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H{whuqdo yv1 Lqwhuqdo Ohduqlqj0e|0Grlqj lq dq U)G
Edvhg Jurzwk Prgho�

Dqguhdv Kruqvwhlqd Gdq Shohge

Uhylvhg= Ghfhpehu 53/ 4<<:

Ihghudo Uhvhuyh Edqn ri Ulfkprqg Zrunlqj Sdshu <;04

Devwudfw

Lq dq hfrqrp| zkhuh jurzwk lv ghwhuplqhg e| wkh lqwhudfwlrq ri U)G dqg ohduqlqj0
e|0grlqj +OEG,/ fkdqjhv ri idfwruv wkdw vwlpxodwh hlwkhu rqh ri wkhvh dfwlylwlhv d�hfw
jurzwk gl�huhqwo| wkdq lq dq hfrqrp| zkhuh jurzwk lv ghwhuplqhg e| hlwkhu U)G ru
OEG dorqh1 Lq sduwlfxodu/ zkhq �upv dqwlflsdwh wkdw U)G iru qhz w|shv ri jrrgv
wkuhdwhqv wkh ixwxuh h!flhqf| jdlqv zklfk wkh| ghulyh iurp OEG/ d pruh h!flhqw
ohduqlqj surfhvv ru d odujhu zrunirufh pljkw uhgxfh udwkhu wkdq lqfuhdvh wkh jurzwk
udwh rq d edodqfhg jurzwk sdwk1

MHO Fodvvl�fdwlrq= G<5/ R64/ R73

Nh|zrugv= Ohduqlqj0e|0grlqj/ U)G/ jurzwk/ vfdoh h�hfwv1

W Erwk dxwkruv zdqw wr wkdqn VVKUF iru �qdqfldo vxssruw1 Dq| rslqlrqv h{suhvvhg
lq wklv sdshu duh wkrvh ri wkh dxwkruv* dqg gr qrw qhfhvvdulo| uh hfw wkh ylhzv ri wkh
Ihghudo Uhvhuyh Edqn ri Ulfkprqg ru wkh Ihghudo Uhvhuyh V|vwhp1 Wkh dxwkruv* h0pdlo
dgguhvvhv duh= kruqvwhlqCulfk1iue1ruj dqg shohgCwxuer1whfkqlrq1df1lo1
@ Wkh Ihghudo Uhvhuyh Edqn ri Ulfkprqg1
K Whfkqlrq/ Lvudho/ dqg Wkh Xqlyhuvlw| ri Zhvwhuq Rqwdulr1



41 Lqwurgxfwlrq

Ohduqlqj0e|0grlqj/ wkh surfhvv e| zklfk fxuuhqw dqg sdvw surgxfwlrq h{shulhqfh shupdqhqwo|

lqfuhdvhv surgxfwlylw|/ kdv ehhq sruwud|hg dv d surplqhqw hqjlqh ri jurzwk lq wkh olwhudwxuh14

Wklv sdshu txhvwlrqv vrph lpsruwdqw frqfoxvlrqv lpsolhg e| w|slfdo irupxodwlrqv ri ohduqlqj0

e|0grlqj +OEG, lq wkdw olwhudwxuh/ dqg vkrzv wkdw wkhvh lpsolfdwlrqv duh uhyhuvhg xqghu wkh

irupxodwlrq sursrvhg khuh1 Lq h{lvwlqj prghov OEG kdv jurzwk h�hfwv wkurxjk h{whuqdolwlhv

zklfk lqfuhdvh zlwkrxw erxqgv wkh h�hfwlyh surgxfwlylw| ri idfwruv ri surgxfwlrq ru wkh udqjh

ri surgxfdeoh jrrgv1 Pruhryhu/ ehfdxvh wkhvh h�hfwv dsshdu dv sxuh h{whuqdolwlhv/ surgxfhuv

lq wkhvh prghov gr qrw wdnh lqwr dffrxqw wkh lpsdfw ri wkhlu rzq fxuuhqw surgxfwlrq ohyhov rq

ixwxuh OEG0lqgxfhg ehqh�wv1 Vxfk prghov lpso| wkdw wkh vwhdg| vwdwh jurzwk udwh lqfuhdvhv

zlwk wkh ohyho ri uhvrxufhv lq wkh hfrqrp|/ +�vfdoh h�hfwv�,/ dqg zlwk wkh vshhg ri ohduqlqj1

Zkloh wkhuh lv vxevwdqwldo hylghqfh wkdw OEG lqfuhdvhv surgxfwlylw|/ wkdw vdph hylghqfh

vkrzv wkdw lwv srwhqwldo iru hqkdqflqj jurzwk lv ri d frpsohwho| gl�huhqw qdwxuh wkdq wkdw

dvvxphg lq wkh olwhudwxuh1 Iluvw/ phdvxuhg surgxfwlylw| lpsuryhphqwv gxh wr OEG iru dq|

sduwlfxodu jrrg duh erxqghg1 Vhfrqg/ wkhvh surgxfwlylw| lpsuryhphqwv duh prvwo| olplwhg

wr wkh �up surgxflqj wkh surgxfw dqg duh lqwhuqdol}hg e| wkh �up1 Wklug/ wkhuh lv qr

vwurqj hylghqfh wkdw surgxfwlrq h{shulhqfh zlwk h{lvwlqj surgxfwv lv gluhfwo| wudqvihudeoh wr

qhz w|shv ri surgxfwv1 Dffruglqjo|/ wkh lpsdfw ri OEG rq qhz surgxfwv fdqqrw eh vlpso|

ghvfulehg e| zd| ri uhgxfhg xqlw surgxfwlrq frvw1 Zh vkrz wkdw lq d jurzwk prgho/ zklfk

lqfrusrudwhv d ulfkhu yhuvlrq ri OEG edvhg rq wkhvh revhuyhg ihdwxuhv/ wkh vwdqgdug uhvxowv

duh ryhuwxuqhg1 Lq sduwlfxodu/ iru dq hpslulfdoo| sodxvleoh sdudphwhul}dwlrq ri wkh prgho

4Vhh/ iru lqvwdqfh/ Urphu +4<;9,/ Vwrnh| +4<;;,/ Oxfdv +4<<6,/ dqg \rxqj +4<<6,1
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wkh jurzwk udwh ghfolqhv zkhq surgxfwlylw| lv pruh vhqvlwlyh wr h{shulhqfh/ dqg zkhq wkh

uhvrxufh edvh ri wkh hfrqrp| lqfuhdvhv1

Wkh ehqh�wv dvvrfldwhg zlwk OEG fdq eh fodvvl�hg lqwr wzr eurdg fdwhjrulhv1 Dowkrxjk

glvwlqfw/ erwk ghshqg rq fxpxodwlyh h{shulhqfh zlwk h{lvwlqj jrrgv dqg surgxfwlrq sudfwlfhv1

Iluvw/ wkurxjk uhshwlwlyh dqg urxwlqh surgxfwlrq h{shulhqfh/ OEG uhgxfhv surgxfwlrq frvwv

dqg jhqhudwhv plqru surgxfw lpsuryhphqwv1 Wkhvh h!flhqf| jdlqv duh erxqghg dqg duh

uhohydqw iru wkh surgxfwlrq ri d qhz jrrg lq d sduwlfxodu surgxfwlrq vlwh1 Vxfk jdlqv duh zhoo

grfxphqwhg lq wkh pdqdjhphqw olwhudwxuh rq OEG15 Ehfdxvh wklv phfkdqlvp lpsolhv rqo|

erxqghg surgxfwlylw| lpsuryhphqwv lw fdqqrw jhqhudwh vxvwdlqhg jurzwk1 D vhfrqg ehqh�w

dwwulexwhg wr OEG/ zklfk lv fdsdeoh ri vxvwdlqlqj jurzwk/ lv dvvrfldwhg zlwk wkh uhvhdufk

iru dqg wkh ghyhorsphqw ri qhz surgxfwv dqg surgxfwlrq whfkqrorjlhv1 Dv erwwoh qhfnv lq

fxuuhqw surgxfwlrq sudfwlfhv duh lghqwl�hg/ wkh zd|v lq zklfk fxvwrphuv xvh wkh surgxfw

ehfrph nqrzq/ dqg wkh surgxfw*v pdlq olplwdwlrqv dqg gh�flhqflhv duh uhyhdohg/ lqqrydwruv

duh ehwwhu deoh wr frph xs zlwk qhz surgxfwv dqg ehwwhu surgxfwlrq whfkqrorjlhv1 Krzhyhu/

vlqfh uh0hqjlqhhulqj/ oderu prelolw|/ dqg sxeolf glvfxvvlrqv ri fxvwrphuv* qhhgv duh shupdqhqw

ihdwxuhv ri pdunhw hfrqrplhv/ wkh nqrzkrz zklfk wxuqv xs wr eh xvhixo iru ghyhorslqj qhz

surgxfwv fdq kdugo| eh dssursuldwhg e| fxuuhqw surgxfhuv16

Wkh idfw wkdw srwhqwldoo| sursulhwdu| h!flhqf| jdlqv iurp lqfuhdvhg surgxfwlrq ohyhov duh

lqvhsdudeo| exqgohg zlwk wkh fuhdwlrq ri U)G rssruwxqlwlhv zklfk fdqqrw eh dssursuldwhg

fuhdwhv d frpsolfdwhg lqwhudfwlrq ehwzhhq OEG/ U)G/ dqg surgxfwlrq ghflvlrqv1 Zh vwxg|

5Vhh/ iru lqvwdqfh/ Dujhrwh/ Edfnpdq/ Hssoh +4<<3,/ Edkn dqg Jruw +4<<6,/ dqg uhihuhqfhv wkhuhlq1
6Qrwh wkdw wklv h{whuqdolw| lv yhu| gl�huhqw iurp wkh xvxdo dvvxpswlrq wkdw OEG gluhfwo| h{sdqgv wkh

udqjh ri surgxfwv zklfk fdq eh surgxfhg1 Lq sduwlfxodu wkh vhfrqg OEG ehqh�w ghvfulehg lpsolhv wkdw wkh
srwhqwldo iru vxffhvvixo U)G lqfuhdvhv dv pruh h{shulhqfh fxpxodwhv zlwk h{lvwlqj jrrgv/ exw qrw wkdw wkh
fxpxodwhg h{shulhqfh gluhfwo| ghwhuplqhv wkh udwh ri qhz surgxfw lqwurgxfwlrq1
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wklv sureohp lq d prgl�hg yhuvlrq ri wkh txdolw| odgghu jurzwk prgho ri Jurvvpdq dqg

Khospdq +4<<4, dqg Djklrq dqg Krzlww +4<<5,1 Wkh prgl�fdwlrq wdnhv wkh irup ri dgglqj

dq h{shulhqfh phdvxuh ri txdolw| wr hdfk surgxfw/ zklfk lv wlhg wr lwv surgxfwlrq yroxph1

Vshfl�fdoo|/ wkhuh duh wzr ohyhov ri h�hfwlyh txdolw| dvvrfldwhg zlwk hdfk surgxfw1 Qhz jrrgv

vwduw zlwk wkh orz0h{shulhqfh txdolw|/ dqg pryh xs wr wkh kljkhu ohyho ri txdolw| rqo| diwhu

hqrxjk h{shulhqfh kdv ehhq dffxpxodwhg zlwk wkhp1 Wkh kljk0h{shulhqfh vwdwxv ri d jrrg lv

pruh sur�wdeoh wr lwv surgxfhu gxh wr juhdwhu frqvxphu ghpdqg ru uhgxfhg xqlw frvw1 U)G

iru qhz surgxfwv fdq rqo| eh shuiruphg lq wkrvh lqgxvwulhv zkrvh surgxfwv kdyh douhdg|

dwwdlqhg wkh kljk0h{shulhqfh vwdwxv1 Wklv ghvfulswlrq fdswxuhv wkh wzr glvwlqfw w|shv ri

OEG ehqh�wv/ zkloh pdlqwdlqlqj wkhlu lqvhsdudeoh exqgolqj1

Wkh U)G0hqdeolqj ehqh�w ri d kljk h{shulhqfh vwdwxv dwwdlqhg e| dq| surgxfw lv prghohg

dv dq h{whuqdolw| zklfk fdqqrw eh dssursuldwhg e| wkh fxuuhqw surgxfhu ri wkdw jrrg1 Zh

frqvlghu wkuhh dowhuqdwlyh dvvxpswlrqv frqfhuqlqj wkh h{whuqdolwlhv dvvrfldwhg zlwk h!flhqf|

jdlqv jhqhudwhg e| OEG1 Vshfl�fdoo|/ wkh �ohduqlqj udwh�/ wkh udwh dw zklfk h{lvwlqj surgxfwv

dwwdlq wkh kljk0h{shulhqfh vwdwxv/ lv ghvfulehg dv= +l, frpsohwho| h{rjhqrxv/ +ll, ghshqglqj

rq djjuhjdwh surgxfwlrq ohyho/ +d surgxfwlrq h{whuqdolw|,/ +lll, dq lqwhuqdol}hg surgxfwlrq

ehqh�w/ wkh udwh ri zklfk ghshqgv rqo| wkh surgxfwlrq ohyho ri wkdw sduwlfxodu jrrg1 Sur�w

pd{lpl}lqj surgxfwlrq dqg U)G ghflvlrqv mrlqwo| ghwhuplqh wkh glvwulexwlrq ri h{shulhqfh

dfurvv jrrgv lq wkh hfrqrp| dqg wkh h{whqw ri U)G dfwlylwlhv iru ghyhorslqj qhz jrrgv1

Jurzwk/ dulvlqj iurp wkh lqwurgxfwlrq ri qhz w|shv ri jrrgv/ lv d�hfwhg e| erwk1

Wkh nh| uroh ri wkh hqgrjhqrxv glvwulexwlrq ri h{shulhqfh dfurvv jrrgv lq wkh hfrqrp|

lq ghwhuplqlqj wkh jurzwk udwh/ dqg wkh frqvlghudwlrqv wkdw hqwhu surgxfhuv* ghflvlrq derxw

wkh sdfh ri wkhlu rzq h{shulhqfh dffxpxodwlrq/ vhw xv dsduw iurp prvw ri wkh olwhudwxuh rq
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jurzwk wkurxjk U)G iru qhz surgxfwv1 Wkhvh prghov dvvxph wkdw �upv gr qrw lqwhuqdol}h

wkh h�hfwv ri OEG1 Wkdw lv/ surgxfhuv lq wkrvh prghov idlo wr uhfrjql}h wkdw kljkhu surgxfwlrq

yroxph wrgd| lpsolhv orzhu surgxfwlrq frvwv wrpruurz/ dqg dovr d juhdwhu olnholkrrg ri d

qhz surgxfw ehlqj lqwurgxfhg wkdw pljkw suhfoxgh wkhp iurp hqmr|lqj wkrvh h!flhqf| jdlqv1

