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DEVWUDFW

Wkhuh duh wzr vwulnlqj dvshfwv ri wkh uhfryhu| iurp wkh Juhdw Ghsuhvvlrq lq wkh Xqlwhg
Vwdwhv= wkh uhfryhu| zdv yhu| zhdn dqg uhdo zdjhv lq vhyhudo vhfwruv urvh vljql�fdqwo| deryh
wuhqg1 Wkhvh gdwd frqwudvw vkduso| zlwk qhrfodvvlfdo wkhru|/ zklfk suhglfwv d vwurqj uhfryhu|
zlwk orz uhdo zdjhv1 Zh hydoxdwh zkhwkhu Qhz Ghdo fduwhol}dwlrq srolflhv ghvljqhg wr olplw
frpshwlwlrq dprqj �upv dqg lqfuhdvh oderu edujdlqlqj srzhu fdq dffrxqw iru wkh shuvlvwhqfh
ri wkh Ghsuhvvlrq1 Zh ghyhors d prgho ri wkh lqwudlqgxvwu| edujdlqlqj surfhvv ehwzhhq oderu
dqg �upv wkdw rffxuuhg zlwk wkhvh srolflhv/ dqg hpehg wkdw prgho zlwklq d pxowl0vhfwru
g|qdplf jhqhudo htxloleulxp prgho1 Zh �qg wkdw Qhz Ghdo fduwhol}dwlrq srolflhv duh dq
lpsruwdqw idfwru lq dffrxqwlqj iru wkh srvw04<66 Ghsuhvvlrq1 Zh dovr �qg wkdw wkh nh|
ghsuhvvlqj hohphqw ri Qhz Ghdo srolflhv zdv qrw frooxvlrq shu vh/ exw udwkhu wkh olqn ehwzhhq
sd|lqj kljk zdjhv dqg frooxvlrq1

�Froh/ Ihghudo Uhvhuyh Edqn ri Plqqhdsrolv1 Rkdqldq/ X1F1O1D1 dqg Ihghudo Uhvhuyh Edqn ri Plqqhdsrolv1
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
Wkhuh duh wzr vwulnlqj dvshfwv ri wkh uhfryhu| iurp wkh Juhdw Ghsuhvvlrq lq wkh Xqlwhg

Vwdwhv1 Iluvw/ wkh uhfryhu| zdv zhdn> diwhu vl{ |hduv ri uhfryhu|/ uhdo rxwsxw uhpdlqhg 58 shu0

fhqw ehorz wuhqg lq 4<6</ dqg sulydwh krxuv zrunhg zhuh rqo| voljkwo| kljkhu wkdq wkhlu wurxjk

ohyho lq 4<661 Vhfrqg/ uhdo zdjhv lq vhyhudo vhfwruv zhuh vljql�fdqwo| deryh wuhqg gxulqj wkh

uhfryhu|/ ghvslwh wkh shuvlvwhqw Ghsuhvvlrq1 Iru h{dpsoh/ wkh uhdo zdjh lq pdqxidfwxulqj zdv

derxw 53 shufhqw deryh wuhqg lq 4<6</ hyhq wkrxjk pdqxidfwxulqj krxuv zhuh vxevwdqwldoo|

ehorz wuhqg +vhh Wdeoh 4,1

Wkhvh gdwd frqwudvw vkduso| zlwk qhrfodvvlfdo wkhru|/ zklfk suhglfwv d vwurqj uhfryhu|

zlwk orz uhdo zdjhv/ qrw d zhdn uhfryhu| zlwk kljk zdjhv1 Wkhru| suhglfwv d vwurqj uhfryhu|

ehfdxvh prqh|/ edqnlqj/ dqg surgxfwlylw| vkrfnv/ zklfk zhuh odujh dqg qhjdwlyh ehiruh 4<66/

uherxqg udslgo| diwhu 4<661 Wkh sdwwhuq ri wkhvh vkrfnv lpsolhv wkdw hpsor|phqw vkrxog kdyh

uhwxuqhg wr wuhqg e| 4<69/ dqg dovr lpsolhv wkdw zdjhv vkrxog kdyh uhpdlqhg ehorz wuhqg

xqwlo 4<6<14

Vrph hfrqrplvwv kdyh vxjjhvwhg wkdw wkh zhdn uhfryhu| dqg kljk zdjhv zhuh gxh wr

Qhz Ghdo fduwhol}dwlrq srolflhv ghvljqhg wr olplw frpshwlwlrq dprqj �upv dqg lqfuhdvh oderu

edujdlqlqj srzhu15 Vhyhudo vwxglhv suhvhqw hylghqfh wkdw wkhvh srolflhv lqfuhdvhg zdjhv dqg

sulfhv gxulqj wkh uhfryhu|16 Exw wkhuh kdv ehhq olwwoh zrun dqdo|}lqj wkh h�hfwv ri wkhvh

srolflhv rq wkh uhfryhu| iurp wkh Ghsuhvvlrq1 Frqvhtxhqwo|/ lw lv xqfohdu zkhwkhu wkhvh

srolflhv zhuh d vljql�fdqw lpshglphqw wr uhfryhu|/ ru zkhwkhu wkhuh zdv dq lpsruwdqw olqn

ehwzhhq wkh lqfuhdvh lq zdjhv dqg wkh shuvlvwhqfh ri wkh Ghsuhvvlrq1

Wkh sxusrvh ri wklv sdshu lv wr jdlq d ehwwhu xqghuvwdqglqj ri wkh h�hfwv ri Qhz Ghdo

srolflhv rq wkh uhfryhu| iurp wkh Juhdw Ghsuhvvlrq1 Zh gr wklv e| phdvxulqj wkh lpsdfw ri

wkhvh srolflhv rq hpsor|phqw/ rxwsxw/ frqvxpswlrq/ dqg lqyhvwphqw ehwzhhq 4<67 dqg 4<6</

dqg e| dvvhvvlqj wkh srvvleoh olqn ehwzhhq kljk vhfwrudo zdjhv dqg wkh zhdn uhfryhu|1 Zh

4Oxfdv dqg Udsslqj +4<:5, frqfoxgh wkdw udslg prqh| jurzwk vkrxog kdyh uhwxuqhg hpsor|phqw dqg
rxwsxw wr qrupdo ohyhov e| 4<681 Froh dqg Rkdqldq +4<<<, frqfoxgh wkdw udslg surgxfwlylw| jurzwk vkrxog
kdyh uhwxuqhg hpsor|phqw dqg rxwsxw wr qrupdo ohyhov e| 4<69/ dqg wkdw zdjhv vkrxog kdyh ehhq pxfk orzhu
wkdq revhuyhg1 Froh dqg Rkdqldq +4<<<, dovr frqfoxgh wkdw rwkhu vkrfnv/ lqfoxglqj �qdqfldo lqwhuphgldwlrq
vkrfnv/ lqwhuqdwlrqdo wudgh vkrfnv/ dqg sxeolf �qdqfh vkrfnv fdq*w dffrxqw iru wkhvh sdwwhuqv1

5Vhh Iulhgpdq +4<78,/ Dofkldq +4<:3,/ dqg Oxfdv dqg Udsslqj +4<:5,1
6Vhh Zhlqvwhlq +4<;3,/ Ehuqdqnh +4<;9,/ dqg Urphu +4<<<,



irfxv rxu dqdo|vlv rq wkrvh srolflhv ghvljqhg wr lqfuhdvh zdjhv dqg sulfhv lq pdq| vhfwruv ri

wkh hfrqrp|/ dqg devwudfw iurp plfur fduwhol}dwlrq srolflhv17 Wkhuh duh wzr skdvhv ri wkhvh

pdfur srolflhv ehwzhhq 4<66 dqg 4<6<1 Erwk skdvhv kdg vlplodu remhfwlyhv dqg xvhg vrph ri

wkh vdph phwkrgv wr uhgxfh frpshwlwlrq dqg udlvh zdjhv1 Wkh �uvw skdvh +4<6604<68, zdv wkh

Qdwlrqdo Lqgxvwuldo Uhfryhu| Dfw +QLUD,1 Wklv Dfw vxvshqghg dqwlwuxvw odz dqg shuplwwhg

frooxvlyh sudfwlfhv lq prvw ri wkh sulydwh/ qrq0djulfxowxudo hfrqrp| surylghg wkdw lqgxvwu|

udlvhg zdjhv dqg dffhswhg xqlrq uhsuhvhqwdwlrq dqg froohfwlyh edujdlqlqj1 Wkh vhfrqg skdvh

ri srolf| ehjdq diwhu wkh Vxsuhph Frxuw ghfoduhg wkh QLUD xqfrqvwlwxwlrqdo1 Wklv skdvh

frqwlqxhg QLUD0w|sh srolflhv wkurxjk wkh Qdwlrqdo Oderu Uhodwlrqv Dfw +QOUD, dqg wkh

Qdwlrqdo Oderu Uhodwlrqv Erdug +QOUE,/ dqg wkurxjk olplwhg hqirufhphqw ri wkh dqwlwuxvw

odzv1

Wkh dqdo|vlv xvhv d pxowl0vhfwru g|qdplf jhqhudo htxloleulxp prgho1 Zh xvh d pxowl0

vhfwru prgho vlqfh qrw doo vhfwruv zhuh fryhuhg e| wkhvh srolflhv1 Zh �uvw ghyhors d prgho

ri wkh lqwudlqgxvwu| edujdlqlqj surfhvv ehwzhhq oderu dqg �upv wkdw rffxuuhg zlwk wkhvh

srolflhv/ dqg hpehg wkdw prgho zlwklq wkh jhqhudo htxloleulxp prgho1 Zh prgho wkrvh vhfwruv

qrw fryhuhg e| wkh srolflhv dv frpshwlwlyh1 Lq rxu prgho/ wkhvh srolflhv fuhdwh dq lqvlghu0

rxwvlghu iulfwlrq wkdw udlvhv lqgxvwu| zdjhv deryh wkh frpshwlwlyh ohyho1 Zh fkrrvh sdudphwhu

ydoxhv vr wkdw zdjhv lq wkh fduwhol}hg vhfwruv ri wkh prgho duh wkh vdph dv revhuyhg zdjhv

lq vhfwruv fryhuhg e| Qhz Ghdo srolflhv gxulqj wkh 4<63v1 Zh wkhq frpsxwh wkh htxloleulxp

sdwk ri wkh hfrqrp| ehwzhhq 4<67 dqg 4<6< dqg phdvxuh wkh iudfwlrq ri wkh zhdn uhfryhu|

dffrxqwhg iru e| wkhvh srolflhv1

Wkhuh duh wzr pdlq �qglqjv1 Iluvw/ Qhz Ghdo fduwhol}dwlrq srolflhv duh dq lpsruwdqw

idfwru lq dffrxqwlqj iru wkh srvw04<66 Ghsuhvvlrq1 D sodxvleo| sdudphwhul}hg yhuvlrq ri rxu

fduwho prgho suhglfwv dq htxloleulxp sdwk iru wkh hfrqrp| wkdw lv vlplodu wr wkdw lq wkh gdwd=

rxwsxw lv derxw 56 shufhqw ehorz wuhqg lq 4<67/ dqg uhpdlqv derxw 47 shufhqw ehorz wuhqg lq

4<6<1 Vhfrqg/ zh �qg d ixqgdphqwdo frqqhfwlrq ehwzhhq kljk vhfwrudo zdjhv dqg wkh zhdn

uhfryhu|1 Wkh nh| ghsuhvvlqj hohphqw ri Qhz Ghdo srolflhv zdv qrw frooxvlrq shu vh/ exw udwkhu

wkh olqn ehwzhhq sd|lqj kljk zdjhv dqg frooxvlrq1 Rxu uhvxowv vkrz wkdw wklv srolf| uhgxfhg

7E| irfxvlqj rq wkh pdfur srolflhv ri wkh Qhz Ghdo/ zh duh devwudfwlqj iurp vhfwru0vshfl�f fduwhol}dwlrq
srolflhv/ vxfk dv wkh Djulfxowxudo Dgmxvwphqw Dfw1
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rxwsxw dqg hpsor|phqw gluhfwo| lq wkh fduwhol}hg vhfwruv ri wkh hfrqrp|/ dqg lqgluhfwo| lq

wkh frpshwlwlyh vhfwruv1 Li wkh srolf| kdg qrw ehhq hqdfwhg/ wkh uhfryhu| zrxog kdyh ehhq

vwurqjhu1

Wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 suhvhqwv pdfurhfrqrplf gdwd iru wkh 4<63v

wkdw duh wkh irfxv ri rxu vwxg|1 Vhfwlrq 6 glvfxvvhv wkh Qhz Ghdo srolflhv/ dqg suhvhqwv zdjh

dqg sulfh gdwd iurp vrph lqgxvwulhv fryhuhg e| wkh srolflhv1 Vhfwlrq 7 ghyhorsv frpshwlwlyh

dqg fduwho yhuvlrqv ri wkh prgho hfrqrp|1 Lq vhfwlrq 8/ zh fkrrvh ydoxhv iru wkh prgho*v

sdudphwhuv1 Vhfwlrq 9 suhvhqwv wkh txdqwlwdwlyh dqdo|vlv1 Zh �uvw frpsduh wkh vwhdg| vwdwhv

ri wkh frpshwlwlyh dqg fduwho yhuvlrqv ri wkh prgho1 Zh wkhq frpsduh wkh htxloleulxp sdwkv

ri wkh wzr prghov ehwzhhq 4<67 dqg 4<6< wr wkh dfwxdo sdwk ri wkh X1V1 hfrqrp| ryhu wklv

shulrg1 Vhfwlrq : eulh | ghvfulehv fkdqjhv lq oderu dqg lqgxvwuldo srolflhv gxulqj wkh 4<73v/

dqg wkh lpsolfdwlrqv ri wkrvh fkdqjhv iru rxu prgho1 Vhfwlrq ; suhvhqwv d vxppdu| dqg

frqfoxvlrq1

51 Wkh Shuvlvwhqfh ri wkh Juhdw Ghsuhvvlrq
Wklv vhfwlrq vxppdul}hv gdwd iurp rxu hduolhu sdshu dqg lghqwl�hv wkuhh sx}}ohv iurp

wklv shulrg1 Wdeoh 4 suhvhqwv wkh gdwd= uhdo JQS/ uhdo frqvxpswlrq ri qrqgxudeohv dqg vhu0

ylfhv +�,/ uhdo lqyhvwphqw +L,/ lqfoxglqj frqvxphu gxudeohv/ wrwdo idfwru surgxfwlylw|/ +WIS,/

wkh uhdo zdjh lq pdqxidfwxulqj/ dqg wrwdo sulydwh krxuv zrunhg1 Doo txdqwlwlhv duh glylghg

e| wkh dgxow +49 dqg ryhu, srsxodwlrq/ dqg doo yduldeohv duh phdvxuhg uhodwlyh wr wkhlu wuhqg0

dgmxvwhg 4<5< ohyho1 Froh dqg Rkdqldq +4<<<, ghvfulehv wkh gdwd dqg wkh ghwuhqglqj surfhgxuh

lq ghwdlo18 Rxu hduolhu sdshu ghvfulehg �yh sdwwhuqv lq wkhvh gdwd ehwzhhq 4<66 dqg 4<6<1

� JQS dqg krxuv zrunhg duh vljql�fdqwo| ehorz wuhqg1

� Frqvxpswlrq lv  dw/ uhpdlqlqj derxw 58 shufhqw ehorz wuhqg ryhu wkh shulrg1

� Lqyhvwphqw lv pxfk orzhu wkdq frqvxpswlrq1

� Surgxfwlylw| uhwxuqv wr wuhqg e| 4<69/ dqg uhpdlqv rq wuhqg diwhuzdugv1

8Xqolnh Froh dqg Rkdqldq +4<<<,/ zh ghwuhqg uhdo pdqxidfwxulqj zdjhv e| wkh dyhudjh jurzwk udwh lq
pdqxidfwxulqj frpshqvdwlrq gxulqj wkh srvwzdu shulrg +417( shu |hdu,/ udwkhu wkdq wkh dyhudjh jurzwk udwh
ri uhdo rxwsxw shu dgxow +41<( shu |hdu,1
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� Wkh uhdo zdjh lq pdqxidfwxulqj lv vljql�fdqwo| deryh wuhqg

Wkhuh duh wkuhh sx}}ohv derxw wkhvh gdwd= +4, Zk| zdv wkh uhfryhu| vr zhdn/ jlyhq

udslg surgxfwlylw| jurzwkB Froh dqg Rkdqldq +4<<<, vkrz wkdw prvw X1V1 uhfryhulhv duh

udslg/ wkdw frqvxpswlrq uhfryhuv vprrwko| wr wuhqg/ dqg wkdw lqyhvwphqw vxevwdqwldoo| h{fhhgv

lwv wuhqg ohyho gxulqj wkh uhfryhu| skdvh1 +5, Zk| zdv wkh uhdo zdjh lq pdqxidfwxulqj vr

kljk gxulqj d shulrg ri orz hfrqrplf dfwlylw|B9 +6, Zk| zdv oderu lqsxw vr orz zlwk vxfk

kljk zdjhv dqg orz frqvxpswlrqB Frpshwlwlyh irufhv vkrxog kdyh ohg wr dq htxloleulxp zlwk

kljkhu oderu lqsxw/ d orzhu uhdo zdjh/ dqg kljkhu frqvxpswlrq1 Wklv frpelqdwlrq ri wkh kljk

zdjh dqg orz hpsor|phqw dqg orz frqvxpswlrq lqglfdwh wkdw vrph vkrfn vhulrxvo| glvuxswhg

wkh oderu pdunhw1

Grphvwlf vkrfnv/ udwkhu wkdq lqwhuqdwlrqdo vkrfnv/ duh wkh prvw olnho| fdxvh ri wkh zhdn

uhfryhu|1 Froh dqg Rkdqldq +4<<<, vkrz wkdw vhyhudo rwkhu frxqwulhv kdg udslg uhfryhulhv

iroorzlqj wkh Ghsuhvvlrq1 Wklv vxjjhvwv wkdw qhjdwlyh lqwhuqdwlrqdo vkrfnv zhuh qrw vwurqj

hqrxjk wr ghudlo rwkhu uhfryhulhv1 Pruhryhu/ wkh X1V1 kdg d vpdoo wudgh vkduh gxulqj wkh 4<63v1

Wklv lqglfdwhv wkdw wkh pdfurhfrqrplf h�hfwv ri lqwhuqdwlrqdo vkrfnv zrunlqj wkurxjk X1V1

wudgh  rzv zrxog eh zhdn1

D vxffhvvixo wkhru| ri wkh uhfryhu| vkrxog dffrxqw iru wkh frqwlqxdwlrq ri wkh Gh0

suhvvlrq/ wkh lqfuhdvh lq wkh uhdo zdjh uhodwlyh wr wuhqg/ dqg wkh odfn ri frpshwlwlyh irufhv

lq wkh oderu pdunhw1 Wkh wkhru| vkrxog dovr eh edvhg rq d grphvwlf vkrfn/ udwkhu wkdq dq

lqwhuqdwlrqdo vkrfn1 Zh wkhuhiruh ghyhors d prgho gulyhq e| d grphvwlf vkrfn wkdw uhgxfhv

frpshwlwlrq lq oderu dqg surgxfw pdunhwv 0 Qhz Ghdo oderu dqg lqgxvwuldo srolflhv 0 wr dqdo|}h

wkh zhdn uhfryhu| iurp wkh Ghsuhvvlrq1

61 Qhz Ghdo Oderu dqg Lqgxvwuldo Srolflhv
Zdjhv dqg sulfhv lq vhyhudo vhfwruv ri wkh hfrqrp| urvh frqvlghudeo| lq plg04<66/

dqg uhpdlqhg kljk wkurxjk wkh ghfdgh1 Vhyhudo uhvhdufkhuv kdyh dujxhg wkdw wkh QLUD zdv

uhvsrqvleoh iru kljk zdjhv dqg sulfhv ehwzhhq 4<66 dqg 4<681 Lq wklv vhfwlrq/ zh eulh |

ghvfuleh QLUD srolflhv dqg suhvhqw vrph gdwd vkrzlqj zdjh dqg sulfh lqfuhdvhv gxulqj wklv

9Lw lv zruwk qrwlqj wkdw wkh lqfuhdvh lq wkh uhdo zdjh gxulqj wkh uhfryhu| lv qrw gxh wr lpshuihfwo|  h{leoh
zdjhv dqg xqdqwlflsdwhg gh dwlrq/ dv kdv ehhq vxjjhvwhg iru wkh grzqwxuq ri 4<5<04<661 Ehwzhhq 4<66 dqg
4<6</ erwk qrplqdo zdjhv dqg wkh sulfh ohyho lqfuhdvhg1
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shulrg1 Zh dovr vxppdul}h srvw0QLUD oderu dqg lqgxvwuldo srolflhv dqg dujxh wkdw oderu

dqg lqgxvwuldo srolflhv zhuh uhvsrqvleoh iru wkh frqwlqxdwlrq ri kljk sulfhv dqg zdjhv ehwzhhq

4<68 dqg 4<6<1

D1 Vxppdu|

Uhgxflqj frpshwlwlrq dqg udlvlqj zdjhv dqg sulfhv zhuh wkh pdlq jrdov ri Qhz Ghdo

lqgxvwuldo dqg oderu srolflhv1 Wkhuh zhuh wzr skdvhv ri srolf| gxulqj wkh 4<63v1 Erwk skdvhv

vkduhg wkh vdph remhfwlyhv ri udlvlqj zdjhv dqg sulfhv dqg xvhg idluo| vlplodu dssurdfkhv wr

dfklhyh wkhvh remhfwlyhv1

Wkh �uvw srolf| skdvh zdv wkh QLUD +4<6604<68,1 Wkh QLUD fuhdwhg uhqwv e| olplwlqj

frpshwlwlrq dqg lqfoxghg surylvlrqv wkdw doorzhg oderu wr fdswxuh vrph ri wkrvh uhqwv1 Wkh

Dfw h{solflwo| olqnhg wkh wzr srolf| jrdov ri udlvlqj zdjhv dqg sulfhv e| vxvshqglqj dqwlwuxvw

odz rqo| li wkh lqgxvwu| dffhswhg froohfwlyh edujdlqlqj dqg lpphgldwho| udlvhg zdjhv1 Wkh

QLUD wkxv wlhg lqgxvwu|*v delolw| wr frooxgh zlwk udlvlqj zdjhv dqg dffhswlqj surylvlrqv wkdw

lqfuhdvhg oderu*v edujdlqlqj srzhu1

Wkh vhfrqg skdvh ri Qhz Ghdo srolf| zdv dgrswhg diwhu wkh Vxsuhph Frxuw uxohg

wkh QLUD xqfrqvwlwxwlrqdo lq 4<681 Wkh QLUD srolf| jrdov ri olplwlqj frpshwlwlrq dqg

udlvlqj zdjhv/ krzhyhu/ uhpdlqhg1 Wkh pdlq oderu srolf| gxulqj wklv skdvh zdv wkh Qdwlrqdo

Oderu Uhodwlrqv Dfw +QOUD,/ zklfk zdv sdvvhg lq 4<681 Wkh QOUD vwuhqjwkhqhg vhyhudo ri

wkh QLUD*v oderu surylvlrqv/ lqfoxglqj froohfwlyh edujdlqlqj dqg xqlrq uhsuhvhqwdwlrq1 Wkh

pdlq lqgxvwuldo srolf| zdv olplwhg hqirufhphqw ri dqwlwuxvw odz1 Zh zloo vkrz wkdw wkhuh

zdv olwwoh dqwlwuxvw survhfxwlrq e| wkh Ghsduwphqw ri Mxvwlfh +GRM, diwhu 4<68/ dqg wkdw wkh

jryhuqphqw rshqo| ljqruhg frooxvlyh duudqjhphqwv lq lqgxvwulhv wkdw sdlg kljk zdjhv1

