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Devwudfw

Wklv sdshu dqdo|}hv wkh lpsdfw ri h{fkdqjh udwh  xfwxdwlrqv zkhq

wkh| duh rqo| sduwldoo| sdvvhg wkurxjk wr frqvxphu sulfhv1 Zh vkrz

wkdw dq h{fkdqjh udwh ghsuhfldwlrq grhv qrw qhfhvvdulo| kdyh d ehjjdu0

wk|0qhljkeru h�hfw dqg pd| lq idfw kdyh dq rssrvlwh/ ru ehjjdu0

wk|vhoi/ h�hfw1 Wkh gluhfwlrq ri wkh zhoiduh h�hfw ghshqgv rq zkr

rzqv wkh �upv lpsruwlqj jrrgv iurp surgxfhuv dqg vhoolqj wkhp wr

frqvxphuv/ dq lvvxh wkdw kdv qrw ehhq h{soruhg lq wkh hduolhu olwhudwxuh1

MHO fodvvl�fdwlrq= I64/ I74/ I75

Nh|zrugv= ehjjdu0wk|0qhljkeru/ lpsruwv glvwulexwlrq

�L wkdqn Pduldqqh Ed{whu/ Euldq Gr|oh/ Fduro|q Hydqv/ Olqgd Jrogehuj/ Mdphv Kduul0

jdq/ Sdror Shvhqwl/ Nhqqhwk Urjr� dqg Nhl0Px \l/ dv zhoo dv sduwlflsdqwv wr wkh QEHU

Lqwhuqdwlrqdo Ilqdqfh dqg Pdfurhfrqrplfv phhwlqj/ wkh Zhvwhuq Hfrqrplf Dvvrfldwlrq

dqqxdo frqihuhqfh/ dqg vhplqdu sduwlflsdqwv dw wkh Xqlyhuvlw| ri Shqqv|oydqld dqg wkh

Ihghudo Uhvhuyh Edqn ri Qhz \run iru wkhlu frpphqwv1 L dp dovr judwhixo wr Zlooldp ]hloh

iru foduli|lqj wkh EHD gdwd rq X1V1 d!oldwhv1 Wkh ylhzv h{suhvvhg lq wklv sdshu duh wkrvh

ri wkh dxwkru dqg duh qrw qhfhvvdulo| uh hfwlyh ri ylhzv dw wkh Ihghudo Uhvhuyh Edqn ri

Qhz \run ru wkh Ihghudo Uhvhuyh V|vwhp1
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4 Lqwurgxfwlrq

Wkh dqdo|vlv ri wkh zhoiduh h�hfwv ri h{fkdqjh udwh  xfwxdwlrqv kdv uh0
fhqwo| h{shulhqfhg d uhqhzhg lqwhuhvw lq wkh olwhudwxuh/ wkdqnv lpsuryhphqwv
lq wkh dqdo|wlfdo iudphzrun1 Wkh vwdqgdug *ehjjdu0wk|0qhljkeru * lqihuhqfh
iurp wkh Pxqghoo0Iohplqj0Gruqexvfk prgho lv wkdw d frxqwu| ehqh�wv iurp
d ghsuhfldwlrq ri lwv fxuuhqf| wkurxjk kljkhu h{sruwv/ zkhuhdv wkh rwkhu
frxqwulhv duh dgyhuvho| d�hfwhg14 Wklv zhoiduh lqihuhqfh krzhyhu vx�huv iurp
wkh odfn ri d zhoo0jurxqghg zhoiduh phwulf1 Revwihog dqg Urjr� +4<<9/ 4<<8,
dgguhvv wklv vkruwfrplqj lq d plfur0irxqghg iudphzrun zklfk suhvhuyhv wkh
qrplqdo uljlglwlhv wkdw sod| d fhqwudo uroh lq wkh vwdqgdug dqdo|vlv1 Wkhlu
iudphzrun surylghv d fohdu zhoiduh fulwhulrq lq wkh irup ri wkh xwlolw| ri wkh
uhsuhvhqwdwlyh krxvhkrog1 Wkh| �qg wkdw d fxuuhqf| ghsuhfldwlrq vwhpplqj
iurp d prqhwdu| h{sdqvlrq lv htxdoo| ehqh�fldo wr doo frxqwulhv dv lw pryhv
wkh zruog hfrqrp| dzd| iurp wkh vxerswlpdo pdunhw htxloleulxp wrzdugv
wkh frpshwlwlyh �uvw ehvw1 Wklv *survshu0wk|vhoi* dqg *survshu0wk|0qhljkeru*
h�hfw vwdqgv lq vkdus frqwudvw wr wkh xvxdo ehjjdu0wk|0qhljkeru 2 survshu0
wk|vhoi lqihuhqfh1

Wkh zhoiduh dqdo|vlv e| Revwihog dqg Urjr� kdv ehhq h{whqghg lq vxe0
vhtxhqw zrun15 Fruvhwwl dqg Shvhqwl +5333, dqg Wlooh +5333, vkrz wkh srvvl0
elolw| ri d ehjjdu0wk|vhoi 2 survshu0wk|0qhljkeru h�hfw zkhq jrrgv surgxfhg
lq gl�huhqw frxqwulhv duh srru vxevwlwxwhv1 Lq vxfk d fdvh d frxqwu| fdq eh
dgyhuvho| d�hfwhg e| d ghsuhfldwlrq ri lwv fxuuhqf| dv wkh pdlq lpsdfw lv
d ghwhulrudwlrq ri lwv whupv ri wudgh1 Ehwwv dqg Ghyhuhx{ +5333, vwuhvv wkh
fhqwudo uroh ri h{fkdqjh udwh sdvv0wkurxjk wr frqvxphu sulfhv1 Wkh| srlqw
wkdw d olplwhg ghjuhh ri sdvv0wkurxjk fdq uhvxow lq d ehjjdu0wk|0qhljkeru
2 survshu0wk|vhoi h�hfw zkhuh d frxqwu| ehqh�wv iurp d ghsuhfldwlrq ri lwv
fxuuhqf|1 Wklv rffxuv ehfdxvh d jlyhq sulfh lq iruhljq fxuuhqf| sdlg e|
frqvxphuv deurdg wudqvodwhv lqwr d odujhu dprxqw ri krph fxuuhqf| iru wkh
vkduhkroghuv ri wkh h{sruwlqj �up1 Revwihog dqg Urjr� +5333, krzhyhu srlqw
wkdw wkh dssurdfk e| Ehwwv dqg Ghyhuhx{ +5333, lpsolhv wkdw d frxqwu| whupv
ri wudgh lpsuryh zkhq lwv fxuuhqf| ghsuhfldwhv/ dq lpsolfdwlrq wkdw lv qrw
vxssruwhg e| wkh hpslulfdo hylghqfh1

Wklv sdshu suhvhqwv d pruh jhqhudo iudphzrun wkdw uhfrqflohv wkh zrunv
e| Ehwwv dqg Ghyhuhx{ +5333, dq Revwihog dqg Urjr� +5333,1 Zh irfxv

4Wkh vwdqgdug uhihuhqfh lv Qxunvh +4<77,1
5Iru d frpsuhkhqvlyh vxuyh| ri wkh olwhudwxuh vhh Odqh +5333,1
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rq wkh lqwhuphgldulhv lq wkh glvwulexwlrq fkdlq ehwzhhq surgxfhuv dqg frq0
vxphuv/ d glphqvlrq wkdw kdv uhfhlyhg olwwoh dwwhqwlrq lq wkh olwhudwxuh6 dqg
sod|v d fhqwudo uroh lq wkh ghedwh1 Wkh dssurdfk e| Ehwwv dqg Ghyhuhx{
+5333, zdv prwlydwhg e| hpslulfdo �qglqjv wkdw h{fkdqjh udwh  xfwxdwlrqv
kdyh olwwoh lpsdfw rq frqvxphu sulfhv +Hqjho +4<<<,/ Hqjho dqg Urjhuv +5333/
4<<9,,1 E| frqwudvw Revwihog dqg Urjr� +5333, irfxv rq lpsruw sulfhv/ phd0
vxuhg dw wkh sruw ri hqwu|1 Wkh h{lvwlqj prghov fdqqrw uhfrqfloh wkh wzr
�qglqjv dv wkh| dvvxph wkdw lpsruwhg jrrgv duh vrog gluhfwo| e| h{sruwlqj
�upv wr frqvxphuv/ vr wkhuh lv qr glvwlqfwlrq ehwzhhq lpsruw dqg frqvxphu
sulfhv1 Wklv sdshu doorzv iru vxfk d glvwlqfwlrq e| lqfoxglqj lqwhuphgldulhv

ehwzhhq wkh h{sruwlqj �upv dqg frqvxphuv1 Lw lv wkhq srvvleoh iru h{fkdqjh
udwh  xfwxdwlrqv wr eh sdvvhg0wkurxjk wr lpsruw sulfhv exw qrw frqvxphu
sulfhv1

Zh h{soruh wkh lpsolfdwlrqv ri lqwhuphgldulhv iru wkh zhoiduh h�hfwv ri
h{fkdqjh udwh  xfwxdwlrqv1 Xqghu lqwhuphgldulhv zh lqfoxgh doo olqnv ri wkh
glvwulexwlrq fkdlq ehwzhhq wkh �up surgxflqj wkh jrrgv dqg wkh frqvxphu
+lpsruwhuv/ vklsshuv/ zkrohvdohuv/ uhwdlohuv,1 Rxu pdlq �qglqj lv wkdw wkh
rzqhuvkls ri lqwhuphgldulhv sod|v d fuxfldo uroh iru wkh zhoiduh h�hfw1 Zkhq
wkh sdvv0wkurxjk ri h{fkdqjh udwh  xfwxdwlrqv wr frqvxphu sulfhv lv olplwhg/
wkh lpsdfw ri vxfk  xfwxdwlrqv rffxuv sulpdulo| rq wkh lqwhuphgldulhv* sur�w
pdujlqv1 D olplwhg h{fkdqjh udwh sdvv0wkurxjk wr frqvxphu sulfhv grhv qrw
kdyh dq| zhoiduh lpsolfdwlrqv shu vh1 Lqvwhdg/ zkhwkhu d ghsuhfldwlrq lv ehq0
h�fldo ru ghwulphqwdo ghshqgv rq zkhwkhu lpsruwhg jrrgv duh glvwulexwhg e|
vxevlgldulhv ri wkh h{sruwlqj �upv zkrvh sur�wv duh sdlg wr iruhljq vkduh0
kroghuv/ ru grphvwlf �upv zkrvh sur�wv duh sdlg wr grphvwlf vkduhkroghuv1
Wr nhhs rxu irfxv fohdu zh frqvlghu wkdw wkh lqwhuphgldulhv vlpso| fduu| wkh
jrrgv iurp wkh surgxfhu wr wkh frqvxphu dw qr frvw1 Rxu uhvxowv wkhuhiruh
sxuho| uh hfw wkh orrvhqlqj ri wkh frqqhfwlrq ehwzhhq lpsruw dqg frqvxphu
sulfhv dqg wkh rzqhuvkls ri lqwhuphgldulhv/ dv rssrvhg iru lqvwdqfh wr wkh
suhvhqfh ri d qrq0wudghg frpsrqhqw lq lpsruwhg jrrgv1

Wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 uhylhzv wkh hpslulfdo hyl0
ghqfh rq wkh ghjuhh ri h{fkdqjh udwh sdvv0wkurxjk dqg suhvhqwv vrph hyl0
ghqfh rq wkh rzqhuvkls ri lpsruwhuv1 Wkh prgho lv suhvhqwhg lq vhfwlrq 61
Vhfwlrq 7 ghulyhv wkh srvlwlyh dqg qrupdwlyh vroxwlrq/ zlwk d vlpsoh lqwxlwlyh
looxvwudwlrq ri wkh phfkdqlvp gulylqj wkh uhvxowv1 D qxphulfdo looxvwudwlrq lv

6Wr wkh nqrzohgjh ri wkh dxwkru/ wkh rqo| h{fhswlrq lv Ghyhuhx{/ Hqjho dqg Wlooh
+4<<<,1
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suhvhqwhg lq Vhfwlrq 8/ dqg vhfwlrq 9 frqfoxghv1

5 Hpslulfdo prwlydwlrq

Vhyhudo hpslulfdo vwxglhv kdyh orrnhg dw wkh ghjuhh ri h{fkdqjh udwh
sdvv0wkurxjk wr sulfhv1 Wkh jhqhudo �qglqj ri dqdo|vhv ri frqvxphu sulfhv lv
wkdw wkh lpsdfw ri h{fkdqjh udwh  xfwxdwlrqv lv olplwhg1 Hqjho dqg Urjhuv
+5333/ 4<<9, �qg wkdw wkh revhuyhg ghyldwlrqv iurp wkh odz ri rqh sulfh
dfurvv frxqwulhv uh hfw wkh frpelqdwlrq ri sulfh uljlglwlhv lq wkh frqvxphuv*
fxuuhqf| dqg wkh yrodwlolw| ri qrplqdo h{fkdqjh udwhv1 Hqjho +4<<<, vlploduo|
�qgv wkdw prvw ri wkh uhdo h{fkdqjh udwh yrodwlolw| vwhpv iurp wkh idloxuh
ri frqvxphu sulfhv lq orfdo fxuuhqf| wr dgmxvw wr h{fkdqjh udwh  xfwxdwlrqv1
Rwkhu frqwulexwlrqv vkrz wkdw wkh lpsdfw ri h{fkdqjh udwh  xfwxdwlrqv rq
lpsruw sulfhv lv pruh lpsruwdqw/ dowkrxjk vwloo olplwhg1 Jrogehuj dqg Nqhw0
whu +4<<:, hvwlpdwh wkdw rq dyhudjh 83 ( ri wkh h{fkdqjh udwh fkdqjh lv
uh hfwhg lq lpsruw sulfhv1 Ed{whu dqg Nrxsdulwvdv +5333, �qg hylghqfh wkdw
lqfrpsohwh h{fkdqjh udwh sdvv0wkurxjk dffrxqwv iru kdoi ri wkh whupv ri wudgh
yrodwlolw| iru wkh frxqwulhv h{sruwlqj prvwo| pdqxidfwxuhg jrrgv1 Dv phq0
wlrqhg lq wkh lqwurgxfwlrq/ Revwihog dqg Urjr� +5333, vkrz wkdw dq h{fkdqjh
udwh ghsuhfdwlrq zruvhqv wkh whupv ri wudgh/ lqglfdwlqj wkdw vrph ri wkh gh0
suhfldwlrq lv sdvvhg0wkurxjk wr lpsruw sulfhv1 Wkh vw|ol}hg idfw hphujlqj
iurp wkh olwhudwxuh lv wkhuhiruh wkdw wkh lpsdfw ri h{fkdqjh udwh  xfwxdwlrqv
rq lpsruw sulfhv h{fhhgv wkh lpsdfw rq frqvxphu sulfhv1 PfFduwk| +4<<<,
dqdo|}hv wkh wudqvplvvlrq ri h{fkdqjh udwh vkrfnv wr lpsruw dqg frqvxphu
sulfhv dqg uhdfkhv d vlplodu frqfoxvlrq1

Lq dgglwlrq wr wkh ghjuhh ri h{fkdqjh udwh sdvv0wkurxjk/ wkh rzqhuvkls
ri lqwhuphgldulhv vhoolqj lpsruwhg jrrgv lv d fuxfldo glphqvlrq ri rxu prgho1
Wklv dvshfw kdv uhfhlyhg olwwoh dwwhqwlrq lq wkh olwhudwxuh/ exw zh fdq vkhg
vrph oljkw rq lw xvlqj gdwd rq X1V1 d!oldwhv sxeolvkhg e| wkh Exuhdx ri Hfr0
qrplf Dqdo|vlv7 dqg dqdo|}hg e| ]hloh +4<<<,1 Wdeoh 4 suhvhqwv wkh lpsruw
 rzv wr wkh X1V1 d!oldwhv8 vxuyh|hg e| wkh EHD lq 4<<:1 Sdqho D vkrzv

