
Uhwxuqv wr Prelolw| lq wkh Wudqvlwlrq wr d Pdunhw

Hfrqrp|�

Wlwr Erhul

Xqlyhuvlwã Erffrql dqg LJLHU

Fkulvwrskhu M1 Iolqq

Qhz \run Xqlyhuvlw|

Dsulo 45/ 4<<<

Devwudfw

Lq vslwh ri rqjrlqj gudpdwlf fkdqjhv lq oderu pdunhw vwuxfwxuh/ wudqvl0

wlrqdo hfrqrplhv glvsod| udwkhu orz zrunhu  rzv dfurvv vhfwruv dqg rffxsd0

wlrqv1 Vxfk orz prelolw| fdq eh h{sodlqhg e| orz uhwxuqv wr mre fkdqjhv

dv zhoo dv e| pdunhw vhjphqwdwlrq lq wkh doorfdwlrq ri mre r�huv1 Zh gh0

yhors dq hfrqrphwulf prgho zklfk hqdeohv xv wr fkdudfwhul}h lqwhuwhpsrudo

fkdqjhv lq suredelolwlhv ri glvplvvdo/ uhpxqhudwlrq/ dqg r�hu duulydo udwhv rq

wkh edvlv ri lqirupdwlrq rq revhuyhg wudqvlwlrqv dqg zdjh sd|phqwv1 Wkh

prgho lv hvwlpdwhg xvlqj gdwd iurp wkh Srolvk Oderu Irufh Vxuyh|1 Rxu

uhvxowv lqglfdwh d vljql�fdqw ghjuhh ri vhjphqwdwlrq lq wkh doorfdwlrq ri mre

r�huv dqg pruh vwdelolw| lq sxeolf vhfwru yhuvxv sulydwh vhfwru mrev1 Rxu

prgho fdq dovr eh xvhg iru srolf| h{shulphqwv1 Lq sduwlfxodu/ zh lqihu wkdw

uhgxfwlrqv ri 43 shu fhqw lq wkh jhqhurvlw| ri xqhpsor|phqw ehqh�wv zloo qrw

vljql�fdqwo| errvw rxw rzv iurp wkh xqhpsor|phqw vwdwh1 Wkhvh �qglqjv

vxssruw h{sodqdwlrqv iru orz prelolw| lq wudqvlwlrqdo hfrqrplhv/ zklfk duh

edvhg rq lqirupdwlrqdo idloxuhv/ dqg kljk frvwv ri prylqj iurp sxeolf wr

sulydwh hqwhusulvhv iru wkrvh zlwk kljk ohyhov ri mre whqxuh dqg oderu pdunhw

h{shulhqfh lq wkh sxeolf vhfwru1

MHO fodvvl�fdwlrq qxpehuv= M95/ M96/ M971

Nh|zrugv= Zrunhu  rzv/ Uhwxuqv wr Prelolw|/ Pdunhw Vhjphqwdwlrq1

WWkh dxwkruv zlvk wr wkdqn Udqgrosk Euxqr iru vnloixo vwdwlvwlfdo dvvlvwdqfh dqg Urehuw Zloolv

iru frpphqwv rq dq lqlwldo gudiw1 Ilqdqfldo vxssruw iurp wkh Yronvzdjhq Irxqgdwlrq/ zlwklq

wkh surmhfw �Oderxu Pdunhw Srolflhv lq Wudqvlwlrq Frxqwulhv= Prqlwrulqj dqg Hydoxdwlrq� dv

zhoo dv vxssruw iurp wkh FY Vwduu Fhqwhu ri Dssolhg Hfrqrplfv dw Qhz \run Xqlyhuvlw| duh

judwhixoo| dfnqrzohgjhg1



41 Lqwurgxfwlrq

Wudqvlwlrq/ doprvw e| gh�qlwlrq/ lqyroyhv wkh uhdoorfdwlrq ri zrunhuv dfurvv mrev/

rffxsdwlrqv/ dqg lqgxvwulhv1 Jlyhq wkh duwl�fldo �ixoo hpsor|phqw� frqglwlrqv lq0

khulwhg iurp fhqwudoo|0sodqqhg pdunhw vwuxfwxuhv/ wudqvlwlrq lq fhqwudo dqg hdvwhuq

Hxursh dovr lqyroyhg wkh dsshdudqfh ri rshq xqhpsor|phqw dqg vljql�fdqw  rzv

lqwr lqdfwlyh vwdwxv1 Frpsduhg wr rwkhu frxqwulhv xqghujrlqj udslg vwuxfwxudo

fkdqjh � h1j1/ wkh Odwlq Dphulfdq hfrqrplhv � fhqwudo dqg hdvwhuq Hxursh r�huv

d zhdowk ri gdwd rq oderu pdunhw  rzv1 Qrw rqo| duh dgplqlvwudwlyh gdwd/ h1j1/

lqglylgxdo uhfrugv iurp wkh uhjlvwudwlrq ri mrevhhnhuv dw oderu r!fhv/ riwhq pdgh

dydlodeoh wr uhvhdufkhuv/ exw dovr prvw frxqwulhv kdyh lqwurgxfhg dqg duh fxuuhqwo|

xqghuwdnlqj krxvhkrog vxuyh|v lqyroylqj urwdwlqj sdqhov/ zklfk pdnhv orqjlwxgl0

qdo dqdo|vlv srvvleoh1 Vxfk gdwd pdlqo| kdyh ehhq xvhg wr ghvfuleh wkh pdjqlwxgh

dqg fkdudfwhulvwlfv ri oderu pdunhw  rzv ru wr fduu| rxw qrq0sdudphwulf dqdo|0

vhv/ pdlqo| ri kd}dug udwhv iurp xqhpsor|phqw1 Vxfk dqdo|vhv kdyh ehhq xvhixo

lq fkdudfwhul}lqj vshfl�f ihdwxuhv ri wkh oderu pdunhw dgmxvwphqw surfhvv gxulqj

hfrqrplf wudqvirupdwlrq +h1j1/ wkh vwdjqdqf| ri wudqvlwlrqdo xqhpsor|phqw, dqg

lq lghqwli|lqj wkrvh shuvrqdo fkdudfwhulvwlfv zklfk duh prvw uhohydqw lq ghwhuplq0

lqj oderu pdunhw rxwfrphv lq wkh frxuvh ri wkh wudqvlwlrq surfhvv1 Suholplqdu|

hydoxdwlrqv ri wkh h�hfwlyhqhvv ri dfwlyh oderu pdunhw srolflhv kdyh dovr ehhq fdu0

ulhg rxw/ hvwlpdwlqj wkh lpsdfw ri sduwlflsdwlrq lq dfwlyh surjudpv ^8`/ ^43`/ ^47`/

^48`/ ^9`/ dv zhoo dv ri xqhpsor|phqw ehqh�w ohyhov dqg gxudwlrq rq rxw rzv wr

mrev ^;`/ ^49`/ ^43`/ ^<`/ ^7`1

Wkhvh vwxglhv kdyh frqwulexwhg wr rxu xqghuvwdqglqj ri oderu pdunhw dg0

mxvwphqw xqghu udslg vwuxfwxudo fkdqjh dqg kdyh surylghg uhohydqw pdwhuldo iru

hydoxdwlrqv ri wkh lpsdfw ri oderu pdunhw surjudpv/ zklfk grhv qrw qhfhvvdulo|

rqo| dsso| wr wkh Hdvw41 Krzhyhu/ wkhuh duh d qxpehu ri lvvxhv wkdw vwloo qhhg wr

eh lqyhvwljdwhg dqg/ pruh lpsruwdqwo|/ zklfk fdq eh dgguhvvhg xvlqj dydlodeoh

gdwd1

Iluvw dqg iruhprvw/ yhu| olwwoh lv nqrzq frqfhuqlqj wkh doorfdwlrq ri mre r�huv

dfurvv lqglylgxdov rffxs|lqj gl�huhqw oderu pdunhw vwdwhv1 Krz vhjphqwhg duh wkh

oderu pdunhwv ri wudqvlwlrqdo hfrqrplhv lq frqyh|lqj lqirupdwlrq rq hpsor|phqw

rssruwxqlwlhvB Lv wkh suredelolw| ri ehlqj r�huhg d srvw lq wkh hphujlqj sulydwh

4Wkh errn uhfhqwo| sxeolvkhg e| RHFG ^45` lv dq dwwhpsw wr h{sorlw wkh srolf| h{shulphqwv

fduulhg rxw lq wkhvh frxqwulhv +h1j1/ udglfdo fkdqjhv lq wkh jhqhurvlw| ri xqhpsor|phqw ehqh�w

v|vwhpv, lq rughu wr gudz ohvvrqv zklfk fdq eh ydoxdeoh dovr iru wkh RHFG frxqwulhv1
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vhfwru ghshqghqw rq rqh*v fxuuhqw oderu pdunhw vwdwhB Vhfrqg/ zkdw lv wkh lpsdfw

rq wkh uhodwlrqvkls ehwzhhq zdjhv dqg hgxfdwlrq/ djh/ dqg whqxuh ri wkh vkliw

ehwzhhq sxeolf dqg sulydwh vhfwru hpsor|phqwB Wklug/ wr zkdw h{whqw grhv wkh

ulvn ri glvplvvdo ydu| ehwzhhq sxeolf dqg sulydwh �upvB Zkloh gl�huhqfhv lq

vhsdudwlrq udwhv ri sxeolf dqg sulydwh �upv gr qrw vhhp wr eh wkdw pdunhg/ lw lv

srvvleoh wkdw wkh frpsrvlwlrq ri vhsdudwlrqv ydulhv vljql�fdqwo| dfurvv �upv1 Iru

lqvwdqfh/ vhsdudwlrqv iurp sxeolf �upv pd| eh pdlqo| uhodwhg wr yroxqwdu| txlwv/

zklovw wkh exon ri vhsdudwlrqv iurp sulydwh xqlwv frxog ruljlqdwh iurp glvplvvdov1

Doo wkhvh lvvxhv duh yhu| lpsruwdqw lq wkh oljkw ri wkh �qglqjv ri wkh hpslulfdo

olwhudwxuh rq oderu pdunhwv lq wudqvlwlrqdo hfrqrplhv1 Lw kdv iuhtxhqwo| ehhq

vxjjhvwhg wkdw orz rxw rzv iurp xqhpsor|phqw wr mrev +dqg d qhjoljleoh lpsdfw

ri wkh wljwkhqlqj ri ehqh�wv rq  rzv iurp xqhpsor|phqw wr hpsor|phqw, duh

wkh e|surgxfw ri dq djjuhjdwh odfn ri ydfdqflhv ^6`1 Krzhyhu/ dq djjuhjdwh odfn

ri ydfdqflhv lv xqolnho| wr shuvlvw xqghu wkh fxuuhqw vxvwdlqhg hfrqrplf uhfryhu|/

dqg wkhuh duh lqghhg lqglfdwlrqv wkdw ydfdqf| udwhv duh rq wkh ulvh lq frxqwulhv

olnh Srodqg1 Wkxv/ wkh txhvwlrq dulvhv dv wr zkhwkhu lw lv dq lvvxh ri d odfn ri

ydfdqflhv ryhudoo ru vlpso| ri d plv0doorfdwlrq ri mre r�huv qrw uhdfklqj wkrvh zkr

duh orrnlqj iru mrev dqg zloolqj wr wdnh xs wkhp1

Lw kdv dovr ehhq srlqwhg rxw wkdw oderu pdunhwv lq wkhvh frxqwulhv glvsod|

uhodwlyho| orz fkxuqlqj udwhv ^5`1 Dvlgh iurp wkh fduu|0ryhu ri vrph oderu pdunhw

lqvwlwxwlrqv iurp wkh suhylrxv uhjlph zklfk uhzdughg dwwdfkphqw wr �upv zlwk d

edwwhu| ri vrfldo ehqh�wv +frpprglw| vxevlglhv/ vxevlgl}hg krxvlqj/ uhfuhdwlrqdo

vhuylfhv/ hwf1,/ uhwxuqv wr prelolw| xqghu wkh hfrqrplf wudqvirupdwlrq pd| eh wrr

orz wr prwlydwh shrsoh wr dedqgrq wkh prvw surwhfwhg dqg xqlrqlvhg mrev lq wkh

sxeolf vhfwru iru pruh ulvn| mrev lq wkh sulydwh vhfwru1

Zkdw dsshduv wr eh odfnlqj lq wkh olwhudwxuh wkhq lv dq hydoxdwlrq ri wkh

sulydwh frvwv dqg ehqh�wv ri mre prelolw|1 Vxfk dq dvvhvvphqw zrxog juhdwo|

lpsuryh rxu xqghuvwdqglqj ri wkh vshfl�f ihdwxuhv ri oderu pdunhwv xqghujrlqj

pdmru vwuxfwxudo fkdqjh1 Rqh ri wkh uhdvrqv zk| wkh odujh hpslulfdo olwhudwxuh rq

wkhvh frxqwulhv kdv qrw |hw dgguhvvhg wklv lvvxh lv wkdw udz gdwd/ e| wkhphovhoyhv/

duh riwhq xqlqirupdwlyh lq wklv uhvshfw1 Wkh dvvhvvphqw ri wkh uhwxuqv wr prelolw|

uhtxluhv dq hpslulfdo iudphzrun zklfk hqfrpsdvvhv erwk oderxu prelolw| dfurvv

vwdwhv +hpsor|phqw lq wkh sxeolf dqg sulydwh vhfwruv dqg qrq0hpsor|phqw, dqg

wkh ydoxhv dvvrfldwhg zlwk rffxsdqf| ri wkhvh vwdwhv1

Wklv sdshu pdunv d �uvw dwwhpsw wr �oo wklv jds1 Dq hfrqrphwulf prgho lv

ghyhorshg zklfk hqdeohv xv wr fkdudfwhul}h lqwhuwhpsrudo fkdqjhv lq suredelolwlhv
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ri glvplvvdo/ uhpxqhudwlrq/ dqg r�hu duulydo udwhv rq wkh edvlv ri lqirupdwlrq rqo|

rq revhuyhg wudqvlwlrqv dqg zdjhv1 Wklv prgho lv lpsohphqwhg xvlqj pdwfkhg

gdwd dfurvv ydulrxv zdyhv ri wkh Srolvk OIV/ zklfk lv qrw rqo| wkh orqjhvw +lw zdv

ehjxq lq 4<<5,/ exw lv dovr wkh prvw frpsohwh vxuyh| +lqvridu dv lw frqwdlqv zdjh

dqg vrph uhwurvshfwlyh oderu pdunhw lqirupdwlrq,1

Wkh uhvxowv zh rewdlq duh sodxvleoh dqg frqvlvwhqw dfurvv ydulrxv OIV zdyhv1

Wr gdwh zh kdyh hvwlpdwhg wkh prgho rqo| ryhu vl{ txduwhuv ri wkh Srolvk OIV

+wkuhh vxevdpsohv5 hdfk olqnlqj revhuydwlrqv dfurvv wzr frqvhfxwlyh txduwhuv,/ vr

wkdw zh fhuwdlqo| fdqqrw fodlp wkdw rxu hpslulfdo dqdo|vlv kdv ehhq h{kdxvwlyh1

Zlwk wkh deryh fdyhdwv lq plqg/ rxu hvwlpdwhv srlqw wr vljql�fdqw vhjphqwdwlrq

lq wkh doorfdwlrq ri mre r�huv/ pruh vwdelolw| lq sxeolf vhfwru yhuvxv sulydwh vhfwru

mrev/ dqg olwwoh/ li dq|/ dvvrfldwlrq ehwzhhq/ rq wkh rqh kdqg/ zdjhv dqg/ rq wkh

rwkhu kdqg/ whqxuh dqg djh lq wkh sulydwh vhfwru1 Zhuh wkhvh �qglqjv vxssruwhg

lq ixuwkhu zrun/ wkh| zrxog eh frqvlvwhqw zlwk h{sodqdwlrqv iru orz prelolw| lq

wudqvlwlrqdo hfrqrplhv edvhg rq lqirupdwlrqdo idloxuhv/ qrwdeo| wkdw idfw wkdw mre

r�huv gr qrw uhdfk wkrvh zkr duh prvw surqh wr wdnh xs mrev/ dqg wkdw fkdqjlqj

mrev dqg prylqj iurp sxeolf wr sulydwh hqwhusulvhv lv frvwo|/ hvshfldoo| iru wkrvh

zlwk uhodwlyho| orqj whqxuhv dqg zrun uhfrugv lq wkh sxeolf vhfwru1

Wkh sodq ri wkh sdshu lv dv iroorzv1 Vhfwlrq 5 grfxphqwv orz prelolw| lq wudq0

vlwlrqdo hfrqrplhv1 Vrph vwdqgdug phdvxuhv ri prelolw| iru wudqvlwlrq pdwulfhv

duh surgxfhg/ doorzlqj xv wr vxppdul}h hylghqfh rq wkh h{whqw ri prelolw| dfurvv

rzqhuvkls w|shv/ vhfwruv/ dqg rffxsdwlrqv lq wudqvlwlrqdo hfrqrplhv dqg lq rqh

ri wkh RHFG frxqwulhv zlwk wkh ohdvw preloh oderu pdunhw/ Lwdo|1 Wkh h{whqw wr

zklfk prelolw| lv uhodwhg wr  rzv iurp dqg wr qrq0hpsor|phqw +dv rssrvhg wr

vkliwv iurp rqh mre wr dqrwkhu, lv dovr glvfxvvhg1 Vhfwlrq 6 ghyhorsv dq hfrqrphw0

ulf prgho ri oderu pdunhw g|qdplfv wdloruhg iru wkh gdwd dydlodeoh iurp wkh Srolvk

