uhgxfh lw1 Iljxuh :
uhsruwv wkh lpsxovh uhvsrqvh ixqfwlrqv ri rxwsxw dqg sulfh iru vhohfwhg frxqwulhv1

^ Iljxuh : derxw khuh`

Wkh vljq suhglfwlrqv duh vdwlv�hg lq doo fdvhv1 Krzhyhu/ wkhuh duh vrph luuhjxodulwlhv iru
Qljhuld dqg Exunlqd Idvr1

Iru frpsdulvrq/ rxwsxw uhdfkhv lwv slfn dw urxjko| 43 |hduv diwhu d srvlwlyh vxsso| vkrfn
lq Qljhuld zkloh lw lv derxw 53 |hduv iru Frwh g*Lyrluh dqg Exunlqd Idvr1 Wkh orqj0uxq
uhvsrqvh lv pxfk eljjhu iru Frwh g*Lyrluh1 Lq dgglwlrq/ wkhuh lv vrph shuvlvwhqfh lq wkh
lpsxovh uhvsrqvh ixqfwlrqv iru ZDHPX frxqwulhv1

Ilqdoo|/ zh orrn dw wkh dgmxvwphqw vshhg ehwzhhq Frwh g*Lyrluh dqg Qljhuld1 Zh phdvxuh
wkh dgmxvwphqw vshhg dv wkh udwlr ri wkh ydoxh ri wkh dffxpxodwhg lpsxovh uhvsrqvh ixqfwlrq
diwhu vrph shulrg wr lwv orqj0uxq uhvsrqvh ydoxh1 D kljk ydoxh zrxog lqglfdwh d odujh dprxqw
ri dgmxvwphqw1 Iru frpsdulvrq/ zh orrn dw wkh rxwsxw uhvsrqvh wr d srvlwlyh vxsso| vkrfn1
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Rqo| derxw 86( ri wkh orqj0uxq ohyho ri wkh dffxpxodwhg uhvsrqvh lv uhdfkhg diwhu 6 |hduv
iru Frwh g*Lyrluh1 Wklv lqglfdwru lv derxw ;6( iru Qljhuld1 Ed|rxpl dqg Hlfkhqjuhhq +4<<5,
uhsruw <7( dqg :5(/ uhvshfwlyho|/ iru wkh XV hfrqrp| dqg Hxurshdq frxqwulhv1 Diwhu 43
|hduv/ wkh gl�huhqfh lq wkh dgmxvwphqw surfhvv ehwzhhq wkh wzr frxqwulhv lv vwloo vljql�fdqw1
Qljhuld frpsohwhv 433( djdlqvw ;8( iru Frwh g*Lyrluh1 Wkhvh uhvxowv fohduo| vkrz d orzhu
dgmxvwphqw vshhg ri rxwsxw iroorzlqj d vxsso| vkrfn iru Frwh g*Lyrluh frpsduhg wr Qljhuld1
Ilgupxf dqg Nrukrqhq +5336, �qg d vlplodu uhvxow iru Iudqfh dqg Jhupdq|1 Diwhu 7 txduwhuv/
wkh dgmxvwphqw vshhg ri wkh rxwsxw wr d srvlwlyh vxsso| vkrfn lv derxw ;:( iru Jhupdq|
djdlqvw <5( iru Iudqfh1 Wkh gl�huhqfh lq wkh vshhg ri dgmxvwphqw ehwzhhq Qljhuld dqg Frwh
g*Lyrluh pd| uh hfw wkh gl�huhqfh lq wkh h{fkdqjh udwh uhjlphv ehwzhhq wkh wzr frxqwulhv1

8 Glvfxvvlrq
Wkh dqdo|vlv ri wkh ihdvlelolw| ri d prqhwdu| xqlrq lq Zhvw Diulfd lv rqo| frpsohwh rqfh
zh dovr orrn dw wkh ehqh�wv vlgh1 Lq d prqhwdu| xqlrq/ frxqwulhv kdyh d �{hg elodwhudo
h{fkdqjh udwh1 D �{hg h{fkdqjh udwh uhgxfhv wudqvdfwlrqv dqg frqyhuvlrq frvwv1 Lw dovr
uhgxfhv elodwhudo h{fkdqjh udwh  xfwxdwlrqv1 Wkhuhiruh/ wkh juhdwhu wkh dprxqw ri lqwhu0
uhjlrqdo wudgh/ wkh kljkhu wkh ehqh�wv ri d prqhwdu| xqlrq1 Pdvvrq dqg Sdwwloor +5334,
hvwlpdwh lqwhuqdo wudgh dw 43( dqg 71:( ehwzhhq 4<<: dqg 4<<; iru ZDHPX dqg ZDP]/
uhvshfwlyho|1 Kxjrq +4<<<, surylghv dq hvwlpdwh ri 45( iru ZDHPX lq 4<<;1 Wkhvh ydoxhv
duh idu iurp wkh hvwlpdwlrq ri 79( iru HPX lq wkh vdph |hdu1 Wkhq/ wkh ehqh�wv iru iruplqj
d prqhwdu| xqlrq lq Zhvw Diulfd frxog eh orzhu wkdq lq HPX1

Zh gr qrw kdyh wr zruu| pxfk derxw wklv uhvxow iru gl�huhqw uhdvrqv1 Iluvw ri doo/ wkh
judylw| prgho suhglfwv wkdw wkhlu lqwud0wudgh vkrxog eh orzhu ehfdxvh ri wkhlu vpdoo ohyho ri
lqfrph shu fdslwd1 Wklv lv zk| Irurxwdq dqg Sulwfkhww +4<<6, vkrz wkdw lqwud0Diulfdq wudgh lv
frpsdudeoh wr wkh wudgh ehwzhhq orz 0dqg plggoh0 lqfrph ghyhorslqj frxqwulhv1 Vhfrqgo|/ wkh
wudgh vwdwlvwlfv wkdw duh xvxdoo| sxeolvkhg gr qrw wdnh lqwr dffrxqw lqirupdo wudgh/ wkhuhe|
lqwurgxflqj d eldv lq wkh dqdo|vlv1 Iru h{dpsoh/ Oduhv +4<<;, hvwlpdwhv lqirupdo wudgh
ehwzhhq Ehqlq dqg Qljhuld1 Wkh vwxg| vkrzv wkdw wkh r!fldo vwdwlvwlfv vkrxog eh pxowlsolhg
e| 45 dqg 46 iru lpsruwv dqg h{sruwv/ uhvshfwlyho|1

