
Phdvxulqj vwuxfwxudo xqhpsor|phqw= Lv
wkhuh d urxjk dqg uhdg| dqvzhuB

Vwhlqdu Kroghq dqg Udjqdu Q|prhqú

Iluvw yhuvlrq= Pdufk 45wk 4<<;1
Wklv yhuvrq= Ghfhpehu 4;wk 4<<;/ frpphqwv zhofrph1

Devwudfw

Lq uhfhqw |hduv/ wkh RHFG kdv phdvxuhg wkh vwuxfwxudo udwh ri xqhpsor|0
phqw e| dq lqglfdwru fdoohg wkh Qrq0Dffhohudwlqj Zdjh Udwh ri Xqhpsor|0
phqw1 Wkh QDZUX 0lqglfdwru lv dq lpsruwdqw hohphqw lq wkh srolf| dqdo|vlv
ri wkh RHFG1 Wkh ulvh lq wkh hvwlpdwhg QDZUXv lv dovr wdnhq dv hylghqfh
wkdw Qruglf xqhpsor|phqw/ dv zhoo dv xqhpsor|phqw lq wkh uhvw ri Hxursh/ kdv
lqfuhdvhg gxh wr d pdoixqfwlrqlqj ri oderxu pdunhwv1 Wkh sdshu suhvhqwv vwd0
eoh hpslulfdo zdjh htxdwlrqv iru Ghqpdun/ Ilqodqg/ Qruzd| dqg Vzhghq ryhu
wkh shulrg 4<9704<<7/ lq vkdus frqwudvw wr wkh lqfuhdvhg QDZUX0hvwlpdwhv1
Wkh lqvwdelolw| ri wkh QDZUX0hvwlpdwhv dsshduv wr eh wkh surgxfw ri d plv0
vshfl?hg xqghuo|lqj zdjh htxdwlrq/ dqg qrw gxh wr lqvwdelolw| lq wkh zdjh
vhwwlqj lwvhoi1

Nh|zrugv= Vwuxfwxudo xqhpsor|phqw/ QDZUX lqglfdwru/ hfrqrphwulf zdjh
htxdwlrqv/ vwdelolw|/ Qruglf zdjh irupdwlrq1

úZh zrxog olnh wr wkdqn Mûujhq Hophvnry/ Dqghuv Iruvoxqg/ Dvemûuq Uûgvhwk/ Wruh Wkrqvwdg
dqg Dqghuv Yuhglq iru glvfxvvlrq dqg frpphqwv dqg Frolq Iruwkxq iru uhvhdufk dvvlvwdqfh1 Wkh
dxwkruv wdnh wkh zkroh uhvsrqvlelolw| iru wkh ylhzv h{suhvvhg dqg iru dq| huuruv wkdw pljkw h{lvw1
Dq hduolhu yhuvlrq ri wklv sdshu zdv suhvhqwhg dw wkh Hxurshdq Phhwlqj ri wkh Hfrqrphwulf Vrflhw|/
Ehuolq/ Dxjxvw 63wk0Vhswhpehu 5qg 4<<;1 Doo qxphulfdo uhvxowv zhuh surgxfhg e| SfJlyh <13/ vhh
Grruqln dqg Khqgu| +4<<9,1 Wkh dxwkruv duh surihvvruv ri hfrqrplfv dw wkh Xqlyhuvlw| ri Rvor1
Sohdvh dgguhvv fruuhvsrqghqfh wr hlwkhu ri wkh dxwkruv dw wkh Xqlyhuvlw| ri Rvor/ Ghsduwphqw ri
Hfrqrplfv1 S1R1 Er{ 43<8 Eolqghuq1 Q0364: Rvor/ Qruzd|1 Lqwhuqhw= vwhlqdu1kroghqChfrq1xlr1qr
ru udjqdu1q|prhqChfrq1xlr1qr1



4 Lqwurgxfwlrq

Ryhu wkh odvw 58 |hduv/ wkh udwh ri xqhpsor|phqw lq Hxursh kdv ulvhq gudpdwlfdoo|1
D odujh qxpehu ri gl>huhqw h{sodqdwlrqv kdyh ehhq vxjjhvwhg +fi1 vxuyh|v lq Ehdq
+4<<7,/ dqg RHFG +4<<7,,1 Dowkrxjk qr jhqhudo djuhhphqw kdv hphujhg/ wkhuh
dsshduv wr eh d zlghvsuhdg eholhi wkdw wkh ulvh lq xqhpsor|phqw fdq eh dwwulexwhg
wr d pdoixqfwlrqlqj oderxu pdunhw1 Pruh suhflvho|/ wkh ulvh lq xqhpsor|phqw lv
ylhzhg wr eh pdlqo| vwuxfwxudo/ uh hfwlqj d ulvh lq wkh htxloleulxp ru qdwxudo udwh
ri xqhpsor|phqw +vhh h1j1/ RHFG +4<<7,/ sdjh :6/ ru Nuxjpdq +4<<7,,1 Exw iru
srolf| sxusrvhv/ wklv ylhz lv wrr ydjxh/ dqg wkhuh lv d ghpdqg iru pruh suhflvh
frqfoxvlrqv1 Wr phhw wklv ghpdqg/ wkh RHFG kdv lq uhfhqw |hduv phdvxuhg wkh
vwuxfwxudo udwh ri xqhpsor|phqw e| xvh ri d vshfl?f lqglfdwru/ wkh QDZUX +Qrq0
Dffhohudwlqj Zdjh Udwh ri Xqhpsor|phqw, lqglfdwru/ vxjjhvwhg ?uvw e| Hophvnry
dqg PdfIduodqg +4<<6, dqg Hophvnry +4<<7,1 Fuxgho|/ wklv lqglfdwru phdvxuhv wkh
vwuxfwxudo udwh ri xqhpsor|phqw dv wkh udwh ri xqhpsor|phqw dw zklfk zdjh jurzwk
lv vwdeoh1

Lq wkh |hduv vlqfh lw zdv ?uvw frqvwuxfwhg/ wkh QDZUX0lqglfdwru kdv jdlqhg
lq lpsruwdqfh1 Lw lv dssolhg e| wkh RHFG dqg rwkhuv wr vhyhudo lpsruwdqw lvvxhv1
Iluvw/ lw lv xvhg lq wkh fdofxodwlrq ri rxwsxw jdsv e| RHFG/ dv lw lv d fuxfldo hohphqw
lq wkh hvwlpdwh ri wkh srwhqwldo rxwsxw + Jlruqr hw do1 +4<<8,,1 Vhfrqg/ wkh QDZUX0
lqglfdwru lv lpsruwdqw lq wkh frqvwuxfwlrq ri RHFG*v gdwd iru Jhqhudo jryhuqphqw
vwuxfwxudo edodqfh/ dv wkhvh duh dovr edvhg rq wkh hvwlpdwh rq srwhqwldo rxwsxw1
Wklug/ wkh QDZUX0lqglfdwru lv xvhg dv d phdvxuh ri wkh vwuxfwxudo +ru htxlole0
ulxp, udwh ri xqhpsor|phqw/ h1j1 Hophvnry +4<<7,/ Edoo +4<<9, dqg Hophvnry hw do1
+4<<;,1 QDZUX 0lqglfdwruv iru wkh gl>huhqw frxqwulhv w|slfdoo| iroorz wkh dfwxdo
udwh ri xqhpsor|phqw udwkhu forvho|/ dqg ohdyhv olwwoh urrp iru f|folfdo xqhpsor|0
phqw1 Wkxv/ wkh ulvh lq xqhpsor|phqw dsshduv wr eh h{sodlqhg e| d ulvh lq vwuxfwxudo
xqhpsor|phqw dv phdvxuhg e| wkh QDZUX1 Lq vxp/ wkhuh lv olwwoh grxew wkdw wkh
QDZUX0lqglfdwru irupv dq lpsruwdqw slhfh ri hylghqfh ehklqg wkh jhqhudo ylhz
wkdw d odujh sduw ri Hxurshdq xqhpsor|phqw lv vwuxfwxudo/ dv lq RHFG +4<<7,1

Wkh pdlq dgydqwdjh ri wkh QDZUX 0 lqglfdwru lv lwv vlpsolflw| ri frqvwuxfwlrq/
zlwk olplwhg xvh ri gdwd/ dqg wkdw lw lv prwlydwhg e| wkh wkhruhwlfdo iudphzrun rq
htxloleulxp xqhpsor|phqw wkdw kdv ehhq dgrswhg lq prvw vwxglhv rq Hxurshdq
xqhpsor|phqw lq uhfhqw |hduv/ h1j1 Od|dug dqg Qlfnhoo +4<;9, dqg Od|dug hw do1
+4<<7,1 Ixuwkhupruh/ lw surylghv vlpsoh dqg vhhplqjo| h{dfw dqvzhuv wr lpsruwdqw
dqg gl!fxow sureohpv1 Krzhyhu/ wkhuh duh jrrg uhdvrqv wr eh vfhswlfdo wrzdugv
wkh dqvzhuv wkdw wkh QDZUX surylgh1 Wkh vlpsolflw| dqg olplwhg xvh ri gdwd
dovr lqyroyh lpsruwdqw zhdnqhvvhv= Lpsruwdqw h{sodqdwru| yduldeohv duh rplwwhg/
wkhuh lv qr hvwlpdwlrq/ dqg wkhuhiruh qr whvw vwdwlvwlfv ru vwdwlvwlfdo phdvxuhv ri wkh
xqfhuwdlqw| dvvrfldwhg zlwk wkh lqglfdwru lwvhoi1

Zkloh wkhvh remhfwlrqv duh doo ydolg lq wkhru|/ gr wkh| pdwwhu lq sudfwlfhB Zh
h{soruh wklv lvvxh zlwklq dq hpslulfdo dqdo|vlv ri wkh hyroxwlrq ri krxuo| zdjhv lq
wkh pdqxidfwxulqj vhfwru lq wkh irxu pdmru Qruglf frxqwulhv/ Ghqpdun/ Ilqodqg/
Qruzd| dqg Vzhghq1 Lq doo wkhvh frxqwulhv/ xqhpsor|phqw kdv ulvhq vlqfh wkh hduo|
4<:3v/ ?uvw lq Ghqpdun/ pruh uhfhqwo| lq wkh rwkhu frxqwulhv1 Iru doo frxqwulhv/ wkh
QDZUX 0hvwlpdwhv lqglfdwh d fruuhvsrqglqj lqfuhdvh lq vwuxfwxudo xqhpsor|phqw1
Rqh lv ohg wr wkh frqfoxvlrq wkdw wkh ulvh lq xqhpsor|phqw lv dvvrfldwhg zlwk d
vwuxfwxudo fkdqjh lq wkh oderxu pdunhw1 Krzhyhu/ zkhq zh h{soruh wkh zdjh vhwwlqj
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ehkdylrxu hpslulfdoo|/ zh ?qg qr hylghqfh ri vwuxfwxudo euhdnv lq zdjh0irupdwlrq1
Iru doo frxqwulhv/ zh rewdlq dq hpslulfdo zdjh htxdwlrq wkdw lv vwdeoh ryhu wkh shulrg
4<9704<<7 +Ghqpdun iru 4<9;0<7,1 Wkh lqvwdelolw| ri wkh QDZUX 0hvwlpdwh dsshduv
wr eh d surgxfw ri d plv0vshfl?hg xqghuo|lqj zdjh htxdwlrq/ dqg lv qrw gxh wr
lqvwdelolw| lq wkh zdjh vhwwlqj lwvhoi1

Dq lpphgldwh remhfwlrq wr wklv dujxphqw lv wkdw wkh hpslulfdo zdjh htxd0
wlrq lqfoxghv yduldeohv wkdw d>hfw wkh vwuxfwxudo udwh ri xqhpsor|phqw dqg wkdw
wkhuh lv qr lqfrqvlvwhqf| ehwzhhq ?qglqj d zdjh htxdwlrq zlwk vwdeoh frh!flhqwv
dqg lqvwdelolw| lq wkh QDZUX 0hvwlpdwh1 Iru h{dpsoh/ li xqhpsor|phqw ehqh?wv
lqfuhdvh/ wklv lv olnho| wr udlvh wkh vwuxfwxudo udwh ri xqhpsor|phqw/ dqg wkxv dovr
wkh QDZUX/ exw lw zrxog qrw d>hfw wkh vwdelolw| d zdjh htxdwlrq zkhuh xqhpsor|0
phqw ehqh?wv duh lqfoxghg1 Krzhyhu/ dffruglqj wr rxu zdjh htxdwlrqv/ wkhuh lv qr
lqglfdwlrq wkdw zdjh suhvvxuh kdv ulvhq dv d uhvxow ri pruh jhqhurxv ehqh?w v|vwhpv/
ru ri rwkhu ghyhorsphqwv wkdw lqfuhdvh wkh vwuxfwxudo udwh ri xqhpsor|phqw wkurxjk
zdjh vhwwlqj1

Rxu hpslulfdo dqdo|vlv lv frq?qhg wr wkh pdqxidfwxulqj vhfwru/ rzlqj wr wkh
dydlodelolw| ri kljk txdolw| gdwd iru wklv vhfwru iru doo frxqwulhv1 Lq sulqflsoh/ dowkrxjk
zh vkrz hylghqfh ri vwdelolw| lq pdqxidfwxulqj zdjh irupdwlrq/ lw lv d srvvlelolw|
wkdw fkdqjhv lq zdjh vhwwlqj hovhzkhuh fdq h{sodlq wkh lqvwdelolw| ri wkh QDZUX v
fdofxodwhg iru d zlghu djjuhjdwh +wkh RHFG uhsruw QDZUX v iru 3wkh exvlqhvv vhf0
wru4,1 Dw wkh hqg ri wkh gd|/ zh gr qrw wklqn wkdw wklv lv dq lvvxh1 Iluvw/ wkh pdq0
xidfwxulqj vhfwru QDZUX v wkdw zh fdofxodwh vkrz d vwulnlqj vlplodulw| wr RHFG*v
exvlqhvv vhfwru QDZUX v/ lqglfdwlqj wkdw lqvwdelolw| rq wkh zkroh lv wkh uhvxow ri
wkh phwkrg xvhg/ qrw wkh vhfwru wkdw lv lqyhvwljdwhg1 Vhfrqgo|/ wkh pdqxidfwxulqj
vhfwru lqfoxghv erwk zklwh dqg eoxh froodu zrunhuv/ vnloohg dqg xqvnloohg/ vr wkdw d
odujh vkliw lq ghpdqg ru vxsso| d>hfwlqj rqh ri wkhvh fdwhjrulhv zrxog eh suhvhqw lq
rxu gdwd1 Wklugo|/ d uhfhqw hfrqrphwulf vwxg| ri wrwdo hfrqrp| zdjh irupdwlrq lq
Qruzd| vkrzv qr hylghqfh ri d vwuxfwxudo euhdn/ Eèugvhq hw do1 +4<<;,1

Wkh qryhow| ri rxu dujxphqw grhv qrw olh lq wkh ylhz wkdw wkh QDZUX 0
lqglfdwru lv dq lpshuihfw phdvxuh ri vwuxfwxudo xqhpsor|phqw> wklv ylhz lv douhdg|
dfnqrzohgjhg1 Lq hduo| zrun rq wkh QDZUX 0lqglfdwru/ Hophvnry dqg PdfIduodqg
+4<<6, duh fduhixo lq wkhlu lqwhusuhwdwlrq ri wkh hylghqfh1 Wkh| jdyh gxh dwwhqwlrq
wr dq dowhuqdwlyh h{sodqdwlrq wkdw wkhuh lv vorz dgmxvwphqw wr wkh orqj0uxq htxlole0
ulxp udwh ri xqhpsor|phqw1 Pruhryhu/ wkh| hpskdvl}hg wkdw/ lq fdvh zdjh jurzwk
ghshqgv rq wkh fkdqjh lq xqhpsor|phqw dv zhoo dv wkh ohyho/ wkh QDZUX 0lqglfdwru
fruuhvsrqgv wr wkh vkruw0uxq htxloleulxp udwh ri xqhpsor|phqw/ dqg qrw wkh orqj
uxq1 Krzhyhu/ dv idu dv zh nqrz/ wkh QDZUX 0lqglfdwru kdv qrw suhylrxvo| ehhq
vxemhfw wr d v|vwhpdwlf hpslulfdo hydoxdwlrq1 Lq srolf| dqdo|vlv dqg jhqhudo glv0
fxvvlrqv/ wkh xqfhuwdlqw| dqg fdxwlrq lv riwhq irujrwwhq1 Lq wkh dssolfdwlrqv ri wkh
QDZUX0lqglfdwru phqwlrqhg deryh/ wkhuh lv riwhq qr uhihuhqfh wr wkh QDZUX0
lqglfdwru ehlqj d vkruw0uxq frqfhsw1 Wkxv/ lq vslwh ri wkh vhulrxv zhdnqhvvhv/ wkh
QDZUX 0lqglfdwru sod|v d ylwdo uroh lq lpsruwdqw srolf| glvfxvvlrqv1

Zkloh wkh pdlq lvvxh ri rxu sdshu frqfhuqv wkh zhdnqhvvhv ri wkh QDZUX 0
lqglfdwru/ zh dovr zdqw wr hpskdvl}h wkdw rxu hpslulfdo lqyhvwljdwlrq kdv eurdghu
lpsolfdwlrqv dv zhoo1 Prvw h{sodqdwlrqv jlyhq lq wkh olwhudwxuh iru d ulvh lq vwuxfwxudo
xqhpsor|phqw zrxog lq idfw uhvxow lq lqvwdelolw| lq wkh hvwlpdwhg zdjh htxdwlrq1
Wklv zrxog eh wkh fdvh li wkh ulvh lq xqhpsor|phqw lv fdxvhg e| dgyhuvh vwuxfwxudo
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fkdqjhv lq wkh oderxu pdunhw +vxfk dv vwurqjhu ru pruh djjuhvvlyh xqlrqv,1 Lw zrxog
dovr eh wkh fdvh li wkh ulvh lq xqhpsor|phqw lv fdxvhg e| dgyhuvh ghpdqg vkrfnv/ exw
vxevhtxhqwo| wxuqhg lq wr kljkhu vwuxfwxudo xqhpsor|phqw gxh wr k|vwhuhvlv lq wkh
irup ri/ vd|/ uhgxfhg mre prwlydwlrq dqg fdsdelolw| ri orqj0whup xqhpsor|hg +vhh
h1j1 Od|dug hw do1 +4<<4,,1 Lq idfw/ zh vkrz lq wkh dsshqgl{ wkdw lqvwdelolw| lq wkh
djjuhjdwh zdjh htxdwlrq zrxog eh d frqvhtxhqfh dovr li wkh lqfuhdvh lq djjuhjdwh
xqhpsor|phqw dulvhv iurp d vkliw lq ghpdqg iurp xqvnloohg wr vnloohg oderxu +d
srsxodu h{sodqdwlrq lq uhfhqw |hduv/ vhh h1j1/ Mxkq hw do1 +4<<4,,/ hyhq li wkh zdjh
htxdwlrqv ri hdfk jurxs lwvhoi lv vwdeoh1