Rxu suhvhqwdwlrq gl�huv iurp rwkhu vxuyh|v ri Qhz Ghdo srolflhv e| irfxvlqj rq wkrvh

dvshfwv ri srolflhv wkdw kdyh lpsruwdqw ghsuhvvlqj h�hfwv lq rxu prgho hfrqrp|1

E1 Skdvh 4 0 Wkh QLUD

Vhyhudo ri Urrvhyhow*v dgylvruv eholhyhg wkdw wkh vhyhulw| ri wkh Ghsuhvvlrq zdv gxh wr

h{fhvvlyh exvlqhvv frpshwlwlrq1 Wkh| eholhyhg wkdw frpshwlwlrq lqwhqvl�hg gxulqj wkh Ghsuhv0

vlrq/ dqg wkdw kljk frpshwlwlrq uhgxfhg sulfhv dqg zdjhv/ dqg frqvhtxhqwo| orzhuhg ghpdqg

dqg hpsor|phqw1 +Vhh Mrkqvrq +4<68,, Vhyhudo ri wkhvh dgylvruv kdg zrunhg dv hfrqrplf
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sodqqhuv gxulqj Zruog Zdu L/ dqg dujxhg wkdw wkh hfrqrplf srolflhv xvhg gxulqj Zruog Zdu L

frxog oliw wkh frxqwu| rxw ri wkh Ghsuhvvlrq1 Urrvhyhow dgylvru Kxjk Mrkqvrq dujxhg wkdw wkh

zduwlph hfrqrplf h{sdqvlrq zdv gxh wr wkh srolf| ri ljqrulqj wkh dqwlwuxvw odzv1 Dffruglqj

wr Mrkqvrq/ wklv srolf| uhgxfhg lqgxvwuldo frpshwlwlrq dqg frq lfw/ idflolwdwhg frrshudwlrq

ehwzhhq �upv/ dqg udlvhg zdjhv dqg rxwsxw1 +Vhh Mrkqvrq +4<68,,

Wkh Urrvhyhow dgplqlvwudwlrq dujxhg wkdw wzr fkdqjhv zhuh uhtxluhg wr ohdg wkh hfrq0

rp| rxw ri wkh Ghsuhvvlrq= olplw frpshwlwlrq dqg udlvh zdjhv1 Wkh| eholhyhg wkdw olplwlqj

frpshwlwlrq nhsw sulfhv dw uhdvrqdeoh ohyhov/ zklfk lq wxuq ohg wr kljkhu zdjhv/ kljkhu krxvh0

krog lqfrph/ dqg kljkhu frqvxphu vshqglqj1

F1 Ryhuylhz ri wkh QLUD

Wkh Dfw gluhfwhg �upv dqg zrunhuv lq prvw ri wkh sulydwh/ qrq0djulfxowxudo hfrqrp|

wr qhjrwldwh lqgxvwu| �Frghv ri Idlu Frpshwlwlrq� xqghu wkh jxlgdqfh ri wkh Qdwlrqdo Uh0

fryhu| Dgplqlvwudwlrq +QUD,1: Wkhvh frghv gh�qhg wkh rshudwlqj uxohv iru doo �upv lq wkdw

lqgxvwu|1 Wkh frghv zhuh dgplqlvwhuhg e| d frgh dxwkrulw|/ zklfk zdv riwhq wkh lqgxvwu|

wudgh dvvrfldwlrq1 Frgh frpsoldqfh zdv dvvhvvhg e| wkh QUD1 Wkh frghv kdg wzr w|shv

ri surylvlrqv= oderu surylvlrqv dqg wudgh sudfwlfh surylvlrqv1 Wkh oderu surylvlrqv uhtxluhg

wkdw �upv sd| kljkhu zdjhv dqg dffhsw froohfwlyh edujdlqlqj1 Frghv ri idlu frpshwlwlrq uh0

txluhg Suhvlghqwldo dssurydo/ dqg dssurydo zdv judqwhg rqo| li wkh frghv lqfoxghg lqgxvwu|

dffhswdqfh ri wkhvh zdjh dqg froohfwlyh edujdlqlqj surylvlrqv1;

Lq uhwxuq/ wkh Dfw vxvshqghg dqwlwuxvw odz dqg �upv lq hdfk lqgxvwu| zhuh hqfrxudjhg

wr dgrsw wudgh sudfwlfhv wkdw olplwhg frpshwlwlrq dqg udlvhg sulfhv1 Wkh QUD zdv gluhfwhg

e| Zruog Zdu L sodqqhu Kxjk Mrkqvrq1 E| 4<67/ QUD frghv fryhuhg ryhu 833 lqgxvwulhv

hpsor|lqj ryhu 55 ploolrq zrunhuv1 Wdeoh 5 vkrzv wkh vkduh ri hpsor|phqw lq QLUD0fryhuhg

vhfwruv dv d iudfwlrq ri djjuhjdwh hpsor|phqw1 QUD frghv fryhuhg qhduo| ;3 shufhqw ri

sulydwh/ qrq0djulfxowxudo hpsor|phqw/ dqg ryhu 83( ri wrwdo hpsor|phqw1

:Wkh rqo| sulydwh/ qrq0djulfxowxudo vhfwruv h{hpswhg iurp wkh QLUD zhuh vwhdp udlourdgv/ qrq0sur�w
rujdql}dwlrqv/ grphvwlf vhuylfhv/ dqg surihvvlrqdo vhuylfhv1

;Lq vrph fdvhv/ vrph ri wkh oderu surylvlrqv zhuh dgrswhg e| lqgxvwu| ehiruh frghv ri idlu frpshwlwlrq zhuh
zulwwhq1 Wklv zdv dfklhyhg e| �upv iroorzlqj Urrvhyhow*v Uh0hpsor|phqw Djuhhphqw +SUD, +vhh Fkduohv
O1 Ghdulqj/ Sdxo W1 Krpdq/ Ohzlv O1 Oruzlq/ dqg Ohyhuhww V1 O|rq/ �Wkh DEF ri wkh QUD�/ Eurrnlqjv/
4<67,1 Lqgxvwulhv wkdw iroorzhg wkh djuhhphqw sdlg plqlpxp zdjhv dqg frqvhtxhqwo| zhuh shuplwwhg wr vhoo
wr jryhuqphqw djhqflhv1

9



Udlvlqj Zdjhv 0 Oderu Surylvlrqv lq wkh QLUD Frghv

Wdeoh 6 olvwv vrph ri wkh QLUD zdjh surylvlrqv dqg wkh iudfwlrq ri lqgxvwulhv dgrswlqj

wkhp1 Doo frghv dgrswhg d plqlpxp zdjh iru orz0vnloohg zrunhuv/ dqg prvw frghv dovr

vshfl�hg zdjhv iru kljkhu0vnloohg zrunhuv1< Derxw 5; shufhqw ri hpsor|hhv zrunhg xqghu

frghv zlwk ghwdlohg zdjh vfkhgxohv wkdw vhw zdjh udwhv iru qhduo| doo w|shv ri zrunhuv1 +O|rq

hw do 0 sdjh 67;,1 Derxw 4< shufhqw ri hpsor|hhv zhuh xqghu frghv wkdw hlwkhu h{solflwo|

pdlqwdlqhg vnloohg sd| gl�huhqwldov uhodwlyh wr orz0vnloohg zrunhuv/ ru zhuh uhtxluhg wr pdnh

�htxlwdeoh dgmxvwphqwv� wr zdjhv ri vnloohg zrunhuv1 Rqo| : shufhqw ri hpsor|hhv zrunhg

xqghu frghv wkdw kdg qr h{solflw surylvlrqv iru udlvlqj zdjhv iru vnloohg zrunhuv1

Rqh hohphqw ri QLUD zdjh surylvlrqv zdv htxdo wuhdwphqw 0 hpsor|hhv shuiruplqj

vlplodu dfwlylwlhv zhuh w|slfdoo| sdlg wkh vdph zdjh1 Frqvhtxhqwo|/ frghv jhqhudoo| glg qrw

shuplw gl�huhqwldo zdjhv edvhg rq vhqlrulw| ru rwkhu fulwhuld1 +Vhh iru h{dpsoh wkh Shwurohxp

Frgh/ Frghv ri Idlu Frpshwlwlrq/ yroxph 4/ sdjh 484,1 Lq rxu prgho/ wklv htxdo wuhdwphqw

srolf| zloo eh lpsruwdqw iru xqghuvwdqglqj wkh ghsuhvvlqj h�hfwv ri Qhz Ghdo srolflhv1 Wklv

lv glvfxvvhg lq vhfwlrq 71

Udlvlqj Sulfhv 0 Wudgh Sudfwlfh Surylvlrqv lq wkh QLUD Frghv

Prvw lqgxvwu| frghv lqfoxghg wudgh sudfwlfh surylvlrqv wkdw olplwhg frpshwlwlrq1 Wkhvh

lqfoxghg plqlpxp sulfhv/ uhvwulfwlrqv rq surgxfwlrq/ fdsdflw|/ dqg wkh zrunzhhn/ uhvdoh

sulfh pdlqwhqdqfh/ edvlqj srlqw sulflqj/ dqg rshq0sulfh v|vwhpv143 Wdeoh 7 olvwv vrph wudgh

sudfwlfhv dqg wkh iudfwlrq ri frghv dgrswlqj wkhp1 Plqlpxp sulfh zdv wkh prvw zlgho|

dgrswhg surylvlrq/ dqg wkh frgh dxwkrulw| sod|hg d vljql�fdqw uroh lq ghwhuplqlqj plqlpxp

sulfh lq pdq| lqgxvwulhv1 Vhyhudo frghv shuplwwhg wkh frgh dxwkrulw| wr vhw lqgxvwu|0zlgh ru

uhjlrqdo plqlpxp sulfhv1 Lq vrph frghv/ wkh dxwkrulw| ghwhuplqhg plqlpxp sulfh gluhfwo|/

<Zdjh surylvlrqv iru kljkhu0vnloohg oderu zhuh qrw dxwrpdwlf dv zlwk wkh edvlf plqlpxp zdjh/ exw lqvwhdg
zhuh wkh surgxfw ri qhjrwldwlrqv1 Iru h{dpsoh/ rqo| 5; ri wkh �uvw 433 frghv lqfoxghg eurdg zdjh surylvlrqv
iru lq wkhlu �uvw gudiw1 Krzhyhu/ diwhu qhjrwldwlrqv <6 ri wkhvh �uvw 433 frghv lqfoxghg zdjh surylvlrqv fryhulqj
prvw zrunhuv lq wkh �qdo gudiw vljqhg e| Urrvhyhow1

43Rshq sulfh v|vwhpv uhtxluhg wkdw dq| �up sodqqlqj wr uhgxfh lwv sulfh pxvw suh0dqqrxqfh wkh dfwlrq wr
wkh frgh dxwkrulw|/ zkr lq wxuq zrxog qrwli| doo rwkhu �upv lq wkh lqgxvwu|1 Iroorzlqj wklv qrwl�fdwlrq/ wkh
dqqrxqflqj �up zdv uhtxluhg wr zdlw d vshfl�f shulrg ehiruh fkdqjlqj lwv sulfh1 Wkh sxusrvh ri wklv zdlwlqj
shulrg zdv iru wkh frgh dxwkrulw| dqg rwkhu lqgxvwu| phpehuv wr shuvxdgh wkh dqqrxqflqj �up wr fdqfho lwv
sulfh fxw1

:



hlwkhu dv wkh dxwkrulw|*v dvvhvvphqw ri d �idlu pdunhw sulfh�/44 ru wkh dxwkrulw|*v dvvhvvphqw

ri �plqlpxp frvw ri surgxfwlrq�1 Lq vrph rwkhu frghv/ vxfk dv wkh lurq dqg vwhho frghv dqg

wkh sxos dqg sdshu frghv/ wkh frgh dxwkrulw| lqgluhfwo| vhw plqlpxp sulfh e| uhmhfwlqj dq|

sulfh wkdw zdv vr orz lw zrxog �surprwh xqidlu frpshwlwlrq1�

Doo wkhvh phwkrgv ri vhwwlqj plqlpxp sulfhv vkduhg wkh jrdo ri udlvlqj sur�wv1 Iru

h{dpsoh/ frvw0edvhg plqlpxp sulfhv lqfoxghg sd|phqwv wr fdslwdo/ lqfoxglqj jhqhurxv ghsuh0

fldwlrq vfkhgxohv/ h{solflw ru lpsolflw uhqw/ ur|dowlhv/ gluhfwru*v ihhv/ uhvhdufk dqg ghyhorsphqw

h{shqvhv/ dpruwl}dwlrq/ sdwhqwv/ pdlqwhqdqfh dqg uhsdluv/ dqg edg ghewv1 Lq vrph frghv

wkhuh zhuh h{solflw surylvlrqv iru sur�w pdujlqv dv d shufhqw ri frvw145

Wkh QLUD lqfoxghg dqg shuplwwhg vrph srolflhv dqg sudfwlfhv ghvljqhg wr olplw frp0

shwlwlrq dqg udlvh zdjhv1 Zh qrz wxuq wr h{dplqlqj wkh h�hfwv ri wkhvh srolflhv rq sulfhv

dqg zdjhv1

G1 Wkh H�hfwv ri wkh QLUD Frghv rq Sulfhv dqg Zdjhv

Sulfhv dqg zdjhv lq pdq| QLUD0fryhuhg vhfwruv urvh frqvlghudeo| diwhu wkh QLUD

zdv sdvvhg/ dqg uhpdlqhg dw wkrvh ohyhov diwhuzdugv1 Wkh wlplqj ri wkhvh lqfuhdvhv/ dqg wkh

idfw wkdw wkhvh lqfuhdvhv rffxuuhg gxulqj d shulrg ri ghsuhvvhg hfrqrplf dfwlylw|/ kdv ohg d

qxpehu ri hfrqrplvwv wr frqfoxgh wkdw wkh QLUD zdv uhvsrqvleoh iru wkhvh lqfuhdvhv1 Wklv

vxevhfwlrq vxppdul}hv krz sulfhv dqg zdjhv fkdqjhg diwhu wkh QLUD zdv sdvvhg dqg zkloh

wkh QLUD zdv lq h�hfw1

Wdeoh 8 vkrzv wkh sulfh ri jrrgv surgxfhg lq pdqxidfwxulqj dqg plqlqj 0 vhfwruv

uhsruwhg e| Kdzoh| +4<99, wr eh h�hfwlyho| fduwhol}hg e| wkh QLUD 0 glylghg e| wkh JQS

gh dwru iru 4<67 dqg 4<681 Wkh uhodwlyh sulfh ri pdqxidfwxuhg jrrgv urvh derxw 58 shufhqw

lq 4<67/ dqg uhpdlqhg dw wkdw uhodwlyh ohyho lq 4<681 Wkh uhodwlyh sulfh ri plqlqj urvh hyhq

pruh/ mxpslqj derxw ;3 shufhqw lq 4<67 dqg uhpdlqhg 96 shufhqw deryh lwv 4<66 ohyho lq

4<68146 Jrrgv sulfhv lq ohvv djjuhjdwhg fdwhjrulhv dovr ulvh diwhu wkh QLUD1 Wdeoh 9 vkrzv

44Wkh frdo lqgxvwu| xvhg wklv sulqflsoh wr vhw plqlpxp sulfhv1
45Wkh vwrqh lqgxvwu| lqfoxghg d 43 shufhqw sur�w pdujlqh> wkh frqfuhwh  rru lqgxvwu| fdoohg iru d sur�w

pdujlq wkdw zdv d �uhdvrqdeoh shufhqwdjh� ryhu frvw1 +Vhh O|rq hw do/ ss1 8;<08<<,1
46Lw lv zruwk qrwlqj wkdw wkh vrph iudfwlrq ri wkh lqfuhdvh lq wkh uhodwlyh sulfh ri plqlqj pd| eh gxh qrw

mxvw wr srolf|/ exw dovr wr wkh lqfuhdvh lq hfrqrplf dfwlylw| ehjlqqlqj lq 4<671 Wkh uhodwlyh sulfh ri plqlqj
ihoo frqvlghudeo| gxulqj wkh 4<5<066 grzqwxuq1

;



prqwko|/ lqgxvwu|0ohyho sulfh fkdqjhv ehwzhhq Pdufk 4<66/ zklfk lv ehiruh wkh QLUD zdv

sdvvhg/ dqg Mxqh 4<67/ zklfk lv rqh |hdu diwhu wkh QLUD zdv sdvvhg1 Lqgxvwu| sulfhv ulvh

vljql�fdqwo| gxulqj wklv shulrg/ udqjlqj iurp 86 shufhqw lqfuhdvhv +Shwurohxp, wr 49 shufhqw

lqfuhdvhv1 +Lurq dqg Vwhho,1

Zdjhv dovr urvh lq QLUD0fryhuhg vhfwruv diwhu wkh Dfw zdv sdvvhg1 Wdeoh ; vkrzv

dyhudjh krxuo| hduqlqjv lq pdqxidfwxulqj iurp Kdqhv +4<<9,1 Uhdo dyhudjh krxuo| hduqlqjv

ulvh vljql�fdqwo| lq 4<67/ lqfuhdvlqj derxw 46 shufhqw ryhu 4<66/ dqg vwd| dw wkdw ohyho lq

4<681 Lw lv lqwhuhvwlqj wr qrwh wkdw wklv sdwwhuq ri pdqxidfwxulqj zdjh fkdqjhv � d vljql�fdqw

lqfuhdvh lq 4<67/ iroorzhg e| olwwoh fkdqjh lq 4<68 0 lv txdolwdwlyho| vlplodu wr wkh sdwwhuq ri

pdqxidfwxulqj sulfh fkdqjhv gxulqj wkh QLUD1 Wdeoh : vkrzv prqwko|/ lqgxvwu|0ohyho zdjh

fkdqjhv ehwzhhq Pdufk 4<66 dqg Mxqh 4<671 Wkhvh glvdjjuhjdwhg zdjh fkdqjhv dovr vkrz

vljql�fdqw lqfuhdvhv rffxuulqj diwhu wkh QLUD1

Wkhvh gdwd lqglfdwh wkdw vrph ri wkh frghv udlvhg sulfhv dqg zdjhv vljql�fdqwo|/ dqg

nhsw wkhp kljk wkurxjk 4<68147 Wkh frqwlqxdwlrq ri wkhvh kljk sulfhv dqg zdjhv vwdqgv

lq frqwudvw wr wkh ylhz ri vrph klvwruldqv wkdw prvw frghv ehfdph lqh�hfwlyh vkruwo| diwhu

wkh Dfw zdv sdvvhg1 Lqvwhdg/ wkh frqwlqxdwlrq ri kljk pdqxidfwxulqj sulfhv dqg zdjhv lv

frqvlvwhqw zlwk wkh ylhzv ri Kdzoh| +4<99, dqg Zhlqvwhlq +4<;3,1 Kdzoh| uhsruwv wkdw ryhudoo

frgh frpsoldqfh zdv kljk dprqj odujh �upv dqg lq frqfhqwudwhg lqgxvwulhv1 Zhlqvwhlq dovr

uhsruwv frpsoldqfh zdv kljk dprqj odujh �upv 0 kh qrwhv wkdw derxw :8 shufhqw ri frpsodlqwv

derxw oderu surylvlrq ylrodwlrqv fdph iurp mxvw 58 frghv frqvlvwlqj doprvw hqwluho| ri vpdoo

�upv1

Wkh lvvxh ri frgh frpsoldqfh lv lpsruwdqw/ vlqfh wkh iudfwlrq ri wkh hfrqrp| wkdw zdv

h�hfwlyho| fduwhol}hg gxulqj wkh QLUD sod|v d uroh lq rxu txdqwlwdwlyh dqdo|vlv1 Zh uhwxuq wr

wklv lvvxh lq vhfwlrq 81

47Dgglwlrqdo hylghqfh wkdw wkh frghv zhuh vxffhvvixo lv wkdw frqvxphu jurxsv dqg jryhuqphqw sxufkdvlqj
djhqflhv txlfno| uhjlvwhuhg frpsodlqwv zlwk wkh QUD derxw kljk sulfhv dqg lghqwlfdo elgv1 Wkhuh zdv sdu0
wlfxodu frqfhuq ryhu wkh iuhtxhqw lqwhuyhqwlrq ri frgh dxwkrulwlhv wr udlvh sulfhv1 Wkhvh frpsodlqwv ohg wr
wkh dssrlqwphqw ri dq lqghshqghqw erdug/ gluhfwhg e| Foduhqfh Gduurz +ri Vnrshv wuldo idph, wr lqyhvwljdwh
lqgxvwu| frooxvlrq1 Wkh erdug frqfoxghg wkdw wkh frghv glg lqghhg surprwh frooxvlrq/ dqg uhfrpphqghg wkdw
prvw ri wkh plqlpxp sulfh surylvlrqv eh holplqdwhg1

<



H1 Skdvh 5 0 Srvw0QLUD Oderu dqg Lqgxvwuldo Srolflhv

Rq Pd| 5:/ 4<68 wkh Vxsuhph Frxuw uxohg wkdw wkh QLUD zdv dq xqfrqvwlwxwlrqdo

ghohjdwlrq ri ohjlvodwlyh srzhu481 Lq wklv vhfwlrq/ zh ghvfuleh srvw0QLUD Qhz Ghdo lqgxvwu|

dqg oderu srolflhv/ dqg dujxh wkdw wkhvh srolflhv/ dqg wkhlu pdfurhfrqrplf h�hfwv rq zdjhv

dqg sulfhv/ glg qrw fkdqjh pxfk1

Srvw0QLUD Srolf|

Urrvhyhow dqg klv dgylvruv frqwlqxhg wr eholhyh wkdw udlvlqj zdjhv dqg olplwlqj frp0

shwlwlrq zdv wkh nh| wr hfrqrplf uhfryhu|1 Frqjuhvv sdvvhg qhz ohjlvodwlrq wkdw frqwlqxhg

dqg vwuhqjwkhqhg wkh QLUD oderu surylvlrqv dqg lqfuhdvhg oderu*v edujdlqlqj srzhu1 Do0

wkrxjk wkh jryhuqphqw frxog qr orqjhu vxvshqg wkh dqwlwuxvw odzv/ wkh jryhuqphqw dsshduhg

wr frqwlqxh wkh QLUD lqgxvwuldo srolf| ri hqfrxudjlqj lqgxvwu| frrshudwlrq e| olplwhg dqg

vhohfwlyh hqirufhphqw ri dqwlwuxvw odz1

Lq wklv vhfwlrq/ zh suhvhqw vrph hylghqfh wkdw srvw0QLUD srolflhv kdg vlplodu h�hfwv

rq zdjhv dqg sulfhv dv wkh QLUD1 Lqgxvwulhv zlwk kljk sulfhv dqg kljk zdjhv gxulqj wkh

QLUD pdlqwdlqhg kljk sulfhv dqg kljk zdjhv diwhu wkh QLUD1 Pdq| ri wkhvh lqgxvwulhv zhuh

uhsruwhg wr eh frooxvlyh e| wkh Ihghudo Wudgh Frpplvvlrq +IWF,/ |hw wkh jryhuqphqw glg qrw

sxuvxh dqwlwuxvw dfwlrq djdlqvw wkhp1 Zh �uvw glvfxvv srvw0QLUD srolf|/ dqg wkhq suhvhqw

gdwd rq srvw0QLUD sulfhv dqg zdjhv1

Wkh QLUD jrdo ri lqfuhdvlqj oderu edujdlqlqj srzhu frqwlqxhg zlwk Wkh Qdwlrqdo

Oderu Uhodwlrqv +QOUD, Dfw +4<68,1 Wkh QOUD jdyh zrunhuv wkh uljkw wr rujdql}h dqg edu0

jdlq froohfwlyho| wkurxjk uhsuhvhqwdwlrq wkdw kdg ehhq hohfwhg e| wkh pdmrulw| ri wkh zrunhuv1

Lw surklelwhg pdqdjhphqw iurp ghfolqlqj wr hqjdjh lq froohfwlyh edujdlqlqj/ glvfulplqdwlqj

dprqj hpsor|hhv edvhg xsrq wkhlu xqlrq d!oldwlrq/ ru iruflqj wkhlu hpsor|hhv wr mrlq d frp0

sdq| xqlrq1 Wkh Dfw dovr hvwdeolvkhg wkh Qdwlrqdo Oderu Uhodwlrqv Erdug +QOUE, wr hqirufh

wkh uxohv ri wkh QOUD dqg hqirufh zdjh djuhhphqwv1 Wkh QOUE kdg wkh dxwkrulw| wr gluhfwo|

lvvxh fhdvh0dqg0ghvlvw rughuv1 +vhh Ploov dqg Eurzq 4<83/ s1 5<,1

Wkh QOUD lv zlgho| frqvlghuhg wr eh d nh| idfwru lq khoslqj oderu rujdql}h dqg irup

48Wkh Vfkhfwhu Srxowu| Frusrudwlrq zdv frqylfwhg ri ylrodwlqj zdjhv dqg krxuv surylvlrqv xqghu wkh
Srxowu| Frgh1 Wkh Vfkhfwhuv dsshdohg wkh frqylfwlrq dqg wkh Vxsuhph Frxuw uxohg wkdw wkh QLUD zdv dq
xqfrqvwlwxwlrqdo ghohjdwlrq ri ohjlvodwlyh srzhu1

43



lqghshqghqw xqlrqv/ udwkhu wkdq wkh frpsdq| xqlrqv wkdw zhuh uhodwlyho| frpprq ehiruh

wkh QOUD +vhh Wdiw 4<97/ Ploov dqg Eurzq 4<83 ru Nhqqhg| +4<<<, s1 5<30<4,1 Xqlrq

phpehuvkls urvh frqvlghudeo| xqghu wkh QOUD/ sduwlfxoduo| diwhu Wkh Vxsuhph Frxuw xskhog

wkh frqvwlwxwlrqdolw| ri wkh Dfw lq 4<6:> xqlrq phpehuvkls urvh iurp urvh iurp derxw 46

shufhqw ri hpsor|phqw lq 4<68 wr derxw 5< shufhqw ri hpsor|phqw lq 4<6<149 Wklv lqfuhdvh

lq xqlrql}dwlrq ohg wr d frqvlghudeoh lqfuhdvh lq vwulnh dfwlylw|1 Wrwdo qxpehu ri gd|v orvw gxh

wr vwulnhv urvh iurp derxw 47 ploolrq lq 4<69 wr derxw 5; ploolrq lq 4<6:1

Dq lpsruwdqw dvshfw ri wkh QOUD lv wkdw lw sodfhg vljql�fdqw olplwdwlrqv rq �up df0

wlrqv djdlqvw xqlrqv/ exw sodfhg ihz olplwdwlrqv rq oderu dfwlrqv djdlqvw �upv1 Iru h{dpsoh/

wkh jryhuqphqw wdflwo| shuplwwhg d qxpehu ri vlw0grzq vwulnhv lq wkh plg04<63v/ lq zklfk

zrunhuv rffxslhg sodqwv dqg suhyhqwhg surgxfwlrq1 Wkh vlw0grzq vwulnh zdv xvhg zlwk frq0

vlghudeoh vxffhvv djdlqvw dxwr dqg vwhho surgxfhuv14: Wklv wdfwlf vwdqgv lq vkdus frqwudvw wr

suh0Qhz Ghdo oderu srolf|1 Ehiruh wkh 4<63v/ oderu srolf| vhhphg wr idyru �upv ryhu zrunhuv/

dqg jryhuqphqw lqmxqfwlrqv zhuh iuhtxhqwo| xvhg wr euhdn vwulnhv1

Wkh �htxdo sd|� ihdwxuh ri QLUD oderu srolflhv/ zklfk whqghg wr suhfoxgh vhqlrulw|

zdjh suhpld dqg rwkhu glvfulplqdwru| zdjh srolflhv/ frqwlqxhg lq srvw0QLUD xqlrq frq0

wudfwv1 Vhyhudo dxwkruv kdyh ghvfulehg krz xqlrqv sxvkhg iru xqlirup dqg vwdqgdugl}hg zdjh

vfkhgxohv gxulqj wkh odwh 4<63v14;

