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Devwudfw

Wklv sdshu suhvhqwv hylghqfh rq krz pruwdolw| lq Ghqpdun lv uhodwhg wr gl�huhqw

vrflr0hfrqrplf lqglfdwruv1 E| xvh ri d xqltxh dqg h{whqvlyh vdpsoh ri wkh Gdqlvk

srsxodwlrq/ zh h{dplqh krz pruwdolw| lv uhodwhg wr idfwruv vxfk dv hgxfdwlrq/ rffx0

sdwlrq/ vnloo ohyho dqg lqfrph iru wkh |hduv 4<<50<:1 Zh hpsor| d frpshwlqj ulvnv

sursruwlrqdo kd}dug prgho wr doorz iru gl�huhqw fdxvhv ri ghdwk1 Wklv wxuqv rxw wr

eh ri lpsruwdqfh dv vrph idfwruv kdyh xqhtxdo +dqg vrphwlphv rssrvlwh, lq xhqfh

rq wkh fdxvh0vshfl�f pruwdolw| udwhv1 Sduwlfxoduo|/ zh �qg wkdw wkh riwhq irxqg lq0

yhuvh fruuhodwlrq ehwzhhq vrflr0hfrqrplf vwdwxv dqg pruwdolw| wr d odujh ghjuhh lv

devhqw iru zrphq wkdw glh gxh wr fdqfhu1

MHO fodvvl�fdwlrq= F74/ L45

Nh|zrugv= Pruwdolw|/ Frpshwlqj ulvnv gxudwlrq prgho1

�Ilqdqfldo vxssruw iurp wkh Gdqlvk Vrfldo Vflhqfh Uhvhdufk Frxqflo lv judwhixoo| dfnqrzohgjhg1 Zh

wkdqn Qlhov Khqqlqj Emûuq/ Phwwh Hmuqév/ Dqqh Nulvwlqh Kûm dqg Plfkdho Urvkrop iru xvhixo frpphqwv

dqg Mhqv Fku1 Wkhoohvhq iru h{fhoohqw uhvhdufk dvvlvwdqfh1 Wkh ylhzv h{suhvvhg duh qrw qhfhvvdulo|

uh hfwlqj wkrvh ri wkh Gdqlvk Hfrqrplf Frxqflo1
|Dgguhvv= Gdqlvk Hfrqrplf Frxqflo/ Dghojdgh 46/ GN04637 Frshqkdjhq/ Ghqpdun> Who1= .78 66<6

845<07:> Id{= .78 6665 <35<> H0pdlo= mupCgruv1gn
}Dgguhvv= Xqlyhuvlw| ri Ddukxv/ Ghsduwphqw ri Hfrqrplfv/ Exloglqj 683/ GN0;333 Ddukxv F/ Ghq0

pdun> Who1= .78 ;<75 48<;> Id{= .78 ;946 9667> H0pdlo= plfkdhoCvyduhu1gn
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4 Lqwurgxfwlrq

Vlqfh wkh 4<:3v olih h{shfwdqf| lq Ghqpdun kdv kdg d vorzhu jurzwk wkdq lq prvw rwkhu

dgydqfhg frxqwulhv1 Wklv lv uh hfwhg e| wkh idfw wkdw dprqj wkh �iwhhq HX0frxqwulhv

rqo| wkuhh frxqwulhv kdg d kljkhu olih h{shfwdqf| wkdq Ghqpdun lq 4<;3/ zkloh lq 4<<;

rqo| rqh frxqwu| kdg d orzhu olih h{shfwdqf|41 Dw wkh vdph wlph Ghqpdun lv dprqj wkh

prvw zhdowk| frxqwulhv lq HX1 Dffruglqj wr wkh 4<<; RHFG vwdwlvwlf rq JGS shu fdslwd

Ghqpdun lv wkh vhfrqg ulfkhvw frxqwu| lq HX/ rqo| vxffhhghg e| Ox{hperxuj1 Jhqhudoo|/

olih h{shfwdqf| dqg JGS shu fdslwd kdyh d yhu| kljk srvlwlyh fruuhodwlrq +vhh Vlfnohv )

Wdxepdq +4<<:,,1 Lw lv wkhuhiruh uhpdundeoh wkdw Ghqpdun lv dw wkh orzhu hqg ri wkh olih

h{shfwdqf| glvwulexwlrq lq HX1 Wkh h{sodqdwlrq iru wklv udqn lv suhvxpdeo| d frpsoh{

pl{wxuh ri vxsso| vlgh idfwruv olnh lqglylgxdo ehkdylru/ olih0vw|oh +h1j1 dwwlwxghv wrzdug

vprnlqj dqg dofrkro xvh, dqg jhqhwlf idfwruv lq wkh srsxodwlrq dqg ghpdqg vlgh idfwruv

olnh dffhvv wr wuhdwphqw dqg txdolw| ri wuhdwphqw1 D wkrurxjk lqyhvwljdwlrq ri wkh Gdqlvk

h{fhvv pruwdolw| sureohp wkhuhiruh uhtxluhv d yhu| ulfk gdwd vhw fryhulqj doo sduwv ri wkh

phqwlrqhg idfwruv1

Dorqjvlgh wkh djjuhjdwh fruuhodwlrq ehwzhhq olih h{shfwdqf| dqg JGS shu fdslwd lw lv

dovr irxqg wkdw kljk vrflr0hfrqrplf vwdwxv vxssruwv orqjhylw| +vhh h1j1 Prruh ) Kd|zdug

+4<<3, dqg Pduwlndlqhq +4<<8,,1 Lq wkh suhvhqw vwxg| zh irfxv rq wkh pruh glvdjjuhjdwh

ohyho dqg lqyhvwljdwh wkh dvvrfldwlrq ehwzhhq vrflr0hfrqrplf vwdwxv dqg pruwdolw| dw wkh

lqglylgxdo ohyho1

Zh xvh d yhu| ulfk dqg h{whqvlyh vdpsoh ri wkh Gdqlvk srsxodwlrq wr h{dplqh krz

pruwdolw| lv uhodwhg wr idfwruv vxfk dv hgxfdwlrq/ vnloo ohyho/ rffxsdwlrq/ dqg lqfrph iru wkh

|hduv 4<<50<:1 Wkh gdwd vhw lv iruphg e| phujlqj d qxpehu ri dgplqlvwudwlyh uhjlvwhuv iru

d 43 shufhqw vdpsoh ri wkh Gdqlvk srsxodwlrq1 Wkh uhjlvwhuv gr qrw frqwdlq lqirupdwlrq

derxw khdowk ehkdylruv ru ulvn idfwruv vxfk dv frqvxpswlrq ri fljduhwwhv ru dofrkro1 Lqvwhdg

wkhuh duh ghwdlohg lqirupdwlrq derxw pdulwdo vwdwxv/ hgxfdwlrq ohyho/ vnloo ohyho/ rffxsdwlrq/

dqg lqfrph1 Wkdw lv/ zh wu| wr phdvxuh olih0vw|oh eurdgo| dqg lqgluhfwo| wkurxjk vhyhudo

vrflr0hfrqrplf yduldeohv1

Wkh dydlodeoh sdqho gdwd vhw doorzv xv wr shuirup hvwlpdwlrqv ri d gxudwlrq prgho/

wkxv fdswxulqj wkh pruwdolw| h{shulhqfhv ri gl�huhqw frkruwv dv wkh| djh1 Lq grlqj vr

zh wdnh ixoo dgydqwdjh ri wkh orqjlwxglqdo qdwxuh ri gdwd1 Ixuwkhupruh/ zh hpsor| d

udwkhu  h{leoh frpshwlqj ulvnv sursruwlrqdo kd}dug prgho wr doorz iru gl�huhqw fdxvhv ri

4Olih h{shfwdqf| lq Ghqpdun lq 4<;3 dqg 4<<; zhuh :7 dqg :9 |hduv uhvshfwlyo|1 Wkh qxpehu iru

4<;3 zdv rqo| wrsshg e| Qhwkhuodqgv/ Vsdlq dqg Vzhghq/ dqg lq 4<<; rqo| Sruwxjdo kdg d orzhu olih

h{shfwdqf|1
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ghdwk1 Wkh uhvxowv ri wklv prgho lv khog xs djdlqvw uhvxowv iurp d gxudwlrq prgho ljqrulqj

gl�huhqw ghdwk fdxvhv/ l1h1 d vlqjoh ulvn prgho1 Wklv fohduo| looxvwudwhv wkh uhohydqfh ri d

frpshwlqj ulvnv prgho/ dv vrph idfwruv kdyh xqhtxdo +dqg vrphwlphv rssrvlwh, lq xhqfh

rq wkh fdxvh0vshfl�f kd}dug udwhv1 Wkh hvwlpdwhv iurp wkh vlqjoh ulvn prgho pdvn wkhvh

gl�huhqfhv/ dqg vr lpsruwdqw uhvxowv pd| eh ryhuorrnhg li rqo| wkh vlqjoh ulvn prgho lv

hvwlpdwhg dqg dqdo|vhg1

Rxu �qglqjv uhyhdo wkdw iru phq wkh qhjdwlyh fruuhodwlrq ehwzhhq vrflr0hfrqrplf vwd0

wxv dqg pruwdolw| jhqhudoo| suhydlov/ exw iru zrphq zh �qg txlwh gl�huhqw uhvxowv1 Iru

zrphq lq wkh djh jurxs 8309< |hduv rog zh �qg wkdw idfwruv vxfk dv ehlqj pduulhg/ kdylqj

d kljk lqfrph dqg kdylqj d orqj hgxfdwlrq duh qrw vljql�fdqwo| dvvrfldwhg zlwk kljkhu

olih h{shfwdqf|1 Lw wxuqv rxw wkdw wkhvh vxusulvlqj uhvxowv sulpdulo| duh gxh wr wkh fdqfhu

pruwdolw| ulvn1

Wkh qh{w vhfwlrq ghvfulehv lq ghwdlo wkh gdwd vhw dqg lq vhfwlrq 6 wkh frpshwlqj ulvnv

sursruwlrqdo kd}dug prgho lv vshfl�hg1 Vhfwlrq 7 suhvhqwv uhvxowv ri rxu hvwlpdwlrqv dqg

