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DEVWUDFW

Wklv sdshu txdqwlwdwlyho| hydoxdwhv wkh k|srwkhvlv wkdw gh dwlrq fdq dffrxqw iru pxfk ri
wkh Juhdw Ghsuhvvlrq +4<5<066,1 Zh h{dplqh wzr srsxodu h{sodqdwlrqv ri wkh Ghsuhvvlrq=
+4, Wkh �kljk zdjh� vwru|/ dffruglqj wr zklfk gh dwlrq/ frpelqhg zlwk lpshuihfwo|  h{leoh
zdjhv/ udlvhg uhdo zdjhv dqg uhgxfhg hpsor|phqw dqg rxwsxw1 +5, Wkh �edqn idloxuh� vwru|/
dffruglqj wr zklfk gh dwlrqdu| prqh| vkrfnv frqwulexwhg wr edqn idloxuhv dqg wr d uhgxfwlrq
lq wkh h!flhqf| ri �qdqfldo lqwhuphgldwlrq/ zklfk lq wxuq uhgxfhg ohqglqj dqg rxwsxw1 Zh
hydoxdwh wkhvh vwrulhv xvlqj jhqhudo htxloleulxp exvlqhvv f|foh prghov/ dqg �qg wkdw zdjh
vkrfnv dqg edqnlqj vkrfnv dffrxqw iru d vpdoo iudfwlrq ri wkh Juhdw Ghsuhvvlrq1 Zh dovr �qg
wkdw vrph rwkhu suhglfwlrqv ri wkh wkhrulhv duh dw yduldqfh zlwk wkh gdwd1

�Wklv sdshu lv iruwkfrplqj lq wkh QEHU Pdfur Dqqxdo 53331 Zh wkdqn Dqg| Dwnhvrq/ Ehq Ehuqdqnh/
Qdud|dqd Nrfkhuodnrwd/ Nhq Urjr�/ Duw Uroqlfn/ dqg rxu glvfxvvdqwv Plfkdho Erugr dqg Pdun Jhuwohu iru
khosixo frpphqwv1 Zh wkdqn Gdqlho Kdpphuphvk iru FSV zdjh gdwd dqg Mrqdwkrq Sdunhu iru hvwlpdwhv
ri frpsrvlwlrqdo zdjh fkdqjhv1 Vshfldo wkdqnv jr wr Hg Suhvfrww iru pdq| glvfxvvlrqv derxw wkh Juhdw
Ghsuhvvlrq1 Zh kdyh dovr ehqh�whg iurp wkh rxwvwdqglqj uhvhdufk dvvlvwdqfh ri Mhvxv Ihuqdqgh}0Yloodyhugh1
Wkh ylhzv h{suhvvhg khuhlq duh wkrvh ri wkh dxwkruv dqg qrw qhfhvvdulo| wkrvh ri wkh Ihghudo Uhvhuyh Edqn ri
Plqqhdsrolv ru wkh Ihghudo Uhvhuyh V|vwhp1



41 Lqwurgxfwlrq
Pdq| hfrqrplvwv dujxh wkdw gh dwlrq fdq dffrxqw iru pxfk ri wkh Juhdw Ghsuhvvlrq

+4<5<066, lq wkh Xqlwhg Vwdwhv1 Dffruglqj wr wklv vwru|/ d vkdus ghfolqh lq wkh prqh| vxsso|

fdxvhg udslg gh dwlrq/ zklfk lq wxuq uhgxfhg rxwsxw1 Hpslulfdo uhvhdufk kdv grfxphqwhg

odujh ghfuhdvhv lq prqh|/ sulfhv/ dqg rxwsxw ehwzhhq 4<5<0661 Exw wkhuh lv pxfk ohvv zrun

dvvhvvlqj zkhwkhu wklv vkrfn fdq sodxvleo| dffrxqw iru wkh Ghsuhvvlrq zlwklq ixoo| duwlfxodwhg

jhqhudo htxloleulxp prghov1 Wklv sdshu txdqwlwdwlyho| hydoxdwhv wkh gh dwlrq k|srwkhvlv zlwk

g|qdplf/ jhqhudo htxloleulxp exvlqhvv f|foh prghov1

Hydoxdwlqj wkh gh dwlrq k|srwkhvlv zlwk jhqhudo htxloleulxp prghov uhtxluhv dq h{0

solflw wkhru| ri zk| gh dwlrq uhgxfhg rxwsxw vr pxfk lq wkh 4<63v1 Vlqfh wkhuh duh vhyhudo

h{sodqdwlrqv iru wklv lq wkh olwhudwxuh/ zh �uvw qduurz wkh �hog e| uhtxlulqj wkdw dq| vxffhvv0

ixo gh dwlrq wkhru| ri wkh Ghsuhvvlrq dovr eh frqvlvwhqw zlwk pdfurhfrqrplf dfwlylw| gxulqj

rwkhu pdmru gh dwlrqv1 Zh wkhuhiruh ghwhuplqh zklfk gh dwlrq wkhrulhv vdwlvi| wklv fulwhulrq

e| frpsdulqj wkh Juhdw Ghsuhvvlrq wr pdfurhfrqrplf dfwlylw| gxulqj wkh hduo| 4<53v/ zklfk

lv d shulrg ri frpsdudeoh gh dwlrq/ exw d pxfk ohvv vhyhuh grzqwxuq lq hfrqrplf dfwlylw|1

Zh �qg wkdw wzr ri wkh irxu prvw srsxodu h{sodqdwlrqv duh uxohg rxw e| wklv frqvlvwhqf|

fulwhulrq1 Wkhvh duh wkh �vxusulvh gh dwlrq vwru|� ri Oxfdv dqg Udsslqj +4<9<,/ zklfk dujxhv

wkdw wkh Juhdw Ghsuhvvlrq zdv vhyhuh ehfdxvh wkh gh dwlrq zdv xqh{shfwhg/ dqg wkh �ghew0

gh dwlrq� vwru| ri Luylqj Ilvkhu / zklfk dujxhv wkdw wkh Juhdw Ghsuhvvlrq zdv vhyhuh ehfdxvh

gh dwlrq vxevwdqwldoo| udlvhg wkh uhdo ydoxh ri sulydwh ghew1 Wkh wzr vwrulhv wkdw duh qrw

uxohg rxw duh wkh �kljk zdjh vwru|� dqg wkh �edqnlqj vwru|1� Dffruglqj wr wkh kljk zdjh

vwru|/ gh dwlrq/ frpelqhg zlwk lpshuihfwo|  h{leoh zdjhv/ udlvhg uhdo zdjhv dqg uhgxfhg

hpsor|phqw dqg rxwsxw1 D qxpehu ri hfrqrplvwv uhsruw hylghqfh lq idyru ri wklv vwru|/

lqfoxglqj Hlfkhqjuhhq dqg Vdfkv +4<;8,/ Ehuqdqnh dqg Fduh| +4<<9,/ dqg Erugr/ Hufhj/ dqg

Hydqv +5333,1 Dffruglqj wr wkh edqn idloxuh vwru|/ gh dwlrqdu| prqh| vkrfnv frqwulexwhg wr

edqn idloxuhv dqg wr d uhgxfwlrq lq wkh h!flhqf| ri �qdqfldo lqwhuphgldwlrq/ zklfk lq wxuq

uhgxfhg ohqglqj dqg rxwsxw1 Ehuqdqnh +4<;6, uhsruwv hylghqfh lq idyru ri wklv vwru|1

Iroorzlqj wklv hpslulfdo dqdo|vlv/ zh ghyhors wzr jhqhudo htxloleulxp prghov wr vhs0

dudwho| hydoxdwh wkh zdjh vkrfn k|srwkhvlv dqg wkh edqnlqj vkrfn k|srwkhvlv1 Zh dvn wzr

txhvwlrqv= Fdq wkhvh vkrfnv gulyh grzq rxwsxw shu dgxow qhduo| 73 shufhqw uhodwlyh wr wuhqg



ehwzhhq 4<5<066B Duh wkh rwkhu suhglfwlrqv ri wkh wkhrulhv frqvlvwhqw zlwk wkh gdwdB

Rxu pdlq �qglqj lv wkdw zdjh vkrfnv dqg edqnlqj vkrfnv dffrxqw iru d vpdoo iudfwlrq

ri wkh Juhdw Ghsuhvvlrq1 Zh dovr �qg wkdw vrph rwkhu suhglfwlrqv ri wkh wkhrulhv duh dw

yduldqfh zlwk wkh gdwd1 Zh frqfoxgh wkdw wkhvh uhvxowv udlvh txhvwlrqv derxw wkh gh dwlrq

dqg edqnlqj k|srwkhvlv dv dq h{sodqdwlrq ri wkh Juhdw Ghsuhvvlrq lq wkh Xqlwhg Vwdwhv1

Wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 suhvhqwv wkh frpsdulvrq ehwzhhq wkh

Juhdw Ghsuhvvlrq dqg wkh 4<54055 ghsuhvvlrq/ dqg wkh hydoxdwlrq ri wkh irxu srsxodu gh dwlrq

vwrulhv iru wkh Juhdw Ghsuhvvlrq1 Zh wkhq jr rq wr ghyhors jhqhudo htxloleulxp prghov iru

wkh wzr vwrulhv wkdw duh qrw uxohg rxw e| wklv frpsdulvrq 0 wkh kljk zdjh vwru| dqg wkh

edqnlqj vwru|1 Vhfwlrq 6 suhvhqwv d jhqhudo htxloleulxp prgho zlwk deryh0pdunhw zdjhv/ dqg

dovr suhvhqwv d txdqwlwdwlyh dvvhvvphqw ri wkh zdjh k|srwkhvlv1 Vhfwlrq 7 suhvhqwv d jhqhudo

htxloleulxp prgho zlwk dq lqwhuphgldwlrq vhfwru wr dvvhvv wkh pdfurhfrqrplf lpsdfw ri edqn

idloxuhv1 Vlqfh rxu uhvxowv vxssruw qhlwkhu wkh zdjh qru edqnlqj vwru|/ vhfwlrq 8 eulh | glvfxvv

wzr rwkhu srvvleoh frqwulexwlqj idfwruv wr wkh Juhdw Ghsuhvvlrq= fkdqjhv lq dvvhw sulfhv dqg

fkdqjhv lq surgxfwlylw|1 Vhfwlrq 9 suhvhqwv d vxppdu| dqg frqfoxvlrq1

51 Dq Hpslulfdo Sx}}oh derxw wkh Gh dwlrq K|srwkhvlv
D vxffhvvixo wkhru| ri wkh Juhdw Ghsuhvvlrq edvhg rq gh dwlrq vkrxog dffrxqw iru

pdfurhfrqrplf dfwlylw| gxulqj 4<5<066 dqg vkrxog dovr eh frqvlvwhqw zlwk pdfurhfrqrplf

dfwlylw| gxulqj rwkhu pdmru gh dwlrqv1 Wklv vhfwlrq hpslulfdoo| hydoxdwhv wklv frqvlvwhqf|

uhtxluhphqw e| frpsdulqj fkdqjhv lq sulfhv dqg uhdo rxwsxw gxulqj 4<5<066 wr wkrvh gxulqj

d shulrg ri frpsdudeoh gh dwlrq= 4<530551

Wdeoh 4 vkrzv wkh shufhqwdjh fkdqjh lq wkh JQS gh dwru/ uhdo JQS/ uhdo frqvxpswlrq/

dqg uhdo lqyhvwphqw gxulqj wkhvh wzr hslvrghv1 Wkh wkuhh txdqwlw| yduldeohv duh gh dwhg e|

wkhlu vshfl�f gh dwruv/ duh phdvxuhg uhodwlyh wr wkh dgxow +49 dqg ryhu, srsxodwlrq/ dqg

duh ghwuhqghg14 Gh dwlrq lv vlplodu gxulqj wkhvh wzr shulrgv= wkh sulfh ohyho ihoo derxw 53

shufhqw ehwzhhq 4<53055/ dqg dovr ihoo derxw 53 shufhqw ehwzhhq 4<5<0651 Ghvslwh wkhvh

4Zh ghwuhqghg wkhvh wkuhh txdqwlw| yduldeohv dw d udwh ri 41< shufhqw shu |hdu1 Zh gh�qh wklv udwh dv
qrupdo jurzwk/ ehfdxvh lw lv wkh jurzwk udwh ri rxwsxw2dgxow erwk ehiruh wkh Juhdw Ghsuhvvlrq +4<4<04<5<,/
dqg diwhu ZZLL +4<7:04<<:,/ dqg ehfdxvh lw lv forvh wr wkh 5 shufhqw dyhudjh jurzwk udwh ehwzhhq 4<3304<<:1
Lw lv dovr zruwk qrwlqj wkdw rxwsxw2dgxow lq 4<5< lv yhu| forvh wr dq ROV wuhqg olqh �w wr wklv vhulhv ehwzhhq
4<3304<<:1 Wklv vxjjhvwv wkdw rxwsxw zdv forvh wr lwv qrupdo wuhqg ydoxh lq 4<5<1
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vlplodu gh dwlrqv/ krzhyhu/ rxwsxw ihoo pxfk pruh ehwzhhq 4<5<065 wkdq ehwzhhq 4<530551

Uhdo JQS ihoo 69 shufhqw ehwzhhq 4<5<065/ exw mxvw 7 shufhqw ehwzhhq 4<530551

Wkhvh gdwd udlvh d sx}}oh derxw wkh gh dwlrq k|srwkhvlv= Li wkh 53 shufhqw gh dwlrq

ri wkh 4<63v fdxvhg wkh Juhdw Ghsuhvvlrq/ zk| glgq*w wkh 53 shufhqw gh dwlrq ri wkh 4<53v

dovr fdxvh d pdmru ghsuhvvlrqB Uhvroylqj wklv sx}}oh uhtxluhv �qglqj vrph rwkhu vkrfn+v,

wkdw pdjqli| wkh ghsuhvvlqj h�hfwv ri gh dwlrq dqg wkdw zhuh suhvhqw lq wkh 4<63v/ exw qrw

lq wkh 4<53v1 Wkhuh duh d vhyhudo vwrulhv iru zk| wkh 4<63v gh dwlrq kdg vxfk odujh/ qhjdwlyh

uhdo h�hfwv1 Exw fdq wkhvh vwrulhv h{sodlq zk| wkh Juhdw Ghsuhvvlrq zdv vr pxfk zruvh wkdq

wkh 4<54055 GhsuhvvlrqB Zh dgguhvv wklv txhvwlrq lq wkh qh{w vhfwlrq1

Wdeoh 4= Gh dwlrq dqg Rxwsxw 0 Rxwsxw dqg lwv Frpsrqhqwv5

Ghsuhvvlrq ri 4<54055 +4<53@433, Wkh Juhdw Ghsuhvvlrq +4<5<@433,

\hdu S \ F Il{hg L \hdu S \ F Il{hg L

4<54 ;815 <61< 43517 ;914 4<63 <:18 ;91< <313 :615

4<55 ;319 <915 4351: 44717 4<64 ;;18 ::19 ;716 7;18

4<65 :<18 9713 :716 591:

4<66 ::18 931< :31; 5613

D1 Fdq wkh Vwdqgdug Vwrulhv H{sodlq wkh Vhyhulw| ri wkh Juhdw GhsuhvvlrqB

Irxu srsxodu gh dwlrq vwrulhv iru wkh Juhdw Ghsuhvvlrq duh= +4, wkh gh dwlrq zdv

xqh{shfwhg/ +5, qrplqdo ghew ohyhov zhuh kljk/ +6, qrplqdo zdjhv zhuh lpshuihfwo|  h{leoh/

dqg +7, wkhuh zhuh pdq| edqn idloxuhv lq dgglwlrq wr wkh gh dwlrq1 Zh frqvlghu hdfk ri wkhvh

vwrulhv lq wxuq dqg dvn zkhwkhu wkh| pljkw eh frqvlvwhqw zlwk erwk wkh Juhdw Ghsuhvvlrq

dqg wkh 4<54055 Ghsuhvvlrq1 Iru hdfk vwru|/ wklv frqvlvwhqf| uhtxluhv wkdw wkh vkrfn wkdw

pdjql�hg wkh uhdo h�hfw ri gh dwlrq lq wkh 4<63v qrw eh suhvhqw lq wkh 4<53v1

5Wkh sulfh ohyho lv iurp Urphu +4<;;, iru 4<54056/ dqg iurp Klvwrulfdo Vwdwlvwlfv iru 4<5<0661 Wkh rxwsxw
gdwd iru 4<53055 duh iurp Nhqgulfn +4<94,/ s1 5<71 Urphu +4<;;, dujxhv wkdw wkh Nhqgulfn vhulhv lv d ehwwhu
rxwsxw phdvxuh iru wkh 4<53v wkdq wkh Frpphufh Ghsdwphqw phdvxuh/ zklfk lv edvhg rq suholplqdu| zrun
ri Nx}qhwv dqg Nhqgulfn1 Wkh rxwsxw gdwd iru 4<5<04<66 duh iurp wkh QLSD1 Wkh srsxodwlrq gdwd lv iurp
Klvwrulfdo Vwdwlvwlfv/ s1 431
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Gl�huhqfhv lq Gh dwlrq Suhglfwdelolw| Ehwzhhq wkh 4<53v dqg 4<63v

Vrph wkhrulhv suhglfw wkdw rqo| xqdqwlflsdwhg gh dwlrq ghsuhvvhv uhdo hfrqrplf df0

wlylw|1 Oxfdv dqg Udsslqj +4<9<, dujxh wkdw wkh 4<63v gh dwlrq zdv xqh{shfwhg dqg wkdw

wklv zdv dq lpsruwdqw idfwru ehklqg wkh vhyhulw| ri wkh Juhdw Ghsuhvvlrq1 Fdq gl�huhqfhv

lq wkh suhglfwdelolw| ri wkh 4<53v dqg 4<63v gh dwlrqv h{sodlq wkh gl�huhqfh lq wkh vhyhulw|

ri wkhvh wzr ghsuhvvlrqvB Zh dgguhvv wklv txhvwlrq e| frpsdulqj qrplqdo dqg h{ srvw uhdo

lqwhuhvw udwhv ehwzhhq wkhvh wzr shulrgv16 Li gl�huhqfhv lq wkh suhglfwdelolw| ri gh dwlrq fdq

h{sodlq erwk wkh Juhdw Ghsuhvvlrq dqg wkh Ghsuhvvlrq ri 4<54055/ zh vkrxog revhuyh yhu|

orz qrplqdo lqwhuhvw udwhv lq wkh 4<53v/ exw uhodwlyho| kljk qrplqdo dqg h{0srvw uhdo lqwhuhvw

udwhv gxulqj wkh 4<63v1

Wdeoh 5= Qrplqdo dqg H{0Srvw Uhdo Lqwhuhvw Udwhv= 4<53v dqg 4<63v7

Ghsuhvvlrq ri 4<54055 Wkh Juhdw Ghsuhvvlrq

\hduv 4<54 4<55 Dyj1 4<63 4<64 4<65 4<66 Dyj1

Wuhdvxu| Qrwhv 0 Qrplqdo 71;6 617: 7168 5156 4148 31:; 3159 4143

Wuhdvxuh Qrwhv 0 Uhdo 4<196 ;1;: 47158 71:6 4316; 431<8 51:; :154

Wdeoh 5 vkrzv dyhudjh dqqxdo qrplqdo dqg uhdo lqwhuhvw udwhv rq 6 wr 9 prqwk X1V1

Wuhdvxu| Qrwhv dqg Fhuwl�fdwhv1 Wkh uhdo udwh lv wkh qrplqdo udwh plqxv wkh shufhqwdjh

fkdqjh lq wkh dqqxdo JQS gh dwru1 Wkh prvw vwulnlqj ihdwxuh ri wkhvh gdwd lv wkdw erwk

qrplqdo dqg uhdo lqwhuhvw udwhv duh kljkhu gxulqj wkh Ghsuhvvlrq ri 4<540551 Wkh dyhudjh

qrplqdo udwh rq Wuhdvxu| vhfxulwlhv lv 7168 shufhqw ehwzhhq 4<54055 frpsduhg wr dq dyhudjh

ri 414 shufhqw ehwzhhq 4<630661 Wkh dyhudjh uhdo udwh rq wkhvh vhfxulwlhv lv 47158 shufhqw

ehwzhhq 4<54055/ frpsduhg wr dq dyhudjh ri :154 shufhqw ehwzhhq 4<6306318 Wkhvh gdwd

vxjjhvw wkdw wkh 4<63v gh dwlrq zdv pruh suhglfwdeoh wkdq wkh 4<53v gh dwlrq/ udwkhu wkdq

6Wkhuh lv vrph zrun dgguhvvlqj wkh suhglfwdelolw| ri wkh 4<63v gh dwlrq +vhh Kdplowrq +4<<5, dqg Fhffkhwwl
+4<<5,,/ exw zh duh xqdzduh ri dq| vwxglhv ri wkh suhglfwdelolw| ri wkh gh dwlrq ri wkh hduo| 4<53v/ ru dq|
frpsdulvrq ri wkh suhglfwdelolw| ri gh dwlrq ehwzhhq wkh wzr shulrgv1

7Wkh gdwd duh iurp wkh Ihghudo Uhvhuyh Erdug +4<76,1 Wkh uhvxowv duh yhu| vlplodu xvlqj 709 prqwk sulph
frpphufldo sdshu1

8Lw pd| vhhp vxusulvlqj wkdw wkh gh dwlrq ri wkh hduo| 4<53v zdv pruh xqh{shfwhg/ vlqfh prqhwdu| srolf|
diwhu zduv wudglwlrqdoo| surgxfhg gh dwlrq1 Krzhyhu/ wkh wlplqj dqg udwhv ri wkhvh gh dwlrqv zhuh suredeo|
pxfk ohvv fhuwdlq1
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ohvv suhglfwdeoh1 Zh frqfoxgh iurp wkhvh gdwd wkdw xqh{shfwhg gh dwlrq lv qrw wkh nh| idfwru

ehklqg wkh uhodwlyh vhyhulw| ri wkh Juhdw Ghsuhvvlrq19

Gl�huhqfhv lq Sulydwh Ghew0Gh dwlrq Ehwzhhq wkh 4<53v dqg 4<63v

Luylqj Ilvkhu +4<66, vxjjhvwhg wkdw gh dwlrq dqg kljk sulydwh ghew ohyhov frqwulexwhg

wr wkh Juhdw Ghsuhvvlrq e| uhgxflqj eruurzhu zhdowk dqg frqvwudlqlqj ohqglqj1 Wklv lv

nqrzq dv wkh �ghew0gh dwlrq� ylhz ri wkh Juhdw Ghsuhvvlrq1 Ehiruh dvnlqj zkhwkhu wklv

vwru| lv frqvlvwhqw zlwk erwk ghsuhvvlrqv/ lw lv lpsruwdqw wr qrwh wkdw wkhuh duh wzr vhsdudwh

pdfurhfrqrplf h�hfwv iurp wklv uhglvwulexwlrq1 Zh fdoo rqh wkh ghew exughq h�hfw ri ghew0

gh dwlrq/ zklfk lv Ilvkhu*v ruljlqdo ylhz1 Wkh rwkhu lv wkh zhdowk wudqvihu h�hfw/ lq zklfk

xqh{shfwhg gh dwlrq wudqvihuv zhdowk iurp ghewruv wr fuhglwruv1 Rq dyhudjh/ fuhglwruv duh

roghu dqg eruurzhuv duh |rxqjhu1 Wklv wudqvihu lqfuhdvhv wkh rog jhqhudwlrq*v frqvxpswlrq/

exw fkdqjhv wkhlu oderu lqsxw olwwoh lq devroxwh whupv vlqfh wkhlu oderu hqgrzphqw lv orz1

Wkh zhdowk wudqvihu zloo whqg wr lqfuhdvh wkh krxuv ri wkh |rxqj jhqhudwlrq1 Ryhudoo/ wkh

zhdowk wudqvihu h�hfw vkrxog lqfuhdvh djjuhjdwh krxuv dqg rxwsxw dqg wkxv zloo whqg wr r�vhw

wkh ghew exughq h�hfw1 Wkxv/ wkhuh lv qr wkhruhwlfdo suhvxpswlrq wkdw zhdowk uhglvwulexwlrqv

ehwzhhq ghewruv dqg fuhglwruv uhgxfh djjuhjdwh hpsor|phqw dqg rxwsxw1

Li wkh �ghew0gh dwlrq� vwru| fdq h{sodlq wkh vhyhulw| ri wkh Juhdw Ghsuhvvlrq/ wkh ghew

exughq h�hfw pxvw eh txdqwlwdwlyho| pxfk pruh lpsruwdqw lq wkh 4<63v wkdq lq wkh 4<53v1

