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Devwudfw

Zh vwxg| wkh h�hfwv �joredol}dwlrq� rq zdjh lqhtxdolw|1 Rxu �joredo�
hfrqrp| uhvhpeohv Urvhq +4<;4, �Vxshuvwduv� hfrqrp|/ zkhuh d, lqqryd0
wlrqv lq surgxfwlrq dqg frppxqlfdwlrq whfkqrorjlhv hqdeoh vxssolhuv wr uhdfk
d odujhu pdvv ri frqvxphuv dqg wr lpsuryh wkh +shufhlyhg, txdolw| ri wkhlu
surgxfwv dqg e, wudgh eduulhuv idoo1Zkhq wudqvsruw frvwv idoo/ lqfrph lv uhglv0
wulexwhg dzd| iurp wkh qrq0h{sruwlqj wr wkh h{sruwlqj vhfwru ri wkh hfrqrp|1
Dv wkh iruphu wxuqv rxw wr hpsor| zrunhuv ri kljkhu vnloo dqg sd|/ wkh h�hfw
lv wr udlvh zdjh lqhtxdolw|1

Zkhwkhu wkh ohdvw vnloohg duh vwdqg wr orvh ru jdlq iurp lpsuryhg sur0
gxfwlrq ru frppxqlfdwlrq whfkqrorjlhv/ lq frqwudvw/ ghshqgv rq zhwkhu whfk0
qrorj| lv vnloo0frpsohphqw ru vxevwlwxwh1 Wkh prgho jlyhv dq lqwxlwlyh h{0
sodqdwlrq iru wkh hpslulfdo uhjxodulwlhv wkdw vnloo lqwhqvlw|/ pdunhw vl}h dqg
zdjhv whqg wr eh srvlwlyho| dvvrfldwhg wr h{sruwlqj dfwlylw|/ dfurvv vhfwruv
dqg sodqwv1

MHO Uhihuhqfh= I45/ I49/ M641

Nh|zrugv= Lqwhuqdwlrqdo wudgh/ zdjh lqhtxdolw|/ whfkqrorjlfdo fkdqjh1

41 Lqwurgxfwlrq

�Joredol}dwlrq�/ �Lqwhuqhw hfrqrp|�/ �Hohfwurqlf wudgh� duh wkh ex}}zrugv ri wkh

gd|1 Wkh hqwkxvldvp iru wkh qhz whfkqrorjlhv lv riwhq frrohg grzq e| zruulhv

frqfhuqlqj wkhlu srvvleoh frqvhtxhqfhv rq lqfrph glvwulexwlrq1 Zloo d joredol}hg

vrflhw| eh pruh ru ohvv �htxdo�B Zkr zloo eh wkh zlqqhuv dqg wkh orvhuvB Lq

vslwh ri dexqgdqw hpslulfdo zrun/ wkh glvwulexwlyh lpsolfdwlrqv ri joredol}dwlrq

vwloo vhhp srruo| xqghuvwrrg1
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_Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Ehujdpr/ S1}}d Urvdwh 5/ 57433 Ehujdpr/ Lwdo|1
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�Qhz� wudgh wkhru| edvhg rq lpshuihfw frpshwlwlrq/ zkloh dffrxqwlqj iru wkh
idloxuh ri lqwhuqdwlrqdo frqyhujhqfh lq idfwru sulfhv/ vhh Khospdq dqg Nuxjpdq
+4<;9,/ duh lq jhqhudo vlohqw derxw wkh lpsolfdwlrqv ri wudgh lqwhjudwlrq xsrq
grphvwlf lqhtxdolw|1 D jhqhudo suhglfwlrq lv wkdw lqwud0lqgxvwu| wudgh kdv d vpdoo
h�hfw rq lqfrph glvwulexwlrq/ dg lv olnho| wr ohdg wr kljkhu zhoiduh iru doo djhqwv1

Wudglwlrqdo wudgh wkhru| suhglfwv wkdw wudgh lqwhjudwlrq ehwzhhq ghyhorshg
dqg ohvv ghyhorshg frxqwulhv zloo ehqh�w vnloohg zrunhuv lq wkh iruphu/ dqg pdq0
xdo zrunhuv lq wkh odwwhu +dvvxplqj wkhvh duh wkh uhodwlyho| dexqgdqw idfwruv lq
wkh wzr duhdv,1Wklv ylhz lv jhqhudoo| uhixwhg e| wkh gdwd1 Wkh dfwxdo fkdqjhv
lq surgxfw sulfhv jhqhudwhg e| lqwhjudwlrq duh kdugo| vx!flhqw wr h{sodlq wkh
revhuyhg ghwhulrudwlrq ri wkh uhodwlyh srvlwlrq ri wkh xqvnloohg141 Lq dgglwlrq/ wkh
Vwroshu0Vdpxhovrq wkhruhp fdqqrw dffrxqw iru wkh idfw wkdw lqhtxdolw| kdv ulvhq
gudpdwlfdoo| zlwklq qduurzo| gh�qhg vhjphqwv ri wkh oderu pdunhw +Mxkq dw do1
+4<<6, ^<`, l1h1 ehwzhhq zrunhuv ri vlplodu rffxsdwlrqv/ hgxfdwlrq ohyhov/ dqg/ lq
jhqhudo/ ehorqjlqj wr vlplodu �vnloo� fdwhjrulhv1

D qxpehu ri uhfhqw vwxglhv frqgxfwhg dw �up ru hvwdeolvkphqw ohyho/ kdyh
irxqg hpslulfdo hylghqfh rq wkh olqn ehwzhhq h{sruwlqj dfwlylw| dqg �upv* shu0
irupdqfh1 Wklv uhodwlrqvkls vhhpv wr jr erwk zd|v= ehwwhu �upv duh pruh olnho|
wr h{sruw/ dqg h{sruwlqj �upv duh pruh olnho| wr shuirup ehwwhu lq whupv ri
sur�wdelolw|/ surgxfwlylw|/ jurzwk survshfw dqg vr rq1

Iru h{dpsoh/ Ehuqdug dqg Mhqvhq +4<<:,^4` / lq d vwxg| dw sodqw dqg �up ohyho/
�qg wkdw zdjhv iru sduwlfxodu rffxsdwlrqv whqg wr eh v|vwhpdwlfdoo| kljkhu lq h{0
sruwlqj �upv2 sodqwv/ frpsduhg wr zdjhv lq �upv2sodqwv wkdw rqo| vhoo lq wkh gr0
phvwlf pdunhw1 Lq d vwxg| rq h{sruw ghflvlrq ri Jhupdq �upv lq Vd{rq|/ Ehuqdug
dqg Zdjqhu +4<<;,^6` �qg hylghqfh wkdw �vxffhvvixo sodqwv/ phdvxuhg e| vl}h ru
surgxfwlylw|/ duh pruh olnho| wr ehfrph h{sruwhuv/ dv sodqwv zlwk juhdwhu vkduhv
ri vnloohg oderu�1 Lqwhuhvwlqjo|/ wkh| dovr �qg wkdw vxqn frvwv sod| d fuxfldo uroh
lq h{sruw hqwu|2h{lw ghflvlrqv e| �upv1 Rq wkh rwkhu kdqg/ h{sruwlqj �upv duh
irxqg wr gr ehwwhu wkdq qrq h{sruwhuv= �h{sruwhuv111 duh odujhu/ pruh surgxfwlyh/
pruh fdslwdo lqwhqvlyh dqg sd| kljkhu zdjhv� +Ehuqdug dqg Mhqvhq+4<<;,^5`,1

Lq wklv sdshu zh vwxg| wkh h�hfwv joredol}dwlrq rq zdjh lqhtxdolw|1 Zh suhvhqw
d prgho wkdw dffrxqwv iru wkh srvlwlyh dvvrfldwlrq ehwzhhq h{sruwlqj/ vnloo lqwhq0
vlw|/ pdunhw vl}h dqg zdjh suhpld1

Rxu ghvfulswlrq ri d �joredo hfrqrp|� lv edvhg rq wkuhh fuxfldo lqjuhglhqwv1
Wkh �uvw lv lqfuhdvlqj uhwxuqv lq surgxfwlrq1 Pdunhw vl}h pdwwhuv1 Wklv lv wkh edvlf
whqhwv ri �qhz� wudgh wkhru|1 Wkh vhfrqg lv wkh uroh ri whfkqrorj| lq surgxfwlrq
dqg frppxqlfdwlrq1 Whfkqrorj| hqdeohv pruh wdohqwhg vxssolhuv wr lpsuryh wkh

4Vhh Iuhhpdq +4<<8,^B`/ Urguln +4<<:,^43` dqg Vodxjkwhu dqg Vzdjho +4<<:,^45` dprqj uhfhqw
vxuyh|v rq wkh hpslulfdo olwhudwxuh frqfhuqlqj wkh wudgh dgq zdjhv ghedwh1
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txdolw| ri wkhlu surgxfwv/ udlvhv frqvxphuv* vdwlvidfwlrq dqg doorzv �upv wr uhdfk
d odujhu pdvv ri frqvxphuv1 Wkh wklug lqjuhglhqw lv wkdw eduulhuv wr wudgh wkdw
vhjphqw wkh lqwhuqdwlrqdo pdunhw whqg wr idoo1 Zh lqwurgxfh wudqvsruw frvwv dqg
d �{hg frvw iru hqwhulqj iruhljq pdunhwv1 Frpelqlqj wkhvh lqjuhglhqwv lqwr d
vlpsoh wudgh prgho/ zh rewdlq d uhsuhvhqwdwlrq ri wkh �joredo� hfrqrp| wkdw lv
uhplqlvfhqw ri Urvhq*v +4<;4,^44` �Hfrqrplfv ri Vxshuvwdu�1

Lq klv vhplqdo sdshu/ Urvhq glvfxvvhg wkh uroh wkdw qrq0frqyh{lwlhv lq surgxf0
wlrq pd| h{huw rq lqfrph glvwulexwlrq1 Vrph surgxfwv duh olnh qrq ulydo sxeolf
jrrgv= vlqjlqj rq d vdwhoolwh0eurdgfdvw WY surjudp ru lq d vpdoo fdih uhtxluh
dssur{lpdwho| wkh vdph h�ruw1 Iru surgxfwv zkhuh wkhvh qrq0frqyh{lwlhv duh
sduwlfxodu lpsruwdqw dqg zkhuh �wdohqwv� duh sduwlfxoduo| dssuhfldwhg e| frq0
vxphuv/ hyhq vpdoo gl�huhqfhv lq �vnloov� duh dvvrfldwhg zlwk glvsursruwlrqdwh
gl�huhqfhv lq lqfrphv +wklqn ri wkh vkrz0el}/ vsruw/ vflhqfh hwf1,1

Iudqn dqg Frrn +4<<8,^7` uhfhqw ehvw vhoohu kdv srsxodul}hg wkh lghd ri �zlqqhu0
wdnh0doo� pdunhwv1 Wr wkh h{whqw wkdw wkh hduqlqjv ri h{hfxwlyhv dqg vwd� zrunhuv
duh lqfuhdvlqjo| wlhg wr �up shuirupdqfh/ whqghqf| wrzdugv lqfuhdvlqj hduqlqj gli0
ihuhqwldov lv olnho| wr vsuhdg wr iurp surihvvlrqdov dqg h{hfxwlyhv wrzdugv vdodulhv
dqg zdjhv +dv vkrzq/ iru lqvwdqfh/ lq Kdoo dqg Olhepdq +4<<;,^9`,1

Lq wklv sdshu/ zh wdnh dq dgplwwhgo| h{wuhph ylhz ri wkh oderu pdunhw1 Lqgl0
ylgxdov ghulyh wkhlu lqfrph iurp wkh uhqwv dvvrfldwhg zlwk wkhlu vshfl�f vnloov1 Dv
lq Urvhq/ wkh lqfrph glvwulexwlrq lv vkdshg e| wkh glvwulexwlrq ri uhqwv jhqhudwhg
e| lqglylgxdo delolwlhv1 Wr wkdw zh dgg d ixoo|0 hgjhg jhqhudo htxloleulxp prgho/
zkhuh wkh lqwhudfwlrq ehwzhhq wkh glvwulexwlrq ri zdjhv/ wkh vl}h ri �upv dqg
h{sruwlqj ghflvlrqv fdq eh dqdo|}hg1

