
Wudgh Lqgxfhg Whfkqlfdo Eldv dqg Zdjh Lqhtxdolwlhv=

d Wkhru| ri Ghihqvlyh Lqqrydwlrq1

Pdwkldv Wkrhqlj +FUHVW dqg HXUHTxd,
Wklhuu| Yhuglhu +FHUDV/ GHOWD dqg FHSU,

Iheuxdu| 48/ 5333

Devwudfw

Wklv sdshu frqvlghuv d g|qdplf Qruwk Vrxwk prgho ri lqwhuqdwlrqdo wudgh dqg lq0
qrydwlrqv lq zklfk �upv fdq hqgrjhqrxvo| eldv wkh gluhfwlrq ri whfkqrorjlfdo fkdqjh1
Zh vkrz wkdw/ zkhq wkhuh lv d gl�huhqwldo ghjuhh ri surwhfwlrq ri surshuw| uljkwv
ehwzhhq wkh wzr uhjlrqv/ lqqrydwlqj �upv idfh d wudgh r� ehwzhhq ghorfdol}dwlrq lq
Vrxwk dqg pruh vhfxuh surshuw| uljkwv lq Qruwk1 Iru d fhuwdlq udqjh ri surgxfwv/
wkh rswlpdo uhvsrqvh wr wklv wudghr� lv wkh hphujhqfh ri hqgrjhqrxv whfkqrorjlfdo
eldv wrzdugv vnloohg oderu whfkqrorjlhv1 Zh glvfxvv wkh lpsolfdwlrqv ri wklv wudgh
lqgxfhg whfkqrorjlfdo eldv rq wkh g|qdplfv ri lqwhuqdwlrqdo wudgh dqg uhodwlyh zdjhv
lq wkh wzr uhjlrqv1 Iru vrph frq�jxudwlrqv ri sdudphwhuv/ wkh prgho lv deoh wr
jhqhudwh/ dorqj wkh wudqvlwlrq sdwk/ dq lqfuhdvh lq zdjh lqhtxdolwlhv lq erwk uhjlrqv
dqg vnloo xsjudglqj ri vrxwkhuq surgxfwlrq frpsdwleoh zlwk vpdoo fkdqjhv lq lpsruw
shqhwudwlrq udwhv lq Qruwk1



41 Lqwurgxfwlrq

Vlqfh wkh 4<;3v/ zdjh lqhtxdolw|4 ehwzhhq orz dqg kljko| hgxfdwhg zrunhuv kdv zlghqhg

gudpdwlfdoo| lq wkh XV1 Zkloh sduw ri wkh dqvzhu wr wkhvh hyhqwv kdv wr gr zlwk d vorzgrzq

ri wkh vxsso| ri ri kljko| hgxfdwhg zrunhuv lq wkh ;3*v/ wkh prvw srsxodu h{sodqdwlrq olhv

zlwk d ghpdqg vkliw wrzdug hgxfdwhg zrunhuv1 Wzr pdlq uhdvrqv kdyh ehhq vxjjhvwhg

wr h{sodlq vxfk d ghpdqg vkliw1 Wkh �uvw h{sodqdwlrq dujxhv wkdw wkh jurzlqj lqwhuqd0

wlrqdo wudgh lqwhjudwlrq revhuyhg gxulqj wkh vdph shulrg ehwzhhq dgydqfhg hfrqrplhv

dqg orz zdjh frxqwulhv/ kdv vkliwhg/ wkurxjk vwdqgdug Khfnvkhu0Rkolqldq h�hfwv/ lq kljk

zdjh hfrqrplhv wkh oderu ghpdqg dzd| iurp orz vnloo zrunhuv1 Wkh vhfrqg krogv wkdw

whfkqrorjlfdo fkdqjh kdv ehhq eldvhg wrzdugv kljk hgxfdwlrq zrunhuv51

Dq lpsruwdqw olqh ri dwwdfn ri wkh wudgh k|srwkhvlv sursrqhqwv lv wkh idfw wkdw prvw

hpslulfdo phdvxuhv pd| surgxfh xqghuvwdwhphqwv ri wkh uhdo lpsdfw ri wudgh rq zdjh

lqhtxdolwlhv ehfdxvh ri wkh lqwulqvlf gl!fxow| wr glvhqwdqjoh hpslulfdoo| sxuh wudgh h�hfwv

iurp sxuh whfkqlfdo h�hfwv +Zrrg +4<<7,/ Ohdphu +4<<7,,1 Lq sduwlfxodu/ lw lv vxjjhvwhg

wkdw/ e| phdvxulqj whfkqlfdo h�hfwv dv xqh{sodlqhg uhvlgxdov ri rwkhu yduldeohv/ prvw vwxg0

lhv whqg wr ljqruh wkh srwhqwldo frqwulexwlrq ri wudgh wr whfkqlfdo surjuhvv lwvhoi1 Wklv lghd

4Iru lqvwdqfh/ wkh zdjh jds ehwzhhq froohjh hgxfdwlrq dqg kljk vfkrro hgxfdwlrq kdv lqfuhdvhg e|
derxw 53 ( +Erumdv dqg Udph| +4<<7,1 D vlplodu wuhqg/ wkrxjk ohvv lpsruwdqw/ kdv dovr ehhq revhuyhg
lq rwkhu lqgxvwuldo hxurshdq hfrqrplhv1 Lq dgglwlrq/ hpsor|phqw ri xqvnloohg zrunhuv kdv ghfolqhg lq
idyru ri vnloohg zrunhuv dqg/ lq vhyhudo frqwlqhqwdo hxurshdq frxqwulhv/ lqfuhdvhg xqhpsor|phqw iru wkh
ohvv vnloohg kdv ehhq zlgho| revhuyhg + RHFG 4<<6/ Eorrp dqg Euhqghu 4<<6,1

5Wkh irfxv rq wudgh dqg whfkqrorj| dqg wkh lvvxh ri zklfk dvshfw lv wkh prvw uhohydqw/ kdv jhqhudwhg
frqvlghudeoh ghedwh dprqj hfrqrplvwv1 Rq wkh rqh kdqg/ sursrqhqwv ri wkh whfkqrorj| k|srwkhvlv
plqlpl}h wkh uroh ri wudgh dv dq h{sodqdwlrq rq wkh edvlv ri wzr pdlq dujxphqwv1 Iluvw/ ghvslwh wkh idoo
lq wkh uhodwlyh zdjh ri xqvnloohg oderu/ wkh| revhuyh wkdw wkh kljk0vnloohg wr orz0vnloohg zrunhuv* udwlr
kdv lqfuhdvhg lq doprvw hyhu| pdqxidfwxulqj vhfwru/ vxjjhvwlqj vnloo eldv whfkqlfdo fkdqjh udwkhu wkdq
wudgh h�hfwv +Ehupdq/ Erxqg dqg Julolfkhv +4<<7,,1 Vhfrqg/ wkh| dujxh wkdw rxwsxw sulfhv kdyh qrw
pryhg lq wkh gluhfwlrq vxjjhvwhg e| Khfnvkhu0Rkolq wudgh wkhru|/ xqghuplqlqj wkhuhiruh wkh olqn iurp
wudgh wr idfwru sulfhv +Odzuhqfh dqg Vodxjkwhu +<6,,1 Sursrqhqwv ri wkh wudgh k|srwkhvlv/ rq wkh rwkhu
kdqg/ hpskdvl}h wkh idfw wkdw vxfk revhuydwlrqv gr qrw qhfhvvdulo| suryh wkdw wudgh kdv qr vljql�fdqw
h�hfw shu vh1 Khqfh iru lqvwdqfh/ Ihhqvwud dqg Kdqvrq +4<<9, dqg +4<<<, dujxh wkdw wkh lqfuhdvh lq
wkh udwlrv ri vnloohg wr xqvnloohg zrunhuv zlwklq pdqxidfwxulqj vhfwruv pd| eh gxh dv pxfk wr lqwhqvlyh
rxwvrxuflqj dv wr eldvhg whfkqlfdo fkdqjh1 Dovr/ wkh| pdlqwdlq wkdw pruh frpsohwh sulfh gdwd uhhvwdeolvk
vljql�fdqw sulfh pryhphqwv lq djuhhphqw zlwk vwdqgdug wudgh wkhru| +lh1 d frqwlqxrxv ghfolqh ri uhodwlyh
sulfhv ri orz0vnloohg lqwhqvlyh vhfwruv gxulqj wkh shulrg 4<:<04<<3,1 Lq d gl�huhqw yhlq ri wkh wudgh ylhz
sursrqhqwv/ Urgulfn +4<<9, dujxhv wkdw/ wkh pdlq fkdqqho wkurxjk zklfk joredol}dwlrq sod|v d uroh lv wkh
lqgxfhg fkdqjh lq hodvwlflw| ri wkh oderu ghpdqg iru xqvnloohg zrunhuv udwkhu wkdq d sxuh oderu ghpdqg
vkliwlqj h�hfw1
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ri wudgh lqgxfhg whfkqlfdo fkdqjh lv h{hpsol�hg e| zkdw Dguldq Zrrg ghvfulehv dv �ghihq0

vlyh lqqrydwlrq�/ qdpho| wkdw whfkqlfdo fkdqjh frxog eh eldvhg wrzdugv vnloohg oderu dv dq

hqgrjhqrxv uhdfwlrq ri ghyhorshg frxqwu| �upv wr wudgh zlwk orz zdjh frxqwulhv61 Jrlqj

dorqj wklv olqh ri uhdvrqlqj/ Zrrg wkhq dujxhg wkdw doorzdqfh iru �ghihqvlyh lqqrydwlrq�

zrxog uhtxluh vrphwklqj olnh d grxeolqj ri wkh xvxdo idfwru frqwhqw hvwlpdwhv1

Wkrxjk wkh dujxphqw kdv durxvhg pxfk frqwuryhuv| lq wkh hpslulfdo olwhudwxuh +vhh

Exuwhvv +4<<7, iru d vxuyh|,/ lqwhuhvwlqjo|/ olwwoh zrun kdv ehhq grqh wr lqyhvwljdwh suhflvho|

lwv wkhruhwlfdo frqvlvwhqf|1 Wkh sxusrvh ri wklv sdshu lv wr surylgh d jhqhudo htxloleulxp

prgho wr frqvlghu wkhruhwlfdoo| wklv lvvxh1 Dw �uvw vljkw/ wkh lghd ri �ghihqvlyh lqqrydwlrq�

vhhpv wr eh lqfrqvlvwhqw zlwk vwdqgdug hfrqrplf wkhru|1 Lqghhg/ li oderu0vdylqj frvw

uhgxflqj whfkqrorjlhv h{lvwhg/ zk| zhuh wkh| qrw xvhg douhdg| e| sur�w pd{lpl}lqj �upv

lq dxwdun|B Dovr/ li lw lv fkhdshu wr surgxfh zlwk d jlyhq whfkqrorj| lq d orz zdjh

hfrqrp|/ zk| qrw ghorfdol}h udwkhu wkdq wu| wr ghihqg orfdwlrq lq wkh kljk zdjh hfrqrp|

e| vrph nlqg ri frvwo| �ghihqvlyh lqqrydwlrq� eldvhg wrzdug vnloohg oderuB Dv zh zloo vhh

vkruwo|/ lw lv vwloo srvvleoh wr surylgh d vlpsoh iudphzrun wr udwlrqdol}h Dguldq Zrrg*v

lqwxlwlrq ri wudgh lqgxfhg whfkqlfdo fkdqjh dv d qdwxudo rxwfrph ri wudgh lqwhjudwlrq

ehwzhhq d orz0zdjh dqg d kljk0zdjh hfrqrp|1

Lq rughu wr gr wklv/ zh vwduw zlwk d Qruwk0Vrxwk vfkxpshwhuldq prgho ri wudgh dqg

jurzwk ã od Djklrq dqg Krzlww +4<<;, dqg Jurvvpdq dqg Khospdq +4<<4,1 Jrrgv fdq

eh surgxfhg zlwk vnloohg dqg xqvnloohg oderu1 Iroorzlqj krzhyhu Yrq Zhl}vçfnhu +4<95,/

Gudqgdnlv0Skhosv +4<99,/ Vdpxhovrq +4<98, dqg Qhzho/ Md�h dqg Vwdylqv +4<<<,/ zh

frqvlghu wkdw wkh udwlr ri vnloohg wr xqvnloohg oderu iru hdfk jrrg fdq eh hqgrjhqrxvo|

fkrvhq e| �upv zkhqhyhu d frvw uhgxflqj lqqrydwlrq lv pdgh wkurxjk uhvhdufk1 Khqfh/

dw hdfk srlqw ri wlph/ doo jrrgv fdq eh udqnhg dffruglqj wr wkhlu idfwru lqwhqvlw|1 Wr

kljkoljkw wkh h�hfw ri wudgh lqgxfhg whfkqlfdo fkdqjh lq wkh prvw wudqvsduhqw zd|/ zh

dgrsw d �whfkqrorj| eldv� vshfl�fdwlrq vxfk wkdw/ hyhu|wklqj hovh ehlqj htxdo/ lw lv dozd|v

