
Dqwlgxpslqj Odz dv d Frooxvlyh Ghylfh

Pdxul}lr ]dqdugl�

Ervwrq Froohjh

Qryhpehu 5333

Devwudfw

Hpslulfdo hylghqfh iru wkh Xqlwhg Vwdwhv vkrzv wkdw pdq| dqwlgxpslqj sh0
wlwlrqv duh zlwkgudzq ehiruh wkh Lqwhuqdwlrqdo Wudgh Frpplvvlrq dqg wkh Lq0
whuqdwlrqdo Wudgh Dgplqlvwudwlrq frpsohwh wkhlu lqyhvwljdwlrqv1 Suxvd +4<<5,
dujxhv wkdw shwlwlrqv duh xvhg e| grphvwlf lqgxvwulhv wr wkuhdwhq dqg lqgxfh
iruhljq lqgxvwulhv lqwr d frooxvlyh djuhhphqw h{rqhudwhg iurp dqwlwuxvw frqfhuqv
ehfdxvh ri XV wudgh odzv1 Lq klv prgho/ doo dqwlgxpslqj shwlwlrqv vkrxog eh
zlwkgudzq/ zklfk lv qrw wkh fdvh1 Wklv sdshu surylghv d prgho lq zklfk rqo|
vrph shwlwlrqv duh zlwkgudzq dqg Suxvd*v uhvxow lv mxvw d vshfldo fdvh1 Wkh
ghflvlrq wr zlwkgudz d shwlwlrq ghshqgv rq wzr nh| sdudphwhuv= wkh frrugl0
qdwlrq frvw dqg wkh edujdlqlqj srzhu ri grphvwlf dqg iruhljq lqgxvwulhv1 D
qhz gdwdvhw lv frqvwuxfwhg wr whvw wkh wkhruhwlfdo prgho rq wkh XV h{shulhqfh
iru wkh shulrg 4<;304<<51 Wkh hfrqrphwulf dqdo|vlv vxssruwv wkh wkhruhwlfdo
frqfoxvlrqv ri wkh prgho1 Wklv �qglqj lv frqvlvwhqw zlwk wkh k|srwkhvlv wkdw
wkh dqwlgxpslqj odz lv xvhg dv d frooxvlyh ghylfh1

Nh|zrugv= Dqwlgxpslqj> Edujdlqlqj frvw> Frooxvlrq> Frruglqdwlrq frvw> Zlwk0
gudzq shwlwlrqv

MHO fodvvl�fdwlrq= I46> G76

�L zrxog olnh wr wkdqn Mlp Dqghuvrq/ Klghr Nrqlvkl/ dqg Vhuhqd Qj iru wkhlu vxjjhvwlrqv dqg
vxssruw/ dqg Wkrpdv Suxvd iru surylglqj vrph ri wkh gdwd xvhg lq wklv sdshu1 Vxjjhvwlrqv iurp
vhplqdu sduwlflsdqwv dw Ervwrq Froohjh/ Xqlyhuvlwã Fdwwrolfd +Plodq,/ Plgzhvw Lqwhuqdwlrqdo Hfr0
qrplfv Phhwlqjv lq Plqqhdsrolv/ dqg wkh Vrxwkhdvw Wkhru| dqg Lqwhuqdwlrqdo Hfrqrplfv Phhwlqjv
lq Krxvwrq duh dovr dfnqrzohgjhg1 Dq| uhpdlqlqj huuruv duh vroho| plqh1 Frqwdfw lqirupdwlrq=
Ghsduwphqw ri Hfrqrplfv/ Ervwrq Froohjh/ Fkhvwqxw Kloo 0 PD 3579:/ XVD1 H0pdlo= }dqduglCef1hgx



�Exw wkrxjk wkh odz fdqqrw klqghu shrsoh ri wkh vdph wudgh iurp vrph0

wlphv dvvhpeolqj wrjhwkhu/ lw rxjkw wr gr qrwklqj wr idflolwdwh vxfk dvvhp0

eolhv> pxfk ohvv wr uhqghu wkhp qhfhvvdu|1� Dgdp Vplwk +4::9,1

4 Lqwurgxfwlrq

Wkh xvh ri wkh dqwlgxpslqj +DG, odz kdv h{sorghg lq wkh XV dqg vsuhdg iurp wkhuh

wr pdq| rwkhu frxqwulhv1 Iru h{dpsoh/ wkh Zruog Wudgh Rujdql}dwlrq uhsruwv wkdw d

wrwdo ri 5<4 DG shwlwlrqv zhuh �ohg lq wkh shulrg Mxo| 4<<;0Mxqh 4<<< dv rssrvhg wr

4:6 iru wkh vdph shulrg lq 4<;30;41 Wkh fxpxodwlyh h�hfw ri DG fdvhv lv odujh1 Iru

h{dpsoh/ Jdoodzd| hw do1 +4<<<, hvwlpdwh wkdw wkh froohfwlyh qhw frvw ri dqwlgxpslqj

dqg frxqwhuydlolqj gxw| rughuv +d ohvv xvhg odz zklfk r�vhwv h{sruw vxevlglhv, zdv

durxqg '7 eloolrq lq 4<<6 iru wkh XV1 Wklv dprxqw lv odujhu wkdq wkh frvw ri dq| XV

wudgh uhvwudlqw srolf| zlwk wkh h{fhswlrq ri wkh Pxowl0Ileuh Duudqjhphqw1

Lq XV wudgh odz/ gxpslqj �lv gh�qhg dv vhoolqj d surgxfw lq wkh Xqlwhg Vwdwhv

dw d sulfh zklfk lv orzhu wkdq wkh sulfh iru zklfk lw lv vrog lq wkh krph pdunhw/

diwhu dgmxvwphqwv iru gl�huhqfhv lq wkh phufkdqglvh/ txdqwlwlhv sxufkdvhg/ dqg flu0

fxpvwdqfhv ri vdoh1�4 Zkhq DG shwlwlrqv duh dffhswhg e| wkh Lqwhuqdwlrqdo Wudgh

Frpplvvlrq +LWF, dqg wkh Lqwhuqdwlrqdo Wudgh Dgplqlvwudwlrq +LWD,/ DG gxwlhv duh

lpsrvhg wkdw holplqdwh wkh h�hfwv ri gxpslqj1 Krzhyhu/ d klgghq frvw ri DG odz

pd| eh vljqdohg e| zlwkgudzq shwlwlrqv/ l1h1 fdvhv zklfk duh vhwwohg ehwzhhq iruhljq

dqg grphvwlf �upv sulru wr d �qdo ghwhuplqdwlrq ri wkh fdvh1 XV wudgh odz irvwhuv

sulfh0�{lqj e| iruhljq dqg grphvwlf �upv e| h{hpswlqj wkhp iurp XV frpshwlwlrq

srolf|1 Lq sduwlfxodu/ wkh Qrhuu0Shqqlqjwrq grfwulqh h{rqhudwhv �upv iurp survhfx0

wlrq xqghu wkh dqwlwuxvw odz iru shwlwlrqv �ohg zlwk dqwlfrpshwlwlyh jrdov1 Wkh vkduh

ri shwlwlrqv zlwkgudzq lv derxw 53(/ wrr odujh wr ljqruh dv fkdqfh1 Pruhryhu/ wkh

wudgh vxssuhvvlqj h�hfwv ri DG fdvhv duh derxw wkh vdph zkhwkhu wkh fdvh hqgv lq

dq DG gxw| ru d zlwkgudzq shwlwlrq= sulfhv ulvh dqg txdqwlwlhv idoo1 Wklv revhuydwlrq

4Vwdwhphqw ri Dgplqlvwudwlyh Dfwlrq rq wkh Xuxjxd| Urxqg +4<<7,/ sdjh 4831

4



grhv qrw rqo| krog iru shwlwlrqv zlwkgudzq ehfdxvh ri irupdo djuhhphqwv uhdfkhg

xqghu wkh dxvslfhv ri wkh Ghsduwphqw ri Frpphufh +vxvshqvlrq djuhhphqw,/ exw lq

jhqhudo iru zlwkgudzq shwlwlrqv1 Khqfh/ wkh frqfhuq wkdw vrph irupv ri frooxvlrq duh

dwwdlqhg lq d pruh jhqhudo vhwwlqj zlwk wkh DG odz vhuylqj dv wkh frooxvlyh ghylfh1

DG shwlwlrqv pd| eh xvhg e| grphvwlf lqgxvwulhv wr wkuhdwhq dqg lqgxfh iruhljq

lqgxvwulhv lqwr dq duudqjhphqw1 Wkh wkuhdw lv fuhgleoh ehfdxvh li dq djuhhphqw lv qrw

dfklhyhg/ wkh lqyhvwljdwlrq surfhhgv dqg gxwlhv duh ohylhg lq fdvh ri dq d!updwlyh

ghflvlrq1 Wkhuhiruh/ wkh DG odz qrw rqo| idflolwdwhv frooxvlrq dw d grphvwlf ohyho

e| lqgxflqj grphvwlf surgxfhuv wr frruglqdwh/ exw ehfdxvh ri wkh Qrhuu0Shqqlqjwrq

h{hpswlrq/ lw hqkdqfhv frooxvlrq dw dq lqwhuqdwlrqdo ohyho1

Suxvd +4<<5, r�huv d prgho ri zlwkgudzq shwlwlrqv1 Wkh wkuhdw ri dq DG gxw|

lqgxfhv iruhljq �upv wr edujdlq ryhu sulfh �{lqj duudqjhphqwv zlwk grphvwlf �upv1

Zlwk wkh edujdlq/ erwk vlghv fdq ehqh�w1 Suxvd*v frqfoxvlrq/ wkdw lqgxvwulhv zrxog

dozd|v suhihu wr zlwkgudz d shwlwlrq dqg uhdfk d sulydwh djuhhphqw/ lv yhu| vwurqj1

Li wdnhq vhulrxvo|/ lw lpsolhv wkdw zh vkrxog qrw revhuyh dq| ghflvlrq e| wkh LWF dqg

LWD ehfdxvh lqgxvwulhv zrxog dozd|v zlwkgudz shwlwlrqv1 Hylghqfh whoov xv wkdw wklv

lv qrw wuxh1 Khqfh/ d prgl�fdwlrq ri wkh prgho e| Suxvd lv qhhghg wr rewdlq ohvv

vwulfw lpsolfdwlrqv zkhuh rqo| vrph shwlwlrqv duh zlwkgudzq1

Wklv sdshu vkrzv wkdw wkh rswlpdo fkrlfh ehwzhhq zlwkgudzlqj d shwlwlrq dqg

zdlwlqj iru wkh ihghudo djhqflhv* ghflvlrqv ghshqgv rq wzr nh| sdudphwhuv= wkh frru0

glqdwlrq frvw dqg wkh edujdlqlqj srzhu ri wkh grphvwlf dqg iruhljq lqgxvwu|1 Wkh

hfrqrphwulf dqdo|vlv whvwv wkhvh frqfoxvlrqv rq wkh XV h{shulhqfh xvlqj d xqltxh

gdwdvhw frqvwuxfwhg iurp wkh uhsruwv sxeolvkhg e| wkh LWF dqg wkh LWD iru wkh

shwlwlrqv �ohg lq wkh shulrg 4<;304<<51 Wkh uhvxowv vxssruw wkh frqfoxvlrqv ri wkh

wkhruhwlfdo prgho1 Lq sduwlfxodu/ wkh yduldeohv xvhg dv lqglfdwruv ri frruglqdwlrq frvwv

dqg edujdlqlqj srzhuv duh deoh wr h{sodlq wkh fkrlfh ri zkhwkhu ru qrw wr zlwkgudz dq

DG shwlwlrq1 Wkhvh �qglqjv duh frqvlvwhqw zlwk wkh k|srwkhvlv wkdw wkh dqwlgxpslqj

odz lv xvhg dv d frooxvlyh ghylfh1
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Rq wkh wkhruhwlfdo vlgh/ wklv sdshu vkduhv wkh vslulw ri suhylrxv dqdo|vhv +vhh

iru h{dpsoh Dqghuvrq/ 4<<5> Vwdljhu dqg Zrodn/ 4<;<, wkdw kljkoljkw wkh vwudwhjlf

ehkdylru ri �upv rqfh DG odzv duh lpsohphqwhg1 Yhxjhohuv dqg Ydqghqexvvfkh

+4<<<,/ d uhodwhg wkhruhwlfdo vwxg|/ dqdo|}h wkh srvvlelolw| wkdw wkh Hxurshdq DG

odz ohdgv wr frooxvlrq dprqj �upv1 Wkhlu hpskdvlv lv rq wkh frqglwlrqv wkdw vxvwdlq

gl�huhqw irupv ri frooxvlrq ghshqglqj rq wkh frpplvvlrq*v ghflvlrq wr lpsrvh gxwlhv

ru sulfh xqghuwdnlqjv1 Dowkrxjk lq wkh vdph vslulw/ wklv sdshu irfxvhv rq wkh �upv*

ghflvlrq zlwkrxw h{solflwo| dvvljqlqj d uroh wr wkh srolf| pdnhu1 Rq wkh hpslulfdo

vlgh/ wklv vwxg| lqyhvwljdwhv wkh ghflvlrq wr zlwkgudz d shwlwlrq e| fkdudfwhul}lqj wkh

grphvwlf dqg iruhljq lqgxvwulhv1 Khqfh/ lw frpsohphqwv vrph ri wkh uhvxowv ri Suxvd

+4<<4, derxw wkh ghwhuplqdqwv ri LWF ghflvlrqv1

Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv1 Lq Vhfwlrq 5/ d edfnjurxqg

ri wkh XV DG odz dqg lpsolhg surfhgxuhv lv surylghg1 Vrph ghvfulswlyh vwdwlvwlfv

duh dovr jlyhq wr txdqwli| wkh skhqrphqrq1 Wkh wkhruhwlfdo prgho wkdw ohdgv wr wkh

srvvleoh edujdlqlqj rxwfrph dqg wkh zlwkgudzdo ri d shwlwlrq lv dqdo|}hg lq Vhfwlrq