OIV1 Vhfwlrq 7 suhvhqwv rxu uhvxowv/ shuirupv d srolf| h{shulphqw lqyroylqj dq

lqfuhdvh lq wkh jhqhurvlw| ri xqhpsor|phqw ehqh�wv1 Ilqdoo|/ Vhfwlrq 8 frqfoxghv

dqg glvfxvvhv gluhfwlrqv iru ixuwkhu uhvhdufk1

51 Orz Prelolw| lq Wudqvlwlrqdo Hfrqrplhv

Wklv vhfwlrq surgxfhv dqg glvfxvvhv vrph vxppdu| phdvxuhv ri prelolw| dfurvv

oderu pdunhw vwdwhv/ vhfwruv/ rzqhuvkls w|shv/ dqg rffxsdwlrqv1 Lq dgglwlrq wr

5Dv h{sodlqhg lq Vhfwlrq 5141/ ;3 shu fhqw ri wkh OIV vdpsoh lv uhwdlqhg dfurvv wzr frqvhfxwlyh

txduwhuv1
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frpsohphqwlqj wkh uhvxowv iurp wkh hfrqrphwulf prgho ghyhorshg lq Vhfwlrq 6

+zklfk hpsor|v vpdoohu vdpsohv dqg fryhuv rqo| Srodqg,/ wkhvh phdvxuhv khos xv

wr dgguhvv wkuhh lpsruwdqw hpslulfdo lvvxhv udlvhg e| wkh olwhudwxuh rq wudqvlwlrqdo

hfrqrplhv1

Iluvw/ hpslulfdo zrun rq oderu pdunhw wudqvlwlrqv lq fhqwudo dqg hdvwhuq Hx0

ursh kdv grfxphqwhg d uhodwlyho| orz ohyho ri wxuqryhu lq wkh xqhpsor|phqw srrov

lq wkhvh frxqwulhv ^6`1 Wklv vwdqgv lq vkdus frqwudvw wr wkh ghhs idoov lq hpsor|0

phqw revhuyhg lq wkh �uvw wkuhh wr irxu |hduv ri wudqvlwlrq dqg zlwk wkh vfrsh

ri rqjrlqj fkdqjhv lq wkh glvwulexwlrq ri hpsor|phqw dfurvv vhfwruv/ rzqhuvkls

w|shv/ dqg rffxsdwlrqv1 Pruh uhfhqw zrun kdv srlqwhg wr vljql�fdqw  rzv iurp

hpsor|phqw wr lqdfwlylw|16 Wklv frxog h{sodlq zk| odujh hpsor|phqw ghfolqhv

frh{lvw lq wkhvh frxqwulhv zlwk orz xqhpsor|phqw lq rzv dqg rxw rzv1 \hw/ rqh

vwloo kdv wr h{sodlq krz udglfdo fkdqjhv lq wkh vwuxfwxuh ri hpsor|phqw e| vhfwru/

rffxsdwlrq dqg rzqhuvkls w|sh duh ehlqj dfklhyhg1 Duh wkrvh zkr duh douhdg|

lq hpsor|phqw prylqj dfurvv mrevB Ru lv lw wkrvh frplqj iurp rxw0ri0wkh oderxu

irufh zkr duh wdnlqj prvw ri wkh mrev lq wkh h{sdqglqj vhfwruv ri wkh hfrqrp|B

Zh krsh wr vkhg vrph oljkw rq wklv lvvxh rq wkh edvlv ri phdvxuhv ri prelolw|

zklfk dowhuqdwlyho| lqfoxgh dqg h{foxgh qrq0hpsor|phqw1

Vhfrqg/ wkh fodlp kdv riwhq ehhq pdgh +pdlqo| lq dq dwwhpsw wr h{sodlq wkh

orz ydfdqf| udwhv revhuyhg lq wkhvh frxqwulhv, wkdw wudqvlwlrqdo oderu pdunhwv whqg

wr glvsod| pxfk ohvv fkxuqlqj wkdq wkhlu zhvwhuq frxqwhusduwv ^5`1 Li frq�uphg

e| hpslulfdo hylghqfh/ wklv fodlp frxog h{sodlq wkh frh{lvwhqfh ri udslg vwuxfwxudo

fkdqjh dqg orz jurvv zrunhu  rzv1 Orz fkxuqlqj zrxog dovr lpso| wkdw vwuxfwxudo

fkdqjh lv ehlqj dfklhyhg e| prelol}lqj d udwkhu vpdoo vhjphqw ri wkh zrunlqj djh

srsxodwlrq/ zklfk lv uhohydqw lqirupdwlrq iru wkh ghvljq ri oderu pdunhw dqg vrfldo

srolflhv lq wkhvh frxqwulhv1 Phdvxuhv ri prelolw| iru wudqvlwlrq pdwulfhv +dfurvv

vhfwruv/ rffxsdwlrqv/ dqg rzqhuvkls w|shv, frpsxwhg iurp oderu pdunhw vxuyh|

gdwd r�hu d ehwwhu edvlv wkdq oderu wxuqryhu ru mre wxuqryhu gdwd � zklfk duh

edvhg rq dgplqlvwudwlyh uhfrugv/ dqg khqfh duh d�hfwhg e| lqfrpsohwh fryhudjh

ri wkh vpdoo exvlqhvv vhfwru � wr dvvhvv wkh pdjqlwxgh ri mre fkxuqlqj dfurvv

frxqwulhv1

Wklug/ hfrqrplf wudqvirupdwlrq/ qrwdeo| wkh jurzwk ri wkh sulydwh vhfwru/ lv

vxssrvhg wr vljql�fdqwo| prgli| wkh zd| lq zklfk oderu pdunhwv rshudwh1 Rq0

6Vhh wkh ydulrxv duwlfohv ri wkh vshfldo lvvxh ri Hpslulfdo Hfrqrplfv rq �Orqj0whup xqhp0

sor|phqw dqg Vrfldo Dvvlvwdqfh lq Fhqwudo dqg Hdvwhuq Hxursh� +yro156 q 425,1
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jrlqj uhirupv ri oderu pdunhw lqvwlwxwlrqv/ qrwdeo| wkh wljkwhqlqj ri wkh idluo|

jhqhurxv xqhpsor|phqw ehqh�w v|vwhpv lqwurgxfhg dw wkh rqvhw ri wkh wudqvlwlrq

surfhvv dqg d sduwldo uhod{dwlrq ri hpsor|phqw vhfxulw| vfkhphv/ duh dovr olnho|

wr lqyroyh dq lqfuhdvh ryhu wlph lq oderu prelolw| lq wkhvh frxqwulhv1 Wklv fdq eh

uhdglo| dvvhvvhg e| dqdo|vlqj krz prelolw| phdvxuhv ehkdyh ryhu wlph1 E| frp0

sxwlqj prelolw| lqgh{hv ryhu dv pdq| |hduv dv srvvleoh/ zh dovr krsh wr uhphg|

d olplwdwlrq lq wkh hpslulfdo dqdo|vlv zklfk iroorzv/ qdpho| lwv fryhudjh rqo| ri

wkh 4<<708 shulrg lq Srodqg1 Wklv zdv d d shulrg ri vxvwdlqhg hfrqrplf uhfryhu|/

zlwk d ex|rdqw sulydwh vhfwru dqg d pxfk ohvv jhqhurxv xqhpsor|phqw ehqh�w

v|vwhp wkdq h{lvwhg dw wkh ehjlqqlqj ri wkh wudqvlwlrq shulrg1 Rxu prelolw| phd0

vxuhv pd| vshdn wr wkh uhsuhvhqwlwlyhqhvv ri wklv sduwlfxodu shulrg ylv0d0ylv hduolhu

shulrgv lq Srodqg ru dq| shulrg lq wkh rwkhu wudqvlwlrqdo hfrqrplhv1

5141 Gdwd Lvvxhv

Lqgh{hv ri prelolw| zhuh frpsxwhg iurp wudqvlwlrq pdwulfhv iru d qxpehu ri frxq0

wulhv1 Lq rughu wr pdnh rxu phdvxuhv frpsdudeoh/ zh xvhg d frpprq surfhgxuh lq

hvwlpdwlqj jurvv  rzv dfurvv vwdwhv1 Lq sduwlfxodu/ zh ghflghg wr gudz rq pdwfkhg

uhfrugv dfurvv gl�huhqw OIV zdyhv lq doo frxqwulhv udwkhu wkdq xvlqj lqirupdwlrq

jdwkhuhg iurp wkh txhvwlrqv zklfk uhtxhvwhg uhwurvshfwlyh lqirupdwlrq dw d vlqjoh

srlqw lq wlph1

Doo vxuyh|v kdyh d sdqho frpsrqhqw vr wkdw wkh vdph lqglylgxdov duh lqwhu0

ylhzhg dw gl�huhqw srlqwv lq wlph1 Wkh urwdwlrq vfkhph ydulhv iurp frxqwu| wr

frxqwu|1 Lq prvw frxqwulhv/ derxw 53 shu fhqw ri wkh vdpsoh lv uhqhzhg dw hdfk

vxuyh| gdwh/ vr wkdw wkh sdqho frpsrqhqw lv ;3 shu fhqw ri wkh ixoo vdpsoh dfurvv

wzr frqvhfxwlyh txduwhuv1

Wkh olqnlqj ri uhfrugv zdv pdgh hdvlhu lq wkh F}hfk Uhsxeolf/ Srodqg dqg

Vorydn Uhsxeolf e| wkh dvvljqphqw ri xqltxh lghqwl�huv wr hdfk vdpsohg shuvrq1

Lq Kxqjdu| lghqwl�huv zhuh rqo| surylghg iru wkh krxvhkrog ru wkh gzhoolqj ru

wkhuh zhuh qr lghqwl�huv dw doo/ dqg khqfh zh frxog rqo| pdwfk uhfrugv dfurvv

OIV zdyhv rq wkh edvlv ri d edwwhu| ri uhsruwhg fkdudfwhulvwlfv/ vxfk dv wkh gdwh

ri eluwk/ wkh sodfh ri uhvlghqfh/ dqg rwkhu shuvrqdo ru krxvhkrog fkdudfwhulvwlfv1

Wkh pdlq sureohp zlwk pdwfkhg uhfrugv lv wkdw vdpsoh dwwulwlrq/ qrq0uhvsrqvh

dqg huuruv lq wkh fodvvl�fdwlrq ri wkh oderu pdunhw vwdwhv ri lqglylgxdov dw gl�huhqw

srlqwv lq wlph whqg wr eldv uhvxowv lq d gluhfwlrq zklfk lv qrw suhglfwdeoh d sulrul1

Lq prvw vxuyh|v/ krxvhkrogv prylqj iurp d vdpsohg gzhoolqj duh qrw uhwdlqhg lq
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wkh vdpsoh/ exw uhsodfhg e| wkh qhz krxvhkrog prylqj lqwr wkh ruljlqdoo| vdp0

sohg gzhoolqj1 Pruhryhu/ qrq0uhvsrqvh lv jhqhudoo| kljkhu dprqj pryhuv wkdq

vwd|huv dqg wklv jhqhudwhv d grzqzdug eldv lq hvwlpdwhg  rzv 1 Ilqdoo|/ huuruv lq

wkh fodvvl�fdwlrq ri wkh oderu pdunhw vwdwxv ri lqglylgxdov whqg wr eh +qhjdwlyho|,

vhuldoo| fruuhodwhg +wkdw lv/ uhvsrqvh huuruv dw d jlyhq vxuyh| gdwh duh qrw lqghshq0

ghqw ri huuruv lq wkh suhylrxv OIV zdyh, dqg wklv fuhdwhv pdq| vsxulrxv fkdqjhv

lq vwdwhv/ ohdglqj wr ryhu0hvwlpdwlqj prelolw| udwhv 1 Dqrwkhu lvvxh uhodwhg wr wkh

xvh ri pdwfkhg uhfrugv lv wkdw/ xqolnh pdq| uhwurvshfwlyh txhvwlrqv/ wkh| fdqqrw

fdswxuh  rzv rffxuulqj ehwzhhq vxuyh| gdwhv1 Lq sduwlfxodu/ pdwfkhg uhfrugv

gr qrw fdswxuh �urxqgwulsslqj� dfurvv oderu pdunhw vwdwhv/ zklfk lv vrphwlphv

vljql�fdqw lq wkhvh frxqwulhv1 Wklv shulrg0fhqvrulqj lv/ fohduo|/ pruh ri dq lvvxh

zkhq wkh lqwhuydo dfurvv wzr vxevhtxhqw OIV uhihuhqfh zhhnv lv uhodwlyho| orqj/

vd| rqh |hdu1 Doo wkh phdvxuhv glvsod|hg lq Wdeoh 4 +dqg wkh wudqvlwlrqv zklfk

r�hu wkh edvlv iru wkh hqvxlqj hfrqrphwulf dqdo|vlv, duh frpsxwhg rq wkh edvlv

ri txduwhuo| wudqvlwlrqv1

5151 Uhvxowv

Wdeoh 4 glvsod|v wkh iroorzlqj vwdqgdug vfdodu phdvxuh ri prelolw| iru wudqvlwlrq

pdwulfhv=

L @
v� wudfh+P,

v� 4

zkhuh v ghqrwhv wkh qxpehu ri vwdwhv +wkh qxpehu ri urzv ri wkh wudqvlwlrq pdwul{/

P,1 Dv vkrzq e| Vkruurfn +4<:;,/ zkhq pdwulfhv kdyh d pd{lpdo gldjrqdo � wkdw

lv/ vwd|hu frh!flhqwv duh odujhu wkdq dq| lqglylgxdo pryhu frh!flhqw � wklv lqgh{

vdwlv�hv d qxpehu ri ghvludeoh surshuwlhv1 Lq sduwlfxodu/ wkh lqgh{ lv erxqghg

ehwzhhq 3 dqg 4/ lv prqrwrqlfdoo| lqfuhdvlqj lq prelolw|/ dwwdfkhv ydoxh }hur rqo|

wr lghqwlw| pdwulfhv/ dqg lv htxdo wr rqh iru pdwulfhv zlwk lghqwlfdo urzv +khqfh

suredelolwlhv ri prylqj lqghshqghqw ri wkh vwdwh ruljlqdoo| rffxslhg,1 Doo wkh

frpsxwhg pdwulfhv kdg pd{lpdo gldjrqdo/ khqfh lq rxu fdvh wkh lqgh{ vdwlv�hv

wkh irxu surshuwlhv olvwhg deryh17

7D sureohp zlwk wklv lqgh{ lv wkdw lw glvuhjdugv lqirupdwlrq rq wkh vl}h ri lqglylgxdo �pryhu�

frh!flhqwv1 Zh wulhg rwkhu lqgh{hv/ exw rxu uhvxowv +dqg udqnlqj ri frxqwulhv lq whupv ri prelo0

lw|, glg qrw fkdqjh1
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Vwdwhv zhuh gh�qhg rq wkh edvlv ri lqwhuqdwlrqdoo| djuhhg +LOR0RHFG, gh�ql0

wlrqv ri hpsor|phqw/ dqg frpsdudeoh lqgxvwu| +LVLF, dqg rffxsdwlrqdo +LVFR;;,

fodvvl�fdwlrqv/ dv uhsruwhg lq wkh qrwhv dw wkh erwwrp ri Wdeoh 41

Irxu idfwv/ kljkoljkwhg e| Wdeoh 4/ duh sduwlfxoduo| uhohydqw1 Iluvw/ wkhuh

vhhp wr eh vljql�fdqw gl�huhqfhv lq wkh h{whqw ri prelolw| dfurvv fhqwudo dqg

hdvwhuq Hxurshdq frxqwulhv/ zlwk Srodqg dozd|v glvsod|lqj juhdwhu prelolw| wkhq

wkh rwkhu frxqwulhv1 Wklv ylvxdo lpsuhvvlrq lv frq�uphg e| whvwv ri krprjhqhlw|

ri wudqvlwlrq pdwulfhv dfurvv frxqwulhv/ uhsruwhg lq wkh odvw froxpq rq wkh uljkw0

kdqg0vlgh ri Wdeoh 481 Wklv pd| eh h{sodlqhg e| wkh idfw wkdw Srodqg lv wkh

idvwhvw jurzlqj hfrqrp| lq wkh uhjlrq1 Krzhyhu/ prelolw| phdvxuhv lq Srodqg duh

qrw lqfuhdvlqj ryhu wlph lq vwhs zlwk lqfuhdvhv lq wkh sdfh ri hfrqrplf uhfryhu|1

Vhfrqg/ dqg txlwh vwulnlqjo|/ doo wudqvlwlrqdo hfrqrplhv h{klelw ohvv prelolw|

wkdq Lwdo|/ d frxqwu| w|slfdoo| srlqwhg rxw dv kdylqj doo wkh lqjuhglhqwv ri d uljlg

oderu pdunhw zlwk pdq| �mrev iru wkh olih� ^:`1

Wklug/ lqfoxglqj ru h{foxglqj wkrvh rxwvlgh hpsor|phqw � wkdw lv/ xvlqj wudq0

vlwlrq pdwulfhv zlwk +rshq, ru zlwkrxw +forvhg, xqhpsor|phqw dqg �rxw ri wkh

oderu irufh� vwdwxv � grhv qrw juhdwo| d�hfw wkh phdvxuhv ri prelolw|1 Li prvw

ri wkh vkliwv zhuh rffxuulqj iru wkrvh lqglylgxdov zkr zhuh douhdg| hpsor|hg/ zh

zrxog kdyh h{shfwhg prelolw| frqglwlrqdo rq ehlqj hpsor|hg wr eh odujhu wkdq

prelolw| xqfrqglwlrqdo rq wkh lqlwldo oderu pdunhw vwdwxv ri wkh lqglylgxdo1 Lq wkh

fdvh ri vkliwv dfurvv wkh sxeolf dqg sulydwh vhfwruv/ wkhuh duh dfwxdoo| lqglfdwlrqv

wkdw prelolw| 0hvshfldoo| lq uhfhqw |hduv0 lv vljql�fdqwo| odujhu zkhq qrq0hpsor|hg

lqglylgxdov duh lqfoxghg1

Irxuwk/ wkhuh lv qr fohdu wuhqg lq prelolw| phdvxuhv1 Irupdo whvwv ri vwdwlrq0

dulw|9 ohg xv wr uhmhfw wkh qxoo k|srwkhvlv lq prvw fdvhv1 Exw wkh gluhfwlrq ri wkh

fkdqjh lv dpeljxrxv1 Li dq|wklqj/ prelolw| zrxog vhhp wr eh voljkwo| ghfolqlqj lq