Zh frqvlghu d prqrsrolvwlf frpshwlwlrq wudgh prgho +Nuxjpdq +4<;3,^;`,/
zkhuh zrunhuv gl�hu lq wkhlu delolwlhv1 Ilupv vxsso| gl�huhqw surgxfwv ydulhwlhv/
dqg wklv jhqhudwhv ghpdqg �qlfkhv� dqg pdunhw srzhu1 Krzhyhu/ hpsor|lqj
ehwwhu zrunhuv hqdeohv �upv wr surgxfh jrrgv ri ehwwhu txdolw|/ wr fdswxuh odujhu
pdunhw vkduhv dqg hqmr| kljkhu sur�wv1 Gxh wr wkh suhvhqfh ri d �{hg frvw wr
dffhvv iruhljq pdunhwv/ rqo| �upv hpsor|lqj d �kljk0ohyho� vwd� ehqh�w iurp
h{sruwlqj1 Lq vxfk d vhwwlqj/ wkh ghflvlrq wr h{sruw rq wkh sduw ri hdfk �up fdq
rqo| eh ghwhuplqhg diwhu vroylqj iru wkh jhqhudo htxloleulxp ri wkh prgho= wkh
glvwulexwlrq ri lqfrph dqg wkh ghjuhh ri rshqqhvv ri wkh pdunhw duh lqwhuuhodwhg1

Dv eduulhuv wr wudgh idoo/ pruh �upv zloo ehqh�w iurp h{sruwlqj/ dqg zloo
kdyh dffhvv wr d odujhu pdunhw1 Frpshwlwlrq iru vnloov zloo errvw vnloo suhpld lq
h{sruwlqj �upv1 Khqfh wudgh lqwhjudwlrq xqdpeljxrxvo| ohdgv wr d uhglvwulexwlrq
ri lqfrph iurp wkh zrunhuv hpsor|hg lq qrq0h{sruwlqj �upv wr wkrvh hpsor|hg
lq wkh h{sruw vhfwru1 Vlqfh wkh odwwhu hpsor|v zrunhuv ri juhdwhu vnloov/ wudgh
lqwhjudwlrq/ zkloh lpsurylqj zhoiduh/ udlvhv zdjh lqhtxdolw|1 Hyhq li djjuhjdwh

6



zhoiduh xqdpeljxrvo| ulvhv iroorzlqj d uhgxfwlrq lq wudgh eduulhuv/ orz0vnloohg
zrunhuv pd| hqg xs orvlqj lq qrplqdo dqg hyhq lq uhdo whupv1

Wkh lqwurgxfwlrq ri qhz whfkqrorjlhv doorz �upv wr lpsuryh wkhlu surgxfwv
dqg2ru hqdeoh wkhp wr pdunhw wkhp pruh h�hfwlyho|1 Khqfh/ frqvxphuv hyhu|0
zkhuh vwduw glvfulplqdwlqj pruh dqg pruh dprqj surgxfwv/ sodflqj lqfuhdvlqj
zhljkw rq wkhlu +shufhlyhg, txdolw|1 Dv d uhvxow/ frqvxphuv zloo frqfhqwudwh wkhlu
sxufkdvhv rq ehvw0vhoohuv surgxfwv1 Wkh uhglvwulexwlyh h�hfwv ri whfkqrorjlfdo
surjuhvv/ krzhyhu/ fuxfldoo| ghshqgv xsrq wkh ghjuhh ri frpsohphqwdulw| ri whfk0
qrorj| zlwk zrunhuv* vnloov/ dqg kdv dpeljxrxv lpsolfdwlrqv iru wkh ghjuhh ri
rshqqhvv ri wkh hfrqrp|1 Pruh lpsruwdqwo|/ zdjh lqhtxdolw| pd| eh irvwhuhg
hyhq zlwklq �upv ehorqjlqj wr wkh vdph vhfwru

Vr/ wkh h�hfwv rq lqfrph glvwulexwlrq gl�hu dffruglqj dv joredol}dwlrq frphv
iurp uhgxfhg wudgh eduulhuv ru whfkqrorjlfdo fkdqjh1 Wklv pd| khos lq glvhq0
wdqjolqj hpslulfdoo| wudgh dqg whfkqrorj| vkrfnv dv dowhuqdwlyh vrxufhv ri ulvlqj
lqfrph lqhtxdolw|1

Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv1 Lq vhfwlrq 5 wkh prgho lv
suhvhqwhg1 Vhfwlrq 6 ghvfulehv wkh vroxwlrq ri frqvxphuv* dqg �upv* sureohpv1 Lq
vhfwlrq 7 wkh vroxwlrq ri wkh prgho lv fkdudfwhul}hg/ zkloh lq vhfwlrq 8 frpsdudwlyh
vwdwlfv dqdo|vlv lv shuiruphg1 Wkh frqfoxglqj uhpdunv iroorz1

51 Wkh Prgho

Wkh zruog frqvlvwv ri wzr v|pphwulf frxqwulhv1 Zh irfxv rq wkh grphvwlf frxqwu|1
Ilupv surgxfh gl�huhqwldwhg jrrgv xqghu lpshuihfw frpshwlwlrq dqg iuhh0hqwu|1
Frqvxphuv olnh ydulhw|/ dffruglqj zlwk wkh Gl{lw0Vwljolw} irupxodwlrq1 Surgxfwlrq
uhtxluhv wzr idfwruv ri surgxfwlrq= vnloo +�wdohqw�,/ zkrvh wrwdo hqgrzphqw lv gh0
qrwhg e| V/ dqg d frpsrvlwh sulpdu| lqsxw/ P +xqvnloohg oderu/ udz pdwhuldov,1
Wkh pdunhw iru surgxfwlrq idfwruv lv frpshwlwlyh1 Lq wkh hfrqrp| wkhuh lv d frq0
wlqxxp ri +ri xqlw pdvv, krxvhkrogv0zrunhuv/ lqgh{hg e| k/ k 5 ^3>K `1 Zrunhu k
lv hqgrzhg zlwk wkh dprxqw udz lqsxwvP�/

U
M

f
P�gk @P 1 Vnloov duh phdvxuhg

e| dq lqgh{ v1 Pruh wdohqwhg zrunhuv duh fkdudfwhul}hg e| kljkhu v1 Vnloov duh
glvwulexwhg ryhu wkh lqwhuydo ^v> v`/ zlwk ghqvlw| dqg fxpxodwlyh ixqfwlrq !+v,>dqg
�+v,> uhvshfwlyho|/ zlwk

U
r

r
!+v,gv @ V1 Surgxfwlrq uhtxluhv rqh vnloohg zrunhu

dqg dq dprxqw ri frpsrvlwh lqsxw sursruwlrqdo wr rxwsxw1 Udz lqsxwv surylgh
vwdqgdugl}hg vhuylfhv iru surgxfwlrq1 Zrunhuv* vnloov lpsuryhv wkh txdolw| ri wkh
surgxfw1 Dv d frqvhtxhqfh/ surgxfwv duh gl�huhqwldwhg erwk dorqj d krul}rqwdo
glphqvlrq +ydulhw|, dqg d yhuwlfdo rqh +txdolw|,1 Rxwsxw fdq hlwkhu eh vrog lq
wkh grphvwlf ru iruhljq pdunhwv/ ru erwk1 Vklsslqj hqwdlov d lfhehuj wudqvsruw
frvw soxv d �{hg pdunhw dffhvv frvw +vhwwlqj xs d qhwzrun ri glvwulexwruv deurdg/
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fryhulqj ohjdo h{shqvhv/ hwf1,1 Ehfdxvh ri wkh �{hg h{sruw frvwv/ vrph �upv suhihu
qrw wr h{sruw wkhlu rxwsxw dw doo1 Rq wkh rwkhu kdqg/ ehfdxvh ri lfhehuj wudqvsruw
frvwv/ qr �upv duh zloolqj wr vhoo wkhlu surgxfwlrq rq wkh iruhljq pdunhw dorqh1 Dv
d uhvxow/ �upv pd| hlwkhu vhoo rqo| rq wkh grphvwlf pdunhw/ ru lq erwk grphvwlf
dqg iruhljq pdunhwv1

5141 Surgxfwlrq Whfkqrorj|

Wkhuh lv rqh frqvxpswlrq jrrg/ [/ zklfk lv vxlwdeoh wr eh gl�huhqwldwhg dorqj
d frqwlqxxp ri ydulhwlhv l / l 5 U= Hdfk ydulhw| l lv surgxfhg rxw ri udz lqsxwv/
P> dqg vnloo/ V1 Hdfk zrunhu fdq hpsor| khu vnloov lq wkh surgxfwlrq ri dw prvw
rqh ydulhw| ri jrrg [ 1 Wkh vl}h ri �upv lv qrupdol}hg lq vxfk d zd| wkdw rqh
�up hpsor|v wkh vnloo ri rqh zrunhu1 Hdfk �up wkxv vxssolhv rqo| rqh ydulhw|1
Udz lqsxwv uhtxluhphqwv duh sursruwlrqdo wr rxwsxw1 Ohw z+v, dqg y ghqrwh/
uhvshfwlyho|/ wkh uhwxuq wr vnloov ri d zrunhu hqgrzhg zlwk �wdohqw� v dqg wkdw
ri udz lqsxwv P 1 Wkh frvw ri surgxflqj [ xqlwv ri ydulhw| l> zkhq d w|sh0 v
zrunhu lv lqyroyhg lv=

F+v+l,> l, @ z+v+l,, . y �[+v+l,> l, . ��y�= +514,

Wkh sdudphwhu � uhsuhvhqwv wkh lqyhuvh ri pdujlqdo surgxfwlylw| ri udz lqsxwv
+xqlwv ri lqsxwv uhtxluhg iru surgxflqj rqh xqlw ri wkh ydulhw| l,1 Wkh wklug whup
rq wkh uljkw kdqg vlgh kdv wkh iroorzlqj lqwhusuhwdwlrq1 Li wkh �up vhoo dovr lq wkh
iruhljq pdunhw lw kdv wr lqfxu d �{hg frvwv �/ zklfk uhsuhvhqwv wkh h{wud xqlwv ri
frpsrvlwh lqsxwv wkdw duh uhtxluhg wr h{sruw 5 Zh ghqrwh wkh vhw ri doo gl�huhqw
ydulhwlhv vxssolhg e| Q / dqg wkh vxevhw ri wudghg jrrgv e| Qe= Li wkh ydulhw| l

ehorqjv wr Q e> wkhq �� @ 4 dqg wkh �upv vhoov dw krph dqg deurdg1 Li wkh ydulhw|
lv qrw h{sruwhg/ l @5 Q e> �� @ 3> dqg qr frvw lv lqfxuuhg1

Ilupv duh dwrplvwlf sur�w0pd{lpl}huv1 Wkh| surgxfh jrrgv zklfk duh lpshu0
ihfw vxevwlwxwhv dqg vhw wkhlu sulfh/ wdnlqj dv jlyhq rwkhu �upv* fkrlfhv +wkh �odujh
jurxs� Fkdpehuolqldq k|srwkhvlv krogv,1 Frqvxphuv* xwlolw| lqfuhdvhv zlwk wkh
h{whqw ri ydulhw| lq frqvxpswlrq1 Dv lw lv vwdqgdug lq prqrsrolvwlf frpshwlwlrq
prghov/ oryh iru ydulhw| soxv lqfuhdvlqj uhwxuqv lq surgxfwlrq lqvxuh wkdw qr �up
lv zloolqj wr vxsso| wkh vdph yduldqw r�huhg e| d ulydo1 Krzhyhu/ frqwudu| wr
vwdqgdug prqrsrolvwlf frpshwlwlrq prghov/ wkh qxpehu ri surgxfwv khuh lv jlyhq
e| wkh htxloleulxp frqglwlrq rq wkh vnloo pdunhw1 Vlqfh hdfk �up uhtxluhv wkh
vnloo ri rqh zrunhu/ zh kdyh qhfhvvdulo| wkdw Q @ K 1 Lq wxuq/ wkh frqglwlrq ri
iuhh0hqwu| hqvxuhv wkdw vnloohg zrunhuv shufhlyh doo wkh rshudwlqj sur�wv uhdol}hg