61 Vhfwlrq 7 lv ghglfdwhg wr wkh hpslulfdo dqdo|vlv dqg Vhfwlrq 8 frqfoxghv1

5 Edfnjurxqg rq Dqwlgxpslqj Surfhgxuhv

Wkh XV odz uhtxluhv dq DG shwlwlrq wr eh �ohg zlwk wkh LWF dqg wkh LWD dw wkh

Ghsduwphqw ri Frpphufh dw wkh vdph wlph15 Wkh iruphu djhqf| lv uhvsrqvleoh iru

ghwhuplqlqj li wkh grphvwlf lqgxvwu| lv pdwhuldoo| lqmxuhg ru wkuhdwhqhg zlwk pdwhuldo

lqmxu| e| uhdvrq ri wkh lpsruwv frqvlghuhg1 Wkh odwwhu kdv wr dvfhuwdlq li lpsruwv duh

ehlqj/ ru duh olnho| wr eh/ vrog dw ohvv wkdq idlu ydoxh1 Wkh lqyhvwljdwlrq ghyhorsv lqwr d

suholplqdu| dqg d �qdo ghwhuplqdwlrq e| erwk djhqflhv1 DG gxwlhv duh lpsrvhg li erwk

djhqflhv uhdfk dq d!updwlyh rxwfrph lq wkh �qdo ghwhuplqdwlrq ri wkh lqyhvwljdwlrq1

Krzhyhu/ d qhjdwlyh suholplqdu| ghwhuplqdwlrq e| wkh LWD grhv qrw hqg wkh lqtxlu|

5D shwlwlrq fdq eh vhoi0lqlwldwhg e| wkh Ghsduwphqw ri Frpphufh exw wkdw uduho| kdsshqv1
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zkloh d qhjdwlyh suholplqdu| �qglqj e| wkh LWF grhv frqfoxgh wkh lqyhvwljdwlrq1

Wkh skdvhv ri wkh h{dplqdwlrq e| wkh wkhvh djhqflhv duh vxemhfw wr vwulfw wlph

olplwv vr wkdw dq DG shwlwlrq fdqqrw wdnh pruh wkdq 643 gd|v ehiruh ehlqj uhvroyhg16

Pruhryhu/ d suholplqdu| ghwhuplqdwlrq e| wkh LWF/ zklfk hqgv wkh fdvh li qhjdwlyh/

pxvw frph zlwklq 78 gd|v iurp wkh lqlwldo dfw ri �olqj wkh shwlwlrq1

Dq DG fdvh kdv wkuhh srvvleoh rxwfrphv= d qhjdwlyh ghwhuplqdwlrq/ dq d!updwlyh

ghwhuplqdwlrq zlwk gxwlhv ehlqj ohylhg/ ru wkh zlwkgudzdo ri wkh shwlwlrq1 Wkh irfxv

ri wklv sdshu lv rq wkh shwlwlrqv wkdw duh zlwkgudzq dqg Wdeoh 4 jlyhv dq lghd ri wkh

uhohydqfh ri wkh skhqrphqrq1 Zlwkgudzq shwlwlrqv uhsuhvhqw 4<14<( ri doo shwlwlrqv

lq wkh qlqhwhhq |hduv iurp 4<;3 xqwlo 4<<;1 Krzhyhu/ wklv vkduh ydulhv frqvlghudeo|

ryhu wlph uhdfklqj d pd{lpxp ri 891:9( lq 4<;71 Wkh wdeoh lqglfdwhv d grzqzdug

wuhqg lq DG fdvhv gxulqj wkh ehjlqqlqj ri wkh 4<<3v/ exw zh pd| eh dw wkh wxuqlqj

srlqw ri wklv vhulhv vwduwlqj lq 4<<; vlqfh 87 shwlwlrqv zhuh �ohg lq 4<<< dqg 63 e| wkh

hqg ri Rfwrehu 533317

Jhrjudsklfdoo|/ wkh wdujhwv ri prvw shwlwlrqv duh vsolw lq wzr jurxsv= Dvldq dqg

Hxurshdq frxqwulhv1 Mdsdq/ Fklqd/ Vrxwk Nruhd/ dqg Wdlzdq grplqdwh wkh �uvw jurxs

zkloh Jhupdq|/ Lwdo|/ Iudqfh/ dqg wkh Xqlwhg Nlqjgrp duh wkh surplqhqw h{dpsohv

iru Hxursh1 Fdqdgd dqg Eud}lo dovr dffrxqw iru lpsruwdqw vkduhv ri wrwdo fdvhv1

Wkh vwhho lqgxvwu| �ohv wkh prvw shwlwlrqv1 Rwkhu iuhtxhqw �olqj lqgxvwulhv lq0

foxgh fkhplfdov/ irrg/ dqg wh{wlohv dqg dssduho1 Ryhudoo/ wkhuh lv d zlgh ydulhw| ri

frpprglwlhv fxuuhqwo| vxemhfw wr DG gxwlhv= vwhho slsh dqg wxeh/ fhphqw/ shqflov/

dvslulq/ dqg iuhvk jduolf duh mxvw d ihz h{dpsohv1

6Frpsolfdwhg dqg h{whqghg shwlwlrqv kdyh d 753 gd| olplw1
7Uhfhqw |hduv qrw lqfoxghg lq Wdeoh 4 ehfdxvh qrw doo wkh shwlwlrqv kdyh uhdfkhg wkh �qdo vwdjh1
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6 Wkh Prgho

Wklv Vhfwlrq prghov wkh frpshwlwlrq dprqj grphvwlf dqg iruhljq �upv dqg wkh uh0

vsrqvh ri grphvwlf �upv wr gxpslqj ehkdylru1 Wkh edvlf vhwxs lv wdnhq iurp Suxvd

+4<<5,/ exw vljql�fdqw h{whqvlrqv duh pdgh wr klv ruljlqdo iudphzrun lq rughu wr h{0

sodlq zk| rqo| vrph shwlwlrqv duh zlwkgudzq1 Klv uhvxowv fruuhvsrqg wr d vshfldo fdvh

ri wkh iroorzlqj prgho1

Wkh pdunhw ri lqwhuhvw frqvlvwv ri ? grphvwlf ulvn0qhxwudo �upv dqg ?W iruhljq

ulvn0qhxwudo �upv zklfk surgxfh gl�huhqwldwhg surgxfwv dqg frpshwh rq sulfhv +lq

wkh iroorzlqj/ dq dvwhulvn dozd|v ghqrwhv iruhljq yduldeohv,1 Ehuwudqg frpshwlwlrq

dprqj grphvwlf dqg iruhljq �upv ghwhuplqhv wkh vwdwxv0txr htxloleulxp18 Jlyhq

wklv lqlwldo htxloleulxp/ Iljxuh 4 looxvwudwhv wkh wlplqj ri hyhqwv dqg wkh srvvleoh

dowhuqdwlyh vwudwhjlhv1

Lq wkh �uvw vwdjh/ grphvwlf �upv fdq mrlq wrjhwkhu dqg dfw dv d vlqjoh lqgxvwu| lq

�olqj dq DG shwlwlrq19 Li d shwlwlrq lv qrw �ohg/ wkh Ehuwudqg htxloleulxp zloo shuvlvw1

Lq wkh vhfrqg vwdjh/ wkh grphvwlf lqgxvwu| fdq hlwkhu zlwkgudz wkh shwlwlrq wkurxjk

dq djuhhphqw ru ohdyh wkh LWF dqg LWD wr surfhhg wr wkh �qdo ghwhuplqdwlrq1 Li wkh

shwlwlrq lv qrw zlwkgudzq/ dq d!updwlyh ghwhuplqdwlrq zloo rffxu zlwk dq h{rjhqrxv

suredelolw| 41 Xqghu wklv vfhqdulr/ wkh iruhljq lqgxvwu| zloo sd| gxwlhv/ dv ghwhuplqhg

e| ihghudo djhqflhv/ rq wkh txdqwlw| h{sruwhg1 Lq wkh hyhqw ri d qhjdwlyh rxwfrph ri

wkh lqyhvwljdwlrq +suredelolw| ��4,/ wkh lqgxvwulhv zloo hduq Ehuwudqg sur�wv dv li wkh

shwlwlrq zdv qhyhu lqlwldwhg1

614 Wkh Ehuwudqg Htxloleulxp

Dvvxph v|pphwu| lq wkh ghpdqg dqg frvw ixqfwlrqv dprqj grphvwlf �upv dqg dprqj

iruhljq �upv1 Hdfk grphvwlf �up � idfhv ghpdqg fxuyh ^�E�c� W� zkhuh � ' ER��?�'�

8Wkh prgho fdq eh uhirupxodwhg lq d Frxuqrw iudphzrun dqg wkh uhvxowv gr qrw fkdqjh1 Mrlqw
prqrsro| sur�wv kljkhu wkdq mrlqw Qdvk sur�wv lv wkh frqglwlrq wkdw jxdudqwhhv wklv urexvwqhvv1

9Dowhuqdwlyho|/ wkh| fdq �oh vhsdudwho| exw frruglqdwh rq wlplqj> wklv glvwlqfwlrq lv luuhohydqw1
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lv wkh grphvwlf sulfh yhfwru/ dqg � W ' ERW� �
?W

�'� lv wkh iruhljq sulfh yhfwru1 Vlploduo|/

hdfk iruhljq �up � idfhv ghpdqg fxuyh ^W� E�
Wc � �1 Lw lv dvvxphg wkdw hdfk �up*v

ghpdqg ixqfwlrq lv frqwlqxrxv/ erxqghg/ qrqlqfuhdvlqj dqg frqfdyh lq lwv rzq sulfh

dqg qrqghfuhdvlqj lq wkh rwkhu �upv* sulfhv/ dqg wzlfh frqwlqxrxvo| gl�huhqwldeoh1

Pruhryhu/ lw lv dvvxphg wkdw li doo �upv udlvh wkhlu sulfhv e| dq htxdo dprxqw/ doo

�upv kdylqj srvlwlyh ghpdqg zloo revhuyh d ghfuhdvh lq wkhlu ghpdqg1:

Bargaining agreement

Do not accept
(do not withdraw)

Accept
(withdraw)

Duties not imposed
(1- ρ)

Duties imposed
(ρ)

( Π D - C,  Π D* - C* )( Π B - C,  Π B* - C* )

Do not file antidumping petition File antidumping petition

Domestic industry

Bertrand competition
among n and n   * firms

Do not negotiate agreementNegotiate agreement

Coordination (sunk)
costs: C, C  *

Duties not imposed
(1- ρ)

Duties imposed
(ρ)

( Π B , Π B* )

( Π B ,  Π B* ) ( Π D ,  Π D* )

( Π A - C,  Π A* - C* )

Iljxuh 4= Vhtxhqfh ri hyhqwv

:Irupdoo|/
qS

n@4

Ctl+S>S
�,

Csn
.

q�S

k@4

Ctl+S>S
�,

Cs�
k

? 3 iru l @ 4> ===> q/ dqg
qS

n@4

Ct�m +S
�>S ,

Csn
.

q�S

k@4

Ct�m +S
�>S ,

Cs�
k

? 3

iru m @ 4> ===> q�= Wkhvh frqglwlrqv duh qrw vwulqjhqw dqg fdq eh hdvlo| vdwlv�hg +vhh Rwwdyldqr dqg
Wklvvh/ 4<<<,1
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Grphvwlf �up � fkrrvhv R� lq rughu wr pd{lpl}h lwv sur�w jlyhq e|

Z� ' ZER�c �3�c �
W� ' R� � ^�ER�c �3�c �

W�� A�E^�ER�c �3�c �
W�� +4,

zkhuh �3� ' ER����� �'�/ dqg A� lv wkh �up*v frqyh{ frvw ixqfwlrq1 Vlploduo|/ iruhljq

�up � fkrrvhv RW� lq rughu wr pd{lpl}h

ZW� ' ZWERW� c �
W
3�c � � ' RW� � ^

W
� ER

W
� c �

W
3�c � �� A�WE^W� ER

W
� c �

W
3�c � �� +5,

zkhuh � W
3� ' ERW���� � �'� / dqg A�

W lv wkh �up*v frqyh{ frvw ixqfwlrq1

Wkh �uvw rughu frqglwlrqv iru sur�w pd{lpl}dwlrq duh +dujxphqwv ri wkh ixqfwlrqv

rplwwhg iru qrwdwlrqdo vlpsolflw|,=

^� n R�
Y^�

YR�
�
YA�

Y^�
�
Y^�

YR�
' f � ' �c ���c ? +6,

^W� n RW�
Y^W�

YRW�
�
YA�W

Y^W�
�
Y^W�

YRW�
' f � ' �c ���c ?W� +7,

Htxdwlrqv +6, dqg +7, lpsolflwo| ghvfuleh wkh ehvw uhvsrqvh ixqfwlrqv1 Wkh vrox0

wlrq ri wkh deryh v|vwhp ri E?n ?W� htxdwlrqv jlyhv wkh Ehuwudqg htxloleulxp1 Wkh

frqglwlrqv vwdwhg deryh jxdudqwhh h{lvwhqfh dqg xqltxhqhvv ri wkh Ehuwudqg htxlole0

ulxp1; Ohw wkh Ehuwudqg htxloleulxp sulfh yhfwru eh E��c �
W
��( hdfk grphvwlf �up

hqmr|v srvlwlyh sur�wv Z�� ' ZE�� c �
W
�� dqg hdfk iruhljq �up hqmr|v srvlwlyh sur�wv

ZW�� ' ZWE� W
�c ���� Wklv lv wkh htxloleulxp wkdw shuvlvwv li d shwlwlrq lv qrw �ohg1

615 Wkh Ilolqj Ghflvlrq

E| �olqj wkh shwlwlrq/ grphvwlf �upv dfw dv d vlqjoh sod|hu1 Iru wklv uhdvrq/ wkh

dqdo|vlv fdq eh fduulhg rq e| uhihuulqj wr d grphvwlf lqgxvwu| dqg d iruhljq lqgxvwu|

lqvwhdg ri vlqjoh �upv1 Lqgxvwulhv duh gh�qhg dv wkh dyhudjh ri �upv/ dqg fdslwdo

ohwwhuv ghqrwh lqgxvwu| ohyho yduldeohv1 Zlwk d olwwoh dexvh ri qrwdwlrq/ exw jdlqlqj lq

vlpsolflw|/ ohw lqgxvwu| sur�wv eh �E�c� W� dqg �WE� Wc � ��

;Vhh Iulhgpdq +4<::, iru d ghwdlohg glvfxvvlrq ri wkhvh frqglwlrqv1

:



Zlwk d suredelolw| E�� 4� wkh ihghudo djhqflhv gr qrw lpsrvh DG gxwlhv/ dqg

sur�wv uhpdlq dw wkh Ehuwudqg htxloleulxp dv li wkh shwlwlrq zdv qhyhu �ohg= �� dqg