Lq wkh fodvvlf irupxodwlrq ri wkhvh h{whuqdolwlhv/ jhqhudo oderu surgxfwlylw| lqfuhdvhv ryhu

wlph dw d udwh zklfk lv sursruwlrqdo wr djjuhjdwh rxwsxw1 Prvw prghov wkdw h{solflwo| frqvlghu

wkh glvwlqfwlrq ehwzhhq h{lvwlqj jrrgv dqg jrrgv wr eh ghyhorshg dovr pdlqwdlq wkh vwulfw

h{whuqdolw| dvvrfldwhg zlwk OEG1 Iru lqvwdqfh/ Vwrnh| +4<;;, grhv qrw pdnh d glvwlqfwlrq

ehwzhhq wkh ghyhorsphqw ri qhz jrrgv dqg wkh lpsuryhphqw ri h{lvwlqj jrrgv1 Udwkhu/ vkh

dvvxphv wkdw kljkhu ohyho ri rxwsxw wrgd| uhgxfhv wkh xqlw frvw ri erwk h{lvwlqj jrrgv dv

zhoo dv jrrgv wr eh ghyhorshg/ dqg wkdw wklv ehqh�w lv h{whuqdo wr doo �upv1 Lq \rxqj +4<<6,/

h{shulhqfh zlwk h{lvwlqj jrrgv uhgxfhv wkhlu xqlw frvw/ dqg wkdw frvw uhgxfwlrq lv h{whuqdo

wkh �upv1 Wkh srwhqwldo lpsdfw ri h{shulhqfh rq U)G iru qhz surgxfwv lv dvvxphg dzd|

dowrjhwkhu1 Sduhqwh +4<<7, ghvfulehv dgrswlrq ghflvlrqv ri qhz whfkqrorjlhv e| �upv/ exw wkh

udwh dw zklfk wkh| jdlq h{shulhqfh dqg ehfrph pruh h!flhqw lq xvlqj wkrvh qhz whfkqrorjlhv

lv lqghshqghqw ri wkhlu surgxfwlrq yroxph1 Oxfdv +4<<6, uhfrjql}hv wkdw OEG uhgxfhv erwk

wkh xqlw frvw ri h{lvwlqj jrrgv dqg jrrgv lq ghyhorsphqw/ exw grhv qrw lqfrusrudwh wkhvh

h�hfwv lq �upv* surgxfwlrq ghflvlrq1 Frqvhtxhqwo|/ wkhvh prghov rqo| sduwldoo| fdswxuh wkh

irufhv dw sod| zkhq wkh ohduqlqj whfkqrorj| lpsuryhv/ U)G frvwv ghfolqh/ ru wkh oderu irufh

vl}h lqfuhdvhv1

Lw wxuqv rxw wkdw lq rxu vhwxs/ wkh pdjqlwxghv ru hyhq wkh vljq ri wkh jurzwk h�hfwv ri vxfk

fkdqjhv lq wkh hqylurqphqw duh yhu| vhqvlwlyh wr wkh ehqh�wv dqg wkh vshhg ri dftxlulqj wkh

kljk0h{shulhqfh vwdwxv1 Wkh ydvw hpslulfdo olwhudwxuh rq OEG lv doprvw h{foxvlyho| frq�qhg
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wr wkh h!flhqf| ehqh�wv wkdw dffuxh iurp uhshwlwlyh surgxfwlrq ri wkh vdph jrrg/ xvlqj

wkh vdph phwkrg/ lq wkh vdph idflolw|1 Yhu| ihz zrunv hvwlpdwh wkh h{whqw wr zklfk OEG

ehqh�wv vsloo ryhu dfurvv surgxfwlrq idflolwlhv dqg vxffhvvlyh jhqhudwlrqv ri surgxfwv17 Zkhq

zh sdudphwul}h rxu prgho lq oljkw ri wkh hylghqfh lq wkh odwwhu dqg ohw surgxfhuv lqwhuqdol}h

wkh h!flhqf| ehqh�wv ri OEG/ wkh lqfuhdvhg ulvn ri orrvlqj ixwxuh ehqh�wv iurp wkhlu fxuuhqw

OEG dfwlylwlhv whqgv wr grplqdwh rwkhu jurzwk hqkdqflqj lq xhqfhv ri wkh h{rjhqrxv fkdqjhv

frqvlghuhg1

Lq Vhfwlrq 5 zh frpsloh vrph ri wkh hpslulfdo hylghqfh rq wkh fkdudfwhulvwlfv ri OEG/ lq

whupv ri w|shv ri ehqh�wv/ wkhlu pdjqlwxgh/ dqg wkh h{whqw wr zklfk wkh| duh h{whuqdo1 Lq

vhfwlrq 6/ zh suhvhqw rxu prgl�hg yhuvlrq ri dq U)G edvhg jurzwk prgho zlwk hqgrjhqrxv

ohduqlqj1 Lq vhfwlrq 7 zh vkrz wkdw zkloh wkh xvxdo jurzwk lpsolfdwlrqv ri lqfuhdvhg zrun

irufh/ orzhu U)G frvwv/ ru idvwhu ohduqlqj udwh rewdlq zkhq ohduqlqj lv h{rjhqrxv/ +l1h1/

lqghshqghqw ri rxwsxw yroxph,/ lw lv qr orqjhu srvvleoh wr ghwhuplqh dqdo|wlfdoo| wkh lpsdfw

ri wkrvh vdph fkdqjhv zlwk hqgrjhqrxv ohduqlqj1 Ehfdxvh wkh dqdo|vlv zlwk hqgrjhqrxv

ohduqlqj lv vr frpsolfdwhg/ zh wxuq lq vhfwlrq 8 wr d qxphulfdo frpsxwdwlrq ri wkh htxloleulxp

lq d yhuvlrq ri wkh prgho sdudphwul}hg lq oljkw ri wkh hylghqfh frpslohg lq vhfwlrq 5/ zklfk �wv

wkh fkdudfwhulvwlfv ri h{shulhqfh vslooryhuv dfurvv gl�huhqw surgxfwv dqg surgxfwlrq idflolwlhv1

Wkh qxphulfdo vroxwlrq vkrzv wkdw surgxfhuv* uhvsrqvhv wr lpsuryhg ohduqlqj whfkqrorj|/

uhgxfhg U)G frvwv/ dqg odujhu zrun irufh vl}h uhvxow lq d orzhu vwhdg| vwdwh jurzwk udwh1

7Luzlq dqg Nohqrz +4<<7,/ Edkn dqg Jruw +4<<6,/ Dujrwh/ Edfnpdq dqg Hssoh +4<<3,1
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51 Fkdudfwhulvwlfv ri Ohduqlqj0e|0Grlqj

OEG uhihuv prvwo| wr wkh surfhvv e| zklfk xqlw surgxfwlrq frvwv duh uhgxfhg dv h{shulhqfh

lv dffxpxodwhg1 Wklv uhgxfwlrq lq surgxfwlrq frvwv lv suhvhqw hyhq diwhu frqwuroolqj iru

fkdqjhv lq fdslwdo lqyhvwphqw dqg rwkhu sxufkdvhg lqsxwv1 Wkxv/ lq lwv ruljlqdo phdqlqj/

OEG fdswxuhv wkh hqkdqfhg h!flhqf| dwwulexwhg wr lqfuhdvhg idploldulw| zlwk wkh urxwlqh

dfwlylwlhv shuiruphg e| wkh �up1 Wkh vljql�fdqfh dqg pdjqlwxgh ri OEG h�hfwv lq wkh

frqwh{w ri d vshfl�f surgxfwlrq surfhvv kdv ehhq qrwhg lq wkh hqjlqhhulqj olwhudwxuh iru

pdq| ghfdghv= rqh ri wkh hduolhvw uhihuhqfhv lv Zuljkw +4<69, rq wkh oderu frvwv ri dlusodqh

iudphv1 Uhfhqwo| wkhuh lv dovr d jurzlqj uhfrjqlwlrq wkdw d glvwlqfwlrq rxjkw wr eh pdgh

ehwzhhq OEG surfhvvhv dvvrfldwhg zlwk d vshfl�f surgxfw/ dqg wkrvh dvvrfldwhg zlwk wkh

sodqw ru wkh rujdql}dwlrq1 Iru h{dpsoh/ Edkn dqg Jruw +4<<6, ghfrpsrvh ohduqlqj lqwr wkuhh

w|shv ri OEG= oderu ohduqlqj zklfk fdswxuhv wkh lqfuhdvh lq pdqxdo vnloov rewdlqdeoh wkurxjk

uhshwlwlyh wdvnv> fdslwdo ohduqlqj zklfk uhihuv wr hqjlqhhulqj lqirupdwlrq dffxpxodwhg ryhu

wlph lq wkh xvh ri sduwlfxodu fdslwdo htxlsphqw> dqg rujdql}dwlrqdo ohduqlqj/ wkh prvw hoxvlyh

frqfhsw ri wkh wkuhh/ uhihuulqj wr pdqdjhuldo/ pdunhwlqj/ dqg jhqhudo w|shv ri nqrzohgjh wkdw

dffxpxodwh lq dq rujdql}dwlrq ryhu wlph1 Prvw ri wkh hpslulfdo zrun rq OEG kdv irfxvhg

rq wkh �uvw nlqg/ zkhuh lw lv phdvxuhg dv uhgxfwlrq lq dyhudjh xqlw surgxfwlrq frvw dv d

ixqfwlrq ri fxpxodwlyh surgxfwlrq yroxph18

Wkh prgho zh ghyhors lq wklv sdshu lv wrr vw|ol}hg wr doorz xv d glvwlqfwlrq ehwzhhq doo

wkhvh gl�huhqw w|shv ri ohduqlqj1 \hw doo wkuhh duh lpsruwdqw wr wkh surfhvv ri lqwurgxflqj

qhz jrrgv dqg whfkqrorjlhv/ dqg doo wkuhh fuhdwh srvvleoh h{whuqdo dqg vslooryhu lq xhqfhv1

8Vrph dwwhpswv wr phdvxuh fxpxodwlyh h{shulhqfh e| fxpxodwlyh sdvw lqyhvwphqw/ ru vlpso| hodsvhg wlph/
kdyh dovr ehhq frqvlghuhg/ +Vkhvklqvnl 4<9:,1
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Iurp wkh srlqw ri ylhz ri rxu wkhru| wkuhh fkdudfwhulvwlfv ri OEG duh lpsruwdqw= +l, wkh

ohduqlqj udwh/ phdvxulqj wkh hodvwlflw| ri xqlw frvw/ +htxlydohqw lq rxu prgho wr surgxfw

txdolw|,/ zlwk uhvshfw wr fxpxodwlyh rxwsxw> +ll, wkh ohduqlqj vfrsh/ phdvxulqj wkh ryhudoo

h!flhqf| jdlq wr eh dwwdlqdeoh wkurxjk OEG/ dqg +lll, wkh h{whqw wr zklfk h{whuqdolwlhv duh

suhvhqw lq OEG1

D vw|ol}hg idfw ri wkh hpslulfdo zrun rq OEG lv wkdw wkh ohduqlqj udwh lv derxw wzhqw|

shufhqw/ wkdw lv d rqh shufhqw lqfuhdvh lq fxpxodwlyh rxwsxw uhgxfhv frvw e| derxw 315

shufhqw1 Ohduqlqj hodvwlflwlhv ri wklv pdjqlwxgh rq vshfl�f surgxfwv kdyh ehhq irxqg lq

hduo| hpslulfdo zrun e| Vhduoh +4<78,/ Udsslqj +4<98,/ Kluvfk +4<85,/ dqg Froh +4<8;,1

Uhfhqwo|/ Luzlq dqg Nohqrz +4<<7, lq wkhlu vwxg| ri wkh surgxfwlrq ri GUDP fklsv lq wkh

vhpl0frqgxfwru lqgxvwu| kdyh irxqg d vlplodu ohduqlqj udwh1 Vr shuydvlyh lv wklv skhqrphqrq/

wkdw lw lv uhihuuhg wr dv wkh �ohduqlqj fxuyh�/ ru hyhq wkh �;3( fxuyh�/ uh hfwlqj wkh hpslulfdo

uhjxodulw| lq pdqxidfwxulqj lqgxvwulhv zkhuh wkh xqlw frvwv ri wkh 5q|� xqlw duh ;3( ri wkrvh ri

wkh q|�/ Dofkldq +4<8<,1 Krzhyhu wkh ;3( ohduqlqj fxuyh lv d vw|ol}hg idfw/ dqg dv vxfk wkhuh

duh rwkhu vwxglhv lqglfdwlqj vrph yduldwlrq lq revhuyhg ohduqlqj hodvwlflwlhv dfurvv ydulrxv

lqgxvwulhv/ ru hyhq zlwklq wkh vdph lqgxvwu|1 Prvw ri wklv hpslulfdo zrun lv frqfhuqhg zlwk

frvw uhgxfwlrqv iru d qhz surgxfw zlwklq dq h{lvwlqj surgxfwlrq xqlw/ iru h{dpsoh Dofkldq

+4<96,/ Edor� +4<99,/ Eloorq +4<99,1 Ohduqlqj hodvwlflwlhv ri 83( ru pruh duh irxqg e| Dujrwh/

Edfnpdq dqg Hssoh +4<<3, lq d vwxg| ri zruog zdu LL vkls|dugv1 Dw wkh rwkhu h{wuhph Edkn

dqg Jruw*v +4<<6, vwxg| ri qhz pdqxidfwxulqj sodqwv/ +l1h1 qhz surgxfwlrq xqlwv,/ lqglfdwhv

frqvlghudeo| orzhu ohduqlqj udwhv1

Zkloh ohduqlqj fxuyhv lpso| frqwlqxrxv frvw uhgxfwlrqv dv wkh fxpxodwlyh surgxfwlrq

yroxph lqfuhdvhv/ wkhuh lv dpsoh hylghqfh wkdw wkhvh ohduqlqj h�hfwv duh erxqghg/ ru wkdw
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ohduqlqj hyhqwxdoo| fhdvhv/ +Dvkhu +4<89,/ Frqzd| dqg Vfkxow} +4<8<,/ Edor� +4<99/ 4<:4,/