Qrwh wkdw/ zh gr qrw dujxh wkdw rxu ?qglqjv lpso| wkdw vwuxfwxudo xqhpsor|0
phqw kdv qrw ulvhq lq wkh Qruglf frxqwulhv/ qrw wr vd| hovhzkhuh lq Hxursh1 Rxu
?qglqj ri d vwdeoh zdjh vhwwlqj ehkdylrxu lv frqvlvwhqw zlwk d ulvh lq vwuxfwxudo xq0
hpsor|phqw li wkh sulfh vhwwlqj ehkdylrxu kdv fkdqjhg/ vhh wkh glvfxvvlrq lq vhfwlrq
9 ehorz1 Krzhyhu/ zh gr wklqn wkdw rxu ?qglqjv lqglfdwh wkdw rqh vkrxog eh fdxwlrxv
lq gudzlqj frqfoxvlrqv derxw wkh fdxvhv ri wkh ulvlqj xqhpsor|phqw lq wkh Qruglf
frxqwulhv/ dqg shukdsv dovr iru wkh uhvw ri Hxursh1

Sduw ri wkh h{sodqdwlrq ri wkh vxffhvv ri wkh QDZUX 0phwkrg olhv lq lwv vlp0
solflw|1 Wkh htxloleulxp xqhpsor|phqw ohyho lv phdvxuhg e| d vlpsoh lqglfdwru wkdw
lv edvhg rq rqo| zdjh jurzwk dqg xqhpsor|phqw1 Rqh ohvvrq iurp rxu vwxg| lv wkdw
wklv uhsuhvhqwv dq ryhuvlpsol?fdwlrq wkdw glvwruwv wkh lqwhusuhwdwlrq ri wkh hylghqfh1
Lq frqwudvw/ zh zrxog vd| wkdw vlqfh zh rqo| dgguhvv zdjh vhwwlqj/ rxu hpslulfdo
uhvxowv fdqqrw eh xvhg wr hvwlpdwh wkh vwuxfwxudo udwh ri xqhpsor|phqw1 Krzhyhu/
zh vxjjhvw phdvxuhv ri zdjh suhvvxuh edvhg rq rxu hvwlpdwhg zdjh htxdwlrq1 E|
wkhpvhoyhv/ wkh| surylgh hylghqfh rq zkhwkhu fkdqjhv lq wkh zdjh vhwwlqj kdyh wdnhq
sodfh wkdw uhvxow lq d kljkhu vwuxfwxudo udwh ri xqhpsor|phqw +dv dooxghg wr deryh/
zh gr qrw ghwhfw dq| vxfk fkdqjhv,1 Lq sulqflsoh/ wkhvh phdvxuhv fdq eh xvhg lq
frpelqdwlrq zlwk vlplodu phdvxuhv rq sulfh vhwwlqj ehkdylrxu wr rewdlq hvwlpdwhv
rq wkh vwuxfwxudo udwh ri xqhpsor|phqw1

Wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 ghvfulehv wkh edvlf wkhruhwlfdo
iudphzrun iru uhfhqw hpslulfdo zdjh htxdwlrqv/ dv zhoo dv iru wkhQDZUX 0lqglfdwru1
Wkh QDZUX 0lqglfdwru lv gh?qhg dqg frqvwuxfwhg iru wkh Qruglf frxqwulhv lq vhfwlrq
6/ zklfk dovr vkrzv zk| rqh pljkw eh grxewixo derxw wkh lqirupdwlrq fduulhg e|
wkh QDZUX hvwlpdwhv derxw vwuxfwxudo oderxu pdunhw skhqrphqd1 Djdlqvw wkdw
edfnjurxqg/ wkh zlgh xvdjh ri wkh QDZUX wkdw lv grfxphqwhg lq vhfwlrq 7 lv
zruu|lqj1 Wkh hpslulfdo vwdelolw| ri wkh Qruglf zdjh htxdwlrqv duh suhvhqwhg lq
vhfwlrq 8/ vxevwdqwldwlqj rxu dujxphqw wkdw wkh QDZUX phwkrg pd| uhvxow lq
lqydolg lqihuhqfh uhjduglqj zdjh vhwwlqj1 Vhfwlrq 9 frqfoxghv1

5 Wkhruhwlfdo iudphzrun

Wklv vhfwlrq surylghv d eulhi ghvfulswlrq ri wkh edvlf wkhruhwlfdo iudphzrun/ zklfk lv
wkh vdph iru erwk wkh QDZUX 0lqglfdwru dqg rxu hpslulfdo zdjh htxdwlrqv1 Pruh
hoderudwh wuhdwphqwv duh jlyhq lq Od|dug dqg Qlfnhoo +4<;9, dqg Od|dug hw do1 +4<<4,/
d wh{werrn suhvhqwdwlrq lv surylghg lq Fduolq dqg Vrvnlfh +4<<3,/ zkhuhdv Nrovuxg
dqg Q|prhq +4<<;, frqwudvw wkh surshuwlhv ri wkh vwdwlf prgho zlwk d g|qdplf
prgho ri zdjh dqg sulfh vhwwlqj1
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Wkh xqghuo|lqj iudphzrun lv dq hfrqrp| zlwk lpshuihfw frpshwlwlrq lq erwk
surgxfw dqg oderxu pdunhwv9 wkhuhiruh Fduolq dqg Vrvnlfh +4<<3, uhihu wr wklv
dv wkh Lpshuihfw Frpshwlwlrq Prgho/ LFP1 Zdjhv duh vhw lq qhjrwldwlrqv ehwzhhq
zrunhuv2xqlrqv dqg ?upv/ ru xqlodwhudoo| e| wkh ?upv1 +Wkh vxevhtxhqw glvfxvvlrq lv
uhodwhg wr d edujdlqlqj iudphzrun/ dv xqlrq edujdlqlqj lv zlghvsuhdg lq wkh Qruglf
frxqwulhv/ dv zhoo dv lq wkh uhvw ri Hxursh/ exw d vlplodu uhodwlrqvklsv frxog eh
ghulyhg lq dq h!flhqf| zdjh iudphzrun/ vhh h1j1 Od|dug hw do1 +4<<4,1, Ilupv duh
idfhg zlwk grzqzdugv vorslqj ghpdqg ixqfwlrqv lq wkh surgxfw pdunhwv/ dqg vhw
wkhlu sulfhv vr dv wr pd{lpl}h sur?wv1 Wkh udwh ri xqhpsor|phqw d>hfwv erwk zdjh
dqg sulfh vhwwlqj/ dqg wkh htxloleulxp udwh ri xqhpsor|phqw lv ghwhuplqhg e| wkh
uhtxluhphqw wkdw wkh zdjh dqg sulfh vhwwlqj pxvw eh frqvlvwhqw/ lq wkh vhqvh wkdw
lq htxloleulxp/ wkh uhdo zdjh wkdw lv wkh uhvxow ri wkh zdjh vhwwlqj pxvw eh lghqwlfdo
wr wkh uhdo zdjh wkdw uhvxowv iurp sulfh vhwwlqj1

Irupdoo|/ zh gh?qh wkh surgxfhu uhdo zdjh ç^c|/ dv

ç^c| ' ç| ý ^| ' *L}E`|*'|äc+4,

zkhuh ç| lv wkh qrplqdo zdjh lq shulrg |/ dqg ^| lv wkh ydoxh dgghg sulfh ri grphvwlf
surgxfwv1 Orzhu fdvh ohwwhuv lqglfdwh orjdulwkplf vfdoh/ l1h1/ ç| ' *L}E`|ä1 Wkh
rxwfrph ri wkh zdjh vhwwlqj vhh h1j1 Qlfnhoo dqg Dqguhzv +4<;6,/ Krho dqg Q|prhq
+4<;;, lv

çç^c| ' Kf n K�ER| ý ^|äý K2 ü| n Kô5|c f é K� é �c K2 è fc+5,

zkhuh R| lv wkh frqvxphu sulfh dqg ü| lv wkh +orj ri wkh, udwh ri xqhpsor|phqw
dqg 5| uhsuhvhqwv rwkhu srvvleoh yduldeohv wkdw pd| d>hfw zdjh vhwwlqj +wd{ udwhv/
surgxfwlylw|/ hwf1/ vhh vhfwlrq 8 ehorz,1 Wkh surgxfhu uhdo zdjh lv ghfuhdvlqj lq
xqhpsor|phqw +ü|ä/ uh hfwlqj wkdw wkh edujdlqlqj srvlwlrq ri wkh zrunhuv lv vwurqjhu/
wkh orzhu wkh udwh ri xqhpsor|phqw1 Wkh srvlwlyh +li K� : f, h>hfw ri wkh whup ER|ý
^|ä +iuhtxhqwo| uhihuuhg wr dv wkh zhgjh, uh hfwv wkdw zrunhuv ghpdqg d frpshqvdwlrq
wr nhhs xs wkh sxufkdvlqj srzhu li frqvxphu sulfhv lqfuhdvh1 Wklv skhqrphqrq lv
fdoohg uhdo zdjh uhvlvwdqfh1

Wkh frqvxphu sulfh lv jlyhq e|

R| ' è^| n E�ý èäRð|c f ÷ è ÷ �c+6,

zkhuh Rð| lv wkh sulfh lqgh{ ri lpsruwhg jrrgv dqg è lv dq lqfuhdvlqj ixqfwlrq ri wkh
vkduh ri lpsruwv lq frqvxpswlrq1

Sur?w pd{lpl}dwlrq lpsolhv wkdw ?upv vhw sulfhv dv d pdunxs rq wkh pdujlqdo
frvwv/ zkhuh wkh pdunxs ghshqgv rq wkh sulfh hodvwlflw| ri ghpdqg1 Zdjhv duh dq
lpsruwdqw idfwru lq wkh pdujlqdo frvwv/ dqg wkh rxwfrph ri wkh sulfh vhwwlqj lv d
surgxfhu uhdo zdjh çs^c|1 D frpprq surfhgxuh lq wklv olwhudwxuh +vhh h1j1 Od|dug
hw do1 +4<<4,, lv wr dvvxph wkdw pryhphqwv lq wkh pdun0xs rq oderxu frvwv ghshqg
rq wkh ohyho ri frpshwlwlyhqhvv dqg wkh udwh ri xqhpsor|phqw

çs^c| ' @f ý @�ER| ý ^|ä n @2ü|c @�c @2 è fé+7,

Wkh qhjdwlyh h>hfw ri wkh zhgjh lv edvhg rq wkh dvvxpswlrq wkdw wkh sulfh hodvwlflw|
lv ghfuhdvlqj lq lqwhuqdwlrqdo frpshwlwlyhqhvv/ vr wkdw/ vd|/ d ulvh lq lpsruw sulfhv
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lqfuhdvlqj wkh zhgjh ohdgv wr kljkhu sulfhv rq grphvwlf jrrgv/ wkxv uhgxflqj wkh
surgxfhu uhdo zdjh1 Wkh srvlwlyh h>hfw ri xqhpsor|phqw pd| uh hfw wzr gl>huhqw
phfkdqlvpv= +l, kljkhu xqhpsor|phqw lv dvvrfldwhg zlwk orzhu hpsor|phqw/ ohdglqj
wr kljkhu pdujlqdo surgxfwlylw| +dvvxplqj ghfuhdvlqj uhwxuqv wr vfdoh,/ orzhu sulfhv/
dqg wkxv d kljkhu uhdo zdjh> +ll, kljkhu xqhpsor|phqw lv dvvrfldwhg zlwk orzhu
ghpdqg/ lpso|lqj vwurqjhu frpshwlwlrq lq wkh surgxfw pdunhw dqg wkxv orzhu pdun0
xsv dqg d kljkhu uhdo zdjh +Od|dug hw do1 +4<<4,,1

Li qr h{shfwdwlrqv huuruv duh pdgh/ dqg wkhuh duh qr uljlglwlhv lq wkh zdjh dqg
sulfh vhwwlqj/ htxdwlrqv +5, dqg +7, zloo krog h{dfwo|1 Dv wkhuh lv rqo| rqh surgxfhu
uhdo zdjh lq wkh hfrqrp|/ zh wkhq kdyh çç^ ' çs^ 1 Xvlqj htxdwlrqv +5, dqg +7,/ zh
fdq vroyh iru wkh htxloleulxp udwh ri xqhpsor|phqw/

L Uä� ' i TE
ý@f n Kf
E@2 n K2ä

n
@� n K�
E@2 n K2ä

ERý ^ää1+8,

Lq wkh LFP olwhudwxuh/ lw lv dfnqrzohgjhg wkdw gxh wr h{shfwdwlrqv huuruv dqg
qrplqdo uljlglwlhv/ wkh zdjh dqg sulfh vhwwlqj htxdwlrqv +5, dqg +7, qhhg qrw krog
h{dfwo|1 Lq wklv fdvh wkh dfwxdo udwh ri xqhpsor|phqw pd| ghyldwh iurp wkh htxl0
oleulxp udwh jlyhq e| +8,1 Li/ vd|/ lq dwlrq h{fhhgv wkh udwh wkdw lv h{shfwhg lq
wkh zdjh vhwwlqj/ dfwxdo uhdo zdjhv pd| idoo ehorz wkh ydoxh lqglfdwhg e| wkh zdjh
fxuyh +5,1 Pruh jhqhudoo|/ xqhpsor|phqw ehorz L Uä� lv dvvrfldwhg zlwk lq dwlrq
ehlqj ehorz wkh h{shfwhg udwh/ zkloh xqhpsor|phqw deryh L Uä� lv dvvrfldwhg zlwk
lq dwlrq ehlqj deryh wkh h{shfwhg udwh1 D frpprq dvvxpswlrq lq wkh olwhudwxuh
+h1j1Od|dug hw do1 +4<<4,, lv wr dvvxph wkdw h{shfwhg lq dwlrq lv htxdo wr lq dwlrq
lq wkh suhylrxv |hdu/ vr wkdw lq dwlrq vxusulvhv fruuhvsrqg wr fkdqjhv lq wkh udwh ri
lq dwlrq1 Rq wklv dvvxpswlrq/ L Uä� fruuhvsrqgv wr wkh QDLUX1

Qrwh wkdw wkh htxloleulxp udwh ri xqhpsor|phqw L Uä� ghshqgv rq wkh zhgjh
ERý ^ä/ li @� n K� : f1 Wkh htxloleulxp udwh jlyhq lq +8, lv wkxv vrphwlphv uhihuuhg
wr dv wkh phglxp whup htxloleulxp udwh ri xqhpsor|phqw/ uhihuulqj wr wkh idfw
wkdw wkh zhgjh +R ý ^ä lwvhoi lv dq +hfrqrp|, hqgrjhqrxv yduldeoh1 Lq wklv fdvh dq
dgglwlrqdo frqvwudlqw lv uhtxluhg wr slq grzq d xqltxh orqj uxq htxloleulxp udwh ri
xqhpsor|phqw1

Vhyhudo dowhuqdwlyh frqvwudlqwv duh srvvleoh1 Iluvw/ Od|dug hw do1 +4<<4, irfxv rq
d wudgh edodqfh frqvwudlqw/ rq wkh revhuydwlrq wkdw wkh wudgh edodqfh lv lqfuhdvlqj lq
wkh udwh ri xqhpsor|phqw +dv kljkhu xqhpsor|phqw lv dvvrfldwhg zlwk orzhu rxwsxw
dqg lqfrph/ dqg wkxv orzhu lpsruwv, dqg ghfuhdvlqj lq wkh zhgjh +d odujhu zhgjh lv
dvvrfldwhg zlwk d ghwhulrudwlrq ri frvw frpshwlwlyhqhvv,1 Lpsrvlqj edodqfhg wudgh lq
wkh orqj uxq wkxv xqltxho| ghwhuplqhv wkh htxloleulxp ydoxhv ri erwk xqhpsor|phqw
dqg wkh zhgjh1 Vhfrqg/ Kroghq +4<<:, revhuyhv wkdw li wkhuh lv frqvwdqw uhwxuqv wr
vfdoh lq oderxu dqg fdslwdo/ dqg fdslwdo lv hqgrjhqrxv lq wkh orqj uxq/ wkh zhgjh
+dqg wkxv dovr wkh htxloleulxp udwh ri xqhpsor|phqw, lv xqltxho| ghwhuplqhg e| wkh
uhtxluhg uhwxuq wr fdslwdo1 Wklug/ Od|dug hw do1 +4<<4,/ fkdswhu 4/ dujxh wkdw uhdo
zdjh uhvlvwdqfh suredeo| grhv qrw odvw iruhyhu1 Lq wkh orqj uxq/ wkh zhgjh grhv qrw
d>hfw zdjh dqg sulfh vhwwlqj/ @�n K� ' f/ dqg wkh vwdwlf prgho ghwhuplqhv d xqltxh
htxloleulxp udwh ri xqhpsor|phqw1

Iru rxu sxusrvhv/ lw lv qrw qhfhvvdu| wr fkrrvh ehwzhhq wkhvh dowhuqdwlyh frq0
vwudlqwv1 Wr wkh frqwudu|/ zh zdqw wr dujxh wkdw doo wkhvh frqvwudlqwv duh olnho|
wr uhtxluh orqj wlph wr zrun1 Vr zkloh rqh fdqqrw h{shfw h{shfwdwlrqv huuruv dqg
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Iljxuh 4= Htxloleulxp xqhpsor|phqw/ L Uä� 1

qrplqdo uljlglwlhv wr kdyh orqj odvwlqj h>hfwv/ dqg wkxv +zlwklq wklv wkhruhwlfdo iudph0
zrun, fdqqrw h{shfw dfwxdo xqhpsor|phqw wr ghyldwh iru orqj shulrgv iurp L Uä� c
wkh htxloleulxp udwh jlyhq lq +8,/ rqh fdq h{shfw L Uä� lwvhoi wr kdyh orqj0odvwlqj
 xfwxdwlrqv dvvrfldwhg zlwk yduldwlrq lq wkh zhgjh1 Wkxv/ lq dq rshq hfrqrp|/ wkh
xqltxhqhvv ri wkh orqj uxq htxloleulxp udwh ri xqhpsor|phqw pd| lqghhg rqo| dsso|
lq wkh yhu| orqj uxq1

Iljxuh 4 looxvwudwhv wkh ghwhuplqdwlrq ri wkh htxloleulxp udwh ri xqhpsor|phqw
dv wkh lqwhuvhfwlrq ehwzhhq d sulfh fxuyh dqg d zdjh fxuyh lq wkh hpsor|phqw 0 uhdo
zdjh vsdfh +iru vlpsolflw|/ wkh ?jxuh lv edvhg rq frqvwdqw oderxu vxsso| dqg qr
h>hfw ri xqhpsor|phqw rq sulfh vhwwlqj/ l1h1 d2 @ 3,1 Li/ vd|/ wkh zhgjh lqfuhdvhv/
wkh zdjh fxuyh zloo vkliw wr wkh ohiw/ dqg wkh sulfh fxuyh zloo vkliw grzqzdugv/ erwk
fkdqjhv lqfuhdvlqj wkh htxloleulxp udwh ri xqhpsor|phqw L Uä� 1