5Pdunhw dffhvv frvwv kdyh ehhq prghoohg dv �{hg frvwv lq rwkhu sdshuv1 Vhh/ iru lqvwdqfh/
Vplwk dqg Yhqdeohv +4<<4,1
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e| �upv1 Zrunhuv* lqfrph lv wkxv frqvwlwxwhg e| wkh vxp ri hduqlqjv iurp wkhlu
hqgrzphqw ri udz lqsxw +vrog rq d frpshwlwlyh pdunhw, dqg vnloo uhqwv6 dvvrfl0
dwhg zlwk �upv* rshudwlqj sur�wv1 Wklv lv d �uvw dqdorj| ri rxu prgho zlwk Urvhq
+4<;4,^44`1

5151 Suhihuhqfhv

Krxvhkrogv kdyh lghqwlfdo wdvwhv/ exw gl�huhqw lqfrphv/ ghshqglqj rq wkhlu hq0
grzphqwv ri surgxfwlrq idfwruv1 Wkh lqfrph ri krxvhkrog k/ hqgrzhg zlwk vnloov
v> L�+v>P�,/ lv wkxv

L�+v>P�, @ yP� .z+v, +515,

Frqvxphuv olnh ydulhw|/ lq wkh vhqvh wkdw wkhlu xwlolw| lv lqfuhdvlqj zlwk wkh qxp0
ehu ri ydulhwlhv frqvxphg/ dffruglqj zlwk wkh Gl{lw0Vwljol} irupxodwlrq1 D glvwlq0
jxlvklqj ihdwxuh ri rxu irupxodwlrq lv wkdw pruh wdohqwhg hqwuhsuhqhxuv surgxfh
ehwwhu txdolw| ri hdfk ydulhw|/ dqg ehwwhu txdolw| lv dssuhfldwhg e| frqvxphuv1
Krxvhkrogv ghulyh xwlolw| iurp d frpelqdwlrq ri wkh txdqwlw|/ [> dqg wkh �txdol0
w|�/ lqgh{hg e| W +=,> ri hdfk jrrg1 Lq wklv vhqvh/ d frpprglw| lv dvvlplodwhg wr
d exqgoh ri d sk|vlfdo jrrg/ [> dqg ri dq lqwdqjleoh jrrg/ W +=, +wkh jul�h ri d
idvklrqdeoh wdloru/ wkh vrxqg ri d sduwlfxodu srs jurxs/ hwf1,/ wkdw lv lqfrusrudwhg
lq wkh wdqjleoh frpprglw|1 Iru vlpsolflw|/ zh dgrsw d Free0Grxjodv vshfl�fdwlrq
wr qhvw W +=, dqg [�/ zkloh zh xvh wkh vwdqgdug FHV vshfl�fdwlrq iru gl�huhqw
ydulhwlhv=

X� @

%] �

�'f

+W +v+l,> d,,�34
�
[�+v+l,> l,

�4
gl

& �

4

= +516,

Dv xvxdo/ wkh sdudphwhu � 5 +3> 4, lv uhodwhg wr wkh hodvwlflw| ri vxevwlwxwlrq
ehwzhhq gl�huhqw ydulhwlhv � @ 4@+4��, A 4= Wklv frlqflghv zlwk wkh sulfh hodvwlf0
lw| ri wkh ghpdqg iru hdfk ydulhw| dqg wkhuhiruh +lqyhuvho|, phdvxuhv wkh ghjuhh
ri pdunhw srzhu ri lqglylgxdo �upv1 W +=, lv d surgxfwlrq ixqfwlrq wkdw pdwfkhv
wkh sduwlfxodu vnloo ri wkh hqwuhsuhqhxu dqg wkh vwdwh0ri0wkh0duw whfkqrorj|/ lqwr
wkh dssuhfldwhg txdolw| ri wkh jrrg1 �Txdolw|� ghshqgv rq wzr idfwruv= wkh vnloo
ri wkh hqwuhsuhqhxu surgxflqj wkh jrrg/ v> dqg wkh h{lvwlqj vwrfn ri whfkqlfdo
nqrzohgjh d17 Wklv pd| uh hfw erwk wkh dffxpxodwhg vwrfn ri nqrz0krz lq sur0
gxfwlrq dqg lq frppxqlfdwlrq1 D whfkqrorjlfdo euhdn0wkurxjk pd| hqdeoh �upv
hlwkhu wr lpsuryh wkhlu surgxfw txdolw| ru wr pdunhw wkhlu surgxfwv pruh h�hf0
wlyho|/ udlvlqj wkh txdolw| shufhlyhg e| frqvxphuv1 Lq rxu iudphzrun/ d sod|v wkh

6Lq wkh uhpdlqghu ri wkh sdshu zh zloo xvh lqgl�huhqwo| wkh zrugv zdjhv/ vnloo suhpld/ ru vnloo

hduqlqjv/ lq uhihuulqj wr wkh uhqwv dffuxlqj wr zrunhuv* vnloov1
7Vr/ txdolw| lv lqghshqghqw ri ydulhw| �1

9



uroh ri d vkliw sdudphwhu1 Zh dvvxph wkdw W +v> d, lv d wzlfh0gl�huhqwldeoh frq0
wlqxrxv ixqfwlrq vdwlvi|lqj vrph lqwxlwlyh uhtxluhphqwv= Iluvw/ txdolw| lpsuryhv
zlwk whfkqlfdo surjuhvv/ vr wkdw W@+v> d, A 3 iru doo v> d1 Vhfrqg/ pruh wdohqwhg
hqwuhsuhqhxuv surgxfh �ehwwhu� jrrgv/ vr wkdw Wr+v> d,, A 3> iru doo v dqg d= Il0
qdoo|/ zh dgg vwuxfwxuh wr wklv ixqfwlrq dvvxplqj wkdw wkh hodvwlflw| ri W +=, zlwk
uhvshfw wr v/ &+v> d, � Wr+v> d,v@W +v> d,/ lv prqrwrqlf lq d1 Dffruglqj dv &@+v> d,
lv htxdo/ kljkhu/ ru orzhu wkdq }hur/ zh vd| wkdw whfkqrorj| lv vnloo0qhxwudo/ vnloo0
frpsohphqw ru vnloo0vxevwlwxwh1

Qrwlfh wkdw rxu surgxfwlrq dqg frqvxpswlrq whfkqrorjlhv fdswxuh wzr lp0
sruwdqw dv|pphwulhv ehwzhhq wkh uroh ri sulpdu| lqsxwv dqg vnloo lq surgxfwlrq1
Iluvw/ zkloh frvwv uhodwhg wr sulpdu| lqsxwv lqfuhdvh zlwk rxwsxw/ wkh vdph h{0
shqglwxuh iru wdohqw lv uhtxluhg lq vhuylqj d odujh ru d vpdoo pdunhw1 Vhfrqg/ hyhq
li erwk idfwruv duh uhtxluhg iru surgxfwlrq ri d �vwdqgdugl}hg � ydulhw|/ [ +l1h1/
d jrrg ri txdolw| W +=, @ 4,/ rqo| zrunhuv* +�hqwuhsuhqhxuldo�, wdohqw fdq dgg
�txdolw|�/ dffruglqj wr wkh whfkqrorj| W +v+l,> d,= Wkhvh sduwlfxodu ihdwxuhv ri rxu
prgho � qdpho|/ qrq0frqyh{lwlhv lq surgxfwlrq dqg frqvxphuv ydoxlqj wkh fkdu0
dfwhulvwlfv dvvrfldwhg zlwk wdohqwhg surgxfhuv � jlyh rxu prgho lwv Urvhq0w|sh
 dyru1

61 Ilupv* dqg krxvhkrogv* htxloleulxp

6141 Wudgh

Wkh uhvxowv ri rxu prgho ghsduw lq vrph dvshfwv iurp wkh vwdqgdug prqrsrolvwlf
frpshwlwlrq wudgh prghov +Khospdq dqg Nuxjpdq +4<;9, ^:`,1Dv lq wkh vwdqgdug
prgho/ ehfdxvh ri oryh iru ydulhw|/ frqvxphuv zloo wu| wr vsuhdg wkhlu sxufkdvhv
dfurvv doo dydlodeoh jrrgv/ surgxfhg hlwkhu grphvwlfdoo| ru lq wkh iruhljq frxqwu|1
Krzhyhu/ qrw doo �upv zloo �qg lw frqyhqlhqw wr vxsso| iruhljq frqvxphuv/ ehfdxvh
ri wkh suhvhqfh ri �{hg pdunhw dffhvv frvwv1 Lq wkh vwdqgdug prgho doo �upv vhoo
deurdg dqg wkhlu qxpehu lv ghwhuplqhg e| wkh }hur sur�w frqglwlrq1 Khuh/ wkh
wrwdo qxpehu ri �upv +hqwuhsuhqhxuv, lv jlyhq/ zkloh wkh pdvv ri h{sruwlqj �upv
lv hqgrjhqrxvo| ghwhuplqhg1

Zh ghqrwh e| dq dvwhulvn yduldeohv uhihuulqj wr wkh iruhljq frxqwu|1 Uhfdoo
wkdw/ iurp wkh dvvxpswlrq ri v|pphwu|/ doo �upv dqg zrunhuv deurdg kdyh dffhvv
wr wkh vdph whfkqrorj| dv grphvwlf zrunhuv dqg �upv/ gh�qhg e| htxdwlrq +514,
dqg e| wkh ixqfwlrq W +v+l,> d,1 Ohw Q dqg QW ghqrwh/ uhvshfwlyho|/ wkh pdvv ri
glvwlqfw ydulhwlhv ri wkh frqvxpswlrq jrrg surgxfhg xqghu iuhh0wudgh dw krph dqg
deurdg1 Qrz/ ohw wkh vxevhwQ e � il 5 ^Q6

W >Q ` > Q6
W � 3j wr eh dvvrfldwhg zlwk

jrrgv wkdw duh vrog erwk dw krph dqg deurdg +grphvwlf h{sruwv/ iruhljq lpsruwv,1
E| v|pphwu|/ wkh ydulhwlhv Q6 � il 5 ^QW

6
>QW` >QW

6
� 3j ghqrwh krph lpsruwv
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ri iruhljq jrrgv1
Lq dgglwlrq wr wkh �{hg pdunhw dffhvv frvwv � +vhh +514,,/ wkhuh lv dqrwkhu

lpshglphqw wr wudgh/ qdpho| wudqvsruw frvwv ri wkh lfhehuj w|sh1 Iru dq| xqlw
vklsshg deurdg/ 4 � � lv orvw lq wudqvlw/ dqg rqo| d iudfwlrq 3 ? � ? 4 duulyhv wr
iruhljq frqvxphuv1 Vr/ � lqyhuvho| phdvxuhv wkh h{whqw ri wudqvsruw frvwv1

Frqvlghu wkh krph frxqwu|1 Krxvhkrog k pd{lpl}hv xwlolw| +516, vxemhfw wr
wkh exgjhw frqvwudlqw +515,1 Grphvwlf ghpdqg iru krph jrrgv lv jlyhq e|

[+v+l,> d> l>P, @ W +v+l,> d,
L+P,

S

�
s+v+l,> l,

S

�
3j

+614,

zkhuh L lv wrwdo grphvwlf lqfrph

L+P, @ �P .
] r

r'r
!+v,z+v,gv +615,

dqg S lv wkh FHV frvw0ri0olylqj lqgh{ wkdw pxvw dovr wdnh lqwr dffrxqw lpsruwhg
jrrgv

S @

%] �

�'f
W +v+l,> d, s+v+l,> l,�3jgl.

