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Jurzwk dqg Qruwk0Vrxwk Zdjh Jds

Oldqvkhqj Zdqj4

Xqlyhuvlw| ri Frshqkdjhq

Mxo| 5333

4Wkdqnv wr Fkulvwldq Jurwk iru h{whqvlyh glvfxvvlrqv/ dqg zrunvkrs dqg vhplqdu sduwlflsdqwv

dw wkh Xqlyhuvlw| ri Frshqkdjhq/ Xqlyhuvlw| ri Qruwk Fdurolqd dw Fkdsho Kloo dqg Xqlyhuvlw|

ri Ddukxv iru khosixo frpphqwv1 Wkh xvxdo glvfodlphu dssolhv1 Dgguhvv= Ghsduwphqw ri Hfr0

qrplfv/ Xqlyhuvlw| ri Frshqkdjhq/ Vwxglhvwudhgh 9/ 4788 Frshqkdjhq N/ Ghqpdun1 Hpdlo=

?Oldqvkhqj1ZdqjChfrq1nx1gnA



Devwudfw

WLWOH= Jurzwk dqg Qruwk0Vrxwk Zdjh Jds

Zh vwxg| wkh vrxufhv ri orqj0uxq jurzwk dqg zdjh jds lq d Qruwk0Vrxwk +Q0V, prgho

zlwk wudgh dqg iruhljq gluhfw lqyhvwphqw +IGL,1 Dowkrxjk U)G lv wkh hqjlqh ri joredo

jurzwk/ lqfuhdvhg vkduh ri U)G vshqglqj qhhg qrw eh dffrpsdqlhg e| kljkhu jurzwk

udwh/ dqg ylfh yhuvd1 Dowkrxjk lqyhvwphqw lv lqgxfhg e| surgxfwlylw| jurzwk/ lqyhvwphqw0

rxwsxw udwlr qhhg qrw ulvh prqrwrqlfdoo| zlwk surgxfwlylw| jurzwk1 Orzhu lqyhvwphqw0

rxwsxw udwlr pd| dffrpsdq| kljkhu surgxfwlylw| jurzwk/ vr kljkhu jurzwk udwh qhhg

qrw hqwdlo orzhu vkduh ri frqvxpswlrq1 Zh dujxh wkdw h{lvwlqj prghov pd| h{djjhudwh

ru xqghu0hvwlpdwh wkh uroh ri U)G lq jurzwk1 Zh dovr vkrz wkdw kljkhu jurzwk udwh lv

qrupdoo| dffrpsdqlhg e| juhdwhu Q0V zdjh jds lq wkh orqj uxq1 Wkh h�hfw ri frxqwu|

vl}h rq zdjh jds lv jhqhudoo| dpeljxrxv/ ghshqglqj rq wkh gluhfwlrq dqg pdjqlwxgh ri

vfdoh h�hfwv lq U)G1 Erwk IGL dqg V0Q pljudwlrq pd| lqfuhdvh joredo jurzwk udwh dqg

Q0V zdjh jds1

MHO Fodvvl�fdwlrq= R74/ R48/ I54/ I76

Nh| Zrugv= hqgrjhqrxv jurzwk/ Qruwk0Vrxwk zdjh jds/ U)G/ lqyhvwphqw



4 Lqwurgxfwlrq

Hfrqrplf jurzwk dqg zdjh jds ehwzhhq frxqwulhv kdyh orqj hqjdjhg hfrqrplvwv1 Zkdw

idfwruv ghwhuplqh wkh jurzwk udwh ri wkh joredo hfrqrp|B Krz gr wkhvh idfwruv lqwhudfw

wr d�hfw wkh zdjh jds ehwzhhq ghyhorshg frxqwulhv +Qruwk, dqg ghyhorslqj frxqwulhv

+Vrxwk,B Lq sduwlfxodu/ grhv wkh uhodwlyh zdjh ri d frxqwu| ghfuhdvh ru lqfuhdvh zlwk

lwv vl}h dv phdvxuhg e| lwv oderu hqgrzphqwB Uhfhqwo|/ wkhvh lvvxhv kdyh ehhq vwxglhg

iurp ydulrxv shuvshfwlyhv lq wkh hqgrjhqrxv jurzwk olwhudwxuh1

Uhjduglqj wkh hqjlqh ri jurzwk/ DN prghov irfxv rq lqyhvwphqw/ dqg suhglfw wkdw

kljkhu lqyhvwphqw0rxwsxw udwlr +khqfhiruwk lqyhvwphqw vkduh, |lhogv kljkhu jurzwk udwh14

Lq frpsdulvrq/ U)G prghov irfxv rq wrwdo idfwru surgxfwlylw| +WIS, jurzwk jhqhudwhg

e| lqqrydwlrq dv wkh hqjlqh ri jurzwk15 Wkh| suhglfw wkdw kljkhu U)G0rxwsxw ud0

wlr +khqfhiruwk U)G vkduh, |lhogv kljkhu jurzwk udwh/ dqg wkdw lqyhvwphqw vkduh ulvhv

prqrwrqlfdoo| zlwk WIS jurzwk udwh1 Wkh odwwhu suhglfwlrq riwhq ohdgv wr wkh ylhz

wkdw lqyhvwphqw rqo| sod|v d vxssruwlqj uroh lq jurzwk dqg fdq eh ljqruhg16 Krzhyhu/

wklv ylhz kdv ehhq fkdoohqjhg e| \rxqj +4<<8, zkr grfxphqwv d ixqgdphqwdo uroh iru

lqyhvwphqw dqg idfwru dffxpxodwlrq lq jhqhudo lq Hdvw Dvld*v udslg jurzwk1

Uhjduglqj Qruwk0Vrxwk +khqfhiruwk Q0V, zdjh jds/ d frpprq ylhz kdv orqj ehhq

wkdw lw vwhpv iurp uhodwlyh oderu dexqgdqfh lq V/ dffhqwxdwhg e| surgxfwlylw| gl�hu0

hqfhv1 Wklv ylhz �qgv vxssruw lq Nuxjpdq*v +4<:<, zrun rq zruog lqfrph glvwulexwlrq1

Lq d Q0V wudgh prgho zlwk h{rjhqrxv udwhv ri lqqrydwlrq lq Q dqg lplwdwlrq lq V/

Nuxjpdq �qgv wkdw wkh uhodwlyh zdjh ri d frxqwu| ghfuhdvhv zlwk lwv oderu hqgrzphqw

+l1h1 vl}h,1 Krzhyhu/ Nuxjpdq*v uhvxow kdv ehhq uhyhuvhg e| Jurvvpdq dqg Khospdq

+4<<4d, zkhq wkh udwhv ri lqqrydwlrq lq Q dqg lplwdwlrq lq V ghshqg rq wkhlu uhvshfwlyh

oderu hqgrzphqwv1

Jlyhq wkh vhhplqjo| frq lfwlqj shuvshfwlyhv dqg uhvxowv lq wkh olwhudwxuh/ zh dwwhpsw

d fduhixo uh0h{dplqdwlrq ri wkh lvvxhv lq wklv sdshu1 Wr wklv hqg/ zh jhqhudol}h dq U)G0

edvhg hqgrjhqrxv jurzwk prgho ri wkh Jurvvpdq dqg Khospdq +4<<4d/ e, w|sh zlwk

vhyhudo ihdwxuhv wkdw zh frqvlghu lpsruwdqw1 Lq wklv jhqhudol}hg iudphzrun/ zh uhodwh

jurzwk udwh/ lqyhvwphqw vkduh/ U)G vkduh dqg Q0V zdjh jds wr vwuxfwxudo fkdudfwhulv0

wlfv ri wkh joredo hfrqrp| dqg jryhuqphqw srolflhv1 Zh wkhq ghulyh d qxpehu ri uhvxowv

4Vhh h1j1 Urphu +4<;9, dqg Uhehor +4<<4,1
5Vhh h1j1 Urphu +4<<3,/ Jurvvpdq dqg Khospdq +4<<4e,/ dqg Djklrq dqg Krzlww +4<<5,1
6Vhh h1j1 Jurvvpdq dqg Khospdq +4<<4e=455,1
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wkdw vkhg oljkw rq wkh h{lvwlqj olwhudwxuh1

Iluvw/ kljkhu jurzwk udwh vwhpv iurp idvwhu udwh ri lqqrydwlrq ru pruh jurzwk0

frqgxflyh pdqxidfwxulqj whfkqrorj|1 Vxfk whfkqrorj| ihdwxuhv juhdwhu uhwxuqv wr vsh0

fldol}dwlrq ru juhdwhu ghshqghqfh rq fdslwdo ru lqqrydwhg jrrgv dv lqsxwv1 Vhfrqg/ kljkhu

jurzwk udwh lv dffrpsdqlhg e| lqfuhdvhg vkduh ri vshqglqj rq hlwkhu lqyhvwphqw ru U)G/

exw qrw qhfhvvdulo| erwk1 Lq sduwlfxodu/ kljkhu jurzwk udwh qhhg qrw eh dffrpsdqlhg e|

lqfuhdvhg vkduh ri U)G vshqglqj/ dqg ylfh yhuvd/ dowkrxjk U)G lv wkh hqjlqh ri jurzwk1

Wklug/ lqyhvwphqw vkduh qhhg qrw ulvh prqrwrqlfdoo| zlwk WIS jurzwk udwh/ dowkrxjk

lqyhvwphqw lv lqgxfhg e| WIS jurzwk1 Orzhu lqyhvwphqw vkduh pd| zhoo dffrpsdq|

kljkhu jurzwk udwh/ vr wkh odwwhu qhhg qrw hqwdlo orzhu frqvxpswlrq vkduh1

Wkh deryh uhvxowv iroorz iurp lqfrusrudwlqj fdslwdo lqwr wkh surgxfwlrq ri lqwhuph0

gldwh lqsxwv +dv zhoo dv wkh �qdo jrrg,/ dqg iurp wuhdwlqj wkh h�hfw ri surgxfw gli0

ihuhqwldwlrq rq WIS jurzwk jhqhudoo|1 Lq frpsdulvrq/ h{lvwlqj U)G prghov lpsolflwo|

dvvxph wkdw surgxfw gl�huhqwldwlrq dozd|v lqfuhdvhv WIS jurzwk1 Wkh| dovr iuhtxhqwo|

+fkrrvh wr, ljqruh fdslwdo lq vrph ru doo pdqxidfwxulqj vhfwruv/ edvhg rq wkh shufhswlrq

wkdw lqyhvwphqw rqo| sod|v d vxssruwlqj uroh lq jurzwk1 Zh vkrz wkdw wkh lpsolflw dv0

vxpswlrq pd| ohdg wr h{djjhudwlqj wkh uroh ri U)G lq jurzwk17 Rq wkh rwkhu kdqg/

ljqrulqj fdslwdo pd| ohdg wr xqghu0hvwlpdwlqj wkh uroh ri U)G lq jurzwk/ ehfdxvh rqh

ljqruhv wkdw lqyhvwphqw pd| hqkdqfh wkh jurzwk h�hfw ri dq| jlyhq U)G/ dv zh vkrz

lq wkh sdshu1 Rqo| e| frlqflghqfh zloo wkhvh wzr rssrvlqj h�hfwv h{dfwo| fdqfho rxw1 Lq

jhqhudo/ wkhuhiruh/ h{lvwlqj U)G prghov pd| h{djjhudwh ru xqghu0hvwlpdwh wkh uroh ri

U)G lq jurzwk1

Zh dovr �qg wkdw wkh zdjh jds ehwzhhq Q dqg V ghshqgv rq wkhlu vl}hv dv zhoo dv

zdjh vkduhv +l1h1 wkh vkduhv ri zruog lqfrph dffuxlqj wr wkhlu zrunhuv dv zdjhv,1 Kljkhu

jurzwk udwh lv qrupdoo| dffrpsdqlhg e| juhdwhu Q0V zdjh jds lq wkh orqj uxq/ ehfdxvh

ghwhuplqdqwv ri wkh jurzwk udwh dovr d�hfw zdjh vkduhv1 Wkh ryhudoo h�hfw ri frxqwu| vl}h

rq uhodwlyh zdjh ghshqgv rq wkh gluhfwlrq dqg pdjqlwxgh ri vfdoh h�hfwv +g|qdplf vfdoh

hfrqrplhv ru glv0hfrqrplhv, lq U)G/ ehfdxvh wkhvh h�hfwv olqn zdjh vkduh wr frxqwu|

vl}h wkurxjk wkh udwh ri lqqrydwlrq1 D frxqwu|*v uhodwlyh zdjh lqfuhdvhv zlwk lwv vl}h li

dqg rqo| li vwurqjo| srvlwlyh vfdoh h�hfwv suhydlo/ l1h1 pruh U)G lqsxw udlvhv lqqrydwlrq

7Wklv lv frqvlvwhqw zlwk wkh dqdo|vlv ri Ehqdvv| +4<<;,1 Kh revhuyhv wkdw U)G0edvhg jurzwk prghov

dgrswlqj wklv lpsolflw dvvxpswlrq � lq d pruh uhvwulfwlyh irup wr eh vshfl�hg odwhu � doo suhglfw wkdw

lqvx!flhqw uhvrxufhv duh ghyrwhg wr U)G dv frpsduhg wr d vrfldo rswlpxp1 Rxu dqdo|vlv jhqhudol}hv

Ehqdvv| +4<<;, rq wklv srlqw1
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dqg jurzwk udwhv vxevwdqwldoo|1 Rwkhuzlvh qr uhodwlrqvkls ru hyhq dq lqyhuvh rqh krogv1