�qdoo| vhfwlrq 8 jlyhv d eulhi frqfoxvlrq1

5 Gdwd

Gdwd xvhg lq wklv vwxg| duh gudzq iurp d odujh Gdqlvk sdqho gdwd vhw pdgh dydlodeoh

e| Vwdwlvwlfv Ghqpdun1 Wkh frpsohwh gdwd vhw frqvlvwv ri d udqgrp vdpsoh ri 43 ( ri

wkh Gdqlvk dgxow srsxodwlrq zlwk lqirupdwlrq wdnhq iurp vhyhudo Gdqlvk dgplqlvwudwlyh

uhjlvwhuv1 Wkh gdwd vhw frpsulvhv lqirupdwlrq rq d odujh qxpehu ri ghprjudsklf dqg

vrflr0hfrqrplf yduldeohv dv zhoo dv lqirupdwlrq ri ghdwk fdxvhv iru doo ghdwkv lq wkh |hduv

4<<504<<:51 Wkh h{whqw ri wkh gdwd vhw pdnhv lw yhu| srzhuixo wr h{dplqh wkh uhodwlrqvkls

ehwzhhq pruwdolw| dqg vrflr0hfrqrplf fkdudfwhulvwlfv1

Zh kdyh glylghg wkh vdpsoh lqwr irxu jurxsv> dffruglqj wr jhqghu dqg dffruglqj wr

frkruw1 Wkdw lv/ zh frqvlghu wkh wzr jurxsv ri phq dqg zrphq zlwk wkh djh ri 7307<

|hduv lq 4<<5 dqg wkh wzr jurxsv ri phq dqg zrphq zlwk wkh djh ri 8309< |hduv lq 4<<51

Lqglylgxdov ehorz wkh djh ri 73 lq 4<<5 lv ljqruhg ehfdxvh wkhuh duh wrr ihz ghdwk hyhqwv

wr lghqwli| h�hfwv iurp wkh fryduldwhv1 Lq wkh rwkhu hqg ri wkh djh glvwulexwlrq zh ohdyh

rxw lqglylgxdov deryh wkh djh ri 9< lq 4<<5/ vlqfh lq wklv frkruw doprvw doo lqglylgxdov duh

uhwluhg dqg vr wkhuh duh qr ru plvohdglqj lqirupdwlrq rq vhyhudo vrflr0hfrqrplf lqglfdwruv1

Wkh revhuyhg olihwlph lv phdvxuhg suhflvho| dv zh kdyh lqirupdwlrq rq wkh gdwh ri eluwk

iru doo lqglylgxdov dqg wkh gdwh ri ghdwk iru wkrvh zkr glhg lq 4<<504<<:1

5Lqirupdwlrq rq wkh ghprjudsklf dqg vrflr0hfrqrplf yduldeohv iru wkh |hdu 4<;; lv dovr dydlodeoh1
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Zh h{solflwo| wdnh lqwr dffrxqw fdxvh0vshfl�f pruwdolw| e| fodvvli|lqj doo ghdwkv lqwr

d ihz lpsruwdqw jurxsv ri ghdwk fdxvhv1 Wkh glylvlrq lv edvhg rq wkh hljkwk dqg whqwk

uhylvlrq ri wkh Lqwhuqdwlrqdo Fodvvl�fdwlrq ri Glvhdvhv +LFG,1 Lq wkh |rxqjhu frkruwv zh

kdyh erwk hvwlpdwhg d vlqjoh ulvn prgho dqg d frpshwlqj ulvnv prgho zlwk wzr fdxvh0

vshfl�f kd}dug udwhv/ zkhuh wkh wzr fdxvhv ri ghdwk duh fdqfhu uhodwhg looqhvvhv dqg lwv

frpsohphqwv1 Iru wkh roghu frkruwv zh hvwlpdwh dq dgglwlrqdo fdxvh0vshfl�f kd}dug udwh/

qdpho| wkdw ri ghdwk gxh wr flufxodwru| glvhdvhv1 Wdeoh 4 vkrzv wkh qxpehu ri ghdwkv lq

hdfk ri wkh irxu djh0jhqghu jurxsv dqg wkhlu glvwulexwlrq rq ghdwk fdxvhv1 Wkh �jxuhv

vkrz qrwdeoh gl�huhqfhv ehwzhhq phq dqg zrphq dv fdqfhu lv d pxfk pruh iuhtxhqw fdxvh

ri ghdwk iru zrphq wkdq iru phq1

Ehorz iroorzv d eulhi ghvfulswlrq ri wkh yduldeohv ri wkh gdwd vhw wkdw duh xvhg lq wkh

vxevhtxhqw dqdo|vlv1 Wdeoh 5 suhvhqwv phdqv iru doo h{sodqdwru| yduldeohv iru wkh irxu djh0

jhqghu jurxsv/ dqg lw lv vhhq wkdw wkhuh duh pruh wkdq 671333 shuvrqv lq hdfk frkruw1 Qrwh

wkdw iru wkrvh shuvrqv zkr glh gxulqj wkh shulrg 4<<50<: doo fryduldwhv +h{fhsw lqfrph,

duh revhuyhg wkh |hdu sulru wr wkdw ri ghdwk1 Iru wkrvh zkr vxuylyh wkh hqwluh shulrg/

fryduldwhv duh revhuyhg lq wkh �qdo |hdu/ 4<<:1

Dprqj ghprjudsklf lqglfdwruv zh frqvlghu wkuhh gl�huhqw lqglfdwru yduldeohv> frshq0

kdjhq lv dq lqglfdwru yduldeoh wkdw wdnhv wkh ydoxh 4 li wkh shuvrq olyhg lq wkh flw| ri

Frshqkdjhq1 Frshqkdjhq lv wkh fdslwdo dqg e| idu wkh odujhvw flw| lq Ghqpdun1 pdu0

ulhg lv dovr dq lqglfdwru yduldeoh/ dqg lv frpsduhg wr rwkhu vwxglhv +h1j1 Kx ) Jrogpdq

+4<<3,/ Vplwk ) ]lfn +4<<7,/ dqg Oloodug ) Sdqlv +4<<9,, d vrphzkdw fuxgh phdvxuh/

vlqfh zh gr qrw glvwlqjxlvk ehwzhhq qhyhu0pduulhg dqg glyrufhg ru zlgrzhg lqglylgxdov1

Wkh suhvhqfh ri fkloguhq lv fdswxuhg e| wkh yduldeoh nlgv1 Lw zdv rqo| srvvleoh wr frqwuro

iru wkh suhvhqfh ri fkloguhq iru shuvrqv lq wkh |rxqjhu frkruw zlwk vx!flhqw suhflvlrq/ vr

wkh yduldeoh lv ohiw rxw ri wkh dqdo|vlv iru wkh roghu frkruwv1

Vhyhudo gl�huhqw phdvxuhv ri vrflr0hfrqrplf vwdwxv duh lqfoxghg lq wkh dqdo|vlv> hgx0

fdwlrq/ vnloo ohyho/ rffxsdwlrq/ krph0rzqhuvkls/ dqg lqfrph1 Zlwk uhvshfw wr hgxfdwlrq

wkhuh duh �yh gl�huhqw fdwhjrulhv gh�qhg lq whupv ri wkh ohyho ri wkh prvw dgydqfhg frp0

sohwhg hgxfdwlrq1 Wkh orzhvw ohyho ri hgxfdwlrq frqvlvwv ri shuvrqv zlwk mxvw sulpdu|

vfkrrolqj +Qr hgxfdwlrq,1 Wkh qh{w hgxfdwlrq fdwhjru| duh wkrvh zlwk yrfdwlrqdo wudlq0

lqj dqg kljk vfkrro judgxdwhv +Yrfdwlrqdo Hgxfdwlrq,1 Judgxdwhv kdyh ehhq jurxshg lqwr

wkh odvw wkuhh fdwhjrulhv +Hgxfdwlrq 4 +vkruwhvw,/ 5 dqg 6 +orqjhvw,, edvhg rq wkh ohqjwk

ri wlph qhhghg wr rewdlq d ghjuhh1 Shuvrqv zlwkrxw hgxfdwlrq eh|rqg sulpdu| vfkrro duh

xvhg dv uhihuhqfh jurxs1

Wkh qh{w vrflr0hfrqrplf idfwru lv vnloo ohyho/ dqg djdlq lw lv frqwuroohg iru e| frq0

vwuxfwlqj d qxpehu ri lqglfdwru yduldeohv1 Wkh �uvw fdwhjru| frqvlvwv ri vhoi0hpsor|hg
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shuvrqv zklfk hqfrpsdvvhv h1j1 iduphuv dqg �vkhuphq1 Wkhuh duh wkuhh gl�huhqw ohyhov

ri vdodulhg zrunhuv> kljk/ phglxp dqg orz/ dqg wkhuh duh vnloohg dqg xqvnloohg zrunhuv1