�W
�� Lq fdvh ri dq d!updwlyh rxwfrph +suredelolw| 4,/ wkh LWF dqg wkh LWD rughu

wkh iruhljq lqgxvwu| wr fkdujh � W
(c dqg wr sd| d gxw| _ rq wkh jrrgv h{sruwhg +'W

(,1

Iruhljq surgxfhuv zloo rqo| froohfw � W
� e| vhoolqj hdfk xqlw/ wkh gxw| uhsuhvhqwlqj wkh

gl�huhqfh ehwzhhq wkh sulfh iruhljq �upv zhuh vxssrvhg wr fkdujh +� W
(, dqg wkh sulfh

vhw lq wkh Ehuwudqg htxloleulxp +� W
�,= _ ' E� W

( � � W
��1 Wkh grphvwlf lqgxvwu| udlvhv

lwv sulfh wr �( dffruglqj wr lwv ehvw uhvsrqvh ixqfwlrq1 Dv d uhvxow/ frqvxphuv sd| � W
(

iru wkh iruhljq jrrg dqg �( iru wkh grphvwlf jrrg1 Sur�wv lq fdvh ri DG gxwlhv duh

�( ' �E�(c �
W
(� dqg �W

( ' �WE� W
(c �(��_'W

(E�
W
(c �(�� Vlqfh wkh grphvwlf lqgxvwu|

lv rq lwv ehvw uhvsrqvh ixqfwlrq dqg wkh iruhljq lqgxvwu| vhoov ohvv dw wkh vdph sulfh/

wkh iroorzlqj uhvxow rewdlqv=

Ohppd 4 �W
( 	 �W

� dqg �( : ���

Surri= vhh Dsshqgl{ D1

Zlwk wkh suredelolw| 4 ri dq d!updwlyh ghflvlrq h{rjhqrxv dqg nqrzq/ h{shfwhg

sur�wv li lqgxvwulhv gr qrw frqvlghu wkh rswlrq ri dq djuhhphqw duh uhvshfwlyho|=

�e E4� ' 4�( n E� � 4��� +8,

�We E4� ' 4�W
( n E� � 4��W

� � +9,

Ohppd 4 lpsolhv �e : �� iru dq| 4 : f� Lq wxuq/ wklv dvvxuhv wkdw �olqj dq DG

shwlwlrq lv d grplqdqw vwudwhj| iru wkh grphvwlf lqgxvwu|1 Lq idfw/ wkh rswlrq ri qrw

qhjrwldwlqj lv dozd|v dydlodeoh vr wkdw wkh h{shfwhg sur�wv �e duh dozd|v jxdudqwhhg1

Wkhuhiruh/ zkdwhyhu rxwfrph wkh shwlwlrq zloo ohdg wr/ lwv h{shfwhg ydoxh lv ehwwhu

wkdq wkh Ehuwudqg htxloleulxp wkdw suhydlov li wkh shwlwlrq lv qrw �ohg1<

<Iru vlpsolflw|/ wkh frvw wr �oh wkh shwlwlrq lv dvvxphg wr eh }hur1 Li srvlwlyh/ wkh suhylrxv
frqfoxvlrq zrxog iroorz li wkh suredelolw| � lv vx!flhqwo| kljk wr dvvxuh wkdw �h A �E . +ilolqj
frvw,= Wkh hpslulfdo h{huflvh ri wklv sdshu frqvlghuv rqo| shwlwlrqv wkdw kdyh ehhq dfwxdoo| �ohg1
Wkh frqvlghudwlrq ri d �olqj frvw lv wkhuhiruh luuhohydqw iru wkh hpslulfdo vshfl�fdwlrq1

;



Lw lv xvhixo wr orrn dw wkh judsklfdo uhsuhvhqwdwlrq ri wkh htxloleulxp lq wkh sur�w

vsdfh1 Ohw wkh sur�w srvvlelolwlhv iurqwlhu +SSI, eh gh�qhg dv wkh orfxv ri pd{lpxp

sur�wv dwwdlqdeoh e| wkh wzr lqgxvwulhv dqg qrq0qhjdwlylw| frqvwudlqwv1 Lwv dqdo|wlfdo

irupxodwlrq lv jlyhq e|=

4@ 
�c� W

�E�c� W� +:,

v1w1 �WE� Wc � � � �
W
c�W : fc� : f

zkhuh �
W
vwdqgv iru dq| srvvleoh ydoxh ri iruhljq sur�wv1 Wkh SSI lv grzqzdug

vorslqj dqg frqfdyh1 Lw lv grzqzdug vorslqj ehfdxvh wkh sur�wv ri rqh lqgxvwu| fdq

eh lqfuhdvhg rqo| e| ghfuhdvlqj wkh sur�wv ri wkh rwkhu lqgxvwu|1 Lw lv frqfdyh vlqfh

hdfk lqgxvwu|*v sur�w ixqfwlrq lv dvvxphg frqfdyh1

Iljxuh 5 lv d judsklfdo uhsuhvhqwdwlrq ri wkh prgho dw wkh lqgxvwu| ohyho1 Wkh

Ehuwudqg htxloleulxp/ �/ lv dq lqwhulru srlqw ri wkh vhw erxqghg e| wkh SSI1 � dqg

�W fruuhvsrqg wr wkh srlqwv ri prqrsro| sur�w iru hdfk lqgxvwu|1 Wkh htxloleulxp

rxwfrph ri dq d!updwlyh ghflvlrq lv srlqw (c zklfk lv jlyhq e| �( dqg �W
(1 Wkh

vhjphqw wkdw olqnv srlqw � dqg ( uhsuhvhqwv doo wkh srvvleoh h{shfwhg sur�wv iru dq|

suredelolw| 41
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616 Wkh Edujdlqlqj Vwdjh

Erwk wkh grphvwlf dqg wkh iruhljq lqgxvwu| kdyh dq lqfhqwlyh wr qhjrwldwh dq djuhh0

phqw ehfdxvh lw fdq lqfuhdvh wkhlu sur�wv zlwk uhvshfw wr wkh h{shfwhg ydoxhv lq +8,

dqg +9,1 Wkh edujdlqlqj vwdjh doorzv lqgxvwulhv wr frooxgh dqg lqfuhdvh wkhlu sur�wv

ryhu wkh h{shfwhg sur�wv1 Erwk vlghv fdq jdlq e| vhwwolqj wkh DG fdvh1

Grphvwlf �upv/ dqg fruuhvsrqglqjo| iruhljq �upv/ pxvw uhdfk d frpprq srvlwlrq

ehiruh jrlqj wr wkh edujdlqlqj vwdjh zlwk wkh rssrqhqw1 Wklv frruglqdwlrq lv hvvhqwldo

li wkh qhjrwldwlqj wdeoh lv wr eh uhdfkhg1 � dqg �W fdswxuh wkhvh vxqn frvwv1 Lw lv

uhdvrqdeoh wr wklqn ri wkhvh frvwv dv lqfuhdvlqj lq wkh qxpehu ri �upv= frruglqdwlrq

uhtxluhv �upv wr �qg d frpprq vwudwhj| dqg wklv wdvn lv pruh gl!fxow/ wkh odujhu wkh

qxpehu ri �upv143

Zkhq wkh wzr lqgxvwulhv edujdlq/ wkh| pd| hqmr| gl�huhqw edujdlqlqj srzhuv1

Wkhuhiruh/ ohw wkh edujdlqlqj srzhu ri wkh grphvwlf lqgxvwu| eh f 	 k 	 �1 Wkhq/

E�� k� uhsuhvhqwv wkh edujdlqlqj srzhu ri wkh iruhljq lqgxvwu|1

Kdylqj gh�qhg wkh hohphqwv ri wkh qhjrwldwlqj wdeoh/ d edujdlqlqj phfkdqlvp kdv

wr eh fkrvhq1 Wkh Qdvk edujdlqlqj vroxwlrq surylghv d vlpsoh dqg lqwxlwlyh zd| wr

vroyh wklv nlqg ri sureohp1 Ruljlqdoo| ghulyhg dv wkh xqltxh vroxwlrq iru d vhw ri

d{lrpv +Qdvk/ 4<83,/ lw fdq eh mxvwl�hg dv wkh rxwfrph ri d qrqfrrshudwlyh jdph

+Uxelqvwhlq/ 4<;5,1 Lq lwv jhqhudo irupxodwlrq zlwk dv|pphwulf edujdlqlqj srzhuv/

wkh vroxwlrq wr wkh lqgxvwulhv* sureohp lv irxqg dv iroorzv=

4@ 
�c� W

d� E�c� W�� � � E�eE4����ok d�W E�c� W�� �W � E�WeE4�� �W�o�3k � +;,

Rqfh wkh lqgxvwulhv uhdfk wkh qhjrwldwlqj wdeoh/ wkh h�ruw vshqw wr frooxgh/ qdpho|

� dqg �Wc lv d vxqn frvw1 Wkhuhiruh/ lqgxvwulhv zdqw wr pd{lpl}h wkh gl�huhqfh

ehwzhhq qhw sur�wv dqg wkh sd|r�v wkh| jhw lq fdvh dq djuhhphqw lv qrw irxqg1 Wkhvh

sd|r�v duh jlyhq e| h{shfwhg sur�wv plqxv frruglqdwlrq frvwv vlqfh li d vhwwohphqw lv

qrw uhdfkhg/ wkh LWF dqg LWD zloo pdnh wkhlu rzq ghwhuplqdwlrqv1

43Dq lqirupdwlrq dujxphqw surylghv d zd| wr wklqn derxw wkhvh frvwv= wkh| duh lqfuhdvlqj lq wkh
qxpehu ri phvvdjhv wkdw �upv pxvw h{fkdqjh lq rughu wr frooxgh1
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Wkh vroxwlrq wr wkh jdph lv xqltxh ehfdxvh wkh edujdlqlqj vhw/ qdpho| wkh vhw

ri sur�wv kljkhu wkdq wkh h{shfwhg rqhv dqg erxqghg e| wkh SSI/ lv frqyh{1 Qhw

sur�wv iurp wkh djuhhphqw duh �� E��c �
W
�� � � dqg �W

� E��c �
W
�� � �W� Qrwh wkdw

wkh vroxwlrq wr wkh jdph lq +;, lpsolhv qhw sur�wv kljkhu wkdq h{shfwhg sur�wv plqxv

frvwv1 Wkhuhiruh/ li wkh edujdlqlqj vwdjh lv uhdfkhg/ wkh edujdlqlqj vroxwlrq zloo dozd|v

eh suhihuuhg1

Dv lw dsshduv iurp wkh ghflvlrq wuhh lq Iljxuh 4/ hdfk lqgxvwu| ghflghv derxw wkh

rssruwxqlw| ri d qhjrwldwhg djuhhphqw e| frpsdulqj lwv sd|r�v zlwk dqg zlwkrxw

wkh rswlrq ri wkh vhwwohphqw1 Li dq djuhhphqw lv qrw sxuvxhg/ lqgxvwulhv* h{shfwhg

sur�wv duh �e dqg �We� Edfnzdug lqgxfwlrq ri wkh edujdlqlqj rxwfrph pdnhv lw zruwk

sxuvxlqj li �� �� : �e dqg �W
� ��W : �We� Wkhvh vdph frqglwlrqv jxdudqwhh wkdw

wkh shwlwlrq zloo eh zlwkgudzq1

Wkh frqglwlrqv iru wkh zlwkgudzdo ri wkh shwlwlrq |lhog wkh iroorzlqj=

Sursrvlwlrq 4 Vxssrvh wkh edujdlqlqj sureohp lv frqyh{1 Iru hdfk k dqg 4/ wkhuh

h{lvw fulwlfdo ydoxhv h�Ekc 4� dqg h�WEkc 4� vxfk wkdw li � � h� dqg �W � h�Wc wkh shwlwlrq

zloo eh zlwkgudzq1 Pruhryhu/
Y h�
Yk

: fc
Y h�W

Yk
	 f�

Surri= vhh Dsshqgl{ D1

Sursrvlwlrq 4 vd|v wkdw wkh kljkhu wkh edujdlqlqj frvwv/ wkh orzhu wkh suredelolw|

ri wkh shwlwlrq ehlqj zlwkgudzq/ iru d jlyhq edujdlqlqj srzhu dqg suredelolw| 41

Wkhuh lv d wkuhvkrog ydoxh iru erwk frruglqdwlrq frvwv wkdw holplqdwhv wkh srvvlelolw|

ri edujdlqlqj dq djuhhphqw ehfdxvh dw ohdvw rqh sod|hu zrxog eh zruvh r� xqghu wkh

vhwwohphqw1 Krzhyhu/ wkh fulwlfdo ydoxhv h� dqg h�W duh qrw frqvwdqw1 Wkh| ghshqg rq

wkh edujdlqlqj srzhu vlqfh lw ghwhuplqhv krz sur�wv iurp frooxvlrq duh vsolw ehwzhhq

wkh grphvwlf dqg iruhljq lqgxvwu|1

Wkh fulwlfdo ydoxhv dovr ghshqg rq wkh h{rjhqrxv suredelolw| 4 ehfdxvh lw lq xhqfhv

wkh rxwvlgh rswlrq ri wkh jdph1 Wkh vljqv ri wkh ghulydwlyhv zlwk uhvshfw wr 4 duh

dpeljxrxv dv wkh| ghshqg rq wkh sduwlfxodu vkdsh ri wkh SSI144 Lq sduwlfxodu/ wkh

44Vhh wkh surri ri Sursrvlwlrq 4 lq Dsshqgl{ D1
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ghulydwlyh
Y h�
Y4

lv pruh olnho| wr eh qhjdwlyh/ wkh vwhhshu wkh SSI1 Lqwxlwlyho|/ wkh

vwhhshu wkh SSI/ wkh vpdoohu wkh lqfuhdvh lq wkh edujdlqhg sur�w iru wkh grphvwlf

lqgxvwu|1 Lq wkh yhu| vshfldo fdvh ri d olqhdu SSI sdudooho wr wkh vhjphqw �( lq

Iljxuh 5/ wkh ghulydwlyhv ri wkh fulwlfdo ydoxhv zlwk uhvshfw wr 4 duh }hur ehfdxvh wkh

fkdqjh lq wkh edujdlqhg sur�wv lv h{dfwo| r�vhw e| wkh fkdqjh lq wkh h{shfwhg sur�wv

eurxjkw e| wkh fkdqjh lq wkh suredelolw|1

Wkh lqwxlwlrq ehklqg wkh uhvxow lq Sursrvlwlrq 4 fdq eh ylvxdol}hg e| wkh judsklfdo

uhsuhvhqwdwlrq ri wkh Qdvk edujdlqlqj jdph1 Qrwh wkdw wkh jdph lq +;, fdq eh

vlpsol�hg wr

4@ 
�c� W

d� E�c� W���eE4�ok d�W E�c� W���WeE4�o�3k �

Wkhuhiruh/ wkh vroxwlrq fdq eh looxvwudwhg lq Iljxuh 5 zlwkrxw frqvlghulqj wkdw wkh