8Wkh whvwv frqgxfwhg duh olnholkrrg udwlr whvwv1 Frxqwu|0vshfl�f wudqvlwlrq pdwulfhv duh �uvw

frpsxwhg iru hdfk wlph shulrg1 Wkh uhvwulfwhg wudqvlwlrq pdwul{ lv hvwlpdwhg srrolqj lqirupdwlrq

dfurvv frxqwulhv dw hdfk srlqw lq wlph1 Wkh olnholkrrg udwlr whvw vwdwlvwlf lv wzlfh wkh gl�huhqfh

lq orj olnholkrrgv dvvrfldwhg zlwk wkh xquhvwulfwhg dqg uhvwulfwhg prghov/ zklfk xqghu wkh qxoo ri

krprjhqhlw| lv glvwulexwhg dv d �2 udqgrp yduldeoh zlwk Eg3��E7�E73�� ghjuhhv ri iuhhgrp^4`/

zkhuh g lv wkh qxpehu ri frxqwulhv dqg 7 lv wkh qxpehu ri vwdwhv1
9Rqfh djdlq/ wkhvh whvwv duh edvhg rq olnholkrrg udwlr vwdwlvwlfv1 Iru hdfk frxqwu|/ d wudqvlwlrq

pdwul{ lv hvwlpdwhg edvhg rq gdwd srrohg ryhu wlph1 Wkh xquhvwulfwhg prgho frqvlvwv ri wkh

shulrg0vshfl�f wudqvlwlrq pdwulfhv1 Ohw wkhuh eh A wlph shulrgv1 Wkhq wzlfh wkh gl�huhqfh lq

wkh orj olnholkrrgv dvvrfldwhg zlwk wkh xquhvwulfwhg dqg uhvwulfwhg prghov lv glvwulexwhg dv d �2

udqgrp yduldeoh zlwk EA3��E7�E73�� xqghu wkh qxoo ri wlph lqyduldqfh ri wkh wudqvlwlrq pdwul{1
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uhfhqw |hduv1

Doo wklv frq�upv wkh ylhz ri wudqvlwlrqdo oderu pdunhwv dv shuvlvwhqwo| fkdudf0

whulvhg e| uhodwlyho| orz fkxuqlqj ohyhov1 Zk| lv fkxuqlqj vr orzB Lv lw frvwo| wr

fkdqjh �upv/ vhfwruv ru rffxsdwlrqv frpsduhg zlwk wkh ehqh�wv rqh fdq jhw iurp

wkh pryhB Duh r�hu duulydo udwhv glvsursruwlrqdwho| doorfdwhg wr wkrvh zkr duh

ohvv surqh wr pryhB Wkh qh{w wzr vhfwlrqv zloo wu| wr surylgh vrph surylvlrqdo

dqvzhuv wr vxfk txhvwlrqv1

61 Dq Hfrqrphwulf Prgho ri Oderu Pdunhw G|qdplfv lq wkh Wudq0

vlwlrq

Wkh hfrqrphwulf prgho zh ghyhors lq wklv vhfwlrq kdv ehhq vshfl�fdoo| ghvljqhg

zlwk wkh gdwd dydlodeoh lq wkh Oderu Irufh Vxuyh|v ri fhqwudo dqg hdvwhuq Hx0

urshdq frxqwulhv1 Dv zh sodq wr lqlwldoo| lpsohphqw wkh prgho rq Srolvk gdwd/

vrph ihdwxuhv ri wkh prgho sduwlfxoduo| �w wkh ghvljq ri wkh Srolvk OIV/ exw fdq

eh dphqghg dqg dgdswhg iru xvh zlwk wkh gdwd dydlodeoh lq rwkhu wudqvlwlrqdo

hfrqrplhv1

Dv glvfxvvhg deryh/ dq dgydqwdjh ri wkh Srolvk OIV zlwk uhvshfw wr rwkhu

krxvhkrog vxuyh|v xvhg lq hfrqrplhv lq wudqvlwlrq lv wkdw lw frqwdlqv lqirupdwlrq

rq wkh zdjhv ri lqglylgxdov1 Khqfh zh fdq rewdlq pruh suhflvh hvwlpdwhv ri vrph

ri wkh nh| sdudphwhuv/ qrwdeo| wkrvh fkdudfwhul}lqj uhwxuqv wr whqxuh dqg wkh

vwdqgdug ghyldwlrq ri wkh glvwulexwlrq ri zdjh r�huv lq wkh sxeolf dqg sulydwh

vhfwruv1

Rxu remhfwlyh lv wr fkdudfwhul}h lqwhuwhpsrudo fkdqjhv qrw rqo| lq uhpxqhu0

dwlrq/ exw dovr lq hpsor|phqw rssruwxqlwlhv/ dfurvv wzr vhfwruv ri wkh hfrqrp|/

eurdgo| fodvvl�hg dv wkh vwdwh +j, dqg wkh sulydwh +s, vhfwruv1 Edvhg rq wklv fkdu0

dfwhul}dwlrq lw lv wkhq srvvleoh wr dvvhvv wkh frvwv dqg ehqh�wv dvvrfldwhg zlwk

vkliwv iurp rqh vhfwru wr dqrwkhu1

Wkh ghshqghqw yduldeohv ri wkh prgho duh shulrg0wr0shulrg wudqvlwlrq udwhv

ehwzhhq glvfuhwh oderu pdunhw vwdwhv dqg revhuyhg zdjh rxwfrphv/ zklfk duh

wkhpvhoyhv wkh rxwfrph ri vlpsoh pd{lpl}lqj ghflvlrqv pdgh e| oderu pdunhw

sduwlflsdqwv1 Wkh qdwxuh ri wkh ghflvlrq uxohv lv glvfxvvhg lq vrph ghwdlo ehorz1

Wkh dgydqwdjhv ri wklv prgho duh wzrirog1 Iluvw/ lw hqdeohv xv wr frpelqh oderu

pdunhw wudqvlwlrq gdwd zlwk zdjh gdwd lq d qdwxudo zd|1 Vhfrqg/ e| srvlwlqj

d vlpsoh vhohfwlrq phfkdqlvp/ lw doorzv iru frqvlvwhqw hvwlpdwhv ri srsxodwlrq

sdudphwhuv zklfk duh qrw rwkhuzlvh rewdlqdeoh iurp revhuydwlrqv rq zdjh rxw0
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frphv dvvrfldwhg zlwk fkrvhq dowhuqdwlyhv1 Ri frxuvh/ wkh frqvlvwhqf| ri rxu

prgho hvwlpdwhv klqjhv fulwlfdoo| rq wkh ydolglw| ri wkh fkrlfh phfkdqlvp zh xvh

lq irupxodwlqj wkh prgho1 Xqiruwxqdwho|/ jlyhq wkh gdwd dw kdqg/ lw grhv qrw

dsshdu srvvleoh wr whvw wkh ydolglw| ri wkh fkrlfh phfkdqlvp zh srvlw1:

Lq gh�qlqj wkh prgho wkh iroorzlqj qrwdwlrq lv xvhg=

� ghqrwhv wkh vhfwru ri wkh hfrqrp| iurp zklfk wkh zdjh r�hu lv pdgh/

zkhuh � @ j ru s=

[ lv d +4 � N, yhfwru ri wlph0lqyduldqw fkdudfwhulvwlfv ri wkh oderu

pdunhw sduwlflsdqw1

� ghqrwhv whqxuh lq wkh mre/ wkdw lv/ wkh qxpehu ri shulrgv wkh lqgl0

ylgxdo kdv zrunhg dw klv2khu fxuuhqw hpsor|hu1

w ghqrwhv wkh wlph shulrg

Zh vshfli| wkdw dq lqglylgxdo zkr kdv zrunhg dw d vshfl�f �up lq vhfwru �

iru d wrwdo ri � shulrgv dqg zkr kdv fkdudfwhulvwlfv [ lv r�huhg d oq+zdjh, lq

shulrg w ri=

oq+z+�>[> � > w,, @ [�+�> w, . �+� > �> w, . %+�> w,>

zkhuh

�+�> w, lv d +N�4, yhfwru ri uhjuhvvlrq frh!flhqwv zklfk ydu| e| vhfwru

dqg wlph shulrg

�+� > �> w, lv d ixqfwlrq ri wkh djhqw*v whqxuh ohyho dw wkh �up iurp vhfwru

� lq shulrg w pdnlqj wkh r�hu1 Li wkh �up pdnlqj wkh r�hu lv qrw wkh

djhqw*v fxuuhqw hpsor|hu/ wkhq � @ 3 dqg �+3> �> w, @ 3 doo � dqg w=

%+�> w, lv dq lqghshqghqwo| ^ryhu wlph` glvwulexwhg/ phdq }hur vkrfn

zklfk lv qrupdoo| glvwulexwhg lq hdfk shulrg w= Wkh vkrfn lv lqghshq0

ghqwo| glvwulexwhg dfurvv doo �upv lq wkh pdunhw1 Wkh yduldqfh ri wkh

vkrfn dprqj sulydwh0vhfwru �upv lq shulrg w lv �RR+w, dqg wkh yduldqfh

ri wkh vkrfn dprqj vwdwh0vhfwru �upv lv �rr+w,=

:Wkxv rxu dvvxpswlrqv vhuyh wr �mxvw lghqwli|� wkh prgho1 Wklv lv qrw dq xqfrpprq vlwxdwlrq

zkhq wkh dqdo|vw kdv dffhvv wr uhzdugv dvvrfldwhg zlwk vwdwhv qrqudqgrpo| fkrvhq e| djhqwv

zkloh wkh ydoxhv ri wkh dowhuqdwlyhv qrw fkrvhq duh xqrevhuyhg1
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Wlph lv glvfuhwh wkurxjkrxw rxu prgho1 Lq hdfk shulrg/ d oderu pdunhw sdu0

wlflsdqw rffxslhv rqh ri wkuhh pxwxdoo| h{foxvlyh dqg h{kdxvwlyh vwdwhv1 Hlwkhu

v2kh lv qrqhpsor|hg/ hpsor|hg e| d �up lq wkh vwdwh vhfwru/ ru hpsor|hg e| d

�up lq wkh sulydwh vhfwru1 Ohw o+w, ghqrwh wkh lqglylgxdo*v oderu pdunhw vwdwh lq

shulrg w> zlwk o+w, @ q> j> ru s= Dw wkh ehjlqqlqj ri wkh qh{w shulrg/ w . 4> wkh

lqglylgxdo pd| hlwkhu idfh glvplvvdo iurp klv shulrg w mre/ li kh zdv hpsor|hg lq

shulrg w> ru pd| uhfhlyh rwkhu r�huv ri hpsor|phqw zklfk v2kh zloo wkhq dffhsw

li wkh| duh suhihudeoh wr wkh zdjh r�huhg1 Ohw �+o+w,> m> w, ghqrwh wkh suredelolw|

wkdw dq lqglylgxdo lq vwdwh o+w, dw wlph w h{shulhqfhv hyhqw m> zkhuh m lv rqh ri wkh

iroorzlqj hyhqwv=

41 glvplvvdo rffxuv

51 qr qhz mre r�hu uhfhlyhg

61 d mre r�hu iurp d vwdwh0vhfwru �up lv uhfhlyhg

71 d mre r�hu iurp d sulydwh0vhfwru �up lv uhfhlyhg

Fhuwdlq frpelqdwlrqv ri hyhqwv duh orjlfdoo| lpsrvvleoh1 Iru h{dpsoh/ lw lv

phdqlqjohvv wr vshdn ri d qrqhpsor|hg lqglylgxdo ehlqj �glvplvvhg� iurp klv

vwdwh/ vr wkdw �+q> 4> w, @ 3> ; w= Lq whupv ri rwkhu hyhqwv/ qrwh wkdw dq| ri d

qxpehu ri vlwxdwlrqv duh doorzhg lq wklv vwuxfwxuh1 Ohw xv frqvlghu wkh fdvh ri

dq lqglylgxdo hpsor|hg e| d sulydwh0vhfwru �up lq shulrg w= Wkhq �+s> 4> w, lv wkh

suredelolw| wkdw wklv lqglylgxdo orvhv klv mre dw wkh hqg ri shulrg w dqg wkxv hqwhuv

wkh qrqhpsor|phqw vwdwh lq shulrg w.4= Wkh suredelolw| wkdw dq lqglylgxdo lv qrw

glvplvvhg dqg uhfhlyhv qr qhz zdjh r�huv gxulqj w lv jlyhq e| �+s> 5> w,= Lq wklv

vlwxdwlrq/ zh zloo dvvxph wkdw wkh lqglylgxdo vwd|v dw klv shulrg w sulydwh0vhfwru

mre wkurxjk shulrg w . 4=; �+j> 6> w, lv wkh suredelolw| wkdw wkh djhqw uhfhlyhv d

mre r�hu iurp d sxeolf0vhfwru �up dw wkh ehjlqqlqj ri shulrg w . 4 lq dgglwlrq

wr uhwdlqlqj klv rswlrq ri frqwlqxlqj wr zrun lq klv +sulydwh0vhfwru, shulrg w mre1

Ehorz zh zloo fkdudfwhul}h wkh ghflvlrq uxoh v2kh lv dvvxphg wr xwlol}h lq pdnlqj

;Jlyhq rxu dvvxpswlrqv frqfhuqlqj wkh ydoxh ri wkh qrqhpsor|phqw vwdwh dqg wkh hvwlpdwhg

sdudphwhu ydoxhv/ wkh fkrlfh qhyhu wr txlw lqwr qrqhpsor|phqw lv d xwlolw|0pd{lpl}lqj rqh iru

wkrvh qrw holjleoh wr xqhpsor|phqw ehqh�wv1 Iru wkrvh holjleoh zh lpsrvh wkdw wklv lv wkh fdvh/

exw � jlyhq wkdw wkh| wrrn wkh mre lq wkh �uvw sodfh dqg wkdw zh hvwlpdwh wkh prgho rqo| iru

pdohv djhg 63 wr 83 � zh eholhyh wkdw wklv dvvxpswlrq lv qrw wrr uhvwulfwlyh1 Lq ixwxuh zh sodq/

lq dq| hyhqw/ wr doorz iru yroxqwdu| txlwv lqwr qrqhpsor|phqw1
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wkh fkrlfh ehwzhhq wkh wzr hpsor|phqw rssruwxqlwlhv1 Dqdorjrxvo|/ �+s> 7> w, lv

wkh suredelolw| wkdw wkh lqglylgxdo uhfhlyhv dq r�hu iurp dqrwkhu sulydwh0vhfwru

�up1 Lq shulrg w. 4 v2kh wkhq fkrrvhv hlwkhu wr frqwlqxh wr gr khu zrun dw khu

+shulrg w, sulydwh0vhfwru hpsor|hu ru wr vzlwfk wr wkh rwkhu sulydwh0vhfwru �up1

6141 Ghflvlrq Uxohv

Dv zh phqwlrqhg lq wkh lqwurgxfwlrq wr wklv vhfwlrq/ wkh ghflvlrq uxohv duh yhu|

pxfk �vwdwlf� lq qdwxuh/ lq wkh vhqvh wkdw rswlrqv duh fkrvhq edvhg rq fxuuhqw

shulrg uhwxuqv/ dqg qrw rq wkh dqwlflsdwhg ixwxuh ydoxhv dvvrfldwhg zlwk wkh rs0

wlrqv1 Wkhuh duh wkuhh uhdvrqv zh kdyh fkrvhq wr zrun zlwk wklv vshfl�fdwlrq ri

wkh ghflvlrq0pdnlqj surfhvv1

Iluvw/ d fdvh fdq eh pdgh iru p|rslf ghflvlrq uxohv iurp wkh shuvshfwlyh ri

�uhdolvp1� Lq d udslgo| fkdqjlqj hqylurqphqw/ lqglylgxdov pd| �qg lw lpsrvvleoh

wr dvvhvv wkh suredelolwlhv ri ixwxuh vwdwhv ri qdwxuh/ vlqfh wkh srvvleoh vwdwhv ri

qdwxuh zklfk pd| dsshdu lq wkh ixwxuh fdqqrw eh dqwlflsdwhg1 Wkxv/ lq dwwhpswlqj

wr dvvhvv wkh ixwxuh hyroxwlrq ri wkh oderu pdunhw/ Srolvk zrunhuv/ hvshfldoo|

lq wkh hduo| 4<<3v/ pd| kdyh irxqg wkhpvhoyhv lq d vlwxdwlrq lq zklfk wkhuh

h{lvwv �Nqljkwldq xqfhuwdlqw|1� Zkhq uhpxqhudwlrq udwhv dqg glvplvvdo dqg r�hu

suredelolwlhv duh prylqj lq �xqsuhglfwdeoh� zd|v/ vwdwlf ghflvlrq uxohv pd| eh wkh

rqo| rqhv zklfk fdq eh lpsohphqwhg1

Vhfrqg/ wkh prghoolqj ri vwdwlf ghflvlrq uxohv lv prwlydwhg e| gdwd dydlodelolw|/

qrwdeo| wkh pdqqhu lq zklfk wkh vdpsoh lv gudzq1 Dw prvw/ zh duh deoh wr revhuyh

wkh oderu pdunhw pryhphqwv ri vdpsoh phpehuv dqg wkhlu frpshqvdwlrq udwhv iru

dq 4; prqwk shulrg1 Wkhq hvwlpdwlqj d olih0f|foh prgho ri oderu pdunhw g|qdplfv

zrxog uhtxluh xv wr pdnh yhu| vwurqj dvvxpswlrqv frqfhuqlqj wkh ehkdylru ri

lqglylgxdov dqg wkh hqylurqphqw wkh| duh olnho| wr idfh ryhu shulrgv ri vxevwdqwldo

ohqjwk1

D wklug udwlrqdoh iru wkh xvh ri p|rslf uxohv lq wklv sduwlfxodu fdvh lv wkh orz

dvvhw srvlwlrq ri prvw ri wkh oderu pdunhw sduwlflsdqwv dqg wkh yhu| kljk lq dwlrq

udwhv wkh| idfh/ sduwlfxoduo| lq wkh hduo| vwdjhv ri wudqvlwlrq1 Lq vxfk d vlwxdwlrq

djhqwv pd| h�hfwlyho| glvfrxqw ixwxuh uhzdugv dvvrfldwhg zlwk dq| jlyhq rswlrq

dw d yhu| kljk udwh1 Wkxv/ d wuxo| iruzdug0orrnlqj uxoh/ vkrxog rqh eh ihdvleoh/

pd| eh zhoo0dssur{lpdwhg e| d p|rslf rqh1

Zh duh qrz uhdg| wr wxuq wr wkh dfwxdo vshfl�fdwlrq ri wkh uxohv1 Iluvw/ zh

frqvlghu wkh ghflvlrq uxohv xwlol}hg e| dq djhqw zkr zdv hpsor|hg dw d �up lq
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vhfwru � �up dw wlph w dqg zkr uhfhlyhv dq r�hu iurp dqrwkhu �up lq vhfwru ��

lq shulrg w.4= Vd| wkdw lq shulrg w wkh djhqw kdg � xqlwv ri whqxuh dw klv ru khu