Kdoo dqg Krzhoo +4<;8,,1 Zh uhihu wr wkh pd{lpxp srwhqwldo txdolw| lpsuryhphqw dwwdlqdeoh

wkurxjk OEG dv wkh vfrsh ri ohduqlqj1 Hpslulfdo zrun rq frvw uhgxfwlrqv iru qhz surgxfwv

zlwklq h{lvwlqj surgxfwlrq xqlwv �qgv wkdw wkh vfrsh iru ohduqlqj lv odujh1 Iru h{dpsoh/ Vhduoh

+4<78, grfxphqwv d 83( uhgxfwlrq lq pdq0krxuv lqsxw iru wkh Olehuw| vklsv1 Krzhyhu/ wkh

srvvlelolwlhv iru frvw uhgxfwlrqv wkurxjk OEG zlwklq qhz surgxfwlrq xqlwv dsshdu wr eh pxfk

vpdoohu1 Iru d sdqho ri qhz pdqxidfwxulqj sodqwv Edkn dqg Jruw +4<<6, �qg wkdw qhz sodqw

vwduw zlwk durxqg ;3( ri wkhlu ixoo srwhqwldo surgxfwlylw|1

Prvw ri wkh diruhphqwlrqhg ohduqlqj udwhv kdyh ehhq hvwlpdwhg uhodwlyh wr d surgxfwlrq

xqlw*v rzq fxpxodwlyh surgxfwlrq h{shulhqfh zlwk wkh vdph vshfl�f surgxfw ru surfhvv1

Wklv w|sh ri ohduqlqj/ zklfk fdq eh wkrxjkw ri dv lqwhuqdo ohduqlqj/ vwdqgv lq vkdus frqwudvw

wr wkh w|sh ri ohduqlqj h{whuqdolw| h{sorlwhg e| Vwrnh| +4<;;, dqg \rxqj +4<<6,/ zkhuh

hfrqrp|0zlgh ru lqgxvwu| djjuhjdwh fxpxodwlyh h{shulhqfh ghwhuplqhv wkh surgxfwlylw| ri

dq lqglylgxdo surgxfhu dw d srlqw lq wlph1 Lq frqwudvw zlwk wkh shuvxdvlyh hpslulfdo hylghqfh

rq wkh suhvhqfh dqg pdjqlwxgh ri lqwhuqdo ohduqlqj/ wkhuh lv olplwhg hylghqfh iru ohduqlqj

h{whuqdolwlhv ri wkh ydulhw| frqvlghuhg e| Vwrnh| +4<;;, dqg \rxqj +4<<6,/ +Dujrwh/ Edfnpdq

dqg Hssoh +4<<3,/ Edkn dqg Jruw +4<<6,,19 Zh gr qrw glvsxwh wkdw wkhuh lv dq lpsruwdqw

ohduqlqj h{whuqdolw| dvvrfldwhg zlwk OEG lq wkh vhqvh wkdw qhz surgxfwv duh qrw lqwurgxfhg

ehiruh vrph h{shulhqfh zlwk h{lvwlqj surgxfwv kdv dffxpxodwhg/ +lq idfw zh lqfrusrudwh vxfk

d ihdwxuh lq wkh prgho ghyhorshg ehorz,1 Zh fodlp/ krzhyhu/ wkdw wkh sdudphwhuv jryhuqlqj

wklv ohduqlqj surfhvv pd| eh txlwh gl�huhqw iurp wkrvh fkdudfwhul}lqj wkh hqkdqfhg h!flhqf|

9 Luzlq dqg Nohqrz +4<<7, �qg vrph hylghqfh iru h{whuqdo h�hfwv exw lqwhuqdo OEG dsshduv wr eh txdq0
wlwdwlyho| pxfk pruh lpsruwdqw1

;



ohduqlqj zklfk kdv ehhq vwxglhg wkxv idu1

Wkh jhqhudo fkdudfwhulvwlfv ri OEG wkdw hphujh iurp wkh deryh vxuyh| duh= +l, ohduqlqj

kdv d vljql�fdqw h�hfw rq h!flhqf|> +ll, ohduqlqj lqfuhdvhv dv d ixqfwlrq ri surgxfwlrq yroxph>

+lll, wkh vfrsh ri ohduqlqj lv erxqghg> +ly, wkhuh lv dq lpsruwdqw frpsrqhqw wr ohduqlqj zklfk

lv �up0vshfl�f/ +y, wkh h{shulhqfh h�hfw rq wkh ghyhorsphqw ri qhz jrrgv lv pruh prghvw

wkdq lwv lpsdfw rq h!flhqf|1

61 D Vlpsoh Prgho ri Ohduqlqj0e|0Grlqj dqg U)G

Jurzwk pd| ruljlqdwh wkurxjk wkh ghyhorsphqw ri qhz surgxfwv ru wkh lpsuryhphqw ri

h{lvwlqj surgxfwv1 Zh lghqwli| wkh �uvw vrxufh ri jurzwk zlwk U)G edvhg jurzwk/ dqg wkh

vhfrqg vrxufh zlwk OEG1 Dowkrxjk wkh jurzwk h�hfwv ri OEG pd| eh erxqghg/ OEG fdq

d�hfw jurzwk wkurxjk lwv lqwhudfwlrq zlwk U)G1 Zh prgho wkh lqwhudfwlrq ri OEG zlwk

sxusrvhixo U)G lq wkh �txdolw| odgghuv� vwuxfwxuh sursrvhg e| Jurvvpdq dqg Khospdq

+4<<4,1 Frqvhtxhqwo|/ zh iroorz wkhlu suhvhqwdwlrq ri wkh edvlf iudphzrun/ dssursuldwho|

prgl�hg/ lq rughu wr lqwurgxfh rxu qrwdwlrq1 Wkh hqylurqphqw lv rqh zlwk dq lq�qlwh krul}rq

dqg zlwk d frqwlqxxp ri jrrgv dw hdfk srlqw lq wlph1 Zh zloo olplw rxu dqdo|vlv wr wkh vwxg|

ri edodqfhg jurzwk sdwkv zkhuh doo jrrgv duh wuhdwhg v|pphwulfdoo|1 Dffruglqjo|/ zh zloo

gurs wkh wlph dqg jrrgv* lqgh{ zkhqhyhu frqixvlrq grhv qrw dulvh1 Zh zloo �uvw ghvfuleh wkh

krxvhkrog*v g|qdplf rswlpl}dwlrq sureohp/ wkhq wkh surgxfwlrq vwuxfwxuh ri wkh hfrqrp|/

dqg frqfoxgh zlwk d gh�qlwlrq ri wkh edodqfhg jurzwk sdwk1

<



6141 Wkh Krxvhkrog

Wkhuh lv d uhsuhvhqwdwlyh djhqw zlwk suhihuhqfhv ryhu wkh frqwlqxxp ri jrrgv lqgh{hg e|

/ 5 dfc �o ]
"

f
e3B|

] �

f
*L}d%E/c |�^E/c |�o_/ _|c +4,

zkhuh % E/c |� dqg ^ E/c |� duh/ uhvshfwlyho| wkh txdqwlw| dqg txdolw| ri jrrg / frqvxphg dw

wlph |/ dqg B : f lv wkh udwh ri wlph suhihuhqfh1 Wkh krxvhkrog*v rswlpl}dwlrq sureohp fdq

eh vhsdudwhg lq wzr vwdjhv1 Iluvw/ wkh krxvhkrog pd{lpl}hv  rz xwlolw| vxemhfw wr wkh  rz

exgjhw frqvwudlqw

4@ 
%

] �

f
*L}d%E/c |�^E/c |�o_/ v1w1

] �

f
%E/c |�RE/c |�_/ ' .E|�c +5,

zkhuh RE/c |� lv wkh sulfh ri d xqlw ri jrrg / dw wlph |/ dqg .E|� lv wrwdo h{shqglwxuhv rq

jrrgv dw wlph |1 Wklv lpsolhv d xqlw hodvwlf ghpdqg ixqfwlrq iru hdfk jrrg

%E/c |� ' .E|�*RE/c |�1 +6,

Vhfrqgo|/ wkh krxvhkrog fkrrvhv dq h{shqglwxuh sdwk zklfk pd{lpl}hv olihwlph xwlolw| +4,

vxemhfw wr wkh olih0wlph exgjhw frqvwudlqw

]
"

f
e3-E|�.E|�_| � �Ef�c +7,
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zkhuh �Ef� lv wkh djhqw*v lqlwldo zhdowk/ dqg -E|� lv wkh fxpxodwlyh lqwhuhvw udwh xs wr wlph

|1 Dq rswlpdo h{shqglwxuh sdwk vdwlv�hv wkh Hxohu htxdwlrq

�.E|�*.E|� ' oE|�� B +8,

dqg oE|� ' �-E|�1 Rq d edodqfhg jurzwk sdwk wkh lqwhuhvw udwh lv frqvwdqw oE|� ' B/ vr wkdw

.E|� ' . iru doo | � f1

6151 Surgxfwlrq/ Ohduqlqj0e|0Grlqj/ dqg U)G

Wkh txdolw| ri d jrrg lpsuryhv ryhu wlph iru wzr uhdvrqv1 Iluvw/ jrrgv ri qhz edvlf txdolwlhv

duh lqwurgxfhg dw hdfk srlqw lq wlph yld dq U)G surfhvv/ dv lq Jurvvpdq dqg Khospdq

+4<<4,1 Vhfrqg/ rqfh d surgxfhu lqwurgxfhv d qhz edvlf txdolw|/ wkdw txdolw| lpsuryhv dv

wkh surgxfhu ehfrphv pruh h{shulhqfhg lq wkh surgxfwlrq ri wkh jrrg1 Zh dvvxph wkdw wklv

lpsuryhphqw wkurxjk ohduqlqj lv erxqghg/ dqg wkdw wkh edvlf txdolw| ri d jrrg fdqqrw eh

xsjudghg ehiruh lwv surgxfhu kdv dftxluhg vrph h{shulhqfh1 Zh qrz ghvfuleh wkh phfkdqlvp

e| zklfk OEG surfhhgv/ krz h{shulhqfh d�hfwv surgxfwlrq/ dqg krz lw lqwhudfwv zlwk U)G1

Surgxfwlrq ri jrrgv lv frqvwdqw uhwxuqv wr vfdoh zlwk oderu dv wkh rqo| lqsxw1 Lq sduwlf0

xodu/ % xqlwv ri oderu surgxfh % xqlwv ri dq| jrrg/ ri dq| ydulhw|/ uhjdugohvv ri h{shulhqfh1

Vxshulru txdolw|/ hpehgghg lq kljkhu jhqhudwlrq ri edvlf txdolw| ru pruh h{shulhqfh/ lv uh0

 hfwhg lq h�hfwlyh txdolw| udwkhu wkdq gluhfw surgxfwlrq frvwv1:

Wrwdo ru h�hfwlyh txdolw| ri dq| jrrg lv jlyhq e| ^ E/c |� ' e E/c |� � b6E/c|�/ zkhuh wkh

:Dowkrxjk wkh hpslulfdo olwhudwxuh hpskdvl}hv uhgxfhg xqlw frvw dv wkh pdlq ehqh�w ri OEG/ zh ghvfuleh
wkdw ehqh�w dv dq lpsuryhg txdolw| lq rughu wr pdlqwdlq wkh vlplodulw| zlwk wkh txdolw| odgghu prgho ri
Khospdq dqg Jurvvpdq +4<<4,1 Wkhvh wzr ghvfulswlrqv duh frpsohwho| htxlydohqw lq rxu prgho/ +vhh vhfwlrq
617,1
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lqwhjhu 6 E/c |� lv wkh edvlf txdolw| ri wkh jrrg/ dqg e E/c |� lv wkh h{shulhqfh ohyho zlwk

wkdw sduwlfxodu jrrg1 Qhz edvlf txdolwlhv duh lqwurgxfhg vxffhvvlyho|/ dqg hdfk qhz edvlf

txdolw| lv b wlphv dv jrrg dv wkh suhylrxv edvlf txdolw|/ b : �1 Wr fdswxuh wkh g|qdplfv ri

h{shulhqfh dffxpxodwlrq lw vx!fhv wr dvvxph wkdw h{shulhqfh fdq wdnh rq wzr ydoxhv/ ie�c e2j/

zkhuh e� ' " 5 Efc ��/ dqg e2 ' �1 Wkh surfhvv e| zklfk wkh h{shulhqfh idfwru lqfuhdvhv iurp

e� wr e2 lv ohduqlqj1 Ohduqlqj lv e| grlqj lq wkh vhqvh wkdw rqo| �upv zklfk dfwxdoo| surgxfh

dqg vhoo d surgxfw fdq ehqh�w iurp h{shulhqfh hqkdqfhphqw1 Hdfk surgxfhu lqwurgxflqj d

qhz jrrg ehjlqv zlwk wkh orz h{shulhqfh ohyho/ e�/ dqg �� " ghqrwhv wkh vfrsh ri ohduqlqj1

�H{shulhqfh hqkdqfhphqw� iurp e� wr e2 iroorzv d Srlvvrq surfhvv zlwk d ohduqlqj udwh k � f

shu xqlw ri wlph1 Zh frqvlghu wkuhh yhuvlrqv ri wkh ohduqlqj surfhvv= d �up*v ohduqlqj udwh

pd| eh +4, h{rjhqrxv/ +5, hqgrjhqrxv/ exw lqghshqghqw ri wkh �up*v surgxfwlrq/ dqg +6,

hqgrjhqrxv dqg ghshqghqw rq wkh �up*v surgxfwlrq1

Iru wkh �uvw fdvh/ d �up ohduqv rqo| zkhq lw surgxfhv/ exw wkh udwh dw zklfk lw ohduqv lv

frqvwdqw1 Dowkrxjk wklv ghvfulswlrq lv lqfrqvlvwhqw zlwk wkh hylghqfh vxuyh|hg lq vhfwlrq 5/

lqglfdwlqj wkdw wkh udwh ri ohduqlqj ghshqgv rq wkh yroxph ri surgxfwlrq/ wklv fdvh doorzv

xv wr kljkoljkw wkh lpsolfdwlrqv ri hqgrjhqrxv ohduqlqj1 Lq wkh vhfrqg fdvh frqvlghuhg/ zh

dvvxph wkdw wkh ohduqlqj udwh lqfuhdvhv zlwk wkh wrwdo surgxfwlrq yroxph e| doo lqh{shulhqfhg