HFRZDV kdv lqwurgxfhg d wudgh olehudol}dwlrq surmhfw wr lqfuhdvh lqwud0uhjlrqdo wudgh1
Wkh remhfwlyhv ri wklv surmhfw duh= wr hvwdeolvk d fxvwrp xqlrq> wr holplqdwh fxvwrp gxwlhv
dqg wd{hv ri htxlydohqw h�hfwv> wr uhpryh qrq0wdul� eduulhuv> dqg wr hvwdeolvk frpprq fxvwrp
h{whuqdo wdul�v1 Lq dq| fdvh/ Dohvlqd hw do1/ +5335,/ dprqj rwkhuv/ �qg wkdw d prqhwdu| xqlrq
kdv d srvlwlyh h�hfw rq wudgh � � 1 Lq dgglwlrq/ Iudqnho dqg Urvh +4<<;, vkrz wkdw lqwhjudwlrq

� � Ilhoglqj dqg Vklhog +5336 dqg 5337, dqg Dq|dqzx +5336, surylgh hylghqfhv rq Diulfdq frxqwulhv1
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ohdgv wr pruh wudgh/ zklfk zloo uhvxow lq kljk exvlqhvv f|foh fruuhodwlrqv1
Wkh suhvhqfh ri dv|pphwulf vkrfnv ehwzhhq frxqwulhv lq d prqhwdu| xqlrq lv qrw d

sureohp lq lwvhoi li oderxu lv kljko| preloh dfurvv frxqwulhv1 Zkhq dv|pphwulf vkrfnv kdsshq
wr frxqwulhv lq d prqhwdu| xqlrq lw pdnhv vrph frxqwulhv ulfkhu dqg rwkhuv srruhu1 Li oderxu
irufhv duh preloh ehwzhhq frxqwulhv/ shrsoh lq wkh srruhu frxqwulhv fdq hpljudwh wr wkh ulfkhu
frxqwulhv1 Wklv surfhvv frqwlqxhv xqwlo frxqwulhv jr edfn wr wkhlu lqlwldo vlwxdwlrq +Pxqghoo/
4<94,1 Oderxu gdwd duh gl!fxow wr rewdlq iru HFRZDV frxqwulhv1 Wkh Zruog Edqn +5333,
hvwlpdwhv wkh iruhljq uhvlghqwv dw 59( lq Frwh g*Lyrluh lq 4<<;/ 47( lq Jdpeld dqg ;( lq
Jxlqhd1 Wkhvh ydoxhv duh vljql�fdqw1 HFRZDV kdv dovr lqwurgxfhg d frpprq sdvvsruw lq
5333/ zklfk lv vxssrvhg wr lqfuhdvh oderxu prelolw|1

9 Frqfoxvlrq
Lq wklv sdshu/ zh xvh wkh g|qdplf vwuxfwxudo idfwru prgho wr h{wudfw djjuhjdwh ghpdqg
dqg djjuhjdwh vxsso| vkrfnv iru Zhvw Diulfdq frxqwulhv1 Wkh fruuhodwlrqv ri wkh xqghuo|lqj
vkrfnv duh hydoxdwhg dfurvv frxqwulhv1 Wkh uhvxowv vkrz srvlwlyh ghpdqg vkrfnv fruuhodwlrq
ehwzhhq Iuhqfk vshdnlqj frxqwulhv/ h{fhsw iru Wrjr dqg Qljhu1 Wklv lv wkh vdph iru Hqj0
olvk vshdnlqj frxqwulhv/ h{fhsw iru Jdpeld/ zklfk glvsod|v dv|pphwulf ghpdqg vkrfnv zlwk
Qljhuld1 Ghpdqg vkrfnv duh srvlwlyho| ru ohvv qhjdwlyho| fruuhodwhg ehwzhhq doo Zhvw Diulfdq
frxqwulhv1 Vxsso| vkrfnv duh ohvv fruuhodwhg dqg pruh dv|pphwulf ehwzhhq wkhvh frxqwulhv/
uh hfwlqj wkh gl�huhqw vshfldol}dwlrq lq frpprglw| jrrgv lq Zhvw Diulfdq frxqwulhv1 Rxu
uhvxowv dovr vxjjhvw wkdw rqo| Jkdqd kdv pdfurhfrqrplf vkrfnv vlplodu wr FID frxqwulhv lq
Zhvw Diulfd1 Wkhvh uhvxowv lpso| vrph frvwv iru d prqhwdu| xqlrq lq Zhvw Diulfd1

Lq wkh sdshu zh kdyh frqfhqwudwhg rq fruuhodwlrqv ri vkrfnv ehwzhhq frxqwulhv1 Lw pd|
eh lqwhuhvwlqj wr frpsxwh wkh fruuhodwlrqv ri frxqwu| vshfl�f vkrfnv zlwk wkh vkrfnv idfhg
e| wkh djjuhjdwh ri frxqwulhv1 Wklv dssurdfk lv pruh sduvlprqlrxv vlqfh wkh frpprq fhqwudo
edqn zloo wdnh dq djjuhjdwh ylhz lq wkh ghflvlrq pdnlqj surfhvv1 Krzhyhu/ wkh djjuhjdwlrq
ri wkh vkrfnv zloo qrw fkdqjh wkh pdlq frqfoxvlrqv ri wklv sdshu1

Wkh dlp ri wklv sdshu lv qrw wr jlyh d gh�qlwh dqvzhu wr zkhwkhu HFRZDV lv dq rswlpdo
fxuuhqf| duhd1 Zh rqo| dqdo|}h rqh glphqvlrq ri wklv txhvwlrq/ wkdw lv wkh frvwv ri d prqh0
wdu| xqlrq lq wklv duhd1 Zh zrxog kdyh wr ghhshq rxu zrun lq wkh gluhfwlrq ri d frvw0ehqh�w
dqdo|vlv wr jr ixuwkhu1 Zh fdq dsso| wkh iudphzrun lq Dnvr| hw do1 +5335, wr dffhvv wkh
lpsdfw ri dv|pphwulf vkrfnv rq wkh zhoiduh ixqfwlrq zkhq d frpprq prqhwdu| srolf| lv
lpsohphqwhg lq Zhvw Diulfd1 Wklv iudphzrun lv xvhixo vlqfh lw zloo doorz xv wr frpsxwh wkh
qhw jdlq ri d frxqwu| zkhq d frpprq prqhwdu| srolf| lv lpsohphqwhg lq d vlwxdwlrq zkhq d
qdwlrqdo rswlpdo prqhwdu| srolf| lv ghflghg1 Zh zrxog dovr olnh wr dvvhvv wkh lpsdfw ri gli0
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ihuhqw �vfdo srolflhv rq wkh zhoiduh ixqfwlrq zkhq d frpprq prqhwdu| srolf| lv lpsohphqwhg
lq Zhvw Diulfd1