7L wkdqn Fduro|q Hydqv iru eulqjlqj wkhvh gdwd wr p| dwwhqwlrq1
8D X1V1 d!oldwh lv gh�qhg dv *d X1V1 exvlqhvv hqwuhsulvh lq zklfk wkhuh lv d iruhljq

gluhfw lqyhvwphqw �wkdw lv/ lq zklfk d vlqjoh iruhljq shuvrq rzqv ru frqwurov/ gluhfwo| ru
lqgluhfwo|/ 43 shufhqw ru pruh ri wkh yrwlqj vhfxulwlhv ri dq lqfrusrudwhg X1V1 exvlqhvv
hqwuhsulvh ru dq htxlydohqw lqwhuhvw lq dq xqlqfrusrudwhg X1V1 exvlqhvv hqwuhsulvh* +]hloh
4<<<,1
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wkdw jrrg lpsruwv e| X1V1 d!oldwhv dffrxqw iru 63 ( ri wrwdo lpsruwv lq wkh
Xqlwhg Vwdwhv1 Wkh zhljkw ri iruhljq d!oldwhv ydulhv dfurvv lqgxvwulhv= wkh|
dffrxqw iru pruh wkdq 88 ( ri lpsruwv ri urdg yhklfohv dqg sduwv/ exw rqo|
56 ( ri ixho lpsruwv1 Sdqho E frqwudvwv wkh vlwxdwlrq dfurvv gl�huhqw frxq0
wulhv ri ruljlq19 Lpsruwv e| d!oldwhv uhsuhvhqw wkh exon ri wrwdo lpsruwv iurp
Mdsdq +;3 (, dqg dffrxqw iru d vl}deoh vkduh ri lpsruwv iurp Jhupdq| +88
(,1 Wkh d!oldwhv* vkduh lv orzhu iru rwkhu lqgxvwuldol}hg frxqwulhv/ dqg hvsh0
fldoo| iru lpsruwv iurp hphujlqj pdunhwv zlwk rqo| ohvv wkdw 7 ( ri lpsruwv
iurp Fklqd jrlqj wr X1V1 d!oldwhv1

Ryhudoo wkh vw|ol}hg idfw wkdw hphujhv iurp wkh dqdo|vlv ri lpsruwv e| X1V1
d!oldwhv lv wkdw prvw lpsruwv lq wkh Xqlwhg Vwdwhv jr wr X1V1 frqwuroohg �upv
lqvwhdg ri d!oldwhv ri iruhljq �upv1: Lqwhuhvwlqjo| wkh vlwxdwlrq lv gl�huhqw
lq Fdqdgd zkhuh iruhljq frqwuroohg0�upv dffrxqwhg iru 9< ( ri doo lpsruwv
lq 4<;9/ dv vkrzq e| Phuvhuhdx +4<<5,1

Wkh hpslulfdo dqdo|vlv kljkoljkwv wkh fhqwudo uroh ri lqwhuphgldulhv lq wkh
glvwulexwlrq ri lpsruwv1 Wkh| devrue vrph ri wkh h{fkdqjh udwh  xfwxdwlrqv
lq wkhlu sur�w pdujlqv/ dv lqglfdwhg e| wkh odujhu ghjuhh ri h{fkdqjh udwh sdvv0
wkurxjk wr lpsruw sulfhv wkdq wr frqvxphu sulfhv1 Wkh gdwd iru wkh Xqlwhg
Vwdwhv dovr lqglfdwh wkdw prvw lpsruwhuv duh grphvwlfdoo| rzqhg exvlqhvvhv1

6 Wkh Prgho

Wkh iudphzrun exlogv rq wkh prghov e| Revwihog dqg Urjr� +4<<9/ 4<<8,/
Ehwwv dqg Ghyhuhx{ +5333, dqg Wlooh +5333,1; Wkh zruog lv pdgh xs ri wzr
frxqwulhv/ krph dqg iruhljq/ dqg lv srsxodwhg e| d frqwlqxxp ri krxvhkrogv1
Zh qrupdol}h wkh zruogzlgh qxpehu ri krxvhkrogv wr �/ dqg frqvlghu wkdw
krxvhkrogv ryhu wkh dfc ?� lqwhuydo olyh lq wkh krph frxqwu|/ zkhuhdv krxvh0
krogv ryhu wkh d?c �o olyh lq wkh iruhljq frxqwu|1 Wkh vl}hv ri wkh krph dqg
iruhljq frxqwulhv duh wkhuhiruh ? dqg �� ? uhvshfwlyho|1 Wkhuh duh wzr w|shv

9Wkh lpsruwv e| d!oldwhv lq sdqho E uhsuhvhqw wkh lpsruwv iurp d sduwlfxodu frxqwu|
wkdw jr wr X1V1 d!oldwhv/ uhjdugohvv ri wkh orfdwlrq ri wkhlu sduhqw frpsdq|1 Iru h{dpsoh
lpsruwv iurp Fdqdgd e| wkh X1V1 d!oldwh ri d Mdsdqhvh frpsdq| duh olvwhg xqghu Fdqdgd1

:Ehfdxvh ri wkh wkuhvkrog ri iruhljq rzqhuvkls xvhg e| wkh EHD +43 (,/ vrph ri wkh
�upv olvwhg dv d!oldwhv pd| lqghhg eh prvwo| rzqhg e| X1V1 krxvhkrogv lq zklfk fdvh
wkh ydoxh ri 63 ( ri lpsruwv jrlqj wr iruhljq rzqhg �upv lq wdeoh 4 lv dq xsshu erxqg
hvwlpdwh1

;Zh frqvlghu wkdw wkh uhdghu lv idploldu zlwk wkhvh frqwulexwlrqv dqg irfxv rxu dqdo|vlv
rq wkh lqqrydwlyh glphqvlrqv ri rxu prgho1
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ri jrrgv lq wkh zruog hfrqrp| +fduv dqg wh{wlohv iru h{dpsoh,/ dqg hdfk
frxqwu| vshfldol}hv lq wkh surgxfwlrq ri rqh w|sh1 Iru hdfk w|sh ri jrrg/
wkhuh h{lvwv d frqwlqxxp ri eudqgv1 Wkh ydulrxv eudqgv ri d jlyhq w|sh duh
idluo| forvh vxevwlwxwhv/ zkhuhdv wkh vxevwlwxwdelolw| ehwzhhq wkh wzr w|shv
ri jrrgv lv pruh olplwhg1 Iru vlpsolflw|/ zh frqvlghu wkdw wkhuh duh ? eudqgv
ri wkh krph jrrg dqg �� ? eudqgv ri wkh iruhljq jrrg1

614 Krxvhkrogv

Wkh remhfwlyh ri wkh uhsuhvhqwdwlyh krxvhkrog lq wkh krph frxqwu| dw
wlph | lv wr pd{lpl}h=
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zkhuh q 5 Efc �� lv wkh glvfrxqw udwh/ dqg �/ V duh srvlwlyh vfdolqj sdudphwhuv1
Wkh �uvw whup lv wkh xwlolw| ri frqvxpswlrq/ zkhuh � lv wkh frqvxpswlrq
edvnhw gh�qhg ehorz1 Wkh vhfrqg whup fdswxuhv wkh xwlolw| iurp oltxlglw|
vhuylfhv/ zkhuh� duh wkh qrplqdo edodqfhv dqg � wkh frqvxphu sulfh lqgh{1
Wkh odvw whup uhsuhvhqwv wkh frvw ri h�ruw/ M ehlqj wkh krxuv zrunhg1

Wkh ryhudoo frqvxpswlrq edvnhw/ �/ lv d FHV djjuhjdwh ri wkh krph dqg
iruhljq jrrgv=
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zkhuh �� dqg �s uhsuhvhqw wkh frqvxpswlrq ri wkh krph dqg iruhljq jrrgv
uhvshfwlyho|1 4 : f lv wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq krph dqg iruhljq
jrrgv1 �� dqg �s duh lq wxuq FHV djjuhjdwhv dfurvv eudqgv lqgh{hg e| 5=
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zkhuh w : � lv wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq wzr eudqgv surgxfhg lq
wkh vdph frxqwu|1 �� E5� dqg �s E5� ghqrwh wkh frqvxpswlrq ri d sduwlfxodu
eudqg 5 surgxfhg lq wkh krph dqg wkh iruhljq frxqwu| uhvshfwlyho|1 Wkh
dvvxpswlrq wkdw w lv odujhu wkdq � hqvxuhv wkdw wkh htxloleulxp vroxwlrq lv
zhoo gh�qhg1 Zh dovr frqvlghu wkdw wkhuh lv pruh vxevwlwxwdelolw| dfurvv
eudqgv wkdq dfurvv w|shv= w : 41

9



Wkh doorfdwlrq ri frqvxpswlrq dfurvv wkh dydlodeoh eudqgv lv ghulyhg lq
wkh xvxdo zd| dqg wkh uhvxowv duh dv iroorzv=
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Yduldeohv iru wkh iruhljq frxqwu| duh ghqrwhg e| dvwhulvnv/ dqg duh gh�qhg lq
d zd| vlplodu wr wkhlu frxqwhusduwv iru wkh krph frxqwu|1 Wkh krph fxuuhqf|
sulfhv idfhg e| d krph krxvhkrog duh gh�qhg dv iroorzv= � � E5� dqg � s E5�
duh wkh sulfhv ri d krph dqg iruhljq eudqg 5/ uhvshfwlyho|/ � � dqg � s duh wkh
sulfh lqgh{hv ri krph dqg iruhljq jrrgv/ uhvshfwlyho|/ dqg � lv wkh frqvxphu
sulfh lqgh{1 Wkh iruhljq fxuuhqf| sulfhv idfhg e| d iruhljq krxvhkrog duh
vlplodu= � W� E5� dqg � Ws E5� duh wkh sulfhv ri d krph dqg iruhljq eudqg 5/
uhvshfwlyho|/ � W� dqg � Ws duh wkh sulfh lqgh{hv ri krph dqg iruhljq jrrgv/
uhvshfwlyho|/ dqg � W lv wkh frqvxphu sulfh lqgh{1 Wkh sulfh lqgh{hv uhsuhvhqw
wkh plqlpxp h{shqglwxuh uhtxluhg wr sxufkdvh rqh xqlw ri wkh fruuhvsrqglqj
edvnhw1

Kdylqj ghulyhg wkh lqwud0whpsrudo doorfdwlrq ri frqvxpswlrq/ zh qrz
wxuq wr wkh exgjhw frqvwudlqw idfhg e| wkh uhsuhvhqwdwlyh krxvhkrog1 Wkh
krxvhkrog fdq krog grphvwlf fxuuhqf| dqg d qrplqdo erqg ghqrplqdwhg lq
krph fxuuhqf|/ d erqg wkdw fdq eh wudghg zlwk wkh uhsuhvhqwdwlyh iruhljq
krxvhkrog1 Ghqrwlqj erqg kroglqjv dw wkh ehjlqqlqj ri shulrg | e| �| dqg
wkh lqwhuhvw udwh sdlg ryhu shulrg | e| �|/ zh zulwh wkh exgjhw frqvwudlqw dv=
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zkhuh `| lv wkh zdjh udwh/ �| wkh glylghqgv iurp wkh vkduhv rzqhg e| wkh
krxvhkrog lq ydulrxv �upv/ dqg A| lv d oxps vxp wd{1 Wkh rswlpdo fkrlfhv
duh jlyhq e|=
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+7, lv wkh Hxohu frqglwlrq uh hfwlqj wkh rswlpdo lqwhuwhpsrudo doorfdwlrq ri
frqvxpswlrq/ +8, lv wkh prqh| ghpdqg dqg +9, lv wkh oderu vxsso|1 Vlplodu
frqglwlrqv fdq eh ghulyhg iru wkh iruhljq uhsuhvhqwdwlyh krxvhkrog=
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zkhuh 7 lv wkh qrplqdo h{fkdqjh udwh gh�qhg dv xqlwv ri krph fxuuhqf| shu
xqlw ri iruhljq fxuuhqf|1

615 Jryhuqphqw dqg wkh fxuuhqw dffrxqw

Iru vlpsolflw|/ zh devwudfw iurp jryhuqphqw vshqglqj dqg dvvxph wkdw
wkh vhljqrudjh uhyhqxh lv uhsdlg wr wkh grphvwlf krxvhkrog lq wkh irup ri
oxps vxp wudqvihuv=
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Wkh fxuuhqw dffrxqw htxdwlrqv duh rewdlqhg e| frpelqlqj wklv uhvxow zlwk
wkh krxvhkrog exgjhw frqvwudlqw +6,=
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Zh fdq zulwh d vlplodu htxdwlrq iru wkh iruhljq fxuuhqw dffrxqw/ dvvxplqj
wkdw wkh qrplqdo erqg wudghg e| krph dqg iruhljq krxvhkrogv lv lq }hur qhw
vxsso| zruogzlgh=
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616 Wkh surgxfwlrq dqg glvwulexwlrq ri jrrgv

Wkh frqvxpswlrq jrrgv duh surgxfhg e| pdqxidfwxuhuv/ hdfk ri zklfk
lv wkh vroh surgxfhu ri d eudqg dqg hqmr|v d ghjuhh ri prqrsro| srzhu1 Wkh
fhqwudo lqqrydwlrq ri wkh sdshu uhvlghv lq wkh glvwulexwlrq fkdqqho wkurxjk

;



zklfk jrrgv uhdfk frqvxphuv1 E| frqwudvw wr hduolhu frqwulexwlrqv/ pdqxidf0
wxuhuv gr qrw vhoo wkhlu jrrgv gluhfwo| wr frqvxphuv1 Lqvwhdg wkh| vhoo wkhp wr
lqwhuphgldulhv zkr lq wxuq vhoo wkhp wr frqvxphuv1 Wkh lqfoxvlrq ri lqwhuph0
gldulhv doorzv xv wr orrvhq wkh frqqhfwlrq ehwzhhq wkh sulfh fkdujhg e| wkh
pdqxidfwxuhu zkhq wkh jrrgv h{lw wkh sodqw dqg wkh sulfh xowlpdwho| sdlg e|
wkh frqvxphu1 Zh qrz wxuq wr d ghwdlohg fkdudfwhul}dwlrq ri lqwhuphgldulhv
dqg pdqxidfwxuhuv1

61614 Lqwhuphgldulhv

Lq hdfk frxqwu|/ wkhuh lv d xqlw pdvv ri lqwhuphgldulhv/ hdfk vhoolqj rqo|
rqh eudqg1< Iru vlpsolflw|/ zh dvvxph wkdw wkh| frvwohvvo| vkls wkh jrrgv
iurp wkh pdqxidfwxuhuv wr wkh frqvxphuv1 Wklv vlpsol�fdwlrq lv prwlydwhg e|
rxu irfxv rq wkh orrvhqlqj ri wkh frqqhfwlrq ehwzhhq pdqxidfwxuhu sulfhv dqg
frqvxphu sulfhv wkurxjk wkh lqfoxvlrq ri dq dgglwlrqdo vwhs lq wkh glvwulexwlrq
fkdlq1 Zh frqvlghu wkdw lqwhuphgldulhv ehkdyh frpshwlwlyho|1 Ehfdxvh ri
shuihfw frpshwlwlrq/ lqwhuphgldulhv* h{shfwhg sur�wv duh }hur1 Dfwxdo sur�wv
fdq krzhyhu eh srvlwlyh ru qhjdwlyh iroorzlqj d vkrfn/ ehfdxvh ri wkh sulfh
uljlglwlhv ghwdlohg ehorz1 Wklv dvvxpswlrq fdq vhhp idluo| h{wuhph dv lw
lpsolhv wkdw h{0srvw vrph lqwhuphgldulhv zloo vx�hu iurp orvvhv/ lq zklfk
fdvh wkh| pd| vlpso| uhixvh wr vhoo wkh eudqg1 Zh frqvlghu krzhyhu wkdw dq|
ghpdqg e| frqvxphuv lv phw/ hyhq li lw lpsolhv d orvv iru wkh lqwhuphgldu|143