Iru lqglylgxdov zkr kdyh ohiw wkh oderxu pdunhw wkhuh duh wzr w|shv ri uhwluhphqw lqgl0

fdwruv qdpho| hduo|0uhwluhphqw dqg uhwluhphqw1 Shuvrqv rq wkh hduo|0uhwluhphqw surjudp

duh lqglylgxdov/ zkr kdyh kdg d orqj dfwlyh oderxu pdunhw fduhhu/ dqg zkr kdyh uhwluhg

dw wkh djh ri 93 rq idyrudeoh frqglwlrqv1 Wkxv rqo| lqglylgxdov lq wkh roghu frkruw kdg

wkh rssruwxqlw| wr uhwluh xqghu wkhvh whupv1 Dv qrwhg deryh zh xvh lqirupdwlrq rq wkh

yduldeoh iurp wkh odvw |hdu wkh shuvrqv duh dolyh/ dqg lq wklv zd| vhyhudo shuvrqv � sduwlf0

xoduo| iru wkh roghu frkruwv � zloo eh fodvvl�hg dv uhwluhg1 Krzhyhu/ iru prvw shuvrqv zh

kdyh lqirupdwlrq derxw wkh odwhvw vnloo ohyho sulru wr uhwluhphqw/ dqg zh kdyh fkrvhq wr

wdnh wklv lqwr dffrxqw1 Wkdw lv/ wkh yduldeoh iru uhwluhphqw phdvxuhv wkrvh shuvrqv zkr

kdyh ehhq uhwluhg wkurxjk doo wkh |hduv 4<;;/ 4<<504<<:1 Vnloohg zrunhuv lv wkh uhihuhqfh

jurxs ehorz1

Dqrwkhu lqglfdwru ri vrfldo vwdwxv lv rffxsdwlrq/ dqg wkhuh duh hljkw gl�huhqw fdwhjrulhv>

djulfxowxuh2�vklqj/ pdqxidfwxulqj/ frqvwuxfwlrq/ wudgh/ wudqvsruw/ sxeolf vhfwru/ vhuylfh

dqg xqnqrzq rffxsdwlrq1 Djdlq/ e| xvlqj wkh rffxsdwlrq iru wkh odvw |hdu wkh shuvrqv

duh dolyh/ prvw uhwluhg shuvrqv zloo eh fodvvl�hg dv kdylqj xqnqrzq rffxsdwlrq1 Wkhuhiruh

zh kdyh fkrvhq wr dvvljq wkh odwhvw rffxsdwlrq gl�huhqw wr xqnqrzq rffxsdwlrq1 Rqh

pljkw vxvshfw wkh yduldeohv iru vnloo ohyho dqg rffxsdwlrq ri ehlqj kljko| fruuhodwhg dv

iru lqvwdqfh vhoi hpsor|hg shuvrqv w|slfdoo| pljkw zrun lq wkh djulfxowxuh2�vklqj vhfwru1

Krzhyhu/ zh kdyh fdofxodwhg fruuhodwlrq frh!flhqwv/ dqg wkh| uhyhdo qr vwurqj fruuhodwlrqv

ehwzhhq dq| ri wkh vrflr0hfrqrplf lqglfdwruv1 Wkrvh zrunlqj lq wkh vhuylfh vhfwru lv wkh

uhihuhqfh jurxs1

Ilqdoo|/ wzr hfrqrplf lqglfdwruv iru krph rzqhuvkls dqg lqfrph duh lqfoxghg1 Lw lv

vhhq iurp Wdeoh 5 wkdw phq duh pruh riwhq krph rzqhuv wkdq zrphq/ uh hfwlqj wkh idfw

wkdw iru pduulhg frxsohv lw lv w|slfdoo| kxvedqgv zkr duh uhjlvwhuhg dv wkh rzqhu1 Wkh

lqfrph yduldeoh lv jurvv lqfrph lq wkh |hdu 4<;;1 Zh kdyh fkrvhq lqfrph lq wklv |hdu vr

dv wr hqvxuh dw ohdvw 7 |hduv ehwzhhq lqfrph lv revhuyhg dqg wkh gdwh ri ghdwk iru dq|

shuvrq lq wkh vdpsoh1 Wkhuhe| zh dyrlg wkh whqghqf| iru lqfrph wr idoo gxh wr uhgxfhg

oderxu pdunhw dfwlylw| lq wkh |hduv suhfhglqj ghdwk1

6 Phwkrgrorj|

Lq wklv vhfwlrq zh ghvfuleh wkh vwdwlvwlfdo phwkrg dssolhg lq wkh vwxg|1 Wkh pruwdolw| udwh

lv jlyhq e| wkh kd}dug ixqfwlrq zklfk lv wkh suredelolw| ri g|lqj lq wkh lqwhuydo E|( |n _|o

jlyhq vxuylydo xqwlo |1 Ghdwk fdq rffxu gxh wr wkh ydulrxv fdxvhv ghvfulehg deryh/ dqg zh
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doorz iru gl�huhqw fdxvhv ri ghdwk e| vshfli|lqj fdxvh0vshfl�f kd}dug ixqfwlrqv1 Wkh yhfwru

ri h{sodqdwru| yduldeohv/ %/ lv lqfoxghg wr fdswxuh wkh lq xhqfh ri wkh ydulrxv h{rjhqrxv

vrflr0hfrqrplf idfwruv rq wkh pruwdolw| udwh1 Ohw wkh frqwlqxrxv vwrfkdvwlf yduldeoh A /

A 5 Efc4�/ ghqrwh djh/ dqg ohw wkh glvfuhwh vwrfkdvwlf yduldeoh �c � ' �c2c ���c Uc ghqrwh

fdxvh ri ghdwk +khqfhiruwk ghqrwhg ghvwlqdwlrqv,1 Wkh fdxvh0vshfl�f kd}dug udwh lv wkhq

jlyhq e|

�� E|m%� ' *�4
_|<f

� E| 	 A � |n _|c U ' �mA : |c%�

_|
� +4,

Jlyhq wkdw wkh ghvwlqdwlrqv duh pxwxdoo| h{foxvlyh dqg h{kdxvw doo srvvleoh ghvwlqdwlrqv/

wkh pdujlqdo kd}dug ixqfwlrq lv wkh vxp ri wkh fdxvh0vshfl�f kd}dug ixqfwlrqv=

� E|m%� '
U[

�'�

�� E|m%� � +5,

Hdfk fdxvh0vshfl�f kd}dug ixqfwlrqv lv vshfl�hg dv d sursruwlrqdo kd}dug prgho1 Wkdw

lv/ wkh kd}dug lv wkh surgxfw ri wkh edvholqh kd}dug/ zklfk fdswxuhv wkh wlph ghshqghqfh

dqg d ixqfwlrq ri revhuyhg fkdudfwhulvwlfv/ %/

�� E|m%� ' b� E|� � )� E%� c +6,

zkhuh b� E|� lv wkh edvholqh kd}dug dqg )� E%|� lv wkh vfdolqj ixqfwlrq vshfl�hg dv i TE%q�1

Qrupdoo|/ wkh frqwulexwlrq wr wkh olnholkrrg ixqfwlrq iru d jlyhq lqglylgxdo lv vlpso|

wkh ghqvlw|6/ sE|�1 Lq wklv fdvh/ krzhyhu/ zh kdyh wr dgmxvw iru wkh idfw wkdw zh rqo|

revhuyh lqglylgxdov zkr kdyh vxuylyhg xqwlo 4<<51 Ohw o ghqrwh wkh djh ri lqglylgxdo � lq

4<<41 Wkh frqwulexwlrq iru wklv lqglylgxdo wr wkh olnholkrrg ixqfwlrq lv wkhq
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lv wkh vxuylyru ixqfwlrq1

6Vxssuhvvlqj ghshqghqf| rq fryduldwhv1
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614 Wkh olnholkrrg ixqfwlrq

Vlqfh wkh kd}dug/ e| qdwxuh/ lv lqfuhdvlqj zlwk djh +vhqhvfhqfh, zh vshfli| wkh edvholqh

kd}dug wr dffrpprgdwh srvlwlyh gxudwlrq ghshqghqfh71 Vshfl�fdoo|/ zh vshfli| d slhfhzlvh

frqvwdqw edvholqh kd}dug zlwk vsolwwlqj wlphv � f ' @c � �c ���c �g ' n4/ zkhuh @ lv wkh djh

ri wkh |rxqjhvw shuvrq lq wkh vdpsoh1 Qrwlfh/ wkdw wkh edvholqh fdq dwwdlq duelwudu|

 h{lelolw| e| lqfuhdvlqj wkh qxpehu ri lqwhuydov1 Wkh ydoxh ri wkh edvholqh kd}dug lq wkh

&�wk lqwhuydo lv jlyhq e| b&� 1 Ohw &E|� G ?n w i�c 2c ���cg � �cgj eh d ixqfwlrq wkdw

pdsv wkh gxudwlrq/ |/ lqwr lqwhuydo &1 Edvhg rq wkh gl�huhqw fdxvhv ri ghdwk zh gh�qh U

ghvwlqdwlrqv lqglfdwruv _� ' LtU'��/ zkhuh Ltu� lv dq lqglfdwru ixqfwlrq iru wkh hyhqw lq wkh

eudfnhwv1 Wkh frqwulexwlrq iru dq lqglylgxdo zlwk revhuyhg fkdudfwhulvwlfv/ %/ lv wkhq
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Qrwh/ wkdw xqfrpsohwhg +l1h1 uljkw fhqvruhg, revhuydwlrqv rqo| frqwulexwh zlwk wkh vxu0

ylyru ixqfwlrq dv
SU
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615 Uhpdlqlqj olih h{shfwdqf| +UOH,

Wkh lqwhusuhwdwlrq ri hvwlpdwlrq uhvxowv lq kd}dug prghov duh pruh frpsolfdwhg wkdq lq

rwkhu vwdwlvwlfdo prghov/ vlqfh wkh vl}h ri wkh hvwlpdwhg frh!flhqw iru wkh h{sodqdwru|

yduldeohv lv qrw vwudljkwiruzdug wr hydoxdwh1 Lq rughu wr dffrpprgdwh wklv ihdwxuh ri

kd}dug prghov zh txdqwli| wkh h�hfw ri wkh shuvrqdo fkdudfwhulvwlfv rq wkh pruwdolw|

udwh e| fdofxodwlqj wkh h{shfwhg gxudwlrq ri uhpdlqlqj olih1 Wkdw lv/ iru jlyhq shuvrqdo

7Rxu fkrlfh ri prgho lv vrphzkdw jxlghg e| wkh uhvxowv irxqg e| Ehkupdq/ Vlfnohv ) Wdxepdq