�upv f�/ k ' @Ef��1 Wklv ohduqlqj h{whuqdolw| uh hfwv wkh lghd wkdw lqh{shulhqfhg surgxfhuv

zrun rq vlplodu sureohpv/ dqg vroxwlrqv wr wkhvh sureohpv duh sduwldoo| wudqvihudeoh/ vhh iru

h{dpsoh \rxqj +4<<6,1; Ilqdoo|/ iru wkh wklug fdvh zh dvvxph wkdw wkh ohduqlqj udwh ri d �up

;Dowhuqdwlyho| zh frxog kdyh dvvxphg wkdw lqh{shulhqfhg �upv ohduq iurp h{shulhqfhg �upv dqg wkh
ohduqlqj udwh ghshqgv srvlwlyho| rq wkh wrwdo surgxfwlrq yroxph ri doo h{shulhqfhg �upv1 Vxfk d prgl�fdwlrq
frxog eh edvhg rq d whqghqf| wr �ohduq iurp wkrvh zkr gr lw uljkw�1 Wklv dowhuqdwlyh dssurdfk |lhogv
hvvhqwldoo| wkh vdph uhvxowv iru rxu dqdo|vlv ri wkh fdoleudwhg vwhdg| vwdwh lq Vhfwlrq 81 Qhlwkhu irupxodwlrq
d�hfwv wkh gh�qlwlrq dqg fkdudfwhul}dwlrq ri d vwhdg| vwdwh1
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ghshqgv rq lwv rzq surgxfwlrq yroxph/ k ' @ E%��/ dqg wkh ohduqlqj udwh lv dq lqfuhdvlqj dqg

frqfdyh ixqfwlrq ri surgxfwlrq %�1 Wklv odvw fdvh doorzv d �up wr lqfuhdvh fxuuhqw surgxfwlrq

lq rughu wr hqkdqfh ohduqlqj/ wkxv wudglqj r� fxuuhqw iru ixwxuh sur�wv1

Lpsuryhg edvlf txdolw| frphv dv d uhvxow ri gholehudwh dqg frvwo| U)G1 Wkh U)G whfk0

qrorj| lv vwrfkdvwlf dqg glvsod|v frqvwdqw uhwxuqv wr vfdoh/ dqg hqwu| wr wkh U)G vhfwru

lv iuhh1 Li wkh fxuuhqw surgxfhu lq dq lqgxvwu| lv h{shulhqfhg/ +kdv douhdg| dfklhyhg e2,/ d

 rz U)G lqyhvwphqw ri 4 : f xqlwv ri oderu jhqhudwhv d xqlwdu| duulydo udwh ri wkh qh{w

edvlf txdolw|1 Wkxv/ w4 xqlwv ri oderu duh qhhghg wr surgxfh dq duulydo udwh w shu wlph xqlw

ri d rqh0vwhs lpsuryhphqw ri wkh edvlf txdolw| ri d jrrg1 Wkh fxuuhqw surgxfhu hqmr|v qr

lqkhuhqw dgydqwdjh ryhu srwhqwldo lqqrydwruv lq wklv U)G dfwlylw|1 Rxu dvvxpswlrq wkdw d

edvlf txdolw| lpsuryhphqw fdq rqo| eh dfklhyhg lq lqgxvwulhv wkdw kdyh douhdg| dfklhyhg wkh

kljk h{shulhqfh ohyho uh hfwv wkh vslooryhu iurp surgxfwlrq h{shulhqfh zlwk h{lvwlqj jrrgv wr

ghyhorslqj qhz rqhv1<

6161 Wkh Edodqfhg Jurzwk Sdwk

Wkh ghvfulswlrq ri wkh edodqfhg jurzwk sdwk lv dqdorjrxv wr Jurvvpdq dqg Khospdq +4<<4,

zlwk d plqru prgl�fdwlrq iru wkh wklug ohduqlqj vshfl�fdwlrq zkhq wkh h�hfw ri surgxfwlrq

rq ohduqlqj lv lqwhuqdol}hg1 Lq doo fdvhv frqvlghuhg rqo| wkh kljkhvw edvlf txdolw| ri hdfk

ydulhw| lv dfwxdoo| surgxfhg dqg vrog lq htxloleulxp/ vlqfh/ zlwk Ehuwudqg sulfh frpshwlwlrq/

wkh surgxfhu zlwk wkh kljkhvw edvlf txdolw| fdq fdswxuh wkh hqwluh pdunhw e| xqghu0sulflqj

<D ohvv h{wuhph dvvxpswlrq lv wkdw wkh vdph U)G lqyhvwphqw lv pruh olnho| wr vxffhhg lq lqgxvwulhv wkdw
kdyh douhdg| dwwdlqhg kljk0h{shulhqfh zlwk wkh suhylrxv edvlf txdolw| wkdq lw lv lq lqgxvwulhv wkdw kdyh |hw
wr uhdfk wkdw vwdwh1 Wklv/ krzhyhu zrxog frqvlghudeo| frpsolfdwh wkh dqdo|vlv zlwkrxw d�hfwlqj wkh qdwxuh
ri wkh uhvxowv1
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doo rwkhu surgxfhuv ri wkh vdph jrrg1

Ohw 6 eh wkh kljkhvw dydlodeoh edvlf txdolw| ri d sduwlfxodu jrrg/ dqg ohw e� eh wkh

h{shulhqfh ohyho dvvrfldwhg zlwk wkh edvlf txdolw| ohyho1 Zh uhihu wr wkh surgxfhu ri wkh

kljkhvw edvlf txdolw| ri dq| jrrg dv wkh ohdghu ru lqfxpehqw1 Dw dq| lqvwdqw dqg iru dq|

jrrg/ wkh ohdghu*v h{shulhqfh fdq eh hlwkhu e� li vkh lv lqh{shulhqfhg/ ru e2 li vkh kdv douhdg|

ehqh�whg iurp h{shulhqfh hqkdqfhphqw1 Wkh surgxfhu ri wkh suhylrxv edvlf txdolw|/ 6� �/

lv e| dvvxpswlrq h{shulhqfhg/ dqg lv uhihuuhg wr dv wkh iroorzhu1 D ohdghu zlwk h{shulhqfh e�

zloo fkrrvh d sulfh R� vxfk wkdw surgxfhuv ri orzhu edvlf txdolwlhv duh h{foxghg1 Zh rewdlq

wklv sulfh e| frqvlghulqj wkh sulfh shu h�hfwlyh txdolw|1 Vshfl�fdoo|/ vlqfh wkh iroorzhu dozd|v

kdv wkh kljk h{shulhqfh/ +e2 ' �,/ dqg khu pdujlqdo surgxfwlrq frvw lv xqlw|/ d ohdghu zloo

fkrrvh d sulfh zklfk vdwlv�hv wkh frqvwudlqw

R�
e�b

6 � �

b63�
/ ru R� � be�c � ' �c 2/ +9,

dqg wkh olplw sulfh be� grhv qrw ghshqg rq wkh edvlf txdolw| 6143 Wkh  rz sur�w iru dq

lqfxpehqw zlwk h{shulhqfh e� lv=

Z� ' %�ER� � �� ' . � %�c +:,

zkhuh %� ' .*R� lv wkh txdqwlw| ghpdqghg ri wkh jrrg1

Doo lqfxpehqwv hqmr| frqwlqxrxvo| wkhlu  rz sur�wv/ zkloh lqh{shulhqfhg rqhv dovr vwdqg

wkh fkdqfh ri h{shulhqfh hqkdqfhphqw/ zkhuhdv h{shulhqfhg rqhv idfh wkh gdqjhu ri ehlqj

43Li wkh iroorzhu frxog eh ri hlwkhu kljk0 ru orz0h{shulhqfh/ wkh ohdghu*v sulfh zrxog ghshqg rq erwk
h{shulhqfh ohyhov1
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glvsodfhg144 Ohw T� eh wkh fdslwdo ydoxh ri dq lqfxpehqw zlwk h{shulhqfh e�1 Wkh Ehoopdq

htxdwlrqv zklfk gh�qh wkh fdslwdo ydoxhv ri lqfxpehqwv rq d edodqfhg jurzwk sdwk duh jlyhq

e|=

oT� ' 4@ %� i. � %� n k ET2 � T��j

v1w1 %� � .*b" dqg k '

;AAAAAAAA?
AAAAAAAA=

frqvwdqw li OEG lv h{rjhqrxv

@ Ef�� li OEG lv h{whuqdo

@ E%�� li OEG lv lqwhuqdo

oT2 ' 4@ %2 i. � %2 � wT2j

v1w1 %2 � .*b

+;,

zkhuh f� lv wkh wrwdo txdqwlw| surgxfhg ri doo jrrgv zlwk h{shulhqfh ohyho e�1 Qrwh wkdw vlqfh

ghpdqg lv xqlw0hodvwlf sur�w lv ghfolqlqj zlwk kljkhu surgxfwlrq1 Zkhq wkh ohduqlqj udwh k

lv lqghshqghqw ri klv rzq surgxfwlrq dq lqfxpehqw zloo wkhuhiruh vhw wkh sulfh htxdo wr wkh

olplw sulfh> wklv dssolhv wr wkh h{rjhqrxv/ dqg h{whuqdo OEG fdvhv deryh1

Vxffhvvixo U)G jhqhudwhv whpsrudu| prqrsro| sur�wv/ dqg U)G zloo wdnh sodfh dv orqj

dv wkh frvw ri U)G lv htxdo wr wkh h{shfwhg fdslwdo ydoxh ri wkh prqrsro| sur�wv1 Wkh

jdlq iurp ghyrwlqj w4 xqlwv ri oderu wr U)G lv wkh fdslwdo ydoxh T� dqg lw iroorzv d Srlvvrq

surfhvv zlwk duulydo udwh w1 Wkh h{shfwhg jdlq lv wT�/ dqg iuhh hqwu| lqwr U)G lpsolhv

T� � 4c +<,

44Lqfxpehqwv duh qrw hqjdjhg lq U)G ehfdxvh wkh| gr qrw kdyh d sduwlfxodu dgydqwdjh lq U)G dqg wkh|
ehqh�w ohvv iurp dq dgglwlrqdo txdolw| lpsuryhphqw1 Zh dvvxph iuhh hqwu| lqwr U)G dwwhpswv wr glvfryhu
wkh qh{w edvlf txdolw|1 Wr vhh wkdw wklv lpsolhv qr U)G e| wkh fxuuhqw lqfxpehqw/ qrwh wkdw zlwk pdq|
srwhqwldo hqwhudqwv wkh suredelolw| ri wkh qh{w edvlf txdolw| ehlqj irxqg e| rqh ri wkh dwwhpswlqj hqwhudqwv
lv xqd�hfwhg e| wkh lqfxpehqw*v rzq U)G h�ruwv1 Pruhryhu/ iuhh hqwu| dqg frqvwdqw uhwxuqv wr vfdoh lq
U)G lpso| wkdw srwhqwldo hqwudqwv duh dw ehvw euhdnlqj hyhq rq wkhlu U)G h{shqglwxuhv1 Ilqdoo|/ vlqfh wkh
lqfxpehqw jdlqv ohvv iurp glvfryhulqj wkh qh{w edvlf txdolw| wkdq d srwhqwldo hqwhudqw grhv/ zh frqfoxgh
wkdw lqfxpehqwv gr qrw lqyhvw lq U)G1

48



zlwk htxdolw| li U)G lv grqh1

Dq lpsruwdqw sduw ri wkh htxloleulxp lqyroyhv krz pdq| ohdghuv duh +lq,h{shulhqfhg1

Ohw >� eh wkh phdvxuh ri lqgxvwulhv zlwk dq e�0lqfxpehqw/ >� n >2 ' �1 Wklv phdvxuh

fkdqjhv ehfdxvh ri OEG/ dqg ehfdxvh ri U)G dfwlylwlhv1 Wkh phdvxuh ri lqh{shulhqfhg

lqfxpehqwv ghfolqhv ehfdxvh vrph lqfxpehqwv ehfrph h{shulhqfhg/ dqg lw lqfuhdvhv ehfdxvh

vrph h{shulhqfhg lqfxpehqwv duh uhsodfhg e| lqh{shulhqfhg hqwudqwv1 Wkh udwh ri fkdqjh ri

wkh phdvxuh ri lqh{shulhqfhg lqfxpehqwv lv wkhq=

�>� ' �k>� n w>21 +43,

Rq d edodqfhg jurzwk sdwk �>� ' f/ vr wkdw >2 ' k*Ew n k�1

Wr forvh wkh prgho/ zh qhhg wr fohdu wkh oderu pdunhw1 Wklv uhtxluhv wkdw djjuhjdwh oderu

ghpdqg htxdov wkh h{rjhqrxv oderu vxsso|1 Oderu lv xvhg iru U)G/ dqg iru surgxfwlrq1