6Zrrg*v hylghqfh ri wklv skhqrphqrq uhvwv rq vxjjhvwlyh fdvh vwxglhv dqg dqhfgrwdo hylghqfh1 Vwd0
wlvwlfdo vxssruw iru �ghihqvlyh lqqrydwlrq� lv dovr vrphkrz vxjjhvwhg e| �qglqjv iurp Vdfkv dqg Vkdw}
+4<<7, ri idvwhu wrwdo idfwru surgxfwlylw| jurzwk gxulqj wkh 4<;3*v lq orz0lqwhqvlyh pdqxidfwxulqj vhfwruv1
Vhh dovr Odzuhqfh dqg Vodxjkwhu +4<<6, dqg Ohdphu +4<<7, iru vlplodu revhuydwlrqv ri kljkhu surgxfwlylw|
jurzwk lq orz0vnloo wkdq lq kljk0vnloo vhfwruv
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pruh sur�wdeoh iru d �up wr dgrsw d qhxwudo whfkqlfdo fkdqjh udwkhu wkdq d eldvhg whfkqlfdo

fkdqjh1 Xqghu vxfk d vshfl�fdwlrq/ zh vkrz wkdw lq dxwdun|/ qr eldvhg whfkqlfdo fkdqjh

rffxuv lq htxloleulxp1

Zh wkhq frqvlghu wudgh ehwzhhq d vrxwkhuq uhjlrq +Vrxwk, dqg d qruwkhuq uhjlrq

+Qruwk,= wkh wzr uhjlrqv gl�hu ixqgdphqwdoo| lq wzr glphqvlrqv1 Iluvw/ ehfdxvh ri vwurqj

hqrxjk idfwru hqgrzphqwv gl�huhqfhv/ wkh wzr uhjlrqv idfh gl�huhqw idfwru sulfhv1 Vhfrqg/

wkh| dovr glvsod| d fuxfldo lqvwlwxwlrqdo dv|pphwu| lq whupv ri surwhfwlrq ri surshuw|

uljkwv1 Pruh suhflvho|/ zh frqvlghu wkdw wkh vrxwkhuq uhjlrq kdv ohvv vhfxuh lqwhoohfwxdo

surshuw| uljkwv wkdq wkh qruwkhuq uhjlrq +Khospdq +4<<6,/ Odl +4<<;,,1 Iudplqj wkh

prgho lq whupv ri dv|pphwulf surwhfwlrq ri lqwhoohfwxdo surshuw| lv lq idfw lqhvvhqwldo

wr wkh dujxphqw1 Zkdw pdwwhuv lv wkh uhjlrqdo dv|pphwu| lq whupv ri surwhfwlrq ri

surshuw| uljkwv71 Pruh srolwlfdo lqvwdelolw|/ fruuxswlrq ru kljkhu frvwv ri rxwvrxuflqj lq

Vrxwk +gxh wr ydulrxv ulvnv/ uhsxwdwlrq ru wudqvsruw frvwv, zrxog eh htxdoo| vx!flhqw wr

rxu dujxphqw1 Lq vxfk d frqwh{w/ zkhqhyhu dq lqqrydwlrq dsshduv/ wkh fkrlfh ri idfwru

eldv fdq fohduo| d�hfw wkh fkrlfh ri orfdwlrq ri surgxfwlrq1 Lqghhg wkhuh pd| eh d wudghr�

ehwzhhq dgrswlrq ri d qhxwudo lqqrydwlrq zlwk surgxfwlrq orfdwhg dffruglqj wr vwdqgdug

frpsdudwlyh dgydqwdjh dqg/ rq wkh rwkhu kdqg/ dgrswlrq ri dq lqqrydwlrq whfkqlfdoo|

eldvhg wrzdug vnloohg zrunhuv zlwk surgxfwlrq orfdwhg lq wkh qruwkhuq uhjlrq hqmr|lqj

pruh vhfxuh surshuw| uljkwv1 Iru d fhuwdlq udqjh ri surgxfwv/ zh vkrz wkdw wkh rswlpdo

rxwfrph ri wklv wudghr� lv wkh hphujhqfh ri hqgrjhqrxv whfkqrorjlfdo eldv lq wkh Qruwk

wrzdugv vnloohg oderu whfkqrorjlhv1

Lqwxlwlyho|/ wudgh doorzv frvw plqlpl}lqj �upv wr surgxfh lq gl�huhqw uhjlrqv dffruglqj

wr wkhlu frpsdudwlyh dgydqwdjh1 Orz vnloo lqwhqvlyh jrrgv duh surgxfhg lq Vrxwk dqg kljk

vnloo lqwhqvlyh jrrgv duh surgxfhg lq Qruwk1 Frqvlghu wkhq/ dw d jlyhq srlqw ri wlph/ d jrrg

surgxfhg lq Vrxwk +qdpho| zlwk d orz hqrxjk vnloo lqwhqvlw| whfkqrorj|, dqg vxssrvh wkdw

wkhuh lv d frvw uhgxflqj lqqrydwlrq idoolqj rq wkdw sduwlfxodu jrrg1 D �up dgrswlqj vxfk

dq lqqrydwlrq kdv wkh rssruwxqlw| wr fkrrvh wkh gluhfwlrq ri whfkqlfdo fkdqjh rq wkh jrrg1

D qhxwudo whfkqlfdo fkdqjh gluhfwlrq lpsolhv wkdw wkh idfwru lqwhqvlw| ri wkh vhfwru grhv

7Vhh dovr Kdoo dqg Mrqhv +4<<<, iru vxfk d ylhz1
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qrw fkdqjh1 Wkhuhiruh/ surgxfwlrq dvvrfldwhg wr wkdw vhfwru lv vwloo rswlpdoo| orfdwhg lq

Vrxwk zlwk orz oderu zdjhv1 Jlyhq rxu vshfl�fdwlrq ri whfkqlfdo eldv/ d whfkqlfdo fkdqjh

eldvhg wrzdugv vnloohg oderu uhgxfhv wkh lqfuhphqwdo frvw uhgxfwlrq exw dovr xsjudghv

wkh vnloo lqwhqvlw| ri wkh vhfwru1 Wklv pdnhv lw pruh olnho| wr kdyh wkhq frvw plqlpl}lqj

surgxfwlrq orfdwhg lq Qruwk/ zlwk pruh vhfxuh surshuw| uljkwv dqg d vpdoohu wkuhdw ri

ixwxuh lplwdwlrq1 Fohduo|/ li wkh jrrg kdv d vnloo lqwhqvlw| forvh hqrxjk wr wkh vshfldol}dwlrq

iurqwlhu ehwzhhq wkh wzr uhjlrqv/ wkhq wkh jdlqv ri �eulqjlqj edfn� surgxfwlrq ri wklv jrrg

lq wkh �pruh vhfxuh� qruwkhuq orfdwlrq wkurxjk hqgrjhqrxv vnloo eldv whfkqlfdo fkdqjh

pruh wkdq frpshqvdwhv wkh ehqh�wv ri dgrswlqj d qhxwudo lqqrydwlrq dqg surgxflqj lq

Vrxwk zlwk orz zdjhv1 Khqfh/ iru d zkroh udqjh ri surgxfwv lq Vrxwk/ forvh hqrxjk wr

wkh vshfldol}dwlrq iurqwlhu/ eldvhg whfkqlfdo fkdqjh zloo rffxu qdwxudoo| lq htxloleulxp1

Zkdw duh wkhq wkh lpsolfdwlrqv ri wklv �wudgh lqgxfhg� whfkqrorjlfdo eldv rq wkh

g|qdplfv ri lqwhuqdwlrqdo wudgh dqg wkh hyroxwlrq ri uhodwlyh zdjhvB Lqwhuhvwlqjo|/ wzr

h�hfwv duh dw zrun1 Iluvw/ wkhuh lv wkh vwdwlf lpsdfw h�hfw ri wkh wudgh lqgxfhg whfkqlfdo eldv

ghvfulehg deryh1 Wklv eldv/ ehlqj dssolhg wr wkh vhfwru forvh wr wkh vshfldol}dwlrq iurqwlhu/

zloo lqfuhdvh +uhvs1 uhgxfh,/ dw d jlyhq srlqw ri wlph/ wkh qxpehu ri orz0vnloo lqwhqvlyh +uhvs1

kljk0vnloo lqwhqvlyh, jrrgv surgxfhg lq Qruwk +uhvs1 Vrxwk,1 Wklv h�hfw vkliwv xs +uhvs1

grzq, wkh uhodwlyh oderu ghpdqg iru xqvnloohg zrunhuv lq Qruwk +uhvs1 Vrxwk,/ wkhuhe|

lqfuhdvlqj +uhvs1 uhgxflqj, zdjhv lq Qruwk +uhvs1 lq Vrxwk, dqg uhgxflqj zdjh lqhtxdolwlhv

lq erwk uhjlrqv1 Sdudgr{lfdoo|/ wkrxjk Zrrg zdv uljkw lq dujxlqj rq wkh srvvlelolw| ri

wudgh lqgxfhg whfkqlfdo eldv/ wklv h�hfw vxjjhvwv wkdw kh zrxog eh zurqj lq dujxlqj wkdw

wklv lv d mxvwl�fdwlrq wr dq lqfuhdvh lq zdjh lqhtxdolw|1 Wkh vwru| krzhyhu grhv qrw vwrs

khuh1 Lqghhg/ d vhfrqg frxqwhuydlolqj g|qdplf h�hfw frphv lqwr sod|1 Wkh fkdqjh lq idfwru

sulfhv dvvrfldwhg zlwk wudgh lqgxfhg whfkqlfdo eldv pdnhv lq wxuq surgxfwlrq orfdwlrq lq

Vrxwk pruh dwwudfwlyh/ glvsodflqj iruzdug wkh vshfldol}dwlrq iurqwlhu ehwzhhq Vrxwk dqg

Qruwk dqg wkhuhe| xsjudglqj wkh dyhudjh vnloo lqwhqvlw| ri jrrgv surgxfhg lq Vrxwk dqg

Qruwk1 Wklv g|qdplf vnloo xsjudglqj ri whfkqrorjlhv wkhq/ e| dq lqyhuvh dujxphqw/ vkliwv

grzq +uhvs1 xs, uhodwlyh xqvnloohg oderu ghpdqg lq Qruwk +uhvs1 lq Vrxwk, dqg wkhuhiruh

whqgv wr lqfuhdvh zdjhv lqhtxdolwlhv lq erwk uhjlrqv1
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Fohduo| hqrxjk/ wkh surfhvv ri wudgh lqgxfhg whfkqlfdo eldv dqg g|qdplf vnloo xsjudglqj

surfhhg dv orqj dv wkh zruog hfrqrp| kdv qrw uhdfkhg d vwdwlrqdu| vlwxdwlrq1 Zkloh lw

lv gl!fxow wr fkdudfwhul}h wkh frpsohwh sdwk ri whfkqlfdo fkdqjh dqg hqgrjhqrxv eldv

zlwk shuihfwo| iruzdug orrnlqj �upv/ zh duh deoh wr vkrz wkdw wkh surfhvv ri ghihqvlyh

lqqrydwlrq eldv dqg g|qdplf vnloo xsjudglqj frqyhujhv wr d vwdwlrqdu| vlwxdwlrq lq zklfk

wkhuh lv qr wudgh lqgxfhg eldvhg whfkqlfdo fkdqjh1 Vwloo/ ehfdxvh ri wkh wudqvlwlrq/ zdjh

lqhtxdolwlhv lq wkh orqj uxq zloo eh gl�huhqw iurp zdjh lqhtxdolwlhv dw wkh ehjlqqlqj ri

wkh surfhvv1 Dq lqwhuhvwlqj txhvwlrq lv wkhq wr vhh wkh frqglwlrqv xqghu zklfk vxfk zdjh

lqhtxdolwlhv kdyh lqfuhdvhg1 Zkloh rxu sxusrvh lv qrw wr dvvhvv hpslulfdoo| rxu wkhru|/

vwloo/ lq rughu wr jhw pruh lqvljkwv rq wkh qdwxuh ri wkh wudqvlwlrq surfhvv/ zh frqvlghu

wkh txhvwlrq zlwk vrph vlpsoh qxphulfdo vlpxodwlrqv1 Wklv doorzv xv wr lqyhvwljdwh zklfk

h�hfw +lqvwdqwdqhrxv lpsdfw ri ghihqvlyh lqqrydwlrq eldv dv rssrvhg wr wkh g|qdplf vnloo

xsjudglqj, grplqdwhv lq wkh hyroxwlrq ri wudgh sdwwhuqv dqg zdjhv lqhtxdolwlhv1 Zh vkrz

lq sduwlfxodu wkdw rxu wkhru| lv deoh wr jhqhudwh d sdwwhuq ri lqfuhdvlqj lqhtxdolwlhv lq

Qruwk dqg Vrxwk frqvlvwhqw zlwk yhu| orz yduldwlrqv ri Vrxwk Lpsruw Shqhwudwlrq1 Wklv

uhsurgxfhv lpsruwdqw vw|olvhg idfwv zklfk/ dfffruglqj wr Nuxjpdq +4<<8,/ duh dw wkh

khduw ri wkh Wudgh dqg Lqhtxdolwlhv Sx}}oh1 Zh vhh krzhyhu wkdw wkh wudqvlwlrq sdwk

lv vhqvlwlyh wr lqlwldo frqglwlrqv dqg hodvwlflw| sdudphwhuv1 Wklv vxjjhvwv wkdw wkh wudgh

lqgxfhg whfkqlfdo eldv lghd/ zkloh wkhruhwlfdoo| srvvleoh/ phulwv ixuwkhu vhulrxv hpslulfdo

lqyhvwljdwlrq ehiruh ehlqj wdnhq iru judqwhg1

Ehvlghv wkh ruljlqdo lghd ri Dguldq Zrrg/ wkh zrun prvw forvho| uhodwhg wr rxuv lv

Dfhprjox +4<<<,1 Lw dovr ghyhorsv d jurzwk prgho zlwk hqgrjhqrxv whfkqlfdo eldv dqg