Iru odwhu uhihuhqfh/ zh dovr zdqw wr eulh | revhuyh wkh frqvhtxhqfhv ri d sdu0
wlfxodu irup ri k|vwhuhvlv zlwklq wklv iudphzrun1 Frqvlghu k|vwhuhvlv ri wkh rxwvlghu
w|sh/ zklfk riwhq ylhzhg dv dq lpsruwdqw vrxufh ri shuvlvwhqfh lq Hxurshdq oderxu
pdunhwv +h1j1Ehdq +4<<7,,1 Wkh lghd lv wkdw wkh xqhpsor|hg judgxdoo| orvhv wkhlu
h>hfwlyhqhvv dv mre vhdufkhuv/ ehfdxvh ri d uhgxfwlrq lq vnloov ru prwlydwlrq/ ru eh0
fdxvh ?upv iru vrph uhdvrq duh uhoxfwdqw wr kluh wkhp1 Li xqhpsor|phqw lv kljk ryhu
vrph wlph/ d vkduh ri wkh xqhpsor|hg zloo orvh wkhlu lpsdfw rq zdjh vhwwlqj/ dqg d
kljkhu udwh ri wrwdo xqhpsor|phqw lv uhtxluhg wr nhhs zdjh suhvvxuh grzq1 Lq rwkhu
zrugv/ wkh zdjh fxuyh vkliwv wr wkh ohiw/ dqg htxloleulxp xqhpsor|phqw lqfuhdvhv1
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6 Hpslulfdo QDZUX hvwlpdwhv iru wkh Qruglf frxqwulhv

Wkh QDZUX0lqglfdwru lv edvhg rq wkh lghd wkdw dfwxdo xqhpsor|phqw ehlqj eh0
orz htxloleulxp xqhpsor|phqw lv dvvrfldwhg zlwk lq dwlrq ehlqj deryh lwv h{shfwhg
ydoxh1 Wkh phwkrg irfxv rq wkh zdjh vhwwlqj/ dqg wkxv lq dwlrq h{shfwdwlrqv duh
uhsuhvhqwhg e| wkh prqh| zdjh jurzwk ri wkh suhylrxv |hdu1 Lq rwkhu zrugv/ prqh|
zdjh jurzwk ulvhv li dqg rqo| li xqhpsor|phqw lv deryh lwv htxloleulxp ydoxh1 Wr
eh pruh suhflvh/ Hophvnry dqg PdfIduodqg +4<<6, dqg Hophvnry +4<<7,/ gh?qh
wkh qrq0dffhohudwlqj zdjh udwh ri xqhpsor|phqw/ QDZUX/ lq whupv ri d vw|ol}hg
zdjh0suhvvxuh htxdwlrq

{ç}| ' ýS�EL| ý LQDZUX
| ä/ S� : f+9,

zkhuh ç}| ' {ç| ghqrwhv wkh udwh ri prqh| zdjh jurzwk lq shulrg |/ { lv wkh ?uvw
gl>huhqfh rshudwru dqg L| lv wkh udwh ri xqhpsor|phqw dqg LQDZUX lv wkh QDZUX1
Lq zrugv/ lw lv dvvxphg wkdw zdjh lq dwlrq lv d>hfwhg lq d olqhdu zd| e| wkh gli0
ihuhqfh ehwzhhq wkh dfwxdo ohyho ri xqhpsor|phqw dqg wkh QDZUX1 Li LQDZUX lv
frqvlghuhg d frqvwdqw sdudphwhu/ lw frxog eh hvwlpdwhg lq wkh xvxdo zd|/ iru h{dpsoh
e| uhzulwlqj +9, dv {ç}| ' Sf ý S�L| dqg edvlqj LQDZUX rq wkh hvwlpdwhg sdudp0
hwhuv ÷Sf dqg ÷S� +l1h1 ÷LQDZUX ' ÷Sf*÷S�,/ vhh h1j1 Vwdljhu hw do1 +4<<:,1 Krzhyhu/ dv
LQDZUX
| lv ixqgdphqwdoo| wlph ghshqghqw/ +9, fdqqrw eh hvwlpdwhg gluhfwo|1 Lqvwhdg/

+9, lv xvhg wr fdofxodwh wkh sdudphwhu S�/ iru hdfk revhuydwlrq vhsdudwho|/ edvhg rq
dq dvvxpswlrq wkdw LQDZUX lv xqfkdqjhg ehwzhhq wzr frqvhfxwlyh revhuydwlrqv/
qdpho|

S|� ' ý{2ç}|*{L|é+:,

Vxevwlwxwlqj wkh revhuydwlrq ghshqghqw sdudphwhu ydoxhv S|� edfn lqwr +9,/ wkh
QDZUX lv fdofxodwhg dv=

LQDZUX
| ' L| ý E{L|*{

2ç}|ä{ç}|é+;,

Wkh udz QDZUX 0hvwlpdwhv dv jlyhq e| htxdwlrq +;, duh yhu| yrodwloh/ vhh ?jxuh 5/
vr sxeolvkhg QDZUX v duh edvhg rq Krgulfn0Suhvfrww ?owhulqj ri wkhvh udz QDZUX
hvwlpdwhv1 Iljxuh 6 uhfrugv wkh QDZUX v wkdw duh flwhg lq srolf| dqdo|vlv glvfxv0
vlrqv/ vhh RHFG +4<<:d, / Hfrqrplf Vxuyh|v iru Qruzd| dqg Vzhghq1

Wkh frqvwuxfwlrq ri wkh QDZUX 0lqglfdwruv lv wkxv edvhg rq d vlpsoh phwkrg/
wkdw fdswxuhv wkh edvlf lghd ri wkh wkhruhwlfdo iudphzrun +wkdw zdjh jurzwk ulvhv
li xqhpsor|phqw lv deryh lwv htxloleulxp ohyho, lq d qhdw zd|1 Krzhyhu/ uhdo0zruog
zdjh vhwwlqj lv qrw qhdw/ dqg wkh sureohpv dvvrfldwhg zlwk wkh QDZUX 0lqglfdwru
duh dssduhqw dw hdfk vwhs ri lwv frqvwuxfwlrq1 Iluvw/ dffruglqj wr wkhru|/ wkh h>hfw
ri xqhpsor|phqw rq zdjh jurzwk lv qhjdwlyh +S� lv srvlwlyh,1 Lq sudfwlfh/ krzhyhu/
zdjh jurzwk dqg xqhpsor|phqw vrphwlphv pryh lq wkh vdph gluhfwlrq/ uhqghulqj
S|�zlwk wkh zurqj vljq1 Lq idfw/ lq rxu vdpsoh wklv lv wkh fdvh iru derxw rqh wklug ri
wkh revhuydwlrqv iru Ghqpdun/ Ilqodqg dqg Qruzd|/ dqg pruh wkdq kdoi iru Vzhghq1
Vhfrqgo|/ dv S|� lv frpsxwhg dv d iudfwlrq/ zkhuh wkh ghqrplqdwru +wkh fkdqjh lq wkh
udwh ri xqhpsor|phqw, pd| eh forvh wr }hur/ lw lv kljko| yrodwloh1 Iru Vzhghq/ wkh
fdofxodwhg S|� lv forvh wr }hur iru prvw ri wkh revhuydwlrqv/ zkloh lq 4<;3/ lw lv 058/
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Iljxuh 5= Dfwxdo udwhv ri xqhpsor|phqw dqg 3udz4 QDZUXv iru wkh irxu Qruglf
frxqwulhv

uh hfwlqj wkdw xqhpsor|phqw zdv doprvw frqvwdqw iurp 4<:< wr 4<;31 Wkh yrodwlolw|
ri S|� ohdgv wr d frqvlghudeoh yrodwlolw| lq wkh udz QDZUX 0hvwlpdwhv1

Dv wkh QDZUX 0lqglfdwru lv qrw ghulyhg e| vwdqgdug hvwlpdwlrq phwkrgv/ lw
hoxghv prvw ri wkh vwdqgdug ghvljq whvwv> wkhuh duh qr U0vtxduhg/ Gxuelq0Zdwvrq
vwdwlvwlfv/ hwf1 Krzhyhu/ wklv grhv qrw lpso| wkdw wkh QDZUX 0lqglfdwru fdqqrw eh
vxemhfw wr hpslulfdo hydoxdwlrq1 Iluvw/ frqvlghu zlwklq vdpsoh suhglfwlrq1 Lq wkh fdo0
fxodwlrq ri wkh udz0QDZUX v/ wkh sdudphwhu f� lv doorzhg wr ydu| iurp revhuydwlrq
wr revhuydwlrq/ vr wkhuh lv dozd|v d shuihfw ?w1 Wkxv/ wr whvw wkh QDZUX lqglfdwru/
dw ohdvw vrph dgglwlrqdo dvvxpswlrqv duh qhfhvvdu|1 Wkh zhdnhvw whvw lv wr fkhfn wkh
vljq ri wkh suhglfwlrqv1 Grhv prqh| zdjh jurzwk lqfuhdvh li dfwxdo xqhpsor|phqw
lv ehorz wkh QDZUXB Lw wxuqv rxw wkdw iru Qruzd| dqg Vzhghq/ wkh vljq lv zurqj
iru derxw kdoi ri wkh revhuydwlrqv> iru Ghqpdun dqg Ilqodqg wkh vljq lv zurqj iru
pruh wkdq rqh0wklug ri wkh revhuydwlrqv1 Wklv lv looxvwudwhg lq Iljxuh 7/ zkhuh wkh
ghyldwlrq ri dfwxdo xqhpsor|phqw iurp wkh QDZUX lv sorwwhg djdlqvw wkh fkdqjh
lq prqh| zdjh jurzwk1

Zh dovr wulhg wr lqyhvwljdwh wkh suhglfwlyh srzhu ri wkh QDZUX 0phwkrg
zlwklq d vwdqgdug uhjuhvvlrq iudphzrun/ l1h1 zh hvwlpdwhg htxdwlrq +9,/ e| uh0
juhvvlqj {ç}| rq +L| ý LQDZUX

| ,1 Wklv lqyroyhv d ixuwkhu dvvxpswlrq frpsduhg wr
wkh QDZUX iudphzrun/ dv lw lpsolflwo| dvvxphv wkdw wkh sdudphwhu f� lv frqvwdqw
ryhu wkh vdpsoh shulrg1 Rq wkh rwkhu kdqg/ dvvxplqj f� wr eh frqvwdqw lv qrw uhdoo|
lq frqwudvw wr wkh lghd wkdw wkh vwuxfwxudo udwh ri xqhpsor|phqw pd|  xfwxdwh ryhu
wlph1 Wkh uhvxowv duh xqhtxlyrfdo1 Ghyldwlrqv ri dfwxdo xqhpsor|phqw iurp wkh
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Iljxuh 6= Dfwxdo udwhv ri xqhpsor|phqw +X, dqg QDZUXv iru wkh irxu Qruglf
frxqwulhv1

QDZUX duh irxqg wr kdyh yluwxdoo| qr suhglfwlyh srzhu iru wkh fkdqjh lq zdjh
jurzwk1 Wkh udwlr ehwzhhq wkh uhvlgxdo vwdqgdug huuru ri uhjuhvvlrq +9, dqg wkh
yduldqfh ri wkh {ç}| vhulhv lv deryh rqh iru doo frxqwulhv h{fhsw Ilqodqg zkhuh lw lv
fébbD/ khqfh wkh hvwlpdwhg QDZUX htxdwlrqv h{sodlq qrwklqj ri wkh dfwxdo yduld0
wlrq lq wkh zdjh0dffhohudwlrq14 Qrw vxusulvlqjo|/ wkh hvwlpdwhg S�0frh!flhqwv duh doo
loo0ghwhuplqhg= Ghqpdun féffH +�éff,/ Ilqodqg féffô E�é2Dä/ Qruzd| féff� Efé2�,c
Vzhghq féffS Efé.Säc wkh qxpehuv lq sduhqwkhvhv duh 3w0ydoxhv41 Wkh dyhudjh srlqw
hvwlpdwh lv féffô. dqg wkh dyhudjh 3w0ydoxh4 lv fé.1

Wkh vhfrqg sduw ri rxu hpslulfdo hydoxdwlrq ri wkh QDZUX 0lqglfdwru frqfhuqv
wkh h{foxvlrq uhvwulfwlrqv1 Wkh QDZUX 0lqglfdwru lv edvhg rq dq dvvxpswlrq wkdw
wkh fkdqjh lq wkh udwh ri zdjh jurzwk lv qrw d>hfwhg e| rwkhu yduldeohv wkdq wkh
ghyldwlrq ri dfwxdo iurp vwuxfwxudo xqhpsor|phqw +dv phdvxuhg e| LQDZUX,1 Wklv
lv qrw dq lqqrfxrxv vlpsol?fdwlrq/ udwkhu lw lv fuxfldo iru wkh lqwhusuhwdwlrq ri wkh
uhvxowv1 Li dq lqfuhdvh lq wkh udwh ri zdjh jurzwk zhuh lqgxfhg e| d fkdqjh lq
dqrwkhu h{sodqdwru| yduldeoh/ wkhq wkh lqihuhqfh ri wkh QDZUX 0phwkrg/ wkdw dfwxdo
xqhpsor|phqw lv deryh vwuxfwxudo xqhpsor|phqw/ zrxog eh lqydolg1 Wkh vljql?fdqfh
ri rwkhu h{sodqdwru| yduldeohv wkdw zh grfxphqw lq vhfwlrq 8 wkxv surylghv vwurqj
hylghqfh djdlqvw wkh h{foxvlrq uhvwulfwlrqv wkdw wkh QDZUX 0phwkrg lv edvhg rq1

4Wkh udwlrv duh 41356 +Ghqpdun,/ 31<<8 +Ilqodqg,/ 41367 +Qruzd|, dqg 41338 +Vzhghq,1 Qrwh
wkdw wklv udwlr pd| h{fhhg xqlw| dv wkhuh lv qr frqvwdqw whup lq +9,1
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Iljxuh 7= Furvv sorwv ri fkdqjh lq zdjh jurzwk/ {ç}| +yhuwlfdo d{lv, dqg EL| ý
Lùø`-L
| , +krul}rqwdo d{lv,1

7 Wkh xvh ri wkh QDZUX0lqglfdwru

Dv phqwlrqhg lq wkh Lqwurgxfwlrq/ wkh QDZUX 0lqglfdwru lv dssolhg e| wkh RHFG
wr pdq| lpsruwdqw lvvxhv1 Iluvw/ lw lv xvhg lq wkh fdofxodwlrq ri rxwsxw jdsv e|
RHFG/ dv lw lv d fuxfldo hohphqw lq wkh hvwlpdwh ri wkh srwhqwldo rxwsxw +Jlruqr
hw do1 +4<<8,151 Wkh rxwsxw jds sod|v dq lpsruwdqw uroh lq wkh srolf| dqdo|vlv
ri wkh RHFG> erwk dw wkh phwkrgrorjlfdo ohyho +lq RHFG +4<<7,/ sdjh 9</ lw lv
dujxhg wkdw 4111hvwlpdwhv ri f|folfdo xqhpsor|phqw ru ri rxwsxw jdsv fdq eh xvhg lq
ghflglqj zkhwkhu wkhuh lv lq sulqflsoh wkh vfrsh iru pdfurhfrqrplf srolf| wr lq xhqfh
xqhpsor|phqw lq wkh vkruw uxq14, dqg lq wkh srolf| dqdo|vlv ri lqglylgxdo frxqwulhv
+h1j1 RHFG Hfrqrplf Vxuyh|v iru Qruzd|/ 4<<;,1 Lw lv dovr xvhg e| lqghshqghqw
srolf| revhuyhuv/ +vhh h1j1 wkh Hfrqrplvw 49 Pd| 4<<;/ sdjh ;8,1

Vhfrqg/ wkh QDZUX0lqglfdwru lv lpsruwdqw lq wkh frqvwuxfwlrq ri RHFG*v
gdwd iru 3Jhqhudo jryhuqphqw vwuxfwxudo edodqfh4/ dv wkhvh duh dovr edvhg rq wkh hv0
wlpdwh rq srwhqwldo rxwsxw +fi1Jlruqr hw do1 +4<<8,,1 Wkh vwuxfwxudo exgjhw edodqfh
lv xvhg iru vhyhudo gl>huhqw srolf| dqdo|vhv1 Lw lv xvhg dv d phdvxuh ri glvfuhwlrqdu|
srolf| dgmxvwphqw/ lq wkh vhqvh wkdw dq lqfuhdvh lq wkh vwuxfwxudo exgjhw gh?flw lv

5Lq wkh frqvwuxfwlrq ri wkh rxwsxw jdsv/ wkh hodvwlflw| ri rxwsxw zlwk uhvshfw wr oderxu lv
dvvxphg wr eh htxdo wr wkh zdjh vkduh lq wkh exvlqhvv vhfwru/ zklfk lv xvxdoo| durxqg 3198031:8
+Jlruqr hw do1 +4<<8,,1 Wkxv/ li wkh QDZUX 0hvwlpdwh lv rqh shufhqwdjh srlqw kljkhu wkdq wkh
3wuxh4 htxloleulxp udwh ri xqhpsor|phqw/ wkh hvwlpdwh ri wkh srwhqwldo rxwsxw zloo eh 3198031:8
shufhqwdjh srlqwv wrr orz1 Dv wkh rxwsxw jds lv gh?qhg dv wkh gl>huhqfh ehwzhhq srwhqwldo dqg
dfwxdo rxwsxw/ wkh rxwsxw jds zloo lq wklv fdvh dovr eh 3198031:8 shufhqwdjh srlqwv wrr orz1

43



ylhzhg dv dq lqglfdwlrq ri ?vfdo srolf| ehfrplqj pruh h{sdqvlrqdu|1 Wkh vwuxfwxudo
exgjhw edodqfh lv dovr xvhg dv dq lqglfdwru ri wkh ghjuhh ri vwlpxoxv wkdw wkh jryhuq0
phqw surylghv wr djjuhjdwh ghpdqg1 Ilqdoo|/ wkh vwuxfwxudo exgjhw edodqfh lv xvhg
wr ghwhfw srvvleoh wuhqgv wrzdugv xqvxvwdlqdeoh sxeolf ghew srvlwlrqv1 Lq doo wkhvh
dssolfdwlrqv/ d eldv lq wkh QDZUX 0 lqglfdwru pd| kdyh lpsruwdqw lpsolfdwlrqv
iru wkh srolf| dqdo|vlv1 Iru h{dpsoh/ li wkh QDZUX 0 lqglfdwru ryhuhvwlpdwhv wkh
wuxh vwuxfwxudo udwh ri xqhpsor|phqw/ wkh vwuxfwxudo exgjhw edodqfh zloo eh zhdnhu
wkdq wkh fruuhfw ydoxh/ lqgxflqj d eldv lq wkh phdvxuh ri glvfuhwlrqdu| ?vfdo srolf|1
Pruhryhu/ lq wklv vlwxdwlrq wkh zhdn vwuxfwxudo exgjhw edodqfh pd| eh wdnhq dv dq
lqglfdwlrq ri wkh qhhg ri d wljkwhqlqj ri ?vfdo srolf|/ zlwk wkh srvvleoh frqvhtxhqfh
wkdw d vwulfw srolf| dfwxdoo| pdnhv d kljk xqhpsor|phqw wkdw dw ?uvw zdv f|folfdo
ehfrph pxfk pruh shuvlvwhqw1