SSI dqg frq lfw sd|r�v +�ec�We, vkliw ehfdxvh ri wkh frruglqdwlrq frvwv145 Jlyhq

wklv vlpsol�fdwlrq/ wkh dv|pphwulf jdph lv vroyhg frqvlghulqj wkh wdqjhqf| ehwzhhq

wkh erxqgdu| ri wkh edujdlqlqj vhw +SSI, dqg d k|shuerod dv|pswrwlf wr wkh frq0

 lfw sd|r�v1 Wkh k|shuerod lv v|pphwulf iru htxdo edujdlqlqj srzhuv ehwzhhq wkh

grphvwlf dqg iruhljq vhfwru +k ' �D,/ dqg ehfrphv pruh dqg pruh vnhzhg wrzdug wkh

%� @%�r iru lqfuhdvlqj ydoxhv ri k�

Lq Iljxuh 5/ .E4� uhsuhvhqwv wkh h{shfwhg +frq lfw, sd|r�v +�eE4�c�WeE4�, dqg

sEk� hpskdvl}hv wkdw wkh k|shuerod ghshqgv rq wkh edujdlqlqj srzhu1 Wkh judsk

looxvwudwhv d fdvh zkhuh wkh grphvwlf lqgxvwu| kdv d pxfk odujhu edujdlqlqj srzhu1

Frqvhtxhqwo|/ wkh iruhljq lqgxvwu|*v sur�wv lq wkh djuhhphqw gr qrw lqfuhdvh pxfk

zlwk uhvshfw wr wkh h{shfwhg sur�wv1 Lq wkh judsk/ wkh frruglqdwlrq frvw ri wkh iruhljq

vhfwru +�W, lv vxfk wkdw wkh iruhljq lqgxvwu| lv zruvh r� zlwk wkh djuhhphqw wkdq

zlwkrxw1 Edfnzdug lqgxfwlrq ri wklv frqvhtxhqfh pdnhv wkh djuhhphqw lpsrvvleoh1

Khqfh/ wkh grphvwlf lqgxvwu| grhv qrw zlwkgudz wkh shwlwlrq/ exw zdlwv iru wkh ihghudo

djhqflhv* ghflvlrq1

45Wkh judsklfdo uhsuhvhqwdwlrq ri +;, lpsolhv prylqj wkh ruljlq e| d glvwdqfh ghwhuplqhg e| wkh
frruglqdwlrq frvwv1
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Wkh judsk vkrzv wkdw lw lv qrw wkh edujdlqlqj srzhu ru wkh frruglqdwlrq frvw shu

vh wkdw ghwhuplqhv wkh uhvxow1 Zlwk wkh vdph frvwv/ d orzhu edujdlqlqj srzhu iru

wkh grphvwlf lqgxvwu| zrxog kdyh pdgh dq djuhhphqw srvvleoh dqg wkxv fdxvhg wkh

zlwkgudzdo ri wkh shwlwlrq +l1h1
Y h�W

Yk
	 f,1 Lq wkh vdph zd|/ d orzhu frruglqdwlrq

frvw iru wkh iruhljq lqgxvwu| zrxog kdyh shuplwwhg d frooxvlyh rxwfrph hyhq li wkh

edujdlqlqj srzhuv zhuh wkh vdph1

Wkh uhvxow wkdw qrw doo wkh shwlwlrqv duh zlwkgudzq vwhpv iurp wkh prgl�fdwlrqv

pdgh wr wkh prgho sursrvhg e| Suxvd +4<<5,1 Klv vhwxs fruuhvsrqgv wr wkh vshfldo

fdvh zkhuh wkhuh duh qr frvwv ri frruglqdwlrq/ wkh grphvwlf dqg iruhljq lqgxvwulhv

hqmr| wkh vdph edujdlqlqj srzhu +k ' �D,/ dqg wkhuh lv rqo| rqh grphvwlf dqg rqh

iruhljq �up +? ' �c ?W ' �,1 Lq klv vhwwlqj/ lqgxvwulhv dozd|v jdlq e| zlwkgudzlqj d

shwlwlrq dqg uhdfklqj dq djuhhphqw vlqfh wkh Qdvk edujdlqlqj vroxwlrq rffxuv lq wkh

plggoh ri wkh duf ri wkh SSI gholplwhg e| wkh frqwlqxrxv olqhv lq Iljxuh 51 Hyhq lq

wkh h{wuhph fdvh ri 4 htxdo wr rqh/ wkh iruhljq lqgxvwu| suhihuv wr vhwwoh ehfdxvh lw fdq

edujdlq ryhu wkh gxwlhv1 Lq wklv vhqvh/ Suxvd*v prgho vxjjhvwv wkdw zh vkrxog dozd|v

revhuyh djuhhphqwv ehwzhhq wkh frq lfwlqj sduwlhv1 Rq wkh frqwudu|/ d vljql�fdqw

vkduh ri shwlwlrqv duh qrw zlwkgudzq hyhq wkrxjk rqo| kdoi ri wkhp zloo hqg zlwk

DG gxwlhv ehlqj ohylhg1 Wkh suhvhqw prgho fdq h{sodlq wklv hylghqfh dujxlqj wkdw

shwlwlrqv duh zlwkgudzq zkhq d frooxvlyh djuhhphqw lv uhdfkhg ehwzhhq wkh grphvwlf

dqg iruhljq lqgxvwu|1

7 Wkh Hpslulfdo Dqdo|vlv

Wkh uhohydqfh ri wkh wkhruhwlfdo iudphzrun ghyhorshg lq wkh suhylrxv Vhfwlrq fdq

eh dvvhvvhg hpslulfdoo|1 Sursrvlwlrq 4 kljkoljkwv wkh idfw wkdw frruglqdwlrq frvwv

dqg edujdlqlqj srzhuv duh fuxfldo hohphqwv lq uhdfklqj d frooxvlyh djuhhphqw1 Lq

sduwlfxodu/ wkh suredelolw| ri zlwkgudzlqj wkh shwlwlrq lv qhjdwlyho| uhodwhg wr wkh

frruglqdwlrq frvw/ iru d jlyhq edujdlqlqj srzhu1 Wkhuhiruh/ pdnlqj xvh ri d sdqho
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gdwdvhw wkdw frqwdlqv shwlwlrqv �ohg lq wkh Xqlwhg Vwdwhv lq wkh shulrg 4<;304<<5/ wkh

suredelolw| ri zlwkgudzlqj d shwlwlrq lv prghohg dv=

Sure Et ' �� ' 8 Eq�f� n 0 +<,

zkhuh t dvvxphv wkh ydoxh ri 4 zkhq d shwlwlrq lv zlwkgudzq dqg 3 zkhq lw lv qrw/

8 E�� lv wkh vwdqgdug qrupdo glvwulexwlrq/ dqg 0 lv wkh huuru whup146 Revhuydwlrqv duh

qrw lqghshqghqw vlqfh wkh vdph lqgxvwu| uhshdwhgo| �ohv shwlwlrqv1 Iru wklv uhdvrq/

urexvw vwdqgdug huuruv duh fdofxodwhg xvlqj wkh Zklwh hvwlpdwru1 Pruhryhu/ doorzlqj

iru ghshqghqfh rqo| zlwklq 70gljlw VLF lqgxvwu| gh�qlwlrqv ru zlwklq hdfk fdvh grhv

qrw surgxfh dq| vljql�fdqw gl�huhqfh lq wkh hvwlpdwhg frh!flhqwv +fdvh uhihuv wr wkh

frpsodlqw eurxjkw e| wkh XV lqgxvwu| dv d zkroh/ hyhq li wkh LWF lqvwlwxwhv gl�huhqw

shwlwlrqv iru hdfk lqyroyhg iruhljq frxqwu|,1

Vshfl�fdoo|/f lqfoxghv d frqvwdqw/ lqglfdwruv ri frvwv ri frruglqdwlrq/ lqglfdwruv ri

edujdlqlqj srzhu/ dqg frqwuro yduldeohv1 D srvlwlyh vljq lv h{shfwhg iru wkh yduldeohv

uhsuhvhqwlqj wkh edujdlqlqj srzhu ri wkh lqgxvwu| zlwk srvvleo| qrqolqhdu h�hfwv vlqfh

d yhu| kljk edujdlqlqj srzhu vkrxog ohdg wr d qrqzlwkgudzdo1 Rq wkh frqwudu|/ wkh

yduldeohv uhsuhvhqwlqj wkh frvwv ri frruglqdwlrq vkrxog hqwhu zlwk d qhjdwlyh vljq147

Wkh frvwv ri frruglqdwlrq duh fohduo| uhodwhg wr wkh qxpehu ri surgxfhuv lq wkh

pdunhw1 Qdwxudo fdqglgdwhv wr uhsuhvhqw wkhvh frvwv duh ydulrxv frqfhqwudwlrq lqgh{hv=

kljkhu ohyhov ri frqfhqwudwlrq idflolwdwh frooxvlrq/ doohyldwlqj wkh frruglqdwlrq sureohp

�upv kdyh wr vroyh1 Iru wkh grphvwlf lqgxvwu|/ wkh wrwdo frvw ri frruglqdwlrq lv

dovr lqfuhdvlqj lq wkh qxpehu ri iruhljq frxqwulhv lqyroyhg vlqfh d shwlwlrq fdq eh

vlpxowdqhrxvo| �ohg djdlqvw surgxfhuv iurp gl�huhqw frxqwulhv1 Krzhyhu/ wkh dyhudjh

frvw pd| eh hlwkhu lqfuhdvlqj ru ghfuhdvlqj1 Wkh qxpehu ri frxqwulhv lqyroyhg lq d

fdvh fdq eh d uhohydqw h{sodqdwru| yduldeoh1

Lq wkh vdph zd|/ wkh qxpehu ri surgxfhuv/ qxpehu ri lpsruwhuv/ dqg qxpehu ri

�ohuv ri wkh shwlwlrq fdq eh xvhg1 Wudgh dvvrfldwlrqv dqg dg krf frpplwwhhv iruphg

46Wkhuh lv qr qrwlfhdeoh gl�huhqfh ehwzhhq hvwlpdwlqj surelw ru orjlw uhjuhvvlrqv1
47Srvlwlyh ru qhjdwlyh vljqv uhihu wr wkh yhu| frqfhsw ri srzhu dqg frvw/ exw wkh uhjuhvvruv pd|

eh h{suhvvhg lq vxfk d zd| +lqgh{/ fkdqjh ryhu wlph/ hwf1, wkdw wkh h{shfwhg vljq lv wkh rssrvlwh1
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lq rughu wr �oh d shwlwlrq vkrxog lpsuryh wkh frruglqdwlrq wdvn ri grphvwlf �upv/ dqg

d gxpp| yduldeoh fdswxuhv wklv h�hfw1

Wkhuh lv qr wkhru| ri edujdlqlqj srzhu/ dsduw iurp Uxelqvwhlq*v lghqwl�fdwlrq ri

lw zlwk uhodwlyh glvfrxqw udwhv1 Lq sudfwlfdo whupv/ hfrqrplvwv wklqn wkdw edujdlqlqj

srzhuv ghshqg rq wkh lqgxvwu|*v uhsxwdwlrq ru rq rwkhu idfwruv dv zhoo vxfk dv lpsd0

wlhqfh dqg xqfhuwdlqw|1 Dq lpsruwdqw fkdqqho wkdw fdq d�hfw wkh edujdlqlqj srzhu ri

wkh grphvwlf lqgxvwu| lv lwv suhvvxuh lq wkh srolwlfdo duhqd= suhvvxuh wr rewdlq lpsruw

uholhi dfwlrqv lq wkh irup ri txrwdv/ YHUv/ ru rwkhu jryhuqphqw vxshuylvhg djuhh0

phqwv1 Wklv suhvvxuh lpsuryhv wkh uhodwlyh srvlwlrq ri wkh grphvwlf lqgxvwu| ehfdxvh

iruhljq �upv zrxog suhihu wr vhwwoh1

Hpsor|phqw dqg wkh qxpehu ri suhylrxvo| �ohg shwlwlrqv duh srwhqwldoo| jrrg

lqglfdwruv ri edujdlqlqj srzhu1 Pruh hpsor|hhv ohdg wr vwurqjhu srolwlfdo lq xhqfh

ehfdxvh wkh lqmxu| iurp xqidlu lpsruwv zrxog qhjdwlyho| d�hfw pruh zrunhuv1 Wkh

xvh ri hpsor|phqw dv d srolwlfdo yduldeoh lv frqvlvwhqw zlwk wkh olwhudwxuh wkdw h{0

foxghv hpsor|phqw dv d phdvxuh ri lqgxvwu| vl}h dqg wkhuhiruh ri frqfhqwudwlrq +vhh

Ilqjhu hw do1/ 4<;5> Suxvd/ 4<<4,1 Dqdorjrxvo|/ �olqj qxphurxv shwlwlrqv lqfuhdvhv wkh

�ylvlelolw|� ri wkh lqgxvwu| lq wkh srolwlfdo duhqd jlylqj d vljqdo ri d wrxjk sod|hu1