Zh vwduw e| dqdo|}lqj lqwhuphgldulhv lq wkh krph frxqwu|1 Xvlqj wkh
lqwudwhpsrudo frqvxpswlrq doorfdwlrq +5, wkh sur�w ri d krph lqwhuphgldu|
vhoolqj d eudqg surgxfhg lq wkh krph frxqwu|/ ghqrwhg e| x�
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zkhuh '�
| E5� lv wkh zkrohvdoh sulfh vhw e| wkh krph pdqxidfwxuhu1 Wkh sur�w

iru d lqwhuphgldu| vhoolqj dq lpsruwhg iruhljq eudqg wr krph frqvxphuv/
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<Wkh olplwdwlrq ri rqh eudqg shu lqwhuphgldu| lv grqh vroho| iru frqyhqlhqfh1
43Zh frxog h{whqg wkh prgho e| dvvxplqj wkdw lqwhuphgldulhv kdyh d ghjuhh ri prqrsro|

srzhu1 Vxfk d vwhs zrxog krzhyhu pdnh wkh prgho pruh frpsoh{/ zlwkrxw d�hfwlqj wkh

uhvxowv1
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zkhuh 'Ws
| E5� lv wkh iruhljq fxuuhqf| zkrohvdoh sulfh vhw e| wkh iruhljq pdq0

xidfwxuhu1 Wkh sur�wv ri iruhljq lqwhuphgldulhv fdq eh zulwwhq lq d vlplodu
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Wkh fhqwudo dvshfw ri wkh prgho lv wkh rzqhuvkls ri wkh lqwhuphgldulhv1
Zh dvvxph wkdw wkh lqwhuphgldulhv glvwulexwlqj grphvwlfdoo| surgxfhg jrrgv
duh h{foxvlyho| rzqhg e| krxvhkrogv lq wkdw frxqwu|144 E| frqwudvw wkh lq0
whuphgldulhv vhoolqj lpsruwhg jrrgv +uhihuuhg wr dv lpsruwhuv iru euhylw|, duh
qrw h{foxvlyho| rzqhg e| krxvhkrogv ri wkh frxqwu| ri ghvwlqdwlrq1 Lqvwhdg/
zh dvvxph wkdw d iudfwlrq � 5 dfc �o ri wkh lpsruwhuv lq wkh krph frxqwu|
lv rzqhg e| krph krxvhkrogv/ zkhuhdv d iudfwlrq �� � lv rzqhg e| iruhljq
krxvhkrogv1 Zh fdq wklqn ri wkh �uvw fdwhjru|/ zklfk zh uhihu wr dv wkh
grphvwlfdoo| rzqhg lpsruwhuv/ dv orfdo uhwdlo vwruhv/ zkhuhdv wkh uhpdlqlqj
lpsruwhuv/ uhihuuhg wr dv h{sruwhuv* vxevlgldulhv/ fdq eh wkrxjkw ri dv orfdo
vxevlgldulhv ri wkh h{sruwlqj �upv1 Dv wkh hpslulfdo hylghqfh glvfxvvhg lq
vhfwlrq 5 srlqwv wr gl�huhqw vlwxdwlrqv dfurvv frxqwulhv/ zh gr qrw uhvwulfw �
wr eh lghqwlfdo lq wkh krph dqg iruhljq frxqwu|1 Lqvwhdg/ zh frqvlghu wkdw d
iudfwlrq �W ri wkh lpsruwhuv lq wkh iruhljq frxqwu| lv rzqhg e| iruhljq krxvh0
krogv/ zlwk d iudfwlrq � � �W rzqhg e| krph krxvhkrogv1 Wkurxjkrxw wkh
wh{w zh uhihu wr wkh sdudphwhuv � dqg �W dv wkh h{whqw ri grphvwlf rzqhuvkls
ri lpsruwhuv1

Iljxuh 4 looxvwudwhv wkh vwuxfwxuh ri rzqhuvkls/ irfxvlqj rq wkh wudgh  rzv
ehwzhhq wkh wzr frxqwulhv1 Wkh xsshu kdoi ri wkh �jxuh uhsuhvhqwv wkh  rz
ri krph jrrgv vrog lq wkh iruhljq frxqwu|1 Wkhuh duh ? pdqxidfwxuhuv zkr
surgxfh wkhvh jrrgv dqg vkls wkhp dfurvv wkh erughu wr lpsruwhuv lq wkh
iruhljq frxqwu|1 Dv wkh erughu lv furvvhg dw wklv srlqw/ wkh lpsruw sulfhv
phdvxuhg dw wkh sruw ri hqwu| duh wkh sulfhv fkdujhg e| wkh pdqxidfwxuhuv
wr wkh lpsruwhuv1 D iudfwlrq ���W ri lpsruwv jr wr vxevlgldulhv ri wkh krph
pdqxidfwxuhuv/45 zlwk wkh uhvw jrlqj wr lpsruwhuv wkdw duh iruhljq �upv1 Lq

44Lq htxloleulxp/ wkhvh lqwhuphgldulhv dozd|v pdnh }hur sur�wv dv wkh| duh xqd�hfwhg

e| h{fkdqjh udwh  xfwxdwlrqv dqg wkh qdwlrqdolw| ri wkhlu vwrfnkroghuv lv luuhohydqw1
45Dv doo krph pdqxidfwxuhuv vkls wkh vdph dprxqw lq htxloleulxp/ wkh iudfwlrq ri lp0

sruwv jrlqj wr h{sruwhuv* vxevlgldulhv lv +4� !�,q@q1
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wkh vhfrqg vwdjh wkh jrrgv duh vklsshg iurp lqwhuphgldulhv wr frqvxphuv1
Iljxuh 4 dovr looxvwudwhv wkh rzqhuvkls iurqwlhu dv wkh wklfn yhuwlfdo olqh= doo
djhqwv wr wkh ohiw ri wkh iurqwlhu duh rzqhg e| krph krxvhkrogv/ zkhuhdv
doo djhqwv wr wkh uljkw duh rzqhg e| iruhljq krxvhkrogv1 Wkh fhqwudo srlqw
ri �jxuh 4 lv wkdw wkh erughu ehwzhhq wkh wzr frxqwulhv/ uhsuhvhqwhg e| wkh
grxeoh grwwhg olqh/ grhv qrw frlqflgh zlwk wkh rzqhuvkls iurqwlhu dv vrph
ri wkh lpsruwhuv lq wkh iruhljq frxqwu| duh rzqhg e| krph krxvhkrogv1 D
vlplodu vwuxfwxuh krogv iru wkh  rz ri iruhljq jrrgv vrog lq wkh krph frxqwu|/
d iudfwlrq �� � ri zklfk jr wkurxjk h{sruwhuv* vxevlgldulhv1

61615 Pdqxidfwxuhuv

Pdqxidfwxuhuv surgxfh wkh frqvxpswlrq jrrgv xvlqj d frqvwdqw uhwxuq
wr vfdoh whfkqrorj| zlwk rqh xqlw ri oderu |lhoglqj rqh xqlw ri rxwsxw1 Wkh
pdqxidfwxuhuv orfdwhg lq d frxqwu| duh h{foxvlyho| rzqhg e| wkh krxvhkrogv
ri wkdw frxqwu|146 Zh ghqrwh wkh rxwsxw ri d krph ^iruhljq` pdqxidfwxuhu ri
eudqg 5 e| t| E5� ^t

W

|
E5�`1 Wkh ghpdqg iru d sduwlfxodu eudqg lv rewdlqhg e|

djjuhjdwlqj +5, dfurvv wkh krph dqg iruhljq krxvhkrogv=
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Wkh sur�wv iru d krph dqg iruhljq pdqxidfwxuhu/ ghqrwhg e| [| E5� dqg
[W

| E5� uhvshfwlyho|/ duh wkhq zulwwhq dv=
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46Zh devwudfw iurp furvv0erughu htxlw| kroglqjv wr nhhs wkh prgho vlpsoh dqg vlplodu

wr wkh suhylrxv frqwulexwlrqv wr wkh olwhudwxuh1 Jlyhq wkh h{whqw ri revhuyhg krph eldv lq

dvvhw kroglqjv wklv dvvxpswlrq lv qrw wrr uhvwulfwlyh1
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617 Sulfh vhwwlqj xqghu  h{leoh sulfhv

Ehiruh vroylqj wkh prgho xqghu vwlfn| sulfhv/ zh suhvhqw wkh vroxwlrq
suhydlolqj xqghu  h{leoh sulfhv/ ru d vwhdg| vwdwh1 Wkh shuihfw frpshwlwlrq
dprqj lqwhuphgldulhv gulyhv wkhlu sur�wv wr }hur e| htxdol}lqj frqvxphu dqg
zkrohvdoh sulfhv=
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| E5� +47,

Wklv uhodwlrqvkls ehwzhhq wkh frqvxphu dqg zkrohvdoh sulfhv lv wdnhq lqwr
dffrxqw e| pdqxidfwxuhuv zkr pd{lpl}h wkhlu sur�wv wdnlqj wkh lpsdfw rq
ghpdqg +45,0+46, lqwr dffrxqw1 Wkh prqrsro| srzhu ri pdqxidfwxuhuv ohdgv
wkhp wr fkdujh d pdunxs ryhu wkh pdujlqdo frvw=

'� E5� '
w
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Lq wkh  h{leoh sulfh fdvh/ ru d vwhdg| vwdwh/ lqwhuphgldulhv duh luuhohydqw dv
wkh| frvwohvvo| wudqvihu wkh jrrgv iurp wkh pdqxidfwxuhuv wr wkh frqvxphuv
dqg pdnh }hur sur�wv1

7 Wkh lpsdfw ri prqhwdu| vkrfnv xqghu vwlfn|

sulfhv

714 Phwkrgrorj|

Rxu prgho ehlqj qrqolqhdu/ zh �uvw ghulyh wkh vroxwlrq iru d v|pphwulf
vwhdg| vwdwh/ dqg wkhq dqdo|}h wkh prgho lq whupv ri shufhqwdjh ghyldwlrqv
durxqg lw1 Lq wkh v|pphwulf vwhdg| vwdwh/ qr frxqwu| kdv dq| qhw fodlpv rq
wkh rwkhu= � ' �W ' f/ wkh lqwhuhvw udwh uh hfwv wkh glvfrxqw idfwru/ dqg lv
htxdo wr q3� � �1 Doo krxvhkrogv zruogzlgh duh lghqwlfdo dqg frqvxph dqg
surgxfh dq dprxqw �f wkdw lv vxerswlpdoo| orz dv wkh pdujlqdo xwlolw| ri frq0
vxpswlrq h{fhhgv wkh pdujlqdo frvw ri surgxfwlrq ehfdxvh ri prqrsrolvwlf
frpshwlwlrq1 Rxu dqdo|vlv lv xqghuwdnhq lq whupv ri orj olqhdu dssur{lpdwlrqv
durxqg wkh v|pphwulf vwhdg| vwdwh zlwk orzhufdvh ohwwhuv ghqrwlqj shufhqw0
djh ghyldwlrqv iurp wkh v|pphwulf vwhdg| vwdwh= % ' Ef �ff� *ff1 Erqg
kroglqjv duh wkh rqo| h{fhswlrq dv wkh| duh vfdohg e| qrplqdo frqvxpswlrq=
K ' �* E�f�f�1
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Zh frqvlghu wkdw wkh hfrqrp| lv lqlwldoo| dw wkh v|pphwulf vwhdg| vwdwh1
Dw wlph |/ lw lv d�hfwhg e| d shupdqhqw prqhwdu| vkrfn +6|nr ' 76/ 6W

|nr '
76W ;r � f,147 Wkh hfrqrp| lv fkdudfwhul}hg e| qrplqdo uljlglwlhv/ dv zkroh0
vdoh dqg frqvxphu sulfhv fdqqrw lqvwdqwdqhrxvo| dgmxvw wr wkh vkrfn1 Lq0
vwhdg/ zh frqvlghu wkdw sulfhv duh vhw iru shulrg | +wkh vkruw uxq,/ dqg fdq
eh dgmxvwhg rqo| dw shulrg | n �1 Gxh wr wkh suhvhqfh ri sulfh uljlglwlhv lq
wkh vkruw uxq/ wkh rswlpdo sulfh vhwwlqj htxdwlrqv +48, gr qrw qhfhvvdulo|
krog1 Lqvwhdg rxwsxw lv ghpdqg ghwhuplqhg e| +45,0+46,1 Iurp shulrg |n �
rq/ wkh hfrqrp| lv lq d qhz vwhdg| vwdwh zh uhihu wr dv wkh orqj uxq1 Wkh
orqj uxq ydoxhv duh ghqrwhg e| dq xsshu edu1 Iru h{dpsoh/ SW dqg 7SW ghqrwh
iruhljq frqvxpswlrq lq wkh vkruw dqg wkh orqj uxq uhvshfwlyho|1 Zh �qg lw
frqyhqlhqw wr suhvhqw vrph ri rxu uhvxowv lq whupv ri wkh ryhudoo glvfrxqwhg
h�hfw ryhu wkh vkruw dqg orqj uxq1 Zh wkhuhiruh gh�qh ryhudoo +qhw suhvhqw
ydoxh, yduldeohv dv= %?R� ' %n q E�� q�3� 7%1 Zh dovr gh�qh wkh zruogzlgh
ydoxh ri d yduldeoh dv d zhljkwhg vxp ri wkh ydoxhv lq wkh krph dqg iruhljq
frxqwulhv= %� ' ?%n E�� ?�%W1

D fhqwudo glphqvlrq ri wkh prgho lv wkh fxuuhqf| lq zklfk sulfhv duh vhw1
Iru vlpsolflw| zh dvvxph wkdw pdqxidfwxuhuv vhw wkhlu zkrohvdoh sulfhv/ '�

| E5�
dqg 'Ws

| E5�/ lq wkhlu rzq fxuuhqf|/ dqg fkdujh wkh vdph sulfh iru grphvwlf
vklsphqwv dv iru h{sruwv1 Dq| h{fkdqjh udwh  xfwxdwlrq lv wkhq frpsohwho|
sdvvhg0wkurxjk wr lpsruw sulfhv/ exw qrw qhfhvvdulo| wr frqvxphu sulfhv1

Lqwhuphgldulhv rq wkh rwkhu kdqg fdq fkrrvh zkhwkhu wr vhw wkh sulfh wkh|
fkdujh hlwkhu lq wkh frqvxphu fxuuhqf| ru wkh pdqxidfwxuhu fxuuhqf|1 Vxfk
d glvwlqfwlrq lv ri frxuvh luuhohydqw iru grphvwlf vdohv/ exw pdwwhuv iru vdohv
ri lpsruwhg jrrgv1 Zh dvvxph wkdw dq h{rjhqrxv vkduh ri lpsruwhuv/ �� B/
vhw wkh frqvxphu sulfhv lq wkh frqvxphuv* fxuuhqf| dqg gr qrw sdvv dq| ri
wkh h{fkdqjh udwh  xfwxdwlrqv wkurxjk1 Wkh uhpdlqlqj vkduh ri lpsruwhuv/
B/ vhw wkh frqvxphu sulfhv lq wkh pdqxidfwxuhuv* fxuuhqf| dqg sdvv h{fkdqjh
udwh  xfwxdwlrqv wkurxjk1 Wkh sdudphwhu B/ wkdw zh dvvxph wr eh wkh vdph
lq erwk frxqwulhv iru vlpsolflw|/ fdswxuhv wkh ghjuhh ri h{fkdqjh udwh sdvv0
wkurxjk wr frqvxphu sulfhv1

Wkh wkuhh pdlq sdudphwhuv ri wkh prgho/ qdpho| wkh ghjuhh ri h{fkdqjh
udwh sdvv0wkurxjk B/ dqg wkh h{whqw ri grphvwlf rzqhuvkls ri lpsruwhuv �
dqg �W/ duh wdnhq dv h{rjhqrxv sdudphwhuv1 Wkh irfxv ri rxu dqdo|vlv lv wr
kljkoljkw krz gl�huhqw frpelqdwlrqv ri wkhvh sdudphwhuv vljql�fdqwo| lpsdfw

47Zh irfxv rq prqhwdu| vkrfn iru frpsdudelolw| zlwk hduolhu frqwulexwlrqv1 Lq dgglwlrq
Urjhuv +4<<:, srlqw wkdw wkh| dffrxqw iru d vl}deoh vkduh ri h{fkdqjh udwh  xfwxdwlrqv1
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wkh zhoiduh uhvxowv dqg frqwudvw wkhp zlwk hduolhu frqwulexwlrqv wr wkh olwhu0
dwxuh1 Zh ohdyh wkh hqgrjhqhl}dwlrq ri wkhvh sdudphwhuv dv rswlpdo fkrlfhv
iru ixwxuh zrun1