�up1 Wkhq lq shulrg w. 4 wkh orj zdjh r�huhg e| klv shulrg w hpsor|hu lv

oq+z+�>[> � . 4> w. 4,, @ [�+�> w. 4, . �+� . 4> �> w. 4, . %+�> w. 4,=

Wkh orj zdjh r�hu ri wkh rwkhu �up lv jlyhq e|

oq+z+��>[> 3> w. 4,, @ [�+��> w. 4, . %+��> w. 4,>

zkhuh wkh uhdghu vkrxog qrwh wkdw wkh whqxuh ohyho dw wkh �up pdnlqj wkh qhz

r�hu lv e| gh�qlwlrq htxdo wr 3= Iru lqglylgxdov zlwk wzr zdjh r�huv/ zh dvvxph

wkh rqh r�hulqj wkh kljkhu shulrg w . 4 orj zdjh lv wkh rqh vhohfwhg1 Wkhq wkh

lqglylgxdo fkdqjhv hpsor|hu lq shulrg w. 4 li dqg rqo| li

oq+z+��>[> 3> w. 4,, A oq+z+�>[> � . 4> w,>

ru

[^�+��> w. 4,� �+�> w. 4,`� �+� . 4> �> w. 4, A %+�> w. 4,� %+��> w. 4,= +614,

Iru qrwdwlrqdo vlpsolflw|/ zh zloo gh�qh wkh udqgrp yduldeoh

�+�> ��> w, � %+�> w,� %+��> w,=

Wkhq �+�> ��> w, lv d qrupdoo| glvwulexwhg phdq }hur udqgrp yduldeoh lq hdfk shulrg

w= Wkh yduldqfh ri wklv udqgrp yduldeoh lv jlyhq e| �11+w, . �1�1�+w, xqghu rxu

lqghshqghqfh dvvxpswlrqv1 Zh zloo ghqrwh wkh vwdqgdug ghyldwlrq ri �+�> ��> w, e|

#+�> ��> w,=

Jlyhq wkdw dq djhqw fdq vwd| dw klv ru khu shulrg w hpsor|hu ru pryh wr d qhz

�up lq vhfwru �� dw wlph w. 4> wkh suredelolw| wkdw v2kh zloo fkdqjh lv

�

�
[^�+��> w. 4,� �+�> w. 4,`� �+� . 4> �> w. 4,

#+�> ��> w. 4,

�
=

Qrwh wkdw li wkh dowhuqdwlyh mre r�hu lv iurp d �up lq wkh vdph vhfwru dv wkh

djhqw*v shulrg w hpsor|hu/ wkdq wkh suredelolw| ri wxuqryhu lv rqo| d ixqfwlrq ri

wkh djhqw*v whqxuh ohyho dw wkhlu shulrg w hpsor|hu/ ru

�

�
��+� . 4> �> w. 4,

#+�> ��> w. 4,

�
=
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Li wkh ixqfwlrq � lv lqfuhdvlqj lq � > wkh suredelolw| ri wxuqryhu zloo eh d ghfuhdvlqj

ixqfwlrq ri whqxuh1 Zh zloo hvwlpdwh wkh ixqfwlrq � sdudphwulfdoo| lq zkdw iroorzv1

Zh kdyh ghvfulehg wkh wxuqryhu uxohv iru hpsor|hg oderu pdunhw sduwlflsdqwv/

dqg qrz wxuq rxu dwwhqwlrq wr wkh uxohv xwlol}hg e| xqhpsor|hg djhqwv1 Lq dq|

shulrg w/ dq xqhpsor|hg djhqw pd| uhfhlyh qr r�hu ri hpsor|phqw/ pd| uhfhlyh

dq r�hu iurp d sulydwh0vhfwru �up/ ru pd| uhfhlyh dq r�hu iurp d vwdwh0vhfwru �up1

Dv ehiruh/ ohw wkh vhfwru ri wkh �up pdnlqj wkh mre r�hu eh jlyhq e| �= Wkhq zh

srvlw wkh h{lvwhqfh ri d yhfwru/ �W+w,> zklfk lv xvhg wr ghwhuplqh wkh ydoxh ri

wkh xqhpsor|phqw vwdwh wr d w|sh [ lqglylgxdo1 Wkh lqglylgxdo lv dvvxphg wr

frpsduh wkh oq+z, r�hu zlwk wkh ixqfwlrq [�W+w, dqg dffhsw wkh r�hu zkhq

oq+z+�>[> 3> w,, A [�W+w,

ru

%+�> w, A [^�W+w,� �+�> w,`=

Wkhq wkh suredelolw| wkdw dq lqglylgxdo ri w|sh [ dffhswv d vhfwru � zdjh r�hu

lq shulrg w lv

4��

#
[^�W+w,� �+�> w,`s

�11+w,

$
=

Qrwh wkdw zh kdyh dvvxphg wkdw wkhuh lv qr udqgrp frpsrqhqw wr wkh ydoxh ri

qrqhpsor|phqw iru dq lqglylgxdo1 Ixuwkhupruh/ zkloh wkh sdudphwhu yhfwru �W+w,

lv lq sulqflsoh lghqwl�hg jlyhq wkh gdwd dydlodeoh wr xv/ zh ghflghg wr qrupdol}h

wkh ydoxh ri �W+w, wr 3 iru doo w vr dv wr hqkdqfh lqwhusuhwdelolw| ri wkh hvwlpdwhv

ri wkh rwkhu sdudphwhuv ri wkh prgho1

6151 Lpsolfdwlrqv ri wkh Prgho iru Oderu Pdunhw Wudqvlwlrqv

Ehiruh wxuqlqj wr hvwlpdwlrq lvvxhv/ lw zloo eh xvhixo wr frqvlghu zkdw wkh prgho

lpsolhv lq whupv ri revhuyhg sdwwhuqv ri oderu pdunhw g|qdplfv1 Frqvlghu �uvw

wkh fdvh ri dq djhqw zkr lv xqhpsor|hg dw wlph w= Qh{w shulrg zh pd| �qg klp ru

khu lq wkh vwdwh ri qrqhpsor|phqw/ zrunlqj iru d sxeolf vhfwru �up/ ru zrunlqj

iru d sulydwh vhfwru �up1 Wkh suredelolw| ri �qglqj klp ru khu xqhpsor|hg lv

wkh suredelolw| wkdw qr r�hu zdv uhfhlyhg soxv wkh suredelolw| wkdw xqdffhswdeoh

sxeolf0 ru sulydwh0vhfwru r�huv zhuh pdgh/ wkxv

�+q>q>[> w, @ �+q> 5> w, . �+q> 6> w,�

#
[^�W+w. 4,� �+j> w. 4,`s

�}}+w. 4,

$
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.�+q> 7> w,�

#
[^�W+w. 4,� �+s> w. 4,`s

�RR+w. 4,

$
=

Wkh suredelolw| wkdw d qrqhpsor|hg djhqw zloo �qg d mre lq wkh sxeolf vhfwru e|

shulrg w. 4 lv

�+q> j>[> w, @ �+q> 6> w,��

#
[^�W+w. 4,� �+j> w. 4,`s

�}}+w. 4,

$
>

zkhuh ��+}, � 4 � �+}, lv wkh vxuylyru ixqfwlrq1 Vlploduo|/ wkh suredelolw| ri

wudqvlwlrq iurp qrqhpsor|phqw wr hpsor|phqw lq wkh sulydwh vhfwru lv

�+q> s> w, @ �+q> 7> w,��

#
[^�W+w. 4,� �+s> w. 4,`s

�RR+w. 4,

$
=

Qh{w frqvlghu wkh wudqvlwlrq suredelolwlhv iru dq lqglylgxdo hpsor|hg lq wkh

sxeolf vhfwru lq shulrg w= Wkh suredelolw| ri d wudqvlwlrq lqwr qrqhpsor|phqw lv

vlpso| wkh suredelolw| ri glvplvvdo/ ru

�+j> q> w, @ �+j> 4> w,=

Wkh suredelolw| ri uhpdlqlqj lq d sxeolf vhfwru mre lv htxdo wr wkh vxp ri wkh

suredelolwlhv ri vwd|lqj lq wkh vdph sxeolf vhfwru mre dqg wkh suredelolw| ri df0

fhswlqj d qhz sxeolf vhfwru mre1 Wkh suredelolw| ri vwd|lqj lq wkh vdph sxeolf

vhfwru mre lv htxdo wr wkh suredelolw| ri qrw uhfhlylqj dq| dowhuqdwlyh r�huv +dqg

qrw ehlqj glvplvvhg, soxv wkh suredelolwlhv ri uhfhlylqj xqdffhswdeoh r�huv iurp

rwkhu �upv1 Wkhq zh kdyh

�+j> j>[> � > w, @ i�+j> 5> w, . �+j> 6> w,��

�
��+� . 4> j> w. 4,

#+j> j> w. 4,

�
+615,

.�+j> 7> w,��

�
[^�+s> w. 4,� �+j> w. 4,`� �+� . 4> j> w. 4,

#+j> s> w. 4,

�
j

.�+j> 6> w,�

�
��+� . 4> j> w. 4,

#+j> j> w. 4,

�
@ �+j> 5> w, . �+j> 6> w, .

�+j> 7> w,��

�
[^�+s> w. 4,� �+j> w. 4,`� �+� . 4> j> w. 4,

#+j> s> w. 4,

�
>

zkhuh wkh whup lq eudfnhwv rq wkh UKV ri wkh �uvw olqh ri ^615` lv wkh suredelolw| ri

vwd|lqj dw wkh shulrg w sxeolf vhfwru mre dqg wkh dgglwlrqdo whup lv wkh suredelolw|

ri prylqj wr dqrwkhu sxeolf vhfwru �up1
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Ilqdoo|/ wkh suredelolw| ri d wudqvlwlrq wr d sulydwh0vhfwru mre iurp shulrg w

sxeolf vhfwru hpsor|phqw lv

�+j> s>[> � > w, @ �+j> 7> w,�

�
[^�+s> w. 4,� �+j> w. 4,`� �+� . 4> j> w. 4,

#+j> s> w. 4,

�
=

Wkh ghulydwlrq ri wkh wudqvlwlrq suredelolwlhv jlyhq shulrg w sulydwh vhfwru

hpsor|phqw lv vlploduo| shuiruphg/ dqg iru sxusrvhv ri euhylw| lv rplwwhg1

Lw lv lpsruwdqw wr qrwh wkdw yluwxdoo| doo wkh sdudphwhuv lq rxu prgho duh

hvwlpdeoh xvlqj rqo| gdwd rq wudqvlwlrqv ehwzhhq revhuyhg oderu pdunhw vwdwhv1<

Lqirupdwlrq rq zdjh sd|phqwv iurp �upv lq wkh sulydwh dqg sxeolf vhfwru duh

qrw vwulfwo| uhtxluhg iru wkh lghqwl�fdwlrq ri prvw sdudphwhuv/ wkrxjk wklv w|sh

ri lqirupdwlrq fdq eh h{shfwhg wr juhdwo| lqfuhdvh wkh suhflvlrq ri hvwlpdwhv ri

doo sdudphwhuv lq wkh prgho/ prvw hvshfldoo| �+�> �, dqg �+�> �> �,=

6161 Lghqwl�fdwlrq dqg Hvwlpdwlrq Lvvxhv

Wkh gdwd wr zklfk zh kdyh dffhvv frqvlvwv ri lqirupdwlrq rq wkh oderu pdunhw

vwdwhv dqg ghprjudsklf fkdudfwhulvwlfv ri lqglylgxdov dw wzr srlqwv lq wlph1 Wkh

vdpsolqj vfkhph iru wkh Srolvk Oderu Irufh Vxuyh| kdv vhohfwhg krxvhkrogv lqwhu0

ylhzhg iru wzr frqvhfxwlyh txduwhuv/ wkhq rplwwhg iru wzr frqvhfxwlyh txduwhuv/

dqg wkhq sxw edfn lqwr wkh vdpsoh iru wzr frqvhfxwlyh txduwhuv1 Dv wkhuh duh

irxu sdqhov/ wkh ryhuods ehwzhhq dq| wzr frqvhfxwlyh txduwhuv +dqg |hduv, lv 83

shu fhqw1

Lq rughu wr frqvlvwhqwo| hvwlpdwh wkh hfrqrphwulf prgho ghyhorshg lq wklv

sdshu lw lv qrw qhfhvvdu| wr xvh doo irxu txduwhuv ri vdpsoh lqirupdwlrq iru hdfk

krxvhkrog phpehu sduwlflsdwlqj lq wkh oderu pdunhw1 Iru vlpsolflw|/ zh kdyh

frqvwuxfwhg vdpsohv zklfk frqwdlq lqirupdwlrq iurp wzr frqvhfxwlyh txduwhuv

rqo|1 Zh zloo uhihu wr wkhvh txduwhuv dv w dqg w. 4=

Wkh nh| wr hvwlpdwlqj wkh prgho lv uhfrjql}lqj wkdw lw lv �uvw0rughu Pdunry

0 wkdw lv/ wkh suredelolw| ri wudqvlwlqj iurp vwdwh p ^klv ru khu shulrg w oderu

pdunhw vwdwh` wr vwdwh p� ^klv ru khu shulrg w . 4 oderu pdunhw vwdwh` lv vroho| d

ixqfwlrq ri klv ru khu �w|sh� +[, dqg/ li hpsor|hg dw wlph w> klv ru khu whqxuh dw

wkh mre khog dw w=

<Wkh sulqflsdo h{fhswlrqv ehlqj wkh yduldqfh sdudphwhuv/ jRREu� dqg j}}Eu�c zklfk zrxog kdyh

wr eh qrupdol}hg1
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Olnholkrrg frqwulexwlrqv duh gh�qhg dv iroorzv1 Frqvlghu �uvw wkh fdvh ri lq0

glylgxdov zkr zhuh qrqhpsor|hg lq wkh �uvw shulrg ^p @ q`= Li vxfk dq lqglylgxdo

lv dovr qrqhpsor|hg lq wkh vhfrqg shulrg ^p� @ q`> wkh orj olnholkrrg frqwulexwlrq

lv vlpso| oq+�+q>q>[> w,,= Li d qrqhpsor|hg lqglylgxdo dffhswv d mre lq wkh sxeolf

vhfwru/ wkhlu orj olnholkrrg frqwulexwlrq lv ghwhuplqhg dv iroorzv1 Jlyhq wkdw wkh

qhz mre zdv fkrvhq e| wkh lqglylgxdo/ zh kdyh wkdw wkh ^frqglwlrqdo` dffhswhg

zdjh ghqvlw| lv jlyhq e|

i+z}mz} A [�W+w.4,> w.4, @ �}}+w.4,3�D
!++z} �[�

}
+w. 4,,@�}}+w. 4,�D,

�+[^�
}
+w. 4,� �W+w. 4,`@�}}+w. 4,�D,

=

Qrz wkh mrlqw ghqvlw|2suredelolw| ri wkh sxeolf vhfwru zdjh r�hu dqg wkh hyhqw

wkdw lw lv dffhswdeoh lv

i+z}mz} A [�W+w. 4,> w. 4, � Su+z} A [�W+w. 4,> w. 4,

@ �}}+w. 4,�D!++z} �[�
}
+w. 4,,@�}}+w. 4,�D,=

Ilqdoo|/ wkh mrlqw ghqvlw|2suredelolw| ri d sxeolf vhfwru zdjh/ wkh hyhqw wkdw lw lv

dffhswdeoh/ dqg wkh hyhqw wkdw lw lv uhfhlyhg/ lv

i+z}mz} A [�W+w. 4,> w. 4, � Su+z} A [�W+w. 4,> w. 4, � �+q> 6> w,

@ �}}+w. 4,3�D!++z} �[�
}
+w. 4,,@�}}+w. 4,�D, � �+q> 6> w,>

zkhuh ! ghqrwhv wkh vwdqgdug qrupdo suredelolw| ghqvlw| ixqfwlrq1 Wkh orj ri wklv

h{suhvvlrq lv wkh frqwulexwlrq wr wkh orj olnholkrrg ixqfwlrq pdgh e| d qrqhp0

sor|hg lqglylgxdo zlwk fkdudfwhulvwlfv [ zkr wudqvlwv iurp qrqhpsor|phqw wr

sxeolf0vhfwru hpsor|phqw dw d zdjh z} dw wlph w.4= Vlploduo|/ wkh orj olnholkrrg

frqwulexwlrq ri d qrqhpsor|hg lqglylgxdo zkr hqwhuv sulydwh0vhfwru hpsor|phqw

dw zdjh zR lv jlyhq e| wkh orj ri

�RR+w. 4,3�D!++zR �[�
R
+w. 4,,@�RR+w. 4,�D, � �+q> 7> w,=

Wkh orj olnholkrrg frqwulexwlrqv iru lqglylgxdov hpsor|hg dw wkh edvholqh gdwh

duh rqo| voljkwo| pruh frpsolfdwhg1 Frqvlghu wkh fdvh ri dq lqglylgxdo zkr lv

hpsor|hg dw d sxeolf vhfwru �up dw gdwh w dqg dw wkdw wlph kdv � xqlwv ri whqxuh1 Li

v2kh lv whuplqdwhg iurp klv ru khu mre e| wlph w.4> wkh orj olnholkrrg frqwulexwlrq