Wkhvh uhvxowv iroorz iurp d jhqhudo wuhdwphqw ri vfdoh h�hfwv lq U)G/ prwlydwhg e|

fxuuhqw frqwuryhuv| ryhu wkh hpslulfdo +lu,uhohydqfh ri vxfk h�hfwv lq wkh olwhudwxuh18 E|

vkrzlqj wkdw yduldwlrqv lq wkh gluhfwlrq dqg pdjqlwxgh ri vfdoh h�hfwv pd| d�hfw wkh

olqn ehwzhhq frxqwu| vl}h dqg zdjh jds gl�huhqwo|/ zh uhfrqfloh wkh vhhplqjo| frq lfwlqj

uhvxowv ri Nuxjpdq +4<:<, dqg Jurvvpdq dqg Khospdq +4<<4d, phqwlrqhg hduolhu1

Rxu sdshu dovr vxssohphqwv wkh olwhudwxuh e| h{solflwo| dgguhvvlqj wkh urohv ri iru0

hljq gluhfw lqyhvwphqw +IGL, dqg pljudwlrq � lq dgglwlrq wr U)G dqg lqyhvwphqw � lq

d�hfwlqj jurzwk1 Wkh urohv ri IGL dqg pljudwlrq kdyh uduho| ehhq dgguhvvhg lq wkh

hqgrjhqrxv jurzwk olwhudwxuh/ dowkrxjk erwk kdyh ihdwxuhg surplqhqwo| lq frqwhpsr0

udu| jurzwk h{shulhqfh19 Zh vkrz wkdw IGL lq V e| Q0�upv pd| lqfuhdvh erwk jurzwk

udwh dqg Q0V zdjh jds1 Wkh h�hfwv ri pljudwlrq duh dpeljxrxv/ ghshqglqj rq wkh

gluhfwlrq dqg pdjqlwxgh ri vfdoh h�hfwv lq U)G1 Li vfdoh h�hfwv duh srvlwlyh exw zhdn/

V0Q pljudwlrq pd| surprwh jurzwk dqg uhgxfh zdjh jds1 Li vfdoh h�hfwv duh vwurqjo|

srvlwlyh/ V0Q pljudwlrq pd| lqfuhdvh erwk jurzwk udwh dqg Q0V zdjh jds/ h{dfhuedwlqj

srodul}dwlrq lq d idvwhu0jurzlqj zruog1

Wkh sdshu ghprqvwudwhv d vlpsoh |hw ixqgdphqwdo srlqw= Ehfdxvh jurzwk udwh/ lq0

yhvwphqw vkduh/ U)G vkduh dqg Q0V zdjh jds duh doo hqgrjhqrxv lq wkh orqj uxq/ lw pd|

eh plvohdglqj wr vwxg| dq| fdxvdo uhodwlrqvkls ehwzhhq dq| sdlu ri wkhvh yduldeohv/ dv wkh

olwhudwxuh iuhtxhqwo| vhhpv wr vxjjhvw1 D surshu xqghuvwdqglqj ri wkh orqj0uxq ehkdy0

lru ri wkhvh hqgrjhqrxv yduldeohv uhtxluhv fduhixo dqdo|vlv ri wkh xqghuo|lqj vwuxfwxudo

fkdudfwhulvwlfv ri wkh hfrqrp| +l1h1 whfkqrorj|/ hqgrzphqwv/ suhihuhqfhv, dqg uhohydqw

jryhuqphqw srolflhv1

Wkh uhvw ri wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 suhvhqwv wkh ghwdlov ri wkh

prgho1 Vhfwlrq 6 ghulyhv dqg glvfxvvhv wkh pdlq uhvxowv1 Vhfwlrq 7 frqfoxghv zlwk vrph

uhpdunv rq srvvleoh h{whqvlrqv ri wkh prgho1 Surriv ri d pruh whfkqlfdo qdwxuh dsshdu

lq wkh Dsshqgl{1

8Jurvvpdq dqg Khospdq +4<<4d/ e, dqg prvw hduo| U)G prghov ihdwxuh srvlwlyh vfdoh h�hfwv zklfk

kdv ehhq txhvwlrqhg e| Mrqhv +4<<8, rq hpslulfdo jurxqgv1 Uhfhqw zrun wkdw uh0h{dplqhv wkh lvvxh

lqfoxghv Edfnxv hw do1 +4<<5,/ Djklrq dqg Krzlww +4<<;,/ Vhjhuvwurp +4<<;,/ \rxqj +4<<;,/ Glqrsrxorv

dqg Wkrpsvrq +4<<<,/ dqg Mrqhv +4<<<,1
9E| frpsdulvrq/ wkh uroh ri wudgh lq jurzwk kdv ehhq h{whqvlyho| vwxglhg/ odujho| gxh wr wkh vhplqdo

zrun ri Jurvvpdq dqg Khospdq +4<<4e,1

6



5 Wkh prgho

Frqvlghu dq hfrqrp| zlwk wzr frxqwulhv +ru uhjlrqv,/ Q dqg V/ zlwk oderu hqgrzphqwv

+frqvxphu srsxodwlrqv, O� dqg O7> uhvshfwlyho|1 Oderu lv qrw preloh ehwzhhq frxqwulhv

xqohvv rwkhuzlvh vshfl�hg1 Fdslwdo lv shuihfwo| preloh1 Ilupv rzq sk|vlfdo fdslwdo dqg

�qdqfh lqyhvwphqw e| eruurzlqj iurp frqvxphuv1 IGL dulvhv zkhq d �up edvhg lq rqh

frxqwu| surgxfhv lq wkh rwkhu1

Wkhuh duh wzr w|shv ri jrrgv= d frqwlqxxp ri gl�huhqwldwhg lqwhuphgldwh jrrgv

{ = @ i{ +l, = l 5 ^3>4,j dqg d �qdo jrrg \ 1 Surgxfwlrq ri dq lqwhuphgldwh lv edvhg

rq d eoxhsulqw ghyhorshg wkurxjk U)G1 Wkh vxevhw ri { douhdg| ghyhorshg dqg xqghu

surgxfwlrq lv ghqrwhg L zlwk phdvxuh q= Surgxfwlrq ri \ xvhv { dv lqwhuphgldwhv1 \ lv

xvhg iru frqvxpswlrq dqg lqyhvwphqw lq pdqxidfwxulqj1

Zh zrxog olnh wkh prgho wr dssur{lpdwh wzr idfwv1 Iluvw/ lqqrydwlrq lv frqfhqwudwhg

lq ghyhorshg frxqwulhv +Q,/ dqg ghyhorslqj frxqwulhv +V, suhgrplqdwho| hqjdjh lq pdq0

xidfwxulqj1 Vhfrqg/ surgxfwlrq ri lqqrydwhg jrrgv whqgv wr eh frqwuroohg e| �upv iurp

wkh lqqrydwlqj frxqwulhv/ dqg +dw ohdvw dw vrph vwdjh ri wkh surgxfw olih f|foh, wdnhv wkh

irup ri IGL wr uhgxfh frvw1 Wr fdswxuh wkhvh idfwv dv vlpso| dv srvvleoh/ zh uhvwulfw dw0

whqwlrq wr htxloleuld zkhuh Q lqqrydwhv qhz ydulhwlhv ri { zklfk duh wkhq surgxfhg lq V

wkurxjk IGL/ dqg V vshfldol}hv lq pdqxidfwxulqj +erwk { dqg \ , dqg h{sruwv \ wr Q iru

frqvxpswlrq wkhuh1 Wklv vshfldol}dwlrq sdwwhuq lv dgplwwhgo| h{wuhph/ exw lw vlpsol�hv

wkh dqdo|vlv vxevwdqwldoo|1 Pruh lpsruwdqwo|/ wkh pdlq uhvxowv ri wkh sdshu zloo qrw eh

d�hfwhg txdolwdwlyho| li zh jhqhudol}h wr ohvv h{wuhph vshfldol}dwlrq sdwwhuqv/ surylghg

Q frqwlqxhv wr hqjdjh suhgrplqdwho| lq U)G dqg V suhgrplqdwho| lq pdqxidfwxulqj1

Wkh dvvxphg vshfldol}dwlrq sdwwhuq uhtxluhv +l, vx!flhqw surgxfwlylw| gl�huhqfh lq

U)G ehwzhhq uhjlrqv vr wkdw lw lv qrw zruwk grlqj U)G lq V> +ll, sdwhqwv surwhfwlrq

vr wkdw eoxhsulqwv uhpdlq lq wkh kdqgv ri Q0�upv> dqg +lll, vx!flhqw frvw gl�huhqfh lq

pdqxidfwxulqj vr wkdw lw lv qrw zruwk surgxflqj lq Q 1 Zh dvvxph +l, dqg +ll, wr krog/

dqg ghulyh wkh sdudphwhu uhvwulfwlrqv hqvxulqj +lll, lq wkh dsshqgl{1

Ilqdo jrrg1 \ lv surgxfhg lq V e| orfdo �upv +lqgh{hg e| m @ V, ru IGL �upv iurp

Q +lqgh{hg e| m @ I ,1 Ilupv ri w|sh m surgxfh rxwsxw \� ri wkh �qdo jrrg xvlqj doo

dydlodeoh lqwhuphgldwhv i{�+l, = l 5 Lj/ oderu O�+ dqg fdslwdo N�+= Rxwsxw lv

\� @ �+E�N
w�
�+P

w2
� O�3w�3w2

�+ > m @ V> I> +4,
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gl
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+5,

lv dq lqgh{ ri lqwhuphgldwhv1 �+ lv d vfdolqj sdudphwhu/ �> ��> �2> +�� . �2, 5 +3> 4, >

� +�, A 3> dqg E� lv d surgxfwlylw| sdudphwhu1 E| dvvxpswlrq/ IGL �upv pd| eh pruh

surgxfwlyh vr E8 � E7 A 3=

Dffruglqj wr +4, dqg +5,/ rxwsxw h{klelwv frqvwdqw uhwxuqv wr vfdoh +FUV, iru jlyhq

q> dqg WIS lqfuhdvhv zlwk q=: +5, lv d FHV ixqfwlrq zkhuh vpdoohu � lqglfdwhv pruh

gl�huhqwldwlrq +ohvv vxevwlwxwdelolw|, dprqj lqwhuphgldwhv1 Lw lqwurgxfhv d qhz ihdwxuh=

Zh doorz �� +�, U 3> vr gl�huhqwldwlrq ri lqwhuphgldwhv pd| kdyh qhjdwlyh/ }hur ru srv0

lwlyh h�hfw rq wkh uhwxuqv wr vshfldol}dwlrq lqgh{hg e| �=; Dv qrwhg e| Ehqdvv| +4<<;,/

prvw dxwkruv lpsolflwo| dvvxph � +�, @ �3k
k

lpso|lqj �� +�, ? 3> l1h1 uhwxuqv wr vshfldo0

l}dwlrq lqfuhdvh zlwk gl�huhqwldwlrq ri lqwhuphgldwhv lq d vshfl�f zd|1 Wklv ruljlqdwhv

iurp wkh frqvxpswlrq lqgh{ sursrvhg e| Gl{lw dqg Vwljolw} +4<::, wr prgho suhihuhqfh

iru lqfuhdvlqj glyhuvlw| +l1h1 odujhu qxpehu ri gl�huhqwldwhg jrrgv, lq frqvxpswlrq1 Lq

wkdw frqwh{w �� +�, ? 3 vhhpv sodxvleoh= Pruh gl�huhqwldwlrq dprqj frqvxpswlrq jrrgv

lv ehwwhu/ surylghg q A 41 Uh0lqwhusuhwlqj wkh Gl{lw0Vwljolw} frqvxpswlrq lqgh{ dv d

surgxfwlrq lqgh{/ krzhyhu/ lw lv qrw reylrxv zk| �� +�, ? 3 vkrxog frqwlqxh wr krog1 Dv

Hwklhu +4<;5, dqg Ehqdvv| +4<<;, erwk vxjjhvw/ rqh fdq wklqn ri � dv ehlqj lqghshqghqw

ri � ^l1h1 �� +�, @ 3`1 Lq sulqflsoh/ rqh fdq dovr wklqn ri whfkqrorjlhv zkhuh uhwxuqv wr

vshfldol}dwlrq ghfuhdvh zlwk gl�huhqwldwlrq ri lqwhuphgldwhv ^l1h1 �� +�, A 3`1

Oderu pdunhw lq hdfk frxqwu| lv frpshwlwlyh1 Krzhyhu/ iru uhdvrqv qrw dgguhvvhg

khuh/ IGL �upv pd| sd| d suhplxp deryh wkh orfdoo| frpshwlwlyh zdjh udwh=<

z8 @ �z7 > � � 4=

Zh glvfxvv krz wkh pdjqlwxgh ri � d�hfwv hpsor|phqw vwuxfwxuh dqg zdjh jds lq V

odwhu1

Dvvxplqj shuihfw frpshwlwlrq dqg qhjoljleoh wudqvsruw frvwv/ wkh FUV whfkqrorj|

+4, lpsolhv \ zloo eh sulfhg dw lwv plqlpxp xqlw frvw rq wkh zruog pdunhw=

s+ @ plq
�
is�+j > +6,

:Wkhvh surshuwlhv fdq eh yhul�hg prvw vlpso| li zh ohw %� E�� ' %� +zklfk krogv lq htxloleulxp, dqg

f�  ?%� vr �� ' ?
jEk�

f��

;Wkh whup �uhwxuqv wr vshfldol}dwlrq� zdv frlqhg e| Hwklhu +4<;5,1
<IGL �upv riwhq sd| kljkhu zdjhv wkdq orfdo �upv/ hvshfldoo| lq ghyhorslqj frxqwulhv1 Wkh| pd| gr

vr wr ryhufrph orfdo rshudwlrqdo eduulhuv ru rxw ri h!flhqf|0zdjh frqvlghudwlrq/ dprqj rwkhu wklqjv1

8



zkhuh zlwk �+ surshuo| fkrvhq/

s�+ @
4

E�q
w2+j3 �3k

k ,
t
w�

�] ?