+4<<3,1 Wkh| hvwlpdwh pruwdolw| udwhv rq d vdpsoh ri X1V1 yhwhudqv/ dqg frqgxfw vhyhudo vhqvlwlylw|

dqdo|vhv frqfhuqlqj wkh vwdwlvwlfdo vshfl�fdwlrq ri wkhuh prgho1 Eulh | vxppdulvhg/ wkh| �qg wkdw wkhlu

uhvxowv zhuh vhqvlwlyh wr wkh vdpsoh ohqjwk gxh wr wkh dprxqw ri uljkw fhqvruhg revhuydwlrqv/ exw qrw

vhqvlwlyh wr sdudphwulf vshfl�fdwlrq ri wkh kd}dug ixqfwlrq ru wr wkh lqfoxvlrq ri whupv fruuhfwlqj iru

xqrevhuyhg khwhurjhqhlw| +iudlow|,1 Ehkupdq/ Vlfnohv/ Wdxepdq ) \d}ehfn +4<<4, hvwlpdwh pruwdolw|

udwhv rq XV uhwluhphqw gdwd dqg dovr �qg wkdw wkhlu uhvxowv duh lqvhqvlwlyh wr wkh lqfoxvlrq ri iudlow|1 Lq

wkh iroorzlqj zh hpsor| d udwkhu  h{leoh kd}dug ixqfwlrq wkdw lv frpsxwdwlrqdo dwwudfwlyh dqg zh gr qrw

fruuhfw iru xqrevhuyhg khwhurjhqhlw|1

:



fkdudfwhulvwlfv lw lv srvvleoh wr fdofxodwh krz wkh h{shfwhg uhpdlqlqj olih wlph fkdqjhv

zkhq wkh vl}h ri d fryduldwh fkdqjhv1 Ehorz zh looxvwudwh krz wkh fdofxodwlrqv duh grqh1

Vxssuhvvlqj wkh ghshqghqf| ri wkh kd}dug ixqfwlrq rq %/ wkh lqwhjudwhg kd}dug lv
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zkhuh M&E|�3� lv wkh lqwhjudwhg kd}dug xs wr wkh ehjlqqlqj ri wkh &�wk lqwhuydo1

Wkh h{shfwhg gxudwlrq lv wkhq +vhh Odqfdvwhu +4<<3,,
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Wklv fdq dovr eh h{suhvvhg dv
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Wkdw lv/ wkh UOH lv vlpso| wkh vxp ri wkh lqyhuvh lqwhuydo0vshfl�f kd}dug ixqfwlrqv

zhljkwhg zlwk wkh lqwhuydo0vshfl�f rffxuuhqfh suredelolw|1

7 Uhvxowv

�L zrxog udwkhu glvfryhu d vlqjoh fdxvdo frqqhfwlrq wkdq zlq wkh wkurqh ri

Shuvld�

Ghprfulwxv +79306:3 EF,

Wkh idprxv txrwh e| wkh Juhhn sklorvrskhu Ghprfulwxv yhu| suhflvho| ghvfulehv d

suhydlolqj frqfhuq lq pruwdolw| vwxglhv +dv zhoo dv lq d orw ri rwkhu glvflsolqhv,/ qdpho|

;



wkdw ri fdxvh dqg h�hfw1 Lq wklv vwxg| zh suhvhqw fruuhodwlrqv ehwzhhq pruwdolw| udwhv dqg

gl�huhqw vrflr0hfrqrplf fryduldwhv1 E| grlqj vr zh duh deoh wr lghqwli| vrflr0hfrqrplf

gl�huhqfhv lq pruwdolw| udwhv1 Krzhyhu/ zh duh qrw deoh wr lghqwli| zkhwkhu vshfl�f vrflr0

hfrqrplf fryduldwhv d�hfw wkh pruwdolw| udwh wkurxjk lqgluhfw h�hfwv wkdw duh ghulyhg

iurp wkh idfw wkdw wkh uhdvrq zk| dq lqglylgxdo fduulhv fhuwdlq fkdudfwhulvwlfv lv gxh wr

khu xqghuo|lqj pruwdolw| ulvn1 Zh kdyh wkhvh olplwdwlrqv lq plqg zkhq lqwhusuhwlqj wkh

uhvxowv wkdw iroorz1

Ehiruh wkh hvwlpdwlrq uhvxowv duh glvfxvvhg/ lw vkrxog eh qrwhg wkdw vxejurxs gl�huhqfhv

lq pruwdolw| h{shulhqfhv ri wkh srsxodwlrq zhuh dvvhvvhg e| vhtxhqwldoo| lqwurgxflqj wkh

yduldeohv iru uhvlghqfh lq Frshqkdjhq/ pdulwdo vwdwxv/ hgxfdwlrq/ vnloo ohyho/ rffxsdwlrq/

krph rzqhuvkls/ dqg lqfrph1 Jhqhudoo|/ zh �qg wkdw dq dgglwlrqdo yduldeoh uhgxfhv wkh

h�hfw ri suhylrxvo| hqwhuhg yduldeohv dv lq Prruh ) Kd|zdug +4<<3,1 Iru lqvwdqfh iru wkh

roghu frkruw ri zrphq wkh h�hfwv ri yrfdwlrqdo hgxfdwlrq dqg hgxfdwlrq ohyho 4 duh hdfk

wlph uhgxfhg vrphzkdw e| wkh vhtxhqwldo dgglwlrq ri yduldeohv frqwuroolqj iru vnloo ohyho/

rffxsdwlrq/ krph rzqhuv dqg lqfrph1 Wklv hpskdvl}hv wkh lpsruwdqfh ri xvlqj vhyhudo

lqglfdwruv vlpxowdqhrxvo| lq rughu wr xqghuvwdqg wkh h{whqw wr zklfk vrflr0hfrqrplf vwdwxv

d�hfwv pruwdolw|1

Rqo| yhu| ihz yduldeohv fkdqjh iurp kdylqj d vljql�fdqw h�hfw rq pruwdolw| wr kdylqj

dq lqvljql�fdqw h�hfw1 Iru wkh roghu frkruw ri zrphq wkh h�hfw ri ehlqj uhwluhg wxuqv

lqvljql�fdqw e| lqwurgxfwlrq ri wkh yduldeohv iru rffxsdwlrq/ zklfk prvw olnho| lv gxh wr

wkh fruuhodwlrq ehwzhhq wkh yduldeohv xqnqrzq rffxsdwlrq dqg uhwluhg1 Dovr/ wkh qhjdwlyh

h�hfw iurp kdylqj hgxfdwlrq ohyho 6 ehfrphv lqvljql�fdqw e| hqwhulqj vnloo ohyho lqwr wkh

hvwlpdwlrq1 Iru wklv uhdvrq zh kdyh fkrvhq qrw wr suhvhqw wkh uhvxow iru prghov rwkhu wkdq

wkh ixoo prgho wkdw lqfoxghv doo ghprjudsklf dqg vrflr0hfrqrplf lqglfdwruv1

Lq wkh iroorzlqj vxevhfwlrqv zh glvfxvv wkh uhvxowv suhvhqwhg lq Wdeoh 60:81 Iluvw/

zh jr wkurxjk wkh h�hfwv ri wkh ydulrxv ghprjudsklf dqg vrflr0hfrqrplf idfwruv rq wkh

fdxvh0vshfl�f pruwdolw| udwhv1 Wkhq/ lq rughu wr txdqwli| wkh h�hfwv iurp wkh fryduldwhv/

zh fdofxodwh uhpdlqlqj olih h{shfwdqflhv lq wkh odvw vhfwlrq1

714 Pduuldjh dqg nlgv

D vxevwdqwldo dprxqw ri olwhudwxuh kdyh irxqg wkdw pduulhg lqglylgxdov kdyh vljql�fdqwo|

orzhu ulvnv ri pruwdolw| wkdq wkhlu vlqjoh frxqwhusduwv +vhh h1j1 Vplwk ) ]lfn +4<<7, iru

d vxuyh|,/ dqg wkdw wkhvh uhvxowv duh sduwlfxoduo| vwurqj iru phq/ vhh Oloodug ) Sdqlv

8Zh kdyh h{foxghg wkh hvwlpdwhg edvholqh kd}dugv iru h{srvlwlrqdo uhdvrqv1 Wkh|/ krzhyhu/ h{klelwv

srvlwlyh gxudwlrq ghshqghqfh dv h{shfwhg/ dqg duh dydlodeoh xsrq uhtxhvw1

<



+4<<9,1 Zkhwkhu wklv gl�huhqfh lv gxh wr vhohfwlrq phfkdqlvpv ri khdowklhu lqglylgxdov

lqwr pduuldjh ru gxh wr fdxvdo surfhvvhv/ w|slfdoo| nqrzq dv pduuldjh surwhfwlrq +zkhuh

pduuldjh lqgxfhv duh pruh khdowk| olih vw|oh,/ kdv ehhq rq wkh uhvhdufk djhqgd iru orqj

+vhh Jrogpdq +4<<6, iru d glvfxvvlrq,1 \hw/ wkhuh lv d srwhqwldoo| frxqwhu0dfwlqj h�hfw1

Oloodug ) Sdqlv +4<<9, dujxh wkdw li pduuldjh kdv d srvlwlyh h�hfw rq orqjhylw|/ wkhq

lqglylgxdov lq srru khdowk ru zlwk kljkhu pruwdolw| ulvn kdyh d juhdwhu lqfhqwlyh wr pduu|

dqg jdlq wkdw surwhfwlrq1 Wkh| whvw wkhlu k|srwkhvlv rq d vdpsoh ri Dphulfdq phq lq

d vlpxowdqhrxv prgho ri pdulwdo vwdwxv/ khdowk dqg pruwdolw|/ dqg zkhq wkh| fruuhfw iru

xqphdvxuhg fkdudfwhulvwlfv wkh| �qg wkdw khdowklhu phq duh ohvv olnho| wr pduu|1 Krzhyhu/

edvhg rq wkh xqphdvxuhg fkdudfwhulvwlfv wkh| dovr �qg wkdw phq zkr pduu| hduolhu whqg

wr eh khdowklhu wkdq phq zkr uhpdlq xqpduulhg1 Wkdw lv/ wkhlu uhvxowv vxssruw erwk d

srvlwlyh dqg dq dgyhuvh vhohfwlrq h�hfw1 Lq wkhlu dssolfdwlrq wkh srvlwlyh vhohfwlrq h�hfw

grplqdwhv li wkh| gr qrw wdnh xqphdvxuhg idfwruv lqwr dffrxqw1

Uhjdugohvv ri zklfk idfwru/ li qrw doo/ gulyhv wkh uhvxowv zh gr �qg wkdw iru phqpduuldjh

lv dvvrfldwhg zlwk orzhu pruwdolw| ulvn9 +vhh Wdeoh 7 dqg 9,1 Krzhyhu/ iru wkh fdqfhu vxe0

kd}dug wkh h�hfw ri pduuldjh lv lqvljql�fdqw1 Rxu �qglqjv iru zrphq duh sduwlfxoduo|

uhpdundeoh/ wkrxjk/ dv wkh fdxvh0vshfl�f kd}dug udwhv uhyhdo d vljql�fdqwo| srvlwlyh h�hfw

ri pduuldjh rq fdqfhu pruwdolw| dqg d vljql�fdqwo| qhjdwlyh h�hfw ri pduuldjh rq wkh

ulvn ri g|lqj ri rwkhu glvhdvhv +vhh Wdeoh 6 dqg 8,1 Iru wkh |rxqjhu frkruw ri zrphq

dq ryhudoo qhjdwlyh h�hfw ri pduuldjh rq pruwdolw| uhpdlq/ exw iru wkh roghu frkruw wkh

ryhudoo h�hfw lv lqvljql�fdqw1 Iru wklv frkruw wkhuh lv qr vljql�fdqw h�hfw ri pduuldjh rq

wkh flufxodwru| glvhdvh vxe0kd}dug1 Wkhvh �qglqjv zrxog kdyh ehhq eoxuuhg kdg zh qrw

dssolhg d frpshwlqj ulvnv gxudwlrq prgho1 Lq wkh whuplqrorj| ri Oloodug ) Sdqlv +4<<9,

lw dsshduv wkdw wkh dgyhuvh vhohfwlrq h�hfw grplqdwhv iru vrph vxe0vdpsohv ri zrphq:1