Wklug/ wkh QDZUX0lqglfdwru lv xvhg dv d phdvxuh ri wkh vwuxfwxudo +ru htxl0
oleulxp, udwh ri xqhpsor|phqw lq vwxglhv dlplqj dw h{sodlqlqj wkh ghwhuplqdqwv ri
wkh vwuxfwxudo udwh ri xqhpsor|phqw e| wkh RHFG +h1j1 Hophvnry +4<<7,/ Hophvnry
hw do1 +4<<;,, dqg rwkhuv +h1j1 Edoo +4<<9,,1 Djdlq/ zhdnqhvvhv ri wkh QDZUX 0 lq0
glfdwru zloo dovr lqyroyh sureohpv lq wkh lqwhusuhwdwlrq ri wkh uhvxowv ri vxfk vwxglhv/
zlwk wkh ulvn wkdw plvohdglqj frqfoxvlrqv duh gudzq1

8 Hfrqrphwulf zdjh htxdwlrqv iru wkh Qruglf frxqwulhv

Rxu vwduwlqj srlqw kdv ehhq wkdw wkh QDZUX 0lqglfdwru lq h>hfw lv edvhg rq d
vw|ol}hg zdjh htxdwlrq1 Lq wklv vhfwlrq zh vkrz wkdw lw lv srvvleoh wr ghulyh vwdeoh
dqg zhoo0vshfl?hg hpslulfdo zdjh htxdwlrqv iru hdfk ri wkh Qruglf frxqwulhv1 Wklv
vxjjhvwv vwurqjo| wkdw wkh lqvwdelolw| ri wkh hpslulfdo QDZUX 0lqglfdwruv lv gxh
wr vhulrxv hfrqrphwulf plvvshfl?fdwlrq/ dqg qrw gxh wr dfwxdo fkdqjhv lq wkh zdjh
vhwwlqj1 Iroorzlqj Uûgvhwk dqg Q|prhq +4<<;, zh hvwlpdwh zdjh0htxdwlrqv ri wkh
irup=

{çS| ' qf ý q�EçSý ^ ý Roä|3� n q2ERý ^ ý @|n R|ä|3� ý qô|ü|+<,

nqe,6R| n q
â
%f| n 0|c

zkhuh doo yduldeohv kdyh d wlph vxevfulsw | iru fdohqgdu |hdu dqg duh phdvxuhg lq
orjdulwkpv vr wkdw qæ Eæ ' �c 2c é é é ., duh hodvwlflwlhv dqg 0| lv d uhvlgxdo1 Wkh
yduldeohv duh gh?qhg dv iroorzv

çS ' orj ri krxuo| zdjh frvw lq pdqxidfwxulqj>

^ ' orj ri lqgh{ ri ydoxh dgghg sulfhv>

R ' orj ri frqvxphu sulfh0lqgh{=

Ro ' orj ri ydoxh dgghg oderxu surgxfwlylw|>

|ü ' orj ri wkh wrwdo udwh ri xqhpsor|phqw/ l1h1 wkh qxpehu ri shuvrqv rq oderxu
pdunhw surjudpphv lv dgghg wr wkh qxpehu ri rshqo| xqhpsor|hg/ dqg wkhq
glylghg e| wkh oderxu irufh>

,6R ' oq+rshq xqhpsor|phqw2wrwdo xqhpsor|phqw,>

R| ' *?E�n wd{ udwh rq wkh xvh ri oderxu,>

@| ' *?E�ý dyhudjh lqfrph wd{ udwh,
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Wklv htxdwlrq uhodwhv zdjh jurzwk wr odjjhg sur?wdelolw| dv phdvxuhg e| wkh zdjh
vkduh/ EçSý^ýRoä/ wkh uhdo0zdjh zhgjhc ERý^ý@|nR|ä/ oderxu pdunhw suhvvxuh E|ü
dqg ,6R, dqg lqvwlwxwlrqdo ihdwxuhv/ dqg jurzwk udwhv +fdswxuhg e| q

â
%f|ä1 Zdjh0

htxdwlrqv ri wklv w|sh kdyh d orqj klvwru| lq hfrqrphwulfv dqg kdyh ehhq dssolhg wr
d zlgh udqjh ri gdwd vhwv/ vhh h1j1/ Vdujdq +4<97,/ Q|prhq +4<;<d, dqg wkh vwxglhv

vxuyh|hg lq Guë}h dqg Ehdq +4<<3,1 Dv phqwlrqhg/ q
â

%f| lv d frpsrvlwh whup wkdw
hqfdsvxodwhv jurzwk udwhv ri wkh olvwhg ohyhov yduldeohv +h1j1 {R|/ {^|c {Ro| dqg
{|ü|, dv zhoo dv frxqwu| vshfl?f ghwhuplqdqwv ri zdjh0irupdwlrq/ khwhurjhqhlw| wkdw
lv qrw uh hfwhg lq olqhdu uhvwulfwlrqv rq wkh rwkhu hodvwlflwlhv1 Iru h{dpsoh gxpplhv
iru lqfrphv srolf|/ wkh ohqjwk ri wkh zrunlqj gd|/ xqhpsor|phqw lqvxudqfh duh doo
srwhqwldoo| lpsruwdqw ghwhuplqdqwv ri zdjhv lq wkh lqglylgxdo frxqwulhv1 Xvlqj wzr
yduldeohv iru oderxu pdunhw suhvvxuh +|ü dqg ,6R, lq +<, hqfdsvxodwhv wzr vshfl?f
k|srwkhvhv rq zkhwkhu lqglylgxdov rq oderxu pdunhw surjudpphv kdyh wkh vdph
zdjh0gdpshqlqj h>hfw dv wkh rshqo| xqhpsor|hg= l,= rqo| wrwdo xqhpsor|phqw
pdwwhuv= qe ' f( dqg ll,= Rqo| rshq xqhpsor|phqw pdwwhuv= qô ' qe/ vhh Uûgvhwk
dqg Q|prhq +4<<;, iru d glvfxvvlrq1

Iru urexvw lqihuhqfh/ lw lv qhfhvvdu| wr frqvlghu wkh whpsrudo surshuwlhv ri
wkh gdwd/ l1h1/ zkhwkhu wkhuh duh qrq0vwdwlrqdu| lqwhjudwhg yduldeohv1 Hvwlpdwlrq
ri d g|qdplf htxdwlrq olnh +<, pdnhv lw srvvleoh wr whvw iru frlqwhjudwlrq dprqj
lqwhjudwhg yduldeohv/ e| frpsdulqj wkh |ýydoxh ri ÷q� zlwk wkh dssursuldwh fulwlfdo
ydoxh lq PdfNlqqrq +4<<4,/ vhh Nuhphuv hw do1 +4<<5, iru d dq h{srvlwlrq1

Lq wkh iroorzlqj zh uhsruw uhvxowv iru doo wkh irxu Qruglf hfrqrplhv1 Wkh pdlq
remhfwlyh ri wkh vhfwlrq lv wr hydoxdwh wkh hpslulfdo vwdelolw| ri wkh zdjh htxdwlrqv
ryhu wkh vdpsoh shulrg1 Krzhyhu/ zh dovr surylgh dq h{sodqdwlrq ri wkh ryhudoo
uhvxowv/ vr dv wr pdnh lw srvvleoh iru wkh uhdghu wr pdnh dq lqghshqghqw rslqlrq
ri wkh sodxvlelolw| ri wkh htxdwlrqv1 Zh ?uvw glvfxvv wkh Qruzhjldq zdjh htxdwlrq1
Vlqfh wkdw prgho kdv vhyhudo frpprq ihdwxuhv zlwk wkh hvwlpdwhg htxdwlrqv iru wkh
rwkhu frxqwulhv/ wkh suhvhqwdwlrq ri wkh uhvxowv iru Vzhghq/ Ghqpdun dqg Ilqodqg lv
frqvlghudeo| vkruwhu1

814 Qruzd|

Wkh hvwlpdwhg frxqwhusduw wr +<, lv uhsruwhg lq +43, ehorz1 Zdjh jurzwk lv irxqg wr
ghshqg qhjdwlyho| rq wkh odjjhg zdjh vkduh/ wkh ohyho ri rshq xqhpsor|phqw dqg wkh
uhsodfhphqw udwlr/ lq dgglwlrq wr wkh h>hfw ri fkdqjhv lq sulfhv/ surgxfwlylw|/ krxuv
dqg wkh xvh ri oderxu pdunhw surjudpphv1 Dv h{sodlqhg deryh/ wkh w0ydoxh ri wkh
frh!flhqw iru wkh odjjhg zdjh0vkduh fdq eh lqwhusuhwhg dv d whvw ri wkh k|srwkhvlv
ri qrq0vwdwlrqdulw| ru ri qr frlqwhjudwlrq/ dqg lq +43, zh ghqrwh lw |.ä� 1 Wkh h{dfw
lqwhusuhwdwlrq ri |.ä� ' ýHéH ghshqgv rq krz rqh ylhz wkh whpsrudo surshuwlhv ri
wkh ohyhov yduldeohv lq +43,/ l1h1 wkh odjjhg zdjh0vkduh/ wkh udwh ri xqhpsor|phqw dqg
wkh uhsodfhphqw udwlr1 Li wkh ohyhov yduldeohv duh vwdwlrqdu|/ wkh frqyhqwlrqdo fulwlfdo
ydoxhv iru wkh w0vwdwlvwlf dsso|/ dqg |.ä� ' ýHéH lv ri frxuvh kljko| vljql?fdqw1
Krzhyhu/ frqyhqwlrqdo +Glfnh|0Ixoohu, whvwv iru xqlwv urrw qrq0vwdwlrqdulw| lpso|
wkdw lw lv gl!fxow wr uhmhfw d xqlw urrw lq wkhvh vhulhv/ vr iru sudfwlfdo sxusrvhv
zh pd| ylhz wkhp dv lqwhjudwhg ri rughu rqh/ ru UE�ä lq d frpprq qrwdwlrq1 Lq
wklv fdvh/ wkh qxoo k|srwkhvlv lv wkdw wkh zdjh0vkduh/ wkh udwh ri xqhpsor|phqw
dqg wkh uhsodfhphqw udwlr duh xquhodwhg UE�ä yduldeohv1 Xvlqj wkh fulwlfdo ydoxhv lq
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PdfNlqqrq +4<<4/ Wdeoh 4,/ |.ä� ' ýHéH lv vljql?fdqw +dw wkh 4( ohyho,/ dqg zh
uhmhfw wkh qxoo lq idyrxu ri ylhzlqj wkh wkuhh yduldeohv dv frlqwhjudwhg1 Dv hpsor|hu
wd{hv duh lqfoxghg lq wkh zdjh vkduh/ lw iroorzv wkdw lq wkh orqj uxq dq lqfuhdvh lq
hpsor|hu wd{hv lv ixoo| uh hfwhg lq d orzhu zdjh udwh/ zlwk qr h>hfw rq wkh zdjh
frvwv1

Qrwh wkdw +43, grhv qrw frqwdlq d zhgjh0whup1 Wkh uhdvrq iru wklv lv wzrirog=
Iluvw/ vlqfh zh uhmhfw qrq0frlqwhjudwlrq lq d prgho wkdw grhv qrw frqwdlq wkh zhgjh0
whup/ wkdw htxdwlrq dsshduv wr eh edodqfhg zlwkrxw wkh zhgjh0whup +R ý ^ ý @| n
R|ä|3�/ dqg q2 ' f wkhuhiruh dsshduv wr eh dq dffhswdeoh uhvwulfwlrq1 Vhfrqg/ judqwhg
wkdw zh ?qg wkh zdjh0vkduh +çSý ^ ý Roä|3� wr eh vwdwlrqdu| +ru dowhuqdwlyho| wkdw
lw frlqwhjudwhv hpslulfdoo| zlwk wkh udwh ri xqhpsor|phqw,/ zh fdq fkhfn zkhwkhu
+43, rplwv d uhohydqw yduldeoh e| whvwlqj wkh vljql?fdqfh ri ER ý ^ ý @| n R|ä|3�9
zklfk |lhogv |E2�ä ' féS zklfk fruurerudwhv wkdw wkh zhgjh fdq eh gursshg iurp wkh
vshfl?fdwlrq1 Lq whupv ri wkh prgho lq vhfwlrq 5 wklv lpsolhv wkdw wkhuh lv qr zhgjh
h>hfw lq zdjh irupdwlrq +K� ' fä1 Ehorz zh zloo vkrz wkdw wkh qr0zhgjh uhvwulfwlrq
jrhv wkurxjk iru wkh rwkhu wkuhh frxqwulhv dv zhoo1

Dqrwkhu w|slfdo uhvxow iru doo wkh frxqwulhv lqyhvwljdwhg khuh lv wkdw/ dowkrxjk
zh vwduw rxw e| prghoolqj qrplqdo zdjh jurzwk dv lq htxdwlrq +<, deryh/ wkh suh0
ihuuhg prghov duh uhdo0zdjh htxdwlrqv ri wkh w|sh jlyhq lq +43,1 Khqfh/ g|qdplf
sulfh krprjhqhlw| zdv irxqg wr eh d gdwd dffhswdeoh surshuw| dqg lv lpsrvhg lq
+43,1 D whvw ri wklv uhvwulfwlrq ri g|qdplf krprjhqhlw| |lhogv 8 E�c 2�ä ' féfô zklfk
lv lqvljql?fdqw16 D vrphzkdw lqwuljxlqj uhvxow lv wkdw wkhuh lv qr frqwhpsrudqhrxv
h>hfw ri frqvxphu sulfhv9 lw lv {R|3� zklfk hqwhuv wkh htxdwlrq/ qrw {R|1 Mrkdqvhq
+4<<8, frqwdlqv h{dfwo| wkh vdph odjjhg uhvsrqvh wr frqvxphu sulfh jurzwk1 Wdnhq
dw idfh ydoxh/ wklv uhvxow lpsolhv wkdw zrunhuv zdlw rqh |hdu ehiruh wkh| duh +sdu0
wldoo|, frpshqvdwhg iru d ulvh lq wkh frvwv ri olylqj lqgh{1 Rqh h{sodqdwlrq ri wkh
devhqfh ri d frqwhpsrudqhrxv frvw0ri olylqj h>hfwv lv wkdw {R| frqwdlqv lq dwlrq
vxusulvhv wkdw duh qrw uh hfwhg lq wkh zdjh0vhwwohphqwv1 Krzhyhu/ xvlqj h{shfwhg
lq dwlrq {Re| lqvwhdg ri {R|/ dqg hvwlpdwlqj e| lqvwuxphqwdo yduldeohv |lhogv doprvw
lghqwlfdo uhvxowv1 Dq dowrjhwkhu pruh olnho| h{sodqdwlrq lv wkdw 3wlph0djjuhjdwlrq4
klghv wkh zlwklq |hdu uhvsrqvh ri pdqxidfwxulqj zdjhv wr lqfuhdvhg frvwv ri olylqj1
Wklv lv vxevwdqwldwhg e| txduwhuo| vwxglhv ri pdqxidfwxulqj zdjhv= Dowkrxjk wkhuh
lv qr lpsdfw h>hfw ri frqvxphu sulfhv lq h1j1 Q|prhq +4<;<d,/ wkhuh lv d txlwh vkdus
uhvsrqvh lq wkh frxuvh ri wkh iroorzlqj ihz txduwhuv17

Dqrwkhu hpslulfdoo| ydolg uhvwulfwlrq dssolhv wr wkh jurzwk udwhv ri surgxfw
sulfhv dqg surgxfwlylw|1 Wkhlu hodvwlflwlhv duh uhvwulfwhg wr eh htxdo/ khqfh zdjh0
vhwwhuv dgmxvw wr fkdqjhv lq ydoxh dgghg/ luuhvshfwlyh ri zkhwkhu wkh fkdqjh ruljl0
qdwhv lq sulfh ru surgxfwlylw| pryhphqwv1 Iroorzlqj wkh wudglwlrq ri wkh Vfdqglqd0
yldq prgho ri lq dwlrq/ zh pljkw fdoo {E^ n Roä| wkh zdjh0vfrsh yduldeoh/ Dxnuxvw

6Wkh whvw lv shuiruphg e| hvwlpdwlqj +43, zlwk ROV/ diwhu 3xquhvwulfwlqj4 wkh frh!flhqwv ri
üsw dqg ütw1

7\hw dqrwkhu dssurdfk wr wkh lvvxh ri lq dwlrq0h{shfwdwlrqv lv wdnhq e| Uûgvhwk dqg Kroghq
+4<<3, zkr frqvwuxfw dq 3lqvwlwxwlrqdo4 h{shfwdwlrqv vhulhv edvhg rq wkh lqirupdwlrq wkdw duh
dydlodeoh wr wkh sduwlhv sulru wr dqg gxulqj wkh shulrg ri +fhqwudo, edujdlqlqj11 Dgglqj vxfk
d yduldeoh wr htxdwlrq +43, dqg hvwlpdwlqj zlwk ROV +diwhu ?uvw gh0uhvwulfwlqj üswý4, |lhogv d
frh!flhqw iru üshw htxdo wr 3=4:/ zlwk hvwlpdwhg w0ydoxh w+54, @ 4=91 Wkh frh!flhqwv ri üswý4 dqg
ü+t . su ý s,w duh doprvw xqd>hfwhg frpsduhg wr +43,1
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+4<::,1 Wkh zdjh0vfrsh yduldeoh dfwxdoo| dsshdulqj lq +43, lv d wzr |hdu dyhudjh
{2E^ n Roä|/ zklfk fdq eh lqwhusuhwhg dv dyhudjlqj ri wkh dqqxdo jurzwk udwhv lq
rughu wr h{wudfw pruh shupdqhqw fkdqjhv lq ydoxh dgghg shu pdq krxu1

g{EçS| ý R|3�ä ' ýféfDHe
Eféff.ä

n féeeS
Eféfô.ä

iféD{2E^ n Roä| ý{Rä|3�j+43,

ý fé2.S
Eféf�fä

{û| ýféf2HS
Eféff2ôä

ü|

n fé�fb
Eféf�.ä

{,6R| ý fé2�Hô
Eféf2Dä

EçS|3� ý ^|3� ý Ro|3�ä

n féf.D
Eféf�ôä

oRo|3� n féfôb
Eféff.ä

ðS.|/ý féfDe
EféffDä

Uå|

Phwkrg= ROV A ' ô� d�bSeý �bbeo/ -2 ' féb.b2/ ÷j ' féDHI
|.ä� ' ýHéH VwdejE�ä ' féf. dféDo VwdeqcjE�fä ' �éfb d2éDeo