715 D vlpsoh looxvwudwlrq ri wkh lqfrph h�hfw ri h{0

fkdqjh udwh  xfwxdwlrqv

Ehiruh ghulylqj wkh frpsohwh dqdo|wlfdo vroxwlrq ri wkh prgho/ zh suhvhqw
d vlpsoh lqwxlwlyh looxvwudwlrq ri wkh phfkdqlvp dw zrun1 Wkh uroh ri lqwhuph0
gldulhv fdq eh looxvwudwhg e| frqvlghulqj wkh vkruw uxq lpsdfw ri d ghydoxdwlrq
ri wkh krph fxuuhqf| +dq lqfuhdvh lq wkh h{fkdqjh udwh 7,1

Zh �uvw srlqw rxw wkdw rqo| wkh lpsruwhuv fdq sod| d uroh/ zkhuhdv wkh
lqwhuphgldulhv vhoolqj grphvwlfdoo| surgxfhg jrrgv duh luuhohydqw dv wkh| do0
zd|v pdnh }hur sur�wv1 Lq wkh Revwihog dqg Urjr� +4<<9/ 4<<8, vhwxs zlwk
frpsohwh h{fkdqjh udwh sdvv0wkurxjk +B ' �, doo lpsruwhuv pdnh h{dfwo| }hur
sur�wv dv wkh| sd| d vhw zkrohvdoh sulfh lq wkh pdqxidfwxuhu*v fxuuhqf| dqg
fkdujh d frqvxphu sulfh wkdw lv dovr vhw lq wkh pdqxidfwxuhu*v fxuuhqf|1 Wkh
lqwurgxfwlrq ri lqwhuphgldulhv lv wkhuhiruh luuhohydqw xqghu frpsohwh h{fkdqjh
udwh sdvv0wkurxjk1

Li zh doorz iru dq lqfrpsohwh h{fkdqjh udwh sdvv0wkurxjk +B 	 �,/ wkh
vlwxdwlrq fkdqjhv krzhyhu1 Iru vlpsolflw| zh irfxv rq wkh fdvh zlwk }hur
h{fkdqjh udwh sdvv0wkurxjk +B ' f,1 Rxu �uvw srlqw lv wkdw wkh pdlq lpsdfw
ri wkh ghsuhfldwlrq lv rq wkh lpsruwhuv* sur�w pdujlqv1 Wkh lpsruwhu vhoolqj
krph eudqg 5 wr iruhljq frqvxphuv pdnhv d sur�w1 Lq whupv ri iruhljq
fxuuhqf| khu xqlw uhyhqxh/ � W� E5�/ lv �{hg dqg khu xqlw frvw/ '� E5� *7/
lv uhgxfhg wkdqnv wr wkh ghsuhfldwlrq ri wkh krph fxuuhqf|1 E| frqwudvw wkh
lpsruwhu vhoolqj iruhljq eudqg 5 lq wkh krph frxqwu| pdnhv d orvv1 Khu xqlw
uhyhqxh/ � s E5�/ lv vhw exw vkh idfhv d kljkhu xqlw frvw lq krph fxuuhqf|/
'Ws E5� � 71

Rxu vhfrqg srlqw lv wkdw wkh h{whqw ri grphvwlf rzqhuvkls ri lpsruwhuv
sod|v d fhqwudo uroh dv lw ghwhuplqhv zkr jhwv wkh sur�wv dqg ehduv wkh orvvhv ri
wkh lpsruwhuv1 Iljxuh 5 looxvwudwhv wkh fdvh zkhuh doo lpsruwhuv duh h{sruwhuv*
vxevlgldulhv +� ' �W ' f,1 Wkh sur�wv ri wkh lpsruwhuv vhoolqj krph jrrgv lq
wkh iruhljq frxqwu| duh sdlg wr krph krxvhkrogv/ zkhuhdv iruhljq krxvhkrogv
ehdu wkh orvvhv ri wkh lpsruwhuv vhoolqj iruhljq jrrgv lq wkh krph frxqwu|1
Wkh ghsuhfldwlrq ri wkh krph fxuuhqf| kdv d ehqh�fldo lqfrph h�hfw iru krph
krxvhkrogv/ dqg d pluuru dgyhuvh h�hfw iru iruhljq krxvhkrogv1 Wklv sdwwhuq
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ohdgv wr d ehjjdu0wk|0qhljkeru 2 survshu0wk|vhoi h�hfw/ dv irxqg e| Ehwwv dqg
Ghyhuhx{ +5333,148

Iljxuh 6 suhvhqwv wkh rssrvlwh fdvh zkhuh doo lpsruwhuv duh grphvwlfdoo|
rzqhg �upv +� ' �W ' �,/ lq zklfk fdvh wkh rzqhuvkls iurqwlhu fruuhvsrqgv
wr wkh erughu ehwzhhq wkh wzr frxqwulhv1 Wkh sur�wv ri wkh lpsruwhuv vhoolqj
krph jrrgv lq wkh iruhljq frxqwu| duh qrz sdlg wr iruhljq krxvhkrogv/ dqg
krph krxvhkrogv ehdu wkh orvvhv ri wkh lpsruwhuv vhoolqj iruhljq jrrgv lq wkh
krph frxqwu|1 Wkhuh lv wkhq d ehjjdu0wk|vhoi 2 survshu0wk|0qhljkeru sdwwhuq
dv wkh ghsuhfldwlrq ri wkh krph fxuuhqf| kdv dq dgyhuvh lqfrph h�hfw iru
krph krxvhkrogv dqg d ehqh�fldo h�hfw iru iruhljq krxvhkrogv1

Iljxuhv 5 dqg 6 looxvwudwh wkh fhqwudo phfkdqlvp ri rxu prgho1 Wkh
devhqfh ri h{fkdqjh udwh sdvv0wkurxjk wr frqvxphu sulfhv ohdgv wr dq lqfrph
h�hfw ri h{fkdqjh udwh  xfwxdwlrqv/ exw grhv qrw shu vh kdyh dq| lpsolfdwlrqv
iru zhoiduh1 Lw lv wkh rzqhuvkls ri lpsruwhuv wkdw ghwhuplqhv krz wkh lqfrph
h�hfw lv doorfdwhg dqg zklfk frxqwu| ehqh�wv iurp wkh fkdqjh lq wkh h{fkdqjh
udwh1

716 Vroxwlrq ri wkh prgho

Kdylqj suhvhqwhg wkh lqwxlwlrq gulylqj wkh prgho/ zh ghulyh wkh vroxwlrq1
Wkh vwhsv duh vlplodu wr Wlooh +5333, dqg zh irfxv rq krz wkh rzqhuvkls ri
lqwhuphgldulhv d�hfw wkh uhvxowv1 D pruh ghwdlohg ghulydwlrq lv surylghg lq
wkh Dsshqgl{1

Lq wkh orqj uxq sulfhv duh dgmxvwhg dqg wkh hfrqrp| uhdfkhv d qhz vwhdg|
vwdwh1 Dv lqwhuphgldulhv duh frpshwlwlyh wkh| pdnh }hur sur�wv dqg duh
luuhohydqw1 Wkh orqj uxq vroxwlrq lv lghqwlfdo wr Wlooh +5333,= prqhwdu| vkrfnv
kdyh qr uhdo h�hfw zruogzlgh +7S� ' 7+� ' f,/ dqg d zhdowk wudqvihu wrzdugv
wkh krph frxqwu| +K : f, ohdgv krph krxvhkrogv wr frqvxph pruh dqg zrun
ohvv wkdq wkhlu iruhljq frxqwhusduwv +7S� 7SW : f/ 7+ � 7+W 	 f, wkdqnv wr pruh
idyrudeoh whupv ri wudgh +7R� � 7RWs � 7r : f,1

Lq wkh vkruw uxq qhlwkhu pdqxidfwxuhuv qru lqwhuphgldulhv fdq dgmxvw wkhlu
sulfhv1 Frqvxphu sulfhv fdq krzhyhu fkdqjh wr wkh h{whqw wkdw  xfwxdwlrqv
lq wkh h{fkdqjh udwh duh sdvvhg0wkurxjk=

R ' E�� ?� Br / RW ' �?Br

48Ehwwv dqg Ghyhuhx{ gr qrw lqfoxgh lqwhuphgldulhv lq wkhlu dqdo|vlv1 Iurp d zhoiduh

srlqw ri ylhz krzhyhu wkhlu prgho lv htxlydohqw wr wkh fdvh zkhuh doo lpsruwhuv duh h{0

sruwhuv* vxevlgldulhv1
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Iurp wkh Hxohu htxdwlrqv +7, dqg +:, dqg wkh prqh| ghpdqgv +8, dqg +;,
zh vkrz wkdw wkh zruogzlgh uhdo h�hfw lv htxdo wr wkh zruogzlgh prqhwdu|
h{sdqvlrq +S� ' 76�,1 Ixuwkhupruh wkh h{fkdqjh udwh lpphgldwho| uhdfkhv
lwv orqj uxq ydoxh=

r ' 7r

Rxwsxw ehlqj ghpdqg ghwhuplqhg lq wkh vkruw uxq/ wkh furvv0frxqwu| rxw0
sxw gl�huhqfh lv gulyhq e| wkh frqvxpswlrq vzlwfklqj h�hfw1 D ghsuhfldwlrq
ri wkh krph fxuuhqf| uhgxfhv wkh sulfh ri krph jrrgv frpsduhg wr iruhljq
jrrgv/ wr wkh h{whqw wkdw lw lv sdvvhg0wkurxjk wr frqvxphu sulfhv/ dqg lqgxfhv
frqvxphuv wr sxufkdvh pruh krph jrrgv=

+ � +W ' 4Br +49,

Wkh rzqhuvkls ri lqwhuphgldulhv d�hfwv wkh vroxwlrq wkurxjk wkh fxuuhqw
dffrxqw htxdwlrqv +43,0+44,1 Wkh krph fxuuhqw dffrxqw lv olqhdul}hg dv=

Kn Rn S ' + n E�� B�� E�� ?� E�r�

n
�� ?

?
E�� B� E�� �W�?r

Wkh ohiw kdqg vlgh uh hfwv wkh doorfdwlrq ri lqfrph fkdqjhv ehwzhhq qrp0
lqdo frqvxpswlrq dqg vdylqjv1 + lqglfdwhv wkh fkdqjh lq wkh uhyhqxh ri
pdqxidfwxuhuv wkdw krph krxvhkrogv rzq dqg zrun iru1 Wkh qh{w whup/
E�� B�� E�� ?� E�r�/ uh hfwv wkh krph krxvhkrogv* vkduh ri wkh orvvhv lq0
fxuuhg e| wkh lpsruwhuv vhoolqj iruhljq jrrgv lq wkh krph frxqwu|1 Wkh
krph uhvlghqwv rzq d wrwdo pdvv � E�� ?� ri wkhvh lpsruwhuv/ ri zklfk rqo|
d iudfwlrq � � B lv d�hfwhg e| fkdqjhv lq wkh h{fkdqjh udwh1 Wkh odvw whup/
�3?

?
E�� B� E�� �W�?r/ lqglfdwhv wkh krph krxvhkrogv* vkduh ri wkh sur�wv e|

wkh lpsruwhuv vhoolqj krph jrrgv lq wkh iruhljq frxqwu|/ E�� �W�? ri zklfk
duh rzqhg e| krph uhvlghqwv1 Wkh krph fxuuhqw dffrxqw fdq eh ixuwkhu
vlpsol�hg dv=

Kn Rn S ' + n E�� B� E�� ?�
�
�� 2��TC

�
r

zkhuh ��T C ' E�n �W� *2 lv wkh xqzhljkwhg dyhudjh h{whqw ri grphvwlf rzq0
huvkls ri lpsruwhuv1

Zh fdq vlploduo| olqhdul}h wkh iruhljq fxuuhqw dffrxqw dv=

�
?

�� ?
Kn RW n SW ' +W n E�� B��W?r

n
?

�� ?
E�� B� E�� �� E�� ?� E�r�
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Wkh ohiw kdqg vlgh uh hfwv wkh doorfdwlrq ri lqfrph fkdqjhv dfurvv frqvxps0
wlrq dqg vdylqjv1 +W lv wkh fkdqjh lq iruhljq pdqxidfwxuhuv* vdohv uhyhqxh1
Wkh qh{w whup/ E�� B��W?r/ lv wkh iruhljq krxvhkrogv* vkduh ri wkh sur�wv e|
lpsruwhuv vhoolqj krph jrrgv lq wkh iruhljq pdunhw/ �W? ri zklfk duh rzqhg
e| iruhljq uhvlghqwv1 Wkh odvw whup/ ?

�3?
E�� B� E�� �� E�� ?� E�r�/ uh hfwv

wkh orvvhv e| wkh E�� �� E�� ?� lpsruwhuv vhoolqj iruhljq jrrgv lq wkh krph
pdunhw wkdw duh rzqhg e| iruhljq uhvlghqwv1 Wkh iruhljq fxuuhqw dffrxqw fdq
eh ixuwkhu vlpsol�hg dv=

�
?

�� ?
Kn RW n SW ' +W � E�� B�?

�
�� 2��T C

�
r

Zh fdq frpelqh wkh krph dqg iruhljq fxuuhqw dffrxqwv dqg uhzulwh wkhp lq
whupv ri furvv frxqwu| gl�huhqfhv=

K

�� ?
n ER� RW� n ES� SW� ' E+ � +W� n E�� B�

�
�� 2��TC

�
r +4:,

+4:, vkrzv krz lpsruwhuv rzqhuvkls hqwhuv wkh prgho1 Li lpsruwhuv duh
suhgrplqdqwo| h{sruwhuv* vxevlgldulhv +��T C 	 f�D, d ghsuhfldwlrq ri wkh
krph fxuuhqf| whqgv wr jhqhudwh d fxuuhqw dffrxqw vxusoxv iru wkh krph
frxqwu| dv lwv uhvlghqwv uhfhlyh wkh dgglwlrqdo sur�wv ri wkh lpsruwhuv vhoolqj
krph jrrgv lq wkh iruhljq frxqwu|1 E| frqwudvw/ li lpsruwhuv duh prvwo|
grphvwlfdoo| rzqhg exvlqhvvhv +��T C : f�D,/ krph uhvlghqwv ehdu wkh orvvhv
ri wkh lpsruwhuv vhoolqj iruhljq jrrgv lq wkh krph frxqwu|/ zklfk whqgv wr
jhqhudwh d fxuuhqw dffrxqw gh�flw iru wkh krph frxqwu|1

Frpelqlqj wkh vkruw uxq uhodwlrqv zlwk wkh orqj uxq uhvxowv/ zh fdq ghulyh
wkh vroxwlrq iru wkh prgho1 Wkh uhvxowv iru wkh h{fkdqjh udwh/ wkh vkruw uxq
furvv0frxqwu| frqvxpswlrq gl�huhqfh/ wkh vkruw uxq rxwsxw gl�huhqfh dqg
wkh fxuuhqw dffrxqw duh dv iroorzv +wkh ghwdlov ri wkh vroxwlrq fdq eh irxqg
lq wkh Dsshqgl{,=

r ' (3�

%
� n

24

� n 4

q

�� q

&
E 76� 76W� +4;,

S� SW ' (3�
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E�� B�
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nE4� �� B
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E 76� 76W� +53,
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E 76� 76W� +54,