Hoozrrg ) Ndqh +4<;<, �qg/ lq d vdpsoh ri Dphulfdq zrphq dqg phq ryhu 98 |hduv rog/

wkdw pduulhg zrphq kdyh d kljkhu pruwdolw| ulvn wkdq vlqjoh zrphq1 Wkh| dujxh wkdw

wkh uhvxow frxog eh fdxvhg e| wkh wudglwlrqdo urohv ri kxvedqg dqg zlih= pduulhg phq olyh

orqjhu ehfdxvh wkh| duh fduhg iru e| wkhlu zlyhv1 Lq wkh surfhvv/ zlyhv* khdowk pd| eh

hqgdqjhuhg1 Lq d Gdqlvk frqwh{w wklv h�hfw frxog eh yhu| lpsruwdqw/ vlqfh Gdqlvk zrphq

9Qrwh/ wkdw wkh uhihuhqfh jurxs lv qrw pduulhg lqglylgxdov dqg wkdw wklv jurxs wkhuhiruh frqwdlqv/

glyrufhg/ vhsdudwhg/ qhyhu pduulhg dqg zlgrzhg lqglylgxdov1 Srwhqwldoo| vrph ri wkh vxe0jurxsv frxog

kdyh orzhu pruwdolw| ulvn wkdq wkh pduulhg lqglylgxdov dqg lq wkdw uhvshfw glvwruw rxu �qglqjv1 Suhylrxv

uhvhdufk uhyhdo pl{hg uhvxowv zkhq orrnlqj dw vxejurxsv1 Zkhuhdv Kx ) Jrogpdq/ +4<<3, dqg Oloodug

) Sdqlv +4<<9, �qg wkdw d kljkhu pruwdolw| ulvn lv dovr irxqg iru wkh vxe0jurxsv/ Ehkupdq hw do1 +4<<4,

�qg iru phq wkdw pduulhg dqg glyrufhg2vhsdudwhg kdyh orzhu pruwdolw| ulvn wkdq wkhlu frxqwhusduwv1
:Zh frxog/ ri frxuvh/ lqyhvwljdwh wklv ihdwxuh lq pruh ghwdlo e| hqgrjhql}lqj pdulwdo vwdwxv lq wkh

pruwdolw| kd}dug1 Zh ohdyh wklv h{huflvh iru ixwxuh uhvhdufk1

43



kdyh yhu| kljk oderxu pdunhw sduwlflsdwlrq udwhv1

Lw vkrxog eh qrwhg wkdw iru wkh |rxqjhu frkruw zh kdyh lqfoxghg d yduldeoh fdswxulqj

zkhwkhu wkh lqglylgxdov kdyh fkloguhq1 Iru zrphq/ zh �qg d vljql�fdqw qhjdwlyh h�hfw

rq wkh pruwdolw| ulvn/ hyhq lq wkh fdqfhu vxe0kd}dug1 Wkh vdph sdwwhuq hphujhv iru phq/

dowkrxjk wkh h�hfw lq wkh fdqfhu vxe0kd}dug lv lqvljql�fdqw1

715 Hgxfdwlrq dqg lqfrph;

Erwk hgxfdwlrq dqg lqfrph duh iurp d wkhruhwlfdo shuvshfwlyh qhjdwlyho| dvvrfldwhg zlwk

pruwdolw| ulvn1 Iluvw/ lw lv jhqhudoo| shufhlyhg wkdw pruh hgxfdwhg lqglylgxdov pdnh ehwwhu

ghflvlrqv dqg fdq surfhvv qhz lqirupdwlrq pruh h�hfwlyho| zklfk frqvhtxhqwo| vkrxog

ohdg wr pruh khdowk| olih0vw|ohv1 Vhfrqg/ lqfuhdvhv lq lqfrph shuplw lqglylgxdov wr ghyrwh

pruh wlph wr khdowk surgxfwlrq zklfk uhgxfhv vlfn wlph dqg vxevhtxhqwo| pruwdolw| ulvn1

Rq dq hpslulfdo ohyho wkhvh suhglfwlrqv kdyh ehhq irxqg wr krog pruh ru ohvv frq0

vlvwhqwo| lq d qxpehu ri vwxglhv +vhh Vlfnohv ) Wdxepdq +4<<:,, iru d vxuyh| dqg vhh

dovr h1j1 Kd|zdug/ Judg|/ Kdug| ) Vrpphuv +4<;<,/ Prruh ) Kd|zdug +4<<3,/ Vplwk

) ]lfn +4<<7, dqg Kxug/ PfIdgghq ) Phuulo +4<<<,1 Lq wklv vwxg|/ zh �qg iru phq

wkdw wkh qhjdwlyh uhodwlrqvkls ehwzhhq hgxfdwlrq2lqfrph dqg pruwdolw| ulvn suhydlov/ fi1

Wdeoh 7 dqg 91 Iru zrphq lq wkh roghu frkruw/ krzhyhu/ zh �qg txlwh gl�huhqw uhvxowv1

Khuh/ lqfrph kdv qr vljql�fdqw h�hfw rq pruwdolw|/ dqg wkh h�hfw ri hgxfdwlrq rq pru0

wdolw| lv qrq0prqrwrqh1 Wdeoh 8 froxpq 4 vkrzv wkdw iru uhodwlyho| orz hgxfdwhg zrphq

+yrfdwlrqdo hgxfdwlrq dqg hgxfdwlrq jurxs 4, wkhuh lv d qhjdwlyh h�hfw rq wkh pruwdolw|

frpsduhg wr zrphq zlwk qr hgxfdwlrq/ exw wklv h�hfw glvdsshduv iru zrphq zlwk phglxp

dqg kljk hgxfdwlrq1 Wkh fdxvh0vshfl�f kd}dug udwhv uhyhdo wkdw wkh qhjdwlyh h�hfwv duh

gulyhq e| wkh vxe0kd}dug iru flufxodwru| glvhdvhv1 Iru zrphq lq hgxfdwlrq jurxs 5/ wkhuh

lv d vljql�fdqw srvlwlyh h�hfw lq wkh fdqfhu kd}dug1 D vrphzkdw vlplodu uhvxow lv irxqg

e| Pduwlndlqhq +4<<8,1 Kh �qgv wkdw iru Ilqlvk zrphq wkhuh lv d srvlwlyh dvvrfldwlrq

ehwzhhq hgxfdwlrq dqg ghdwk gxh wr euhdvw fdqfhu> d uhvxow wkdw grhvq*w fduu| ryhu wr

rwkhu irupv ri fdqfhu1 Dovr/ Jrogpdq/ Wdndkdvkl ) Kx +4<<8, �qg uhodwhg uhvxowv1 Zkhq

lqyhvwljdwlqj ghdwkv dprqj Mdsdqhvh vlqjoh zrphq wkh| �qg wkdw ghdwk gxh wr fdqfhu lv

srvlwlyho| uhodwhg wr lqfrph1

Wkh lqglfdwru yduldeoh fdswxulqj zkhwkhu wkh lqglylgxdo lv d krph rzqhu lv/ olnh hg0

xfdwlrq dqg lqfrph/ vxssrvhg wr fdswxuh vrflrhfrqrplf vwdwxv1 Jhqhudoo|/ zh �qg wkh

h{shfwhg vljql�fdqw qhjdwlyh h�hfw rq pruwdolw| ulvn/ exw lw lv dovr fohdu wkdw wkh uhvxow lv

gulyhq e| d qhjdwlyh h�hfw rq wkh ulvn ri g|lqj ri rwkhu glvhdvhv wkdq fdqfhu dqg flufxodwru|

;Wkh uhihuhqfh fdwhjru| iru hgxfdwlrq lv qr hgxfdwlrq eh|rqg hohphqwdu| vfkrro1
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glvhdvhv1