Wzr idfwruv wkdw d�hfw wkh txdqwlwdwlyh lpsdfw ri wkh ghew exughq h�hfw duh wkh vl}h ri wkh

vwrfn ri ghew dw wkh vwduw ri wkh gh dwlrq dqg wkh sdwwhuq ri gh dwlrq1 D odujhu lqlwldo vwrfn

ri ghew dqg d udslg gh dwlrq zloo whqg wr lqfuhdvh wkh ghew exughq h�hfw1 Zh phdvxuh wkh

lqfuhdvh lq wkh ghew exughq dv wkh lqfuhdvh lq wkh uhdo ydoxh ri ghew +uhodwlyh wr rxwsxw, gxh

wr gh dwlrq ryhu wkh �uvw wzr |hduv ri hdfk ghsuhvvlrq1

Wdeoh 6 vkrzv wkh lqlwldo vwrfn ri ghew uhodwlyh wr rxwsxw dw wkh sulfh ohyho shdn sulru

wr hdfk ghsuhvvlrq/ dv zhoo dv wkh shufhqwdjh fkdqjh lq sulfhv lq wkh �uvw wzr |hduv ri hdfk

ghsuhvvlrq/ wkh lpsolhg shufhqwdjh lqfuhdvh lq wkh ghew exughq uhodwlyh wr lqlwldo rxwsxw/ dqg

wkh shufhqwdjh fkdqjh lq uhdo rxwsxw1 Wkh prvw vwulnlqj ihdwxuh ri wkhvh gdwd lv wkdw wkh

9Vrph hfrqrplvwv kdyh dovr vxjjhvwhg wkdw kljk uhdo lqwhuhvw udwhv zhuh dq lpsruwdqw frqwulexwlqj idfwru
wr wkh Juhdw Ghsuhvvlrq1 Wkh idfw wkdw uhdo lqwhuhvw udwhv zhuh vxevwdqwldoo| kljkhu gxulqj wkh 4<54055
Ghsuhvvlrq fdvwv grxew rq wklv h{sodqdwlrq1
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ghew exughq fkdqqho ulvhv pruh lq 4<54055 wkdq lq 4<5<0641 Wkh pruh udslg 4<53v gh dwlrq

lqfuhdvhg wkh ghew exughq e| 315< ehwzhhq 4<53055/ frpsduhg wr 3153 ehwzhhq 4<5<0641 Wklv

kljkhu ghew exughq lqfuhdvh/ krzhyhu/ lv dvvrfldwhg zlwk d pxfk vpdoohu ghfuhdvh lq rxwsxw1

Uhdo JQS ihoov 61; shufhqw ehwzhhq 4<53055/ exw ihoov 5517 shufhqw ehwzhhq 4<5<0641

Wdeoh 6= Lqfuhdvh lq wkh Sulydwh Ghew Exughq Gxh wr Gh dwlrq=

Wkh Ghsuhvvlrq ri 4<54055 yv1 wkh Juhdw Ghsuhvvlrq:

Sulydwh Ghew (7 lq Sulfh Ohyho Lqfuhdvh lq Ghew Exughq (7 lq JQS

Uhodwlyh wr lq Iluvw 5 \hduv lq Iluvw 5 \hduv lq Iluvw 5 \hduv

\hdu Rxwsxw ri Gh dwlrq ri Gh dwlrq ri Gh dwlrq

4<53 4153 04<17( 15< 061;(

4<5< 4189 04418( 153 05517(

H{sodlqlqj wkh vhyhulw| ri wkh Juhdw Ghsuhvvlrq wkurxjk ghew0gh dwlrq wkxv uhtxluhv d

prgho lq zklfk dq lqlwldo ghew vwrfn ri 415/ zlwk 4< shufhqw gh dwlrq/ lv dvvrfldwhg zlwk rqo|

d 7 shufhqw ghfuhdvh lq rxwsxw/ zkloh dq lqlwldo ghew vwrfn ri 4189/ zlwk 44 shufhqw gh dwlrq/

gulyhv grzq rxwsxw e| pruh wkdq 55 shufhqw1; Zh duh xqdzduh ri dq| txdqwlwdwlyho| sodxvleoh

prgho wkdw lv frqvlvwhqw zlwk wkhvh revhuydwlrqv1 Zh frqfoxgh iurp wkhvh gdwd wkdw wkh

:Wkh lqfuhdvh lq wkh ghew exughq lv jlyhq e|

433 �G@\

433 .(7S
�G@\>

zkhuh G lv wkh ghew0wr0rxwsxw udwlr1
Wkhuh duh wzr edvlf vrxufhv ri gdwd rq exvlqhvv oldelolwlhv lq wkh Klvwrulfdo Vwdwlvwlfv1 Wkh �uvw lv wkh

qrplqdo ghew vhulhv sxw rxw e| wkh EHD/ zklfk zh kdyh xvhg1 Wkh vhfrqg lv iurp LUV gdwd rq frusrudwh
wd{ uhwxuqv +vhh vhulhv Y 43;0473,1 Wkh LUV gdwd rqo| ehjlqv lq 4<59/ dqg wkhuh dsshduv wr eh d vljql�fdqw
gl�huhqfh dv wr wkh lqglfdwhg lqfuhdvh lq frusrudwh ghew ohyhov ehwzhhq wkh wzr vrxufhv1 Wkh LUV gdwd lqglfdwh
wkdw frusrudwh ghew lq wkh irup ri erqghg ghew dqg pruwjdjhv urvh 7:( ehwzhhq 4<59 dqg 4<5<1 Wklv �jxuh
vhhpv wrr odujh dqg vxjjhvwv wkdw wkh fryhudjh ohyho zdv lqlwldoo| orz zkhq wkh LUV zdv �uvw froohfwlqj wkh
uhwxuqv gdwd1 Wklv ylhz lv vxssruwhg e| wkh revhuydwlrq wkdw dffruglqj wr wkh LUV gdwd wkh wrwdo ghew ri wkh
frusrudwh vhfwru 0 lqfoxglqj qrwhv/ dffrxqwv sd|deoh/ erqghg ghew dqg pruwjdjhv 0 zdv rqo| '881; eloolrq lq
4<59/ zkloh wkh qhw ghew iurp wkh EHD iru wkh wrwdo frusrudwh vhfwru lq 4<59 zdv ':915 eloolrq1

;Roqh| +4<<<, dujxhv wkdw kljk frqvxphu ghew ohyhov dqg h{wuhph ghidxow shqdowlhv khos dffrxqw iru wkh
odujh gurs lq frqvxpswlrq lq 4<631 Li wklv lqghewhgqhvv zdv nh|/ zh zrxog h{shfw d odujhu wkdq qrupdo
ghfuhdvh lq frqvxphu gxudeohv vshqglqj lq 4<631 Krzhyhu/ wkh ghfuhdvh lq wkh udwlr ri gxudeohv wr rxwsxw lq
4<63 lv vpdoo uhodwlyh wr srvwzdu uhfhvvlrqv1 Wkh pdmru ghfuhdvh lq frqvxpswlrq lq 4<63 lv gxh wr qrqgxudeohv
dqg vhuylfhv1
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ghew0gh dwlrq vwru| grhv qrw h{sodlq zk| wkh Juhdw Ghsuhvvlrq zdv zruvh wkdq wkh 4<54055

Ghsuhvvlrq1<

Gl�huhqfhv lq Zdjhv Ehwzhhq wkh 4<53v dqg 4<63v

Vrph hfrqrplvwv eholhyh wkdw zdjh fkdqjhv lqfuhdvhg wkh ghsuhvvlqj h�hfwv ri gh d0

wlrq lq wkh 4<63v1 Ehiruh dgguhvvlqj zkhwkhu gl�huhqfhv lq zdjhv fdq h{sodlq wkh gl�huhqfh

ehwzhhq wkh Juhdw Ghsuhvvlrq dqg wkh Ghsuhvvlrq ri 4<54055/ lw lv lpsruwdqw wr uhfrjql}h

wkdw wkhuh lv glvdjuhhphqw ryhu krz zdjh fkdqjhv pd| kdyh frqwulexwhg wr wkh Juhdw Ghsuhv0

vlrq1 Vrph hfrqrplvwv/ iru h{dpsoh Oxfdv dqg Udsslqj +4<:5,/ dqg Oxfdv +4<;6,/ dujxh wkdw

wkh Juhdw Ghsuhvvlrq zdv vhyhuh ehfdxvh qrplqdo zdjhv ihoo vr pxfk1 Rwkhuv/ iru h{dpsoh

Ehuqdqnh dqg Fduh| +4<<9,/ Erugr/ Hufhj/ dqg Hydqv +5333,/ dqg Hlfkhqjuhhq dqg Vdfkv

+4<;8,/ dujxh wkdw wkh Juhdw Ghsuhvvlrq zdv vhyhuh ehfdxvh qrplqdo zdjhv zhuh lpshuihfwo|

 h{leoh dqg glg qrw idoo hqrxjk1

Vlqfh wkh Oxfdv0Udsslqj ylhz lv edvhg rq xqh{shfwhg gh dwlrq/ dqg lw lv xqolnho| wkdw

xqh{shfwhg gh dwlrq lv uhvsrqvleoh iru wkh vhyhulw| ri wkh Juhdw Ghsuhvvlrq/ zh irfxv rq wkh

lq h{leoh zdjh k|srwkhvlv1 Dffruglqj wr wklv k|srwkhvlv/ lq h{leoh qrplqdo zdjhv/ frpelqhg

zlwk gh dwlrq/ udlvhg uhdo zdjhv zklfk uhgxfhg hpsor|phqw dqg rxwsxw1

H{sodlqlqj wkh uhodwlyh vhyhulw| ri wkh Juhdw Ghsuhvvlrq wkurxjk kljk zdjhv uhtxluhv=

+4, uhdo zdjhv zhoo deryh wuhqg lq wkh 4<63v/ dqg vljql�fdqwo| kljkhu wkdq zdjhv lq4<54055/

dqg +5, d wkhru| ri oderu pdunhw idloxuh gxulqj wkh 4<63v 0 li wkh Juhdw Ghsuhvvlrq zdv fdxvhg

e| kljk uhdo zdjhv/ wkhuh zrxog kdyh ehhq hqruprxv frpshwlwlyh suhvvxuh iru zdjhv wr idoo1

Zh ehjlq e| h{dplqlqj zdjhv ehwzhhq wkh wzr Ghsuhvvlrqv1 Xqiruwxqdwho|/ wkhuh lv

olplwhg vxuyh| zdjh gdwd wkdw lv erwk ri uhdvrqdeoh txdolw| dqg lv frqvlvwhqwo| dydlodeoh gxulqj

erwk wkh 4<53v dqg 4<63v1 Wzr vhfwruv iru zklfk vxfk gdwd duh dydlodeoh duh djulfxowxuh dqg

pdqxidfwxulqj1 Wdeohv 7 dqg 8 vkrz wkdw ghwuhqghg zdjh fkdqjhv duh idluo| vlplodu ehwzhhq

wkh wzr hslvrghv dqg wkdw zdjh fkdqjhv gl�huhg vljql�fdqwo| dfurvv vhfwruv ri wkh hfrqrp|1

Vrph uhdo zdjhv ihoo vxevwdqwldoo| gxulqj erwk ghsuhvvlrqv/ zkloh rwkhuv uhpdlqhg qhdu wuhqg1

Wkh zdjh lq wkh idup vhfwru lv dq h{dpsoh ri rqh uhdo zdjh wkdw ihoo vljql�fdqwo| gxulqj erwk

<Lw lv zruwk qrwlqj wkdw wkh gl�huhqfh lq ghew ohyhov ehwzhhq wkh wzr shulrgv 0 415 yv1 4189 0 pd| ryhuvwdwh
wkh dfwxdo gl�huhqfh lq wkh ghew exughq fkdqqho/ vlqfh �qdqfldo pdunhwv zhuh suredeo| pruh vrsklvwlfdwhg lq
wkh 4<63v/ dqg dv d frqvhtxhqfh pljkw kdyh pdqdjhg odujhu ghew ohyhov pruh h!flhqwo|1

:



ghsuhvvlrqv1 Wdeoh 7 vkrzv wkdw/ rq dyhudjh/ lw lv derxw 5; shufhqw ehorz wuhqg gxulqj erwk

shulrgv1

Wdeoh 7= Idup Zdjhv43

Ghsuhvvlrq ri 4<54055 Wkh Juhdw Ghsuhvvlrq

+4<53 @ 433, +4<5< @ 433,

\hduv 4<54 4<55 4<63 4<64 4<65 4<66

Uhdo Zdjh :41< :614 <613 :91; 971: 9315

Wdeoh 8= Pdqxidfwxulqj Dyhudjh Krxuo| Hduqlqjv44

Ghsuhvvlrq ri 4<54055 Wkh Juhdw Ghsuhvvlrq

+4<53 @ 433, +4<5< @ 433,

\hduv 4<54 4<55 4<63 4<64 4<65 4<66

Uhdo Zdjh 43418 43415 43514 4391; 43918 43715

Lq frqwudvw/ wkh uhdo pdqxidfwxulqj zdjh urvh prghvwo| gxulqj wkh Juhdw Ghsuhvvlrq

dqg uhpdlqhg qhdu wuhqg lq 4<540551 Wdeoh 8 vkrzv wkh pdqxidfwxulqj zdjh gxulqj wkhvh

wzr ghsuhvvlrqv1 Wkh edvlf gdwd iru wkh Juhdw Ghsuhvvlrq duh iurp vxuyh|v frqgxfwhg e|

wkh Qdwlrqdo Lqgxvwuldo Frqihuhqfh Erdug/ dqg duh frqvlghuhg wr eh dprqj wkh ehvw zdjh

phdvxuhv gxulqj wkh Juhdw Ghsuhvvlrq145 Wkh uhdo pdqxidfwxulqj zdjh/ rq dyhudjh/ zdv

urxjko| 8 shufhqw deryh wuhqg gxulqj 4<63066 dqg derxw 4 shufhqw deryh wuhqg gxulqj wkh

Ghsuhvvlrq ri 4<540551

43Vrxufh= Klvwrulfdo Vwdwlvwlfv/ s1 79;1 Wkh idup zdjh udwh lv wkh gdlo| zdjh zlwkrxw urrp dqg erdug1 Lw
lv gh dwhg e| wkh JQS gh dwru dqg lv ghwuhqghg dw 417 shufhqw shu |hdu/ dv wklv lv wkh dyhudjh jurzwk udwh
ri uhdo krxuo| frpshqvdwlrq ehwzhhq 4<7: dqg 4<<:1

44Wkhvh gdwd duh gh dwhg e| wkh JQS gh dwru1 Zh ghwuhqghg pdqxidfwxulqj zdjhv dw d 417 shufhqw dqqxdo
udwh/ dv wklv lv wkh dyhudjh jurzwk udwh ri uhdo krxuo| frpshqvdwlrq ehwzhhq 4<7: dqg 4<<:1 Wkh dyhudjh
jurzwk udwh ri uhdo pdqxidfwxulqj zdjhv ehwzhhq 4<56 dqg 4<5< zdv voljkwo| kljkhu dw 419 shufhqw shu |hdu1

45Wkh 4<63v gdwd duh iurp Kdqhv +4<<9,1 Wkh 4<53v gdwd lv iurp wkh Qdwlrqdo Lqgxvwuldo Frqihuhqfh Erdug/
dqg lqfoxgh dyhudjh krxuo| hduqlqjv ri doo zdjh hduqhuv lq 58 lqgxvwulhv soxv dqwkudflwh plqlqj/ udlourdgv/ dqg
exloglqj wudghv1 Lqgxvwulhv lqfoxgh phwdo/ wh{wlohv/ ohdwkhu/ sdshu/ ixuqlwxuh/ oxpehu/ phdw/ uxeehu1 Wkh gdwd
duh rq sdjh 58/ wdeoh 51
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Wkhvh pdqxidfwxulqj zdjh gl�huhqfhv ehwzhhq wkh 4<53v dqg 4<63v gr qrw vhhp odujh

hqrxjk wr dffrxqw iru wkh uhodwlyh vhyhulw| ri wkh Juhdw Ghsuhvvlrq1 Exw zlwkrxw d irupdo

prgho zh gr qrw nqrz krz pxfk ri wkh Juhdw Ghsuhvvlrq wkhvh gl�huhqfhv fdq h{sodlq1

Zh wkhuhiruh frqvwuxfw d wzr0vhfwru jhqhudo htxloleulxp prgho lq Vhfwlrq 6 wr dvvhvv wkh

txdqwlwdwlyh frqwulexwlrq ri kljk zdjhv lq vrph vhfwruv wr wkh Juhdw Ghsuhvvlrq1

Gl�huhqfhv lq Edqn Forvlqjv Ehwzhhq wkh 4<53v dqg 4<63v

Pdq| edqnv hlwkhu whpsrudulo| vxvshqghg rshudwlrqv ru idlohg gxulqj wkh hduo| 4<63v1

Ehuqdqnh*v +4<;6, zlgho|0flwhg zrun vkrzv wkdw wkh qxpehu ri edqnv wkdw hlwkhu forvhg whp0

srudulo| ru idlohg lv d vljql�fdqw suhglfwru ri rxwsxw gxulqj wkh Juhdw Ghsuhvvlrq1 Ehuqdqnh*v

zrun kdv ohg d qxpehu ri hfrqrplvwv wr frqfoxgh wkdw edqn forvlqjv zhuh dq lpsruwdqw frq0

wulexwlqj idfwru wr wkh Juhdw Ghsuhvvlrq1 Iru h{dpsoh/ Fkulvwlqd Urphu*v +4<<6, vxuyh| ri

wkh Juhdw Ghsuhvvlrq dujxhv wkdw wkhvh forvlqj zhuh uhvsrqvleoh iru pxfk ri wkh idoo lq rxwsxw

ehwzhhq 4<63 dqg 4<661 Dffruglqj wr wkh edqn forvlqj k|srwkhvlv/ edqn vxvshqvlrqv dqg

idloxuhv ghvwur|hg sulydwh lqirupdwlrq derxw eruurzhuv/ zklfk lq wxuq uhgxfhg wkh h!flhqf|

ri �qdqfldo lqwhuphgldwlrq +vhh Urphu 4<<6,1

Wdeoh 9= Ehkdylru ri Frpphufldo Edqn Ghsrvlwv46

4<54055 Ghsuhvvlrq Wkh Juhdw Ghsuhvvlrq

\hduv 4<54 4<55 4<5< 4<63 4<64 4<65 4<66

Vxvshqghg2Wrwdo 318( 316( 317( 41:( 716( 513( 4413(

Orvv2Wrwdo 315( 314( 314( 318( 31;( 317( 416(

Wrwdo2Rxwsxw 3185 3188 318; 3197 3198 31:; 31:8

Fdq edqn forvlqjv h{sodlq wkh gl�huhqfh ehwzhhq wkh Juhdw Ghsuhvvlrq dqg wkh 4<540

55 GhsuhvvlrqB Wdeoh 9 suhvhqwv d frpsdulvrq ri edqn forvlqjv lq wkh 4<53v dqg 4<63v1 Vlqfh

wkh lpsruwdqfh ri d edqn vxvshqvlrq ru idloxuh ghshqgv rq wkh vl}h ri wkh edqn/ zh phdvxuh

edqn forvlqjv qrw e| wkh qxpehu ri edqnv wkdw forvhg/ exw udwkhu e| wkh iudfwlrq ri ghsrvlwv

lq edqnv wkdw hlwkhu vxvshqghg rshudwlrqv ru idlohg1 Wkh wdeoh wkxv vkrzv wkh iudfwlrq ri

46Vrxufh= Edqnlqj dqg Prqhwdu| Vwdwlvwlfv 4<4704<74/ Erdug ri Jryhuqruv1
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wrwdo ghsrvlwv lq frpphufldo edqnv wkdw hlwkhu vxvshqghg rshudwlrqv ru idlohg/ dqg vkrzv wkh

iudfwlrq ri wrwdo ghsrvlwv orvw e| ghsrvlwruv147

Edqn vxvshqvlrqv dqg idloxuhv zhuh kljkhu gxulqj wkh Juhdw Ghsuhvvlrq1 Derxw 318

shufhqw ri edqnv/ phdvxuhg e| ghsrvlwv/ hlwkhu vxvshqghg rshudwlrqv ru idlohg gxulqj wkh

Ghsuhvvlrq ri 4<54055/ dqg derxw 315 shufhqw ri wrwdo ghsrvlwv zdv xowlpdwho| orvw1 Lq frp0

sdulvrq/ dq dyhudjh ri 519 shufhqw ri edqnv hlwkhu vxvshqghg rshudwlrqv ru idlohg ehwzhhq

4<63065/ dqg dq dyhudjh ri 317 shufhqw ri wrwdo ghsrvlwv zhuh xowlpdwho| orvw gxulqj wkdw

shulrg1 Erwk ri wkhvh udwlrv urvh vljql�fdqwo| lq 4<66 zkhq Suhvlghqw Iudqnolq Urrvhyhow

ghfoduhg d edqn krolgd|1 Dq h{solflw hfrqrplf prgho lv qhhghg wr ghwhuplqh wkh txdqwlwdwlyh

lpsruwdqfh ri wkhvh gl�huhqfhv iru wkh vhyhulw| ri wkh Juhdw Ghsuhvvlrq1 Zh ghyhors d prgho

iru wklv sxusrvh lq Vhfwlrq 71

Wkh �qdo gdwd zh suhvhqw lv wkh udwlr ri wrwdo frpphufldo edqn ghsrvlwv wr rxwsxw

gxulqj wkhvh wzr ghsuhvvlrqv1 Wklv udwlr ulvhv vljql�fdqwo| gxulqj wkh Juhdw Ghsuhvvlrq1 Zh

suhvhqw wklv gdwd ehfdxvh lw zloo eh d nh| udwlr lq wkh prgho wkdw zh ghyhors iru dvvhvvlqj wkh

pdfurhfrqrplf lpsdfw ri edqn forvlqjv1

E1 Vxppdu|

Wklv vhfwlrq dvvhvvhg zkhwkhu irxu srsxodu gh dwlrq vwrulhv iru wkh Juhdw Ghsuhvvlrq

fdq h{sodlq zk| wkh 53 shufhqw gh dwlrq ri wkh 4<63v surgxfhg wkh Juhdw Ghsuhvvlrq/ dqg

zk| wkh 53 shufhqw gh dwlrq ri wkh 4<53v surgxfhg d pxfk ploghu grzqwxuq1 Iru dq| ri

wkhvh vwrulhv wr eh frqvlvwhqw zlwk erwk ghsuhvvlrqv uhtxluhv wkdw wkh vwru| eh txdqwlwdwlyho|

lpsruwdqw gxulqj wkh 4<63v/ exw txdqwlwdwlyho| xqlpsruwdqw gxulqj wkh 4<53v1 Zh irxqg

wkdw wzr ri wkhvh irxu vwrulhv 0 xqh{shfwhg gh dwlrq dqg ghew0gh dwlrq 0 gr qrw vdwlvi| wklv

fulwhulrq/ dqg wkhuhiruh gr qrw vhhp fdsdeoh ri h{sodlqlqj wkh uhodwlyh vhyhulw| ri wkh Juhdw

Ghsuhvvlrq1 Iru wkh rwkhu wzr vwrulhv 0 lpshuihfwo|  h{leoh zdjhv dqg edqn idloxuhv 0 zh glg

�qg vrph gl�huhqfhv ehwzhhq wkh 4<53v dqg 4<63v1 Zh qrz ghyhors wzr prghov 0 rqh iru

dvvhvvlqj wkh uroh ri lq h{leoh qrplqdo zdjhv dqg rqh iru dvvhvvlqj wkh uroh ri edqnlqj vkrfnv

47Vlqfh ghsrvlwv dw idlohg dqg vxvshqghg edqnv duh rqo| dydlodeoh iru frpphufldo edqnv/ zh vkrz wklv udwlr
uhodwlyh wr frpphufldo ghsrvlwv1 Frpphufldo ghsrvlwv dffrxqwhg iru ryhu ;8( ri wrwdo ghsrvlwv gxulqj 4<4<056
dqg ryhu ;3( gxulqj 4<5<0671 Zh lqfoxgh idloxuhv dqg vxvshqvlrqv wrjhwkhu vlqfh zh duh xqdzduh ri dq| gdwd
wkdw vhsdudwhv wkhvh wzr fdwhjrulhv1
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0 wr txdqwlwdwlyho| hydoxdwh krz pxfk wkhvh wzr idfwruv frqwulexwhg wr wkh Juhdw Ghsuhvvlrq1