f

^s +l,`
�30

gl

� w2
�30

z
�3w�3w2
� +7,

lv wkh xqlw frvw ri w|sh m �upv/ t lv wkh lqwhuhvw udwh �upv sd| rq fdslwdo ordqv/ dqg s +l,

lv wkh sulfh ri { +l,1 Iru wkh uhpdlqghu ri wkh sdshu zh qrupdol}h sulfhv vr

s+ � 4=

Frvw plqlpl}dwlrq e| surgxfhuv ri \� |lhogv wkh iroorzlqj ghpdqg iru lqsxwv=

N�+ @
4

t
��\�> +8d,

O�+ @
4

z�

+4� �� � �2,\� > +8e,

{� +l, @
^s +l,`30

U ?
f
^s +l�,`�30 gl�

�2\�> ;l 5 L= +8f,

Djjuhjdwh lqsxw ghpdqgv duh N+ @
S

� N�+/ O+ @
S

� O�+ dqg { +l, @
S

� {� +l,1 Dj0

juhjdwh rxwsxw lv \ @
S

� \�=

Lqwhuphgldwh jrrgv1 E| dvvxpswlrq/ wkhvh duh lqqrydwhg lq Q dqg wkhq surgxfhg

lq V wkurxjk IGL1 Hfrqrp|0zlgh lqqrydwlrq rxwsxw lv

�
q @ D +q> �q, i +O� , > +9,

zkhuh i +O� , A 3 iru O� A 3= D +q> �q, lv wkh djjuhjdwh nqrzohgjh lqgh{ d�hfwlqj

surgxfwlylw| lq U)G1 Iroorzlqj pxfk ri wkh hqgrjhqrxv0jurzwk olwhudwxuh/ zh dvvxph

D lqfuhdvhv zlwk fxpxodwlyh lqqrydwlrq h{shulhqfh/ dssur{lpdwhg e| wkh wrwdo qxpehu ri

lqqrydwlrqv q1 Zh dovr revhuyh wkdw surgxflqj lq iruhljq pdunhwv zkhuh wkh surgxfwv duh

vrog riwhq khosv �upv ghyhors qhz surgxfwv +ru lpsuryh h{lvwlqj rqhv,1 Wklv ohduqlqj

h�hfw ri IGL lv fdswxuhg e| wkh dvvxpswlrq wkdw D lqfuhdvhv zlwk fxpxodwlyh IGL

h{shulhqfh/ dssur{lpdwhg e| �q/ zkhuh q lv wkh wrwdo qxpehu ri IGL surmhfwv +vlqfh doo

q lqwhuphgldwhv duh surgxfhg wkurxjk IGL, dqg � sdudphwhul}hv wkh ohduqlqj h�hfw ri

IGL uhodwlyh wr lqqrydwlrq143 Ohw D +�> �, eh olqhdu0krprjhqhrxv dqg # +�, � D +4> �,/

43
Ilupv iuhtxhqwo| flwh wkh ohduqlqj h�hfw dv rqh pdmru prwlydwlrq iru xqghuwdnlqj IGL/ vhh h1j1

h{dpsohv dqg uhsruwv rq pxowlqdwlrqdo rshudwlrqv lq XQFWDG +4<<8,1 Dqrwkhu uh hfwlrq ri wkh ohduqlqj

h�hfw ri IGL lv wkdw pxowlqdwlrqdov riwhq orfdwh vrph ri wkhlu U)G idflolwlhv +riwhq zlwk h{sdwuldwh vwd�,

qhdu wkhlu ryhuvhdv surgxfwlrq idflolwlhv/ vhh h1j1 uhsruwv rq vxfk sudfwlfh ri Mdsdqhvh pxowlqdwlrqdov lq

wkh Ilqdqfldo Wlphv/ Rfwrehu 4:/ 4<<71
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wkhq D +q> �q, @ q# +�, = Ohw e} ghqrwh wkh jurzwk udwh ri dq| yduldeoh } vr wkdw e} �
�

5

5
=

Wkhq +9, fdq eh uh0zulwwhq dv

eq @ # +�, i +O� , +:,

zkhuh e| dvvxpswlrq/ # +3, @ 4> # +4, @ # ?4> #� A 3 dqg #�� ? 3=

+:, kdv wzr qryho ihdwxuhv1 Iluvw/ lqqrydwlrq udwh eq lqfuhdvhv zlwk wkh uhodwlyh ohduqlqj

h�hfw ri IGL/ �> yld wkh pxowlsolhu # +�, = Wklv fdswxuhv wkh uroh ri IGL lq nqrzohgjh

dffxpxodwlrq dqg lqqrydwlrq/ zklfk kdv odujho| ehhq ljqruhg lq wkh olwhudwxuh1 Vhfrqg/

zlwkrxw dq| d sulrul uhvwulfwlrq rq wkh vljq ri i � +O� ,/ lqfuhdvhg U)G lqsxw pd| d�hfw

lqqrydwlrq udwh gl�huhqwo|1 Vfdoh h�hfwv duh srvlwlyh li i � +O� , A 3/ devhqw li i � +O� , @ 3>

dqg qhjdwlyh li i � +O� , ? 3= Pruhryhu/ wkh pdjqlwxgh ri dq| vfdoh h�hfwv pd| ydu| zlwk

O� 1 Wklv jhqhudo vshfl�fdwlrq lv prwlydwhg e| wkh frpprq ylhz wkdw dv U)G lqsxw

lqfuhdvhv/ lqqrydwlrq pd| ehfrph pruh gl!fxow1 Khqfh/ lw lv jhqhudoo| xqfohdu zkhwkhu

lqqrydwlrq lqfuhdvhv ru ghfuhdvhv zlwk U)G lqsxw1 Rxu vshfl�fdwlrq hqfrpsdvvhv wkrvh

lq Jurvvpdq dqg Khospdq +4<<4d/ e, dqg hduo| U)G prghov zkhuh srvlwlyh vfdoh h�hfwv

suhydlo dqg wdnh wkh vshfldo irup ri eq ehlqj olqhdu lq U)G lqsxw ^l1h1 i � +O� , @ 4`1 Lw dovr

hqfrpsdvvhv wkh vshfl�fdwlrqv lq Vhjhuvwurp +4<<;,/ \rxqj +4<<;, dqg uhfhqw prghov

zkhuh vfdoh h�hfwv duh lqwhqwlrqdoo| devhqw1 Wkh jhqhudo wuhdwphqw ri vfdoh h�hfwv doorzv

xv wr vkhg oljkw rq wkh uhodwlrqvkls ehwzhhq uhodwlyh zdjh dqg frxqwu| vl}h lq jhqhudo/

dv zloo eh vhhq odwhu1

Dq lqwhuphgldwh �up iurp Q pd| ghyhors wkh eoxhsulqw ri lwv lqwhuphgldwh surgxfw

wkurxjk lwv rzq U)G/ ru lw pd| ex| wkh eoxhsulqw dw d sulfh1 Lq hlwkhu fdvh wkh �up

�qdqfhv wkh frvw ri wkh eoxhsulqw e| lvvxlqj vkduhv/ dqg sd|v rxw vxevhtxhqw sur�wv dv

glylghqgv1 Zlwk sdwhqw surwhfwlrq/ hdfk lqwhuphgldwh l 5 L lv surgxfhg lq V e| wkh Q0

�up zklfk rzqv wkh eoxhsulqw h{foxvlyho|1 Surgxfwlrq hpsor|v oderu o% +l, dqg fdslwdo

n% +l, = Rxwsxw lv

{ +l, @ �%E8 ^n% +l,`
w� ^o% +l,`

�3w� > +;,

zkhuh �% lv d vfdolqj sdudphwhu dqg �� 5 +3> 4,1 Zlwk �% surshuo| fkrvhq/ +;, lpsolhv d

xqlw frvw

f @
tw�z

�3w�
8

E8

= +<,

Jlyhq +8f,/ rswlpl}dwlrq e| hdfk surgxfhu |lhogv wkh iroorzlqj sulfh/ rxwsxw dqg sur�w

iru doo l 5 L =

s +l, @
f

�
@ s> +43d,

:



{ +l, @
4

s

�2\

q
@ {> +43e,

� +l, @ +4� �, s{ @ �> +43f,

dqg wkh iroorzlqj ghpdqg iru n% +l, dqg o% +l, iru doo l 5 L=

n% +l, @
��f{

t
@ n%> +44d,

o% +l, @
+4� ��, f{

z8

@ o%= +44e,

Djjuhjdwh lqsxw ghpdqgv duh N% @ qn% dqg O% @ qo%= Qrwlqj +43d, dqg +43e,/ zh �qg

iurp +44d, dqg +44e,/ uhvshfwlyho|/

N% @ qn% @
����2\

t
> +45d,

O% @ qo% @
+4� ��,��2\

z8

= +45e,

Frqvxpswlrq dqg vdylqj1 D frqvxphu fdq ohqg wr rwkhu frqvxphuv dw lqwhuhvw

udwh u= Vkh fdq dovr ohqg wr �upv zklfk ex| fdslwdo dw xqlw sulfh s+ � 4 dqg sd| khu

lqwhuhvw udwh t1 Ilqdoo|/ vkh fdq lqyhvw lq wkh vkduhv ri lqwhuphgldwh �upv1 Hdfk ri wkhvh

�upv kdv pdunhw ydoxh y dqg hduqv lqvwdqw sur�w � zklfk lv sdlg rxw wr vkduh0kroghuv

dv glylghqgv= Zlwk shuihfw fdslwdo prelolw|/ duelwudjh hqvxuhv wkdw wkh udwh ri uhwxuq rq

hdfk dvvhw dgmxvwhg iru fdslwdo jdlqv ru orvvhv pxvw htxdo wkh zruog lqwhuhvw udwh dw dq|

wlph=

�

y
. ey @ u +w, > +46d,

t @ u +w, = +46e,

D frqvxphu k +lq Q ru V, fkrrvhv frqvxpswlrq F� +w, ri wkh �qdo jrrg wr pd{lpl}h

glvfrxqwhg xwlolw|

X� @

]
"

f

h34| oq ^F� +w,`gw

vxemhfw wr lqwhuwhpsrudo exgjhw frqvwudlqw]
"

f

h3-E|�F� +w,gw � z� +3, .Z� +3, >

zkhuh � A 3 lv vxemhfwlyh glvfrxqw udwh/ U +w, �
U |
f
u +v,gv/ z� +3, lv zdjh lqfrph

glvfrxqwhg wr w @ 3/ dqgZ� +3, lv lqlwldo dvvhw hqgrzphqw1 Wkh vroxwlrq wr wklv vwdqgdug

;



lqwhuwhpsrudo rswlpl}dwlrq sureohp lpsolhv eF� @ u +w,��>;w= Djjuhjdwlqj ryhu k/ joredo

frqvxpswlrq F hyroyhv dv iroorzv=

eF @ u +w,� �> ;w= +47,

Pdunhw fohdulqj1 Oderu pdunhw htxloleulxp uhtxluhv U)G hpsor|phqw wr htxdo oderu

hqgrzphqw lq Q / zklfk lv hpehgghg lq +9,1 Lw dovr uhtxluhv pdqxidfwxulqj hpsor|phqw

wr htxdo oderu hqgrzphqw lq V =

O7+ . O8+ . O% @ O7= +48,

Surgxfw pdunhw htxloleulxp uhtxluhv ghpdqg iru { dv lqsxw wr htxdo lwv rxwsxw/ zklfk

lv hpehgghg lq +43e,1 Lw dovr uhtxluhv ghpdqg iru \ dv frqvxpswlrq dqg lqyhvwphqw

jrrgv wr htxdo lwv rxwsxw=

�

N% .
�

N7+ .
�

N8+ . F @ \= +49,

Ilqdoo|/ wkh frvw ri ghyhorslqj d qhz lqwhuphgldwh lq Q lv ��u�
u

?
/ zkhuh z� lv wkh

zdjh udwh lq Q 1 Wklv frvw lv hyhqwxdoo| eruqh e| wkh lqwhuphgldwh �up zklfk rzqv

wkh eoxhsulqw +hlwkhu gluhfwo| ru wkurxjk sxufkdvh, e| lvvxlqj vkduhv1 Lq d iuhh0hqwu|

htxloleulxp zlwk rqjrlqj lqqrydwlrq
�

u

qA 3
�
/ wkh pdunhw ydoxh ri dq lqwhuphgldwh �up/

y> pxvw htxdo wkh surgxfw ghyhorsphqw frvw=

y @
z�O�

�
q

= +4:,

6 Edodqfhg0jurzwk htxloleuld

Lq wkh uhpdlqghu ri wkh sdshu zh vwxg| edodqfhg jurzwk htxloleuld ri wkh joredo hfrqrp|

zkhuh Q vshfldol}hv lq lqqrydwlqj lqwhuphgldwhv zklfk duh surgxfhg lq V wkurxjk IGL/

dqg V vshfldol}hv lq pdqxidfwxulqj1

Gh�qlwlrq 4 D edodqfhg jurzwk htxloleulxp +EJH, lv fkdudfwhul}hg e|=

+l, �{hg vhfwrudo oderu doorfdwlrq lq V +frqvwdqw O7+> O8+ dqg O%,>

+ll, �{hg vkduh ri frqvxpswlrq lq �qdo rxwsxw +frqvwdqw �� �
�
t

,>

+lll, �{hg vkduh ri \ surgxfhg e| orfdo V0�upv +frqvwdqw �7+ �
t7
t
,>

+ly, eq>en%> eN�+> e{> e\ > eF> es> et> ez� doo ehlqj frqvwdqw +qrw qhfhvvdulo| htxdo,1

<



614 Jurzwk udwh

Lq d EJH/ �qdo rxwsxw/ frqvxpswlrq/ fdslwdo vwrfnv lq pdqxidfwxulqj/ dqg zdjhv doo

jurz dw wkh frpprq udwh +vhh dsshqgl{,

e\ @ eF @ eN% @ eN7+ @ eN8+ @ ez� @ ez7 @
�2� +�, eq

4� �� � �2��
> +4;,

zklfk zh zloo khqfhiruwk uhihu wr dv wkh jurzwk udwh dqg ghqrwh dv e\ 144 Fohduo|/ jurzwk

lv gulyhq e| lqqrydwlrq0lqgxfhg WIS jurzwk +�2�eq A 3,1 Li hlwkhu eq$ 3 +qr lqqrydwlrq,

ru �2�$ 3 +lqqrydwlrq kdv qr h�hfw rq WIS,/ jurzwk udwh zrxog dssurdfk }hur1 Kljkhu

jurzwk udwh vwhpv iurp idvwhu udwh ri lqqrydwlrq +odujhu eq, ru pruh jurzwk0frqgxflyh

pdqxidfwxulqj whfkqrorj|1 Vxfk whfkqrorj| ihdwxuhv juhdwhu uhwxuqv wr vshfldol}dwlrq ru

juhdwhu ghshqghqfh rq fdslwdo ru lqqrydwhg lqwhuphgldwhv dv lqsxwv +odujhu �> ��> �� ru