Qruwk Vrxwk wudgh1 Dv lq wkh suhvhqw zrun/ �wudgh lqgxfhg eldvhg whfkqlfdo fkdqjh�

hphujhv d d qdwxudo rxwfrph ri Qruwk Vrxwk wudgh1 Krzhyhu wkh phfkdqlvp lv gl�huhqw

iurp rxuv1 Lq wklv sdshu/ vnloo eldv whfkqlfdo fkdqjh rffxuv ehfdxvh ri pdunhw vl}h dqg

vfdoh h�hfwv1 Khuh wkh phfkdqlvp grhv qrw ghshqg rq vfdoh h�hfwv 81 Lw rffxuv pruh dv d

ghihqvlyh uhvsrqvh wr xqvhfxuh surshuw| uljkwv lq Vrxwk dqg dv dq lqfhqwlyh wr pdlqwdlq ru

eulqj edfn surgxfwlrq orfdwlrq lq Qruwk1 Khqfh rxu phfkdqlvp vhhpv wr eh pruh gluhfwo|

8zklfk pd| eh vxemhfw wr wkh fulwlfv ri Mrqhv +4<<8,1

9



uhodwhg wr wkh lghd ri �Ghihqvlyh Lqqrydwlrqv� vxjjhvwhg e| Dguldq Zrrg1

Wkh sdshu lv rujdql}hg lq wkh iroorzlqj zd|1 Vhfwlrq 5 suhvhqw wkh prgho ri wudgh dqg

eldvhg whfkqlfdo fkdqjh1 Vhfwlrq 6 ghvfulehv wkh dxwdunlf htxloleulxp1 Vhfwlrq 7 vkrzv

krz wudgh lqwhjudwlrq ehwzhhq Qruwk dqg Vrxwk jhqhudwhv vrph �wudgh lqgxfhg whfkqlfdo

eldv�1 Vhfwlrq 8 lqyhvwljdwhv wkh g|qdplf lpsolfdwlrqv iru wudgh dqg lqhtxdolw|1 Vhfwlrq 9

surylghv wkhq vrph vlpsoh qxphulfdo vlpxodwlrqv wr dqdo|}h wkh prgho dorqj wkh wudqvlwlrq

sdwk1 Ilqdoo| vhfwlrq : frqfoxghv1

51 D Prgho ri wudgh dqg eldvhg whfkqlfdo fkdqjh1

Zh frqvlghu d frqwlqxrxv wlph prgho d od Djklrq dqg Krzlww +4<<;, dqg Jurvvpdq dqg

Khospdq +4<<4, zlwk d frqwlqxxp ri �qdo jrrgv rq wkh lqwhuydo dfc �o1 Wkhuh duh wkuhh

w|shv ri idfwruv ri surgxfwlrq= vnloohg oderu dqg xqvnloohg oderu xvhg lq wkh surgxfwlrq ri

wkh �qdo jrrgv/ dqg uhvhdufk vshfl�f oderu xvhg iru wkh dfwlylw| ri lqqrydwlrq dqg U)G1

Wkhuh lv d shuihfw fuhglw pdunhw1

5141 Suhihuhqfhv

Wkh uhsuhvhqwdwlyh frqvxphu lv hqgrzhg zlwk wkh iroorzlqj lqwhuwhpsrudo vhsdudeoh xwlolw|

ixqfwlrq= L '
U n"

f
*?(|�e

34|_| zkhuh(| lv gh�qhg/ lq d vwdqgdug zd|/ dv d Free Grxjodvv

lqvwdqwdqhrxv xwlolw| rq wkh frqwlqxxp ri �qdo jrrgv= *?(| '
U �

f
*? S|E���_�� Qrupdol}lqj

wr � lqvwdqwdqhrxv vshqglqjv lq hdfk shulrg/ .| � �/ wkh lqwhuwhpsrudo pd{lpl}dwlrq ri

wkh frqvxphu*v xwlolw| xqghu klv lqwhuwhpsrudo exgjhw frqvwudlqw jlyhv/ dv xvxdo/ htxdolw|

ehwzhhq wkh lqwhuhvw udwh dqg wkh glvfrxqw idfwru 4 ' o|� Wkh lqvwdqwdqhrxv ghpdqg iru

jrrg � zlwk sulfh R|E�� lv wkhq jlyhq e|=

%E�� ' �*R|E�� +514,

5151 Whfkqrorjlhv

Hdfk jrrg � lv surgxfhg zlwk d FHV whfkqrorj|

t	r|E��c�|E��:E,c �� ' ��

%�
,

�|E��

� �3j

j

n

�
�

r|E��

��3j

j

& j

�3j

:



xvlqj vnloohg oderu � dqg xqvnloohg oderu ,1 Wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq vnloohg

dqg xqvnloohg oderu lv j zlwk f 	 j 	 � dqg � lv d surgxfwlylw| sdudphwhu1 Wkxv

surgxfwlrq ixqfwlrqv ehorqj wr d Idplo| ri whfkqrorjlhv zklfk hdfk hohphqw kdv wkh vdph

hodvwlflw| j dqg lv fkdudfwhul}hg e| whfkqrorjlfdo frh!flhqwv E�c r� 5 U
nW � U

nW� Ohw �|

dqg ^| eh wkh xqvnloohg dqg vnloohg oderu zdjhv1 Wkh xqlw frvw ixqfwlrq ri jrrg � xvlqj

whfkqrorj| E�|E��c r|E���c lv wkhq jlyhq e|=

�	r|E��c�|E��:E�|c ^|� '
�

�

�
E�|E����|�

�3j n Er|E���^|�
�3j� �

�3j +515,

Fruuhvsrqglqj wr wklv whfkqrorj|/ wkhuh lv dq rswlpdo vnloohg0xqvnloohg oderu lqwhqvlw|=

�

,

����
|

E�� '

�
^|
�|

�3j�
r|E��

�|E��

��3j

dw wlph |� +516,

Wkh udwlr %| '
r|
�|

lv jrlqj wr eh d fuxfldo yduldeoh ri wkh dqdo|vlv ehfdxvh lw ghwhuplqhv

vnloohg0xqvnloohg oderu lqwhqvlw| dqg wkxv vnloohg oderu uhodwlyh ghpdqg1 Lw lv wkhq xvhixo

wr frqvlghu k|E%� wkh ghqvlw| ixqfwlrq rq U
n ghvfulelqj krz jrrgv duh glvwulexwhg dw

wlph | rq surgxfwlrq whfkqrorjlhv dffruglqj wr %1 Khqfh k|E%�_% uh hfwv wkh pdvv ri

jrrgv zkrvh surgxfwlrq whfkqrorj| E�|c r|� lv vxfk wkdw wkh idfwru lqwhqvlw| sdudphwhu

r|*�| lv ehwzhhq % dqg % n _%� k|E�� wkhuhiruh vxppdul}hv dw d jlyhq srlqw ri wlph wkh

whfkqrorjlfdo vwuxfwxuh ri wkh hfrqrp|1 Lq wkh vhtxho/ zh zloo vhh krz wklv glvwulexwlrq

k|E�� lv hqgrjhqrxvo| hyroylqj ehfdxvh ri whfkqrorjlfdo eldv dqg lwv frqvhtxhqfhv rq wkh

hfrqrplf htxloleulxp1

5161 Whfkqrorjlfdo Fkdqjh

Wkhuh lv d U)G vhfwru xvlqj d vhfwru vshfl�f idfwru M-(1 Wklv vhfwru lv frpsrvhg ri d

odujh qxpehu ri uhvhdufk odev vhoolqj wkhlu lqqrydwlrqv dv prqrsro| sdwhqwv wr �upv lq wkh

�qdo jrrg vhfwru1 Lqqrydwlrq lv lqfuhphqwdo dqg d�hfwv wkh whfkqrorjlfdo frh!flhqwv E�c r�

lq wkh iroorzlqj zd|1 Zkhq dq lqqrydwlrq rffxuv rq d jlyhq jrrg � +lq wkh iroorzlqj/ zh

rplw jrrg lqgh{ �,c wkh frh!flhqwv E�E��c rE���c ehfrph EB��E��c BrrE��� zlwk EB�c Br� wdnlqj

wzr srvvleoh ydoxhv= � ru B 	 �� Ghshqglqj rq wkh ydoxh/ whfkqlfdo fkdqjh lv qhxwudo/ eldvhg

wrzdugv vnloohg oderu ru eldvhg wrzdugv xqvnloohg oderu1 Pruh suhflvho|/ zkhq B� ' Br ' Bc

whfkqlfdo fkdqjh lv qhxwudo +lh1 wkh qhz whfkqrorj| kdv wkh vdph vnloohg xqvnloohg oderu

;



lqwhqvlw| dv wkh rog rqh,1 Zkhq B� ' B dqg Br ' �c whfkqlfdo fkdqjh lv eldvhg wrzdugv

vnloohg oderu1 Ilqdoo| wkh fdvh B� ' � dqg Br ' B fruuhvsrqgv wr whfkqlfdo fkdqjh eldvhg

wrzdugv xqvnloohg oderu1

^�jxuh L`

Zh dvvxph wkdw/ rqfh dq lqqqrydwlrq lv pdgh/ wkh �up ex|lqj wkh sdwhqw kdv wkh fkrlfh

ri wkh gluhfwlrq ri whfkqlfdo eldv/ wkdw lv lw fdq ghflgh zkhwkhu wkh lpsohphqwdwlrq ri wkh

lqqrydwlrq zloo eh grqh wkurxjk d idfwru qhxwudo ru idfwru eldvhg qhz whfkqrorj|1 Rqh zd|

wr mxvwli| wklv lv wr frqvlghu wkdw �upv fdq ex| lqqrydwlrqv +lghdv dqg jhqhudo uhvhdufk

uhvxowv, iurp wkh U)G vhfwru1 Krzhyhu wkh| duh grlqj lq0krxvh dssolhg uhvhdufk dw wkh

ghyhorsphqw vwdjh dqg fdq ghflgh wkh gluhfwlrq ri whfkqlfdo fkdqjh wr eh lpsohphqwhg lq

wkh �up1 Qrwh wkdw wkh vshfl�fdwlrq zh frqvlghu iru eldvhg whfkqlfdo fkdqjh fruuhvsrqgv

wr wkh fdvh zkhuh wkh h!flhqw iurqwlhu ri lqqrydwlrq srvvlelolwlhv lv uhgxfhg wr wkh srlqw

EB�c Br� ' EBc B�� Khqfh qhxwudo whfkqlfdo fkdqjh lv d sulrul pruh h!flhqw wkdq eldvhg

whfkqlfdo fkdqjh91

Dv lq rwkhu vfkxpshwhuldq prghov/ zh dvvxph wkdw wkh sdwhqw sulfh sdlg e| d �qdo

vhfwru �up wr wkh U)G vhfwru uh hfwv wkh h{shfwhg glvfrxqwhg prqrsro| uhqwv wkdw wkh

�up zloo hqmr| zlwk wkh lqqrydwlrq1 Zh dovr dvvxph wkdw U)G lv h{0dqwh qrw vshfl�f wr

d jlyhq �qdo jrrg vhfwru1 Pruh suhflvho|/ dw wkh wlph U)G lv xqghuwdnhq/ uhvhdufk odev

gr qrw nqrz wkh vhfwru iru zklfk wkh lqqrydwlrq zloo eh xvhixo1 Dfwxdoo| hdfk wlph dq

lqqrydwlrq lv pdgh/ lw idoov udqgrpo| rq rqh ri wkh �qdo jrrg vhfwruv1 Wklv dvvxpswlrq:

vlpsol�hv juhdwo| wkh dqdo|wlfv ri wkh prgho zlwkrxw fkdqjlqj wkh edvlf lqvljkwv zh zdqw wr

looxvwudwh1 Rqh fdq dovr mxvwli| wklv dvvxpswlrq e| uhfdoolqj wkdw wkh U)G vhfwru surgxfhv

edvlf dqg jhqhudo uhvhdufk uhvxowv zkrvh xvhixoqhvv pd| eh txlwh gl!fxow wr suhglfw/ d

sulrul/ iru d jlyhq vhfwru ri wkh hfrqrp|1

9Wklv vshfl�fdwlrq fdq eh frqvlghuhg dv d vshfldo fdvh ri wkh Wkhru| rq �Lqgxfhg Lqyhqwlrq� zkhuh
d uhgxfwlrq ri idfwru lqwhqvlw| lv dvvrfldwhg wr d frqyh{ lqqrydwlrq srvvlelolw| vhw

�
��4x > ��4v

�
gh�qhg e|

d ixqfwlrq � vxfk wkdw= ��4v @ �+��4x ,1 Pruhryhu/ rxu vshfl�fdwlrq e| pdnlqj qhxwudo whfkqlfdo fkdqjh
pruh h!flhqw lq frvw uhgxflqj/ olplwv wkh phfkdqlvp zh zdqw wr hpskdvl}h1

:Wkrhqlj +4<<<, ghvfulehv d prgho zkhuh lqqrydwlrqv pd| eh jrrg vshfl�f1

<



Jlyhq wklv dvvxpswlrq/ wkh udwh ri fuhdwlyh ghvwuxfwlrq w zloo eh lghqwlfdo dfurvv wkh

frqwlqxxp ri jrrgv dqg zloo uhpdlq frqvwdqw; wkurxjk wlph + ehfdxvh ri idfwru vshfl�f