Surgxfwlrq lq lqgxvwulhv lq zklfk wkh lqfxpehqw kdv h{shulhqfh e� lv f� ' >�%�/ vr wkdw

djjuhjdwh surgxfwlrq ghpdqg iru oderu lv
S
�
>�%�1 U)G ghpdqg iru oderu lv >24w vlqfh U)G

lv grqh rqo| djdlqvw kljk h{shulhqfh lqfxpehqwv1 Zlwk u ghqrwlqj wkh h{rjhqrxvo| �{hg

oderu vxsso|/ zh kdyh

>�%� n >2 E%2 n 4w� ' u1 +44,

Zh duh qrz lq d srvlwlrq wr gh�qh d edodqfhg jurzwk sdwk iru rxu hfrqrp|1

Gh�qlwlrq 41 D edodqfhg jurzwk sdwk lv d vhw ri hqgrjhqrxv yduldeohv/ i.c wc >�c %�c Z�c T�j/

vdwlvi|lqj htxdwlrqv +6,/ +9,/ +:,/ +;,/ +<,/ +44,/ dqg +43, zlwk �>� ' f1

Jurzwk lq wkh xwlolw| lqgh{ � fdq rqo| vwhp iurp edvlf txdolw| lpsuryhphqwv/ vlqfh oderu
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vxsso| dqg oderu surgxfwlylw| duh frqvwdqw1 Wkh frqwulexwlrq ri jrrg / wr wkh xwlolw| lqgh{

lv

*L}d%E/c |�^E/c |�o ' *L}d.E|�o n6E/c |� *L}Eb� +45,

zkhuh zh kdyh xvhg wkh gh�qlwlrq ri wkh olplw sulfh +9, dqg wkh ghpdqg ixqfwlrq/ +6,1 Wkh

xwlolw|  rz lqgh{ hyroyhv dffruglqj wr

*L} �E|� ' *L}Eb�
] �

f
6E/c |�_/ n *L} d.E|�o � +46,

Rq d edodqfhg jurzwk sdwk .E|� ' .1 Wkxv jurzwk lq wkh xwlolw| lqgh{ vwhpv vroho| iurp

edvlf txdolw| xsjudglqj/ wkh �uvw whup lq +46,1 Vlqfh wkh hyroxwlrq ri edvlf txdolw| xsjudglqj

iru hdfk jrrg / lv dq lqghshqghqw vwrfkdvwlf surfhvv/ wkh dyhudjh txdolw| lqgh{ ri edvlf

txdolw| dfurvv doo jrrgv dw wlph | lv wkh fxpxodwlyh qxpehu ri edvlf txdolw| lqfuhphqwv lq

hdfk jrrg gxulqj wkh wlph lqwhuydo dfc |o/ 6E/c |�/ dyhudjhg dfurvv doo jrrgv1 Dvvxplqj d odz

ri odujh qxpehuv dssolhv/ wkh fxpxodwlyh qxpehu ri edvlf txdolw| xsjudghv lq hdfk jrrg lv

jlyhq e| wkh ohqjwk ri wkh shulrg wlphv wkh h{shfwhg qxpehu ri edvlf txdolw| glvfryhulhv shu

xqlw ri wlph1 Frqvhtxhqwo|/ ] �

f
6E/c |�_/ ' | � Ew>2� +47,

Lw iroorzv wkdw wkh jurzwk udwh ri �E|� rq d edodqfhg jurzwk sdwk lv

} ' w>2 � *L}Eb� +48,

Qrwh wkdw erxqghg ohduqlqj kdv qr gluhfw h�hfw rq wkh jurzwk udwh/ dowkrxjk lw grhv d�hfw
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lw wkurxjk lwv lpsdfw rq wkh hqgrjhqrxv U)G udwh w/ dqg wkh phdvxuh ri h{shulhqfhg �upv/

>21

6171 Frvw Uhgxfwlrq yv1 H{shulhqfh Hqkdqfhphqw

Zh kdyh ghvfulehg d vlpsoh prgho ri OEG zkhuh pruh h{shulhqfh phdqv wkdw d �up*v

surgxfw lv ri kljkhu txdolw|1 Lq rxu glvfxvvlrq ri hpslulfdo hylghqfh rq OEG/ pruh h{shulhqfh

phdqv wkdw d �up surgxfhv wkh vdph surgxfw dw d orzhu frvw1 Lq rxu iudphzrun wkhvh wzr

irupxodwlrqv duh doprvw htxlydohqw1 Dvvxph wkdw wkh h�hfwlyh txdolw| ri d surgxfw lv dozd|v

htxdo wr wkh edvlf txdolw| ri wkh surgxfw/ exw wkdw wkh surgxfwlrq frvwv ri surgxfhuv gl�hu1

Lq sduwlfxodu dvvxph wkdw d surgxfhu lv hlwkhu lqh{shulhqfhg zlwk oderu lqsxw uhtxluhphqw

�� ru h{shulhqfhg zlwk lqsxw uhtxluhphqw �2/ �� : �21 Qrupdol}h �2 ' � dqg �� ' �*" : �1

Wkh dqdo|vlv qrz surfhhgv dv ehiruh/ dqg wkh rqo| gl�huhqfh ehwzhhq wkh wzr irupxodwlrqv

lv wkdw qrz doo surgxfhuv vhw wkh vdph sulfh dqg vhoo wkh vdph txdqwlw|/ lqghshqghqw ri wkhlu

h{shulhqfh1

71 Edodqfhg Jurzwk Zlwk U)G dqg Ohduqlqj0e|0Grlqj

Iurp wkh dqdo|vlv lq wkh suhylrxv vhfwlrq/ wkh edodqfhg jurzwk udwh lq rxu prgho lv jlyhq

e|=

} ' w>2 *L}Eb� '
wk

k n w
*L}Eb�

Zlwk h{rjhqrxv ohduqlqj/ +k ehlqj d �{hg sdudphwhu,/ wkh jurzwk udwh lqfuhdvhv zlwk U)G

lqwhqvlw| w1 Pruhryhu/ ehfdxvh U)G fdq lpsuryh edvlf txdolw| rqo| ri jrrgv wkdw kdyh

douhdg| dwwdlqhg kljk h{shulhqfh/ wkh jurzwk udwh lqfuhdvhv ohvv wkdq sursruwlrqdwho| zlwk
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wkh lqfuhdvh lq w/ vr wkdw f 	 Y}
Yw

w
}
	 �145 Olnhzlvh/ kroglqj U)G lqwhqvlw| �{hg/ vlplodu

jurzwk lpsolfdwlrqv duh jhqhudwhg e| fkdqjhv lq wkh ohduqlqj udwh1 Krzhyhu/ wkhvh prqrwrqh

uhodwlrqvklsv ehfrph pruh lqyroyhg zkhq erwk vrxufhv iru txdolw| lpsuryhphqw duh mrlqwo|

ghwhuplqhg lq htxloleulxp1 Lq sduwlfxodu/ li htxloleulxp ohduqlqj wkurxjk h{shulhqfh dffxpx0

odwlrq ghfolqhv zlwk idfwruv wkdw vwlpxodwh U)G wkhq wkh lpsdfw ri vxfk idfwruv rq jurzwk

ghshqgv rq uhodwlyh pdjqlwxghv ri rssrvlqj irufhv1

7141 H{rjhqrxv Ohduqlqj0e|0Grlqj

Iroorzlqj Jurvvpdq dqg Khospdq +4<<4, zh surfhhg wr vroyh wkh htxloleulxp lq wkh prgho

e| rewdlqlqj wzr uhodwlrqvklsv lq whupv ri wkh ohyho ri uhdo h{shqglwxuhv . dqg wkh U)G udwh

w1 Wkh �uvw uhodwlrq E8.� lv edvhg rq wkh iuhh hqwu| frqglwlrq +<,/ dqg wkh vhfrqg uhodwlrq

Euu� lv edvhg rq wkh oderu pdunhw fohdulqj frqglwlrq +44,1 Zh irfxv rq vroxwlrqv wr wkhvh

wzr htxdwlrqv/ E.Wc wW�/ jlyhq wkh h{rjhqrxv ohduqlqj udwh k/ wkh vfrsh ri ohduqlqj "/ dqg wkh

uhvrxufh edvh/ u1

Lq Iljxuh 4 zh judsk wkh iuhh hqwu| frqglwlrq dqg wkh oderu pdunhw fohdulqj frqglwlrq1

. � 4 EB n k� *
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Euu�

Wkh Euu� fxuyh lv grzqzdug vorslqj= dv wkh uhvhdufk lqwhqvlw| w lqfuhdvhv/ wrwdo ghpdqg iru

oderu lqfuhdvhv/ uhtxlulqj d uhgxfwlrq lq wkh ohyho ri uhdo h{shqglwxuhv . wr eulqj wkh oderu

ghpdqg edfn wr wkh jlyhq vxsso|1 Wkh ghpdqg iru oderu lqfuhdvhv iru wzr uhdvrqv1 Iluvw/

45Lq wkh prgho devhqw ohduqlqj0e|0grlqj/ U)G dssolhv wr doo jrrgv lq wkh hfrqrp| dqg rqh jhwv wkh
sursruwlrqdolw| ri wkh jurzwk udwh dqg U)G lqwhqvlw|/ Cj

C�
�
j
@ 4/ dv lq Jurvvpdq dqg Khospdq +4<<4,1
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pdqxidfwxulqj oderu ghpdqg lqfuhdvhv ehfdxvh wkh vkduh ri lqh{shulhqfhg �upv lqfuhdvhv/

dqg wkhvh �upv surgxfh pruh gxh wr olplw sulflqj/ +orzhu txdolw| lpsolhv orzhu sulfh dqg

odujhu txdqwlw| vxssolhg,1 Vhfrqg/ dowkrxjk wkh vkduh ri h{shulhqfhg �upv ghfolqhv/ wkh lq0

fuhdvh lq uhvhdufk lqwhqvlw| lv vx!flhqw wr udlvh wrwdo U)G ghpdqg iru oderu1 Wkh E8.� fxuyh

lv xszdug vorslqj= dv uhvhdufk lqwhqvlw| lqfuhdvhv/ wkh fdslwdo ydoxh ri ehlqj dq lqfxpehqw

ghfolqhv/ vr wkdw wkh ohyho ri uhdo h{shqglwxuhv kdv wr lqfuhdvh wr doorz T� wr vdwlvi| wkh iuhh

hqwu| frqglwlrq1 Qrwh wkdw lq wkh olplw zkhq ohduqlqj lv lqvwdqwdqhrxv/ +k ' 4,/ wkh oderu

pdunhw fohdulqj dqg wkh iuhh hqwu| frqglwlrq frlqflgh zlwk Jurvvpdq dqg Khospdq +4<<4,

htxloleulxp frqglwlrqv1 Lw lv lpphgldwh wkdw vorzhu h{rjhqrxv ohduqlqj/ +orzhu k,/ pdnhv lw

pruh olnho| wkdw wkh htxloleulxp grhv qrw lqyroyh srvlwlyh jurzwk146

ILJXUH 4 KHUH

Lq wkh vlpsoh prgho zlwk h{rjhqrxv OEG wkh lqwhudfwlrq ehwzhhq ohduqlqj dqg U)G lv

olplwhg= zh fdq rqo| vwxg| krz ohduqlqj d�hfwv U)G/ exw qrw ylfh yhuvd1 Dq dqdo|vlv ri wkh

edodqfhg jurzwk sdwk/ krzhyhu/ uhyhdov wkdw hyhq lq vxfk d vlpsoh hqylurqphqw wkh h�hfwv

ri ohduqlqj rq U)G fdq eh dpeljxrxv1 Iru h{dpsoh/ hyhq wkrxjk rqh zrxog h{shfw vorzhu

ohduqlqj wr uhgxfh lqfhqwlyhv wr gr U)G/ +vlqfh h{shulhqfh hqkdqfhphqw iroorzlqj d vxffhvv

lq U)G lv ixuwkhu srvwsrqhg lqwr wkh ixwxuh,/ wrwdo U)G h�ruwv lq wkh hfrqrp| pd| dfwxdoo|

lqfuhdvh zlwk vorzhu ohduqlqj1

Wr vhh wkdw/ frqvlghu wkh h�hfw ri dq lqfuhdvh lq wkh ohduqlqj udwh rq wkh ghpdqg iru

oderu dqg wkh lqfhqwlyhv wr gr U)G1 Iluvw/ d idvwhu ohduqlqj udwh lqfuhdvhv wkh vkduh ri

46Frqvlghu wkh h{wuhph fdvh zkhuh � @ 3/ vr wkdw �upv qhyhu ohduq/ dqg erwk wkh IH dqg wkh OO fxuyhv
ehfrph krul}rqwdo lq wklv fdvh1 Wkh vkduh ri h{shulhqfhg �upv frqyhujhv wr }hur/ dqg U)G dfwlylwlhv dlphg
rqo| dw h{shulhqfhg �upv fhdvh dowrjhwkhu1
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h{shulhqfhg lqfxpehqwv1 Frqvhtxhqwo|/ pdqxidfwxulqj ghpdqg iru oderu ghfolqhv/ exw U)G

ghpdqg iru oderu lqfuhdvhv1 Li wkh uhvhdufk lqwhqvlw| lv vx!flhqwo| kljk/ wkhq wkh vhfrqg

h�hfw zloo grplqdwh dqg wkh ghpdqg iru oderu lqfuhdvhv1 Rqh fdq vkrz wkdw lq Iljxuh 4/

dq lqfuhdvh lq wkh ohduqlqj udwh zloo wxuq wkh Euu� fxuyh forfnzlvh durxqg wkh srlqw Ew '

wuuc . ' b"u�/ zkhuh wuu ' E�� "�u*41 Vhfrqg/ d idvwhu ohduqlqj udwh pdnhv wkh sur�w  rz

ohvv lpsruwdqw uhodwlyh wr wkh fdslwdo jdlq iru dq lqh{shulhqfhg lqfxpehqw1 Dowkrxjk sur�wv

iru dq lqh{shulhqfhg lqfxpehqw duh orzhu wkdq iru dq h{shulhqfhg lqfxpehqw/ lqh{shulhqfhg

lqfxpehqwv duh qrw vxemhfw wr U)G frpshwlwlrq1 Wkxv iru vx!flhqwo| kljk uhvhdufk lqwhqvlw|/

wkh fdslwdo ydoxh ri dq lqh{shulhqfhg lqfxpehqw pd| dfwxdoo| idoo iroorzlqj dq lqfuhdvh lq wkh

ohduqlqj udwh1 Lq whupv ri Iljxuh 4/ rqh fdq vkrz wkdw dq lqfuhdvh lq wkh ohduqlqj udwh zloo

wxuq wkh E8.� fxuyh frxqwhu0forfn zlvh durxqg wkh srlqw Ew ' w8.c . ' 4B* d�� �* E"b�o�/

zkhuh w8. ' B E�� "� * Eb"� ��1 Vlqfh erwk fxuyhv urwdwh lq rssrvlwh gluhfwlrqv/ wkh ryhudoo

h�hfw rq w lv dpeljxrxv1

Wkh vdph dpeljxlw| dssolhv wr wkh h�hfw ri idvwhu ohduqlqj rq wkh jurzwk udwh1 Qhyhu0

wkhohvv/ wkh �uvw rughu h�hfw rq wkh jurzwk udwh lv srvlwlyh/ vlqfh idvwhu ohduqlqj lqfuhdvhv

wkh vkduh ri h{shulhqfhg lqfxpehqwv1 Lq Vhfwlrq 8 zh zloo fdoleudwh wkh prgho hfrqrp|/ dqg

iru uhdvrqdeoh sdudphwhu ydoxhv zh revhuyh wkdw dq lqfuhdvh lq wkh ohduqlqj udwh udlvhv wkh

uhvhdufk lqwhqvlw| dqg wkh jurzwk udwh lq wkh h{rjhqrxv ohduqlqj prgho1

Wkh h�hfwv ri fkdqjhv lq wkh uhpdlqlqj sdudphwhuv rq uhvhdufk lqwhqvlw| duh lqwxlwlyh

dqg duh dqdorjrxv wr uhvxowv ri Jurvvpdq dqg Khospdq +4<<4,1 Iru h{dpsoh/ dq lqfuhdvh lq

wkh h�hfwlyh oderu irufh u*4/ vkliwv wkh Euu� fxuyh xs dqg wkh uhvhdufk lqwhqvlw| lqfuhdvhv1