716 Vnloo ohyho<

Wkhuh duh/ frpsduhg wr vnloohg zrunhuv/ yhu| ihz vljql�fdqw gl�huhqfhv zlwk uhvshfw wr

pruwdolw| ulvn1 Iru zrphq/ zh rqo| �qg vljql�fdqwo| orzhu pruwdolw| ulvnv lq wkh vxe0

kd}dug iru ghdwkv gxh wr rwkhu glvhdvhv1 Iru phq lq wkh roghu frkruw/ krzhyhu/ wkhuh

lv dq lqwhuhvwlqj �qglqj1 Phq rq hduo|0uhwluhphqw kdyh d vxevwdqwldoo| orzhu pruwdolw|

ulvn1 Wkh hduo|0uhwluhphqw surjudp zdv lqwurgxfhg lq 4<:</ dqg lw jlyhv lqglylgxdov/ zkr

kdyh kdg dq dfwlyh oderxu pdunhw fduhhu/ wkh fkrlfh wr uhwluh dw wkh djh ri 931 Wkh

surjudp zdv lqwurgxfhg wr surylgh roghu zrunhuv zlwk wkh rssruwxqlw| wr vwrs zrunlqj

ehiruh wkhlu sk|vlfdo khdowk ghwhulrudwh1 Dv vxfk/ wkh lqwhqwlrq ri wkh surjudp/ dw ohdvw

dv irupxodwhg e| wkh srolwlfldqv/ zdv wr uholhyh zruq0rxw zrunhuv iurp wkh exughq ri kdug

sk|vlfdo zrun wdvnv1 Lq wklv uhvshfw/ zh zrxog h{shfw lqglylgxdov rq hduo|0uhwluhphqw wr

kdyh d uhodwlyho| kljkhu pruwdolw| ulvn gxh wr edg khdowk1 Rxu uhvxowv/ li dq|wklqj/ uhyhdo

wkh rssrvlwh �qglqj/ zklfk vxjjhvw wkdw hlwkhu lw lv qrw rqo| zruq0rxw lqglylgxdov wkdw

wdnh dgydqwdjh ri hduo|0uhwluhphqw/ ru wkdw lqglylgxdov/ zkr ohdyh wkh oderu irufh dfwxdoo|

h{shulhqfh lpsuryhg khdowk1 Wklv h�hfw frxog/ krzhyhu/ eh fdxvhg e| wkh frpsrvlwlrq ri

wkh lqglylgxdov holjleoh iru hduo|0uhwluhphqw/ vlqfh d orqj dqg dfwlyh oderxu pdunhw43 fduhhu

lv vwlsxodwhg iru hqwhulqj wkh surjudpph1 Vhyhudo dxwkruv kdyh irxqg d srvlwlyh dvvrfldwlrq

ehwzhhq dfwlyh oderxu pdunhw sduwlflsdwlrq dqg orqjhylw| +vhh qh{w vxe0vhfwlrq,1

717 Rffxsdwlrq44

Dv dujxhg e| Vlfnohv ) Wdxepdq +4<<:, rffxsdwlrq lv shukdsv wkh prvw fohdu h{dpsoh ri

d srwhqwldo uhyhuvh fdxvdolw| ehwzhhq fryduldwhv dqg khdowk/ gxh wr wkh uholdqfh ri fhuwdlq

rffxsdwlrqv rq wkh ohyho ri sk|vlfdo dfwlylw|1 Rq wkh rwkhu kdqg/ rffxsdwlrq lv d fuxfldo

fryduldwh dqg dffruglqj wr Prruh ) Kd|zdug +4<<3, wkh prvw dffxudwh vlqjoh lqglfdwru

ri vrfldo vwdwxv dqg olih0vw|oh1 Rq wrs ri wkdw/ rffxsdwlrq dovr gh�qhv wkh hqylurqphqwv

lq zklfk shuvrqv duh h{srvhg wr kd}dugrxv zrunlqj frqglwlrqv/ srooxwlrq/ dqg hprwlrqdo

vwuhvv1

Iru wkh |rxqjhu frkruw zh rqo| �qg vljql�fdqw h�hfwv iurp lqglylgxdov zlwk xqnqrzq

rffxsdwlrq1 Wklv jurxs ri lqglylgxdov/ zklfk sulpdulo| frqvlvwv ri lqglylgxdov rxwvlgh

<Wkh uhihuhqfh fdwhjru| lv vnloohg oderxu1
43Lq idfw/ lqglylgxdov vkrxog eh dfwlyh rq wkh oderxu pdunhw lq 53 rxw ri wkh odwhvw 58 |hduv lq rughu wr

eh holjleoh iru hduo|0uhwluhphqw1
44Wkh uhihuhqfh fdwhjru| lv vhuylfh vhfwru1
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wkh oderxu irufh/ kdv d kljkhu ulvn ri pruwdolw|451 Wkh uhvxow lv lq dffrugdqfh zlwk rwkhu

vwxglhv> Mrqhv ) Jrogeodww +4<;:, �qg wkdw zrphq rxwvlgh wkh oderxu pdunhw kdyh kljkhu

pruwdolw| udwhv wkdq zrphq lq wkh oderxu pdunhw/ zkhuhdv Vruolh ) Urjrw +4<<3, �qg

vlplodu uhvxowv iru phq1 Iru wkh roghu frkruw wkh srvlwlyh h�hfw lv vxvwdlqhg/ dqg khuh lw

lv gulyhq e| doo fdxvh0vshfl�f kd}dug udwhv +h{fhsw ghdwk gxh wr flufxodwru| glvhdvhv iru

zrphq,1

Wkh rwkhu vljql�fdqw uhvxowv iru wklv frkruw duh suhvxpdeo| forvho| frqqhfwhg wr zrun

hqylurqphqwv1 Phq/ zkr zrunv lq wkh djulfxowxudo vhfwru kdyh vljql�fdqwo| orzhu pruwdolw|

ulvn/ zkhuhdv phq zrunlqj lq wkh pdqxidfwxulqj/ frqvwuxfwlrq ru wudqvsruw vhfwru kdyh

kljkhu pruwdolw| ulvn1 Zkloh wkh odwwhu h�hfwv rqo| shuwdlq lq wkh fdqfhu vxe0kd}dug/ wkh

iruphu h�hfw lv irxqg lq wkh wzr rwkhu vxe0kd}dug udwhv1 Iru zrphq/ zh dovr �qg wkdw

wkrvh zrunlqj lq wkh pdqxidfwxulqj vhfwru kdyh kljkhu pruwdolw| ulvn gxh wr fdqfhu1 Wkh

qhjdwlyh h�hfw irxqg lq wkh flufxodwru| kd}dug iru sxeolf hpsor|hg ihpdoh zrunhuv frxog

eh dwwulexwhg wr ohvv vwuhvvixo zrunlqj hqylurqphqwv1

718 Uhpdlqlqj olih h{shfwdqf| +UOH,

Wr idflolwdwh frpsdulvrqv ehwzhhq shuvrqv zlwk gl�huhqw vrflr0hfrqrplf fkdudfwhulvwlfv zh

kdyh fdofxodwhg uhpdlqlqj olih h{shfwdqflhv dv ghvfulehg lq vhfwlrq 6151 Ehiruh glvfxvvlqj

wkh �qglqjv vrph frpphqwv rq krz wkh fdofxodwlrqv duh grqh duh lq rughu1

Zh xvh h{suhvvlrq +8, dqg wkh hvwlpdwlrq uhvxowv iurp wkh vlqjoh ulvn prgho iru wkh

roghu frkruwv wr fdofxodwh UOH1 Vlqfh zh rqo| hvwlpdwh pruwdolw| udwhv iru lqglylgxdov xs

wr 9< |hduv rog zh kdyh wr h{wudsrodwh wkh edvholqh kd}dug iru djhv deryh 9<1 Khuh/ zh

dvvxph wkdw wkh pruwdolw| ulvn vwd|v frqvwdqw1 Wklv lv fohduo| d plvvshfl�fdwlrq zklfk

lpsolhv wkdw wkh UOH*v duh xszdugv eldvhg1 Wkh UOH*v duh fdofxodwhg edvhg rq d frq0

vwuxfwhg shuvrq sur�oh1 Wkdw lv/ zh fkrrvh vshfl�f fkdudfwhulvwlf dqg fdofxodwh wkh UOH

iru wklv k|srwkhwlfdoo| frqvwuxfwhg lqglylgxdo1 Doo frpsdulvrqv duh wkhuhiruh edvhg rq wklv

frqvwuxfwhg lqglylgxdo dqg grhvq*w qhfhvvdulo| fduu| ryhu wr rwkhu shuvrq sur�ohv1 Vwloo/

wkh h{huflvh fdq eh iuxlwixo ehdulqj lwv olplwdwlrqv lq plqg1 Wkh vwdqgdug shuvrqv zh kdyh

frqvwuxfwhg46 kdyh UOH*v htxdo wr 6319 |hduv iru zrphq dqg 5:17 |hduv iru phq471

Lq Wdeoh : zh suhvhqw gl�huhqw vlpxodwlrqv1 Wkh srvlwlyh h�hfw rq wkh pruwdolw| ulvn

iurp olylqj lq wkh Frshqkdjhq phwursrolwdq duhd lv txlwh vxevwdqwldo1 Zrphq +phq, fdq

45Qrwh wkdw wklv h�hfw lv lqvljql�fdqw iru wkh fdqfhu kd}dug1
46Vwdqgdug shuvrq= Djhg 83 lq 4<<5/ olylqj rxwvlgh wkh Frshqkdjhq phwursrolwdq duhd/ pduulhg/ qr

hgxfdwlrq/ xqvnloohg zrunhu/ uhqwhg krxvlqj/ zrunlqj lq wkh vhuylfh vhfwru/ lqfrph ri 533/333 GNu1
47Dffruglqj wr Vwdwlvwlfv Ghqpdun +5333, wkh UOH iru d zrpdq +pdq, djhg 83 lq 4<<5 zdv 5<1< +581:,

|hduv1
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h{shfw wr olyh 516 +416, |hduv ohvv wkdq wkhlu surylqfldo frxqwhusduwv1 Lw lv dovr lqwhuhvwlqj wr

qrwh wkdw idfwruv olnh pduuldjh/ kljk hgxfdwlrq dqg kljk lqfrph wkdw lv w|slfdoo| frqqhfwhg

zlwk kljk vrflr0hfrqrplf vwdwxv kdyh vljql�fdqw srvlwlyh h�hfw rq wkh UOH iru phq/ exw

lqvljql�fdqw h�hfw iru zrphq1 Rq wrs ri wkdw wkh h�hfwv iru phq lv udwkhu odujh> qrw

ehlqj pduulhg wdnhv 515 |hduv iurp UOH dqg ehlqj lq wkh kljkhvw hgxfdwlrq fdwhjru| jlyh