61 Krz Pxfk ri wkh Juhdw Ghsuhvvlrq Zdv Gxh wr Kljk ZdjhvB
D1 D Wzr0Vhfwru Jhqhudo Htxloleulxp Prgho

Wklv vhfwlrq suhvhqwv d jhqhudo htxloleulxp prgho wr txdqwlwdwlyho| dvvhvv wkh pdfurh0

frqrplf h�hfwv ri kljk zdjhv1 Vlqfh zdjhv lq vrph vhfwruv/ vxfk dv djulfxowxuh/ zhuh  h{leoh/

zh ghyhors d wzr0vhfwru prgho lq zklfk wkh zdjh lq rqh vhfwru lv �{hg deryh wkh pdunhw

fohdulqj ohyho/ dqg wkh zdjh lq wkh rwkhu vhfwru lv  h{leoh1 Zh dvvxph wkdw wkh �{hg zdjh

lq wkh glvwruwhg vhfwru lv htxdo wr wkh pdqxidfwxulqj zdjh> wklv dvvxpswlrq lv glvfxvvhg lq

ghwdlo ehorz1 Doo oderu kluhg lq wkdw vhfwru pxvw eh sdlg wkh deryh0pdunhw zdjh1 Wklv ds0

surdfk fdswxuhv wkh edvlf glvwruwlqj h�hfwv ri deryh0pdunhw zdjhv exw doorzv xv wr devwudfw

iurp rwkhu prqhwdu| ihdwxuhv wkdw zrxog frpsolfdwh wkh hqylurqphqw1 Doo rwkhu sulfhv lq wkh

hfrqrp|/ lqfoxglqj wkh zdjh lq wkh qrqglvwruwhg vhfwru/ dgmxvw wr htxdwh vxsso| dqg ghpdqg

lq wkh rwkhu pdunhwv1

Zh �uvw vxppdul}h wkh sk|vlfdo hqylurqphqw1 Zh wkhq dqdo|}h wkh sxuh pdunhw0

fohdulqj yhuvlrq ri wkh prgho zlwk qr zdjh glvwruwlrqv/ dqg wkhq dqdo|}h wkh prgho zlwk

deryh0pdunhw zdjhv lq wkh pdqxidfwxulqj vhfwru1

Hqylurqphqw

Wlph lv ghqrwhg e| | ' fc �c 2c ���c41 Wkhuh lv d uhsuhvhqwdwlyh idplo| zlwk pdq| php0

ehuv1 Idplo| phpehuv vxsso| oderu/ frqvxph d vlqjoh sk|vlfdo jrrg/ dqg dffxpxodwh sk|vlfdo

fdslwdo1 Wkhuh duh wzr glvwlqfw w|shv ri sk|vlfdo jrrgv= Ilqdo jrrgv duh wkh qxphudluh/ dqg

fdq eh hlwkhu frqvxphg ru lqyhvwhg wr dxjphqw wkh fdslwdo vwrfn1 Wkhvh �qdo jrrgv duh

surgxfhg xvlqj wzr w|shv ri lqwhuphgldwh jrrgv1 Hdfk lqwhuphgldwh jrrg lv surgxfhg iurp

d glvwlqfw vhfwru1 Zh ghqrwh wkh vhfwru wkdw zloo eh glvwruwhg e| wkh deryh0pdunhw zdjh dv

vhfwru 6/ dqg wkh qrqglvwruwhg vhfwru dv vhfwru ?1 Zh ghqrwh wkh rxwsxw ri wkh �qdo jrrg

e| tc dqg wkh rxwsxw ri wkh wzr lqwhuphgldwh jrrgv e| t�c zkhuh zh uhihu wr wkh wzr w|shv

ri lqwhuphgldwh jrrgv zlwk vxevfulswv 6 dqg ?� Wkhvh wzr lqwhuphgldwh jrrgv duh surgxfhg

xvlqj lghqwlfdo Free0Grxjodv whfkqrorjlhv zlwk fdslwdo/ ghqrwhg e| g�c dqg oderu/ ghqrwhg

e| M�/ iru � ' 6c?� Wkh sdudphwhu D lv oderu0dxjphqwlqj whfkqrorjlfdo fkdqjh1

Fdslwdo dqg oderu duh erwk vhfwru vshfl�f 0 qhlwkhu oderu qru fdslwdo fdq pryh iurp
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rqh vhfwru wr wkh rwkhu1 Wkxv/ zrunhuv zkr duh xqdeoh wr zrun dv pxfk dv wkh| zlvk lq

wkh glvwruwhg vhfwru duh qrw shuplwwhg wr pryh wr wkh qrqglvwruwhg vhfwru1 Wklv dvvxpswlrq

dpsol�hv wkh glvwruwlqj h�hfwv ri wkh kljk zdjh1

Whfkqrorjlhv

Wkh whfkqrorj| iru surgxflqj wkh 6 lqwhuphgldwh jrrg lv=

t6 ' E�M6�
�3wgw

6�

Wkh vdph whfkqrorj| lv xvhg wr surgxfh wkh ? lqwhuphgldwh jrrg=

t? ' E�M?�
�3wgw

?�

Wkh whfkqrorj| iru �qdo jrrgv lv d FHV djjuhjdwh ri wkh wzr lqwhuphgldwh jrrgv=

t '
�
kt �

6 n E�� k�t �
?

��*�
�+4,

Wkh sdudphwhu � ghqrwhv oderu dxjphqwlqj whfkqlfdo surjuhvv1

Wkh Pdunhw0Fohdulqj Prgho

Wkh Krxvhkrog*v Sureohp1 Wkhuh lv d uhsuhvhqwdwlyh krxvhkrog zlwk pdq| phpehuv1 Dw

gdwh 3/ lw lv dvvxphg wkdw kdoi ri wkh idplo| phpehuv zrun lq wkh 6 vhfwru/ dqg kdoi zrun lq

wkh ? vhfwru1 48 Wkh krxvhkrog*v suhihuhqfhv ryhu vhtxhqfhv ri frqvxpswlrq ri wkh �qdo jrrg

S| dqg pdunhw wlph lq wkh wzr vhfwruv lv jlyhq e|

4@ 
"[
|'f

q| d*L}ES|� n�i*L}E�� �6|� n � *L}E�� �?|�jo �+5,

Wkh krxvhkrog rzqv wkh fdslwdo vwrfn dqg fkrrvhv frqvxpswlrq/ S|c zrun h�ruw lq wkh wzr

vhfwruv/ �6| dqg �?|c dqg lqyhvwphqw/ %6| dqg %?|c wr pd{lpl}h E5� vxemhfw wr wkh iroorzlqj

suhvhqw ydoxh exgjhw frqvwudlqw/ fdslwdo dffxpxodwlrq frqvwudlqw/ dqg wlph frqvwudlqw=

"[
|'f

'|d�6|�6| n �?|�?| � S| n o6|&6| n o?|&?| � %6| � %?|o � fc+6,

48Wklv suhihuhqfh vshfl�fdwlrq zlwk gl�huhqw xwlolw| zhljkwv rq ohlvxuh shuplwv xv wr uhwdlq wkh wudfwdelolw|
ri d uhsuhvhqwdwlyh djhqw irupxodwlrq1 Wkh gl�huhqw xwlolw| zhljkwv duh uhtxluhg zkhq hpsor|phqw lv gl�huhqw
ehwzhhq wkh wzr vhfwruv +h1j1 � 9@ 3=8,= Lw fdq eh vkrzq wkdw wklv vshfl�fdwlrq lv htxlydohqw wr dq hqylurqphqw
zlwk djhqwv zkr zrun lq hlwkhu vhfwru p ru vhfwru q/ dqg zkr duh shuihfwo| lqvxuhg djdlqvw lglrv|qfudwlf vkrfnv
wr wkhlu vshfl�f vhfwruv1
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&�|n� ' %�| n E�� B�&�|c � 5 i6c?j�+7,

Wkh zdjh udwhv lq wkh 6 dqg ? vhfwruv duh ghqrwhg �6 dqg �?c uhvshfwlyho|/ dqg wkh uhqwdo

sulfhv ri fdslwdo lq wkh wzr vhfwruv duh dqdorjrxvo| ghqrwhg o6 dqg o?1 Qrwh wkdw wkh sdudp0

hwhu � fdswxuhv wkh uhodwlyh vl}h gl�huhqfh lq hpsor|phqw iru wkh krxvhkrog1 Wkh gdwh | sulfh

ri wkh sk|vlfdo jrrg lq whupv ri gdwh 3 jrrgv lv ghqrwhg e| '|�

Wkh Lqwhuphgldwh Jrrgv Ilupv* Sureohp1 Zh dvvxph wkdw wkhuh lv d vlqjoh surgxfhu

ri wkh 6 lqwhuphgldwh jrrg/ dqg d vlqjoh surgxfhu ri wkh ? lqwhuphgldwh jrrg/ erwk ri zkrp

ehkdyh frpshwlwlyho|149 Wkh lqwhuphgldwh jrrgv surgxfhu lq vhfwru �c � 5 i6c?jc pd{lpl}hv
sur�wv jlyhq ER�c ��c o��=

4@ 
?�c&�

R�&
w
� �

�3w
� � ���� � o�&��+8,

Wkh �uvw0rughu frqglwlrqv iru klulqj wkh lqsxwv lpso| wkdw idfwru sulfhv duh htxdwhg wr

wkh ydoxh ri pdujlqdo surgxfwv=

Wkh Ilqdo Jrrg Ilupv* Sureohp1 Wkh �qdo jrrgv surgxfhu dovr lv frpshwlwlyh1 Wkh

pd{lpl}dwlrq sureohp lv=

4@ 
t6ct?

��
kt �

6 n E�� k�t �
?

��*���*� � R_t
_
6 � R?t

_
? �+9,

Htxloleulxp Frqglwlrqv1 D frpshwlwlyh htxloleulxp iru wklv hfrqrp| frqvlvwv ri vh0

txhqfhv ri doorfdwlrqv dqg d sulfh v|vwhp vxfk wkdw wkh doorfdwlrqv vroyh wkh krxvhkrog*v

sureohp vxemhfw wr lw*v exgjhw frqvwudlqw/ dqg jlyhq sulfhv/ wkdw wkh doorfdwlrqv vroyh wkh

�up*v sureohp/ jlyhq sulfhv/ wkdw wkh oderu pdunhw/ wkh fdslwdo vhuylfhv pdunhw/ wkh lqwhu0

phgldwh jrrgv pdunhw doo fohdu/ wkdw wkh uhvrxufh frqvwudlqw lv vdwlv�hg/ dqg wkdw sulfhv duh

htxdo wr pdujlqdo surgxfwlylwlhv1

49Zh dvvxph d vlqjoh �up wkdw ehkdyhv frpshwlwlyho|/ udwkhu wkdq d odujh qxpehu ri frpshwlwlyh �upv/ wr
hfrqrpl}h rq qrwdwlrq1
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Wkh Prgho zlwk Vrph Zdjhv deryh wkh Pdunhw Fohdulqj Ohyho

Zh qrz prgli| rxu prgho vr wkdw wkh zdjh lq vhfwru 6 lv vhw deryh lwv pdunhw fohdulqj

ohyho1 Udwkhu wkdq ghyhors d prqhwdu| prgho zlwk �{hg qrplqdo zdjhv dqg gh dwlrq/ zh

dgrsw d pxfk vlpsohu vshfl�fdwlrq wkdw fdswxuhv wkh glvwruwlqj h�hfwv ri deryh0pdunhw zdjhv1

Dw wkh vwduw ri shulrg | wkh zdjh lv �{hg h{rjhqrxvo| iru wkdw shulrg dw d ohyho deryh lwv qrupdo

pdunhw0fohdulqj ohyho1 Zh ghqrwh wklv �{hg zdjh e| 7�6|� Doo oderu kluhg lq wklv vhfwru dw gdwh

| pxvw eh sdlg wklv zdjh1 Wkh deryh0pdunhw zdjh lv d frpsohwho| xqh{shfwhg vkrfn hdfk

shulrg14:

Wkh �{hg zdjh fkdqjhv rxu prgho lq rqh nh| zd|= oderu lqsxw lq wklv vhfwru lv qr

orqjhu d fkrlfh yduldeoh iru wkh krxvhkrog14; Wkh krxvhkrogv duh udwlrqhg lq whupv ri wkhlu

oderu vxsso| wr wklv vhfwru=

�

�� �6|

:
7�6|

S|
�

Oderu lqsxw lq wkh glvwruwhg vhfwru lv ghwhuplqhg e| �upv* oderu ghpdqg1 Wkh uhsuhvhqwdwlyh

�up kluhv oderu xqwlo wkh �{hg zdjh lv htxdwhg wr oderu*v ydoxh ri pdujlqdo surgxfw=

E�� w�R6|Eg6|*M6|�
w ' 7�6|�+:,

Wkh kljk zdjh kdv gluhfw dqg lqgluhfw h�hfwv rq djjuhjdwh rxwsxw1 Zh gh�qh wkh gluhfw

h�hfw dv wkh fkdqjh lq djjuhjdwh rxwsxw iurp wkh lqfuhdvh lq wkh glvwruwhg zdjh/ kroglqj doo

rwkhu sulfhv �{hg1 Wklv h�hfw lv phdvxuhg e| vroylqj iru +6 iurp +:,/ jlyhq 7�6| dqg kroglqj

R6| �{hg/ dqg wkhq vroylqj iru djjuhjdwh rxwsxw/ kroglqj +? �{hg1 Wkh lqgluhfw/ ru jhqhudo

htxloleulxp/ h�hfwv ri wkh kljk zdjh rshudwh wkurxjk fkdqjhv lq sulfhv dqg wkh rwkhu zdjh1

Wkhvh lqgluhfw h�hfwv ghshqg qrw rqo| rq 7�6|/ exw dovr rq doo wkh prgho sdudphwhuv1 Dvvhvvlqj

wkh txdqwlwdwlyh h�hfwv ri wkh kljk pdqxidfwxulqj zdjh rq wkh hfrqrp| wkxv uhtxluhv fkrrvlqj

sdudphwhu ydoxhv dqg qxphulfdoo| frpsxwlqj wkh htxloleulxp sdwk ri wkh prgho hfrqrp|1

4:Wkhuh duh pdq| zd|v wr prgho krxvhkrog eholhiv derxw ixwxuh glvwruwlrqv wr pdqxidfwxulqj zdjhv1 Rxu
dssurdfk/ lq zklfk krxvhkrogv eholhyh wkdw wkh �{hg pdqxidfwxulqj zdjh grhv qrw uhfxu/ wuhdwv hdfk zdjh
vkrfn dv d frpsohwho| xqh{shfwhg hyhqw1 Dv zh vkrz odwhu/ wklv dssurdfk vlpsol�hv frpsxwlqj wkh htxloleulxp
frqvlghudeo|1 Wklv dssurdfk lv dovr frqvlvwhqw zlwk wkh suhydlolqj ylhz wkdw wkh Juhdw Ghsuhvvlrq zdv wkh
uhvxow ri xqh{shfwhg vkrfnv1

4;Vlqfh qr rwkhu pdunhwv duh glvwruwhg/ doo rwkhu htxdwlrqv lq wkh prgho zloo frqwlqxh wr eh vdwlv�hg1
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E1 Fkrrvlqj Sdudphwhu Ydoxhv dqg Frpsxwlqj dq Htxloleulxp
Whfkqrorj| dqg Suhihuhqfh Sdudphwhu Ydoxhv

Vhyhudo ri wkh sdudphwhuv lq rxu prgho duh frpprqo| xvhg lq wkh htxloleulxp exvlqhvv

f|foh olwhudwxuh1 Zh fkrrvh ydoxhv iru wkhvh sdudphwhuv wkdw duh vlplodu wr ydoxhv lq rwkhu

vwxglhv1 Vlqfh wkh gdwd duh dydlodeoh dw dq dqqxdo iuhtxhqf|/ zh gh�qh wkh xqlw ri wlph lq wkh

prgho wr eh rqh |hdu1

Wkh frpprq sdudphwhuv lq rxu prgho duh qc�c�c Bc dqg w� Zh vhw q ' f�bSc zklfk

lv frpsdudeoh wr ydoxhv xvhg lq rwkhu vwxglhv1 Zh dvvxph wkdw wkh ohyho ri whfkqrorjlfdo

surjuhvv/ � lv jlyhq e| �| ' E� n }�|cdqg fkrrvh } ' f�f2� Rxu ydoxhv iru q dqg } lpso| d

vwhdg|0vwdwh lqwhuhvw udwh ri derxw 9 shufhqw1 Zh fkrrvh � vxfk wkdw wkh krxvhkrog zrunv

derxw 426 ri wkhlu glvfuhwlrqdu| wlph lq wkh vwhdg| vwdwh1 Wkh dgglwlrqdo ohlvxuh sdudphwhu �

lv fkrvhq vr wkdw lq wkh xqglvwruwhg yhuvlrq ri wkh prgho/ wkh krxvhkrog fkrrvhv wr doorfdwh

wkh dssursuldwh iudfwlrq ri oderu wr hdfk vhfwru dw d frpprq zdjh1 Zh vhw w ' f���c dqg wkh

ghsuhfldwlrq udwh wr : shufhqw1

Wkh �qdo sdudphwhu zh glvfxvv lq wklv vhfwlrq lv �c zklfk jryhuqv wkh vxevwlwxwlrq

hodvwlflw| ehwzhhq wkh wzr vhfwruv lq �qdo jrrgv surgxfwlrq1 Vlqfh pdqxidfwxulqj dsshduv wr

eh d nh| vhfwru glvwruwhg e| wkh kljk zdjh gxulqj wkh Ghsuhvvlrq/ zh xvh srvwzdu gdwd rq

fkdqjhv lq pdqxidfwxulqj*v h{shqglwxuh vkduh dqg uhodwlyh sulfh wr fkrrvh d ydoxh iru �� Pdq0

xidfwxulqj*v h{shqglwxuh vkduh dqg uhodwlyh sulfh kdyh erwk idoohq ryhu wkh srvwzdu shulrg/

zklfk lv frqvlvwhqw zlwk d vxevwlwxwlrq hodvwlflw| ehwzhhq pdqxidfwxulqj dqg qrqpdqxidfwxu0

lqj ri ohvv wkdq rqh1 Zh fkrrvh d ehqfkpdun ydoxh ri � ' ��/ zklfk lpsolhv d vxevwlwxwlrq

hodvwlflw| ri 3181 Zh dovr frqgxfw rxu dqdo|vlv zlwk d orz vxevwlwxwlrq hodvwlflw| ri 314 wr

dvvhvv wkh urexvwqhvv ri rxu uhvxowv1

Wkh Glvwruwhg Zdjh dqg wkh Uhodwlyh Vl}h ri wkh Glvwruwhg Vhfwru

Ilqdoo|/ zh qhhg wr fkrrvh d phdvxuh ri krz pxfk uhdo zdjhv urvh lq wkh glvwruwhg

vhfwru/ dqg zh qhhg wr fkrrvh d ydoxh iru wkh iudfwlrq ri wkh hfrqrp| glvwruwhg e| wkh kljk

zdjh1

Zh xvh Kdqhv* +4<<9, frpslodwlrq ri wkh Frqihuhqfh Erdug*v pdqxidfwxulqj zdjh

gdwd dv wkh phdvxuh ri wkh zdjh iru wkh glvwruwhg vhfwru1 Wklv zdjh lv vkrzq lq Wdeoh 8

iru hdfk |hdu ri wkh Juhdw Ghsuhvvlrq1 Wkh Frqihuhqfh Erdug zdjh gdwd kdyh dovr ehhq
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xvhg lq vrph rwkhu dqdo|vhv ri wkh Juhdw Ghsuhvvlrq/ lqfoxglqj R*Eulhq +4<;<,/ Ohehujrww

+4<<3,/ Ehuqdqnh +4<;9,/ dqg Ehuqdqnh dqg Fduh| +4<<9,1 Wklv zdjh lv wkh prvw qdwxudo

fkrlfh iru d glvwruwhg zdjh lq wklv vwxg|/ ehfdxvh wkh gdwd lv ri uhodwlyho| kljk txdolw|/ dqg

ehfdxvh wkhuh lv d sodxvleoh hfrqrplf h{sodqdwlrq iru zk| pdqxidfwxulqj zdjhv zhuh deryh

pdunhw fohdulqj ghvslwh wkh grzqwxuq lq hfrqrplf dfwlylw|= jryhuqphqw lqwhuyhqwlrq1 Wklv

lqwhuyhqwlrq frphv iurp Suhvlghqw Khuehuw Krryhu*v eholhi wkdw pdlqwdlqlqj qrplqdo zdjhv

zrxog suhyhqw d pdmru ghsuhvvlrq e| nhhslqj ghpdqg kljk1 Lq d Zklwh Krxvh phhwlqj/

Krryhu dvnhg wkh F1H1R1*v ri pdmru pdqxidfwxulqj frusrudwlrqv wr qrw fxw wkhlu zdjhv1 Wkh|

djuhhg wr pdlqwdlq zdjhv/ dqg vhhphg wr krqru wkdw djuhhphqw gxulqj wkh �uvw wzr |hduv

ri wkh Juhdw Ghsuhvvlrq 0 pdqxidfwxulqj zdjhv ihoo rqo| 717 shufhqw ehwzhhq Ghfhpehu 4<5<

dqg Vhswhpehu 4<641 +Vhh Odprqw +4<63, iru d ghvfulswlrq ri wkh phhwlqj,14<

Lw lv zruwk qrwlqj wkdw wkhuh duh dovr pdqxidfwxulqj zdjh vxuyh|v surgxfhg e| wkh wkh

Exuhdx ri Oderu Vwdwlvwlfv +EOV, wkdw frxog eh xvhg wr phdvxuh wkh glvwruwhg zdjh/ exw wkhvh

vxuyh|v gr qrw fryhu doo pdqxidfwxulqj lqgxvwulhv/ dqg wkh| vx�hu iurp vdpsolqj sureohpv1

Lq sduwlfxodu/ odujh �upv/ zklfk whqg wr sd| kljkhu zdjhv wkdq vpdoo �upv/ zhuh ryhuvdpsohg1

Zh qrz wxuq wr fkrrvlqj wkh iudfwlrq ri wkh hfrqrp| glvwruwhg e| wkh kljk zdjh1 Lq

rxu prgho/ wklv iudfwlrq lv jryhuqhg e| wkh sdudpwhu k� Xqiruwxqdwho|/ zh gr qrw nqrz ri dq|

hvwdeolvkhg phdvxuhv ri wkh iudfwlrq ri wkh hfrqrp| glvwruwhg e| wkh kljk zdjh1 Wkh gdwd zh

suhvhqwhg hduolhu vxjjhvwv wkdw rq dyhudjh/ pdqxidfwxuhuv sdlg kljk zdjhv/ exw iduphuv glg

qrw1 Exw vlqfh zh gr qrw kdyh zdjh phdvxuhv dfurvv wkh hqwluh hfrqrp| ri wkh vdph txdolw|

dv wkh Frqihuhqfh Erdug*v zdjh gdwd/ lw lv gl!fxow wr hvwlpdwh krz pxfk ri wkh hfrqrp| zdv

vxemhfw wr kljk zdjhv153

Wr dgguhvv wklv xqfhuwdlqw| ryhu wkh iudfwlrq ri wkh hfrqrp| glvwruwhg e| wkh kljk

4<Wkh d�hfw ri wklv lqwhuyhqwlrq/ krzhyhu/ zhdnhqhg gxulqj wkh odvw wzr |hduv ri wkh Ghsuhvvlrq1 E| odwh
4<64/ Jhudug Vzrsh/ F1H1R1 ri Jhqhudo Hohfwulf/ flufxodwhg dq lqgxvwuldo sodq wkdw zrxog fduwhol}h pxfk ri wkh
X1V1 hfrqrp|1 Krryhu ghqrxqfhg wklv sodq dqg uhixvhg wr uhfrpphqg lw wr Frqjuhvv1 Qrplqdo pdqxidfwxulqj
zdjhv ehjdq wr idoo vljql�fdqwo| diwhu Krryhu*v frqghpqdwlrq ri wkh Vzrsh sodq1