ã2ùE2ä ' fé�� 8ø-E�c 22ä ' 2éfô 8M.A /%2E�Dc Sä ' féDD

Wkh krxuv0yduldeoh +{û|, slfnv xs wkh gluhfw zdjh frpshqvdwlrq lq frqqhfwlrq zlwk
wkh uhgxfwlrqv lq wkh ohqjwk ri wkh zrunlqj gd| lq 4<97/ 4<9;/4<9</4<:9 dqg 4<;:/ vhh
Q|prhq +4<;<e, Wkh hvwlpdwhg frh!flhqw ri {,6R| lqglfdwhv wkdw wkh dfwlyh xvh ri
surjudpphv lq rughu wr uhgxfh rshq xqhpsor|phqw dfwxdoo| uhgxfhv zdjh suhvvxuh1
Krzhyhu/ vlqfh wkhuh lv qr ohyhov h>hfw ri surjudpphv/ wklv lv vwulfwo| d vkruw0uxq
h>hfw1 Dffruglqj wr wkh hvwlpdwhg htxdwlrq/ lw lv wkh udwh ri rshq xqhpsor|phqw +ü|,
zklfk lv wkh ixqgdphqwdo oderxu0pdunhw wljkwqhvv lqglfdwru/ zklfk uh hfwv wkdw wkh
uhvwulfwlrq qô ' qe kdyh ehhq irxqg wr eh gdwd dffhswdeoh1 Uûgvhwk dqg Q|prhq
+4<<;, jlyh d ixoo wuhdwphqw ri wklv lvvxh/ erwk iru Qruzd| dqg iru wkh rwkhu wkuhh
frxqwulhv1

D ?qdo ihdwxuh ri +43, lv wkh lqfoxvlrq ri wzr gxpp| yduldeohv1 Uå| lv ghvljqhg
wr fdswxuh wkh h>hfwv ri wkh zdjh0iuhh}h lq 4<:< dqg wkh zdjh0odzv ri 4<;; dqg 4<;<1
Lw lv � lq 4<:< dqg féD lq 4<;3 +orz zdjh guliw wkurxjk 4<:<,/ � lq 4<;; +3?uvw zdjh0
odz4, dqg féD lq 4<;< +3vhfrqg zdjh odz4,1 Vlplodu gxpplhv iru lqfrphv srolf|
kdyh ehhq irxqg wr eh vljql?fdqw lq hduolhu vwxglhv rq erwk dqqxdo dqg txduwhuo|
gdwd +vhh h1j1 Mrkdqvhq +4<<8,,1 ðS.| lv d vhsdudwh gxpp| zklfk lv � lq 4<9: dqg
}hur rwkhuzlvh/ gxh wr d pdmru uhirup ri vrfldo vhfxulw| lq Qruzd| lq wkdw |hdu18

Wkh rwkhu vwdwlvwlfv uhsruwhg zlwk |.ä� ehorz wkh htxdwlrq duh wkh I0irupv
ri wkh whvw ri 41 rughu uhvlgxdo dxwrfruuhodwlrq/ dqg ri khwhurvfhgdvwlflw| gxh wr
vtxduhv ri wkh uhjuhvvruv dqg d Fkl0vtxduh whvw ri uhvlgxdo qrupdolw|1 Ilqdoo|/ zh
uhsruw wzr ri Kdqvhq*v +4<<5, vwdwlvwlfv ri sdudphwhu qrq0frqvwdqf|/= VwdejE�ä whvwv
wkh vwdelolw| ri wkh uhvlgxdo vwdqgdug huuru +j, lqglylgxdoo|1 VwdeqcjE�fä whvwv wkh
mrlqw vwdelolw| ri j dqg wkh vhw uhjuhvvlrq frh!flhqwv +q,1 Wkh ghjuhhv ri iuhhgrp duh
lq sduhqwkhvlv/ dqg/ vlqfh wkh glvwulexwlrqv duh qrq0vwdqgdug/ wkh 8( fulwlfdo ydoxhv
duh uhsruwhg lq vtxduh eudfnhwv1 Qrqh ri wkh whvwv duh vljql?fdqw/ zklfk lqglfdwhv
wkdw +43, lv vwdeoh ryhu wkh vdpsoh1

Iljxuh 8 frq?upv wkh vwdelolw| ri htxdwlrq +43,1 Wkh vl{ ?uvw judskv vkrz
wkh uhfxuvlyho| hvwlpdwhg hodvwlflwlhv lq +43,/ zlwk ÷2 hvwlpdwhg frh!flhqw vwdqgdug

8Uûgvhwk dqg Q|prhq +4<<;, vkrzv wkdw wkh zdjh udlvlqj h>hfw ri uhirupv lq vrfldo vhfxulw| lq
4<9: dqg 4<:4 fdq eh fdswxuhg eh wkh lqfuhdvh lq wkh sd|uroo0wd{ udwh +üsww,1 Krzhyhu/ wr dfklhyh
wkdw/ wkh lq dwlrq udwh kdv wr eh fruuhfwhg iru wkh lqfuhdvh lq YDW lq 4<:31
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Iljxuh 8= Qruzd|= Vwdelolw| ri zdjh htxdwlrq

huuruv/ ghqrwhg q dqg ÷2j lq wkh judskv1 Wkh odvw wzr judskv vkrz ?uvw wkh 40vwhs
uhvlgxdov zlwk ÷2 uhvlgxdo vwdqgdug huuruv dv grwwhg edqgv/ dqg ?qdoo| wkh vhtxhqfh
ri 40vwhs Fkrz vwdwlvwlfv/ vfdohg zlwk wkhlu rqh0r> 8( fulwlfdo ohyhov1 Doo judskv
vkrz d kljk ghjuhh ri vwdelolw|/ zklfk lv lq frqwudvw wr wkh lqvwdelolw| ri wkh QDZUX
hvwlpdwh1 Li zdjh vhwwlqj ehkdylrxu kdg fkdqjhg/ ohdglqj wr lqfuhdvhg vwuxfwxudo
xqhpsor|phqw/ rqh zrxog h{shfw +43, wr xqghusuhglfw zdjh jurzwk lq uhfhqw |hduv1
Wklv lv qrw wkh fdvh/ dv ghprqvwudwhg e| wkh orzhu ohiw sdqho lq ?jxuh 81

Lq wkh oljkw ri wkh frqvwdqf| ri wkh hpslulfdo zdjh prgho lq htxdwlrq +43,/ wkh
xqvwdeoh QDZUX lq ?jxuh 5 dqg 6 dsshduv wr eh dq duwhidfw wkdw grhv qrw surylgh
ydolg hylghqfh ri lqfuhdvhg 3vwuxfwxudo xqhpsor|phqw4 lq Qruzd|1 Wkh rqo| fdyhdw
lv wkdw +43, frqwdlqv wkh uhsodfhphqw udwlr oRo/ wkdw pljkw eh h{shfwhg wr vkliw
htxloleulxp xqhpsor|phqw/ wklv lvvxh zloo eh glvfxvvhg lq vhfwlrq 817 ehorz1

815 Vzhghq/ Ilqodqg dqg Ghqpdun

Vzhghq

Wkh Vzhglvk zdjh htxdwlrq/ suhvhqwhg lq +44,/ frqwdlqv mxvw wzr ohyho yduldeohv/ wkh
udwh ri xqhpsor|phqw dqg wkh zdjh vkduh +erwk odjjhg,1 Dv iru Qruzd| wkhuh lv
hylghqfh ri frlqwhjudwlrq/ lq wkh irup ri wkh vljql?fdqfh ri w.ä� ' ýSée1 Ixuwkhu0
pruh/ zkhq dgghg wr wklv prgho/ wkh odjjhg zhgjh lv lqvljql?fdqw +|E2eä ' ýféH�ä/
vlplodu wr zkdw zh irxqg iru Qruzd|1 Krzhyhu/ xqolnh Qruzd|/ wkhuh lv qr h>hfw
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Iljxuh 9= Vzhghq= Vwdelolw| ri zdjh htxdwlrq

ri wkh uhsodfhphqw udwlr1 Dgglqj oRo| dqg oRo|3� wr wkh htxdwlrq lq +44, |lhogv
8 E2c 2ôä ' �é�czlwk d Rýydoxh ri féôS/ iru wkh mrlqw qxoo k|srwkhvlv ri erwk frh!0
flhqwv ehlqj htxdo wr }hur1 Lqglylgxdoo|/ fxuuhqw dqg odjjhg oRo duh dovr lqvljql?fdqw>
li zh rqo| nhhs oRo|3� lq wkh prgho/ wkh hvwlpdwhg frh!flhqw lv féf2 zlwk d 3w0ydoxh4
ri fébé

Wxuqlqj wr wkh vkruw0uxq sduw ri wkh htxdwlrq/ zh qrwh wkdw djdlq g|qdplf
krprjhqhlw| lv lq whupv ri {R|3�/ qrw {R|1 Lq wkh vdph zd| dv iru Qruzd|/ wklv
lv qrw d uhvxow ri ROV hvwlpdwlrq dv vxfk= Wkh lqvwuxphqwdo yduldeohv hvwlpdwh
ri wkh frh!flhqw iru {R| +zkhq dgghg wr wkh htxdwlrq, lv }hur/ zlwk Ro3�/ çS|3�/
Ro|3� dqg R|3� dv lqvwuxphqwv1 Lqvwhdg/ wlph djjuhjdwlrq vhhpv wr eh d pruh olnho|
h{sodqdwlrq/ iru h{dpsoh Iruvoxqg dqg Ulvdjhu +4<<7, ?qg vwurqj lpsdfw h>hfwv ri
frqvxphu sulfhv lq wkhlu hvwlpdwlrq ri zdjh htxdwlrqv rq el0dqqxdo gdwd1

g{Eç| ý R|3�ä ' ýfé�D.
Eféf2Hä

n féôSf
EféfSSä

i{E^ n Roä| ý{Rä|3�j ý féHeb
EféôôHä

{û|3�+44,

ý féfe2
Eféff.ä

ü|3� ý fé2.ô
Eféfeôä

EçS|3� ý ^|3� ý Ro|3�ä

Phwkrg= ROV A ' ôf d�bSeý �bbeo/ -2 ' féHDe/ ÷j ' �éebI
|.ä� ' ýSée VwdejE�ä ' fé�H2 dféDo VwdeqcjESä ' fé.fH d�é.o

ã2ù E2ä ' féff. 8ø-E�c 2Dä ' féfe 8M.A /%2EHc �.ä ' féeô

Wkh oderxu pdunhw yduldeoh lv rshq xqhpsor|phqw1 Wklv vshfl?fdwlrq zdv fkrvhq
diwhu ?uvw hvwlpdwlqj wkh prgho zlwk wkh wrwdo udwh ri xqhpsor|phqw/ |üc dqg wkh sur0
judpphv yduldeohc ,6R1 Lq wkdw htxdwlrq/ wkh hvwlpdwhg hodvwlflw| ri ,6R|3� lv qhjd0
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wlyh/ lq dffrugdqfh zlwk wkh Fdopiruv0Iruvoxqg +4<<4, k|srwkhvlv/ zklfk vwdwhv wkdw
3dffrpprgdwlrq4 ri xqhpsor|phqw ohdgv wr zdjh suhvvxuh/ Fdopiruv dqg Iruvoxqg
+4<<4,1 Krzhyhu/ wkh k|srwkhvlv wkdw ,6R|3� dqg |ü|3� kdyh htxdo frh!flhqwv lv
qrw uhmhfwhg +ã2E�ä ' �éeb ^3153`ä/ dqg wkhuhiruh zh uhsuhvhqw wkh zdjh0lqfuhdvlqj
h>hfwv ri surjudpphv sduvlprqlrxvo| e| xvlqj rqo| wkh rshq xqhpsor|phqw udwh/
vhh dovr Uûgvhwk dqg Q|prhq +4<<;,1 Qrwh wkdw wkh ohiw kdqg vlgh yduldeoh l +44,
lv wkh krxuo| zdjh/ qrw zdjh frvwv1 Wklv lpsolhv wkdw wkh lpsdfw ri dq lqfuhdvh
lq R| ' *?E�n wd{0udwh rq hpsor|phqwä rq zdjh frvwv lv hvwlpdwhg wr eh htxdo wr
rqh1 Whvwlqj wkh vljql?fdqfh ri wkh uhvwulfwlrq rq {R|| |lhogv 8 E�c 2eä ' féôf dféSfo1
Khqfh wkh uhvxowv lpso| ixoo dqg lpphgldwh sdvv0wkurxjk ri lqfuhdvhg sd|uroo0wd{hv
wr zdjh frvwv1

Wkh gldjqrvwlf whvwv vkrz qr vljq ri plv0vshfl?fdwlrq/ dqg wkh lqvljql?fdqfh ri
VwdejE�ä dqg VwdejcqESä lqglfdwhv wkdw wkh htxdwlrq lv vwdeoh ryhu wkh vdpsoh shulrg1
Wkh vwdelolw| lv vxssruwhg e| wkh gldjudpv lq ?jxuh 91 Zh dovr whvwhg wkh lpsdfw
ri lqwhuyhqwlrq gxpplhv wkdw kdyh ehhq ghvljqhg wr fdswxuh wkh srwhqwldo h>hfwv ri
wkh iroorzlqj hslvrghv ri dfwlyh lqfrphv srolf| dqg h{fkdqjh0udwh uhjlph fkdqjhv/
vhh Fdopiruv dqg Iruvoxqg +4<<4, dqg Iruvoxqg dqg Ulvdjhu +4<<7,1

î 3Srvw ghydoxdwlrq gxpp|4= 4<;60;8

î Lqfrphv srolf| 4<:70:9 dqg 4<;8

î Ghydoxdwlrq2ghfhqwudol}hg edujdlqlqj/ 4<;60<3

Qrqh ri wkh dvvrfldwhg gxpplhv zhuh hyhq forvh wr vwdwlvwlfdo vljql?fdqfh zkhq
dgghg wr htxdwlrq +44,1

Ilqodqg

Wkh Ilqqlvk htxdwlrq lv glvsod|hg lq +45,1 Dv iru wkh rwkhu frxqwulhv/ wkh |.ä� '
ýeéeb lpsolhv uhmhfwlrq ri qrq0frlqwhjudwlrq1 G|qdplf sulfh krprjhqhlw| lv dovr
frqvlvwhqw zlwk gdwd> dffruglqj wr rxu uhvxowv/ wkhuh lv ixoo sdvv0wkurxjk ri frqvxphu
sulfh lqfuhdvhv/ dqg qr vkruw0uxq h>hfw ri surgxfhu sulfhv ru surgxfwlylw|/ +l1h1/ wkh
vkruw0 uxq h>hfw ri d 3zdjh0vfrsh4 yduldeoh vlplodu wr wkdw zh xvh iru wkh rwkhu frxq0
wulhv lv hvwlpdwhg wr }hur,1 Wklv lpsolhv vkruw0uxq uljlglw| ri frqvxphu uhdo0zdjhv lq
Ilqodqg/ frqvlvwhqw zlwk hduolhu ?qglqjv ri Fdopiruv dqg Q|prhq +4<<3, dqg Q|0
prhq +4<<5,1 Wkuhh rwkhu dvshfwv ri wkh prgho duh dovr lq dffrugdqfh zlwk wkh wzr
phqwlrqhg vwxglhv= Iluvwo|/ wkh zhgjh0whup fdq eh rplwwhg ehfdxvh lw odfnv vwdwlv0
wlfdo vljql?fdqfh9lw rewdlqv d 3w0ydoxh4 ri |E2.ä ' fé.2/ zkhq dgghg wr htxdwlrq
+45,1 Vhfrqgo|/ wkh uhsodfhphqw udwlr +oRo, lv vwdwlvwlfdoo| vljql?fdqw1 Wklugo|/ wkhuh
lv vkdus hvwlpdwhg uhvsrqvh wr wkh fkdqjh lq wkh udwh ri xqhpsor|phqw +wrwdo lqvwhdg
ri rshq xqhpsor|phqw, exw d frpsdudwlyho| orz ohyhov0h>hfw ri xqhpsor|phqw/ l1h1
wkh hvwlpdwhg 3zdjh0fxuyh4 lv doprvw krul}rqwdo19

9Vhh Q|prhq hw do1 +4<<;, ?jxuh 814 iru dq looxvwudwlrq ri wkh gl>huhqfh lq hvwlpdwhg uhdo0zdjh
uhvsrqvhv lq wkh Qruglf frxqwulhv1
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Iljxuh := Ilqodqg= Vwdelolw| ri zdjh htxdwlrq

g{EçSý Rä| ' fé��f
Eféf�.ä

n fé���
Eféf�Dä

oRo| ý féf.f
Eféffbä

{|ü| ý féff.
Eféffôä

ü|3�

ý fé�eS
Eféfôôä

EçS|3� ý ^|32 ý Ro|32ä/+45,

Phwkrg= ROV A ' ôô d�bS2ý �bbeo/ -2 ' féHfb/ ÷j ' �é�.I
|.ä� ' ýeéeb VwdejE�ä ' fé2e2 dféDo VwdeqcjESä ' fé.S� d�é.o

ã2ùE2ä ' féDb 8ø-E�c 2.ä ' �éfô 8M.A /%2EHc �Hä ' féôb

Wkh vwdelolw| ri wkh htxdwlrq lv lqglfdwhg e| wkh lqvljql?fdqfh ri wkh whvwv
VwdejE�ä dqg VwdejcqESä/ dqg fruurerudwhg ylvxdoo| e| ?jxuh :1

Ghqpdun

Wkh Gdqlvk zdjh htxdwlrq lv vkrzq lq +46,1 Dv iru wkh rwkhu frxqwulhv/ wkh |.ä� '
ýôéHb vxssruwv uhmhfwlrq ri qrq0frlqwhjudwlrq1 Ixuwkhupruh/ g|qdplf krprjhqhlw|
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Iljxuh ;= Ghqpdun= Vwdelolw| ri zdjh htxdwlrq

lv vxssruwhg e| gdwd1

g{EçSý Rä| ' ýféfô2
Eféf22ä

ý féSe2
Efé2ôfä

{2û| n féeôf
Eféfb.ä

{E^ n Ro ý Rä|+46,

ý féôô.
EféfH.ä

EçS| ý ^| ý Ro|32äý féfô22
EféffSä

ü|3�

n fé�Df
EféfD.ä

oRo|3�/

Phwkrg= ROV A ' 2. d�bSHý �bbeo/ -2 ' féHD/ ÷j ' �éD�I
|.ä� ' ýôéHb VwdejE�ä ' fé2b dféDo VwdeqcjE.ä ' féHS d�ébo