614 |hduv lq UOH1 Udlvlqj lqfrph idu eh|rqg dyhudjh lqfrph e| grxeolqj lw rqo| jlyhv 18

|hduv lq UOH/ hyhq wkrxjk wkh h�hfw lv kljko| vljql�fdqw lq Wdeoh 91

8 Frqfoxvlrq

Lq wklv duwlfoh zh lqyhvwljdwh wkh uhodwlrqvkls ehwzhhq pruwdolw| dqg gl�huhqw ghprjudsklf

dqg vrflr0hfrqrplf lqglfdwruv wdnlqj lqwr dffrxqw wkh glvwlqfwlrq ehwzhhq gl�huhqw fdxvhv

ri ghdwk1 Wkh lpsruwdqfh ri wklv glvwlqfwlrq zdv h{dplqhg e| frpsdulqj wkh uhvxowv iurp

d vlqjoh ulvn prgho zlwk wkrvh iurp d frpshwlqj ulvnv prgho zkhuh ghdwk pd| rffxu gxh wr

fdqfhu/ flufxodwru| glvhdvhv dqg rwkhu glvhdvhv1 Hvwlpdwlrq ri wkh frpshwlqj ulvnv prgho

vkrzv wkdw wkh fryduldwhv kdyh gl�huhqw h�hfwv rq wkh fdxvh0vshfl�f pruwdolw| udwhv zlwk

uhvshfw wr vljql�fdqfh dv zhoo dv vljqv1

Zh �qg wkdw wkh h{shfwhg qhjdwlyh dvvrfldwlrq ehwzhhq vrflr0hfrqrplf vwdwxv dqg

pruwdolw| lqghhg suhydlov iru phq/ exw wr d pxfk vpdoohu h{whqw iru zrphq1 Wkh vrphzkdw

vxusulvlqj uhvxowv iru zrphq duh hvshfldoo| surqrxqfhg lq wkh fdqfhu kd}dug/ dqg iru ixwxuh

uhvhdufk lw zrxog eh lqwhuhvwlqj wr lqyhvwljdwh ixuwkhu zkhwkhu wkh uhvxow lv gxh wr vshfl�f

fdqfhu looqhvvhv vxfk dv euhdvw fdqfhu1

Wr frqfoxgh wkdw wkh devhqfh ri dq lqyhuvh uhodwlrqvkls ehwzhhq vrflr0hfrqrplf vwdwxv

dqg pruwdolw| wkdw lv irxqg iru zrphq lv wkh vroh h{sodqdwlrq iru wkh h{fhvv pruwdolw| lq

Ghqpdun lv ri frxuvh rxw ri rughu1 Vwloo/ wkh �qglqjv vxjjhvw wkdw srvvleoh h{sodqdwlrqv fdq

eh irxqg1 Wr gudz pruh �up frqfoxvlrqv d pruh hoderudwh gdwd vhw lqfoxglqj lqirupdwlrq

rq olih0vw|oh dqg ghpdqg vlgh idfwruv lv qhhghg/ dqg zh hqfrxudjh wkh froohfwlrq ri vxfk

gdwd vhwv1

Uhihuhqfhv

Ehkupdq/ M1 U1/ Vlfnohv/ U1 F1 ) Wdxepdq/ S1 +4<<3,/ cDjh0vshfl�f ghdwk udwhv zlwk

wredffr vprnlqj dqg rffxsdwlrqdo dfwlylw|= Vhqvlwlylw| wr vdpsoh ohqjwk/ ixqfwlrqdo

irup/ dqg xqrevhuyhg iudlow|*/ Ghprjudsk| 5:/ 59:�5;71
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Ehkupdq/ M1 U1/ Vlfnohv/ U1 F1/ Wdxepdq/ S1 ) \d}ehfn/ D1 +4<<4,/ cEodfn0zklwh pruwdolw|

lqhtxdolwlhv*/ Mrxuqdo ri Hfrqrphwulfv 83/ 4;6�5361

Hoozrrg/ G1 W1 ) Ndqh/ W1 M1 +4<;<,/ Wkh dphulfdq zd| ri djlqj= Dq hyhqw klvwru|

dqdo|vlv1 QEHU Zrunlqj Sdshu Qr1 5;<51

Jrogpdq/ Q1 +4<<6,/ cPduuldjh vhohfwlrq dqg pruwdolw| sdwwhuqv= Lqihuhqfhv dqg idoodflhv*/

Ghprjudsk| 63/ 4;<�4<81

Jrogpdq/ Q1/ Wdndkdvkl/ V1 ) Kx/ \1 +4<<8,/ cPruwdolw| dprqj mdsdqhvh vlqjohv= D uh0

lqyhvwljdwlrq*/ Srsxodwlrq Vwxglhv 7</ 55:�56<1

Kd|zdug/ P1 G1/ Judg|/ Z1 U1/ Kdug|/ P1 D1 ) Vrpphuv/ G1 +4<;<,/ cRffxsdwlrqdo

lq xhqfhv rq uhwluhphqw/ glvdelolw|/ dqg ghdwk*/ Ghprjudsk| 59/ 6<6�73<1

Kx/ \1 ) Jrogpdq/ Q1 +4<<3,/ cPruwdolw| gl�huhqfh e| pdulwdo vwdwxv= Dq lqwhuqdwlrqdo

frpsdulvrq*/ Ghprjudsk| 5:/ 566�57;1

Kxug/ P1 G1/ PfIdgghq/ G1 ) Phuulo/ D1 +4<<<,/ Suhglfwruv ri pruwdolw| dprqj wkh

hoghuo|1 QEHU Zrunlqj Sdshu Qr1 :7731

Mrqhv/ G1 U1 ) Jrogeodww/ S1 R1 +4<;:,/ cFdxvh ri ghdwk lq Zlgrz+Hu,V dqg vsrxvhv*/

Mrxuqdo ri Elrvrfldo Vflhqfhv 4</ 43:�4541

Odqfdvwhu/ W1 +4<<3,/ Wkh Hfrqrphwulf Dqdo|vlv ri Wudqvlwlrq Gdwd/ Fdpeulgjh Xqlyhu0

vlw| Suhvv/ Qhz \run1

Oloodug/ O1 D1 ) Sdqlv/ F1 Z1 D1 +4<<9,/ cPdulwdo vwdwxv dqg pruwdolw|= Wkh uroh ri khdowk*/

Ghprjudsk| 66/ 646�65:1

Pduwlndlqhq/ S1 +4<<8,/ cPruwdolw| dqg vrflr0hfrqrplf vwdwxv dprqj �qqlvk zrphq*/ Srs0

xodwlrq Vwxglhv 7</ :4�<31

Prruh/ G1 H1 ) Kd|zdug/ P1 G1 +4<<3,/ cRffxsdwlrqdo fduhhuv dqg pruwdolw| ri hoghuo|

phq*/ Ghprjudsk| 5:/ 64�861

Vlfnohv/ U1 ) Wdxepdq/ S1 +4<<:,/ Pruwdolw| dqg pruelglw| dprqj dgxowv dqg wkh ho0

ghuo|/ lq P1 U1 Urvhq}zhlj ) R1 Vwdun/ hgv/ cKdqgerrn ri Srsxodwlrq dqg Idplo|

Hfrqrplfv*/ Yro1 4D/ Hovhylhu Vflhqfh/ Dpvwhugdp/ fkdswhu 44/ ss1 88<�9761

Vplwk/ N1 U1 ) ]lfn/ F1 G1 +4<<7,/ cOlqnhg olyhv/ ghshqghqw ghplvhB vxuylydo dqdo|vlv ri

kxvedqgv dqg zlyhv*/ Ghprjudsk| 64/ ;4�<61
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Vruolh/ S1 ) Urjrw/ H1 +4<<3,/ cPruwdolw| e| hpsor|phqw vwdwxv lq wkh qdwlrqdo orqjlwxglqdo

pruwdolw| vwxg|*/ Dphulfdq Mrxuqdo ri Hslghplrorj| 465/ <;6�<<51

Vwdwlvwlfv Ghqpdun +5333,/ Vwdwlvwlvn Wlèuvryhuvlj 5333/ Frshqkdjhq1
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Dsshqgl{= Wdeohv

Wdeoh 4= Fdxvhv ri ghdwkv

Zrphq Phq

Djh/ |hdu 7307< 8309< 7307< 8309<

Qxpehu ri ghdwkv +4<<504<<:, 87; 644< :<7 7778

Qxpehu ri lqglylgxdov 67467 7;;5< 683:7 78<95

Fdxvh ri ghdwk Shufhqwdjh

Fdqfhu 8318 7714 5;13 6618

Flufxodwru| glvhdvhv 4418 561< 531< 6814

Rwkhu 6;13 6513 8414 6416

Doo 43313 43313 43313 <<1<

4:



Wdeoh 5= Phdqv iru h{sodqdwru| yduldeohv

Zrphq Phq

Djh/ |hdu 7307< 8309< 7307< 8309<

Frshqkdjhq 313;5 313<3 313;5 313;3

Pduulhg 31:55 318<5 31:3; 31:64

Nlgv 31;<: 31;48

Yrfdwlrqdo hgxfdwlrq 316;3 31585 3177: 31699

Hgxfdwlrq 4 +vkruwhvw, 313;5 31363 31393 3136:

Hgxfdwlrq 5 31444 31399 31435 31399

Hgxfdwlrq 6 +orqjhvw, 31368 31346 313:7 3137;

Qr hgxfdwlrq 316<5 3196< 3164: 317;6

Vhoi hpsor|hg 31378 3136< 3144; 31478

Vdodulhg zrunhu

0 kljk ohyho 31389 31348 31494 313<:

0 phglxp ohyho 31489 3138< 31479 313:<

0 orz ohyho 31635 31447 313<: 31388

Vnloohg 31377 31383 314<5 313<3

Xqvnloohg 314;6 3145: 3148: 31446

Hduo| uhwluhphqw 0 31565 0 31588

Uhwluhg 31363 31388 31349 3135:

Rwkhu 314;7 3163< 31446 3146<

Djulfxowxuh2�vklqj 3134: 31368 31369 313::

Pdqxidfwxulqj 31448 313<9 3155; 31567

Frqvwuxfwlrq 31347 31345 31437 313;9

Wudgh 313<7 313;; 31445 31435

Wudqvsruw 31365 31356 313<7 313<5

Sxeolf 31865 3173< 31587 31544

Vhuylfh 31453 31395 31458 313;:

Xqnqrzq 31385 31557 31363 313:4

Krph rzqhu 316:4 3159< 319;; 31963

Lqfrph +lq 41333 GNu, 476 43; 576 547

Qxpehu ri shuvrqv 67467 7;;5< 683:7 78<95
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Wdeoh 6= Hvwlpdwlrq uhvxowv iru zrphq/ 7307<