Uhihuhqfhv
^4` Dnvr|/ \1/ Gh Judxzh/ S1 dqg Ghzdfkwhu/ K1/ 5335/ Gr Dv|pphwulhv Pdwwhu Iru Hxur0

shdq Prqhwdu| Srolf|B Hxurshdq Hfrqrplf Uhylhz 79> 776� 79<1
^5` Dohvlqd/ D/ Eduur/ U1 dqg Whquh|ur/ V1/ 5335/ Rswlpdo Fxuuhqf| Duhdv1 QEHU Zrunlqj

Sdshu Q > <3:5=
^6` Dq|dqzx/ M1 F1/ 5336/ Hvwlpdwlqj wkh Pdfurhfrqrplf H�hfwv ri Prqhwdu| Xqlrqv= Wkh

Fdvh ri Wudgh dqg Rxwsxw1 Diulfdq Ghyhorsphqw Uhylhz 48 = 5� 6> 459� 4781
^7` Dwnhvrq/ D1 dqg Ed|rxpl/ W1/ 4<<6/ Gr Sulydwh Fdslwdo Pdunhwv Lqvxuh Uhjlrqdo UlvnB

Hylghqfh iurp wkh Xqlwhg Vwdwhv dqg Hxursh1 Rshq Hfrqrplhv Uhylhz 7> 636� 6571
^8` Edl/ M1 dqg Qj/ V1/ 5335/ Ghwhuplqlqj wkh Qxpehu ri Idfwruv lq Dssur{lpdwh Idfwru

Prghov1 Hfrqrphwulfd :3> 4<4� 5541
^9` Ed|rxpl/ W1 dqg Hlfkhqjuhhq/ E1/ 4<<5/ Vkrfnlqj Dvshfwv ri Hxurshdq Prqhwdu| Xql0

�fdwlrq1 QEHU Zrunlqj Sdshu Q > 6<7<=
^:` Ed|rxpl/ W1 dqg Rvwu|/ M1/ 4<<:/ Pdfurhfrqrplf Vkrfnv dqg Wudgh Iorzv zlwklq Vxe0

Vdkdudq Diulfd= Lpsolfdwlrqv iru Rswlpxp Fxuuhqf| Duhdv1 Mrxuqdo ri Diulfdq Hfr0
qrplfv 9/ 9<04;51

^;` Eìqdvv|0Txìuì/ D1 dqg Frxshw/ P1/ 5336/ Rq wkh Dghtxdf| ri Prqhwdu| Duudqjhphqwv
lq Vxe0Vdkdudq Diulfd1 FHSLL Zrunlqj Sdshu Q > 5336� 44/ Xqlyhuvlw| ri Sdulv [1

^<` Ehqwlyrjol/ F1 dqg Sdjdqr/ S1/ 4<<</ Uhjlrqdo Glvsdulwlhv dqg Oderu Prelolw|= Wkh
Hxur044 yhuvxv wkh XVD1 Oderxu 46> :6:� :93=

^43` Ehuqdqnh/ E1 V1 dqg Erlylq/ M1/ 5336/ Prqhwdu| Srolf| lq d Gdwd0Ulfk Hqylurqphqw1
Mrxuqdo ri Prqhwdu| Hfrqrplfv 83> 858� 8791

^44` Eh|hu/ D1/ Grruqln/ M1 dqg Khqgu|/ G1 I1 D1/ 5334/ Frqvwuxfwlqj Klvwrulfdo Hxur0]rqh
Gdwd1 Hfrqrplf Mrxuqdo 444 = 79</ 435� 4541

^45` Eodqfkdug/ R1 M1 dqg Ndw}/ O1 I1/ 4<<5/ Uhjlrqdo Hyroxwlrqv1 Eurrnlqj Sdshuv rq Hfr0
qrplf Dfwlylw| 4� 941

4:



^46` Eodqfkdug/ R1 M1 dqg Txdk/ G1/ 4<;</ Wkh G|qdplf H�hfwv ri Djjuhjdwh Ghpdqg dqg
Vxsso| Glvwxuedqfhv1 Dphulfdq Hfrqrplf Uhylhz :< = 7> 988� 9:6=

^47` Eohdqh|/ P1 dqg Ilhoglqj/ G1/ 5335/ H{fkdqjh udwh uhjlphv dqg lq dwlrq dqg rxwsxw lq
Vxe0Vdkdudq1 Mrxuqdo ri Ghyhorsphqw Hfrqrplfv 9;> 566� 578=

^48` Euloolqjhu/ G1 U1/ 4<:8/ Wlph Vhulhv Gdwd Dqdo|vlv dqg Wkhru|/ Qhz \run= Krow/ Ulqhkduw
dqg Zlqvwrq1

^49` Fkdpehuodlq/ J1/ 4<;6/ Ixqgv/ Idfwruv/ dqg Glyhuvl�fdwlrq lq Duelwudjh Sulflqj Prgho1
Hfrqrphwulfd 84> 45;4� 46371

^4:` Fkdpehuodlq/ J1 dqg Urwkvfklog/ P1/ 4<;6/ Duelwudjh/ Idfwru Vwuxfwxuh dqg Phdq0
Yduldqfh Dqdo|vlv lq Odujh Dvvhw Pdunhwv1 Hfrqrphwulfd 84> 4638� 4657=

^4;` Gheuxq/ [1/ Pdvvrq/ S1 dqg Sdvwloor/ F1/ 5335/ Prqhwdu| Xqlrq lq Zhvw Diulfd= Zkr
Pljkw Orvh/ dqg Zk|B LPI Zrunlqj Sdshu Q > 35@559=

^4<` Ghfuhvvlq/ M1 Z1 dqg Idwdv/ D1/ 4<<8/ Uhjlrqdo Oderu Pdunhw G|qdplf lq Hxursh1
Hxurshdq Hfrqrplf Uhylhz 6<> 495:� 49881

^53` Gh Judxzh/ S1/ 5336/ Hfrqrplfv ri Prqhwdu| Xqlrq1 R{irug Xqlyhuvlw| Suhvv/ 8wk Hgl0
wlrq1

^54` Hlfkhqjuhhq/ E1/ 4<<3/ Lv Hxursh dq Rswlpdo Fxuuhqf| DuhdB FHSU Glvfxvvlrq Sdshu
Q > 7:;=

^55` HF Frpplvvlrq/ 4<<3/ Rqh Pdunhw/ Rqh Prqh|1 Hxurshdq Hfrqrp| 681
^56` Ilgupxf/ M1 dqg Nrukrqhq/ O1/ 5336/ Vlplodulw| ri Vxsso| dqg Ghpdqg Vkrfnv Ehwzhhq

wkh Hxur Duhd dqg wkh FHHFv1 Ur|do Hfrqrplf Vrflhw| Dqqxdo Frqihuhqfh 5336 Sdshu
Q > ::=