ã2ùE2ä ' 2é�. 8ø-E�c 2fä ' ôéDH 8M.A /%2E�fc �fä ' fé.HS

Khqfh +46, lv d uhdo0zdjh htxdwlrq/ zlwk jurzwk lq wkh frqvxphu uhdo zdjh {EçSý
Rä| rq wkh ohiw kdqg vlgh dqg rqo| yduldeohv lq uhdo0whupv dprqj wkh h{sodqdwru|
yduldeohv= Wkh frh!flhqwv ri {^| dqg {Ro| duh uhvwulfwhg wr eh htxdo/ phdqlqj
wkdw zdjh vhwwhuv duh lqgl>huhqw wr zkhwkhu kljkhu ydoxh dgghg lv gxh wr lpsuryhg
surgxfwlylw| ru wr lqfuhdvhg rxwsxw sulfhv1 Mrlqwo| zlwk wkh g|qdplf krprjhqhlw|
uhvwulfwlrq/ wklv |lhogv d zdjh0vfrsh yduldeoh {E^ n Ro ý Rä| rq wkh uljkw kdqg vlgh/
zklfk kdv lwv htxlydohqfh lq wkh htxdwlrqv zh kdyh vhhq iru Qruzd| dqg Vzhghq1 Iru
zrunlqj wlph/ wkh dsshdudqfh ri d wzr |hdu gl>huhqfh {2û|/ udwkhu wkdq mxvw {û|/
uh hfwv wkdw sd| frpshqvdwlrq kdv ehhq jlyhq wkh |hdu diwhu wkh dfwxdo uhgxfwlrqv
lq wkh ohqjwk ri wkh zrunlqj gd|1
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Lq wkh vdph dv iru wkh wkuhh rwkhu frxqwulhv wkhuh lv qr zhgjh lq wkh htxdwlrq/
wkh odjjhg zhgjh rewdlqv d 3w0ydoxh ri |E�.ä ' ýféHô zkhq dgghg wr wkh prgho:/
exw zh qrwh wkdw wkh odjjhg uhsodfhphqw udwlr lv lqfoxghg zlwk d frh!flhqw wkdw lv
forvh wr zkdw zh rewdlqhg iru Ilqodqg dqg Qruzd|1

Wkh whvwv ri wkh vwdelolw| ri wkh uhjuhvvlrq/ VwdejE�ä dqg VwdejcqE.ä/ duh lq0
vljql?fdqw1 Ixuwkhupruh/ ?jxuh ; surylghv judsklfdo hylghqfh ri wkh vwdelolw| ri wkh
zdjh htxdwlrq uljkw xs wr wkh hqg ri wkh vdpsoh1 Qrqh ri wkh whvwv vwdwlvwlfv iru
uhvlgxdo dxwrfruuhodwlrq/ qrq0qrupdolw| dqg khwhurvfhgdvwflw| duh vljql?fdqw dw wkh
8( ohyho1

816 Hqfrpsdvvlqj whvwv

Dv wkh QDZUX0lqglfdwru lv qrw edvhg rq dq hvwlpdwhg zdjh htxdwlrq/ wkh QDZUX 0
lqglfdwru fdqqrw eh lqfoxghg gluhfwo| lq d vwdqgdug hqfrpsdvvlqj whvw1 Krzhyhu/ d
nh| suhglfwlrq ri wkh QDZUX 0phwkrg/ wkdw wkh yduldeoh wr eh h{sodlqhg uhdoo|
lv wkh fkdqjh lq wkh prqh| zdjh jurzwk +4kljk4 xqhpsor|phqw ohdgv wr d uhgxf0
wlrq lq zdjh jurzwk/ zkloh 4orz4 xqhpsor|phqw ohdgv wr lqfuhdvlqj zdjh jurzwk,
fdq lqyhvwljdwhg zlwklq dq hqfrpsdvvlqj iudphzrun1 Wkxv/ zh hvwlpdwh wkh qhvwhg
prgho/ zkhuh odjjhg zdjh jurzwk lv lqfoxghg lq rxu hpslulfdo zdjh htxdwlrqv/ lq
dgglwlrq wr xquhvwulfwlqj g|qdplf krprjhqhlw|1 Wkh QDZUX 0phwkrg zrxog vxj0
jhvw wkdw odjjhg zdjh jurzwk rewdlqv d xqlw frh!flhqw/ zkloh rwkhu frh!flhqwv/
h{fhsw wkh frh!flhqw iru xqhpsor|phqw/ duh htxdo wr }hur1 D Zdog whvw iru jhq0
hudo uhvwulfwlrqv |lhogv dq ryhuzkhoplqj uhmhfwlrq ri wkh uhvwulfwlrqv dffruglqj wr wkh
QDZUX 0phwkrg/ zlwk ã2 whvw ydoxhv iurp ;3 dqg 883 +s0ydoxhv ohvv wkdw 313333,1
Lq frqwudvw/ d Zdog whvw iru wkh uhvwulfwlrqv lpsrvhg e| rxu zdjh htxdwlrqv/ d }hur
frh!flhqw iru odjjhg qrplqdo zdjh jurzwk dqg g|qdplf krprjhqhlw|/ |lhogv ã2E2ä
whvw ydoxhv iurp 3169 wr 51<6 +pd{lpxp s0ydoxh @ 3156/ iru Ilqodqg,1 Wkh dffhs0
wdqfh ri wkh uhvwulfwlrqv lq rxu zdjh htxdwlrqv lv dovr uh hfwhg lq wkdw odjjhg qrplqdo
zdjh jurzwk/ zkhq lqfoxghg lq rxu zdjh htxdwlrqv/ rewdlqv frh!flhqwv ydoxhv wkdw
duh forvh wr }hur > 0313: +3177, iru Ghqpdun> 314; +3143, iru Ilqodqg> 313: +3139, iru
Qruzd|> 3135 +3147, iru Vzhghq +vwdqgdug huuruv lq sduhqwkhvlv,1

Wkh hfrqrplf ohvvrq wkdw fdq eh gudzq iurp wkhvh hqfrpsdvvlqj whvwv lv wkdw
wkh lghd wkdw kljk xqhpsor|phqw ohdgv wr d frqvlvwhqw uhgxfwlrq lq qrplqdo zdjh
jurzwk/ zkloh orz xqhpsor|phqw ohdgv wr d frqvlvwhqw lqfuhdvh lq zdjh jurzwk/ |lhogv
d edg ghvfulswlrq dfwxdo zdjh vhwwlqj1 Wklv frpsohphqwv rxu ?qglqj lq vhfwlrq 6
wkdw wkh ghyldwlrq ri dfwxdo iurp vwuxfwxudo xqhpsor|phqw +dv phdvxuhg e| wkh
QDZUX 0lqglfdwru, h{sodlqv qrwklqj ri dfwxdo fkdqjhv lq zdjh jurzwk1

817 Lqwhusuhwlqj rxu uhvxowv
Lq wkh suhylrxv vhfwlrq/ zh grfxphqwhg wkh h{lvwhqfh ri vwdeoh hpslulfdo zdjh htxd0
wlrqv iru wkh irxu Qruglf frxqwulhv1 Krzhyhu/ d vwdeoh zdjh htxdwlrq grhv qrw suhyhqw
d vkliw lq wkh zdjh fxuyh lq wkh hpsor|phqw0 uhdo zdjh vsdfh/ li rwkhu h{sodqdwru|
yduldeohv kdyh fkdqjhg1 Iru h{dpsoh/ li wkh uhsodfhphqw udwlr kdv ulvhq/ wkh zdjh

:Wkuhh |hduv duh orvw dw wkh vwduw ri wkh vdpsoh zkhq wkh odjjhg zhgjh whup lv lqfoxghg/ khqfh
wkh ghjuhhv ri iuhhgrp lv 4: lqvwhdg ri 531
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fxuyh lq ?jxuh 4 zrxog vkliw xszdugv/ dqg vr zrxog wkh htxloleulxp udwh ri xqhp0
sor|phqw/ lq vslwh ri d vwdeoh hpslulfdo zdjh htxdwlrq zkhuh wkh uhsodfhphqw udwlr
zdv lqfoxghg1 Uhjduglqj wklv sduwlfxodu yduldeoh/ wkh uhsodfhphqw udwlr/ wklv k|srwk0
hvlv lv qrw fruuhfw/ dv wkh uhsodfhphqw udwlr kdv qrw ulvhq ryhu wkh odvw sduw ri rxu
vdpsoh shulrg zkhq wkh xqhpsor|phqw udwh kdv ulvhq> iru Ilqodqg dqg Ghqpdun/
wkh uhsodfhphqw udwlr lv frqvlghudeo| orzhu dw wkh hqg ri wkh vdpsoh shulrg +zkhuh
xqhpsor|phqw lv dw ru forvh wr wkh wrs,/ wkdq lw zdv durxqg 4<:3/ iru Qruzd| wkh
uhsodfhphqw udwlr kdv ydulhg durxqg d vwdeoh ohyho vlqfh wkh plg 4<:3v1

Wr ghwhfw srvvleoh vkliwv lq wkh zdjh fxuyh gxh wr wkh frpelqhg h>hfw ri doo
wkh h{sodqdwru| yduldeohv/ lw lv qhfhvvdu| wr glvwlqjxlvk ehwzhhq vkliwv lq wkh zdjh
fxuyh dqg pryhphqwv dorqj wkh fxuyh1 Dv pryhphqw dorqj wkh fxuyh lv dvvrfldwhg
zlwk d fkdqjh lq wkh zdjh vkduh/ wklv fdq eh grqh e| frqwuroolqj iru wkh h>hfw ri
wkh odjjhg zdjh vkduh1 Li lq rqh |hdu wkh dfwxdo zdjh vkduh zhuh d xqxvxdoo| orz/
wklv zrxog lqgxfh dgglwlrqdo zdjh suhvvxuh +l1h1 kljkhu suhglfwhg uhdo zdjh jurzwk,
lq wkh iroorzlqj |hdu1 Krzhyhu/ wklv zrxog eh pryhphqw dorqj wkh zdjh fxuyh/ dqg
qrw d vkliw lq wkh zdjh fxuyh1 Wr fdswxuh wkh ryhudoo h>hfw ri wkh hyroxwlrq ri doo
wkh rwkhu h{sodqdwru| yduldeohv/ zkloh dw wkh vdph wlph frqwuroolqj iru wkh h>hfw
ri wkh zdjh vkduh/ zh frqvwuxfw d qhz yduldeoh/ wkh Dyhudjh Zdjh0Vkduh udwh ri
Xqhpsor|phqw DZVX1 Wklv yduldeoh lv gh?qhg dv wkh udwh ri xqhpsor|phqw wkdw
+dffruglqj wr rxu hvwlpdwhg zdjh htxdwlrqv, lq hdfk |hdu zrxog kdyh uhvxowhg lq d
frqvwdqw zdjh0vkduh lq wkdw |hdu/ li wkh dfwxdo odjjhg zdjh vkduh zhuh htxdo wr wkh
vdpsoh phdq1

Wr foduli| wkh fdofxodwlrq dqg lqwhusuhwdwlrq ri DZVX/ frqvlghu d 3uhsuhvhq0
wdwlyh4 hvwlpdwhg zdjh htxdwlrq

{EçS| ý R|ä ' Kf ý K�EçSý ^ ý Roä n K2{E^ n Ro ý Rä| ý Kôü|+47,
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dqg wkh h{srqhqwldo ri wkh ohiw kdqg vlgh ri +48, lv wkh DZVX1 Lq wkh fdofxodwlrqv ri
wkh DZVX/ dfwxdo ydoxhv duh xvhg iru doo wkh yduldeohv dsshdulqj lq wkh hvwlpdwhg
htxdwlrqv1

Zkdw zrxog kdsshq wr wkh DZVX li wkh htxloleulxp udwh ri xqhpsor|phqw
zhuh wr ulvh gxh wr d ulvh lq wkh h{sodqdwru| yduldeohv lq wkh zdjh htxdwlrqB Lw zrxog
ulvh/ ehfdxvh wr nhhs wkh zdjh vkduh frqvwdqw zkhq rwkhu yduldeohv lqgxfh kljkhu
zdjh jurzwk/ wkh udwh ri xqhpsor|phqw pxvw dovr eh kljkhu wr r>vhw wkh h>hfw ri
wkh rwkhu yduldeohv1 Wkh judskv ri wkh DZVX duh glvsod|hg lq ?jxuh <1 D vwulnlqj
ihdwxuh ri wkh DZVX v duh wkh odujh  xfwxdwlrqv/ zklfk duh wkh uhvxow ri  xfwxdwlrqv
lq wkh h{sodqdwru| yduldeohv1 Lq jhqhudo/ wkhuh dsshduv wr eh olwwoh fruuhodwlrq eh0
wzhhq wkh DVZX dqg wkh dfwxdo udwh ri xqhpsor|phqw1 Dw vrph rffdvlrqv/ d ulvh
lq zdjh suhvvxuh +dv phdvxuhg e| DZVX , kdv lpphgldwho| suhfhghg d ulvh lq xq0
hpsor|phqw1 Vzhghq 4<<3 lv wkh ehvw h{dpsoh ri wklv skhqrphqrq/ dqg wkh DZVX
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Iljxuh <= Xqhpsor|phqw dqg wkh Dyhudjh Zdjh0Vkduh udwhv ri Xqhpsor|phqw
+DZVX> vhh h{sodqdwlrq lq wh{w,1

pljkw eh dq lqglfdwru ri d ulvh lq zdjh suhvvxuh/ lqgxflqj dq lqfuhdvhg htxloleulxp
udwh ri xqhpsor|phqw dw wkdw srlqw lq klvwru|1 Wkh xqhpsor|phqw udwhv lq wkh iro0
orzlqj |hduv vhhp krzhyhu wr eh pxfk kljkhu wkdq dq| uhdvrqdeoh htxloleulxp udwh/
dq lqwhusuhwdwlrq wkdw lv lq olqh zlwk wkh ?qglqjv lq Iruvoxqg +4<<8,1 Iru Ghqpdun
dqg Qruzd|/ wkh DZVX dqg wkh dfwxdo udwh ri xqhpsor|phqw kdyh fkdqjhg lq wkh
rssrvlwh gluhfwlrq vlqfh plg 4<:3v +Ghqpdun, dqg hduo| 4<;3v +Qruzd|,1 Ixuwkhu0
pruh/ zdjh suhvvxuh dv phdvxuhg e| wkh DZVX idoov pdunhgo| lq wkh 4<<3v/ zkloh
xqhpsor|phqw urvh lq doo frxqwulhv iurp 4<<3 wr 4<<71 Iru Ilqodqg/ wkh DZVX lv
gl!fxow wr lqwhusuhw gxh wr odujh  xfwxdwlrqv +zklfk qxphulfdoo| lv d frqvhtxhqfh
ri wkh vpdoo hvwlpdwhg hodvwlflw| ri xqhpsor|phqw lq wkh zdjh htxdwlrq,/ exw lq dq|
fdvh qr xszdug wuhqg fdq eh ghwhfwhg1 Wkh ryhudoo frqfoxvlrq lv wkdw wkhuh lv olwwoh
fruuhodwlrq ehwzhhq zdjh suhvvxuh +dv phdvxuhg e| wkh DZVX , dqg xqhpsor|phqw>
lq sduwlfxodu wkh uhfhqw ulvh lq xqhpsor|phqw fdqqrw eh h{sodlqhg e| d ulvh lq zdjh
suhvvxuh1

Dv d vkliw lq wkh zdjh fxuyh lqyroyhv d ulvh lq wkh DZVX/ wkh devhqfh ri d
ulvlqj wuhqg lq wkh DZVX ryhu wkh odvw ghfdgh lv hylghqfh djdlqvw wkh ylhz wkdw
wkh ulvlqj xqhpsor|phqw lv wkh frqvhtxhqfh ri rxwvlghu k|vwhuhvlv1 Zkloh vrph vruw
ri rxwvlghu k|vwhuhvlv fohduo| fdq kdyh wdnhq sodfh zlwkrxw lqgxflqj d ghwhfwdeoh
ulvh lq wkh DZVX/ pruh h{whqvlyh rxwvlghu k|vwhuhvlv h>hfwv zrxog/ dv srlqwhg rxw
lq vhfwlrq 5/ ohdg wr d frqvlghudeoh vkliw lq wkh zdjh fxuyh/ dqg wkxv dovr d ulvlqj
DZVX1
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Iljxuh 43= Frqvwdqw zdjh0vkduh udwhv ri xqhpsor|phqw +FZVXv, iru Ghqpdun/
Ilqodqg/ Qruzd| dqg Vzhghq1

Zkloh wkh DZVX lv frqvwuxfwhg wr ghwhfw vkliwv lq wkh zdjh fxuyh/ wkxv frq0
wuroolqj iru pryhphqw dorqj wkh zdjh fxuyh/ lw pd| dovr eh ri lqwhuhvw wr rewdlq
dq lqglfdwru ri zdjh suhvvxuh zkhuh wkh h>hfw ri wkh odjjhg zdjh vkduh lv lqfoxghg1
Wkxv/ zh gh?qh wkh Frqvwdqw Zdjh Vkduh udwh ri Xqhpsor|phqw/ FZVX/ dv wkh udwh
ri xqhpsor|phqw wkdw lq hdfk |hdu zrxog kdyh uhvxowhg lq d frqvwdqw zdjh vkduh1
Lw lv frqvwuxfwhg mxvw dv wkh DZVX/ xvlqj htxdwlrqv +47, dqg +48,/ h{fhsw wkdw wkh
vdpsoh0phdq zdjh vkduh lv uhsodfhg e| wkh dfwxdo ydoxhv ri wkh odjjhg zdjh vkduh1
Wkh FZVX lv wkxv d urxjk lqglfdwru ri wkh ryhudoo zdjh suhvvxuh lq d jlyhq |hdu1
Frpsduhg wr wkh DZVX/ wkh FZVX vxjjhvwv +fi1 ?jxuh 43, orzhu zdjh suhvvxuh
lq wkh odwh 4<:3v2hduo| 4<;3v +zkhq wkh kljk zdjh vkduh kdg d gdpshqlqj h>hfw rq
zdjh suhvvxuh,/ dqg kljkhu zdjh suhvvxuh lq wkh plg 4<;3v +Ghqpdun, dqg 4<<3v
+Qruzd|,1 Zh hpskdvl}h/ krzhyhu/ wkdw d ulvh lq wkh FZVX fdqqrw eh wdnhq dv dq
lqglfdwlrq ri d ulvh lq wkh htxloleulxp udwh ri xqhpsor|phqw gxh wr d fkdqjh lq wkh
zdjh vhwwlqj ehkdylrxu/ dv lw dovr uh hfwv pryhphqwv dorqj wkh zdjh fxuyh lq wkh
hpsor|phqw0uhdo zdjh vsdfh +gxh wr d uhgxfwlrq lq wkh zdjh vkduh,1