Doo fdxvhv Fdqfhu Rwkhu fdxvhv

Yduldeohv Frh�1 Vwg1 Frh�1 Vwg1 Frh�1 Vwg1

Frshqkdjhq 3166: 31467 31465 31548 317:4 314:7

Pduulhg 03168< 313<< 3164< 3148< 041339 3146<

Nlgv 031845 3144: 031985 314;6 0316<; 31495

Yrfdwlrqdo hgx1 03144< 3143: 031539 3148: 031366 31487

Hgx1 4 +vkruwhvw, 031953 31575 0319;: 31669 0317<7 316:4

Hgx1 5 031735 3155< 0316<: 315<< 03175; 316<5

Hgx1 6 +orqjhvw, 031864 31695 031::; 31853 031579 31848

Vhoi hpsor|hg 31;79 31:83 318:9 413:; 3175; 413<6

Vdodulhg zrunhu

0 kljk ohyho 317<3 31::7 3164: 413;; 0313<7 41488

0 phglxp ohyho 31956 31:78 3173: 4138; 3143< 413:6

0 orz ohyho 31984 31:57 316<: 41368 315:4 41376

Xqvnloohg 319<3 31:5; 31378 41376 31:<< 41375

Uhwluhg 31;73 31:75 31573 4139< 31;<5 41387

Rwkhu 31;5< 31:58 31586 41379 31;7: 41363

Djulfxowxuh2�vklqj 31543 31663 31338 317<9 31879 3178<

Pdqxidfwxulqj 31355 314;< 315;< 31576 031563 31657

Frqvwuxfwlrq 3144; 31737 041343 31:89 31::6 31833

Wudgh 31365 314<: 31488 3158< 031339 31658

Wudqvsruw 31436 315;; 31589 31694 031579 31848

Sxeolf 31483 31483 313<: 31543 31646 3155;

Xqnqrzq 31;<< 314;9 31693 31656 41493 3157<

Krph rzqhu 031646 3143< 03143; 3147; 03185; 314:;

Lqfrph 031396 313:7 03133; 3143< 031467 313<9
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Wdeoh 7= Hvwlpdwlrq uhvxowv iru phq/ 7307<

Doo fdxvhv Fdqfhu Rwkhu fdxvhv

Yduldeohv Frh�1 Vwg1 Frh�1 Vwg1 Frh�1 Vwg1

Frshqkdjhq 31464 31438 031366 31574 31499 3144<

Pduulhg 031786 313<7 03147< 314<6 0318;4 31443

Nlgv 0316<4 313<3 0315<7 314<4 031769 31437

Yrfdwlrqdo hgx1 0313<7 313;5 0315;4 314:3 03137: 313<:

Hgx1 4 +vkruwhvw, 031544 314;< 03177< 316<9 0313<: 31556

Hgx1 5 03184; 314<9 031895 31688 03187; 31579

Hgx1 6 +orqjhvw, 0316:7 31554 041498 318;7 0314;5 31579

Vhoi hpsor|hg 3144< 31497 03135; 3163; 31479 31536

Vdodulhg zrunhu

0 kljk ohyho 03157< 314<7 031;5< 3173< 031347 31563

0 phglxp ohyho 031467 3149; 031553 315:7 0314:9 31553

0 orz ohyho 31389 3149: 0316<4 31647 31557 31536

Xqvnloohg 3145: 3146< 031538 31586 3154< 314:4

Uhwluhg 0314<4 3156: 041568 318;7 3138: 3159:

Rwkhu 3184; 31456 03139; 315:8 319<9 3148:

Djulfxowxuh2�vklqj 0317<< 3157< 031<9: 3184; 0315;5 315<3

Pdqxidfwxulqj 031496 31468 031735 31599 03139; 31493

Frqvwuxfwlrq 031395 31484 0315;9 315<8 3137: 314:<

Wudgh 031576 31493 0313:4 315;4 031654 31533

Wudqvsruw 031444 31486 031358 315;9 031463 314;8

Sxeolf 0314<: 31464 031457 3158: 03154: 31489

Xqnqrzq 316;9 31493 31456 316:5 317:4 314;7

Krph rzqhu 03179: 313;: 031593 314:: 031897 31438

Lqfrph 031465 3136: 03149; 313;< 03144; 31376
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Wdeoh 8= Hvwlpdwlrq uhvxowv iru zrphq/ 8309<

Doo fdxvhv Fdqfhu Flufxodwru| Rwkhu fdxvhv

glvhdvhv

Yduldeohv Frh�1 Vwg1 Frh�1 Vwg1 Frh�1 Vwg1 Frh�1 Vwg1

Frshqkdjhq 3165< 31388 31694 313;7 31489 31454 3174< 313<<

Pduulhg 03134< 3136< 3157: 31394 031369 313;4 031675 313:6

Yrfdwlrqdo hgx1 0313<5 3137; 031348 313:3 031699 31446 031343 313;<

Hgx1 4 +vkruw, 031637 3146; 03154< 314<9 041477 31799 313:9 3157<

Hgx1 5 031367 313<; 3157< 31458 0315;: 31566 031738 31583

Hgx1 6 +orqj, 0315<3 31549 3134; 31598 0314<; 3185< 041373 31:53

Vhoi hpsor|hg 313;8 3166; 317<3 31857 03163: 41384 041438 31858

Vdodulhg zrunhuv

0 kljk ohyho 0315:: 31733 3165; 318:9 041:7< 41783 0515;; 31;9;

0 phglxp ohyho 3135; 31675 31594 3185: 3134; 4138: 0418;3 31889

0 orz ohyho 313;< 31663 31875 31847 0314;; 41376 041747 31835

Xqvnloohg 31496 3165< 31786 31845 0313;6 4136< 0413:3 317<9

Hduo| uhwluhphqw 031798 3165; 031396 31845 031:67 4136: 041;:4 317<8

Uhwluhg 3167; 31666 314;; 31857 313;< 41377 031938 31836

Rwkhu 0313<< 3165; 314;: 31844 0318;5 41373 04154: 317<6

Djulf12�vklqj 03159; 3145< 03154: 314<8 031374 3156; 031946 315;;

Pdqxidfwxulqj 31539 313;7 31686 31456 31347 314:7 31474 3149;

Frqvwuxfwlrq 031335 314<8 031499 3164: 031787 3184: 31946 315<;

Wudgh 0313;5 313<5 31496 31463 0314:5 314;< 031653 314<<

Wudqvsruw 3139; 31473 31679 314<: 31444 315;: 0313<7 31638

Sxeolf 03139: 313:3 313:; 31437 031695 31477 3133; 3146;

Xqnqrzq 31556 313:6 315:4 31446 31447 31479 31596 31469

Krph rzqhu 031493 3137: 031368 3139< 031434 313<; 031695 313<7

Lqfrph 031338 31364 31377 31374 031476 313;7 0313;9 31389
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Wdeoh 9= Hvwlpdwlrq uhvxowv iru phq/ 8309<

Doo fdxvhv Fdqfhu Flufxodwru| Rwkhu fdxvhv

glvhdvhv

Yduldeohv Frh�1 Vwg1 Frh�1 Vwg1 Frh�1 Vwg1 Frh�1 Vwg1

Frshqkdjhq 3148< 31384 31556 313<4 031337 313<5 315;6 313;9

Pduulhg 03159; 31367 031384 31395 031437 3138: 0318:7 31397

Yrfdwlrqdo hgx1 031339 31368 313;3 31394 0313:< 31393 031349 3139;

Hgx1 4 +vkruwhvw, 31334 313;; 31587 31469 031594 3149; 0313:5 314;;

Hgx1 5 031654 313;8 031595 31474 03178< 31483 031596 314:7

Hgx1 6 +orqjhvw, 03176; 313<; 031636 314:4 031885 3149< 03197; 31565

Vhoi hpsor|hg 31358 313;5 031467 31475 313<7 31469 3146: 31497

Vdodulhg zrunhu

0 kljk ohyho 031593 313<< 0314:: 31493 031587 3149< 03173< 31548

0 phglxp ohyho 0313;7 313<5 31439 3147: 0314:< 31493 0315<< 314<<

0 orz ohyho 031397 313<: 03144< 3149: 031379 31495 031339 314<6

Xqvnloohg 3133: 313;6 31374 31474 031373 31473 31397 31496

Hduo| uhwluhphqw 03163; 313:6 031569 31456 0316:8 31457 031637 3147:

Uhwluhg 314;8 31436 03137; 31533 31385 314:9 317;7 314;9

Rwkhu 31396 313:: 31363 31465 03135; 31464 31586 31483

Djulfxowxuh2Ilvklqj 031767 313;3 031495 3146; 03198< 31467 03174; 31498

Pdqxidfwxulqj 3146< 3138: 31583 313<< 3139< 313<7 31549 31449

Frqvwuxfwlrq 313<; 313:4 31595 31454 3144; 31448 31394 31479

Wudgh 31355 3139; 31434 3144< 031334 31445 31389 3146:

Wudqvsruw 31396 3139< 316;9 31447 31335 31446 031475 3147:

Sxeolf 31376 31393 3145: 31437 31355 313<< 313<4 31455

Xqnqrzq 31763 313:5 316<3 31469 31738 31453 31885 31468

Krph rzqhu 031439 31367 3136; 31393 031386 31389 031749 3139:

Lqfrph 031368 31335 031353 3134: 031373 3134; 03136; 31356
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Wdeoh := Uhpdlqlqj olih h{shfwdqf|

Zrphq Phq

Vwdqgdug shuvrq 6319 5:17

. Frshqkdjhq 5;16 5914

0 Pduulhg 6318- 5815

. Hgx1 4 +vkruwhvw, 6517 5:17-

. Hgx1 6 +orqjhvw, 6517- 6318

. Krxvh rzqhu 6419 5;15

. Djulfxowxuh2�vklqj 641< 631;

. Lqfrph 733/333 Gnu 631:- 5:1<

. Frshqkdjhq . hgx1 6 . kljk ohyho vdodulhg zrunhu

. krxvh rzqhu . lqfrph 733/333 Gnu1 661;- 6515

- Qrw vljql�fdqw dw wkh 8( ohyho ri vljql�fdqfh1
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