53Wkhuh duh zdjh phdvxuhv lq vrph qrq0pdqxidfwxulqj vhfwruv/ dqg wkhuh duh dovr EOV sd|uroo dqg hp0
sor|phqw gdwd rxwvlgh ri pdqxidfwxulqj wkdw fdq eh xvhg wr frqvwuxfw dyhudjh hpsor|hh frpshqvdwlrq1 D
gl!fxow| zlwk wkhvh EOV sd|uroo gdwd lv wkdw wkh fryhudjh lv qduurz lq vrph vhfwruv/ wkh gdwd grhv qrw lq0
foxgh krxuv/ dqg lq vrph vhfwruv wkh gdwd frpelqhv doo fodvvhv ri zrunhuv/ lqfoxglqj h{hfxwlyhv1 Wklv odvw idfw
vxjjhvwv wkdw frqvwuxfwlqj phdvxuhv ri frpshqvdwlrq shu hpsor|hh iurp wkhvh gdwd lv vxemhfw wr vljql�fdqw
frpsrvlwlrqdo eldv1 Zh glvfxvv frpsrvlwlrqdo eldv/ dqg krz lw pd| kdyh d�hfwhg gl�huhqw zdjh phdvxuhv
gxulqj wkh Ghsuhvvlrq/ dw wkh hqg ri wklv vhfwlrq1
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zdjh/ zh frqgxfw rxu dqdo|vlv iru wzr ydoxhv ri wkh sdudphwhu k� Zh �uvw dvvxph wkdw wkh

hqwluh pdqxidfwxulqj vhfwru zdv vxemhfw wr wkh glvwruwhg zdjh1 Jlyhq Krryhu*v ylhz derxw wkh

lpsruwdqfh ri pdlqwdlqlqj kljk zdjhv/ zh dovr dvvxph wkh ihghudo jryhuqphqw sdlg wkh kljk

zdjh1 Wkhvh wzr vhfwruv dffrxqw iru derxw 5; shufhqw ri hpsor|phqw lq 4<5<1 Zh wkhuhiruh

fkrrvh d ehqfkpdun ydoxh iru k vxfk wkdw wklv vhfwru dffrxqwv iru 5; shufhqw ri hpsor|phqw

lq wkh ghwhuplqlvwlf/  h{leoh sulfh vwhdg| vwdwh ri wkh prgho1 Zh dovr frqgxfw wkh dqdo|vlv iru

k ' f�Dfc zklfk lpsolhv wkdw wkh glvwruwhg vhfwru zdv 83 shufhqw ri wkh hfrqrp|1 Wklv fkrlfh

vhhpv wr eh d sodxvleoh xsshu erxqg rq wkh iudfwlrq ri wkh hfrqrp| glvwruwhg e| wkh kljk

zdjh1 Wklv lv ehfdxvh dw ohdvw 63 shufhqw ri zrunhuv zhuh qrw sdlg wkh kljk zdjh +iduplqj

dqg vroh sursulhwruv,/ dqg ehfdxvh wkhuh grhv qrw vhhp wr eh gluhfw phdvxuhv ri zdjhv ri

vx!flhqw txdolw| wkdw lqglfdwh wkdw kdoi ri doo zrunhuv zhuh sdlg zdjhv deryh wuhqg ydoxhv1

Frpsxwlqj wkh Htxloleulxp

Frpsxwdwlrq ri wkh htxloleulxp ri wkh prgho zlwk kljk pdqxidfwxulqj zdjhv lv idflo0

lwdwhg e| rxu dvvxpswlrq wkdw hdfk zdjh vkrfn lv d frpsohwho| xqh{shfwhg/ rqh0wlph hyhqw

0 wkh krxvhkrog h{shfwv dw hdfk gdwh wkdw wkh hfrqrp| uhwxuqv wr sxuh pdunhw fohdulqj wkh

iroorzlqj shulrg1 Wklv shuplwv xv wr frpsxwh wkh htxloleulxp iru hdfk |hdu ri wkh Ghsuhvvlrq

+4<63066, uhfxuvlyho|1

Vlqfh krxvhkrogv h{shfw wkh hfrqrp| wr uhwxuq wr pdunhw fohdulqj lq wkh iroorzlqj

shulrg/ wkh ydoxh ri fdslwdo qh{w shulrg lv d ixqfwlrq ri wkh vlqjoh vwdwh yduldeoh lq wkh hfrqrp|/

wkh djjuhjdwh fdslwdo vwrfn1 Wr frpsxwh wkh htxloleulxp dw gdwh | zkhq wkh pdqxidfwxulqj

zdjh lv kljkhu wkdq lwv frpshwlwlyh ohyho/ zh xvh d orj0olqhdu dssur{lpdwlrq ri wkh uljkw0kdqg

vlgh ri wkh Hxohu htxdwlrq iurp wkh sxuh pdunhw0fohdulqj prgho durxqg lwv vwhdg| vwdwh1 Wklv

dssur{lpdwlrq doorzv xv wr hvwlpdwh wkh pdujlqdo ydoxh ri dq dgglwlrqdo xqlw ri fdslwdo dqg

lv xvhg zlwk wkh vwdwlf �uvw0rughu frqglwlrqv ri wkh prgho wr frpsxwh wkh htxloleulxp iru

hdfk |hdu ri wkh Ghsuhvvlrq1 Wklv lqyroyhv vroylqj � qrqolqhdu htxdwlrqv lq � xqnqrzqv iru

hdfk |hdu1 Zh ihhg rxu phdvxuhv ri wkh pdqxidfwxulqj zdjh iru 4<63066 lqwr wkh prgho dqg

frpsxwh wkh htxloleulxp sdwk ri wkh hfrqrp| iru wkhvh |hduv1 Rxu �qglqjv duh suhvhqwhg lq

wkh qh{w vhfwlrq1

4:



F1 Pdfurhfrqrplf H�hfwv ri Kljk Zdjhv= 4<63066

Wdeohv :0< vkrz wkh suhglfwhg sdwk ri wkh X1V1 hfrqrp| ehwzhhq 4<6304<66 iru rxu

prgho zlwk ehqfkpdun sdudphwhu ydoxhv dqg dowhuqdwlyh sdudphwhu ydoxhv1 Zh �qg wkdw wkh

suhglfwhg ghsuhvvlrq iru doo wkhvh sdudphwhu ydoxhv lv pxfk ohvv vhyhuh wkdq wkh dfwxdo X1V1

Juhdw Ghsuhvvlrq1

Wdeoh := Suhglfwhg Juhdw Ghsuhvvlrq +4<5< @ 433,

Ehqfkpdun Prgho

\hduv \ F L �6 �?

4<63 <<15 <<1; <91< <:1; <<16

4<64 <:16 <<16 <317 <614 <:1;

4<65 <:15 <;1< <414 <616 <;13

4<66 <:1; <;1: <719 <817 <;1;

Wdeoh : vkrzv wkh htxloleulxp sdwk ri rxwsxw/ frqvxpswlrq/ dqg lqyhvwphqw iurp

rxu ehqfkpdun prgho zlwk derxw 5; shufhqw ri wkh hfrqrp| glvwruwhg e| wkh kljk zdjh1

Suhglfwhg uhdo rxwsxw lv derxw 4 shufhqw ehorz wuhqg lq 4<63 dqg derxw 5 wr 6 shufhqw

ehorz wuhqg ehwzhhq 4<64 dqg 4<661 Prvw ri wkh ghfuhdvh lq hfrqrplf dfwlylw| rffxuv lq wkh

glvwruwhg vhfwru1 Wkh kljk zdjh uhgxfhv hpsor|phqw lq wkh glvwruwhg vhfwru derxw : shufhqw

ehorz wuhqg1 Lq frqwudvw/ hpsor|phqw lq wkh qrqglvwruwhg vhfwru idoov rqo| derxw 5 wr 6

shufhqw ehorz wuhqg1 Wkhvh suhglfwhg ghfuhdvhv lq hfrqrplf dfwlylw| duh pxfk vpdoohu wkdq

wkh revhuyhg ghfuhdvhv lq rxwsxw/ frqvxpswlrq/ lqyhvwphqw/ dqg hpsor|phqw wkdw rffxuuhg

ehwzhhq 4<5<0661

Wkhuh duh wzr uhdvrqv zk| suhglfwhg hfrqrplf dfwlylw| idoov vr olwwoh frpsduhg wr wkh

dfwxdo ghfuhdvh lq hfrqrplf dfwlylw|1 Iluvw/ wkh glvwruwhg vhfwru lv uhodwlyho| vpdoo/ zklfk

phdqv wkdw wkh gluhfw h�hfw ri wkh kljk zdjh rq djjuhjdwh rxwsxw lv vpdoo1 Vhfrqg/ wkh

lqgluhfw/ jhqhudo htxloleulxp h�hfwv whqg wr uhgxfh/ udwkhu wkdq dpsoli|/ wkh gluhfw h�hfwv1

Wkh prvw lpsruwdqw lqgluhfw h�hfw lv wkh lqfuhdvh lq wkh uhodwlyh sulfh ri wkh pdqx0

idfwxuhg jrrg/ zklfk ulvhv 6 wr 7 shufhqw deryh lwv vwhdg|0vwdwh ohyho diwhu 4<631 Wkh uhodwlyh

sulfh ulvhv ehfdxvh wkh pdqxidfwxuhg jrrg lv lq uhodwlyho| vfdufh vxsso| dqg lv qrw kljko|
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vxevwlwxwdeoh zlwk wkh qrqpdqxidfwxuhg jrrg1 Wklv lqfuhdvh r�vhwv vrph ri wkh glvwruwlqj

h�hfwv ri wkh kljk pdqxidfwxulqj zdjh1 Htxdwlrq +:, vkrzv wkdw hdfk shufhqwdjh srlqw lq0

fuhdvh lq wkh uhodwlyh sulfh ri wkh pdqxidfwxuhg jrrg h�hfwlyho| uhgxfhv wkh �{hg zdjh e|

rqh shufhqwdjh srlqw1 Wkxv/ wkh 717 shufhqw lqfuhdvh lq wkh uhodwlyh sulfh ri pdqxidfwxuhg

jrrgv lq 4<64 h�hfwlyho| uhgxfhv wkh pdqxidfwxulqj zdjh iurp 91; shufhqw deryh wuhqg wr

mxvw 517 shufhqw deryh wuhqg1

Wdeoh ; vkrzv d ghfrpsrvlwlrq ri wkh fkdqjh lq rxwsxw gxh wr wkh gluhfw dqg lqgluhfw

h�hfwv1 Wklv ghfrpsrvlwlrq vkrzv wkdw wkh qhjdwlyh gluhfw h�hfwv duh sduwldoo| r�vhw e| wkh

lqgluhfw h�hfwv1

Wdeoh ;= Ghfrpsrvlwlrq ri Suhglfwhg Rxwsxw=

Gluhfw dqg Lqgluhfw H�hfwv

Ehqfkpdun Prgho

\hduv I{t (�oeS| U?_�oeS|

4<63 031;( 0418( 31:(

4<64 051:( 0917( 61:(

4<65 051;( 0916( 618(

4<66 0515( 0715( 513(

Wkh h�hfwv ri wkh kljk zdjh ghshqg rq doo wkh prgho sdudphwhuv/ exw lq sduwlfxodu

ghshqg rq wkh vkduh sdudphwhu k� Zh wkhuhiruh dvvhvv wkh urexvwqhvv ri wkh uhvxowv e| lq0

fuhdvlqj wkh glvwruwhg vkduh ri wkh hfrqrp| wr 83 shufhqw/ zklfk lq rxu ylhz lv d uhdvrqdeoh

xsshu erxqg rq wkh glvwruwhg vkduh ri wkh hfrqrp|1

Wdeoh < vkrzv wkh htxloleulxp sdwk ri wkh prgho hfrqrp| zlwk k ' f�D� Wklv kljkhu

ydoxh lq wkh prgho surgxfhv d odujhu ghfuhdvh lq hfrqrplf dfwlylw|/ exw wklv ghfuhdvh lv vwloo

pxfk vpdoohu wkdq wkh dfwxdo Juhdw Ghsuhvvlrq1 Uhdo rxwsxw lv suhglfwhg wr eh 71; shufhqw

ehorz wuhqg lq 4<65 zlwk k ' f�D/ frpsduhg wr 51; shufhqw ehorz wuhqg lq wkh ehqfkpdun

yhuvlrq ri wkh prgho1 Zh wkxv �qg wkdw udlvlqj wkh vkduh ri wkh hfrqrp| wkdw pxvw sd| wkh

kljk zdjh wr 83 shufhqw grhv qrw pdwhuldoo| fkdqjh wkh �qglqjv1
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Wdeoh <= Suhglfwhg Juhdw Ghsuhvvlrq

Odujh Glvwruwhg Vhfwru

+4<5< @ 433,

\hduv \ F L �6 �?

4<63 <;1: <<1: <813 <:15 <;1<

4<64 <819 <;1< ;715 <415 <917

4<65 <815 <;15 ;71< <414 <918

4<66 <914 <:1; <314 <619 <:1;

Zh dovr frqgxfwhg wkh dqdo|vlv e| uhgxflqj wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq wkh

wzr vhfwruv iurp 318 wr 3141 Zh gr qrw suhvhqw wkhvh uhvxowv ehfdxvh wklv fkdqjh glg qrw

vljql�fdqwo| d�hfw wkh uhvxowv1 Rxwsxw idoov derxw rqh shufhqwdjh srlqw pruh wkdq lq wkh

ehqfkpdun prgho dqg wkh uhodwlyh sulfh ri wkh jrrg iurp wkh glvwruwhg vhfwru ulvhv pruh1

Wkhvh uhvxowv vxjjhvw wkdw wkh kljk zdjh zdv qrw wkh sulpdu| fdxvh ri wkh Juhdw

Ghsuhvvlrq1 Jlyhq rxu phdvxuh ri wkh zdjh iurp wkh pdqxidfwxulqj vhfwru/ rxu ehqfkpdun

prgho vkrzv wkdw wklv zdjh dffrxqwv iru derxw d 6 shufhqw ghfolqh lq rxwsxw dw wkh wurxjk

ri wkh Juhdw Ghsuhvvlrq/ frpsduhg wr dq dfwxdo 6; shufhqw ghfolqh1 Lqfuhdvlqj wkh vl}h ri

wkh glvwruwhg vhfwru wr 83 shufhqw/ ru uhgxflqj wkh vxevwlwxwlrq hodvwlflw| wr 314 glg qrw

vljql�fdqwo| fkdqjh wkh uhvxowv1

Wklv vlpsoh prgho irfxvhg rq wkh edvlf glvwruwlqj h�hfwv ri dq deryh0pdunhw zdjh

wkurxjk wzr fkdqqhov 0 wkh gluhfw uhgxfwlrq lq vhfwrudo oderu lqsxw/dqg wkh jhqhudo htxloleulxp

h�hfwv ri wkh kljk zdjh wkurxjk sulfhv wr wkh rwkhu vhfwruv ri wkh hfrqrp|1 Rqh uhdvrq zk|

wkh prgho grhvq*w jhqhudwh d odujh ghsuhvvlrq lv ehfdxvh wkh jhqhudo htxloleulxp h�hfwv r�vhw

vrph ri wkh glvwruwlrq ri wkh kljk zdjh1 Lq sduwlfxodu/ wkh vhfwrudo kljk zdjh uhgxfhv rxwsxw

sulpdulo| lq wkh glvwruwhg vhfwru/ dqg wklv gulyhv xs wkdw vhfwru*v uhodwlyh sulfh dqg uhgxfhv

wkh pdfurhfrqrplf lpsdfw ri wkh glvwruwlrq1

Wklv uhvxow udlvhv wkh srvvlelolw| wkdw wkh zdjh vwru| pljkw kdyh d ehwwhu fkdqfh li wkh

wkhru| frxog eh prgl�hg wr holplqdwh wkh uhodwlyh sulfh lqfuhdvh1 Wklv dssurdfk lv qrw olnho| wr

eh vxffhvixo/ krzhyhu1 Holplqdwlqj wkh uhodwlyh sulfh lqfuhdvh dulvlqj iurp wkh zdjh glvwruwlrq

uhtxluhv vxevwdqwldoo| uhgxflqj wkh ghpdqg iru wkh rxwsxw ri wkdw vhfwru1 Wklv uhgxfwlrq lq
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ghpdqg uhtxluhv d vhfrqg vkrfn1 Lq rxu prgho/ wklv vhfrqg vkrfn lv d ghfolqh lq wkh sdudphwhu

kc zklfk jryhuqv wkh glvwruwhg vhfwru*v vkduh ri djjuhjdwh rxwsxw1 Uhgxflqj k zrxog uhgxfh

wkh ghpdqg iru jrrgv iurp wkh glvwruwhg vhfwru dqg zrxog suhyhqw wkh uhodwlyh sulfh ri wkh

glvwruwhg jrrg iurp ulvlqj1 Exw wklv kljkhu uhdo zdjh zrq*w jhqhudwh d pdmru ghsuhvvlrq

ehfdxvh wkh uhgxfwlrq lq k dovr uhgxfhv wkh txdqwlwdwlyh lpsruwdqfh ri wkh glvwruwhg vhfwru

dqg wkxv uhgxfhv wkh pdfurhfrqrplf lpsdfw ri wkdw vhfwru154

Ilqdoo|/ rxu prgho lqglfdwhv dqrwkhu gl!fxow| zlwk wkh zdjh k|srwkhvlv= wkh wlplqj

ri wkh ghsuhvvlrq dqg wkh wlplqj ri zdjh lqfuhdvhv1 Zlwk wkh h{fhswlrq ri 4<64/ uhdo zdjh

lqfuhdvhv gr qrw rffxu dw wkh vdph wlph dv rxwsxw ghfolqhv1 Uhdo rxwsxw ihoo 46 shufhqw lq

4<63/ |hw wkh uhdo pdqxidfwxulqj zdjh uhpdlqhg forvh wr wuhqg1 Vlploduo|/ uhdo rxwsxw ihoo

pruh wkdq 4: shufhqw ehwzhhq 4<64 dqg 4<65/ |hw wkh uhdo pdqxidfwxulqj zdjh zdv urxjko|

xqfkdqjhg ehwzhhq 4<64 dqg 4<651 Wklv odfn ri frlqflghqfh ehwzhhq wkh wlplqj ri rxwsxw

fkdqjhv dqg zdjh lqfuhdvhv vxjjhvwv wkdw vrph rwkhu vkrfn uhgxfhg rxwsxw lq wkhvh |hduv1

Dffrxqwlqj iru wkh Ghsuhvvlrq wkurxjk lpshuihfwo|  h{leoh pdqxidfwxulqj zdjhv lv

gl!fxow 0 wkh uhdo zdjh lqfuhdvh lv wrr vpdoo dqg d�hfwv wrr olwwoh ri wkh hfrqrp|/ dqg zdjh

lqfuhdvhv frlqflgh zlwk orzhu rxwsxw rqo| lq 4<641 Wkh k|srwkhvlv zrxog kdyh d ehwwhu fkdqfh

li zdjhv zhuh vljql�fdqwo| kljkhu dqg d�hfwhg pruh ri wkh hfrqrp|/ dqg li wkhuh zdv pruh

frlqflghqfh ehwzhhq wkh wlplqj ri zdjh lqfuhdvhv dqg wkh Juhdw Ghsuhvvlrq1 Exw dv wkh qh{w

vhfwlrq ghvfulehv/ wkhvh idfwruv duh xqolnho|1

G1 Phdvxuhg Zdjhv Duh Suredeo| Eldvhg Xszdugv

Zh duh vnhswlfdo wkdw dfwxdo zdjhv zhuh dv kljk dv wkh pdqxidfwxulqj zdjh phdvxuhv

vxjjhvw1 Wklv lv ehfdxvh wkh frpsrvlwlrq ri hpsor|hhv fkdqjhg gxulqj wkh Ghsuhvvlrq/ dqg

wklv frpsrvlwlrqdo vkliw olnho| lqgxfhv xszdug eldv lq wkh zdjh phdvxuhv1 Uhvhdufkhuv zkr

dqdo|}h wkh f|folfdo sdwwhuq ri uhdo zdjhv dujxh wkdw f|folfdo fkdqjhv lq wkh frpsrvlwlrq ri

hpsor|phqw ohdgv wr zdjh phdvxuhv wkdw duh eldvhg xszdugv gxulqj uhfhvvlrqv dqg eldvhg

grzqzdugv gxulqj h{sdqvlrqv1 Wklv lv ehfdxvh krxuv ri orz zdjh hduqhuv whqg wr eh pxfk

pruh vhqvlwlyh wr wkh exvlqhvv f|foh wkdq krxuv ri kljk zdjh hduqhuv1 Frqvhtxhqwo|/ wkh

54Wklv glvfxvvlrq kljkwoljkwv wkh sureohpv dvvrfldwhg zlwk irfxvlqj rq wkh surgxfw zdjh lqvwhdg ri wkh
uhdo zdjh1 Lq sduwlfxodu/ kljk surgxfw zdjhv uhvxow iurp d frpelqdwlrq d srvwlyh vkrfn wr uhdo zdjhv dqg d
qhjdwlyh vkrfn wr surgxfw ghpdqg1
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dyhudjh hpsor|hg zrunhu gxulqj d uhfhvvlrq whqgv wr eh d kljkhu zdjh hduqhu wkdq wkh dyhudjh

hpsor|hg zrunhu gxulqj dq h{sdqvlrq1

Ohehujrww +4<<3, dqg Pdujr +4<<6, dujxh wkdw frpsrvlwlrqdo h�hfwv pd| kdyh ehhq

sduwlfxoduo| lpsruwdqw gxulqj wkh Juhdw Ghsuhvvlrq1 Ohehujrww dujxhv wkdw frpsrvlwlrqdo

vkliwv lq hpsor|hh txdolw| dqg lq wkh txdolw| ri rshudwlqj hvwdeolvkphqwv pd| uhvxow lq phd0

vxuhg zdjhv vxevwdqwldoo| ryhuvwdwlqj dfwxdo zdjhv1 Kh lqglfdwhv wkdw od|r�v zhuh frqfhq0

wudwhg dprqj orz0zdjh/ |rxqj zrunhuv/ zklfk whqgv wr lqfuhdvh wkh dyhudjh phdvxuhg zdjh ri

wkrvh lqglylgxdov uhpdlqlqj hpsor|hg1 Kh dovr qrwhv wkdw uhodwlyho| |rxqj �upv/ udwkhu wkdq

roghu hvwdeolvkhg �upv/ idlohg gxulqj wkh Ghsuhvvlrq/ dqg wkdw wkhvh |rxqjhu �upv whqghg wr

sd| vljql�fdqwo| orzhu zdjhv1 Wklv frpsrvlwlrqdo fkdqjh dovr udlvhv wkh dyhudjh phdvxuhg

zdjh ri wkrvh lqglylgxdov uhpdlqlqj hpsor|hg1 Pdujr pdnhv d yhu| vlplodu srlqw uhjduglqj

frpsrvlwlrqdo eldv155

Krz odujh duh wkhvh eldvhvB Ohehujrww flwhv vrph plfurhfrqrplf hylghqfh zklfk/ kh

dujxhv/ srlqwv wr vljql�fdqw xszdug eldv dulvlqj iurp fkdqjhv lq hpsor|hh txdolw|1 Kh qrwhv

wkdw Zhvwlqjkrxvh dqg Jhqhudo Hohfwulf uhwdlqhg wkhlu prvw surgxfwlyh hpsor|hhv gxulqj

wkh Ghsuhvvlrq/ dqg dovr fxw wkhvh hpsor|hhv* zdjhv e| 43 shufhqw ehwzhhq 4<5< dqg 4<641

Krzhyhu/ wkh Frqihuhqfh Erdug*v zdjh vxuyh| iru wklv lqgxvwu|/ zklfk zdv khdylo| lq xhqfhg

e| wkhvh wzr �upv/ vkrzv wkdw zdjhv zhuh xqfkdqjhg gxulqj wklv shulrg1 Wklv ghyldwlrq

ehwzhhq wkh zdjhv sdlg e| wkhvh wzr �upv dqg wkh vxuyh| zdjh lv olnho| gxh wr fkdqjhv

lq wkh frpsrvlwlrq ri hpsor|hhv dw wkh wzr �upv156 Zkloh wklv plfurhfrqrplf h{dpsoh

vxjjhvwv wkh srvvlelolw| ri lpsruwdqw frpsrvlwlrqdo eldvhv/ zh gr qrw kdyh wkh qhfhvvdu|

lqglylgxdo zdjh dqg hpsor|phqw gdwd wr phdvxuh djjuhjdwh frpsrvlwlrqdo h�hfwv1 Wr rewdlq

55Wkhuh lv dovr hylghqfh wkdw vrph �upv uhfodvvl�hg zrunhuv grzq +h1j1/ d iruhpdq zrunv dv dq dvvhpeo|
olqh zrunhu,1 +Vhh Ehuqdqnh dqg Fduh| +4<<9, dqg Ohehujrww +4<<4,,1 Wklv zrxog whqg wr eldv zdjhv lq
wkh rssrvlwh gluhfwlrq li wkh lqglylgxdo*v zdjh zdv xqfkdqjhg/ exw wkh ydoxh ri wkh lqglylgxdo*v pdujlqdo
surgxfw ihoo1 Lw lv xqfohdu/ krzhyhu/ zkhwkhu uhfodvvl�hg zrunhuv* zdjhv zhuh fkdqjhg dv d frqvhtxhqfh ri wkh
uhfodvvl�fdwlrq1