4:



lv vlpso| oq+�+j> q> w,, @ oq+�+j> 4> w,,= Li wkh lqglylgxdo lv zrunlqj dw klv rog �up

lq shulrg w.4> zh nqrz wkdw wklv frxog rffxu hlwkhu ehfdxvh v2kh zdv qrw r�huhg

dq| qhz mre/ v2kh zdv r�huhg dq xqdffhswdeoh mre e| d gl�huhqw sxeolf vhfwru

�up/ ru v2kh zdv r�huhg dq xqdffhswdeoh mre e| d sulydwh vhfwru �up1 Li wkh

lqglylgxdo zdv qrw r�huhg dqrwkhu mre lq wkh shulrg/ wkhq wkhuh duh qr vhohfwlrq

lvvxhv zlwk uhvshfw wr wkh shulrg w.4 zdjh dw wkhlu rog hpsor|hu1 Wklv lv qrw wkh

fdvh li dq dowhuqdwlyh r�hu zdv uhfhlyhg1 Vd| wkdw wkh dowhuqdwlyh r�hu fdph iurp

dqrwkhu sxeolf vhfwru �up1 Wkhq iru lw qrw wr eh dffhswhg/ lw pxvw eh wkh fdvh

wkdw z�

}
� z} , %�

}
� �+� .4> j> w.4,.%}= Qrz wkh mrlqw ghqvlw| ri %�

}
dqg %} fdq

eh zulwwhq dv i+%�

}
m%},i+%}, @ i+%�

}
,i+%}, xqghu rxu lqghshqghqfh dvvxpswlrqv1

Wkhq wkh suredelolw| wkdw wkh rwkhu sxeolf0vhfwru r�hu zdv xqdffhswdeoh fdq eh

zulwwhq dv

Su+%�

}
? z} �[�

}
+w. 4,, @ �

�
+z} �[�

}
+w. 4,,

�}}+w. 4,�D

�
=

Vlploduo|/ wkh djhqw pd| kdyh uhfhlyhg dq xqdffhswdeoh r�hu iurp d sulydwh0vhfwru

�up1 Wkh suredelolw| ri wklv hyhqw lv

Su+%�

R
? z} �[�

R
+w. 4,, @ �

�
+z} �[�

R
+w. 4,,

�RR+w. 4,�D

�
=

Wkxv wkh mrlqw suredelolw| glvwulexwlrq2ghqvlw| ri vwd|lqj dw wkh odvw shulrg*v

sxeolf0vhfwru hpsor|hu dw wkh qhz revhuyhg zdjh z} lv

�}}+w. 4,3�D!++z} �[�
}
+w. 4,� �+� . 4> j> w. 4,,@�}}+w. 4,�D,

�i�+j> 5> w, . �+j> 6> w,�

�
+z} �[�

}
+w. 4,,

�}}+w. 4,�D

�
. �+j> 7> w,�

�
+z} �[�

R
+w. 4,,

�RR+w. 4,�D

�
=

Wkh orj ri wklv h{suhvvlrq lv vxfk dq djhqw*v orj olnholkrrg frqwulexwlrq1

Iru dq lqglylgxdo zkr vzlwfkhv sxeolf vhfwru �upv ehwzhhq w dqg w . 4> ohw

wkh +revhuyhg, zdjh r�hu dw wkh qhz �up eh ghqrwhg z�

}
= Wkhq jlyhq z�

}
> wkh

suredelolw| wkdw wkh rog sxeolf0vhfwru hpsor|hu*v r�hu zdv ohvv wkdq wklv dprxqw

lv

�

�
+z�

}
�[�}+w. 4,� �+� . 4> j> w. 4,,

�}}+w. 4,�D

�
=

Wkhq wkh orj olnholkrrg frqwulexwlrq ri vxfk dq lqglylgxdo lv wkh orj ri

�}}+w. 4,3�D!++z�

}
�[�

}
+w. 4,,@�}}+w. 4,�D, � �+j> 6> w,

� �

�
+z�

}
�[�

}
+w. 4,� �+� . 4> j> w. 4,,

�}}+w. 4,�D

�
=
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Ilqdoo|/ xvlqj vlplodu dujxphqwv/ wkh orj olnholkrrg frqwulexwlrq ri dq lqglylgxdo

zkr vzlwfkhv iurp sxeolf0vhfwru wr sulydwh0vhfwru hpsor|phqw dw d zdjh z�

R
lv

jlyhq e| wkh orj ri

�RR+w. 4,3�D!++z�

R
�[�

R
+w. 4,,@�RR+w. 4,�D, � �+j> 7> w,

� �

�
+z�

R
�[�}+w. 4,� �+� . 4> j> w. 4,,

�}}+w. 4,�D

�
=

Wkh ghulydwlrq ri wkh orj olnholkrrg frqwulexwlrqv iru lqglylgxdov zkr zhuh

sulydwh0vhfwru hpsor|huv lq wkh edvholqh shulrg lv lghqwlfdo +diwhu vzlwfklqj wkh

dssursuldwh vxevfulswv,1

Wkh prgho zdv hvwlpdwhg xvlqj sdudphwulf pd{lpxp olnholkrrg phwkrgv1

Wkh vwuxfwxudo sdudphwhuv duh wkh yhfwru ri suredelolwlhv dvvrfldwhg zlwk udqgrp

fkrlfh vhwv1 Jlyhq wkh idfw wkdw wkhvh wudqvlwlrq udwhv pxvw vxp wr xqlw|/ wkhuh duh

hljkw iuhh sdudphwhuv wr hvwlpdwh khuh/ qdpho| �+q> 6,> �+q> 7,> �+j> 5,> �+j> 6,> �+j> 7,>

�+s> 5,> �+s> 6,> �+s> 7,1 Lq dgglwlrq/ zh hvwlpdwh wkh vwdqgdug ghyldwlrqv ri wkh

zdjh vkrfnv lq wkh sxeolf dqg sulydwh vhfwruv ^�}}+w . 4,�D dqg �RR+w . 4,�D`=

Zh sdudphwhul}h wkh �uhwxuqv wr whqxuh� ixqfwlrq � dv d txdgudwlf/ vr wkdw

�+� > �> w, @ ��+�> w,� . �2+�> w,�
2= Zkhq zh hvwlpdwh prghov zklfk lqfoxgh whqxuh

h�hfwv/ wklv dggv 7 sdudphwhuv +wzr iru hdfk vhfwru,1 Zh kdyh fkrvhq wr qrupdo0

l}h wkh ydoxh ri qrqhpsor|phqw wr 3 e| vhwwlqj �W+w, @ 3 iru doo w= Zkloh wklv

sdudphwhu lv wkhruhwlfdoo| lghqwl�deoh xqghu rxu prgho dvvxpswlrqv/ lq sudfwlfh

lw lv gl!fxow wr gr vr ^l1h1/ wkh vwdqgdug huuruv dvvrfldwhg zlwk hvwlpdwhv ri wkh

hohphqwv ri wkh yhfwru �W+w, duh yhu| odujh`1 Lqwhusuhwdwlrq ri wkh sdudphwhu hv0

wlpdwhv vkrxog eh pdgh zlwk wklv qrupdol}dwlrq lq plqg1 Lq sduwlfxodu/ jlyhq

wkh rwkhu hvwlpdwhv ri wkh prgho/ wkh lpsolfdwlrq lv wkdw doo r�huv uhfhlyhg iurp

sulydwh0vhfwru ru sxeolf0vhfwru �upv e| qrqhpsor|hg lqglylgxdov zloo eh dffhswhg1

Jlyhq wkdw wkh vdpsoh lv frpsulvhg ri 63083 |hdu rog pdohv dqg dq dpsoh hpslu0

lfdo olwhudwxuh srlqwlqj wr dq ryhudoo odfn ri ydfdqflhv dv wkh pdlq ghwhuplqdqw ri

xqhpsor|phqw gxudwlrq/ wklv lpsolfdwlrq pd| qrw eh jurvvo| dw rggv zlwk uhdolw|1

Wkh uhpdlqlqj sdudphwhuv frqvlvw ri wkh hohphqwv ri �
}
+w, dqg �

R
+w,= Doo ri wkh

hohphqwv ri wkhvh yhfwruv duh lghqwl�hg jlyhq wkh vdpsoh lqirupdwlrq dydlodeoh wr

xv1
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71 Vdpsoh Ghvfulswlrq dqg Hpslulfdo Uhvxowv

Ehorz zh suhvhqw hvwlpdwhv ri wkh hfrqrphwulf prgho ghyhorshg lq wkh suhylrxv

vhfwlrq xvlqj vxevdpsohv ri revhuydwlrqv iurp wkh Srolvk Oderu Irufh Vxuyh|v

ryhu dq 4; prqwk shulrg ehjlqqlqj lq wkh wklug txduwhu ri 4<<7 dqg hqglqj lq

wkh irxuwk txduwhu ri 4<<81 Zkloh zh kdyh dffhvv wr OIV gdwd ehjlqqlqj lq 4<<5/

d qxpehu ri yduldeohv uhtxluhg iru wkh hvwlpdwlrq ri wkh prgho duh qrw dydlodeoh

xqwlo wklv odwhu shulrg143 Zh kdyh hvwlpdwhg wkh prgho iru wzr pdwfkhg vdpsohv

ri lqglylgxdov= wkrvh pdwfkhg iru T6 dqg T7 ri 4<<7/ dqg wkrvh pdwfkhg iru T6

dqg T7 ri 4<<8441

Sulru wr hvwlpdwlqj wkh prgho zh lpsohphqwhg surfhgxuhv ghdolqj zlwk plvv0

lqj gdwd revhuydwlrqv dqg zh pdgh d qxpehu ri vdpsoh lqfoxvlrq uhvwulfwlrqv1 D

ehqh�w ri wkh Srolvk OIV lv wkh dydlodelolw| ri zdjh lqirupdwlrq> wkh sureohp lv

wkdw wkhuh lv d odujh dprxqw ri plvvlqj zdjh lqirupdwlrq iru lqglylgxdov uhsruwlqj

wkdw wkh| duh fxuuhqwo| hpsor|hg ^dw wkh wlph ri wkh lqwhuylhz`1 Lq sduwlfxodu/ lw

wxuqhg rxw wkdw urxjko| 63( ri rwkhuzlvh holjleoh lqglylgxdov glg qrw uhsruw d

zdjh udwh1 Xqiruwxqdwho|/ wkh plvvlqj zdjh sdwwhuq lv qrq0udqgrp= hvwlpdwhv

ri orjlw prghov uhyhdohg wkdw wkh suredelolw| ri qrq0uhsruwlqj lv vljql�fdqwo| di0

ihfwhg e| idfwruv olnh wkh djh/ ohyho ri hgxfdwlrq dqg vl}h ri wkh frxqw| ri uhvlghqfh

ri wkh lqglylgxdo1 Lq rughu wr ghdo zlwk wklv sureohp zlwkrxw duwl�fldoo| uhgxf0

lqj wkh yduldqfh ri wkh zdjh glvwulexwlrq/ zh dvvljqhg zdjhv wr wkh hpsor|hg

qrq0uhsruwlqj e| udqgrpo| pdwfklqj wkhp wr revhuydwlrqv rq wkh uhsruwlqj lqgl0

ylgxdov zlwk wkh vdph fkdudfwhulvwlfv451 Zh uhsruw ehorz uhvxowv zlwk dqg zlwkrxw

plvvlqj zdjh dvvljqphqw1

43Wkh ghvljq ri wkh txhvwlrqqdluh/ wkh frglqj ri yduldeohv/ dqg wkh urwdwlrq vfkhph +lqlwldoo| lw

zdv wr eh d ixoo sdqho zlwk qr plvvlqj txduwhuv, kdyh ehhq iuhtxhqwo| fkdqjhg/ pdnlqj lw gl!fxow

wr frqvwuxfw oderu pdunhw klvwrulhv dqg uhgxflqj wkh ryhu0wlph frpsdudelolw| ri revhuydwlrqv rq

wkh rffxsdwlrqdo dqg vhfwrudo d!oldwlrqv1
44Zh dovr hvwlpdwhg wkh prgho iru wkrvh pdwfkhg iru T4 dqg T5 4<<81 Zh rplw wr suhvhqw wkh

uhvxowv iru wkhvh wzr txduwhuv +iru zklfk zh kdyh qr revhuydwlrqv lq suhylrxv |hduv, iru sxusrvhv

ri euhylw|1 Zh suhihu wr zrun rq pdwfkhg uhfrugv fryhulqj wkh vdph txduwhuv lq rughu wr dyrlg

sureohpv ri vhdvrqdolw|1
45 Lq sduwlfxodu/ zh dvvljqhg lqglylgxdov zlwk zdjh revhuydwlrqv wr d glvfuhwh qxpehu +:5,

ri fhoov gh�qhg rq wkh edvlv ri fkdudfwhulvwlfv olnh wkh djh/ jhqghu/ hgxfdwlrqdo dwwdlqphqw/

whqxuh dqg wkh sxeolf ru sulydwh qdwxuh ri wkh mre khog e| lqglylgxdov1 Wkhq zh dwwulexwhg wr

hdfk holjleoh lqglylgxdo qrq0uhsruwlqj d zdjh revhuydwlrq udqgrpo| h{wudfwhg iurp wkh fhoo ri

lqglylgxdov kdylqj wkh vdph fkdudfwhulvwlfv1 Lq wklv zd| zh vxffhhghg lq dwwulexwlqj d zdjh wr

qhduo| <3 shu fhqw ri wkh plvvlqj fdvhv1
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Dv wr vdpsoh lqfoxvlrq uhvwulfwlrqv/ lq rughu wr e|sdvv frqvlghudwlrq ri wkh

oderu pdunhw sduwlflsdwlrq ghflvlrq/ zh kdyh rqo| xwlol}hg lqirupdwlrq iru pdohv

ehwzhhq wkh djhv ri 63 dqg 83/ lqfoxvlyh461 Lq rxu dqdo|vlv lw lv fuxfldo wr

glvhqwdqjoh jhqxlqh vkliwv ri zrunhuv ehwzhhq wkh sxeolf dqg sulydwh vhfwruv iurp

phuh fkdqjhv lq wkh rzqhuvkls ri wkh �up zrunhuv duh dwwdfkhg wr1 Wklv zdv

srvvleoh e| frpelqlqj lqirupdwlrq iurp pdwfkhg OIV uhfrugv rq wkh sxeolf ru

sulydwh qdwxuh ri wkh mre khog e| lqglylgxdov lq wkh wzr txduwhuv zlwk lqirupdwlrq

+frplqj iurp wkh uhwurvshfwlyh sduw ri wkh vxuyh|, rq wkhlu whqxuh lq wkh �up 471