Dprqj wkh frqwuro yduldeohv/ qrplqdo h{fkdqjh udwh dqg wudgh gh�flw frqwuro

iru wkh grfxphqwhg frxqwhuf|folfdo qdwxuh ri wudgh eduulhuv1 Uhodwhg wr wkh DG

skhqrphqrq/ gxpp| yduldeohv iru sduwlfxodu jurxsv ri frxqwulhv duh uhohydqw1 Rq

rqh kdqg/ Hxurshdq Xqlrq dqg RHFG frxqwulhv pd| hqmr| d suhihuhqwldo wuhdwphqw

iru pdmru wudgh sduwqhuv1 Rq wkh rwkhu kdqg/ qrq pdunhw hfrqrplhv duh pruh hdvlo|

irxqg jxlow| ri gxpslqj ehfdxvh ri gl!fxow frpsdulvrqv ri pdunhw sulfhv1 Rqh pruh

gxpp| yduldeoh fdswxuhv wkh idfw wkdw iurp 4<;7 wkh DG odz uhtxluhv wkh LWF wr

fxpxodwh lpsruwv iurp gl�huhqw frxqwulhv zkhq ghwhuplqlqj lqmxu|/ d prgl�fdwlrq

nqrzq wr lq xhqfh wkh ghflvlrq wr �oh d shwlwlrq +vhh Kdqvhq dqg Suxvd/ 4<<9,1

Rqh odvw frqwuro yduldeoh lv d vwhho vhfwru gxpp| yduldeoh1 Lq idfw/ pdq| zlwkgudzq

shwlwlrqv shuwdlq wr wklv lqgxvwu|1 Lw lv lpsruwdqw wr vhh li wkh skhqrphqrq xqghu
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lqyhvwljdwlrq lv vhfwru vshfl�f ru li lw lv dq rffxuuhqfh frpprq wr pdqxidfwxulqj

lqgxvwulhv lq jhqhudo1

714 Gdwd

Wkh hpslulfdo vwxg| lv olplwhg wr wkh shulrg 4<;304<<51 Wkh suh04<;3 h{shulhqfh

lv qrw frpsdudeoh ehfdxvh wkh Wuhdvxu| Ghsduwphqw/ lqvwhdg ri wkh Ghsduwphqw ri

Frpphufh/ zdv lq fkdujh ri wkh lqyhvwljdwlrq derxw wkh ohvv0wkdq0idlu0ydoxh sulflqj

ehkdylru1 Dydlodelolw| ri gdwd iurp wkh Fhqvxv Exuhdx glfwdwhv wkh fkrlfh ri 4<<51

Wkh qhzo| frqvwuxfwhg gdwdvhw lv frpsrvhg ri gdwd froohfwhg dw wzr gl�huhqw ohyhov

ri djjuhjdwlrq148 D �uvw vrxufh lv wkh XV Fhqvxv Exuhdx zlwk grphvwlf djjuhjdwh gdwd

dw wkh 70gljlw VLF ohyho1 Wkh vhfrqg vrxufh ri gdwd lv surylghg e| wkh uhsruwv sxeolvkhg

e| wkh LWD dqg wkh LWF1 Wkh lqirupdwlrq lq wkh uhsruwv iru hdfk shwlwlrq lv txlwh

ydoxdeoh dqg wklv sdshu lv wkh �uvw wr pdnh h{whqvlyh xvh ri wklv vrxufh/ lq sduwlfxodu/

iru gdwd rq iruhljq lqgxvwulhv1 Iru h{dpsoh/ Suxvd lq d vhulhv ri sdshuv/ Edogzlq dqg

Vwhdjdoo +4<<7,/ dqg Gh Ydxow +4<<6, xvh vrph ri wkh lqirupdwlrq frqwdlqhg lq wkh

shwlwlrqv exw rqo| wr lghqwli| wkh jrrg xqghu lqyhvwljdwlrq ru wr ghvfuleh wkh grphvwlf

lqgxvwu| dqg wkh rxwfrph1 Lq frqwudvw/ wklv sdshu uholhv rq wklv vrxufh wr fkdudfwhul}h

wkh grphvwlf dqg iruhljq lqgxvwu|1

Ryhu wkh wkluwhhq |hduv lqfoxghg lq wkh vdpsoh/ 973 shwlwlrqv kdyh ehhq �ohg1

Wkh dqdo|vlv lv olplwhg wr wkh pdqxidfwxulqj vhfwru vlqfh odfn ri gdwd irufhv wr gurs

shwlwlrqv shuwdlqlqj wr wkh djulfxowxudo dqg plqlqj vhfwruv1 Shwlwlrqv zlwkgudzq iru

uhdvrqv vxfk dv lqdghtxdwh �olqj/ uh0�ohg vrrq diwhu/ qrw dffhswhg e| wkh LWD exw

fohduo| qrw zlwkgudzq ehfdxvh ri djuhhphqwv duh gursshg1 D ihz rxwolhuv kdyh dovr

ehhq h{foxghg149 Lq wkh hqg/ wkh gdwdvhw frqwdlqv 8;; shwlwlrqv= 4<155( zlwkgudzq/

73197( qhjdwlyh/ dqg 73147( d!updwlyh1

Iurp ghvfulswlyh vwdwlvwlfv/ lqwhuhvwlqj uhjxodulwlhv hphujh1 Lqgxvwulhv lqyroyhg lq

48Vhh Dsshqgl{ E iru d frpsohwh ghvfulswlrq ri wkh gdwd1
49Whq revhuydwlrqv duh holplqdwhg ehfdxvh wkh ydoxhv ri vrph yduldeohv duh iurp 43 wr :8 wlphv

odujhu wkdq wkh phdq1
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wkh zlwkgudzdo ri shwlwlrqv duh pruh krprjhqhrxv li frpsduhg wr lqgxvwulhv wkdw

rewdlqhg d!updwlyh dqg qhjdwlyh rxwfrphv iru wkhlu shwlwlrqv1 Lq idfw/ wkh vwdqgdug

ghyldwlrq ri doo yduldeohv h{fhsw hpsor|phqw lv orzhu1 Wklv �qglqj lv frqvlvwhqw zlwk

wkh wkhruhwlfdo prgho1 Wrwdo hpsor|phqw lv rq dyhudjh 83( kljkhu iru zlwkgudzq

shwlwlrqv1 Wklv lv lq olqh zlwk wkh lqwhusuhwdwlrq ri hpsor|phqw dv dq lqglfdwru ri

srolwlfdo lq xhqfh dqg wkhuhiruh edujdlqlqj srzhu1 Iroorzlqj wklv lqwhusuhwdwlrq/ lw

lv uhdvrqdeoh wr dvvxph wkdw shwlwlrqv wkdw hqg xs zlwk vxvshqvlrq djuhhphqwv +l1h1/

irupdo djuhhphqwv uhdfkhg zlwk wkh lqwhuphgldwlrq ri LWD, fruuhvsrqg wr lqgxvwulhv

zlwk juhdwhu srolwlfdo lq xhqfhv dqg vkrxog kdyh rq dyhudjh d kljkhu ohyho ri hpsor|0

phqw1 Gdwd frq�up wklv k|srwkhvlv= dyhudjh hpsor|phqw iru vxvshqghg shwlwlrqv lv

4<61<< wkrxvdqgv/ rwkhu zlwkgudzq shwlwlrqv kdyh dq dyhudjh hpsor|phqw ri 47;19;/

dqg dyhudjh hpsor|phqw iru qrq zlwkgudzq shwlwlrqv lv <81791

715 Uhvxowv

Wkh uhvxowv ri irxu gl�huhqw vshfl�fdwlrqv ri wkh surelw prgho gh�qhg lq htxdwlrq +<,

duh uhsruwhg lq Wdeoh 51 Wkh vljq qh{w wr hdfk yduldeoh lv zkdw lv h{shfwhg iurp d

wkhruhwlfdo vwdqgsrlqw1 Wkh �uvw uhjuhvvlrq pdnhv xvh ri doo wkh 8;; revhuydwlrqv dqg

lw jlyhv d ehqfkpdun fdvh iru frpsdulvrq wr zkhq vrph revhuydwlrqv duh gursshg

ehfdxvh ri gdwd sureohpv1 Wkh xvh ri glvdjjuhjdwh gdwd lpsuryhv wkh shuirupdqfh

ri wkh prgho dqg kljkoljkwv lqwhuhvwlqj hohphqwv/ dv vkrzq lq wkh vhfrqg froxpq ri

Wdeoh 51 Wkh wzr uhpdlqlqj froxpqv suhvhqw uhvxowv iru gl�huhqw vshfl�fdwlrqv ri

frruglqdwlrq frvw dqg pdfurhfrqrplf h�hfwv1

Wkh hvwlpdwhv lq froxpq +4, duh lq olqh zlwk zkdw lv h{shfwhg1 Hpsor|phqw

lv vljql�fdqw dqg zlwk wkh h{shfwhg srvlwlyh vljq1 Erwk yduldeohv uhodwhg wr wkh

vwrfn ri �ohg shwlwlrqv duh vwdwlvwlfdoo| vljql�fdqw dqg zlwk wkh h{shfwhg vljqv/ wkxv

frq�uplqj wkh k|srwkhvlv ri qrqolqhdu h�hfwv lq wkh edujdlqlqj srzhu1 Frqfhqwudwlrq/

dv uhsuhvhqwhg e| wkh qxpehu ri frpsdqlhv/ hqwhuv zlwk wkh dqwlflsdwhg qhjdwlyh

vljq/ wkrxjk qrw vwdwlvwlfdoo| vljql�fdqw1 Dqdorjrxvo|/ wkh gxpp| yduldeoh ri dq
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dg krf frpplwwhh �olqj d shwlwlrq suhvhqwv wkh h{shfwhg srvlwlyh vljq/ exw lw lv qrw

vljql�fdqw14:

Wkh frqwuro yduldeohv duh doo vwdwlvwlfdoo| gl�huhqw iurp }hur zlwk wkh h{fhswlrq

ri wkh gxpp| yduldeoh iru wkh vwhho vhfwru1 Wklv lv sduwlfxoduo| lpsruwdqw jlyhq

wkdw d odujh sruwlrq ri zlwkgudzq shwlwlrqv shuwdlqv wr wkh vwhho lqgxvwu|1 Lw phdqv

wkdw wkh skhqrphqrq ri zlwkgudzlqj d shwlwlrq lv qrw qhfhvvdulo| vhfwru vshfl�f/ exw

fdq eh h{sodlqhg e| wkh jhqhudo ihdwxuhv fdswxuhg e| wkh rwkhu uhjuhvvruv1 Hxurshdq

Xqlrq dqg qrq pdunhw hfrqrplhv gxpplhv duh erwk srvlwlyh1 Pruhryhu/ qrq uhsruwhg

uhjuhvvlrqv zkhuh frxqwu| gxpplhv duh lqfoxghg rqh dw d wlph frq�up wkh idfw wkdw

frxqwulhv ri wkh Hxurshdq Xqlrq dqg qrq pdunhw hfrqrplhv duh wkh rqo| jurxsv ri

frxqwulhv zkrvh gxpp| yduldeohv duh vljql�fdqw1

Wkh qh{w vwhs lv wr xwlol}h glvdjjuhjdwh gdwd1 Wkh xvh ri lqirupdwlrq pdqxdoo|

froohfwhg iurp uhsruwv sxeolvkhg e| LWF dqg LWD shuplwv wr ehwwhu fkdudfwhul}h wkh

grphvwlf lqgxvwu| dqg wkh iruhljq gxpslqj surgxfhuv> wr p| nqrzohgjh/ wklv lv wkh

�uvw sdshu wkdw dwwhpswv vxfk d glvdjjuhjdwhg dqdo|vlv1 Wklv vrxufh ri lqirupdwlrq

suryhv wr eh lpsruwdqw lq lpsurylqj wkh shuirupdqfh ri wkh hvwlpdwhg prgho hyhq li

lw uhtxluhv holplqdwlqj vrph revhuydwlrqv1 Krzhyhu/ wkh qh{w Vhfwlrq dujxhv wkdw wklv

idfw grhv qrw lqydolgdwh wkh uhvxowv rewdlqhg1

Wkh vhfrqg froxpq ri Wdeoh 5 vkrzv wkh uhvxowv xvlqj gdwd iurp wkhvh rwkhu

vrxufhv1 Wkh frqfoxvlrqv uhdfkhg ehiruh zlwk uhvshfw wr wkh edujdlqlqj srzhu dqg

wkh frqwuro yduldeohv duh xqfkdqjhg1 Pruhryhu/ wkh fkdudfwhul}dwlrq ri grphvwlf dqg

iruhljq frvwv zlwk glvdjjuhjdwh gdwd jlyhv lqwhuhvwlqj uhvxowv1 Rq wkh grphvwlf vlgh/

wkh gxpp| yduldeoh iru dg krf frpplwwhhv �olqj d shwlwlrq lv qrz vljql�fdqw dv zhoo dv

wkh qxpehu ri �ohuv zlwk wkh dqwlflsdwhg qhjdwlyh vljq1 Dovr wkh qxpehu ri grphvwlf

�upv hqwhuv zlwk wkh h{shfwhg vljq exw lw lv qrw vljql�fdqw1 Wklv lv d uhohydqw uhvxow=

wkh qxpehu ri �ohuv lv vljql�fdqw hyhq diwhu frqwuroolqj iru wkh qxpehu ri �upv1 Wkh

yduldeohv iru wkh iruhljq vhfwru gr qrw shuirup htxdoo| zhoo1 Wkh qxpehu ri iruhljq

4:D gxpp| yduldeoh iru d wudgh dvvrfldwlrq �olqj d shwlwlrq lv qrw lqfoxghg ehfdxvh lw wxuqv rxw
wr eh kljko| lqvljql�fdqw1
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�upv hqwhu zlwk wkh h{shfwhg qhjdwlyh vljq/ exw lw lv qrw vljql�fdqw1 Wkh Khu�qgdko

lqgh{/ lqvwhdg/ grhv qrw suhvhqw wkh suhglfwhg vljq dqg lv vljql�fdqw1 Wklv lv d sx}}olqj

rxwfrph dqg lw lv urexvw dfurvv ydulrxv vshfl�fdwlrqv1

D srvvleoh h{sodqdwlrq iru wklv uhvxow fdq eh uhodwhg wr wklug pdunhwv1 Dvvxph

wkdw wkh h{sruwhuv wkdw duh gxpslqj lq wkh Xqlwhg Vwdwhv duh dovr h{sruwlqj wr rwkhu

frxqwulhv1 Li wkh| frooxgh zlwk wkh XV �upv/ wkh| kdyh wr lqfuhdvh wkh sulfh dqg uhgxfh

wkh txdqwlw| vrog1 Lq wklv fdvh/ wkh xqvrog txdqwlw| pd| eh glyhuwhg wr wklug pdunhwv1