.
] �W

�W ' �W

6

W +v+lW,> dW, + s+v+lW,> lW,@�,�3j glW
&�*E�3j�

= +616,

Qrwh iurp +614, wkdw ghpdqg iru ydulhw| l kdv xqlw hodvwlflw| zlwk uhvshfw wr
txdolw| dqg uhdo krxvhkrogv* lqfrph/ dqg ghfuhdvhv zlwk wkh uhodwlyh sulfh ri jrrg
l zlwk hodvwlflw| �1 Ghpdqg iru lpsruwv/ [W

6+v+l
W,> lW,> lv lqvwhdg dv iroorzv

[W

6+v+l
W,> dW> lW>P, @ W +v+lW,> dW,

L+P,

S

�
s+v+lW,> lW,

S

�
3j

�j3�= +617,

Wkh orzhu wkh wudqvsruw frvw/ wkh orzhu wkh uhodwlyh lpsruw sulfh ri iruhljq ydul0
hwlhv/ wkh kljkhu lpsruwv1 Pruhryhu/ dv wkh grphvwlf sulfh lqgh{ idoov/ uhdo grphv0
wlf lqfrph ulvhv/ vr wkdw grphvwlf ghpdqg iru lpsruwv ulvhv erwk iru d vxevwlwxwlrq
dqg iru dq lqfrph h�hfw1

Zh fkrrvh grphvwlf udz lqsxwv dv d qxphudluh/ vr wkdw y @ 4= Jlyhq wkh
shuihfw v|pphwu| ri wkh prgho/ lw pxvw dovr eh yW @ 4 dw htxloleulxp1

Wkh h{suhvvlrq iru wkh �up* v sur�wv gl�hu ghshqglqj rq zkhwkhu wkh �up lv
vhoolqj rq wkh grphvwlf pdunhw rqo| ru dovr deurdg1 Ghqrwlqj iruhljq ghpdqg iru
krph jrrgv +h{sruwv, e| [6W> zh kdyh

�+v+l,> l, @ s+=,[+=, . ��sW+=,[6W+=,�

;



�

k
z+=, . �

�
[+=, . ��[6W+=,

�
. ���

l
= +618,

Sur�w pd{lpl}dwlrq ohdgv wr pdun0xs sulflqj1 V|pphwu| lq surgxfwlrq dqg wdvwhv
jxdudqwhhv wkdw doo �upv lq erwk frxqwulhv �{ wkh vdph �iuhh0rq0erdug� sulfh/

s+v+l,> l, @ sW+v+l,> l, @
�

� � 4
� � s iru doo l> v+l,= +619,

Frqvlvwhqwo|/ zh fdq rplw khqfhiruwk wkh lqgh{ l 1 Xvlqj wklv frqglwlrq ri v|p0
phwulf sulflqj +619,/ wkh ghpdqgv iru grphvwlf jrrgv/ lpsruwv/ dqg h{sruwv fdq
eh uhvshfwlyho| h{suhvvhg dv iroorzv=

[+v> d>P, @ s3j\ +P, W+v> d, +61:,

[W

6
+vW> dW>P, @ s3j\ +P, W+vW> dW, �j3� +61;,

[6W +v> d>PW, @ s3j\ W+PW,+W +v> d, �j3� +61<,

zkhuh

\ +P, � L+P, Sj3�> \ W+PW, � LW+PW,SWj3� +6143,

ghqrwh wkh ghpdqg iru d krph +iruhljq, jrrg ri xqlwdu| sulfh dqg �vwdqgdug�
txdolw| +W +=, @ 4, e| grphvwlf +iruhljq, frqvxphuv1 Ehfdxvh wklv yduldeoh hqwhuv
dv d pxowlsolfdwlyh whup lq wkh ghpdqg iru doo jrrgv/ lw fdq eh lqwhusuhwhg dv d
phdvxuh ri ��upv* vfdoh� lq wkh grphvwlf +iruhljq, pdunhw1

Wzr +hqgrjhqrxv, yduldeohv d�hfw wkh pdjqlwxgh ri \ = djjuhjdwh lqfrph/ L>
dqg wkh sulfh lqgh{/ S 1 Jlyhq P / wkh glvwulexwlrq ri vnloo hduqlqjv z+v, xqlyr0
txho| ghwhuplqhv djjuhjdwh lqfrph L1 Rwkhu wklqjv ehlqj htxdo/ kljkhu krxvhkrogv
lqfrph udlvhv wkh ghpdqg iru d �up*v surgxfw1 Qrwh wkdw wkh uhdo lqfrph hodv0
wlflw| ri ghpdqg lv xqlw|/ zkloh wkh uhodwlyh sulfh hodvwlflw| lv � A 41 Wkhuhiruh
d kljkhu S / uhvxowlqj iurp kljkhu wkh dyhudjh sulfh ri frpshwlwruv/ udlvhv wkh
ghpdqg iru hdfk lqglylgxdo surgxfhu1

6151 Lqfrph Glvwulexwlrq/ Wudgh/ dqg Whfkqrorj|

Zh qrz vwxg| wkh lqwhudfwlrq ehwzhhq wkh glvwulexwlrq ri zdjhv dqg �upv* fkrlfh
wr h{sruw1 Vxssrvh wkdw d �up hpsor|lqj w|sh0v zrunhu ghflghv qrw wr h{sruw1
Iuhh hqwu| hqwdlov wkdw wkh hduqlqjv ri wkh zrunhu frlqflghv zlwk wkh �up*v rshu0
dwlqj sur�wv1 Iurp +618, dqg dqg +619, zh vhh wkdw =

z�+v> d>P, @ +s� �,[+v> d>P, @ s�3j\
W +v> d,

�
� z?+v> d>P,> l @5 Qe +6144,

<



Lq wkh qrq0h{sruw vhfwru/ wkh hduqlqjv ri d zrunhu zlwk vnloo v lv srvlwlyho| uhodwhg
wr wkh vfdoh ri wkh grphvwlf pdunhw/ \ / dqg wr wkh �up*v pdunhw srzhu/ phdvxuhg
e| wkh pdun0xs s�� +zklfk lv lqyhuvho| uhodwhg wr wkh sulfh hodvwlflw| ri ghpdqg/
�,1 Qrwlfh wkdw wkh zdjh udwh lqfuhdvhv olqhduo| zlwk txdolw|/ W +v> d,1 Wkh hodvwlf0
lw| ri wkh zdjh zlwk uhvshfw wr wkh ohyho ri vnloo/ v> frlqflghv zlwk wkh hodvwlflw| ri
wkh txdolw| lqgh{ W> &+v> d, � Wrv@W= Zkhqhyhu wkh txdolw| ri wkh surgxfw ulvhv
pruh wkdq sursruwlrqdwho| zlwk wkh vnloo ri wkh surgxfhu/ &+v> d, A 4/ hyhq vpdoo
gl�huhqfhv lq vnloov pd| uhvxow lq d odujh hduqlqjv suhpld dqg lq d vnhzhg lqfrph
glvwulexwlrq/ dv lq Urvhq +4<;4,^44`1

Dvvxph qrz wkdw d �up hpsor|lqj d w|sh0v zrunhu ghflghv wr h{sruw11 Uhfdoo0
lqj wkdw dq h{sruwlqj �up pxvw lqfxu d �{hg frvw � wr dffhvv wkh iruhljq pdunhw/
dqg lpsrvlqj d @ dW> dqg P @PW> wkh zdjh ri w|sh0 v zrunhu lv

z�+v> d>P, @ +s� �,+[+v> d>P, .[6W
+v> d>PW,,� � @

@ s�3j
W+v> d,

�
\ +4 .

\ W

\
�j3�,� � � ze+v> d>P,> l 5 Q e+6145,

Frpsdulqj +6144, dqg +6145, zh vhh wkdw wkh zdjh suhplxp lqfuhdvhv hyhq pruh

zlwk v li wkh �up lv h{sruwlqj/ vhh �jxuh 41

Lqvhuw �jxuh 4 khuh

Wkh lqwxlwlrq lv vlpsoh1 Hdfk dgglwlrqdo xqlw ri wdohqw lq h{sruwlqj �upv
doorzv iru odujhu vdohv lq erwk krph dqg iruhljq pdunhwv1 Wklv gl�huhqfh lq pdu0
nhw vl}h/ t

W

t
�j3�> lv wudqvodwhg lq hduqlqjv gl�huhqwldov1 Dv lq Urvhq +4<;4,/

�duh wkh pruh wdohqwhg wkdw jdlq pruh iurp pdunhw vl}h�1 Qrwh wkdw wkh hodv0
wlflw| ri wkh zdjh suhplxp zlwk uhvshfw wr vnloov lv odujhu lq wkh h{sruwlqj
vhfwru/ +ze+v, . �, @ze+v,,&+v> d, A &+v> d,= Wklv ihdwxuh ri rxu prgho lv frq0
vlvwhqw zlwk uhfhqw hpslulfdo hylghqfh frqfhuqlqj wkh zdjh suhplxp sdlg e| h{0
sruwlqj �upv +Ehuqdug dqg Mhqvhq +4<<:,^4`,1

AIurp +6144, dqg +6145, lw lv fohdu wkdw / iru jlyhq pdunhw vl}h \> wudgh
lqwhjudwlrq gxh wr orzhu wudqvsruw frvw +kljkhu �, ru orzhu dffhvv frvw �> udlvh wkh
hduqlqjv ri zrunhuv hpsor|hg lq wkh h{sruw vhfwru/ zkloh ohdylqj xqd�hfwhg zdjhv
lq qrq0h{sruwlqj �upv1 Vlqfh/ dv zh vkdoo vhh/ wkh h{sruw vhfwru kljkhu vnloov wkdq
wkh qrq0h{sruw vhfwru/ wklv whqg wr lqfuhdvh lqfrph frqfhqwudwlrq1

Lw lv qrz hdv| wr vhh xqghu zkdw frqglwlrqv d �up hpsor|lqj d zrunhu zlwk
vnloov v lv zloolqj wr yhqwxuh rq wkh h{sruw pdunhw1 Lw zloo gr vr surylghg wklv
lqfuhdvhv lwv rshudwlqj sur�wv/ l1h1 ze+v, � z?+v,= Vlqfh wkh dffhvv frvw wr iruhljq
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pdunhwv � lv lqghshqghqw ri vdohv/ zkloh vdohv lqfuhdvh zlwk wdohqw/ rqo| �upv
hpsor|lqj vx!flhqwo| vnloohg zrunhuv zloo vhoo rq wkh iruhljq pdunhw/ iurp +6144,
dqg +6145,

W +v> d, �
�sj3��

\ W �j3�
+6146,

v � ]

3
EC

n

�sj3��

\ W �j3�
>
3

d

4
FD � }> +6147,

zkhuh ]+=> d, � W3�+=> d,8

Frqvlvwhqwo| zlwk wkh hylghqfh suhylrxvo| glvfxvvhg/ �upv lq wkh h{sruw vhfwru
whqg wr hpsor| zrunhuv zlwk kljkhu vnloo dqg/ dv d frqvhtxhqfh/ wr sd| wkhp kljkhu
zdjhv1

Wkh �ghjuhh ri rshqqhvv� ri wkh hfrqrp| lv phdvxuhg e| wkh vkduh ri h{sruwlqj
�upv/

U
r

5
!+v,gv= Wklv lv hqgrjhqrxvo| ghwhuplqhg1 Rshqqhvv ulvhv +} idoov, zlwk

wkh vfdoh ri wkh iruhljq pdunhw/ \ W/ vlqfh wklv udlvhv wkh vnloo suhplxp dqg lqgxfhv
pruh hqwuhsuhqhxuv wr yhqwxuh deurdg1 Dovr/ qrwlfh wkdw orzhu wudqvsruw frvwv/
l1h1h kljkhu � / errvw ghpdqg/ dqg wkhuhiruh udlvh wkh sursruwlrq ri h{sruwlqj
�upv/ fhwhulv sdulexv1 Ilqdoo|/ wkh vkduh ri h{sruwlqj �upv lv orzhu/ wkh odujhu wkh
vxqn0frvw ri h{sruwlqj/ �1