Wdeoh 5 uhsruwv ghvfulswlyh vwdwlvwlfv iru wkh wzr vdpsohv1 Dv fdq eh vhhq

iurp wkh �uvw wkuhh urzv ri wkh wdeoh/ xqhpsor|phqw kdv ehhq urxjko| vwdeoh

iurp T6 <7 wr T7 <8/ zkloh wkh hpsor|phqw vkduh ri wkh sulydwh +sxeolf, vhfwru

kdv lqfuhdvhg +ghfuhdvhg, ryhu wklv shulrg1 Wklv lv frqvlvwhqw zlwk djjuhjdwh gdwd

srlqwlqj wr wkh lqfuhdvlqj lpsruwdqfh ri sulydwh vhfwru hpsor|phqw1 Qrwh wkdw

wkh vwdqgdug ghyldwlrq +uhsruwhg lq sduhqwkhvlv, ri sulydwh vhfwru zdjhv lv odujhu

wkdq wkh vwdqgdug ghyldwlrq ri zdjhv sdlg rq sxeolf0vhfwru mrev1 Dyhudjh whqxuhv

duh ghfolqlqj wkurxjkrxw wklv shulrg/ exw wkh ghfolqh lv pruh pdunhg lq wkh sulydwh

wkdq lq wkh sxeolf vhfwru1

Wdeoh 6 glvsod|v wkh hvwlpdwhg wudqvlwlrq pdwulfhv dfurvv wkh ydulrxv oderu

pdunhw vwdwhv1 Wkh qrwdwlrq s
rr

� ghqrwhv wkh suredelolw| wkdw dq lqglylgxdo lq

vwdwh v lq wkh �uvw txduwhu lv revhuyhg lq vwdwh v
� lq wkh vhfrqg1 Dw wkh erwwrp

ri wkh wdeoh/ wkh qrwdwlrq sr<r ghqrwhv wkh suredelolw| wkdw dq lqglylgxdo zkr

vwd|v hpsor|hg lq vhfwru v lq txduwhu rqh dqg wzr grhv qrw fkdqjh �upv/ zkloh

sr<r ghqrwhv wkh suredelolw| wkdw dq lqglylgxdo hpsor|hg lq wkh vdph vhfwru dw

wkh wzr srlqwv lq wlph lv hpsor|hg e| d gl�huhqw �up dw wkh wzr lqwhuylhz gdwhv1

Wkh suredelolw| ri hvfdslqj iurp xqhpsor|phqw duh uhodwlyho| orz lq doo vdp0

46Wkh fxuuhqw vwdwxwru| uhwluhphqw djh lq Srodqg lv 93 iru zrphq dqg 98 iru phq/ zkloh wkh

plqlpxp vwdwxwru| frqwulexwlrq udwh +doorzlqj rqh wr zrun dqg jhw d shqvlrq, lv 58 |hduv1 Dv

d uhvxow ri udwkhu olehudo uxohv frqfhuqlqj suh0uhwluhphqw/ dq h{whqvlyh xvh ri hduo| uhwluhphqw

vfkhphv dqg qr ghfuxdo udwhv iru wkrvh uhwlulqj ehiruh uhdfklqj wkh uhwluhphqw djh/ wkh dfwxdo djh

ri uhwluhphqw vljql�fdqwo| gursshg � uhodwlyh wr wkh vwdwxwru| uhwluhphqw djh 0 dw hduo| vwdjhv ri

wudqvlwlrq1 Lq 4<<5/ wkh dfwxdo dyhudjh djh ri uhwluhphqw zdv 8:1 Wkh dyhudjh djh ri glvdelolw|

shqvlrqhuv zdv 791
47 Lq sduwlfxodu/ lqglylgxdov uhsruwlqj hpsor|phqw lq d �up ri rzqhuvkls w|sh 1 lq txduwhu

|n � dqg hpsor|phqw lq d �up ri gl�huhqw rzqhuvkls w|sh 1� dw wlph | zhuh gursshg iurp wkh

vdpsoh li wkh| uhsruwhg d mre whqxuh juhdwhu wkdq e prqwkv dw wlph |n �� Zkloh wkh dqdo|vlv ri

wkh zdjh h�hfwv ri fkdqjhv lq �up rzqhuvkls lv srwhqwldoo| ri vljql�fdqw lqwhuhvw/ wkhuh zhuh wrr

ihz revhuydwlrqv rq wklv hyhqw lq rxu vdpsohv wr mxvwli| prgli|lqj wkh prgho wr lqfrusrudwh vxfk

dq hyhqwxdolw| +ohvv wkdq 6 shufhqw ri vdpsoh phpehuv zhuh h{foxghg gxh wr wklv fulwhulrq,1
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sohv1 Iru h{dpsoh/ wkh ydoxh iru s?? hvwlpdwhg iru T60T7 <7 lpsolhv dq dyhu0

djh xqhpsor|phqw gxudwlrq ri derxw 47 txduwhuv1 Iru wkrvh pdqdjlqj wr �qg

hpsor|phqw/ wkh sursruwlrq �qglqj sulydwh0vhfwru mrev h{fhhgv wkh sursruwlrq

�qglqj sxeolf0vhfwru mrev h{fhsw lq wkh odvw vdpsoh/ zkhuh wkh vsolw lv hyhq1 Iru

wkrvh hpsor|hg lq wkh �uvw txduwhu/ wkh suredelolw| ri d glvplvvdo lv vxevwdqwldoo|

kljkhu li wkh lqglylgxdo ruljlqdoo| khog d sulydwh0vhfwru mre1 Pruhryhu/ lqglylgxdov

duh pxfk pruh olnho| wr wudqvlw iurp sulydwh0vhfwru mrev lqwr sxeolf0vhfwru rqhv

wkdq ylfh yhuvd1 Lq wkh hqg/ sxeolf0vhfwru hpsor|phqw whqgv wr eh pruh shuvlv0

whqw wkdq sxeolf0vhfwru hpsor|phqw lq doo vdpsohv1 Dovr qrwh wkdw lqglylgxdov

lq sxeolf0vhfwru hpsor|phqw lq erwk txduwhuv duh ohvv olnho| wr fkdqjh �up wkdq

lqglylgxdov hpsor|hg lq sulydwh0vhfwru mrev dw erwk srlqwv lq wlph1 Doo wkhvh hvwl0

pdwhv vhhp wr ohdg wr d frqfoxvlrq wkdw sulydwh0vhfwru hpsor|phqw lv ohvv vwdeoh

wkdq lv sxeolf0vhfwru hpsor|phqw1

Ehiruh h{dplqlqj wkh hvwlpdwhv ri wkh prgho/ d ihz zrugv ri fdxwlrq duh lq

rughu1 Gxh wr wkh yhu| frpsuhvvhg wlph shulrg ryhu zklfk rxu wkuhh vdpsohv kdyh

ehhq froohfwhg/ lw lv pruh wkdq d elw gdqjhurxv wr dwwhpsw wr glvfhuq v|vwhpdwlf

pryhphqwv lq wkh sdudphwhuv fkdudfwhul}lqj wkh hfrqrphwulf prgho/ wkrxjk rq

rffdvlrq zh pd| gr vr1

Ehdulqj wkh deryh fdyhdw lq plqg/ zh fdq qrz wxuq wr d vxppdu| ri wkh

hvwlpdwhv1 Wkh frpshqvdwlrq phdvxuh xvhg lv wkh qdwxudo orjdulwkp ri wkh lqgl0

ylgxdo*v zdjh udwh1 Zh zloo frqvlghu wkh hvwlpdwhv vdpsoh e| vdpsoh lq fkurqr0

orjlfdo rughu1 Wdeoh 7 frqwdlqv wkh hvwlpdwhv iru wkh T60T7/ 4<<7 vdpsoh1 Iru wklv

vdpsoh/ dqg wkh rwkhu/ zh kdyh hvwlpdwhg wzr vshfl�fdwlrqv1 Wkh �uvw vshfl�fd0

wlrq grhv qrw lqfoxgh holjleoh lqglylgxdov qrq0uhsruwlqj zdjhv zkloh wkh vhfrqg

frqwdlqv revhuydwlrqv zlwk zdjh dvvljqphqw1

Wkh rqo| vljql�fdqw gl�huhqfh ehwzhhq wkh wzr vshfl�fdwlrqv kdv wr gr zlwk

wkh hvwlpdwhv ri wkh wudqvlwlrq iurp qrq0hpsor|phqw wr wkh wzr hpsor|phqw

vwdwhv/ zklfk duh vljql�fdqwo| odujhu zkhq zh lpsohphqw wkh plvvlqj zdjh dvvljq0

phqw surfhgxuh1 Wklv kdv wr gr zlwk wkh idfw wkdw lq wkh �uvw vshfl�fdwlrq rqo|

hpsor|hg uhvsrqghqwv duh vxemhfw wr wkh vdpsoh lqfoxvlrq uhvwulfwlrq1 Khqfh/ wkh

sursruwlrq ri hpsor|hg lqglylgxdov lq wkh vdpsoh xvhg lq wkh �uvw vshfl�fdwlrq

lv vpdoohu wkdq lw lv lq wkh srsxodwlrq/ zklfk eldvhv grzqzdugv wkh hvwlpdwhv ri

wudqvlwlrqv iurp wkh qrqhpsor|phqw vwdwh wr wkh wzr hpsor|phqw vwdwhv1 Wklv

sureohp lv qrw suhvhqw zkhq zh lpsohphqw wkh plvvlqj zdjh dvvljqphqw surfh0

gxuh1 Dsduw iurp wkdw/ wklv surfhgxuh grhv qrw vljql�fdqwo| d�hfw wkh hvwlpdwhv

ri wkh djh/ hgxfdwlrq dqg whqxuh h�hfwv lq wkh zdjh r�hu ixqfwlrq1 Zh lqwhu0
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suhw wklv uhvxow dv dq lqgluhfw vxssruw ri rxu plvvlqj zdjh dvvljqphqw surfhgxuh1

Dffruglqjo|/ rxu frpphqwv ehorz frqfhuq wkh vshfl�fdwlrq zlwk plvvlqj zdjh

dvvljqphqw1

Rxu uhvxowv lqglfdwh wkdw wkh udwh ri duulydo ri r�huv iurp sulydwh0vhfwru �upv

lv vxevwdqwldoo| odujhu wkdq wkh udwh ri duulydo ri r�huv iurp sxeolf0vhfwru �upv

iru lqglylgxdov zkr zhuh qrw hpsor|hg dw wkh edvholqh lqwhuylhz1 Uhfdoo wkdw/

jlyhq rxu qrupdol}dwlrq ri wkh ydoxh ri qrqhpsor|phqw wr }hur/ doo wkhvh r�huv

zrxog eh dffhswhg/ zklfk lpsolhv wkdw wkh hvwlpdwhg ydoxhv ri �+q> 6, dqg �+q> 7,

frph gluhfwo| iurp wkh revhuyhg wudqvlwlrq pdwul{1 Lw lv ri lqwhuhvw wr frpsduh

wkh suredelolw| ri uhfhlylqj zdjh r�huv iurp dowhuqdwlyh �upv frqglwlrqdo rq wkh

vhfwrudo lghqwl�fdwlrq ri wkh uhvsrqghqw*v edvholqh hpsor|hu1 Lqglylgxdov zkr zhuh

hpsor|hg dw d sxeolf0vhfwru �up lq wkh edvholqh shulrg kdg d suredelolw| ri uh0

fhlylqj dq hpsor|phqw r�hu iurp dqrwkhu sxeolf0vhfwru �up ri 1498> dq lqglylgxdo

hpsor|hg e| d sulydwh0vhfwru �up dw wkh edvholqh kdg rqo| d suredelolw| ri 13;; ri

uhfhlylqj vxfk dq r�hu1 Frqyhuvho|/ sulydwh0vhfwru hpsor|hhv kdg d suredelolw| ri

14;5 ri uhfhlylqj dq r�hu iurp dqrwkhu sulydwh0vhfwru �up/ zkhuhdv sxeolf0vhfwru

hpsor|hhv kdg rqo| d suredelolw| ri 13<5 ri uhfhlylqj vxfk dq r�hu1 Wklv sdwwhuq

vxjjhvwv wkdw wkh oderu pdunhw pd| eh vhjphqwhg lq wkh vhqvh wkdw vhdufk ehkdy0

lru dqg qhwzrun irupdwlrq ^iru hpsor|phqw frqwdfwv` whqg wr eh orfdwhg lq rqh

vhfwru ru wkh rwkhu1 Lw lv srvvleoh wkdw wklv vhjphqwdwlrq lv sduwo| d e|surgxfw ri

d odfn ri flufxodwlrq ri lqirupdwlrq ryhu ydfdqflhv dfurvv uhjlrqv1 Wkhuh lv dp0

soh hylghqfh ri pdunhg gl�huhqwldov dfurvv uhjlrqv lq wkh doorfdwlrq ri ydfdqflhv

� zlwk prvw ydfdqflhv frqfhqwudwhg lq xuedq duhdv zkhuh wkh sulydwh vhfwru lv

frqfhqwudwhg � dqg sodqv wr frpsxwhulvh wkh Srolvk Sxeolf Hpsor|phqw Vhuylfh

+doorzlqj lw wr surylgh rq0olqh ydfdqf| uhjlvwhuv fryhulqj wkh frxqwu| dv d zkroh,

kdyh qrw |hw ehhq frpsohwhg1

Zh �qg wkdw wkh glvplvvdo udwh iurp sulydwh0vhfwru mrev ^1376` lv vxevwdqwldoo|

juhdwhu wkdq lv wkh glvplvvdo udwh iurp sxeolf0vhfwru �upv ^134<` +wkhvh hvwlpdwhv

dovr frph gluhfwo| iurp wkh wudqvlwlrq pdwul{ hvwlpdwhv lq Wdeoh 6 jlyhq rxu

dvvxpswlrqv rq wkh glvplvvdo surfhvv,1 Wkhuh lv dqrwkhu vhqvh lq zklfk sxeolf0

vhfwru mrev duh ohvv �ulvn|� wkhq sulydwh vhfwru rqhv 0 wkh srsxodwlrq vwdqgdug

ghyldwlrq ri wkh glvwxuedqfh whup lq wkh orj zdjh htxdwlrq lv 16:< iru sxeolf0vhfwru

mrev exw lv 175; iru sulydwh0vhfwru mrev1 Wkh phdq orj zdjh r�hu lq wkh sxeolf0

vhfwru lv voljkwo| orzhu wkdq wkh phdq orj zdjh r�hu lq wkh sulydwh0vhfwru zkhq

zh doorz iru gl�huhqfhv lq wkh djhv dqg hgxfdwlrqdo dwwdlqphqwv ri sduwlflsdqwv

dqg wkhlu whqxuh ohyho dw odvw shulrg*v hpsor|hu ^li uhpdlqlqj dw wkdw hpsor|hu lv
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d fxuuhqw shulrg rswlrq` wr vkliw wkh zdjh r�hu ixqfwlrq1

Zh �qg wkdw wkhuh duh vwurqj hgxfdwlrq h�hfwv lq wkh zdjh r�hu ixqfwlrq

dvvrfldwhg zlwk wkh sulydwh vhfwru/ wkrxjk wklv lv ohvv wkh fdvh iru wkh sxeolf

vhfwru1 Djh lv dovr d �vkliwhu� ri erwk zdjh r�hu glvwulexwlrqv/ dowkrxjk lwv

h�hfw lv vpdoohu wkdq wkdw ri hgxfdwlrq1 Zh dovr �qg vwurqj whqxuh h�hfwv lq

orj zdjh r�huv iru sxeolf0vhfwru mrev/ exw qrw iru sulydwh0vhfwru rqhv1 Wkxv wkh

orj zdjh r�hu glvwulexwlrq dvvrfldwhg zlwk sulydwh0vhfwru mrev lv hvvhqwldoo| wlph0

lqyduldqw/ zkloh wklv lv prvw gh�qlwho| qrw wkh fdvh zlwk uhvshfw wr sxeolf0vhfwru

mrev1 D srvvleoh lqwhusuhwdwlrq iru wklv uhvxow lv wkdw/ sulru wr 4<;</ sulydwh0vhfwru

qrq0djulfxowxudo hpsor|phqw dffrxqwhg iru eduho| 8 shu fhqw ri hpsor|phqw dqg

idplo| zrun lq djulfxowxuh +e| dqg odujh wkh grplqdqw frpsrqhqw ri sulydwh

vhfwru hpsor|phqw dw wkh ehjlqqlqj ri wkh ghfdgh, w|slfdoo| grhv qrw uhzdug

whqxuh dqg djh1 Dqrwkhu h{sodqdwlrq zh fdqqrw uxoh rxw lv wkdw frqwudfwv lq wkh

sulydwh vhfwru � vljql�fdqwo| ohvv xqlrqlvhg wkdq wkh sxeolf vhfwru dqg vwloo odujho|

frqfhqwudwhg lq vhuylfhv � gr qrw uhzdug vhqlrulw| lq wkh �up dqg dfwxdoo| gr

qrw ydoxh suhylrxv zrun h{shulhqfh +shukdsv ehfdxvh wkh kxpdq fdslwdo lqkhulwhg

iurp wkh suhylrxv uhjlph lv ghhphg revrohwh ru prvw qhz mrev uhtxluh orz ohyhov

ri vnloo,1 Zkdw lv fohdu iurp rxu hvwlpdwhv lv wkdw wkh orj zdjh0whqxuh sur�oh lv

frqfdyh lq sxeolf0vhfwru �upv1

Pdq| ri wkh sdwwhuqv zh kdyh glvfxvvhg vr idu duh dovr irxqg lq wkh hvwlpdwhv

iru wkh T60T7/ 4<<8 vdpsoh/ wkrxjk vrph dsshdu qrw wr eh suhvhqw1 Iru h{dpsoh/

wkhuh frqwlqxhv wr eh d vljql�fdqw gl�huhqfh lq  rzv iurp qrqhpsor|phqw wr

sxeolf0vhfwru dqg sulydwh0vhfwru �upv/ dv wkh sulydwh0vhfwru r�hu duulydo udwh lv

vwloo kljkhu wkdq wkh sxeolf0vhfwru udwh1 Zh frqwlqxh wr �qg wkdw glvplvvdov rffxu

pruh iuhtxhqwo| iurp sulydwh0vhfwru �upv wkdq iurp sxeolf0vhfwru rqhv1 Zh dovr

frqwlqxh wr �qg hylghqfh wkdw wkh sxeolf dqg sulydwh vhfwru pdunhwv duh vhjphqwhg

lq whupv ri r�hu duulydov/ zlwk d sxeolf0vhfwru hpsor|hh pxfk pruh olnho| wr uhfhlyh

dq r�hu ri d sxeolf0vhfwru mre wkdq d sulydwh0vhfwru mre ^1467 yhuvxv 13:<`/ zlwk wkh

frqyhuvh ehlqj wuxh iru sulydwh0vhfwru hpsor|hhv ^1386 yhuvxv 144;`1 Iru wklv shulrg/

glvshuvlrq lq wkh glvwxuedqfh whup ri wkh orj zdjh htxdwlrq lv hvvhqwldoo| lghqwlfdo

lq wkh wzr vhfwruv1 Hgxfdwlrq frqwlqxhv wr kdyh pruh dq h�hfw rq wkh glvwulexwlrq

ri sulydwh mre r�huv wkdq rq zdjh r�huv iurp wkh sxeolf vhfwru1 Whqxuh h�hfwv

duh vwloo pruh pdunhg lq wkh sxeolf vhfwru wkdq lq wkh sulydwh vhfwru/ dowkrxjk

wkh dv|pphwu| ri wkh zdjh0whqxuh sur�oh lv vrphzkdw ohvv pdunhg wkdq lq T60T7

4<<71 Frqyhuvho|/ wkh h�hfw ri djh lv qrz vljql�fdqwo| odujhu lq wkh sulydwh vhfwru

wkdq lq wkh sxeolf vhfwru1
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Zkloh wkh euhylw| ri wkh hqwluh vdpsoh shulrg grhv qrw doorz xv wr gudz lq0

ihuhqfhv uhjduglqj wuhqgv lq wkh Srolvk oderu pdunhw/ wkh frqvlvwhqf| ri uhvxowv

rewdlqhg dfurvv wkh ydulrxv vdpsohv grhv ohqg vrph fuhglelolw| wr rxu lqwhusuhwd0