^57` Ilhoglqj/ G1 dqg Vklhogv/ N1/ 5334/ Prghoolqj Pdfurhfrqrplf Vkrfnv lq wkh FID Iudqf
]rqh1 Mrxuqdo ri Ghyhorsphqw Hfrqrplfv 99> 4<<� 556=

^58` Ilhoglqj/ G1 dqg Vklhogv/ N1/ 5336/ Hfrqrplf Lqwhjudwlrq lq Zhvw Diulfd= Grhv wkh FID
Pdnh d Gl�huhqfhB Glvfxvvlrq Sdshu Q > 334/ Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri
Ohlfhvwhu1

^59` Ilhoglqj/ G1 dqg Vklhogv/ N1/ 5337/ Gr Fxuuhqf| Xqlrqv Gholyhu Pruh Hfrqrplf Lqwh0
judwlrq wkdq Il{hg H{fkdqjh UdwhvB Hylghqfh iurp wkh FID dqg wkh HFFX1 Mrxuqdo
ri Ghyhorsphqw Vwxglhv/ iruwkfrplqj1

4;



^5:` Iruql/ P1 dqg Olssl/ P1/ 5334/ Wkh Jhqhudol}hg G|qdplf Idfwru Prgho= Uhsuhvhqwdwlrq
Wkhru|1 Hfrqrphwulfv Wkhru| 4:> 4446� 44741

^5;` Iruql/ P1 dqg Uhlfkolq/ O1/ 4<<;/ Ohw*v Jhw Uhdo= D Idfwru Dqdo|wlfdo Dssurdfk wr
Glvdjjuhjdwhg Exvlqhvv F|foh G|qdplfv1 Uhylhz ri Hfrqrplfv Vwxglhv 98> 786� 7:6=

^5<` Iruql/ P1/ Kdolq/ P1 dqg Uhlfkolq/ O1/ 5333/ Wkh Jhqhudol}hg G|qdplf Idfwru Prgho=
Lghqwl�fdwlrq dqg Hvwlpdwlrq1 Wkh Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv ;5> 873� 887=

^63` Iruql/ P1/ Kdolq/ P1 dqg Uhlfkolq/ O1/ 5334/ Frlqflghqw dqg Ohdglqj Lqglfdwruv iru wkh
Hxur Duhd1 Wkh Hfrqrplf Mrxuqdo 444> 95� ;8=

^64` Iruql/ P1/ Kdolq/ P1 dqg Uhlfkolq/ O1/ 5335/ Wkh Jhqhudol}hg G|qdplf Idfwru Prgho=
Rqh0vlgh Hvwlpdwlrq dqg Iruhfdvwlqj1 FHSU Zrunlqj Sdshu Q > 6765=

^65` Iruql/ P1/ Kdolq/ P1 dqg Uhlfkolq/ O1/ 5337/ Wkh Jhqhudol}hg G|qdplf Idfwru Prgho=
Frqvlvwhqf| dqg Udwhv1 Mrxuqdo ri Hfrqrphwulfv 44< = 5> 564� 588=

^66` Iruql/ P1/ Olssl/ P1/ dqg Uhlfkolq/ O1/ 5336/ Rshqlqj wkh Eodfn Er{= Vwuxfwxudo Idfwru
Prghov yhuvxv Vwuxfwxudo YDUv1 FHSU Glvfxvvlrq Sdshu Q > 7466=

^67` Irurxwdq/ I1 dqg Sulwfkhww/ O1/ 4<<6/ Lqwud0Vxe Vdkdudq Diulfdq Wudgh= Lv lw Wrr OlwwohB
Mrxuqdo ri Diulfdq Hfrqrplhv 45 = 8> :7� 438=

^68` Iudqnho/ M1 dqg Urvh/ D1/ 4<<;/ Wkh Hqgrjhqhlw| ri wkh Rswlpdo Fxuuhqf| Duhd Fulwhuld1
Hfrqrplf Mrxuqdo 43; = 77<> 433<� 4358=

^69` Jhzhnh/ M1/ 4<::/ Wkh G|qdplf Idfwru Dqdo|vlv ri Hfrqrplf Wlph Vhulhv1 Lq Dljqhu G1
M1 dqg Jrogehujhu D1 V1 +Hgv1,/ Odwhqw Yduldeohv lq Vrflr0Hfrqrplf Prghov 698� 6;61
Dpvwhugdp= Qruwk Kroodqg1

^6:` Jldqqrqh/ G1/ Uhlfkolq/ O1 dqg Vdod/ O1/ 5335/ Wudfnlqj Juhhqvsdq= V|vwhpdwlf dqg
Xqv|vwhpdwlf Prqhwdu| Srolf| Uhylvlwhg1 FHSU Zrunlqj Sdshu Q > 6883=

^6;` Khvwrq/ D1/ Vxpphuv/ U1 dqg Dwhq/ E1/ 5335/ Shqq Zruog Wdeoh Yhuvlrq 914/ Fhqwhu iru
Lqwhuqdwlrqdo Frpsdulvrqv dw wkh Xqlyhuvlw| ri Shqqv|oydqld +FLFXS,/ Rfwrehu 53351

^6<` Kr�pdlvwhu/ D1 Z1/ Urogrv/ M1 dqg Zlfnkdp/ S1/ 4<<;/ Pdfurhfrqrplf Ioxfwxdwlrqv lq
Vxe0Vdkdudq Diulfd1 LPI Vwd� Sdshu/ 78> 465� 493=

^73` Kxjrq/ S1/ 4<<</ Od ]rqh iudqf ã o*khxuh gh o*Hxur1 LPI Gluhfwlrq ri Wudgh Vwdwlvwlfv1
^74` LPI/ 5336/ Zhvw Diulfd dqg Prqhwdu| Xqlrq= Uhfhqw Hfrqrplf Ghyhorsphqw dqg Uh0

jlrqdo Srolf| Lvvxhv> dqg Sxeolf Lqirupdwlrq Qrwlfh rq wkh H{hfxwlyh Erdug Glvfxvvlrq1

4<



^75` Nhqhq/ U1/ 4<9</ Wkh Wkhru| ri Rswlpdo Fxuuhqf| Duhdv= Dq Hfohfwlf Ylhz/ lq U1
Pfnlqqrq dqg D1 Vzrergd +4<9<,/ Prqhwdu| Sureohpv ri wkh Lqwhuqdwlrqdo Hfrqrp|/
Fklfdjr1 Wkh Xqlyhuvlw| ri Fklfdjr Suhvv1

^76` Oduhv/ 4<<;/ Hvwlpdwlrq ghv ìfkdqjhv frpphufldx{ hqwuh oh Eìqlq hw oh Qljhuld/ Exoohwlq
Uìjlrqdo gh vxlyl ghv ìfkdqjhv wudqviurqwdolhuv1 O*Hfkr ghv Iurqwlëuhv Q > 47/ Oduhv1