9 Vxppdu| dqg frqfoxvlrq

Lq uhfhqw |hduv/ wkh RHFG kdv phdvxuhg wkh vwuxfwxudo +ru htxloleulxp, udwh ri
xqhpsor|phqw e| xvh ri d vshfl?f phwkrg/ wkh QDZUX 0lqglfdwru1 Fuxgho|/ wkh
QDZUX 0lqglfdwru phdvxuhv wkh vwuxfwxudo udwh ri xqhpsor|phqw dv wkh udwh ri xq0
hpsor|phqw dw zklfk prqh| zdjh jurzwk lv frqvwdqw1 Lq sudfwlfh/ wklv lpsolhv wkdw
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d uhgxfwlrq lq prqh| zdjh jurzwk lv wdnhq wr lpso| wkdw wkh vwuxfwxudo udwh ri xq0
hpsor|phqw lv ehorz wkh dfwxdo udwh ri xqhpsor|phqw/ dqg ylfh yhuvd1 Lq wkh Qruglf
frxqwulhv/ dv zhoo dv lq prvw rwkhu Hxurshdq frxqwulhv/ wkh QDZUX 0lqglfdwru kdv
ulvhq lq olqh zlwk wkh ulvh lq dfwxdo xqhpsor|phqw1 Wkxv/ wkh QDZUX 0lqglfdwru kdv
frqwulexwhg wr wkh ylhz wkdw wkh exon ri xqhpsor|phqw lv vwuxfwxudo1 Ixuwkhupruh/
wkh QDZUX 0lqglfdwru lv dovr xvhg dv dq lpsruwdqw sduw lq wkh fdofxodwlrq ri rxwsxw
jdsv dqg wkh vwuxfwxudo exgjhw edodqfhv e| wkh RHFG1 Wkh RHFG ?jxuhv iru wkh
rxwsxw jds dqg wkh vwuxfwxudo exgjhw edodqfh duh lpsruwdqw hohphqwv lq srolf| glv0
fxvvlrqv e| wkh RHFG/ dv zhoo dv e| qdwlrqdo jryhuqphqwv dqg lqghshqghqw srolf|
revhuyhuv1

Wkh QDZUX 0lqglfdwru lv/ krzhyhu/ frqvwuxfwhg e| d yhu| vlpsolvwlf phwkrg/
zlwk olplwhg xvh ri lqirupdwlrq1 Lq ylhz ri wkh odujh lpsruwdqfh jlyhq wr wkh lqgl0
fdwru/ lw vhhpv zruwkzkloh wr lqyhvwljdwh zkhwkhu wkh uhvxowv duh urexvw wr d pruh
wkrurxjk dqdo|vlv1 Wkxv/ zh dqdo|}h wkh hyroxwlrq ri zdjhv lq wkh pdqxidfwxulqj vhf0
wru lq hdfk ri wkh Qruglf frxqwulhv wr vhh zkhwkhu rxu uhvxowv duh frqvlvwhqw zlwk wkh
hyroxwlrq ri wkh QDZUX 0lqglfdwru1 Gxh wr wkh lqfuhdvh lq wkh QDZUX 0lqglfdwru/
dv zhoo dv wkh idfw wkdw pdq| ri srvvleoh h{sodqdwlrqv iru wkh ulvlqj xqhpsor|phqw
duh uhodwhg wr wkh zdjh vhwwlqj +fi1 Ehdq +4<<7,,/ zh zrxog h{shfw wr ?qg d fkdqjh
lq zdjh vhwwlqj ehkdylrxu wkdw fruuhvsrqgv wr wkh ulvh lq xqhpsor|phqw1 Krzhyhu/
zh ?qg qr fkdqjhv lq zdjh vhwwlqj ehkdylrxu iru dq| ri wkh Qruglf frxqwulhv/ qru
gr zh ghwhfw fkdqjhv lq h{sodqdwru| yduldeohv lq wkh zdjh vhwwlqj wkdw fdq h{sodlq
wkh ulvh lq xqhpsor|phqw1 Wkh lqvwdelolw| ri wkh QDZUX 0lqglfdwru dsshduv wr eh
dq duwhidfw ri d plv0vshfl?hg zdjh htxdwlrq/ dqg qrw gxh wr lqvwdelolw| lq wkh zdjh
vhwwlqj lwvhoi1

D srvvleoh remhfwlrq wr rxu frqfoxvlrqv lv wkdw wkh QDZUX 0lqglfdwru lv d vkruw
uxq frqfhsw/ dlphg dw phdvxulqj wkh udwh ri xqhpsor|phqw dw zklfk prqh| zdjh
jurzwk lv vwdeoh1 Rq wklv ylhz/ lw frxog eh dujxhg wkdw rqh fdqqrw h{shfw wklv vkruw
uxq frqfhsw wr frlqflgh zlwk wkh orqj uxq htxloleulxp udwh ri xqhpsor|phqw/ exw
lw pd| qhyhuwkhohvv eh ri vrph lqwhuhvw1 Rqh sureohp zlwk wklv dujxphqw lv wkdw
wkh QDZUX 0lqglfdwru lv qrw d jrrg phdvxuh hyhq ri wkh udwh ri xqhpsor|phqw
dw zklfk prqh| zdjh jurzwk lv vwdeoh1 Wklv lv hylghqw iurp lwv srru suhglfwlyh
srzhu> dv vkrzq lq vhfwlrq 6/ wkh QDZUX 0lqglfdwru kdv yluwxdoo| qr h{sodqdwru|
srzhu hyhq zlwklq vdpsoh1 Wkh uhdvrq lv wkdw wkh QDZUX 0lqglfdwru lv edvhg rq d
wrr uhvwulfwlyh ylhz ri dfwxdo zdjh vhwwlqj1 Zkhwkhu prqh| zdjh jurzwk lqfuhdvhv
ghshqgv rq d krvw ri rwkhu h{sodqdwru| yduldeohv wkdq wkh udwh ri xqhpsor|phqw1
Iru h{dpsoh/ li lq dwlrq h{shfwdwlrqv kdyh jrqh grzq/ prqh| zdjh jurzwk pd| dovr
eh uhgxfhg hyhq li xqhpsor|phqw lv orz1 Ru li wkh zdjh vkduh lv orz/ prqh| zdjh
jurzwk pd| lqfuhdvh hyhq li xqhpsor|phqw lv kljk1

Dv phqwlrqhg lq wkh Lqwurgxfwlrq/ rxu ?qglqjv kdyh eurdghu lpsolfdwlrqv wkdq
wkrvh frqqhfwhg wr wkh QDZUX 0lqglfdwru1 Prvw h{sodqdwlrqv jlyhq lq wkh olwhu0
dwxuh iru d ulvh lq vwuxfwxudo xqhpsor|phqw zrxog uhvxow lq lqfuhdvhg zdjh suhv0
vxuh1 Lq RHFG Hfrqrplf Vxuyh|v iru Vzhghq/ 4<<90<:/ sdjh ;4/ wkh lqfuhdvh lq wkh
QDZUX 0lqglfdwru lv ylhzhg dv hylghqfh wkdw xqhpsor|phqw lq Vzhghq h{klelwv
vwurqj shuvlvwhqfh/ dqg wzr sduwlfxodu phfkdqlvpv duh phqwlrqhg= 411 wkh lq xhqfh
ri wkh xqhpsor|hg rq wkh zdjh edujdlqlqj surfhvv whqgv wr glplqlvk wkh orqjhu wkh|
uhpdlq xqhpsor|hg/ hlwkhu ehfdxvh ri d uhgxfwlrq lq wkhlu kxpdq fdslwdo ru ehfdxvh
wkh| ehfrph 4rxwvlghuv4 wr wkh zdjh0vhwwlqj surfhvv14 Dv vkrzq lq vhfwlrq 5/ vxfk
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rxwvlghu h>hfwv zrxog ohdg wr d vkliw lq wkh zdjh fxuyh/ dqg lv lq frqwudvw wr rxu
?qglqj wkdw wkhuh kdv ehhq qr vxfk vkliw/ fi1 wkh devhqfh ri d ulvlqj wuhqg lq rxu
hvwlpdwhg lqglfdwru iru zdjh suhvvxuh/ wkh DZVX +fi1 glvfxvvlrq lq vhfwlrq 717,1 Dv
vkrzq lq wkh dsshqgl{/ hyhq d fkdqjh lq uhodwlyh ghpdqg iru oderxu/ iurp xqvnloohg
wr vnloohg/ dv vxjjhvwhg e| Mxkq hw do1 +4<<4, dqg rwkhuv/ zrxog uhvxow lq d vkliw lq
wkh zdjh fxuyh/ lq frqwudvw wr rxu ?qglqjv1

Rq wkh rwkhu kdqg/ rxu zdjh htxdwlrqv duh qrw lqfrqvlvwhqw zlwk k|vwhuhvlv dw d
pruh jhqhudo ohyho/ l1h1 wkh idfw wkdw xqhpsor|phqw vhulhv duh khdylo| dxwrfruuhodwhg
dqg dovr vkrz vljqv ri ghwhuplqlvwlf vkliwv lq phdq1 Exw dq hoxflgdwlrq ri wkhvh
lqwhuhvwlqj ihdwxuhv uhtxluhv mrlqw prghoolqj ri zdjh0vhwwlqj dqg oderxu vxsso| dqg
ghpdqg/ dq lvvxh wkdw lv rxwvlgh wkh vfrsh ri rxu vwxg|1

Wkh uhdghu pljkw zrqghu/ krz fdq rxu frqfoxvlrq eh fruuhfw/ lq ylhz ri wkh
ryhuzkhoplqj hylghqfh wkdw xqhpsor|phqw kdv ulvhq gxh wr wkh lqfuhdvh lq oderxu
pdunhw uhjxodwlrqv dqg glvwruwlrqv1 Lq idfw/ wkh hylghqfh uhjduglqj d olqn ehwzhhq
oderxu pdunhw uhjxodwlrq dqg xqhpsor|phqw lv qrw ryhuzkhoplqj1 Wkhuh lv xqgrxew0
hgo| vwurqj hylghqfh wkdw vrph oderxu pdunhw ihdwxuhv/ olnh kljk dqg orqj0odvwlqj
xqhpsor|phqw ehqh?wv/ gr frqwulexwh wr kljk xqhpsor|phqw1 Wklv lv uh hfwhg lq
rxu rzq vwxg|/ dv zh ?qg d vljql?fdqw zdjh0udlvlqj h>hfw ri wkh uhsodfhphqw udwlr
iru Ghqpdun/ Ilqodqg dqg Qruzd|1 Rq wkh rwkhu kdqg/ lw lv qrw dw doo fohdu krz
lpsruwdqw wkhvh ihdwxuhv duh lq h{sodlqlqj wkh odujh lqfuhdvh lq xqhpsor|phqw wkdw
kdv wdnhq sodfh1 Lq d uhylhz ri vwxglhv edvhg rq wlphv vhulhv/ Juhjj dqg Pdqqlqj
+4<<9, dujxh wkdw 3 11 wkhvh prghov duh xqdeoh wr h{sodlq wkh ulvh lq xqhpsor|0
phqw lq whupv ri lqfuhdvhg oderxu pdunhw uhjxodwlrq114 ehfdxvh 4 11 iurp wkh hduo|
4<;3v/ wkh oderxu pdunhw srolflhv dgrswhg lq prvw frxqwulhv kdyh hqghg wr idyrxu
gh0uhjxodwlrq> |hw xqhpsor|phqw kdv frqwlqxhg wr ulvh14 Olnhzlvh/ Qlfnhoo +4<<:,
frqfoxghv d vwxg| ri RHFG xqhpsor|phqw e| wkh vwdwhphqw wkdw 4wkh eurdg0euxvk
dqdo|vlv wkdw vd|v wkdw Hxurshdq xqhpsor|phqw lv kljk ehfdxvh Hxurshdq oderxu
pdunhwv duh 4uljlg4 lv wrr ydjxh/ dqg suredeo| plvohdglqj14

Rxu vwxg| udlvhv dw ohdvw wzr fuxfldo txhvwlrqv1 Iluvw/ li rqh dffhswv rxu frq0
foxvlrq wkdw wkh zdjh vhwwlqj lq wkh Qruglf frxqwulhv kdv qrw fkdqjhg/ zk| grhv
wkh kljk xqhpsor|phqw shuvlvw +dw ohdvw lq Ilqodqg dqg Vzhghq,B Vhfrqgo|/ zk|
grhvq*w wkh kljk xqhpsor|phqw ohdg wr frqwlqxrxv uhgxfwlrq lq zdjh jurzwkB Rxu
hpslulfdo lqyhvwljdwlrq dqvzhuv wkh vhfrqg txhvwlrq1 Wkh lghd wkdw zdjh jurzwk
lqfuhdvhv ru ghfuhdvhv ghshqglqj rq zkhwkhu xqhpsor|phqw lv kljk ru orz/ |lhogv
d edg ghvfulswlrq ri uhdo zruog zdjh vhwwlqj1 D kljk ohyho ri xqhpsor|phqw grhv
kdyh d gdpshqlqj h>hfw rq zdjh jurzwk +h{fhsw iru Ilqodqg,1 Krzhyhu/ li wkh orzhu
zdjh jurzwk uhgxfhv wkh zdjh vkduh/ wklv frxqwhudfwv wkh gdpshqlqj h>hfw ri kljk
xqhpsor|phqw1

Wkh ?uvw txhvwlrq lv pruh frpsoh{1 Edvhg rq wkh wkhruhwlfdo iudphzrun odlg
rxw lq vhfwlrq 5/ d ulvh lq dfwxdo xqhpsor|phqw frpelqhg zlwk d vwdeoh zdjh fxuyh
fdq eh jlyhq wzr dowhuqdwlyh lqwhusuhwdwlrqv= +l, dfwxdo xqhpsor|phqw kdv ulvhq/
zkloh htxloleulxp +vwuxfwxudo, xqhpsor|phqw kdv uhpdlqhg frqvwdqw> +ll, htxloleulxp
xqhpsor|phqw kdv ulvhq gxh wr d vkliw lq wkh sulfh fxuyh1 Lqwhusuhwdwlrq +l, frxog
eh vxssruwhg e| wkh idfw wkdw lq wkh Qruglf frxqwulhv +dv lq pxfk ri wkh uhvw ri
Hxursh, djjuhjdwh ghpdqg kdv ehhq zhdn ryhu orqjlvk shulrgv gxulqj wkh odvw 80
48 |hduv +?uvw lq Ghqpdun/ odwhu lq Qruzd|/ Ilqodqg dqg Vzhghq,1 Ixuwkhupruh/
wkh vhoi0fruuhfwlqj phfkdqlvpv ri wkh hfrqrp| duh suredeo| zhdn/ vr wkdw lw pd|
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wdnh orqj wlph ehiruh dq hfrqrp| uhyhuwv edfn wr wkh orqj uxq htxloleulxp + Kroghq
+4<<:,,1

Lqwhusuhwdwlrq +ll,/ wkdw wkh sulfh vhwwlqj kdv fkdqjhg/ frxog shukdsv eh h{0
sodlqhg e| wkh kljkhu ohyho ri uhdo lqwhuhvw udwhv lqwhuqdwlrqdoo| diwhu 4<;31 D ulvh
lq wkh uhdo lqwhuhvw udwh lqgxfhv d uhgxfwlrq lq wkh xvh ri fdslwdo/ wkxv uhgxflqj
ghpdqg iru oderxu dqg vkliwlqj wkh sulfh fxuyh lqzdugv/ uhvxowlqj lq dq lqfuhdvh
lq htxloleulxp xqhpsor|phqw1 D vkliw lq wkh sulfh fxuyh lv dovr frqvlvwhqw zlwk wkh
uhgxfwlrq lq zdjh vkduhv wkdw kdv wdnhq sodfh lq prvw Hxurshdq frxqwulhv/ lqfoxglqj
wkh Qruglf/ ryhu wkh odvw 48 |hduv1;

Dv |hw/ wkhvh dowhuqdwlyh h{sodqdwlrqv duh olwwoh pruh wkdq vshfxodwlyh wkrxjkwv1
Krzhyhu/ wkh uhvxowv ri rxu vwxg| vwurqjo| vxjjhvw wkdw rqh vkrxog eurdghq wkh ylhz/
dqg dovr orrn iru h{sodqdwlrqv ri kljk xqhpsor|phqw wkdw gr qrw irfxv vroho| rq d
pdoixqfwlrqlqj oderxu pdunhw1

D Plvpdwfk

Lq wklv dsshqgl{/ zh vkrz wkdw d vkliw lq wkh uhodwlyh ghpdqg iru oderxu/ ohdglqj
wr lqfuhdvhg plvpdwfk/ dovr uhvxowv lq d vkliw lq wkh djjuhjdwh zdjh htxdwlrq/ hyhq
li wkh zdjh htxdwlrq ri hdfk w|sh ri oderxu lv frqvwdqw1 Wkh dlp lv wr vkrz wkdw d
vkliw lq ghpdqg iurp xqvnloohg wr vnloohg oderxu zrxog ohdg wr dq rxwzdug vkliw lq
wkh djjuhjdwh zdjh htxdwlrq1 Wr nhhs wkh dqdo|vlv vlpsoh/ zh xvh d kljko| vw|ol}hg
prgho zlwk wzr jurxsv ri oderxu/ 4 dqg 51 Oderxu vxsso| ri hdfk jurxs lv jlyhq
h{rjhqrxvo|/ u� dqg u2/ dqg u�nu2 ' u1 Zdjhv duh jlyhq e| lghqwlfdo zdjh fxuyhv
iru hdfk jurxs

çð ' ñf ý ñ�üðc ñfc ñ� : fc ð ' �c 2é

zkhuh Lð ' Euð ý ùðä*uð lv wkh udwh ri xqhpsor|phqw iru hdfk jurxs/ dqg üð '
*L}ELðäé Wkh fuxfldo dvvxpswlrq lv wkdw wkh zdjh fxuyh iru hdfk jurxs lv frqyh{/
fi1 Od|dug hw do1 +4<<4,/ sdjh 63;1 Wkh udwh ri xqhpsor|phqw lv orzhu iru jurxs 4/
L� ÷ L2é Wkh djjuhjdwh zdjh ohyho lv wkxv

ç ' Eu�*u äç� n EEuý u�ä*uäç2 ' ñf ý ñ�EEu�*uäü� n EEuý u�ä*uäü2äé
Qrz dvvxph wkdw wkhuh lv d vkliw lq uhodwlyh ghpdqg iru oderxu/ vr wkdw wkh hp0
sor|phqw ri jurxs 4 lqfuhdvhv pdujlqdoo| e| _ù� : f/ zkloh wkh hpsor|phqw ri
jurxs 5 ghfuhdvhv e| wkh vdph dprxqw/ _ù2 ' ý_ù� ÷ fé Djjuhjdwh hpsor|phqw
lv frqvwdqw/ dqg vr lv djjuhjdwh xqhpsor|phqw1 Krzhyhu/ djjuhjdwh zdjhv lqfuhdvh/
dv fdq eh vhhq iurp