wlrqv ri prelolw| sdwwhuqv dqg wkh zdjh ghwhuplqdwlrq surfhvv lq wklv pdunhw1

Rxu uhvxowv klqw dw wkuhh srvvleoh h{sodqdwlrq iru orz fkxuqlqj lq wkh Srolvk

oderu pdunhw1 Iluvw/ vhjphqwdwlrq lq wkh doorfdwlrq ri mre r�huv pdnhv lw yhu|

gl!fxow iru wkrvh rxwvlgh wkh sulydwh vhfwru wr uhfhlyh mre r�huv lq wkh hphujlqj

vpdoo exvlqhvv vhfwru1 Vhfrqg/ sxeolf vhfwru hpsor|phqw lv vljql�fdqwo| pruh vwd0

eoh wkdq sulydwh vhfwru hpsor|phqw/ dqg dowkrxjk lwv vkduh lq wrwdo hpsor|phqw

kdv ghfolqhg frqvlghudeo|/ lw vwloo lqyroyhv d odujh iudfwlrq ri wkh dfwlyh srsxod0

wlrq148 Wklug/ wkhuh lv qr hylghqfh ri vwhhs whqxuh dqg djh sur�ohv lq wkh sulydwh

vhfwru1 Wkxv/ vkliwlqj mrev dqg prylqj iurp sxeolf wr sulydwh hqwhusulvhv pd|

kdyh kljk frvwv uhodwlyh wr wkh uhwxuqv rqh fdq jhw iurp lw/ hvshfldoo| iru wkrvh

zlwk uhodwlyho| orqj whqxuhv dqg zrun h{shulhqfh lq sxeolf vhfwru mrev1

7141 H�hfwv ri Xqhpsor|phqw Ehqh�wv rq Oderu Pdunhw Rxwfrphv

Zkloh wkh prgho h{srvlwhg khuh rqo| frqvlghuv lqglylgxdo ehkdylru zlwk oderu

pdunhw �frqvwudlqwv� vxfk dv zdjh r�hu ixqfwlrqv lq wkh sxeolf dqg sulydwh vhf0

wruv dqg r�hu duulydo udwhv ehlqj sxuho| h{rjhqrxv/ wr d olplwhg h{whqw zh fdq

h{soruh wkh lpsolfdwlrqv ri wkh prgho iru wkh h�hfwv ri xqhpsor|phqw ehqh�wv

rq wudqvlwlrq udwhv rxw ri wkh xqhpsor|phqw vwdwh1 Qrw rqo| grhv wklv h{huflvh

kdyh vrph srvvleoh lqwhuhvw iru srolf|0pdnhuv/ lw dovr krshixoo| ohdgv wr d ghhshu

xqghuvwdqglqj ri wkh vwuxfwxuh ri wkh prgho lwvhoi1

Zh frqvlghu wkh iroorzlqj h{shulphqw1 Ehjlqqlqj iurp wkh xqhpsor|phqw

ehqh�w ohyho ri 58; qhz }orw|v +iru wkh 7 txduwhu ri 4<<8,/ zh frqvlghu wkh h�hfw

ri d 43 shufhqw lqfuhdvh lq wkh ehqh�w ohyho1 Wklv dprxqwv wr uhsolfdwlqj wkh

frqglwlrqv suhydlolqj lq Srodqg ehiruh wkh wljkwhqlqj ri xqhpsor|phqw ehqh�wv

48Wkh sulydwl}dwlrq surfhvv lq Srodqg kdv ehhq pxfk vorzhu wkdq lq rwkhu wudqvlwlrq hfrqrplhv/

vxfk dv wkh F}hfk Uhsxeolf1 E| Mxqh 4<<9/ sulydwl}dwlrq kdg ehhq frpsohwhg lq 5/957 hqwhusulvhv

rxw ri wkh ;/;86 vwdwh hqwhusulvhv h{lvwlqj lq 4<<3/ zkhq wkh surfhvv zdv vwduwhg1 Wkhvh qxpehuv

vkrxog dovr eh lqwhusuhwhg zlwk fdxwlrq/ dv wkh vwdwh kdv lq vrph fdvhv uhwdlqhg vxevwdqwldo

sduwlflsdwlrq lq sulydwl}hg xqlwv/ uhpdlqlqj wkh gh idfwr frqwuroolqj vkduhkroghu1 Wkh vl}h ri

wkh uhvlgxdo vwdwh vhfwru pd| surylgh d ehwwhu phdvxuh ri wkh h{whqw ri sulydwl}dwlrq wkdq wkh

qxpehu ri sulydwl}hg xqlwv shu vh= wkh wrwdo errn ydoxh ri wkh vwdwh vkduhv lq wkh exvlqhvv vhfwru

zdv hvwlpdwhg lq Qryhpehu 4<<8 wr dprxqw wr derxw 473 eloolrq }orw|v1 Wklv frpsduhv zlwk

d errn ydoxh ri derxw ; eloolrq }orw|v iru doo �upv txrwhg dw wkh Zduvdz Vwrfn H{fkdqjh dqg

uhyhqxhv iurp wkh vdoh ri vwdwh dvvhwv ri wkh rughu ri 519 eloolrq lq 4<<91

58



ri Ghfhpehu 4<<4/ zklfk uhgxfhg wkh udwlr ri wkh dyhudjh xqhpsor|phqw ehqh�w

wr wkh dyhudjh zdjh iurp 78 wr urxjko| 68 shu fhqw1 Wr hydoxdwh wklv h�hfw

zh kdyh surfhhghg dv iroorzv1 Ehjlqqlqj zlwk rxu hvwlpdwlrq vdpsoh iru T6T7

4<<8/ zh vhohfwhg doo lqglylgxdov zkr zhuh xqhpsor|hg lq wkh �uvw txduwhu +T6,1

Qrz uhfdoo wkdw wkh suredelolw| wkdw dq lqglylgxdo zlwk fkdudfwhulvwlfv [ zkr lv

xqhpsor|hg dw wlph w ^dqg holjleoh iru ehqh�wv` zloo frqwlqxh wr eh xqhpsor|hg lq

wkh qh{w txduwhu lv jlyhq e|
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zkhuh oq+E, lv wkh orjdulwkp ri wkh xqhpsor|phqw ehqh�w ohyho1 Lq frqgxfwlqj

rxu h{shulphqw/ zh xvh wkh srlqw hvwlpdwhv ri wkh ehkdylrudo sdudphwhuv iurp

T6T7 4<<8 ^wkh vdpsoh zlwk wkh lpsxwhg zdjh revhuydwlrqv`1 Lq wklv fdvh/ rxu

hvwlpdwh ri �+q> 5,> wkh suredelolw| ri uhfhlylqj qr r�hu iurp hlwkhu vhfwru/ lv 1;9<1

Wkh suredelolw| ri jhwwlqj dq r�hu iurp wkh sxeolf vhfwru/ �+q> 6,> lv hvwlpdwhg wr

eh 13751 Ilqdoo|/ wkh suredelolw| ri uhfhlylqj dq r�hu iurp d sulydwh vhfwru �up/

�+q> 7,> lv hvwlpdwhg wr eh 13;<1

Iru hdfk ri wkh 953 xqhpsor|hg lqglylgxdov lq rxu vdpsoh/ zh �uvw hydoxdwhg

�+q>q>[�,= Wkh dyhudjh ryhu wklv vdpsoh lv
S

��+q>q>[�,@953 @ =;;3= Diwhu d 43

shufhqw lqfuhdvh lq wkh ehqh�w dprxqw/ zh uhfrpsxwh wkh suredelolw| ri frqwlqxlqj

xqhpsor|phqw iru hdfk ri wkh vdpsoh phpehuv1 Wkh dyhudjh suredelolw| qrz

lqfuhdvhv wr 1;;8/ zklfk rqo| dprxqwv wr d fkdqjh ri 13381 Wkh hodvwlflw| ri wkh

suredelolw| ri frqwlqxhg xqhpsor|phqw zlwk uhvshfw wr d fkdqjh lq ehqh�w ohyho

lv rqo| hvwlpdwhg wr eh 1381

Wkh lqvljql�fdqw vl}h ri wklv hodvwlflw| vkrxog qrw uhdoo| eh vxusulvlqj1 Diwhu

doo/ prgho hvwlpdwhv lpso| wkdw wkh pdlq uhdvrq lqglylgxdov uhpdlq xqhpsor|hg

lv wkdw wkh| uhfhlyh qr r�huv1 Lw lv lqwhuhvwlqj wr qrwh wkdw jlyhq wkh uhfhlsw

ri dq r�hu/ wkh fkdqjh lq ehqh�w ohyhov grhv qrw kdyh d wulyldo h�hfw rq wkh

uhmhfwlrq suredelolw|1 Iru h{dpsoh/ jlyhq wkdw dq r�hu iurp d sxeolf vhfwru �up

lv uhfhlyhg/ wkh phdq uhmhfwlrq suredelolw| lqfuhdvhv iurp 13;: wr 1466 diwhu d 43

shufhqw lqfuhdvh lq wkh xqhpsor|phqw ehqh�w ohyho1 Jlyhq wkh uhfhlsw ri dq r�hu

iurp d sulydwh vhfwru �up/ wkh phdq uhmhfwlrq suredelolw| lqfuhdvhv iurp 13;3 wr

14541 Wkh hodvwlflw| ri wkh phdq suredelolw| ri r�hu uhmhfwlrq zlwk uhvshfw wr

wkh xqhpsor|phqw ehqh�w ohyho lv 179 lq wkh sxeolf vhfwru dqg 174 lq wkh sulydwh1
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Wkhvh h�hfwv duh qrw wulyldo/ exw jlyhq wkh orz udwh dw zklfk r�huv duh jhqhudwhg/

wkh qhw h�hfw ri xqhpsor|phqw ehqh�wv rq wkh frqwlqxdwlrq ri xqhpsor|phqw

vshoov lv vpdoo1

Rxu �qglqjv duh frqvlvwhqw zlwk revhuydwlrqv rq wkh h�hfwv ri wkh wljkwhqlqj ri

ehqh�wv hqirufhg dw wkh hqg ri 4<<41 Frqwudu| wr h{shfwdwlrqv ri srolf|0pdnhuv/

wkh wljkwhqlqj glg qrw vljql�fdqwo| d�hfw h{lw udwhv iurp qrq0hpsor|phqw/ qrwdeo|

wudqvlwlrqv iurp xqhpsor|phqw wr mrev1 Wkh lqwhusuhwdwlrq jhqhudoo| r�huhg iru

wkh olplwhg lpsdfw rrq rxw rzv wr mre udwhv ri wkh wljkwhqlqj ri ehqh�wv lv wkdw

h{lw iurp xqhpsor|phqw zhuh frqvwudlqhg e| dq ryhudoo odfn ri ydfdqflhv1 Zkloh

rxu uhvxowv duh frqvlvwhqw zlwk wklv h{sodqdwlrq/ zh fdqqrw uxoh rxw wkh srvvlelolw|

wkdw orz r�hu duulydo udwhv iru Srolvk xqhpsor|hg lqglylgxdov duh wkh e|surgxfw

ri orz vhdufk lqwhqvlw|1

Dqrwkhu h{shulphqw wkdw zh frxog kdyh lpsohphqwhg zdv wr uhlqwurgxfh dq

hduqlqj0uhodwhg xqhpsor|phqw ehqh�w v|vwhp iurp wkh  dw0udwh v|vwhp suhydlolqj

diwhu wkh 4<<4 uhirupv1 Krzhyhu/gxh wr orz0lqgh{dwlrq ri ehqh�wv deryh plqlpd/

hyhq ehiruh 4<<4 wkh ehqh�w v|vwhp zdv douhdg| gh0idfwr d  dw0udwh1 Pruhryhu/

jlyhq wkh olwwoh h�hfwv zh revhuyh lq wkh suredelolwlhv ri uhpdlqlqj xqhpsor|hg/

hyhq wklv vhfrqg h{shulphqw zrxog kdyh kdugo| lqyroyhg vljql�fdqw fkdqjhv lq

wudqvlwlrq suredelolwlhv iurp xqhpsor|phqw wr mrev1

81 Frqfoxvlrq

Lq vslwh ri pdmru fkdqjhv rffxuulqj lq wkh glvwulexwlrq ri hpsor|phqw dfurvv wkh

sxeolf dqg sulydwh vhfwruv/ lqgxvwulhv dqg rffxsdwlrqv/ zrunhu prelolw| lq wudq0

vlwlrqdo hfrqrplhv lv orz1 Lq wklv sdshu zh frpsxwh vrph vwdqgdug phdvxuhv ri

prelolw| iru wudqvlwlrq frxqwulhv vkrzlqj wkdw wkhuh lv vwulnlqjo| pruh lqwhulqgxv0

wu| dqg lqwhurffxsdwlrqdo prelolw| lq frxqwulhv zlwk uljlg oderu pdunhwv/ olnh Lwdo|/

wkdq lq fhqwudo dqg hdvwhuq Hxurshdq wudqviruplqj hfrqrplhv1

Lq rughu wr h{sodlq zk| prelolw| lv vr orz/ zh ghyhors d vlpsoh prgho ri

oderu pdunhw wudqvlwlrqv dfurvv dqg zlwklq sxeolf dqg sulydwh �upv dv zhoo dv

ehwzhhq hpsor|phqw dqg qrqhpsor|phqw1 Wkh prgho lv vx!flhqwo|  h{leoh vr dv

wr fdswxuh wkh frpsolfdwhg g|qdplfv ri wudqvlwlrqdo oderu pdunhwv1 Lw dovr r�huv

d udwkhu sduvlprqlrxv uhsuhvhqwdwlrq ri wkh vwrfkdvwlf surfhvv jryhuqlqj oderu

pdunhw wudqvlwlrqv dqg rqh wkdw fdq eh uhdglo| lqwhusuhwhg iurp d ehkdylrudo shu0

vshfwlyh1 Wkh prgho hqdeohv xv wr pdnh lqihuhqfhv frqfhuqlqj wkh glvwulexwlrq ri

mre r�huv frqglwlrqdo rq rffxs|lqj gl�huhqw oderu pdunhw vwdwhv/ wkh suredelolwlhv
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ri prylqj dfurvv mrev dqg oderu pdunhw vwdwhv/ dqg wkh glvwulexwlrqv ri wkh ydoxhv

dvvrfldwhg zlwk rffxsdqf| ri wkrvh vwdwhv1

Rxu uhvxowv srlqw wr wkuhh srvvleoh h{sodqdwlrqv iru orz prelolw| lq wudqvlwlrqdo

hfrqrplhv1 Wkh �uvw lv vhjphqwdwlrq lq wkh doorfdwlrq ri mre r�huv= wkrvh rxwvlgh

wkh sulydwh vhfwru duh ohvv olnho| wr eh r�huhg d mre iurp sulydwh0vhfwru �upv1 Wkh

vhfrqg h{sodqdwlrq uhodwhv wr wkh idfw wkdw � lq vslwh ri lwv vkulqnlqj vl}h +zklfk

lv dovr uhodwhg wr wkh sulydwl}dwlrq ri frqwlqxlqj �upv, � wkh sxeolf vhfwru vwloo

r�huv pruh vwdeoh mrev wkdq sulydwh xqlwv1 Ilqdoo|/ wkh orz uhwxuq wr h{shulhqfh

dqg djh dqg wkh juhdwhu glvshuvlrq ri sulydwh0vhfwru r�huv pdnhv hpsor|phqw lq

wklv vhfwru ohvv dwwudfwlyh/ rq dyhudjh/ wkdq sxeolf0vhfwru hpsor|phqw1

Wkh prelolw| sdwwhuqv suhglfwhg e| rxu prgho duh frqvlvwhqw zlwk pdujlqdo

h�hfwv ri d fkdqjh lq wkh jhqhurvlw| ri xqhpsor|phqw ehqh�wv rq  rzv iurp

xqhpsor|phqw wr hpsor|phqw1 Dv dq looxvwudwlrq ri wklv/ zh hvwlpdwh wkh h�hfwv

ri d 43 shu fhqw lqfuhdvh lq wkh xqhpsor|phqw ehqh�w rq  rzv iurp xqhpsor|phqw

wr hpsor|phqw/ zklfk wxuq rxw wr eh doprvw lqvljql�fdqw1 Vxfk d orz hodvwlflw|

frphv iurp wkh yhu| orz r�hu duulydo udwhv wkdw fkdudfwhulvh/ dffruglqj wr rxu

prgho/ wkh zrun ri wkh Srolvk oderxu pdunhw1

Lq ixwxuh zrun zh sodq wr hvwlpdwh wkh prgho ixoo| h{sorlwlqj wkh sdqho vwuxf0

wxuh ri wkh Srolvk OIV1 Kdylqj pruh revhuydwlrqv rq wkh vdph lqglylgxdo zrxog

hqdeoh xv wr uhod{ vrph ri rxu glvwulexwlrqdo dvvxpswlrqv rq wkh huuru whupv1

Rwkhu sodqqhg h{whqvlrqv ri wkh prgho frqfhuq wkh wuhdwphqw ri yroxqwdu| txlwv1

Vhsdudwlrqv lq wkh fxuuhqw prgho duh wuhdwhg dv sxuho| h{rjhqrxv1 Wudqvlwlrqv

wr lqdfwlylw|/ hvshfldoo| dw wkh ehjlqqlqj ri hfrqrplf wudqvirupdwlrq lq Fhqwudo

dqg Hdvwhuq Hxursh/ kdg d vljql�fdqw yroxqwdu| frpsrqhqw/ jlyhq wkdw xqghu

wkh suhylrxv uhjlph kdylqj d mre zdv frqvlghuhg dq reoljdwlrq1 Glvhqwdqjolqj

txlwv iurp od|r�v zrxog dovr doorz xv wr ehwwhu fkdudfwhul}h dv|pphwulhv lq wkh

ulvnlqhvv ri sxeolf vhfwru yv1 sulydwh vhfwru mrev1

5;