�2,1

Dffruglqj wr +4;,/ fdslwdo lq pdqxidfwxulqj lv qrw qhfhvvdu| iru vxvwdlqhg jurzwk

+e\ A 3 hyhq li �� @ �� @ 3,/45 exw lw pdjql�hv wkh jurzwk h�hfw ri U)G lq wzr

zd|v1 Iluvw/ lqfuhdvhg ghshqghqfh rq fdslwdo lq pdqxidfwxulqj vwlpxodwhv lqyhvwphqw

dqg/ wkurxjk wkh pxowlsolhu �

�3w�3w2w�
A 4/ pdjql�hv wkh jurzwk h�hfw ri dq| srvlwlyh

udwh ri WIS jurzwk1 Zlwkrxw fdslwdo wkh pxowlsolhu zrxog htxdo 4 dqg wkh jurzwk h�hfw

ri dq| WIS jurzwk zrxog eh vpdoohu1 Vhfrqg/ dv d vshfldo w|sh ri lqyhvwphqw/ IGL lq

lqwhuphgldwhv vhfwru fduulhv d ohduqlqj h�hfw zklfk pd| hqkdqfh eq dqg e\ wkurxjk wkh

pxowlsolhu # +�, lq +:,1 Khqfh/ zh qrwh wkh iroorzlqj=

Uhpdun 4 Zkhq h{lvwlqj U)G jurzwk prghov +fkrrvh wr, ljqruh fdslwdo lq jhqhudo dqg

IGL lq sduwlfxodu/ wkh| pd| xqghu0hvwlpdwh wkh uroh ri U)G lq jurzwk1

Iurp +:, dqg +4;, zh dovr qrwh wkh iroorzlqj=

Uhpdun 5 Srolflhv wkdw hqkdqfh wkh uhodwlyh ohduqlqj h�hfw ri IGL/ �> zloo lqfuhdvh

eq dqg e\ uhjdugohvv ri dq| vfdoh h�hfwv/ dowkrxjk srvlwlyh +qhjdwlyh, vfdoh h�hfwv zloo

dpsoli| +plwljdwh, wkh lqfuhdvhv lq eq dqg e\ 1

44Rxwsxw ri hdfk lqwhuphgldwh jrrg jurzv lq d EJH dw wkh udwh e% ' w� et 3 e? +vhh dsshqgl{,/ vr

e% : fC j :
�3w43w5w6

w5w6
c l1h1 rxwsxw ri hdfk lqwhuphgldwh jurzv lq d EJH l� wkh uhwxuqv wr vshfldol}dwlrq

duh odujh hqrxjk1 Vlploduo|/ et : e? l� j :
�3w43w5w6

w5
�

45Hpsor|lqj fdslwdo lq U)G zrxog uhqghu lw qhfhvvdu| iru vxvwdlqhg jurzwk/ dv vkrzq e| Djklrq dqg

Krzlww +4<<;,1

43



H{dpsohv ri srolflhv dqg rwkhu idfwruv wkdw hqkdqfh � lqfoxgh lpsuryhg lqiudvwuxfwxuh

dqg lqyhvwphqw folpdwh/ ehwwhu pdunhw dffhvv/ dqg jryhuqphqw surprwlrq ri IGL lq

jhqhudo1 Wkh deryh uhvxow vxssohphqwv uhfhqw zrun zklfk hpskdvl}hv wkdw srolflhv fdq

d�hfw orqj0uxq jurzwk udwh hyhq zkhq vfdoh h�hfwv duh holplqdwhg146

615 Lqyhvwphqw vkduh

Wkh joredo lqyhvwphqw vkduh lq d EJH lv +vhh dsshqgl{,

� �

�

N

\
@

�
�� . ��2��

�. e\
� e\ > +4<,

zkhuh N @ N%.N7+ .N8+ dqg wkh whup lq vtxduh eudfnhwv lv wkh htxloleulxp fdslwdo0

rxwsxw udwlr/ g
t
1 Khqfh/ lqyhvwphqw lv dovr lqgxfhg e| lqqrydwlrq0edvhg WIS jurzwk1

Zlwkrxw wklv zh zrxog rewdlq e\ @ 3 dqg � @ 3= Joredo lqyhvwphqw vkduh ulvhv zlwk

lqqrydwlrq udwh +eq, dqg wkh frvw vkduhv ri fdslwdo +�� dqg ��, dqg ri lqwhuphgldwhv +�2,1
47

Krzhyhu/ frqwudu| wr zkdw h{lvwlqj U)G prghov vxjjhvw/ � qhhg qrw ulvh prqrwrqlfdoo|

zlwk e\ = Wr vhh wklv/ zh �uvw gh�qh wkh hodvwlflw| � � k
jEk�

�� +�, dqg vwdwh wkh iroorzlqj

ohppd zklfk lv ghulyhg lq wkh dsshqgl{1

Ohppd 4
Y
Yk

A 3 l� eq A eqW � �4E�3w�3w2w��dkw2w�E�n#�nw�#o

jw2
2
w�k

=

Wkdw lv/ lqyhvwphqw vkduh ghfuhdvhv zlwk gl�huhqwldwlrq ri lqwhuphgldwhv +l1h1 lq0

fuhdvhv zlwk �, li dqg rqo| li lqqrydwlrq lv idvw hqrxjk1 Qrwlfh wkdw wkh fulwlfdo ydoxh

eqW ghshqgv rq �= Gh�qh �W � � kw2w�
kw2w�nw�

dqg qrwh �W 5 +�4> 3, = Li � � �W / eqW � 3>

frqglwlrq eq A eqW lv vdwlv�hg zlwk dq| srvlwlyh eq dqg Y
Yk

A 3 dozd|v rewdlqv1 Rqo| li

� ? �W gr zh qhhg wkh frqglwlrq eq A eqW A 3 wr hqvxuh Y
Yk

A 3=

Wr xqghuvwdqg Ohppd 4/ zh qrwh iurp +4<, wkdw � pd| d�hfw � erwk gluhfwo| dqg

lqgluhfwo| yld e\ =

C�

C�
@ �2��

e\
�. e\� ~} �

prqrsro| h�hfw

. +�� . ��2��,
C

C�

# e\
�. e\

$
� ~} �

jurzwk h�hfw

= +53,

46Vhh Mrqhv +4<<<, iru d glvfxvvlrq1
47 Lqwxlwlyho|/ odujhu e? dffhohudwhv +fdslwdo, jurzwk udwh et / sxvkhv xs wkh uhqwdo sulfh ri fdslwdo +htxdo

wr lqwhuhvw udwh,/
�
4n et � c dqg uhgxfhv wkh htxloleulxp fdslwdo0rxwsxw udwlr1 Zlwk glvfrxqwlqj/

�
4n et �

lqfuhdvhv sursruwlrqdwho| pruh vorzo| wkdq et 1 Khqfh/  ulvhv zlwk e?� Odujhu w�c w� ru w2 lpsolhv juhdwhu

vkduh ri vshqglqj rq fdslwdo +vhh +8d, dqg +45d,, dqg idvwhu jurzwk ri fdslwdo vwrfn +vhh +4;,,1 Erwk

h�hfwv udlvh  lq wkh orqj0uxq1
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Glufhwo|/ � d�hfwv wkh prqrsro| srzhu ri lqwhuphgldwh surgxfhuv/ wkh vkduh ri vshqglqj

rq lqwhuphgldwhv dqg wkh vkduh ri vshqglqj rq fdslwdo wkhuhri1 Zh fdoo wklv wkh prqrsro|

h�hfw > fdswxuhg e| wkh �uvw whup lq +53,1 Lw lv srvlwlyh/ vr � ulvhv zlwk � +l1h1 ghfuhdvhv

zlwk surgxfw gl�huhqwldwlrq,/ jlyhq e\ = Krzhyhu/ � pd| dovr d�hfw e\ dqg wkhuhe| � li

�� +�, 9@ 3/ fiu1 +4;,1 Zh fdoo wklv wkh jurzwk h�hfw > fdswxuhg e| wkh vhfrqg whup lq

+53,1 Li � � �W> e\ ghfuhdvhv zlwk � e| qrw pxfk +li dw doo,/ vlqfh �W 5 +�4> 3,1 Vr wkh

jurzwk h�hfw lv qrw vwurqjo| qhjdwlyh +li dw doo, dqg wkh prqrsro| h�hfw grplqdwhv1 Li

� ? �W ? 3/ wkh jurzwk h�hfw lv qhjdwlyh exw glplqlvkhv lq pdjqlwxgh zlwk eq/48 zkloh

wkh prqrsro| h�hfw lqfuhdvhv lq pdjqlwxgh zlwk eq1 Dw vx!flhqwo| kljk lqqrydwlrq udwh

+eq A eqW A 3,/ wkh srvlwlyh prqrsro| h�hfw zloo wkhuhiruh grplqdwh vr wkdw � dozd|v ulvhv

zlwk �1

Wkh iroorzlqj uhvxow iroorzv iurp Ohppd 4 dqg +4;,1

Sursrvlwlrq 4 Li eq A eqW dqg �� +�, ? 3> wkhq Y et

Yk
? 3 dqg Y

Yk
A 3=

Khqfh/ li lqqrydwlrq udwh lv vx!flhqwo| kljk +lw vx!fhv zlwk eq A 3 li � � �W, dqg

surgxfw gl�huhqwldwlrq lv jrrg iru WIS jurzwk/ wkhq jurzwk udwh zloo ulvh zlwk surgxfw

gl�huhqwldwlrq +ghfuhdvh zlwk �, dqg lqyhvwphqw vkduh zloo ghfuhdvh zlwk lw1 Wkh nh|

wr wklv uhvxow lv wkh prqrsro| h�hfw zklfk dulvhv zkhq lqwhuphgldwhv surgxfwlrq dovr

xvhv fdslwdo +�� A 3,149 Dw vx!flhqwo| idvw lqqrydwlrq udwh/ wkh WIS h�hfw ri surgxfw

gl�huhqwldwlrq ehfrphv qhjoljleoh iru fdslwdo jurzwk1 Wkhuhiruh lw vwlpxodwhv jurzwk

zlwkrxw uhyhuvlqj wkh prqrsro| h�hfw wkdw vxssuhvvhv lqyhvwphqw vkduh1

Zkhq �� +�, � 3> qrwh iurp +4<, wkdw � lqfuhdvhv zlwk � dqg �=

616 U)G vkduh

Vlqfh doo Q zrunhuv hqjdjh lq U)G/ zlwk iuhh hqwu| wkh vkduh ri wkhlu zdjh lq joredo

lqfrph +zdjh vkduh, htxdov wkh vkduh ri joredo lqfrph vshqw rq U)G1 Lq d EJH zh �qg

+vhh dsshqgl{,

U �
z�O�

\
@

�
�2 +4� �,

�. eq
� eq> +54,

zkhuh wkh whup lq vtxduh eudfnhwv lv wkh joredo lqqrydwlrq0rxwsxw udwlr/
�
�?

t

�
= Khqfh/

joredo U)G vkduh U ulvhv zlwk lqqrydwlrq udwh +eq, dqg wkh frvw vkduh ri lqwhuphgldwhv

48Wkh jurzwk h�hfw glplqlvkhv lq pdjqlwxgh zlwk e? ehfdxvh et lqfuhdvhv zlwk erwk e? dqg j Ek� ^fiu1

+4;,`/ exw lw lqfuhdvhv  dw d glplqlvklqj udwh gxh wr glvfrxqwlqj ^fiu1 +4<,`1
49 Lq Jurvvpdq dqg Khospdq +4<<4e/ fk18, w� ' f vr wkh prqrsro| h�hfw ydqlvkhv1
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lq �qdo rxwsxw +�2,/ dqg ghfuhdvhv zlwk �=4: Ixuwkhu/ U)G vshqglqj lv gulyhq e| wkh

sur�wdelolw| ri lqqrydwlrq1 Li hlwkhu eq $ 3 +qr lqqrydwlrq, ru �2 +4� �, $ 3 +qr

sur�wv,/4; wkhuh zrxog eh qr U)G vshqglqj1

617 Q0V zdjh jds

Uhfdoo �7+ �
t7
t

lv V0�upv* vkduh ri �qdo0jrrgv rxwsxw/ vr
�
4� �7+

�
� t8

t
lv IGL �upv*

vkduh1 Iurp +8e, dqg +45e, zh �qg wkh iroorzlqj zdjh vkduhv iru V zrunhuv lq orfdo dqg

IGL �upv=

z7O7+

\
@ +4� �� � �2, �7+> +55d,

z8O8+

\
@ +4� �� � �2,

�
4� �7+

�
> +55e,

z8O%

\
@ +4� ��,��2= +55f,

Ohw zW

7 �
�
u7+
u7

�
z7 .