Kljkhu uhvhdufk lqwhqvlw| ghfuhdvhv wkh vkduh ri h{shulhqfhg/ +qhz surgxfhuv vwduw zlwk orz

h{shulhqfh,/ exw wrwdo U)G h�ruwv/ +w>2,/ lqfuhdvhv/ dqg vr grhv wkh jurzwk udwh1 Ehfdxvh
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lqh{shulhqfhg lqfxpehqwv surgxfh pruh dqg kdyh orzhu sur�wv wkdq h{shulhqfhg lqfxpehqwv/

wrwdo surgxfwlrq lqfuhdvhv dqg wkh sur�w udwh ghfolqhv1 Zh fdq vxppdul}h wkh h�hfwv ri

fkdqjhv lq sdudphwhuv rq uhvhdufk lqwhqvlw| iru wkh h{rjhqrxv ohduqlqj fdvh dv iroorzv=

Yw*Yk:	fc Yw*Yu : fc Yw*Y" : fc

Yw*Yb : fc Yw*Y4 	 fc Yw*YB:	f�

7151 Hqgrjhqrxv Ohduqlqj0e|0Grlqj= Txdolwdwlyh Dqdo|vlv

Zh qrz frqvlghu wkh wzr hqgrjhqrxv ohduqlqj fdvhv= iru wkh �uvw fdvh +h{whuqdo OEG, wkh

ohduqlqj udwh iru d jrrg ghshqgv rq djjuhjdwh rxwsxw ri lqh{shulhqfhg surgxfhuv/ dqg iru

wkh vhfrqg fdvh +lqwhuqdo OEG, wkh ohduqlqj udwh iru d jrrg ghshqgv rqo| rq wkh rxwsxw ohyho

ri wkdw jrrg1 Zh zloo irfxv rq wkh dqdo|vlv ri lqwhuqdo ohduqlqj/ vlqfh h{whuqdo ohduqlqj lv

hvvhqwldoo| wkh vdph dv h{rjhqrxv ohduqlqj1 Wkh hqgrjhqhlw| ri wkh ohduqlqj udwh lqwurgxfhv

d vhfrqg urxqg h�hfw/ zkhuhe| +hqgrjhqrxv, fkdqjhv lq k d�hfw w1 Wkhvh vhfrqgdu| h�hfwv

pd| dpsoli| ru gdpshq wkh h�hfwv uhodwlyh wr wkh prgho zlwk h{rjhqrxv ohduqlqj1

Frqvlghu dq lqfuhdvh lq wkh vl}h ri wkh oderu irufh u1 Zlwk h{rjhqrxv ohduqlqj wklv zloo

lqfuhdvh wkh uhvhdufk lqwhqvlw| w/ wkh vkduh ri lqh{shulhqfhg lqfxpehqwv >�/ dqg wkh h{shqgl0

wxuh ohyho .1 Wkh odvw wzr h�hfwv zloo lqfuhdvh wrwdo surgxfwlrq e| lqh{shulhqfhg lqfxpehqwv/

dqg wkhuhe| udlvh wkh ohduqlqj udwh k1 Wkh h�hfw ri kljkhu k rq w lv dpeljxrxv/ dv zh kdyh

vhhq lq wkh suhylrxv vhfwlrq1 Vxssrvh wkdw wklv h�hfw lv srvlwlyh/ vr wkdw idvwhu ohduqlqj udlvhv

wkh uhvhdufk lqwhqvlw|1 Wkhq/ wkh vhfrqg urxqg h�hfw ri kljkhu u rq w wkurxjk k uhlqirufhv

wkh gluhfw h�hfw1 Wkh vdph dqdo|vlv dssolhv wr fkdqjhv lq rwkhu sdudphwhuv1

Wr hydoxdwh wkh htxloleulxp uhvsrqvhv xqghu lqwhuqdo ohduqlqj/ dvvxph wkdw wkh olplw
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sulfh frqvwudlqw lv qrw elqglqj/ +l1h1 dq lqfxpehqw zklfk pd{lpl}hv sur�w vhohfwv d vpdoohu

txdqwlw|/ dqg kljkhu sulfh/ wkdq lv qhhghg wr h{foxgh wkh iroorzhu iurp wkh pdunhw,1 Qrwh

wkdw khuh/ xqolnh wkh h{whuqdo ohduqlqj fdvh/ dq lqfuhdvh lq uhvhdufk lqwhqvlw| orzhuv wkh udwh

ri ohduqlqj/ ehfdxvh lw uhgxfhv wkh fdslwdo jdlq iurp ehfrplqj h{shulhqfhg1 Wklv h�hfw zloo

gdpshq wkh uhvsrqvh ri wkh hfrqrp| rq d edodqfhg jurzwk sdwk wr sdudphwhu fkdqjhv1

Iru wkh h{dpsoh ri dq lqfuhdvhg oderu irufh frqvlghuhg deryh/ zh kdyh d srvlwlyh �uvw

urxqg h�hfw ri u rq w/ dv lq wkh h{rjhqrxv ohduqlqj fdvh1 Lqh{shulhqfhg lqfxpehqwv zloo qrz

uhvsrqg wr wkh juhdwhu yxoqhudelolw| ri wkh sur�wdeoh kljk0h{shulhqfh vwdwxv e| orzhulqj wkhlu

surgxfwlrq ohyhov/ wkhuhe| uhgxflqj wkhlu rzq ohduqlqj udwh1 Dvvxplqj d srvlwlyh uhodwlrq

ehwzhhq wkh ohduqlqj udwh dqg uhvhdufk lqwhqvlw|/ wkh uhgxfwlrq lq wkh ohduqlqj udwh zloo

holplqdwh sduw ri wkh lqfuhdvh lq wkh uhvhdufk lqwhqvlw| zklfk zdv jhqhudwhg e| wkh lqfuhdvh

lq u1 Ixuwkhu uhvxowv fdqqrw eh rewdlqhg wkurxjk dqdo|wlfdo phwkrgv rqo|/ dqg zh surfhhg

zlwk d qxphulfdo dqdo|vlv ri d fdoleudwhg yhuvlrq ri wkh hfrqrp|1

81 Hqgrjhqrxv Ohduqlqj lq d Fdoleudwhg Prgho

Zh qrz vwxg| wkh txdqwlwdwlyh lpsolfdwlrqv ri wkh lqwhudfwlrq ehwzhhq OEG dqg U)G lq

dq hfrqrp| lq zklfk ohduqlqj lv hqgrjhqrxv1 Wklv dqdo|vlv vkrzv wkdw wkh uhvsrqvh ri

wkh ohduqlqj udwh wr fkdqjhv lq wkh ohduqlqj ixqfwlrq dqg wkh oderu hqgrzphqw fulwlfdoo|

ghshqgv rq zkhwkhu surgxfhuv wdnh lqwr dffrxqw wkh h�hfwv ri wkhlu surgxfwlrq ohyhov rq

wkh ohduqlqj udwh1 Lq dgglwlrq/ wkh qxphulfdo dqdo|vlv uhyhdov wkdw sdudphwhu ydoxhv iru wkh

OEG whfkqrorj| dovr sod| d pdmru uroh lq ghwhuplqlqj wkh uhvsrqvh ri wkh jurzwk udwh wr wkh

h{rjhqrxv fkdqjhv frqvlghuhg1 Iru h{dpsoh/ zh �qg wkdw dq lqfuhdvh ri wkh oderu hqgrzphqw
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zloo udlvh wkh jurzwk udwh lq dq hfrqrp| zlwk h{rjhqrxv ru h{whuqdo ohduqlqj/ exw zloo kdyh

wkh rssrvlwh h�hfw lq dq hfrqrp| zlwk lqwhuqdo ohduqlqj1 Rxu vwxg| lv edvhg rq d qxphulfdo

dqdo|vlv ri wkh hfrqrp|1 Zh vhohfw sdudphwhu ydoxhv vxfk wkdw wkh edodqfhg jurzwk sdwk

ri wkh hfrqrp| pdwfkhv d vhohfwlrq ri revhuydwlrqv rq dyhudjh jurzwk udwhv/ lqwhuhvw udwhv/

U)G dqg OEG dfwlylwlhv1

8141 Fdoleudwlrq

Rxu hfrqrp|*v edodqfhg jurzwk sdwk lv wr uhsolfdwh wkh jurzwk h{shulhqfh ri wkh srvw0zdu

X1V1 hfrqrp|1 Zh duh wkhuhiruh lqwhuhvwhg lq edodqfhg jurzwk sdwkv zlwk dq dqqxdo jurzwk

udwh ri wzr shufhqw/ } ' f�f2/ dqg dq dyhudjh lqwhuhvw udwh ri irxu shufhqw/ o ' f�fe1 Wkh

fuxfldo sduw ri rxu fdoleudwlrq h{huflvh lv wkh fkdudfwhul}dwlrq ri wkh U)G dqg wkh OEG

surfhvv1

Rqh fdq phdvxuh U)G frpshwlwlrq wkurxjk wkh udwh dw zklfk wkh fdslwdo ydoxh ri sdwhqwv

ghsuhfldwhv1 Vfkdqnhupdq dqg Sdnhv +4<;7/ 4<;9, hvwlpdwh fdslwdo ydoxh ghsuhfldwlrq udwhv

xvlqj lqirupdwlrq rq sdwhqw uhqhzdov1 Iru d vdpsoh zklfk lqfoxghv wkh XN/ Jhupdq|/ Iudqfh/

wkh Qhwkhuodqgv dqg Vzlw}huodqg iurp 4<6304<6</ Vfkdqnhupdq dqg Sdnhv +4<;7, hvwlpdwh

dq dqqxdo ghsuhfldwlrq udwh iru sdwhqw ydoxhv ri wzhqw| �yh shufhqw1 Iru d srvw Zruog Zdu LL

vdpsoh/ zklfk lqfoxghv wkuhh Hxurshdq frxqwulhv/ Vfkdqnhupdq dqg Sdnhv +4<;9, hvwlpdwh

dqqxdo ghsuhfldwlrq udwhv ehwzhhq whq shufhqw +Jhupdq|, dqg wzhqw| shufhqw +XN/ Iudqfh,1

Lq d uhodwhg zrun/ Fdedoohur dqg Md�h +4<<6, hvwlpdwh wkh udwh ri ghfolqh lq d �up*v ydoxh

zklfk lv dwwulexwdeoh wr d ghfolqh lq lwv uhodwlyh U)G srvlwlrq dw dq dyhudjh ri wkuhh dqg d

kdoi shufhqw d |hdu147 Zh lqwhusuhw wkhvh ghsuhfldwlrq udwhv lq �upv dqg sdwhqw ydoxhv dv wkh

47Wkhlu hvwlpdwhv udqjh iurp 3( wr 58( shu |hdu1
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dyhudjh udwh dw zklfk wkh ydoxh ri d �{hg vdpsoh ri h{shulhqfhg �upv lq rxu prgho ghfolqhv

ryhu wlph/ zklfk lv uhsuhvhqwhg e| wkh hqwu| udwh w1 Iru rxu sdudphwhul}dwlrq zh dvvxph wkdw

rq wkh edodqfhg jurzwk sdwk wkh fdslwdo ydoxh ghsuhfldwlrq ri dq h{shulhqfhg lqfxpehqw lv

whq shufhqw/ w ' f��/ d ydoxh zklfk lv ehwzhhq wkh orzhu erxqg vhw e| Fdedoohur dqg Md�h

+4<<6, dqg wkh xsshu erxqg vhw e| Vfkdqnhupdq dqg Sdnhv +4<;7/ 4<;9,148

Rxu vxuyh| ri hpslulfdo zrun rq OEG lq vhfwlrq 5 �qgv d zlgh udqjh ri hvwlpdwhv ri

wkh xqlw frvw uhgxfwlrqv dqg lwv suhflvh ghshqghqfh rq fxpxodwlyh rxwsxw1 Wzr fdwhjrulhv

ri hvwlpdwhv fdq eh lghqwl�hg lq wklv olwhudwxuh/ zklfk zh odeho e| �qduurz� dqg �zlgh�

ohduqlqj fdvhv1 Wkh �qduurz ohduqlqj� fdvh fryhuv vkruw whup oderu frvw uhgxfwlrqv iru rqh

surgxfw lq d jlyhq surgxfwlrq vlwh1 Wkh hpslulfdo hylghqfh rq wklv fdvh/ zklfk kdv ehhq

lqwhqvlyho| vwxglhg/ vxjjhvwv d ohduqlqj udwh ri derxw 2fI/ d srwhqwldo frvw uhgxfwlrq idfwru

ri 2/ dqg d shulrg ri � wr D |hduv iru dfklhylqj wklv h!flhqf| jdlq1 Wkh �zlgh ohduqlqj�

fdvh fryhuv lqfuhdvhg wrwdo idfwru surgxfwlylw| iru d ydulhw| ri vlplodu surgxfwv ryhu wkh olih

f|foh ri d surgxfwlrq vlwh/ dqg hvwlpdwhv ri OEG ehqh�wv ri wklv nlqg duh pruh prghvw1 Iru

lqvwdqfh/ Edkn dqg Jruw +4<<6, �qg wkdw d qhz sodqw lv derxw hljkw| shufhqw dv surgxfwlyh

dv d pdwxuh sodqw/ dqg wkdw d sodqw dwwdlqv pdwxulw| zlwklq vl{ wr whq |hduv1

Zh eholhyh wkdw lq rughu wr dvvhvv wkh lpsdfw ri ohduqlqj rq jurzwk wkh �zlgh ohduqlqj�

fdvh lv pruh uhohydqw wkdq wkh �qduurz ohduqlqj� fdvh1 Dv qrwhg prvw ri wkh hylghqfh

rq �qduurz ohduqlqj� uhihuv wr xqlw frvw uhgxfwlrqv iru d surgxfw zklfk lv qhz iru vrph

surgxfwlrq idflolw|/ exw wkh surgxfw lv qrw qhfhvvdulo| qhz iru wkh hfrqrp|1 Iru h{dpsoh/

xqghu wkh �qduurz ohduqlqj� fdvh zh zloo revhuyh wkdw lq d qhz sl}}d rxwohw wkh xqlw frvw