56Ohehujrww qrwhv wkdw wkhvh wzr �upv odlg r� orz surgxfwlylw| zrunhuv/ uh0dvvljqhg vrph kljkhu vnloohg
zrunhuv/ dqg dvvljqhg wkh uhwdlqhg zrunhuv wr hlwkhu 5/6/ ru 7 gd| zrunzhhnv/ ghshqglqj rq zrunhu delolw|/ zlwk
wkh prvw surgxfwlyh zrunhuv uhfhlylqj 7 gd| zrunzhhnv1 Ohehujrww fohduo| lqwhusuhwv wkhvh shuvrqqho ghflvrqv
dqg wkhlu lpsdfw rq wkh phdvxuhg zdjh dv dq h{dpsoh ri xszdug frpsrvlwlrqdo zdjh eldv1 Dv zh qrwhg deryh/
wklv lqwhusuhwdwlrq lv fohduo| zduudqwhg surylghg wkdw wkrvh uh0fodvvl�hg hpsor|hhv zkr shuiruphg gl�huhqw
wdvnv zhuh sdlg wkhlu ydoxh pdujlqdo surgxfw1 Li wkhvh hpsor|hhv zhuh sdlg lq h{fhvv ri wkhlu ydoxh pdujlqdo
surgxfw/ krzhyhu/ wklv h�hfw zrxog whqg wr r�vhw wkh wkh xszdug zdjh eldv uhvxowlqj iurp wkh fkdqjh lq wkh
frpsrvlwlrq ri hpsor|hhv dqg wkh doorfdwlrq ri zrun wrzdugv wkh prvw surgxfwlyh hpsor|hhv1
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d urxjk lghd ri krz frpsrvlwlrqdo vkliwv pd| kdyh d�hfwhg phdvxuhg zdjhv pruh eurdgo|/

zh frpsxwh hvwlpdwhv ri frpsrvlwlrqdo eldv iurp wkh Fxuuhqw Srsxodwlrq Vxuyh| +FSV,

dqg wkh Sdqho Vwxg| ri Lqfrph G|qdplfv +SVLG, 1 Zh hvwlpdwh wkh eldv xvlqj wzr vhsdudwh

frpsxwdwlrqv1 Wkh �uvw frpsxwdwlrq lv prwlydwhg e| Ohehujrww*v dujxphqw wkdw hpsor|phqw

orvv zdv frqfhqwudwhg dprqj wkh orzhvw zdjh hduqhuv1 Ghwhuplqlqj krz wklv frpsrvlwlrqdo

vkliw d�hfwv wkh zdjh uhtxluhv vshfli|lqj krz hpsor|phqw orvv zdv glvwulexwhg gxulqj wkh

Ghsuhvvlrq1 Wr fdswxuh Ohehujrww*v dujxphqw/ zh dvvxph wkdw wkh erwwrp 53 shufhqw ri

zdjh hduqhuv orvw hpsor|phqw dqg wkdw wkh uhpdlqlqj hpsor|phqw orvv zdv hyhqo| glvwulexwhg

dfurvv doo rwkhu zrunhuv1 Xvlqj FSV gdwd iurp 4<<; iru doo ixoo0wlph zrunhuv/ zh �qg wkdw wkh

dyhudjh zdjh iru wkh wrs ;3 shufhqw ri zdjh hduqhuv lv derxw 48 shufhqw kljkhu wkdq iru doo

ixoo0wlph zdjh hduqhuv1 Wklv lpsolhv wkdw wkh dyhudjh zdjh gxulqj wkh Juhdw Ghsuhvvlrq pd|

kdyh ehhq ryhuvwdwhg e| 48 shufhqw li wkh glvwulexwlrq ri hpsor|phqw orvv zdv frqfhqwudwhg

dprqj orz zdjh hduqhuv lq wklv idvklrq/ dqg li wkh zdjh glvwulexwlrq lq wkh 4<63v zdv vlplodu

wr wkh zdjh glvwulexwlrq wrgd|157

Rxu vhfrqg frpsxwdwlrq xvhv phdvxuhv ri f|folfdo frpsrvlwlrqdo zdjh eldv iurp srvw0

zdu gdwd wr hvwlpdwh wkh frpsrvlwlrqdo eldv lq wkh Ghsuhvvlrq1 Vrorq/ Eduvn|/ dqg Sdunhu

+4<<7, hvwlpdwh wkh gl�huhqfh ehwzhhq wkh uhvsrqvh wr  xfwxdwlrqv lq rxwsxw uhodwlyh wr wuhqg

ehwzhhq djjuhjdwh zdjhv dqg lqglylgxdo zdjhv iurp wkh SVLG1 Wklv gl�huhqfh lv d gluhfw phd0

vxuh ri wkh frpsrvlwlrqdo eldv iurp xvlqj djjuhjdwh zdjhv dv d phdvxuh ri dq dyhudjh zdjh/

dqg wkh eldv lv dq lqfuhdvlqj ixqfwlrq ri wkh pdjqlwxgh ri wkh ghfuhdvh lq rxwsxw1 Dsso|lqj

wkhlu hvwlpdwhv wr wkh Ghsuhvvlrq vxjjhvwv wkdw frpsrvlwlrqdo vkliwv eldvhg phdvxuhg zdjhv

xs e| derxw 4; shufhqw158

Zkloh zh fdqqrw gudz d �up frqfoxvlrq derxw wkh txdqwlwdwlyh pdjqlwxgh ri frpsrvl0

wlrqdo zdjh eldv gxulqj wkh Ghsuhvvlrq/ wkhvh hvwlpdwhv vxjjhvw wkdw phdvxuhg zdjhv pd| eh

vxevwdqwldoo| xszdug eldvhg159 Wklv vxjjhvwv wkdw pdqxidfwxulqj zdjhv pd| kdyh ehhq vljqli0

57Zh wkdqn Gdqlho Kdphuphvk iru shuiruplqj wklv frpsxwdwlrq1 Wkh gdwd lv iurp wkh FSV0RUJ 4<<;1
Ixoo0wlph zrunhuv duh gh�qhg dv wkrvh zrunlqj 68 ru pruh krxuv shu zhhn1

58Vrorq/ Eduvn| dqg Sdunhu +4<<7, rqo| uhsruwhg wkh gl�huhqfhv lq wkh frh!flhqw ehwzhhq wkh  xfwxdwlrqv
lq wkh frh!flhqw rq wkh xqhpsor|phqw udwh uhodwlyh wr wuhqg1 Zh wkdqn Mrqdwkrq Sdunhu iru frpsxwlqj wkhlu
hvwlpdwhv xvlqj uhdo fkdlq0zhljkwhg JGS udwkhu wkdq xqhpsor|phqw1
Wkh phdvxuh ri wkh frpsrvlwlrqdo eldv lv= +188;013;<9,-+orj+gJGS+4<66,2gJGS+4<5<,,/ zkhuh gJGS lv

wkh ghyldwlrq ri uhdo JGS shu dgxow iurp wuhqg1
59Lw lv lqwhuhvwlqj wr qrwh wkdw wkh furvv0vhfwlrqdo gl�huhqfhv lq hpsor|phqw dqg zdjhv ehwzhhq pdqxidf0
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lfdqwo| ehorz wuhqg dw wkh wurxjk ri wkh Juhdw Ghsuhvvlrq diwhu fruuhfwlqj iru frpsrvlwlrqdo

eldv1 5:

71 KrzPxfk ri wkh Juhdw Ghsuhvvlrq Zdv Gxh wr Edqnlqj VkrfnvB
Wklv vhfwlrq dvnv krz pxfk edqnlqj vkrfnv frqwulexwhg wr wkh Juhdw Ghsuhvvlrq1

Xqiruwxqdwho|/ wkhuh lv qr vwdqgdug yhuvlrq ri wkh qhrfodvvlfdo jurzwk prgho zlwk �qdqfldo

lqwhuphgldwlrq wr xvh iru wklv sxusrvh/ qru lv wkhuh d vwdqgdug gh�qlwlrq ri wkh edqnlqj vkrfn

0 dw ohdvw qrw dv dq h{solflw vkrfn wr sulplwlyhv/ whfkqrorjlhv ru hqgrzphqwv/ wkdw fdq eh

xvhg lq d jhqhudo htxloleulxp prgho1 Zh wkhuhiruh ghyhors d vlpsoh/ ehqfkpdun qhrfodvvlfdo

prgho lq zklfk edqnlqj rxwsxw/ zklfk lv surgxfhg zlwk ghsrvlwv dqg lqirupdwlrq fdslwdo/ lv

dq lqsxw lqwr surgxfwlrq ri wkh hfrqrp|*v �qdo jrrg1 Zh gh�qh wkh edqnlqj vkrfn wr eh

wkh vwrfn ri lqirupdwlrq fdslwdo orvw dv d frqvhtxhqfh ri edqn forvlqjv1 Wklv gh�qlwlrq lv

frqvlvwhqw zlwk wkh olwhudwxuh zklfk dvvrfldwhv wkh edqnlqj vkrfn zlwk edqn idloxuhv dqg wkh

ghvwuxfwlrq ri lqirupdwlrq fdslwdo1 Zh xvh wkh prgho wr dgguhvv wkuhh txhvwlrqv= Krz pxfk

glg edqn forvlqjv uhgxfh lqwhuphgldwlrq fdslwdoB Krz pxfk glg wklv orvv ri lqwhuphgldwlrq

fdslwdo uhgxfh rxwsxwB Duh wkh suhglfwhg h�hfwv ri edqn forvlqjv rq rwkhu yduldeohv frqvlvwhqw

zlwk wkh gdwdB

wxulqj dqg iduplqj duh frqvlvwhqw zlwk vljql�fdqw frpsrvlwlrqdo eldv1 Vlqfh wkh eldv vkrxog eh prvw vhyhuh iru
vhfwruv lq zklfk hpsor|phqw ihoo vxevwdqwldoo|/ zh vkrxog revhuyh uhodwlyho| kljk zdjhv dvvrfldwhg zlwk orz
hpsor|phqw1 Pdqxidfwxulqj krxuv ihoo pruh wkdq 73 shufhqw/ dqg phdvxuhg zdjhv zhuh derxw �yh shufhqw
deryh wuhqg1 Lq frqwudvw/ idup krxuv uhpdlqhg qhdu wuhqg/ dqg phdvxuhg zdjhv ihoo vxevwdqwldoo|1

5:Erugr/ Hufhj/ dqg Hydqv +EHH/ 5333, frqvwuxfw d phdvxuh ri krxuo| hpsor|hh frpshqvdwlrq wkdw ulvhv
derxw irxu shufhqwdjh srlqwv pruh wkdq wkh Frqihuhqfh Erdug*v phdvxuh ri krxuo| pdqxidfwxulqj zdjhv/ dqg
xvh fkdqjhv lq wklv phdvxuh dv d sur{| iru fkdqjhv lq wkh dyhudjh zdjh gxulqj wkh Juhdw Ghsuhvvlrq1 Wkhuh duh
wzr uhdvrqv zk| wkh fkdqjh lq wkhlu dyhudjh frpshqvdwlrq phdvxuh pd| ghyldwh frqvlghudeo| iurp wkh fkdqjh
lq wkh dyhudjh shuvrq*v zdjh gxulqj wkh Ghsuhvvlrq1 Iluvw/ dv zh qrwhg ehiruh/ lw lv gl!fxow wr lqihu lqglylgxdo
zdjh fkdqjhv iurp dq djjuhjdwhg frpshqvdwlrq phdvxuh ehfdxvh ri frpsrvlwlrqdo vkliwv lq hpsor|phqw1
Wkxv/ wkhlu frpshqvdwlrq phdvxuh lv dovr vxemhfw wr xszdug eldv xqghu wkh dvvxpswlrq wkdw od|r�v zhuh
frqfhqwudwhg dprqj orz zdjh hduqhuv1 Vhfrqg/ wkhuh lv dq lqfrqvlvwhqf| lq wkhlu frqvwuxfwlrq ri wrwdo krxuv
zrunhg zklfk lv xvhg lq phdvxulqj dyhudjh krxuo| frpshqvdwlrq1 Lq sduwlfxodu/ wkhlu phdvxuh ri wrwdo krxuv
zrunhg lv htxdo wr wkh surgxfw ri ixoo0wlph htxlydohqw hpsor|hhv +iurp wkh QLSD, pxowlsolhg e| Nhqgulfn*v
+4<94, dyhudjh krxuv zrunhg iru ixoo0wlph htxlydohqw zrunhuv/ zklfk lqfoxghv qrw rqo| hpsor|hhv/ exw dovr
sursulhwruv dqg xqsdlg idplo| zrunhuv1 Wkhvh odwwhu wzr jurxsv duh txdqwlwdwlyho| lpsruwdqw/ dffrxqwlqj iru
derxw 6; shufhqw ri Nhqgulfn*v ixoo0wlph htxlydohqw zrunhuv lq 4<5< +vhh s1 637,1 Iru EHH*v fdfoxodwlrq/ wklv
phdvxuh ri krxuv zrxog eh fruuhfw rqo| li  xfwxdwlrqv lq sursulhwru dqg xqsdlg idplo| krxuv zhuh lghqwlfdo
wr  xfwxdwlrqv lq hpsor|hh krxuv1
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D1 D Prgho zlwk Ilqdqfldo Lqwhuphgldwlrq

Rxu prgho h{whqgv wkh vwdqgdug qhrfodvvlfdo jurzwk prgho e| uhtxlulqj wkdw vrph

lqyhvwphqw eh lqwhuphgldwhg1 Wklv prgl�hv wkh vwdqgdug prgho wr lqfoxgh erwk lqwhuqdoo|

dqg h{whuqdoo| �qdqfhg lqyhvwphqw1 Lq rxu prgho/ d iudfwlrq ri wkh fdslwdo vwrfn lv wudqvihuuhg

iurp krxvhkrogv wr �upv e| dq lqwhuphgldwlrq whfkqrorj| wkdw xvhv uhdo uhvrxufhv1 Wklv

lqwhuphgldwlrq whfkqrorj| jlyhv ulvh wr eruurzlqj dqg ohqglqj udwhv1 Wkh prgho doorzv xv wr

dqdo|}h wkh h�hfwv ri vkrfnv wr wkh lqwhuphgldwlrq whfkqrorj| rq rxwsxw/ lqwhuphgldwhg dqg

lqwhuqdoo| �qdqfhg lqyhvwphqw/ dqg eruurzlqj dqg ohqglqj udwhv1

Zh qrz ghvfuleh wkh prgho lq ghwdlo1 Wkhuh duh wzr sodqwv wkdw surgxfh d vlqjoh

sk|vlfdo jrrg xvlqj fdslwdo1 Dw wkh ehjlqqlqj ri wkh shulrg wkhuh duh wkuhh w|shv ri fdslwdo=

lqvwdoohg sk|vlfdo fdslwdo dw hdfk sodqw/ zklfk zh ghqrwh e| g� dqg g2c uhvshfwlyho|> xqlq0

vwdoohg sk|vlfdo fdslwdo/ zklfk lv khog e| krxvhkrogv dqg lv ghqrwhg e| (( dqg lqwhuphgldwlrq

fdslwdo/ zklfk zh ghqrwh e| ~� Lqwhuphgldwlrq fdslwdo lv lq �{hg vxsso|1

Wkh fdslwdo vwrfnv dw hdfk sodqw fdq eh lqfuhdvhg gxulqj wkh shulrg zlwk xqlqvwdoohg

fdslwdo1 Zh ghqrwh e| %� dqg %2 wkh dprxqwv wkdw duh lqvwdoohg gxulqj wkh shulrg1 Wklv

xqlqvwdoohg fdslwdo pxvw eh lqwhuphgldwhg/ dqg vrph ri wklv fdslwdo lv xvhg xs gxulqj wkh

lqwhuphgldwlrq surfhvv1 Wkh fdslwdo dydlodeoh iru surgxfwlrq lv wkxv g�n %�� Dw wkh hqg ri

hdfk shulrg/ vrph rxwsxw lv xvhg wr frvwohvvo| dxjphqw wkh fdslwdo vwrfn dw hdfk sodqw/ dqg

wkh uhpdlqghu lv glvwulexwhg wr krxvhkrogv zkr hlwkhu frqvxph lw ru krog lw dv xqlqvwdoohg

fdslwdo iru wkh iroorzlqj shulrg1

Wkh sodqw whfkqrorjlhv duh vxemhfw wr dq l1l1g1 vkrfn/ zklfk lv uhdol}hg dw wkh ehjlqqlqj

ri hdfk shulrg1 Wkh surgxfwlrq vkrfn fdq wdnh rq wzr ohyhov= 0� dqg 0,c zkhuh 0� : 0, : f�

Rqh sodqw uhfhlyhv wkh kljk vkrfn 0�c dqg rqh sodqw uhfhlyhv wkh orz vkrfn 0,� Hdfk sodqw kdv

dq htxdo suredelolw| ri uhfhlylqj wkh kljk surgxfwlylw| ohyho/ dqg zh qrupdol}h wkh vkrfnv vr

wkdw f�DE0� n 0,� ' ��

Diwhu wkh lglrv|qfudwlf sodqw surgxfwlylw| vkrfn kdv ehhq uhdol}hg/ xqlqvwdoohg fdslwdo

lv doorfdwhg wr wkh wzr surgxfwlrq sodqwv dffruglqj wr

2[
�'�

%� � CE(c~��

Zh zloo dvvxph wkdw C h{klelwv frqvwdqw uhwxuqv wr vfdoh +FUV, dqg wkdw CE(c~� � (� Wkh
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uhvrxufhv xvhg lq wkh lqwhuphgldwlrq surfhvv duh wkh txdqwlw| ( �CE(c~�1

Sodqw rxwsxw lv surgxfhg iurp d FUV Free0Grxjodv whfkqrorj| wkdw xvhv fdslwdo dqg

oderu1 Iru vlpsolflw|/ zh dvvxph wkdw wkhuh lv rqh xqlw ri oderu dw hdfk sodqw/ dqg wkdw oderu

lv lq �{hg vxsso|1 Sodqw rxwsxw lv jlyhq e|

+� ' �0�Eg� n %��
��

Sodqw rxwsxw lv xvhg iru hlwkhu frqvxpswlrq ru lqyhvwphqw1 Lqyhvwphqw iurp uhwdlqhg

rxwsxw kdv qr lqwhuphgldwlrq frvw1 Wkh uhvrxufh frqvwudlqw iru wklv hfrqrp| lv

[
�

k
�0�Eg� n %��

� �g �
�

l
� Sn(�c

zkhuh (� ghqrwhv wkh qh{w shulrg*v ohyho ri xqlqvwdoohg fdslwdo dqg g
�

� wkh dprxqw ri fdslwdo

lqvwdoohg dw sodqw � dw wkh ehjlqqlqj ri wkh qh{w shulrg1 Zh uhtxluh wkdw rxwsxw qhw ri uhwdlqhg

lqyhvwphqw eh qrqqhjdwlyh1

Wkh vrfldo sodqqlqj sureohp iru wklv hfrqrp| lv jlyhq e|

S4= 4@ 
tS|c%�c|cg�c|n�c(|n��

"[
|'f

q|�ES|�+;,

vxemhfw wr

CE(|c ~� �
[
�

%�c|+<,

[
�

d�0|c�Eg|c� n %|c��
� �g|n�c�o � S| n(|n�+43,

�0�|Eg�| n %�|�
� �g �

�| � f iru hdfk m ' �c 2 dqg |+44,

%�| � f iru hdfk � ' �c 2 dqg |�+45,

Zh dvvxph wkdw wkh gl�huhqfh lq wkh 0� dqg 0, lv vpdoo hqrxjk wkdw wkh qrqqhjdwlylw|

frqvwudlqw rq uhwdlqhg hduqlqjv jlyhq lq htxdwlrq +44, qhyhu elqgv1 Vlqfh wkh surgxfwlylw|

vkrfnv duh l1l1g1/ lw lv rswlpdo wr vhw g� ' g2 ' g*2� Wkxv/ zh djjuhjdwh sodqw fdslwdo dqg

gh�qh wkh vwdwh yduldeohv wr eh Egc(��

Wkh vroxwlrq wr wklv sodqqlqj sureohp fdq eh ghfhqwudol}hg dv d frpshwlwlyh htxl0

oleulxp1 Wklv doorzv xv wr vroyh iru htxloleulxp eruurzlqj dqg ohqglqj udwhv1 Zh dvvxph

59



frpshwlwlyh sur�w pd{lpl}lqj �upv rshudwh hdfk sodqw1 Zh dovr dvvxph wkdw wkhuh lv d frp0

shwlwlyh sur�w pd{lpl}lqj lqwhuphgldu| zkr rshudwhv wkh lqwhuphgldwlrq whfkqrorj|1 Wklv

lqwhuphgldu| uhfhlyhv ixqgv iurp wkh krxvhkrog dw wkh vdylqjv udwh � n or dqg ordqv lw rxw dw

wkh eruurzlqj udwh � n oK�

Lq htxloleulxp/ wkh pdujlqdo frvw ri dgglwlrqdo fdslwdo wr wkh kljk surgxfwlylw| sodqw/

� n oKc pxvw eh htxdo wr lwv pdujlqdo surgxfwlylw|=

� n oK ' ��0�Eg*2 nCE(|c ~��
�3��

Vlploduo|/ wkh lqwhuhvw udwh rq vdylqjv pxvw eh mxvw htxdo wr wkh uhwxuq rq xqlqvwdoohg fdslwdo=

� n or ' ��0�Eg*2 nCE(|c ~��
�3�C(E(|c ~��

Wkh vsuhdg ehwzhhq wkhvh wzr udwhv lv

oK � or ' ��0�Eg*2 nCE(|c ~��
�3�C~E(|c ~��

Qrwh wkdw wklv vsuhdg lv d ghfuhdvlqj ixqfwlrq ri wkh ohyho ri lqwhuphgldwlrq fdslwdo/

~1 Wkxv/ d ghfuhdvh lq ~ zloo udlvh wkh vsuhdg ehwzhhq wkhvh wzr udwhv1 Lw fdq dovr eh vkrzq

wkdw d ghfuhdvh lq ~ zloo uhgxfh rxwsxw dqg wkh txdqwlw| ri lqwhuphgldwhg fdslwdo/ exw zloo

lqfuhdvh wkh txdqwlw| ri lqwhuqdoo| �qdqfhg fdslwdo dv �upv vxevwlwxwh rxw ri lqwhuphgldwlrq

lqwr lqwhuqdo �qdqfh1 Wkhvh uhvxowv duh suhvhqwhg lq wkh Dsshqgl{1

E1 Krz Pxfk Glg Edqn Forvlqjv Uhgxfh Lqwhuphgldwlrq FdslwdoB

Rxu prgho surylghv d phdvxuh ri wkh edqnlqj vkrfn 0 wkh orvv ri lqwhuphgldwlrq fdslwdo

dv d frqvhtxhqfh ri edqn forvlqjv1 Dvvxplqj wkdw lqwhuphgldwlrq fdslwdo lv lq �{hg vxsso|

dqg lv edqn vshfl�f/ wkh iudfwlrq ri lqwhuphgldwlrq fdslwdo orvw gxh wr edqn forvlqjv lv htxdo

wr wkh iudfwlrq ri ghsrvlwv lq vxvshqghg2idlohg edqnv1 Wklv lpsolfdwlrq iroorzv gluhfwo| iurp

wkh frqvwdqw uhwxuqv0wr0vfdoh lqwhuphgldwlrq whfkqrorj|1 Zh wkhuhiruh lqihu iurp wkh ghsrvlw

gdwd suhvhqwhg lq Wdeoh 9 wkdw edqn forvlqjv fxpxodwlyho| uhgxfhg lqwhuphgldwlrq fdslwdo

derxw ; shufhqw ehwzhhq 4<63065 dqg derxw 4< shufhqw ehwzhhq 4<630661

F1 Krz Pxfk Glg wkh Edqnlqj Vkrfn Uhgxfh RxwsxwB

Zh qrz xvh rxu prgho wr hydoxdwh wkh frqwulexwlrq ri wklv ghfuhdvh lq lqwhuphgldwlrq

fdslwdo wr wkh Ghsuhvvlrq1 Il{lqj Eg|c (|�c wkh hodvwlflw| ri rxwsxw zlwk uhvshfw wr lqwhuph0
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gldwlrq fdslwdo lv jlyhq e|

_t|
_~|

~|

t|
'