Wkh lqfuhdvhg vdohv lq wkhvh pdunhwv fdq ghfuhdvh wkh sulfh lq vxfk d zd| wkdw iruhljq

surgxfhuv duh shqdol}hg vr wkdw wkh| fkrrvh qrw wr frooxgh zlwk wkh XV lqgxvwu|1

Wklv rxwfrph lv pruh olnho| wkh pruh frqfhqwudwhg wkh iruhljq lqgxvwu|/ dvvxplqj

wkdw frqfhqwudwhg iruhljq vhfwruv vljqdo odujh h{sruwhuv wr wkh wklug pdunhwv1

Froxpq +6, lqyhvwljdwhv wkh uhohydqfh ri wkh qxpehu ri frxqwulhv lqyroyhg lq d

fdvh1 Lq jhqhudo/ lw lv eholhyhg wkdw wkh pruh frxqwulhv/ wkh pruh olnho| dq d!updwlyh

ghflvlrq1 Iru wkh suhvhqw dqdo|vlv/ pruh frxqwulhv pd| lqfuhdvh ru ghfuhdvh wkh frvw

ri frruglqdwlrq wr eh lqsxwwhg wr hdfk shwlwlrq= wkh wrwdo frvw ri frruglqdwlrq lv prvw

suredeo| lqfuhdvlqj lq wkh qxpehu ri frxqwulhv exw wkhuh pd| eh hfrqrplhv ri vfdoh1

Wkh vtxduh ri wkh qxpehu ri frxqwulhv vkrzv hylghqfh ri vrph irup ri qrqolqhdulw|=

wkh suredelolw| ri wkh shwlwlrq ehlqj zlwkgudzq lqlwldoo| lqfuhdvhv zlwk wkh qxpehu

ri frxqwulhv/ exw ghfolqhv zlwk odujhu qxpehuv ri lqyroyhg iruhljq frxqwulhv1 Wkh

txdolwdwlyh uhvxowv ri wkh rwkhu uhjuhvvruv duh yluwxdoo| xqfkdqjhg1

Vr idu/ doo wkh uhjuhvvlrqv lqfoxgh wkh wudgh gh�flw dqg wkh qrplqdo h{fkdqjh

udwh/ zklfk duh erwk vljql�fdqw/ wr frqwuro iru wkh lq xhqfh ri wkh pdfurhfrqrplf

hqylurqphqw1 D gl�huhqw vwudwhj| lv wr lqfoxgh gxpp| yduldeohv iru hdfk |hdu1 Lq

wklv zd|/ qrw rqo| wkh pdfurhfrqrplf h�hfwv duh wdnhq lqwr dffrxqw/ exw dq| rwkhu

wlph h�hfw lv fdswxuhg wrr1 Wkh odvw uhjuhvvlrq lq Wdeoh 5 h{soruhv wklv srvvlelolw|

dqg wkh hvwlpdwhv duh txdolwdwlyho| wkh vdph1

Wkh hpslulfdo dqdo|vlv vxssruwv wkh frqfoxvlrqv ri wkh wkhruhwlfdo prgho1 D sdw0

whuq iru zlwkgudzq shwlwlrqv fdq eh ghwhfwhg dqg uhodwhg wr cedujdlqlqj srzhu* dqg
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cfrruglqdwlrq frvw*1 Wkhq/ wkh lqwhusuhwdwlrq ri zlwkgudzq shwlwlrqv dv vljqdov ri fro0

oxvlyh djuhhphqwv ehwzhhq grphvwlf dqg iruhljq lqgxvwulhv lv vxssruwhg e| wkh gdwd1

Wkh dqdo|vlv vkrzv wkdw wkh fuhdwlrq ri dq dg krf frpplwwhh wr �oh wkh shwlwlrq lv d

uhohydqw hohphqw lq rughu wr idflolwdwh wkh frruglqdwlrq wdvn ri grphvwlf �upv/ zkloh

wkh pruh wkh �ohuv/ wkh pruh gl!fxow lw ehfrphv wr �qg d frpprq vwudwhj|1 Wkh uh0

vxowv iru wkh iruhljq vhfwruv duh zhdnhu= wkh qxpehu ri iruhljq surgxfhuv hqwhuv zlwk

wkh dqwlflsdwhg vljq exw lw lv qhyhu vljql�fdqw/ zkloh wkh frqfhqwudwlrq lqgh{ grhv qrw

hqwhu lq wkh zd| suhglfwhg e| wkh wkhruhwlfdo prgho1 Wkh uhvxowv iru wkh edujdlqlqj

srzhu frq�up wkdw srolwlfdo suhvvxuh dqg vrph vruw ri uhsxwdwlrq dv uhsuhvhqwhg e|

wkh qxpehu ri �ohg shwlwlrqv duh lpsruwdqw hohphqwv lq wkh ghflvlrq wr zlwkgudz1

Dw wklv srlqw d fodul�fdwlrq lv qhfhvvdu| rq wkh uhodwlrqvkls ehwzhhq wkh uhvxowv

suhvhqwhg khuh dqg wkrvh uhsruwhg e| Vwdljhu dqg Zrodn +4<<7,1 Wkh| hpslulfdoo|

glvwlqjxlvk wkuhh qrq0gxw| h�hfwv ri d shwlwlrq= lqyhvwljdwlrq h�hfw/ vxvshqvlrq hi0

ihfw/ dqg zlwkgudzdo h�hfw/ ghshqglqj rq wkh dfwlrq ehlqj h{dplqhg1 Wkh| �qg fohdu

hylghqfh ri wkh �uvw wzr exw qrw ri wkh wklug1 Krzhyhu/ wkh gh�qlwlrq ri zlwkgudzq

shwlwlrqv xvhg lq wklv sdshu lqfoxghv zkdw wkh| uhihu wr dv vxvshqvlrq dqg zlwkgudzdo

h�hfw1 Vrph shwlwlrqv duh zlwkgudzq mxvw ehfdxvh wkh| duh lqfrpsohwh ru gr qrw

vdwlvi| wkh ohjdo uhtxluhphqwv1 Holplqdwlqj wkhvh revhuydwlrqv dqg qrw glvwlqjxlvk0

lqj ehwzhhq zlwkgudzq dqg vxvshqghg shwlwlrqv h{sodlqv wkh dssduhqw lqfrqvlvwhqf|

ehwzhhq wkh uhvxowv uhsruwhg khuh dqg wkrvh ri Vwdljhu dqg Zrodn1

716 Vhqvlwlylw| Dqdo|vlv

Wkh dlp ri wklv Vhfwlrq lv wr fkhfn wkh urexvwqhvv ri wkh uhvxowv suhvhqwhg lq wkh

suhylrxv Vhfwlrq1 Wkh irfxv lv rq wzr nlqg ri frqfhuqv1 Iluvw ri doo/ wkh lqfoxvlrq

ri glvdjjuhjdwh gdwd lpsolhv gursslqj vrph revhuydwlrqv ehfdxvh ri plvvlqj gdwd1 Lq

wklv uhvshfw/ wkh uhjuhvvlrq lq froxpq +4, lv hvwlpdwhg iru wkh revhuydwlrqv lqfoxghg

lq wkh rwkhu wkuhh froxpqv1 Wkh txdolwdwlyh uhvxowv gr qrw fkdqjh1

Vhfrqg/ pdq| gl�huhqw vshfl�fdwlrqv fdq eh frqvwuxfwhg zlwk wkh dydlodeoh ydul0
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deohv1 Lw lv wkhuhiruh lpsruwdqw wr dvfhuwdlq wkdw lw lv qrw d sduwlfxodu fkrlfh ri uhjuhv0

vruv wkdw gulyhv wkh uhvxowv zkhq gl�huhqw yduldeohv fdq uhsuhvhqw wkh vdph h�hfw1 Iru

wklv uhdvrq/ pdq| rwkhu uhjuhvvlrqv duh frqvlghuhg zlwk gl�huhqw yduldwlrqv iru wkh

grphvwlf frruglqdwlrq frvw/ wkh edujdlqlqj srzhu/ dqg wkh frqwuro yduldeohv1 Wdeohv

6 dqg 7 uhsruw vrph ri wkhvh wuldov zlwk uhvshfw wr prgl�fdwlrqv ri wkh uhjuhvvlrq lq

froxpq +5, ri Wdeoh 51

Wdeoh 6 grfxphqwv srvvleoh dowhuqdwlyh vshfl�fdwlrqv ri wkh grphvwlf edujdlqlqj

frvw1 Lq froxpq +4, dqg +5,/ h{fkdqjlqj wkh qxpehu ri �upv zlwk wkh glvdjjuhjdwhg

Khu�qgdko lqgh{ dqg wkh jhrjudsklf frqfhqwudwlrq lqgh{ Jdppd grhv qrw prgli|

wkh uhvxowv1 Froxpq +6, dqg +7, lqfoxgh dprqj wkh uhjuhvvruv wzr gl�huhqw sulqflsdo

idfwruv zklfk hqwhu zlwk wkh h{shfwhg vljq dqg duh vljql�fdqw14; Lq d vhw ri qrq

uhsruwhg uhjuhvvlrq/ wkh k|srwkhvlv wkdw d odujh qxpehu ri lpsruwhuv zruvhqv wkh

frruglqdwlrq sureohp lv whvwhg1 Wkh suhglfwlrq lv vxssruwhg vlqfh wkh hvwlpdwhg

frh!flhqw lv dozd|v qhjdwlyh wkrxjk qhyhu vljql�fdqw dfurvv gl�huhqw vshfl�fdwlrqv1

Lq Wdeoh 7/ srvvleoh dowhuqdwlyhv iru wkh edujdlqlqj srzhu dqg wkh frqwuro yduldeohv

duh lqyhvwljdwhg1 Lq froxpq +4,/ wkh vtxduh ri hpsor|phqw fdswxuhv qrqolqhdu h�hfwv

dqg wkhuh lv vrph zhdn hylghqfh lq lwv idyru= wkh vtxduh ri hpsor|phqw lv vljql�fdqw

dw 43( ohyho exw wklv uhvxow lv qrw urexvw dfurvv vshfl�fdwlrqv1 Wkh lqfoxvlrq ri wkh

shufhqwdjh fkdqjh lq hpsor|phqw dqg fdsdflw| xwlol}dwlrq lq froxpq +5, iroorzv iurp

wkh lghd wkdw wkh odujhu wkh lqmxu| vx�huhg e| dq lqgxvwu|/ pruh olnho| lwv suhvvxuh

iru uhphglhv zloo vxffhhg1 Krzhyhu/ wkhvh uhjuhvvruv duh qrw vljql�fdqw hyhq li wkh|

suhvhqw wkh dqwlflsdwhg vljq1

Wkh odvw wzr froxpqv ri Wdeoh 7 grfxphqw d gl�huhqw zd| wr fkdudfwhul}h wkh

pdfurhfrqrplf hqylurqphqw1 Vshfl�fdoo|/ lq froxpq +6, wkh shufhqwdjh fkdqjh lq

4;Wkh suhglfwhg vljq ri d sulqflsdo idfwru ghshqgv rq wkh zd| wkh frpsrqhqwv ri wkh idfwru hqwhu
lq lwv gh�qlwlrq1 Iru wkh �uvw sulqflsdo idfwru/ wkh qxpehuv ri �ohuv dqg surgxfhuv hqwhu zlwk d
srvlwlyh vljq zkloh wkh Khu�qgkdo lqgh{ hqwhuv zlwk d qhjdwlyh vljq1 Wkhuhiruh/ odujhu ydoxhv ri wkh
sulqflsdo idfwru fruuhvsrqg wr d ohvv frqfhqwudwhg vhfwru1 Wkh vhfrqg sulqflsdo idfwru lv jlyhq e|
wkh qxpehu ri frpsdqlhv/ �ohuv/ dqg grphvwlf �upv wkdw doo hqwhu zlwk d qhjdwlyh vljq/ zkloh YV7/
wkh djjuhjdwh Khu�qgkdo lqgh{/ dqg wkh glvdjjuhjdwh Khu�qgkdo lqgh{ hqwhu zlwk d srvlwlyh vljq1
Wkhuhiruh/ lw vkrxog hqwhu zlwk d srvlwlyh vljq1
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wkh xqhpsor|phqw udwh lv xvhg lqvwhdg ri wkh wudgh gh�flw dqg wkh qrplqdo h{fkdqjh

udwh zkloh lq froxpq +7, wkh qrplqdo h{fkdqjh udwh lv dovr lqfoxghg1 Lq wkh �uvw

fdvh/ xqhpsor|phqw lv qrw vljql�fdqw exw lw ehfrphv vljql�fdqw li wkh h{fkdqjh udwh

lv lqfoxghg= lw orrnv dv li vrph phdvxuh ri wkh f|foh lv lpsruwdqw exw rqo| li wkh

h�hfwv ri lqwhuqdwlrqdo uhodwlrqv duh douhdg| fdswxuhg1 Lq idfw/ li wkh wudgh gh�flw

lv dovr lqfoxghg/ wkh fkdqjh lq xqhpsor|phqw lv qr orqjhu vljql�fdqw/ vlqfh wudgh

gh�flw dqg xqhpsor|phqw duh erwk lqglfdwruv ri wkh exvlqhvv f|foh +wkhlu fruuhodwlrq lv

031;4,/ zkloh wkh h{fkdqjh udwh lv frqwuroolqj iru wlph yduldwlrq rqo| sduwldoo| uhodwhg

wr wkh exvlqhvv f|foh +wkh fruuhodwlrq ehwzhhq h{fkdqjh udwh dqg shufhqwdjh fkdqjh

lq xqhpsor|phqw lv 0317<,1

Lq wkh hqg/ wkh frqfoxvlrqv uhdfkhg lq Vhfwlrq 715 duh urexvw wr gl�huhqw wuldov dqg

vshfl�fdwlrqv1 Krzhyhu/ d fdyhdw pxvw eh nhsw lq plqg1 Wkhuh lv d srwhqwldo sureohp

ri vhoi0vhohfwlrq lq wkh shwlwlrqv �ohg1 Lq rwkhu zrugv/ lw frxog eh wkdw rqo| shwlwlrqv

wkdw kdyh jrrg fkdqfhv wr zlq duh dfwxdoo| �ohg dqg duh wkhq sduw ri wkh vdpsoh1 Hyhq

li wkhuh vhhpv wr eh vrph hylghqfh wkdw uxqv djdlqvw wklv eldv +Ilqjhu dqg Pxuud|/