49Lw lv lqwhuhvwlqj wr qrwh wkdw oderu frpsodlqwv �ohg zlwk wkh QOUE urvh e| 4333 shufhqw lpphgldwho|
diwhu wkh Frxuw*v uxolqj1

4:Vhh Nhqqhg| +4<<<,/ ss1 643064:1
4;Wdiw dqg Uh|qrogv +4<97, dqg Urvv +4<7;, ghvfuleh xqlrq edujdlqlqj srvlwlrqv lq wkh 4<63v1 Wdiw dqg

Uh|qrogv dujxh wkdw xqlrqv �w|slfdoo| lqvlvw rq d vwdqgdug zdjh vfkhgxoh zklfk cudwhv wkh mre/ qrw wkh pdq�1
Wkh| dovr qrwh wkdw wkh xqlrq pryhphqw/ hvshfldoo| lq vpdoohu rujdql}dwlrqv/ �kdv irufhg wkh dedqgrqphqw
ri shuvrqdo udwhv dqg wkh ghyhorsphqw ri d v|vwhpdwlf zdjh vwuxfwxuh� +Wdiw dqg Uh|qrogv s1 4:41, Urvv
ghvfulehv krz xqlrqv �whqghg wr lqvlvw rq xqlirup zdjh udwhv wkurxjkrxw wkhlu mxulvglfwlrq� +s1 7;,1 Kh dovr
uhsruwv wkdw wkh suhvvxuh iru xqliruplw| zdv vwurqj lq odujh fhqwudol}hg xqlrqv +s1 49, dqg wkdw �wkh suhvvxuh
iru xqliruplw| zdv doprvw luuhvlvwleoh� zkhq wkh jryhuqphqw sduwlflsdwhg lq qhjrwldwlrqv +s1 85,1 Kh dovr
qrwhv wkdw wkh sulqflsoh ri �htxdo sd| iru htxdo zrun� zdv lpsruwdqw dprqj xqlrqv lq dxwrv/ vwhho/ dqg wkh
hohfwulfdo lqgxvwu| +s1 89,1
Rqh zd| wkdw xqlrqv  dwwhqhg zdjh vfkhgxohv zdv e| �jkwlqj iru htxdo fhqwv shu krxu udlvhv iru doo

hpsor|hhv1 Wdiw dqg Uh|qrogv srlqw wr �qxphurxv lqvwdqfhv gxulqj wkh 4<63v dqg 4<73v lq zklfk d xqlrq
vrxjkw dqg zrq dq htxdo fhqwv0shu0krxu lqfuhdvh iru doo hpsor|hhv/� udwkhu wkdq dq htxdo shufhqwdjh lqfuhdvh1
Wkh| dovr uhsruw wkdw lw zdv kdug wr �qg xqlrq frqwudfwv dw wkdw wlph wkdw glg qrw udlvh zdjhv/ dqg uhgxfh sd|
gl�huhqwldov/ lq wklv idvklrq +ss1 4;804;9,1 Vlploduo|/ Urvv ghvfulehv krz htxdo dfurvv0wkh0erdug sd| lqfuhdvhv
e| wkh Xqlwhg Dxwr Zrunhuv uhgxfhg sd| gl�huhqfhv dprqj dxwrpreloh zrunhuv1 Erwk dxwkruv lqglfdwh wkdw
xqlrqv qduurzhg/ udwkhu wkdq zlghqhg zdjh gl�huhqwldov= �wr wkh h{whqw wkdw xqlrqlvp kdv kdg dq| qhw h�hfw
rq rffxsdwlrqdo gl�huhqwldov/ wklv kdv doprvw fhuwdlqo| ehhq lq wkh gluhfwlrq ri qduurzlqj wkhp� +Wdiw dqg
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Wkh vwuhqjwkhqlqj ri QLUD oderu surylvlrqv zdv dffrpsdqlhg e| QLUD0w|sh lqgxvwuldo

srolf| wkdw frqwlqxhg wr surprwh �up frrshudwlrq1 Hyhq wkrxjk wkh jryhuqphqw frxog qrw

vxvshqg dqwlwuxvw odz diwhu wkh QLUD/ wkhuh lv hylghqfh wkdw wkh jryhuqphqw frqwlqxhg wr

shuplw frooxvlrq/ sduwlfxoduo| lq lqgxvwulhv wkdw sdlg kljk zdjhv1 Kdzoh| +s1 499, flwhv IWF

vwxglhv iurp wkh 4<63v wkdw uhsruw sulfh0�{lqj dqg surgxfwlrq olplwv lq d qxpehu ri lqgxvwulhv

iroorzlqj wkh Vfkhfwhu ghflvlrq1 Wkh IWF frqfoxghg wkdw wkhuh zdv olwwoh frpshwlwlrq lq

pdq| frqfhqwudwhg lqgxvwulhv/ lqfoxglqj dxwrv/ fkhplfdov/ doxplqxp/ jodvv/ dqg dqwkudflwh

frdo1 Pruhryhu/ Kdzoh| dujxhv wkdw vrph ri wkh srvw0QLUD frooxvlrq zdv idflolwdwhg e|

wudgh sudfwlfhv iruphg gxulqj wkh QLUD1 Iru h{dpsoh/ kh uhsruwv wkdw edvlqj0srlqw sulflqj/

zklfk zdv dgrswhg h{solflwo| gxulqj wkh QLUD/ doorzhg Vwhho surgxfhuv wr frooxgh diwhu wkh

Vfkhfwhu ghflvlrq1 Lq sduwlfxodu/ Lqwhulru Vhfuhwdu| Kdurog Lfnhv frpsodlqhg wr Urrvhyhow wkdw

kh uhfhlyhg lghqwlfdo elgv iurp vwhho �upv rq 58: gl�huhqw rffdvlrqv ehwzhhq Mxqh 4<68 dqg

Pd| 4<69 +Kdzoh|/ s1 693097,1 Lq rqh lqvwdqfh wkh Lqwhulru Ghsduwphqw uhfhlyhg elgv wkdw

zhuh qrw rqo| lghqwlfdo exw 83 shufhqw kljkhu wkdq iruhljq vwhho sulfhv +Lfnhv/ s1 799,1 Wklv

sulfh gl�huhqfh zdv odujh hqrxjk xqghu jryhuqphqw uxohv wr shuplw Lfnhv wr rughu wkh vwhho

iurp Jhupdq vxssolhuv1 Urrvhyhow fdqfhoohg wkh Jhupdq frqwudfw/ krzhyhu/ diwhu frplqj

xqghu suhvvxuh iurp erwk wkh vwhho wudgh dvvrfldwlrq dqg wkh vwhho oderu xqlrq1

Ghvslwh wklv dssduhqw frooxvlrq/ wkh X1V1 Dwwruqh| Jhqhudo dqqrxqfhg wkdw vwhho sur0

gxfhuv zrxog qrw eh survhfxwhg iru uhvwudlqw ri wudgh +Kdzoh| s1 697,1 Kdzoh| dujxhv wkdw

wklv ghflvlrq zdv rqh h{dpsoh ri d od{ sdwwhuq ri dqwlwuxvw survhfxwlrq diwhu wkh QLUD1 Ri

wkh ihz fdvhv wkdw zhuh survhfxwhg e| wkh GRM ehwzhhq 4<68 dqg 4<6:/ kh qrwhv wkdw vhyhudo

zhuh sxuvxhg iru doohjhg udfnhwhhulqj fkdujhv/ udwkhu wkdq uhvwudlqw ri wudgh14< Wkh qxpehu

Uh|qrogv s1 4;8,1
Wkhuh lv frpsohphqwdu| zrun wr wkdw ri Wdiw dqg Uh|qrogv dqg Urvv wkdw uhsruwv olwwoh xvh ri vshfl�f

glvfulplqdwru| sudfwlfhv1 Rqh vxfk dssurdfk lv vhqlrulw| surylvlrqv1 Kduelvrq +4<6<, qrwhv wkdw vhqlrulw|
surylvlrqv zhuh qrw zlghvsuhdg1 Frqwudfwv lq wkh dxwrprwlyh dqg uxeehu lqgxvwulhv pdnh qr phqwlrq ri
vhqlrulw| frqvlghudwlrqv lq zdjhv ru surprwlrqv/ zkloh �vwdqgdug� djuhhphqwv lq wkh vwhho dqg hohfwulfdo
lqgxvwulhv vwdwh wkdw vhqlrulw| zloo eh wdnhq lqwr dffrxqw iru surprwlrqv li doo rwkhu idfwruv olnh delolw| dqg
idplo| vwdwxv duh htxdo1
Wdnhq wrjhwkhu/ wkhvh dqdo|vhv vxjjhvw wkdw wkh sulqflsoh ri htxdo wuhdwphqw frqwlqxhg diwhu wkh QLUD1
4<Qhz ohjlvodwlrq hqdfwhg gxulqj wkh plg04<63v lv dovr ylhzhg e| vrph dv olplwlqj sulfh frpshwlwlrq/

lqfoxglqj Wkh Urelqvrq0Sdwpdq Dfw +4<69,/ zklfk zdv ghvlqjhg wr suhyhqw �upv iurp vhoolqj jrrgv dw
gl�huhqw sulfhv wr gl�huhqw fxvwrphuv/ dqg Wkh Ploohu0W|glqjv Dfw +4<6:,/ zklfk h{hpswhg uhvdoh sulfh
pdlqwhqdqfh frqwudfwv iurp dqwlwuxvw odzv1
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ri dqwlwuxvw fdvh eurxjkw e| wkh Ghsduwphqw ri Mxvwlfh +GRM, ihoo iurp dq dyhudjh ri 4518

qhz fdvhv shu |hdu gxulqj wkh 4<53v/ wr dq dyhudjh ri 918 fdvhv shu |hdu gxulqj wkh shulrg

iurp 4<6806;1

Zh qh{w h{dplqh sulfhv dqg zdjhv diwhu wkh Vfkhfwhu ghflvlrq wr dvvhvv wkh lpsdfw ri

wkhvh srolflhv1

I1 Sulfhv dqg Zdjhv Diwhu wkh QLUD

Sulfhv dqg zdjhv uhpdlqhg kljk diwhu wkh Vfkhfwhu ghflvlrq1 Wkh frqwlqxdwlrq ri kljk

sulfhv dqg zdjhv lv frqvlvwhqw zlwk wkh ylhz wkdw wkh h�hfwv ri jryhuqphqw srolflhv glg qrw

fkdqjh pxfk diwhu wkh QLUD1 Wkh uhodwlyh sulfh ri pdqxidfwxulqj lv urxjko| xqfkdqjhg lq

4<68 uhodwlyh wr 4<67/ dqg ulvhv diwhu 4<681 Wkh pdqxidfwxulqj uhdo zdjh fkdqjhv olwwoh lq

4<69/ exw ulvhv lq 4<6: dqg lq 4<6;1 Wkh 4<6: dqg 4<6; zdjh lqfuhdvhv urxjko| frlqflgh zlwk

wkh odujh lqfuhdvhv lq xqlrql}dwlrq dqg lq wkh qxpehu ri gd|v orvw wr vwulnhv1

Lqgxvwu|0ohyho zdjh gdwd dovr vkrz wkdw zdjhv uhpdlqhg kljk diwhu wkh QLUD1 Zh

rewdlqhg prqwko| dyhudjh krxuo| hduqlqjv iurp Ehqh| iru wkrvh lqgxvwulhv wkdw kdg ehhq

fodvvl�hg e| wkh IWF dv qrqfrpshwlwlyh diwhu wkh Vfkhfwhu ghflvlrq= dxwrv/ doxplqxp/ vwhho/

frdo/ fkhplfdov/ sdshu/ shwurohxp dqg jodvv1 Zh fkrvh wkhvh lqgxvwulhv ehfdxvh ri wkh jry0

huqphqw*v wzlq remhfwlyhv ri uhgxflqj frpshwlwlrq dqg udlvlqj zdjhv1 Li srolf| zdv vxffhvvixo

lq dfklhylqj wkhvh remhfwlyhv/ zh vkrxog revhuyh kljk zdjhv lq wkhvh lqgxvwulhv1

Wdeoh < suhvhqwv wkh gdwd ehwzhhq Ghfhpehu 4<69 dqg Ghfhpehu 4<6:1 Wkh gdwd duh

phdvxuhg uhodwlyh wr wkhlu ydoxhv gxulqj wkh odvw prqwk ri wkh QLUD +Pd| 4<68,/ dqg duh

qrupdol}hg wr eh 433 dw wklv gdwh1 Wkh vshfl�f prqwkv lq wkh Wdeoh zhuh fkrvhq wr dvvhvv

wkh ylhz ri vrph oderu klvwruldqv wkdw wkh QOUD ehfdph pruh lpsruwdqw diwhu wkh Frxuw

xskhog lwv frqvwlwxwlrqdolw| lq Dsulo 4<6:1 Li wklv ylhz lv fruuhfw/ zdjhv vkrxog kdyh lqfuhdvhg

durxqg wklv wlph1 Zh wkhuhiruh suhvhqw gdwd lpphgldwho| ehiruh +Pdufk, dqg diwhu +Pd|,

wkh Frxuw*v ghflvlrq1

Wkhvh gdwd kdyh wzr glvwlqjxlvklqj ihdwxuhv1 Iluvw/ hduqlqjv lq wkhvh lqgxvwulhv glg qrw

idoo diwhu wkh Vfkhfwhu ghflvlrq 0 wkh| uhpdlqhg dw ru qhdu wkhlu kljk Pd| 4<68 ydoxhv dw wkh

hqg ri 4<691 Wklv sdwwhuq lv idluo| vlplodu wr wkh sdwwhuq lq djjuhjdwh pdqxidfwxulqj zdjhv1

Vhfrqg/ zdjhv lq vhyhudo ri wkh lqgxvwulhv urvh durxqg wkh wlph wkdw wkh Frxuw xskhog wkh
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QOUD +Dsulo 4<6:,1 Zdjhv lq lurq2vwhho urvh derxw 46 shufhqw ryhu wkh wzr prqwk shulrg

ehwzhhq Pdufk 4<6: dqg Pd| 4<6:1 Zdjhv lq erwk dqwkudflwh dqg elwxplqrxv frdo urvh

derxw 48 shufhqw ryhu wklv wzr prqwk shulrg153 Zdjhv lq dxwrv dqg pdfklqhu| urvh derxw

hljkw shufhqw1 Wklv vxjjhvwv wkdw srvw0QLUD srolf| ohg wr kljkhu zdjhv/ dqg wkdw wkh QOUD

ehfdph pruh h�hfwlyh diwhu wkh Frxuw*v ghflvlrq154

Wkhvh gdwd vkrz wkdw lqgxvwulhv uhsruwhg wr eh qrqfrpshwlwlyh e| wkh IWF 0 dqg qrw

survhfxwhg iru dqwlwuxvw ylrodwlrqv 0 frqwlqxhg wr sd| kljk zdjhv diwhu wkh QLUD/ dqg udlvhg

zdjhv durxqg wkh wlph ri wkh Frxuw*v QOUD ghflvlrq1 Wkh frqwlqxdwlrq ri kljk zdjhv lq

frooxvlyh lqgxvwulhv lv frqvlvwhqw zlwk wkh ylhz wkdw wkh olqn ehwzhhq wkh delolw| wr frooxgh

dqg sd|lqj kljk zdjhv shuvlvwhg1

Uhvhdufkhuv kdyh frqfoxghg wkdw wkh QLUD zdv uhvsrqvleoh iru vkdus lqfuhdvhv lq sulfhv

dqg zdjhv lq 4<661 Wkh frqwlqxdwlrq ri kljk sulfhv dqg zdjhv diwhu wkh QLUD vxjjhvwv wkdw

srvw0QLUD fduwhol}dwlrq srolf| zdv dovr h�hfwlyh1 Wkh vkdus lqfuhdvhv lq pdqxidfwxulqj zdjhv

dqg sulfhv lqglfdwh wkdw fduwhol}dwlrq srolflhv kdg lpsruwdqw h�hfwv lq wkh pdqxidfwxulqj

vhfwru1 Lq wkh uhpdlqghu ri wkh sdshu/ zh zloo wuhdw pdqxidfwxulqj dv d fduwhol}hg vhfwru1 Wklv

idflolwdwhv rxu vxevhtxhqw txdqwlwdwlyh dqdo|vlv e| ohwwlqj xv xvh vrph orqj0uxq pdqxidfwxulqj

gdwd wr fkrrvh sdudphwhu ydoxhv iru rxu prgho/ dqg ohwwlqj xv frpsduh vrph ri wkh suhglfwlrqv

ri wkh prgho wr pdqxidfwxulqj gdwd iurp wkh 4<63v1

71 D G|qdplf Jhqhudo Htxloleulxp Prgho zlwk Qhz Ghdo Srolflhv
Zh qrz suhvhqw rxu prgho1 Wkh dqdo|vlv lv vlpsol�hg frqvlghudeo| e| wuhdwlqj wkh wzr

skdvhv ri wkh srolflhv/ +4, QLUD/ dqg +5, QOUD zlwk zhdn dqwlwuxvw hqirufhphqw/ dv d vlqjoh

srolf| uhjlph155 Wkh prgho vshfl�hv wkdw lq d vxevhw ri lqgxvwulhv/ zrunhuv dqg �upv edujdlq

53Irupdo fduwhol}dwlrq srolflhv frqwlqxhg lq wkh elwxplqrxv frdo lqgxvwu| diwhu wkh QLUD/ lqfoxglqj wkh
Jx�h|0Vq|ghu Dfw dqg wkh Jx�h|0Ylqvrq Dfw1 Dgrswhg xqghu wkh dxvslfhv ri frqvhuydwlrq/ wkhvh dfwv
frqwlqxhg vrph ri wkh QLUD oderu dqg wudgh srolflhv +vhh Kdzoh| +4<99,,1

54Rwkhu dxwkruv uhsruw vlplodu uhvxowv derxw wkh h�hfw ri srvw0QLUD srolflhv rq zdjhv1 Ehuqdqnh +4<;9/
sdjh 434, vwxglhg zdjh fkdqjhv gxulqj wkh Qhz Ghdo/ dqg irxqg �111wkh h{sdqvlrq ri xqlrq srzhu diwhu wkh
Zdjqhu Dfw dsshduv wr kdyh kdg d vwurqj srvlwlyh lpsdfw rq hduqlqjv/ udlvlqj zhhno| hduqlqjv e| derxw 43
shufhqw ru pruh lq vl{ +ri hljkw, lqgxvwulhv1�

55Lw lv zruwk qrwlqj wkdw rxu wuhdwphqw ri Qhz Ghdo srolf| dv d vlqjoh srolf| uhjlph devwudfwv iurp vrph
srolf| ihdwxuhv1 Iluvw/ wkhuh lv hylghqfh wkdw vrph uhdo zdjhv ihoo prghvwo| diwhu wkh Vfkhfwhu ghflvlrq/ exw
wkhq urvh dv xqlrql}dwlrq lqfuhdvhg1 Wklv sdwwhuq lv frqvlvwhqw zlwk wkh ylhz wkdw wkh QOUD vwuhqjwkhqhg
oderu*v edujdlqlqj srzhu dqg wkdw wudgh xqlrq rujdql}dwlrq idflolwdwhg wkh xvh ri wkdw srzhu1 Zh gr qrw
wu| wr dffrxqw iru wkh prghudwlrq ri zdjhv lq 4<69 ru wkh lqfuhdvh lq 4<6:/ dv lqfoxglqj wkhvh ghwdlov zrxog
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ryhu wkh zdjh/ dqg wkdw wkh �upv fdq frooxgh ryhu sulflqj dqg surgxfwlrq li wkh| uhdfk dq

djuhhphqw zlwk wkhlu zrunhuv1

Rxu prgho lv vshfl�fdoo| ghvljqhg wr dvvhvv wkh pdfurhfrqrplf d�hfwv ri d nh| frpsr0

qhqw ri Qhz Ghdo srolflhv 0 olqnlqj wkh delolw| wr frooxgh wr sd|lqj kljk zdjhv1 Zh zloo vkrz

wkdw wklv olqndjh fdq ohdg wr vxevwdqwldo zrunhu edujdlqlqj srzhu wkdw gulyhv xs fduwho zdjhv

dqg sulfhv dqg gulyhv grzq hpsor|phqw lq erwk wkh fduwhol}hg dqg frpshwlwlyh vhfwruv1 Wr

dffrpsolvk wklv/ zh ghyhors dq h{solflw edujdlqlqj jdph wkdw fdswxuhv wkh pdlq ihdwxuhv ri

Qhz Ghdo lqgxvwuldo dqg oderu srolflhv1 Zh �uvw ghvfuleh wkh edvlf hqylurqphqw/ wkhq ghvfuleh

wkh shuihfwo| frpshwlwlyh yhuvlrq ri wkh prgho/ iroorzhg e| d ghvfulswlrq ri wkh prgho zlwk

Qhz Ghdo srolflhv1

D1 Hqylurqphqw

Wlph lv glvfuhwh dqg ghqrwhg e| | ' fc �c 2c ���41 Wkhuh lv qr xqfhuwdlqw|1 Wkhuh

lv d uhsuhvhqwdwlyh krxvhkrog zkrvh phpehuv vxsso| oderu dqg frqvxph d vlqjoh sk|vlfdo

jrrg1 Wkhuh duh wzr glvwlqfw w|shv ri sk|vlfdo jrrgv= Ilqdo jrrgv fdq hlwkhu eh frqvxphg

ru lqyhvwhg wr dxjphqw wkh fdslwdo vwrfn1 Wkhvh �qdo jrrgv duh surgxfhg xvlqj d ydulhw| ri

lqwhuphgldwh jrrgv1 Wkhvh lqwhuphgldwh jrrgv duh surgxfhg xvlqj lghqwlfdo whfkqrorjlhv zlwk

fdslwdo dqg oderu1

Whfkqrorjlhv

Lqwhuphgldwh jrrgv duh glvwlqjxlvkhg e| wkh vhfwru r ' �c ���c 7 dqg lqgxvwu| zlwklq

wkh vhfwru � 5 dfc �o iurp zklfk wkh| ruljlqdwh1 Zh ghqrwh wkh rxwsxw ri lqgxvwu| � lq vhfwru

r e| +rE��� Doo lqgxvwulhv lq doo vhfwruv vkduh lghqwlfdo frqvwdqw uhwxuqv wr vfdoh +FUV, Free0

Grxjodv whfkqrorjlhv iru surgxflqj rxwsxw iurp fdslwdo dqg oderu1 Oderu lv frpsohwho| preloh

dfurvv lqgxvwulhv dqg vhfwruv1

Rxwsxw iru d uhsuhvhqwdwlyh lqwhuphgldwh surgxfhu lq lqgxvwu| � dw gdwh | zkr uhqwv &|

xqlwv ri fdslwdo dqg ?| xqlwv ri oderu lv=

+r|E�� ' E5|?|E���
�&|E��

�3�

frpsolfdwh rxu dqdo|vlv frqvlghudeo|1 Vhfrqg/ wkhuh lv vrph hylghqfh wkdw dqwlwuxvw srolf| vkliwhg lq 4<6; +vhh
Kdzoh|,1 Krzhyhu/ lqfuhdvhg dqwlwuxvw dfwlylw| grhv qrw vhhp wr lqfuhdvh vljql�fdqwo| xqwlo wkh 4<73v1 Vlqfh
wkh wlplqj ri wklv fkdqjh lv qhdu wkh hqg ri wkh shulrg zh lqyhvwljdwh/ zh dovr devwudfw iurp wklv lvvxh1 Zh
uhwxuq wr wklv fkdqjh lq dqwlwuxvw srolf| lq Vhfwlrq 9