0�Eg|*2 nCE(|c ~|��
�3��C~E(|c ~|�~|

t|
�

Wkh qxphudwru ri wkh uljkw0kdqg vlgh lv wkh wrwdo uhwxuq wr lqwhuphgldwlrq1 Wkhuhiruh/ wkh

ohiw0kdqg vlgh ri wklv htxdwlrq lv wkh lqwhuphgldwlrq vhfwru*v vkduh ri ydoxh dgghg1 Wklv ydoxh0

dgghg vkduh hodvwlflw| uhvxow lv qrw vshfl�f wr rxu prgho1 Lq idfw/ dq| prgho zlwk d frqvwdqw

uhwxuqv wr vfdoh whfkqrorj| iru surgxflqj �qdo jrrgv kdv wkh ihdwxuh wkdw/ wr d �uvw0rughu

dssur{lpdwlrq/ wkh hodvwlflw| ri wkh �qdo jrrg zlwk uhvshfw wr dq| lqwhuphgldwh jrrg lv htxdo

wr wkdw jrrg*v vkduh ri ydoxh dgghg1

Edqnlqj*v vkduh ri ydoxh dgghg zdv derxw 4 shufhqw lq wkh 4<63v1 Lq idfw/ wkh ydoxh0

dgghg vkduh ri wkh hqwluh �qdqfh/ lqvxudqfh/ dqg uhdo hvwdwh vhfwru +ILUH, zdv rqo| derxw 46

shufhqw lq 4<5</ dqg gursshg wr 44 shufhqw lq 4<6615; Qrwh wkdw wklv ydoxh dgghg phdvxuh

dfwxdoo| ryhuvwdwhv wkh hodvwlflw|/ vlqfh rxu prgho dwwulexwhv doo ri edqnlqj*v ydoxh dgghg wr

lqwhuphgldwlrq fdslwdo1 Vrph ri wklv vhfwru*v ydoxh0dgghg zloo eh sdlg wr oderu/ zklfk phdqv

wkdw wkh hodvwlflw| ri rxwsxw zlwk uhvshfw wr lqwhuphgldwlrq fdslwdo lv dfwxdoo| orzhu wkdq

wkh vkduh ri ydoxh dgghg1 Zlwk wklv vpdoo hodvwlflw|/ rxu prgho suhglfwv wkdw wkh ghfuhdvh lq

lqwhuphgldwlrq fdslwdo fdxvhg e| edqn forvlqjv uhgxfhg rxwsxw ohvv wkdq 4 shufhqw ehwzhhq

4<5<0661

Fdq d Orz Vxevwlwxwlrq Hodvwlflw| Sodxvleo| Pdjqli| wkh VkrfnB

Wkh pdfurhfrqrplf h�hfw ri ghvwur|hg lqwhuphgldwlrq fdslwdo zrxog eh odujhu li edqn

�qdqfh dqg dowhuqdwlyh irupv ri �qdqfh ru rwkhu lqsxwv zhuh srru vxevwlwxwhv1 D orz vxevwl0

wxwlrq hodvwlflw|/ krzhyhu/ lv lqfrqvlvwhqw zlwk wkh gdwd1 Li edqnlqj vkrfnv zhuh dq lpsruwdqw

frqwulexwlqj idfwru wr wkh Ghsuhvvlrq dqg wklv vxevwlwxwlrq hodvwlflw| zdv yhu| orz/ wkh frvw

vkduh ri edqnlqj dqg ri ILUH vkrxog kdyh lqfuhdvhg frqvlghudeo| gxulqj wkh 4<63v1 Lq frq0

wudvw/ wkh frvw vkduh ri ILUH idoov iurp 46 shufhqw lq 4<5< wr 44 shufhqw lq 4<66/ dqg edqnlqj*v

frvw vkduh idoov iurp derxw 417 shufhqw wr derxw 4 shufhqw ryhu wkh vdph shulrg15<

5;Edqnlqj dffrxqwhg iru 43 shufhqw ri ydoxh dgghg lq ILUH lq 4<7:1 Nx}qhwv +4<74, uhsruwv d vlplodu
qxpehu iru wkh shulrg ehwzhhq 4<4<04<6;1

5<Wkh gdwd rq edqnlqj*v frvw vkduh lv iurp Nx}qhwv +4<74,/ sdjh :64
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Fdq H{whuqdolwlhv Pdjqli| wkh Lpsdfw ri wkh VkrfnB Hylghqfh iurp Vwdwh0Ohyho
Gdwd

Dq h{whuqdolw| dvvrfldwhg zlwk lqwhuphgldwlrq fdslwdo frxog lqfuhdvh wkh hfrqrplf lp0

sdfw ri wklv lqwhuphgldwlrq vkrfn1 Rqh gudzedfn wr wkh h{whuqdolw| vwru| lv wkdw wkhuh duh

pdq| gl�huhqw zd|v ri sxwwlqj h{whuqdolwlhv lqwr prghov/ exw riwhq wkhvh h{whuqdolwlhv gr

qrw kdyh vwurqj plfur irxqgdwlrqv/ qru duh wkh| vwudljkwiruzdug wr txdqwlwdwlyho| hydoxdwh1

Wkh edqnlqj2Ghsuhvvlrq olwhudwxuh/ krzhyhu/ vxjjhvwv d vshfl�f w|sh ri h{whuqdolw| wkdw lv

vwudljkwiruzdug wr dvvhvv1 Wklv olwhudwxuh dujxhv wkdw edqn idloxuhv uhgxfhg rxwsxw e| gh0

vwur|lqj orfdo edqn lqirupdwlrq/ dqg wkxv vxjjhvwv d surgxfwlyh h{whuqdolw| dvvrfldwhg zlwk

lqwhuphgldwlrq fdslwdo wkdw d�hfwv orfdo surgxfwlrq1 Zh wkhuhiruh frqvlghu d yhuvlrq ri rxu

prgho lq zklfk wkhuh duh � uhjlrqv/ dqg djjuhjdwh rxwsxw lv wkh vxp ri uhjlrqdo rxwsxwv1

Vxssrvh wkdw rxwsxw lq uhjlrq � lv jlyhq e|=

t� ' ~B
�

2[
�'�

�0|c��Eg|c�� n %|c���
�M�3�

��

zkhuh ~B
� lv wkh surgxfwlyh h{whuqdolw| iurp lqwhuphgldwlrq fdslwdo lq uhjlrq �1 Wklv yhuvlrq

ri rxu prgho suhglfwv wkdw uhjlrqv wkdw h{shulhqfh pdq| edqn forvlqjv vkrxog dovr h{shulhqfh

uhodwlyho| odujh ghsuhvvlrqv1 Zh dvvhvv wklv suhglfwlrq e| �uvw gh�qlqj d uhjlrq dv d vwdwh

dqg wkhq frpsxwlqj wkh fruuhodwlrq ehwzhhq edqn vxvshqvlrqv2idloxuhv dqg hfrqrplf dfwly0

lw| dfurvv wkh 7; X1V1 vwdwhv gxulqj wkh Juhdw Ghsuhvvlrq1 Qrwh wkdw wklv frpsdulvrq lv d

uhjlrqdo h{whqvlrq ri Ehuqdqnh*v +4<;6, lq xhqwldo sdshu zklfk irxqg wkdw djjuhjdwh edqn

vxvshqvlrqv2idloxuhv zhuh qhjdwlyho| fruuhodwhg zlwk djjuhjdwh rxwsxw1

Iljxuh 4 vkrzv d vfdwwhu sorw ri wkh vxp ri vxvshqghg2idlohg ghsrvlwv iurp 4<5<0

66 uhodwlyh wr wrwdo ghsrvlwv lq 4<5< yv1 wkh shufhqwdjh fkdqjh lq qrplqdo shuvrqdo lqfrph

ehwzhhq 4<5< dqg 4<66 e| vwdwh1 Wkh prvw vwulnlqj ihdwxuh ri wkhvh gdwd lv wkdw wkh vljql�fdqw

qhjdwlyh fruuhodwlrq ehwzhhq edqn forvlqjv dqg rxwsxw grfxphqwhg e| Ehuqdqnh +4<;6, dw

wkh djjuhjdwh ohyho grhv qrw hphujh dw wkh vwdwh ohyho163 Wkh sorw vkrzv qr v|vwhpdwlf

uhodwlrqvkls ehwzhhq wkh frqfhqwudwlrq ri edqnlqj vkrfnv dqg wkh vhyhulw| ri wkh Ghsuhvvlrq

dfurvv vwdwhv1 Wkh fruuhodwlrq ehwzhhq vxvshqghg ghsrvlwv dqg qrplqdo lqfrph lv�f��D dqg lv

qrw vljql�fdqwo| gl�huhqw iurp }hur1 D uhjuhvvlrq ri wkh shufhqwdjh fkdqjh lq shuvrqdo lqfrph

63Whplq +4<;<, dovr qrwhv wkdw vrph edqn idloxuh hslvrghv zhuh yhu| uhjlrqdoo| frqfhqwudwhg1
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glylghg e| wkh djjuhjdwhg JGS gh dwru rq wkh iudfwlrq ri ghsrvlwv lq vxvshqghg2idlohg edqnv

|lhogv dq -2 ri 31347 dqg d vorsh frh!flhqw wkdw lv qrw vljql�fdqwo| gl�huhqw iurp }hur164 Zh

dovr h{dplqhg wkh uhodwlrqvkls ehwzhhq wkh vdph phdvxuh ri ghsrvlwv dqg dq dowhuqdwlyh vwdwh0

zlgh phdvxuh ri uhdo hfrqrplf dfwlylw| 0 wkh shufhqwdjh fkdqjh lq pdqxidfwxulqj hpsor|phqw

ehwzhhq 4<5<066165 Iljxuh 5 vkrzv d vfdwwhu sorw ehwzhhq wkhvh wzr yduldeohv1 Wkh fruuhodwlrq

ehwzhhq wkhvh gdwd lv/ lq idfw/ srvlwlyh/ udwkhu wkdq qhjdwlyh= 3145166

Wkhvh gdwd gr qrw vxssruw wkh vwdqgdug edqnlqj vwru| iru wkh Juhdw Ghsuhvvlrq= wkdw

edqn forvlqjv uhgxfhg rxwsxw e| ghvwur|lqj orfdo lqirupdwlrq fdslwdo1 Wkh uhodwlyho| vpdoo

edqn vkrfn/ frpelqhg zlwk edqnlqj*v vpdoo vkduh lq wkh surgxfwlrq ixqfwlrq/ dqg wkh odfn

ri dq| fruuhodwlrq ehwzhhq vwdwh0ohyho edqn forvlqjv dqg hfrqrplf dfwlylw| lqglfdwh wkdw li

edqnlqj zdv dq lpsruwdqw frqwulexwlqj idfwru gxulqj wkh Juhdw Ghsuhvvlrq/ lw pxvw kdyh

rshudwhg wkurxjk vrph dowhuqdwlyh phfkdqlvp lq zklfk wkh vkrfn zdv pxfk odujhu dqg zdv

rshudwlyh dw wkh djjuhjdwh ohyho udwkhu wkdq wkh uhjlrqdo ohyho1 Zh dqdo|}h dq dowhuqdwlyh

phfkdqlvp lq wkh iroorzlqj vhfwlrq1

G1 Rwkhu Vkrfnv wr Edqn Fdsdflw|

Dq dowhuqdwlyh edqnlqj vwru| lv wkdw ghsrvlwruv zhuh diudlg ri edqn uxqv dqg frqvh0

txhqwo| zlwkguhz ghsrvlwv iurp doo edqnv1 Wklv dowhuqdwlyh vwru| zrxog kdyh d ehwwhu fkdqfh

wkdq wkh edqn idloxuh vwru| li wkh ghfuhdvh lq ghsrvlwv uhvxowlqj iurp ghsrvlwru ihdu zdv vxe0

vwdqwldoo| odujhu wkdq wkh ghfuhdvh lq ghsrvlwv dw forvhg edqnv1 Wklv vwru| lv gl!fxow wr

hydoxdwh/ krzhyhu/ ehfdxvh lw lv xqfohdu krz pxfk ri wkh ghfuhdvh lq wrwdo ghsrvlwv zdv gxh

wr ghsrvlwru ihdu dqg krz pxfk zdv dq hqgrjhqrxv uhvsrqvh wr wkh odujh ghfuhdvh lq ryhudoo

hfrqrplf dfwlylw|1 Frqvhtxhqwo|/ zh fdq*w phdvxuh wkh vl}h ri wklv vkrfn dvvrfldwhg zlwk

ghsrvlwru ihdu1

Ghvslwh wklv phdvxuhphqw sureohp/ rxu prgho pdnhv rqh vshfl�f suhglfwlrq derxw

64Zh hvwlpdwhg wzr rwkhu yhuvlrqv ri wklv htxdwlrq1 Wr frqwuro iru ohyho d�hfwv/ zh gh�qhg d gxpp| yduldeoh
wkdw wdnhv wkh ydoxh ri 4 li d vwdwh*v shu0fdslwd lqfrph zdv deryh wkh phgldq1 Zh xvhg wklv gxpp| yduldeoh
wr dqdo|}h dq lqwhufhsw vkliw/ dqg dq lqwhufhsw vkliw dqg vorsh frh!flhqw vkliw1 Wkh uhvxowv zhuh txlwh vlplodu
wr wkh vlpsohu vshfl�fdwlrq1

65Wkhvh gdwd duh iurp wkh el0dqqxdo Fhqvxv ri Pdqxidfwxuhuv1
66Wkh odfn ri d v|vwhpdwlf sdwwhuq ehwzhhq edqn forvlqjv dqg hfrqrplf dfwlylw| dw wkh vwdwh ohyho udlvhv

wkh srvvlelolw| wkdw wkh fruuhodwlrq ehwzhhq djjuhjdwh edqn forvlqj dqg djjujdwh rxwsxw pd| lqglfdwh wkdw
djjuhjdwh edqn forvlqjv duh sur{|lqj iru dqrwkhu yduldeoh1 Wklv lv frqvlvwhqw zlwk Juhhq dqg Zklwhpdq
+4<<5,1
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wklv vwru| wkdw fdq eh hydoxdwhg1 Dffruglqj wr wklv vwru|/ edqnlqj vhuylfhv duh lq uhodwlyho|

vfdufh vxsso| ehfdxvh ri ghsrvlw zlwkgudzdo1 Wkh prgho suhglfwv wkdw dq h{rjhqrxv ghfuhdvh

lq ghsrvlwv zloo ghfuhdvh wkh ghsrvlw2rxwsxw udwlr1 Wklv uhvxow lv qrw vshfl�f wr rxu prgho/

exw iroorzv gluhfwo| iurp frqvwdqw uhwxuqv wr vfdoh lq surgxfwlrq dqg wkh uhodwlyh vfduflw|

ri ghsrvlwv1 Wkh dfwxdo ghsrvlw2rxwsxw udwlr/ krzhyhu/ gl�huv frqvlghudeo| iurp zlwk wklv

suhglfwlrq1 Wdeoh 9 vkrzv wkdw wkh ghsrvlw2rxwsxw udwlr ulvhv iurp 318; wr 31:; ehwzhhq

4<5<0651 Wklv lqfuhdvh lq wkh ghsrvlw2rxwsxw udwlr lpsolhv wkdw ghsrvlwv zhuh qrw uhodwlyho|

vfdufh gxulqj wkh Juhdw Ghsuhvvlrq1

Hyhq li ghsrvlwv zhuh uhodwlyho| vfdufh ehfdxvh ri ghsrvlwru ihdu/ krzhyhu/ wkhuh lv

qr wkhruhwlfdo suhvxpswlrq wkdw wklv zrxog jhqhudwh d pdvvlyh ghsuhvvlrq ehfdxvh edqnlqj*v

vkduh ri ydoxh dgghg lv vpdoo1 Lq idfw/ wkhvh frvw vkduh vwdwlvwlfv vxjjhvw d suhvxpswlrq wkdw

edqnlqj vkrfnv vkrxog whqg wr kdyh vpdoo/ udwkhu wkdq odujh pdfurhfrqrplf h�hfwv1 Wkh

Lulvk edqn vwulnhv ri wkh 4<93v0:3v surylghv hylghqfh wkdw lv frqvlvwhqw zlwk wklv odwwhu ylhz1

Pxusk| +4<:;, uhsruwv wkdw rq wkuhh rffdvlrqv ehwzhhq 4<99 dqg 4<:9/ lqgxvwuldo glvsxwhv ohg

wr wkh vkxwgrzq ri wkh Dvvrfldwhg Edqnv/ zklfk dffrxqwhg iru ryhu ;3 shufhqw ri Lulvk P51

Wkhvh vwulnhv/ wkh orqjhvw ri zklfk zdv vl{0prqwkv/ uhsuhvhqw qhjdwlyh/ h{rjhqrxv vkrfnv

wr wkh edqnlqj vhfwru wkdw duh odujhu wkdq dq| sodxvleoh edqn fdsdflw| vkrfn wkdw pljkw

kdyh rffxuuhg gxulqj wkh X1V1 Juhdw Ghsuhvvlrq 1Wkh pdfurhfrqrplf h�hfwv ri wkhvh vwulnhv/

krzhyhu/ zhuh vpdoo1 Gxulqj wkh orqjhvw vwulnh/ ghwuhqghg uhwdlo vdohv ihoo derxw irxu shufhqw/

dqg uhdo rxwsxw urvh ryhu wkh ixoo fdohqgdu |hdu ri 4<:31 Pxusk| dujxhv wkdw wkh vwulnh glg qrw

kdyh lpsruwdqw h�hfwv ehfdxvh krxvhkrogv dqg �upv ghyhorshg vxevwlwxwhv iru edqn vhuylfhv/

lqfoxglqj sulydwh wudgh fuhglw1 Wkhvh �qdwxudo h{shulphqwv� vkrz wkdw d orqj0whup vkxwgrzq

ri prvw ri d frxqwu|*v edqnlqj v|vwhp 0 d vkxwgrzq pxfk odujhu wkdq wkdw zklfk rffxuuhg

gxulqj wkh Juhdw Ghsuhvvlrq 0 qhhg qrw vxevwdqwldoo| uhgxfh hfrqrplf dfwlylw|1

Wkhvh gdwd duh lqfrqvlvwhqw zlwk wkh ylhz wkdw wkh Ghsuhvvlrq zdv fdxvhg e| d odujh

h{rjhqrxv ghfuhdvh lq ghsrvlwv1 Lqvwhdg/ wkh| duh frqvlvwhqw zlwk wkh ylhz wkdw wkh ghfuhdvh lq

ghsrvlwv pd| kdyh ehhq sulpdulo| dq hqgrjhqrxv uhvsrqvh wr wkh ryhudoo ghfolqh lq hfrqrplf

dfwlylw|1
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H1 Rwkhu Lpsolfdwlrqv ri d Edqnlqj Vkrfn

Rxu dqdo|vhv ri wkh edqnlqj vwru| 0 wkurxjk dq h{solflw vkrfn edvhg rq edqn forvlqjv

dqg wkurxjk dq dowhuqdwlyh vwru| edvhg rq d ghfuhdvh lq ryhudoo edqn fdsdflw| 0 gr qrw vxs0

sruw wkh ylhz wkdw edqnlqj zdv dq lpsruwdqw frqwulexwlqj idfwru wr wkh Juhdw Ghsuhvvlrq1

Ri frxuvh/ dq| h{solflw dqdo|vlv dorqj wkhvh olqhv ghshqgv rq d gh�qlwlrq dqg phdvxuh ri wkh

edqnlqj vkrfn1 Vrph rwkhu dvshfwv ri wkh edqnlqj vwru| fdq eh dvvhvvhg zlwkrxw dq h{solflw

gh�qlwlrq dqg phdvxuh ri wklv vkrfn1 Rxu prgho pdnhv wzr vxfk suhglfwlrqv1 Wkh �uvw suh0

glfwlrq lv wkdw dq| uhgxfwlrq lq edqnlqj fdsdflw| vkrxog lqfuhdvh wkh vsuhdg ehwzhhq ghsrvlw

dqg ordq lqwhuhvw udwhv1 Wkh vhfrqg lv wkdw dq| uhgxfwlrq lq wkh dydlodelolw| ri lqwhuphgldwhg

ordqv/ ru dq| lqfuhdvh lq wkh frvw ri lqwhuphgldwhg ordqv/ vkrxog ohdg �upv wr vxevwlwxwh rxw

ri h{whuqdo �qdqfh dqg lqwr lqwhuqdo �qdqfh1

Lpsdfw ri wkh Edqnlqj Vkrfn rq wkh Frvw ri Lqwhuphgldwlrq

Rxu prgho suhglfwv wkdw d qhjdwlyh vkrfn wr wkh edqnlqj vhfwru lqfuhdvhv wkh vsuhdg

ehwzhhq wkh lqwhuhvw udwh rq lqwhuphgldwhg ghew dqg wkh edqn*v frvw ri ixqgv1 Ehiruh h{dplq0

lqj fkdqjhv lq lqwhuhvw vsuhdgv/ lw lv lpsruwdqw wr uhfrjql}h wkdw wkhvh vsuhdgv duh d�hfwhg qrw

mxvw e| lqwhuphgldwlrq vkrfnv/ exw dovr e| fkdqjhv lq ordq pdwxulw|/ fkdqjhv lq wkh frpsr0

vlwlrq ri eruurzhuv/ dqg fkdqjhv lq ghidxow ulvn1 Vlqfh wkhvh rwkhu idfwruv pd| kdyh fkdqjhg

vljql�fdqwo| gxulqj wkh Juhdw Ghsuhvvlrq/ lw lv yhu| gl!fxow wr vhsdudwho| lghqwli| fkdqjhv lq

lqwhuhvw vsuhdgv wkdw duh gxh wr fkdqjhv lq wkh lqwhuphgldwlrqwhfkqrorj|1

Wklv lghqwl�fdwlrq sureohp ohdgv xv wr pdnh wzr frpsdulvrqv ri lqwhuhvw udwh vsuhdgv1

Zh �uvw h{dplqh dq lqwhuhvw udwh vsuhdg ehwzhhq d froodwhudol}hg/ vkruw0whup reoljdwlrq dqg

vkruw0whup Wuhdvxulhv gxulqj wkh Juhdw Ghsuhvvlrq1 Wklv frpsdulvrq shuplwv xv wr uhdvrqdeo|

frqwuro iru vrph ri wkh rwkhu idfwruv d�hfwlqj lqwhuhvw vsuhdgv= erwk vhfxulwlhv kdyh urxjko|

frqvwdqw pdwxulwlhv/ dqg wkh froodwhudol}hg qdwxuh ri wkh sulydwh reoljdwlrq olplwv wkh h�hfw

ri fkdqjhv lq hlwkhu ghidxow suredelolw| ru wkh frpsrvlwlrq ri eruurzhuv1

Rxu vhfrqg frpsdulvrq suhvhqwv wkh vsuhdg ehwzhhq orqj0whup/ txdolw|0udwhg frusr0

udwh vhfxulwlhv dqg jryhuqphqw erqgv gxulqj wkh Juhdw Ghsuhvvlrq1 Wklv dqdo|vlv kdv ehhq

frqgxfwhg lq wkh suhylrxv olwhudwxuh iru orz txdolw| frusrudwh ghew1 Krzhyhu/ wkh fkdqjh lq

wklv orz0txdolw| vsuhdg fdqqrw eh vroho| dwwulexwhg wr lqwhuphgldwlrq vkrfnv ehfdxvh ghidxow
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ulvn rq wkhvh orzhu txdolw| vhfxulwlhv lqfuhdvhg gxulqj wkh Juhdw Ghsuhvvlrq1 Frqvhtxhqwo|/

lw lv xqfohdu krz pxfk ri wkh fkdqjh lq wkh vsuhdg zdv gxh wr lqwhuphgldwlrq/ dqg krz pxfk

zdv gxh wr kljkhu ghidxow ulvn1 Wr frqiurqw wklv lghqwl�fdwlrq sureohp/ zh suhvhqw vsuhdgv rq

kljk txdolw| vhfxulwlhv zkrvh ghidxow ulvn pd| qrw kdyh fkdqjhg pxfk gxulqj wkh Ghsuhvvlrq1

Li d qhjdwlyh lqwhuphgldwlrq vkrfn zdv lpsruwdqw/ vsuhdgv rq doo w|shv ri vhfxulwlhv zrxog

eh h{shfwhg wr ulvh lq wkh 4<63v1 Dowhuqdwlyho|/ li wkh vsuhdg rq orz txdolw| ghew zdv kljkhu

odujho| ehfdxvh ri fkdqjhv lq ghidxow ulvn/ wkh vsuhdg vkrxog eh urxjko| xqfkdqjhg iru wkh

kljkhvw txdolw| vhfxulwlhv/ exw vkrxog ulvh iru orzhu txdolw| vhfxulwlhv1

Wdeoh 43= Edqnhu*v Dffhswdqfh Udwhv dqg Jryhuqphqw Vhfxulw| \lhogv67

\hdu 4<5; 4<5< 4<63 4<64 4<65 4<66

+4, Edqnhuv Dffhswdqfhv 713< 8136 517; 418: 415; 3196

+5, Vkruw0Whup Jry1 Ghew 61<: 7175 5156 4148 31:; 3159

+4,0+5, 3145 3194 3158 3175 3183 316:

Zh �uvw dqdo|}h rxu phdvxuh ri wkh vkruw0whup vsuhdg1 Wdeoh 43 suhvhqwv wkh vsuhdg

ehwzhhq 6 wr 9 prqwk Edqnhu*v dffhswdqfhv dqg 6 wr 9 prqwk Wuhdvxu| qrwhv1 Wkh Edqnhu*v

dffhswdqfhv duh froodwhudol}hg/ zklfk frqwurov iru fkdqjhv lq ghidxow ulvn1 Vlqfh wkh edqn wkdw

ruljlqdoo| glvfrxqwhg wkh eloo vwrrg dv wkh jxdudqwru ri lwv xowlpdwh sd|phqw/ lw lv lpsruwdqw

wr qrwh wkdw wkh edqn shuiruphg dq lpsruwdqw lqwhuphgldwlrq ixqfwlrq lq wkh surgxfwlrq

ri wklv dvvhw1 Frqvhtxhqwo|/ d qhjdwlyh vkrfn wr wkh lqwhuphgldwlrq whfkqrorj| vkrxog kdyh

lqfuhdvhg wkh vsuhdg ehwzhhq wkhvh wzr vhfxulwlhv1 Wkh wdeoh vkrzv wkdw wkh vsuhdg ehwzhhq

wkh udwh rq edqnhu*v dffhswdqfhv dqg Wuhdvxulhv grhv qrw fkdqjh pxfk gxulqj wkh Ghsuhvvlrq1

Wkh vwdelolw| ri wklv lqwhuhvw udwh vsuhdg wkhuhiruh lqglfdwhv wkdw wkh h!flhqf| ri wklv w|sh ri

lqwhuphgldwlrq zdv qrw lpsdluhg gxulqj wkh Ghsuhvvlrq168

Zh qh{w h{dplqh wkh vsuhdg ehwzhhq wkh udwhv rq frusrudwh erqgv/ zklfk duh d vxevwl0

wxwh iru edqn �qdqfh iru odujh �upv/ dqg X1V1 jryhuqphqw erqgv1 Wdeoh 44 vkrzv wkh vsuhdg

67Wkh gdwd duh iurp wkh Erdug ri Jryhuqruv ri wkh Ihghudo Uhvhuyh V|vwhp +4<76,1
68Wkh jds ehwzhhq frpphufldo ordq udwhv dqg vkruw whup jryhuqphqw vhfxulwlhv urvh derxw 583 edvlv srlqwv

gxulqj wkh Ghsuhvvlrq1 Wkh jds ehwzhhq frpphufldo ordqv dqg jryhuqphqw erqgv/ krzhyhu/ qduurzhg e|
derxw 453 edvlv srlqwv1 Jlyhq wkh fdyhdwv phqwlrqhg deryh/ soxv d vwhhshqlqj lq wkh |lhog fxuyh/ lw lv qrw
fohdu krz wr lqwhusuhw wkhvh fkdqjhv1
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iru frusrudwh erqgv ri gl�huhqw txdolwlhv 0 Ddd +orzhvw ghidxow ulvn,/ Dd/ D/ dqg Edd1 Wkhuh

duh wzr vwulnlqj ihdwxuhv ri wkhvh gdwd1 Iluvw/ wkh dyhudjh lqfuhdvh lq lqwhuhvw vsuhdgv lv idluo|

vpdoo1 Vhfrqg/ wkh pdjqlwxgh ri wkh lqfuhdvhv lq wkh vsuhdg lv gluhfwo| uhodwhg wr wkh txdolw|

ri wkh ghew= wkh dyhudjh vsuhdg fkdqjhv yhu| olwwoh iru kljk txdolw| ghew/ exw lqfuhdvhv iru

orzhu txdolw| ghew1

Wdeoh 44= Lqwhuhvw Udwh Vsuhdgv Ehwzhhq Frusrudwh dqg Jryhuqphqw Erqgv69

\hduv 4<5< 4<63 4<64 4<65 4<66 Dyj1

Ddd 0 Jry 4146 4159 4157 4166 414; 4158

Dd 0 Jry 4166 417; 41:4 5163 41<5 41;8

D 0 Jry 419; 41;7 519: 6185 51:; 51:3

Edd 0 Jry 5163 5194 715; 8195 7178 7157

Wkhvh gdwd duh frqvlvwhqw zlwk wkh ylhz wkdw fkdqjhv lq ghidxow ulvn zhuh dq lpsruwdqw

frqwulexwlqj idfwru wr kljkhu vsuhdgv1 Wr looxvwudwh krz wkhvh fkdqjhv frxog kdyh d�hfwhg

vsuhdgv/ vxssrvh wkdw Edd vhfxulwlhv sd| r� 93 shufhqw ri wkh sulqflsdo li wkh �up ghidxowv1

Zlwk wklv dvvxpswlrq/ wkh 563 edvlv srlqw vsuhdg ehwzhhq Wuhdvxulhv dqg Edd erqgv lq 4<5<

lpsolhv wkdw wkh ghidxow suredelolw| iru Edd erqgv zdv derxw 8 shufhqw dw wkdw wlph1 Lw dovr

lpsolhv wkdw wkh dyhudjh 757 edvlv srlqw Edd vsuhdg gxulqj wkh Ghsuhvvlrq fdq eh frpsohwho|

h{sodlqhg e| dq lqfuhdvh lq wklv ghidxow suredelolw| iurp 8 shufhqw wr ; shufhqw1 Wklv lqfuhdvh

grhv qrw vhhp lpsodxvleoh gxulqj wklv shulrg16:

Zkloh zh fdqqrw gudz d �up frqfoxvlrq derxw wkh txdqwlwdwlyh lpsruwdqfh ri fkdqjhv

lq ghidxow ulvn/ lw lv fhuwdlqo| wuxh wkdw ghidxow ulvn urvh gxulqj wkh Ghsuhvvlrq dqg wkxv

frqwulexwhg wr kljkhu vsuhdgv1 Exw hyhq li zh devwudfw iurp ghidxow ulvn dqg frpsohwho|

dwwulexwh wkhvh kljkhu vsuhdgv wr qhjdwlyh lqwhuphgldwlrq vkrfnv/ lw vhhpv xqolnho| wkdw wkhvh

lqfuhdvhv 0 udqjlqj iurp 45 edvlv srlqwv wr 4<7 edvlv srlqwv 0 fdq sodxvleo| h{sodlq wkh Juhdw

Ghsuhvvlrq1 Li kljkhu vsuhdgv zhuh wkh nh| wr xqghuvwdqglqj wkh Juhdw Ghsuhvvlrq/ wkh|

69Wkh gdwd duh iurp Edqnlqj dqg Prqhwdu| Vwdwlvwlfv/ ErJ1
6:Froh dqg Rkdqldq +5333, suhvhqw d prqwko| dqdo|vlv ri wkhvh vsuhdgv/ zklfk shuplwv d forvhu h{dplqdwlrq

ri fkdqjhv lq vsuhdgv zlwk wkh rqvhw ri edqnlqj fulvhv1 Zh glg qrw �qg pxfk hylghqfh ri odujh lqfuhdvhv lq
lqwhuhvw vsuhdgv durxqg wkhvh shulrgv1 1
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vkrxog kdyh lqfuhdvhg pxfk pruh gxulqj wkh Ghsuhvvlrq wkdq gxulqj ploghu uhfhvvlrqv1 Exw

wklv lv qrw wkh fdvh1 Wkh dyhudjh ulvh lq wkh Edd0Wuhdvxu| vsuhdg iru doo srvw0Zruog Zdu LL

uhfhvvlrqv lv pruh wkdq 533 edvlv srlqwv1 Wklv lqfoxghv vhyhudo uhfhvvlrqv lq wkh 4<:3v dqg

hduo| 4<;3v lq zklfk wklv vsuhdg urvh dv pxfk dv 833 edvlv srlqwv1 Doo ri wkhvh uhfhvvlrqv zhuh

pxfk ploghu wkdq wkh Juhdw Ghsuhvvlrq/ ghvslwh wkhvh pxfk odujhu lqwhuhvw vsuhdg lqfuhdvhv1

Lq vxppdu|/ lqwhuhvw vsuhdgv glg qrw ulvh pxfk rxwvlgh ri orz0txdolw| frusrudwh vhfx0

ulwlhv/ dqg lw lv xqfohdu krz pxfk ri wklv lqfuhdvh lv gxh wr lqwhuphgldwlrq vkrfnv1 Pruhryhu/

wkh dyhudjh lqfuhdvh lq vsuhdgv grhv qrw vhhp wr eh qhduo| odujh hqrxjk wr dffrxqw iru wkh

pdjqlwxgh ri wkh Juhdw Ghsuhvvlrq1 Lq wkh iroorzlqj vhfwlrq/ zh suhvhqw wkh vhfrqg suhglfwlrq

ri rxu prgho wkdw grhv qrw uho| rq dq h{solflw gh�qlwlrq ri wkh edqnlqj vkrfn1 Rxu prgho

vkrzv wkdw li d qhjdwlyh edqnlqj vkrfn lqfuhdvhg wkh frvw ri ixqgv dqg glvuxswhg hfrqrplf

dfwlylw|/ �upv vkrxog kdyh lqfuhdvhg uhwdlqhg hduqlqjv1

Lpsdfw ri Edqnlqj Vkrfnv rq Rwkhu Vrxufhv ri Ilqdqfh1

Wkh wkhru| suhglfwv wkdw d uhgxfwlrq lq wkh dydlodelolw| ri lqwhuphgldwhg �qdqfh/ ru dq

lqfuhdvh lq wkh frvw ri lqwhuphgldwhg �qdqfh/ vkrxog ohdg �upv wr vxevwlwxwh rxw ri lqwhuphgl0

dwhg �qdqfh dqg lqfuhdvh uhwdlqhg hduqlqjv1 Iljxuhv 6 dqg 7 vkrz uhdo sur�wv/ glylghqgv/ dqg

uhwdlqhg hduqlqjv shu dgxow uhodwlyh wr wuhqg lq wkh hqwluh frusrudwh vhfwru dqg lq wkh pdqx0

idfwxulqj vxevhfwru/ uhvshfwlyho|1 Wkh prvw vwulnlqj ihdwxuh ri wkhvh gdwd lv wkdw �upv zhuh

qrw lqfuhdvlqj uhwdlqhg hduqlqjv dv wkh wkhru| suhglfwv1 Lq vkdus frqwudvw/ uhwdlqhg hduqlqjv

ihoo vxevwdqwldoo| dv �upv pdlqwdlqhg uhodwlyho| kljk glylghqg sd|phqwv1 Frusrudwh sur�wv

ihoo e| qhduo| 73 shufhqw ehwzhhq 4<5< dqg 4<63/ exw glylghqg sd|phqwv ihoo e| rqo| derxw 7

shufhqw1 Sur�wv ghfuhdvhg e| ryhu :3 shufhqw ehwzhhq 4<5< dqg 4<64/ exw glylghqg sd|phqwv

ihoo e| rqo| 58 shufhqw gxulqj wklv shulrg1 E| 4<65/ frusrudwlrqv h{shulhqfhg vxevwdqwldo

orvvhv/ exw uhwdlqhg hduqlqjv ihoo hyhq pruh dv �upv pdlqwdlqhg glylghqg sd|phqwv htxdo wr

84 shufhqw ri wkhlu 4<5< ohyho1 Wklv sdwwhuq dovr hphujhv dw wkh vhfwrudo ohyho1 Iljxuh 7 vkrzv

wkdw d yhu| vlplodu sdwwhuq suhydlohg dprqj pdqxidfwxulqj frusrudwlrqv/ dqg wdeoh 45 vkrzv

wkdw wklv sdwwhuq frqwlqxhv dprqj gxudeoh dqg qrqgxudeoh pdqxidfwxuhuv dqg dprqj plqlqj

frusrudwlrqv16;

6;Wkhuh zdv vrph yduldqfh lq glylghqg sd|rxwv dw wkh lqgxvwu| ohyho1 Iru h{dpsoh/ glylghqgv lq wkh
wredffr lqgxvwu| zhuh sduwlfxoduo| kljk gxulqj wkh Ghsuhvvlrq1 Wkhvh rxwolhuv glg qrw d�hfw wkh vhfwrudo
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Wkh pdlqwhqdqfh ri glylghqg sd|phqwv dw wkh h{shqvh ri uhwdlqhg hduqlqjv wkurxjkrxw

wkh Ghsuhvvlrq vxjjhvwv wkdw �upv zhuh oltxlgdwlqj wkhlu hqwhusulvhv/ udwkhu wkdq �qglqj

vxevwlwxwhv wr frvwo| edqn �qdqfh1 Uhfrqflolqj wklv odujh gurs lq uhwdlqhg hduqlqjv zlwk wkh

edqnlqj vwru| vhhpv gl!fxow1 Wr gr vr uhtxluhv h{sodlqlqj zk| �upv gudlqhg wkhlu fr�huv

dqg lqfuhdvhg wkhlu h{srvxuh wr qhjdwlyh edqnlqj vkrfnv1

Wdeoh 45 Sur�wv dqg Glylghqgv lq Nh| Vhfwruv6<

+Uhdo Shu Dgxow dqg Uhodwlyh wr Wuhqg,

4<5< 4<64 4<66

Plqlqj

Sur�wv 763 0:8 0448

Glylghqgv 63< 44; 99

Gxudeoh Pdqxidfwxulqj

Sur�wv 557: 0488 0:54

Glylghqgv 4668 ;44 647

Qrqgxudeoh Pdqxidfwxulqj

Sur�wv 5665 4636 0;8

Glylghqgv 4546 4466 ;36

81 Lqwhudfwlrqv ehwzhhq wkh Zdjh dqg Edqnlqj Vkrfnv
Hyhq wkrxjk zh �qg wkdw qhlwkhu edqnlqj vkrfnv qru zdjh vkrfnv dffrxqw iru pxfk ri

wkh Juhdw Ghsuhvvlrq/ lv lw srvvleoh wkdw wkh lqwhudfwlrq ehwzhhq wkhvh wzr vkrfnv kdv d odujh

pdfurhfrqrplf h�hfwB Wkhuh duh wzr uhdvrqv zk| zh gr qrw wklqn wklv lv yhu| olnho|1 Li wkhuh

zdv dq lpsruwdqw frqqhfwlrq ehwzhhq wkh wzr w|shv ri vkrfnv/ zh vkrxog revhuyh d vwurqj

qhjdwlyh fruuhodwlrq ehwzhhq wkh lqflghqfh ri edqnlqj fulvhv dqg hfrqrplf dfwlylw| lq vhfwruv

glvwruwhg e| kljk zdjhv1 Pdqxidfwxulqj zdv rvwhqvleo| glvwruwhg e| wkh kljk zdjh/ exw wkh

ohyho vwdwlvwlfv pxfk1 Uhdo qrqgxudeoh pdqxidfwxulqj glylghqgv lq 4<66 zhuh 99 shufhqw ri wkhlu 4<5< ohyho1
H{foxglqj wredffr/ wkhvh glylghqgv lq 4<66 zhuh 95 shufhqw ri wkhlu 4<5< ohyho1

6<Wkh gdwd duh iurp wkh QLSD dqg duh phdvxuhg zlwkrxw lqyhqwru| ydoxdwlrq dgmxvwphqw1 Zh wkdqn Pdun
Jhuwohu iru srlqwlqj rxw wr xv wkdw wklv phdvxuh ri sur�wv lv d ehwwhu phdvxuh ri fdvk  rz +qhw ri ghsuhfldwlrq,1
Wkh| duh ghwuhqghg dw wkh dyhudjh udwh ri jurzwk ri rxwsxw shu dgxow= 41<(1
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fruuhodwlrq ehwzhhq pdqxidfwxulqj hpsor|phqw dqg edqn forvlqjv zdv srvlwlyh dw wkh vwdwh

ohyho/ udwkhu wkdq qhjdwlyh1 Pruhryhu/ wkh fruuhodwlrq ehwzhhq vwdwh shu0fdslwd lqfrph dqg

edqn idloxuhv lq vwdwhv zlwk odujh pdqxidfwxulqj vhfwruv 0 wkrvh zlwk deryh0phgldq udwlrv ri

pdqxidfwxulqj hpsor|phqw wr srsxodwlrq 0 lv urxjko| wkh vdph dv wkdw iru doo wkh vwdwhv/ dqg

lv qrw vljql�fdqwo| gl�huhqw iurp }hur1

Wkhuh duh dovr wkhruhwlfdo uhdvrqv iru grxewlqj wkdw dq lqwhudfwlrq ehwzhhq wkh wzr

vkrfnv zrxog kdyh odujh h�hfwv1 Wr looxvwudwh wklv srlqw/ frqvlghu wkh vlpsohvw srvvleoh phwkrg

ri lqfrusrudwlqj wkh edqnlqj vkrfn lqwr wkh zdjh prgho1 Vxssrvh wkdw lqwhuphgldwlrq fdslwdo

zdv dqrwkhu lqsxw lqwr surgxfwlrq/ dqg ghqrwh wkh vhfwrudo ohyho ri lqwhuphgldwlrq fdslwdo

e| ~�1 Vhfwrudo rxwsxw lv qrz jlyhq e| wkh surgxfwlrq ixqfwlrq t� ' E�M��
�3w3�gw

� ~
�
� c

zkhuh w lv xqfkdqjhg dqg � ' f�f� wr pdwfk edqnlqj*v ydoxh0dgghg vkduh1 Jlyhq wklv

vshfl�fdwlrq/ lw lv vwudljkwiruzdug wr vkrz wkdw wkh 4; shufhqw ghfuhdvh lq ~ wkdw rffxuuhg

ehwzhhq 4<5<066 zrxog uhgxfh rxwsxw lq wkh zdjh prgho dq dgglwlrqdo 314; shufhqw1 Wklv

uhvxow sduwldoo| uh hfwv wkh idfw wkdw wkh ghfuhdvh lq lqwhuphgldwlrq fdslwdo ohdgv wr jhqhudo

htxloleulxp fkdqjhv lq idfwru sulfhv wkdw prghudwh wkh lpsdfw ri wkh idfwru fkdqjh1

91 Zkdw Hovh zdv Gl�huhqw derxw wkh Juhdw GhsuhvvlrqB
Wkh wzr fdqglgdwh vkrfnv zh kdyh frqvlghuhg 0 edqn idloxuhv dqg lpshuihfwo|  h{leoh

zdjhv 0 grq*w vhhp fdsdeoh ri sodxvleo| h{sodlqlqj wkh Juhdw Ghsuhvvlrq1 Vr li lw zdvq*w

edqnlqj ru zdjhv/ zkdw rwkhu idfwruv pljkw kdyh ehhq uhvsrqvleohB73

D1 Orzhu Dvvhw Sulfhv

Wkh �uvw dowhuqdwlyh vkrfn zh h{dplqh lv orzhu dvvhw sulfhv1 Wkh vwrfn pdunhw fudvk

ri 4<5< lv frqvlghuhg e| vrph hfrqrplvwv wr kdyh frqwulexwhg wr wkh Juhdw Ghsuhvvlrq +vhh

Urphu +4<<6,,1 Lw lv gl!fxow wr hydoxdwh wklv vwru| vlqfh wkhuh fxuuhqwo| lv qr jhqhudoo|

dffhswhg wkhru| ri dvvhw sulfh  xfwxdwlrqv1 Zlwkrxw vxfk d wkhru|/ rqh fdqqrw hvwdeolvk wkdw

dvvhw sulfh fkdqjhv frqwulexwhg vljql�fdqwo| wr wkh Juhdw Ghsuhvvlrq174 Exw zh fdq wdnh d

73Rqh gl�huhqfh ehwzhhq wkhvh wzr hslvrghv lv wkdw wkh gh dwlrq ri 4<54055 lpphgldwho| iroorzhg d vljql�0
fdqw lq dwlrq/ zkloh wkh gh dwlrq ri 4<5<066 iroorzhg d shulrg ri urxjko| vwdeoh sulfhv1 Li qrplqdo sulfhv zhuh
pruh  h{leoh gxulqj wkh hduolhu ghsuhvvlrq/ wkh gh dwlrq pd| kdyh kdg vpdoohu uhdo h�hfwv1 Olwwoh lv nqrzq/
krzhyhu/ derxw wkh gl�huhqfhv lq sulfh  h{lelolw| gxulqj wkhvh wzr grzqwxuqv1

74Zlwkrxw d jrrg wkhru| ri dvvhw sulfh  xfwxdwlrqv/ lw lv xqfohdu zkdw vkrfn guryh grzq dvvhw sulfhv/ ru
krz dvvhw sulfhv lqwhudfwhg11
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�uvw vwhs e| hpslulfdoo| dvvhvvlqj zkhwkhu rwkhu shulrgv ri odujh dqg surorqjhg ghfuhdvhv lq

dvvhw sulfhv dovr frlqflgh zlwk pdmru Ghsuhvvlrqv1 Rqh ri wkh ehvw nqrzq ri wkhvh hslvrghv

lv Mdsdq lq wkh 4<<3v1 Zh wkhuhiruh frpsduh fkdqjhv lq vwrfn sulfhv dqg rxwsxw lq wkh X1V1

lq wkh 4<63v wr Mdsdq lq wkh 4<<3v1 Wdeohv 46047 vkrz uhdo vwrfn sulfhv dqg rxwsxw iru wkhvh

wzr frxqwulhv1 Zh �qg vrph lpsruwdqw vlplodulwlhv lq dvvhw sulfh fkdqjhv ehwzhhq wkh wzr

frxqwulhv/ exw yhu| gl�huhqw rxwsxw fkdqjhv diwhu vkduh sulfhv idoo1

Wdeoh 46= Uhdo X1V1 Ghwuhqghg Vwrfn Sulfhv dqg Rxwsxw75

+4<5<@433,

\hdu 4<59 4<5: 4<5; 4<5< 4<63 4<64 4<65

V)S Lqgh{ 8317 941: :;15 43313 ;417 8:14 6419

Rxwsxw Lqgh{ 4351; 43314 <:1: 43313 ;91< ::19 9713

Wdeoh 47= Uhdo Mdsdqhvh Ghwuhqghg Vwrfn Sulfhv dqg Rxwsxw76

+4<;<@433,

\hdu 4<;9 4<;< 4<<3 4<<4 4<<5

Qlnnhl Lqgh{ 8814 43313 ;419 9614 7719

Rxwsxw Lqgh{ <915 43313 43417 43418 <;1<

Vwrfn sulfhv lq erwk frxqwulhv urxjko| grxeohg gxulqj wkh wkuhh0|hdu shulrg ehiruh

wkhlu uhvshfwlyh pdunhw shdnv1 Rxwsxw jurzwk uhodwlyh wr uhvshfwlyh wuhqgv lv dovr yhu| vlplodu

lq wkh wzr frxqwulhv gxulqj wkhvh wkuhh0|hdu shulrgv ri ulvlqj vwrfn sulfhv1 Iroorzlqj wkhlu

uhvshfwlyh pdunhw shdnv/ vwrfn sulfhv idoo vkduso| lq erwk frxqwulhv1 X1V1 vkduh sulfhv idoo

derxw 9; shufhqw/ dqg Mdsdqhvh vkduh sulfhv idoo derxw 88 shufhqw1 Ghvslwh wkhvh vlplodu vwrfn

sulfh sdwwhuqv/ rxwsxw jurzwk gl�huv vxevwdqwldoo| diwhu sulfhv ehjlq wr idoo1 X1V1 rxwsxw lv 69

75Vrxufh ri V)S gdwd= Klvwrulfdo Vwdwlvwlfv wdeoh [ 7<507<;
76Txdqwlwlhv duh qrw shu dgxow/ dqg kdyh ehhq ghwuhqghg xvlqj d 61:( udwh ri jurzwk zklfk lv wkh dyhudjh

udwh ri jurzwk ri uhdo rxwsxw ehwzhhq 4<:<0;<1 Rxwsxw dqg Vwrfn Sulfh gdwd duh iurp wkh GUL Lqwhuqdwlrqdo
Gdwdedvh1
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shufhqw ehorz wuhqg wkuhh |hduv diwhu lwv vwrfn pdunhw shdn/ zkloh Mdsdqhvh rxwsxw uhpdlqv

rq wuhqg wkuhh |hduv diwhu lwv vwrfn pdunhw shdn177

Wkhvh gdwd vkrz wkdw odujh dvvhw sulfh ghfuhdvhv duh qrw dozd|v dvvrfldwhg zlwk elj

ghsuhvvlrqv1 Mdsdqhvh vwrfn sulfhv ihoo qhduo| dv pxfk lq wkh 4<<3v dv X1V1 vkduh sulfhv ihoo

lq wkh 4<63v/ exw Mdsdqhvh rxwsxw uhpdlqhg forvh wr wuhqg zkloh vwrfn sulfhv ihoo178 Wkhvh