4<<3> Suxvd/ 4<<4,/ uhfrjql}lqj wklv srvvlelolw| lpsolhv wkdw wkh lqwhusuhwdwlrq ri wkh

uhvxowv pxvw eh fohduo| uhodwhg wr wkh shwlwlrqv wkdw duh dfwxdoo| �ohg1

8 Frqfoxvlrqv

Wklv sdshu h{dplqhv wkh srvvlelolw| wkdw DG shwlwlrqv duh xvhg e| grphvwlf lqgxvwulhv

wr wkuhdwhq dqg lqgxfh iruhljq lqgxvwulhv lqwr d frooxvlyh duudqjhphqw1 Wkh prwlydwlrq

frphv iurp wkh idfw wkdw pdq| shwlwlrqv �ohg zlwk wkh LWF dqg wkh LWD iru gxpslqj

fdvhv duh zlwkgudzq ehiruh �qdo frqfoxvlrqv duh uhdfkhg1 Wklv lv mxvw rqh vlgh ri

wkh uhfhqw ghedwh derxw DG odzv dqg wkhlu wuxh dssolfdwlrq1 Lq sduwlfxodu/ wkhuh

lv wkh vxvslflrq wkdw ghylfhv fuhdwhg iru ghihqvlyh uhdvrqv duh qrz vhuylqj gl�huhqw

sxusrvhv1 Wkh xvh ri wkh shwlwlrq dv d fuhgleoh wkuhdw klqjhv rq wkh idfw wkdw li dq

djuhhphqw lv qrw dfklhyhg/ wkh lqyhvwljdwlrq surfhhgv dqg gxwlhv duh ohylhg lq fdvh ri
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dq d!updwlyh ghflvlrq1 Pruhryhu/ wkh Qrhuu0Shqqlqjwrq grfwulqh idflolwdwhv frooxvlrq

dw dq lqwhuqdwlrqdo ohyho vlqfh lw surylghv dq h{hpswlrq wr wkh dqwlwuxvw odz iru XV

�upv �olqj DG shwlwlrqv1

Wklv sdshu suhvhqwv d prgho zkhuh wkh rswlpdo fkrlfh ehwzhhq zlwkgudzlqj d sh0

wlwlrq dqg zdlwlqj iru wkh �qdo ghwhuplqdwlrq ghshqgv rq wkh frruglqdwlrq frvw dqg

edujdlqlqj srzhu ri wkh lqyroyhg grphvwlf dqg iruhljq lqgxvwulhv1 Wkh frpelqdwlrq

ri wkhvh wzr hohphqwv wuljjhuv wkh srvvlelolw| ri zlwkgudzlqj wkh shwlwlrq1 Wklv wkh0

ruhwlfdo prgho lpsuryhv xsrq suhylrxv vwxglhv/ dv Suxvd +4<<5,/ lq wkdw lw h{solflwo|

lghqwl�hv wkh frqglwlrqv qhfhvvdu| iru zlwkgudzlqj d shwlwlrq1 Lq sduwlfxodu/ wkh prgho

suhglfwv wkdw wkh suredelolw| wr zlwkgudz d shwlwlrq lv ghfuhdvlqj lq wkh frruglqdwlrq

frvwv dqg lqfuhdvlqj zlwk qrqolqhdu h�hfwv lq wkh edujdlqlqj srzhu1

Wkh wkhruhwlfdo prgho ohqgv lwvhoi wr dq hpslulfdo dssudlvdo1 Lq wklv gluhfwlrq wrr/

wkh suhvhqw vwxg| lpsuryhv xsrq suhylrxv �qglqjv e| frqvwuxfwlqj d xqltxh gdwdvhw

zlwk lqirupdwlrq froohfwhg iurp uhsruwv sxeolvkhg e| wkh LWF dqg wkh LWD1 Pdn0

lqj xvh ri wkhvh glvdjjuhjdwh gdwd dv zhoo dv gdwd iurp wkh XV Fhqvxv Exuhdx/ wkh

wkhruhwlfdo frqfoxvlrqv duh whvwhg rq wkh XV h{shulhqfh iru wkh shulrg 4<;304<<51

Wkh hpslulfdo h{huflvh surylghv vxssruw iru wkh wkhruhwlfdo frqfoxvlrqv1 Frqfhqwud0

wlrq lqgh{hv dv phdvxuhv ri frruglqdwlrq frvw dqg ydulrxv lqglfdwruv ri edujdlqlqj

srzhu h{sodlq wkh fkrlfh wr zlwkgudz d shwlwlrq1 Wkhuhiruh/ wkh k|srwkhvlv wkdw wkh

dqwlgxpslqj odz lv xvhg dv d frooxvlyh ghylfh lv vxssruwhg e| wkh gdwd1

Lq frqfoxvlrq/ wklv sdshu kljkoljkwv dqrwkhu dvshfw ri wkh frqwuryhuvldo dssolfdwlrq

ri DG odzv1 Wkh idfw wkdw DG shwlwlrqv vhhp wr eh xvhg dv frooxvlyh ghylfhv ohdgv wr

wkh qdwxudo srolf| lpsolfdwlrq wkdw d fkdqjh ri h{lvwlqj odzv lv qhhghg14< Wklv fkdqjh

lv qhfhvvdu| ehfdxvh djuhhphqwv ehwzhhq grphvwlf dqg iruhljq �upv pdnh srvvleoh dw

dq lqwhuqdwlrqdo ohyho zkdw lv iruelgghq dw d qdwlrqdo ohyho e| dqwlwuxvw uhjxodwlrqv1

Lq rwkhu zrugv/ wkh srolf| lpsolfdwlrqv ri wklv sdshu duh qrw gl�huhqw iurp zkdw

Dgdp Vplwk h{suhvvhg lq 4::9 +sdjh 477/ lwdolfv dgghg,= �Shrsoh ri wkh vdph wudgh

4<Sursrvdov wr fkdqjh dqwlgxpslqj odzv kdyh douhdg| ehhq pdgh dqg edvhg rq pdq| uhdvrqv1
Vhh/ dprqj rwkhuv/ Ilqjhu +4<<6/ fkdswhu 7, dqg Nulvkqd +4<<:,1
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vhogrp phhw wrjhwkhu/ hyhq iru phuulphqw dqg glyhuvlrq/ exw wkh frqyhuvdwlrq hqgv lq

d frqvsludf| djdlqvw wkh sxeolf/ ru lq vrph frqwulydqfh wr udlvh sulfhv1 Lw lv lpsrvvleoh

lqghhg wr suhyhqw vxfk phhwlqjv/ e| dq| odz zklfk hlwkhu frxog eh h{hfxwhg/ ru zrxog

eh frqvlvwhqw zlwk olehuw| dqg mxvwlfh1 Exw wkrxjk wkh odz fdqqrw klqghu shrsoh ri wkh

vdph wudgh iurp vrphwlphv dvvhpeolqj wrjhwkhu/ lw rxjkw wr gr qrwklqj wr idflolwdwh

vxfk dvvhpeolhv> pxfk ohvv wr uhqghu wkhp qhfhvvdu|1�
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Dsshqgl{ D= Surriv

Surri ri Ohppd 4=

� �W
( 	 �W

� G
Wr vkrz wklv/ lw lv hqrxjk wr suryh wkdw 'W

( 	 'W
� dv looxvwudwhg lq Iljxuh D1 Lq idfw/

�W
( ' �E� W

(c �(� � _'W
( lv vpdoohu wkdq �W

� dqg lw fruuhvsrqgv wr wkh jud| duhd iru
'W 	 'W

( lq wkh judsk1
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P B
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*
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BERTRAND PROFIT      =  Π B
*

Iljxuh D

Wr suryh wkdw 'W
( 	 'W

�c qrwh wkdw wkh frqglwlrqv lq irrwqrwh ; lpsolhv
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c� W'� W
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	 f +D4,

iru hdfk � ' �c ���c ?W1 Jlyhq wkh sulfh � W
( lpsrvhg e| wkh LWF/ hdfk grphvwlf �up

vhwv R�( dffruglqj wr lwv ehvw uhvsrqvh ixqfwlrq1 Vlqfh wkh vorsh ri wkh ehvw uhvsrqvh
ixqfwlrq lv ohvv wkdq rqh/ wkh lqfuhdvh lq wkh grphvwlf sulfh lv vpdoohu wkdq wkh lqfuhdvh
lq wkh iruhljq sulfh1 Wkhuhiruh/ iurp +D4, wkh txdqwlw| vrog e| hdfk iruhljq �up zkhq
gxwlhv duh lpsrvhg lv orzhu wkdq lq wkh Ehuwudqg htxloleulxp/ dqg wkh dyhudjh dw wkh
lqgxvwu| ohyho fdq rqo| eh orzhu dv zhoo1 �

� �( : �� G
E�(c �

W
(� lv d sulfh frpelqdwlrq vwulfwo| juhdwhu wkdq E��c �

W
�� � Vlqfh �( lv wkh ehvw

uhvsrqvh wr wkh sulfh � W
( lpsrvhg e| wkh LWF/ wkh grphvwlf lqgxvwu| lv rshudwlqj

dffruglqj wr lwv ehvw uhvsrqvh ixqfwlrq1 Wklv dvvxuhv wkdw �( : �� vlqfh � W
( zrunv

dv d frruglqdwlqj ghylfh wr vhw kljkhu sulfhv1 �
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Surri ri Sursrvlwlrq 4=

Wkh Qdvk edujdlqlqj jdph lq +;, fdq eh uhirupxodwhg dv iroorzv=

4@ 
�

k *L} d���eE4�o n E� � k� *L} d}E����WeE4�o � +D5,

Lw lv srvvleoh wr fduu| rxw wkh pd{lpl}dwlrq lq wkh sur�w vsdfh ehfdxvh ri wkh rqh
wr rqh uhodwlrqvkls ehwzhhq sulfh frpelqdwlrqv dqg sur�w frpelqdwlrqv1 Pruhryhu/
wkh ixqfwlrqdo irup ri wkh SSI shuplwv wr h{suhvv �W dv d ixqfwlrq ri �= �W '
}E��( } �E�� 	 fc }��E�� 	 f1

Wkh �uvw rughu frqglwlrq iru wkh deryh sureohp lv=

k

���e E4�
n

E� � k�}�E��

}E����We E4�
' f� +D6,

Wkh h{suhvvlrq lq +D6, lpsolflwo| gh�qhv wkh Qdvk edujdlqlqj vroxwlrq iru grphvwlf
sur�wv �� E��c �

W
�� dqg iurp wkh ixqfwlrq }E�� lw lv srvvleoh wr rewdlq wkh fruuhvsrqg0

lqj vroxwlrq �W
� E��c �

W
�� iru iruhljq sur�wv1 Ohw uE�(kc 4� eh wkh lpsolflw ixqfwlrq

gh�qhg lq +D6,1 Pdnlqj xvh ri wkh lpsolflw ixqfwlrq wkhruhp/ sduwldo ghulydwlyhv fdq
eh frpsxwhg dqg duh dv iroorzv=
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Li � � h� dqg �W � h�Wc erwk lqgxvwulhv duh ehwwhu r� xqghu wkh djuhhphqw wkdq
xqghu wkh LWF*v ghflvlrq> wkhuhiruh wkh shwlwlrqv lv zlwkgudzq1 Iurp wkh sduwldo
ghulydwlyhv frpsxwhg deryh/ lw iroorzv wkdw=
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Iurp htxdwlrqv +8, dqg +9,/ Y�e

Yk
' Y�We

Yk
' f dqg wklv mxvwl�hv wkh vljqv lq +D7,

dqg +D8,1 Wkh vljqv lq +D9, dqg +D:, duh dpeljxrxv vlqfh wkh| ghshqg rq �uvw dqg
vhfrqg ghulydwlyhv ri wkh }E�� ixqfwlrq dqg wkhuh duh qr srvvleoh vlpsol�fdwlrqv ri wkh
whupv1 �

Dsshqgl{ E= Gdwd vrxufhv

Edvlf shwlwlrq lqirupdwlrq= shwlwlrq qxpehu/ |hdu ri �olqj/ jrrgv xqghu lqyhvwljdwlrq/
rxwfrph/ dqg frxqwu| lqyroyhg kdyh ehhq ghulyhg iurp ydulrxv lvvxhv ri XV Lqwhuqd0
wlrqdo Wudgh Frpplvvlrq Dqqxdo Uhsruw dqg Wkh \hdu lq Wudgh= Rshudwlrqv ri wkh

Wudgh Djuhhphqwv Surjudp1 Wkh wdul� frgh ri wkh jrrgv xqghu lqyhvwljdwlrq lv irxqg
lq wkh Ihghudo Uhjlvwhu1

VLF frgh= wkh irxu0gljlw frgh kdv ehhq rewdlqhg e| wkh WVXVD ru KWV wdul� frgh
lghqwli|lqj wkh jrrg xqghu lqyhvwljdwlrq1 Frqfrugdqfhv ehwzhhq fdwhjrulhv rewdlqhg
xvlqj Ihhqvwud +4<<9,1

Wkh iroorzlqj yduldeohv kdyh ehhq pdqxdoo| froohfwhg iurp wkh LWF dqg LWD uhsruwv
iru hdfk shwlwlrq=

� Ilohuv= qxpehu ri XV frpsdqlhv �olqj wkh shwlwlrq1

� Grphvwlf �upv= qxpehu ri XV frpsdqlhv surgxflqj wkh jrrg xqghu lqyhvwljd0
wlrq1
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� Grphvwlf Khui1 lqgh{= grphvwlf Khu�qgdko0Kluvkpdqq frqfhqwudwlrq lqgh{ frq0
vwuxfwhg xvlqj wkh qxpehu ri �upv dqg txdolwdwlyh lqirupdwlrq derxw wkh vwuxf0
wxuh ri wkh pdunhw1

� Lpsruwhuv= qxpehu ri XV lpsruwhuv ri wkh jrrg xqghu lqyhvwljdwlrq1

� Iruhljq �upv= qxpehu ri iruhljq frpsdqlhv surgxflqj wkh jrrg xqghu lqyhvwl0
jdwlrq1

� Iruhljq Khui1 lqgh{= iruhljq Khu�qgdko0Kluvkpdqq frqfhqwudwlrq lqgh{ frq0
vwuxfwhg xvlqj wkh qxpehu ri �upv dqg txdolwdwlyh lqirupdwlrq derxw wkh vwuxf0
wxuh ri wkh pdunhw1