Fohduo|/ wkh prgho jhqhudwhv wudgh surylghg

v ? } � v= +6148,

Lq wkh iroorzlqj/ zh olplw wkh dqdo|vlv wr wklv fdvh1
Whfkqrorjlfdo fkdqjh/ dv phdvxuhg e| fkdqjhv lq d/ d�hfwv erwk rq wkh ghjuhh

ri rshqqhvv dqg lqfrph glvwulexwlrq1 Dv d lqfuhdvhv/ wkh fxw0r� vnloo ohyho } lv
xqdpeljxrxvo| uhgxfhg/ ehfdxvh zrunhuv zlwk orzhu vnloov vwduw surgxflqj wkh
wkuhvkrog txdolw| +fkhfn iurp +6147,/ uhfdoolqj wkdw ]@ @ �4@W@ ? 3,1, Khqfh
pruh �upv hqwhu iruhljq pdunhwv1

Wkh h�hfw ri whfkqrorj| rq wkh zdjh glvwulexwlrq ghshqgv rq wkh ghjuhh ri
vxevwlwxwdelolw| ehwzhhq d dqg vnloov/ dqg zloo eh glvfxvvhg odwhu1 Fohduo|/ wudgh
dqg whfkqrorj| vkrfnv d�hfw rshqqhvv } dqg pdunhw vl}h \ vlpxowdqhrxvo|/ vr
wkdw wkh lpsolfdwlrqv iru wkh zdjh glvwulexwlrq uhtxluhv d mrlqw vroxwlrq iru wkhvh
yduldeohv11

8Khqfh/ ~� ' �*Ar : f> ~@ ' 3�*A@ 	 f1
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71 Prgho Vroxwlrq

Lqyrnlqj v|pphwu| / zh fdq vhw \ @ \ W> dqg } @ }W> dqg frqfhqwudwh rq wkh fdvh
ri edodqfhg wudgh191 Qh{w zh h{sorlw wkh idfw wkdw hdfk zrunhu2�up surgxfhv d
vlqjoh ydulhw| ri wkh jrrg1 Wkh vsdfh ri jrrgv fdq frqvlvwhqwo| eh pdsshg lqwr
wkdw ri vnloov/ dqg wkh FHV sulfh lqgh{ +616, fdq eh uhzulwwhq lq whupv ri wkh
v0glvwulexwlrq/
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r
W +v> d, !+v, gv. �j3�

] r

5
W + v> d, !+v,gv

$&
3�*Ej3��

+714,

Qrwh wkdw wkh sulfh ohyho S ghshqgv rq rshqqhvv / }= Wkh sulfh lqgh{ idoov zkhqhyhu
pruh �upv ghflgh wr yhqwxuh deurdg +} idoov,1 Gxh wr �oryh iru ydulhw|�/ d odujhu
pdvv ri ydulhwlhv dydlodeoh wkurxjk lpsruwv udlvhv lqgluhfw xwlolw|/ wkxv uhgxflqj wkh
wuxh sulfh lqgh{ +zklfk lv gxdo wr lw,1 Lq rughu wr ghulyh dq h{suhvvlrq iru \ zklfk
rqo| ghshqgv xsrq }/ lqwhjudwh dfurvv zdjhv +6144, dqg +6145, dqg vxevwlwxwh wkh
uhvxowlqj h{suhvvlrqv lqwr djjuhjdwh lqfrph +615,1 Wklv |lhogv
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Vxevwlwxwlqj wkh h{suhvvlrq iru S +714, lqwr +715,/ jlyhv
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l @ \ +}, +716,

Wkh qxphudwru ri h{suhvvlrq +716, uhsuhvhqwv wkh wrwdo lqfrph ri sulpdu| lqsxwv
hpsor|hg lq pdqxidfwxulqj/ �P qhw ri wkh lqfrph hduqhg lq h{sruw vhuylfhv1 Wklv
whup uh hfwv wkh pdunhw vl}h ri d �up1 Fohduo|/ wkh pruh uhvrxufhv duh �zdlvwhg
� lq pdunhw dffhvv vhuylfhv/ wkh orzhu wkh pdunhw vl}h idflqj hdfk �up/ \ 1 Wkh
ghqrplqdwru lv lqyhuvho| uhodwhg wr wkh sulfh lqgh{1 Vlqfh hodvwlflw| ri ghpdqg
wr wkh �up uhodwlyh sulfh h{fhhgv xqlw| +frpsduh zlwk+614,,/ wkh vxevwllwxwlrq
h�hfw suhydlov rq wkh lqfrph h�hfw1 Khqfh zkhq wkh jhqhudo sulfh lqgh{ ulvhv
+wkh ghqrplqdwru idoov,/ wkh lqglylgxdo surgxfhu ehfrphv pruh frpshwlwlyh dqg
khu vdohv ulvh1 Lw lv lpphgldwh wr fkhfn wkdw wklv h{suhvvlrq ghshqgv srvlwlyho|
rq }/ \5 A 31 Lqwxlwlyho|/ wkhuh duh wzr h�hfwv dw zrun Iluvw/ zkhq wkh qxpehu
ri h{sruwlqj �up idoov +} ulvhv, ohvv uhvrxufhv duh zdlvwhg iru wkh dffhvv frvw/

9E| v|pphwu|/ � ' �W> �6� ' �
W

6
lv uhtxluhg iru wudgh wr edodqfh1
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dqg glvsrvdeoh lqfrph ulvhv1 Vhfrqg/ dv lpsruwv idoo/ wkh wuxh frvw ri olylqj ulvhv
+frpsduh zlwk 714,/ dqg wklv pdnhv grphvwlf �up pruh frpshwlwlyh1

Htxdwlrqv +6147, dqg +716, mrlqwo| ghwhuplqh wkh vl}h ri wkh h{sruw vhfwru/
} dqg wkh vl}h ri d �up lq wkh grphvwlf pdunhw/ \ 1 Wkh htxloleulxp fdq eh
uhsuhvhqwhg rq d vlpsoh gldjudp1 Iljxuh6 ghslfwv htxdwlrq +716,/ wkh \\ fxuyh/
dqg htxdwlrq +6147,/ wkh ]] fxuyh/ lq wkh +}> \ , vsdfh1:

Lqvhuw Iljxuh 5 khuh

Wkh surshuwlhv ri wkh wzr fxuyhv lpso| wkdw wkhuh h{lvwv dq xqltxh htxloleulxp/
uhsuhvhqwhg e| wkh lqwhuvhfwlrq ri wkh wzr orfl1 Wklv gldjudp zloo khos wkh dqdo|vlv
ri qh{w vhfwlrqv/ zkhuh zh shuirup frpsdudwlyh vwdwlfv rq wkh v|vwhp1

81 Wudgh Lqwhjudwlrq

Rxu dlp lv lq wklv vhfwlrq lv wr dvvhvv wkh lpsolfdwlrqv ri wudgh lqwhjudwlrq rq wkh
zdjh glvwulexwlrq1 Iurp rxu gldjudp dqg iurp +6147, zh vhh wkdw d uhgxfwlrq
lq wudqvsruw frvwv +d ulvh lq �, vkliwv wkh ]] fxuyh grzq wr wkh ohiw +vhh �jxuh
6,1 Dv wudqvsruw frvwv idoo/ wkh sulfh vhw deurdg e| grphvwlf �upv lv uhgxfhg/
iruhljq ghpdqg lqfuhdvhv/ dqg wkh pdvv ri h{sruwhuv ulvhv +} idoov,1 Iurp +716,
zh vhh wkdw wkh \\ orfxv vkliwv xs wr wkh ohiw1 Orzhu wudqvsruw frvwv lqfuhdvh
frpshwlwlrq iurp deurdg/ wkxv uhgxflqj ghpdqg iru hdfk �up/ dw jlyhq }1 Lq
wkh qhz htxloleulxp/ \ xqdpeljxrxvo| idoov1 Hyhq li wrwdo vdohv duh errvwhg e|
lqfuhdvhg h{sruwv/ hdfk �up rshudwhv rq d vpdoohu grphvwlf vfdoh1 Wkh ghjuhh ri
rshqqhvv lv vxemhfw wr wzr frq lfwlqj irufhv1 Rqh wkh rqh kdqg/ orzhu wudqvsruw
frvwv errvw wkh ghpdqg iru h{sruwv wkurxjk d gluhfw sulfh h�hfw1 Wklv udlvhv wkh
pdvv ri �upv zloolqj wr h{sruw +vhh+6147,,/ dqg } idoov1 Rq wkh rwkhu kdqg/ orzhu
wudqvsruw frvwv kdyh d qhjdwlyh h�hfw rq iruhljq ghpdqg wkurxjk d vfdoh h�hfw
+\ W idoov,/ dqg wklv uhgxfhv wkh pdvv ri h{sruw0rulhqwhg �upv +} ulvhv,1 Lw fdq
eh vkrzq +vhh wkh Dsshqgl{, wkdw wkh sulfh h�hfw dozd|v grplqdwhv/ vr wkdw wkh
hfrqrp| ehfrphv pruh rshq zkhq wudqvsruw frvwv idoov/ g}@g� ? 3/ frq�uplqj
sduwldo htxloleulxp lqwxlwlrqv1

Lqvhuw �jxuh 6 khuh

AIurp wklv uhvxow zh fdq ghulyh wkh h�hfwv rq wkh glvwulexwlrq ri zdjhv1
AIurp htxdwlrq +6144, zh vhh wkdw doo vnloo suhpld lq wkh qrq0h{sruwlqj vhfwru/

:Qrwh wkdw vlqfh zh frqvlghu dq htxloleulxp zlwk wudgh/ r 	 5 $ r pxvw krog1 Frq0

vlvwhqwo|/ wkh udqjh ri dgplvvleoh ydoxhv iru pdunhw vl}h pxvw vdwlvi| t 	 t $ t / zkhuh
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z?+v,/ pxvw idoo sursruwlrqdwho| wr wkh frqwudfwlrq wkh �up*v vfdoh/ \= Frq0
yhuvho|/ iurp +6145, zh vhh wkdw zdjhv lq wkh h{sruw vhfwru/ ze+v, pd| hlwkhu idoo/
ehfdxvh pdunhw vfdoh \ vkulqnv/ dv ehiruh/ ru ulvh/ ehfdxvh orzhu wudqvsruw frvwv
hqwdlo odujhu vdohv deurdg1; Fohduo|/ hyhq li zdjhv idoo lq wkh h{sruwlqj vhfwru/
suhydlolqj wkh �uvw gluhfw h�hfw/ wkh| zloo idoo e| ohvv wkdq wkh| gr lq wkh qrq h{0
sruw vhfwru1 Pruh suhflvho|/ wdnh dq| rqh hqwuhsuhqhxu lq wkh qrq h{sruw vhfwru/
lqgh{hg e| vnloo v� � } dqg dq| rqh lq wkh h{sruw vhfwru/ v�� ? }1 Lw lv srvvleoh
wr vkrz wkdw wkhlu uhodwlyh zdjh gl�huhqwldo / ze+v�,@z?+v��,/ zlghqv zlwk wudgh
lqwhjudwlrq +vhh wkh Dsshqgl{,1

Jlyhq wkdw orzhu wudqvsruw frvw whqg wr udlvh wkh vkduh ri wkh h{sruw vhfwru
+g}@g� ? 3,> zh frqfoxgh wkdw d uhgxfwlrq lq wudqvsruw frvwv xqdpeljxrxvo|
lpsolhv d uhglvwulexwlrq ri lqfrph iurp wkh qrq0h{sruw wr wkh h{sruw vhfwru ri wkh
hfrqrp|1

Lw lv hdv| wr zrun rxw wkh glvwulexwlrqdo h�hfwv ehwzhhq hqwuhsuhqhxuv/V
rq rqh kdqg/ dqg rzqhuv ri sulpdu| lqsxwv/ P 1 Ghqrwh djjuhjdwh sur�wv e|
� �

U
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r
z?+v,gv.
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AIurp +716, rqh fdq vkrz wkdw