^77` Olssl/ P1 dqg Uhlfkolq/ O1/ 4<<6/ Wkh G|qdplf H�hfwv ri Djjuhjdwhv Ghpdqg dqg
Vxsso| Glvwxuedqfhv= Frpphqw1 Dphulfdq Hfrqrplf Uhylhz ;6> 977� 985=

^78` Olssl/ P1 dqg Uhlfkolq/ O1/ 4<<7/ YDU Dqdo|vlv/ qrq Ixqgdphqwdo Uhsuhvhqwdwlrq/
Eodvkfknh Pdwulfhv1 Mrxuqdo ri Hfrqrphwulfv 96> 63:� 658=

^79` Pdvvrq/ S1 dqg Sdvwloor/ F1/ 5334/ Prqhwdu| Xqlrq lq Zhvw Diulfd +HFRZDV, Lv lw
Ghvludeoh dqg Krz Frxog lw eh DfklhyhgB LPI Rffdvlrqdo Sdshu Q > 5371

^7:` Pfnlqqrq/ U1/ 4<96/ Rswlpdo Fxuuhqf| Duhdv1 Dphulfdq Hfrqrplf Uhylhz 86> :4:�58=
^7;` Pxqghoo U1/ 4<94/ D Wkhru| ri Rswlpxp Fxuuhqf| Duhdv1 Dphulfdq Hfrqrplf Uhylhz

84> 98:� 998=
^7<` Rjxqnrod/ H1/ 5335/ Wkh Vhfrqg Prqhwdu| ]rqh lq Zhvw Diulfd dqg wkh ixwxuh ri d

Vlqjoh Prqhwdu| ]rqh lq Vxe0Vdkdudq Diulfd1 Plphr/ Qdwlrqdo Xqlyhuvlw| ri Ohvrwkr1
^83` Vdjhqw/ W1 M1 dqg Vlpv/ D1 F/ 4<::/ Exvlqhvv F|foh Prghoolqj zlwkrxw Suhwhqglqj wr

kdyh wrr pxfk d Sulrul Hfrqrplf Wkhru|1 Lq Vlpv/ D1 F1 +hg1,/ Qhz Phwkrgv lq Exvlqhvv
F|foh Uhvhdufk 78� 43<1 Plqqhdsrolv= Ihghudo Uhvhuyh Edqn ri Plqqhdsrolv1

^84` Vwrfn/ M1 K1 dqg Zdwvrq/ P1 Z1/ 5335d/ Pdfurhfrqrplf Iruhfdvwlqj Xvlqj Gl�xvlrq
Lqgh{hv1 Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv 53> 47:� 495=

^85` Vwrfn/ M1 K1 dqg Zdwvrq/ P1 Z1/ 5335e/ Iruhfdvwlqj Xvlqj Sulqflsdo Frpsrqhqwv iurp d
Odujh Qxpehu ri Suhglfwruv1 Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq <:> 449:�
44:<=

^86` Zruog Edqn/ 5333/ Zhvw Diulfd/ Nh| Wuhqgv dqg Uhjlrqdo Shuvshfwlyhv1 Zhvw Diulfd
Uhjlrqdo Dvvlvwdqfh Vwudwhj| Glvfxvvlrq Sdshu1
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Iljxuh 4= Klvwrulfdo Rxwsxw Jurzwk dqg Lq dwlrq
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Iljxuh 5= Fruuhodwlrq ri Rxwsxw Jurzwk dqg Lq dwlrq zlwk wkh Djjuhjdwh
ZDHPX
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Iljxuh 6= Fruuhodwlrq ri Rxwsxw Jurzwk dqg Lq dwlrq zlwk wkh Djjuhjdwh ZDP]
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Iljxuh 7= Djjuhjdwh Ghpdqg dqg Vxsso| Vkrfnv lq Vhohfwhg Frxqwulhv
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Iljxuh 8= Djjuhjdwh Ghpdqg dqg Vxsso| Vkrfnv Fruuhodwlrq zlwk Frwh g*Lyrluh
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Iljxuh 9= Djjuhjdwh Ghpdqg dqg Vxsso| Vkrfnv Fruuhodwlrq zlwk Qljhuld
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Iljxuh := Lpsxovh Uhvsrqvh Ixqfwlrq ri Rxwsxw dqg Sulfhv lq Vhohfwhg Frxqwulhv
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Wdeoh 4= Lq dwlrq dqg Rxwsxw Jurzwk Ghyhorsphqwv
Rxwsxw Jurzwk Lq dwlrq

Dyhudjh Vwg1 Ghy1 Dyhudjh Vwg1 Ghy1

ZDHPX 351;6 36155 38199 3:138

Ehqlq 36153 36163 381:3 39193
Exunlqd I1 361:8 36165 3717< 38195
Frwh L1 36184 371<; 39145 3<149
Qljhu 331;6 3919: 38143 3;1;5
Vhqhjdo 35189 37199 38174 38169
Wrjr 3518; 3913: 38196 3<175

ZDP] 36148 3:19< 491;3 481;6

Jdpeld 361<8 36155 3;179 3;199
Jkdqd 35184 371:6 5915; 49197
Qljhuld 3614; 3:1<; 491;; 4915<
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Wdeoh 5= Fruuhodwlrq Pdwul{ ri Rxwsxw Jurzwk
Ehqlq Exunlqd Frwh L1 Jdpeld Jkdqd Qljhu Qljhuld Vhqhjdo Wrjr ZDHPX

Ehqlq 4
Exunlqd 3147 4
Frwh L1 3158 3154 4
Jdpeld 0314: 03153 313; 4
Jkdqd 03135 03139 3136 03154 4
Qljhu 3133 317: 315: 03158 3148 4
Qljhuld 0313; 03144 3155 0313; 3169 3145 4
Vhqhjdo 3148 3167 3146 03139 0316< 3164 313: 4
Wrjr 03148 03145 3147 03136 3157 3135 3143 03155 4
ZDHPX 0313: 317< 31;8 0313: 03135 3195 314; 3183 3139 4
ZDP] 3133 03143 3154 0313< 316; 3146 31<< 313: 3143 314;
Qrwh= ZDHPX phpehuv duh Ehqlq/ Exunlqd Idvr/ Frwh g*Lyrluh/ Qljhu/ Vhqhjdo/ dqg Wrjr1 ZDP] phpehuv
duh Jdpeld/ Jkdqd/ dqg Qljhuld1

Wdeoh 6= Fruuhodwlrq Pdwul{ ri Lq dwlrq
Ehqlq Exunlqd Frwh L1 Jdpeld Jkdqd Qljhu Qljhuld Vhqhjdo Wrjr ZDHPX