U)G,1

61 Dxwdunlf htxloleulxp

Lw lv �uvw xvhixo/ dv d ehqfkpdun/ wr glvfxvv wkh vwdwlrqdu| htxloleulxp zklfk suhydlov iru

dq hfrqrp| lq dxwdun|1 Zh vxssrvh wkdw wkh idfwru hqgrzphqwv ri xqvnloohg dqg vnloohg

oderu duh uhvshfwlyho| u dqg M1 Lq wkh vwdwlrqdu| htxloleulxp / zdjhv iru xqvnloohg dqg

vnloohg oderu duh frqvwdqw dqg jlyhq e| E�c ^�1

Ohw xv frqvlghu �uvw d sduwlfxodu vhfwru � zkhuh lqfxpehqw �up surgxfhv jrrg � zlwk

d whfkqrorj| lqgh{hg e| E�c r�� Lq wkh vhtxho ri wklv vhfwlrq/ iru frqyhqlhqfh/ zh rplw wkh

lqglfh �1 Wkh qhzfrphu prqrsro| �up / rzqlqj wkh odvw lqqrydwlrq*v sdwhqw/ pxvw fkrrvh

d EB�c Br� w|sh ri lqqrydwlrq1 Wkhq lw sudfwlfhv olplw sulflqj dw wkh xqlw frvw ri wkh forvhvw

frpshwlwru lq wkh vhfwru1 Wkhuhiruh lwv lqwdqwdqhrxv sur�wv duh jlyhq e|=

Z ' �� �S

S
+614,

zkhuh �S hw S duh uhvshfwlyho| wkh xqlw frvw ri wkh qhz dqg wkh rog prqrsro| �up1Wdnlqj

+515, lqwr dffrxqw/ wklv sur�w ixqfwlrq fdq eh uhzulwwhq dv=

ZEr*�� ' ��
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zlwk B�cr 5 i�c Bj � i�c Bj +615,

Glvfrxqwhg h{shfwhg prqrsro| sur�wv duh wkhq jlyhq e| T Er*�� '.
�

�U �

f
e3o|�ZEr*���_|

�
zkhuh � lv wkh gdwh ri qh{w lqqrydwlrq glvfryhu| +ghwhuplqhg e| d Srlvvrq Surfhvv,1 Zh

jhw=

T Er*�� '
ZEr*��

o n w

Uhvxow 4 Lq dxwdun|/ whfkqlfdo fkdqjh lv qhxwudo1

;Wkh prgho lv wkhq irupdoo| htxlydohqw wr d vfkxpshwhuldq prgho zlwk dq h{rjhqrxv udwh ri fuhdwlyh
ghvwuxfwlrq ri lqqrydwlrqv1 Wklv vshfl�fdwlrq wkhuhiruh doorzv xv wr irfxv rq wkh olqn ehwzhhq Wudgh
dqg wkh gluhfwlrq ri whfkqlfdo Fkdqjh +zlwk dq h{rjhqrxv udwh ri lqqrydwlrq, zkhuhdv h{lvwlqj Olwhudwxuh
kdv h{whqvlyho| dqdo|vhg wkh olqn ehwzhhq Wudgh dqg wkh udwh ri lqqrydwlrq +zlwk dq h{rjhqrxv qhxwudo
gluhfwlrq ri whfkqlfdo Fkdqjh,1
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Wkh uhvxow lv txlwh reylrxv1 Dv douhdg| qrwlfhg/ qhxwudo whfkqrorjlfdo fkdqjh lv pruh

h!flhqw lq whupv ri xqlw frvw*v uhgxfwlrq wkdq dq| eldvhg gluhfwlrq1 Khqfh �upv zloo

suhihudeo| fkrrvh wklv gluhfwlrq wkdq dq| eldvhg gluhfwlrq1 D gluhfw lpsolfdwlrq ri wklv lv

wkdw iru dq| jrrg � wkh idfwru lqwhqvlw| udwlr r*� uhpdlqv frqvwdqw dv Br�r*B�� ' Br*B� '

r*�� Frqvhtxhqwo|/ wkh glvwulexwlrq ixqfwlrq k|E�� uhpdlqv lqyduldqw wkurxjk wlph xqghu

dxwdun|1

Iru hdfk jrrg �/ vnloohg dqg xqvnloohg oderu ghpdqgv fdq eh hdvlo| rewdlqhg iurp

+5140515, dqg duh jlyhq uhvshfwlyho| e| B*d�� ,|
�|

n ^o dqg B*d� n ^��|
,|
o� Xvlqj +516,/ dqg

wkh qrwdwlrq % ' r
�
/ wkh djjuhjdwh ghpdqgv iru xqvnloohg oderu +uhvs1 vnloohg, duh hdvlo|

rewdlqhg dv=

(uE^*�� '
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l � +616,

Dv wkh glvwulexwlrq ixqfwlrq k|E%� lv wlph lqyduldqw/ wkh djjuhjdwh ghpdqgv duh dovr

wlph lqyduldqw dqg wkh htxloleulxp lq wkh vnloohg dqg xqvnloohg oderu pdunhwv lv jlyhq e|=

M ' (ME^c �� dqg u ' (uE^c ��

Lw lv wkhq hdv| wr vkrz +vhh dsshqgl{ E, wkdw wkhuh h{lvwv d xqltxh dxwdunlf htxloleulxp

E�Wc ^W�� Wklv dxwdunlf htxloleulxp< lv fkdudfwhul}hg e| qhxwudo whfkqrorjlfdo fkdqjh dqg

frqvwdqw uhodwlyh zdjhv1 Wklv ihdwxuh ri wkh dxwdunlf htxloleulxp zloo eh sduwlfxoduo| xvhixo

wr frqwudvw wkh lpsdfw ri wudgh rq wkh gluhfwlrq ri whfkqrorjlfdo fkdqjh dqg uhodwlyh zdjhv

ehwzhhq wudglqj hfrqrplhv1

71 Wudgh lqgxfhg whfkqrorjlfdo eldv

Wklv vhfwlrq frqvlghuv �uvw wkh lvvxh ri hqgrjhqrxv whfkqlfdo eldv lq d whpsrud| sduwldo

htxloleulxp frqwh{w1 Zh rplw wkhuhiruh wkh wlph lqgh{ dqg idfwru sulfhv duh vxssrvhg wr eh

�{hg1 Frqvlghu wkhq wzr hfrqrplhv +Qruwk dqg Vrxwk, wudglqj zlwk hdfk rwkhu rq wkh �qdo

<Wkh jhqhudo htxloleulxp lv lqghhg hdv| wr frpsxwh wkrxjk zh kdyh srwhqwldoo| d frqwlqxxp ri sur0
gxfwlrq whfkqlfv1 Dv d pdwwhu ri idfw/ wkh joredo g|qdplfv lv pdunryldq= lq wkh ehuwudqg frpshwlwlrq
frqwh{w/ wkh fuxfldo dvshfw lq wkh sur�w ixqfwlrqv lv wkh xqlw frvw uhodwlyh wr wkh suhylrxv lqqrydwru1 Wklv
pdunryldq ihdwxuh dqg wkh dvvxpswlrq ri Free Grxjodvv xwlolw| vlpsoli| juhdwo| wkh g|qdplfv ri wkh
v|vwhp dqg doorzv wr kdyh vwdwlrqdulw|1
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jrrgv1 Qruwk lv vxssrvhg wr eh uhodwlyho| ehwwhu hqgrzhg zlwk vnloohg oderu wkdq Vrxwk1

Khqfh ghqrwlqj e| u?c M?/ ur/ Mr/ wkh ohyhov ri xqvnloohg dqg vnloohg oderu uhvshfwlyho| lq

Qruwk dqg Vrxwk/ zh dvvxph wkdw M?*u? : Mr*ur dqg wkdw wkh gl�huhqwldo lv vx!flhqwo|

odujh vxfk wkdw wkhuh lv frpsohwh vshfldol}dwlrq ri erwk hfrqrplhv1 Zh frqvlghu dovr

wkdw U)G lv pdgh lq Qruwk zkloh �upv lq Vrxwk kdyh wkh srvvlelolw| wr lplwdwh qruwkhuq

whfkqrorjlhv zlwkrxw sd|lqj wkh sdwhqw sulfh1 Zdjhv duh ghwhuplqhg e| wkh htxloleulxp lq

wkh grphvwlf oderu pdunhwv1 Ehfdxvh ri wkh uhodwlyh dexqgdqfh ri vnloohg oderu lq Qruwk/

wkh iroorzlqj lqhtxdolw| lv wuxh dw htxloleulxp= E^?*^r� 	 � 	 E�?*�r�� Vshfldolvdwlrq dqg

orfdo surgxfwlrq zloo eh jlyhq e| wkh frpsdulvrq ri xqlw frvwv +515,=
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+714,

Wkhuh h{lvwv43 wkhuhiruh d srlqw sc +fdoohg wkh iurqwlhu ri vshfldol}dwlrq, dqg vxfk wkdw

doo jrrgv zlwk d whfkqlf*v idfwru lqwhqvlw| sdudphwhu r*� ohvv wkdq s duh fkhdshu wr surgxfh

lq wkh Vrxwk zkloh doo jrrgv zlwk dq lqwhqvlw| odujhu wkdq s duh ohvv h{shqvlyh wr surgxfh

lq wkh Qruwk1 Reylrxvo| s lv ghwhuplqhg e| wkh uhodwlrqvkls= S?*SrEs� ' ��

Zh gh�qh wkhuhiruh wkh frpsdudwlyh dgydqwdjh }rqhv ri Vrxwk -7 dqg Qruwk -� dv d

sduwlwlrq ri wkh idplo| ri FHV ixqfwlrqv lq ixqfwlrqv vxfk wkdw Er*�� ehorqjv uhvshfwlyho|

wr dfc s o dqg dscn4d1 Lq wkh vhtxho/ zh zloo vkrz wkdw wkh h{lvwhqfh ri wkhvh }rqhv soxv

wkh idfw lqwhoohfwxdo surshuw| uljkwv duh ohvv surwhfwhg lq Vrxwk wkdq lq Qruwk/ jhqhudwhv

wkh srvvlelolw| iru hqgrjhqrxv eldv lq wkh gluhfwlrq ri whfkqrorjlfdo fkdqjh1

Lqwhoohfwxdo surshuw| uljkwv duh qrw ixoo| surwhfwhg lq Vrxwk dqg �upv lq wkdw uhjlrq

fdq lplwdwh dq lqqrydwlrq dsshdulqj lq Qruwk1 Reylrxvo|/ vrxwkhuq �upv kdyh dq lqfhqwlyh

wr lplwdwh whfkqlfv ri surgxfwlrq zlwk idfwru lqwhqvlwlhv rqo| lq -7c dv wkhvh whfkqrorjlhv

duh wkh rqhv wr hqmr| d xqlw frvw dgydqwdjh lq Vrxwk1 Iru vlpsolflw|/ zh frqvlghu wkh ulvn

ri lplwdwlrq dv h{rjhqrxv dqg jlyhq e| dq lplwdwlrq udwh Uc frqvwdqw dqg lghqwlfdo dffurvv

doo whfkqrorjlhv ehorqjlqj wr -7
441 Khqfh dq| surgxfw surgxfhg zlwk d whfkqlf lq -7 fdq

43Lw lv hdv| wr fkhfn +dv � ? 4, wkdw = g+fq@fv,
g+v@x, ? 3> olp

v@x$3

fq

fv +v@x, @ zq@zv A 4> olp
v@x$.4

fq

fv +v@x, @

tq@tv ? 41
44Ilupv lq Vrxwk gr qrw kdyh dq| lqfhqwlyh wr lplwdwh whfkqrorjlhv lq UQ 1 Dv d pdwwhu ri idfw/ grlqj

vr zrxog qrw doorz wkhp wr fdswxuh pdunhw vkduhv dv wkh| idfh d qruwkhuq �up zklfk douhdg| xvhv wkh
whfkqrorj| zlwk vpdoohu xqlw frvwv +lh1 zklfk lv vxfk wkdw fv A fq,=
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eh vxemhfw wr lplwdwlrq1

Ilupv pd{lpl}h wkhq sur�wv dffruglqj wr +614,1 Wkhuhiruh surgxfwlrq orfdolvdwlrq lv

ghwhuplqhg e| xqlw frvw plqlpl}dwlrq zlwk wkh uhdol}hg xqlw frvw ixqfwlrq rq whfkqlf r*�

jlyhq e| 	SEr*�� ' 4�?dS?Er*��c SrEr*��o� Lqvwdqwdqhrxv sur�wv duh wkhq=

ZEB�c Br� ' �� 	SEBrr*B���

	SEr*��
zlwk EB�c Br� 5 i�c Bj � i�c Bj +715,

Iru hdfk fkrlfh ri whfkqlfdo fkdqjh gluhfwlrq EB�c Br�/ lw lv frqyhqlhqw wr ghqrwh wkh lq0

vwdqwdqhrxv sur�w ixqfwlrq dv Z ' ZEBc B�c Znr*� ' ZEBc �� dqg Z3r*� ' ZE�c B�� Khqfh Zc Znr*�

dqg Z3r*� fruuhvsrqg uhvshfwlyho| wr wkh fdvhv ri qhxwudo/ vnloo eldvhg dqg xqvnloohg eldvhg

whfkqlfdo fkdqjh1 Wkh| duh uhsuhvhqwhg45 lq �jxuh 41

^�jxuh LL`

Zkhq dq lqqrydwlrq ehfrphv lplwdwhg e| d �up lq Vrxwk/ ehuwudqg frpshwlwlrq lq

sulfh zlwk frqvwdqw xqlw frvwv ohdgv wr }hur sur�wv1 Khqfh/ iru wkh �upv/ lplwdwlrq dfwv

dv d ghvwuxfwlrq surfhvv1 Wkhuhiruh/ rqh fdq zulwh wkh h{shfwhg lqwhuwhpsrudo sur�wv

dvvrfldwhg wr dq lqqrydwlrq dv=

T Er*�� '4@ 
B�cBr

ZEB��c Brr�

o n w n �tBrr*B��$s��U
+716,

zlwk �tBrr*B��$s� wkh lqglfdwru ixqfwlrq wdnlqj ydoxh � zkhq Brr*B�� � s dqg f rwkhuzlvh1