48



zkhuh 5| ghqrwhv wkh gdwh | ohyho ri oderu0dxjphqwlqj whfkqrorj|1 Wkh surfhvv iru 5| frqvlvwv

ri wzr frpsrqhqwv= d jurzwk frpsrqhqw E}|� dqg d wudqvlwru| frpsrqhqw E#|�c dqg lv jlyhq

e|

5| ' i TE}|n #|��

Krxvhkrogv dqg Ilupv nqrz wkh hqwluh vhtxhqfh ri wkh wudqvlwru| frpsrqhqw= i#|j"|'f � Zh

dvvxph q} 	 � vr wkdw glvfrxqwhg sd|r�v duh �qlwh1

Vhfwrudo rxwsxw/ tr| lv d FUV frqvwdqw hodvwlflw| ri vxevwlwxwlrq +FHV, djjuhjdwh ri

lqgxvwu| rxwsxwv lq wkdw vhfwru zlwk fxuydwxuh sdudphwhu w

tr| '
�] �

f
+r|E��

w_�
��*w

�+4,

Wkh �qdo jrrg/ t|c lv surgxfhg iurp vhfwrudo rxwsxwv xvlqj d FHV surgxfwlrq whfkqrorj|/

t| '

%
�
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[
r

t �
r|

&�*�
�+5,

Wklv vshfl�fdwlrq doorzv wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq jrrgv lq wkh vdph vhfwru E��
w�3� wr gl�hu iurp wkdw ehwzhhq jrrgv dfurvv vhfwruv E�� ��3�1

Wkh �qdo jrrg fdq eh xvhg iru hlwkhu frqvxpswlrq ru lqyhvwphqw1 Fdslwdo lv vhfwru0

vshfl�f1 Wkh ohyho ri wkh fdslwdo vwrfn wkdw fdq eh xvhg lq vhfwru r lq shulrg | lv ghqrwhg e|

gr|c dqg wkh lqlwldo ohyho ri fdslwdo dw gdwh }hur lv jlyhq e| grf�

E1 Frpshwlwlyh Prgho

Lq wklv yhuvlrq ri wkh prgho wkh sulfh ri hdfk jrrg lv ghwhuplqhg frpshwlwlyho|1 Wkh

qxphudluh lv wkh �qdo jrrg1 Zh ghqrwh wkh gdwh0| sulfh ri jrrg � lq vhfwru r lq whupv ri wkh

�qdo jrrg dv Rr|E��1 Zh ghqrwh wkh zdjh udwh e| �|c wkh uhqwdo udwh rq fdslwdo lq vhfwru r e|

or| dqg wkh pdunhw sulfh ri wlph | �qdo jrrgv lq whupv ri wlph 3 �qdo jrrgv e| '|� Zh ghqrwh

e| &r|E�� dqg ?r|E�� wkh dprxqw ri fdslwdo dqg oderu uhqwhg e| wkh uhsuhvhqwdwlyh lqwhuphgldwh

jrrgv surgxflqj �up lq lqgxvwu| �c vhfwru r dw wlph |�

Wkh Krxvhkrog*v Sureohp

Wkhuh lv d uhsuhvhqwdwlyh krxvhkrog zlwk d xqlw phdvxuh ri lghqwlfdo phpehuv1 Suhi0

huhqfhv ryhu vhtxhqfhv ri krxvhkrog frqvxpswlrq ri wkh �qdo jrrg S| dqg krxvhkrog pdunhw
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wlph ,| duh=

"[
|'f

q| d*L}ES|� n � *L}E�� ,|�o �+6,

Zrun lv hlwkhu ixoo0wlph ru qrw dw doo> wkhuhiruh ,| lv wkh qxpehu ri krxvhkrog phpehuv zrunlqj

lq wkh pdunhw156 Wkh krxvhkrog rzqv wkh fdslwdo vwrfn/ dqg fkrrvhv ohyhov ri frqvxpswlrq/

S|c h�ruw/ ,|c dqg lqyhvwphqw/ %|c wr pd{lpl}h E6� vxemhfw wr

"[
|'f

'|

%
�|,| � S| n

[
7

Eor|&r| � %r|�

&
n�f ' fc+7,

&r|n� ' %r| n E�� B�&r|+8,

zkhuh o| ghqrwhv wkh uhqwdo sulfh ri fdslwdo lq shulrg | dqg �f ghqrwhv wkh suhvhqw ydoxh ri

lwv fodlpv rq wkh �upv* sur�wv1 Zh gr qrw prgho wkh fodlpv wr wkhvh sur�wv/ vlqfh wkhuh lv qr

wudglqj ri wkhvh fodlpv lq htxloleulxp1

Wkh Lqwhuphgldwh Jrrgv Ilupv* Sureohp

D uhsuhvhqwdwlyh lqwhuphgldwh jrrgv surgxfhu lq vhfwru r dqg lqgxvwu| � kdv d vwdwlf

sureohp ri pd{lpl}lqj sur�wv jlyhq ERr|E��c �|c or|� dqg vroyhv

4@ 
?r|E��c&r|E��

Rr|E��E5|?r|E���
�&r|E��

�3� � �|?r|E��� or|&r|E��+9,

Wkh Ilqdo Jrrg Ilupv* Sureohp

D uhsuhvhqwdwlyh �qdo jrrgv surgxfhu/ wdnlqj sulfhv ri lwv lqwhuphgldwh lqsxwv dv jlyhq/

iRr|E��jc dovr kdv d vwdwlf sur�w pd{lpl}dwlrq sureohp=
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zkhuh +_r ghqrwhv wkh �qdo jrrg surgxfhu*v ghpdqg iru wkh rxwsxw iurp lqgxvwu| � lq vhfwru

r� Wklv sureohp lpsolhv wkh iroorzlqj i1r1f1=

t �3�t �3w
r E+_rE���

w3� � RrE�� ' f iru doo � 5 dfc �o dqg r ' �c ���c 7+;,

56Rxu vshfl�fdwlrq grhv qrw uhgxfh wr d uhsuhvhqwdwlyh krxvhkrog zkrvh suhihuhqfhv duh olqhdu lq wkh
iudfwlrq ri lqglylgxdov zrunlqj/ dv lq Kdqvhq +4<;8, dqg Urjhuvrq +4<;;,1 Lqvwhdg zh fkrvh wklv dowhuqdwlyh
irupxodwlrq ehfdxvh lw doorzv xv wr pdlqwdlq wkh uhsuhvhqwdwlyh krxvhkrog frqvwuxfw exw jhqhudwhv d pruh
frqvhuydwlyh oderu vxsso| hodvwlflw| wkdq wkh olqhdu vshfl�fdwlrq1
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Pdunhw Fohdulqj Frqglwlrqv

Wkh pdunhw fohdulqj frqglwlrq iru oderu lv

,| '
�

7

[
r

] �

f
?r|E��_��

Wkh pdunhw fohdulqj frqglwlrq iru fdslwdo lq vhfwru r lv

gr| � �

7

] �

f
&r|E��_��

Wkh pdunhw fohdulqj frqglwlrq iru �qdo jrrgv lv

t| ' �| nf|c

zkhuh �| ghqrwhv djjuhjdwh frqvxpswlrq dqg f| ghqrwhv djjuhjdwh lqyhvwphqw1

Gh�qlqj +_r|E�� dv wkh ghpdqg iru rxwsxw ri �up �/ wkh jrrgv pdunhw fohdulqj frqglwlrq

iru lqgxvwu| rxwsxw lv

+_r|E�� ' +r|E�� iru doo r dqg ��

Qrwh wkdw wkh frpshwlwlyh yhuvlrq ri wklv prgho lv mxvw d pxowl0vhfwru yhuvlrq ri wkh vwdqgdug

rswlpdo jurzwk prgho1

F1 Wkh Fduwho Prgho

Zh frqvwuxfw wkh fduwho prgho e| prgli|lqj wkh frpshwlwlyh prgho lq wzr zd|v1 Iluvw/

zh doorz d vxevhw ri lqgxvwulhv wr frooxgh/ dqg ohw wkh zrunhuv dqg �upv lq wkrvh lqgxvwulhv

edujdlq ryhu wkh zdjh dqg wkh qxpehu ri zrunhuv1 Vhfrqg/ wkh krxvhkrog*v wlph doorfdwlrq

ghflvlrq lv prgl�hg vr wkdw krxvhkrog phpehuv pd| vhdufk iru d vfdufh mre lq d fduwhol}hg

lqgxvwu|1 Wklv jhqhudwhv d g|qdplf lqvlghu0rxwvlghu prgho157

Wkh Krxvhkrog*v Sureohp

Krxvhkrog phpehuv hlwkhu zrun lq wkh frpshwlwlyh vhfwru/ + ,�36| �c zrun lq wkh fduwho

vhfwru +,6| � +li wkh krxvhkrog phpehu douhdg| kdv d fduwho mre,/ ru vhdufk iru d mre lq wkh

fduwho vhfwru +,r| ,1 Lw vhhpv uhdvrqdeoh wr dvvxph wkdw krxvhkrogv zloo frpshwh iru wkh uhqwv

57Rxu prgho vkduh vrph ri wkh ihdwxuhv ri rwkhu lqvlghu0rxwvlghu prghov/ vxfk dv Eodqfkdug dqg Vxpphuv
+4<;9, dqg Olqgehfn dqg Vqrzhu +4<;;,1 Wkh vshfl�f ihdwxuhv ri rxu prgho/ krzhyhu/ duh txlwh gl�huhqw1

4;



iurp fduwho mrev1 Lq rxu prgho/ krxvhkrogv frpshwh iru wkhvh uhqwv e| vhdufklqj iru fduwho

mrev1 Vhdufklqj/ zklfk frqvlvwv ri zdlwlqj iru d ydfdqw fduwho mre/ uhtxluhv wkh vdph dprxqw

ri wlph dv zrunlqj/ dqg lqfxuv wkh vdph xwlolw| frvw dv zrunlqj1 Li d fduwho mre ydfdqf| dulvhv/

wkh mre lv dzdughg udqgrpo| dw wkh vwduw ri wkh shulrg wr dq lqglylgxdo zkr vhdufkhg wkh

suhylrxv shulrg1 Zh ghqrwh v| dv wkh suredelolw| ri rewdlqlqj d fduwho mre wkurxjk vhdufk1

Zh dvvxph wkdw fduwho mrev duh qrw shupdqhqw= d krxvhkrog phpehu zkr fxuuhqwo|

kdv d fduwho mre uhpdlqv lq wkh fduwho wkh iroorzlqj shulrg zlwk suredelolw| Z� Wklv mre dwwul0

wlrq phdqv wkdw d iudfwlrq ri fduwho mrev duh udqgrpo| ydfdwhg hdfk shulrg1 Wklv dwwulwlrq

dvvxpswlrq lv lpsruwdqw rqo| zkhq wkh lqlwldo vwrfn ri zrunhuv lv uhodwlyho| kljk dw wkh wlph

wkdw wkh fduwho srolf| lv dgrswhg1 Zh glvfxvv wklv lq ghwdlo ehorz1

Zlwk wkhvh prgl�fdwlrqv/ wkh krxvhkrog*v sureohp lv=
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vxemhfw wr
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Eor|gr| � %r|�
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n�f ' fc+<,

,6| � Z,6|3� n v|3�,
r
|3�c+43,

,| ' ,�36| n ,6| n ,r| c

dqg +8,/ zkhuh 7�| lv wkh fduwho vhfwru zdjh1 +43, ghvfulehv wkh odz ri prwlrq iru wkh qxpehu ri

krxvhkrog phpehuv zlwk fduwho mrev +,6| �� Wklv lv htxdo wr wkh qxpehu ri krxvhkrog phpehuv

zkr uhwdlq wkhlu fduwho mrev iurp odvw shulrg +Z,6|3��c soxv wkh qxpehu ri krxvhkrog phpehuv

wkdw rewdlq ydfdqw fduwho mrev iurp vhdufklqj wkh suhylrxv shulrg +v|3�,r|3��1

Wkh �uvw rughu frqglwlrqv lqfoxgh=

q| �

S|
' '|b+44,

q| �

�� ,|
' b'|�|c+45,

'|n�dorc|n� n �� Bo�'| ' fc+46,

'| 7�|b�'|1| n'|n�Z1|n� ' q|�
�
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+47,
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'|n�v|1|n� ' q|�
�

�� ,|
c+48,

zkhuh b lv wkh Odjudqjhqd pxowlsolhu rq wkh exgjhw frqvwudlqw +<, dqg 1| lv wkh Odjudqjldq

pxowlsolhu rq wkh pdunhw krxuv frqvwudlqw +43,1

Fduwho Mre Dftxlvlwlrq

Vlqfh wkhuh lv shuihfw lqvxudqfh zlwklq wkh krxvhkrog/ +45, dqg +46, fdq eh xvhg wr

vroyh iru wkh htxloleulxp suredelolw| ri uhfhlylqj1 Dvvxplqj wkdw *�4�<"'|n�Z
�1|n�*'| ' fc

wkh ydoxh ri ehlqj d fduwho zrunhu lv

1| '
b

'|

"[
�'f

'|n�Z
�E 7�|n� � �|n���

Wkxv/ wkh ydoxh wr d krxvhkrog phpehu ri ehlqj lq wkh fduwho lv wkh h{shfwhg glvfrxqwhg ydoxh

ri wkh fduwho zdjh suhplxp1 Frpelqlqj wklv h{suhvvlrq zlwk wkh wlph frvw ri vhdufklqj iru d

fduwho mre iurp +47, |lhogv

v|3�
"[
�'f

'|n�Z
�E 7�|n� � �|n�� ' '|3��|3��+49,

Wklv frqglwlrq ghwhuplqhv wkh htxloleulxp suredelolw| ri �qglqj d fduwho mre1

Wkh Qhjrwldwlrq Jdph

Rxu edujdlqlqj prgho lv d wzr0vwdjh qhjrwldwlrq jdph zklfk lv sod|hg lq hdfk lqgxvwu|

lq d vxevhw ri wkh vhfwruv lq wkh hfrqrp|1 Wkhuh duh wzr sod|huv= zrunhuv dqg �upv1 Lq vwdjh

rqh wkh zrunhuv pdnh d zdjh dqg hpsor|phqw sursrvdo= E 7�|c 7?|��
58 Wkh �upv hlwkhu dffhsw

ru uhmhfw wklv sursrvdo1 Li wkh �upv dffhsw/ wkh| frooxgh dqg ehkdyh dv d sur�w pd{lpl}lqj

prqrsrolvw/ vxemhfw wr wkh frqvwudlqw wkdw wkh| kluh 7?| xqlwv ri oderu dw wkh zdjh 7�|�
59 Li

wkh �upv uhmhfw/ wkh| kluh oderu iurp wkh vsrw pdunhw dw wkh vsrw pdunhw zdjh/ �|� Lq wklv

fdvh/ krzhyhu/ �upv fdq frooxgh dqg ehkdyh dv d sur�w0pd{lpl}lqj prqrsrolvw rqo| zlwk

suredelolw| / 	 �� Zlwk suredelolw| �� /c �upv ehkdyh frpshwlwlyho|1

58Zh zloo ghvfuleh ehorz frqglwlrqv xqghu zklfk lq htxloleulxp wkh zrunhuv qhhg rqo| vshfli| wkh zdjh lq
wkhlu qhjrfldwlrq1

59Zkloh wkh prqrsrolvw lv frqvwudlqhg lq wkhlu oderu ghflvlrq/ wkh| fdq kluh dq| dprxqw ri fdslwdo dw wkh
pdunhw uhqwdo sulfh uw=
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Dw wkh ehjlqqlqj ri d shulrg/ fduwhol}hg �upv kluh dq| qhz zrunhuv udqgrpo| iurp wkh

srro ri vhdufkhuv iurp odvw shulrg1 Lq htxloleulxp wkh suredelolw| ri d vhdufkhu �qglqj d mre

lv htxdo wr wkh ri qhz mrev lq wkh fduwhol}hg lqgxvwulhv glylghg e| wkh qxpehu ri vhdufkhuv15:

Zh �uvw hvwdeolvk qrwdwlrq1 V|pphwu| lpsolhv wkdw zh fdq djjuhjdwh wkh fduwhol}hg

vhfwruv dqg djjuhjdwh wkh frpshwlwlyh vhfwruv1 Wklv doorzv xv wr zrun zlwk d wzr vhfwru prgho

zlwk d fduwho vhfwru ri vl}h 6 dqg d frpshwlwlyh vhfwru ri vl}h ��6� Wkh rxwsxw ri wkh fduwho

vhfwru lv=

t6| �
�] �

f
+w6|E��_�

��*w
�

Wkh rxwsxw ri wkh frpshwlwlyh vhfwru lv=

t�36c| �
�] �

f
+w�36c|E��_�

��*w
�

Wkh sureohpv ri wkh �qdo jrrgv surgxfhuv dqg wkrvh lqwhuphgldwh jrrgv surgxfhuv lq wkh

frpshwlwlyh vhfwruv duh wkh vdph dv lq wkh sxuho| frpshwlwlyh prgho1

Zh ghqrwh wkh prqrsrolvw*v sur�w ixqfwlrq frqglwlrqdo rq wkh zdjh �c e| �|E��cdqg

wkh dvvrfldwhg rswlpdo hpsor|phqw ixqfwlrq e| �|E��c zkhuh

�|E�� ' 4@ 
?c&

;A?
A=

t �3�
| t �3w

6| EE5|?�
�&�3��

w

�o6|& � �?

<A@
A> c+4:,

dqg �|E�� ' ?15; Lq d voljkw dexvh lq qrwdwlrq zh zloo xvh �|E�c ?� dv wkh vroxwlrq wr wkh

prqrsrolvw*v pd{lpl}dwlrq sureohp/ wdnlqj zdjhv dqg hpsor|phqw dv jlyhq/ dqg kluhv wkh

rswlpdo txdqwlw| ri fdslwdo1

Wkh Fduwho Sureohpv

Zh frqvwuxfw wkh vxe0jdph shuihfw Qdvk htxloleulxp ri wklv jdph wkdw hphujhv dv wkh

olplw ri rxu edujdlqlqj jdph sod|hg d �qlwh qxpehu ri shulrgv zlwklq dq lqglylgxdo lqgxvwu|1

Lq wklv fdvh/ wkh �up*v vwudwhj| lq htxloleulxp lv wr dozd|v dffhsw dq| zdjh dqg hpsor|phqw

r�hu E 7�c 7?� wkdw |lhogv d uhvhuydwlrq ohyho ri sur�wv1 Zh wkhq frqmhfwxuh wkdw wkh �upv*

5:Li wkh srro ri wkhvh vhdufkhuv lv qrw odujh hqrxjk wr fryhu wkh qxpehu ri qhz mrev/ wkhq �upv kluh
dgglwlrqdo zrunhuv udqgrpo| iurp wkrvh zkr fkrrvh wr zrun lq wkh fxuuhqw shulrg1

5;Wkh ixqfwlrqv iru �w dqg Qw dovr ghshqg xsrq \> \p dqg uw/ exw wkdw lv fdswxuhg e| wkh wlph ghshqghqfh
ri wkh ixqfwlrqv1
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vwudwhj| lq wkh lq�qlwho| uhshdwhg yhuvlrq ri wklv jdph wdnhv wklv irup/ dqg fkdudfwhul}h wkh

vroxwlrq wr wkh zrunhuv* ghflvlrq sureohp1 Ilqdoo| zh vkrz rxu frqmhfwxuhg uhvhuydwlrq sur�w

vwudwhj| iru �upv lv d ehvw uhvsrqvh wr wkh vwudwhj| wkdw vroyhv wkh zrunhuv* sureohp1

Dvvxph wkdw wkh zrunhuv dqg �upv edujdlq iru A shulrgv/ dqg wkdw iroorzlqj shulrg A

zrunhuv dqg �upv ehkdyhg frpshwlwlyho|1 Vlqfh sur�wv xqghu frpshwlwlrq duh }hur/ wkh �upv*

h{shfwhg sur�wv iurp uhmhfwlqj wkh zrunhuv* r�hu/ �A c htxdov wkh suredelolw| ri ehkdylqj dv

d prqrsrolvw/ /c pxowlsolhg e| prqrsro| sur�wv/ /�A E�A �c zkhuh �A ghqrwhv wkh vsrw zdjh

lq wkh frpshwlwlyh vhfwru15< Wkxv/ wkh �upv* vxe0jdph shuihfw vwudwhj| lv wr dffhsw dq| r�hu

zklfk |lhogv sur�wv ri dw ohdvw �A � Wklv lpsolhv wkdw wkh zrunhuv* sursrvh E 7�A c 7?A � lq shulrg

A vxfk wkdw �upv hduq sur�wv ri �A�

Qrwh wkdw �upv kdyh wkh vdph uhvhuydwlrq sur�w vwudwhj| lq shulrg A � �c vlqfh htxl0

oleulxp shulrg A sur�wv duh lqghshqghqw ri wkhlu shulrg A �� dfwlrqv1 Frqwlqxlqj edfnzdugv

lq wklv idvklrq lpsolhv wkdw wkh �upv* vwudwhj| zloo eh wr dffhsw dq| r�hu lq shulrg | � A wkdw

hqdeohv wkhp wr hduq sur�wv ri dw ohdvw �|c zkhuh

�| ' /�|E�|��+4;,

Wkh Zrunhuv* Sureohp

Wkh rqo| lqgxvwu|0vshfl�f vwdwh yduldeoh lq wkh prgho lv wkh h{lvwlqj vwrfn ri zrunhuv lq

wkh lqgxvwu| dw wkh ehjlqqlqj ri wkh shulrg1 Zh ghqrwh wkh qxpehu ri zrunhuv lq wkh lqgxvwu|

dw wkh ehjlqqlqj ri wkh shulrg e| ?c dqg zh ghqrwh wkh rswlpdo qxpehu ri zrunhuv e| 7?� Li

7? 	 ?c wkhq ? � 7? ri wkh zrunhuv duh udqgrpo| fkrvhq wr ohdyh wkh lqgxvwu|163 Jlyhq �|c

wkh vroxwlrq wr wkh fduwho zrunhuv* sureohp lv lpsolflwo| ghwhuplqhg e| wkh iroorzlqj Ehoopdq

htxdwlrq lq zklfk T|E?� ghqrwhv wkh h{shfwhg ydoxh ri zrunlqj lq d fduwhol}hg lqgxvwu| zlwk

? zrunhuv lq wkh lqgxvwu| dw wkh ehjlqqlqj ri shulrg |=

T|E?� ' 4@ 
E 7�c7?�
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d 7�| � �| n ZE'|n�*'|�T|n�EZ7?�o

�
+4<,

vxemhfw wr �|E 7�c 7?� � �|�

5<Qrwh wkdw Sw lv h{rjhqrxv wr zrunhuv lq dq lqgxvwu|/ vlqfh lw rqo| ghshqgv xsrq \w/ \pw dqg upw1
63Vlqfh wkh uhsuhvhqwdwlyh idplo| lv odujh/ idplohv duh ulvn qhxwudo zlwk uhvshfw wr wkh lqglylgxdo rxwfrphv

ri zrunhuv1 Wkxv/ wkhuh lv qr uroh iru wudqvihuv/ vlqfh wkh| gr qrw udlvh h{shfwhg xwlolw|1
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Wklv sureohp dffrxqwv iru zrunhu dwwulwlrq lq wzr zd|v1 Iluvw/ wkh vwrfn ri zrunhuv lq wkh

lqgxvwu| dw wkh ehjlqqlqj ri qh{w shulrg zloo eh Z7?� Vhfrqg/ dq lqglylgxdo zrunhu glvfrxqwv

ixwxuh sd|r�v e| wkh glvfrxqw idfwru ZE'|n�*'|�c vlqfh wkh suredelolw| wkdw wkh zrunhu uhpdlqv

lq wkh fduwho lv Z� Qrwh wkdw zrunhuv idfh wkh frqvwudlqw wkdw wkhlu sursrvdo ri E 7�c 7?� pxvw

|lhog �upv wkhlu uhvhuydwlrq sur�w ohyho ri �|�

Zh ghqrwh wkh sdlu E�W
| c ?