48Qrwh wkdw � lv dq hqgrjhqrxv yduldeoh lq rxu prgho1 Wkh uhvxowv uhsruwhg khuh duh wkh ydoxh ri +h{rjhqrxv,
sdudphwhuv qhhghg vr wkdw lq d vwhdg| vwdwh htxloleulxp wkh ydoxh ri � lv 3=41
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ri sl}}dv zloo lqlwldoo| ghfolqh1 Lw lv kdug wr vhh wkdw wkh xqlw frvw ri surgxfwlrq ri d zhoo0

nqrzq surgxfw lq d qhz surgxfwlrq vlwh vkrxog d�hfw wkh hfrqrp|*v delolw| wr ghyhors qhz

surgxfwv1 Rq wkh rwkhu kdqg lw dsshduv pruh uhdvrqdeoh wkdw d kljkhu jhqhudo h{shulhqfh zlwk

surgxfwlrq surfhvvhv lq sodqwv zlwk �zlgh ohduqlqj� vkrxog lqfuhdvh wkh hfrqrp|*v delolw| wr

ghyhors qhz surgxfwv1 Zh gr/ krzhyhu/ uhsruw wkh uhvxowv iru erwk sdudphwhu frq�jxudwlrqv/

vlqfh wkh prghov uhvsrqg udwkhu gl�huhqwo| wr wkh fkdqjhv zh frqvlghu/ ghshqglqj rq wkh

frq�jxudwlrq xvhg1

Zh xvh wkhvh uhvxowv iurp wkh hpslulfdo zrun rq OEG wr sdudphwul}h rxu hfrqrp| dv

iroorzv1 Iluvw/ zh lghqwli| wkh h{shulhqfh frpsrqhqw ri txdolw| rewdlqhg e| ohduqlqj lq rxu

prgho zlwk wkh frvw uhgxfwlrqv gxh wr ohduqlqj lq wkh hpslulfdo zrun rq OEG1 Wkh vfrsh

ri ohduqlqj lq rxu prgho lv gluhfwo| dqdorjrxv wr wkh srwhqwldo h!flhqf| jdlq dwwulexwhg wr

OEG/ |lhoglqj wkh dowhuqdwlyh ydoxhv iru " ri f�D/ dqg f�H iru wkh qduurz dqg zlgh ohduqlqj

fdvhv/ uhvshfwlyho|1 Zh ghulyh dq hvwlpdwh ri wkh ohduqlqj udwh k e| frqvlghulqj d froohfwlrq

ri �upv ri phdvxuh rqh/ doo ri wkhp lqh{shulhqfhg1 Zlwk hdfk �up vkliwlqj vwrfkdvwlfdoo| wr

d kljk h{shulhqfh vwdwxv dw wkh udwh k/ wkh dyhudjh h{shulhqfh ri wkhvh �upv diwhu vrph wlph

| kdv hodsvhg lv=49
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49Qrwh wkdw zh dvvxph khuh wkdw wkhuh lv qr U)G frpshwlwlrq dqg h{shulhqfhg �upv duh qrw glvsodfhg e|
lqh{shulhqfhg �upv1
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Iru wkh qduurz ohduqlqj fdvh/ zh sorw wkh orj ri dyhudjh h{shulhqfh djdlqvw wkh orj ri fx0

pxodwlyh surgxfwlrq iru d wlph vsdq ri rqh wr wkuhh |hduv1 Zh wkhq vhohfw wkh vshhg ri

ohduqlqj k vxfk wkdw d vwudljkw olqh �wwhg wr wklv fxuyh edvhg rq ROV kdv vorsh f�2/ wkdw lv

|lhogv d ohduqlqj udwh ri 2fI1 Wklv surfhgxuh lpsolhv d vshhg ri ohduqlqj ri k ' �1 Lq wkh

zlgh ohduqlqj fdvh/ iru zklfk wkhuh lv qr dydlodeoh olqn ehwzhhq rxwsxw dqg h!flhqf| jdlq/

zh vlpso| dvvxph wkdw diwhu whq |hduv/ dyhudjh txdolw| lv zlwklq rqh shufhqw ri srwhqwldo

txdolw|/ 7e E�f� ' f�bb/ zklfk |lhogv k ' f��1 Wr vxppdul}h/ iru wkh qduurz ohduqlqj fdvh zh

kdyh " ' f�D dqg k ' ��f/ dqg iru wkh zlgh ohduqlqj fdvh zh kdyh " ' f�H dqg k ' f��1

Wkh lqirupdwlrq surylghg deryh lv vx!flhqw wr sdudphwul}h wkh prgho zlwk h{rjhqrxv

ohduqlqj1 Jlyhq wkh U)G udwh w ' f��/ dqg wkh ohduqlqj udwh k fruuhvsrqglqj wr hdfk

ohduqlqj fdvh/ zh ghwhuplqh wkh vkduh ri h{shulhqfhg �upv rq wkh edodqfhg jurzwk sdwk

>2 ' k* Ek n w�1 Wkh lpsuryhphqw idfwru b lv wkhq ghwhuplqhg wkurxjk wkh jurzwk udwh

ri wkh hfrqrp| } ' >2w *L}b1 Zh wkhq xvh wkh iuhh0hqwu| frqglwlrq dqg wkh oderu pdunhw

fohdulqj frqglwlrq wr ghwhuplqh wkh ydoxhv iru wkh h{shqglwxuh0oderu irufh udwlr .*u/ dqg

wkh U)G frvw0oderu irufh udwlr 4*u1 Zh qrupdol}h wkh oderu irufh dw rqh1

Iorz sur�wv zkhq lqh{shulhqfhg duh orzhu xqghu qduurz ohduqlqj wkdq xqghu wkh zlgh

ohduqlqj1 Wklv iroorzv iurp wkh idfw wkdw wkh surgxfw lpsuryhphqw idfwru b wxuqv rxw wr eh

vlplodu iru erwk fdvhv/ zkloh wkh lqlwldo h{shulhqfh ohyho lv pxfk orzhu iru wkh qduurz ohduqlqj

fdvh1 Lq idfw/ lqlwldo h{shulhqfh lq wkh qduurz ohduqlqj fdvh lv vr orz wkdw d surgxfhu pdnhv

orvvhv xqghu wkrvh sdudphwhuv dv orqj dv vkh uhpdlqv lqh{shulhqfhg1 Dqrwkhu lpsolfdwlrq ri

rxu sdudphwhul}dwlrq lv wkdw lq wkh zlgh ohduqlqj fdvh/ derxw 45 shufhqw ri wkh oderu irufh lv

hpsor|hg lq U)G dfwlylwlhv/ dqg wkdw lq derxw 58 shufhqw ri doo lqgxvwulhv wkh surgxfhu lv

lqh{shulhqfhg1 Iru wkh qduurz ohduqlqj fdvh/ wkrvh vkduhv duh : dqg </ uhvshfwlyho|1
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Wr frpsxwh wkh htxloleulxp zkhq wkh ohduqlqj udwh lv hqgrjhqrxv/ +h{whuqdo dqg lqwhuqdo,/

zh surfhhg dv iroorzv1 Iru wkh fdvh ri h{whuqdo OEG zh dvvxph wkdw wkh ohduqlqj ixqfwlrq

wdnhv wkh irup=

k ' kff
k�
� /

dqg zh vhw k� ' f�D/ dqg kf lv ghwhuplqhg iurp k/ zklfk zdv vhsdudwho| ghulyhg deryh iru

hdfk ri wkh wzr ohduqlqj fdvhv1 Iru wkh lqwhuqdo OEG fdvh/ zh dvvxph d ohduqlqj ixqfwlrq ri

wkh irup=

k ' 4@ ifc kf%
k�
� � k2j

zkhuh kfc k�c k2 � f1 Wklv ixqfwlrqdo irup dvvxphv wkdw d fhuwdlq dprxqw ri surgxfwlrq

kdv wr wdnh sodfh ehiruh ohduqlqj dfwxdoo| rffxuv1 Djdlq zh vhw k� ' f�D1 Zh zdqw wkdw

lqh{shulhqfhg lqfxpehqwv wdnh dgydqwdjh ri wkh ohduqlqj rssruwxqlwlhv/ dqg dfwxdoo| surgxfh

pruh wkdq wkh| zrxog surgxfh zlwkrxw ohduqlqj1 Lq sduwlfxodu zh dvvxph wkdw wkh rswlpdo

surgxfwlrq ri dq lqh{shulhqfhg lqfxpehqw lv d pxowlsoh V ri wkh rxwsxw ohyho lpsolhg e| wkh

olplw sulfh zkhq lqh{shulhqfhg1 Zh vhohfw V ' ���1

Zkdw zloo eh lpsruwdqw iru rxu edodqfhg jurzwk sdwk dqdo|vlv lv wkh hodvwlflw| ri wkh

ohduqlqj ixqfwlrq zlwk uhvshfw wr fkdqjhv lq surgxfwlrq/ # ' EYk*Y%�� E%�*k�1 Vlpsoh

dojheud vkrzv wkdw +iru erwk h{whuqdo dqg lqwhuqdo ohduqlqj, wklv hodvwlflw| lv=
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Qrwh wkdw wklv hodvwlflw| kdv douhdg| ehhq ghwhuplqhg e| wkh suhylrxv fdoleudwlrq surfhgxuh/

dqg lv lqghshqghqw ri wkh sdudphwhu ydoxhv ri wkh ohduqlqj ixqfwlrq1 Wkh whup lq fxuo|
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eudfnhwv uhsuhvhqwv wkh fdslwdo jdlq iurp ehfrplqj h{shulhqfhg1 Wklv fdslwdo jdlq lv lqfuhdv0

lqj lq wkh vfrsh ri ohduqlqj/ wkdw lv orzhu ydoxhv ri " lpso| orzhu hodvwlflwlhv ri wkh ohduqlqj

ixqfwlrq1 Iru h{dpsoh/ lq wkh qduurz ohduqlqj fdvh wkh hodvwlflw| lv # ' 2�2/ dqg lq wkh zlgh

ohduqlqj fdvh lw lv # ' b�b1

Zh vxppdul}h wkh fdoleudwhg edodqfhg jurzwk sdwkv iru wkh wzr dowhuqdwlyh sdudphwhu

frq�jxudwlrqv lq Wdeoh 4 ehorz1

WDEOH 4 0 KHUH

8151 Uhvsrqvh wr H{rjhqrxv Fkdqjhv

D sduwldo olvw ri wkh uhvxowv iurp wkh qxphulfdo dqdo|vlv duh suhvhqwhg lq Wdeohv 5 dqg 61

Wkhvh wdeohv frqwdlq wkh hodvwlflwlhv ri d vxevhw ri hqgrjhqrxv yduldeohv zlwk uhvshfw wr wkh

oderu hqgrzphqw +u,/ wkh ohduqlqj whfkqrorj| sdudphwhuv/ +k iru h{rjhqrxv ohduqlqj/ dqg

kf iru wkh wzr hqgrjhqrxv ohduqlqj fdvhv,/ dqg wkh ohduqlqj vfrsh uhsuhvhqwhg e| wkh lqlwldo

h{shulhqfh/ +",1 Zh olvw wkh h�hfw ri fkdqjhv lq wkhvh sdudphwhuv rq wkh jurzwk udwh }/

wkh uhvhdufk lqwhqvlw| w/ wkh vkduh ri h{shulhqfhg lqgxvwulhv >2/ wkh dyhudjh sur�w udwh lq

pdqxidfwxulqj Z/ dqg wkh ohduqlqj udwh k zkhq lw lv hqgrjhqrxv1 Wdeoh 5 frqwdlqv wkh uhvxowv

iru wkh sdudphwul}dwlrq fruuhvsrqglqj wr wkh zlgh ohduqlqj fdvh/ dqg Wdeoh 6 shuwdlqv wr wkh

qduurz ohduqlqj fdvh1

Wkh �uvw frqfoxvlrq wr hphujh iurp wkh fdoleudwhg prgho lv wkdw dowkrxjk wkhuh duh

vrph txdqwlwdwlyh gl�huhqfhv ehwzhhq wkh prgho zlwk h{rjhqrxv ohduqlqj dqg wkh prgho

zlwk hqgrjhqrxv exw h{whuqdo ohduqlqj/ wkh txdolwdwlyh ihdwxuhv duh yhu| vlplodu1 Lq erwk

hqylurqphqwv dq lqfuhdvh lq wkh oderu hqgrzphqw lqfuhdvhv uhvhdufk lqwhqvlw|1 Wkh lqfuhdvh

lq uhvhdufk lqwhqvlw| r�vhwv wkh ghfolqh lq wkh vkduh ri h{shulhqfhg �upv/ dqg wkh jurzwk udwh/
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zklfk lv wkh surgxfw ri wkh wzr/ lqfuhdvhv1 Wkhvh uhvxowv duh urexvw dfurvv wkh wzr sdudphwulf

frq�jxudwlrqv/ dv fdq eh vhhq e| frpsdulqj wkh uhvsrqvhv ri } wr u xqghu h{rjhqrxv dqg

h{whuqdo ohduqlqj lq erwk Wdeohv 5 dqg 61 Rxu uhvxowv xqghu h{rjhqrxv dqg h{whuqdo OEG

dvvxpswlrqv duh dovr frqvlvwhqw zlwk rwkhu zrunv rq OEG/ zklfk dvvxph wkdw �upv gr qrw

lqwhuqdol}h wkh OEG h�hfwv ri wkhlu fxuuhqw surgxfwlrq ghflvlrq rq ixwxuh frvw/ +Vwrnh| +4<;;,/

\rxqj +4<<6,/ Oxfdv +4<<6, dqg Sduhqwh +4<<7,,1

WDEOH 5 KHUH

Lq frqwudvw wr wkh deryh srvlwlyh vfdoh h�hfwv xqghu h{rjhqrxv dqg h{whuqdo OEG/ wkh

h�hfwv ri dq lqfuhdvh lq wkh oderu hqgrzphqw zkhq ohduqlqj lv lqwhuqdol}hg ghshqg rq wkh

hodvwlflw| ri wkh ohduqlqj ixqfwlrq1 Iru wkh zlgh ohduqlqj fdvh zlwk d kljk hodvwlflw|/ dq lq0

fuhdvh lq wkh oderu hqgrzphqw dfwxdoo| orzhuv wkh jurzwk udwh lq dq hfrqrp| zlwk lqwhuqdo