4:
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717 Srvlwlyh Uhvxowv

Ehiruh wxuqlqj wr wkh zhoiduh dqdo|vlv/ zh glvfxvv vrph ri wkh srvlwlyh
uhvxowv ri wkh prgho1 +4;,0+54, vkrz wkdw wkh dyhudjh h{whqw ri grphvwlf
rzqhuvkls ri lpsruwhuv/ ��T C/ d�hfwv wkh vkruw uxq vroxwlrq ri wkh prgho
lq d frpsoh{ zd|1 Wkh h{suhvvlrqv fdq krzhyhu eh vlpsol�hg e| uhfdoolqj
wkdw wkh glvfrxqw udwh/ q/ lv forvh wr �1 Zh fdq wkhq zulwh wkh iroorzlqj
dssur{lpdwlrqv=4:

r * E 76� 76W�

S� SW * E�� B� E 76� 76W�

+ � +W * 4B E 76� 76W�

K

�� ?
*

k
E4� �� B � 2��T C E�� B�

l
E 76� 76W�

zkhuh * lqglfdwhv wkdw wkh ohiw dqg uljkw kdqg vlgh duh dssur{lpdwho| htxdo1
Wkh rzqhuvkls ri lpsruwhuv pdwwhuv olwwoh iru wkh h{fkdqjh udwh dqg wkh vkruw
uxq frqvxpswlrq dqg rxwsxw jdsv1 Krzhyhu wkh lpsdfw rq wkh fxuuhqw df0
frxqw lv vljql�fdqw zkhq wkh ghjuhh ri h{fkdqjh udwh sdvv0wkurxjk lv olplwhg1
Dv wkh fxuuhqw dffrxqw lpsdfw ihhgv lqwr wkh orqj whup vroxwlrq/ wkh rzqhu0
vkls ri lpsruwhuv d�hfwv frqvxpswlrq dqg rxwsxw lq wkh orqj uxq1 Lqwxlwlyho|
wklv uh hfwv dq rswlpdo frqvxpswlrq vprrwklqj1 Wkh lqfrph h�hfw ri wkh
h{fkdqjh udwh fkdqjh lv olplwhg wr wkh vkruw uxq/ dv lq wkh orqj uxq lqwhuph0
gldulhv dgmxvw wkhlu sulfhv dqg wkhlu sur�wv duh }hur1 Wkh rswlpdo doorfdwlrq
ri vxfk d vkruw whup lqfrph h�hfw lv wr vsuhdg lw dfurvv wkh vkruw dqg orqj
uxq1 Rxu uhvxowv lqglfdwh wkdw d prqhwdu| h{sdqvlrq lq wkh krph frxqwu|/
dqg wkh hqvxlqj ghsuhfldwlrq ri wkh krph fxuuhqf|/ gr qrw qhfhvvdulo| uhvxow
lq d fxuuhqw dffrxqw vxusoxv iru wkh krph frxqwu|1 Iru h{dpsoh li frqvxphu
sulfhv duh hqwluho| lqvxodwhg iurp h{fkdqjh udwh  xfwxdwlrqv +B ' f,/ wkh
fxuuhqw dffrxqw lv qrw d�hfwhg zkhq lpsruwhuv duh h{sruwhuv* vxevlgldulhv
+��T C ' f,/ exw wkh krph frxqwu| uxqv d fxuuhqw dffrxqw gh�flw zkhq dw

49G lv srvlwlyh iru prvw frpelqdwlrqv ri wkh sdudphwhuv1 Lw fdq eh qhjdwlyh rqo| li
!DYJ A 3=8 dqg � lv h{wuhpho| vpdoo +orzhu wkdq 3=37,1

4:D qxphulfdo dqdo|vlv zlwk � ? 4 exw forvh wr 4 vkrzv wkdw wkh dssur{lpdwlrqv duh
ydolg1
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ohdvw vrph lpsruwhuv duh grphvwlfdoo| rzqhg �upv +��T C : f,14;

Wxuqlqj wr hpsor|phqw/ d prqhwdu| h{sdqvlrq lq wkh krph frxqwu|
fohduo| lqfuhdvhv krph hpsor|phqw lq wkh vkruw uxq1 Lw errvwv zruogzlgh hp0
sor|phqw dqg jhqhudwhv d frqvxpswlrq vzlwfklqj h�hfw wrzdugv krph jrrgv
wkurxjk wkh ghsuhfldwlrq ri wkh h{fkdqjh udwh1 Lq wkh orqj uxq/ krph hp0
sor|phqw pd| ghfuhdvh1 Wkh ghfuhdvh fdqqrw eh odujh hqrxjk wr r�vhw wkh
lqlwldo lqfuhdvh krzhyhu/ dqg lq ryhudoo whupv krph hpsor|phqw xqdpeljx0
rxvo| lqfuhdvhv=

+�?R� ' ? 76 : f

+?R� � +W?R� '

5
7 4B

k
� n 4

�n4
q
�3q

l
n 4
�n4

q
�3q

k
B n 2��TC E�� B�

l
6
8(3� 76 : f

Wxuqlqj wr wkh iruhljq frxqwu|/ hpsor|phqw pd| lqfuhdvh ru ghfuhdvh iro0
orzlqj d prqhwdu| h{sdqvlrq lq wkh krph frxqwu|1 Lq wkh vkruw uxq/ zh
zulwh=

+W '
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zkhuh wkh odvw dssur{lpdwlrq xvhv wkh idfw wkdw q lv forvh wr �1 Wkh lpsdfw
rq wkh vkruw uxq iruhljq rxwsxw uh hfwv wzr rssrvlwh fkdqqhov1 Iluvw/ wkh
krph prqhwdu| h{sdqvlrq errvwv zruogzlgh ghpdqg zklfk fhwhulv sdulexv
lqfuhdvhv iruhljq rxwsxw1 Vhfrqg/ wkh ghydoxdwlrq ri wkh krph fxuuhqf| ohdgv
wr d frqvxpswlrq vzlwfklqj dzd| iurp iruhljq jrrgv/ zklfk uhgxfhv iru0
hljq rxwsxw1 Qrwh wkdw wkh frqvxpswlrq vzlwfklqj h�hfw lv sursruwlrqdo wr
wkh ghjuhh ri h{fkdqjh udwh sdvv0wkurxjk1 Li B ' f/ frqvxphu sulfhv duh
qrw d�hfwhg e| wkh h{fkdqjh udwh  xfwxdwlrqv dqg wkhuh lv qr frqvxpswlrq
vzlwfklqj h�hfw1 Wkh prgho lv wkhuhiruh frqvlvwhqw zlwk wkh xvxdo vhwxs lq
zklfk d ghydoxdwlrq errvwv grphvwlf hpsor|phqw/ zkloh srvvleo| orzhulqj
hpsor|phqw deurdg1

4;Rxu dvvxpswlrq ri d orj xwlolw| iru frqvxpswlrq olplwv wkh uhvsrqvh ri wkh fxuuhqw
dffrxqw1 Ghyhuhx{ +5333, dqdo|}hv wkh fxuuhqw dffrxqw iru d pruh jhqhudo vshfl�fdwlrq
iru wkh fdvh ! @ !

�
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718 Zhoiduh uhvxowv

Zh qrz dqdo|}h wkh zhoiduh lpsdfw ri prqhwdu| vkrfnv e| edodqflqj
wkh h�hfwv rq frqvxpswlrq dqg rxwsxw wkurxjk d zhoiduh phwulf14< Rxu
vhwxs surylghv xv zlwk dq h{solflw fulwhulrq lq wkh irup ri wkh uhsuhvhqwdwlyh
frqvxphu*v xwlolw|1 Wdnlqj d olqhdu dssur{lpdwlrq ri +4, zh zulwh wkh zhoiduh
h�hfw iru wkh krph krxvhkrog dv=

�?R� ' L � Lf ' S?R� �
w � �

w
+?R� +55,

+55, vkrzv wkdw wkh ghwhuplqdqwv ri zhoiduh duh ryhudoo frqvxpswlrq/ zklfk
lv ehqh�fldo/ dqg ryhudoo rxwsxw/ zklfk uhgxfhv zhoiduh1 Lqwxlwlyho|/ d zhoiduh
h�hfw ri % fdq eh lqwhusuhwhg dv dq %I lqfuhdvh lq vkruw uxq frqvxpswlrq1
Wkh qhjdwlyh lpsdfw ri rxwsxw +hpsor|phqw, fdq vhhp rgg li zh wklqn ri dq
hfrqrp| h{shulhqflqj xqhpsor|phqw153 Qrwh krzhyhu wkdw kljkhu hpsor|0
phqw lv qrw ydoxhg shu vh/ exw ehfdxvh lw doorzv zrunhuv wr frqvxph pruh1
Lq d forvhg hfrqrp| frqvxpswlrq dqg hpsor|phqw duh htxdo/ khqfh dq lq0
fuhdvh lq hpsor|phqw lv pluuruhg e| d ehqh�fldo lqfuhdvh lq frqvxpswlrq1 Lq
dq rshq hfrqrp| krzhyhu frqvxpswlrq dqg hpsor|phqw fdq gl�hu gxh wr
fkdqjhv lq wkh whupv ri wudgh1 Lw lv wkhuhiruh lpsruwdqw wr glvwlqjxlvk wkhlu
vshfl�f lpsdfwv rq zhoiduh1

Lq whupv ri furvv frxqwu| gl�huhqfhv/ zh fdq zulwh wkh zhoiduh h�hfw dv=

�?R� � �W?R� '
�
S?R� � SW?R�

�
�

w � �

w

�
+?R� � +W?R�

�
+56,

Iroorzlqj vwhsv suhvhqwhg lq wkh Dsshqgl{/ zh xvh wkh fxuuhqw dffrxqw uhod0
wlrqv wr zulwh=

�?R� � �W?R� '
4� w

4w

�
+?R� � +W?R�

�
n
�
�� 2��T C

�
E�� B� r +57,

4<Lqfoxglqj wkh gluhfw zhoiduh lpsdfw ri uhdo edodqfhv zrxog rqo| kdyh d vpdoo lpsdfw

rq wkh uhvxowv1
53Rxu vhwxs frqvlghuv d prqrsrolvwlf glvwruwlrq lqvwhdg ri xqhpsor|phqw1 Wkh lqwhu0

suhwdwlrq lv krzhyhu vlplodu1 Wkh pdunhw doorfdwlrq xqghu prqrsrolvwlf frpshwlwlrq lv

vxerswlpdo dv dq dgglwlrqdo xqlw ri hpsor|phqw jhqhudwhv pruh ehqh�w wkurxjk frqvxps0

wlrq wkdq frvw wkurxjk h�ruw1 Wklv lv forvh wr dq xqhpsor|phqw doorfdwlrq/ zkhuh wkh

ydoxh ri wkh rxwsxw surgxfhg e| dq dgglwrqdo zrunhu h{fhhgv wkh rssruwxqlw| frvw ri khu

zrun1 Ri frxuvh/ xqhpsor|phqw dovr hqwdlov d uhglvwlexwlyh lvvxh/ exw lwv pdlq frvw lv wkh

vxerswlpdo htxloleulxp doorfdwlrq lq djjuhjdwh whupv1
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+57, looxvwudwhv wkh wzr phfkdqlvpv xqghuo|lqj wkh zhoiduh h�hfw1 Wkh �uvw
phfkdqlvp uh hfwv wkh lpsdfw rq wkh rxwsxw h{sdqvlrq iroorzlqj d srvlwlyh
prqhwdu| vkrfn lq wkh krph frxqwu|154 Wkh lqfuhdvh lq krph rxwsxw jhq0
hudwhv dgglwlrqdo h{sruw uhyhqxh wkdw fdq eh xvh wr sxufkdvh pruh lpsruwv
dqg lqfuhdvh frqvxpswlrq1 Krzhyhu/ surgxflqj wkh rxwsxw uhtxluhv d frvwo|
h�ruw1 Zkhwkhu wkh krph rxwsxw h{sdqvlrq lv ehqh�fldo wkhq ghshqgv rq
krz wkh fkdqjh lq h{sruw uhyhqxh frpshqvdwhv iru wkh h{wud h�ruw1 Wklv
lqwhudfwlrq lv fdswxuhg e| wkh 4� w whup1 Wkh lpsdfw ri wkh rxwsxw h{sdq0
vlrq rq wkh h{sruw uhyhqxh uh hfwv wkh vhqvlwlylw| ri qhw h{sruwv ylv0d0ylv wkh
whupv ri wudgh/ zklfk lv fdswxuhg e| 41 Li 4 lv kljk/ dq lqfuhdvh lq qhw h{sruwv
grhv qrw uhtxluh d vkdus zruvhqlqj ri wkh whupv ri wudgh dqg wkh h{sruw uhy0
hqxh lqfuhdvhv vxevwdqwldoo|1 Wkh lpsdfw wkurxjk wkh frvw ri h�ruw uh hfwv
wkh lqlwldo pdunxs ehwzhhq h�ruw dqg frqvxpswlrq/ fdswxuhg e| w1 Zkhq w
lv kljk/ wkh hfrqrp| douhdg| rshudwhv forvh wr wkh frpshwlwlyh htxloleulxp
zkhuh wkh pdujlqdo xwlolw| ri frqvxpswlrq lv htxdo wr wkh pdujlqdo frvw ri
h�ruw1 Wkh ehqh�w iurp uhgxflqj wkh vpdoo prqrsrolvwlf glvwruwlrq wkurxjk
dq lqfuhdvh lq rxwsxw lv wkhq vpdoo1 Zkhq 4 	 w/ +57, vkrzv wkdw wkh krph
frxqwu| fdq eh dgyhuvho| d�hfwhg e| lwv rzq prqhwdu| h{sdqvlrq dv vkrzq lq
Wlooh +5333,1 Wklv ehjjdu0wk|vhoi h�hfw rffxuv ehfdxvh wkh rxwsxw h{sdqvlrq
uhtxluhv vxfk d odujh zruvhqlqj ri wkh whupv ri wudgh wkdw lw grhv qrw jhqhudwh
hqrxjk uhyhqxh wr frpshqvdwh iru wkh frvw ri h�ruw1

Wkh vhfrqg phfkdqlvp lq +57, uh hfwv wkh lqfrph h�hfw ri h{fkdqjh udwh
 xfwxdwlrqv wkurxjk wkh rzqhuvkls vwuxfwxuh ri lpsruwhuv1 Li prvw lpsruwhuv
duh h{sruwhuv* vxevlgldulhv +��T C 	 f�D,/ dv lq Ehwwv dqg Ghyhuhx{ +5333,/
d ghydoxdwlrq kdv d ehjjdu0wk|0qhljkeru 2 survshu wk|vhoi h�hfw1 Wkh h{wud
sur�wv ri wkh lpsruwhuv vhoolqj krph jrrgv lq wkh iruhljq frxqwu| duh sdlg
prvwo| wr wkh krph krxvhkrogv/ zkhuhdv wkh iruhljq krxvhkrogv ehdu prvw ri
wkh orvvhv ri wkh lpsruwhuv vhoolqj iruhljq jrrgv lq wkh krph frxqwu|1 Wkh
vlwxdwlrq lv uhyhuwhg li prvw lpsruwhuv duh grphvwlfdoo| rzqhg +��T C : f�D,
zkhuh wkh ghsuhfldwlrq ri wkh krph frxqwu| fxuuhqf| kdv d ehjjdu0wk|vhoi 2
survshu0wk|0qhljkeru h�hfw1

Rxu uhvxowv fohduo| kljkoljkw wkdw wkh ehjjdu0wk|0qhljkeru h�hfw lq Ehwwv
dqg Ghyhuhx{ +5333, grhv qrw uh hfw wkh lqfrpsohwh h{fkdqjh udwh sdvv0
wkurxjk shu vh/ exw lqvwhdg uh hfwv wkh doorfdwlrq ri wkh uhvxowlqj lqfrph
h�hfw1 Wkh vhfrqg whup ri +57, vkrzv wkdw d jlyhq ghjuhh ri olplwhg sdvv0
wkurxjk +B 	 �, fdq ohdg wr d ehjjdu0wk|0qhljkeru ru d ehjjdu0wk|vhoi h�hfw/

54Dv vkrzq deryh/ |qsy � |�qsy A 3 zkhq �p� �p
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ghshqglqj rq wkh rzqhuvkls vwuxfwxuh ri lpsruwhuv1 Dv lqglfdwhg lq rxu
srvlwlyh dqdo|vlv/ wkh lpsdfw ri ��T C rq wkh vkruw uxq frqvxpswlrqv dqg
rxwsxwv lv olplwhg1 ��TC wkhq d�hfwv wkh zhoiduh uhvxowv sulpdulo| wkurxjk
wkh orqj0uxq frpsrqhqw/ kljkoljkwlqj wkh qhhg wr dvvhvv zhoiduh ryhu wkh
hqwluh krul}rq dqg qrw mxvw wkh vkruw uxq1