�
u8+nu%

u7

�
z8 eh wkh hpsor|phqw0zhljkwhg dyhudjh zdjh lq V>

zkhuh O7+ dqg +O8+ . O%, duh hpsor|phqw lq orfdo dqg IGL �upv/ uhvshfwlyho|1 Wkhq

dgglqj xs +55d,/ +55e, dqg +55f, rq erwk vlghv |lhogv wkh djjuhjdwh zdjh vkduh ri V

zrunhuv=
zW

7O7

\
@ +4� �� � �2, . +4� ��,��2= +56,

Glylglqj +54, e| +56, |lhogv wkh zdjh jds ehwzhhq Q dqg V=

$ �
z�

zW

7

@
�2 +4� �,

+4� �� � �2, . +4� ��,��2

� eq
�. eq

��
O7

O�

�
= +57,

Khqfh/ Q0V zdjh jds pd| dulvh iurp +l, gl�huhqw vl}hv= O7 9@ O� > ru +ll, gl�huhqw zdjh

vkduhv dffuxlqj wr Q dqg V zrunhuv= �2 +4� �, eq@ +�. eq, 9@ +4� �� � �2,.+4� ��,��2=

Fhwhulv sdulexv/ wkh uhodwlyh zdjh ri d frxqwu| ghfuhdvhv zlwk lwv rzq vl}h +frxqwu|0vl}h

h�hfw, dqg ulvhv zlwk wkh zdjh vkduh dffuxlqj wr lwv zrunhuv +zdjh0vkduh h�hfw,1

4: Lqwxlwlyho|/ odujhu w2 lpsolhv lqfuhdvhg vkduh ri vshqglqj rq lqwhuphgldwh jrrgv/ dqg vpdoohu k

lpsolhv kljkhu sulfh pdun0xs rq wkhvh jrrgv1 Erwk h�hfwv udlvh wkh vkduh ri zruog lqfrph dffuxlqj

wr lqwhuphgldwh0jrrgv surgxfhuv dv sur�wv1 Dv vxfk wkh| udlvh wkh lqqrydwlrq0rxwsxw udwlr dqg wkh

joredo U)G vkduh1 Wkurxjk nqrzohgjh vslooryhuv/ odujhu e? uhgxfhv wkh ixwxuh ghyhorsphqw frvw ri qhz

surgxfwv1 Wklv udlvhv wkh udwh ri uhwxuq rq U)G/ E4n e?�/ dqg uhgxfhv wkh htxloleulxp lqqrydwlrq0rxwsxw

udwlr1 Zlwk glvfrxqwlqj/ E4n e?� lqfuhdvhv sursruwlrqdwho| pruh vorzo| wkdq lqqrydwlrq udwh e?� Khqfh/

joredo U)G vkduh ulvhv zlwk e?�
4; Lqqrydwlrq zrxog jhqhudwh qr sur�wv li hlwkhu w2 ' f +lqqrydwhg lqsxwv zhuh qrw xvhg lq pdqxidf0

wxulqj, ru E�3 k� ' f +lqqrydwhg lqsxwv zhuh shuihfw vxevwlwxwhv vr wkhlu sulfhv zhuh htxdo wr pdujlqdo

frvwv,1
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Frxqwu| vl}h dqg zdjh jds1 Dffruglqj wr +56,/ wkh vl}h ri V grhv qrw d�hfw lwv

zrunhuv* zdjh vkduh zklfk rqo| ghshqgv rq whfkqrorj| sdudphwhuv1 Krzhyhu/ gxh wr

vfdoh h�hfwv/ frxqwu| vl}h dqg zdjh vkduh duh olqnhg iru Q = Zlwk srvlwlyh vfdoh h�hfwv/ d

odujhu O� zloo lqfuhdvh eq +vhh +:,, dqg Q0zrunhuv* zdjh vkduh +vhh +54,,1 Li wklv srvlwlyh

olqn ehwzhhq frxqwu| vl}h dqg zdjh vkduh lv vwurqj hqrxjk/ wkh uhodwlyh zdjh ri Q pd|

lqfuhdvh zlwk lwv vl}h1 Wklv lv frq�uphg e| wkh iroorzlqj uhvxow ghulyhg lq wkh dsshqgl{1

� +O� , @
u�

sEu� �i
� +O� , lv dq hodvwlflw| ixqfwlrq vxfk wkdw d srvlwlyh dqg odujh ydoxh ri

� lqglfdwhv vwurqj srvlwlyh vfdoh h�hfwv1

Sursrvlwlrq 5
Y/

Yu�
U 3 li dqg rqo| li � +O� , U 4 . e?

4
=

Khqfh/ wkh uhodwlyh zdjh ri Q lqfuhdvhv +ghfuhdvhv, zlwk lwv vl}h li dqg rqo| li wkhuh

duh +qrw, vwurqj hqrxjk srvlwlyh vfdoh h�hfwv lq lqqrydwlrq1 Sursrvlwlrq 5 uhfrqflohv

vrph vhhplqjo| frqwudglfwru| uhvxowv lq wkh olwhudwxuh1 Wkh uhodwlyh zdjh ri Q lqfuhdvhv

zlwk lwv vl}h dv lq Jurvvpdq dqg Khospdq +4<<4d, li dqg rqo| li vfdoh h�hfwv duh vwurqjo|

srvlwlyh
�
� A 4 . e?

4

�
> vr wkh zdjh0vkduh h�hfw ri O� grplqdwhv lwv frxqwu|0vl}h h�hfw14<

Lq wkh rssrvlwh fdvh
�
� ? 4 . e?

4

�
dq lqyhuvh uhodwlrqvkls ã od Nuxjpdq +4<:<, rewdlqv153

Lq wkh nqlih0hgjh fdvh zkhuh � @ 4 . e?

4
> uhodwlyh zdjh lq Q lv lqghshqghqw ri lwv vl}h1

Pljudwlrq/ IGL dqg zdjh jds1 Rqh vrxufh ri lqfuhdvh lq wkh vl}h ri Q lv lppljudwlrq

iurp V1 Wr looxvwudwh wkh h�hfwv ri pljudwlrq rq zdjh jds prvw vlpso|/ zh frqvlghu

vrph h{rjhqrxvo| ghwhuplqhg pljudwlrq wdnlqj sodfh vr wkdw p 5 ^3> O7, zrunhuv pryh

iurp V wr Q 154 Wkh vl}h ri V ehfrphv +O7 �p, dqg wkdw ri Q ehfrphv +O� .p, =

Lqqrydwlrq udwh ehfrphv eq6 � # +�, i +O� .p, = Uhsodflqj eq> O7 dqg O� lq +57, zlwk

eq6> +O7 �p, dqg +O� .p, > uhvshfwlyho|/ wkh zdjh jds zlwk pljudwlrq ehfrphv55

$6 @
�2 +4� �,

+4� �� � �2, . +4� ��,��2

� eq6
�. eq6

��
O7 �p

O� .p

�
= +58,

Wkh iroorzlqj uhvxow lv ghulyhg lq wkh dsshqgl{ dqg looxvwudwhv krz +h{rjhqrxv, pljudwlrq

d�hfwv $61

4<Jurvvpdq dqg Khospdq +4<<4e=638, dovr qrwh wkdw wkhlu uhvxow uh hfwv wkh suhvhqfh ri �g|qdplf

vfdoh hfrqrplhv� lq U)G1 Krzhyhu/ wkh| gr qrw h{solflwo| hvwdeolvk wkdw wkh vfdoh hfrqrplhv kdyh wr eh

vx!flhqwo| vwurqj iru wkhlu uhvxow wr krog1 Wklv lv klgghq lq wkhlu vshfl�fdwlrq wkdw lqqrydwlrq rxwsxw lv

olqhdu lq oderu lqsxw1
53Nuxjpdq*v +4<:<, prgho ihdwxuhv dq h{rjhqrxv udwh ri lqqrydwlrq dqg wkxv qr vfdoh h�hfwv dw doo1
54
6 lv dvvxphg wr eh olplwhg wr hqvxuh wkdw doo pdqxidfwxulqj vwloo wdnhv sodfh lq 71

55Qrwh wkdw e?6 ' e? dqg /
6
' / li 6 ' f�
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Sursrvlwlrq 6 Y/
6

Y6
U 3 li dqg rqo| li � +O� .p, U

�
4 . e?

6

4

��
u7nu�

u736

�
=

Khqfh/ Q0V zdjh jds lqfuhdvhv +ghfuhdvhv, zlwk V0Q pljudwlrq li dqg rqo| li wkhuh

duh +qrw, vwurqj hqrxjk srvlwlyh vfdoh h�hfwv lq lqqrydwlrq lq Q 1

Sursrvlwlrq 6 vkhgv oljkw rq wkh frpprq ylhz zklfk dwwulexwhv Q0V zdjh jds wr

uhodwlyh oderu dexqgdqfh lq V= Wklv ylhz lpsolhv wkdw V0Q pljudwlrq pd| hyhqwxdoo|

uhgxfh Q0V zdjh jds/ ehfdxvh lw uhgxfhv grzqzdug zdjh suhvvxuh lq V dqg lqfuhdvhv

wkdw lq Q 1 Wklv vwdwlf ylhz ljqruhv U)G dqg lqqrydwlrq dv wkh hqjlqh ri jurzwk/ wkxv

ljqrulqj wkh olqn ehwzhhq frxqwu| vl}h dqg zdjh vkduh wkurxjk eq61 Lw krogv rqo| li

vfdoh h�hfwv lq U)G duh qrw vwurqjo| srvlwlyh1 Li vfdoh h�hfwv duh vwurqjo| srvlwlyh/

V0Q pljudwlrq pd| udlvh eq6 dqg jhqhudwh d vwurqj zdjh0vkduh h�hfw wkdw grplqdwhv

wkh frxqwu|0vl}h h�hfw/ hyhqwxdoo| lqfuhdvlqj Q0V zdjh jds1 Zh pd| wkhq h{shulhqfh

pljudwlrq0gulyhq kljkhu jurzwk udwh dffrpsdqlhg e| d zlghu zdjh jds1 Wkh rssrvlwh

rffxuv li qhjdwlyh vfdoh h�hfwv suhydlo1 Wkhq V0Q pljudwlrq zloo uhwdug jurzwk dqg

uhgxfh Q0V zdjh jds1 Ilqdoo|/ zlwk srvlwlyh exw zhdn vfdoh h�hfwv/ V0Q pljudwlrq zloo

dovr uhgxfh Q0V zdjh jds exw lqfuhdvh jurzwk udwh1

Wkh qh{w uhvxow iroorzv gluhfwo| iurp +57,/ +58, dqg +:,1

Sursrvlwlrq 7 Y/

YB
A 3 dqg

Y/6

YB
A 3=

Khqfh/ srolflhv wkdw hqkdqfh wkh uhodwlyh ohduqlqj h�hfw ri IGL zloo lqfuhdvh Q0V

zdjh jds xqdpeljxrxvo|/ uhjdugohvv ri pljudwlrq dqg ghvslwh wkdw IGL �upv pd| sd|

kljkhu zdjhv wkdq orfdo �upv lq V1 Wkh uhdvrq lv wkdw vxfk srolflhv hqkdqfh lqqrydwlrq

udwh wkurxjk wkh pxowlsolhu # +�,/ wkxv hqkdqflqj wkh zdjh vkduh ri U)G zrunhuv lq Q 1

Wklv frqwudvwv zlwk wkh dpeljxrxv h�hfwv ri pljudwlrq rq jurzwk dqg Q0V zdjh jds1

618 Frpsdudwlyh vwdwlfv

Wdeoh 4 vxppdul}hv frpsdudwlyh vwdwlfv uhvxowv uhjduglqj jurzwk udwh/ lqyhvwphqw vkduh/

U)G vkduh dqg Q0V zdjh jds/ dprqj rwkhuv1 Wkh uhvxowv duh edvhg rq +:,/ +4;,/ +4<,/

+54,/ +56,/ +57,/ +58,/ Ohppd 4 dqg Sursrvlwlrqv 5 dqg 61
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Wdeoh 41 Frpsdudwlyh Vwdwlfv Uhvxowv

Yduldeohv$ eq e\ � U
�W

7
u7

t
$ $6

Sdudphwhuv &

� . . . . 3 . .

O� B
�

B
�

B
�

B
�

3 B
2 B

O7 3 3 3 3 3 . .

p 3 3 3 3 3 3 B
�

�� 3 . . 3 � . .

�� 3 . . 3 � . .

�2 3 . . . � . .

� ^�� +�, ? 3` 3 �

. li eq:eq
W

�li eq	eq
W

3 li eq@eq
W

� . � �

� ^�� +�, A 3` 3 . . � . � �

� ^�� +�, @ 3` 3 3 . � . � �

� 3 3 � � 3 � �

Qrwh= Hdfk hqwu| suhvhqwv wkh vljq ri wkh sduwldo ghulydwlyh ri wkh fruuhvsrqglqj

�uvw0urz0yduldeoh z1u1w1 wkh fruuhvsrqglqj �uvw0froxpq0sdudphwhu1

�Wkh vljq lv U 3 li dqg rqo| li i � +O� , U 3=
2Wkh vljq lv U 3 li dqg rqo| li � +O� , U 4 . e?

4
=

�Wkh vljq lv U 3 li dqg rqo| li � +O� .p, U
�
4 . e?

6

4

��
u7nu�

u736

�
=

Vrph uhpdunv iroorz iurp Wdeoh 41

Uhpdun 6 Lqyhvwphqw vkduh qhhg qrw ulvh prqrwrqlfdoo| zlwk WIS jurzwk udwh/ do0

wkrxjk lqyhvwphqw lv lqgxfhg e| WIS jurzwk1

Vshfl�fdoo|/ dv rssrvhg wr h{lvwlqj U)G prghov/ kljkhu jurzwk udwh pd| eh dffrp0

sdqlhg e| orzhu ru frqvwdqw lqyhvwphqw vkduh +dorqj zlwk kljkhu U)G vkduh,1 Dv zh

qrwhg hduolhu/ wklv rffxuv ehfdxvh surgxfw gl�huhqwldwlrq � d srvvleoh vrxufh ri WIS

jurzwk � pd| d�hfw lqyhvwphqw vkduh erwk gluhfwo| yld wkh prqrsro| h�hfw dqg lqgl0

uhfwo| yld wkh jurzwk h�hfw1 Wkh prqrsro| h�hfw lv ljqruhg e| h{lvwlqj U)G prghov
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ehfdxvh wkh| +fkrrvh wr, ljqruh fdslwdo lq lqwhuphgldwhv surgxfwlrq1 Khqfh wkh| ljqruh

dq lqwhuhvwlqj fdvh zkhuh lqyhvwphqw vkduh pd| qrw lqfuhdvh zlwk WIS jurzwk1

Uhpdun 7 Lqfuhdvhg vkduh ri U)G vshqglqj qhhg qrw eh dffrpsdqlhg e| kljkhu jurzwk

udwh/ dqg ylfh yhuvd/ dowkrxjk U)G lv wkh hqjlqh ri jurzwk1

Vshfl�fdoo|/ lqfuhdvhg vkduh ri U)G vshqglqj pd| eh dffrpsdqlhg e| orzhu ru frq0

vwdqw jurzwk udwh +dqg orzhu lqyhvwphqw vkduh, li surgxfw gl�huhqwldwlrq kdv/ uhvshf0

wlyho|/ dgyhuvh ru qr lpsdfw rq WIS jurzwk ^�� +�, � 3` =56 Frqyhuvho|/ kljkhu jurzwk

udwh pd| eh dffrpsdqlhg e| orzhu ru frqvwdqw U)G vkduh +dorqj zlwk kljkhu lqyhvwphqw

vkduh,1 Orzhu U)G vkduh pd| rffxu li �� +�, A 3= Li lqfuhdvhg ghshqghqfh rq fdslwdo lq

pdqxidfwxulqj +odujhu �� ru ��, vwlpxodwhv lqyhvwphqw dqg pdjql�hv wkh jurzwk h�hfw

ri dq| jlyhq WIS jurzwk/ U)G vkduh pd| vwd| frqvwdqw1 Wklv ohdgv xv wr=

Uhpdun 8 E| +lpsolflwo|, dvvxplqj surgxfw gl�huhqwldwlrq dozd|v lqfuhdvhv WIS jurzwk