Wkh joredo udwh ri ghvwuxfwlrq ri wkh lqqrydwlrq*v uhqwv lv dvvrfldwhg �uvw wr wkh idfw

wkdw d qhz lqqrydwlrq pd| dsshdu +zlwk lqvwdqwdqhrxv suredelolw| w, dqg vhfrqg/ wkdw

iru whfkqlfv orfdol}hg lq Vrxwk +lh1 zlwk Brr*B�� � s , wkhuh lv d ulvn ri lplwdwlrq zlwk

lqvwdqwdqhrxv suredelolw| U1 Frqvhtxhqwo| wkh fkrlfh EB��c Brr� ri gluhfwlrq ri whfkqlfdo

fkdqjh pdgh e| d �up ex|lqj d qhzfrplqj lqqrydwlrq/ kdv wr wdnh lqwr dffrxqw wzr

dvshfwv= wkh gluhfw h�hfw rq wkh xqlw frvw ri surgxfwlrq dqg vhfrqgo|/ wkh lqgxfhg h�hfw

rq surgxfwlrq orfdolvdwlrq dqg wkh vxevhtxhqw wkuhdwv ri lplwdwlrq1

45Zh hdvlo| fkhfn wkdw iru { 5 ^3> �iw` ^ ^iw>.4`>
C�.

w
+{,

C{ ? 3
dqg iru { 5 ^�iw> iw`>
C�.

w
+{,

C{ @ � ��~}�
A3

= ^tqw @t
v
w � �zq

w @z
v
w `� ~} �

?3
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Uhvxow 5 Zkhq wkh lplwdwlrq udwh U lv kljk hqrxjk/ wkhuh lv dq �lqgxfhg�vnloo0eldv whfk0

qlfdo fkdqjh iru doo jrrgv zkrvh idfwru lqwhqvlw| r*� lv lq vrph lqwhuydo ds Wc s o zkhuh

s W ehorqjv wr wkh �lqwhuidfh� dBsc s o�

Surri1 Lq whupv ri wkh fkrlfh ri �lqgxfhg� whfkqlfdo fkdqjh/ wkh sureohp ri d w|slfdo

�up fdq eh vxppdul}hg dv=

Tr*� ' 4@ d
Z

o n w n �tr*�$s��U
c

Znr*�
o n w n �tr*B�c$s��U

c
Z3r*�

o n w n �tBr*�c$s��U
o +717,

Exw dv qhxwudo whfkqlfdo fkdqjh lv pruh h!flhqw Z � 4@ EZnr*�c Z
3
r*��� Frqvhtxhqwo| dq

whfkqlfdo eldv pd| eh sur�wdeoh rqo| iru jrrgv rq dBsc s oc wkh lqwhuidfh ri wkh lqwhuqdwlrqdo

vshfldol}dwlrq iurqwlhu dqg lqlwldoo| surgxfhg lq Vrxwk1 Lq wkdw fdvh/ d vnloo0eldv whfkqlfdo

fkdqjh lv sur�wdeoh li dqg rqo| li=

Z

o n w n U
	

Znr*�
o n w

dqg Bs � r*� � s +718,

Wklv frqglwlrq lv looxvwudwhg rq �jxuh LL1 Wkh krul}rqwdo olqh lv sorwwhg dw ydoxh Z�E onw
onwnU

��

Wkh idfw wkdw ZnE�� lv lqfuhdvlqj lq wkh lqwhuydo dBsc s o lpsolhv wkdw wkh deryh frqglwlrq lv

vdwlv�hg rq dq lqwhuydo ds Wc s o zkhq U lv vx!flhqwo| vwurqj1

Wkh wkuhdw ri lplwdwlrq lq wkh Vrxwk lpsolhv wkdw/ iru d udqjh ri jrrgv lqlwldoo| sur0

gxfhg lq Vrxwk/ lw pd| eh rswlpdo wr eldv wkh gluhfwlrq ri whfkqlfdo fkdqjh wrzdugv vnloohg

oderu zkhqhyhu dq lqqrydwlrq rffxuv1 D vnloo0eldv whfkqlfdo fkdqjh lv frvwo| ehfdxvh lw

lpsolhv fkrrvlqj qr uhgxfwlrq lq wkh lqsxw frh!flhqw iru vnloohg oderu +lh1 Br ' � udwkhu

wkdq Br ' B,1 Krzhyhu/ wkh eldv dovr shuplwv d frpshwlwlyh surgxfwlrq orfdolvdwlrq lq

wkh Qruwkhuq uhjlrq zkhuh lqwhoohfwxdo surshuw| uljkwv duh vhfxuh dqg wkhuh lv qr wkuhdw

ri lplwdwlrq1 Uhvxow 5 dfwxdoo| vd|v wkdw wkhuh lv d udqjh ri jrrgv surgxfhg zlwk whfkqlfv

forvh wr wkh lqwhuidfh ri vshfldol}dwlrq iru zklfk lw lv sur�wdeoh wr lpsohphqw d vnloo0eldv

whfkqlfdo fkdqjh lq rughu wr eulqj wkh surgxfwlrq whfkqlf lq Qruwk dqg hvfdsh wkhuhiruh

vrxwkhuq lplwdwlrq1 Rq wkh rwkhu kdqg/ iru jrrgv rxwvlgh wkh lqwhuydo +lh1 iru zklfk

r*� lv vpdoohu wkdq Bs,/ d vnloo0whfkqlfdo eldv rq rqh lqqrydwlrq fdqqrw doorz frpshwlwlyh

surgxfwlrq lq Qruwk1 Wkhuhiruh iru wkrvh jrrgv/ zkhqhyhu dq lqqrydwlrq frphv rq wkhp/
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lw lv ehwwhu wr fkrrvh wkh qhxwudo whfkqlfdo fkdqjh gluhfwlrq zklfk surylghv d kljkhu xqlw

frvw uhgxfwlrq dw wkh uhjlrq*v idfwru sulfhv1

Wkh phfkdqlvp ghvfulehg e| uhvxow 5 lv lqwhuhvwlqj ehfdxvh lw surylghv d udwlrqdoh wr

zkdw Dguldq Zrrg kdg ghvfulehg dv d fdvh ri �ghihqvlyh whfkqlfdo lqqrydwlrq� lq vhfwruv

wkuhdwhqhg e| ghorfdolvdwlrq1 Lw dovr fruuhvsrqgv dovr wr wkh hpslulfdo idfw ghvfulehg e|

Prxkrxg +4<<5, ri ghorfdolvdwlrq wr orz zdjhv frxqwulhv/ dqg uhorfdolvdwlrq lq ghyhorshg

hfrqrplhv lqgxfhg e| wkh lqwurgxfwlrq ri vnloo0eldv whfkqrorjlhv1

Qrwh wkdw wkh surfhvv ri whfkqlfdo eldv wrzdugv vnloohg oderu lq Qruwk klqjhv vroho| rq

wkh srvvlelolw| ri wudgh dqg surgxfwlrq ghorfdolvdwlrq lq d orzhu zdjh hfrqrp|1 Dffruglqj

wr uhvxow 4/ lq dxwdun|/ rxu vshfl�fdwlrq ri whfkqrorjlfdo surjuhvv grhv qrw surylgh dq|

lqfhqwlyhv wr �upv wr eldv wkh gluhfwlrq ri whfkqlfdo fkdqjh1 Wudgh/ krzhyhu/ ehwzhhq d

kljk zdjh uhjlrq dqg d orz zdjh uhjlrq lq zklfk surshuw| uljkwv duh ohvv vhfxuh/ fuhdwhv

dq lqfhqwlyh iru vrph �upv wr eldv hqgrjhqrxvo| wkh surfhvv ri lqqrydwlrq wrzdugv vnloohg

oderu1 Khqfh/ rxu iudphzrun looxvwudwhv wkh idfw wkdw/ iru h{srvhg vhfwruv/ whfkqrorjlfdo

eldv wrzdug vnloohg oderu lv qrw vhsdudeoh iurp wudgh dqg dfwxdoo| pd| eh �lqgxfhg� e|

wudgh lwvhoi1

Lw vkrxog dovr eh qrwlfhg wkdw wklv lqgxfhg whfkqrjlfdo eldv lq wkh suhvhqw prgho lv

uhvwulfwhg wr vhfwruv orfdwhg forvh wr wkh lqwhuidfh1 Wklv lv vr ehfdxvh �upv kdyh d vkruw

whup ylhz rq lqqrydwlrqv1 Dv d pdwwhu ri idfw/ zkhq ghflglqj wkh eldv ri whfkqlfdo fkdqjh/

�upv rqo| wdnh lqwr dffrxqw wkh lpsdfw ri wklv eldv iru wkh suhvhqw lqqrydwlrq wkh| ex|1 Li

krzhyhu/ wkh| zhuh deoh wr lqwhuqdol}h wkh jdlq ri wkh eldv iru pruh wkdq rqh jhqhudwlrq ri

lqqrydwlrqv +ehfdxvh vd|/ ri lq0krxvh U)G ru d uhvwulfwhg qxpehu ri �upv olnho| wr ehqh�w

iurp ixuwkhu lqqrydwlrqv,/ wkhq fohduo|/ pruh vhfwruv zrxog fkrrvh wr eldv wkh gluhfwlrq ri

whfkqrorjlfdo fkdqjh lq rughu wr hvfdsh wkh wkuhdw ri lplwdwlrq lq wkh Vrxwk +vhh Wkrhqlj

+4<<<, iru vxfk dq dqdo|vlv lq d vlpsoh iudphzrun,1 Lq wkdw fdvh/ wkh h{whqw ri �wudgh

lqgxfhg� whfkqrorjlfdo vnloo0eldv zloo eh odujhu wkdq lq wkh suhvhqw prgho1

Vnloohg eldvhg whfkqrorjlfdo fkdqjh/ dv rssrvhg wr wudgh/ lv riwhq ghvfulehg dv wkh

pdmru fxosulw ri wkh lqfuhdvh lq lqfrph lqhtxdolw| lq ghyhorshg hfrqrplhv +Ndw} dqg

Pxusk| +4<<5,/ Dxwru/ Ndw} dqg Nuxhjhu +4<<;, Ehupdq/ Erxqg dqg Pdfklq +4<<;,,1
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Lqwhuhvwlqjo|/ lw vkrxog eh qrwhg wkdw/ hyhu|wklqj hovh ehlqj htxdo/ wkh �wudgh0lqgxfhg�

whfkqrorjlfdo eldv h�hfw ghvfulehg khuh/ whqgv/ rq wkh frqwudu|/ wr uhgxfh lqhtxdolwlhv lq

erwk uhjlrqv1 Wklv h�hfw lv dfwxdoo| forvho| uhodwhg wr wkh h�hfw ri rxwvrxuflqj ri fdslwdo

dv ghvfulehg e| Ihhqvwud dqg Kdqvrq +4<<8, dqg +4<<<, zlwk d forvh whfkqrorj| vwuxfwxuh1

Lq wkhlu zrun/ Ihhqvwud dqg Kdqvrq vkrz wkdw dq rxw rz ri fdslwdo iurp Qruwk wr Vrxwk

fdq ohdg wr d vlpxowdqhrxv lqfuhdvh ri lqhtxdolwlhv ehwzhhq vnloohg dqg xqvnloohg oderu lq

wkh wzr uhjlrqv1 Khuh/ �wudgh0lqgxfhg� vnloo lqwhqvlyh whfkqlfdo eldv fdq eh ylhzhg/ rq wkh

frqwudu|/ dv d surfhvv ri �lqvrxuflqj� wrzdugv surgxfwlrq lq Qruwk1 Khqfh/ hyhu|wklqj

hovh ehlqj htxdo/ lqhtxdolwlhv whqg wr ghfuhdvh ehfdxvh ri wkdw eldv1

Qrwh �qdoo| wkdw ehfdxvh ri wkh �lqgxfhg� whfkqrorjlfdo eldv/ wkh glvwulexwlrq k|E%�

ri whfkqlfv zlwk idfwru lqwhqvlw| % lv fkdqjlqj ryhu wlph dv vrph whfkqlfv dh ehfrplqj

pruh vnloohg oderu lqwhqvlyh1 Lq wkh suhvhqw iudphzrun/ wkh surfhvv ri �wudgh0lqgxfhg�

whfkqrorjlfdo eldv lv jhqhudoo| qrw frpsdwleoh zlwk d vwdwlrqdu| glvwulexwlrq ri whfkqlfv461

Lq wkh vhtxho/ zh zloo dqdo|}h/ xqghu vrph vlpsoli|lqj dvvxpswlrqv/ wkh lpsolfdwlrqv ri

wklv hqgrjhqrxv whfkqlfdo eldv rq wkh wudqvlwru| g|qdplfv ri wkh hfrqrp|1

81 Jhqhudo htxloleulxp dqg wudqvlwlrq g|qdplfv

Lq wklv vhfwlrq zh zdqw wr glvfxvv wkh lpsolfdwlrqv ri wkh wudgh lqgxfhg whfkqlfdo eldv

rq wkh hfrqrplf g|qdplfv ri wkh wzr uhjlrqv1 Lw lv krzhyhu dqdo|wlfdoo| gl!fxow wr

fkdudfwhul}h lq ixoo jhqhudolw| wkh jhqhudo htxloleulxp sdwk ri wkh zkroh hfrqrplf v|vwhp

hvvhqwldoo| ehfdxvh wkh vsuhdg ri glvwulexwlrq k|E�� uhvxowlqj iurp whfkqlfdo eldv fdq eh wrr