8 D qxphulfdo h{dpsoh

Zh qrz looxvwudwh rxu uhvxowv e| phdq ri d qxphulfdo h{dpsoh1 Iroorzlqj
Ehwwv dqg Ghyhuhx{ +5333,/ zh frqvlghu sulfhv wr eh vhw iru d |hdu dqg fkrrvh
q ' f�be/ ohdglqj wr d vwhdg| vwdwh uhdo lqwhuhvw udwh ri SI1 Wkh ydoxh ri
wkh hodvwlflw| ri vxevwlwxwlrq zlwklq d frxqwu|/ w/ lv vhw dw S/ zklfk lpsolhv
d pdunxs ri 2fI/ iroorzlqj Urwhpehuj dqg Zrrgirug +4<<5,1 Zh frqvlghu
wkdw wkh krph dqg iruhljq frxqwu| duh ri htxdo vl}h +? ' f�D,/ dqg dqdo|}h wkh
lpsdfw ri d xqlw prqhwdu| h{sdqvlrq lq wkh krph frxqwu| + 76 ' �/ 76W ' f,1
Iru euhylw|/ zh irfxv rq wzr srvvleoh ydoxhv iru wkh hodvwlflw| ri vxevwlwxwlrq
ehwzhhq krph dqg iruhljq jrrgv1 Zh �uvw frqvlghu wkh fdvh zkhuh 4 ' �/ dv
lw fruuhvsrqgv wr wkh fdvh dqdo|}hg lq Fruvhwwl dqg Shvhqwl +5333,1 Dv vkrzq
lq Wlooh +5333,/ wkh Pduvkdo0Ohuqhu0Urelqvrq frqglwlrq mxvw krogv zkhq 4 lv
htxdo wr xqlw| dqg wkhuh lv frpsohwh h{fkdqjh udwh sdvv wkurxjk +B ' �,1 Dv
d uhvxow/ dq h{sdqvlrq ri krph h{sruwv lv h{dfwo| r�vhw e| d zruvhqlqj ri
wkh whupv ri wudgh dqg grhv qrw jhqhudwh dq| dgglwlrqdo h{sruw uhyhqxh1 Zh
dovr frqvlghu wkh fdvh ri 4 ' S/ dv lq Revwihog dqg Urjr� +4<<9/ 4<<8, dqg
Ehwwv dqg Ghyhuhx{ +5333,1 Lq vxfk d fdvh d zhoiduh jds ehwzhhq wkh krph
dqg iruhljq frxqwulhv fdq hphujh rqo| zkhq wkhuh lv lqfrpsohwh sdvv0wkurxjk
+B 	 �,/ erwk frxqwulhv ehlqj htxdoo| zhoo r� xqghu frpsohwh sdvv0wkurxjk1

Wr looxvwudwh wkh lpsdfw ri wkh h{whqw ri grphvwlf rzqhuvkls ri lpsruwhuv/
zh frqvlghu wzr srvvleoh ydoxhv iru ��T C=

� ��T C ' f/ dqg doo lpsruwhuv duh h{sruwhuv* vxevlgldulhv1 Wklv fdvh
fruuhvsrqgv wr wkh prgho e| Ehwwv dqg Ghyhuhx{ +5333,/ dqg zh ghqrwh
lw e| IRU1

� ��T C ' �/ dqg doo lpsruwhuv duh rzqhg e| grphvwlf uhvlghqwv/ d fdvh
uhihuuhg wr dv GRP1

Lq whupv ri hpslulfdo uhohydqfh/ rxu dqdo|vlv ri wkh X1V1 d!oldwhv gdwd lq
vhfwlrq 5 vxjjhvw wkdw wkh GRP prgho lv forvhu wr wkh dfwxdo vlwxdwlrq wkdq
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wkh IRU prgho lv1 Wdeoh 5 suhvhqwv wkh uhvxowv iru wkh h{fkdqjh udwh/ r/ wkh
vkruw uxq gl�huhqfh iru frqvxpswlrq/ S� SW/ dqg rxwsxw/ +� +W/ wkh fxuuhqw
dffrxqw/ K* E�� ?�/ wkh ryhudoo zhoiduh h�hfwv iru wkh krph frxqwu|/ �?R�/
wkh iruhljq frxqwu|/ �W

?R�
/ dqg wkh uhodwlyh zhoiduh h�hfw/ �?R� � �W

?R�
1 Wkh

wrs kdoi ri wkh wdeoh lqglfdwhv wkh uhvxowv zkhq krph dqg iruhljq jrrgv duh
srru vxevwlwxwhv +4 ' �,/ zlwk wkh orzhu kdoi vkrzlqj wkh uhvxowv zkhq wkh
vxevwlwxwdelolw| lv odujhu +4 ' S,1 Iru hdfk ydoxh ri 4 zh frqvlghu wkh fdvhv
zkhuh h{fkdqjh udwh  xfwxdwlrqv duh qrw sdvvhg0wkurxjk +B ' f,/ sduwldoo|
sdvvhg0wkurxjk +B ' f�D, ru hqwluho| sdvvhg0wkurxjk +B ' �,1 Wkh uhvxowv
iru wkh IRU dqg wkh GRP prghov duh suhvhqwhg dorqjvlgh wr idflolwdwh wkh
frpsdulvrq1

Wkh �uvw srlqw lv wkdw erwk prghov duh lghqwlfdo zkhq wkhuh lv frpsohwh
h{fkdqjh udwh sdvv0wkurxjk +B ' �, dv lqwhuphgldulhv dozd|v pdnh }hur sur�w
wkhq1 Wkh h{fkdqjh udwh uhvsrqvh whqgv wr eh kljkhu lq wkh GRP prgho
wkdq lq wkh IRU prgho/ exw wkh gl�huhqfh uhpdlqv vpdoo1 Wkh vkruw uxq
frqvxpswlrq dqg rxwsxw gl�huhqfhv duh qhduo| lghqwlfdo lq wkh wzr prghov/
dv lqglfdwhg lq rxu dqdo|vlv ri wkh srvlwlyh uhvxowv1 Orrnlqj dw wkh fxuuhqw
dffrxqw/ d vpdoohu ghjuhh ri vxevwlwxwdelolw| ehwzhhq krph dqg iruhljq jrrgv
wudqvodwhv lqwr d vpdoohu fxuuhqw dffrxqw vxusoxv +ru d odujhu gh�flw, dv wkh
rxwsxw h{sdqvlrq lv wkhq vljql�fdqwo| r�vhw e| d zruvhqlqj ri wkh whupv ri
wudgh1 Ixuwkhupruh wkh rzqhuvkls ri lpsruwhuv sod|v d fhqwudo uroh iru wkh
fxuuhqw dffrxqw1 Wkh vxusoxv lv vljql�fdqwo| vpdoohu +ru wkh gh�flw odujhu, lq
wkh GRP prgho wkdq lq wkh IRU prgho1

Lq whupv ri zhoiduh d vpdoohu ghjuhh ri vxevwlwxwdelolw| ehwzhhq krph
dqg iruhljq jrrgv lv ghwulphqwdo iru wkh krph frxqwu| dqg ehqh�fldo iru
wkh iruhljq frxqwu|1 Lqwxlwlyho| wkh rxwsxw h{sdqvlrq lq wkh krph frxqwu|
lv r�vhw e| d vljql�fdqw zruvhqlqj ri wkh whupv ri wudgh1 Wkh rzqhuvkls
ri lpsruwhuv vljql�fdqwo| d�hfwv wkh zhoiduh uhvxowv1 Lq wkh GRP prgho
wkh ehqh�w/ li dq|/ lq wkh krph frxqwu| lv uhgxfhg frpsduhg wr wkh IRU
prgho/ wkh rssrvlwh ehlqj wuxh iru wkh iruhljq frxqwu|1 Frqvlghu iru lqvwdqfh
wkh fdvh zkhuh krph dqg iruhljq jrrgv duh jrrg vxevwlwxwhv +4 ' S, dqg
h{fkdqjh udwh  xfwxdwlrqv duh qrw sdvvhg0wkurxjk +B ' f,1 Wkh IRU prgho
lv fkdudfwhul}hg e| d ehjjdu0wk|0qhljkeru 2 survshu0wk|vhoi sdwwhuq dv wkh
ehqh�w iru krph uhvlghqwv lv htxlydohqw wr d f�DHI lqfuhdvh lq vkruw uxq
frqvxpswlrq/ zkloh iruhljq uhvlghqwv vx�hu iurp wkh htxlydohqw ri d f�e2I
ghfuhdvh1 E| frqwudvw/ wkh GRP prgho h{klelwv d ehjjdu0wk|vhoi 2 survshu0
wk|0qhljkeru sdwwhuq zkhuh krph uhvlghqwv ehdu wkh htxlydohqw ri d f�eSI
uhgxfwlrq lq vkruw uxq frqvxpswlrq/ zkhuhdv wkh jdlq iru iruhljq uhvlghqwv lv
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htxlydohqw wr d f�S2I lqfuhdvh1 Wkh pdjqlwxgh ri wkhvh h�hfwv h{fhhgv wkh
jdlq lq wkh edvholqh Revwihog dqg Urjr� +4<<9/ 4<<8, prgho +4 ' S/ B ' �,
zkhuh erwk frxqwulhv ehqh�w iurp wkh htxlydohqw ri d f�fHI lqfuhdvh lq vkruw
uxq frqvxpswlrq155

Qh{w zh hydoxdwh wkh lqwhudfwlrq ehwzhhq wkh ghjuhh ri h{fkdqjh udwh
sdvv0wkurxjk B dqg wkh dyhudjh h{whqw ri grphvwlf rzqhuvkls ri lpsruwhuv
��T C1 Iroorzlqj vwhsv suhvhqwhg lq wkh Dsshqgl{/ zh fdq ghulyh wkuhh wkuhvk0
rogv iru ��T C/ iru d jlyhq ydoxh ri B=

��T C
k
�W?R� ' f

l
	 ��T C

k
�?R� ' �W?R�

l
	 ��T C d�?R� ' fo

Wkh lqwhusuhwdwlrq ri wkhvh wkuhvkrogv lv dv iroorzv1 Li ��T C 	 ��T C
k
�W?R� ' f

l
/

wkh iruhljq frxqwu| lv dgyhuvho| d�hfwhg e| d krph prqhwdu| h{sdqvlrq
+�?R� : f : �W?R�,1 Li ��T C

k
�W?R� ' f

l
	 ��T C 	 ��T C

k
�?R� ' �W?R�

l
erwk

frxqwulhv ehqh�w/ dowkrxjk wkh krph frxqwu| ehqh�wv e| pruh +�?R� : �W?R� :

f,1 Li ��T C
k
�?R� ' �W?R�

l
	 ��T C 	 ��T C d�?R� ' fo wkh iruhljq frxqwu| lv

wkh rqh zlwk wkh odujhu ehqh�w +�W?R� : �?R� : f,1 Li ��T C d�?R� ' fo 	

��T C wkh krph frxqwu| lv dgyhuvho| d�hfwhg e| lwv rzq prqhwdu| h{sdqvlrq
+�W?R� : f : �?R�,1

Wdeoh 6 lqglfdwhv wkh ydoxhv ri wkh wkuhh wkuhvkrogv iru gl�huhqw ghjuhhv
ri h{fkdqjh udwh sdvv0wkurxjk1 Sdqho D looxvwudwhv wkh fdvh zkhuh krph dqg
iruhljq jrrgv duh srru vxevwlwxwhv +4 ' �,1 Lq vxfk d fdvh wkh krph frxqwu|
vx�huv iurp lwv rzq prqhwdu| h{sdqvlrq lq prvw fdvhv1 Rqo| zkhq wkhuh lv
olwwoh h{fkdqjh udwh sdvv wkurxjk dqg lpsruwhuv duh prvwo| h{sruwhuv* vxe0
vlgldulhv grhv d ehjjdu0wk|0qhljkeru 2 survshu0wk|vhoi sdwwhuq hphujh1 Lq dg0
glwlrq wkhuh lv rqo| d olplwhg udqjh ri fdvhv zkhuh erwk frxqwulhv ehqh�w1 Iru
lqvwdqfh li 2fI ri h{fkdqjh udwh  xfwxdwlrqv duh sdvvhg0wkurxjk wr frqvxphu
sulfhv +B ' f�2,/ wkh krph frxqwu| lv dgyhuvho| d�hfwhg li wkh dyhudjh h{whqw
ri grphvwlf rzqhuvkls ri lpsruwhuv h{fhhgv �SI +��T C d�?R� ' fo ' f��S,/
zkhuhdv wkh iruhljq frxqwu| lv dgyhuvho| d�hfwhg li wkdw h{whqw lv orzhu wkdq
2�I +��TC

k
�W?R� ' f

l
' f�2�,1 Sdqho E suhvhqwv wkh vlwxdwlrq zkhq krph

dqg iruhljq jrrgv duh forvhu vxevwlwxwhv +4 ' S,1 Lq vxfk d fdvh wkh udqjh ri
fdvhv zkhuh erwk frxqwulhv ehqh�w lv odujhu1 Orrnlqj djdlq dw wkh fdvh zkhuh
B ' f�2/ zh vhh wkdw wkh krph ^iruhljq` frxqwu| orrvhv rqo| li wkh h{whqw ri
grphvwlf rzqhuvkls ri lpsruwhuv h{fhhgv S�I ^lv orzhu wkdq �bI`1

55Iru uhihuhqfh/ wkh jdlq lq d forvhg hfrqrp| +q @ 4, lv htxlydohqw wr d 3=4:( lqfuhdvh1
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9 Frqfoxvlrq

Wklv sdshu uhylvlwv wkh zhoiduh h�hfwv ri h{fkdqjh udwh  xfwxdwlrqv1 Lw
exlogv rq hduolhu vwxglhv wkdw kdyh srlqwhg wr wkh srvvlelolw| ri ehjjdu0wk|vhoi
2 survshu0wk|0qhljkeru h�hfwv gxh wr wkh ghwhulrudwlrq ri wkh whupv ri wudgh/
dv zhoo dv ehjjdu0wk|0qhljkeru 2 survshu0wk|vhoi h�hfwv gxh wr lqfrpsohwh
h{fkdqjh udwh sdvv0wkurxjk1 Wkh dqdo|vlv uhfrqflohv hduolhu frqwulexwlrqv e|
lqwurgxflqj lqwhuphgldulhv ehwzhhq pdqxidfwxuhuv dqg frqvxphuv/ wkhuhe|
orrvhqlqj wkh olqn ehwzhhq lpsruw dqg frqvxphu sulfhv1 Zh vkrz wkdw wkh
pdlq lpsdfw ri h{fkdqjh udwh  xfwxdwlrqv lv rq wkh pdujlq ri lpsruwhuv/
zkhq wkhvh  xfwxdwlrqv duh rqo| sduwldoo| sdvvhg0wkurxjk wr frqvxphu sulfhv1
Zh wkhq kljkoljkw wkh fhqwudo uroh sod|hg e| wkh rzqhuvkls vwuxfwxuh ri lp0
sruwhuv/ dq dvshfw wkdw kdv uhfhlyhg olwwoh dwwhqwlrq vr idu1 D olplwhg ghjuhh ri
h{fkdqjh udwh sdvv0wkurxjk grhv qrw e| lwvhoi jhqhudwh d ehjjdu0wk|0qhljkeru
2 survshu0wk|vhoi ihdwxuh1 Lqvwhdg wkh zhoiduh uhvxowv duh gulyhq e| wkh rzq0
huvkls vwuxfwxuh ri lpsruwhuv +h{sruwhuv* vxevlgldulhv yv1 grphvwlfdoo| rzqhg
exvlqhvvhv, dv lw gulyhv wkh doorfdwlrq ri wkh lqfrph h�hfw ri h{fkdqjh udwh
 xfwxdwlrqv1 Zh vkrz wkdw d olplwhg h{fkdqjh udwh sdvv0wkurxjk wr frqvxphu
sulfhv fdq uhvxow lq hlwkhu d ehjjdu0wk|0qhljkeru 2 survshu0wk|vhoi zkhq lp0
sruwhuv duh h{sruwhuv* vxevlgldulhv/ ru d ehjjdu0wk|vhoi 2 survshu0wk|0qhljkeru
sdwwhuq zkhq lpsruwhuv duh grphvwlf �upv1