^�� +�, ? 3` > h{lvwlqj U)G jurzwk prghov pd| h{djjhudwh wkh uroh ri U)G lq jurzwk1

Uhpdunv 6 dqg 7 kljkoljkw wkh lpsruwdqfh ri lqfrusrudwlqj fdslwdo lq doo pdqxidf0

wxulqj vhfwruv/ dqg ri wuhdwlqj wkh h�hfw ri surgxfw gl�huhqwldwlrq rq WIS jhqhudoo|1

Vxppdul}lqj ryhu wkhvh uhpdunv/ zh uhfrug=

Sursrvlwlrq 8 Kljkhu jurzwk udwh lv dffrpsdqlhg e| lqfuhdvhg vkduh ri vshqglqj rq

hlwkhu lqyhvwphqw ru U)G/ exw qrw qhfhvvdulo| erwk1 Lw lv dffrpsdqlhg e| erwk li lw

vwhpv iurp odujhu eq/ �2 ru +dvvxplqj �� +�, ? 3 dqg eq ? eqW, vpdoohu �/ doo ri zklfk

lpso| idvwhu WIS jurzwk1

Iurp Wdeoh 4 zh dovr vhh wkdw kljkhu jurzwk udwh edvhg rq odujhu �/ ��/ �� ru �2

lv dffrpsdqlhg e| juhdwhu Q0V zdjh jds1 Wklv lv ehfdxvh odujhu ��/ �� ru �2 lpsolhv

lqfuhdvhg vkduh ri vshqglqj rq fdslwdo dqg wkxv orzhu zdjh vkduh iru pdqxidfwxulqj

oderu lq V1 Ixuwkhu/ odujhu � ru �2 lpsolhv lqfuhdvhg vkduh ri U)G vshqglqj dqg wkxv

kljkhu zdjh vkduh iru U)G oderu lq Q 1 Wklv ohdgv xv wr=

Uhpdun 9 Vwurqjhu ohduqlqj h�hfw ri IGL dqg pruh ghshqghqfh rq fdslwdo dqg lqwhu0

phgldwhv lq pdqxidfwxulqj jhqhudwh srvlwlyh olqnv ehwzhhq jurzwk udwh dqg Q0V zdjh jds

e| udlvlqj wkh zdjh vkduh ri Q0zrunhuv dqg2ru uhgxflqj wkdw ri V0zrunhuv1

56Gxh wr wkh vshflol}dwlrq sdwwhuq ri wkh prgho/ 4 dovr d�hfwv lqyhvwphqw dqg U)G vkduhv zlwkrxw

d�hfwlqj jurzwk udwh1

4:



Rq wkh rwkhu kdqg/ kljkhu jurzwk udwh edvhg rq fkdqjhv lq O� ru p pd| dovr

eh dffrpsdqlhg e| juhdwhu Q0V zdjh jds1 Dv h{sodlqhg hduolhu/ wklv kdsshqv li vfdoh

h�hfwv duh vwurqjo| srvlwlyh/ vr wkdw odujhu O� ru p jhqhudwhv d vwurqj zdjh0vkduh h�hfw

wkdw grplqdwhv wkhlu uhvshfwlyh frxqwu|0vl}h h�hfw1 Lw dovr kdsshqv li vfdoh h�hfwv duh

qhjdwlyh/ lq zklfk fdvh vpdoohu O� ru p jhqhudwhv d zhdn zdjh0vkduh h�hfw wkdw lv

grplqdwhg e| wkhlu uhvshfwlyh frxqwu|0vl}h h�hfw1 Wklv ohdgv xv wr=

Uhpdun : Fkdqjhv lq wkh vl}h ri Q +h1j1 gxh wr +fkdqjhv lq, pljudwlrq iurp V, pd|

jhqhudwh srvlwlyh olqnv ehwzhhq jurzwk udwh dqg Q0V zdjh jds/ li vfdoh h�hfwv duh hlwkhu

qhjdwlyh ru vwurqjo| srvlwlyh1

Lq vxppdu|/ zh uhfrug=

Sursrvlwlrq 9 Li vfdoh h�hfwv duh qrq0srvlwlyh ^i � +O� , � 3` dqg uhwxuqv wr vshfldol}d0

wlrq gr qrw ghfuhdvh zlwk surgxfw gl�huhqwldwlrq ^�� +�, � 3`/ kljkhu jurzwk udwh lv dozd|v

dffrpsdqlhg e| juhdwhu Q0V zdjh jds157

Sursrvlwlrq 9 lghqwl�hv +hpslulfdoo| uhohydqw, frqglwlrqv xqghu zklfk kljkhu jurzwk

udwh lv dffrpsdqlhg e| juhdwhu Q0V zdjh jds1 Dv zh kdyh vhhq/ wkh uhvxow ghulyhv iurp

dw ohdvw rqh ri wzr h�hfwv uhodwhg wr zdjh vkduhv1 Iluvw/ prvw idfwruv lqfuhdvlqj wkh

jurzwk udwh wlow zdjh vkduhv lq glvidyru ri pdqxidfwxulqj zrunhuv lq V +fiu1 Uhpdun 9,1

Vhfrqg/ vfdoh h�hfwv olqn zdjh vkduh wr frxqwu| vl}h lq d zd| wkdw idyruv U)G zrunhuv

lq Q +fiu1 Uhpdun :,1 Rxu dqdo|vlv vkhgv oljkw rq vwdwlf ylhzv zklfk irfxv rq wkh

frxqwu|0vl}h h�hfw dorqh dqg ljqruh zdjh0vkduh h�hfwv1

Ilqdoo|/ iurp Wdeoh 4 zh dovr uhfrug=

Uhpdun ; Vpdoohu glvfrxqw udwh lpsolhv +l, kljkhu lqyhvwphqw vkduh> +ll, kljkhu U)G

vkduh> dqg +lll, juhdwhu Q0V zdjh jds158

Lqwxlwlyho|/ vpdoohu � phdqv orzhu uhqwdo sulfh iru fdslwdo/
�
�. e\

�
= Wklv lqfuhdvhv

wkh htxloleulxp fdslwdo0rxwsxw udwlr dqg khqfh �1 Ohvv glvfrxqwlqj dovr udlvhv wkh suhvhqw

ydoxh ri lqqrydwlrqv/ wkxv udlvlqj wkh zdjh vkduh ri U)G zrunhuv lq Q +l1h1 wkh U)G

vkduh U, dqg Q0V zdjh jds159

57Idvwhu jurzwk lv dffrpsdqlhg e| vpdoohu �07 zdjh jds li= +l, lw lv edvhg rq odujhu u� ru 6 dqg

vfdoh h�hfwv duh srvlwlyh exw zhdn( ru +ll, lw lv edvhg rq odujhu k dqg uhwxuqv wr vshfldol}dwlrq ghfuhdvh

zlwk surgxfw gl�huhqwldwlrq dj� Ek� : fo1
58Gxh wr wkh dvvxphg vshfldol}dwlrq sdwwhuq/ 4 grhv qrw d�hfw orqj0uxq jurzwk udwh1
59Zkhq 4 < f +dqg e? : f lv �qlwh,/ +4<,/ +54, dqg +57, |lhog *�44<f  ' Ew� n kw2w�� c *�44<f- '
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619 Hpsor|phqw dqg lqfrph glvwulexwlrq lq 7

Pdnlqj xvh ri +55d,/ +55e, dqg +55f,/ dqg qrwlqj z8 @ �z7 > +48, fdq eh uh0zulwwhq dv

�

�
\

z7

�
@ O7> +59,

zkhuh � �

�
+4� �� � �2,

�
�7+ .

4� �7+

�

�
.
+4� ��,��2

�

�
=

Vroylqj +59, z1u1w1
�
�7
t

�
> soxjjlqj wkh uhvxow lq +55d,/ +55e, dqg +55f, dqg qrwlqj djdlq

z8 @ �z7 > zh �qg wkh iroorzlqj hpsor|phqw vwuxfwxuh lq V=

O7+ @ +4� �� � �2, �7+O7@�> +5:d,

O8+ @ +4� �� � �2,

�
4� �7+

�

�
O7@�> +5:e,

O% @ +4� ��,

�
��2

�

�
O7@�> +5:f,

zkhuh �7+ lv V0�upv* vkduh ri wkh �qdo0jrrgv pdunhw1

Dffruglqj wr wkh sulflqj uxoh +6,/ �upv zlwk wkh orzhvw xqlw frvw s�+ zloo fdswxuh

wkh hqwluh �qdo0jrrgv pdunhw1 Qrz gh�qh �
W

�

�
�8
�7

� �

�3w�3w2 dv wkh oderu surgxf0

wlylw| dgydqwdjh ri IGL �upv ryhu V0�upv/ dqg qrwlfh wkdw �W � 4 vlqfh E8 � E7

e| dvvxpswlrq= Lw lv wkhq hdv| wr yhuli| wkdw � A �
W

/ s8+ A s7+ / �7+ @ 4 dqg

� ? �
W

/ s8+ ? s7+ / �7+ @ 3= Lqwxlwlyho|/ li IGL �upv sd| dq h{fhvvlyh zdjh suh0

plxp wkdw h{fhhgv wkhlu oderu surgxfwlylw| dgydqwdjh +� A �
W,/ wkhlu xqlw frvw h{fhhgv

wkdw ri orfdo �upv dqg wkh odwwhu zloo fdswxuh wkh hqwluh �qdo0jrrgv pdunhw1 Wkh rssr0

vlwh rffxuv li IGL �upv sd| dq lqvx!flhqw zdjh suhplxp +� ? �W,1 Li IGL �upv sd| d

qhxwudo zdjh suhplxp +� @ �
W, > wkh| zloo kdyh wkh vdph xqlw frvw dv V0�upv dqg erwk

w|shv ri �upv zloo vkduh wkh pdunhw/ exw wkh vkdulqj lv lqghwhuplqdwh d sulrul15:

dw2 E�3 k�o c dqg *�44<f / '
w5E�3k�

E�3w43w5�nE�3w6�kw5

�
uV
uQ

�
c uhvshfwlyho|1 Khqfh/ lqyhvwphqw vkduh zrxog

dssurdfk wkh frvw vkduh ri fdslwdo lq zruog rxwsxw/ U)G vkduh zrxog dssurdfk wkh vkduh ri zruog lqfrph

dffuxlqj wr lqwhuphgldwh0jrrgv �upv dv sur�wv/ dqg wkh zdjh jds zrxog ghshqg rqo| rq whfkqrorj|

sdudphwhuv dqg uhodwlyh frxqwu| vl}h1 Qrqh ri wkhp zrxog ghshqg rq e? ru et c dqg doo zrxog eh kljkhu

dv frpsduhg wr wkh fdvh zlwk 4 : f1 Wkh vdph olplw ydoxhv iru c - dqg / rewdlq zkhq e? < " +dqg

4 : f,1 Lw iroorzv wkdw idvwhu lqqrydwlrq +lqfuhdvh lq e?, dqg jurzlqj frqvxphu sdwlhqfh +uhgxfwlrq lq 4,

kdyh txdolwdwlyho| wkh vdph h�hfwv rq c - dqg /1
5:Zh vkrz lq wkh dsshqgl{ wkdw/ wr hqvxuh doo pdqxidfwxulqj vwloo wdnhv sodfh lq 7 zkhq q ' qWc

zh pxvw kdyh f $ �7+ $ 4�?t�c �7+�c zkhuh wkh vhfrqg lqhtxdolw| lv vwulfw zkhqhyhu �7+ 	 �� Wkh

sdudphwhu �7+ : f lv gh�qhg lq wkh dsshqgl{1 Zh dovr vkrz wkdw �7+ 	 � li 7 lv uhodwlyho| vpdoo/ lq

zklfk fdvh wkh deryh frqglwlrq uhvwulfwv 70�upv* pdunhw vkduh wr eh vwulfwo| ohvv wkdq 41

4<



Lq wkh odvw fdvh zh kdyh d frqwlqxxp ri edodqfhg jurzwk htxloleuld zlwk gl�huhqw �7+0

ydoxhv zklfk/ dffruglqj wr +55, dqg +5:,/ lpso| gl�huhqw lqfrph glvwulexwlrq sdwwhuqv

dqg hpsor|phqw vwuxfwxuhv lq V= Frqvlghu wkh qrq0wulyldo fdvh zkhuh IGL �upv sd| d

srvlwlyh exw qhxwudo zdjh suhplxp +� @ �W A 4,15; Ehfdxvh orfdo �upv sd| orzhu zdjhv/

wkh| zloo eh pruh oderu0lqwhqvlyh1 Dq lqfuhdvh lq orfdo �upv* pdunhw vkduh/ �7+> zloo

wkhuhiruh udlvh wkhlu hpsor|phqw +vhh +5:d,, dv zhoo dv djjuhjdwh oderu ghpdqg lq V1

Wkh odwwhu irujhv xs �7
t
/ dqg uhgxfhv hpsor|phqw lq IGL �upv +vhh +5:e, dqg +5:f,,1

Wkh hqg uhvxow lv kljkhu lqfrph vkduh iru zrunhuv lq orfdo �upv dw wkh h{shqvh ri zrunhuv

lq IGL �upv surgxflqj \ +vhh +55d, dqg +55e,,1 Wkh lqfrph vkduh ri zrunhuv lq IGL