� @
P

� � 4
�

��

� � 4

]
r

5

!+v, gv= +814,

Gl�huhqwldwlqj h{suhvvlrq +814, |lhogv
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vlqfh g}@g� ? 31 D uhgxfwlrq lq wudqvsruw frvwv wlowv wkh lqfrph glvwulexwlrq
lq idyru ri sulpdu| lqsxwv1 Wklv uhvxow iroorzv lpphgldwho| e| uhfdoolqj wkdw
h{sruwlqj uhtxluhv d �{hg dffhvv frvw lq whup ri wkhvh lqsxwv1 Dv pruh �upv
yhqwxuh deurdg pruh sulpdu| frpprglwlhv duh uhtxluhg lq h{sruw vhuylfhv1 Khqfh
wkh vkduh ri sur�wv pxvw idoo1

Ilqdoo|/ wkh h�hfw ri wudgh lqwhjudwlrq rq wrwdo zhoiduh fdq eh dvvhvvhg e|
orrnlqj dw fkdqjhv lq wkh xwlolwduldq lqglfdwru Z � L@S @ �@S .P@S 1Iluvw
qrwlfh wkdw d idoo lq wudqvsruw frvwv uhgxfhv wkh sulfh ohyho1 Iurp +714,/ zh vhh
wkdw wklv lv gxh wr wzr uhdvrqv1 Iluvw/ d gluhfw srvlwlyh h�hfw yld orzhu sulfh ri
lpsruwhg jrrg1 Vhfrqg/ dq lqgluhfw h�hfw wkurxjk wkh uhgxfwlrq ri wkh wkuhvkrog
}/ zklfk udlvhv dyhudjh txdolw|1 Dv d frqvhtxhqfh/ wkh �uhdo� zdjh eloo ri sulpdu|
lqsxwv/ P@S> xqdpeljxrxvo| ulvhv1 Dv iru djjuhjdwh uhdo vnloo hduqlqjv/ �@S / wkh
h�hfwv duh dpeljxrxv/ vlqfh � lv uhgxfhg e| kljkhu � 1 Lq wkh Dsshqgl{ zh vkrz

;Wklv vhfrqg h�hfw grplqdwhv surylghg ghpdqg lv vx!flhqwo| hodvwlf +j kljk,1
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wkdw wkh ryhudoo h�hfw ri orzhu wudqvsruw lv wr lqfuhdvh wrwdo zhoiduh/ dv phdvxuhg
e| L@S 1

Lq vxppdu| =

Ohppd 41 wudgh lqwhjudwlrq yld orzhu wudqvsruw +kljkhu �, kdv wkh iroorzlqj
h�hfwv= l, rshqqhvv ulvhv +} idoov, dqg wkh vfdoh ri hdfk �up rq wkh grphvwlf pdunhw
\ vkulqnv> ll, zdjhv lq qrq0h{sruwlqj �upv duh uhgxfhg/ zdjhv lq h{sruwlqj �upv
pd| ulvh ru idoo/ dqg wkhlu udwlr/ ze+v�,@z?+v��,/ ulvhv lll, wkhuh lv d uhglvwulexwlrq
iurp sur�wv wr udz lqsxwv= � idoov> ly, wrwdo zhoiduh Z ulvhv1

Wzr uhpdunv duh lq rughu1 Iluvw/ zkhwkhu �wudgh lqwhjudwlrq� lv gxh wr orzhu
wudqvsruw frvw ru wr d uhgxfwlrq lq wkh �{hg frvw ri h{sruwlqj/�> grhv vrph0
zkdw d�hfwv wkh uhvxowv1 Lq sduwlfxodu/ wudgh lqwhjudwlrq yld orzhu dffhvv frvw fdq
eh vkrzq wr uhglvwulexwh lqfrph wrzdugv wkh h{sruwlqj vhfwru +fi lll, deryh,/ wr
udlvh wkh vkduh ri wudghg jrrgv lq wkh hfrqrp| +fi l,/ dqg wr eh zhoiduh lpsury0
lqj1 Krzhyhu wkh h�hfwv rq djjuhjdwh sur�wv dqg xsrq wkh �upv* vfdoh ehfrph
dpeljxrxv1< Vhfrqg/wkh idfw wkdw wrwdo zhoiduh lqfuhdvhv dv wudqvsruw frvwv duh
uhgxfhg/ grhv qrw lqso| wkdw zhoiduh iru hdfk zrunhu lqfuhdvhv1 Lw pd| zhoo eh
wkh fdvh wkdw wkh qrplqdo hduqlqjv ri vrph zrunhuv duh uhgxfhg wr d vx!flhqw
h{whqw wr hqwdlo d uhgxfwlrq dovr lq wkhlu uhdo hduqlqjv +xwlolw|,1 Vr/ ghshqglqj rq
wkh lqlwldo glvwulexwlrq ri P�/ vrph djhqwv pd| hqg xs orvlqj iurp uhgxfhg wudgh

eduulhuv1 Wr vhh wklv pruh irupdoo|/ wdnh wkh fdvh ri d zrunhu hpsor|hg lq wkh
qrq0h{sruwlqj vhfwru zkr lv klw e| d wudgh vkrfn frqvlvwlqj ri uhgxfhg wudqvsruw
frvwv1 Wr vlpsoli| pdwwhuv/ dvvxph wkdw wklv zrunhu kdvP� @ 3/ vr wkdw kh +vkh,
lv qrw hqgrzhg zlwk udz lqsxwv1 Klv zhoiduh lv wkxv jlyhq e| klv zdjh/ gh dwhg
e| wkh FHV sulfh lqgh{

$?+v, @ s�3j
W +v> d,

�

\

S
= +816,

Dsso|lqj wkh gh�qlwlrq \ � LS Ej3�� dqg wrwdoo| gl�huhqwldwlqj $?+v, zlwk uhvshfw
wr � |lhogv

C$?+v,
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W +v,
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C�
S Ej32� . +� � 5,S Ej3��CS

C�

�
> +817,

Vlqfh CS@C� ? 3 dqg CL@C� @ C�@C� ? 3> � � 5 lv vx!flhqw wr lpso|
C$?+v,@C� ? 31 Xqghu vxfk flufxpvwdqfhv/ doo wkh zrunhuv hpsor|hg lq wkh
qrq0h{sruwlqj vhfwru wkdw duh qrw vx!flhqwo| hqgrzhg zlwk P zloo orvh iurp d
wudgh vkrfn lq uhdo whupv1

<Wkhvh uhvxowv fdq eh rewdlqhg iurp wkh dxwkruv xsrq uhtxhvw1

48



91 Whfkqrorjlfdo Surjuhvv

Qrz frqvlghu zkdw kdsshqv zkhq/ dv d uhvxow ri d ulvh lq whfkqlfdo nqrzohgjh/
d>wkh txdolw| ri doo surgxfwv lpsuryhv1 Fohduo|/ wklv phdqv wkdw d orzhu vnloo
hqgrzphqw lv qrz uhtxluhg iru dfklhylqj dq| jlyhq txdolw| vwdqgdug1 Wkxv/ iurp
+6147, wkh ]] fxuyh vkliwv grzq wr wkh ohiw lq Iljxuh 4 +uhfdoo wkdw ]@ @ �4@W@ ?
3=,1 D kljkhu iudfwlrq ri hqwuhsuhqhxuv fdq ehqh�w iurp h{sruwlqj/ dw jlyhq vfdoh
\ 1 Lq wxuq/ iurp +716,/ wkh \ \ fxuyh vkliwv xs wr wkh ohiw/ vlqfh wkh sulfh lqgh{
idoov zkhq dyhudjh txdolw| lpsuryhv1 Khqfh/ hdfk �up*v rxwsxw ehfrphv uhodwlyho|
pruh h{shqvlyh frpsduhg zlwk wkdw ri frpshwlwruv/ dqg ghpdqg idoov1 Lq wkh qhz
htxloleulxp/ d whfkqrorj| vkrfn � uhgxfhv wkh �up*v vl}h/ \ / exw kdv dq dpeljxrxv
h�hfw rq rshqqhvv/ }=

Wkh lpsolfdwlrqv iru zdjhv fdq eh dvvhvvhg dv iroorzv1 Ghqrwh wkh hodv0
wlflw| ri surgxfw txdolw| dqg ri �up vfdoh zlwk uhvshfw wr bd>uhvshfwlyho|/ e|
�+v> d, @ W@+v> d,d@W +v> d,> dqg �+d, @ �+g\@gd,d@\ A 3 1 Gl�huhqwldwlqj wkh
zdjh htxdwlrqv +6144,/ +6145, zlwk uhvshfw wr d zh �qg

gz+v,

gd
� 3/

s�3j

�

W +v> d,\

d
^�+v> d,� �+d,` � 3 +914,

lq erwk wkh h{sruw dqg qrq h{sruw vhfwru1
Wkhuh duh wzr frqwudvwlqj irufhv rq zdjhv= d srvlwlyh/ �up0vshfl�f h�hfw/

�>dqg d frpprq qhjdwlyh h�hfw/ �1 Wkh �uvw h�hfw lv gxh wr wkh idfw wkdw wkh
�up*v ehwwhu txdolw| udlvhv ghpdqg iru lwv ydulhw|/ dqg wkxv errvwv wkh �up*v
rshudwlqj sur�wv1 Wkh vhfrqg h�hfw zrunv wkurxjk sulfh frpshwlwlrq1 Dv wkh
jhqhudo sulfh ohyho idoov gxh wr ehwwhu dyhudjh txdolw|/ hdfk �up*v surgxfw ehfrph
uhodwlyho| pruh h{shqvlyh/ dqg wklv orzhuv �upv* vl}h \= Dv d frqvhtxhqfh/ wkh
h�hfwv rq vnloo hduqlqjv dqg rq wkh lqfrph glvwulexwlrq duh lq jhqhudo dpeljxrxv1

Lw lv xvhixo wr vwduw zlwk d ehqfkpdun fdvh/ dqg frqvlghu wkh d olqhdu whfkqrorj|
W +v> d, @ dv= Txdolw| lpsuryhphqwv duh sursruwlrqdo wr vnloov/ vr wkdw fkdqjh lq d

d�hfwv hdfk �up txdolw| dqg wkh dyhudjh txdolw| ri frpshwlwruv sursruwlrqdwho|1
Iurp htxdwlrqv +716, dqg +6147, \ dqg } fdq eh zulwwhq dv
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Qrwh wkdw } lv xqd�hfwhg e| whfkqrorj| +wkh whup d dw wkh ghqrplqdwru ri }
fdqfhov rxw zlwk wkh whup d dsshdulqj dw wkh ghqrplqdwru ri \ ,1 Dv d uhvxow/
�+v> d, @ �+d, @ 4= Wkh wzr h�hfwv fdqfho rxw/ vr wkdw zdjhv duh xqd�hfwhg e| wkh
vkrfn1 Lq wklv olqhdu h{dpsoh djjuhjdwh sur�wv/ iurp +814,/ dqg wkxv wkh lqfrph
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glvwulexwlrq ehwzhhq hqwuhsuhqhxuv dqg sulpdu| lqsxwv/ gr qrw fkdqjh Wkh rqo|
h�hfw sod|hg e| whfkqrorjlfdo +qhxwudo, lpsuryhphqwv frqfhuqv wkh sulfh lqgh{ S 1
Kljkhu dyhudjh txdolw| lv wudqvodwhg lqwr d orzhu sulfh lqgh{/ dqg wkhuhiruh lqwr
kljkhu zhoiduh/ Z 1