Dowkrxjk wkh rzqhuvkls ri lpsruwhuv kdv qrw ehhq wkh remhfw ri h{whqvlyh
hpslulfdo vwxglhv/ d �uvw orrn dw wkh hylghqfh iurp X1V1 d!oldwhv ri iruhljq
�upv vxjjhvwv wkdw lpsruwhuv duh suhgrplqdqwo| grphvwlf exvlqhvvhv1 Wkh
fhqwudo uroh ri wklv dvshfw lq rxu prgho srlqwv wr wkh qhhg iru pruh wkru0
rxjk hpslulfdo vwxglhv1 Ixuwkhupruh d olplwdwlrq ri rxu prgho lv wkdw wkh
ghjuhh ri h{fkdqjh udwh sdvv0wkurxjk dqg wkh h{whqw ri grphvwlf rzqhuvkls
ri lpsruwhuv duh wdnhq dv h{rjhqrxv sdudphwhuv1 Rxu irfxv lv wr dvvhvv wkh
lpsdfw ri wkh rzqhuvkls vwuxfwxuh ri lpsruwhuv rq wkh uhvxowv iurp hduolhu
frqwulexwlrqv/ zkloh nhhslqj wkh prgho dv vlpsoh dv srvvleoh1 D vhwxs zkhuh
wkh ghjuhh ri h{fkdqjh udwh sdvv0wkurxjk dqg wkh rzqhuvkls ri lqwhuphgldulhv
duh ghulyhg iurp rswlpdo ghflvlrqv e| �upv fohduo| frqvwlwxwhv d surplvlqj
dyhqxh iru ixuwkhu uhvhdufk1
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: Dsshqgl{= Vroxwlrq ri wkh prgho

:14 Wkh orqj uxq

Lq wkh orqj uxq sulfhv dgmxvw dqg wkh hfrqrp| uhdfkhv d qhz vwhdg|
vwdwh/ dqg lqwhuphgldulhv ehfrph luuhohydqw dv wkh| doo pdnh }hur sur�wv1
Wkh orqj uxq vlwxdwlrq lv wkhq lghqwlfdo wr Wlooh +5333, dqg prqhwdu| vkrfnv
kdyh qr uhdo zruogzlgh h�hfwv=

7S� ' 7+� ' f

Lq whupv ri furvv0frxqwu| gl�huhqfhv/ wkh vroxwlrq lv jlyhq e| wkh iroorzlqj
v|vwhp=

7R� � 7RWs � 7r ' E7S� 7SW� n E7+ � 7+W� +58,

7+ � 7+W ' �4
�
7R� � 7RWs � 7r

�
+59,

7S� 7SW '
�� q

q

K

�� ?
n E7+ � 7+W� n

�
7R� � 7RWs � 7r

�
+5:,

+58, uh hfw wkh rswlpdo sulfh vhwwlqj e| pdqxidfwxuhuv +48, dorqj zlwk wkh
oderu vxsso| +9, dqg +<,1 +59, lv wkh ghpdqg htxdwlrq edvhg rq +45,0+46, dqg
vkrzv wkh frqvxpswlrq vzlwfklqj h�hfw ri d fkdqjh lq wkh whupv ri wudgh1 +5:,
uh hfwv wkh fxuuhqw dffrxqw htxdwlrqv +43,0+44,1 Wkh vroxwlrq ri wkh v|vwhp
lv jlyhq e|=

7S� 7SW '
� n 4

24

�� q

q

K

�� ?
+5;,

7R� � 7RWs � 7r '
�

24

�� q

q

K

�� ?

7+ � 7+W ' �
�

2

�� q

q

K

�� ?

D furvv0frxqwu| uhdo h�hfw lq wkh orqj uxq uh hfwv fkdqjhv lq zhdowk/ lq wkh
irup ri qhw fodlpv iurp rqh frxqwu| rq wkh rwkhu1 Krph uhvlghqwv frqvxph
pruh/ zrun ohvv dqg hqmr| idyrudeoh whupv ri wudgh li wkh| krog fodlpv rq
iruhljq uhvlghqwv1

:15 Wkh vkruw uxq

Lq wkh vkruw uxq/ qhlwkhu pdqxidfwxuhuv qru lqwhuphgldulhv fdq dgmxvw
wkhlu sulfhv1 Frqvxphu sulfhv fdq krzhyhu fkdqjh wr wkh h{whqw wkdw  xfwx0
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dwlrqv lq wkh h{fkdqjh udwh duh sdvvhg0wkurxjk=

R ' E�� ?� Br / RW ' �?Br / R� RW ' Br / R� ' f

Gh�qlqj wkh uhdo h{fkdqjh udwh dv wkh qrplqdo h{fkdqjh udwh wlphv wkh udwlr
ri frqvxphu sulfh lqgh{hv/ zh zulwh wkh uhdo h{fkdqjh udwh h�hfw or dv=

or ' rn RW � R ' E�� B� r

Dq lqfrpsohwh h{whqw ri sdvv0wkurxjk ohdgv wr ghyldwlrqv iurp wkh sxufkdvlqj
srzhu sdulw| lq wkh vkruw uxq1 Wkh Hxohu htxdwlrqv +7, dqg +:, duh olqhdul}hg
dv=

7S ' Sn q_�n R� 7R / 7SW ' SW n q_�n rn RW � 7r� 7RW

Dv wkh sxufkdvlqj srzhu sdulw| krogv lq wkh orqj uxq/ wklv lpsolhv=

E7S� 7SW� ' ES� SW�� or +5<,

f ' S� n q_�� 7R� n E�� ?� Er� 7r�

Lq rughu wr vroyh iru wkh h{fkdqjh udwh g|qdplfv/ zh wxuq wr wkh prqh|
ghpdqgv +8, dqg +;,1 Lq wkh vkruw uxq/ wkh| duh olqhdul}hg dv=

76� R ' S�
q

�� q
q_�/ 76W � RW ' SW �

q

�� q
Eq_�n r� 7r� +63,

zlwk wkh htxlydohqw orqj uxq uhodwlrqv ehlqj=

76� 7R ' 7S/ 76W � 7RW ' 7SW

Frpelqlqj wkh Hxohu htxdwlrqv dqg wkh prqh| ghpdqgv/ h{suhvvhg lq whupv
ri furvv0frxqwu| gl�huhqfhv/ zh fdq vkrz wkdw wkh qrplqdo h{fkdqjh udwh
lpphgldwho| uhdfkhv lwv orqj uxq ydoxh dqg wkhuh lv qr ryhu0vkrrwlqj=

r ' 7r

Frpelqlqj zruogzlgh dyhudjhv ri wkh Hxohu htxdwlrqv dqg wkh prqh| gh0
pdqgv/ zh vkrz wkdw wkh vkruw uxq zruogzlgh h�hfw rq frqvxpswlrq lv htxdo
wr wkh zruogzlgh prqhwdu| h{sdqvlrq=

S� ' 76�

Zh qh{w wxuq wr wkh vroxwlrq lq whupv ri furvv0frxqwu| gl�huhqfhv1 Rxwsxw
lv ghpdqg ghwhuplqhg dqg jlyhq e| +45,0+46,1 Wdnlqj d shu fdslwd dyhudjh

5:



dfurvv doo pdqxidfwxuhuv lq d frxqwu|/ zh fdq h{suhvv wkh rxwsxw ghpdqgv
dv=

+ ' S� n 4 E�� ?� Br / +W ' S� � 4?Br

Rxwsxw fkdqjhv uh hfw wkh zruogzlgh h{sdqvlrq ri frqvxpswlrq/ dorqj zlwk
dq| frqvxpswlrq vzlwfklqj gxh wr wkh lpsdfw ri h{fkdqjh udwh  xfwxdwlrqv
rq frqvxphu sulfhv1 Lq whupv ri furvv0frxqwu| gl�huhqfhv/ zh zulwh=

+ � +W ' 4Br +64,

Wkh �qdo hohphqw ri wkh vkruw uxq vroxwlrq lv jlyhq e| wkh fxuuhqw dffrxqw
htxdwlrqv +43,0+44,1 Wkh krph fxuuhqw dffrxqw lv olqhdul}hg dv=

Kn Rn S ' S� n 4 E�� ?� Br

nE�� B�� E�� ?� E�r�

n
�� ?

?
E�� B� E�� �W�?r

Wkh ohiw kdqg vlgh uh hfwv wkh doorfdwlrq ri lqfrph fkdqjhv ehwzhhq qrplqdo
frqvxpswlrq dqg vdylqjv1 Wkh �uvw wzr whupv rq wkh uljkw kdqg vlgh uh hfwv
wkh fkdqjh lq wkh uhyhqxh ri pdqxidfwxuhuv wkdw krph krxvhkrogv rzq dqg
zrun iru1 Wkh wklug whup uh hfwv wkh krph krxvhkrogv* vkduh ri orvvhv lq0
fxuuhg e| lpsruwhuv vhoolqj iruhljq jrrgv lq wkh krph frxqwu| iroorzlqj d
ghydoxdwlrq ri wkh krph fxuuhqf|1 Wkh ghwdlohg ghulydwlrq ri wkh whup lv dv
iroorzv=

�
�

�f�f

�

?

]
�

?
_xs

| E5� _5

' �
�

�f�f

�

?

]
�

?

k
�fR

s E5�� 7f'
Ws
f r

l
?�f_5

' �
�

?

]
�

?

k
Rs E5�� r

l
?_5 ' �

�

?

]
�

?
dBr� ro?_5

' � E�� B�
�� ?

?
? E�r�

dv 'Ws
f ' � W

f
' �f*7f dqg Rs E5� ' r iru wkh iudfwlrq B ri lpsruwhuv wkdw sdvv

wkh h{fkdqjh udwh  xfwxdwlrqv wkurxjk wr frqvxphuv1 Wkh �

?
whup lv lqfoxghg

dv wkh htxdwlrq lv h{suhvvhg lq shu fdslwd whupv1 Wkh odvw whup uh hfwv wkh
krph krxvhkrogv* vkduh ri sur�wv e| lpsruwhuv vhoolqj krph jrrgv lq wkh
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iruhljq frxqwu|1 Wkh ghwdlohg ghulydwlrq lv jlyhq e|=

E�� �W�
7f

�f�f

�

?

]
?

f

_xW�

| E5� _5

' E�� �W�
7f

�f�f

�

?

]
?

f

k
� W

f
RW� E5� n 73�

f
'�

f
r
l
E�� ?��f_5

' E�� �W�
�

?

]
?

f

k
RW� E5� n r

l
E�� ?� _5

' E�� �W�
�

?

]
?

f

d�Brn ro E�� ?� _5 ' E�� �W� E�� B�
�� ?

?
?r

dv RW� E5� ' �r iru wkh lpsruwhuv wkdw sdvv wkh h{fkdqjh udwh  xfwxdwlrqv
wkurxjk1 Dv + ' S� n 4 E�� ?� Br/ wkh krph fxuuhqw dffrxqw fdq eh ixuwkhu
vlpsol�hg dv=

Kn Rn S ' + n E�� B� E�� ?�
�
�� 2��TC

�
r

zkhuh ��T C ' E�n �W� *2 lv wkh xqzhljkwhg dyhudjh h{whqw ri grphvwlf rzq0
huvkls ri lpsruwhuv1

Zh fdq vlploduo| olqhdul}h wkh iruhljq fxuuhqw dffrxqw dv=

�
?

�� ?
Kn RW n SW ' S� � 4?Br

nE�� B��W?r

n
?

�� ?
E�� B� E�� �� E�� ?� E�r�

Wkh ohiw kdqg vlgh uh hfwv wkh doorfdwlrq ri lqfrph fkdqjhv dfurvv frqvxps0
wlrq dqg vdylqjv1 Wkh �uvw whup rq wkh uljkw kdqg vlgh lv wkh fkdqjh lq
iruhljq pdqxidfwxuhuv* vdohv uhyhqxh1 Wkh vhfrqg whup fdswxuhv wkh iruhljq
krxvhkrogv* vkduh ri sur�w e| lpsruwhuv vhoolqj krph jrrgv vrog lq wkh iruhljq
pdunhw1 Wkh ghwdlohg ghulydwlrq ri wkh whup lv=

�W
�

� W

f�f

�

�� ?

]
?

f

_xW�
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E5� _5
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�
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f�f
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f
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f
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E�� ?��f_5

' �W
�

�� ?

]
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l
E�� ?� _5

' �W
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�� ?

]
?

f

d�Brn ro E�� ?� _5 ' �W E�� B�?r
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Wkh odvw whup/ zklfk uh hfwv wkh vkduh ri orvvhv e| lpsruwhuv vhoolqj iruhljq
jrrgv lq wkh krph pdunhw/ lv ghulyhg dv=

E�� ��
�

7f� W

f�f

�

�� ?

] �

?
_xs

| E5� _5

' E�� ��
�

�f�f
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?

�� ?
E�� ?� E�r�

Ixuwkhu vlpsol�fdwlrqv ohdg wr=

�
?

�� ?
Kn RW n SW ' +W � E�� B�?

�
�� 2��T C

�
r

Lq whupv ri furvv frxqwu| gl�huhqfhv/ wkh vkruw uxq fxuuhqw dffrxqw lv=

K

�� ?
n ER� RW� n ES� SW� ' E+ � +W� n E�� B�

�
�� 2��TC

�
r +65,

Wkh furvv frxqwu| vroxwlrq lv ghulyhg e| frpelqlqj wkh Hxohu htxdwlrq
+5<,/ wkh rxwsxw ghpdqg +64,/ wkh vkruw uxq fxuuhqw dffrxqw +65, dqg wkh
orqj uxq vroxwlrq iru frqvxpswlrq +5;, wr jhw

ES� SW�

%
� n

24

� n 4

q

�� q

&
'

5
7 E4� �� B n

�
�� 2��T C

�
E�� B�

n 24
�n4

q
�3q

E�� B�

6
8 r

Frpelqlqj zlwk wkh prqh| ghpdqg +63,/ zh rewdlq wkh vkruw uxq vroxwlrq
suhvhqwhg lq wkh pdlq wh{w +4;,0+54,1

:16 Wkh vljq ri G

Wklv dsshqgl{ vkrzv wkdw wkh ghqrplqdwru ( lq +4;,0+54, lv srvlwlyh1
Uhfdoo wkdw=

( ' �� 2��T C E�� B� n
24

� n 4

q

�� q
n E4� �� B

'

#
�� 2��T C n

24

� n 4

q

�� q

$
n
�
4� � n 2��T C

�
B
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Vwduw zlwk wkh fdvh zkhuh f � ��T C 	 f�D1 Li 4� � n 2��TC : f/ ( : f
lpsolhv wkdw=

B : �
�� 2��T C n 24

�n4
q

�3q
4� � n 2��T C

Vlqfh ��2��T C � f/ zh lqihu wkdw�
k
�� 2��T C n 24

�n4
q

�3q l k4� � n 2��T C
l3�

lv qhjdwlyh1 Wkh lqhtxdolw| lv wkhq vdwlv�hg iru dq| B � f dqg ( : f1 Li
4� � n 2��T C 	 f/ ( : f uhtxluhv=

B 	 �
�� 2��T C n 24

�n4
q

�3q
4� � n 2��T C

'
4n 24

�n4

q

�3q �
�
4� � n 2��T C

�

�
�
4� � n 2��T C

�

' � n
4n 24

�n4
q

�3q
�

�
4� � n 2��TC

�

d frqglwlrq wkdw lv fohduo| vdwlv�hg iru dq| B � �1 Li 4 $ � � 2��TC/ wkh
frqglwlrq iru ( : f lpsolhv wkdw hlwkhu B : �4 ru B 	 4/ zklfk lv dozd|v
wkh fdvh1 Wkhuhiruh/ ( lv xqdpeljxrxvo| srvlwlyh li f � ��T C 	 f�D1

Li ��T C ' f�D/ zh zulwh=

( '
24

� n 4

q

�� q
n 4B : f / B : �

2

� n 4

q

�� q

zklfk lv dozd|v wuxh dv B � f1 Khqfh/ ( lv xqdpeljxrxvo| srvlwlyh li ��T C '
f�D1

Li f�D 	 ��T C � �/ zh vhh wkdw 4� � n 2��T C : f/ dqg wkh frqglwlrq iru
( : f lv=

B : 7B ' �
�� 2��T C n 24

�n4
q

�3q
4� � n 2��TC

' �� 4
� n 2

�n4
q

�3q
4� � n 2��TC

( lv srvlwlyh dv orqj dv B h{fhhgv d wkuhvkrog 7B wkdw lv vpdoohu wkdq �1 Lq
dgglwlrq/ dv wkh glvfrxqw udwh q lv forvh wr �/ 7B lv vpdoohu wkdq }hur/ h{fhsw
iru yhu| vpdoo ydoxhv ri 41 Dvvxplqj wkdw q ' f�be/ wkh ydoxhv ri 7B duh jlyhq
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ehorz=

4 f f�f� f�f2 f�f� f�fe f�fD
7B
�
��T C ' f�S

�
� �f�D2 ���HH ����f �e��b �D��.