�upv surgxflqj { uhpdlqv xqd�hfwhg +vhh +55f,,1 Zlwk Free0Grxjodv whfkqrorjlhv/

hpsor|phqw dgmxvwphqwv r�vhw dq| h�hfwv ri �7+ rq zdjhv/ vr Q0V zdjh jds uhpdlqv

xqd�hfwhg +vhh +57,,1 Zh vxppdul}h wkh uhvxowv irupdoo| lq=

Sursrvlwlrq : Ohw � @ �W A 4= Wkhq=

+l,
Yu7+
Y�7+

A 3>
Yu�+
Y�7+

? 3> Yu%
Y�7+

? 3>

+ll, Y
Y�7+

�
�7u7+
t

�
A 3> Y

Y�7+

�
�8u8+

t

�
? 3> Y

Y�7+

�
�8u%
t

�
@ 3>

+lll, Y/
Y�7+

@ 3=

Wkh pdjqlwxgh ri IGL �upv* zdjh suhplxp/ �> dovr d�hfwv hpsor|phqw vwuxfwxuh

dqg lqfrph glvwulexwlrq lq V1 Vwduwlqj iurp � � �W dqg �7+ A 3> kljkhu zdjh suhplxp

zloo udlvh �8
t

dqg uhgxfh hpsor|phqw lq ehwwhu0sd|lqj IGL �upv +vhh +5:e, dqg +5:f,,1

Wklv jhqhudwhv vxusoxv oderu zklfk lv devruehg e| ohvv zhoo0sd|lqj orfdo �upv +vhh +5:d,,

wkurxjk d ghfolqh lq �7
t
1 Wkh hqg uhvxow lv lqfuhdvhg srodul}dwlrq dprqj V zrunhuv/ zlwk

ihzhu hpsor|hg dw kljkhu zdjh +uhodwlyh wr joredo lqfrph, lq IGL �upv/ pruh hpsor|hg

dw orzhu zdjh +uhodwlyh wr joredo lqfrph, lq orfdo �upv/ dqg zlghu zdjh jds ehwzhhq

IGL dqg orfdo �upv1 Zlwk Free0Grxjodv whfkqrorjlhv lq pdqxidfwxulqj/ oderu lqfrph lq

hdfk w|sh ri �upv frpsulvhv d �{hg vkduh ri rxwsxw zklfk lv qrw d�hfwhg e| �/ fiu1 +55d,/

+55e, dqg +55f,1 Dq| h�hfwv ri � rq zdjhv duh wkhuhiruh h{dfwo| r�vhw e| frqfxuuhqw

dgmxvwphqwv lq hpsor|phqw vwuxfwxuh/ vr wkdw Q0V zdjh jds uhpdlqv xqd�hfwhg +vhh

+57,,1 Zh vxppdul}h wkh uhvxowv irupdoo| lq=

Sursrvlwlrq ; Ohw � � �W= Wkhq=

+l,
Yu7+
Yq

A 3>
Yu�+
Yq

? 3> Yu%
Yq

? 3>

5;
Wkh fdvh q ' qW ' � lv wulyldo ehfdxvh wkhq IGL dqg orfdo �upv duh lghqwlfdo= Wkh| sd| htxdo zdjhv

dqg duh htxdoo| surgxfwlyh1
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+ll, Y
Yq

�
�7u7+
t

�
@

Y
Yq

�
�8u8+

t

�
@

Y
Yq

�
�8u%
t

�
@ 3> dqg

+lll, Y/
Yq

@ 3=

D frpsdulvrq ri Sursrvlwlrqv : dqg ; lpphgldwho| iroorzv1 Zkloh lqfuhdvhv lq �

dqg �7+ erwk vkliw hpsor|phqw iurp IGL wr orfdo �upv/ wkh| d�hfw lqfrph glvwulexwlrq

lq V gl�huhqwo|1 Kljkhu zdjh suhplxp e| IGL �upv lqfuhdvhv grphvwlf zdjh jds dqg

srodul}dwlrq lq V zlwkrxw d�hfwlqj lqfrph glvwulexwlrq dprqj gl�huhqw zrunhu jurxsv1

Lq frqwudvw/ hqkdqflqj wkh pdunhw vkduh ri orfdo �upv uhglvwulexwhv lqfrph lq wkh �qdo0

jrrgv vhfwru lq idyru ri wkrvh zrunlqj lq wkhvh �upv1 Grphvwlf zdjh jds uhpdlqv

xqd�hfwhg15<

7 Frqfoxvlrq

Wklv sdshu kdv uh0h{dplqhg wkh vrxufhv ri orqj0uxq jurzwk dqg zdjh jds lq d Q0V

prgho zlwk wudgh dqg IGL1 Wkh dqdo|vlv lv vxppdul}hg lq Iljxuh 41 Orqj0uxq jurzwk

udwh ghshqgv rq wkh udwh ri lqqrydwlrq dqg pdqxidfwxulqj whfkqrorj|1 Wkh zdjh jds

ehwzhhq Q dqg V ghshqgv rq wkhlu vl}hv dv zhoo dv zdjh vkduhv1 Ghwhuplqdqwv ri jurzwk

udwh pd| d�hfw lqyhvwphqw dqg U)G vkduhv lq ydulrxv zd|v1 Vr lqfuhdvhg vkduh ri U)G

vshqglqj qhhg qrw eh dffrpsdqlhg e| kljkhu jurzwk udwh/ dqg ylfh yhuvd/ dowkrxjk U)G

lv wkh hqjlqh ri jurzwk1 Olnhzlvh/ lqyhvwphqw0rxwsxw udwlr qhhg qrw ulvh prqrwrqlfdoo|

zlwk surgxfwlylw| jurzwk/ dowkrxjk lqyhvwphqw lv lqgxfhg e| surgxfwlylw| jurzwk1 Gh0

whuplqdqwv ri jurzwk udwh pd| dovr d�hfw zdjh vkduhv1 Dv d uhvxow/ kljkhu jurzwk udwh

lv qrupdoo| dffrpsdqlhg e| juhdwhu Q0V zdjh jds lq wkh orqj uxq1 Vfdoh h�hfwv lq U)G

olqn zdjh vkduh wr frxqwu| vl}h wkurxjk wkh udwh ri lqqrydwlrq/ vr wkh h�hfw ri frxqwu|

vl}h rq zdjh jds ehfrphv dpeljxrxv/ ghshqglqj rq wkh gluhfwlrq dqg pdjqlwxgh ri vfdoh

h�hfwv lq U)G1 Erwk IGL dqg V0Q pljudwlrq pd| d�hfw jurzwk udwh dqg Q0V zdjh

jds1

Wkh sdshu vxjjhvwv wkdw h{lvwlqj U)G prghov pd| h{djjhudwh ru xqghu0hvwlpdwh wkh

uroh ri U)G lq jurzwk1 H{djjhudwlrq pd| dulvh iurp lpsolflwo| dvvxplqj wkdw surgxfw

gl�huqwldwlrq dozd|v udlvhv WIS jurzwk1 Xqghu0hvwlpdwlrq pd| dulvh iurp fkrrvlqj wr

5<Dv douhdg| qrwhg/ wkh uhvxow wkdw qhlwkhu q qru �7+ d�hfwv / klqjhv rq Free0Grxjodv whfkqrorjlhv

zkhuhe| +pdqxidfwxulqj, oderu lqfrph frpsulvhv d �{hg vkduh ri rxwsxw1 Zlwk dowhuqdwlyh vshfl�fdwlrqv

ri whfkqrorj|/ q ru �
7+ pd| d�hfw dyhudjh zdjh lq 7 dqg /1 Ixuwkhu/ li zh doorz iru xqhpsor|phqw lq

7 lqlwldoo|/ wkhuh lv grzqzdug suhvvxuh rq zdjhv lq 7 d sulrul1 Wkhq dq lqfuhdvh lq q lv olnho| wr hqodujh

wkh zdjh jds dqg dq lqfuhdvh lq �7+ uhgxfh lw1
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S Wage Share 
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Rate 

Iljxuh 4=

ljqruh fdslwdo/ wkxv ljqrulqj wkdw lqyhvwphqw +lqfoxglqj IGL, pd| hqkdqfh wkh jurzwk

h�hfw ri U)G1 Rqo| e| frlqflghqfh zloo wkhvh wzr h�hfwv h{dfwo| fdqfho rxw1

Rxu dqdo|vlv fdq vkhg oljkw rq uhfhqw ghedwhv rq wkh fdxvhv ri jurzlqj zdjh lqhtxdolw|

lq lqgxvwuldo frxqwulhv1 Vxssrvh zh uh0lqwhusuhw wkh prgho dv ghslfwlqj dq lqwhjudwhg

hfrqrp| zlwk wzr w|shv ri oderu/ vnloohg U)G oderu dqg xqvnloohg pdqxidfwxulqj oderu/

hdfk zlwk lwv rzq oderu pdunhw +dqg zlwk ixoo uhyhodwlrq ri vnloo w|shv,1 Wkhq wkh prgho

suhglfwv wkdw kljkhu jurzwk udwh lq wklv lqwhjudwhg hfrqrp| lv gulyhq e| idvwhu sdfh ri

lqqrydwlrq ru2dqg whfkqrorjlfdo eldvhv djdlqvw xqvnloohg pdqxidfwxulqj oderu1 Pruhryhu/

kljkhu jurzwk udwh lv qrupdoo| dffrpsdqlhg e| juhdwhu zdjh jds ehwzhhq vnloohg dqg

xqvnloohg zrunhuv1 Wklv kljkoljkwv wkh lpsdfwv ri U)G0edvhg jurzwk g|qdplfv dqg

whfkqrorjlfdo eldvhv rq zdjh lqhtxdolw| ehwzhhq vnloohg dqg xqvnloohg zrunhuv/ zklfk

vxssohphqwv wkh h{lvwlqj olwhudwxuh1

Wkh sdshu fdq eh h{whqghg lq vhyhudo gluhfwlrqv lq ixwxuh zrun1 Zh kdyh douhdg|

phqwlrqhg wkh jhqhudol}dwlrq wr ohvv h{wuhph joredo vshfldol}dwlrq sdwwhuqv/ zlwk vrph

pdqxidfwxulqj lq Q dqg vrph U)G +ru lplwdwlrq, lq V1 Surylghg Q frqwlqxhv wr

hqjdjh suhgrplqdwho| lq U)G dqg V suhgrplqdwho| lq pdqxidfwxulqj/ wkh pdlq uhvxowv

ri wkh sdshu zloo frqwlqxh wr krog1 Jurzwk udwh/ krzhyhu/ zloo dovr ghshqg qhjdwlyho|

rq wkh glvfrxqw udwh/ dv lv frpprqo| irxqg lq wkh olwhudwxuh1 Dqrwkhu lqwhuhvwlqj/ doehlw
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dgplwwhgo| gl!fxow/ h{whqvlrq lv wr lqfoxgh hqgrjhqrxv kxpdq fdslwdo dffxpxodwlrq dqg

h{dplqh wkh h�hfw ri jurzwk rq lqwhu0frxqwu| zdjh jds lq wkdw iudphzrun1 Glqrsrxorv

dqg Vhjhuvwurp +4<<<, kdyh douhdg| sursrvhg d xvhixo iudphzrun iru h{dplqlqj lqwud0

frxqwu| zdjh jds lq vxfk d vhwwlqj1

8 Dsshqgl{

Ghulydwlrq ri +4;,

Lq d EJH/ frqvwdqw ��+ �
t�
t

dqg �� �
�
t
lpso|/ uhvshfwlyho|/

e\� @ e\ > +5;,

eF @ e\ = +5<,

+47, dqg +5<, lpso|

u @ �. e\ > +63,

l1h1 u lv frqvwdqw lq d EJH +dv erwk � dqg e\ duh frqvwdqw,1 +46e, wkhq lpsolhv t lv dovr

frqvwdqw/ ru

et @ 3= +64,

Qrwlqj +64, dqg +5;,/ +8d, dqg +45d, lpso|/ uhvshfwlyho|/

eN�+ @ e\ > +65,

eN% @ e\ = +66,

Qrwlqj O�+ lv frqvwdqw lq d EJH dqg +5;,/ +8e, lpsolhv

ez� @ e\ = +67,

Qrwlqj +64, dqg +67,/ +<, dqg +43d, lpso|

es @ +4� ��, e\ = +68,

Qrwlqj +68,/ +43e, |lhogv

e{ @ e\ � es� eq @ ��e\ � eq= +69,

Vlqfh O�+ lv frqvwdqw dqg {+l, @ { e| +43e,/ zh �qg iurp +4, dqg +5, wkdw

e\� @ �� eN�+ . �2 +� . 4, eq. �2e{= +6:,
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Soxjjlqj +5;,/ +65, dqg +69, lq +6:,/ zh fdq vroyh iru e\ = Qrwlqj +5<,/ +65,/ +66, dqg

+67,/ zh rewdlq +4;, lq wkh wh{w1 �

Ghulydwlrq ri +4<,

Lq ylhz ri +4;,/ lqyhvwphqw vkduh � fdq eh zulwwhq dv � @ �g
e\ zkhuh

�g �
N% .N7+ .N8+

\

lv wkh ryhudoo fdslwdo0rxwsxw udwlr1 Pdnlqj xvh ri +45d, dqg +8d,/ dqg qrwlqj \7.\8 @ \>

zh �qg

�g @
�� . ��2��

t
= +6;,

Iurp +46e, dqg +63, zh �qg

t @ �. e\ = +6<,

Soxjjlqj +6<, lq +6;, dqg wkh uhvxow lq � @ �g
e\ > zh rewdlq +4<,1 �

Surri ri Ohppd 4

Soxjjlqj +4;, iru e\ lq +4<, dqg gl�huhqwldwlqj z1u1w1 �> zh �qg

C�

C�
@ �2eq

� +4� �� � �2��, ^�2�� +� . ���, . ���
�` . �2�22��eq

^� +4� �� � �2��, . �2�eq`
2

=

Gh�qh � � k
jEk�

�� +�, = Wkhq lw iroorzv wkdw Y
Yk

A 3 l�

eq A eqW � �
� +4� �� � �2��, ^��2�� +4 . �, . ���`

��22���
= �

Ghulydwlrq ri +54,

Lq ylhz ri +4:,/ wkh lqfrph vkduh ri Q zrunhuv fdq eh zulwwhq dv

z�O�

\
@
�yq
\

� eq> +73,

zkhuh
�
�?
t

�
lv wkh lqqrydwlrq0rxwsxw udwlr iru wkh joredo hfrqrp|1 Iurp +43f, dqg +43e,

zh rewdlq Z
�
@ E�3k�R%?