�gudvwlf�1 Dqg/ dv douhdg| revhuyhg/ wklv vsuhdg lpsolhv wkdw wkh g|qdplf htxloleulxp lv

qrw jhqhudoo| vwdwlrqdu| dv idfwru lqwhqvlwlhv/ dqg wkhuhiruh uhjlrqv* uhodwlyh idfwru sulfhv

duh wlph ydu|lqj1 Lq rughu wr lqwurgxfh vrph �vprrwkqhvv� lq wkh wudqvlwlrq g|qdplf/ zh

qhhg wr vshfli| d iudphzrun zkhuh wkh vsuhdg ri k|E�� lv pdujlqdo1

Dvvxpswlrq 4 Zh dvvxph wkdw lqqrydwlrq lv lqfuhphqwdo= B lv forvh wr �1

Wklv dvvxpswlrq hqvxuhv wkdw wkh vl}h ri wkh lqwhuidfh ehwzhhq Qruwk dqg Vrxwk dBs|c s|o

lv vpdoo frpsduhg wr wkh zkroh vxssruw ri k|E��� Wklv dvvxpswlrq zloo khos xv lq wkh

46Xqohvv wkh glvwulexwlrq �w+=, lv �hpsw|� rq ^�i> i `=
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ghulydwlrq ri wkh lqvwdqwdqhrxv jhqhudo htxloleulxp dqg lw pdnhv vxuh wkdw wkh vsuhdg ri

k|E�� lv pdujlqdo1 Frqvhtxhqwo|/ lw doorzv xv wr vhw wkh iroorzlqj dvvxpswlrq1

Dvvxpswlrq 5 Zdjhv yduldwlrqv duh vpdoo dorqj wkh dyhudjh olih f|foh ri dq lqqrydwlrq1

Wklv dvvxpswlrq lpsolhv wkdw/ rq hdfk olih f|foh/ �upv dfw dv li wkh| zhuh lq d vwdwlrq0

qdu| vwdwh1 Frqvhtxhqwo| wkh| wudgh0r� ehwzhhq qhxwudo dqg eldvhg whfkqlfdo surjuhvv lq

wkh vdph pdqqhu dv lq wkh suhylrxv vhfwlrq1 Zkloh fohduo| lpso|lqj d fhuwdlq ghjuhh ri

p|rsld/ lw khosv vljql�fdqwo| lq whupv ri dqdo|wlfdo wudfwdelolw|471 Dovr lq wkh vlpxodwlrqv/

lw surylghv d jrrg dssur{lpdwlrq ri zkdw dulvhv dorqj wkh wudqvlwlrq sdwk zkhq lqghhg

wkh �fkdudfwhulvwlf wlph� ri fuhdwlyh ghvwuxfwlrq g|qdplfv lv vpdoo frpsduhg wr wkdw ri

zdjhv g|qdplfv481

8141 Wkh lqvwdqwdqhrxv Jhqhudo Htxloleulxp

Lq dsshqgl{ zh vkrz wkdw htxloleuld rq idfwru pdunhwv lq Vrxwk duh jlyhq e| wkh iroorzlqj

uhodwlrqv=
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+814,

Wkhvh uhodwlrqv duh vlplodu wr wkh dxwdun| fdvh/ h{fhsw wkdw wkh udqjh ri jrrgv surgxfhg

lq Vrxwk lv dfc s|o� Wkh frh!flhqw q zklfk lv htxdo wr B� w
wnU

n U
wnU

kljkoljkwv wkh idfw wkdw

lq Vrxwk/ d vkduh Ew*w n U� ri jrrgv lv surgxfhg xqghu prqrsro| dqg d frpsohphqwdu|

vkduh lv surgxfhg/ diwhu lplwdwlrq vxffhhgv/ xqghu olplw sulflqj frpshwlwlrq1 Lq wkh Qruwk

Pdunhw/ fohdulqj frqglwlrqv duh vlplodu/ h{fhsw iru wkh idfw wkdw wkh udqjh ri jrrgv lv qrz

ds|c4d dqg doo vhfwruv duh gulyhq e| prqrsrolhv=

47Vhh dovr lq vhfwlrq :/ wkh glvfxvvlrq rq krz uhvxowv zrxog eh d�hfwhg zlwk pruh iruzdug orrnlqj �upv1

48Qhxwudo sur�w � grhv qrw ydu| wkurxjk wlph +lw lv dozd|v htxdo wr 4� �, zkhuhdv wkh �eldvhg� sur�w
�.v@x grhv fkdqjh1 Khuhdiwhu/ lq wkh uhihuhqfh vlpxodwlrqv/ wkh udwh ri fuhdwlyh ghvwuxfwlrq lv htxdo wr 3158
zklfk phdqv wkdw wkh dyhudjh olihf|foh gxudwlrq ri sdwhqw lv derxw 7 |hduv1 Wkh fruuhvsrqglqj yduldwlrq
ri uhodwlyh zdjhv lq erwk duhdv duh derxw 319( zklfk phdqv wkdw �.v@x pd| ydu| e| d yhu| vpdoo dprxqw
rq wkh irxu |hduv shulrg1
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+815,

Ilqdoo|/ uhfdoo wkdw wkh vshfldol}dwlrq iurqwlhu s| fruuhvsrqgv wr wkh srlqw zkhuh xqlw

frvwv duh wkh vdph lq Qruwk dqg Vrxwk +fi1 htxdwlrq +714,,=

S?|
Sr|
Es|� ' � +816,

Wkh lqvwdqwdqhrxv htxloleulxp49 lv wkh vroxwlrq E�r
| c ^

r
| c �

?
| c ^

?
| c s|� ri +81408150816,1 Wkh

prgho lv wkhq d wzr frxqwu| prgho zlwk wzr idfwruv ri surgxfwlrq dqg d frqwlqxxp ri

whfkqrorjlhv zkhuh idfwru hqgrzphqwv duh vx!flhqwo| gl�huhqw iru wrwdo vshfldol}dwlrq

wr kdsshq1 Wkh jhqhudo fdvh lq d vwdwlf iudphzrun lv glvfxvvhg lq Gruqexvfk/ Ilvkhu/

Vdpxhovrq +4<;3,= khuh zh dgg wkh srvvlelolw| iru surgxfwlrq ixqfwlrqv wr hyroyh ryhu

wlph zklfk/ lq wxuq/ lqgxfhv vrph g|qdplfv rq vshfldol}dwlrq dqg zdjhv1

8151 G|qdplf Htxloleulxp

Iurp Uhvxow 5/ zh nqrz wkdw wkhuh h{lvwv sW| lq wkh lqwhuydo dBs|c s|oc vxfk wkdw jrrgv zlwk

idfwru lqwhqvlw| lq ds W| c s|o dqg vxemhfw wr dq lqqrydwlrq/ kdyh d �qdo srvw lqqrydwlrq whfk0

qrorj| zlwk idfwru lqwhqvlw| lq dB3�s W| c B
3�s|o dqg duh surgxfhg lq Qruwk1 Wklv whfkqlfdo

eldlv lqgxfhv d vsuhdg ri whfkqlfdo glvwulexwlrq k|E��� Xvlqj �jxuh LLL/ zh fdq frpsxwh wkh

odz ri prwlrq4: ri wkh glvwulexwlrq k|E�� ri whfkqrorjlhv dv=;AAAAA?
AAAAA=

Yk|E%�
Y|

' �w�k|E%� li % 5 ds W| c s|o

Yk|E%�
Y|

' B�w�k|EB%� li % 5 dB3�s W| c B
3�s|o

Yk|E%�
Y|

' f rwkhuzlvh

+817,

^�jxuh LLL`

49Irupdoo|/ dw hdfk srlqw ri wlph/ wkh lqvwdqwdqhrxv htxloleulxp lq rxu prgho fdq eh vhhq dv d jhqhu0
dol}dwlrq ri Ihhqvwud dqg Kdqvrq +4<<8, prgho zlwk wkh gl�huhqfhv wkdw/ lq rxu vhwwlqj/ �+=, uhsuhvhqwv
d glvwulexwlrq ri jrrgv udwkhu wkdq d free grxjodvv frh!flhqw dqg wkdw wkh| xvh Ohrqwlh� surgxfwlrq
ixqfwlrqv zklfk duh d vxefdvh ri FHV vshfl�fdwlrq1

4:Lw lv hdv| wr fkhfn wkdw wklv odz ri prwlrq grhv frqvhuyh wkh +xqlw, phdvxuh ri �w+=,= Lqghhg/ xvlqj

+817, vrph edvlf frpsxwdwlrqv ohdg wr=
C^

U
.4

3
�w+{,g{`
Cw @ 3
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Zkdw duh wkh frqvhtxhqfhv ri wkh g|qdplfv ri k|E�� rq wkh sdwwhuq ri wudgh/ vshfldo0

l}dwlrq dqg uhodwlyh zdjhvB1 Zh kdyh �uvw wkh iroorzlqj uhvxow=

Uhvxow 6 Wkh vshfldol}dwlrq iurqwlhu Vrxwk0Qruwk s| lv lqfuhdvlqj ryhu wlph1

Wkh surri lv surylghg lq dsshqgl{1

Uhvxow 6 vd|v wkdw gxulqj wkh wudqvlwlrq sdwk/ wkh vrxwkhuq uhjlrq �xsjudghv� surjuhv0

vlyho| lwv whfkqrorjlhv ri surgxfwlrq/ lq wkh vhqvh wkdw wkhuh lv surjuhvvlyho| ghorfdol}dwlrq

wr wkh Vrxwk ri whfkqrorjlhv zlwk kljkhu vnloo lqwhqvlwlhv1 Wkh lqwxlwlrq ri wklv lv looxvwudwhg

lq �jxuh LY1 Wkh gluhfw lpsdfw ri Lqgxfhg whfkqlfdo eldv lv wr vkliw vhfwruv ri surgxfwlrq

lqlwldoo| iurp Vrxwk wr Qruwk1 Ehfdxvh ri wklv/ oderu ghpdqgv lq Vrxwk ghfuhdvh dqg

oderu ghpdqgv lq Qruwk lqfuhdvh1 Wklv ohdgv wr orzhu zdjhv lq Vrxwk dqg kljkhu zdjhv lq

Qruwk1 Wklv lq wxuq d�hfw wkh vwuxfwxuh ri xqlw frvwv ri surgxfwlrq dqg pdnh surgxfwlrq

lq Vrxwk pruh sur�wdeoh dw d jlyhq idfwru lqwhqvlw|1 Khqfh/ lw lqgxfhv dq xszdug vkliw ri

wkh vshfldol}dwlrq iurqwlhu ehwzhhq Vrxwk dqg Qruwk1

^�jxuh LY`

Krz idu fdq wklv surfhvv jrB Wkh qh{w uhvxow vkrzv wkdw/ lqghhg/ wkhuh lv frqyhujhqfh

ri wkh iurqwlhu s| wrzdugv d orqj uxq vwhdg| vwdwh lq zklfk wkhuh lv qr pruh wudgh lqgxfhg

whfkqlfdo eldv wrzdugv vnloohg oderu1

Uhvxow 7 Wkh v|vwhp frqyhujhv wrzdugv d vwhdg| vwdwh zlwk qr wudgh lqgxfhg whfkqlfdo

eldv1

Wkhuh duh wzr uhdvrqv iru vwdwlrqdul}dwlrq ri wkh v|vwhp1 Iluvw/ vsuhdg ri wkh glvwul0

exwlrq ri vnloo lqwhqvlw| dw vrph wlph | pd| eh vxfk wkdw wkhuh lv qr pruh vhfwruv zklfk

pd| eh vxemhfw wr vnloo eldv +lh wkh vxssruw ri wkh glvwulexwlrq k|E�� kdv dq hpsw| lq0

whuvhfwlrq zlwk wkh lqwhuydo dBs|c s|o,1 Pruh lqwhuhvwlqjo|/ wkh v|vwhp pd| dovr frqyhujh

wr d vwhdg| vwdwh zlwk qr wudgh lqgxfhg whfkqlfdo eldv zkhq frqglwlrq +718, vwrsv wr eh

vdwlv�hg1 Lqwxlwlyho|/ wklv rffxuv ehfdxvh vnloo eldvhg whfkqlfdo fkdqjh lv lqfuhdvlqjo| ohvv

sur�wdeoh iru vhfwruv zlwk kljkhu vnloo lqwhqvlwlhv1 Ehfdxvh ri wklv/ wkhuh lv dq xsshu erxqg
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rq wkh vhfwruldo vnloo lqwhqvlw| dw zklfk sur�wdeoh whfkqlfdo eldv fdq eh lpsohphqwhg1 Dv d

frqvhtxhqfh/ dorqj zlwk wkh surfhvv ri vnloo xsjudglqj/ wkh uhwxuq wr eldvhg whfkqrorjlfdo

fkdqjh lq Qruwk ghfuhdvhv ryhu wlph dqg wkh v|vwhp frqyhujhv wrzdugv d vwhdg| vwdwh

+zlwk qr eldvhg whfkqlfdo fkdqjh,1

8161 Zdjh Lqhtxdolwlhv

D �uvw lqvljkw iurp wkh suhylrxv dqdo|vlv lv wkh idfw wkdw wkh surfhvv ri lqgxfhg whfkqlfdo

fkdqjh zrunv rqo| dorqj wkh wudqvlwlrq sdwk ri wkh hfrqrp|1 Dv|pswrwlfdoo| wklv h�hfw

ehfrphv ohvv dqg ohvv lpsruwdqw1 Vwloo/ wkrxjk zh pljkw qrw revhuyh lqgxfhg whfkqlfdo

eldv lq wkh orqj uxq/ wkh h{lvwlqj sdwwhuq ri wudgh dqg zdjhv lq wkdw vlwxdwlrq fohduo|

ghshqgv rq wkh h{lvwhqfh ri whfkqlfdo eldv gxulqj wkh wudqvlwlrq1

Dq lqwhuhvwlqj lvvxh lv wkhq wkh lpsruwdqfh ri wkdw lpsdfw +lh1 wkh lpsruwdqfh ri

wkh gl�huhqfh ehwzhhq sf dqg s",� Lw vkrxog eh qrwhg wkdw wkh zhgjh ehwzhhq sf dqg

s" ghshqgv yhu| pxfk rq wkh lqlwldo frqglwlrqv4; ri wkh glvwulexwlrq ri whfkqrorjlhv +lh1

wkh vkdsh ri kfE��,1 Wdnh iru lqvwdqfh �uvw wkh fdvh ri kfE�� dv uhsuhvhqwhg lq �jxuh +Y,

qdpho| wkh fdvh zkhuh kfE�� lv forvh wr wkh vxp ri wzr gludf ixqfwlrqv dw Mr*ur dqg