W
| � dv wkh pd{lpxp srvvleoh zdjh dqg wkh dvvrfldwhg ohyho ri

hpsor|phqw wkdw vdwlv�hv wkh plqlpxp sur�w frqvwudlqw1

Ghilqlwlrq 41 Iru hdfk |c gh�qh �W
| ' �3�

| E�|� dqg ?W| ' �|E�
W
| �

Qrwh wkdw vlqfh ��
| 	 fc *�4�<"�|E�� ' fc dqg �| � �|E�|� +prqrsro| sur�wv dw wkh

frpshwlwlyh zdjh,/ �W
| lv zhoo gh�qhg1 Lw lv hdv| wr vhh wkdw wkh ydoxh ri T|E?� gh�qhg lq +4<,

lv erxqghg e|
S"

�'|'��
W
�*'|� Zh zloo dvvxph wkdw wklv erxqg lv �qlwh lq hdfk shulrg1

Sursrvlwlrq 41 Lq sureohp +4<,/ wkh rswlpdo srolf| lv vxfk wkdw

+l, �|E 7�c 7?� ' �|

+ll, li ? � ?W| c wkhq 7? � ?�

+lll, li ?W| 	 ? � �|E�|� wkhq 7?| ' ?1

+ly, li ? : �|E�|�c wkhq 7? � ?�

Surri1 Vhh wkh Dsshqgl{1

Sursrvlwlrq 4 lpsolhv wkdw zrunhuv dozd|v vhw wkhlu r�hu vr wkdw �upv hduq wkhlu uhvhu0

ydwlrq sur�wv1 Pruhryhu/ li wkh lqlwldo vwrfn ri zrunhuv lv deryh ?W| c qr qhz zrunhuv duh dgghg/

dqg lqgxvwu| hpsor|phqw ghfd|v dw wkh dwwulwlrq udwh ri � � Z xqwlo lw uhdfkhv ?W| � Lw lv wklv

fdvh zlwk uhodwlyho| kljk hpsor|phqw wkdw dwwulwlrq sod|v d uroh1 Zlwkrxw dwwulwlrq/ hpsor|0

phqw zrxog uhpdlq shupdqhqwo| dw wkdw kljk ohyho1 Dowhuqdwlyho|/ li hpsor|phqw lv ehorz ?W| c

hpsor|phqw lv zhdno| lqfuhdvlqj1 Zh vwuhqjwkhq wkhvh uhvxowv ehorz e| vkrzlqj wkdw li wkh

uhvw ri wkh hfrqrp| frqyhujhv wr d edodqfhg jurzwk sdwk/ wkhq fduwho hpsor|phqw frqyhujhv

wr ?W| �

56



Wkh Ilupv* Sureohp

Khuh zh yhuli| rxu frqmhfwxuh wkdw jlyhq zrunhuv* vwudwhj|/ wkh �upv* rswlpdo vwudwhj|

lv wr dffhsw dq| r�hu E 7�|c 7?|� wkdw |lhogv sur�wv ri dw ohdvw /�|E�|�� Wr gr vr/ frqmhfwxuh wkdw

wkh frqwlqxdwlrq sd|r� wr wkh �upv iurp shulrg |n � rqzdugv lv jlyhq e|

`|n� '
"[

�'|n�

#
'�

'|n�

/��E���

$
�+53,

Qrwh wkdw wklv sd|r� lv lqghshqghqw ri wkh qxpehu ri zrunhuv lq wkh lqgxvwu| dw wkh ehjlqqlqj

ri shulrg |n�� Qh{w/ frqvlghu zkdw kdsshqv li �upv uhmhfw wkh zrunhuv* r�hu1 Zlwk suredelolw|

/ wkh| ehkdyh dv d prqrsrolvw klulqj oderu dw wkh frpshwlwlyh zdjh �|� Lq wklv fdvh wkhlu

sd|r� lv �|E�|�nE'|n�*'|�`|n�1 Li wkh| uhmhfw wkh zrunhuv* r�hu/ wkhq zlwk suredelolw| ��/

hdfk lqglylgxdo �up ehkdyhv frpshwlwlyho| dqg d �up*v sd|r� lv f n E'|n�*'|�`|n�� Wkxv/

wkh h{shfwhg sd|r� iurp uhmhfwlqj wkh zrunhuv* r�hu lv /�|E�|� n E'|n�*'|�`|n��

Vlqfh wkh �upv* sd|r� iurp dffhswlqj wkh zrunhuv r�hu lv �|E 7�|c 7?|�n E'|n�*'|�`|n�c

wkh rswlpdo vwudwhj| ri wkh �upv lv wr dffhsw dq r�hu ri E 7�|c 7?|� li �|E 7�|c 7?|� � /�|E�|� dqg

rwkhuzlvh uhmhfw1 Vlqfh wkh zrunhuv* rswlpdo vwudwhj| lv wr r�hu �upv wkhlu uhvhuydwlrq sur�w

ohyho/ wkhq lq htxloleulxp `| ' /�|E�|�n E'|n�*'|�`|n�c zklfk lv wkh gdwh | yhuvlrq ri +53,1

Wklv yhul�hv rxu frqmhfwxuh iru erwk wkh �upv* frqwlqxdwlrq sd|r� dqg wkhlu rswlpdo vwudwhj|1

Htxloleulxp Rxwfrphv

Xqghu fhuwdlq frqglwlrqv/ wkh zrunhuv fdq dwwdlq d sd|r� htxdo wr wkh glvfrxqwhg ydoxh

ri wkh pd{lpxp zdjh1 Wkhvh frqglwlrqv duh odlg rxw lq wkh iroorzlqj sursrvlwlrq1

Sursrvlwlrq 51 Li �|n�E�
W
|n�� � Z?W| iru | � f dqg �fE�

W
f� � ?6c3� wkhq iru doo |

7�| ' �W
| ' �3�

| E�|�c zkhuh �| ' /�|E�|�c+54,

dqg wkh hpsor|phqw ohyho e|

7?| ' �|E 7�|��+55,

Surri1 Vhh wkh Dsshqgl{1

Dorqj dq| edodqfhg jurzwk sdwk wkh qxpehu ri zrunhuv lq dq lqgxvwu| uhpdlqv frq0

vwdqw1 Wkxv wkh frqglwlrqv ri sursrvlwlrq 5 duh vdwlv�hg/ dqg wkh zdjh udwh lq wkh fduwhol}hg
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lqgxvwulhv lv jlyhq e| +54, dqg wkh hpsor|phqw ohyho e| +55,1 Lw zloo wxuq rxw wkdw lq rxu

wudqvlwlrq sdwk dqdo|vhv wkh frqglwlrqv ri sursrvlwlrq 5 zloo eh vdwlv�hg1 Wklv lv ehfdxvh zh

vhw wkh lqlwldo vwrfn ri zrunhuv lq rxu wudqvlwlrq vlpxodwlrqv wr hpsor|phqw ohyhov iurp 4<66/

zklfk duh ehorz wkh edodqfhg jurzwk sdwk ohyhov1 Lw lv zruwk qrwlqj khuh wkdw vr orqj dv wkh

frqglwlrqv ri sursrvlwlrq 5 duh vdwlv�hg/ wkhq lq htxloleulxp wkh zrunhuv qhhg rqo| vshfli| wkh

zdjh lq wkhlu frqwudfw zlwk wkh �upv vlqfh vshfli|lqj d zdjh ri �W
| dqg ohdylqj wkh �upv wr

pd{lpl}h ryhu erwk wkh ohyho ri hpsor|phqw dqg wkh dprxqw ri fdslwdo wr uhqw zloo jhqhudwh

wkh ghvluhg ohyho ri hpsor|phqw/ ?W| c dqg ohdyh wkh �upv dw wkhlu uhvhuydwlrq sur�w ohyho164

Zkhq wkh frqglwlrqv ri Sursrvlwlrq 5 duh vdwlv�hg dqg +55, krogv/ lw lv hdv| wr vkrz

wkdw

�| ' t �3�t �3w
6 +6E��

wE�� w�c

zkhuh zh kdyh pdgh xv ri +;,1 Wklv htxdwlrq lpsolhv wkdw dv �| $ fc hpsor|phqw dqg

rxwsxw dovr jr wr }hur1 Lq wkh dsshqgl{ zh fkdudfwhul}h wkh edodqfh jurzwk sdwk ri wkh

fduwho hfrqrp|1 Zh vkrz wkdw zkhq / ' �c � lv htxdo wr prqrsro| sur�wv/ dqg wkh fduwho

fkrrvhv wkh hpsor|phqw ohyho wkdw zrxog dulvh li wkh lqgxvwulhv lq 6 vhfwruv zhuh dfwlqj dv

prqrsrolvwv1 Zh vkrz wkdw iru ydoxhv ri / 	 �c wkh fduwho duudqjhphqw ghsuhvvhv hpsor|phqw

uhodwlyh wr wkh prqrsro|/ dqg wkdw dv / $ fc hpsor|phqw frqyhujh wr }hur1 Ilqdoo|/ zh vkrz

wkdw iru dq| jlyhq / : fc dv w $ �c dqg wkh lqgxvwu|*v pdunhw srzhu glvdsshduv/ wkh fduwho

hfrqrp|*v edodqfhg jurzwk sdwk frqyhujhv wr wkdw ri wkh frpshwlwlyh hfrqrp|1

Wr xqghuvwdqg wkhvh uhvxowv/ qrwh wkdw wkhuh duh wzr rssrvlqj h�hfwv d�hfwlqj wkh

qxpehu ri fduwho zrunhuv1 Iluvw/ wkh shu0zrunhu sur�wv wkdw pxvw eh sdlg wr wkh �up E�|*?6|�

lqfuhdvhv dv ?6| idoov1 Wklv irufh whqgv wr lqfuhdvh hpsor|phqw1 Rq wkh rwkhu kdqg/ uhyhqxh

shu zrunhu lv pd{lpl}hg e| vhwwlqj hpsor|phqw wr }hur/ dqg wklv h�hfw whqgv wr uhgxfh

hpsor|phqw1 Vlqfh wkh lpsdfw ri �|*?6| ghfolqhv dv �| idoov/ wkh vhfrqg h�hfw grplqdwhv wkh

�uvw h�hfw/ dqg frqvhtxhqwo| hpsor|phqw dqg rxwsxw lq wklv lqgxvwu| whqg wr }hur dv �| $ f�

64Khqfh rxu prgho lv frqvlvwhqw zlwk wkh idfw wkdw ehwzhhq 4<6604<6< erwk wkh QLUD frghv dqg xqlrq
frqwudfwv riwhq vshfl�hg rqo| wkh zdjh dqg qrw wkh hpsor|phqw ohyho1 Zkhq wkh lqwldo ohyho ri hpsor|phqw
lv kljk hqrxjk wkdw wkh zrunhuv zdqw wr vhw �qw A q�

w
> wkhq wkh zrunhuv qhhg wr vshfli| erwk wkh zdjh dqg

wkh hpsor|phqw ohyho wr irufh wkh �upv wr wkhlu uhvhuydwlrq sur�w ohyho1 Wklv lpsolfdwlrq ri rxu prgho lv
frqvlvwhqw zlwk wkh revhuydwlrq wkdw lq ghfolqlqj lqgxvwulhv hpsor|phqw lv w|slfdoo| sduw ri wkh idfwruv ehlqj
edujdlqhg ryhu1
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Zkloh zh kdyh qrw suryhg wkdw wkh htxloleulxp vhtxhqfhv lq rxu prgho prqrwrqlfdoo|

frqyhujh wr wkh edodqfh sdwk/ rxu prgho vlpxodwlrqv vxjjhvw wkh| gr1 Sursrvlwlrq 5 fryhuv wkh

fdvh zkhuh hpsor|phqw vwduwv dw ru ehorz wkh edodqfhg jurzwk sdwk ohyho +?W| ,1 Lw vkrzv wkdw

li hpsor|phqw vwduwv dw ru ehorz ?Wf dqg wkh vhtxhqfh ?
W
| ghfuhdvhv dw d udwh ohvv wkdq ��Zc wkh

pd{lpxp zdjh dqg plqlpxp hpsor|phqw ohyho duh fkrvhq lq hdfk shulrg1 Sursrvlwlrqv 4+ll,

dqg 4+lll, fryhu wkh fdvh zkhq lqlwldo hpsor|phqw lv deryh ?Wfdqg frqyhujhqfh lv vx!flhqwo|

prqrwrqlf1 Wkhq wkh hpsor|phqw ohyho ghfd|v dw ohdvw dw wkh udwh �� Z grzq wr ?W| c zkhuh

lw uhpdlqv wkhuhdiwhu1

Wklv prgho ri Qhz Ghdo srolf| vhwv xs d g|qdplf lqvlghu0rxwvlghu iulfwlrq lq rxu prgho

wkdw kdv wkh srwhqwldo wr vljql�fdqwo| ghsuhvv hpsor|phqw1 Wkh txdqwlwdwlyh lpsruwdqfh

ri wkh lqvlghu0rxwvlghu iulfwlrq ghshqgv rq wkh uhvhuydwlrq ydoxh ri wkh �up �|/ zklfk lq

wxuq ghshqgv rq wkh suredelolw| /� Ghfuhdvhv lq / orzhu �|c dqg uhgxfh hpsor|phqw e|

vkliwlqj edujdlqlqj srzhu wr wkh zrunhuv1 Wkh edvlf uhdvrq zk| wkh fduwho prgho ghsuhvvhv

hpsor|phqw lv ehfdxvh lqvlghuv pd{lpl}h shu0phpehu sur�wv dqg ehfdxvh qhz zrunhuv duh

sdlg wkh vdph zdjh dv wkh lqvlghuv1 Dv zh suhylrxvo| qrwhg/ wklv htxdo wuhdwphqw fkdudfwhulvwlf

zdv dovr d ihdwxuh ri Qhz Ghdo srolflhv dqg zdjh djuhhphqwv gxulqj wkh 4<63v165 Zh qrz

wxuq wr fkrrvlqj sdudphwhu ydoxhv iru wkh prgho1

81 Fkrrvlqj Sdudphwhu Ydoxhv
Pdq| ri wkh sdudphwhuv ri rxu prgho dovr dsshdu lq frqyhqwlrqdo htxloleulxp exvlqhvv

f|foh prghov1 Iru wkhvh sdudphwhuv/ zh fkrrvh zlgho|0xvhg ydoxhv1 Wkh sdudphwhuv /c 6cdqg

Zc krzhyhu/ duh vshfl�f wr rxu prgho1 Rxu jhqhudo dssurdfk iru wkhvh qrq0vwdqgdug sdudp0

hwhuv lv wr hlwkhu xvh frqvhuydwlyh ydoxhv/ ru h{shulphqw dqg uhsruw uhvxowv dfurvv d udqjh ri

ydoxhv1

Wkh sdudphwhuv wkdw duh frpprq wr rwkhu prghov jhqhudo htxloleulxp exvlqhvv f|foh

prghov duh �c qc }c �/ B� Zh fkrrvh ydoxhv iru wkh �uvw wkuhh ri wkhvh sdudphwhuv vr wkdw lq

wkh frpshwlwlyh yhuvlrq ri wkh prgho vwhdg| vwdwh oderu vkduh ri lqfrph lv .fI/ wkh dqqxdo

65Dq lpsruwdqw dvvxpswlrq lq rxu fduwho prgho lv qr hqwu|1 Lw lv zruwk qrwlqj wkdw wkhuh zhuh wzr lpsruwdqw
idfwruv suhvhqw lq wkh 4<63v wkdw lpshghg hqwu|1 Iluvw/ wdul�v zhuh kljk1 Wklv lqfuhdvhg wkh frvw ri lpsruwlqj
vxevwlwxwhv iru wkh fduwhol}hg jrrgv1 Vhfrqg/ zdjhv zhuh kljk1 Zlooldpvrq +4<9;, dujxhv wkdw wklv fdq dovr
eh dq h�hfwlyh eduulhu wr hqwu|1
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uhdo uhwxuq wr fdslwdo lv DI/ dqg wkh dyhudjh jurzwk udwh ri shu0fdslwd rxwsxw lv ��bI shu

|hdu� Zh vhw wkh ohlvxuh sdudphwhu � vr wkdw krxvhkrogv zrun derxw 426 ri wkhlu wlph lq wkh

frpshwlwlyh vwhdg| vwdwh1 Zh vhw B ' f�f.c zklfk |lhogv d vwhdg|0vwdwh udwlr ri fdslwdo wr

rxwsxw ri derxw 51

Wkhuh duh wzr sdudphwhuv wkdw jryhuq vxevwlwxwlrq hodvwlflwlhv ehwzhhq lqwhuphgldwh

jrrgv= w dqg �� Wkh sdudphwhu w jryhuqv wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq jrrgv dfurvv

lqgxvwulhv zlwklq d vhfwru1 Wklv vxevwlwxwlrq sdudphwhu dovr dsshduv lq exvlqhvv f|foh prghov

lq zklfk wkhuh lv lpshuihfw frpshwlwlrq1 Lq wkhvh prghov/ wklv sdudphwhu jryhuqv wkh pdun0

xs ryhu pdujlqdo frvw dv zhoo dv wkh hodvwlflw| ri vxevwlwxwlrq1 Lq wklv lpshuihfw frpshwlwlrq

olwhudwxuh/ d pdun0xs ri derxw 43 shufhqw ryhu pdujlqdo frvw lv w|slfdoo| fkrvhq1 Zh wkhuhiruh

fkrrvh w ' f�bc zklfk lpsolhv d pdunxs ri derxw 44 shufhqw ryhu pdujlqdo frvw1

Wkh sdudphwhu � jryhuqv wkh vxevwlwxwlrq hodvwlflw| ehwzhhq jrrgv dfurvv wkh dj0

juhjdwhg fduwhol}hg dqg qrq0fduwhol}hg vhfwruv1 Vlqfh zh duh wuhdwlqj pdqxidfwxulqj dv d

fduwhol}hg vhfwru/ zh xvh orqj0uxq pdqxidfwxulqj gdwd wr ghwhuplqh d udqjh ri ydoxhv iru wklv

sdudphwhu1 Wkh uhodwlyh sulfh dqg h{shqglwxuh vkduh ri pdqxidfwxuhg jrrgv kdyh ghfolqhg lq

wkh srvwzdu shulrg1 Wkhvh wzr wuhqgv duh frqvlvwhqw zlwk d vxevwlwxwlrq hodvwlflw| ehwzhhq

pdqxidfwxuhg jrrgv dqg rwkhu jrrgv wkdw lv ohvv wkdq rqh1 Wkxv/ zh frqvlghu d xqlw vxevwlwx0

wlrq hodvwlflw| +� ' f� dv dq xsshu erxqg rq wklv sdudphwhu/ dqg zh dovr frqvlghu vxevwlwxwlrq

hodvwlflwlhv ri 425 +� ' ��� dqg 426 +� ' �2��Zh irxqg wkdw wkh uhvxowv iru djjuhjdwh rxwsxw/

hpsor|phqw/ frqvxpswlrq/ dqg lqyhvwphqw zhuh lqvhqvlwlyh wr wkhvh gl�huhqw ydoxhv iru �1

Wkhuh duh wkuhh sdudphwhuv wkdw duh vshfl�f wr rxu fduwho prgho= 6c / dqg Z1 Wkh �uvw

sdudphwhu lv wkh iudfwlrq ri lqgxvwulhv lq wkh prgho hfrqrp| wkdw duh fduwhol}hg1 Wkh vhfrqg

sdudphwhu lv wkh suredelolw| wkdw d �up lq d fduwhol}hg lqgxvwu| fdq dfw dv d prqrsrolvw exw

sd| wkh qrq0fduwho +frpshwlwlyh, zdjh1 Wkh wklug sdudphwhu lv wkh fduwho dwwulwlrq udwh/ zklfk

lv wkh suredelolw| wkdw d fxuuhqw fduwho zrunhu zloo uhpdlq lq wkh fduwho wkh iroorzlqj shulrg1

Zh frqgxfw wkh vwhdg| vwdwh dqdo|vlv iru wzr ydoxhv ri wkh sdudphwhu 6= 3158 dqg

31831 Wkhvh ydoxhv fruuhvsrqg wr d 58( vkduh ri lqgxvwulhv/ dqg d 83( vkduh ri lqgxvwulhv/

uhvshfwlyho|/ wkdw duh fduwhol}hg1 Wkh �uvw ydoxh lv urxjko| htxdo wr pdqxidfwxulqj*v vkduh

ri wkh hfrqrp|/ dqg pd| eh ylhzhg dv d frqvhuydwlyh ydoxh iru wkh fduwhol}hg iudfwlrq ri wkh
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hfrqrp|166 Wkh vhfrqg qxpehu lv d olwwoh ohvv wkdq wkh vkduh ri wrwdo hpsor|phqw fryhuhg

e| wkh QLUD1 Diwhu dqdo|}lqj wkh h�hfwv ri wkhvh gl�huhqw ydoxhv ri 6 rq wkh vwhdg| vwdwh

htxloleulxp/ zh zloo fkrrvh d vlqjoh ydoxh iru wklv sdudphwhu iru wkh wudqvlwlrq sdwk dqdo|vlv1

Wkh sdudphwhu / lv wkh suredelolw| wkdw dq lqgxvwu| idlov wr uhdfk dq djuhhphqw zlwk

oderu exw vwloo ehkdyhv dv d prqrsrolvw1 Iru wkh QLUD/ wklv suredelolw| fruuhvsrqgv wr wkh

olnholkrrg wkdw d �up lq dq h�hfwlyho| fduwhol}hg vhfwru frxog kdyh ylrodwhg wkh frqwudfwxdo

oderu surylvlrqv lq wkhlu lqgxvwu| frgh1 Iru wkh QOUD shulrg/ wklv fruuhvsrqgv wr wkh sure0

delolw| wkdw d �up lq d fduwhol}hg vhfwru frxog dfw dv d prqrsrolvw exw idlo wr qhjrwldwh zlwk

wkhlu zrunhuv dqg sd| rqo| wkh frpshwlwlyh zdjh1 Zh frqgxfw wkh vwhdg| vwdwh dqdo|vlv iru d

udqjh ri ydoxhv iru wklv suredelolw|= �fDc �Dfc �1 Uhfdoo wkdw / ' � lv d prgho lq zklfk oderu kdv

qr edujdlqlqj srzhu/ dqg wkh lqgxvwulhv lq iudfwlrq 6 ri wkh vhfwruv ehkdyh dv prqrsrolvwv1

Zh fdoo wklv yhuvlrq ri rxu prgho wkh prqrsro| prgho1 Dv zlwk wkh fdvh ri wkh sdudphwhu

6czh zloo fkrrvh d vlqjoh ydoxh iru wklv suredelolw| iru wkh wudqvlwlrq sdwk dqdo|vlv iroorzlqj

wkh vwhdg| vwdwh dqdo|vlv11

Wkh sdudphwhu Z lv wkh zrunhu dwwulwlrq udwh lq wkh fduwhol}hg vhfwru1 Zh fkrrvh

Z ' f�bD/ zklfk fruuhvsrqgv wr dq h{shfwhg mre whqxuh iru d zrunhu lq wkh fduwho ri 53 |hduv1

Zh h{shulphqwhg e| frqgxfwlqj rxu dqdo|vhv iru wzr gl�huhqw ydoxhv ri wklv sdudphwhu zklfk

fruuhvsrqg wr h{shfwhg mre gxudwlrqv ri 43 |hduv dqg 73 |hduv/ uhvshfwlyho|1 Zh irxqg wkh

uhvxowv zhuh qrw vhqvlwlyh wr wkhvh yduldwlrqv1 Zh qrz wxuq wr wkh frpsdulvrq ri wkh fduwho

dqg frpshwlwlyh vwhdg| vwdwhv1

91 Txdqwlwdwlyh Dqdo|vlv

D1 Frpsdulqj wkh Fduwho dqg Frpshwlwlyh Vwhdg| Vwdwhv

Wklv vhfwlrq frpsduhv wkh vwhdg| vwdwhv ri wkh fduwho yhuvlrq ri wkh prgho/ lq zklfk

iudfwlrq 6 ri wkh vhfwruv duh fduwhol}hg/ wr wkdw ri wkh sxuho| frpshwlwlyh prgho1 Wdeoh 43

suhvhqwv iru wkh fduwho prgho djjuhjdwh rxwsxw ++�/ djjuhjdwh hpsor|phqw +?�/ wkh fduwho

+lqvlghu, zdjh +�?�/ dqg hpsor|phqw +?6� lq wkh fduwho vhfwru glylghg e| wkhlu uhvshfwlyh

66Kdzoh|*v ylhz +sulydwh frppxqlfdwlrq, lv wkdw wklv qxpehu lv d frqvhuydwlyh hvwlpdwh ri wkh iudfwlrq ri
wkh hfrqrp| wkdw zdv h�hfwlyho| fduwhol}hg gxulqj wkh QLUD1 Wkh qxpehu lv dovr frqvhuydwlyh xqghu wkh ylhz
wkdw pdqxidfwxulqj zdv h�hfwlyho| fduwhol}hg1 Pdqxidfwxulqj dffrxqwhg iru derxw 5; shufhqw ri rxwsxw lq
4<5<1
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vwhdg| vwdwh ydoxhv lq wkh sxuho| frpshwlwlyh hfrqrp|1 Wkh wdeoh dovr suhvhqwv wkh iudfwlrq

ri zrunhuv vhdufklqj iru d mre lq wkh fduwhol}hg vhfwru +r�

Wkh pdlq uhvxow lv wkdw wkh fduwhol}hg duudqjhphqw ghsuhvvhv djjuhjdwh rxwsxw dqg

hpsor|phqw li / lv orz1 Iru h{dpsoh/ zlwk 6 ' f�2D dqg / ' f�fDc rxwsxw idoov 47 shufhqw

uhodwlyh wr sxuh frpshwlwlrq1 Iru 6 ' f�Df dqg / ' f�fDc rxwsxw idoov derxw 58 shufhqw uhod0

wlyh wr sxuh frpshwlwlrq1 Ghsuhvvhg rxwsxw dqg hpsor|phqw duh dvvrfldwhg zlwk vljql�fdqw

lqfuhdvhv lq wkh zdjh lq wkh fduwhol}hg vhfwru1 Iru 6 ' f�2D dqg / ' f�fDc wkh zdjh lq wkh

fduwhol}hg vhfwru lv derxw 69 shufhqw deryh lwv ydoxh lq wkh sxuho| frpshwlwlyh hfrqrp|1 Iru

6 ' f�Df dqg / ' �fD/ wkh zdjh lq wkh fduwhol}hg vhfwru lv derxw 49 shufhqw kljkhu wkdq lwv

ydoxh lq wkh sxuho| frpshwlwlyh vhfwru1

Wkhvh uhvxowv vkrz wkdw wkh nh| ghsuhvvlqj idfwru lv qrw prqrsro| shu vh/ exw udwkhu

wkh olqn ehwzhhq zdjh edujdlqlqj dqg prqrsro| wkdw udlvhv zdjhv deryh frpshwlwlyh ohyhov1