Mdsdqhvh gdwd dqg wkh sdwwhuq ri uhwdlqhg hduqlqjv gxulqj wkh X1V1 Juhdw Ghsuhvvlrq udlvh

txhvwlrqv derxw wkh dvvhw sulfh vwru|1 Iluvw/ li orzhu dvvhw sulfhv frqwulexwhg wr wkh X1V1 Juhdw

Ghsuhvvlrq/ zk| glgq*w d vlplodu ghfuhdvh surgxfh d Juhdw Ghsuhvvlrq lq MdsdqB Vhfrqg/ li

wkh pdfurhfrqrplf lpsdfw ri orzhu sulfhv lv wkurxjk orzhu eruurzhu qhw zruwk/ dv lv riwhq

suhvxphg lq wkh olwhudwxuh/ wkhq zk| glg �upv frqwlqxh wr sd| vxfk glylghqgv gxulqj wkh

4<63v udwkhu wkdq lqfuhdvh uhwdlqhg hduqlqjvB Ilqdoo|/ li ghfuhdvhv lq dvvhw ydoxhv kdyh d

vxevwdqwldo qhjdwlyh h�hfw rq rxwsxw/ wkurxjk hlwkhu eruurzhu ru frqvxphu qhw zruwk/ wkhq

zk| glg wkh lqfuhdvh lq dvvhw sulfhv kdyh vr olwwoh h�hfw lq hlwkhu Mdsdq ru wkh X1V1B Dq|

wkhru| ri wkh Ghsuhvvlrq edvhg rq orzhu dvvhw ydoxhv vkrxog eh deoh wr h{sodlq zk| orzhu

dvvhw sulfhv grq*w dozd|v surgxfh pdmru ghsuhvvlrqv/ dqg h{sodlq zk| uhwdlqhg hduqlqjv ihoo

lq wkh 4<63v179

E1 Wkh Idoo lq Wrwdo Idfwru Surgxfwlylw|

Wkh vhfrqg dowhuqdwlyh vkrfn zh frqvlghu lv d wrwdo idfwru surgxfwlylw| +WIS, vkrfn1

Wklv vkrfn lv pxfk gl�huhqw gxulqj wkh Juhdw Ghsuhvvlrq wkdq rwkhu shulrgv dqg lq sduwlfxodu

gl�huv vkduso| iurp 4<540551 WIS urvh derxw 8 shufhqw uhodwlyh wr wuhqg lq 4<54/ exw ihoo

77Mdsdq glg h{shulhqfh d jurzwk vorzqgrzq diwhu 4<<4/ dqg e| 4<<; zdv 48( ehorz wuhqg1 Krzhyhu/ qrwh
wkdw wklv ghfuhdvh frphv < |hduv diwhu wkh ghfuhdvh lq dvvhw sulfhv1

78Odqg ydoxhv lq Mdsdq dovr iroorzhg wkh vdph uroohufrdvwhu sdwwhuq dv vwrfn sulfhv lq wkh 4<<3v1 Frpphu0
fldo uhdo hvwdwh ydoxhv grxeohg gxulqj wkh vdph shulrg wkdw vwrfn sulfhv grxeohg/ dqg ihoo 68 shufhqw wkuhh
|hduv diwhu wkh pdunhw shdn1 Wkhvh gdwd duh wkxv lqfrqvlvwhqw zlwk wkh ylhz wkdw Mdsdq pdlqwdlqhg kljk
pdfurhfrqrplf dfwlylw| ehfdxvh rwkhu dvvhw ydoxhv uhpdlqhg kljk1
+Vhh frpphufldo uhdo hvwdwh sulfhv lq wkh 9 odujhvw flwlhv iurp wkh Mdsdq Uhdo Hvwdwh Lqvwlwxwh=

kwws=22zzz1uhlqhw1ru1ms2lqgh{0h1kwp1,
79Wkhvh gdwd fdvw grxew rq wkh delolw| ri wkhruhwlfdo prghov lq zklfk �qdqlfdo pdunhw lpshuihfwlrqv dpsoli|

wkh h�hfwv ri pdfurhfrqrplf vkrfnv e| uhgxflqj qhw zruwk ehlqj deoh wr h{sodlq d vljql�fdqw sruwlrq ri wkh
Juhdw Ghsuhvvlrq1 +Vhh Nl|rwdnl dqg Prruh +4<<:,/ dqg Ehuqdqnh/ Jhuwohu/ dqg Jlofkulvw +5333, +EJJ,,1
Dffruglqj wr wkhvh prghov/ rxwsxw vkrxog kdyh h{sdqghg vljql�fdqwo| zkhq vwrfn sulfhv zhuh ulvlqj1 Pruhryhu/
wkhvh prghov suhglfw wkdw hqwhusulvhv vkrxog kdyh vxevwdqwldoo| lqfuhdvhg lqwhuqdo fdvk zkhq vkduh sulfhv ehjdq
idoolqj1 Erwk ri wkhvh suhglfwlrqv vwdqg lq frqwudvw wr wkh gdwd1
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derxw 47 shufhqw ehorz wuhqg ehwzhhq 4<5< dqg 4<6617:

Lw lv xqolnho| wkdw wklv WIS ghfuhdvh gxulqj wkh Juhdw Ghsuhvvlrq uh hfwv whfkqrorjlfdo

uhjuhvv ru lv vroho| gxh wr idfwru phdvxuhphqw huuru1 Wr vhh wklv odwwhu srlqw/ frqvlghu wkuhh

w|shv ri phdvxuhphqw huuru= fdslwdo xwlol}dwlrq/ fkdqjhv lq oderu txdolw|/ dqg fkdqjhv lq

fdslwdo txdolw|1 Wkh xwlol}dwlrq ri wkh fdslwdo vwrfn zdv orz gxulqj wkh Juhdw Ghsuhvvlrq/ dqg

wklv ryhuvwdwhphqw ri wkh fdslwdo lqsxw zloo eldv grzq WIS phdvxuhphqw1 Exw wkh rwkhu wzr

vrxufhv ri idfwru plvphdvxuhphqw zloo whqg wr r�vhw plvphdvxuhg fdslwdo lqsxw1 Wkh dyhudjh

txdolw| ri oderu lqsxw suredeo| urvh gxulqj wkh Ghsuhvvlrq/ dv wkh ohdvw surgxfwlyh zrunhuv

zhuh suredeo| wkh �uvw wr eh odlg r�1 Wklv lqglfdwhv wkdw phdvxuhv ri oderu lqsxw edvhg rq

hpsor|phqw ru krxuv zrunhg zloo xqghuvwdwh oderu lqsxw lq h!flhqf| xqlwv1 Vlploduo|/ wkh

roghvw/ ohdvw h!flhqw fdslwdo zdv lgohg gxulqj wkh Ghsuhvvlrq +Euhvqdkdq dqg Ud� +4<<4,,1

Wklv �ylqwdjh h�hfw� lpsolhv wkdw phdvxuhv ri fdslwdo lqsxw edvhg rq wkh qxpehu ri lgoh

idfwrulhv zloo xqghuvwdwh fdslwdo lqsxw lq h!flhqf| xqlwv1 Erwk ri wkhvh frpsrvlwlrqdo h�hfwv

zloo whqg wr xqghuvwdwh wkh wuxh ghfolqh lq WIS dqg whqg wr r�vhw wkh lpsdfw ri fdslwdo

xwlol}dwlrq1

Vlqfh oderu*v vkduh lv derxw wzlfh dv odujh dv fdslwdo*v vkduh/ frqvlghudeoh plvphdvxuh0

phqw ri fdslwdo xwlol}dwlrq lv uhtxluhg wr eldv wkh WIS phdvxuh1 Iru h{dpsoh/ li wuxh fdslwdo

lqsxw zdv 53 shufhqw orzhu wkdq phdvxuhg fdslwdo lqsxw +diwhu fruuhfwlqj iru ylqwdjh h�hfwv,/

dqg wuxh oderu lqsxw lq h!flhqf| xqlwv zdv 8 shufhqw kljkhu wkdq phdvxuhg oderu lqsxw gxh

wr frpsrvlwlrqdo vkliwv/ WIS zrxog kdyh ghfuhdvhg e| 44 shufhqw/ frpsduhg wr wkh phdvxuhg

ghfuhdvh ri 47 shufhqw1

Qhjdwlyh surgxfwlylw| vkrfnv dovr vkrz xs lq glvdjjuhjdwhg gdwd1 Ehuqdqnh dqg

Sdunlqvrq +4<<4, uhsruw qhjdwlyh surgxfwlylw| vkrfnv lq pdqxidfwxulqj dqg dujxh wkdw wkh

vkrfnv uh hfw oderu krduglqj ru lqfuhdvlqj uhwxuqv wr vfdoh1 Exw wkhuh duh jrrg uhdvrqv wr

txhvwlrq wkhvh wzr h{sodqdwlrqv1 Uhfhqw uhvhdufk lqglfdwhv frqvwdqw uhwxuqv wr vfdoh lq pdq0

xidfwxulqj/ udwkhu wkdq lqfuhdvlqj uhwxuqv1 Dqg dw ohdvw wkh wudglwlrqdo uhdvrq jlyhq iru oderu

krduglqj 0 wkh frvwv ri od|lqj r� dqg vxevhtxhqwo| uhklulqj d zrunhu h{fhhgv wkh frvw ri

uhwdlqlqj wkh zrunhu0 vhhpv xqolnho| gxulqj wklv shulrg1 Pdqdjhuv vhhp wr kdyh ehhq oltxl0

7:Urphu +4<;;, dujxhv wkdw wkhuh zdv d idyrudeoh vxsso| vkrfn gxulqj wkh 4<54055 ghsuhvvlrq/ dowkrxjk
vkh grhv qrw glvfxvv WIS fkdqjhv1
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gdwlqj wkhlu hqwhusulvhv gxulqj wkh Juhdw Ghsuhvvlrq/ udwkhu wkdq sodqqlqj iru dq xsfrplqj

h{sdqvlrq wkdw zrxog kdyh surgxfwlyho| xwlol}hg wkh krdughg oderu1

Wkh WIS ghfuhdvh pd| qrw eh dghtxdwho| h{sodlqhg e| whfkqrorjlfdo uhjuhvv/ idfwru

plvphdvxuhphqw/ ru uhwxuqv wr vfdoh1 Pruh uhvhdufk lv qhhghg wr ghwhuplqh wkh vrxufhv ri

dqg uhdvrqv iru/ wklv odujh fkdqjh dqg krz pxfk lw pd| kdyh frqwulexwhg wr wkh Juhdw

Ghsuhvvlrq1 Vlqfh d ghfuhdvh lq surgxfwlylw| uhgxfhv pdujlqdo surgxfwlylw|/ wklv vkrfn pd|

uhsuhvhqw wkh ehvw fkdqfh iru wkh zdjh k|srwkhvlv wr dffrxqw iru d uhdvrqdeoh iudfwlrq ri wkh

rxwsxw ghfuhdvh1

:1 Vxppdu| dqg Frqfoxvlrq
Rxu uhvxowv vxjjhvw wkdw wzr srsxodu vwrulhv iru wkh Juhdw Ghsuhvvlrq 0 wkh lq h{leoh

zdjh2gh dwlrq vwru| dqg wkh edqnlqj vkrfn vwru| 0 dffrxqw iru d uhodwlyho| vpdoo iudfwlrq

ri wkh rxwsxw idoo wkdw rffxuuhg ehwzhhq 4<5<0661 Wkh sureohp zlwk wkh lq h{leoh zdjh

vwru| grhv lv wkdw phdvxuhg zdjhv zhuh deryh wuhqg lq rqo| d vxevhw ri wkh hfrqrp|/ dqg

wkdw d uhdvrqdeoh fruuhfwlrq iru vkliwv lq wkh frpsrvlwlrq ri hpsor|phqw zrxog uhgxfh wkrvh

zdjh phdvxuhv ehorz wuhqg1 Wkh sureohp zlwk wkh edqnlqj vkrfn vwru| lv wkdw wkh vkrfn lv

vpdoo/ dqg wkh hodvwlflw| ri djjuhjdwh rxwsxw zlwk uhvshfw wr d edqnlqj vkrfn lv dovr vpdoo1

Pruhryhu wkuhh lpsruwdqw dx{loldu| suhglfwlrqv ri wkh edqnlqj vwru| grq*w olqh xs zlwk wkh

gdwd1 Wkh wkhru| suhglfwv wkdw vwdwhv wkdw kdg zruvh edqnlqj fulvhv vkrxog kdyh kdg pruh

zruvh ghsuhvvlrqv1 Exw wkhuh lv qr v|vwhpdwlf uhodwlrqvkls ehwzhhq vwdwh hfrqrplf dfwlylw|

dqg wkh qxpehu ri edqn forvlqjv1 Wkh wkhru| dovr suhglfwv wkdw �upv vkrxog kdyh lqfuhdvhg

lqwhuqdo fdvk lq uhvsrqvh wr wkh edqnlqj vkrfn1 Lq frqwudvw/ �upv uhgxfhg uhwdlqhg hduq0

lqjv vxevwdqwldoo| gxulqj wkh Juhdw Ghsuhvvlrq1 Wkh wkhru| dovr suhglfwv wkdw wkh udwlr ri

edqn ghsrvlwv wr rxwsxw vkrxog kdyh ghfuhdvhg gxulqj wkh Ghsuhvvlrq1 Wklv udwlr lqfuhdvhv

vxevwdqwldoo| gxulqj wkh Ghsuhvvlrq1 Dq| vxffhvvixo �qdqfldo lqwhuphgldwlrq wkhru| ri wkh

Ghsuhvvlrq vkrxog eh frqvlvwhqw zlwk wkhvh wkuhh idfwv1

Zh frqfoxgh wkdw wkh Juhdw Ghsuhvvlrq uhpdlqv d sx}}oh1 Wkh sdshu vxjjhvwv wzr

gluhfwlrqv iru ixwxuh uhvhdufk1 Rqh gluhfwlrq lv wr dqdo|}h prqh|2gh dwlrq vkrfnv wkurxjk

dowhuqdwlyh fkdqqhov1 Wkh vhfrqg gluhfwlrq lv wr dqdo|}h uhdo vkrfnv1 Wkh idfw wkdw uhdo rxwsxw

shu dgxow ihoo 46 shufhqw lq 4<63 zlwkrxw dq| vljql�fdqw gh dwlrq vxjjhvwv wkh srvvlelolw| wkdw
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d uhdo vkrfn frqwulexwhg wr wkh lqlwldo grzqwxuq1 Dqg wkh odujh ghfuhdvh lq WIS vxjjhvwv wkh

srvvlelolw| wkdw vrph vkrfn pd| kdyh d�hfwhg surgxfwlylw| gxulqj wkh Juhdw Ghsuhvvlrq1
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;1 Dsshqgl{= Fkdudfwhul}lqj wkh Htxloleulxp ri wkh Zdjh Prgho
Lq zkdw iroorzv/ zh zloo dvvxph wkdw wkh gl�huhqfh lq wkh lglrv|qfudwlf surgxfwlylw|

vkrfnv lv vpdoo hqrxjk wkdw wkh qrqqhjdwlylw| frqvwudlqw rq uhwdlqhg hduqlqjv qhyhu elqgv1

Xqghu wklv dvvxpswlrq/ wkh i1r1f1v wkdw fkdudfwhul}h d vroxwlrq lqfoxgh

q|��ES|� ' b|+46,

b|��0|c�Eg|c� n %|c��
�3� ' >| � 1|c� zkhuh %|c�1|c� ' f+47,

b|n���.|

q
0|n�c�Eg|n�c� n %|n�c��

�3�
r

' b|+48,

>|n�C�E(|n�c ~� ' b|+49,

zkhuh >|c b|c dqg 1|c� duh wkh Odjudqjldq pxowlsolhuv rq wkh frqvwudlqwv +<, dqg +43, dqg wkh

qrqqhjdwlylw| frqvwudlqwv rq %�c uhvshfwlyho|1

Lw lv hdv| wr vhh iurp wkh i1r1f1 rq sodqw fdslwdo/ +48,/ wkdw g� ' g21 Khqfh zh fdq

djjuhjdwh sodqw fdslwdo dqg wuhdw wkhp dv wkh vwdwh yduldeohv Egc(�c zkhuh g*2 lv sodqw

fdslwdo1 Lw lv hdv| wr vhh wkdw %, fdqqrw eh srvlwlyh/ vlqfh frqglwlrq +47, zrxog lpso| wkdw %�

zdv dovr srvlwlyh/ dqg khqfh dw erwk sodqwv wkh pdujlqdo surgxfw ri fdslwdo zrxog eh juhdwhu

wkdq b|3�c zklfk zrxog frqwudglfw +48,1

Wkh vwhdg| vwdwh ri wklv prgho zloo eh jlyhq e| Egc(�/ zkhuh

q��
k
0�Eg*2 nCE(c~���3� n 0,Eg*2��3�

l
' �+4:,

q��0�Eg*2 nCE(c~���3�C�E(c~� � �c zlwk vwulfw htxdolw| li ( : fc+4;,

dqg S lv jlyhq e|

S '
�

2
�0�Eg*2 nCE(c~��� n

�

2
�0,Eg*2�� � Eg n(��

Zh fdq ghyhors wkh dqdo|vlv ixuwkhu e| dvvxplqj dq h{solflw ixqfwlrqdo irup iru C�

Wkh Ohrqwlh� vshfl�fdwlrq doorzv xv wr rewdlq forvhg0irup vroxwlrqv iru wkh yduldeohv ( dqg

g=

CE(c~� ' 4�?Ek(c~�c

zkhuh k 	 � dqg E�� k�( lv wkh frvw ri lqwhuphgldwlrq1
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Li ( lv srvlwlyh dqg lqwhulru/ wkdw lv/ ohvv wkdq ~c lw lv vwudljkwiruzdug wr vkrz wkdw

( '
�

k
Eq���

�

�3�

%
0

�

�3�

� �
�

k0,
2k� �

� �

�3�

&
�+4<,

Li wkh ydoxh ri ( lv vxfk wkdw ( 5 dfc ~*koc wkhq wkh vwhdg|0vwdwh ohyho ri g lv

g '

#
kq��0,
2k� �

$ �

�3�

�

Li wkh ydoxh ri ( lpsolhg e| +4<, lv qhjdwlyh/ wkhq lw lv hdv| wr vkrz wkdw lq wkh vwhdg| vwdwh

( ' fc dqg

g '

%
q��

2
E0� n 0,�

& �

�3�

�

Li wkh ydoxh ri ( lpsolhg e| +4<, lv juhdwhu wkdq ~*kc wkhq lq wkh vwhdg| vwdwh ( ' ~ dqg g

lv wkh vroxwlrq wr +4:, zkhq zh vhw CE(c~� ' ~�

Wklv doorzv xv wr frqgxfw vrph frpsdudwlyh vwdwlfv rq zkdw kdsshqv wr g dqg (

zkhq lqwhuphgldwlrq fdslwdo fkdqjhv1 Li ~ elqgv/ wkhq _g*_~ 	 f dqg _Eg n k(�*_~ : f�

Ixuwkhupruh/ li ( : fc wkhq _Ek(�*_k : fc dqg khqfh _g*_k 	 fc zkloh _Egnk(�*_k : f�

Rxu prgho suhglfwv wkdw d ghfuhdvh lq lqwhuphgldwlrq fdslwdo lqfuhdvhv lqwhuqdoo| lqvwdoohg

fdslwdo/ exw vljql�fdqwo| uhgxfhv lqwhuphgldwhg lqyhvwphqw1 Vlploduo|/ dq lqfuhdvh lq wkh

frvw ri lqwhuphgldwlrq +k� lqfuhdvhv lqwhuqdoo| lqvwdoohg fdslwdo dqg uhgxfhv lqwhuphgldwhg

lqyhvwphqw1 Lw lv dovr hdv| wr vhh krz wkh vsuhdg lq wkh ohqglqj dqg eruurzlqj udwh lv d�hfwhg

e| d fkdqjh lq ~1 Lq wklv h{dpsoh/ wkh pdujlqdo frvw ri ixqgv wr wkh kljk surgxfwlylw| sodqw

pxvw eh

� n oK ' ��0�Eg*2 n k(��3��

Wkh lqwhuhvw udwh rq vdylqjv pxvw eh

� n or ' ��0�Eg*2 n k(��3�k�

Wklv lpsolhv wkdw wkh vsuhdg ehwzhhq wkhvh wzr udwhv lv jlyhq e|

oK � or ' ��0�Eg*2 n k(��3�E�� k��

D ghfuhdvh lq lqwhuphgldwlrq fdslwdo wkdw elqgv zloo orzhu wkh txdqwlw| ri lqwhuphgldwhg

fdslwdo/ k(c dqg udlvh wkh txdqwlw| �qdqfhg rxw ri uhwdlqhg hduqlqjv/ g� Lw dovr udlvhv erwk
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wkh eruurzlqj dqg ohqglqj lqwhuhvw udwhv dqg wkh vsuhdg ehwzhhq wkhp/ vlqfh wkh pdujlqdo

surgxfwlylw| ri fdslwdo dw wkh kljk surgxfwlylw| sodqw lv udlvhg1 Wkh vsuhdg dovr lv ghfuhdvlqj

lq kc zklfk jryhuqv wkh iudfwlrq ri fdslwdo frqvxphg e| wkh lqwhuphgldwlrq surfhvv1

Ilqdoo|/ dvvxph wkdw C(c C~ c C(~ : f iru doo (c~ : f� Lq wklv fdvh/ d uhgxfwlrq lq ~

zrunv olnh dq lqfuhdvh lq lqwhuphgldwlrq frvwv1 Vlqfh C lv FUV/ CE(c~� ' }E~*(�(c zkhuh

}� : f� Lq uhvsrqvh wr d ghfuhdvh lq ~c wkh htxloleulxp ohyho ri ~*( zrxog lqfuhdvh1 Wklv

lqglfdwhv wkdw wkh uhohydqw idfwru iru lqwhuphgldwlrq frvwv lv qrw wkh ohyho ri lqwhuphgldwlrq

fdslwdo shu vh/ exw wkh ohyho uhodwlyh wr wkh txdqwlw| ri lqwhuphgldwhg fdslwdo1
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qrplf Shuvshfwlyhv/ Vsulqj/ 7408<1

^64` Pxusk|/ Dqwrlq H1 �Prqh| lq dq Hfrqrp| zlwkrxw Edqnv= Wkh Fdvh ri Luhodqg�/ ss1

74083/ Wkh Pdqfkhvwhu Vfkrro ri Hfrqrplf dqg Vrfldo Vwxglhv1

^65` Qdwlrqdo Lqgxvwuldo Frqihuhqfh Erdug +4<5;, �Zdjhv lq wkh Xqlwhg Vwdwhv/ 4<4704<5:�/

Qhz \run1

^66` R*Eulhq/ Dqwkrq| +4<;<, �Ehkdylrudo H{sodqdwlrq iru Qrplqdo Zdjh Uljlglw| Gxulqj

wkh Juhdw Ghsuhvvlrq� Txduwhuo| Mrxuqdo ri Hfrqrplfv/ Qryhpehu/ 437/ :4<0681

^67` Roqh|/ Pduwkd +4<<<, �Dyrlglqj Ghidxow= Wkh Uroh ri Fuhglw lq wkh Frqvxpswlrq Fro0

odsvh ri 4<63�/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ Iheuxdu|/ 64<06681
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^68` Urphu/ Fkulvwlqd G1 4<;;1 �Zruog Zdu L dqg wkh Srvwzdu Ghsuhvvlrq�/ Mrxuqdo ri Prq0

hwdu| Hfrqrplfv/ 55/ <404481

^69` Urphu/ Fkulvwlqd G1 4<<61 � Wkh Qdwlrq lq Ghsuhvvlrq�/ Mrxuqdo ri Hfrqrplf Shuvshf0

wlyhv/ Vsulqj/ 7408<1

^6:` Vxuyh| ri Fxuuhqw Exvlqhvv Vxssohphqw 4<69/ Ghsduwphqw ri Frpphufh/ Zdvklqjwrq/

G1F11

^6;` Whplq/ Shwhu +4<;<, Ohvvrqv iurp wkh Juhdw Ghsuhvvlrq1
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Figure 1: Personal Income vs Suspensions
by State during the Depression
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Figure 2: Manufacturing Workers vs Bank Suspensions 
by State during the Depression
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Figure 3: Domestic Industries: 
Profits, Dividends and Retained Earnings (without IVA)
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Figure 4: Manufacturing Industries: 
Profits, Dividends and Retained Earnings (without IVA)
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