� Frxqwulhv= qxpehu ri iruhljq frxqwulhv lqyroyhg lq hdfk fdvh1

� Dvvrfldwlrq= gxpp| yduldeoh wkdw wdnhv wkh ydoxh ri 4 li wkh shwlwlrq dv ehhq
�ohg e| d wudgh dvvrfldwlrq1

� Dg krf frpplwwhh= gxpp| yduldeoh wkdw wdnhv wkh ydoxh ri 4 li d frpplwwhh kdv
ehhq iruphg lq rughu wr �oh wkh shwlwlrq1

Shwlwlrqv �ohg= vwrfn ri shwlwlrqv �ohg e| wkh lqgxvwu| +gh�qhg dw 70gljlw VLF ohyho,
iurp 4<;3 dqg xs wr hdfk sduwlfxodu fdvh1

Vwhho vhfwru gxpp|= gxpp| yduldeoh iru shwlwlrqv �ohg e| lqgxvwu| 6645/ 6654/ 6667/
666</ 6684/ 668:/ 6774/ 67<7/ 67<9/ 684</ 68951

Wkh iroorzlqj yduldeohv zhuh rewdlqhg iurp gl�huhqw sxeolfdwlrqv e| wkh XV Exuhdx
ri wkh Fhqvxv dqg wkh| doo uhihu wr 70gljlw VLF gdwd iru wkh |hdu zkhq wkh shwlwlrq
zdv �ohg=

� Frpsdqlhv= qxpehu ri frpsdqlhv rewdlqhg lqwhusrodwlqj ydoxhv dydlodeoh dw d
80|hdu iuhtxhqf| iurp wkh jhqhudo fhqvxv1

� Wrwdo hpsor|phqw= wrwdo hpsor|phqw lq wkrxvdqgv ri xqlw1

� Ydoxh ri vklsphqwv ri wkh 7 dqg ; odujhvw �upv +YV7/ YV;,= shufhqwdjh ri vkls0
phqwv e| wkh 7 dqg ; odujhvw �upv lq wkh lqgxvwu| rewdlqhg lqwhusrodwlqj ydoxhv
dydlodeoh dw d 80|hdu iuhtxhqf| iurp wkh jhqhudo fhqvxv1

� Khu�qgdko0Kluvkpdqq= Khu�qgdko0Kluvkpdqq frqfhqwudwlrq lqgh{ rewdlqhg lq0
whusrodwlqj ydoxhv dydlodeoh dw d 80|hdu iuhtxhqf| iurp wkh jhqhudo fhqvxv1

� Fdsdflw| xwlol}dwlrq udwh= shufhqwdjh ri fdsdflw| xwlol}dwlrq rewdlqhg lqwhusr0
odwlqj ydoxhv dydlodeoh dw d 80|hdu iuhtxhqf| iurp wkh jhqhudo fhqvxv1
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Jhrjudsklf Jdppd= jhrjudsklf frqfhqwudwlrq lqgh{ frqvwuxfwhg e| Hoolvrq dqg
Jodhvhu +4<<:,> edvhg rq sodqw vl}h glvwulexwlrq dqg hpsor|phqw shu vwdwh1

Wudgh gh�flw= Lpsruwv 0 H{sruwv> eloolrqv ri fkdlqhg 4<<5 grooduv1 Iurp Hfrqrplf

Uhsruw ri wkh Suhvlghqw/ 4<<<1

Qrplqdo h{fkdqjh udwh= wudgh0zhljkwhg qrplqdo h{fkdqjh udwh lqgh{ djdlqvw wkh fxu0
uhqflhv ri wkh J043 frxqwulhv> Pdufk 4<:6 @ 4331 Iurp Hfrqrplf Uhsruw ri wkh

Suhvlghqw/ 4<<<1

Fdsdflw|= shufhqw ri fdsdflw| xwlol}dwlrq lq pdqxidfwxulqj/ iurp wkh Ihghudo Uhvhuyh
Erdug/ Zdvklqjwrq/ G1F1

Xqhpsor|phqw= flyloldq xqhpsor|phqw udwh/ iurp wkh XV Ghsduwphqw ri Oderu 0
Exuhdx ri Hfrqrplf Dqdo|vlv1

Qrq pdunhw hfrqrplhv= gxpp| yduldeoh iru shwlwlrqv lqlwldwhg djdlqvw Fklqd/ F}hfkr0
vorydnld/ Hdvw Jhupdq|/ Kxqjdu|/ Nd}dnkvwdq/ Srodqg/ Urpdqld/ Uxvvld/ Xnudlqh/
XVVU/ \xjrvodyld1

Ghyhorslqj frxqwulhv= gxpp| yduldeoh iru shwlwlrqv lqlwldwhg djdlqvw Dujhqwlqd/ Edq0
jodghvk/ Eud}lo/ Fkloh/ Frorpeld/ Frvwd Ulfd/ Ho Vdoydgru/ Krqj Nrqj/ Lqgld/ Lvudho/
Nruhd/ Pdod|vld/ Ph{lfr/ Sklolsslqhv/ Vlqjdsruh/ Vrxwk Diulfd/ Wdlzdq/ Wkdlodqg/
Wulqlgdg2Wredjr/ Yhqh}xhod1
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Uhihuhqfhv

^4` Dqghuvrq/ M1 H1 +4<<5,= �Grplqr gxpslqj L= frpshwlwlyh h{sruwhuv�/ Dphulfdq

Hfrqrplf Uhylhz ;5/ 980;61

^5` Edogzlq/ U1 H1/ Vwhdjdoo/ M1 Z1 +4<<7,= �Dq dqdo|vlv ri LWF ghflvlrqv lq dq0

wlgxpslqj/ frxqwhuydlolqj gxw| dqg vdihjxdug fdvhv�/Zhowzluwvfkdiwolfkhv Dufkly

463/ 5<3063;1

^6` GhYdxow/ M1 P1 +4<<6,= �Wkh lpsdfw ri wkh X1V1 xqidlu wudgh odzv= d suholplqdu|

dvvhvvphqw�/ Zhowzluwvfkdiwolfkhv Dufkly 45</ :680:841

^7` Hoolvrq/ J1/ Jodhvhu H1 O1 +4<<:,= �Jhrjudsklf frqfhqwudwlrq lq X1V1 pdqxidf0

wxulqj lqgxvwulhv= d gduwerdug dssurdfk�/ Mrxuqdo ri Srolwlfdo Hfrqrp| 438/

;;<0<5:1

^8` Ihhqvwud/ U1 F1 +4<<9,= �X1V1 lpsruwv/ 4<:504<<7= gdwd dqg frqfrugdqfhv�/

QEHU zrunlqj sdshu 88481

^9` Ilqjhu/ P1 M1 hglwru +4<<6,= Dqwlgxpslqj1 Krz lw zrunv dqg zkr jhwv kxuw1 Wkh

Xqlyhuvlw| ri Plfkljdq Suhvv/ Dqq Dueru1

^:` Ilqjhu/ M1 P1/ Kdoo/ K1 N1/ Qhovrq/ G1 U1 +4<;5,= �Wkh srolwlfdo hfrqrp| ri

dgplqlvwhuhg surwhfwlrq�/ Dphulfdq Hfrqrplf Uhylhz :5/ 78507991

^;` Ilqjhu/ M1 P1/ Pxuud|/ W1 +4<<3,= �Srolflqj xqidlu lpsruwv= wkh Xqlwhg Vwdwhv

h{dpsoh�/ Mrxuqdo ri Zruog Wudgh 57/ 6<0861

^<` Iulhgpdq/ M1 Z1 +4<::,= Roljrsro| dqg wkh wkhru| ri jdphv/ Qruwk0Kroodqg Sxe0

olvklqj Frpsdq|1

^43` Jdoodzd|/ P1F1/ Eorqljhq/ E1D1/ Io|qq/ M1 H1 +4<<<,= �Zhoiduh frvwv ri wkh X1V1

dqwlgxpslqj dqg frxqwhuydlolqj gxw| odzv�/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv

7</ 54405771
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^44` Kdqvhq/ Z1 O1/ Suxvd/ W1 M1 +4<<9,= �Fxpxodwlrq dqg LWF ghflvlrq0pdnlqj= wkh

vxp ri wkh sduwv lv juhdwhu wkdq wkh zkroh�/ Hfrqrplf Lqtxlu| [[[LY/ :790:9<1

^45` Nulvkqd/ U1 +4<<:,= �Dqwlgxpslqj lq odz dqg sudfwlfh�/ Zruog Edqn Srolf|

Uhvhdufk Zrunlqj Sdshu 4;561

^46` Qdvk/ M1 +4<83,= �Wkh edujdlqlqj sureohp�/ Hfrqrphwulfd 4;/ 48804951

^47` Rwwdyldqr/ J1 L1 S1/ Wklvvh/ M1 I1 +4<<<,= �Prqrsrolvwlf frpshwlwlrq/ pxowlsurg0

xfw �upv dqg rswlpxp surgxfw glyhuvlw|�/ FRUH Glvfxvvlrq Sdshu <<4<1

^48` Suxvd/ W1 M1 +4<<4,= �Wkh vhohfwlrq ri dqwlgxpslqj fdvhv iru LWF ghwhuplqdwlrq�/

lq Edogzlq/ U1 H1 hglwru= Hpslulfdo vwxglhv lq frpphufldo srolf|1 Wkh Xqlyhuvlw|

ri Fklfdjr Suhvv/ Fklfdjr dqg Orqgrq1

^49` Suxvd/ W1 M1 +4<<5,= �Zk| duh vr pdq| dqwlgxpslqj shwlwlrqv zlwkgudzqB�/

Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv 66/ 40531

^4:` Uxelqvwhlq/ D +4<;5,= �Shuihfw Htxloleulxp lq d Edujdlqlqj Prgho�/ Hfrqrphw0

ulfd 83/ <:043<1

^4;` Vkhoexuqh U1/ Ehgqdu}ln U1 +4<<5,= �Wkh jhrjudsklfdo frqfhqwudwlrq ri hp0

sor|phqw dqg lwv lpsolfdwlrqv iru wudgh dqg dgmxvwphqw�/ zrunlqj sdshu/ X1V1

Ghsduwphqw ri Oderu 0 Exuhdx ri Lqwhuqdwlrqdo Oderu D�dluv1

^4<` Vplwk/ D1 +4::9,= Dq lqtxlu| lqwr wkh qdwxuh dqg fdxvhv ri wkh zhdowk ri qdwlrqv1

Hglwhg e| Fdqqdq H1/ Wkh Xqlyhuvlw| ri Fklfdjr Suhvv/ 4<:91

^53` Vwdljhu/ U1 Z1/ Zrodn/ I1 D1 +4<;<,= �Vwudwhjlf xvh ri dqwlgxpslqj odz wr hqirufh

wdflw lqwhuqdwlrqdo frooxvlrq�/ QEHU zrunlqj sdshu 63491

^54` Vwdljhu/ U1 Z1/ Zrodn/ I1 D1 +4<<7,= �Phdvxulqj lqgxvwu|0vshfl�f surwhfwlrq=

dqwlgxpslqj lq wkh Xqlwhg Vwdwhv�/ Eurrnlqjv Sdshuv rq Plfurhfrqrplfv/ 840

44;1
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^55` X1V1 Lqwhuqdwlrqdo Wudgh Frpplvvlrq +ydulrxv |hduv,= Dqqxdo uhsruw1 Zdvklqj0

wrq GF1

^56` X1V1 Lqwhuqdwlrqdo Wudgh Frpplvvlrq +ydulrxv |hduv,= Wkh |hdu lq wudgh= rshud0

wlrqv ri wkh wudgh djuhhphqwv surjudp1 Zdvklqjwrq GF1

^57` Yhxjhohuv/ U1/ Ydqghqexvvfkh/ K1 +4<<<,= �Hxurshdq dqwl0gxpslqj srolf| dqg

wkh sur�wdelolw| ri qdwlrqdo dqg lqwhuqdwlrqdo frooxvlrq�/ Hxurshdq Hfrqrplf

Uhylhz 76/ 405;1
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Wdeoh 5= Pdlq vshfl�fdwlrqv

Uhjuhvvruv +4, +5, +6, +7,

Grphvwlf Frvw Dgkrf frpp1 +., �22�
E�ee.�

��2fSWW

E�eb.�
��2�fWW

E�eHe�
�bS�WW

E�eb��

Frpsdqlhv +0, 3�fff�
E�fff2�

Ilohuv +0, 3�fSSWW

E�f2H�
3�f..WWW

E�f2H�
3�fDSW

E�f���

Grphvw1 �upv +0,
3�ffD

E�ffS�
3�ffb
E�ff.�

Frxqwulhv +., ��efWWW

E�����

Frxqwulhv2 +., 3�f��WW

E�f�2�

Iruhljq Frvw Iruhljq �upv +0,
3�f2�

E�f2S�

3�f2�

E�f2S�
3�f�2
E�f2.�

Iruhljq Khui1 +.,
3�.fbWW

E��ff�

3�SHHWW

E��f2�
3�.S�WW

E���S�

Edujdlqlqj Srzhu Hpsor|phqw +., �ffDWWW

E�ff��
�ffSWWW

E�ff��
�ffSWWW

E�ff��
�ffSWWW

E�ff��

Shwlw1 �ohg +., �fHHWWW

E�f2S�
��f�WWW

E�f�f�
��ffWWW

E�f�f�
��DeWWW

E�fD2�

Shwlw1 �ohg2 +0, 3�ff�WWW

E�fffS�
3�ff�WWW
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E�ff��
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�HSeWWW
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�HSSWWW

E�2Se�
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Vwhho gxpp| 3��D�
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E��2e�
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E�D2b�

Wudgh gh�flw 3�ffHWWW
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Qrp1 h{fk1 udwh �f22WWW
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�f�fWWW

E�ffH�
�f��WWW

E�ffb�

\hdu gxpplhv Qrw lqfo1 Qrw lqfo1 Qrw lqfo1 Lqfoxg1

Revhuydwlrqv 8;; 866 866 6<6

Orj olnholkrrg 04<519; 046618< 045<1<; 04581:6

Svhxgr U2 166 179 17; 175

�2 4531::WWW 458154WWW 444143WWW 445186WWW

- ghqrwhv vljql�fdqfh dw wkh 43( ohyho> -- 8( ohyho> dqg --- 4( ohyho1

Urexvw vwdqgdug huuruv lq sduhqwkhvlv1 Frqvwdqw lqfoxghg1
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Wdeoh 6= Vhqvlwlylw| dqdo|vlv 0 frruglqdwlrq frvw
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