OEG/ dv fdq eh vhhq lq Wdeoh 51 Wklv uhvxow rewdlqv ehfdxvh wkh hqgrjhqrxv ohduqlqj uh0

vsrqgv gl�huhqwo| wr d fkdqjh lq wkh uhvhdufk lqwhqvlw|/ ghshqglqj rq zkhwkhu surgxfhuv*

ixwxuh h!flhqf| lv d�hfwhg e| wkhlu rzq surgxfwlrq h{shulhqfh ru e| hfrqrp| zlgh djjuh0

jdwhv1 Zlwk h{whuqdo OEG/ wkh ohduqlqj udwh uhvsrqgv srvlwlyho| wr wkh lqfuhdvhg vkduh ri

lqh{shulhqfhg �upv iroorzlqj dq lqfuhdvh lq uhvhdufk lqwhqvlw|/ dqg wklv doprvw frpsohwho|

r�vhwv wkh lqlwldo uhgxfwlrq lq wkh vkduh ri h{shulhqfhg �upv1 Lq frqwudvw/ zkhq uhvhdufk

lqwhqvlw| lqfuhdvhv xqghu lqwhuqdo OEG/ wkhuh lv qrwklqj wr r�vhw wkh uhgxfhg fdslwdo ydoxh ri

ehlqj dq h{shulhqfhg surgxfhu dqg ohduqlqj ehfrphv ohvv dwwudfwlyh1 Dffruglqjo|/ surgxfhuv

uhvsrqg e| fxwwlqj grzq rq +lqgluhfw, ohduqlqj frvwv/ +e| uhgxflqj rxwsxw,/ dqg wkh ghfolqh

lq wkh vkduh ri h{shulhqfhg �upv lv h{dfhuedwhg/ wkxv orzhulqj wkh jurzwk udwh1

WDEOH 6 KHUH
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Wkh h�hfwv ri fkdqjhv lq wkh vshhg ri ohduqlqj glvsod| vlplodu vhqvlwlylw| wr wkh qdwxuh

ri wkh ohduqlqj surfhvv1 Xqghu h{rjhqrxv dqg h{whuqdo ohduqlqj/ dq lqfuhdvh lq wkh vshhg ri

ohduqlqj lqfuhdvhv erwk wkh uhvhdufk lqwhqvlw| dqg wkh vkduh ri h{shulhqfhg surgxfhuv dqg

wkhuhe| wkh jurzwk udwh1 Zlwk lqwhuqdo ohduqlqj wkh vhfrqg urxqg h�hfwv iurp wkh kljkhu

uhvhdufk lqwhqvlw| uhgxfh wkh vshhg ri ohduqlqj dqg orzhu wkh vkduh ri h{shulhqfhg surgxfhuv1

Ehfdxvh wkh hodvwlflw| ri wkh ohduqlqj ixqfwlrq lv uhodwlyho| kljk/ wkh jurzwk udwh zloo ghfolqh/

vhh Wdeoh 514:

Odvwo|/ d vpdoohu ohduqlqj vfrsh/ uhsuhvhqwhg khuh e| kljkhu ydoxh ri "/ zloo kdyh qr lpsdfw

rq jurzwk zkhq ohduqlqj lv lqwhuqdo1 Wklv iroorzv iurp rxu dvvxpswlrq wkdw wkh rxwsxw ri

lqh{shulhqfhg surgxfhuv h{fhhgv wkh ohyho lpsolhg e| olplw sulflqj= lq rughu wr hqkdqfh wkhlu

ohduqlqj udwh wkh| surgxfh vr pxfk wkdw wkh sulfh lv hyhq orzhu wkdq wkh rqh uhtxluhg wr mxvw

nhhs surgxfhuv ri suhylrxv jhqhudwlrqv ri wkh jrrg rxw ri wkh pdunhw1 Frqvhtxhqwo|/ d orzhu

txdolw| jds ehwzhhq kljk dqg orz h{shulhqfh jrrgv/ +zklfk grhv qrw ylrodwh wkh qrq0elqglqj

olplw sulfh dvvxpswlrq,/ grhv qrw uhvxow lq dq| fkdqjh lq wkh sulfh gl�huhqwldo ehwzhhq wkhvh

jrrgv/ qru lq dq| rwkhu hqgrjhqrxv yduldeoh1

Lq frqwudvw/ zkhq ohduqlqj lv h{rjhqrxv ru h{whuqdo wr surgxfhuv/ d kljkhu txdolw| ri

wkh orz0h{shulhqfh jrrg lqfuhdvhv wkh fdslwdo ydoxh T�/ lpso|lqj d kljkhu U)G lqwhqvlw|/

kljkhu vkduh ri lqh{shulhqfhg surgxfhuv/ dqg kljkhu ohduqlqj udwh lq wkh h{whuqdo ohduqlqj

fdvh/ +ghvslwh wkh ghfuhdvh lq lqglylgxdo rxwsxw e| dq lqh{shulhqfhg surgxfhu,1 Dowkrxjk

wkh ghfuhdvh lq >2 zrunv djdlqvw wkh lqfuhdvh lq w lq whupv ri wkhlu jurzwk lpsolfdwlrqv/ wkh

ryhudoo lpsdfw rq jurzwk lv srvlwlyh1

4:Sduhqwh +4<<7, lq dq hfrqrp| zlwk h{rjhqrxv OEG/ \rxqj +4<<6, lq dq hqylurqphqw zlwk h{whuqdo OEG/
dqg Oxfdv +4<<6, lq dq hqylurqphqw zkhuh �upv gr qrw wdnh lqwr dffrxqw wkh h�hfw ri wkhlu surgxfwlrq
ghflvlrqv rq ohduqlqj/ �qg wkdw dq lpsuryhphqw lq wkh ohduqlqj whfkqrorj| lqfuhdvhv wkh jurzwk udwh1
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91 Frqfoxvlrq

Dowkrxjk zh pdlqwdlq wkh dvvxpswlrq ri frqvwdqw uhwxuqv wr vfdoh lq U)G/ wkh prgho zh

kdyh suhvhqwhg grhv qrw qhfhvvdulo| surgxfh wkh srvlwlyh �vfdoh h�hfwv� ri rwkhu U)G edvhg

jurzwk prghov1 Lq sduwlfxodu/ zh pd| kdyh qhjdwlyh �vfdoh h�hfwv� lq wkdw wkh jurzwk udwh

pd| ghfuhdvh zlwk wkh vl}h ri wkh hfrqrp|1 Wkhvh uhvxowv ghshqg rq wkh sdudphwhu ydoxhv

ri wkh ohduqlqj whfkqrorj|/ dqg duh pruh olnho| zkhq ohduqlqj lv lqwhuqdo1

Xqghu lqwhuqdo ohduqlqj/ idfwruv wkdw lqfuhdvh wkh lqwhqvlw| ri U)G frpshwlwlrq djdlqvw

lqglylgxdo surgxfhuv pljkw qhyhuwkhohvv uhgxfh wkh jurzwk udwh lq wkh hfrqrp|1 Wkh sr0

whqwldoo| qhjdwlyh jurzwk lpsdfw ri lqwhqvl�hg U)G zrunv dv iroorzv= d pruh lqwhqvh U)G

frpshwlwlrq djdlqvw h{lvwlqj surgxfhuv uhgxfhv wkhlu lqfhqwlyhv wr lqyhvw lq OEG/ wkh uhvxow0

lqj orzhu dyhudjh h{shulhqfh dvvrfldwhg zlwk vorzhu OEG uhgxfhv wkh vfrsh iru U)G/ wkxv

uhgxflqj wkh jurzwk udwh1 Wkh �uvw ri wkhvh wzr h�hfwv phuho| uh hfwv wkh fdslwdo wkhruhwlf

qdwxuh ri lqyhvwphqw lq OEG1 Lq sduwlfxodu/ lw grhv qrw ghshqg rq wkh dvvxpswlrq wkdw

h{shulhqfh zlwk h{lvwlqj surgxfwv idflolwdwhv U)G iru ehwwhu rqhv/ zklfk gulyhv wkh vhfrqg

h�hfw1 Rqh frxog dvvxph/ lqvwhdg/ wkdw U)G lv htxdoo| olnho| wr vxffhhg zlwk kljk dv zhoo dv

orz h{shulhqfh surgxfwv1 Krzhyhu/ wklv zrxog uhpryh dq| vslooryhu h�hfwv iurp whfkqrorjl0

fdo lpsuryhphqwv1 Wkh dvvxpswlrq zh kdyh dgrswhg vhhpv olnh wkh hdvlhvw zd| wr fdswxuh

h{shulhqfh h{whuqdolwlhv lq wkh ghyhorsphqw ri qhz surgxfwv1

Wkh idfw wkdw orz h{shulhqfh surgxfhuv fkrrvh wr uhgxfh wkhlu rxwsxw lq wkh idfh ri

lqwhqvl�hg U)G frpshwlwlrq pd| dovr eh lqwhusuhwhg dv dq dwwhpsw wr surorqj wkhlu orz0

h{shulhqfh vwdwxv/ lq zklfk wkh| duh lppxqh wr U)G frpshwlwlrq xqghu rxu dvvxpswlrqv1

Wkhuh lv qr hdv| zd| wr glvhqwdqjoh wklv lqwhusuhwdwlrq iurp wkh dowhuqdwlyh rqh wkdw zh kdyh
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surylghg/ qdpho|/ wkdw rxwsxw lv uhgxfhg ehfdxvh OEG ehfrphv ohvv sur�wdeoh zkhq U)G

frpshwlwlrq ehfrphv pruh lqwhqvh1 Lq rxu frpsxwhg htxloleulxp/ surgxfhuv fkrrvh rxwsxw

ohyho zhoo lq h{fhvv ri zkdw lv qhhghg wr fdswxuh 433( pdunhw vkduh1 Wklv h{fhvv rxwsxw

lv surgxfhg rqo| wr h{shglwh wkh h{shulhqfh dffxpxodwlqj surfhvv1 Wkh lpsolfdwlrq wkdw

lqfhqwlyhv wr ryhusurgxfh lq wklv zd| glplqlvk zlwk wkh lqwhqvlw| ri wkh U)G frpshwlwlrq

lv olnho| wr hphujh hyhq lq prghov lq zklfk U)G lqwhqvlw| lv lqghshqghqw ri wkh vkduh ri

h{shulhqfhg surgxfhuv1

Prgli|lqj wkh vshfl�fdwlrq ri h{whuqdo ohduqlqj/ vr wkdw wkh ohduqlqj udwh ghshqgv rq wkh

surgxfwlrq yroxph ri h{shulhqfhg/ +udwkhu wkdq lqh{shulhqfhg,/ surgxfhuv grhv qrw d�hfw rxu

uhvxowv lq dq| txdqwlwdwlyho| lpsruwdqw zd|1 Iru h{dpsoh iroorzlqj dq lqfuhdvh lq wkh oderu

hqgrzphqw/ wkh jurzwk udwh ri wkh hfrqrp| lqfuhdvhv ohvv zkhq lqh{shulhqfhg �upv ohduq

iurp h{shulhqfhg �upv1 Wkh lqwxlwlrq iru wklv lv idluo| vwudljkwiruzdug1 Dq lqfuhdvh lq wkh

oderu hqgrzphqw udlvhv U)G h�ruwv/ wkhuhe| orzhulqj wkh vkduh ri h{shulhqfhg surgxfhuv1

Wklv lq wxuq whqgv wr orzhu wrwdo surgxfwlrq e| h{shulhqfhg surgxfhuv/ wkxv uhgxflqj wkh

ohduqlqj udwh dqg h{dfhuedwlqj wkh ghfolqh lq wkh vkduh ri h{shulhqfhg surgxfhuv1 Khqfh

wkh jurzwk udwh grhv qrw lqfuhdvh dv pxfk dv zkhq lqh{shulhqfhg �upv ohduq iurp rwkhu

lqh{shulhqfhg �upv1

D prgl�fdwlrq wkdw frxog frqfhlydeo| ryhuwxuq rxu uhvxowv lqyroyhv lqwhuqdol}lqj wkh

ehqh�fldo U)G lpsolfdwlrqv ri OEG1 Li wkh vslooryhu iurp h{shulhqfh zlwk h{lvwlqj surgxfwv

wr wkh ghyhorsphqw ri qhz rqhv lv lqwhuqdol}hg wklv zd|/ dqg li dq lqfxpehqw fdq fkdqjh

e| klv rzq U)G h�ruwv klv suredelolw| ri zlqqlqj wkh U)G udfh wr wkh qh{w edvlf txdolw|/

wkhq wkh rswlpdo lqfxpehqw*v uhvsrqvh wr dq lqwhqvl�hg U)G frpshwlwlrq pljkw zhoo eh

wr lqfuhdvh/ udwkhu wkdq ghfuhdvh/ klv rxwsxw1 Wklv nlqg ri dq lqkhuhqw U)G lqfxpehqw*v
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dgydqwdjh frqvlghudeo| zhdnhqv iuhh hqwu| lqwr U)G dfwlylwlhv/ dqg suredeo| �wv wkh qdwxuh

ri U)G frpshwlwlrq lq lqgxvwulhv zklfk duh kljko| frqfhqwudwhg wr ehjlq zlwk1

Zh lqwhusuhw rxu uhvxowv dv vkrzlqj wkdw uhdvrqdeoh prgl�fdwlrqv ri wkh �olqhdu� U)G

edvhg hqgrjhqrxv jurzwk prgho fdq ryhufrph vrph ri lwv hpslulfdo idlolqjv1 Zkdw lv ghprq0

vwudwhg lq wklv sdshu lv wkh qhhg wr vwxg| ohduqlqj surfhvvhv pruh forvho| lq rughu wr ixoo|

xqghuvwdqg wkhlu jurzwk lpsolfdwlrqv1 Dw wkh plfur ohyho zh qhhg pruh uholdeoh sdudphwhu

ydoxhv iru ghvfulelqj wkh ohduqlqj dqg U)G whfkqrorjlhv1 Dw wkh djjuhjdwh ru lqgxvwu|0zlgh

ohyho/ zh kdyh wr phdvxuh wkh h{whqw wr zklfk OEG ehqh�wv duh h{whuqdo ru lqwhuqdo1
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