Wr vhh wklv/ qrwh wkdw wkh fduwhol}hg zdjh lq wkh prqrsro| yhuvlrq ri wkh prgho +/ ' ��

lv derxw wkh vdph dv wkh zdjh lq wkh sxuho| frpshwlwlyh prgho/ dqg djjuhjdwh rxwsxw dqg

hpsor|phqw lq wkh prqrsro| prgho duh qrw pxfk orzhu wkdq wkhlu frpshwlwlyh ydoxhv1 Wkh

ghsuhvvlqj h�hfwv ri wkh fduwho srolf| wkxv ghshqg rq oderu*v edujdlqlqj srvlwlrq1 Li oderu

grhv qrw kdyh pxfk edujdlqlqj srzhu/ +kljk /, wkh zdjh dqg hpsor|phqw zloo eh qhdu wkhlu

frpshwlwlyh ohyhov1 Dowhuqdwlyho|/ li oderu kdv frqvlghudeoh edujdlqlqj srzhu/ +orz /, wkh

zdjh zloo eh kljkhu wkdq wkh frpshwlwlyh zdjh/ dqg hpsor|phqw zloo eh orzhu1 Wkh uhvxowv

dovr vkrz wkdw wkh lpsdfw ri wkh fduwhol}dwlrq srolf| ghshqgv rq wkh iudfwlrq ri wkh hfrqrp|

fryhuhg e| wkhvh srolflhv +6�1 Il{lqj wkh ydoxh iru wkh sdudphwhu / dqg lqfuhdvlqj 6 ohdgv

wr odujhu ghfuhdvhv lq djjuhjdwh rxwsxw dqg hpsor|phqw/ dqg d uhodwlyho| vpdoohu lqfuhdvh lq

wkh fduwhol}hg zdjh1

Wkh fduwho srolf| dovr ghsuhvvhv hpsor|phqw lq wkh frpshwlwlyh vhfwru1 Wklv lv gxh

wr wzr idfwruv= wkh frpsohphqwdulw| idfwru dqg wkh uhqw0vhhnlqj idfwru1 Wkh frpsohphqwdu0

lw| idfwru uhgxfhv hpsor|phqw lq wkh frpshwlwlyh vhfwru e| uhgxflqj wkh frpshwlwlyh zdjh

wkurxjk wkh ghfolqh lq fduwhol}hg rxwsxw1 Wkh uhqw0vhhnlqj idfwru uhgxfhv hpsor|phqw lq wkh

frpshwlwlyh vhfwru e| lqgxflqj krxvhkrog phpehuv wr frpshwh iru uhqwv iurp fduwhol}hg mrev1

Iru h{dpsoh/ iru 6 ' f�2Dc / ' f�fD derxw 8 shufhqw ri wkrvh lqglylgxdov lqyroyhg lq pdunhw

dfwlylw| vhdufk iru d fduwho mre1 Iru 6 ' f�Dc / ' f�fDc derxw 44 shufhqw ri zrunhuv vhdufk
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iru d fduwho mre1

Wkh fduwho prgho surylghv dq dqvzhu wr wkh wkuhh sx}}ohv glvfxvvhg lq vhfwlrq 5= zk|

zdv wkh uhfryhu| vr zhdn/ zk| zdv wkh zdjh vr kljk dqg zk| zdv oderu lqsxw vr orz/

jlyhq wkh kljk zdjh dqg wkh orz ohyho ri frqvxpswlrqB Lq rxu fduwho prgho/ lqvlghuv kdyh

edujdlqlqj srzhu1 Wklv doorzv lqvlghuv wr udlvh zdjhv/ exw rqo| e| uhvwulfwlqj hpsor|phqw1

Wklv glvwruwlrq uhgxfhv djjuhjdwh hpsor|phqw/ frqvxpswlrq/ dqg lqyhvwphqw1

Wkhvh uhvxowv lqglfdwh wkdw wkh pdfurhfrqrplf lpsdfw ri fduwhol}dwlrq srolf| ghshqgv

rq wkh sdudphwhuv jryhuqlqj wkh zrunhuv* edujdlqlqj srzhu E/� dqg wkh iudfwlrq ri wkh hfrq0

rp| fryhuhg e| wkh srolf| E6�� Wr jdlq d ehwwhu xqghuvwdqglqj ri wkh txdqwlwdwlyh h�hfwv

ri /c zh frpsxwh wkh vwhdg| vwdwh ri wkh fduwho prgho uhodwlyh wr wkh frpshwlwlyh prgho iru

ydoxhv ri / ehwzhhq 3138 dqg 3153 e| lqfuhphqwv ri 3135831 Wdeoh 44 vkrzv wkdw ghfuhdvlqj

/ ohdgv wr d kljkhu fduwho zdjh dqg judgxdo ghfuhdvhv lq djjuhjdwh hpsor|phqw dqg rxwsxw1

Wkh vwhdg| vwdwh uhvxowv vkrz wkdw li / lv idluo| vpdoo/ lqvlghu zrunhuv kdyh frqvlghudeoh edu0

jdlqlqj srzhu wkdw ohdgv wr kljkhu zdjhv lq wkh fduwhol}hg vhfwru/ dqg orzhu djjuhjdwh rxwsxw

dqg hpsor|phqw1

Ehiruh frqgxfwlqj wkh wudqvlwlrq sdwk dqdo|vlv/ zh qhhg wr vhwwoh rq ydoxhv iru 6 dqg

/�

Zh fkrrvh 6 ' f��2� Wklv ydoxh lv frqvlvwhqw zlwk wzr phwkrgv ri phdvxulqj 6�

Wkh �uvw lv wr phdvxuh 6 edvhg rq wkh iudfwlrq ri wkh hfrqrp| wkdw dsshduv wr eh h�hfwlyho|

fduwhuol}hg 0 wkrvh vhfwruv wkdw h{shulhqfhg vljql�fdqw lqfuhdvhv lq zdjhv dqg sulfhv gxulqj wkh

uhfryhu| shulrg1 Pdqxidfwxulqj dqg plqlqj duh wzr vxfk vhfwruv1 Zh hduolhu suhvhqwhg gdwd

vkrzlqj vljql�fdqw lqfuhdvhv lq zdjhv dqg sulfhv lq erwk ri wkhvh vhfwruv/ dqg dovr vxppdul}hg

dujxphqwv pdgh e| Kdzoh| dqg wkh IWF wkdw lqgxvwulhv lq wkhvh vhfwruv zhuh ehkdylqj

frooxvlyho|1 Wuhdwlqj pdqxidfwxulqj dqg plqlqj dv fduwhol}hg vhfwruv |lhogv 6 ' f��2�67 Wkh

vhfrqg dssurdfk wr phdvxulqj 6 lv edvhg rq wkh ylhz wkdw srvw0QLUD fduwhol}dwlrq zdv

idflolwdwhg e| wudgh xqlrqv wkdw edujdlqhg zlwk �upv ryhu zdjhv1 Wkh vkduh ri xqlrql}hg

sulydwh hpsor|phqw lq 4<6< dovr lpsolhv 6 ' f��2168

67Pdqxidfwxulqj dffrxqwv iru 5; shufhqw ri rxwsxw/ dqg plqlqj dffrxqwv iru 7 shufhqw ri rxwsxw lq 4<5<1
68Wklv qxpehu lv wkh udwlr ri xqlrq zrunhuv wr wrwdo sulydwh hpsor|phqw1 Qrqdjulfxowxudo hpsor|phqw lv

iurp wkh Klvwrulfdo Vwdwlvwlfv ri wkh Xqlwhg Vwdwhv/ dqg djulfxowxudo hpsor|phqw lv iurp Nhqgulfn +4<94,1
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Wklv phdvxuh ri 6 pd| eh ylhzhg dv d frqvhuydwlyh rqh/ vlqfh rxu dqdo|vlv devwudfwv

iurp rwkhu fduwhol}dwlrq srolflhv ri wkh 4<63v1 Rwkhu srolflhv wkdw pd| kdyh uhvwulfwhg hp0

sor|phqw dqg rxwsxw lqfoxgh Wkh Djulfxowxudo Dgmxvwphqw Dfw/ zklfk zdv hqdfwhg wr udlvh

idup sulfhv1 Wklv dfw fryhuhg pxfk ri wkh idup vhfwru/ zklfk dffrxqwv iru derxw 63 shufhqw ri

hpsor|phqw lq 4<5<1 Rwkhu h{dpsohv ri wkhvh srolflhv lqfoxgh Wkh Gdylv0Edfrq Dfw/ zklfk

uhtxluhg ihghudoo|0ixqghg frqwudfwruv wr sd| suhydlolqj +xqlrq vfdoh, zdjhv dqg ehqh�wv/ dqg

wkh Idlu Oderu Vwdqgdugv Dfw/ zklfk hvwdeolvkhg d plqlpxp zdjh/ ryhuwlph sd|/ dqg uh0

vwulfwhg hpsor|phqw ri zrunhuv xqghu 4; |hduv ri djh1 Dffrxqwlqj iru wkh h�hfwv ri wkhvh

srolflhv frxog udlvh wkh ydoxh ri 6 lq rxu prgho1

Zh fkrrvh / ' f��f� Wklv ydoxh lv edvhg rq rxu hvwlpdwh ri wkh 53 shufhqw gl�huhqfh

ehwzhhq wkh pdqxidfwxulqj zdjh lq wkh uhfryhu| shulrg dqg lwv wuhqg ydoxh1 Jlyhq 6c wklv

ydoxh ri / surgxfhv d vwhdg| vwdwh zdjh lq wkh fduwho vhfwru wkdw lv 53 shufhqw deryh wkh

vwhdg| vwdwh zdjh lq wkh shuihfwo| frpshwlwlyh yhuvlrq ri wkh prgho1

E1 Frpsdulqj wkh Htxloleulxp Sdwkv lq wkh Wzr Prghov wr wkh Gdwd= 4<6704<6<

Lq wklv vhfwlrq/ zh frpsxwh wkh wudqvlwlrq sdwk iru wkh sxuho| frpshwlwlyh yhuvlrq dqg

wkh fduwho yhuvlrq ri rxu prgho iurp lqlwldo frqglwlrqv lq 4<67 wr wkhlu uhvshfwlyh vwhdg| vwdwhv1

Zh wkhq frpsduh wkh suhglfwhg yduldeohv iurp wkh wzr prghov ehwzhhq 4<67 dqg 4<6< wr wkh

gdwd iru wkrvh vdph |hduv1 Iru wkh fduwho prgho/ wkh fduwhol}dwlrq srolf| lv dgrswhg lq 4<67/

dqg lv ylhzhg e| krxvhkrogv dv d shupdqhqw fkdqjh1

Iluvw/ zh qhhg dq lqlwldo frqglwlrq iru wkh fdslwdo vwrfn lq wkh prgho1 Zh �qg wkdw

wkh ryhudoo fdslwdo vwrfn lq 4<67 lv derxw 48 shufhqw ehorz wuhqg/ zklfk uh hfwv wkh orz ohyho

ri lqyhvwphqw gxulqj wkh Ghsuhvvlrq1 Zh wkhuhiruh vshfli| wkh lqlwldo fdslwdo vwrfn lq hdfk

ri wkh wzr vhfwruv wr eh 48 shufhqw ehorz wkh vwhdg| vwdwh1 Lq Froh dqg Rkdqldq +4<<<,/ zh

irxqg wkdw WIS lq wkh gdwd lv vljql�fdqwo| ehorz wuhqg lq 4<66/ dqg uhfryhuv edfn wr wuhqg

e| 4<691 Wr dffrxqw iru wkh h�hfwv ri wklv sdwwhuq/ zh ihhg lq wkh revhuyhg vhtxhqfh ri WIS

ydoxhv uhodwlyh wr wuhqg ehwzhhq 4<6704<69/ dqg wkhq ihhg lq wkh wuhqg +vwhdg|0vwdwh, WIS

ydoxh wkhuhdiwhu1 Wkh WIS qxpehuv iru 4<6704<69 duh 1<59/ 1<99 dqg 1<<</ uhvshfwlyho|1

Zlwk wkh lqlwldo fdslwdo vwrfn lq wkh wzr vhfwruv dqg wkh vhtxhqfh ri WIS ydoxhv/ zh

frpsxwh wkh shuihfw iruhvljkw wudqvlwlrq sdwk iru wkh wzr yhuvlrqv ri rxu prgho1 Wklv lv grqh
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e| fkrrvlqj d whuplqdo gdwh lq wkh ixwxuh dw zklfk wkh hfrqrp| lv dw lwv vwhdg| vwdwh/ dqg

wkhq vroylqj d v|vwhp ri Q qrqolqhdu htxdwlrqv lq Q xqnqrzqv ehwzhhq wkh lqlwldo gdwh +4<67,

dqg wkh whuplqdo gdwh1

Zh �uvw frqvlghu wkh frpshwlwlyh prgho1 Wdeoh 45 suhvhqwv wkh wudqvlwlrq sdwk ri wkh

frpshwlwlyh hfrqrp|1 Rxu pdlq �qglqj lv wkdw wkh suhglfwhg uhfryhu| iurp wkh frpshwlwlyh

prgho gl�huv vljql�fdqwo| iurp wkh dfwxdo 4<6706< uhfryhu| vxppdul}hg lq Wdeoh 41 Suh0

glfwhg hfrqrplf dfwlylw| lv wrr kljk/ dqg wkh suhglfwhg zdjh lv pxfk orzhu wkdq wkh zdjh lq

pdqxidfwxulqj1

Lq sduwlfxodu/ suhglfwhg rxwsxw uhwxuqv qhduo| wr wuhqg e| 4<69/ zkloh dfwxdo rxwsxw

uhpdlqv derxw 58 shufhqw ehorz wuhqg1 Suhglfwhg oderu lqsxw ulvhv txlfno|/ dqg lv wkuhh

shufhqw deryh wuhqg lq 4<691 Lq frqwudvw/ dfwxdo oderu lqsxw uhpdlqv derxw 58 shufhqw ehorz

wuhqg wkurxjk wkh shulrg1 Suhglfwhg frqvxpswlrq lq wkh prgho lv derxw 43 shufhqw ehorz

wuhqg/ dqg uhfryhuv qhduo| wr wuhqg e| wkh hqg ri wkh ghfdgh1 Dfwxdo frqvxpswlrq uhpdlqv

 dw derxw 58 shufhqw ehorz wuhqg1 Wkhuh lv dovr d odujh glvsdulw| ehwzhhq suhglfwhg dqg

dfwxdo lqyhvwphqw1 Suhglfwhg lqyhvwphqw uhfryhuv yhu| txlfno|/ dqg lv 4; shufhqw deryh wuhqg

e| 4<691 Wklv uh hfwv wkh orz lqlwldo fdslwdo vwrfn dqg wkh udslg uhfryhu| ri surgxfwlylw|1 Lq

frqwudvw/ lqyhvwphqw uhfryhuv rqo| wr 83( ri lwv wuhqg ohyho1 Wkh suhglfwhg zdjh lv lqlwldoo|

orz/ dqg wkhq ulvhv qhduo| wr wuhqg dv WIS ulvhv dqg wkh fdslwdo vwrfn jurzv1 Lq frqwudvw/ wkh

pdqxidfwxulqj zdjh lv frqvlghudeo| deryh wuhqg ryhu wkh 4<6704<6< shulrg1 Wkh suhglfwhg

htxloleulxp sdwk iurp wkh frpshwlwlyh prgho/ zklfk ihdwxuhv d yhu| vwurqj uhfryhu| zlwk

d uhodwlyho| orz uhdo zdjh/ gl�huv vxevwdqwldoo| iurp wkh dfwxdo sdwk ri wkh X1V1 hfrqrp|

ehwzhhq 4<67 dqg 4<6<1

Zh qrz wxuq wr wkh fduwho prgho1 Wr frpsxwh wkh htxloleulxp sdwk ri wklv prgho/ zh

qhhg d ydoxh iru rqh dgglwlrqdo vwdwh yduldeoh= wkh suhylrxv ohyho ri hpsor|phqw lq wkh vhfwru

wr eh fduwhol}hg1 Zh vhw wkh suhylrxv shulrg*v hpsor|phqw ohyho lq wkh fduwhol}hg vhfwru htxdo

wr 8; shufhqw ri lwv frpshwlwlyh vwhdg| vwdwh ohyho1 Zh rewdlqhg wklv qxpehu e| glylglqj

wuhqg0dgmxvwhg 4<66 pdqxidfwxulqj hpsor|phqw e| lwv 4<5< ydoxh1 Wdeoh 46 vkrzv rxwsxw/

frqvxpswlrq/ lqyhvwphqw/ hpsor|phqw/ vhdufkhuv glylghg e| wkh vxp ri zrunhuv dqg vhdufkhuv

+V,/ hpsor|phqw lq wkh fduwho vhfwru +?6�/ hpsor|phqw lq wkh frpshwlwlyh vhfwru +?�36�/ wkh

zdjh lq wkh fduwho vhfwru +�6� dqg wkh zdjh lq wkh frpshwlwlyh vhfwru +��36�1
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Wkh htxloleulxp sdwk ri wkh fduwho prgho lv vlplodu wr wkh dfwxdo sdwk ri wkh hfrq0

rp| ehwzhhq 4<67 dqg 4<6<1 Wkh prgho fdq sduwldoo| dffrxqw iru wkh irxu pdmru uhfryhu|

dqrpdolhv lghqwl�hg lq Vhfwlrq 51

Wkh �uvw wzr uhfryhu| dqrpdolhv duh rxwsxw dqg oderu lqsxw1 Wkhvh yduldeohv ulvh iurp

wkhlu wurxjk ohyhov ehwzhhq 4<6704<69/ dqg duh  dw diwhuzdugv lq wkh gdwd/ uhpdlqlqj derxw

53058 shufhqw ehorz wuhqg1 Wkh fduwho prgho suhglfwv yhu| vlplodu sdwwhuqv iru wkhvh yduldeohv1

Wkh| ulvh ehwzhhq 4<67 dqg 4<69/ dqg duh  dw diwhuzdugv1 Wkh fduwho prgho hfrqrp| uhpdlqv

vljql�fdqwo| ghsuhvvhg lq 4<6</ wkrxjk wkh vhyhulw| ri wkh ghsuhvvlrq lv ohvv wkdq lq wkh gdwd1

Rxwsxw lq wkh prgho lv 47 shufhqw ehorz lwv frpshwlwlyh vwhdg| vwdwh ohyho/ dqg hpsor|phqw

lv 44 shufhqw ehorz lwv vwhdg| vwdwh ohyho1

Wkh wklug uhfryhu| dqrpdo| lv frqvxpswlrq/ zklfk lv urxjko|  dw wkurxjkrxw wkh

uhfryhu|/ uhpdlqlqj derxw 58 shufhqw ehorz wuhqg1 Wkh sdwwhuq ri frqvxpswlrq lq wkh fduwho

prgho lv dovr  dw/ ulvlqj iurp 49 shufhqw ehorz lwv frpshwlwlyh vwhdg| vwdwh ohyho lq 4<67 wr

47 shufhqw ehorz lq 4<6<1

Wkh irxuwk uhfryhu| dqrpdo| lv lqyhvwphqw/ zklfk ulvhv iurp :5 shufhqw ehorz wuhqg

lq 4<66 wr derxw 83 shufhqw ehorz wuhqg lq 4<6<1 Wkh fduwho prgho suhglfwv d pxfk vwurqjhu

lqyhvwphqw uhfryhu| 0 dq lqfuhdvh iurp derxw 93 shufhqw ehorz lwv frpshwlwlyh vwhdg| vwdwh

ohyho lq 4<67 wr 46 shufhqw ehorz lq 4<6<1 Zkloh wklv ghyldwlrq ehwzhhq wkhru| dqg gdwd

lv vljql�fdqw/ lw lv pxfk vpdoohu wkdq wkh ghyldwlrq ehwzhhq lqyhvwphqw lq wkh frpshwlwlyh

prgho dqg wkh gdwd1 Lqyhvwphqw lq wkh frpshwlwlyh prgho lv 4; shufhqw deryh lwv frpshwlwlyh

vwhdg| vwdwh ohyho lq 4<691 Lq vxevhfwlrq G/ zh uhwxuq wr wkh ghyldwlrq ehwzhhq suhglfwhg dqg

dfwxdo lqyhvwphqw/ dqg glvfxvv rqh prgl�fdwlrq wr wkh fduwho prgho wkdw eulqjv suhglfwhg

lqyhvwphqw pxfk forvhu wr wkh gdwd1

Zh qrz wxuq wr glvfxvvlqj vrph rwkhu ihdwxuhv ri wkh gdwd dqg wkh fruuhvsrqglqj

suhglfwlrqv ri wkh prgho1

Wkh pdqxidfwxulqj zdjh/ zklfk wdnh wr eh d fduwhol}hg zdjh lq wkh gdwd/ ulvhv iurp 44

shufhqw deryh wuhqg lq 4<67 wr derxw 53 shufhqw deryh wuhqg dw wkh hqg ri wkh ghfdgh1 Wkh

fduwhol}hg zdjh lq wkh prgho h{klelwv d vlplodu lqfuhdvh1 Lw ulvhv iurp derxw 48 shufhqw deryh

lwv frpshwlwlyh vwhdg| vwdwh ohyho lq 4<67 wr 53 shufhqw e| 4<6<1 Zkloh wkh sdudphwhu / zdv

fkrvhq vr wkdw wkh vwhdg| vwdwh zdjh lv 53 shufhqw deryh wkh frpshwlwlyh vwhdg| vwdwh ohyho/
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wklv fkrlfh sodfhv qr uhvwulfwlrqv rq wkh wlph sdwk ri wkh fduwhol}hg zdjh dv lw frqyhujhv wr

lwv vwhdg| vwdwh ydoxh1 Wkxv/ wkh prgho txdolwdwlyho| uhsurgxfhv wkh wlph sdwk lq wkh fduwho

zdjh ryhu wkh uhfryhu| shulrg1

Wkh zdjh lq wkh frpshwlwlyh vhfwruv ri rxu fduwho prgho lv vljql�fdqwo| ehorz lwv

frpshwlwlyh vwhdg| vwdwh ohyho/ ghvslwh qrupdo surgxfwlylw| jurzwk1 Lw lv 53 shufhqw ehorz lwv

frpshwlwlyh vwhdg| vwdwh ohyho lq 4<67/ dqg uhpdlqv 4: shufhqw ehorz lq 4<6<1 Xqiruwxqdwho|

wkhuh lv qr fruuhvsrqglqj zdjh phdvxuh lq wkh gdwd iru frpsdulvrq1

Wkh dgrswlrq ri wkh fduwho srolf| lq rxu prgho jhqhudwhv prqrsro| uhqwv1 Lw lv ri frxuvh

kdug wr �qg sur�w phdvxuhv lq wkh gdwd iru gluhfw frpsdulvrq wr wkhvh wkhruhwlfdo prqrsro|

uhqwv/ exw lw lv zruwk srlqwlqj rxw wkdw pdqxidfwxulqj dffrxqwlqj sur�wv urvh vljql�fdqwo|

diwhu wkh QLUD zdv dgrswhg/ dqg urvh idvwhu wkdq sur�wv lq rwkhu vhfwruv1 Pruhryhu/ lqgxvwuldo

vwrfn sulfhv dovr urvh lq 4<671 Wklv lv dovr frqvlvwhqw zlwk rxu prgho1

Rxu prgho suhglfwv wkh iudfwlrq ri lqglylgxdov lq wkh pdunhw vhfwru zkr vhdufk iru d

mre1 Wkh qxpehu ri vhdufkhuv lq rxu prgho/ glylghg e| wkh qxpehu zkr duh hlwkhu zrunlqj

ru vhdufklqj/ lv 44 shufhqw gxulqj wkh hduo| sduw ri wkh wudqvlwlrq/ dqg wkhq ghfolqhv wr derxw

�yh shufhqw1 Vlqfh wkhuh lv qr gluhfw phdvxuh ri vhdufkhuv lq wkh gdwd/ lw lv kdug wr pdnh

d frpsdulvrq ehwzhhq prgho dqg gdwd1 Vrph hfrqrplvwv lqwhusuhw xqhpsor|phqw udwhv dv

d phdvxuh ri wkh iudfwlrq ri mre vhdufkhuv1 Lw lv zruwk qrwlqj wkdw phdvxuhg xqhpsor|phqw

uhpdlqhg kljk gxulqj wkh uhfryhu| iurp wkh Ghsuhvvlrq1

Zh qrz wxuq wr wkh suhglfwhg sdwwhuq ri uhfryhu| lq wkh prgho1 Oderu lqsxw dqg

rxwsxw ulvh diwhu wkh fduwho srolf| lv dgrswhg/ dqg wkhq frqyhujh wr wkhlu vwhdg| vwdwh ydoxhv1

Wkhuh duh wzr idfwruv ehklqg wkhvh lqlwldo lqfuhdvhv1 Wkh �uvw lv wkdw wkh lqlwldo vwrfn ri

zrunhuv lq wkh fduwhol}hg vhfwru lq wkh prgho lv vpdoo 0 8; shufhqw ri lwv frpshwlwlyh vwhdg|

vwdwh ydoxh1 Vlqfh lq htxloleulxp wkh zrunhuv sd| wkh �up lwv uhvhuydwlrq ydoxh/ lw lv rswlpdo

iru wkh vpdoo qxpehu ri lqfxpehqw zrunhuv wr dgg qhz phpehuv dqg h{sdqg hpsor|phqw

dqg rxwsxw1 Wkh vhfrqg idfwru wkdw frqwulexwhv wr wkh lqfuhdvhv lq hpsor|phqw dqg rxwsxw

lv wkh ulvlqj wlph sdwk ri surgxfwlylw|1 Lw lqfuhdvhv derxw ; shufhqw ehwzhhq 4<67 dqg 4<691