Lq rughu wr jhqhudol}h wkh dqdo|vlv/ uhphpehu wkdw doo �upv duh h{shulhqfh
kljkhu vdohv yld wkh frpprq h�hfw/ �+d,> wkh �txdolw|� h�hfw �+v> d, jhqhudoo|
ydulhv dfurvv �upv1 Iru vrph v> wkh vtxduh eudfnhw lq +914, pd| eh srvlwlyh= wkhvh
�upv zloo ehqh�w iurp whfkqlfdo surjuhvv1 Iru vrph rwkhu v/ wkh rssrvlwh pd|
krog/ �+v> d, ? �+d,> lpso|lqj d orvv1 Ri frxuvh/ uhvxowv fuxfldoo| ghshqg rq
krz �+v> d, lv fkdqjhv zlwk v1 Vxssrvh/ iru lqvwdqfh/ wkdw whfkqrorj| lv vnloo0
frpsohphqw/ wkdw lv W@r+v> d, lv �vx!flhqwo|� odujh/ vr wkdw hqwuhsuhqhxuv zlwk
kljk vnloo fdq h{sorlw wkh whfkqlfdo lqqrydwlrq pxfk ehwwhu wkdq ohvv wdohqwhg hq0
wuhsuhqhxuv143 Wkhq wkh �txdolw|� h�hfw zloo whqg wr grplqdwh iru pruh vnloohg
zrunhuv/ zkr zloo ehqh�w iurp wkh lqqrydwlrq/ zkloh wkh �vl}h� h�hfw pd| grpl0
qdwh iru wkh ohvv vnloohg/ zkr zloo orvh1 Lq wkh Dsshqgl{ zh vkrz wkdw wkhuh dozd|v
h{lvwv d vnloo ohyho hv 5 ^v> v` vxfk wkdw wkh wzr h�hfw fdqfho rxw �+hv> d, @ �+d,= Sur0
ylghg whfkqrorj| dqg vnloo duh vwurqj frpsohphqwv/ d whfkqrorjlfdo vkrfn errvwv
wkh hduqlqjv d zrunhuv zlwk vnloo lv deryh hv dqg uhgxfhv wkrvh ri zrunhuv ri w|sh
v ? hv1 Dovr/ iru uhdvrq glvfxvvhg lq wkh dsshqgl{/ wkh h�hfw rq } kdv dpeljxrxv
vljq1

Ilqdoo|/ whfkqrorj| vkrfnv dovr kdyh dpeljxrxv lpsolfdwlrqv rq wkh djjuh0
jdwh lqfrph glvwulexwlrq ehwzhhq udz lqsxwv dqg vnloohg zrunhuv1 Wklv fdq eh
xqghuvwrrg e| gl�huhqwldwlqj � lq +814, zlwk uhvshfw wr d =

g�

gd
@

��

� � 4
!+},

g}

gd
+916,

dqg uhfdoolqj wkdw } pd| hlwkhu idoo ru ulvh 1Dv iru wudgh vkrfnv/ whfkqlfdo surjuhvv
dozd|v udlvhv wrwdo zhoiduh Z / lq vslwh ri wkh dpeljxrxv h�hfw djjuhjdwh vnloo
suhpld � +vhh wkh Dsshqgl{,1

Vxppdul}lqj/

Ohppd 51 whfkqrorjlfdo surjuhvv +dq lqfuhdvh lq d, kdv wkh iroorzlqj h�hfwv l,
rshqqhvv +}, pd| ulvh ru idoo/ zkloh �upv* vfdoh \ idoov> ll, li whfkqrorj| lv vnloo0
frpsohphqw +vnloo0vxevwlwxwh,/ zrunhuv hqgrzhg zlwk wdohqw v ? hv h{shulhqfh d
idoo +ulvh, lq wkhlu zdjh udwh> lll, wkh djjuhjdwh vnloo suhplxp/ �/ pd| ulvh ru idoo>
ly, wrwdo zhoiduh/ Z / lqfuhdvhv1

43D vlpsoh h{dpsoh ri vnloo0frpsohphqw whfkqrorj| lv A Erc @� ' @rn Sc S : f� Wkh surgxfw*v

txdolw| ghshqgv rq d frpprq �vwdwh ri wkh duw� frpsrqhqw/ Sc dqg rq dq lglrv|qfudwlf rqh/

sursruwlrqdo wr wkh ohyho ri vnloov1
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Wzr duh wkh pdlq gl�huhqfhv zlwk uhvshfw wr wudgh lqwhjudwlrq1 Vnloo0eldvhg
whfkqrorj| vkrfnv pd| uhglvwulexwh hduqlqjv dprqj �upv ehorqjlqj wr wkh vdph
vhfwru/ zkloh wudgh vkrfnv xqdpeljxrxvo| uhglvwulexwhv lqfrph iurp wkh qrq0
h{sruw wr wkh h{sruw vhfwru1 Zkloh uhgxfhg wudgh eduulhuv lqfuhdvh wkh h{whqw ri
wudgh lqwhjudwlrq/ whfkqrorjlfdo vkrfnv kdyh dq dpeljxrxv h�hfw rq wkh vkduh ri
h{sruwlqj �upv1

:1 Frqfoxvlrqv

Zh kdyh vwxglhg wkh h�hfwv �joredol}dwlrq� rq zdjh lqhtxdolw|1 Pdq| gl�huhqw
wklqjv duh riwhq phdqw e| �joredo hfrqrp|�1 Lq wkh vslulw ri wkh �Hfrqrplfv
ri Vxshuvwdu�/ zh kdyh glvfxvvhg wzr= wudgh lqwhjudwlrq lq wkh irup ri orzhu
wudqvsruw frvw / dqg whfkqrorj| lqqrydwlrqv wkdw hqdeoh vxssolhuv wr lpsuryh wkh
+shufhlyhg, txdolw| ri wkhlu surgxfwv dqg udlvh frqvxphuv* vdwlvidfwlrq1

Li joredol}dwlrq wdnhv sodfh lq whupv ri uhgxfhg wudgh eduulhuv/ wkhq zh �qg
wkdw lqfrph lv uhglvwulexwhg dzd| iurp wkh qrq wudgdeoh vhfwru wrzdugv wkh wudghg
vhfwru ri wkh hfrqrp|1 Vlqfh wkh iruphu jhqhudoo| hpsor|v zrunhuv ri orzhu vnloo
dqg sd|/ wkh h�hfw lv wr udlvh wkh h{whqw ri zdjh lqhtxdolw|/ dowkrxjk zhoiduh/ dv
phdvxuhg e| uhdo JGS/ ulvhv1

Li joredol}dwlrq wdnhv sodfh lq whupv ri lpsuryhg surgxfwlrq ru frppxqlfdwlrq
whfkqrorjlhv/ wkhq zh �qg wkdw wkh ohvv vnloohg duh vwdqg wr orrvh ru jdlq/ ghshqglqj
rq zkhwkhu whfkqrorj| lv vnloo0frpsohphqw ru vxevwlwxwh1

Wkh prgho jlyhv dq lqwxlwlyh h{sodqdwlrq iru wkh hpslulfdo uhjxodulwlhv wkdw
vnloo lqwhqvlw|/ pdunhw vl}h dqg zdjhv whqg wr eh srvlwlyho| dvvrfldwhg wr h{sruwlqj/
dfurvv vhfwruv dqg sodqwv1

Wkhvh uhvxowv fdq eh ri vrph xvh lq wkh h�ruw ri glvhqwdqjolqj hpslulfdoo| wkh
glvwulexwlyh lpsdfw eurxjkw derxw e| wudgh dqg whfkqrorj|= wkh iruphu d�hfwlqj
vhfwruv/ dqg wkh odwwhu �upv zlwklq vhfwruv1

Rxu frqfoxvlrqv ghhso| frqwudvw zlwk wkh jhqhudo suhglfwlrq ri wkh qhz wudgh
wkhru|/ zkhuh lqwud0lqgxvwu| wudgh lv h{shfwhg qrw wr surgxfh ylfwlpv1 Lq rxu
vhwwlqj/ ghyhorsphqwv lq wudgh ru whfkqrorj| d�hfw gl�huhqwo| wkh rssruwxqlwlhv
ri zrunhuv hqgrzhg zlwk gl�huhqw delolwlhv1 Rqo| wkrvh vhoohuv wkdw ehqh�w pruh
wkdq wkh dyhudjh frpshwlwru zloo hqg xs zlwk d qhw lqfrph jdlq1

Joredol}dwlrq/ dowkrxjk zhoiduh lpsurylqj/ lv wkxv olnho| wr udlvh lqhtxdolw|/
dqg wr irvwhu ghpdqg iru surwhfwlrq1 Dv rwkhu dqdo|vlv/ rxuv vkrzv wkdw wkh
jryhuqphqw dqvzhu vkrxog udwkhu eh uhglvwulexwlrq1 Krzhyhu/ wkh lpsolfdwlrqv
iru uhglvwulexwlyh lqwhuyhqwlrq jrhv eh|rqg wkh wudglwlrqdo vnloohg2xqvnloohg glv0
wlqfwlrq1 Joredol}dwlrq hqwdlov lqfrph wudqvihuv hyhq dprqj wkrvh zrunhuv wkdw
dsshdu wr eh vnloohg1 Wkh h{sruw vwdwxv ri �upv dqg sodqwv pd| jxlgh srolf|
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dfwlrq dlphg dw uhglvwulexwlqj lqfrph1

;1 Dsshqgl{

;141 Orzhu wudqvsruw frvwv

;14141 H�hfwv rq rshqqhvv +}, dqg �up vl}h +\ ,

Zh vkrz wkdw C}@C� ? 3> C\@C� ? 3
Surri1 Wrwdo gl�huhqwldwlrq ri wkh v|vwhp iruphg e| +6147, dqg +716, |lhogv

C}

C�
@

}� . }t \�
4� }t \5

+;14,

C\

C�
@

\� . \5}�
4� }t \5

> +;15,

zkhuh vxevfulswv ghqrwh sduwldo ghulydwlyhv1 Uhfdoo wkdw }t ? 3 dqg \5 A 3>
vr wkdw wkh ghqrplqdwru ri +;14, dqg +;15, lv srvlwlyh1 Lq wkh vhfrqg h{suhvvlrq
\� ? 3 dqg }� ? 3 / vr wkdw Yt

Y�
? 3=

Dv iru }/ wkh wzr whupv lq wkh qxphudwru kdyh frq lfwlqj vljq/ }� ? 3 dqg
}t \� A 31 Wkhuhiruh Y5

Y�
A 3 li dqg rqo| li }t \� A �}� 1 Frpsxwlqj wkhvh

h{suhvvlrqv iurp +6147, zh kdyh

}t @ �
4

Wr+},
\ 32

��sj3�

�j3�
@ �W+}> d,@Wr+},\> +;16,

}� @
4

Wr+},

��sj3�

\
+4� �,�3j @ �+� � 4,W +}> d,@Wr+}, \ �= +;17,

AIurp +716, zh ghulyh

\� @ �\�
3�s�3j

+� � 4,2

�
�j32

]
r

5

!+v,W +v,gv>

zkhuh 
 A 3 dqg � A 3 uhsuhvhqw/ uhvshfwlyho|/ wkh qxphudwru dqg ghqrplqdwru
ri +716,1 Wkhuhiruh/ zh fdq zulwh

}t \� @
4

Wr+},
�\ 3��3� +� � 4,2 �3�

]
r

5

!+v,W +v,gv> +;18,

Lw dsshduv wkdw wkh frqglwlrq }t \� A �}� zklfk lv qhfhvvdu| dqg vx!flhqw iru
Y5

Y�
A 3 fdq eh vdwlv�hg li dqg rqo| li
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}t \� A �}� / s�3j +� � 4, �3�
] r

5
!+v,W +v,gv A ���3j= +;19,

Diwhu ghyhorslqj wkh ghqrplqdwru �> zh fdq uhzulwh

�
U r
5 !+v,W +v,gvU r

r !+v,W +v,gv. �j3�
U r
5 !+v,W +v,gv

A ���3j> +;1:,

zklfk lpsolhv
�j3�

U r
5 !+v,W +v,gvU r

r !+v,W+v,gv. �j3�
U r
5 !+v,W +v,gv

A 4= +;1;,

Wklv lqhtxdolw| lv qhyhu vdwlv�hg1 Vr zh �qg wkdw Y5
Y� ? 3 1

;14151 H�hfwv rq uhodwlyh zdjhv/

Zh vkrz wkdw C+ze+v�,@z?+v��,@C� A 3 iru v� A }/ v�� � }=
Surri1 Iluvw/ uhpdun wkdw e| gh�qlwlrq ri }> ze+}, @ z?+},> C}@C� ? 3/ lpsolhv