7B
�
��T C ' f�.

�
� f�22 �f�D� ����b ���H� �2�e�

7B
�
��T C ' f�H

�
� f�eH �f�f2 �f�Df �f�bD ����.

7B
�
��T C ' f�b

�
� f�S� f�2� �f��e �f�eH �f�H�

7B
�
��T C ' �

�
� f�SH f��H f�fH �f�2f �f�e.

Zh vhh wkdw 7B 	 f h{fhsw iru yhu| vpdoo ydoxhv ri 41 Dv B lv qhyhu qhjdwlyh/
wkh frqglwlrq wkdw B : 7B lv phw iru prvw sdudphwhu ydoxhv/ dqg ( : f1

:17 Zhoiduh dqdo|vlv

Lw lv vwudljkwiruzdug wr vkrz wkdw d prqhwdu| h{sdqvlrq lv ehqh�fldo
iru wkh zruog dv d zkroh/ lqghshqghqw ri wkh rzqhuvkls ri lqwhuphgldulhv=
��?R� ' w3� 76�1 Lq whupv ri furvv frxqwu| gl�huhqfhv/ wkh zhoiduh h�hfw lv
zulwwhq dv +56,1 Zh frpsohwh lw e| xvlqj wkh vkruw dqg orqj uxq fxuuhqw
dffrxqw htxdwlrqv zklfk fdq eh zulwwhq dv=

S� SW ' E+ � +W�
4� �

4
�

K

�� ?
n E�� B�

�
�� 2��TC

�
r

7S� 7SW ' E7+ � 7+W�
4� �

4
n

�� q

q

K

�� ?

Frpelqlqj wkh fxuuhqw dffrxqw uhodwlrqv zlwk +56, ohdgv wr=

�
S?R� � SW?R�

�
'

4� �

4

�
+?R� � +W?R�

�
n E�� B�

�
�� 2��T C

�
r +66,

D kljkhu ryhudoo frqvxpswlrq e| krph krxvhkrogv uhodwlyh wr iruhljq krxvh0
krogv kdv wr eh �qdqfhg e| d kljkhu lqfrph1 Wklv lqfrph fdq eh lq wkh irup
ri kljkhu h{sruw vdohv/ lqfoxglqj wkh lpsdfw ri wkh zruvhqlqj ri wkh whupv ri
wudgh/ ru d qhw sur�w iurp wkh rzqhuvkls ri lpsruwhuv1 Frpelqlqj +56, dqg
+66, ohdgv wr +57,1

Lq whupv ri frxqwu| vshfl�f h�hfwv/ zh xvh rxu vroxwlrq iru wkh rxwsxw
gl�huhqfhv dqg wkh h{fkdqjh udwh wr zulwh wkdw=

�?R���W?R� ' (3�
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Vlqfh ( : f/ wklv lpsolhv wkdw d prqhwdu| h{sdqvlrq lq wkh krph frxqwu|
ehqh�wv krph uhvlghqwv pruh wkdq iruhljq uhvlghqwv +�?R� : �W?R�, dv orqj dv=

��TC 	 ��T C
k
�?R� ' �W?R�

l
'

43w
w

�

�3q
B n E�� B�

k
� n 24

�n4
q

�3q

l

2 E�� B�
k
� n 4

�n4
q

�3q

�
2� 43w

4w

�l

Wr hvwdeolvk wkh frxqwu| vshfl�f zhoiduh lpsdfwv zh frpelqh wkh furvv0
frxqwu| gl�huhqfh zlwk wkh zruogzlgh h�hfw xvlqj wkh iroorzlqj uxohv=

�?R� ' ��?R� n E�� ?�
�
�?R� � �W?R�

�
/ �W?R� ' ��?R� � ?

�
�?R� � �W?R�

�

Iru vlpsolflw| zh irfxv rq d krph prqhwdu| h{sdqvlrq + 76 : f/ 76W ' f,1
Diwhu vrph dojheud/ zh hvwdeolvk wkdw wkh krph krxvhkrogv duh dgyhuvho|
d�hfwhg lq devroxwh whupv +�?R� 	 f, zkhq wkh iroorzlqj frqglwlrq lv phw=
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Uhihuhqfhv

^4` Ed{whu/ Pduldqqh/ dqg Plfkdho Nrxsdulwvdv/ 5333/ Zkdw Fdxvhv Ioxf0
wxdwlrqv lq wkh Whupv ri WudghB/ QEHU Zrunlqj Sdshu :7951

^5` Ehwwv/ Fdurolqh/ dqg Plfkdho Ghyhuhx{/ 5333/ H{fkdqjh Udwh G|qdplfv
lq d Prgho ri Sulflqj0Wr0Pdunhw/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv
83/ 54805771

^6` Fruvhwwl/ Jldqfduor/ dqg Sdror Shvhqwl/ 5333/ Zhoiduh dqg Pdfurhfr0
qrplf Lqwhughshqghqfh/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ iruwkfrplqj1

^7` Ghyhuhx{/ Plfkdho 5333/ Krz Grhv d Ghydoxdwlrq D�hfw wkh Fxuuhqw
DffrxqwB/ Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh/ iruwkfrplqj1

^8` Ghyhuhx{/ Plfkdho/ Fkduohv Hqjho/ dqg Fìgulf Wlooh/ 4<<</ H{fkdqjh
Udwh Sdvv0Wkurxjk dqg wkh Zhoiduh H�hfw ri wkh Hxur/ QEHU Zrunlqj
Sdshu :6;51

^9` Hqjho/ Fkduohv/ 4<<</ Dffrxqwlqj iru X1V1 Uhdo H{fkdqjh Udwh Fkdqjhv/
Mrxuqdo ri Srolwlfdo Hfrqrp| 43:+6,/ 83:086;1

^:` Hqjho/ Fkduohv/ dqg Mrkq Urjhuv/ 5333/ Ghyldwlrqv iurp Sxufkdvlqj
Srzhu Sdulw|= Fdxvhv dqg Zhoiduh Frvwv/ Mrxuqdo ri Lqwhuqdwlrqdo Hfr0
qrplfv/ iruwkfrplqj1

^;` Hqjho/ Fkduohv/ dqg Mrkq Urjhuv/ 4<<9/ Krz Zlgh lv wkh Erughu/ Dphu0
lfdq Hfrqrplf Uhylhz ;9/ 4445044581

^<` Jrogehuj/ Slqhorsl Nrxmldqrx/ dqg Plfkdho Nqhwwhu/ 4<<:/ Jrrgv Sulfhv
dqg H{fkdqjh Udwhv= Zkdw Kdyh zh OhduqhgB/ Mrxuqdo ri Hfrqrplf
Olwhudwxuh 68/ 4576045:51

^43` Odqh/ Sklools/ 5333/ Wkh Qhz Rshq Hfrqrp| Pdfurhfrqrplfv= D Vxu0
yh|/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ iruwkfrplqj1

^44` PfFduwk|/ Mrqdwkdq/ 4<<</ Sdvv0Wkurxjk ri H{fkdqjh Udwhv dqg Lp0
sruw Sulfhv wr Grphvwlf Lq dwlrq lq Vrph Lqgxvwuldol}hg Hfrqrplhv/
Edqn iru Lqwhuqdwlrqdo Vhwwohphqwv Zrunlqj Sdshu :<1

^45` Phuvhuhdx/ Eduu|/ 4<<5/ Fkdudfwhulvwlfv ri Fdqdgldq Lpsruwlqj Ilupv/
4<:; wr 4<;9/ Uhvhdufk Sdshu Qxpehu 6/ Vwdwlvwlfv Fdqdgd1
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^46` Qxunvh/ Udjqdu/ 4<77/ Lqwhuqdwlrqdo fxuuhqf| h{shulhqfh1 Ohvvrqv ri wkh
lqwhu0zdu shulrg/ Jhqhyd/ Ohdjxh ri Qdwlrqv1

^47` Revwihog/ Pdxulfh/ dqg Nhqqhwk Urjr�/ 5333/ Qhz Gluhfwlrqv iru
Vwrfkdvwlf Rshq Hfrqrp| Prghov/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv
83/ 44:04861

^48` Revwihog/ Pdxulfh/ dqg Nhqqhwk Urjr�/ 4<<9/ Irxqgdwlrqv ri Lqwhuqd0
wlrqdo Pdfurhfrqrplfv/ fkdswhu 43/ PLW suhvv1

^49` Revwihog/ Pdxulfh/ dqg Nhqqhwk Urjr�/ 4<<8/ H{fkdqjh Udwh G|qdplfv
Uhgx{/ Mrxuqdo ri Srolwlfdo Hfrqrp| 436/ 957098<1

^4:` Urjhuv/ Mrkq/ 4<<:/ Prqhwdu| Vkrfnv dqg Uhdo H{fkdqjh Udwhv/ Ihghudo
Uhvhuyh Erdug/ plphr1

^4;` Urwhpehuj/ Mxolr/ dqg Plfkdho Zrrgirug/ 4<<5/ Roljrsrolvwlf Sulflqj
dqg wkh H�hfwv ri Djjuhjdwh Ghpdqg rq Hfrqrplf Dfwlylw|/ Mrxuqdo ri
Srolwlfdo Hfrqrp| 433/ 44860453:1

^4<` Wlooh/ Fìgulf/ 5333/ Wkh Uroh ri Frqvxpswlrq Vxevwlwxwdelolw| lq wkh Lq0
whuqdwlrqdo Wudqvplvvlrq ri Vkrfnv/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/
iruwkfrplqj1

^53` ]hloh/ Zlooldp/ 4<<</ Iruhljq Gluhfw Lqyhvwphqw lq wkh Xqlwhg Vwdwhv=
Suholplqdu| Uhvxowv Iurp wkh 4<<: Ehqfkpdun Vxuyh|/ Vxuyh| ri Fxu0
uhqw Exvlqhvv/ 540841
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TABLE 1

IMPORTS BY U.S. AFFILIATES IN THE UNITED STATES

A. BY INDUSTRY

TOTAL IMPORTS BY SHARE OF 

1997, MILLIONS OF DOLLARS IMPORTS AFFILIATES AFFILIATES

[1] [2] [2] / [1]

ALL IMPORTS 870,213 261,482 30.05%

FOOD, BEVERAGE AND TOBACCO 39,845 12,193 30.60%

NON-FOOD AND FUEL CRUDE MATERIALS 22,030 5,575 25.31%

MINERAL FUELS AND LUBRICANTS 78,178 18,278 23.38%

CHEMICALS 50,326 20,877 41.48%

MACHINERY 271,325 84,407 31.11%

 - INDUSTRIAL MACHINERY AND EQUIPMENT 79,322 21,087 26.58%

 - OFFICE MACHINES AND 75,001 13,940 18.59%

     AUTOMATIC DATA PROCESSING MACHINES

 - TELECOMMUNICATIONS AND 117,002 49,380 42.20%

     OTHER ELECTRICAL MACHINERY

ROAD VEHICLES AND PARTS 112,767 62,479 55.41%

OTHER TRANSPORTATION EQUIPMENT 11,856 3,697 31.18%

OTHER PRODUCTS 283,886 53,976 19.01%

B. BY COUNTRY OF ORIGIN

TOTAL IMPORTS BY SHARE OF 

1997, MILLIONS OF DOLLARS IMPORTS AFFILIATES AFFILIATES

[1] [2] [2] / [1]

ALL COUNTRIES 870,213 261,482 30.05%

CANADA 168,201 22,773 13.54%

JAPAN 121,663 97,670 80.28%

GERMANY 43,122 23,892 55.41%

UNITED KINGDOM 32,659 10,722 32.83%

FRANCE 20,636 6,260 30.34%

MEXICO 85,938 11,351 13.21%

CHINA 62,558 2,342 3.74%

KOREA 23,173 10,651 45.96%

SOURCE: ZEILE (1999)

NOTES:

 (1)  A U.S. affiliate is a business enterprise in which there is a foreign direct investment -- that is, in which

       a single foreign person owns or controls, directly or indirectly, 10 percent or more of the voting securities

       or an equivalent interest.

 (2)  Column [2] in panel B indicates the imports from the country by all U.S. affiliates, including those with

       a parent company in a different country. For example imports from Canada by the U.S. affiliate of a 

       Japanese company are listed under Canada in column [2].



          TABLE 2

        IMPACT OF A UNIT MONETARY SHOCK IN THE HOME COUNTRY

        CROSS COUNTRY DIFFERENCES: SHORT RUN AND WELFARE RESULTS

s c - c* y - y* b / (1-n) u (npv) u* (npv) u - u*
ρ = 1 δ = 0 FOR 1.00 1.00 0.00 0.00 0.58 -0.42 1.00

DOM 1.14 1.00 0.00 -2.14 -0.93 1.10 -2.03

δ = 0.5 FOR 1.00 0.50 0.50 0.00 0.13 0.04 0.08

DOM 1.06 0.47 0.53 -1.00 -0.61 0.78 -1.39

δ = 1 FOR 1.00 0.00 1.00 0.00 -0.33 0.50 -0.83

DOM 1.00 0.00 1.00 0.00 -0.33 0.50 -0.83

ρ = 6 δ = 0 FOR 1.00 1.00 0.00 0.00 0.58 -0.42 1.00

DOM 1.08 1.00 0.00 -2.08 -0.46 0.62 -1.08

δ = 0.5 FOR 0.92 0.54 2.75 2.21 0.31 -0.15 0.46

DOM 0.95 0.53 2.85 1.37 -0.15 0.32 -0.47

δ = 1 FOR 0.85 0.15 5.09 4.09 0.08 0.08 0.00

DOM 0.85 0.15 5.09 4.09 0.08 0.08 0.00



TABLE 3

THRESHOLDS FOR THE EXTENT OF DOMESTIC OWNERSHIP

A. ρ = 1

δ = 0 δ = 0.1 δ = 0.2 δ = 0.3 δ = 0.4 δ = 0.5 δ = 0.6 δ = 0.7 δ = 0.8

φ
AVG

 [u* (npv) = 0] 0.30 0.26 0.21 0.15 0.06 0.00 0.00 0.00 0.00

φ
AVG

 [u (npv) = u* (npv)] 0.36 0.33 0.28 0.23 0.16 0.06 0.00 0.00 0.00

φ
AVG

 [u (npv) = 0] 0.42 0.39 0.36 0.32 0.26 0.18 0.07 0.00 0.00

B. ρ = 6

δ = 0 δ = 0.1 δ = 0.2 δ = 0.3 δ = 0.4 δ = 0.5 δ = 0.6 δ = 0.7 δ = 0.8

φ
AVG

 [u* (npv) = 0] 0.42 0.41 0.39 0.38 0.35 0.32 0.27 0.18 0.01

φ
AVG

 [u (npv) = u* (npv)] 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50

φ
AVG

 [u (npv) = 0] 0.58 0.59 0.61 0.62 0.65 0.68 0.73 0.82 0.98

INTERPRETATION:

 φ
AVG

 < φ
AVG

 [u* (npv) = 0]    -------> u (npv) > 0 > u* (npv)

 φ
AVG

 = φ
AVG

 [u* (npv) = 0]    -------> u (npv) > 0 = u* (npv)

 φ
AVG

 [u* (npv) = 0] <  φ
AVG

 < φ
AVG

 [u (npv) = u* (npv)]    -------> u (npv) > u* (npv) > 0

 φ
AVG

 =  φ
AVG

 [u (npv) = u* (npv)]    -------> u (npv) = u* (npv) > 0

 φ
AVG

 [u (npv) = u* (npv)] <  φ
AVG

 < φ
AVG

 [u (npv) = 0]    -------> u* (npv) > u (npv) > 0

 φ
AVG

 = φ
AVG

 [u (npv) = 0]    -------> u* (npv) > 0 = u (npv)

 φ
AVG

 > φ
AVG

 [u (npv) = 0]    -------> u* (npv) > 0 > u (npv)
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