_ç ' ýñ�dEu�*uäE�*L�äEý�*u�ä_ù� n EEuý u�ä*uäE�*L2äEý�*Euý u�ää_ù2o
+dv _ *L}EEuð ýùðä*uðä*_ùð ' E�*Lðä*E�*uðä ,1 Wklv fdq eh vlpsol?hg wr

_ç ' ýEñ�*uädE�*L�äý E�*L2äo_ù� : fc

;Reylrxvo|/ rqh fdq ylhz wklv h{sodqdwlrq iurp d gl>huhqw dqjoh/ dwwulexwlqj wkh ulvh lq xqhp0
sor|phqw wr zdjh vhwwlqj qrw ehlqj deoh wr dffrpprgdwh wkh vkliw lq wkh sulfh vhwwlqj1
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dv L� ÷ L2é Wkxv/ d vkliw lq uhodwlyh ghpdqg iru oderxu/ iurp d jurxs zlwk kljk
xqhpsor|phqw idyrxulqj d jurxs zlwk orz xqhpsor|phqw/ ohdgv wr kljkhu zdjhv iru
d jlyhq ohyho ri xqhpsor|phqw1 Lq rwkhu zrugv/ wkh djjuhjdwh zdjh fxuyh vkliwv/ lq
vslwh ri frqvwdqw zdjh fxuyhv iru wkh hdfk jurxs1

E Gdwd

Doo gdwd duh wdnhq iurp wkh gdwdedvh rq Qruglf zdjh irupdwlrq grfxphqwhg e|
Hymhq dqg Odqjvhw +4<<:, dqg lv wkh vdph gdwd vhw wkdw lv xvhg lq wkh sdshu rq
Qruglf zdjh irupdwlrq e| Uûgvhwk dqg Q|prhq +4<<;,1 Wkh gdwd lv dydlodeoh lq
vsuhdgvkhhw ru SfJlyh irupdw/ dqg fdq eh grzqordghg iurp wkh iroorzlqj XUO=
KWWS G **ZZZéXLRéQR*ìUQ\PRHQ1 Ehorz zh ?uvw jlyh d jhqhudo gh?qlwlrq ri hdfk ydul0
deoh xvhg lq wkh hpslulfdo vhfwlrqv ri wklv sdshu1 Lq eudfnhwv/ zh jlyh wkh yduldeohv*
qdphv lq Hymhq dqg Odqjvhw*v gdwdedvh/ dqg wkh dojheud zh kdyh xvhg wr wudqvirup
hdfk yduldeoh lqwr wkh irup lw lv xvhg lq wkh hvwlpdwhg htxdwlrqv1

î çS ' orj ri zdjh fdvwv shu krxu lq pdqxidfwxulqj1 ^Vrxufh yduldeoh = `ä/
�b.f ' �ff` = Wudqvirupdwlrq= çS ' *?E`ä*�ffä1`

î R ' orj ri wkh frqvxphu sulfh lqgh{ ^Vrxufh yduldeoh= äåU/ �b.f ' �ff/
Wudqvirupdwlrq= R ' *?EäåU*�ffä`1

î ^ ' orj ydoxh dgghg gh dwru iru pdqxidfwxulqj ^Vrxufh yduldeoh= å / �b.f ' �1
Wudqvirupdwlrq= ^ ' *?Eå*�ffä`1

î Ro 'orj ri dyhudjh oderxu surgxfwlylw| lq pdqxidfwxulqj ^Vrxufh yduldeoh= å-/
�b.f ' �ff1 Wudqvirupdwlrq= Ro ' *?Eå-*�ffä`1

î R| ' orj ri rqh soxv wkh sd| uroo wd{ ^Vrxufh yduldeoh= åA 1 Wudqvirupdwlrq=
R| ' *?E� n åA ä`1

î @| @ orj ri rqh plqxv wkh lqfrph wd{ udwh ^Vrxufh yduldeoh= øA 1 Wudqvirupd0
wlrq= @| ' *?E�ý øA ä`1

î çe ' zhgjh +çe ' R|ý @|n Rý ^,1
î û ' orj ri qrupdo zhhno| zrunlqj krxuv1 ^Vrxufh yduldeoh= Ghqpdun= M/
Ilqodqg M/ Qruzd|= M-/ Vzhghq= M-1 Wudqvirupdwlrq= û ' *?EMä dqg
ûo ' *?EM-ä`1

î oRo ' orj ri uhsodfhphqw udwh ^Vrxufh yduldeoh= -å-1 Wudqvirupdwlrq=oRo '
*?E-å-ä`1

î ü ' orj ri rshq xqhpsor|phqw +uhjlvwhuhg xqhpsor|hg, lq shu fhqw ri oderxu
irufh ^Vrxufh yduldeoh= L 1 Wudqvirupdwlrq= ü ' *?ELä`1

î |ü ' orj ri wrwdo xqhpsor|phqw +uhjlvwhuhg xqhpsor|hg soxv sduwlflsdqwv lq
dfwlyh oderxu pdunhw surjudpphv, lq shu fhqw ri oderxu irufh ^Vrxufh yduldeoh=
ALå-1 Wudqvirupdwlrq= |ü ' *?EALå-ä`1

î ,6R ' orj ri rqh plqxv wkh shu fhqw ri wrwdo xqhpsor|hg zkr duh sduwlfl0
sdwlqj lq dfwlyh oderxu pdunhw surjudpphv1 \hduo| dyhudjh1^Vrxufh= ø�Lù 1
Wudqvirupdwlrq= ,6R ' *?E�ýø�Lù*�ffä`1

î Uå ' Gxpp| iru lqfrph srolf| lq Qruzd|1 4 lq 4<:<1 318 lq 4<;31 4 lq 4<;;
dqg 318 lq 4<;<1
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Uhihuhqfhv

Dxnuxvw/ R1 +4<::,1 Lq dwlrq lq wkh Rshq Hfrqrp|1 D Qruzhjldq Prgho1 Lq Nohlq/
O1 E1 dqg Z1 V1 Våodqw +hgv1,/ Zruog Zlgh Lq dwlrq1 Wkhru| dqg Uhfhqw H{shul0
hqfh1 Eurrnlqjv/ Zdvklqjwrq G1F1

Edoo/ O1 +4<<9,1 Glvlq dwlrq dqg wkh QDLUX1 Zrunlqj Sdshu 8853/ QEHU1

Eèugvhq/ J1/ S1 J1 Ilvkhu dqg U1 Q|prhq +4<<;,1 Exvlqhvv F|fohv= Uhdo Idfwv ru
IdoodflhvB Lq Vwuûp/ V1 +hg1,/ Udjqdu Iulvfk Fhqwhqdu| Frqihuhqfh/ fkds1 49/
7<<885:1 Fdpeulgjh Xqlyhuvlw| Suhvv/ Fdpeuljh1

Ehdq/ F1 +4<<7,1 Hxurshdq Xqhpsor|phqw= D Vxuyh|1 Mrxuqdo ri Hfrqrplf Olwhu0
dwxuh/ [[[LL / 8:6894<1

Fdopiruv/ O1 dqg D1 Iruvoxqg +4<<4,1 Uhdo0Zdjh Ghwhuplqdwlrq dqg Oderxu Pdunhw
Srolflhv= Wkh Vzhglvk H{shulhqfh1 Wkh Hfrqrplf Mrxuqdo / 434 / 44638447;1

Fdopiruv/ O1 dqg U1 Q|prhq +4<<3,1 Qruglf Hpsor|phqw1 Hfrqrplf Srolf|/ 8 +44,/
6<:877;1

Fduolq/ Z1 dqg G1 Vrvnlfh +4<<3,1 Pdfurhfrqrplfv dqg wkh Zdjh Edujdlq 1 R{irug
Xqlyhuvlw| Suhvv/ R{irug1

Grruqln/ M1 D1 dqg G1 I1 Khqgu| +4<<9,1 Hpslulfdo Hfrqrphwulf Prghoolqj Xvlqj
SfJlyh <13 iru Zlqgrzv1 Lqwhuqdwlrqdo Wkrpvrq Sxeolvklqj/ Orqgrq1

Guë}h/ M1 dqg F1 U1 Ehdq +hgv1, +4<<3,1 Hxursh*v Xqhpsor|phqw Sureohp> Lqwurgxf0
wlrq dqg V|qwkhvlv1 PLW Suhvv/ Fdpeulgjh1

Hophvnry/ M1 +4<<7,1 Qruglf Xqhpsor|phqw lq d Hxurshdq Shuvshfwlyh1 Vzhglvk
Hfrqrplf Srolf| Uhylhz / 4 +405 Dxwxpq 4<<7,/ 5:8:31

Hophvnry/ M1 dqg P1 PdfIduodqg +4<<6,1 Xqhpsor|phqw Shuvlvwhqfh1 RHFG Hfr0
qrplf Vwxglhv/ +54,/ 8<8;;1

Hophvnry/ M1/ M1 S1 Pduwlq dqg V1 Vfdushwwd +4<<;,1 Nh| Ohvvrqv iru Oderxu Pdu0
nhw Uhirupv= Hylghqfh iurp RHFG Frxqwulhv H{shulhqfh1 Hfrqrplf Frxqflo ri
Vzhghq/ Pd| 4<<;1

Hymhq/ V1 dqg W1 Odqjvhw +4<<:,1 Duehlgvohgljkhw rj wlowdn l Qrughq1 Grnxphqwdvmrq
dy qruglvnh pdnurgdwd1 Nrpphu vrp Duehlgvqrwdw iud VQI Rvor1

Iruvoxqg/ D1 +4<<8,1 Xqhpsor|phqw9Lv Vzhghq Vwloo Gl>huhqwB Vzhglvk Hfrqrplf
Srolf| Uhylhz / 5 +4,/ 4888;1

Iruvoxqg/ D1 dqg R1 Ulvdjhu +4<<7,1 Zdjhv lq Vzhghq1 Qhz dqg Rog Uhvxowv1 Phpr
4<<7055/ Xqlyhuvlw| ri Ddukxv/ Lqvwlwxwh ri Hfrqrplfv1

Jlruqr/ F1/ S1 Ulfkdugvrq/ G1 Urvhyhduh dqg S1 ydq ghq Qrrug +4<<8,1 Srwhqwldo
Rxwsxw/ Rxwsxw Jdsv dqg Vwuxfwxudo Exgjhw Edodqfhv1 RHFG Hfrqrplf Vwxglhv/
57 +4<<82L,/ 49<853<1
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Juhjj/ S1 dqg D1 Pdqqlqj +4<<9,1 Oderxu Pdunhw Uhjxodwlrq dqg Xqhpsor|phqw1
Lq Vqrzhu/ G1 M1 dqg J1 gh od Ghkhvd +hgv1,/ Xqhpsor|phqw Srolf|1 Jryhuqphqw
Rswlrqv iru wkh Oderxu Pdunhw / 6<887651 Fdpeulgjh Xqlyhuvlw| Suhvv/ Fdpeulgjh1

Kdqvhq/ E1 H1 +4<<5,1 Whvwlqj iru Sdudphwhu Lqvwdelolw| lq Olqhdu Prghov1 Mrxuqdo
ri Srolf| Prghoolqj/ 47 / 84:88661

Krho/ P1 dqg U1 Q|prhq +4<;;,1 Zdjh Irupdwlrq lq Qruzhjldq Pdqxidfwxulqj1 Dq
Hpslulfdo Dssolfdwlrq ri d Wkhruhwlfdo Edujdlqlqj Prgho1 Hxurshdq Hfrqrplf
Uhylhz / 65 / <::8<<:1

Kroghq/ V1 +4<<:,1 Wkh Xqhpsor|phqw Sureohp9d Qruzhjldq Shuvshfwlyh1 Hfr0
qrplfv Ghsduwphqw Zrunlqj Sdshu 4:5/ RHFG1

Mrkdqvhq/ N1 +4<<8,1 Qruzhjldq Zdjh Fxuyhv1 R{irug Exoohwlq ri Hfrqrplfv dqg
Vwdwlvwlfv/ 8: / 55<957:1

Mxkq/ F1 N1/ N1 Pxusk| dqg U1 Wrsho +4<<4,1 Zk| kdv wkh Qdwxudo Udwh ri Xq0
hpsor|phqw Lqfuhdvhg ryhu WlphB Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw|/ +5,/
:884751

Nrovuxg/ G1 dqg U1 Q|prhq +4<<;,1 Xqhpsor|phqw dqg wkh Rshq Hfrqrp| Zdjh0
Sulfh Vsludo1 Mrxuqdo ri Hfrqrplf Vwxglhv/ 58 1 Iruwkfrplqj1

Nuhphuv/ M1 M1 P1/ Q1 U1 Hulfvvrq dqg M1 M1 Grodgr +4<<5,1 Wkh Srzhu ri Frlqwh0
judwlrq Whvwv1 R{irug Exoohwlq ri Hfrqrplfv dqg Vwdwlvwlfv/ 87 / 658867;1

Nuxjpdq/ S1 U1 +4<<7,1 Sdvw dqg Survshfwlyh Fdxvhv ri Kljk Xqhpsor|phqw1 Lq
Uhgxflqj Xqhpsor|phqw= Fxuuhqw Lvvxhv dqg Srolf| Rswlrqv1 Wkh Ihghudo Uhvhuyh
Edqn ri Ndqvdv V|psrvlxp 4<<7 / 7<8;31 Wkh Ihghudo Uhvhuyh Edqn ri Ndqvdv/
Ndqvdv Flw|1

Od|dug/ U1 dqg V1 Qlfnhoo +4<;9,1 Xqhpsor|phqw lq Eulwdlq1 Hfrqrplfd/ 86 / 4548
4991 Vshfldo lvvxh1

Od|dug/ U1/ V1 Qlfnhoo dqg U1 Mdfnpdq +4<<4,1 Xqhpsor|phqw1 R{irug Xqlyhuvlw|
Suhvv/ R{irug1

Od|dug/ U1/ V1 Qlfnhoo dqg U1 Mdfnpdq +4<<7,1 Wkh Xqhpsor|phqw Fulvhv1 R{irug
Xqlyhuvlw| Suhvv/ R{irug1

PdfNlqqrq/ M1 J1 +4<<4,1 Fulwlfdo Ydoxhv iru Frlqwhjudwlrq Whvwv1 Lq Hqjoh/ U1 I1
dqg F1 Z1 M1 Judqjhu +hgv1,/ Orqj0Uxq Hfrqrplf Uhodwlrqvklsv= Uhdglqjv lq
frlqwhjudwlrq/ fkds1 461 R{irug Xqlyhuvlw| Suhvv1

Qlfnhoo/ V1 +4<<:,1 Xqhpsor|phqw dqg Oderxu Pdunhw Uljlglwlhv1 Hxursh yhuvxv
Qruwk Dphulfd1 Mrxuqdo ri Hfrqrplf Shuvshfwlyhv/ 44 / 888:61

Qlfnhoo/ V1 M1 dqg P1 Dqguhzv +4<;6,1 Xqlrqv/ Uhdo0Zdjhv dqg Hpsor|phqw lq
Eulwdlq 4<840:<1 R{irug Hfrqrplf Sdshuv +Vxssohphqw,/ 68 / 4;685391
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Q|prhq/ U1 +4<;<d,1 Prghoolqj Zdjhv lq wkh Vpdoo Rshq Hfrqrp|= Dq Huuru0
Fruuhfwlrq Prgho ri Qruzhjldq Pdqxidfwxulqj Zdjhv1 R{irug Exoohwlq ri Hfr0
qrplfv dqg Vwdwlvwlfv/ 84 / 56<858;1

Q|prhq/ U1 +4<;<e,1 Zdjhv dqg wkh Ohqjwk ri wkh Zrunlqj Gd|1 Dq Hpslulfdo
Whvw Edvhg rq Qruzhjldq Txduwhuo| Pdqxidfwxulqj Gdwd1 Vfdqglqdyldq Mrxuqdo
ri Hfrqrplfv/ <4 / 8<<89451

Q|prhq/ U1 +4<<5,1 Ilqqlvk Pdqxidfwxulqj Zdjhv 4<9304<;:= Uhdo0Zdjh Ioh{leolw|
dqg K|vwhuhvlv1 Mrxuqdo ri Srolf| Prghoolqj/ 47 / 75<87841

Q|prhq/ U1/ D1 Uûgvhwk/ R1 Uddxp dqg I1 Zxoivehuj +4<<;,1 Oûqqvgdqqhovh rj
duehlgvpdunhgvsrolwlnn l Qrughq1 Lq Uddxp/ R1 +hg1,/ Oûqqvgdqqhovh rj duehl0
gvpdunhgvsrolwlnn l Qrughq/ qr1 845 lq WhpdQrug/ 468;41 Qruglvn Plqlvwhuuèg/
Nûehqkdyq1 Zlwk hqjolvk iruhzrug1

RHFG +4<<7,1 Wkh RHFG Mre Vwxg|1 RHFG/ Sdulv1

RHFG +4<<:d,1 Hfrqrplf Vxuyh| iru Qruzd|1 RHFG/ Sdulv1

RHFG +4<<:e,1 Hfrqrplf Vxuyh| iru Vzhghq1 RHFG/ Sdulv1

Uûgvhwk/ D1 dqg V1 Kroghq +4<<3,1 Zdjh irupdwlrq lq Qruzd|1 Lq Fdopiruv/ O1 +hg1,/
Zdjh Irupdwlrq dqg Pdfurhfrqrplf Srolf| lq wkh Qruglf Frxqwulhv/ fkds1 81
R{irug Xqlyhuvlw| Suhvv/ R{irug1

Uûgvhwk/ D1 dqg U1 Q|prhq +4<<;,1 Qruglf Zdjh Irupdwlrq dqg Xqhpsor|phqw
Vhyhq \hduv Odwhu1 Xqsxeolvkhg pdqxvfulsw/ Hfrqrplfv Ghsduwphqw/ Xqlyhuvlw|
ri Rvor1

Vdujdq/ M1 G1 +4<97,1 Zdjhv dqg Sulfhv lq wkh Xqlwhg Nlqjgrp= D Vwxg| ri Hfrqr0
phwulf Phwkrgrorj|1 Lq Kduw/ S1 H1/ J1 Ploov dqg M1 N1 Zklwdnhu +hgv1,/ Hfrqrphw0
ulf Dqdo|vlv iru Qdwlrqdo Hfrqrplf Sodqqlqj/ 588961 Exwwhuzruwk Fr1/ Orqgrq1

Vwdljhu/ G1/ M1 K1 Vwrfn dqg P1 Z1 Zdwvrq +4<<:,1 Wkh QDLUX/ Xqhpsor|phqw
dqg Prqhwdu| Srolf|1 Mrxuqdo ri Hfrqrplf Shuvshfwlyhv / 44 / 6687<1
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