C+ze+},, @z?+},,

C�
A 3= +;1<,

Vr/ iroorzlqj d uhgxfwlrq lq wudgh eduulhuv/ uhodwlyh zdjhv frpsxwhg dw wkh wkuhvk0
rog ydoxh } pxvw ulvh1 Wdnh dq| uhodwlyh zdjh udwh lq wkh qrq0h{sruw vhfwru
z?+v�,@z?+v��,/ v� � }/ v�� � }1 Wkhvh duh qrw d�hfwhg e| wudqvsruw frvwv +fkhfn
+6144,,1 Qrwh dovr wkdw/ jlyhq dq| sdlu ri zdjhv iru vnloo ohyhov v� A }/ v�� � } wkh
iroorzlqj krogv

C+ze+v�,, @z?+v��,,

C�
A 3+,

Cze+v�, @C�

ze+v�,
A

Cz?+v��, @C�

z?+v��,
+;143,

Xvlqj +;1<, dqg +;143, |lhogv

Cze+},@C�

ze+},
A

Cz?+v,@C�

z?+v,
@ 3/ v ? }

Qrwh wkdw lq wkh h{sruw vhfwru

Cze+v,@C�

ze+v,
@

s�3jW+v> d,
k
Yt
Y� +4 . �j3�, . \ +� � 4, �j3�

l

s�3j\ W +v> d,+4 . �j3�,� ��
/ v � }

Vlqfh wkh suhylrxv h{suhvvlrq lv lqfuhdvlqj lq v/ zh fdq zulwh

Cze+v�,@C�

ze+v�,
A

Cze+},@C�

ze+},
A

Cz?+v��,@C�

z?+v��,
/ iru dq| v� A }/ v�� � }

zklfk wulyldoo| lpsolhv YE�eEr��*�?Er���
Y� A 3=
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;14161 H�hfwv rq zhoiduh

Zh vkrz wkdw Y`

Y�
A 3

Surri1 Rxu xwlolwduldq zhoiduh lqglfdwru/ Z @ U

�
fdq eh uhzulwwhq dv Z @k

j

j3�

l j

j3� �
�

j3�
1 Wkhuhiruh

CZ

C�
@

�
�

� � 4

� j

j3�

�
C


C�
�

�

j3� .
4

� � 4

�

�

j3�
3�C�

C�

�
= +;144,

Diwhu ghyhorslqj Yl

Y�
dqg vlpsoli|lqj/ zh qrwh wkdw Y`

Y�
A 3 lv vdwlv�hg li dqg rqo|

li

��!+},
C}

C�
�

�

j3� ? 

4

� � 4
�

�

j3�
3�C�

C�
> +;145,

d frqglwlrq wkdw fdq eh uhzulwwhq dv

��!+},
C}

C�
? \

4

� � 4

C�

C�
= +;146,

Xvlqj h{suhvvlrq +6147, wkh deryh lqhtxdolw| fdq eh zulwwhq dv

�!+},
C}

C�
W +},

s�3j

�
�j3� ?

4

� � 4

C�

C�
= +;147,

Ghyhorslqj Y\

Y�
dqg vlpsoli|lqj +;147, fdq eh uhgxfhg wr

+� � 4, �3�
]

r

5

!+v,W +v,gv A 3> +;148,

dq lqhtxdolw| zklfk lv dozd|v vdwlv�hg1

;151 Whfkqrorjlfdo surjuhvv

;15141 H�hfwv rq zdjhv

Zh suryh wkdw wkhuh dozd|v h{lvwv rqh dqg rqo| rqh ydoxh hv> hv 5 ^v> v` vxfk wkdw
�+v> d, @ �+d,=

Surri1 Zh �uvw fodlp wkh iroorzlqj uhvxowv1

Uhvxow 41 Wkh whup �+v> d, lv prqrwrqlfdoo| lqfuhdvlqj +uhvs1/ ghfuhdvlqj, lq
v zkhqhyhu whfkqrorj| lv vnloo0frpsohphqw +uhvs1/ vnloo vxevwlwxwh,1

Surri1 Frqvlghu wkh fdvh ri vnloo0frpsohphqw whfkqrorj|/ vr wkdw wkh hodvwlflw|
&+v> d, � Wr+v> d,v@W +v> d,> lv lqfuhdvlqj lq d> &@+v> d, A 3 iru doo v> d1 Qrwh wkdw
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&@+v> d, A 3 li dqg rqo| li W@r+v> d, A
A@Erc@�ArErc@�

A Erc@� = Iurp wkh gh�qlwlrq ri �+v> d,/

�+v> d, @ W@+v> d,d@W +v> d,/ lw hphujhv wkdw wklv frqglwlrq lv dovr qhfhvvdu| dqg
vx!flhqw iru �r+v> d, A 31 V|pphwulfdoo|/ lq wkh fdvh ri vnloo0vxevwlwxwh whfkqrorj|/
&@+v> d, ? 3 lpsolhv �r+v> d, ? 31

Uhvxow 51 �+}> d,��+d, � 3 lv d qhfhvvdu| dqg vx!flhqw frqglwlrq iru C}@Cd �
3

Surri1 AIurp wkh gh�qlwlrq ri }> ze+}, @ z?+},> vr wkdw C}@Cd � 3 uhtxluhv

Cze+},

Cd
�

Cz?+},

Cd
+;149,

Xvlqj +6145,/ +6144,/ dqg +914,/ wkh deryh frqglwlrq dprxqwv wr

^�+}> d,� �+d,` �j3�
� 3= +;14:,

Frqvlghu wkh fdvh ri vnloo0frpsohphqw whfkqrorj|1 Dvvxph wkdw d ydoxh iru v
vdwlvi|lqj �+v> d, @ �+d, grhv qrw h{lvw1 Wkhq/ e| Uhvxow 4/ hlwkhu

l, �+v> d, A �+d,> +;14;,

ru
ll, �+v> d, ? �+d,= +;14<,

Dvvxph wkdw l, krogv1 Wkhq/ e| Uhvxow 4 dqg +914,/ iroorzlqj d ulvh lq wkh vwrfn
ri nqrzohgjh d> doo zdjhv pxvw ulvh1 Pruhryhu/ e| Uhvxow 5/ lw pxvw eh C}@Cd ?
31 Iurp +916,/ C}@Cd ? 3 lpsolhv C�@Cd ? 31 Exw wklv frqwudglfwv Uhvxow 4/
dffruglqj wr zklfk C�@Cd A 3> ehfdxvh doo zdjhv pxvw ulvh diwhu wkh vkrfn1
Dvvxph/ frqyhuvho|/ wkdw ll, krogv1 Wkhq/ e| Uhvxow 4 dqg +914,/ d ulvh lq wkh
vwrfn ri nqrzohgjh d> pxvw uhgxfh doo zdjhv1 Ixuwkhupruh/ e| Uhvxow 5/ lw pxvw
eh C}@Cd A 31 Djdlq/ C}@Cd A 3 lv lq frqwudglfwlrq zlwk Uhvxow 4/ dffruglqj wr
zklfk C�@Cd ? 3 ehfdxvh doo zdjhv pxvw idoo= D v|pphwulf dujxphqw dssolhv wr
wkh fdvh ri vnloo0vxevwlwxwh whfkqrorj|1

Vr/ Uhvxow 4/ Uhvxow 5/ dqg +914, lpso| wkdw d ydoxh hv> hv 5 ^v> v` vxfk wkdw
�+v> d, @ �+d, pxvw h{lvw1 Xqltxhqhvv lv lqvxuhg e| wkh idfw wkdw �+v> d, lv
prqrwrqlf lq v=
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;15151 H�hfwv rq zhoiduh

Zh vkrz wkdw CZ@Cd A 3
Surri1 Qrwh �uvw wkdw CZ@Cd A 3 li dqg rqo| li

CL@Cd

L
A

CS@Cd

S
= +;153,

Vlqfh L @ j
j3�

�
P � �

U r
5 !+v,gv

�
@ j

j3�
/ dqg S @ + j
j3��,

3�*Ej3��/ frqglwlrq

+;153, uhzulwhv dv iroorzv

!+},
C}

Cd

%
�



�

W +}> d,�j3�

��

&
A �

C
U r
r !+v,W+v> d,gv@Cd. �j3�C

U r
5 !+v,W +v> d,gv@Cd

��
+;154,

Xvlqj wkh gh�qlwlrq ri W +}> d, iurp +BB, lw lv vwudljkwiruzdug wkdw wkh ohiw
kdqg vlgh ri +;154, lv lghqwlfdoo| htxdo wr }hur/ vr wkdw wkh lqhtxdolw| krogv1
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Uhihuhqfhv

^4` Ehuqdug/ D1 dqg M1 E1 Mhqvhq/ +4<<:,/ H{sruwhuv/ vnloo xsjudglqj/ dqg wkh
zdjh jds/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ 75/ 60641

^5` Ehuqdug/ D1 dqg M1 E1 Mhqvhq/ +4<<;,/ H{fhswlrqdo H{sruwhu Shuirupdqfh=
Fdxvh/H�hfw ru ErwkB/ QEHU Zrunlqj Sdshu q195:51

^6` Ehuqdug/ D1 dqg M1 Zdjqhu/ +4<<;,/ H{sruw Hqwu| dqg H{lw e| Jhupdq
Ilupv/ QEHU Zrunlqj Sdshu q1986;1

^7` Iudqn/ U1 dqg S1 Frrn/ +4<<8,/ Wkh Zlqqhu0Wdnh0Doo Vrflhw|/ Wkh Iuhh Suhvv/
Qhz \run1

^8` Iuhhpdq/ U1 E1/ +4<<8,/ Duh |rxu zdjhv vhw lq EhlmlqjB/ Mrxuqdo ri Hfrqrplf
Shuvshfwlyhv/ +vxpphu,/ 480651

^9` Kdoo/ E1/ M1/ dqg M1/ E1 Olhepdq/ +4<<;,/ Duh FHRv uhdoo| sdlg olnh exuhdx0
fudwvB/ Txdwhuo| Mrxuqdo ri Hfrqrplfv/ 446/ 6/ 98609<61

^:` Khospdq/ H1 dqg S1 Nuxjpdq/ +4<;9,/ Pdunhw Vwuxfwxuh dqg Iruhljq Wudgh/
Wkh Plw Suhvv/ Fdpeulgjh Pdvv1

^;` Nuxjpdq/ S1/ +4<;3,/ Vfdoh hfrqrplhv/ surgxfw gl�huhqwldwlrq dqg wkh sdw0
whuq ri wudgh/ Dphulfdq Hfrqrplf Uhylhz/ :3/ <8308<1

^<` Mxkq/ F1/ N1 P1 Pxusk|/ dqg E1 Slhufh/ +4<<6,/ Zdjh lqhtxdolw| dqg wkh ulvh
lq uhwxuqv lq vnloo/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ 434/ 74307751

^43` Urguln/ G1/ +4<<:,/ Kdv Joredol}dwlrq Jrqh Wrr Idu B/ Zdvklqjwrq/ Lqvwlwxwh
iru Lqwhuqdwlrqdo Hfrqrplfv1

^44` Urvhq/ V1/ +4<;4,/ Wkh hfrqrplfv ri vxshuvwduv/ Dphulfdq Hfrqrplf Uhylhz/
:4/ ;780;8;1

^45` Vodxjkwhu/ P1/ dqg S1 Vzdjho/ +4<<:,/ Wkh h�hfw ri joredol}dwlrq rq zdjhv lq
wkh dgydqfhg hfrqrplhv/ LPI Zrunlqj Sdshu <:2761

^46` Vplwk/ D1 dqg D1/ M1/ Yhqdeohv/ +4<<4,/ Hfrqrplf lqwhjudwlrq dqg pdunhw
dffhvv/ Hxurshdq Hfrqrplf Uhylhz/ 68/ 6;;06<81
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Figure 1

. Wage structure when technology is skill-complement
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Figure 2

Equilibrium degree of openness (z) and firms’ scale (Y)
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Figure 3

The effect of reduced trade barriers