OHJHQG

�+q> 5, suredelolw| ri qrw uhfhlylqj d mre r�hu frqglwlrqdo rq ehlqj xqhpsor|hg dw w

�+q> 6, � ri uhfhlylqj dq r�hu iurp d sxeolf �up frqglwlrqdo rq ehlqj xqhpsor|hg dw w

�+q> 7, � ri uhfhlylqj dq r�hu iurp d sulydwh �up frqglwlrqdo rq ehlqj xqhpsor|hg dw w

�+j> 4, � ri ehlqj odlg0r� frqglwlrqdo rq ehlqj hpsor|hg lq d sxeolf �up dw w

�+j> 5, � ri qrw uhfhlylqj d mre r�hu frqglwlrqdo rq ehlqj hpsor|hg lq d sxeolf �up dw w

�+j> 6,
� ri uhfhlylqj d mre r�hu iurp dqrwkhu sxeolf �up frqglwlrqdo

rq ehlqj hpsor|hg lq d sxeolf �up dw w

�+j> 7,
� ri uhfhlylqj d mre r�hu iurp d sulydwh �up frqglwlrqdo

rq ehlqj hpsor|hg lq d sxeolf �up dw w

�+s> 4, � ri ehlqj odlg0r� frqglwlrqdo rq ehlqj hpsor|hg lq d sulydwh �up dw w

�+s> 5, � ri qrw uhfhlylqj d mre r�hu frqglwlrqdo rq ehlqj hpsor|hg lq d sulydwh �up dw w

�+s> 6,
� ri uhfhlylqj d mre r�hu iurp d sxeolf �up frqglwlrqdo

rq ehlqj hpsor|hg lq d sulydwh �up dw w

�+s> 7,
� ri uhfhlylqj d mre r�hu iurp dqrwkhu sulydwh �up frqglwlrqdo

rq ehlqj hpsor|hg lq d sulydwh �up dw w

Frqvwdqw +j, Lqwhufhsw ri zdjh r�hu htxdwlrq iru sxeolf vhfwru zrunhuv

Djh +j, Djh frh!flhqw ri zdjh r�hu ixqfwlrq iru sxeolf vhfwru zrunhuv

Frqvwdqw +s, Lqwhufhsw ri zdjh r�hu htxdwlrq iru sulydwh vhfwru zrunhuv

Djh +s, Djh frh!flhqw ri zdjh r�hu ixqfwlrq iru sulydwh vhfwru zrunhuv

�} vwdqgdug ghyldwlrq ri wkh zdjh vkrfnv lq wkh sxeolf vhfwru

�R vwdqgdug ghyldwlrq ri wkh zdjh vkrfnv lq wkh sulydwh vhfwru

��+j, olqhdu whqxuh whup lq wkh sxeolf vhfwru

�2+j, txdgudwlf whqxuh whup lq wkh sxeolf vhfwru

��+s, olqhdu whqxuh whup lq wkh sulydwh vhfwru

�2+s, txdgudwlf whqxuh whup lq wkh sulydwh vhfwru

O orj olnholkrrg ydoxhv

E xqhpsor|phqw ehqh�w ohyho
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Wdeoh 41 Prelolw| Lqgh{hv@cK

Ehwzhhq Sxeolf dqg Sulydwh Ilupv

RshqS <50<6 <60<7 <70<8 <80<9 <90<: Vwdwlrqdulw|

Kxqjdu| 313; 313; dff1

Srodqg 3146 314: 314: 3148 uhm1

Vorydn U1 313; 313; dff1

Krprjhqhlw| uhm1 uhm1

Forvhg_ <50<6 <60<7 <70<8 <80<9 <90<: Vwdwlrqdulw|

Kxqjdu| 3135 3134 uhm1

Srodqg 313: 313: 313: 3138 uhm1

Vorydn U1 3137 3135 uhm1

Krprjhqhlw| uhm1 uhm1

Dfurvv 45 vhfwruve

RshqS <50<6 <60<7 <70<8 <80<9 <90<: Vwdwlrqdulw|

F}hfk U1 313; 313< 313: 3139 uhm1

Kxqjdu| 3137 3137 dff1

Srodqg 3145 314: 314< 3146 uhm1

Krprjhqhlw| uhm1 uhm1 uhm1 uhm1

Lwdo| 314; 3149 3149 uhm1

Forvhg_ <50<6 <60<7 <70<8 <80<9 <90<: Vwdwlrqdulw|

F}hfk U1 3136 3135 3135 3135 uhm1

Kxqjdu| 3137 3136 uhm1

Srodqg 3147 314; 314< 3145 uhm1

Krprjhqhlw| uhm1 uhm1 uhm1 uhm1

Lwdo| 314; 314: 3149 uhm1

Dfurvv < rffxsdwlrqvs

RshqS <50<6 <60<7 <70<8 <80<9 <90<: Vwdwlrqdulw|

F}hfk U1 313; 3143 313; 313: uhm1

Kxqjdu| 3138 3137 uhm1

Srodqg 314: 3146 uhm1

Krprjhqhlw| uhm1 uhm1 uhm1

Lwdo| 3154 314< 314< uhm1

Forvhg_ <50<6 <60<7 <70<8 <80<9 <90<: Vwdwlrqdulw|

F}hfk U1 3135 3137 3137 3135 uhm1

Kxqjdu| 3136 3136 dff1

Srodqg 3153 3145 uhm1

Krprjhqhlw| uhm1 uhm1 uhm1

Lwdo| 3156 3153 3149 uhm1
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Qrwhv=

+d, L@+v0wu+P,,2+v04,,

+e, \hduo| dyhudjh ri txduwhuo| phdvxuhv ri prelolw|1

+f, lqfoxglqj vkliwv wr dqg iurp xqhpsor|phqw dqg lqdfwlylw|

+g, h{foxglqj vkliwv wr dqg iurp xqhpsor|phqw dqg lqdfwlylw|

+h, Wkh iroorzlqj vhfwrudo fodvvl�fdwlrq zdv xvhg= 4, Djulfxowxuh ) Ilvklqj/ 5, Hqhuj| )

Zdwhu/ 6, Pdqxidfwxulqj/

7, Frqvwuxfwlrq/ 8, Wudgh ) Uhsdlu/ 9, Krwhov ) Uhvwdxudqwv/ :, Wudqvsruw ) Frppxqlfd0

wlrqv/ ;, Ilqdqfldo

Vhuylfhv/ <, Uhdo Hvwdwh/ 43, Sxeolf Dgplqlvwudwlrq ) Ghihqfh/ 44, Hgxfdwlrq ) Khdowk/

45, Rwkhu sxeolf Vhuylfhv

+i, Wkh iroorzlqj fodvvl�fdwlrq ri rffxsdwlrqv zdv xvhg= 4, Ohjlvodwruv/ Vhqlru R!fldov dqg

Pdqdjhuv/

5, Surihvvlrqdov/ 6, Whfkqlfldqv dqg Dvvrfldwh Surihvvlrqdov/ 7, Fohunv/ 8, Vhuylfh Zrunhuv

dqg Vkrs dqg Pdunhw

Vdohv Zrunhuv/ 9, Vnloohg Djulfxowxudo dqg Ilvkhu| Zrunhuv/ :, Fudiw dqg Uhodwhg Wudghv

Zrunhuv ) / ;, Sodqw dqg

Pdfklqh Rshudwruv dqg Dvvhpeohuv/ <, Hohphqwdu| Rffxsdwlrqv1
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Wdeoh 51 Ghvfulswlyh Vwdwlvwlfv

V4 +d,

V5 +e,

q

j

s

q

j

s

z5j +�},

z5j +�R,

� +j,

� +s,

djh q

djh j

djh s

T60T7 <7

q @ 69:

31556

31856

31586

3157;

31848

3156:

81<58 +316:9,

81;<: +31786,

4616:4 +;155:,

;197: +;18;4,

6<15;9

6<1<69

6;199:

T40T5 <8

q @ 798

31598

317;3

31589

31587

317;9

31593

91366 +316:6,

91336 +316;8,

451496 +;1;3;,

:1495 +;1877,

741858

6<187;

6;1;84

T60T7 <8

q @ 5849

31563

317<6

315::

3158:

317;<

31587

91649 +316<6,

91539 +31773,

4517;6 +;1965,

917:< +:1::4,

74135;

6<1:96

6<1939
Wdeoh 61 Wudqvlwlrq Pdwulfhv

T60T7 <7 T40T5 <8 T60T7 <8

@@@@@ Dfurvv Vwdwxv @@@@@@@

s??
s?}
s?R
s}?
s}}
s}R
sR?
sR}
sRR

31<5:

31345

31394

31354

31<8;

31354

3144;

31376

31;6<

31;:3

3138:

313:6

31355

31<:6

31338

31383

3134:

31<66

31<64

31368

31368

31364

31<97

31339

31433

31355

31;:;

@@@@@ Dfurvv Hpsor|huv @@@@@@@

s}<}

s}<}

sR<R

sR<R

31;8<

31474

31;54

314:<

31<55

313:;

31<34

313<<

31<7:

31386

31<64

3139<
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Wdeoh 71 Prgho Hvwlpdwhv= Txduwhuv 6 dqg 7/ 4<<7

Sdudphwhuv Qr Zdjh Dvvljqphqw Zlwk Zdjh Dvvljqphqw

�+q> 5, 1;<6 1:<<

+134:, +1354,

�+q> 6, 1375 1396

+1344, +1346,

�+q> 7, 1398 146;

+1346, +134;,

�+j> 4, 134< 134<

+1334, +1334,

�+j> 5, 1:75 1:57

+135:, +135:,

�+j> 6, 149< 1498

+1357, +1356,

�+j> 7, 139< 13<5

+1346, +1348,

�+s> 4, 1434 1376

+1346, +1339,

�+s> 5, 18:4 19;:

+136:, +1356,

�+s> 6, 14;8 13;;

+1363, +1347,

�+s> 7, 1476 14;5

+1357, +134;,
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Frqvwdqw +j, :1:;8 :1;54

+13<9, +13<9,

Djh243 +j, 137; 1373

+1357, +1357,

Orz Hg +j, 014;6 014<3

+1369, +1368,

Kljk Hg +j, 1635 1639

+1368, +1367,

Frqvwdqw +s, :1:3: :1;98

+11479, +13<4,

Djh243 +s, 13<9 1379

+136:, +1356,

Orz Hg +s, 01446 013;3

+1385, +1363,

Kljk Hg +s, 17<7 16;8

+139<, +1376,

�} 16:: 16:<

+1343, +1343,

�R 176: 175;

+1345, +133;,

��+j, 1368 1367

+1338, +1338,

�2+j, 01439 01436

+134:, +134:,

��+s, 1335 1346

+133;, +1337,

�2+s, 01354 01379

+1364, +1349,

Q 4<5; 5:3;
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Wdeoh 8= Prgho Hvwlpdwhv= Txduwhuv 6 dqg 7/ 4<<8

Sdudphwhuv Qr Zdjh Dvvljqphqw Zlwk Zdjh Dvvljqphqw

�+q> 5, 1<56 1;9<

+1345, +1347,

�+q> 6, 136: 1375

+133;, +133;,

�+q> 7, 1373 13;<

+133<, +1345,

�+j> 4, 1359 1357

+1334, +1334,

�+j> 5, 1::6 1:95

+1353, +1353,

�+j> 6, 1467 1467

+134:, +134:,

�+j> 7, 139: 13:<

+1344, +1345,

�+s> 4, 13<3 1373

+1344, +1338,

�+s> 5, 19;6 1:;<

+1359, +1349,

�+s> 6, 13<8 1386

+134:, +133<,

�+s> 7, 1465 144;

+1353, +1346,
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Frqvwdqw +j, ;163: ;15<3

+13;6, +13::,

Djh243 +j, 1359 1364

+1334, +134;,

Orz Hg +j, 014:4 014;4

+1365, 1364

Kljk Hg +j, 1583 1584

+135<, +135;,

Frqvwdqw +s, ;13;: ;155;

+143<, +13:6,

Djh243 +s, 13:< 1383

+135;, +134;,

Orz Hg +s, 014;3 013<6

+136<, +1358,

Kljk Hg +s, 18<6 183:

+137;, +1365,

�} 16:3 16:4

+133;, +133;,

�R 16<9 16<7

+1343, +133:,

��+j, 1357 1357

+1337, +1337,

�2+j, 01394 01398

+1347, +1348,

��+s, 1339 1344

+1339, +1337,

�2+s, 01354 01365

+1354, +1347,

Q 588< 6884

Qrwhv=

+d, Yduldeohv uhihuuhg wr wkh �uvw ri wkh wzr txduwhuv lq wkh pdwfkhg vdpsoh1

+e, Yduldeohv uhihuuhg wr wkh vhfrqg ri wkh wzr txduwhuv lq wkh pdwfkhg vdpsoh1
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Uhihuhqfhv

^4` Dqghuvrq/ W1 dqg Jrrgpdq/ O1 +4<:8, Vwdwlvwlfdo Lqihuhqfh derxw Pdunry

Fkdlqv/ Dqqdov ri Pdwkhpdwlfdo Vwdwlvwlfv/ 5;/ ;<043<1

^5` Eodqfkdug/ R1/ Frppdqghu/ V1 dqg Fruulfhool/ I1 +hgv1, +4<<8,/ Xqhpsor|0

phqw/ Uhvwuxfwxulqj dqg oderu Pdunhwv lq Hdvw Hxursh dqg Uxvvld/ Zdvk0

lqjwrq/ GF/ Wkh Zruog Edqn1

^6` Erhul/ W1 +4<<7, Wudqvlwlrqdo Xqhpsor|phqw/ Hfrqrplfv ri Wudqvlwlrq 5=40

591

^7` Erhul/ W1 dqg Vwhlqhu/ Y1 +4<<;,/ �Zdlw Xqhpsor|phqw� lq Wudqvlwlrq Frxq0

wulhv= Hylghqfh iurp Srodqg/ Nrqmxqnwxusrolwln/ q177/ 5;:06441

^8` Mrqhv/ G1 dqg Ndwr/ W1 +4<<6, Wkh Qdwxuh dqg Ghwhuplqdqwv ri oderu Pdunhw

Wudqvlwlrqv lq Iruphu Vrfldolvw Hfrqrplhv= Hylghqfh iurp Exojduld/ Kdplo0

wrq Froohjh/ Ghsw1 ri Hfrqrplfv Zrunlqj Sdshuv1

^9` Nrw}hyd/ P1/ Plufkhyd/ G1 dqg Zrhujrhwwhu/ D1 +4<<9,/ Hydoxdwlrq ri Dfwlyh

dqg Sdvvlyh Oderxu Pdunhw Srolf| lq Exojduld/ lq RHFG +4<<9, Ohvvrqv

iurp Oderxu Pdunhw Srolflhv lq wkh Wudqvlwlrq Frxqwulhv/ RHFG/ Sdulv1

^:` Iolqq/ F1 +4<<:, Oderu Pdunhw Vwuxfwxuh dqg Zhoiduh= D frpsdulvrq ri Lwdo|

dqg wkh XV/ Qhz \run Xqlyhuvlw|1

^;` Kdp/ M1/ Vyhmqdu/ M1 dqg Whuuhoo/ N1 +4<<8,/ Xqhpsor|phqw/ wkh Vrfldo Vdihw|

Qhw dqg H!flhqf| lq Wudqvlwlrq= Hylghqfh iurp Plfur Gdwd rq F}hfk dqg

Vorydn Phq/ Dphulfdq Hfrqrplf Uhylhz/ iruwkfrplqj1

^<` Oxe|ryd/ P1 dqg Mdq F1 ydq Rxuv +4<<:, Xqhpsor|phqw G|qdplfv dqg

wkh Uhvwuxfwxulqj ri wkh Vorydn Xqhpsor|phqw Ehqh�w V|vwhp/ Hxurshdq

Hfrqrplf Uhylhz/ q174/ <580671

^43` Plfnohzuljkw/ M1 dqg Qdj|/ J1 +4<<9, Oderu Pdunhw Srolf| dqg wkh Xqhp0

sor|hg lq Kxqjdu|/ Hxurshdq Hfrqrplf Uhylhz/ 73/ ;4<0;5;1

^44` RHFG +4<<7, Xqhpsor|phqw lq Wudqvlwlrq Frxqwulhv= Wudqvlhqw ru Shuvlv0

whqwB/ RHFG/ Sdulv1
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^45` RHFG +4<<9, Ohvvrqv iurp Oderxu Pdunhw Srolflhv lq wkh Wudqvlwlrq Frxq0

wulhv/ RHFG/ Sdulv1

^46` Vkruurfnv/ D1I1+4<:;, Wkh Phdvxuhphqw ri Prelolw|/ Hfrqrphwulfd/ q18/

4346043571

^47` Vwhlqhu/ Y1 dqg Nzldwrzvnl/ H1 +4<<8,/ Wkh Srolvk oderu Pdunhw lq Wudqvl0

wlrq/ ]HZ Glvfxvvlrq Sdshuv/ q16/ Pdqqkhlp1

^48` Sxkdql/ S1 dqg Vwhlqhu/ Y1 +4<<9, Sxeolf Zrunv iru SrodqgB Dfwlyh od0

eru Pdunhw Srolflhv gxulqj Wudqvlwlrq/ ]HZ Glvfxvvlrq Sdshuv/ <9034/

Pdqqkhlp1

^49` Yrgrslyhf/ P1 +4<<8,/ Wkh Voryhqldq oderu Pdunhw lq Wudqvlwlrq= Hylghqfh

iurp Plfur Gdwd/ lq RHFG +4<<9,/ Ohvvrqv iurp wkh H{shulhqfh ri Wudqvl0

wlrq Frxqwulhv zlwk Oderu Pdunhw Srolflhv/ RHFG/ Sdulv1
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