M?*u?/ kfE�� * BMr*ur n BM?*u? � Wkhq lw lv fohdu wkdw wkhuh lv qr eldv dqg sf ' s"� Rq

wkh rwkhu kdqg/vxssrvh wkdw kfE�� lv dq xqlirup ghqvlw| rq d �qlwh lqwhuydo1 Wkhq wkhuh

lv vrph lqgxfhg whfkqlfdo eldv dqg sf 	 s"�

^�jxuh Y`

Wkh lpsdfw ri wkh wudgh lqgxfhg whfkqlfdo eldv rq zdjhv lqhtxdolwlhv E^r*�r�| dqg

E^?*�?�| lv dpeljxrxv1 Li zh ghqrwh Kr| dqg K?| wkhlu udwh ri jurzwk / zh surryh lq

dsshqgl{ +E, wkdw wkh| ghshqg rq �vhqvlelolw|� ri uhodwlyh ghpdqg ri vnloo oderu=

K�| '
�

�0��|� ~} �
:f

�d 02�|�~}�
	f

n 0��| �
�s|
s|� ~} �

:f

o zlwk � 5 i�Jo|�c 7J�|�j +818,

4;Wklv surshuw| ri shuvlvwhqf| dw wkh pdfur ohyho uholhv rq wkh h{lvwhqfh / dw wkh plfur ohyho/ ri d orfn0lq
h�hfw lq whfkqrorjlfdo fkdqjh/ qdpho| wkh whfkqlfdo frh!flhqw wrgd| +v@x,w ghshqgv ri doo wkh iruphu
fkurqlfoh +v@x,w3�w=
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zkhuh 0��| lv wkh hodvwlflw| ri vnloo oderu uhodwlyh ghpdqg dffruglqj wr uhodwlyh sulfh E^�*���(

02�| lv wkh �vhqvlwlylw|� ri vnloo oderu uhodwlyh ghpdqg dffruglqj wr wkh vsuhdg ri k|E�� dqg

0��| lv wkh hodvwlflw| ri vnloohg oderu uhodwlyh ghpdqg dffruglqj wr s|�

Wkhuh duh wzr h�hfwv jrlqj lq rssrvlwh gluhfwlrq1 Iluvw/ dv zdv uhdglo| revhuyhg/ iru

d jlyhq srvlwlrq ri wkh vshfldol}dwlrq iurqwlhu s|/ rqh kdv d gluhfw h�hfw ri uhgxfwlrq ri

zdjhv lqhtxdolwlhv ehfdxvh ri wkh �lqvrxuflqj� surfhvv ri jrrgv iurp Vrxwk wr Qruwk gxh

wr wkh eldv wrzdugv vnloohg oderu +02�| 	 f,1 Wkhuh lv krzhyhu d frxqwhuydlolqj h�hfw

gxh wr wkh vkliw lq wkh vshfldol}dwlrq iurqwlhu +0��| : f, dqg wkh Vnloo xsjudglqj ri Vrxwk

lq lwv surgxfwlrq whfkqrorjlhv + �s|*s| : f�1 Wklv g|qdplf h�hfw whqgv wr lqfuhdvh zdjh

lqhtxdolwlhv lqvlgh wkh wzr uhjlrqv1

Wkh lpsruw shqhwudwlrq ri Vrxwk lpsruwv lq Qruwk lv jlyhq e|= A�| '
U s|
f

k|E%�_%� Wkh

wlph hyroxwlrq ri wklv yduldeoh lv dpeljxrxv dv wkh gluhfw h�hfw ri whfkqlfdo eldv whqgv wr

orzhu wkh lpsruw shqhwudwlrq udwlr zkloh/ rq wkh frqwudu|/ wkh surfhvv ri vnloo xsjudglqj

whqgv wr lqfuhdvh lw1 Lqwxlwlyho|/ wkh qxpehu ri jrrgv surgxfhg lq Qruwk frqwlqxdoo|

lqfuhdvhv ehfdxvh ri wudgh lqgxfhg whfkqlfdo eldv +vsuhdg ri k|E���/ zkloh vrxwkhuq zdjhv

uhdfw grqzdugv lq rughu wr fdwfk qhz jrrgv +s| lqfuhdvhv,1

Wkxv/ rxu prgho euhdnv wkh olqn ehwzhhq devroxwh yduldwlrqv ri shqhwudwlrq udwh dqg

yduldwlrqv ri zdjhv= lqghhg/ Nuxjpdq +4<<8, dujxhv wkdw wkh wuxh sx}}oh frqfhuqlqj wudgh

dqg zdjhv lqyroyhv wkh idfw wkdw wkh revhuyhg vrxwkhuq lpsruw shqhwudwlrq udwlr lv wrr orz

wr h{sodlq vxfk d pryh lq idfwru sulfhv lq RHFG frxqwulhv1 Lq wkh iroorzlqj vlpxodwlrqv/

zh zloo vhh wkdw zdjhv lqhtxdolwlhv pd| vljql�fdqwo| pryh zlwkrxw dq| yduldwlrq ri wkh

Vrxwk shqhwudwlrq udwh1

91 Vlpxodwlrq

Lq wklv vhfwlrq/ zh suhvhqw looxvwudwlyh qxphulfdo vlpxodwlrqv wr jhw vrph lqvljkwv rq wkh

g|qdplfv ri wkh wudqvlwlrq sdwk dqg rq ydulrxv frpsdudwlyh vwdwlfv ri sdudphwhuv rq wkh

hyroxwlrq ri vnloo suhpld lq Qruwk dqg Vrxwk1 Wkh Ehqfkpdun Prgho +E1P, wr zklfk zh

zloo frpsduh doo rxu vlpxodwlrq uhvxowv fruuhvsrqgv wr wkh prgho lq zklfk rxu whfkqlfdo eldv

phfkdqlvp lv devhqw1 Lq vxfk d Ehqfkpdun/ wkh whfkqlfdo glvwulexwlrq lv lqyduldqw ehfdxvh
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vnloo eldvhg whfkqlfdo fkdqjh lv iruelgghq= frqvhtxhqwo| wkhuh lv qr wudqvlwlrq sdwk dqg

diwhu wudgh rshqqhvv/ lw lv h{dfwo| htxlydohqw wr d yhuvlrq ri wkh vwdwlf Khfnvfkhu0Rkolq

prgho h{whqghg wr d frqwlqxxp ri jrrgv +Gruqexvk/ Ilvfkhu dqg Vdpxhovrq +4<;3,,1

Zkhq �upv fdq fkrrvh wkh gluhfwlrq ri whfkqlfdo fkdqjh/ wkhuh lv d wudqvlwlrq sdwk wrzdug

wkh orqj whup htxloleulxp1 Dv wkh pdlq yduldeoh ri wkh g|qdplf v|vwhp k|E�� lv edfnzdug

orrnlqj/ lw lv fohdu wkdw wkh htxloleulxp ri wkh Ehqfkpdun E^?c ^rc �?c �r��� fruuhvsrqgv

wr wkh lqlwldo htxloleulxp ri wkh hfrqrp| zlwk whfkqlfdo eldv E^?c ^rc �?c �r�|'f� Khqfh/

lq doo rxu vlpxodwlrqv/ frpsdulqj wkh uhvxowv ri prgho zlwk eldv wr wkh uhvxowv ri EP

phdqv wkdw uhohydqw yduldeohv duh wkh udwlrv ehwzhhq wkh fxuuhqw gdwh dqg wkh lqlwldo gdwh=

E^?| *^
?
f c ^

r
| *^

r
fc �

?
| *�

?
f c �

r
|*�

r
f��

9141 D Vlpxodwlrq ri Uhihuhqfh

Dv d uhihuhqfh/ zh vhw wkh iroorzlqj ydoxh iru sdudphwhuv +Wdeoh L,=

^Wdeoh L`

Wkh uhodwlyh idfwru hqgrzphqw udwlrv kdyh ehhq fkrvhq iru frqyhqlhqfh wr ehM�*u� '

� lq Qruwk dqg M7*u7 ' f�� lq Vrxwk14<Wkh jurzwk udwh 519( kdv ehhq fkrvhq wr uh hfw

wkh RHFG dyhudjh dqqxdo jurzwk udwh +iurp 4<:3 wr4<<7,> w ' f�2D fruuhvsrqgv wr dq

dyhudjh olihf|foh gxudwlrq ri 7 |hduv/ wkh lplwdwlrq udwh lv vhw wr U ' � lq rughu wr kdyh d

wudqvlwlrq sdwk zklfk grhv qrw vwdwlrqqdul}h lpphgldwho|1 Wkh hodvwlflw| ri vxevwlwxwlrq

lv wdnhq dv j ' f�D +Zrrg +4<<7,, dqg wkh Qruwk uhodwlyh vl}h lv vhw dw �*S uh hfwlqj wkh

udwlr ri wkh RHFG srsxodwlrq wr wkh Zruog srsxodwlrq1Zh hvwlpdwh kfE�� iurp wkh gdwd

vhw xvhg lq Wkhvpdu dqg Wkrhqlj +4<<<,1 Iljxuh YL ghslfwv wkh glvwulexwlrq ri udwlr ri

vnloohg rq xqvnloohg oderu xvhg e| �upv lq Iudqfh lq +4<;8,1 Frqvhtxhqwo|/ zh fkrrvh iru

kf d orjqrupdo ghqvlw|1

Iljxuh YLL ghslfwv wkh hyroxwlrq ri wkh vshfldol}dwlrq iurqwlhu s|/ wkh vnloo suhplxp

hyroxwlrq dqg wkh vkdsh ri wkh glvwulexwlrq ri idfwru lqwhqvlw| dw gdwh | ' f dqg dw gdwh

| ' 2D |hduv1 Dv fdq eh vhhq wkhuh lv/ dv h{shfwhg d vnloo xsjudglqj lq wkh vshfldol}dwlrq

4<Wkhvh ydoxhv duh forvh wr wkh dfwxdo ydoxhv ri vnloohg oderu +lh hgxfdwlrq ohyho deryh kljk vfkrro, wr
xqvnloohg oderu +lh hgxfdwlrq ohyho ehorz kljk vfkrro, udwlrv ri 418 RHFG frxqwulhv dqg 315 iru qrq RHFG
frxqwulhv +RFGH/ 4<<7/ yro4/ s1435,1
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uhjlrq ri Vrxwk dqg Qruwk + lh1 s| lv lqfuhdvlqj ryhu wlph,1 Dovr iru wkdw frq�jxudwlrq ri

sdudphwhuv/ wkh vlpxodwlrq ghslfwv dq lqfuhdvh ri wkh vnloo suhplxp erwk iru Vrxwk dqg

Qruwk zlwk qr yduldwlrqv ri Vrxwk Lpsruw Shqhwudwlrq1

9151 Frpsdudwlyh Vwdwlfv

Frpsdudwlyh vwdwlfv rq wkh hodvwlflw| j

Lw lv lqwhuhvwlqj wr jhw dovr vrph lqvljkwv rq krz wkh ydulrxv vwuxfwxudo sdudphwhuv

ri wkh prgho d�hfw wkh hyroxwlrq ri zdjh lqhtxdolwlhv lq Qruwk dqg Vrxwk1 Wdeoh LL

uhsruwv wkh �qdo shufhqwdjh yduldwlrq ri zdjh lqhtxdolwlhv lq Qruwk dqg Vrxwk iru gl�huhqw

hodvwlflwlhv ri vxevwlwxwlrq j ehwzhhq vnloohg dqg xqvnloohg oderu1 Uhfdoo wkdw wr hqvxuh wkdw

Qruwk +uhvs1 Vrxwk, jhwv vshfldol}hg lq vnloohg +uhvs1 xqvnloohg, lqwhqvlyh jrrgv/ rqh qhhgv

j 	 �1 Lw vkrxog eh qrwhg wkdw wklv �hodvwlflw|� fdqqqrw eh gluhfwo| wudqvodwhg wr wkh rqh

irxqg lq hpslulfdo vwxglhv1 Wkh uhdvrq lv wkdw/ khuh zh kdyh d frqwlqxxp ri vhfwruv zlwk

gl�huhqw idfwru lqwhqvlwlhv1 Khqfh/ wkh pdfur hodvwlflw| ri vxevwlwxwlrq ehwzhhq vnloohg

dqg xqvnloohg oderu fohduo| ghshqgv rq wkh vkdsh ri wkh glvwulexwlrq ri vnloo lqwhqvlwlhv

k|E��
531 Wkh lpsdfw ri �wudgh lqgxfhg� ghihqvlyh lqqrydwlrq lv kljkhvw iru orz hodvwlflwlhv

ri vxevwlwxwlrq1 Wr jhw dq lghd ri zk| fkdqjhv lq lqhtxdolwlhv duh ghfuhdvlqj zlwk wkh

hodvwlflw| ri vxevwlwxwlrq ehwzhhq vnloohg dqg xqvnloohg oderu/ lw lv xvhixo wr revhuyh/ lq

htxdwlrq +818,/ wkdw yduldwlrq ri vnloo suhpld ghshqg rq lqyhuvh ri sulfh0hodvwlflw| ri vnloo

uhodwlyh ghpdqg 0��| G zkhq j lqfuhdvhv/ wklv hodvwlflw| lqfuhdvhv lq devroxwh whupv +vhh

dsshqgl{ E,1

^wdeoh LL`

Frpsdudwlyh vwdwlfv rq lqqrydwlrq dqg fuhdwlyh ghvwuxfwlrq

53Wkhuh lv txlwh d odujh yduldwlrq ri hvwlpdwhv ri wkdw �pdfur� hodvwlflw| lq wkh hpslulfdo olwhudwxuh1
Vr idu/ wkh frqvhqvxv vhhpv wr eh wkdw wkh phdq hvwlpdwh ri wklv hodvwlflw| lv odujhu wkdq 4 +Iuhhpdq
4<;9,1 Krzhyhu/ wkhuh lv frqvlghudeoh yduldqfh= lq wkhlu uhylhz ri 53 hvwlpdwhv ri hodvwlflw| ri vxevwlwxwlrq
ehwzhhq eoxh froodu dqg zklwh froodu zrunhuv/ Kdphuphvk dqg Judqw +4<:<, irxqg d phdq hvwlpdwh ri
516 zlwk kdoi wkh vwxglhv |lhoglqj hvwlpdwhv ehorz 4 dqg kdoi deryh wkdw ydoxh1 Ixuwkhu/ d yhu| uhfhqw
hvwlpdwh irxqg wkdw phdvxuh wr eh forvh wr 3=49 +Flffrqh/ Shul dqg Doprqg +4<<<,, zkhq wdnlqj lqwr
dffrxqw orfdo h{whuqdolw| h�hfwv ri vnloo oderu rq xqvnloohg oderu1

56



Dqrwkhu lqwhuhvwlqj sdudphwhu rq zklfk rqh pd| gr vrph frpsdudwlyh vwdwlfv lv wkh

fuhdwlyh ghvwuxfwlrq udwh w� Wdeoh LLL vxppdul}hv wkh lpsdfw ri dq lqfuhdvhg w1 Lq erwk

fdvhv/ wkh lpsdfw ri �wudgh lqgxfhg whfkqlfdo eldv� lv odujhu/ wkh odujhu wkh udwh ri jurzwk

ri wkh zruog hfrqrp|1 Reylrxvo| wkh h�hfw lv odujhu iru wkh orz hodvwlflw| exw vwloo/ zkhq

j ' f�D / dq lqqrydwlrq udwh ri w ' f�e wudqvodwhv lqwr d zdjh lqhtxdolw| lqfuhdvh ri derxw

SI iru Qruwk dqg ��DI iru Vrxwk1 Wkhvh qxpehu pd| dsshdu dw �uvw vljkw wr eh uhodwlyho|

orz iru d shulrg ri 2D |hduv1 Vwloo rqh kdv wr uhfdoo wkdw wkh| uh hfw rq wkh h�hfwv ri wudgh

lqgxfhg whfkqlfdo eldv zklfk zrxog frph deryh wkh xvxdo Vwrshu Vdpxhovrq h�hfwv vr pxfk

ghedwhg lq wkh olwhudwxuh rq wudgh dqg glvwulexwlrq1 D odujhu lqqrydwlrq udwh lqfuhdvhv wkh

rssruwxqlw| iru qruwkhu vhfwruv zlwk orz vnloov wr eldv wkh gluhfwlrq ri whfkqlfdo fkdqjh

wrzdugv vnloohg oderu1Wklv lq wxuq vwuhqjwkhqv wkh lpsdfw ri wudgh lqgxfhg whfkqlfdo eldv

dqg wkh dvvrfldwhg jhqhudo htxloleulxp h�hfwv rq wkh hyroxwlrq ri zdjhv lqhtxdolwlhv1

^wdeoh LLL`

Frpsdudwlyh vwdwlfv54 rq wkh lqfuhphqw B

Ilqdoo|/ Wdeoh LY uhsruwv wkh lpsdfw ri fkdqjhv lq B rq zdjhv lqhtxdolwlhv/ kroglqj

frqvwdqw wkh jurzwk udwh ri wkh hfrqrp|1 D odujhu B uhgxfhv wkh lpsdfw ri wudgh lqgxfhg

whfkqlfdo eldv rq wkh vnloo glvwulexwlrq dfurvv jrrgv/ dqg dv vkrzq lq wkh wdeoh iru wkh

hodvwlflw| j ' f�D / uhgxfhv wkh h{whqw ri zdjh lqhtxdolw| fkdqjhv1

^wdeoh LY`

:1 Glvfxvvlrq dqg frqfoxvlrqv

Lq wklv sdshu/ zh kdyh suhvhqwhg d jhqhudo htxloleulxp prgho ri wudgh dqg lqqrydwlrq

wr lqyhvwljdwh wkh Dguldq Zrrg*v k|srwkhvlv ri �ghihqvlyh lqqrydwlrq eldv� dqg lwv lp0

solfdwlrqv rq wkh g|qdplfv ri zdjh lqhtxdolwlhv lq kljk zdjh dqg orz zdjh hfrqrplhv1

Rxu prgho lqfrusrudwhg wkh srvvlelolw| iru hqgrjhqrxv whfkqlfdo fkdqjh dqg jhqhudwhg

wkh hphujhqfh ri �wudgh lqgxfhg whfkqlfdo eldv� dv dq rswlpdo uhvsrqvh e| �upv wr wkh

54Frpsdudwlyh Vwdwlfv rq lplwdwlrq gr qrw fkdqjh yhu| pxfk wkh zdjhv g|qdplf sdwkv exw / zkhq
lplwdwlrq udwh lv orz/ wudqvlwlrq sdwk lv vkruwhu dqg frqvhtxhqwo| / orqj whup lqhtxdolwlhv duh orzhu1
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sureohp ri gl�huhqwldo ghjuhh ri surshuw| uljkwv surwhfwlrq ehwzhhq Qruwk dqg Vrxwk1

Wkh prgho dovr doorzhg xv vkrzlqj wkdw �wudgh lqgxfhg whfkqlfdo eldv� kdv jhqhudoo|

dpeljxrxv h�hfwv rq wkh g|qdplfv ri zdjh lqhtxdolwlhv lq wkh wzr uhjlrqv1 Vlpsoh qx0

phulfdo vlpxodwlrqv wkrxjk uhyhdo wkdw lw lv srvvleoh wr rewdlq sdwwhuqv ri lqfuhdvlqj zdjh

lqhtxdolwlhv lq Qruwk dqg Vrxwk dvvrfldwhg zlwk sxuh �wudgh lqgxfhg whfkqlfdo eldv�1 Dw

wklv vwdjh vhyhudo revhuydwlrqv duh lq rughu1

Iru prvw ri wkh g|qdplf dqdo|vlv/ zh pdgh wzr lpsruwdqw dvvxpswlrqv1 Iluvw zh

frqvlghuhg rqo| pdujlqdo whfkqlfdo eldv srvvlelolwlhv1 Grlqj wklv grzq sod|v dfwxdoo| wkh

srwhqwldo lpsdfw ri wudgh lqgxfhg whfkqlfdo eldv rq wkh g|qdplfv ri zdjhv dqg vshfldol}d0

wlrq1

Vhfrqg/ zh frqvlghuhg wkdw �upv zhuh p|rslf lq whupv ri wkhlu ghflvlrqv wr dgrsw

eldvhg whfkqlfdo fkdqjh1 Li �upv zhuh pruh iruzdug orrnlqj/ wkh h�hfwv suhvhqwhg dorqj

wkh wudqvlwlrq sdwk zrxog vwloo rffxu txdolwdwlyho| wkrxjk suhvxpdeo| lq d zhdnhqhg zd|1

D vlpsoh zd| wr vhh wklv lv wkh iroorzlqj1 Revhuyh �uvw wkdw wkh srvvlelolw| ri hqgrjhqrxv

whfkqlfdo eldv suhyhqwv wkh hfrqrp| wr eh lpphgldwho| lq d vwdwlrqdu| htxloleulxp1 Iurp

rxu dqdo|vlv lq sduwldo htxloleulxp +lh1 uhvxow 5, dw d jlyhq vshfldol}dwlrq iurqwlhu s ehwzhhq

Qruwk dqg Vrxwk/ wkhuh lv dozd|v d srvlwlyh pdvv ri surgxfwv iru zklfk wkhuh lv vnloo

eldv whfkqlfdo fkdqjh1 Wklv lpsolhv wkdw wkh iurqwlhu s fdqqrw vwd| vwdwlrqdu| dv wkh

glvwulexwlrq k|E�� lv d�hfwhg e| wklv whfkqlfdo eldv1 Wkhuhiruh wkhuh zloo eh vnloo xsjudglqj

ri vrxwkhuq h{sruwv zlwk wkh vdph txdolwdwlyh lpsolfdwlrqv iru zdjh suhpld dv ehiruh1 Wkh

pdlq gl�huhqfh frphv iurp wkh idfw wkdw �upv qrz dqwlflsdwh wkh iruzdug prylqj sdwk ri

wkh vshfldol}dwlrq iurqwlhu1 Zkhq wkh| ghflgh wr dgrsw vnloo eldvhg whfkqrorjlhv wr �eulqj

edfn� surgxfwlrq orfdwlrq lq Qruwk/ iruzdug orrnlqj �upv iruhvhh wkdw wklv orfdwlrq zloo

eh hyhqwxdoo| vkliwhg edfn wr Vrxwk xqghu wkh suhvvxuh ri pruh frpshwlwlyh zdjhv1 Wklv

reylrxvo| zhdnhqv wkh wudgh lqgxfhg whfkqrorjlfdo vnloo eldv h�hfwv hpskdvl}hg khuh1

Lq wkh dqdo|vlv/ qruwkhuq lqqrydwlqj �upv ghflgh zkhwkhu wr surgxfh lq Qruwk ru wr

ghorfdol}h lq Vrxwk zkhuh wkh lplwdwlrq udwh lv h{rjhqrxv dqg xqlirup dfurvv vhfwruv1

Wkh iudphzrun fdq eh h{whqghg hdvlo| wr wkh fdvh zlwk qr ghorfdol}dwlrq dqg hqgrjhqrxv

lplwdwlrq h�ruwv e| Vrxwk +Wkrhqlj 4<<<,1 Lq vxfk d fdvh/ wkh udwh ri lplwdwlrq e|
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vrxwkhuq �upv lv qrw dq|pruh xqlirup dfurv vhfwruv exw ghshqgv dfwxdoo| qhjdwlyho| rq

wkh vhfwruldo vnloo lqwhqvlw|1 Ehfdxvh ri wklv/ qruwkhuq �upv kdyh dq dgglwlrqdo lqfhqwlyh

wr ghyhors vnloo eldvhg lqqrydwlrqv dv e| grlqj vr wkh| uhgxfh wkh udwh ri lplwdwlrq e|

Vrxwk rq wkhlu jrrg1 Iru wkdw uhdvrq/ wudgh lqgxfhg whfkqlfdo eldv h�hfwv zloo eh hyhq

vwurqjhu wkdq lq wkh suhvhqw iudphzrun1

Dqrwkhu hohphqw/ zklfk djdlq grzqsod|v wkh wudgh lqgxfhg whfkqlfdo eldv h�hfwv lv

wkh idfw wkdw zh dvvxphg wkh udwh ri fuhdwlyh ghvwuxfwlrq lq Qruwk wr eh xqlirup dfurvv

vhfwruv1 Vdfkv dqg Vkdw} +4<<7, dujxh/ rq wkh rwkhu kdqg/ wkdw whfkqlfdo surjuhvv lv pruh

lqwhqvlyh lq orz vnloo lqwhqvlyh vhfwruv1 Iroorzlqj vxfk dq revhuydwlrq/ zh frxog wkhq h{shfw

wkh udwh ri fuhdwlyh ghvwuxfwlrq lq Qruwk wr eh kljkhu forvh wr wkh vshfldol}dwlrq iurqwlhu

zlwk Vrxwk wkdq iru pruh vnloo lqwhqvlyh jrrgv1Wklv e| lwvhoi/ zrxog pdjqli| rxu uhvxowv

+vhh wdeoh LLL,1 Odujhu lqqrydwlrq udwhv forvh wr wkh Qruwk0Vrxwk lqwhuidfh lqfuhdvh wkh

rssruwxqlw| iru qruwkhuq vhfwruv zlwk orz vnloov wr eldv wkh gluhfwlrq ri whfkqlfdo fkdqjh

wrzdugv vnloohg oderu1 Wklv lq wxuq vwuhqjwkhqv wkh lpsdfw ri wudgh lqgxfhg whfkqlfdo eldv

dqg wkh dvvrfldwhg jhqhudo htxloleulxp h�hfwv rq zdjhv

Ilqdoo|/ rxu looxvwudwlyh vlpxodwlrqv vxjjhvw wkdw wkh qdwxuh ri wkh wudqvlwlrq sdwk dqg

wkh pdjqlwxgh ri wkh uhvxowv rq zdjh suhpld lv txlwh vhqvlwlyh wr wkh ydoxh ri ydulrxv

sdudphwhuv +wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq vnloohg dqg xqvnloohg oderu/ wkh udwh

ri fuhdwlyh ghvwuxfwlrq dqg wkh vl}h ri wkh whfkqrorjlfdo lqfuhphqw,1 Wklv vxjjhvwv wkdw/

zkloh Dguldq Zrrg*v lqwxlwlrq rq wudgh lqgxfhg whfkqlfdo eldv fdq eh sxw lqwr frqvlvwhqw

wkhruhwlfdo whupv/ lwv lpsolfdwlrqv rq wkh sdwwhuq ri zdjh lqhtxdolwlhv lq lqgxvwuldol}hg

frxqwulhv fhuwdlqo| phulwv pruh vhulrxv hpslulfdo lqyhvwljdwlrq ehiruh ehlqj frpsohwho|

glvplvvhg ru dffhswhg1
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