�?
@ +4� �, �2

�
t
�?

�
zklfk/ xsrq vxevwlwxwlrq lq +46d,/ |lhogv

+4� �, �2

�
\

yq

�
@ u � ey= +74,
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+73, lpsolhv yq @ ��u�
e?

zklfk/ jlyhq +67, dqg frqvwdqw O� dqg eq lq d EJH/ |lhogv

ey @ e\ � eq= +75,

Soxjjlqj +75, dqg +63, lqwr +74, dqg vroylqj iru
�
�?

t

�
/ zh �qg

�
�?

t

�
@

w2E�3k�

4ne?
zklfk

soxjjhg lq +73, |lhogv +54,1 �

Surri ri Sursrvlwlrq 5

Soxj +:, iru eq lq +57, dqg gl�huhqwldwh z1u1w1 O� = Diwhu vrph vlpsol�fdwlrq zh �qg
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@

�O7eq�
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2
�
+�. eq,2

�
� +O� ,� 4�

eq
�

�
>

zkhuh � �
w2E�3k�

E�3w�3w2�nE�3w��kw2
A 3 dqg � +O� , @

u�

sEu� �
i
� +O� , = Sursrvlwlrq 5 iroorzv= �

Surri ri Sursrvlwlrq 6

Gl�huhqwldwlqj +58, z1u1w1 p dqg vlpsoli|lqj/ zh �qg

C$
6

Cp
@

�+O7 �p, eq6�
+O� .p,

2
+�. eq6,2

�
� +O� .p,�

�
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eq6
�

��
O7 . O�

O7 �p

��
>

zkhuh � dqg � +=, duh gh�qhg suhylrxvo|= Sursrvlwlrq 6 iroorzv1 �

Frqglwlrqv hqvxulqj doo pdqxidfwxulqj lv orfdwhg lq V

Zh qhhg wr hqvxuh wkh iroorzlqj= +l, V �upv qhyhu surgxfh dq| \ lq Q > +ll, Q �upv

qhyhu surgxfh dq| \ lq Q > dqg +lll, Q �upv surgxfh doo { +l, lq V1

Ohw V0�upv surgxflqj lq Q eh lqgh{hg e| m @ i / dqg ohw orfdo �upv lq Q eh lqgh{hg

e| m @ Q= Frqglwlrq +l, lv vdwlv�hg li ss+ A s�+ zklfk/ lq ylhz ri +7,/ lv vdwlv�hg li zh

dvvxph

Es ? E� dqg zs @ �z� � z� > +76,

l1h1 V0�upv surgxflqj lq Q duh ohvv surgxfwlyh wkdq orfdo �upv exw gr qrw sd| orzhu

zdjhv dv IGL �upv1 Frqglwlrq +ll, lv vdwlv�hg li s�+ A s8+ zklfk/ lq ylhz ri +7,/ lv

vdwlv�hg li dqg rqo| li

z�

z8

A

�
E�

E8

� �

�3w�3w2

> +77,
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zkhuh zh dvvxph E� � E8 > l1h1 Q0�upv gr qrw ehfrph pruh surgxfwlyh zkhq wkh|

surgxfh zlwk IGL lq V1 Ilqdoo|/ frqglwlrq +lll, uhtxluhv wkdw wkh xqlw frvw ri surgxflqj

{ +l, lq Q h{fhhg wkdw lq V=
^w��

�3w�

�

��
A f> zkhuh f lv jlyhq lq +<,1 Wklv krogv li dqg rqo|
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z�

z8
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�
E�

E8

� �

�3w�

= +78,

Erwk +77, dqg +78, uhtxluh wkdw wkh zdjh jds iru Q0�upv ehwzhhq krph dqg IGL

surgxfwlrq/ ��
�8

> h{fhhg wkh fruuhvsrqglqj oderu surgxfwlylw| jds1 Zlwkrxw orvv ri

jhqhudolw|/ zh dvvxph ��. �2 A �� vr lw vx!fhv wr frqvlghu +77,1 Iurp +54, dqg +59, zh
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Dv qrwhg lq wkh wh{w/ �7+ @ 4 zkhq � A �
W

> �7+ @ 3 zkhq � ? �
W

> dqg �7+ lv

lqghwhuplqdwh zkhq � @ �
W

= Frpelqlqj wkhvh zlwk +79,/ zh fdq qrz wudqvodwh +77, lqwr

wkh iroorzlqj vhw ri sdudphwhu uhvwulfwlrqv=

Dvvxpswlrq 4 Ohw � � �2 +4� �,
�

e?
4ne?
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= Wkhq=

+l, Li � ? �W = ��
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?
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x
E�3w�3w2�nkw2E�3w��
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>

+ll, Li � A �W = � ? � � x
�3w�3w2
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�3w�3w2
�

kw2E�3w��
�3w�3w2

A 4>

+lll, Li � @ �W = �7+ ? �7+ �
q3�
qW3�

=

Khqfh/ zlwk lqvx!flhqw zdjh suhplxp/ +l, uhtxluhv wkh oderu surgxfwlylw| jds ehwzhhq

krph dqg IGL surgxfwlrq qrw eh wrr odujh1 Rwkhuzlvh lw pd| qrw sd| iru Q �upv wr

surgxfh lq V1 Zlwk h{fhvvlyh zdjh suhplxp/ +ll, vhwv dq xsshu erxqg � rq wkh zdjh

suhplxp1 Li IGL �upv sd| wrr kljk d zdjh suhplxp/ lw pd| qrw eh sur�wdeoh wr surgxfh

lq V1 Zlwk qhxwudo zdjh suhplxp/ +lll, vhwv dq xsshu erxqg �7+ rq orfdo �upv* vkduh

ri wkh �qdo rxwsxw1

Qrwlfh wkdw �7+ lv gh�qhg li �W A 4 +IGL �upv pruh surgxfwlyh wkdq orfdo �upv,

dqg qrw gh�qhg li �W @ 4 +IGL dqg orfdo �upv htxdoo| surgxfwlyh,= Qrwlfh dovr wkdw �

lv dvvxphg wr h{fhhg 4 vr wkdw �7+ A 3= Lw lv qrz vwudljkwiruzdug wr yhuli| wkdw � ? �W

dqg �7+ ? 4 l�
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Khqfh/ li V lv uhodwlyho| vpdoo
�
u7
u�

? 
�
/ Dvvxpswlrq 4+lll, uhtxluhv �7+ ? �7+ ? 4 zkhq

� @ �W= Ixuwkhu/ dq| zdjh suhplxp � A �W zrxog ylrodwh Dvvxpswlrq 4+ll, ehfdxvh

�W A �= Lw wkhq iroorzv wkdw �7+ 5 ^3> �7+, lq wklv fdvh/ l1h1 orfdo �upv* pdunhw vkduh

pxvw eh ohvv wkdq �7+ ? 4163 Lqwxlwlyho|/ orfdo �upv sd| orzhu zdjhv dqg duh pruh oderu0

lqwhqvlyh wkdq IGL �upv1 D odujhu �7+ wkhuhiruh lqfuhdvhv djjuhjdwh oderu ghpdqg dqg

zdjhv lq doo �upv1 Zkhq V lv uhodwlyho| vpdoo/ orfdo zdjhv duh uhodwlyho| kljk lqlwldoo|1

Wkhq V0�upv* pdunhw vkduh pxvw eh vpdoo hqrxjk
�
�7+ ? �7+ ? 4

�
wr hqvxuh wkdw pruh

oderu0lqwhqvlyh orfdo �upv gr qrw sxvk xs djjuhjdwh oderu ghpdqg dqg zdjhv lq V e|

vr pxfk dv wr uhqghu IGL xqsur�wdeoh1

+76, dqg Dvvxpswlrq 4 frqvwlwxwh vx!flhqw frqglwlrqv iru doo pdqxidfwxulqj wr wdnh

sodfh lq V= �

Uhihuhqfhv

^4` Djklrq/ Sklolssh dqg Shwhu Krzlww1 4<<;1 Hqgrjhqrxv Jurzwk Wkhru|1 Fdpeulgjh/

PD= Wkh PLW Suhvv1

^5` Ehfnxv/ Gdylg/ Sdwlfn M1 Nhkrh dqg Wlprwk| M1 Nhkrh1 4<<51 Lq Vhdufk ri Vfdoh

H�hfwv lq Wudgh dqg Jurzwk1 Mrxuqdo ri Hfrqrplf Wkhru|/ 8;= 6::073<1

^6` Ehqdvv|/ Mhdq0Sdvfdo1 4<<;1 Lv Wkhuh Dozd|v Wrr Olwwoh Uhvhdufk lq Hqgrjhqrxv

Jurzwk zlwk H{sdqglqj Surgxfw Ydulhw|B Hxurshdq Hfrqrplf Uhylhz/ 75/ 9409<1

^7` Glqrsrxorv/ Holdv dqg Sdxo Vhjhuvwurp1 4<<<1 D Vfkxpshwhuldq Prgho ri Surwhfwlrq

dqg Uhodwlyh Zdjhv1 Dphulfdq Hfrqrplf Uhylhz/ ;<+6,/ 78307:51

^8` Glqrsrxorv/ Holdv dqg Shwhu Wkrpsvrq1 4<<;1 Vfkxpshwhuldq Jurzwk zlwkrxw Vfdoh

H�hfwv1 Mrxuqdo ri Hfrqrplf Jurzwk/ 6+7,/ 64606681

^9` Glqrsrxorv/ Holdv dqg Shwhu Wkrpsvrq1 4<<<1 Vfdoh H�hfwv lq Vfkxpshwhuldq Prg0

hov ri Hfrqrplf Jurzwk1 Mrxuqdo ri Hyroxwlrqdu| Hfrqrplfv/ <= 48:04;81

^:` Gl{lw/ Dylqdvk dqg Mrvhsk H1 Vwljolw}1 4<::1 Prqrsrolvwlf Frpshwlwlrq dqg Rswl0

pxp Surgxfw Glyhuvlw|1 Dphulfdq Hfrqrplf Uhylhz/ 9:= 5<:063;1

63
Qrwh wkdw l : � li E�3 w� 3 w2� : E�3 k� � Khqfh/ li wkh frvw vkduh ri oderu lq �qdo rxwsxw lv odujh

hqrxjk/ wkhq �
7+ ' � uhtxluhv u7 : u� �

5:



^;` Hwklhu/ Zloiuhg M1 4<;51 Qdwlrqdo dqg Lqwhuqdwlrqdo Uhwxuqv wr Vfdoh lq wkh Prghuq

Wkhru| ri Lqwhuqdwlrqdo Wudgh1 Dphulfdq Hfrqrplf Uhylhz/ :5= 6;<07381

^<` Jurvvpdq/ Jhqh P1 dqg Hokdqdq Khospdq1 4<<4d1 Hqgrjhqrxv Surgxfw F|fohv1

Wkh Hfrqrplf Mrxuqdo/ 434/ 45470455<1

^43` Jurvvpdq/ Jhqh P1 dqg Hokdqdq Khospdq1 4<<4e1 Lqqrydwlrq dqg Jurzwk lq wkh

Joredo Hfrqrp|1 Fdpeulgjh/ PD= Wkh PLW Suhvv1

^44` Mrqhv/ Fkduohv L1 4<<81 U)G0Edvhg Prghov ri Hfrqrplf Jurzwk1 Mrxuqdo ri Srolw0

lfdo Hfrqrp|/ 436= :8<0:;71

^45` Mrqhv/ Fkduohv L1 4<<<1 Jurzwk= Zlwk ru Zlwkrxw Vfdoh H�hfwvB Dphulfdq Hfr0

qrplf Uhylhz/ Sdshuv dqg Surfhhglqjv/ ;<+5,/ 46<04771

^46` Nuxjpdq/ Sdxo U1 4<:<1 D Prgho ri Lqqrydwlrq/ Whfkqrorj| Wudqvihu/ dqg wkh

Zruog Glvwulexwlrq ri Lqfrph1 Mrxuqdo ri Srolwlfdo Hfrqrp|/ ;:= 58605991

^47` Uhehor/ Vhujlr1 4<<41 Orqj0Uxq Srolf| Dqdo|vlv dqg Orqj0Uxq Jurzwk1 Mrxuqdo ri

Srolwlfdo Hfrqrp|/ <<+6,/ 83308541

^48` Urphu/ Sdxo P1 4<;91 Lqfuhdvlqj Uhwxuqv dqg Orqj0Uxq Jurzwk1 Mrxuqdo ri Sr0

olwlfdo Hfrqrp|/ <7+8,/ 43350436:1

^49` Urphu/ Sdxo P1 4<<31 Hqgrjhqrxv Whfkqrorjlfdo Fkdqjh1 Mrxuqdo ri Srolwlfdo Hfrq0

rp|/ <;/ V:40V4351

^4:` Vhjhuvwurp/ Sdxo V1 4<<;1 Hqgrjhqrxv Jurzwk zlwkrxw Vfdoh H�hfwv1 Dphulfdq

Hfrqrplf Uhylhz/ ;;+8,/ 45<3046431

^4;` XQFWDG1 4<<81 Uhfhqw Ghyhorsphqwv lq Lqwhuqdwlrqdo Lqyhvwphqw dqg Wudqvqd0

wlrqdo Frusrudwlrqv= Wuhqgv lq Iruhljq Gluhfw Lqyhvwphqw1 Jhqhyd/ XQFWDG1

^4<` \rxqj/ Doz|q1 4<<81 Wkh W|udqq| ri Qxpehuv= Frqiurqwlqj wkh Vwdwlvwlfdo Uhdol0

wlhv ri wkh Hdvw Dvldq Jurzwk H{shulhqfh1 Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 443+6,/

9740;31

^53` \rxqj/ Doz|q1 4<<;1 Jurzwk zlwkrxw Vfdoh H�hfwv1 Mrxuqdo ri Srolwlfdo Hfrqrp|/

439+4,/ 740961
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