Wklv lqfuhdvhv wkh �up*v uhvhuydwlrq ydoxh lq 4<68 dqg 4<69/ zklfk ohdgv wkh fduwho wr dgg

dgglwlrqdo zrunhuv gxulqj wkrvh |hduv dv zhoo1 Wklv lqfuhdvh lq fduwho hpsor|phqw udlvhv wkh

suredelolw| ri �qglqj d fduwho mre/ fhwhulv sdudexv1 Lq htxloleulxp/ wklv kljkhu suredelolw|
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udlvhv wkh qxpehu ri fduwho mre vhdufkhuv lq wkh prgho lq 4<67 dqg 4<68169

Rxu prgho suhglfwv wkdw oderu lqsxw lq wkh fduwhol}hg vhfwruv vkrxog idoo pruh wkdq

oderu lqsxw lq wkh qrq0fduwhol}hg vhfwruv1 Wkhvh hpsulfdo frpsdulvrq duh kdug wr pdnh eh0

fdxvh lw lv xqfohdu zklfk vhfwruv zhuh wkh qrq0fduwhol}hg vhfwruv1 Lghqwli|lqj qrq0fduwhol}hg

vhfwruv lv ixuwkhu frpsolfdwhg e| wkh dgrswlrq ri rwkhu srolflhv/ qrw prghohg khuh/ wkdw olnho|

uhgxfhg frpshwlwlrq lq qrq0pdqxidfwxulqj vhfwruv/ vxfk dv wkh Edfrq0Gdylv Dfw dqg wkh

Urelqvrq0Sdwpdq Dfw1 Jlyhq wkhvh olplwdwlrqv/ zh pdnh d urxjk frpsdulvrq ehwzhhq wkh

pdqxidfwxulqj dqg plqlqj vhfwruv dqg wkh qrq0idup hfrqrp|1 Zh fkrvh wklv frpsdulvrq

ehfdxvh ri gdwd dydlodelolw| dqg rxu dvvxpswlrq wkdw pdqxidfwxulqj dqg plqlqj zhuh vljqli0

lfdqwo| d�hfwhg e| wkhvh srolflhv1 Zh frpsduh oderu lqsxw gdwd iru wkhvh vhfwruv iurp erwk

Nhqgulfn dqg Klvwrulfdo Vwdwlvwlfv1 Erwk vrxufhv lqglfdwh wkdw pdqxidfwxulqj dqg plqlqj

oderu lqsxw zhuh vrphzkdw orzhu lq wkh plg dqg odwh 4<63v wkdq wrwdo qrq0idup oderu lqsxw1

Nhqgulfn*v gdwd vkrzv wkdw wkh dyhudjh ri pdqxidfwxulqj dqg plqlqj krxuv ehwzhhq 4<6706<

lv derxw 59 shufhqw ehorz lwv 4<5< ydoxh/ dqg vkrzv wkh dyhudjh ydoxh iru sulydwh qrq0idup

krxuv +zklfk lqfoxghv wkhvh wzr vhfwruv, lv derxw 4; shufhqw ehorz lwv 4<5< ydoxh1 Wkh Klvwru0

lfdo Vwdwlvwlfv gdwd vkrzv wkdw wkh dyhudjh ydoxh iru pdqxidfwxulqj dqg plqlqj hpsor|phqw

ehwzhhq 4<6706< lv derxw 43 shufhqw ehorz wkh 4<5< ydoxh/ zkloh wrwdo qrq0idup hpsor|phqw

lv derxw 8 shufhqw ehorz lwv 4<5< ydoxh1

Rxu prgho dovr suhglfwv wkdw wkh uhodwlyh sulfh ri fduwhol}hg jrrgv vkrxog ulvh1 Wklv

frpsdulvrq lv dovr gl!fxow wr pdnh iru wkh vdph uhdvrqv dv deryh1 Zh wkhuhiruh frpsduh

wkh sulfh ri lqyhvwphqw jrrgv dqg lqgxvwuldo jrrgv wr frqvxpswlrq jrrgv1 Zh dovr fkrvh wklv

frpsdulvrq ehfdxvh ri gdwd dydlodelolw| dqg ehfdxvh ri rxu dvvxpswlrq wkdw wkh lqgxvwuldo

vhfwru dqg lqyhvwphqw jrrgv vhfwruv +pdqxidfwxulqj, zhuh d�hfwhg e| wkhvh srolflhv1 Zh �qg

wkdw wkh JQS gh dwru iru lqyhvwphqw jrrgv ulvhv derxw 43 shufhqw uhodwlyh wr wkh frqvxpswlrq

gh dwru dqg FSL gxulqj wkh plg dqg odwh 4<63v1 Zh �qg wkdw wkh zkrohvdoh sulfh lqgh{ iru

69Zh kdyh dovr frqgxfwhg rxu dqdo|vlv zlwkrxw mre0vhdufk lq wkh fduwho vhfwru1 Wkh uhvxowv glg qrw fkdqjh
vljql�fdqwo|1 Wklv lv ehfdxvh $ ghwhuplqhv wkh zdjh suhplxp lq wkh fduwho vhfwru/ zklfk lq wxuq ghwhuplqhv
uhodwlyh rxwsxw dqg hpsor|phqw1 Vlqfh wkh frqwulexwlrq ri vhdufk wr wkh ryhudoo ohyho ri h�hruw lv vpdoo/
wkh glvxwlolw| ri zrunlqj lv rqo| voljkwo| h�hfwhg e| gursslqj frvwo| vhdufk/ dqg khqfh wkh ohyhov ri rxwsxw
dqg hpsor|phqw duh rqo| pdujlqdoo| kljkhu1 Iru h{dpsoh/ lq wkh vwhdg| ri vwdwh ri wkh fduwho prgho wkdw
fruuhvsrqgv wr rxu wudqvlwlrq h{dpsohv> wkdw lv/ zkhq +p @ =65> $ @ 3=4> ! @ �4,> rxwsxw lv ;;( ri wkh
frpshwlwlyh ohyho lqvwhdg ri ;9(/ hpsor|phqw lv <3( ri wkh frpshwlwlyh ohyho lqvwhdg ri ;<(/ krzhyhu wkh
fduwho zdjh lv derxw 53 shufhqw deryh wkh frpshwlwlyh zdjh lq erwk fdvhv1
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lqgxvwuldo jrrgv ulvhv derxw �yh shufhqw uhodwlyh wr wkhvh frqvxpswlrq sulfhv1

Wkhvh sdwwhuqv duh frqvlvwhqw zlwk rxu prgho*v suhglfwlrqv1 Ehfdxvh ri wkh gl!fxow|

lq pdnlqj wkhvh frpsdulvrqv/ krzhyhu/ lw lv gl!fxow wr gudz yhu| �up frqfoxvlrqv iurp wkhp

ru iurp dowhuqdwlyh dqdo|vhv dlphg dw pdnlqj wkh vdph w|shv ri frpsdulvrqv1

Ilqdoo|/ zh xvhg wkh wudqvlwlrq sdwkv ri wkh wzr hfrqrplhv wr frpsxwh wkh zhoiduh

frvw ri wkh fduwho srolf|1 Zh irxqg wkdw d shupdqhqw 71< shufhqw lqfuhdvh lq frqvxps0

wlrq zdv uhtxluhg wr udlvh wkh ohyho ri glvfrxqwhg olihwlph xwlolw| lq wkh fduwho wudqvlwlrq wr

wkdw lq wkh frpshwlwlyh wudqvlwlrq1 Wklv zhoiduh frvw lv odujh uhodwlyh wr wkh zhoiduh frvwv ri

prqrsro| +Kduehujhu +4<87,,/ exvlqhvv f|fohv +Oxfdv +4<;:,,/ dqg fdslwdo lqfrph wd{dwlrq

+Fkdul/ Fkulvwldqr/ Nhkrh +4<<7,,1

Zh kdyh dovr frqgxfwhg vrph vhqvlwlylw| dqdo|vhv wr dvvhvv wkh urexvwqhvv ri rxu uh0

vxowv1 Iluvw/ zh frqvlghu dq dowhuqdwlyh sdudphwhul}dwlrq lq zklfk zh dvvxph rqo| d iudfwlrq ri

wkh pdqxidfwxulqj dqg plqlqj vhfwruv duh h�hfwlyho| fduwhol}hg1 Vhfrqg/ zh frqvlghu dqrwkhu

sdudphwhul}dwlrq lq zklfk fdslwdo jrrgv duh surgxfhg hqwluho| e| wkh fduwhol}hg vhfwru1

F1 H{whqvlrq 4= Qrw doo ri Pdqxidfwxulqj dqg Plqlqj duh Fduwhol}hg

Rxu dqdo|vlv dvvxphg wkdw doo ri pdqxidfwxulqj dqg plqlqj zhuh fduwhol}hg/ dqg fkrvh

d ydoxh iru / vr wkdw wkh fduwhol}hg zdjh zdv derxw 53 shufhqw deryh wuhqg1 Dq dowhuqd0

wlyh lqwhusuhwdwlrq ri wkhvh gdwd lv wkdw rqo| d iudfwlrq ri pdqxidfwxulqj dqg plqlqj zhuh

fduwhol}hg/ exw wkdw wkh zdjh lq wkrvh fduwhol}hg lqgxvwulhv zdv kljk hqrxjk wr jhqhudwh wkh

revhuyhg ulvh lq wkh djjuhjdwh pdqxidfwxulqj zdjh1 Dv d urexvwqhvv fkhfn/ zh orzhuhg wkh

iudfwlrq ri wkh pdqxidfwxulqj dqg plqlqj vhfwruv wkdw zhuh h�hfwlyho| fduwhol}hg/ dqg fkrvh

/ iru wklv vpdoohu iudfwlrq ri wkh hfrqrp| wr pdlqwdlq d 53 shufhqw lqfuhdvh lq wkh dyhudjh

fduwhol}hg zdjh lq rxu prgho1

Lq wklv h{whqvlrq/ zh dvvxphg wkdw :8 shufhqw/ udwkhu wkdq 433 shufhqw/ ri pdqxidf0

wxulqj dqg plqlqj duh fduwhol}hg/ dqg fkrvh / vr wkdw wkh dyhudjh zdjh lq wkh wzr djjuhjdwh

vhfwruv uhpdlqhg 53 shufhqw deryh wkh ohyho xqghu sxuh frpshwlwlrq1 Zh irxqg yhu| vlplodu

uhvxowv1 Vwhdg| vwdwh djjuhjdwh rxwsxw lq rxu fduwhol}hg hfrqrp| lv ;: shufhqw ri lwv vwhdg|

vwdwh ohyho lq wkh frpshwlwlyh hfrqrp|1 Vlploduo|/ hpsor|phqw lv ;< shufhqw ri wkh frpshwlwlyh

ohyho1 Rxu txdqwlwdwlyh uhvxowv vhhp urexvw wr wklv dowhuqdwlyh sdudphwhul}dwlrq1
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G1 H{whqvlrq 5= Fdslwdo H{foxvlyho| Surgxfhg e| wkh Fduwhol}hg Vhfwru

Wkh uhodwlyh sulfh ri fdslwdo +wkh gh dwru iru qrquhvlghqwldo lqyhvwphqw jrrgv glylghg

e| wkh gh dwru iru qrqgxudeoh frqvxpswlrq h{shqglwxuhv, ulvhv derxw 55 shufhqw ehwzhhq 4<6<

dqg 4<661 Rqh h{sodqdwlrq iru wklv lqfuhdvh lq wkh uhodwlyh sulfh ri fdslwdo lv wkdw fdslwdo

jrrgv duh surgxfhg odujho| e| lqgxvwulhv +h1j1 wkh pdqxidfwxulqj vhfwru, wkdw zhuh h�hfwlyho|

fduwhol}hg lq wkh 4<63v1 Lw wxuqv rxw wkdw wklv prgl�fdwlrq kdv lpsruwdqw lpsolfdwlrqv iru wkh

suhglfwhg ohyho ri lqyhvwphqw lq rxu fduwho prgho16:

Zh prgli| rxu dqdo|vlv dqg dvvxph wkdw fdslwdo jrrgv duh surgxfhg vroho| iurp wkh

fduwhol}hg vhfwru1 Wklv prgl�fdwlrq fkdqjhv wzr uhvrxufh frqvwudlqwv=

t6 '
]
+_6E��_� nfc

t ' ��

Zh frpsxwh wkh htxloleulxp sdwk ri rxu prgl�hg prgho zlwk wkh vdph sdudphwhu ydoxhv

dv ehiruh1 Zh irxqg wkdw wklv prgl�fdwlrq lqfuhdvhg wkh ghsuhvvlqj h�hfwv ri Qhz Ghdo

srolflhv1 Vwhdg| vwdwh rxwsxw lq wkh fduwho prgho lq 4<6< lv 54 shufhqw ehorz wkh frpshwlwlyh

vwhdg| vwdwh ohyho/ hpsor|phqw lv 4; shufhqw ehorz dqg lqyhvwphqw lv 86 ehorz1 Wkh ryhudoo

ghsuhvvlrq lq hfrqrplf dfwlylw| orzhuv wkh zdjh suhplxp lq wkh fduwhol}hg vhfwru wr 47 shufhqw

deryh wkh frpshwlwlyh edodqfh jurzwk sdwk ohyho lq 4<6<1 Wklv dowhuqdwlyh fdoleudwlrq/ zklfk

fdswxuhv wkh lqfuhdvh lq wkh uhodwlyh sulfh ri fdslwdo jrrgv/ vxjjhvwv wkdw rxu ehqfkpdun

prgho pd| kdyh xqghuvwdwhg wkh ghsuhvvlqj h�hfwv ri Qhz Ghdo fduwhol}dwlrq srolflhv1

:1 Lpsolfdwlrqv ri Wlph Yduldwlrq lq Qhz Ghdo Srolflhv
Wr nhhs rxu dqdo|vlv vlpsoh/ zh devwudfwhg iurp wlph yduldwlrq lq Qhz Ghdo srolflhv1

Wkhvh srolflhv/ krzhyhu/ fkdqjhg durxqg 4<6:/ dqg dovr fkdqjhg durxqg Zruog Zdu LL1 Wkhvh

fkdqjhv kdyh lpsolfdwlrqv iru rxu wkhru| dqg iru xqghuvwdqglqj hfrqrplf  xfwxdwlrqv gxulqj

wkhvh wzr shulrgv1 Lq wklv vhfwlrq/ zh ghvfuleh krz srolf| fkdqjhg gxulqj wkhvh wzr shulrgv1

Zh dovr ghvfuleh krz rxu wkhru| txdolwdwlyho| suhglfwv wkhvh srolf| fkdqjhv d�hfwhg hpsor|0

6:Dqrwkhu srvvleoh h{sodqdwlrq lv wkdw li fdslwdo zdv lqgxvwu|0 dqg qrw mxvw vhfwru0 vshfl�f/ wkhq �upv zrxog
kdyh kdg d uhgxfhg lqfhqwlyh wr lqyhvw ehfdxvh ri d krogxs sureohp= lqfuhdvlqj wkh fdswldo vwrfn zrxog kdyh
ohdg wkh zrunhuv wr udlvh wkhlu zdjh ghpdqgv1
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phqw dqg rxwsxw/ dqg frpsduh wkhvh suhglfwlrqv wr wkh dfwxdo fkdqjhv lq hpsor|phqw dqg

rxwsxw gxulqj wkhvh wzr shulrgv1

D1 Wkh Vwuhqjwkhqlqj ri Oderu Srolflhv dqg wkh Grzqwxuq ri 4<6:06;

Wkh Vxsuhph Frxuw xskhog wkh frqvwlwxwlrqdolw| ri wkh QOUD lq 4<6:1 Wklv eurxjkw

iruwk d odujh lqfuhdvh lq xqlrql}dwlrq dqg lq vwulnhv lq 4<6: dqg 4<6;1 Pruhryhu/ Vwdwh

Jryhuqphqwv shuplwwhg �vlw0grzq� vwulnhv/ lq zklfk hpsor|hhv wrrn ryhu sodqwv dqg kdowhg

surgxfwlrq/ gxulqj wklv shulrg1 Wkhvh fkdqjhv lq xqlrql}dwlrq dqg xqlrq dfwlylw| ohg wr

vljql�fdqwo| kljkhu zdjhv> pdqxidfwxulqj uhdo zdjhv urvh derxw qlqh shufhqw ehwzhhq 4<69

dqg 4<6;1 Rxu fduwhol}dwlrq wkhru| suhglfwv wkdw wklv vwurqjhu oderu srolf| vkrxog kdyh

lqfuhdvhg zdjhv dqg uhgxfhg hpsor|phqw dqg rxwsxw gxulqj wklv shulrg1 Wklv suhglfwlrq lv

frqvlvwhqw zlwk wkh gdwd> rxwsxw/ hpsor|phqw/ dqg lqyhvwphqw idoo ehwzhhq 4<69 dqg 4<6;1

Wklv h{sodqdwlrq ri wkh 4<6:06; grzqwxuq gl�huv iurp wkh vwdqgdug h{sodqdwlrq/ zklfk

lv wkdw wkh grzqwxuq zdv fdxvhg e| kljkhu uhvhuyh uhtxluhphqwv rq edqn dffrxqwv1 Wkh

vwdqgdug h{sodqdwlrq/ krzhyhu/ lv gl!fxow wr uhfrqfloh zlwk gdwd1 Frpphufldo ordq udwhv dqg

wkh vsuhdg ehwzhhq ordq udwhv dqg rwkhu udwhv zhuh urxjko| xqfkdqjhg diwhu wkhvh lqfuhdvhv1

Pruhryhu/ lqgxvwuldo surgxfwlrq frqwlqxhg wr jurz iru 47 prqwkv diwhu wkh �uvw dqg odujhvw

ri wkhvh lqfuhdvhv1 Wkh wkhru| xqghuo|lqj wkh vwdqgdug h{sodqdwlrq suhglfwv wkdw ohqglqj

udwhv dv zhoo dv wkh vsuhdg ehwzhhq ohqglqj udwhv dqg rwkhu udwhv vkrxog kdyh lqfuhdvhg

txlfno| lq uhvsrqvh wr wkhvh kljkhu uhtxluhphqwv1 Pruhryhu/ wkh wkhru| suhglfwv wkdw rxwsxw

vkrxog ghfuhdvhg pxfk hduolhu lq uhvsrqvh wr wkhvh lqfuhdvhv1 Zkloh pruh zrun lv uhtxluhg

wr hydoxwh wkh fdxvhv ri wklv grzqwxuq/ rxu wkhru| udlvhv wkh srvvlelolw| wkdw dq lqfuhdvh lq

oderu edujdlqlqj srzhu pd| kdyh ehhq dq lpsruwdqw frqwulexwlqj idfwru wr wkh grzqwxuq ri

4<6:06;11

E1 Wkh Zhdnhqlqj ri Oderu dqg Lqgxvwuldo Srolflhv dqg wkh Zduwlph H{sdqvlrq

Wkh hfrqrp| h{sdqghg vljql�fdqwo| gxulqj Zruog Zdu LL1 Rxu fduwho prgho zlwk

shupdqhqw Qhz Ghdo srolflhv dqg qr rwkhu vkrfnv/ krzhyhu/ suhglfwv wkdw wkh hfrqrp| vkrxog

kdyh uhpdlqhg ghsuhvvhg1 Wklv vhfwlrq eulh | glvfxvvhv wkdw wkh zduwlph h{sdqvlrq fdq eh

uhfrqflohg zlwk rxu fduwho prgho1 Wklv lv ehfdxvh wkh h{sdqvlrq frlqflghg zlwk d frqvlghudeoh

lqfuhdvh lq dqwlwuxvw survhfxwlrq dqg d vljql�fdqw zhdnhqlqj lq oderu*v edujdlqlqj srzhu1
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E| wkh odwh 4<63v Urrvhyhow vxjjhvwhg wkdw fduwhol}dwlrq pd| kdyh ehhq d frqwulexwlqj

idfwru wr wkh shuvlvwhqfh ri wkh Ghsuhvvlrq1 Urrvhyhow dssrlqwhg Wkxupdq Duqrog wr gluhfw

wkh Dqwlwuxvw Glylvlrq ri wkh GRM1 Xqghu wklv qhz ohdghuvkls/ wkh qxpehu ri qhz fdvhv

eurxjkw e| wkh GRM urvh iurp mxvw 8: ehwzhhq 4<6806< wr 556 ehwzhhq 4<730771 Derxw ;3

shufhqw ri wkhvh fdvhv zhuh zrq e| wkh jryhuqphqw16;

Oderu srolf| dovr fkdqjhg gxulqj wkh 4<73v1 Iluvw/ Wkh Vxsuhph Frxuw uxohg lq 4<6<

wkdw wkh �vlwgrzq vwulnh�/ lq zklfk lqfxpehqw zrunhuv rffxslhg sodqwv dqg suhyhqwhg sur0

gxfwlrq/ zdv xqfrqvwlwxwlrqdo1 Oderu klvwruldqv ylhz wklv ghflvlrq dv vljql�fdqwo| zhdnhqlqj

oderu*v edujdlqlqj srzhu +Vhh Nhqqhg|,1 Vhfrqg/ froohfwlyh edujdlqlqj zdv odujho| vxvshqghg

gxulqj wkh Zdu dv wkh Qdwlrqdo Zdu Oderu Erdug +QZOE, uxohg rq zdjh lqfuhdvhv/ dqg

odujho| judqwhg rqo| frvw ri olylqj lqfuhdvhv1 Wklug/ vwulnhv e| Frdo plqhuv gxulqj wkh zdu

sxvkhg sxeolf rslqlrq dqg frqjuhvvlrqdo rslqlrq djdlqvw xqlrqv dqg wkh QOUD1 E| 4<7:/

dv wkh QZOE zdv glvedqghg/ wkh QOUD zdv dphqghg e| wkh Wdiw0Kduwoh| Dfw1 Wklv Dfw

zhdnhqhg oderu*v edujdlqlqj srzhu e| uhvwulfwlqj oderu*v dfwlrqv/ dqg e| uhgxflqj wkh ruljlqdo

olplwdwlrqv sodfhg rq �upv lq wkh ruljlqdo QOUD1 Dprqj rwkhu fkdqjhv/ wkh Dfw rxwodzhg

wkh forvhg vkrs/ dqg jdyh vwdwhv wkh uljkw wr rxwodz xqlrqv vkrsv1

Rxu prgho suhglfwv wkdw yduldwlrqv lq oderu dqg lqgxvwuldo srolflhv vkrxog kdyh d�hfwhg

wkh gl�huhqfh ehwzhhq wkh zdjh dqg surgxfwlylw|/ dqg dovr d�hfwhg wkh ohyho ri hpsor|phqw

dqg rxwsxw1 Wdeoh 47 vkrzv wkdw wkh pdqxidfwxulqj zdjh uhodwlyh wr pdqxidfwxulqj oderu

surgxfwlylw| fkdqjhg ehwzhhq 4<5< dqg 4<831 Lw lqfuhdvhg frqvlghudeo| gxulqj wkh Ghsuhvvlrq

|hduv +4<6; frpsduhg wr 4<5<,/ dqg wkhq ghfuhdvhg frqvlghudeo| gxulqj wkh h{sdqvlrq |hduv

4<83 uhodwlyh wr 4<6<1 Rxu prgho suhglfwv wkdw wklv ghfolqh lv frqvlvwhqw zlwk wkh fkdqjhv lq

srolflhv wkdw rffxuuhg ryhu wklv shulrg1

Zkloh pruh zrun lv qhhghg wr ghwhuplqh krz wkhvh oderu dqg lqgxvwuldo srolf| fkdqjhv

d�hfwhg pdfurhfrqrplf dfwlylw| gxulqjZruogZdu LL/ wkh vljql�fdqw fkdqjh lq zduwlph srolf|

lqglfdwhv wkdw rxu prgho pd| eh frqvlvwhqw zlwk wkh zduwlph hfrqrplf errp1

6;Vhh Srvqhu/ U1D1/ �D Vwdwlvwlfdo Dqdo|vlv ri Dqwlwuxvw Hqirufhphqw/� Mrxuqdo ri Odz dqg Hfrqrplfv
+Rfwrehu 4<:3, yro1 46/ s1 69807531
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;1 Frqfoxvlrq
Wkh uhfryhu| iurp wkh Juhdw Ghsuhvvlrq zdv zhdn/ dqg zdv dffrpsdqlhg e| vljql�fdqw

lqfuhdvhv lq uhdo zdjhv dqg sulfhv lq vhyhudo vhfwruv ri wkh hfrqrp|1 D vxffhvvixo wkhru| ri

wkh uhfryhu| iurp wkh Ghsuhvvlrq vkrxog dffrxqw iru shuvlvwhqw orz ohyhov ri frqvxpswlrq/

lqyhvwphqw/ dqg hpsor|phqw/ wkh kljk uhdo zdjh/ dqg wkh dssduhqw odfn ri frpshwlwlrq lq

wkh oderu pdunhw1 Zh ghyhorshg d prgho zlwk Qhz Ghdo oderu dqg lqgxvwuldo srolflhv wkdw

fdq dffrxqw iru vhfwrudo kljk zdjhv/ d glvwruwhg oderu pdunhw/ dqg ghsuhvvhg hpsor|phqw/

frqvxpswlrq/ dqg lqyhvwphqw ghvslwh qrupdo surgxfwlylw|1

Rxu uhvxowv vkrz wkdw Qhz Ghdo srolflhv duh lpsruwdqw iru xqghuvwdqglqj wkh shuvlv0

whqfh ri wkh Juhdw Ghsuhvvlrq1 Wkh nh| ghsuhvvlqj hohphqw ehklqg Qhz Ghdo srolflhv zdv qrw

prqrsro| shu vh/ exw udwkhu olqnlqj wkh delolw| ri �upv wr frooxgh zlwk sd|lqj kljk zdjhv1