Ehqlq 4
Exunlqd 3199 4
Frwh L 319; 3196 4
Jdpeld 03155 03137 031: 4
Jkdqd 3153 317< 3158 3138 4
Qljhu 318; 318: 31:7 0315< 315; 4
Qljhuld 314; 3137 3134 3133 313: 3133 4
Vhqhjdo 3199 3194 31:9 3153 3163 318: 0313: 4
Wrjr 317: 3173 31:3 3146 3149 3175 3137 3196 4
ZDHPX 31:7 31:5 31<: 03139 3163 31;4 3135 31;6 31:3 4
ZDP] 314< 3138 3135 3133 313; 3133 31<< 03139 3137 3135
Qrwh= ZDHPX phpehuv duh Ehqlq/ Exunlqd Idvr/ Frwh g*Lyrluh/ Qljhu/ Vhqhjdo/ dqg Wrjr1 ZDP] phpehuv
duh Jdpeld/ Jkdqd/ dqg Qljhuld1
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Wdeoh 7= Shufhqwdjh ri Yduldqfh H{sodlqhg e| wkh GSFv
Qxpehu ri GSFv 4 5 6 7 8
Ehqlq 7514; 941<9 :8153 ;7136 ;<183
Exunlqd Idvr 75195 951;3 :81;9 ;61;; ;<184
Frwh g*Lyrluh 77134 97147 ::178 ;8163 <3179
Jdpeld 73178 96145 :8199 ;7149 ;<17:
Jkdqd 76196 951<3 :9157 ;7165 ;<194
Qljhu 6<19: 8<189 :7147 ;51<6 ;;1:4
Qljhuld 78138 98145 ::1:: ;8195 <31:5
Vhqhjdo 78133 9:136 ::1<7 ;81<: <413:
Wrjr 6<186 95196 :9145 ;813; <316<

Qrwh= GSF@G|qdplf Sulqflsdo Frpsrqhqw1 Wkh ydoxhv lq wkh wdeoh
duh dyhudjhg ryhu 434 iuhtxhqflhv1

Wdeoh 8= Vwdqgdug Ghyldwlrq ri Ghpdqg dqg Vxsso| Vkrfnv
Vxsso| Vkrfnv Ghpdqg Vkrfnv

ZHDPX Frxqwulhv

Ehqlq 413488 413485
Exunlqd Idvr 413487 413488
Frwh g*Lyrluh 413483 413486
Qljhu 413488 413476
Vhqhjdo 413484 413488
Wrjr 413488 413486

ZDP] Frxqwulhv

Jdpeld 413488 413488
Jkdqd 413487 413485
Qljhuld 413478 41347<
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Wdeoh 9= Fruuhodwlrq Pdwul{ ri Ghpdqg Vkrfnv
Ehqlq Exunlqd Frwh L1 Jdpeld Jkdqd Qljhu Qljhuld Vhqhjdo Wrjr

Ehqlq 4

Exunlqd 03157 4
+0416<,

Frwh L 3137 3144 4
+3156, +318;,

Jdpeld 0314; 3163- 03143 4
+04138, +41:3, +03189,

Jkdqd 3134 3148 03137 3138 4
+3143, +31;9, +03156, +315;,

Qljhu 313; 3134 03134 0313: 03137 4
+317<, +313:, +0313<, +0316;, +03153,

Qljhuld 3153 3135 3139 03143 316:-- 03146 4
+4147, +3146, +316:, +03188, +5146, +031:6,

Vhqhjdo 313: 0314< 3173-- 3135 03163- 3136 0314< 4
+3176, +0413;, +5167, +3143, +041:3, +314;, +0413;,

Wrjr 0313: 03134 03146 313< 3167-- 3157 3139 03137 4
+03176, +03143, +031:3, +3184, +41<:, +416:, +316;, +03155,

Qrwh= Wkh qxpehu lq eudfnhwv duh ]0vwdwlvwlfv1 Zh dsso| d wzr0vlghg whvw1 Wkh fulwlfdo ydoxhv duh 518;> 41<9
dqg 4197 uhvshfwlyho| iru 4(/ 8( dqg 43( vljql�fdqfh ohyhov1 ---@vljql�fdqw dw 4(> --@vljql�fdqw dw 8(>
-@vljql�fdqw dw 43(1 ZDHPX phpehuv duh Ehqlq/ Exunlqd Idvr/ Frwh g*Lyrluh/ Qljhu/ Vhqhjdo/ dqg Wrjr1
ZDP] phpehuv duh Jdpeld/ Jkdqd/ dqg Qljhuld1
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Wdeoh := Fruuhodwlrq Pdwul{ ri Vxsso| Vkrfnv
Ehqlq Exunlqd Frwh L1 Jdpeld Jkdqd Qljhu Qljhuld Vhqhjdo Wrjr

Ehqlq 4

Exunlqd 31;9--- 4
+:144,

Frwh L 315; 3155 4
+4196, +4156,

Jdpeld 03163 03158 0314< 4
+041:7, +04178, +04143,

Jkdqd 3145 3148 3166- 03148 4
+31:3, +31;8, +41<4, +031;;,

Qljhu 031;;--- 031;7--- 0315<- 316;-- 03135 4
+0:196, +091;9, +0419;, +5155, +03143,

Qljhuld 03145 03147 03137 03163- 03134 313: 4
+0319:, +031;3, +03159, +041:8, +03139, +3174,

Vhqhjdo 31:;--- 31:<--- 3169--- 03159 3138 031:<--- 03155 4
+81;8, +81<5, +51:3, +04183, +315;, +09133, +04157,

Wrjr 0316:-- 03163- 03187--- 3159 0315<- 316<-- 03139 03188 4
+0514;, +041:5, +06167, +4183, +04199, +5163, +03167, +06175,

Qrwh= Wkh qxpehu lq eudfnhwv duh ]0vwdwlvwlfv1 Zh dsso| d wzr0vlghg whvw1 Wkh fulwlfdo ydoxhv duh 518;> 41<9
dqg 4197 uhvshfwlyho| iru 4(/ 8( dqg 43( vljql�fdqfh ohyhov1 ---@vljql�fdqw dw 4(> --@vljql�fdqw dw 8(>
-@vljql�fdqw dw 43(1 ZDHPX phpehuv duh Ehqlq/ Exunlqd Idvr/ Frwh g*Lyrluh/ Qljhu/ Vhqhjdo/ dqg Wrjr1
ZDP] phpehuv duh Jdpeld/ Jkdqd/ dqg Qljhuld1
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Dsshqgl{ D= Gdwd Ghvfulswlrq
Q > Yduldeohv Vrxufh Wudqvirupdwlrq
4 JGS +frqvwdqw XV', Zruog Edqn GORJ
5 JGS gh dwru +edvh |hdu ydulhv e| frxqwu|, Zruog Edqn GORJ
6 JGS shu fdslwd +frqvwdqw XV', Zruog Edqn GORJ
7 Frqvxphu sulfh lqgh{ +4<<8 @ 433, Zruog Edqn GORJ
8 R!fldo h{fkdqjh udwh +OFX shu XV'/ shulrg dyhudjh, Zruog Edqn GORJ
9 Furs surgxfwlrq lqgh{ +4<;<0<4 @ 433, Zruog Edqn GORJ
: H{sruwv dv d fdsdflw| wr lpsruw +frqvwdqw XV', Zruog Edqn GORJ
; Ilqdo frqvxpswlrq h{shqglwxuh +frqvwdqw XV', Zruog Edqn GORJ
< Irrg surgxfwlrq lqgh{ +4<;<0<4 @ 433, Zruog Edqn GORJ
43 Oderxu irufh/ wrwdo Zruog Edqn GORJ
44 Prqh| +fxuuhqw XV', Zruog Edqn GORJ
45 R!fldo ghyhorsphqw dvvlvwdqfh dqg r!fldo dlg +fxuuhqw XV', Zruog Edqn GORJ
46 Txdvl prqh| +fxuuhqw XV', Zruog Edqn GORJ
47 Iruhljq Dvvhwv +XV ', LPI GORJ
48 Fhqwudo Jryhuqphqw Ghsrvlwv +XV', LPI GORJ
49 Fodlpv rq Fhqwudo Jryhuqphqw +XV', LPI GORJ
4: Fodlpv rq Sulydwh Vhfwru +XV', LPI GORJ
4; Ghpdqg Ghsrvlwv +XV', LPI GORJ
4< Iruhljq oldelolwlhv +XV', LPI GORJ
53 Jurvv grphvwlf lqfrph +frqvwdqw XV', Zruog Edqnn GORJ
54 Jurvv ydoxh dgghg dw idfwru frvw +frqvwdqw XV', Zruog Edqn GORJ
55 Krxvhkrog �qdo frqvxpswlrq h{shqglwxuh +frqvwdqw XV', Zruog Edqn GORJ
56 Sulfh ohyho ri jgs Shqq Zruog Wdeoh GORJ
57 sulfh ohyho ri frqvxpswlrq Shqq Zruog Wdeoh GORJ
58 Sulfh ohyho ri fxqvxpswlrq Shqq Zruog Wdeoh GORJ
59 Sulfh ohyho ri lqyhvwphqw Shqq Zruog Wdeoh GORJ
5: Djh ghshqghqf| udwlr +ghshqghqwv wr zrunlqj0djh srsxodwlrq, Zruog Edqn G
5; Djulfxowxudo pdfklqhu|/ wudfwruv shu 433 khfwduhv ri dudeoh odqg Zruog Edqn G
5< Djulfxowxuh/ ydoxh dgghg +( ri JGS, Zruog Edqn G
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Yduldeohv Ruljlqh Wudqvirupdwlrq
63 Olyhvwrfn surgxfwlrq lqgh{ +4<;<0<4 @ 433, Zruog Edqn GORJ
64 Jhqhudo jry1 �qdo frqv1 h{shqglwxuh +frqvwdqw XV', Zruog Edqn GORJ
65 Qhw wd{hv rq surgxfwv +frqvwdqw XV', Zruog Edqn GORJ
66 Whupv ri Wudgh Lqgh{ Zruog Edqn GORJ
67 Odqg xvh/ duhd xqghu fhuhdo surgxfwlrq +khfwduhv, Zruog Edqn GORJ
68 Fhuhdo |lhog +nj shu khfwduh, Zruog Edqn GORJ
69 Wlph dqg Vdylqjv dqg iruhljq fxuuhqf| Ghsrvlwv +XV', LPI GORJ
6: Jurvv fdslwdo irupdwlrq +frqvwdqw XV', Zruog Edqn GORJ
6; Dlg shu fdslwd +fxuuhqw XV', Zruog Edqn G
6< Frpvxpswlrq vkduh lq uhdo jgs shu fdslwd Shqq Zruog Wdeoh G
73 Jryhuqphqw frpvxpswlrq vkduh lq uhdo jgs shu fdslwd Shqq Zruog Wdeoh G
74 Lqyhvwphqw vkduh lq uhdo jgs shu fdslwd Shqq Zruog Wdeoh G
75 Uxudo srsxodwlrq +( ri wrwdo srsxodwlrq, Zruog Edqn G
76 Vhuylfhv/ hwf1/ ydoxh dgghg +( ri JGS, Zruog Edqn G
77 Oltxlg oldelolwlhv +P6, dv ( ri JGS Zruog Edqn G
78 Prqh| dqg txdvl prqh| +P5, dv ( ri JLU Zruog Edqn G
79 Srsxodwlrq ghqvlw| +shrsoh shu vt np, Zruog Edqn GORJ
7: Lpsruwv ri jrrgv dqg vhuylfhv +( ri JGS, Zruog Edqn G
7; Lqgxvwu|/ ydoxh dgghg +( ri JGS, Zruog Edqn G
7< Oderxu irufh/ ihpdoh +( ri wrwdo oderxu irufh, Zruog Edqn G
83 Jurvv qdwlrqdo h{shqglwxuh +( ri JGS, Zruog Edqn G
84 Dlg +( ri jurvv fdslwdo irupdwlrq, Zruog Edqn G
85 Edqn oltxlg uhvhuyhv wr edqn dvvhwv udwlr Zruog Edqn G
86 Grphvwlf fuhglw wr sulydwh vhfwru +( ri JGS, Zruog Edqn G
87 H{sruwv ri jrrgv dqg vhuylfhv +( ri JGS, Zruog Edqn G

Qrwh= GORJ@�uvw gl�huhqfh ri orj yduldeohv1 G@�uvw gl�huhqfh ri yduldeohv lq ohyho1
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Dsshqgl{ E
Iljxuh E4= Wkh Phpehuvkls ri wkh HFRZDV dqg wkh FID ]rqh

ECOWAS 

WAEMU 

WAMZ 

CAEMC 

CFA ZONE 

Benin
Burkina Faso
Cote d’Ivoire
Guinea Bissau
Mali
Niger
Senegal
Togo 

Gambia
Ghana
Guinea
Nigeria
Sierra Leone
 

Cape Verde
Liberia 

Cameroon
Chad
Republic of Congo
Central African Republic
Equatorial Guinea
Gabon 
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Wdeoh E4= Vhohfwhg Lqglfdwruv iru wkh ZDHPX lq 5334
Ehqlq Exunlqd Frwh Qljhu Vhqhjdo Wrjr ZDHPX

Idvr g*Lyrluh
Srsxodwlrq ? 9195 4515 491: 44197 <1< 71:: :813<
Odqg duhd @ 44319 5:619 64;13 4/59915 4<518 8717 6/79715
Lqwuduhjlrqdo wudgh
H{sruw lq ( 919 :17 4815 617 441: 6613 451:
Lpsruw lq ( 818 641; 414 5514 61; ;1: ;1<

Vkduh lq (
JGS A lq 5333 ;164 45199 771;8 <156 5514< 51:4 43313
Qhw grphvwlf dvvhwv 714 ;17 7;1; 617 5415 81< 43313
Qhw iruhljq dvvhwv 6317 <17 5814 513 4518 715 43313

Ilvfdo edodqfh B 0715 04519 317 0:17 061< 0518 0813
Vrxufh= LPI +5336,1 4@lq ploolrq1 Wkh gdwd frph iurp wkh Xqlwhg Qdwlrqv Srsxodwhg
Ixqg> 5@ lq 4333 vt1np> 6@wkh vkduh ri wkh 5 uhpdlqlqj frxqwulhv ri wkh ZDHPX lv ohvv
wkdq 4(1 7@lq ( ri wkh JGS dqg lw lv phdvxuhg zlwk h{foxvlrq ri judqwv1

Wdeoh E5= Vhohfwhg Lqglfdwruv iru wkh ZDP] lq 5334
Jdpeld Qljhuld Jkdqd ZDP]

Srsxodwlrq +ploolrqv, 416: 453 5314:8 48;
Odqg duhd +4333 ri vt np, 43 <431:: 55:187
Lqwuduhjlrqdo Wudgh lq 5335
H{sruw lq ( 31;4 8139 61;< 7133
Lpsruw lq ( 316: 4<1;< 319; 7195

Vkduh lq (
JGS ? lq 5333 <1< ;<1< 313< 43313

Ilvfdo edodqfh @ dv ( ri JGS 04414 071: 0:17 0
Vrxufh= LPI +5336,1 4@lq wkh wrwdo ri wkh 6 frxqwulhv khuh1 5@h{foxghg
judqwv
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Wdeoh E6= Pdlq Frpprglw| Jrrgv H{sruwhg dqg H{fkdqjh Udwh Uhjlphv
Frpprglwlhv Fxuuhqf| dqg H{fk1 udwh Uhjlph

ZDHPX Frxqwulhv

Ehqlq frfrd/ fr�hh/ frwwrq/ jurxqgqxwv/ rlo sdop/ dfdmrx FID shj C wr hxur
Exunlqd Idvr frwwrq/ jurxqgqxwv1 FID shj wr hxur
Frwh g*Lyrluh frfrd/ fr�hh/ frwwrq/ rlo sdop/ uxeehu1 FID shj wr hxur
Qljhu xudqlxp/ frwwrq/ jurxqgqxwv/ jurxqgqxw rlo/ wredffr1 FID shj wr hxur
Vhqhjdo frwwrq/ jurxqgqxwv/ jurxqgqxw rlo/ skrvskdwh/ vlvdo/ vxjdu1 FID shj wr hxur
Wrjr skrvskdwh/frfrd/ fr�hh/ frwwrq/ jurxqgqxwv1 FID shj wr hxur

ZDP] Frxqwulhv

Jdpeld jurxqgqxwv/ jurxqgqxw rlo/ rlo sdop1 Gdodvvl/ lqghshqghqw  rdw
Jkdqd edx{lwh/ frfrd/ fr�hh/ jrog/ pdqjdqhvh/ rlo0sdop1 Fhgl/ lqghshqghqw  rdw
Qljhuld rlo/ rlo sdop/ uxeehu/ frfrd1 Qdlud/ pdqdjhg  rdw D

Vrxufh=Pdvvrq dqg Sdwwloor+5334, dqg LPI1 d@FID zdv shjjhg wr wkh Iuhqfk iudqf ehiruh 4<<<1 e@zlwk
qr suh0dqrxqfhg sdwk iru wkh h{fkdqjh udwh1
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Dsshqgl{ F= G|qdplf Hljhqydoxhv
Lq wklv sduw/ zh h{sodlq wkh hvwlpdwlrq ri wkh yduldqfh ri wkh g|qdplf sulqflsdo frpsrqhqwv1

Ohw xv ghqrwh e| { EGF @ +{ ? F = = = { EGF , ( wkh sdqho ri vhulhv xvhg lq wkh sdshu1 { EGF lv q� W /
zkhuh q lv wkh qxpehu ri vhulhv dqg W lv wkh qxpehu ri revhuydwlrqv1

Iluvw ri doo/ zh hvwlpdwh d vprrwk vshfwudo ghqvlw| pdwul{ ri { EGF e|=

	 HE +�, @ 4
5�

I
[

JLK * I
z J � E J h *NMPO J > +4;,

zkhuh p @ urxqg+sW ,1 �E J @ ?Q * J
Q
S

F K7JLR ? { EGF { ETS F8*
J lv wkh n0odj fryduldqfh pdwul{ { EGF / n @

3> = = = >p= z J @ 4 � U J U
V I R ?'W duh wkh zhljkwv fruuhvsrqglqj wr wkh Eduwohww odj zlqgrz1 Zh

frpsxwh wkh vshfwud dw 434 htxdoo| vsdfhg iuhtxhqflhv � X @ @'Y X?"Z�Z > zkhuh m @ �83> = = = > 83 dqg
� X 5 ^�� �`=

Vhfrqg/ zh frpsxwh wkh q hljhqydoxhv dqg hljhqyhfwruv ri 	 HE +�, dw hdfk iuhtxhqf| � X 1
Wkh sulqflsdo frpsrqhqwv ghulyhg iurp wkhvh hljhqyhfwruv uhsuhvhqw wkh g|qdplf sulqflsdo
frpsrqhqwv1 Wkh fruuhvsrqglqj hljhqydoxhv ghqrwh wkh yduldqfhv ri wkhvh g|qdplf sulqflsdo
frpsrqhqwv dw hdfk iuhtxhqf|1

Diwhu wkdw zh rughu wkh hljhqydoxhv lq ghfuhdvlqj rughu ri pdjqlwxghv1 Wkhuhdiwhu/ zh
frpsxwh wkh shufhqwdjh ri wkh yduldqfh h{sodlqhg e| hdfk g|qdplf idfwru dw hdfk iuhtxhqf|1
Ilqdoo|/ zh wdnh wkh dyhudjh ryhu wkh 434 iuhtxhqflhv ri wkhvh shufhqwdjhv1
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