Rxu prgho lqglfdwhv wkdw wkhvh srolflhv uhgxfhg frqvxpswlrq/ dqg lqyhvwphqw derxw 47 shu0

fhqw uhodwlyh wr wkhlu frpshwlwlyh vwhdg| vwdwh ohyhov1 Wkxv/ wkh prgho dffrxqwv iru derxw kdoi

ri wkh frqwlqxdwlrq ri wkh Juhdw Ghsuhvvlrq ehwzhhq 4<67 dqg 4<6<1

Qhz Ghdo oderu dqg lqgxvwuldo srolflhv glg qrw oliw wkh hfrqrp| rxw ri wkh Ghsuhvvlrq dv

wkh hfrqrplf sodqqhuv kdg krshg1 Lqvwhdg/ wkh mrlqw srolflhv ri lqfuhdvlqj oderu*v edujdlqlqj

srzhu/ dqg olqnlqj frooxvlrq zlwk sd|lqj kljk zdjhv/ suhyhqwhg d udslg uhfryhu| e| fuhdwlqj

uhqwv dqg e| fuhdwlqj dq lqh!flhqw lqvlghu0rxwvlghu iulfwlrq wkdw udlvhg zdjhv vljql�fdqwo|

dqg uhvwulfwhg hpsor|phqw1 Wkh uhfryhu| zrxog kdyh ehhq vwurqjhu li zdjhv lq nh| vhfwruv

kdg ehhq orzhu1
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whuo| Mrxuqdo ri Hfrqrplfv> 444+6,/ Dxjxvw 4<<9/ sdjhv :4<0841
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<1 Whfkqlfdo Dsshqgl{
D1 Surri ri Sursrvlwlrq 4

Wkh surri ri +l, lv e| frqwudglfwlrq1 Li �|E 7�c 7?� : �|c wkhq wkh zrunhuv frxog udlvh 7�c

nhhslqj 7? wkh vdph/ dqg udvlqj wkh ydoxh ri wkh remhfwlyh ixqfwlrq1

Wkh surri ri +ll, lv e| frqwudglfwlrq1 Dvvxph wkdw 7?| 	 ?|c dqg qrwh wkdw e| vhwwlqj

7?| ' ?| dqg nhhslqj 7?|n� xqfkdqjhg/ wkhq wkh zrunhuv fxuuhqw uhwxuq lv kljkhu dqg wkhlu

h{shfwhg ixwxuh lv xqfkdqjhg1 Wr vhh wkdw wkhlu fxuuhqw sd|r� lv kljkhu/ qrwh wkdw 7�| lv

kljkhu +jlyhq wkdw lw lv vhw dffruglqj wr 4+l,, dqg wkh| uhfhlyh wklv uhwxuq zlwk suredelolw|

rqh1 Wr vhh wkdw wkhlu h{shfwhg ixwxuh uhwxuq lv xqfkdqjhg/ qrwh �uvw wkdw wkh olnholkrrg wkdw

dq lqlwldo zrunhu lq shulrg | uhpdlqhg hpsor|hg lq shulrg |n� zdv E7?|*?|�Z4�?E7?|n�*Z7?|c ��1

Xqghu wkh sursrvhg ghyldwlrq/ wkhuh duh qr od|r�v lq shulrg |c exw wkh kljkhu od|r�v lq shulrg

| n � mxvw r�vhw wklv dqg wkh suredelolw| ri zrunlqj lq shulrg | n � iru dq lqwldo zrunhu lq

shulrg | lv xqfkdqjhg e| frqvwuxfwlrq1 Khqfh/ wkhlu ixwxuh sd|r� lv xqfkdqjhg/ vlqfh wkh

sd|r� shu zrunhu zkr lv hpsor|hg lq shulrg |n � lv xqfkdqjhg1 Li 7?|n� lv fkrrvhq rswlpdoo|

jlyhq wkdw wkh qxpehu ri lqlwdo zrunhuv lq shulrg |n� lv Z?|c wkh ixwxuh sd|r� frxog eh hyhq

kljkhu= vlqfh T|n�EZ?|� lv rswlpdo/ T|n�EZ?|� � E7?|*?|�T|n�EZ?|��

Wkh surri ri +lll, lv e| frqwudglfwlrq1 Dv lq wkh surri ri +ll,/ frqvlghu ghyldwlqj dqg

vhwwlqj hpsor|phqw wr ?| dqg wkh zdjh dffruglqj wr 4+l,1 Vlqfh wkh wrwdo sur�wv hduqhg e|

wkh zrunhuv duh �|Efc 7?|�� �| lq shulrg |c zh qhhg rqo| vkrz wkdw
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l�
dqg wkhuhiruh wkh vhfrqg whupv duh htxdo lq wkh

wzr h{suhvvlrqv e| frqvwuxfwlrq1 Khqfh zh qhhg rqo| vkrz wkdw

�|Efc ?|�� �| � ?|�|

?|
:

�|Efc 7?|�� �| � 7?|�|

?|
c+57,

zklfk iroorzv wulyldoo| iurp wkh idfw wkdw ?| � �|E�|�c dqg wkh sur�w ixqfwlrq �|E�|c ?|� lv

frqfdyh lq ?|�
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Wkh surri ri +ly, lv vlplodu wr +lll,1 Zh djdlq qhhg wr vkrz wkdw +56, lv vdwlv�hg/ dqg

wklv iroorzv wulyldoo| iurp wkh dvvxpswlrq wkdw 7?| : �|E�|��

E1 Surri ri Sursrvlwlrq 5

Wkh surri iroorzv wulyldoo| iurp wkh idfw wkdw �W
| lv wkh pd{lpdo zdjh udwh lq shulrg

|c dqg wkdw wkhuhiruh wkh ydoxh ri +4<, lv erxqghg e|
S"

|'f Z'|E�
W
| � �|�c dqg wklv vhtxhqfh

dfklhyhv wkdw erxqg1 Wkh xqltxhqhvv ri wkh vhtxhqfh iroorzv iurp wkh idfw wkdw � lv vwulfwo|

ghfuhdvlqj lq ��

F1 Wkh Edodqfhg Jurzwk Sdwkv

Zh �uvw fkdudfwhul}h wkh edodqfhg jurzwk sdwk ri wkh frpshwlwlyh prgho1 Zh wkhq

fkdudfwhul}h wkh edodqfhg jurzwk sdwk ri wkh oderu0frqvwudlqw prgho iru dq| fkrlfh ri

Wkh Frpshwlwlyh prgho=

Frqmhfwxuh wkdw dorqj wkh vwhdg| vwdwh jurzwk sdwk wkh yduldeohv ES|c %|c t|c tr|c +r|E��c �|�

jurz dw udwh } dqg wkdw wkh yduldeohv E?|c o|c Rr|E��� duh frqvwdqw1 Zh zloo qrz yhuli| wklv frqmhf0

wxuh1 Wr gr vr/ zh ghqrwh ES|c %|c t|c tr|c +r|E��c �|� e| wkhlu ghwuhqghg ohyho ESc %c +c +rc +rE��c ��

+wkdw lv/ S| ' S}|c hwf1, dqg E?|c o|c R�|� e| wkhlu wlph0lqyduldqw ohyhov E?c oc R���

AIurp wkh frqvxphu*v i1r1f1v lw lv hdv| wr vhh wkdw xqghu rxu frqmhfwxuh iru S| dqg �|c

wkdw

'| '

#
q

}

$|

+58,

�E�� ?� ' �S+59,

Jlyhq wkh v|pphwu| ri wkh prgho/ lw lv hdv| wr vhh wkdw t6 ' t�36c dqg wkhuhiruh wkdw

RrE�� ' �

Li %| ' %}|c wkhq wkh ohyho ri fdslwdo vwrfn wklv shulrg lv jlyhq e|

g| '
"[
�'�

%|3�E�� B��3� '
"[
�'�

%}3�E�� B��3� '
%*}

�� �3B
}

� g�

Gh�qlqj 5 wr eh wkh ghwuhqghg ohyho ri 5|c wkh lqwhuphgldwh jrrgv surgxfhu*v i1r1f1 frqglwlrqv

ehfrph

�5�Eg*?��3� � � ' f+5:,

7:



E�� ��5�E?*g�� � o ' fc+5;,

zkloh wkh fdslwdo jrrgv surgxfhu*v i1r1f1 lv=#
q

}

$
do n E�� B�o ' �+5<,

Rxwsxw lq dq lqgxvwu| lv=

+� ' E5?��g�3��+63,

AIurp wkh v|pphwu| ri wkh prgho/ wrwdo rxwsxw lv jlyhq e| + ' +�c dqg wkh uhvrxufh frqvwudlqw

lv

+ ' Sn %+64,

Htxdwlrqv +59,0+64, |lhog d vlpsoh v|vwhp ri htxdwlrqv wkdw ghwhuplqhv ESc �c %c ?c oc +��

dqg dovr fkdudfwhul}h wkh edodqfhg jurzwk sdwk ri wkh frpshwlwlyh prgho1

Wkh Fduwho Prgho

Wkh fduwho prgho vkduhv pdq| ri wkh vdph htxdwlrqv dv wkh frpshwlwlyh prgho/ krz0

hyhu/ wkh prgho lv qr orqjhu v|pphwulf1 Wkh frqvxphu*v sureohp lv hvvhqwldoo| xqfkdqjhg dqg

khqfh '| lv vwloo jlyhq e| +58,/ dqg frqglwlrq +59, vwloo fkdudfwhul}hv wkh uhodwlrqvkls ehwzhhq

S dqg ��1

Zh zloo ghqrwh wkh rxwsxw ohyho dqg wkh sulfh ri lqwhuphgldwh jrrgv +lq whupv ri wkh

�qdo jrrg, surgxfhg lq wkh fduwho vhfwru e| t6 dqg R6c dqg wkrvh lq wkh frpshwlwlyh vhfwru

e| t�36 dqg R�36� Wkh rxwsxw dqg sulfhv ri wkhvh wzr w|shv ri lqwhuphgldwh jrrgv zloo eh

gl�huhqw/ krzhyhu/ vlqfh wkh rxwsxwv duh jurzlqj dw wkh vdph udwh }c wkh sulfhv zloo eh wlph

lqyduldqw1 Iurp wkh i1r1f1*v ri wkh �qdo jrrgv surgxfhu wkhvh sulfhv duh jlyhq e|

R6 ' t �3�t �3�
6+65,

R�36 ' t �3�t �3�
�36+66,

Wkh frqglwlrqv ghwhuplqlqj wkh hpsor|phqw ohyho ?�36 dqg fdslwdo g�36 lq wkh frp0

shwlwlyh lqwhuphgldwh jrrgv vhfwruv+5:, dqg +5;, duh xqfkdqjhg/ dv duh wkrvh ghwhuplqlqj

wkh uhqwdo sulfhv iurp wkh fdslwdo surgxflqj �upv sureohp/ dqg khqfh uhqwdo sulfhv zloo vwloo

7;



vdwlvi| +5<,1 Lqwhuphgldwh rxwsxw lv jlyhq e| +63,/ zkloh wkh ohyho ri �qdo jrrgv rxwsxw lv

jlyhq e|

t '
k
6 Et6�

�*w n E��6� Et�36�
�*w

l�*�
+67,

dqg wkh uhvrxufh frqvwudlqw lv

t ' Sn6%6 n E��6�%�36�+68,

Wrwdo ohyho ri oderu h�ruw lv jlyhq e|

? ' 6?6 n E��6�?�36+69,

Zh qrz qhhg wr fkdudfwhul}h wkh vroxwlrq wr wkh fduwhol}hg lqwhuphgldwh jrrgv surgxf0

huv1 Zh vwduw �uvw zlwk wkh ghwhuplqdwlrq ri �� Lw lv hdv| wr vhh iurp prqrsrolvw*v sureohp

+4:, wkdw wkh dvvrfldwhg i1r1f1v iru ? dqg & zloo lpso| wkdw li wkh zdjh lv wkh frpshwlwlyh zdjh

� wkhq

?

&
'

o

�

�

�� �
c+6:,

dqg wkdw khqfh

�& '

%
o

wR6t �3w
6 E5o�*�E�� ����Ew3�� E�� ��E5o�*�E�� ����

& �

w3�

+6;,

Vroylqj wkhvh wzr h{suhvvlrqv iru &6 doorzv xv wr zulwh wkh vwdwlf sd|r� wr wkh �up iurp

wxuqlqj grzq wkh zrunhuv* r�hu/ dqg khqfh wkhlu uhvhuydwlrq sd|phqw/ dv

� ' /
�
R6t

�3w
6

�
�&E5o�*�E�� ����

�w � o�& � ��&Eo�*�E�� ���
�
�+6<,

Vlqfh hpsor|phqw lq wkh fduwho lqgxvwulhv lv frqvwdqw dw ?6c ?6 : Z?6/ zklfk frqglwlrq +55,

krogv/ dqg wkhuhiruh ?6 vdwlv�hv

wR6�5
�E&6*?6�

�3� �
#
R6E5?6�

�&�3�6 � o&6 � �

?6

$
' f�+73,

Vlqfh �upv duh dfwlqj dv d prqrsrolvw dqg rswlpl}lqj zlwk uhvshfw wr &6c wkhq wkh iroorzlqj

frqglwlrq pxvw krog

wR6E�� ��E5?6*&6�
� � o ' f�+74,

7<



Ilqdoo|/ zh fdq ghwhuplqh wkh vwhdg| vwdwh suredelolw| ri d vhdufkhu ehfrplqj hpsor|hg lq

wkh fduwho vhfwru/ vc wkurxjk wkh vwhdg| vwdwh dqdorj wr +49,=

q

�� Zq
E# � ��v ' ��+75,

Wkhuhiruh/ wkh qxpehu ri vhdufkhuv lv E�� Z�?6*v�

Htxdwlrqv +59,/+5<,/ +63,/ htxdwlrqv +5:,/ +5;, iru zlwk uhvshfw wr E?�36c g�36�c dorqj

zlwk +65,0+75, |lhog d vlpsoh v|vwhp ri htxdwlrqv zlwk zklfk wr ghwhuplqh ESc �c %�c ?�c oc +�c

R�c #c ?c +c �c v� iru � ' 6 ru ��6c dqg wkxv fkdudfwhul}hv wkh edodqfhg jurzwk sdwk ri wkh

fduwho prgho1

Zkhq / ' �c wklv prgho lv vlpso| d wzr0vhfwru prgho lq zklfk wkh iudfwlrq 6 ri wkh

lqwhuphgldwh jrrgv surgxfhuv duh prqrsrolvwv dqg iudfwlrq � � 6 duh frpshwlwlyh1 Wr vhh

wklv qrwh wkdw vlqfh � lv vlpso| prqrsro| sur�wv/ wkhq ER6E5?6�
�&�3�6 � o&6 � � �*?6 '

�c dqg frqglwlrq +74, lv wkh vdph dv wkh prqrsrolvw*v i1r1f1 zlwk uhvshfw wr oderu1 Dv

/ $ fc wkh h�hfwlyh zdjh lq wkh fduwho vhfwru lv dssurdfklqj ER6 EE5?6�
�&�3�6 �� o&6�*?6 '

R6�E5?6�
�&�3�6 c dqg khqfh ?6 $ f� Ilqdoo|/ qrwh wkdw dv w $ �c dqg wkh pdunhw srzhu ri

wkh lqgxvwu| glvdsshduv/ frqglwlrq +74, lv wkh vdph dv wkh prqrsrolvw*v i1r1f1 zlwk uhvshfw wr

oderu/ dqg wkh fduwho htxloleulxp frqyhujhv wr wkh frpshwlwlyh htxloleulxp1

83



Wdeoh 4= Wkh Frqwlqxdwlrq ri wkh Ghsuhvvlrq +4<5< @ 433,

\hdu JQS F L WIS Z6s} KRo��@|e

4<67 9717 :41< 5:1< <519 44414 9;1:

4<68 9:1< :51< 741: <919 44415 :417

4<69 :71: :91: 8519 <<1< 44318 :81;

4<6: :81: :91< 8<18 43318 44:14 :<18

4<6; :315 :61< 6;19 43316 45515 :41:

4<6< :615 :719 7<13 43614 4541; :717

Wdeoh 5= Vfrsh ri wkh QLUD6<

Hpsor|phqw lq QLUD0Fryhuhg Vhfwruv dv=

( ri Sulydwh2Qrq0Idup ( ri Sulydwh ( ri Wrwdo

::( 8:( 85(

Wdeoh 6= Zdjh Surylvlrqv lq wkh QLUD

Surylvlrq Shufhqw ri Frghv

Orz Vnloohg Oderu= Plqlpxp Zdjh 433

Vnloohg Oderu= Vdph Sd|0Ihzhu Krxuv 7:

Vnloohg Oderu= H{solflw Zdjh Vfkhgxohv 5;

Vnloohg Oderu= Dgmxvw Edvhg rq Plqlpxp 4<

Vnloohg Oderu= Qr Uhtxluhg Fkdqjh :

6<Vrxufh ri gdwd= O|rqv hw do +s1646, dqg Nhqgulfn +4<94, s1 63:1
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Wdeoh 7= Frpprq Wudgh Sudfwlfh Surylvlrqv lq wkh QLUD

Surylvlrq Shufhqw ri Frghv

Plqlpxp Sulfhv :<

Xqlirup Frvwv :5

Rshq Sulfhv 8<

Suhyhqw Sulfh Fxwwlqj 69

Wdeoh 8= Uhodwlyh Sulfh ri Pdqxidfwxulqj dqg Plqlqj

+4<66@433,

\hdu 4<67 4<68 4<69 4<6: 4<6; 4<6<

Pdqxidfwxulqj 4158 4159 415; 4168 416< 4175

Plqlqj 41;3 4196 41;: 41<< 41;; 41::

Wdeoh 9= Glvdjjuhjdwh Sulfh Fkdqjhv= Pdufk 4<66 0 Mxqh 4<6773

Lqgxvwu| Shufhqw Lqfuhdvh

Shwurohxp 86

Qrqihuurxv Phwdov 76

Wh{wlohv 75

Ohdwkhu 5;

Exloglqj Pdwhuldov 5;

Forwklqj 59

Krph Ixuqlvklqjv 56

Fdslwdo Htxlsphqw 4<

Lurq2Vwhho 49

73Vrxufh= O|rq hw do dqg Kdqgerrn ri Oderu Vwdwlvwlfv/ 4<69/ Exoohwlq 949
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Wdeoh := Fkdqjhv lq Dyhudjh Krxuo| Hduqlqjv= plg04<66 wr plg04<67

Vrxufh= O|rq hw do

Shufhqw Lqfuhdvh

Oxpehu Ploov 86

Fhphqw 65

Ixuqlwxuh 65

Lurq dqg Vwhho 5:

Eulfn 59

Kdugzduh 58

Vklsexloglqj 56

Jodvv 54

Txduu|lqj 53

Dxwrv 4;

Phwdo Plqlqj 48

Orfrprwlyhv 48

Wrrov 47
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Wdeoh ;= Pdqxidfwxulqj Zdjh74

+4<5<@433,

\hdu 4<67 4<68 4<69 4<6: 4<6; 4<6<

Pdqxidfwxulqj Zdjh 44414 44415 44318 44:14 45515 4541;

Wdeoh <= Prqwko| Lqgxvwu| Zdjhv Ehiruh dqg Diwhu wkh QOUD Frxuw Ghflvlrq

+8268 @ 433,

45269 626: 826: ;26: 4526:

Lurq2Vwhho 43;13 44416 45813 45818 45617

Pdfklqhu| 43519 43:16 44618 4481; 44;1<

Dxwrv 43;14 44<14 45715 45:17 4581:

Fkhplfdo/ Shwuro1/ Frdo 43716 4381< 4481< 44<1< 44;14

Shwurohxp Uh�qlqj 43916 4441< 45417 45614 45614

Dqwkudflwh Frdo 43515 31<8< 44413 44513 4441<

Elwxplqrxv Frdo 43:19 4391; 45517 45418 44:1:

Sdshu 43614 43717 43:1< 43;19 4441;

Vwrqh/ Fod|/ Jodvv 4331< 43:14 44419 44617 44:14

Doxplqxp 43<14 44917 45713 45917 45;18

Irrg 43418 43918 4441: 43;19 44718

74Vrxufh= Froh dqg Rkdqldq +4<<<,/ sdjh 531
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Wdeoh 43= Wkh Fduwho Prgho Vwhdg| Vwdwh Uhodwlyh

wr wkh Frpshwlwlyh Prgho Vwhdg| Vwdwh=

6 ' 3158

� / + ? �6 ?6 r

3 4133 31<: 31<; 31<9 31<4 3133

04 4133 31<: 31<; 31<9 31<7 3133

05 4133 31<: 31<; 31<9 31<9 3133

3 3183 31<7 31<9 4137 31;5 3134

04 3183 31<7 31<8 4137 31;: 3134

05 3183 31<8 31<8 4137 31;< 3134

3 3138 31;9 31<3 4168 318: 3137

04 3138 31;8 31;; 4167 319: 3138

05 3138 31;9 31;: 4167 31:3 3139

6 ' 3183

� / + ? �6 ?6 r

3 4133 31<7 31<9 31<6 31<4 3133

04 4133 31<7 31<9 31<6 31<6 3133

05 4133 31<6 31<9 31<6 31<7 3133

3 3183 31;< 31<5 31<; 31;5 3135

04 3183 31;< 31<5 31<; 31;9 3135

05 3183 31;< 31<4 31<; 31;: 3135

3 3138 31:9 31;4 414; 318; 313<

04 3138 31:8 31:< 4149 3198 3144

05 3138 31:8 31:; 4148 319: 3144
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Wdeoh 44= Wkh H�hfwv ri / lq wkh Fduwho Prgho

6 ' 3158 � ' ��

/ + ? �6 ?6 +6

31533 31<3 31<5 4148 31:; 31;5

314:8 31<3 31<5 4149 31:: 31;4

31483 31;< 31<4 414< 31:9 31;3

31458 31;< 31<4 4154 31:7 31:<

31433 31;; 31<3 4157 31:5 31::

313:8 31;: 31;< 415; 31:3 31:9

31383 31;8 31;; 4167 319: 31:6

6 ' 3183 � ' ��
/ + ? �6 ?6 +6

31533 31;6 31;9 4138 31:: 31:;

314:8 31;6 31;9 4139 31:9 31::

31483 31;5 31;8 413: 31:7 31:9

31458 31;4 31;7 413; 31:6 31:7

31433 31:< 31;6 4143 31:4 31:6

313:8 31:: 31;4 4145 319; 31:3

31383 31:8 31:< 4149 3198 319;

Wdeoh 451 Wkh Htxloleulxp Sdwk iurp wkh Frpshwlwlyh Prgho

\ F L Q Z

4<67 31;: 31<3 31:6 31<; 31;<

4<68 31<5 31<4 31<: 4134 31<4

4<69 31<: 31<6 414; 4136 31<7

4<6: 31<; 31<7 4147 4136 31<8

4<6; 31<; 31<8 4145 4135 31<9

4<6< 31<< 31<9 413< 4135 31<:
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Wdeoh 461 Wkh Htxloleulxp Sdwk iurp wkh Fduwho Prgho

E6 ' ��2c � ' ��c / ' f��f�

\ F L Q V q6 q�36 z6 z�36

4<67 31:9 31;7 3174 31;5 313: 319; 31;< 4148 31;3

4<68 31:< 31;7 3193 31;7 3144 319< 31<4 414; 31;5

4<69 31;8 31;8 31;; 31;< 3139 31:6 31<: 414< 31;6

4<6: 31;9 31;8 31<3 31<3 3137 31:6 31<; 414< 31;6

4<6; 31;9 31;8 31;: 31;< 3139 31:6 31<: 4153 31;6

4<6< 31;9 31;9 31;: 31;< 3138 31:6 31<: 4153 31;6

Wdeoh 47= Pdqxidfwxulqj Zdjh Uhodwlyh wr Pij1 Surgxfwlylw|

+4<5< @ 433,75

4<6; 4<7: 4<83

Zdjh2Surgxfwlylw| 45416 43<19 4361;

75Vrxufh= Frqvwuxfwhg iurp Kdqhv* zdjh gdwd dqg iurp Nhqgulfn*v surgxfwlylw| gdwd +rxwsxw
shu pdqkrxu,1 Xqiruwxqdwho| Kdqhv grhv qrw uhsruw pdqxidfwxulqj zdjh gdwd iru wkh Zdu
|hduv1

8:


