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Abstract

This paper analyses the impact of an Indonesian scholarship program, which was implemented

in 1998 to preserve access to education for the poor during the economic crisis. Scholarships

were targeted pro-poor and the allocation process followed a decentralised design, involving

both geographic and individual targeting. The identification strategy exploits this decen-

tralised structure, relying on instrumental variables constructed from regional mis-targeting

at the initial phase of allocation. The program has increased enrolment, especially for pri-

mary school aged children from poor rural households. Moreover, the scholarships seem to

have assisted households in smoothing consumption during the crisis, relieving pressure on

households’ investments in education and utilisation of child labour.
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4 Lqwurgxfwlrq
Lq wkh idoo ri 4<<: Lqgrqhvld zdv klw e| d vhyhuh hfrqrplf fulvlv/ h{dfhuedwhg e| vrfldo dqgsrolwlfdo wxuprlo lq 4<<;1 Xs wr wkh fulvlv/ Lqgrqhvld kdg hqmr|hg d vwhdg| lpsuryhphqw lqhqurophqw udwhv/ uhdfklqj doprvw xqlyhuvdo sulpdu| vfkrro hqurophqw +Sudgkdq dqg Vsduurz/5333> Odqmrxz hw do1/ 5335,1 Lq dq dwwhpsw wr pdlqwdlq wkhvh dfklhyhphqwv/ d frpelqhgvfkroduvkls dqg vfkrro vxevlg| surjudp zdv lqwurgxfhg qdwlrqzlgh lq Dxjxvw 4<<;/ dv sduwri d odujhu Vrfldo Vdihw| Qhw lqwhuyhqwlrq 0 Mdulqjdq Shqjdpdq Vrfldo +MSV,14Xqghu wkh surjudp doprvw 7 ploolrq vfkroduvklsv zhuh pdgh dydlodeoh wr sulpdu| dqgvhfrqgdu| vfkrrov vwxghqwv1 Wkh surjudp iroorzhg d sduwo| ghfhqwudolvhg doorfdwlrq surfhvv/lqyroylqj erwk jhrjudsklf dqg lqglylgxdo wdujhwlqj1 Wkh vl}h ri wkh vfkroduvkls lqfuhdvhgzlwk hqurophqw ohyho dqg dprxqwhg wr derxw : wr 4; shufhqw ri dyhudjh shu fdslwd krxvhkrogfrqvxpswlrq1 Wkh vfkroduvklsv zhuh prqwko| fdvk wudqvihuv/ dqg vwxghqwv kdg ixoo glvfuhwlrqrq krz wr xvh wkh ixqgv1 Wklv sdshu dlpv wr hydoxdwh wkh lpsdfw ri wkh MSV vfkroduvklssurjudp/ dqg lq sduwlfxodu wkh h{whqw wr zklfk wkh surjudp kdv ehhq deoh wr surwhfw hqurophqwlq hgxfdwlrq dqg uhgxfh fklog oderxu iru wkh srru gxulqj wkh �uvw |hdu ri wkh surjudp1Surwhfwlqj dffhvv wr hgxfdwlrq iru wkh srru lq wlphv ri hfrqrplf fulvlv lv d sulpdu| srolf|frqfhuq lq orz0lqfrph frxqwulhv/ vlqfh lqyhvwphqw lq hgxfdwlrq lv jhqhudoo| frqvlghuhg wr ehd nh| idfwru lq uhgxflqj sryhuw|51 Wkhvh lqyhvwphqwv duh frpsurplvhg zkhq krxvhkrogv duhidfhg zlwk xqh{shfwhg wudqvlwru| lqfrph vkrfnv/ vxfk dv uhvxowlqj iurp wkh hfrqrplf ful0vlv1 Xqghu w|slfdoo| lqfrpsohwh �qdqfldo pdunhwv/ wkh lqyhvwphqw ghflvlrqv ri krxvhkrogv duherxqg e| fuhglw dqg uhvrxufh frqvwudlqwv +Mdfre| dqg Vnrx�dv/ 4<<:,1 Krxvhkrogv* frqvxps0wlrq vprrwklqj vwudwhjlhv pd| wkhq lqyroyh uhgxflqj lqyhvwphqwv lq hgxfdwlrq ru uho|lqj rqfklog oderxu wr vprrwk frqvxpswlrq16Wdujhwhg vfkroduvkls surjudpv fdq eh frvw0h�hfwlyh lqvwuxphqwv iru surwhfwlqj lqyhvwphqwvlq hgxfdwlrq iru wkh srru/ dowkrxjk wkhlu h�hfwlyhqhvv fulwlfdoo| ghshqgv rq wkh delolw| wrlghqwli| wkrvh prvw yxoqhudeoh wr wkh fulvlv1 Wkhuh duh vhyhudo vwxglhv wkdw surylgh hylghqfhwkdw sulfh vxevlg| surjudpv duh lqghhg h�hfwlyh lq lqfuhdvlqj vfkrro sduwlflsdwlrq dqg uhgxflqjfklog oderxu17 Wklv sdshu hydoxdwhv wkh h�hfwv ri vxfk d ghpdqg vlgh lqwhuyhqwlrq zlwklq wkh

4Wkh MSV ixuwkhu lqfoxghg d irrg vhfxulw| surjudp/ oderxu fuhdwlrq surmhfwv dqg d khdowk surjudp1 Dqdqwddqg Vluhjdu +4<<<, dqg Gdo| dqg Idqh +5335, surylgh d jrrg ryhuylhz ri doo wkh MSV surjudpv15Pdq| hpslulfdo vwxglhv kdyh vwuhvvhg wkh lpsruwdqfh ri lqyhvwphqw lq hgxfdwlrq/ lq sduwlfxodu edvlf hgxfd0wlrq/ iru ixwxuh hduqlqjv1 Iru dq ryhuylhz vhh/ iru h{dpsoh/ Vfkxow} +4<;;,/ Svdfkdursrxorv +4<<7, dqg Mlphqh}+4<<8,1 Lq d vwxg| ri wkh h�hfwv ri edvlf hgxfdwlrq rq ixwxuh hduqlqjv lq Lqgrqhvld/ Gx r +5334, �qgv hfrqrplfuhwxuqv wkdw udqjh ehwzhhq 91; wr 4319 shufhqw16Wkhuh lv vrph hpslulfdo zrun wkdw h{solflwo| vwxglhv wkh uroh ri kxpdq fdslwdo lqyhvwphqw lq krxvhkrogfrqvxpswlrq vprrwklqj vwudwhjlhv1 Lq wkh fdvh ri Lqgrqhvld Fdphurq dqg Zruvzlfn +5334, �qg hylghqfh rifrqvxpswlrq vprrwklqj wkurxjk uhgxfhg hgxfdwlrq h{shqglwxuhv +hvshfldoo| iru jluov, dprqjvw uxudo krxvhkrogvdv d uhdfwlrq wr furs orvv1 Ilw}vlprqv +5336, �qgv iru vpdoo Lqgrqhvldq yloodjhv wkdw hqurophqw lv pdlqo| d�hfwhge| djjuhjdwh lqvwhdg ri lglrv|qfudwlf ulvn1 Iru hpslulfdo vwxglhv rq wkh h�hfwv ri lqfrph yrodwlolw| rq vfkrrolqjdqg fklog oderxu/ lq uhodwlrq wr fuhglw pdunhwv/ vhh Ioxj/ Vslolpehujr dqg Zdfkwhqkhlp +4<<;,/ Ghkhmld dqgJdwwl +5335,/ dqg Ehhjoh/ Ghkhmld dqg Jdwwl +5336,17Wkh frqglwlrqdo fdvk wudqvihu +FFW, frpsrqhqw ri wkh Ph{lfdq SURJUHVD surjudp lqfuhdvhg vfkrrohqurophqw dqg dwwhqgdqfh/ dqg uhgxfhg fklog zrun dfwlylwlhv +Vnrx�dv dqg Sdunhu/ 5334> Vfkxow}/ 5337,1 Vlploduuhvxowv kdyh ehhq irxqg zlwk rwkhu FFW surjudpv lq Odwlq Dphulfd +Udzolqjv dqg Uxelr/ 5336> Pdoxfflr dqg
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frqwh{w ri dq hfrqrplf fulvlv1 Wkh sdshu orrnv dw wkh lpsdfw rq erwk hqurophqw vwdwxv rifkloguhq dqg wkh dfwxdo dfwlylwlhv ri vwxghqwv/ l1h1 vfkrro dwwhqgdqfh dqg zrun1Wkh vfkroduvklsv fdq d�hfw vfkrro dwwhqgdqfh ru zrun dfwlylwlhv/ hyhq zlwkrxw kdylqj dqrevhuydeoh h�hfw rq hqurophqw1 Vfkrro dwwhqgdqfh dqg fklog zrun duh qrw pxwxdoo| h{foxvlyhru shuihfw vxevwlwxwhv18 Sul|dpedgd/ Vxu|dkdgl dqg Vxpduwr +5335,/ �qg wkdw lq Lqgrqhvldvfkrrolqj dqg sduw wlph zrun riwhq jr wrjhwkhu1 Dowkrxjk wkh ghfolqlqj wuhqg lq fklog oderxu/revhuyhg gxulqj wkh sdvw 6 ghfdghv/ kdv frph wr d kdow zlwk wkh rqvhw ri wkh fulvlv/ wkh| �qgwkdw zrunlqj grhv qrw h{foxgh fkloguhq iurp dwwhqglqj vfkrro1 Wkh| hyhq �qg hylghqfh wkdwvwxghqwv iurp vhyhuho| srru idplolhv vhhn hpsor|phqw wr �qdqfh wkhlu rzq hgxfdwlrq1 Wkhuhlv d jurzlqj qxpehu ri hpslulfdo vwxglhv wkdw lqyhvwljdwh wkh vlpxowdqhrxv qdwxuh ri oderxudqg vfkrrolqj ghflvlrqv91 Wklv sdshu dggv wr wklv zrun/ e| hvwlpdwlqj wkh lpsdfw ri wkh MSVvfkroduvklsv rq wkh mrlqw ghflvlrq ri vfkrro dwwhqgdqfh dqg fklog oderxu1Wr ghdo zlwk wkh qrq0udqgrp doorfdwlrq ri vfkroduvklsv/ wkh lghqwl�fdwlrq vwudwhj| h{sorlwvwkh ghfhqwudolvhg wdujhwlqj ghvljq ri wkh surjudp1 Lq sulqflsoh/ wkh vfkroduvklsv zhuh wdujhwhgsur0srru/ dw erwk wkh lqglylgxdo dqg wkh glvwulfw ohyho1 Krzhyhu/ gxh wr wkh khwhurjhqhrxvqdwxuh ri wkh fulvlv dfurvv glvwulfwv/ rqo| lqfrpsohwh lqirupdwlrq rq uhjlrqdo sryhuw| zdvdydlodeoh wr srolf| pdnhuv1 Iru wkh �uvw |hdu ri wkh surjudp/ jhrjudsklf doorfdwlrq zdvwkhuhiruh edvhg rq rxwgdwhg suh0fulvlv sryhuw| hvwlpdwhv iurp 4<<91 Wkh odfn ri uholdeoh gdwddw wkh lqlwldo skdvh ri doorfdwlrq fdxvhg vrph ghjuhh ri xqlqwhqghg plv0wdujhwlqj wr glvwulfwv1Wklv h{rjhqrxv yduldwlrq lq wkh wdujhwlqj surfhvv lv xvhg wr lghqwli| wkh wuhdwphqw h�hfwv1Lqvwuxphqwdo yduldeohv duh frqvwuxfwhg iurp wkh lqlwldo vhohfwlrq uxoh dqg h{0srvw lqirupdwlrqrq wkh sryhuw| sur�oh1 Wkh dydlodelolw| ri suh0lqwhuyhqwlrq gdwd pdnhv lw srvvleoh wr dvvhvvwkh ydolglw| ri uhjlrqdo plv0wdujhwlqj dv lqvwuxphqw1Wkh surjudp dsshduv wr kdyh ehhq vxffhvvixo lq uhwxuqlqj hqurophqw wr suh0fulvlv ohyhov/hvshfldoo| iru fkloguhq ri sulpdu| vfkrro djh iurp srru uxudo krxvhkrogv1 Wkh vfkroduvklsv dovrhqwlfhg krxvhkrogv wr uhdoorfdwh d fklog*v wlph iurp zrun wr vfkrro1 Krzhyhu/ lq frqwudvw wrrwkhu vwxglhv/ oderxu dfwlylwlhv ri hquroohg vwxghqwv vkrz wr eh pruh vhqvlwlyh wr vfkroduvklsvwkdq vfkrro dwwhqgdqfh1 Wkh uhvxowv hpskdvlvh wkh uhodwlrqvkls ehwzhhq wudqvlwru| lqfrphvkrfnv dqg krxvhkrogv* lqyhvwphqw lq kxpdq fdslwdo1 Wkh vfkroduvklsv zhuh prvw h�hfwlyhiru fkloguhq zkrvh hgxfdwlrq zdv hvshfldoo| yxoqhudeoh wr frqvxpswlrq vprrwklqj gxulqj wkhfulvlv1Wkh sdshu lv vwuxfwxuhg xs dv iroorzv1 Wkh qh{w vhfwlrq ghvfulehv wkh gdwd1 Vhfwlrq 6jlyhv dq dffrxqw ri wkh hfrqrplf fulvlv dqg wuhqgv lq hgxfdwlrq rxwfrphv1 Wkh wdujhwlqjghvljq dqg doorfdwlrq uxohv ri wkh MSV surjudp duh rxwolqhg lq vhfwlrq 71 Vhfwlrq 8 ghdov zlwkIoruhv/ 5337,1 Udydoolrq dqg Zrgrq +5333, �qg lqfuhdvhg vfkrrolqj dqg ghfuhdvhg fklog zrun dv d uhvxowv iurpd irrg0iru0hgxfdwlrq surjudp lq Edqjodghvk18Zlwk uhjdug wr vfkrro vxevlg| surjudpv/ Udydoolrq dqg Zrgrq +5333,/ Vnrx�dv dqg Sdunhu +5334, dqgVfkxow} +5337, doo �qg wkdw wkh srvlwlyh h�hfwv rq vfkrrolqj duh rqo| sduwo| h{sodlqhg e| uhgxfhg oderxudfwlylwlhv19Vhh/ dprqjvw rwkhuv/ Fdqdjdudmdk dqg Frxorpeh +4<<:, Qlhovhq +4<<;,/ Ulgdr0Fdqr +5334,/ Pdlwud dqgUd| +5335,/ dqg Urvdwl dqg Urvvl +5336,1
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lghqwl�fdwlrq dqg hvwlpdwlrq ri wkh surjudp*v lpsdfw/ dqg vhfwlrq 9 frqfoxghv1
5 Wkh gdwd
Wkh pdlq vrxufh ri gdwd iru wklv dqdo|vlv lv Lqgrqhvld*v vrflrhfrqrplf vxuyh| +Vxvhqdv,/ zklfklv frqgxfwhg dqqxdoo| rq d qdwlrqdo vfdoh1 Wkh vxuyh| froohfwv lqirupdwlrq rq hgxfdwlrq/ vr0flrhfrqrplf edfnjurxqg ri lqglylgxdov dqg krxvhkrogv/ dqg ghwdlohg lqirupdwlrq rq krxvhkrogh{shqglwxuhv1 Ehvlghv vfkrro hqurophqw wkh Vxvhqdv vxuyh| dovr froohfwv lqirupdwlrq rq wkhdfwlylwlhv ri fkloguhq lq wkh suhylrxv zhhn1 Fkloguhq djhg 43 dqg roghu duh dvnhg derxw vfkrrodwwhqgdqfh/ oderxu/ krxvh zrun/ dqg rwkhu dfwlylwlhv1 Lq 4<<< d vshfldo prgxoh zdv lqfoxghgfrqfhuqlqj sduwlflsdwlrq lq wkh MSV surjudpv1 Wkh vxuyh|v duh �hoghg lq Iheuxdu|/ zklfkphdqv wkh MSV prgxoh rqo| fryhuv wkh �uvw 9 prqwkv ri wkh surjudp1 Wkh 4<<< vxuyh|lqfoxghv 538/:7: krxvhkrogv dqg ;97/8;3 lqglylgxdov1Wkh Vxvhqdv lv uhsuhvhqwdwlyh dw wkh glvwulfw ohyho +ndexsdwhq dqg nrwd,1 Wkh 4<<; dqg4<<< furvv vhfwlrq gdwd fdq eh xvhg wr frqvwuxfw d svhxgr0sdqho ri wzr zdyhv iru 5<7 glvwulfwv1:Wkh 4<<; vxuyh| zdv �hoghg lq Iheuxdu| 4<<;/ derxw 9 prqwkv sulru wr wkh MSV surjudp/ dqglqfoxghv 53:/978 krxvhkrogv dqg ;;3/373 lqglylgxdov1 Lw froohfwv wkh vdph lqirupdwlrq dv wkh4<<< vxuyh|/ h{fhsw iru wkh MSV gdwd1Dqrwkhu vrxufh ri gdwd lv d yloodjh ohyho fhqvxv +Srghv,/ frqgxfwhg lq 4<<91 Lw frqwdlqv/dprqjvw rwkhuv/ lqirupdwlrq rq dydlodelolw| ri vfkrrov lq hdfk yloodjh +ghvd, dqg wrzqvkls+nhoxudkdq, lq Lqgrqhvld1 Wkh 4<<9 Srghv lqfoxghv 99/7;9 yloodjhv dqg fdq eh phujhg zlwk wkhVxvhqdv gdwd dw yloodjh ohyho1 Ilqdoo|/ L xvh dgplqlvwudwlyh gdwd iru wkh glvwulfw vhohfwlrq fulwhulddqg exgjhw doorfdwlrq/ grfxphqwhg lq wkh 4<<; Surjudp Lpsohphqwdwlrq Sodq +Plqlvwu| riHgxfdwlrq/ 4<<;,1
6 Wkh hfrqrplf fulvlv dqg lqyhvwphqwv lq hgxfdwlrq
614 Wkh fulvlvE| 4<<;/ wkh h�hfwv ri wkh fulvlv zhuh ihow doo ryhu Lqgrqhvld/ dqg sryhuw| udwhv kdg lqfuhdvhggudpdwlfdoo|1 Dffruglqj wr r!fldo hvwlpdwhv wkh sryhuw| khdgfrxqw lqfuhdvhg iurp 4:1: lq4<<9 wr 5618 lq 4<<<1 Dowhuqdwlyh hvwlpdwhv ri sryhuw| gxulqj wkh fulvlv derxqg/ xqdpeljxrxvo|vkrzlqj d gdxqwlqj lqfuhdvh lq sryhuw|1 Vxu|dkdgl/ Vxpduwr dqg Sulwfkhww +5336, wudfh wkhsdwk ri sryhuw| iurp 4<<9 wr 4<<< dqg �qg wkdw/ diwhu d shulrg ri vwhdg| ghfolqh/ wkh sryhuw|khdgfrxqw kdv pruh wkdq grxeohg gxulqj wkh fulvlv1; Xuedq duhdv vhhp wr kdyh ehhq klwkdughu wkdq uxudo duhdv1 Dovr/ wkhuh zdv frqvlghudeoh khwhurjhqhlw| dfurvv uhjlrqv/ zlwk Mdyd+wkh prvw srsxorxv lvodqg ri wkh dufklshodjr, h{shulhqflqj wkh juhdwhvw gl!fxowlhv +Vxpduwr/Zhwwhuehuj dqg Sulwfkhww/ 4<<;,1 Dv pruh krxvhkrogv pryhg lqwr sryhuw|/ lqhtxdolw| lq whupv

:Wkh glvwulfwv ri Hdvw Wlpru duh qrw lqfoxghg lq wkh dqdo|vlv gxh wr lqfrpsohwh gdwd1;Wkh| hvwlpdwh wkdw iurp Iheuxdu| 4<<: wr wkh khljkw ri wkh fulvlv/ odwh 4<<;/ wkh sryhuw| khdgfrxqwlqfuhdvhg iurp 4816 wr 6615 shufhqw1
6



ri krxvhkrog h{shqglwxuh dovr lqfuhdvhg/ hvshfldoo| dw wkh orzhu hqg ri wkh lqfrph glvwulexwlrq+Vnrx�dv/ Vxu|dkdgl dqg Vxpduwr/ 5333,1 Zkloh shu fdslwd lqfrph ghfolqhg/ sulfhv vrduhg14<<; vdz dq dqqxdo lqfuhdvh lq wkh frqvxphu sulfh lqgh{ ri :; shufhqw/ zklovw wkh sulfh ri irrggrxeohg1 Ulfh dqg rwkhu vwdsoh irrgv h{shulhqfhg wkh prvw vhyhuh sulfh lqfuhdvh1 Wkhuh lvolwwoh hylghqfh ri ulvlqj ryhudoo xqhpsor|phqw gxulqj wkh fulvlv1 Lqvwhdg/ uhdo zdjhv gursshg e|derxw 73 shufhqw lq wkh irupdo zdjh vhfwru gxulqj wkh �uvw |hdu ri wkh fulvlv/ dqg djulfxowxuhvhhpv wr kdyh devruehg sduw ri wkh glvsodfhg oderxu iurp rwkhu vhfwruv1 +Fdphurq/ 4<<<>Vplwk hw do1/ 5335> Iudqnhqehuj/ Vplwk dqg Wkrpdv/ 5336,1Wkhuh lv vrph hylghqfh wkdw h{shqvhv rq hgxfdwlrq zhuh uhgxfhg wr vprrwk frqvxpswlrqgxulqj wkh fulvlv1 Iudqnhqehuj hw do1 +5336, �qg wkdw krxvhkrog frqvxpswlrq ghfolqhg e| 53shufhqw lq 4<<;/ zlwk lqyhvwphqw lq kxpdq fdslwdo +l1h1 khdowk dqg hgxfdwlrq, ghfuhdvlqj e|6: shufhqw1 Wkrpdv hw do1 +5337, �qg wkdw vshqglqj rq hgxfdwlrq ghfolqhg/ lq sduwlfxodu iruwkh uxudo srru1 Rq dyhudjh hgxfdwlrq h{shqglwxuh shu hquroohg krxvhkrog phpehu ghfuhdvhge| 4< shufhqw iurp 4<<: wr 4<<</ dprqjvw uxudo krxvhkrogv1 Pruhryhu/ wkh exgjhw vkduhri hgxfdwlrq ghfolqhg vwurqjo|/ dv hgxfdwlrq vshqglqj ghfuhdvhg idvwhu wkdq ryhudoo krxvhkrogh{shqglwxuh1 Wkh| hvwlpdwh wkdw dv d uhvxow ri wkh fulvlv qrq0hqurophqw udwhv iru sulpdu| vfkrrodjhg fkloguhq lqfuhdvhg e| doprvw 53 shufhqw1 Lqwhuhvwlqjo|/ krxvhkrogv vhhp wr kdyh surwhfwhghgxfdwlrq ri wkh roghu fkloguhq dw wkh h{shqvh ri wkhlu |rxqjhu vleolqjv1 Dq h{sodqdwlrq lvwkdw h{shfwhg uhwxuqv wr kljkhu hgxfdwlrq duh odujhu wkdq iru edvlf hgxfdwlrq lq Lqgrqhvld</dqg wkdw krxvhkrogv kdyh douhdg| lqyhvwhg lq vhfrqgdu| hgxfdwlrq ri roghu fkloguhq1
615 Hqurophqw/ vfkrro dwwhqgdqfh dqg fklog oderxuDw d �uvw jodqfh hqurophqw vhhpv wr kdyh vx�huhg iurp wkh fulvlv/ exw rqo| iru d vkruw shulrg1Wdeoh 4 vkrzv wkdw sulpdu| dqg mxqlru vhfrqgdu| vfkrro hqurophqw udwhv zhuh lqfuhdvlqjxs wr 4<<:/ ghfuhdvhg lq wkh fulvlv |hdu 4<<;/ exw lqfuhdvhg djdlq lq 4<<<1 Lq 4<<; qhwhqurophqw ghfuhdvhg voljkwo| iurp <516 wr <514 shufhqw dw sulpdu| vfkrro ohyho/ dqg iurp 8:1;wr 8:14 shufhqw dw mxqlru vhfrqgdu| ohyho1 Wkh iroorzlqj |hdu/ zkhq wkh MSV surjudp kdgehhq lqlwldwhg/ hqurophqw slfnhg xs/ h{fhhglqj suh0fulvlv ohyhov1 Vhqlru vhfrqgdu| hqurophqw/krzhyhu/ lqfuhdvhg wkurxjkrxw wklv shulrg/ hyhq lq 4<<;1 D vlplodu sdwwhuq lv vhhq iru wrwdohqurophqw shu djh jurxs ri vfkrro djhg fkloguhq1Wr d odujh h{whqw wkh lqfuhdvh lq hqurophqw lq 4<<< kdv ehhq dwwulexwhg wr wkh MSV surjudp/pdlqo| rq wkh jurxqgv wkdw wkh surjudp kdv ehhq idluo| vxffhvvixo lq wdujhwlqj wkh srru+Mrqhv dqg Kdjxo/ 5334> Gkdqdql dqg Lvodp/ 5335,1 Krzhyhu/ d frpsuhkhqvlyh hydoxdwlrq riwkh lpsdfw ri wkh surjudp kdv qrw ehhq fduulhg rxw |hw1 Fdphurq +5335, grhv �qg d srvlwlyhh�hfw ri wkh surjudp/ xvlqj d gdwdvhw frqfhuqlqj 433 suhgrplqdqwo| srru yloodjhv1 Vkh �qgvvljql�fdqw h�hfwv rqo| iru mxqlru vhfrqgdu| hgxfdwlrq1Ehlqj hquroohg grhv qrw dxwrpdwlfdoo| phdq wkdw vwxghqwv dfwxdoo| jr wr vfkrro1 Hqurophqwwdnhv sodfh lq Dxjxvw dqg w|slfdoo| uhtxluhv vxqn frvwv vxfk dv d rqh wlph hqurophqw ihh dqg

<Vhh/ iru h{dpsoh/ Ehkupdq dqg Ghrodolndu +4<<8,1
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frvwv iru vfkrro xqlirupv dqg errnv1 Yduldeoh vfkrrolqj frvwv lqfoxgh wudqvsruwdwlrq frvwv dqgprqwko| wxlwlrq ihhv143 Iru frqvxpswlrq vprrwklqj uhdvrqv/ lw frxog eh wkdw hquroohg fkloguhqpd| qrw dwwhqg vfkrro ehfdxvh ri wkhvh yduldeoh frvwv ri vfkrrolqj1 Dowhuqdwlyho|/ wkh| pd|ghflgh wr zrun/ zklfk frxog uhgxfh wlph vshqw dw vfkrro144Wdeoh 5 orrnv dw vfkrro dwwhqgdqfh lq wkh sdvw zhhn iru hquroohg vwxghqwv/ lq 4<<<1 Vfkrrodwwhqgdqfh lv idluo| kljk iru doo hqurophqw ohyhov dqg djh jurxsv/ ydu|lqj durxqg <; shufhqw1Krzhyhu/ surjudp sduwlflsdqwv kdyh d voljkwo| orzhu dwwhqgdqfh udwh wkdq qrq0sduwlflsdqwv/rq dyhudjh mxvw ryhu kdoi d shufhqwdjh srlqw1 Froxpqv 8 dqg 9 vkrz wkdw zrunlqj grhvq*wsuhyhqw fkloguhq iurp dwwhqglqj vfkrro1 Krzhyhu/ hquroohg fkloguhq wkdw zrun duh pruh riwhqdevhqw iurp vfkrro1 Zrunlqj lv khuh gh�qhg dv dfwlylwlhv wkdw frqwulexwh wr krxvhkrog lqfrph/iru dw ohdvw rqh krxu lq wkh odvw zhhn1 Wklv pd| lqfoxgh zdjh oderxu/ exw dovr qrq zdjh oderxuvxfk dv rzq idup dfwlylwlhv1Wdeoh 6 ghslfwv oderxu dfwlylwlhv iru vfkroduvkls uhflslhqwv/ hquroohg fkloguhq zlwkrxw dvfkroduvkls dqg qrq0hquroohg fkloguhq1 Hquroohg fkloguhq zlwkrxw d vfkroduvkls duh ohvv olnho|wr zrun wkdq wkrvh zlwk d vfkroduvkls1 Vfkroduvkls uhflslhqwv zrun/ rq dyhudjh/ wzlfh dvpxfk dv qrq uhflslhqwv +4315 dqg 818 shufhqw/ uhvshfwlyho|,1 Oderxu dfwlylw| lv kljkhvw iruqrq0hquroohg fkloguhq1 7919 shufhqw ri qrq0hquroohg fkloguhq djhg 43 wr 4; zrun dw ohdvw rqhkrxu d zhhn1
7 Wkh MSV hgxfdwlrq surjudp
714 Surjudp ghvljq dqg doorfdwlrq fulwhuldWkh MSV vfkroduvkls surjudp zdv lpsohphqwhg dw wkh vwduw ri wkh 4<<;24<<< dfdghplf |hdu1Lw zdv wr uxq iru 8 |hduv/ �qdqfhg e| wkh Zruog Edqn/ wkh Dvldq Ghyhorsphqw Edqn dqg wkhJryhuqphqw ri Lqgrqhvld1 Iru wkh �uvw |hdu wkh frvwv dprxqwhg wr XV ' 447 ploolrq1 Wkh pdlqremhfwlyh ri wkh surjudp zdv wr nhhs hqurophqw udwhv iru sulpdu| dqg vhfrqgdu| hgxfdwlrqdw suh0fulvlv ohyhov +Plqlvwu| ri Hgxfdwlrq/ 4<<;,1 Wkh surjudp dlphg wr uhdfk 9 shufhqw rihquroohg vwxghqwv dw sulpdu| vfkrrov/ 4: shufhqw dw mxqlru vhfrqgdu| vfkrrov/ dqg 43 shufhqwdw vhqlru vhfrqgdu| vfkrrov1 Vfkrrov uhfhlyhg eorfn judqwv iurp dq rshudwlrqdo dvvlvwdqfh ixqg0 Gdqd Edqwxdq Rshudvlrqdo +GER, 0 wr pdlqwdlq txdolw| ri hgxfdwlrq gxulqj wkh fulvlv145Wkh vl}h ri wkh vfkroduvklsv lqfuhdvhv zlwk wkh hqurophqw ohyho1 Wkh vfkroduvklsv dprxqwhgwr Us1 43/333 shu prqwk iru vwxghqwv lq sulpdu| vfkrro/ Us1 53/333 iru mxqlru vhfrqgdu|vfkrro/ dqg Us1 58/333 lq vhqlru vhfrqgdu| vfkrro1 Wr sxw wkhvh qxpehuv lqwr shuvshfwlyh/dyhudjh prqwko| shu fdslwd h{shqglwxuh lq Iheuxdu| 4<<< zdv Us1 46:/5;7/ zkloh krxvhkrogv

43Dqqxdo vxqn frvwv iru hqurophqw ihhv/ vfkrro xqlirupv dqg errnv frqvwlwxwh 58 shufhqw ri dyhudjh wrwdohgxfdwlrq h{shqglwxuhv shu fklog lq wkh 4<<:24<<; vfkrro |hdu +Sudgkdq dqg Vsduurz/ 5333,1 Derxw 44 shufhqwri wrwdo h{shqglwxuhv duh gxh wr gdlo| wudqvsruwdwlrq/ zkloh prqwko| wxlwlrq dqg ES6 +l1h1 sduhqw0whdfkhudvvrfldwlrq, ihhv wdnh dffrxqw ri 5< shufhqw144Txdolwdwlyh uhvhdufk e| Mrqhv hw do1 +5336, �qgv dqhfgrwdo hylghqfh wr vxssruw wklv k|srwkhvlv145Wkh GER eorfn judqwv frxog eh xvhg wr sxufkdvh pdwhuldov/ pdnh uhsdluv/ dqg fryhu rwkhu rshudwlrqdofrvwv1
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uhsuhvhqwlqj wkh srruhvw 53 shufhqw ri wkh srsxodwlrq vshqw Us1 94/7:3 shu fdslwd shu prqwk146Iru wkh 4<<:24<<; vfkrro |hdu/ prqwko| h{shqglwxuhv rq hgxfdwlrq shu vwxghqw iurp wkhsrruhvw txlqwloh zhuh Us1 7/;59/ Us1 48/:58 dqg Us1 64/87< +lq Iheuxdu| 4<<< sulfhv,iru sulpdu|/ mxqlru vhfrqgdu| dqg vhqlru vhfrqgdu|/ uhvshfwlyho|147 Wkxv/ iru wkh srruhvwkrxvhkrogv wkh vfkroduvklsv fdq eh txlwh vljql�fdqw frqwulexwlrqv wr prqwko| lqfrph dqgfryhu d odujh sduw ri wkh h{shqglwxuhv rq hgxfdwlrq1Wkurxjk wkh ghfhqwudolvhg ghvljq ri wkh surjudp/ vfkroduvklsv zhuh doorfdwhg lq wkuhhskdvhv1 Iluvw/ wkh ixqgv zhuh doorfdwhg wr glvwulfwv/ edvhg rq wkh ohyho ri sryhuw|1 Dw wkhwlph ri lpsohphqwdwlrq wkhuh zdv qr dffxudwh lqirupdwlrq dydlodeoh rq wkh fulvlv lpsdfw1Wkhuhiruh d sryhuw| lqgh{ +MSV<9, zdv frqvwuxfwhg edvhg rq wkh 4<<9 Vxvhqdv frqvxpswlrqprgxoh1 Srru glvwulfwv zhuh doorfdwhg uhodwlyho| pruh vfkroduvklsv/ sursruwlrqdo wr wkh qxpehuri hquroohg vwxghqwv1Dw wkh glvwulfw ohyho frpplwwhhv zhuh iruphg wr doorfdwh vfkroduvklsv wr vfkrrov1 Wklvdoorfdwlrq zdv edvhg rq d survshulw| phdvxuh iru wkh yloodjh ru vxe0glvwulfw +nhfdpdwdq, vhuyhge| wkh vfkrro/ wkh shufhqwdjh ri LGW holjleoh yloodjhv lq wkh duhd 48/ dqg wkh dyhudjh vfkrroihhv sdlg e| vwxghqwv1 Wkh survshulw| phdvxuh zdv surylghg e| wkh Qdwlrqdo Idplo| SodqqlqjFrruglqdwlqj Djhqf| 0 Edgdq Nrruglqdvl Nhoxdujd Ehuhqfdqd Qdvlrqdo +ENNEQ,149 Erwksulydwh dqg sxeolf vfkrrov zhuh holjleoh1 Wkh glvwulfw frpplwwhhv zhuh doorzhg wr gh�qhdgglwlrqdo fulwhuld li wkh| ihow wklv zrxog ehwwhu uh hfw orfdo frqglwlrqv1Ilqdoo|/ vfkrro frpplwwhhv vhohfwhg vwxghqwv iru wkh surjudp1 Wkh frpplwwhhv uhfhlyhgjxlgholqhv rq zklfk doorfdwlrq fulwhuld wr frqvlghu1 Wkhvh lqfoxghg wkh ENNEQ survshulw|vwdwxv/ vlqjoh sduhqw dqg odujh krxvhkrogv/ dqg wudyho glvwdqfh iurp krph wr vfkrro1 Dqrwkhudlp zdv wr doorfdwh dw ohdvw kdoi ri wkh vfkroduvklsv wr jluov1 Vwxghqwv lq sulpdu| vfkrro judghv4 wr 6 zhuh qrw holjleoh1 Vfkrro frpplwwhhv frxog dovr vhohfw fkloguhq wkdw kdg douhdg| gursshgrxw ri vfkrro gxh wr wkh fulvlv1 Frqwlqxdwlrq ri vfkroduvklsv zdv frqglwlrqdo rq hqurophqw dqgsdvvlqj wkh judgh dw wkh hqg ri wkh vfkrro |hdu1 Krzhyhu/ qr irupdo frqglwlrqv zhuh sodfhgrq vfkrro dwwhqgdqfh ru krz wkh ixqgv kdg wr eh vshqw1D glvwlqfwlyh hohphqw ri wkh vfkroduvkls dqg eorfn judqwv surjudp lv wkh ixqglqj phfkd0qlvp lwvhoi1 Wkh vfkroduvklsv dqg judqwv zhuh wudqvihuuhg gluhfwo| wr orfdo srvw r!fhv/ zkhuhwkh lqwhqghg ehqh�fldulhv frxog froohfw wkh ixqgv1 Lq uhprwh duhdv/ zkhuh wudqvsruwdwlrqfrvwv iru vwxghqwv duh kljk/ srvw r!fh r!fldov zrxog wudyho wr wkh vfkrrov wr glvexuvh wkh
46Vxu|dkdgl hw do1+5333, fdofxodwh wklv rq edvlv ri wkh 4<<< Vxvhqdv frqvxpswlrq prgxoh147Wkh uhsruwhg �jxuhv duh edvhg rq wkh 4<<; Vxvhqdv hgxfdwlrq prgxoh/ dqg lqfoxgh vfkrro ihhv/ htxlsphqwdqg vxssolhv/ wudqvsruwdwlrq dqg wxwruv +Sudgkdq dqg Vsduurz/ 5333,148 LGW uhihuv wr wkh Lqsuhv Ghvd Whuwlqjjdo surjudp/ dq dqwl0sryhuw| surjudp iru hfrqrplfdoo| ohvv ghyhorshgyloodjhv1 Iru wklv surjudp/ hdfk yloodjh ru wrzqvkls lq Lqgrqhvld kdv ehhq lghqwl�hg dv hlwkhu ghyhorshg ru ohvvghyhorshg1 Wklv lqglfdwru zdv qrw xvhg iru wkh sulpdu| vfkrro sryhuw| udqnlqj149Wkh survshulw| phdvxuh lv edvhg rq wkh vr0fdoohg survshulw| vwdwxv ri krxvhkrogv1 Xqghu wklv gh�qlwlrq dkrxvhkrog fodvvl�hv dv srru li lw idlov dw ohdvw rqh ri wkh iroorzlqj 8 edvlf qhhgv fulwhuld= +l, krxvhkrogv fdqzruvkls dffruglqj wr idlwk/ +ll, hdw edvlf irrg wzlfh d gd|/ +lll, kdyh gl�huhqw forwklqj iru vfkrro2zrun dqgkrph2ohlvxuh dfwlylwlhv/ +ly, kdyh d  rru wkdw lv pdgh rxw ri vrphwklqj rwkhu wkdq hduwk/ dqg +y, kdyh dffhvv wrprghuq phglfdo fduh iru fkloguhq ru dffhvv wr prghuq frqwudfhswlyh phwkrgv1 Wkh ENNEQ uhjxoduo| froohfwvwklv lqirupdwlrq rq d fhqvxv edvlv1
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vfkroduvklsv wr wkh vwxghqwv1
715 Glvwulexwlrq ri vfkroduvklsvE| Iheuxdu| 4<<</ dw wkh wlph wkdw wkh 4<<< Vxvhqdv vxuyh| zdv dgplqlvwhuhg/ wkh MSVvfkroduvkls surjudp kdg qrw |hw uhdfkhg lwv lqwhqghg wdujhwv1 Wdeoh 7 vkrzv wkh doorfdwlrqri vfkroduvklsv wr hquroohg vwxghqwv/ e| hqurophqw ohyho1 Wkh fryhudjh ri hquroohg vwxghqwvzdv 713 shufhqw/ ;17 shufhqw dqg 61: shufhqw iru wkh uhvshfwlyh hqurophqw ohyhov1 Ryhudoo/ 813shufhqw ri doo vwxghqwv lq sulpdu| dqg vhfrqgdu| vfkrro zhuh fryhuhg1 Wdeoh 7 dovr vkrzv krzwkh MSV surjudp gzduiv doo rwkhu vfkroduvkls surjudpv/ dv lw fryhuv derxw ;6 shufhqw ri doovfkroduvklsv1Wkh frqfhqwudwlrq fxuyh lq �jxuh 4 vkrzv d sur0srru glvwulexwlrq ri vfkroduvklsv/ exw dovrfrqvlghudeoh ohdndjh wr vwxghqwv iurp zhdowklhu krxvhkrogv14: 951; shufhqw ri wkh vfkroduvklsvduh doorfdwhg wr vwxghqwv iurp wkh srruhvw 73 shufhqw ri wkh srsxodwlrq/ zkloh wkh vwxghqwviurp zhdowklhvw 53 shufhqw krog 819 shufhqw ri wkh vfkroduvklsv1 Iljxuh 5 vkrzv pdunhggl�huhqfhv ehwzhhq hqurophqw ohyhov1 Vfkroduvkls glvwulexwlrq wr sulpdu| vfkrro vwxghqwv lvpruh sur0srru wkdq wkh ryhudoo glvwulexwlrq1 Vwxghqwv iurp wkh wzr srruhvw txlqwlohv krog:31; shufhqw ri wkh vfkroduvklsv/ zkloh 614 shufhqw zhqw wr wkh ulfkhvw txlqwloh1 Doorfdwlrqri vfkroduvklsv wr mxqlru vhfrqgdu| vfkrro lv dovr sur0srru/ exw voljkwo| ohvv wkdq wkh ryhudoodoorfdwlrq1 Lq frqwudvw/ doorfdwlrq dw vhqlru vhfrqgdu| ohyho lv qrw sur0srru dw doo1
8 Wkh lpsdfw ri wkh vfkroduvkls surjudp
814 Lghqwl�fdwlrqWkh iruhprvw dqg reylrxv sureohp iru phdvxulqj wkh h�hfw ri wkh surjudp lv wkdw wkh vfkro0duvklsv zhuh qrw dvvljqhg udqgrpo|/ exw kdyh ehhq wdujhwhg wr vwxghqwv iurp srru krxvhkrogvlqvwhdg1 Srru krxvhkrogv duh h{shfwhg wr eh pruh olnho| wr wdnh wkhlu fkloguhq rxw ri vfkrroru kdyh wkhp sduwlflsdwh lq oderxu dfwlylwlhv/ lq uhvsrqvh wr wkh h�hfwv ri wkh fulvlv1 Lq wkhdevhqfh ri wkh vfkroduvkls surjudp/ hqurophqw dqg vfkrro dwwhqgdqfh zrxog eh h{shfwhg wreh orzhu iru vfkroduvkls uhflslhqwv/ jlyhq wkdw wkh| frph iurp/ rq dyhudjh/ srruhu krxvhkrogvwkdq qrq0uhflslhqwv1 Iru wkh vdph uhdvrq wkh suredelolw| ri zrunlqj lv h{shfwhg wr eh kljkhu1Frqvhtxhqwo|/ fkloguhq zlwkrxw d vfkroduvkls gr qrw irup d vxlwdeoh frqwuro jurxs iru fkloguhqwkdw duh vhohfwhg iru wkh surjudp1Wr looxvwudwh wkh sureohp lw lv xvhixo wr lqwurgxfh vrph qrwdwlrq1 Ghqrwh wkh rxwfrph irudq lqglylgxdo fklog l dv \ Wl / zkhuh Wl lv d wuhdwphqw lqglfdwru iru wkh surjudp/ zlwk ydoxhWl @ 4 li d fklog uhfhlyhv d vfkroduvkls dqg Wl @ 3 rwkhuzlvh1 Hdfk fklog wkhq kdv wzr srwhqwldo

4:Iroorzlqj Odqmrxz hw do1 +5335, sryhuw| olqhv vhuyh dv vsdwldo sulfh gh dwru1 Wkh dujxphqw ehklqg wklvdssurdfk lv wkdw uhjlrqdo sryhuw| olqhv fdswxuh vsdwldo gl�huhqfhv lq wkh frvw ri olylqj/ lq wkdw wkh| uh hfw wkhohyho ri h{shqvhv uhtxluhg wr rewdlq vrph uhihuhqfh ohyho xwlolw| lq hdfk uhjlrq1 L xvh sryhuw| olqhv iurp Sudgkdqhw do1 +5334,1
:



rxwfrphv
\ fl @ if+[l, . xfl +4d,\ �l @ i�+[l, . x�l +4e,

zkhuh [l duh revhuyhg fkdudfwhulvwlfv ri wkh fklog dqg �xfl > x�l � duh xqrevhuyhg1Wkh h�hfw ri wkh surjudp lv �l � \ �l � \ fl 1 Krzhyhu/ �qglqj d fdxvdo uhodwlrqvklsehwzhhq \l dqg Wl lv sureohpdwlf vlqfh lw lv lpsrvvleoh wr revhuyh wkh sdlu �\ �l > \ fl � iru wkhvdph fklog +Khfnpdq/ OdOrqgh dqg Vplwk/ 4<<<,1 Iru hdfk lqglylgxdo zh fdq rqo| revhuyh\l @ \ �l Wl . \ fl +4� Wl,1 Lq rwkhu zrugv/ wkh frxqwhuidfwxdo ri wkh dfwxdo revhuyhg hyhqw Wldqg wkh vxevhtxhqw rxwfrph \ Wl lv qrw revhuyhg1 Zh gr qrw revhuyh wkh vwdwh ri d vfkroduvklsuhflslhqw lq wkh hyhqw wkdw wklv fklog kdg qrw uhfhlyhg wkh vfkroduvkls1Vhohfwlrq lqwr wkh surjudp/ Wl/ zloo eh sduwo| ghwhuplqhg e| wkh xqrevhuyhg fkdudfwhulvwlfv+xfl > x�l , li wkh vhohfwlrq fulwhuld duh qrw ixoo| revhuyhg1 Frpsdulqj dyhudjh rxwfrphv iru wkhuhflslhqwv dqg qrq0uhflslhqwv +frqglwlrqdo rq [l, zloo wkhq |lhog d eldvhg hvwlpdwh ri wkhdyhudjh h�hfw ri wkh surjudp1D ydulhw| ri dssurdfkhv fdq eh xvhg wr ghdo zlwk qrq0udqgrp sodfhphqw ri vfkroduvklsv1D iuhtxhqwo| dssolhg phwkrg lv wr xvh lqvwuxphqwdo yduldeohv/ zklfk uholhv rq �qglqj vrphvrxufh ri h{rjhqrxv yduldwlrq wkdw d�hfwv wkh suredelolw| ri uhfhlylqj d vfkroduvkls/ exw lvlqghshqghqw ri wkh srwhqwldo rxwfrphv1 Ghqrwh wkh revhuyhg h{rjhqrxv yduldwlrq e| ]l/dqg ohw W Wl eh d odwhqw yduldeoh wkdw ghvfulehv wkh ghflvlrq uxoh iru doorfdwlqj vfkroduvklsv wrvwxghqwv1 Rqo| wkh rxwfrph ri wkh doorfdwlrq surfhvv/ Wl/ lv revhuyhg
Wl @ 4 ^W Wl � 3` @ 4 ^j +]l>[l, . yl � 3` +5,

zkhuh yl uh hfwv xqrevhuyhg vhohfwlrq fulwhuld/ zklfk pd| eh fruuhodwhg zlwk +xfl > x�l ,1 Wkhlghqwli|lqj dvvxpswlrqv duh
H+xfl m ]l>[l, @ H+x�l m ]l> [l, @ 3 +D4,H+W Wl m ]l>[l, lv d qrq0wulyldo ixqfwlrq ri ]l/ jlyhq [l +D5,

Wkh odwwhu fdq hdvlo| eh yhul�hg e| hvwlpdwlqj H +Wl m ]l>[l,/ exw +D4,/ rq wkh rwkhu kdqg/fdq qrw eh whvwhg li ]l frqvlvwv ri rqo| rqh yduldeoh1
815 Uhjlrqdo plv0wdujhwlqjZlwk uhjdug wr wkh MSV surjudp/ wkh hqgrjhqhlw| kdv lwv vrxufh zlwk erwk jhrjudsklf dqglqglylgxdo wdujhwlqj1 Udydoolrq dqg Zrgrq +5333, h{sorlw wkh ghfhqwudolvhg qdwxuh ri wkhdoorfdwlrq surfhvv wr �qg d ydolg lqvwuxphqw1 Wkh| dujxh wkdw sduwldo ghfhqwudolvdwlrq fuhdwhvjhrjudsklf vhsdudelolw|/ zkhuh wkh suredelolw| ri vhohfwlrq lqwr wkh surjudp lv frqglwlrqdo rq

;



jhrjudsklf doorfdwlrq/ dqg lqghshqghqw ehwzhhq duhdv14; Xqghu wkh dvvxpswlrq ri jhrjudsklfvhsdudelolw|/ h{rjhqrxv yduldwlrq lq jhrjudsklf wdujhwlqj fdq eh xvhg wr lghqwli| wkh h�hfw riwkh surjudp1 Lw pd| eh hdvlhu wr �qg dq lqvwuxphqw dw glvwulfw ohyho wkdq dw lqglylgxdo ohyhovlqfh wkh glphqvlrqv ri wkh wdujhwlqj surfhvv +dqg srvvleoh xqrevhuydeohv, duh vpdoohu1Wdujhwlqj ri vfkroduvklsv wr glvwulfwv zdv edvhg rq mxvw wzr fulwhuld= wkh 4<<9 sryhuw|hvwlpdwh +MSV<9, dqg wkh qxpehu ri hquroohg vwxghqwv lq wkh glvwulfw1 Iljxuh 6 vkrzv wkdwwkhuh lv d vwurqj srvlwlyh fruuhodwlrq ehwzhhq wkh MSV<9 phdvxuh dqg vfkroduvkls fryhudjh/exw dovr wkdw lw grhvq*w ixoo| h{sodlq dfwxdo doorfdwlrq1 D glvwulfw ohyho uhjuhvvlrq vkrzv wkdwwkh MSV<9 phdvxuh dqg wkh 4<<; hqurophqw udwhv h{sodlq 9< shufhqw ri wkh yduldwlrq lq wkhiudfwlrq ri vfkroduvklsv uhflslhqwv dfurvv glvwulfwv1 Wkhuh fdq eh vhyhudo uhdvrqv iru dfwxdodoorfdwlrq lq glvwulfwv wr ghyldwh iurp wkh wdujhwlqj uxoh1 Iluvw/ wkh wlplqj ri wkh surjudp dqgwkh Vxvhqdv pd| lqwurgxfh xqrevhuyhg yduldeohv wkdw d�hfw doorfdwlrq1 Uhphpehu wkdw dw wkhwlph ri wkh vxuyh|/ Iheuxdu| 4<<</ qrw doo wkh wdujhwv kdg ehhq phw |hw/ dqg wklv ghod| lqlpsohphqwdwlrq ydulhg dfurvv glvwulfwv1 Pruhryhu/ wkhuh pd| eh gl�huhqfhv lq wkh h�hfwlyhqhvvdqg h!flhqf| ri wkh doorfdwlrq v|vwhpv ehwzhhq glvwulfwv1Jlyhq wkh khwhurjhqhrxv qdwxuh ri wkh fulvlv/ lw lv olnho| wkdw MSV<9 plvmxgjhg wkh ghjuhhri sryhuw| lq wkh glvwulfwv/ vlqfh rqo| suh0fulvlv lqirupdwlrq rq uhjlrqdo sryhuw| lq 4<<9 zdvdydlodeoh1 Wkh h�hfw ri wkh fulvlv ydulhg vwurqjo| ehwzhhq uhjlrqv dqg zdv rqo| zhdno| fruuh0odwhg zlwk wkh lqlwldo ohyho ri sryhuw| +Vxpduwr/ Zhwwhuehuj dqg Sulwfkhww/ 4<<;,1 Wkh fulvlvkdv dovr jlyhq ulvh wr odujh uhodwlyh sulfh fkdqjhv/ ehwzhhq surgxfwv +hvshfldoo| irrg, dqgdfurvv uhjlrqv +Fdphurq/ 4<<<> Iudqnhqehuj hw do1/ 5336> Iulhgpdq dqg Ohylqvrkq/ 5335,1Dsso|lqj wkh 4<<9 sryhuw| hvwlpdwhv dv doorfdwlrq uxoh lv lpsolflwo| dvvxplqj wkdw uhodwlyhsulfhv kdyh qrw fkdqjhg ryhu wlph1Wdeoh 8 lv looxvwudwlyh iru wkh gl!fxow| ri fdswxulqj wkh h�hfw ri wkh fulvlv xvlqj 4<<9 gdwd1Wkh wdeoh vkrzv wkh Lqgrqhvldq surylqfhv udqnhg +iurp orz wr kljk, dffruglqj wr MSV<9/ dqgwkh 4<<9 +ESV<9, dqg 4<<< +ESV<<, sryhuw| khdgfrxqw uhohdvhg e| wkh Lqgrqhvldq Exuhdxri Vwdwlvwlfv +ESV, lq 53331 Wkhuh lv d frqvlghudeoh gl�huhqfh lq wkh udqnlqjv ehwzhhq |hduvdqg phwkrgv14<Plv0wdujhwlqj ri glvwulfwv fdq surylgh wkh h{rjhqrxv yduldwlrq qhhghg wr lghqwli| wkh h�hfwri wkh vfkroduvkls surjudp1 Wr sxw wkh dujxphqw pruh irupdoo|/ ghfrpsrvh wkh MSV<9phdvxuh lqwr wzr frpsrqhqwv MSV<9m @ #�Ym . }m +6,zkhuh Ym uh hfwv wkh dfwxdo sryhuw| lq 4<<; dqg wkh lpsdfw ri wkh fulvlv iru glvwulfw m1 Wkhplv0wdujhwlqj whup/ }m/ lv d qrq0v|vwhpdwlf mxgjhphqw huuru lq wkh wdujhwlqj surfhvv/ dqg dvvxphgwr eh lqghshqghqw ri �xfl > x�l �1 Lw uh hfwv wkh lqdelolw| wr fdswxuh wkh h{whqw ri sryhuw| +Ym,gxulqj wkh fulvlv gxh wr wkh odfn ri lqirupdwlrq rq wkh dfwxdo vlwxdwlrq lq 4<<;1
4;Wklv dvvxphv qr lqwhu0glvwulfw pljudwlrq gxh wr wkh surjudp14<Erwk MSVbS dqg ESVbS duh edvhg rq wkh 4<<9 Vxvhqdv gdwd/ exw wkh| gl�hu lq phwkrgrorj| iru vhwwlqjsryhuw| olqhv1 Wkh ESVbS dqg ESVbb kdyh ehhq frqvwuxfwhg lq vlplodu idvklrq/ xvlqj wkh Vxvhqdv krxvhkrogh{shqglwxuh vxuyh|v1 Vhh ESV +5333, iru ghwdlov1

<



Zlwk wkh ehodwhg dydlodelolw| ri lqirupdwlrq rq wkh uhjlrqdo sryhuw| sur�oh lq 4<<;/ }mfdq eh hvwlpdwhg e| wdnlqj wkh uhvlgxdo ri wkh uhjuhvvlrq H +MSV<9m m Ym,1 Li frqglwlrqlqj rqYm lqghhg sxujhv MSV<9m ri doo v|vwhpdwlf yduldwlrq wkhq a}m zrxog eh d vxlwdeoh lqvwuxphqw1Wkh lghqwli|lqj dvvxpswlrq lv wkhq
H+xfl m a}m, @ H+x�l m a}m, @ 3 +D6,

Iru h{dpsoh/ li MSV<9m ryhuhvwlpdwhv wkh dfwxdo ghjuhh ri sryhuw| lq 4<<; +Ym, iru glvwulfwm/ wkhq }m A 31 Jlyhq vx!flhqw dydlodeoh lqirupdwlrq rq sryhuw| sur�oh Ym / wkh hvwlpdwhgryhuhvwlpdwlrq a}m vkrxog eh lqghshqghqw iurp wkh hqurophqw udwh/ dqg wkh h{whqw ri vfkrrodwwhqgdqfh dqg fklog oderxu lq wkdw glvwulfw1Zlwk d vwudwhj| olnh wklv wkhuh uhpdlqv wkh gdqjhu wkdw Ym lv qrw ixoo| revhuydeoh/ dqgwkdw a}m lv fruuhodwhg zlwk �xfl > x�l �1 Rqh zd| wr hydoxdwh wkh fuhglelolw| ri dvvxpswlrq +D6,lv e| xvlqj suh0lqwhuyhqwlrq gdwd iurp Vxvhqdv 4<<;/ dqg hvwlpdwh H �\ m m a}m�/ zkhuh \ m duhglvwulfw phdqv1 Xqghu dvvxpswlrq +D6,/ a}m vkrxog qrw eh fruuhodwhg zlwk wkh suh0lqwhuyhqwlrqrxwfrphv +Sudgkdq/ Udzolqjv dqg Ulgghu/ 4<<;,1 Wkh lghqwli|lqj dvvxpswlrq iru hvwlpdwlqjwkh lpsdfw ri wkh surjudp lv wkdw li +D6, krogv iru 4<<;/ lw dovr krogv iru 4<<<1 Wklv vhhpv duhdvrqdeoh dvvxpswlrq vlqfh MSV<9 lv edvhg rq klvwrulf sryhuw| hvwlpdwhv1Iljxuhv 7 wr < +dsshqgl{ E, vkrz wkh uhvxowv ri wkh glvwulfw ohyho uhjuhvvlrqv iru hqurophqw/vfkrro dwwhqgdqfh dqg fklog oderxu iru fkloguhq djh 43 wr 4;1 Wkh uhvxowv vxjjhvw wkdw jlyhqwkh vshfl�fdwlrq ri Ym / dvvxpswlrq +D6, krogv1 Wkh uhjlrqdo sryhuw| sur�oh Ym lqfoxghv wkh4<<; khdgfrxqw +Sf, dqg wkh sryhuw| jds +S�, iru hdfk glvwulfw153 Wkh ESV khdgfrxqw iru4<<9 +ESV<9, lv lqfoxghg wr fdswxuh wkh lpsdfw ri wkh fulvlv1 Zlwkrxw frqwuroolqj iru Ym/hqurophqw dqg oderxu duh fruuhodwhg zlwk MSV<9m +�jxuhv 7 dqg ;,/ zkloh vfkrro dwwhqgdqfhlv qrw +�jxuh 9,1 Lq wkrvh glvwulfwv wkdw zhuh uhjdughg wr eh uhodwlyho| srru/ hqurophqw lv orzhudqg lqflghqfh ri fklog oderxu lv kljkhu1 Krzhyhu/ diwhu frqwuroolqj iru wkh sryhuw| sur�oh wkhuhlv qr fruuhodwlrq ehwzhhq \m dqg a}m +�jxuhv 8/ : dqg <,1 Wkh frh!flhqwv duh vpdoo dqgvwdwlvwlfdoo| qrw vljql�fdqw1 Qrwh wkdw iru hqurophqw dqg dwwhqgdqfh lw vx!fhv wr mxvw lqfoxghSf dqg S� lq Ym1Zkhq lqwhusuhwlqj wkh fdxvdo h�hfwv lw lv lpsruwdqw wr nhhs lq plqg wkdw wkh LY ds0surdfk lpsolflwo| dvvxphv xqrevhuyhg h�hfw krprjhqhlw|1 Li wkh xqrevhuyhg h�hfwv ri uh0fhlylqj d vfkroduvkls ydu| dfurvv lqglylgxdo fkloguhq wkhq vwurqj dvvxpswlrqv duh uhtxluhgli LY hvwlpdwhv duh wr eh lqwhusuhwhg dv dyhudjh wuhdwphqw h�hfwv +Khfnpdq/ 4<<:,1 Iruh{dpsoh/ lw zrxog eh vx!flhqw wr dvvxph wkdw fkloguhq duh qrw vhohfwhg lqwr wkh surjudpedvhg rq sulydwh lqirupdwlrq derxw wkhlu lqglylgxdo srwhqwldo jdlq iurp d vfkroduvkls +l1h1/
53Sf dqg S� duh hvwlpdwhg edvhg rq shu fdslwd krxvhkrog h{shqglwxuh f/ zlwk S� ' q3� Stl'� � so3flso �� dqgzkhuh so lv wkh sryhuw| olqh dqg t wkh qxpehu ri lqglylgxdov iru zklfk fl $ so +iroorzlqj Irvwhu/ Juhhu dqgWkruehfnh/ 4<;7,1 Wkh h{shqglwxuh gdwd frphv iurp Vxvhqdv1 Wkh sryhuw|olqhv duh vhw vxfk wkdw wkh dyhudjhkhdg frxqw iru Lqgrqhvld lv 5714( lq Iheuxdu| 4<<; dqg 5:14( lq Iheuxdu| 4<<< +Vxu|dkdgl/ Vxpduwr dqgSulwfkhww/ 5336,1
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H �x�l � xfl m Wl� @ 3,154 Li zh duh qrw zloolqj wr pdnh wkhvh dvvxpswlrqv wkhq LY zloo rqo|lghqwli| wkh orfdo dyhudjh wuhdwphqw h�hfw +ODWH,/ sursrvhg e| Lpehqv dqg Dqjulvw +4<<7,1Wklv lv wkh dyhudjh wuhdwphqw h�hfw iru wkrvh fkloguhq iru zkrp wuhdwphqw dvvljqphqw lvd�hfwhg e| wkh yduldwlrq lq wkh lqvwuxphqw1 Lq wklv uhvshfw/ wkh plv0wdujhwlqj whup lv dqdsshdolqj lqvwuxphqwdo yduldeoh1 Xqghu wkh dvvxpswlrq wkdw wkh suredelolw| ri uhfhlylqj dvfkroduvkls lv frqglwlrqdo rq jhrjudsklf doorfdwlrq/ wkh ODWH fdq eh lqwhusuhwhg dv wkh h�hfwri pdujlqdo fkdqjhv lq jhrjudsklf wdujhwlqj srolf|1
816 Wkh h�hfw rq hqurophqw81614 HvwlpdwlrqWkh ryhudoo h�hfw ri wkh MSV vfkroduvklsv rq hqurophqw lv hvwlpdwhg dw wkh glvwulfw ohyho/ e|h{sodlqlqj uhjlrqdo yduldwlrq lq wkh hqurophqw udwh e| wkh yduldwlrq lq wkh vl}h ri wkh surjudpdfurvv glvwulfwv155 Iru hdfk glvwulfw m wkh hqurophqw udwh lq |hdu w lv prghoohg dv d olqhduixqfwlrq ri wkh lqwhqvlw| ri wkh vfkroduvkls surjudp

�Vmw @ �m . �� . �m�W mw . !�Zmw . �fgw . D[
u'2 �ugugw . %mw +7,

zkhuh W mw @ 4Qmw
Qmw[
l'� Wlmw

�Vm lv wkh hqurophqw udwh iru d vshfl�f djh jurxs ru hqurophqw ohyho lq glvwulfw m/ dv uhsruwhg lqwdeoh 41 W mw lv wkh iudfwlrq ri fkloguhq wkdw uhfhlyhg d vfkroduvkls lq wkdw jurxs1 Wkh dyhudjhh�hfw ri wkh surjudp lv gh�qhg dv H +� m, @ � / zkhuh � m lv wkh lglrv|qfudwlf h�hfw iru hdfkglvwulfw1 H�hfw khwhurjhqhlw| lv wkhq uh hfwhg e| �m @ � m � � 1 Wklv lv wkh dyhudjh ghyldwlrqiurp � lq d vshfl�f glvwulfw/ zlwk H ��m� @ 31 Wkh wrwdo qxpehu ri fkloguhq +iru wkh vshfl�fjurxs, lq glvwulfw m lv ghqrwhg e| Qm 1 Wlph lv lqglfdwhg e| vxevfulsw w/ zklfk lv hlwkhu 4<<;+suh0lqwhuyhqwlrq, ru 4<<< +srvw0lqwhuyhqwlrq,1 Qrwh wkdw lq 4<<; qr MSV vfkroduvklsv kdyhehhq doorfdwhg/ wkxv W m�bbH @ 3 iru doo m1 Zm lv d vhw ri frqwuro yduldeohv wkdw fdswxuh oderxupdunhw/ zhoiduh dqg ghprjudsklf fkdudfwhulvwlfv lq wkh glvwulfwv1 Wkh wlph gxpp| yduldeohgw wdnhv ydoxh 4 li w @ 4<<< dqg 3 li w @ 4<<;1 Vrph  h{lelolw| lv jlyhq wr fdswxulqj wkh
54Qrwh wkdw H E\l� ' ifE[l� n Wl �i� E[l�3 if E[l�� n hl/ zkhuh wkh xqrevhuyhg hl ' H �xfl �Wl� nWlH �x�l 3 xfl �Wl�1 Vlqfh Wl lv fruuhodwhg zlwk wkh lqvwuxphqw e| dvvxpswlrq +D5,/ wkh lqvwuxphqw lv fruuh0odwhg zlwk hl li H �x�l 3 xfl �Wl� �' f/ hyhq li dvvxpswlrq +D4, krogv1 Vhh Dqjulvw +5337, iru d glvfxvvlrq rqdvvxpswlrqv +zhdnhu wkdq h�hfw krprjhqhlw|, wkdw doorz LY wr lghqwli| dyhudjh wuhdwphqw h�hfwv155Wklv fdqqrw eh dqdo|vhg dw wkh lqglylgxdo ohyho vlqfh zh gr qrw revhuyh fkloguhq wkdw uhfhlyh d vfkroduvkls/exw duh qr orqjhu hquroohg1 Wkhuhiruh/ wkhuh lv qr yduldwlrq lq wuhdwphqw dvvljqphqw Wl iru qrq0hquroohg vwxghqwv1Lghdoo|/ L zrxog olnh wr kdyh lqirupdwlrq rq vwxghqwv klvwrulhv ri uhfhlylqj vfkroduvklsv/ exw/ xqiruwxqdwho|/ wkhVxvhqdv grhv qrw frqwdlq wkhvh gdwd1 Exw hyhq li wkhvh kdg ehhq dydlodeoh/ lw zrxog eh olnho| wr �qg yhu| ihzvfkroduvkls uhflslhqwv wr gurs rxw ri vfkrro vr hduo| lqwr wkh surjudp/ surylglqj yhu| olwwoh yduldwlrq lq wkhrxwfrph yduldeoh iru uhflslhqwv1
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wlph wuhqg e| lqwhudfwlqj wlph yduldeoh gw zlwk uhjlrq vshfl�f �{hg h�hfwv/ gu156 �m lv d wlphlqyduldqw �{hg h�hfw1 Wklv dffrxqwv iru doo hqgrjhqhlw| wkdw kdv lwv vrxufh zlwk qrq0udqgrpsodfhphqw edvhg rq glvwulfw vshfl�f wlph lqyduldqw yduldeohv1 Wkh eldv gxh wr wdujhwlqj risrruhu glvwulfwv +xvlqj wkh klvwrulf MSV<9 phdvxuh, lv wkhuhe| uhpryhg/ dv zhoo dv dq| eldvgxh wr wlph lqyduldqw xqrevhuydeohv1Wdnlqj �uvw gl�huhqfhv ri +7, |lhogv
��Vm @ �� . �m�W m . !��Zm . �f . D[

u'2 �ugu .�%m +8,
ROV zloo jlyh xqeldvhg hvwlpdwhv iru +8, xqghu wzr dvvxpswlrqv1 Iluvw/ wkh wlph wuhqg lvdvvxphg wr eh frqvwdqw zlwklq wkh �yh uhjlrqv1 Wklv dvvxpswlrq lv ylrodwhg li wkhuh lv dq|jhrjudsklfdo yduldwlrq lq wkh fkdqjh ri wkh dyhudjh hfrqrplf frqglwlrqv wkdw lv qrw fdswxuhge| wkh wlph gxpplhv ru�Zm 1 Iru h{dpsoh/ wkh fulvlv pd| kdyh v|vwhpdwlfdoo| gl�huhqw h�hfwviru ulfk glvwulfwv wkdq iru ohvv zhdowk| glvwulfwv/ zlwklq wkh uhjlrqv1 Wkh vhfrqg dvvxpswlrq lvwkdw wkhuh duh qr wlph ydu|lqj xqrevhuydeohv wkdw duh lq dq| zd| fruuhodwhg zlwk wkh doorfdwlrqsurfhvv1 Li hlwkhu ri wkhvh wzr dvvxpswlrqv grhv qrw krog wkhq W m zloo eh fruuhodwhg zlwk �%m1Lq wklv fdvh wkh eldv fdq eh uhpryhg e| LY hvwlpdwlrq xvlqj a}m dv lqvwuxphqw1Lqwhusuhwdwlrq ri wkh hvwlpdwhv ghshqgv rq dvvxpswlrqv uhjduglqj wkh h{shfwhg h�hfwkhwhurjhqhlw|1 Li W m lv lqghshqghqw ri �m / lq zklfk fdvh H ��m m W m� @ 3/ wkhq erwk LY dqg ROVlghqwli| wkh dyhudjh wuhdwphqw h�hfw/ H +a�DWH, @ � 1 Wklv lv qrw dq xquhdvrqdeoh dvvxpswlrq/vlqfh jhrjudsklf wdujhwlqj zdv qrw edvhg rq wkh h{shfwhg dyhudjh jdlqv zlwklq glvwulfwv1Krzhyhu/ dfwxdo doorfdwlrq W m ghshqgv rq 4<<9 sryhuw| hvwlpdwhv dqg wkh vshhg ri surjudplpsohphqwdwlrq shu glvwulfw1 Li wkhvh duh fruuhodwhg zlwk wkh khwhurjhqhrxv h�hfw ri wkhsurjudp wkhq H ��m m W m� 9@ 3/ hyhq li wklv zdv qrw nqrzq d sulrul wr surjudppdqdjhuv1 Lq wklvfdvh ROV zloo uhwulhyh wkh dyhudjh wuhdwphqw h�hfw rq wkh wuhdwhg/ H +a�DWW , @ �.H ��m m W m�1Wklv fdswxuhv wkh iudfwlrq ri wkh dfwxdo surjudp sduwlflsdqwv wkdw zrxog kdyh gursshg rxwri vfkrro li wkh| kdg qrw uhfhlyhg d vfkroduvkls1 LY/ rq wkh rwkhu kdqg/ zloo lghqwli| wkh orfdodyhudjh wuhdwphqw h�hfw/ H +a�ODWH, @ � . H+�m m W m+a}�m, A W m+a}��m ,,157 Wklv lv wkh dyhudjhh�hfw iru wkrvh glvwulfwv iru zklfk doorfdwlrq W m lv d�hfwhg e| d fkdqjh lq wkh plv0wdujhwlqjwhup1 Wklv zrxog vhhp wr krog iru doo glvwulfwv vlqfh a}m ghwhuplqhv wkh vhohfwlrq uxoh irujhrjudsklf wdujhwlqj e| frqvwuxfwlrq1Wkh ryhudoo h�hfw ri wkh surjudp rq wkh hqurophqw udwh lv jlyhq e| d srsxodwlrq zhljkwhg

56Wkh 8 uhjlrqv duh +l, Mdyd dqg Edol/ +ll, Vxpdwud/ +lll, Vxodzhvl/ +ly, Ndolpdqwdq dqg +y, Rwkhu Lvodqgv1Mdyd dqg Edol vhuyh dv wkh uhihuhqfh jurxs157ODWH lpsrvhv d prqrwrqlflw| dvvxpswlrq1 Ohw W mE	}�m� eh W m jlyhq 	}m ' 	}�m1 Prqrwrqlflw| uhtxluhv wkdw iru	}�m dqg 	}��m / lq wkh vxssruw ri 	}m/ lw pxvw krog wkdw hlwkhu W E	}�m� $ W E	}��m � ru W E	}�m� D W E	}��m � iru doo m1 Lqwxlwlyho|/wklv zrxog lpso| wkdw zkhq wkh ghjuhh ri sryhuw|0ryhuhvwlpdwlrq +	}m, lq d glvwulfw lqfuhdvhv wklv zloo qhyhughfuhdvh wkh suredelolw| ri uhfhlylqj d vfkroduvkls iru dq| fklog lq wkdw glvwulfw1 Wklv vhhpv sodxvleoh lq wkhMSV vhwwlqj1
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dyhudjh ri wkh h�hfwv iru wkh glvwulfwv
H+ �V��bbb,�H+ �Vf�bbb, @ a� M[

m'�
QmQ 4Qm

Qm[
l'� Wlm @ a�W +9,

zkhuh W lv wkh iudfwlrq ri wkh uhohydqw +vxevhw ri wkh, srsxodwlrq wkdw kdv uhfhlyhg d vfkro0duvkls/ dqg M wkh qxpehu ri glvwulfwv1 �V��bbb lv wkh dfwxdo hqurophqw udwh wkdw zh revhuyh lq4<<< zlwk wkh surjudp lq sodfh1 Wkh frxqwhuidfwxdo �Vf�bbb lv wkh hqurophqw udwh wkdw zrxogkdyh ehhq li wkh surjudp zdv qrw lpsohphqwhg1
81615 UhvxowvWdeoh 9 vkrzv wkh ROV dqg LY lpsdfw hvwlpdwhv iru htxdwlrq +8, dqg wkh h�hfw rq wkhhqurophqw udwh/ a�W +htxdwlrq +9,,/ iru doo fkloguhq djhg 43 wr 4;/ dqg iru wkh wkuhh djh jurxsv158Wkh hvwlpdwhg h�hfwv iru qhw hqurophqw duh jlyhq lq wdeoh :1 Wkh wdeohv dovr uhsruw W 1 Wkhzhoiduh yduldeohv/ Zm / lqfoxgh wkh vkduh ri uxudo srsxodwlrq/ wkh dyhudjh djh/ krxvhkrog vl}h lqwkh glvwulfw/ dqg sryhuw| lqglfwruv Sf dqg S�1 Wkh frh!flhqwv iru wkh fryduldwhv duh rplwwhgiurp wkh wdeoh iru frqyhqlhqfh1 Wkh qxpehu ri revhuydwlrqv lv 5<71 Wkh �uvw vwdjh frh!flhqwiru wkh lqvwuxphqw +ghqrwhg e| a�}, lv srvlwlyh dqg vwurqjo| vljql�fdqw lq doo uhjuhvvlrqv1 Ryhu0hvwlpdwlrq ri sryhuw| lqfuhdvhv wkh lqwhqvlw| ri wkh surjudp lq d glvwulfw1Wkhuh lv d vljql�fdqw h�hfw ri wkh surjudp rq hqurophqw1 Wkh LY hvwlpdwhv ri wkh surjudpduh odujhu dqg pruh suhflvh wkdq wkh ROV hvwlpdwhv1 Wklv vxjjhvw vrph fruuhodwlrq ehwzhhqW m dqg �%m1 Wkh prvw olnho| h{sodqdwlrq zrxog vhhp wr eh d qrq0frqvwdqw wlph wuhqg gxh wruhjlrqdo yduldwlrq lq wkh fulvlv h�hfw1 Lw frxog dovr eh wkdw LY uhwulhyhv d ODWH wkdw gl�huvvwurqjo| iurp DWW ru DWH1 Exw wklv vhhpv xqolnho| vlqfh W m lv kljko| uhvsrqvlyh wr a}m 1 Wklvlv looxvwudwhg e| �jxuh 43/ zklfk vkrzv d sduwldo uhjuhvvlrq ohyhudjh sorw iru wkh h�hfw ri a}m lqwkh �uvw vwdjh uhjuhvvlrq ri ryhudoo hqurophqw159Dffruglqj wr wkh LY hvwlpdwhv/ 46 shufhqw ri surjudp sduwlflsdqwv zrxog kdyh gursshgrxw ri vfkrro li wkh| kdg qrw uhfhlyhg d vfkroduvkls1 Wkh h�hfw iru fkloguhq djhg 43 wr 45 lv43 shufhqw1 Iru fkloguhq ehwzhhq djhv 46 dqg 48 lw lv voljkwo| kljkhu/ dw 45 shufhqw/ exw wklvhvwlpdwh lv qrw suhflvh1 Iru wkh djh jurxs 4904; wkhuh lv qr vljql�fdqw h�hfw rq hqurophqw1Wxuqlqj wr qhw hqurophqw/ wkhuh lv rqo| dq h�hfw iru sulpdu| vfkrro ohyho +4; shufhqwlqfuhdvh,1 Vr wkh exon ri wkh h�hfw slfnhg xs iru 46 wr 48 |hdu rogv lv gxh wr vwxghqwv zkr duhvwloo lq sulpdu| vfkrro +hlwkhu ehfdxvh ri ghod|hg hqurophqw ru judgh uhshwlwlrq,1 Wklv lv dqlpsruwdqw uhvxow1 Wkhvh vwxghqwv duh olnho| wr eh lq wkh kljkhu judghv ri sulpdu| vfkrro1 Lq

58Zhljkwv duh dssolhg wr wdnh dffrxqw ri wkh xqghuo|lqj qxpehu ri revhuydwlrqv xvhg iru fdofxodwlqj glvwulfwphdqv159Ghod|v lq surjudp lpsohphqwdwlrq frxog glvwxue wklv uhodwlrqvkls1 Lq : rxw ri 5<7 glvwulfwv xvhg lq hvwl0pdwlrq/ qr fkloguhq uhsruwhg wr kdyh uhfhlyhg d vfkroduvkls |hw +W m ' f,1 Xvlqj wkh whuplqrorj| ri Dqjulvw/Lpehqv dqg Uxelq +4<<9,/ wkhvh glvwulfwv fdq eh wkrxjkw ri dv qhyhu wdnhuv1 Qhlwkhu wkh ODWH qru DWW uh hfwwkh h�hfwv iru wkhvh glvwulfwv1 Krzhyhu/ wkh hvwlpdwhv duh qrw vhqvlwlyh wr lqfoxglqj d gxpp| yduldeoh wkdwlqglfdwhv wkh : qhyhu wdnhuv +vhh wdeoh 43,1 Wkh gxpp| frh!flhqwv +	�qr3wuhdw, duh vpdoo dqg qrw vljql�fdqw lqdoo uhjuhvvlrqv1
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devhqfh ri wkh surjudp wkh| zrxog kdyh gursshg rxw ri vfkrro mxvw sulru wr �qlvklqj sulpdu|hgxfdwlrq1Wkh h�hfwv iru gl�huhqw jurxsv lq wkh srsxodwlrq duh jlyhq lq wdeoh ;1 Wkh wdeoh vkrzvwkh hvwlpdwhv e| shu fdslwd frqvxpswlrq jurxs/ jhqghu dqg uxudo2xuedq duhd1 Wkuhh shufdslwd frqvxpswlrq jurxsv duh gh�qhg= wkh 4vw058wk shufhqwloh +l1h1/ wkh srruhvw txduwhu riwkh srsxodwlrq,/ 58wk083wk shufhqwloh dqg wkh 83wk0433wk shufhqwloh1 Wkh srruhvw txduwlohurxjko| uhsuhvhqwv wkh srsxodwlrq wkdw olyhv ri d frqvxpswlrq ohyho ehorz wkh sryhuw| olqh15:Wkh uhvxowv vkrz d vwurqj khwhurjhqhrxv sdwwhuq/ dqg vxjjhvw wkdw wkh surjudp zdv prvwh�hfwlyh iru wkrvh prvw yxoqhudeoh wr wkh fulvlv1 Wkh odujhvw h�hfwv duh irxqg iru fkloguhqdjhg 43 wr 45 iurp uxudo duhdv zkr olyh ehorz wkh sryhuw| olqh1 Wklv lv h{dfwo| wkh jurxsiru zklfk lqyhvwphqw lq hgxfdwlrq zdv prvw d�hfwhg e| krxvhkrogv* frqvxpswlrq vprrwklqjgxulqj wkh fulvlv +Wkrpdv hw do1/ 5337,1 D vlplodu sdwwhuq lv irxqg iru wkh 46048 djh jurxs/dowkrxjk wkh hvwlpdwhv duh d olwwoh ohvv suhflvh1 Ryhudoo/ wkh h�hfw ri wkh vfkroduvklsv vhhpwr idyrxu er|v ryhu jluov1 Iru 43045 |hdu rogv wkh h�hfwv duh idluo| vlplodu iru er|v dqg jluov/exw iru fkloguhq djhg 46048 wkh vfkroduvklsv duh pruh h�hfwlyh iru er|v1 Iru wkh roghvw djhjurxs wkhuh lv qr vwdwlvwlfdoo| vljql�fdqw h�hfw iru dq| ri wkh srsxodwlrq jurxsv/ lqglfdwlqjwkdw wkh devhqfh ri dq ryhudoo h�hfw iru wklv jurxsv lv qrw gxh wr edg wdujhwlqj1 Hqurophqwvlpso| lv ohvv vhqvlwlyh wr lqfrph vkrfnv1 Wdeoh < jlyhv wkh uhvxowv iru qhw hqurophqw e| djhjurxs/ frq�uplqj wkdw wkh vfkroduvklsv duh h�hfwlyh rqo| dw sulpdu| vfkrro1 Wkh vljql�fdqwdqg qhjdwlyh ROV hvwlpdwhv ixuwkhu frq�up wkdw gl�huhqfh dssurdfk lq htxdwlrq +8, lv qrwvx!flhqw wr ghdo zlwk wkh vhohfwlyh wdujhwlqj ri glvwulfwv1Zkdw zrxog kdyh ehhq wkh wuhqg lq ryhudoo hqurophqw li wkh MSV vfkroduvkls surjudp kdgqrw ehhq lpsohphqwhgB Wkh ryhudoo lqfuhdvh ri wkh hqurophqw udwh gxh wr wkh surjudp +a�W ,iru 43 wr 4; |hdu rogv lv 319 shufhqwdjh srlqw1 Wkh wuhqg lq wkh hqurophqw udwh iurp 4<<:wr 4<<< +wdeoh 4, vkrzv d voljkw ghfuhdvh lq 4<<; dqg wkhq d 31: shufhqwdjh srlqw lqfuhdvhd |hdu odwhu1 Wkh hvwlpdwhg h�hfw vxjjhvwv wkdw lq wkh devhqfh ri wkh surjudp/ hqurophqwzrxog kdyh uhpdlqhg xqfkdqjhg iurp 4<<; wr 4<<<1 Pruhryhu/ wkh MSV kdv sxvkhg ryhudoohqurophqw deryh wkh suh0fulvlv ohyho1 Iru fkloguhq djhg 43045 hqurophqw ghfuhdvhg e| 316shufhqwdjh srlqw lq 4<<;/ dqg uhwxuqhg wr lw*v suh0fulvlv ohyho lq 4<<<1 Wkh surjudp lqfuhdvhgwkh hqurophqw udwh e| 319 shufhqwdjh srlqw1 Wklv phdqv wkdw li wkh surjudp kdg qrw ehhqlpsohphqwhg/ hqurophqw iru wklv djh jurxs zrxog kdyh ghfuhdvhg ixuwkhu lq 4<<<1 Iru wkh djhjurxs 46048 wkh lqfuhdvh lq hqurophqw iurp 4<<; wr 4<<< lv 41: shufhqwdjh srlqw/ ri zklfkderxw kdoi +31; shufhqwdjh srlqw, lv gxh wr wkh MSV surjudp1Wkh MSV surjudp dovr lqfoxghg exgjhwdu| vxssruw wr vfkrrov1 Li wkhvh judqwv d�hfwhghqurophqw wkhq wkh hvwlpdwhv deryh phdvxuh wkh frqirxqglqj h�hfw ri erwk frpsrqhqwv riwkh surjudp1 Wklv lv whvwhg e| dgglqj d yduldeoh zlwk shu fdslwd GER wudqvihuv shu glvwulfw
5:Gxh wr wkh qxpehu ri revhuydwlrqv lq wkh lqwhuyhqwlrq jurxs/ wkh dqdo|vlv kdg wr eh uhvwulfwhg wr wkhvhwkuhh shu fdslwd frqvxpswlrq jurxsv1 D euhdngrzq e| txlqwloh srvhg sureohpdwlf/ hvshfldoo| iru wkh qrq0srru/dv wkh phdqv zhuh edvhg rq wrr ihz revhuydwlrqv/ ohdylqj yhu| olwwoh yduldwlrq lq wkh wuhdwphqw yduldeoh1
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dv d uhjuhvvru15; Wdeoh 44 vkrzv wkdw hqurophqw lv qrw d�hfwhg e| shu fdslwd GER doorfdwlrqwr glvwulfwv1 Wkh hvwlpdwhv iru wkh h�hfwv ri vfkroduvklsv fkdqjh olwwoh +voljkwo| odujhu, zlwkwklv vshfl�fdwlrq1 Wklv vxjjhvwv wkdw wkh eorfn judqwv gr qrw lqwhuihuh zlwk wkh hvwlpdwhv riwkh vfkroduvklsv1
817 Wkh h�hfw rq vfkrro dwwhqgdqfh dqg fklog oderxu81714 HvwlpdwlrqWkh h�hfw ri wkh MSV vfkroduvkls surjudp rq wkh vlpxowdqhrxv ghflvlrq uhjduglqj vfkrrodwwhqgdqfh dqg zrun dfwlylwlhv ri hquroohg fkloguhq lv dqdo|vhg dw wkh lqglylgxdo ohyho1 Hq0grjhqrxv surjudp sduwlflsdwlrq lv ghdow zlwk e| xvlqj d frqwuro ixqfwlrq phwkrg15< Olnhvwdqgdug LY wklv phwkrg uhtxluhv dq h{foxvlrq uhvwulfwlrq/ exw lw lv ehwwhu vxlwhg wr ghdo zlwkxqrevhuyhg h�hfw khwhurjhqhlw|1 Wkh fruuhodwlrq ehwzhhq xqrevhuyhg h�hfw khwhurjhqhlw| dqgsurjudp vhohfwlrq lv h{solflwo| hvwlpdwhg/ lqvwhdg ri uho|lqj rq vwurqj dvvxpswlrqv derxw wklvuhodwlrqvkls1Ohw DWl dqg OWl ghvfuleh wkh odwhqw surfhvvhv wkdw xqghuolh wkh ghflvlrq wr kdyh dq hquroohgfklog dwwhqg vfkrro +Dl @ 4, dqg xqghuwdnh oderxu dfwlylwlhv +Ol @ 4,1 Wkhvh ghflvlrqv pd| ehfruuhodwhg zlwk hdfk rwkhu dqg erwk pd| eh d�hfwhg e| vhohfwlrq lqwr wkh vfkroduvkls surjudp/Wl1 Wkh ghflvlrq surfhvv iru vhohfwlrq lv ghvfulehg e| htxdwlrq +5,1 Wkh uhodwlrqvkls ehwzhhqsurjudp sduwlflsdwlrq dqg wkh rxwfrphv lv jlyhq e| d odwhqw yduldeoh prgho

Dfl @ 4 kDWfl � 3l @ 4 ���d[l . xfdl � 3� +:d,D�l @ 4 kDW�l � 3l @ 4 ���d[l . �dWl . x�dl � 3� +:e,Ofl @ 4 kOWfl � 3l @ 4 ���o[l . xfol � 3� +:f,O�l @ 4 kOW�l � 3l @ 4 ���o[l . �oWl . x�ol � 3� +:g,Wl @ 4 ^W Wl � 3` @ 4^��W[l . �]l . yl � 3` +:h,�DWfl > OWfl � duh wkh odwhqw vwdwhv zkhq d vwxghqw grhv qrw uhfhlyh d vfkroduvkls/ dqg �DW�l > OW�l �
li wkh vwxghqw grhv1 Lq wklv vshfl�fdwlrq wkh h�hfw ri wkh surjudp hqwhuv dgglwlyho|1 Revhuyhgh�hfw khwhurjhqhlw| fdq eh lqwurgxfhg e| lqwhudfwlrq whupv ri [l dqg Wl1Wkh rxwfrphv wkdw zh dfwxdoo| revhuyh duh

Dl @ D�l Wl .Dfl +4� Wl, @ 4 kDWl � 3l @ 4 kDW�l Wl .DWfl +4� Wl, � 3l +;d,Ol @ O�lWl . Ofl +4� Wl, @ 4 kOWl � 3l @ 4 kOW�l Wl . OWfl +4� Wl, � 3l +;e,
5;Wklv lqirupdwlrq frphv iurp wkh dgplqlvwudwlyh gdwd ri wkh surjudp1 Lw uh hfwv GER exgjhw doorfdwlrqiru wkh 4<<;24<<< vfkrro |hdu1 Dowkrxjk wkhuh pd| kdyh ehhq ghod|v lq doorfdwlrq/ e| wkh wlph ri wkh Vxvhqdvvxuyh| doo glvwulfwv dqg vfkrrov zhuh lqiruphg derxw wkh exgjhw15<Vhh Khfnpdq dqg Qdyduur0Or}dqr +5337, iru d glvfxvvlrq rq frqwuro ixqfwlrq phwkrgv1
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zkhuh wkh frqglwlrqdo h{shfwdwlrqv ri wkh odwhqw rxwfrphv duh
H �DWl m [l> ]l� @ ��d[l . �dWl . WlH �x�dl m Wl @ 4�. +4� Wl,H �xfdl m Wl @ 3� +<d,H �OWl m [l> ]l� @ ��o[l . �oWl . WlH �x�ol m Wl @ 4�. +4� Wl,H �xfol m Wl @ 3� +<e,

Wkh xqrevhuydeohv �xfdl> x�dl> xfol> x�ol> yl� duh dvvxphg wr eh lqghshqghqw ri ]m dqg [l1 Qrwhwkdw wklv lv d vwurqjhu dvvxpswlrq wkdq wkdw xqghuo|lqj wkh h{foxvlrq uhvwulfwlrq zlwk LY1 Lqfrqwudvw wr vwdqgdug LY/ wkh lqvwuxphqw qrz lv dvvxphg wr eh h{rjhqrxv wr wkh doorfdwlrq rivfkroduvklsv1 Iru wkh wdujhwlqj huuru a}m wklv lv d uhdvrqdeoh dvvxpswlrq1 Dvvxph ixuwkhu wkdwwkh xqrevhuydeohv kdyh d mrlqw vwdqgdug qrupdo glvwulexwlrq59999997
xfdx�dxfox�oy
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Jlyhq wkh qrupdolw| dvvxpswlrq/ wkh frqglwlrqdo h{shfwdwlrqv ri �xfdl> x�dl> xfol> x�ol� lq htxdwlrqv+<d, dqg +<e, duh
H �xfdl m Wl @ 3� @ H �xfdl m yl ? �j +]l> [l,� @ �df�flH �x�dl m Wl @ 4� @ H �x�dl m yl � �j +]l> [l,� @ �d���lH �xfol m Wl @ 3� @ H �xfol m yl ? �j +]l>[l,� @ �of�flH �x�ol m Wl @ 4� @ H �x�ol m yl � �j +]l>[l,� @ �o���l

zkhuh �fl @ �! +j +]l>[l,,4��+j +]l>[l,, > ��l @ ! +j +]l>[l,,� +j +]l>[l,,dqg ! dqg � ghqrwh wkh vwdqgdug qrupdo gi dqg fgi/ uhvshfwlyho|1 Wkh lqyhuvh Ploov udwlr*v�f dqg �� fdq eh frpsxwhg iurp +frqvlvwhqw, �uvw vwdjh surelw hvwlpdwhv ri +:h,1Wklv surylghv dq hpslulfdo vshfl�fdwlrq iru +;d, dqg +;e,
Dl @ 4 ���d[l . �dWl . �d���lWl . �df�fl +4� Wl, . %dl � 3� +43d,Ol @ 4 ���o[l . �oWl . �o���lWl . �of�fl +4� Wl, . %ol � 3� +43e,

Xqghu wkh qrupdolw| dvvxpswlrq/ htxdwlrqv +43d, dqg +43e, fdq eh hvwlpdwhg dv d elyduldwhsurelw/ zlwk +%dl> %ol, � Q +3>	,1 Wkh vlpxowdqhrxv qdwxuh ri oderxu dqg vfkrrolqj ghflvlrqv lvqrz h{suhvvhg e| wkh sdudphwhu � @ fruu +%dl> %ol,163 Wklv iroorzv Fdqdjdudmdk dqg Frxorpeh
63Wklv lpsolflwo| dvvxphv wkdw fruuhodwlrq ehwzhhq xd dqg xo lv frqvwdqw ehwzhhq wuhdwphqw vwdwhv +l1h1/� ' �dof ' �do�,1
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+4<<:, dqg Qlhovhq +4<<;,/ zkr dovr dqdo|vh wkh mrlqw ghflvlrq ri vfkrro dwwhqgdqfh dqg fklogoderxu zlwk d elyduldwh surelw1 Erwk vwxglhv �qg d qhjdwlyh dqg vwdwlvwlfdoo| vljql�fdqw fru0uhodwlrq frh!flhqw1Lq wklv iudphzrun wkh eldv gxh wr hqgrjhqrxv surjudp sduwlflsdwlrq lv fdswxuhg e| wkhhvwlpdwhg sdudphwhuv +�df> �d�> �of> �o�,1 Vhohfwlrq rq xqrevhuydeohv +lq wkh edvh vwdwh, lpsolhvwkdw �xfdl> xfol� duh qrw lqghshqghqw ri yl1 Lq wklv fdvh fry �xfd> y� 9@ 3 +l1h1/ �df 9@ 3, rufry �xfo > y� 9@ 3 +l1h1/ �of 9@ 3,1 Vhohfwlrq rq srwhqwldo jdlqv phdqv wkdw fry �xfd> y� 9@ fry �x�d> y�ru fry �xfo > y� 9@ fry �x�o > y�1 Wklv fdq eh hydoxdwhg e| whvwlqj zkhwkhu �df @ �d� dqg �of @�o�1 Qrwh wkdw +�d> �o> �f�> ��f, duh qrw lghqwl�hg/ vlqfh zh qhyhu revhuyh wkh rxwfrphv ri dqlqglylgxdo fklog lq erwk vwdwhv1Wkh dyhudjh h�hfwv ri wkh vfkroduvklsv duh fdofxodwhg dv
Su �D� @ 4�� Su �Df @ 4� @ � ���d[ . �dW��� ���d[� +44d,Su �O� @ 4�� Su �Of @ 4� @ � ���o[ . �oW��� ���o[� +44e,

zklfk duh wkh pdujlqdo h�hfwv ri �d dqg �o1
81715 UhvxowvWkh elyduldwh surelw hvwlpdwhv iru wkh h�hfw ri MSV vfkroduvklsv rq vfkrro dwwhqgdqfh dqgfklog oderxu duh vxppdulvhg e| djh jurxs lq wdeoh 451 Wkh wdeoh surylghv wkh hvwlpdwhgwuhdwphqw sdudphwhuv dqg fruuhodwlrq frh!flhqwv1Wkh vfkroduvkls yduldeoh Wl lv lqwhudfwhg zlwk jhqghu/ shu fdslwd frqvxpswlrq jurxs/dqg d uxudo duhd gxpp| yduldeoh1 Wkh fryduldwhv ixuwkhu lqfoxgh djh/ krxvhkrog vl}h/ pdlqvrxufh ri krxvhkrog lqfrph +djulfxowxuh2qrq0djulfxowxuh,/ khdg ri krxvhkrog fkdudfwhulvwlfv+jhqghu dqg ohyho ri hgxfdwlrq, dqg d yduldeoh lqglfdwlqj zkhwkhu wkh fklog jrhv wr sxeolfru sulydwh vfkrro1 Wkh vshfl�fdwlrq dovr lqfoxghv uhjlrqdo zhoiduh lqglfdwruv Sf/ S�/ ESV<9/wkh ENNEQ sryhuw| hvwlpdwhv iru glvwulfwv dqg vxe0glvwulfwv/ LGW vwdwxv ri wkh yloodjh/ dqg9 yduldeohv lqglfdwlqj wkh suhvhqfh ri vfkrrov lq wkh yloodjh +sulpdu|/ mxqlru vhfrqgdu|/ dqgvhqlru vhfrqgdu|/ e| sxeolf2sulydwh,1 Ilqdoo|/ wkh prgho lqfoxghv d vhw ri surylqfh gxpp|yduldeohv1 Iru frqyhqlhqfh/ wkh frh!flhqwv iru fryduldwhv duh rplwwhg iurp wkh wdeoh164 Wkh�uvw vwdjh surelw +:h, lqfoxghv wkh vdph fryduldwhv1 MSV<9 vhuyhv dv lqvwuxphqw zlwk Sf/ S�dqg ESV<9 frqwuroolqj iru qrq0udqgrp jhrjudsklf wdujhwlqj1 Wkh lqvwuxphqw lv vljql�fdqwdw d 4 shufhqw ohyho iru doo djh jurxsv1 Dv sryhuw| lv ryhuhvwlpdwhg lq wkh jhrjudsklf wdujhwlqjvwdjh wkh suredelolw| ri uhfhlylqj d vfkroduvkls lqfuhdvhv1Wkh uhvxowv vkrz wkdw ryhudoo wkh vfkroduvklsv gr kdyh dq h�hfw rq vfkrro dwwhqgdqfhdqg fklog oderxu1 Dowkrxjk qrw doo frh!flhqwv duh vwdwlvwlfdoo| vljql�fdqw/ wkh| duh mrlqwo|vljql�fdqw iru erwk rxwfrphv1 Wkh whvw vwdwlvwlf iru mrlqw vljql�fdqfh lv jlyhq lq urz ; ri hdfksdqho1 Orrnlqj dw wkh wkuhh gl�huhqw djh jurxsv/ wkh wuhdwphqw sdudphwhuv duh dozd|v mrlqwo|

64Ghwdlohg hvwlpdwlrq uhvxowv duh dydlodeoh xsrq uhtxhvw iurp wkh dxwkru1
4:



vljql�fdqw iru oderxu1 Iru vfkrro dwwhqgdqfh wkhuh vhhpv wr eh rqo| dq h�hfw iru vwxghqwvdjhg 46 wr 481Wkhuh lv vrph hylghqfh ri vhohfwlrq rq xqrevhuydeohv +lqglfdwhg e| �f,1 Hvshfldoo| iruoderxu ri wkh roghu vwxghqwv wkhuh lv d vwurqj fruuhodwlrq ehwzhhq xfol dqg yl1 Wkh uhvxowvdovr vxjjhvw wkdw vwxghqwv duh vhohfwhg edvhg rq srwhqwldo jdlqv iurp wkh surjudp/ dv wkhk|srwkhvlv wkdw �f @ �� lv uhmhfwhg1 Djdlq/ iru oderxu wklv uhvxow lv vwurqjhu1 Wkh vfkrrolqjdqg oderxu ghflvlrqv ri vwxghqwv duh qrw lqghshqghqw/ jlyhq wkh fryduldwhv1 Wkh fruuhodwlrqfrh!flhqw � lv vljql�fdqw dw d 4 shufhqw ohyho1 Wkh fruuhodwlrq ehwzhhq erwk ghflvlrqv lvqhjdwlyh dqg ehfrphv vwurqjhu zlwk djh +ydu|lqj iurp 03153 wr 03167,1Wkh dyhudjh h�hfwv duh jlyhq lq wdeoh 461 Vwduwlqj zlwk wkh djjuhjdwh h�hfwv ri wkhvfkroduvklsv/ wkh suredelolw| ri dwwhqglqj vfkrro lq wkh suhylrxv zhhn lv 418 shufhqwdjh srlqwkljkhu iru vwxghqwv zlwk d vfkroduvkls wkdq iru qrq0uhflslhqwv1 Wklv lv d vpdoo fkdqjh/ jlyhqdwwhqgdqfh udwhv ri <: wr <; shufhqw +wdeoh 5,1 Wkh h�hfw rq fklog oderxu lv odujhu/ zlwk wkhsuredelolw| ri zrunlqj ghfuhdvlqj e| 61; shufhqwdjh srlqw iru vwxghqwv zlwk d vfkroduvkls1Wklv vxjjhvwv wkdw wkh surjudp uhgxfhg wkh lqflghqfh ri fklog zrun iurp 4713 wr 4315 shufhqw/d 5: shufhqw lqfuhdvh uhodwlyh wr wkh edvh vwdwh +vhh wdeoh 6,1Wkhvh uhvxowv vxjjhvw wkdw wkh vfkroduvklsv uhgxfhg wkh qhhg iru fklog oderxu wr vprrwkkrxvhkrog lqfrph gxulqj wkh fulvlv/ udlvlqj wkh uhvhuydwlrq zdjh iru vwxghqwv1 Qrwh wkdw oderxuvxsso| vhhpv wr eh pruh vhqvlwlyh wr wkh surjudp wkdq vfkrro dwwhqgdqfh1 Lqfuhdvhg vfkrrodwwhqgdqfh wdnhv dffrxqw ri dw prvw kdoi ri wkh wlph uhdoorfdwhg dzd| iurp oderxu dfwlylwlhv1Wkh vl}h ri wkh h�hfwv rq oderxu lqfuhdvh zlwk djh1 Wklv uhvxowv lv lq sduw gxh wr wkhidfw wkdw wkh lqflghqfh ri fklog oderxu lv kljkhu dprqjvw roghu vwxghqwv1 Dovr/ wkh vl}h ri wkhvfkroduvklsv lqfuhdvhv zlwk hqurophqw ohyho1 Lpsdfw lv vpdoohvw iru wkh |rxqjhvw djh jurxs +43045,/ zkhuh wkh suredelolw| ri zrunlqj lv uhgxfhg e| 41: shufhqwdjh srlqw +53 shufhqw uhodwlyhlqfuhdvh,1 Iru vwxghqwv djhg 46048 wkh h�hfw rq oderxu lv odujhu/ dw 814 shufhqwdjh srlqw +63shufhqw uhodwlyh lqfuhdvh,1 Iru wkh roghvw vwxghqwv d vfkroduvkls ghfuhdvhv wkh suredelolw| rizrunlqj e| 4313 shufhqwdjh srlqw +73 shufhqw uhodwlyh lqfuhdvh,1Wkh h�hfwv ydu| zlwk wkh fkdudfwhulvwlfv ri wkh vwxghqwv1 Jhqhudoo|/ wkh h�hfwv rq oderxuzhuh odujhvw iru vwxghqwv iurp srru krxvhkrogv/ lq uxudo duhdv/ dqg iru er|v1 Wklv vxjjhvwwkdw uhvhuydwlrq zdjhv duh orzhu iru wkh srru/ dqg lq uxudo duhdv1 Wkh idfw wkdw oderxu vxsso|lv pruh uhvsrqvlyh iru er|v pd| uh hfw wkh idfw wkdw er|v duh pruh riwhq hqjdjhg lq zdjhoderxu/ zkloh jluov pd| eh frpplwwhg wr rzq idup dqg grphvwlf zrun1 Wklv sdwwhuq lv vhhqiru doo exw wkh |rxqjhvw djh jurxsv1 Wkh eljjhvw gl�huhqfhv duh irxqg iru xuedq dqg uxudoduhdv1 Wkh suredelolw| ri zrunlqj lq uxudo duhdv ghfuhdvhg e| 814 shufhqwdjh srlqw/ djdlqvw417 lq xuedq duhdv1Lq fdvh ri vfkrro dwwhqgdqfh wkh gl�huhqfhv lq wkh h�hfwv duh vpdoo/ dqg lqfuhdvh voljkwo|zlwk djh1 Dwwhqgdqfh lv lqfuhdvhg e| 415 shufhqwdjh srlqw iru vwxghqwv djh 43 wr 45/ dqg e|51< shufhqwdjh srlqw iru wkh roghu vwxghqwv1Wkh elyduldwh surelw hvwlpdwhv dqg dyhudjh h�hfwv e| +qhw, hqurophqw ohyho duh jlyhq lq
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wdeohv 47 dqg 48 vkrz vlplodu uhvxowv1
9 Frqfoxvlrq
Wklv sdshu dqdo|vhv wkh h�hfwlyhqhvv ri wkh Lqgrqhvldq Vrfldo Vdihw| Qhw vfkroduvkls surjudp/zklfk zdv lqwurgxfhg lq Dxjxvw 4<<; wr surwhfw wkh hgxfdwlrqdo vhfwru gxulqj wkh Hdvw Dvldqhfrqrplf fulvlv1 Wkh surjudp dsshduv wr kdyh ehhq h�hfwlyh lq surwhfwlqj dffhvv wr hgxfdwlrq/ghvslwh frqvlghudeoh sureohpv frqfhuqlqj jhrjudsklfdo wdujhwlqj lq wkh lqlwldo |hdu1Wdujhwlqj zdv sur0srru iru sulpdu| dqg mxqlru vhfrqgdu| vfkrro/ exw wkhuh zdv dovr d orwri ohdndjh wr zhdowklhu jurxsv1 Iru vhqlru vhfrqgdu| vfkrro wkh vfkroduvklsv zhuh qrw door0fdwhg sur0srru dw doo/ exw lqvwhdg glvwulexwhg txlwh hyhqo| dfurvv wkh shu fdslwd frqvxpswlrqtxlqwlohv1Wkh lpsdfw ri wkh surjudp lv lghqwl�hg e| h{sorlwlqj wkh ghfhqwudolvhg vwuxfwxuh ri wkhsurjudp ghvljq dqg wkh idfw wkdw dw wkh lqlwldo vwdjh ri wkh surjudp rqo| lqfrpsohwh lqirupd0wlrq rq wkh h�hfwv ri wkh fulvlv zdv dydlodeoh wr srolf| pdnhuv1 Wklv lqfrpsohwh lqirupdwlrqrq uhjlrqdo sryhuw| jdyh ulvh wr vrph jhrjudsklf plv0wdujhwlqj1 Lqvwuxphqwdo yduldeohv duhfrqvwuxfwhg iurp wklv plv0wdujhwlqj/ xvlqj gdwd rq wkh vhohfwlrq uxohv dqg h{0srvw lqirupdwlrqrq wkh uhjlrqdo sryhuw| sur�oh1 Wkh dydlodelolw| ri suh0lqwhuyhqwlrq gdwd pdnhv lw srvvleoh wryhuli| wkh fuhglelolw| ri wkh lghqwli|lqj dvvxpswlrqv dqg wkh ydolglw| ri wkh lqvwuxphqw1Zlwkrxw wkh MSV surjudp hqurophqw zrxog kdyh gursshg vxevwdqwldoo|/ hvshfldoo| lq sul0pdu| vfkrro1 43 shufhqw ri surjudp sduwlflsdqwv ehwzhhq 43 dqg 45 |hduv rog zrxog kdyhgursshg rxw ri vfkrro li wkh| kdg qrw uhfhlyhg d vfkroduvkls1 Lq devhqfh ri wkh surjudp/ wkhhqurophqw udwh iru wklv jurxs zrxog kdyh ehhq 319 shufhqwdjh srlqw orzhu1 Wklv vxjjhvwv wkdwwkh surjudp kdv dfwxdoo| suhyhqwhg hqurophqw wr ghfuhdvh iurp 4<<; wr 4<<<1 Iru wkh djhjurxs 46048 wkh surjudp lqfuhdvhg wkh hqurophqw udwh e| 31; shufhqwdjh srlqw/ dffrxqwlqj irukdoi ri wkh revhuyhg lqfuhdvh lq hqurophqw1 Krzhyhu/ prvw ri wklv h�hfw frqfhuqv fkloguhq lqsulpdu| vfkrro1 Wklv lv dq lpsruwdqw uhvxow ehfdxvh wklv lv wkh djh jurxs zkhuh/ lq jhqhudo/ wkhwudqvlwlrq iurp sulpdu| wr mxqlru vhfrqgdu| vfkrro wdnhv sodfh1 Lw lv dw wklv wudqvlwlrq srlqwwkdw pdq| vwxghqwv ohdyh vfkrro1 Dprqjvw fkloguhq djhg 49 wr 4; qr vljql�fdqw h�hfw zdvirxqg1 Wkhvh uhvxowv vxjjhvw wkdw vhfrqgdu| vfkrro vfkroduvklsv glg olwwoh wr d�hfw hqurophqw1Wkh vfkroduvkls zhuh hvshfldoo| h�hfwlyh iru fkloguhq zkrvh hgxfdwlrq dwwdlqphqw zdv prvwyxoqhudeoh wr wkh h�hfwv ri wkh fulvlv1 Lq uhvsrqvh wr wkh fulvlv/ srru uxudo krxvhkrogv idflqjuhvrxufh frqvwudlqwv uhgxfhg lqyhvwphqw rq hgxfdwlrq ri wkh |rxqjhvw fkloguhq lq wkh krxvhkrogiru frqvxpswlrq vprrwklqj uhdvrqv/ dqg surwhfwhg wkh hgxfdwlrq ri roghu fkloguhq +Wkrpdvhw do1/ 5337,1 Wklv uh hfwv wkh gl�huhqfhv lq ixwxuh hduqlqjv iurp vhfrqgdu| dqg sulpdu|hgxfdwlrq/ dqg wkh idfw wkdw krxvhkrogv kdyh douhdg| lqyhvwhg lq vhfrqgdu| hgxfdwlrq ri roghufkloguhq1 Dffruglqjo|/ wkh vwurqjhvw h�hfwv ri wkh vfkroduvklsv zhuh irxqg dprqjvw fkloguhqdw sulpdu| vfkrro lq uxudo duhdv/ iurp krxvhkrogv wkdw olyh ehorz wkh sryhuw| olqh1Wkh MSV surjudp dovr d�hfwhg wkh ghflvlrqv uhjduglqj vfkrro dwwhqgdqfh dqg oderxu dfwly0
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lwlhv ri hquroohg fkloguhq1 Vfkroduvkls uhflslhqwv zhuh pruh olnho| wr jr wr vfkrro dqg ohvv olnho|wr zrun/ exw rqo| iru vwxghqwv ri vhfrqgdu| vfkrro djh1 Dowkrxjk lw zdv qrw dq h{solflw jrdori wkh surjudp/ wkh vfkroduvklsv udlvhg wkh uhvhuydwlrq zdjh iru vwxghqwv1 Wkh fdvk wudqvihuvuholhyhg wkh suhvvxuh rq krxvhkrogv wr gudz rq wkh oderxu ri wkhlu fkloguhq wr vprrwk lqfrph1Wkh h�hfwv rq fklog oderxu duh odujhvw iru wkh srru/ vxjjhvwlqj wkdw uhvhuydwlrq zdjhv iru wkhsrru duh orzhu wkdq iru wkh qrq0srru1Oderxu vxsso| lv pxfk pruh vhqvlwlyh wr surjudp sduwlflsdwlrq wkdq vfkrro dwwhqgdqfh1Wklv uhvxow gl�huv iurp vwxglhv e| Udydoolrq dqg Zrgrq +5333,/ Vnrx�dv dqg Sdunhu +5334,dqg Vfkxow} +5337,/ zkr �qg wkdw lqfuhdvhg vfkrrolqj lv rqo| sduwo| h{sodlqhg e| d uhgxfwlrqlq oderxu1 Wkh gl�huhqfh lq wkhvh uhvxowv lv prvw olnho| h{sodlqhg e| wkh h{wuhph vhwwlqj ri wkhHdvw Dvldq hfrqrplf fulvlv1 Xqghu wkhvh flufxpvwdqfhv wkh suhvvxuh rq krxvhkrogv wr gudzrq fklog oderxu vwurqjo| lqfuhdvhg1 Wkh hvwlpdwlrq uhvxowv wkhq vxjjhvw wkdw wklv kdv frphrqo| sduwo| dw wkh h{shqvh ri vfkrro dwwhqgdqfh1 Wklv vxssruwv wkh qrwlrq e| Sul|dpedgd hwdo1 +5335, wkdw vfkrrolqj dqg sduw wlph zrun riwhq jr wrjhwkhu lq Lqgrqhvld1Frqfoxglqj/ wkh MSV vfkroduvklsv kdyh suryhg wr eh dq h�hfwlyh lqvwuxphqw iru surwhfwlqjdffhvv wr hgxfdwlrq1 Rq wkh rwkhu kdqg/ wkh doorfdwlrq frpplwwhhv dsshdu wr kdyh ehhq rqo|sduwo| fdsdeoh ri lghqwli|lqj wkh srru1 D odujh sduw ri wkh ixqgv kdyh ehhq doorfdwhg wrvwxghqwv zkr zrxog qrw kdyh gursshg rxw ri vfkrro1 Pruh dffxudwh wdujhwlqj zrxog juhdwo|lpsuryh wkh surjudp*v h�hfwlyhqhvv1 Ixuwkhupruh/ sulrulw| vkrxog kdyh ehhq sodfhg zlwksurwhfwlqj sulpdu| vfkrro hqurophqw1
Uhihuhqfhv
Dqdqwd/ D1/ dqg U1 Vluhjdu +4<<<,= �Vrfldo Vdihw| Qhw Srolflhv lq Lqgrqhvld= Remhfwlyhvdqg Vkruwfrplqjv/� DVHDQ Hfrqrplf Exoohwlq/ 49+6,/ 677�68<1
Dqjulvw/ M1 G1 +5337,= �Wuhdwphqw H�hfw Khwhurjhqhlw| lq Wkhru| dqg Sudfwlfh/� HfrqrplfMrxuqdo/ 447+7<7,/ F85�F;61
Dqjulvw/ M1 G1/ J1 Z1 Lpehqv/ dqg G1 E1 Uxelq +4<<9,= �Lghqwl�fdwlrq ri Fdxvdo H�hfwvXvlqj Lqvwuxphqwdo Yduldeohv/� Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ <4+767,/777�7881
Ehhjoh/ N1/ U1 K1 Ghkhmld/ dqg U1 Jdwwl +5336,= �Fklog Oderu/ Lqfrph Vkrfnv/ dqgDffhvv wr Fuhglw/� Zruog Edqn Srolf| Uhvhdufk Zrunlqj Sdshu Qr 63:8/ Zdvklqjwrq G1F1
Ehkupdq/ M1 U1/ dqg D1 E1 Ghrodolndu +4<<8,= �Duh Wkhuh Gl�huhqwldo Uhwxuqv wr Vfkrro0lqj e| JhqghuB Wkh Fdvh ri Lqgrqhvldq Oderxu Pdunhwv/� R{irug Exoohwlq ri Hfrqrplfvdqg Vwdwlvwlfv/ 8:+4,/ <:�44:1
ESV +5333,= �Wlqjndw Nhplvnlqdq Ndexsdwhq/� plphr/ Mdnduwd1
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Fdphurq/ O1 D1 +4<<<,= �Vxuyh| ri Uhfhqw Ghyhorsphqwv/� Exoohwlq ri Lqgrqhvldq HfrqrplfVwxglhv/ 68+4,/ 5�731
+5335,= �Glg Vrfldo Vdihw| Qhw Vfkroduvklsv Uhgxfh Gurs0Rxw Udwhv Gxulqj wkh Lq0grqhvldq Hfrqrplf FulvlvB/� Zruog Edqn Srolf| Uhvhdufk Zrunlqj Sdshu Qr 5;33/ Zdvk0lqjwrq G1F1

Fdphurq/ O1 D1/ dqg F1 Zruvzlfn +5334,= �Hgxfdwlrq H{shqglwxuh Uhvsrqvh wr FursOrvv lq Lqgrqhvld= D Jhqghu Eldv/� Hfrqrplf Ghyhorsphqw dqg Fxowxudo Fkdqjh/ 7<+5,/684�6961
Fdqdjdudmdk/ V1/ dqg K1 Frxorpeh +4<<:,= �Fklog Oderu dqg Vfkrrolqj lq Jkdqd/�plphr/ Zruog Edqn/ Zdvklqjwrq G1F1
Gdo|/ D1/ dqg J1 Idqh +5335,= �Dqwl0Sryhuw| Surjudpv lq Lqgrqhvld/� Exoohwlq ri Lqgrqh0vldq Hfrqrplf Vwxglhv/ 6;+6,/ 63<�65<1
Ghkhmld/ U1 K1/ dqg U1 Jdwwl +5335,= �Fklog Oderu= Wkh Uroh ri Lqfrph Yduldelolw| dqgDffhvv wr Fuhglw lq d Furvv Vhfwlrq ri Frxqwulhv/� Zruog Edqn Srolf| Uhvhdufk ZrunlqjSdshu Qr 5:9:/ Zdvklqjwrq G1F1
Gkdqdql/ V1/ dqg L1 Lvodp +5335,= �Sryhuw|/ Yxoqhudelolw| dqg Vrfldo Surwhfwlrq lq d Shulrgri Fulvlv= Wkh Fdvh ri Lqgrqhvld/� Zruog Ghyhorsphqw/ 63+:,/ 4544�45641
Gxior/ H1 F1 +5334,= �Vfkrrolqj dqg Oderu Pdunhw Frqvhtxhqfhv ri Vfkrro Frqvwuxfwlrqlq Lqgrqhvld= Hylghqfh iurp dq Xqxvxdo Srolf| H{shulphqw/� Dphulfdq Hfrqrplf Uhylhz/<4+7,/ :<8�;461
Ilw}vlprqv/ H1 +5336,= �Wkh H�hfwv ri Ulvn rq Hgxfdwlrq dqg Fklog Oderxu/� Lqvwlwxwh iruIlvfdo Vwxglhv Zrunlqj Sdshu Z3523:1
Ioxj/ N1/ D1 Vslolpehujr/ dqg H1 Zdfkwhqkhlp +4<<;,= �Lqyhvwphqw lq Hgxfdwlrq= GrHfrqrplf Yrodwlolw| dqg Fuhglw Frqvwudlqwv PdwwhuB/� Mrxuqdo ri Ghyhorsphqw Hfrqrplfv/88+5,/ 798�7;41
Irvwhu/ M1/ M1 Juhhu/ dqg H1 Wkruehfnh +4<;7,= �D Fodvv ri Ghfrpsrvdeoh Sryhuw|Phdvxuhv/� Hfrqrphwulfd/ 85+6,/ :94�:991
Iudqnhqehuj/ H1/ M1 S1 Vplwk/ dqg G1 Wkrpdv +5336,= �Hfrqrplf Vkrfnv/ Zhdowk/ dqgZhoiduh/� Mrxuqdo ri Kxpdq Uhvrxufhv/ 6;+5,/ 5;3�6541
Iulhgpdq/ M1/ dqg M1 Ohylqvrkq +5335,= �Wkh Glvwulexwlrqdo Lpsdfw ri Lqgrqhvld*v Ilqdq0fldo Fulvlv rq Krxvhkrog Zhoiduh= D %Udslg Uhvsrqvh% Phwkrgrorj|/� Wkh Zruog EdqnHfrqrplf Uhylhz/ 49+5,/ 6<:�7561
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Khfnpdq/ M1 +4<<:,= �Lqvwuxphqwdo Yduldeohv= D Vwxg| ri Lpsolflw Ehkdylrudo DvvxpswlrqvXvhg lq Pdnlqj Surjudp Hydoxdwlrqv/� Mrxuqdo ri Kxpdq Uhvrxufhv/ 65+6,/ 774�7951Khfnpdq/ M1/ U1 OdOrqgh/ dqg M1 Vplwk +4<<<,= �Wkh Hfrqrplfv dqg Hfrqrphwulfv riDfwlyh Oderu Pdunhw Surjudpv/� lq Kdqgerrn ri Oderu Hfrqrplfv/ hg1 e| R1 Dvkhqihowhu/dqg G1 Fdug/ yro1 61 Hovhylhu/ Dpvwhugdp1Khfnpdq/ M1/ dqg V1 Qdyduur0Or}dqr +5337,= �Xvlqj Pdwfklqj/ Lqvwuxphqwdo Yduldeohv/dqg Frqwuro Ixqfwlrqv wr Hvwlpdwh Hfrqrplf Fkrlfh Prghov/� Wkh Uhylhz ri Hfrqrplfvdqg Vwdwlvwlfv/ ;9+4,/ 63�8:1Lpehqv/ J1/ dqg M1 Dqjulvw +4<<7,= �Lghqwl�fdwlrq dqg Hvwlpdwlrq ri Orfdo Dyhudjh Wuhdw0phqw H�hfwv/� Hfrqrphwulfd/ 95+5,/ 79:�7:81Mdfre|/ K1 J1/ dqg H1 Vnrxildv +4<<:,= �Ulvn/ Ilqdqfldo Pdunhwv/ dqg Kxpdq Fdslwdo lqd Ghyhorslqj Frxqwu|/� Wkh Uhylhz ri Hfrqrplf Vwxglhv/ 97+6,/ 644�6681Mlphqh}/ H1 +4<<8,= �Kxpdq dqg Sk|vlfdo Lqiudvwuxfwxuh= Sxeolf Lqyhvwphqw dqg Sulf0lqj Srolflhv lq Ghyhorslqj Frxqwulhv1/� lq Kdqgerrn ri Ghyhorsphqw Hfrqrplfv/ hg1 e|M1 Ehkupdq/ dqg W1 Vulqlydvdq/ yro1 6/ ss1 5::6�5;761 Hovhylhu/ Qruwk Kroodqg/ Dpvwhu0gdp1Mrqhv/ J1/ Dnkpdgl/ E1 Vrhodnvrqr/ Kdvwxwl/ M1 Pd{zhoo/ P1 Qdelx/ S1 Zl0erzr/ V1 N1 Udkd|x/ V1 Exgl|dwl/ dqg Z1 Pxqdzdu +5336,= �VPHUX*v Udslg Dv0vhvvphqw ri Hgxfdwlrq Sureohpv/ dqg wkh MSV Vfkroduvkls dqg Eorfn Judqw Surjudp lqIrxu Surylqfhv/� VPHUX vshfldo uhsruw/ Mdnduwd1Mrqhv/ J1/ dqg S1 Kdjxo +5334,= �Vfkrrolqj lq Lqgrqhvld= Fulvlv0uhodwhg dqg Orqjhu0whupLvvxhv/� Exoohwlq ri Lqgrqhvldq Hfrqrplf Vwxglhv/ 6:+5,/ 53:�5641Odqmrxz/ S1/ P1 Sudgkdq/ I1 Vddgdk/ K1 Vd|hg/ dqg U1 Vsduurz +5335,= �Sryhuw|/Hgxfdwlrq dqg Khdowk lq Lqgrqhvld= Zkr Ehqh�wv iurp Sxeolf VshqglqjB/� lq Hgxfd0wlrq dqg Khdowk H{shqglwxuhv/ dqg Ghyhorsphqw= Wkh fdvhv ri Lqgrqhvld dqg Shux/ hg1 e|F1 Pruulvvrq/ ss1 4:�:;1 Ghyhorsphqw Fhqwuh Vwxglhv/ RHFG Ghyhorsphqw Fhqwuh/ Sdulv1Pdlwud/ S1/ dqg U1 Ud| +5335,= �Wkh Mrlqw Hvwlpdwlrq ri Fklog Sduwlflsdwlrq lq Vfkrrolqjdqg Hpsor|phqw= Frpsdudwlyh Hylghqfh iurp Wkuhh Frqwlqhqwv/� R{irug GhyhorsphqwVwxglhv/ 63+4,/ 74�951Pdoxfflr/ M1 D1/ dqg U1 Ioruhv +5337,= �Lpsdfw Hydoxdwlrq ri d Frqglwlrqdo Fdvk Wudqv0ihu Surjudp= Wkh Qlfdudjxdq Uhg Gh Surwhfflrq Vrfldo/� Irrg Frqvxpswlrq dqg QxwulwlrqGlylvlrq Glvfxvvlrq Sdshu 4:7/ LISUL/ Zdvklqjwrq G1F1Plqlvwu| ri Hgxfdwlrq dqg Fxowxuh/ Plqlvwu| ri Uholjlrxv Diidluv/ dqg Plqlvwu|ri Krph Diidluv +4<<;,= Surjudp Lpsohphqwdwlrq Sodq= Vfkroduvklsv ) Eorfn JudqwSurjudp iru Sulpdu| dqg Vhfrqgdu| Vfkrrov1 Mdnduwd1
55



Qlhovhq/ K1 V1 +4<<;,= �Fklog Oderu dqg Vfkrro Dwwhqgdqfh= Wzr Mrlqw Ghflvlrqv/� Fhqwuhiru Oderxu Pdunhw dqg Vrfldo Uhvhdufk Zrunlqj Sdshu Qr <;048/ Ddukxv/ Ghqpdun1
Sudgkdq/ P1/ O1 Udzolqjv/ dqg J1 Ulgghu +4<<;,= �Wkh Erolyldq Vrfldo LqyhvwphqwIxqg= Dq Dqdo|vlv ri Edvholqh Gdwd iru Lpsdfw Hydoxdwlrq/� Wkh Zruog Edqn HfrqrplfUhylhz/ 45+6,/ 78:�7;51
Sudgkdq/ P1/ dqg U1 Vsduurz +5333,= �Edvlf Hgxfdwlrq Rxwfrphv Gxulqj Fulvlv 0 DqDqdo|vlv Xvlqj wkh 4<<8/ 4<<:/ 4<<; dqg 4<<< Vxvhqdv/� zrunlqj sdshu/ Yulmh Xqlyhuvlwhlw/Dpvwhugdp1
Sudgkdq/ P1/ D1 Vxu|dkdgl/ V1 Vxpduwr/ dqg O1 Sulwfkhww +5334,= �Hdwlqj OlnhZklfk cMrqhvhv*B Dq Lwhudwlyh Vroxwlrq wr wkh Fkrlfh ri Sryhuw| Olqh Uhihuhqfh Jurxs1/�Wkh Uhylhz ri Lqfrph dqg Zhdowk/ 7:+7,/ 7:6�7;:1
Sul|dpedgd/ D1/ D1 Vxu|dkdgl/ dqg V1 Vxpduwr +5335,= �Zkdw Kdsshqhg wr FklogOderu lq Lqgrqhvld gxulqj wkh Hfrqrplf FulvlvB Wkh Wudgh0r� ehwzhhq Vfkrro dqg Zrun/�VPHUX zrunlqj sdshu/ Mdnduwd1
Svdfkdursrxorv/ J1 +4<<7,= �Uhwxuqv wr Lqyhvwphqw lq Hgxfdwlrq= d Joredo Xsgdwh/�Zruog Ghyhorsphqw/ 55+<,/ 4658�46761
Udydoolrq/ P1/ dqg T1 Zrgrq +5333,= �Grhv Fklog Oderu Glvsodfh Vfkrrolqj= Hylghqfhrq Ehkdylrudo Uhvsrqvhv wr dq Hquroophqw Vxevlg|/� Hfrqrplf Mrxuqdo/ 443+795,/ F48;�F4:81
Udzolqjv/ O1 E1/ dqg J1 P1 Uxelr +5336,= �Hydoxdwlqj wkh Lpsdfw ri Frqglwlrqdo FdvkWudqvihu Surjudpv/� Zruog Edqn Srolf| Uhvhdufk Zrunlqj Sdshu Qr 644</ ZdvklqjwrqG1F1
Ulgdr0Fdqr/ F1 +5334,= �Hydoxdwlqj wkh Lpsdfw ri Zrunlqj Zkloh lq Vfkrro rq VfkrroSurjuhvv= Wkh Fdvh ri Uxudo Edqjodghvk/� Zrunlqj Sdshu 3404:/ Fhqwhu iru HfrqrplfDqdo|vlv/ Xqlyhuvlw| ri Frorudgr dw Erxoghu1
Urvdwl/ I1 F1/ dqg P1 Urvvl +5336,= �Fkloguhq*v Zrunlqj Krxuv dqg Vfkrro Hquroophqw=Hylghqfh iurp Sdnlvwdq dqg Qlfdudjxd/� Wkh Zruog Edqn Hfrqrplf Uhylhz/ 4:+5,/ 5;6�5<81
Vfkxow}/ W1 S1 +4<;;,= �Hgxfdwlrq Lqyhvwphqwv dqg Uhwxuqv/� lq Kdqgerrn ri GhyhorsphqwHfrqrplfv/ hg1 e| K1 Fkhqhu|/ dqg W1 Vulqlydvdq/ yro1 4/ ss1 876�9631 Hovhylhu/ QruwkKroodqg/ Dpvwhugdp1

+5337,= �Vfkrro Vxevlglhv iru wkh Srru= Hydoxdwlqj wkh Ph{lfdq Surjuhvvd Sryhuw|Surjudp/� Mrxuqdo ri Ghyhorsphqw Hfrqrplfv/ :7+4,/ 4<<�5831
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Vnrxildv/ H1/ dqg V1 Z1 Sdunhu +5334,= �Frqglwlrqdo Fdvk Wudqvihuv dqg Wkhlu Lp0sdfw rq Fklog Zrun dqg Vfkrrolqj= Hylghqfh iurp wkh SURJUHVD Surjudp lq Ph{lfr/�Hfrqrpld/ 5+4,/ 78�<91
Vnrxildv/ H1/ D1 Vxu|dkdgl/ dqg V1 Vxpduwr +5333,= �Fkdqjhv lq Krxvhkrog Zhoiduh/Sryhuw| dqg Lqhtxdolw| gxulqj wkh Fulvlv/� Exoohwlq ri Lqgrqhvldq Hfrqrplf Vwxglhv/ 69+5,/<:�4471
Vplwk/ M1 S1/ G1 Wkrpdv/ H1 Iudqnhqehuj/ N1 Ehhjoh/ dqg J1 Whuxho +5335,=�Zdjhv/ hpsor|phqw dqg hfrqrplf vkrfnv= Hylghqfh iurp Lqgrqhvld/� Mrxuqdo ri Srs0xodwlrq Hfrqrplfv/ 48+4,/ 494�4<61
Vxpduwr/ V1/ D1 Zhwwhuehuj/ dqg O1 Sulwfkhww +4<<;,= �Wkh Vrfldo Lpsdfw ri wkhFulvlv lq Lqgrqhvld= Uhvxowv iurp d Qdwlrqzlgh Nhfdpdwdq Vxuyh|/� VPHUXzrunlqj sdshu/Mdnduwd1
Vxu|dkdgl/ D1/ V1 Vxpduwr/ dqg O1 Sulwfkhww +5336,= �Wkh Hyroxwlrq ri Sryhuw| Gxulqjwkh Fulvlv lq Lqgrqhvld/� Dvldq Hfrqrplf Mrxuqdo/ 4:+6,/ 554�5741
Vxu|dkdgl/ D1/ V1 Vxpduwr/ \1 Vxkduvr/ dqg O1 Sulwfkhww +5333,= �Wkh Hyroxwlrq riSryhuw| Gxulqj wkh Fulvlv lq Lqgrqhvld/ 4<<9 wr 4<<</� VPHUX zrunlqj sdshu/ Mdnduwd1
Wkrpdv/ G1/ N1 Ehhjoh/ H1 Iudqnhqehuj/ E1 Vlnrnl/ M1 Vwudxvv/ dqg J1 Whuxho+5337,= �Hgxfdwlrq lq d Fulvlv/� Mrxuqdo ri Ghyhorsphqw Hfrqrplfv/ :7+4,/ 86�;81
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D Wdeohv
Wdeoh 4= Hqurophqw udwhv/ e| hgxfdwlrq ohyho dqg djh jurxs lq 4<<8/ 4<<:/ 4<<; dqg 4<<<4<<8 4<<: 4<<; 4<<<Qhw hqurophqw Sulpdu| <418 <516 <514 <519^3145` ^3144` ^3144` ^3146`Mxqlru vhfrqgdu| 8413 8:1; 8:14 8<15^3166` ^3165` ^3165` ^316:`Vhqlru vhfrqgdu| 6519 6919 6:18 6;18^3168` ^3169` ^3166` ^316<`Djh jurxs 43 wr 45 <815 <915 <81< <915^3144` ^3144` ^3144` ^3145`46 wr 48 :615 ::18 ::16 :<13^3163` ^315;` ^315;` ^3163`49 wr 4; 761< 7:1< 7;1: 8317^316;` ^316:` ^3168` ^316;`43 wr 4; :518 :719 :718 :815^3153` ^314<` ^314<` ^3153`Vwdqgdug huuruv lq vtxduh eudfnhwv duh dgmxvwhg iru foxvwhulqj lq vxuyh| ghvljq
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Wdeoh 5= Vfkrro dwwhqgdqfh lq suhylrxv zhhn dprqjvw hquroohg fkloguhq +shufhqwdjh,/ e|hqurophqw ohyho dqg djh jurxs lq 4<<<MSV Qrq0MSV Zrun Qr zrun DooHqurophqw Sulpdu| <:19 <;15 <418 <;17 <;14^3166` ^3144` ^31;3` ^3144` ^3144`Mxqlru Vhfrqgdu| <:19 <;15 <515 <;19 <;14^3169` ^3144` ^3199` ^3143` ^3144`Vhqlru Vhfrqgdu| <:1; <;18 <71: <;1; <;18^31;3` ^3146` ^31:4` ^3145` ^3146`Djh jurxs 43 wr 45 <:1; <;17 <714 <;18 <;17^3167` ^3144` ^31;6` ^3143` ^3143`46 wr 48 <:18 <;15 <515 <;19 <;15^3167` ^3144` ^319:` ^3143` ^3144`49 wr 4; <:17 <:1< <513 <;18 <:1<^3194` ^3146` ^31:4` ^3144` ^3146`43 wr 4; <:19 <;15 <519 <;19 <;15^3158` ^313<` ^317<` ^313;` ^313<`Q ;/836 444/84< ;/838 444/84: 453/355Vwdqgdug huuruv lq vtxduh eudfnhwv duh dgmxvwhg iru foxvwhulqj lq vxuyh| ghvljq

Wdeoh 6= Oderxu dfwlylwlhv lq suhylrxv zhhn +shufhqwdjh,/ e| hqurophqw ohyho dqg djh jurxslq 4<<< Hquroohg Qrw hquroohg DooMSV Qrq0MSV DooHqurophqw Sulpdu| :1< 619 61<^318<` ^3146` ^3146`Mxqlru Vhfrqgdu| 4514 :16 :1:^31:8` ^3155` ^3155`Vhqlru Vhfrqgdu| 4619 :15 :18^4189` ^3159` ^3159`Djh jurxs 43 wr 45 918 51; 613 5317 61:^318;` ^3144` ^3145` ^413;` ^3146`46 wr 48 441; 919 :14 6;18 461:^31:5` ^314<` ^3153` ^319;` ^3157`49 wr 4; 471; ;1; <13 8515 6315^415:` ^315:` ^315:` ^317<` ^3168`43 wr 4; 4315 818 81; 7919 481<^3186` ^3146` ^3147` ^3176` ^314<`Q ;/836 444/84< 453/355 73/34; 493/373Vwdqgdug huuruv lq vtxduh eudfnhwv duh dgmxvwhg iru foxvwhulqj lq vxuyh| ghvljq
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Wdeoh 7= Vfkroduvklsv doorfdwhg lq Iheuxdu| 4<<< +shufhqw ri hquroohg vwxghqwv,W|sh Sulpdu| Mxqlru vhfrqgdu| Vhqlru vhfrqgdu| DooJryhuqphqw MSV 7=34 ;=75 6=:4 71<9Jryhuphqw Qrq0MSV 3=55 3=:9 3=95 316<JQ0RWDW 3=5; 3=6< 3=4< 315<Sulydwh vhfwru 3=3; 3=58 3=5: 3148Rwkhu 3=45 3=56 3=55 3149Wrwdo 7=:4 43=38 8=35 81<8Q 455/476 74/69: 58/855 4;</365W Qdwlrqdo Irvwhu Sduhqwv Pryhphqwv

5:



Wdeoh 8= Surylqfhv udqnhg e| MSV jhrjudsklf doorfdwlrq uxoh +4<<9, dqg ESV sryhuw| hvwlpdwhv+4<<9 dqg 4<<<,Surylqfh MSV 4<<9W ESV 4<<9_ ESV 4<<<_Dfhk 49 ; 9Qruwk0Vxpdwud 4: < ;Zhvw0Vxpdwud : 8 6Uldx 6 : 7Mdpel ; 44 4:Vrxwk0Vxpdwud 48 45 47Ehqjnxox 43 47 45Odpsxqj 47 54 53Mdnduwd 4 4 4Zhvw0Mdyd 44 9 44Fhqwudo0Mdyd 53 4: 4;\rj|dnduwd 45 49 48Hdvw0Mdyd 4< 4; 54Edol 5 5 5QWE 55 56 56QWW 57 57 58Zhvw0Ndolpdqwdq 58 53 49Fhqwudo0Ndolpdqwdq 4; 43 :Vrxwk0Ndolpdqwdq 54 6 8Hdvw0Ndolpdqwdq < 7 46Qruwk0Vxodzhvl 46 48 <Fhqwudo0Vxodzhvl 8 4< 4<Vrxwk0Vxodzhvl 7 46 43Vrxwk0Hdvw0Vxodzhvl 9 55 55Pdoxnx 56 59 57Luldq0Md|d 59 58 59Qrwh= Wkh wdeoh ghslfwv udqnlqj iurp orzhvw +4, wr kljkhvw +59, sryhuw| khdgfrxqw1Vrxufh= W Plqlvwu| ri Hgxfdwlrq +4<<;, dqg _ ESV +5333,1

5;



Wdeoh 9= H�hfw ri wkh MSV vfkroduvklsv rq hqurophqw +htxdwlrqv +8, dqg +9,,Djh jurxs a� ^v1h1` a�W W a�} ^v1h1` QROV43 wr 45 3=3:9 ^31359`WW 313377 3138; 5<746 wr 48 3=36: ^31384` 313358 3139; 5<749 wr 4; 3=379 ^3146;` 313344 31357 5<743 wr 4; 3=386 ^3137;` 31335: 31383 5<7LY43 wr 45 3=433 ^31368`WW 31338; 3138; 3=::5 ^31376`WW 5<746 wr 48 3=44: ^313:7` 3133:< 3139; 3=;34 ^31383`WW 5<749 wr 4; �3=335 ^31569` 0313333 31357 3=638 ^31358`WW 5<743 wr 4; 3=459 ^31398`_ 313396 31383 3=975 ^31368`WW 5<7Vljql�fdqfh ohyhov= _ = 43( W = 8( WW = 4(
Wdeoh := H�hfw ri wkh MSV vfkroduvklsv rq qhw hqurophqw +htxdwlrqv +8, dqg +9,,Vfkrro ohyho a� ^v1h1` a�W W a�} ^v1h1` QROVSulpdu| 3=483 ^3137<`WW 3=33;; 3138; 5<7Mxqlru Vhfrqgdu| �3=38: ^31378` �3=336< 3139; 5<7Vhqlru Vhfrqgdu| �3=376 ^3138:` �3=3343 31357 5<7LYSulpdu| 3=4:; ^3139:`WW 3=3437 3138; 3=;4< ^31378`WW 5<7Mxqlru Vhfrqgdu| 3=355 ^3139<` 3=3348 3139; 4=379 ^313:5`WW 5<7Vhqlru Vhfrqgdu| 3=354 ^31444` 3=3338 31357 3=938 ^3138<`WW 5<7Vljql�fdqfh ohyhov= _ = 43( W = 8( WW = 4(
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Wdeoh ;= H�hfw ri wkh MSV vfkroduvklsv rq hqurophqw/ e| shu fdslwd frqvxpswlrq/ jhqghu dqgxuedq2uxudo +LY hvwlpdwhv iru htxdwlrq +8,,Djh jurxs Vxe jurxs ROV LYa� ^v1h1` a� ^v1h1` Q43 wr 45 4058 shufhqwloh 3=396 ^31375` 3=455 ^3138<`W 5<658083 shufhqwloh 3=3;4 ^31375`_ 3=376 ^31399` 5<7830433 shufhqwloh �3=348 ^3136<` �3=354 ^31397` 5<7pdoh 3=3;: ^31364`WW 3=3<; ^31378`W 5<7ihpdoh 3=39; ^31366`W 3=43< ^31379`W 5<7xuedq 3=397 ^31365`W 3=388 ^31393` 5;:uxudo 3=379 ^31364` 3=438 ^31375`W 5::46 wr 48 4058 shufhqwloh 3=53; ^313:6`WW 3=534 ^3143;`_ 5<658083 shufhqwloh �3=3:: ^313;6` �3=356 ^3145<` 5<7830433 shufhqwloh �3=33< ^313;3` 3=3:7 ^31476` 5<7pdoh 3=444 ^31396`_ 3=496 ^313<9`_ 5<7ihpdoh 3=375 ^3138<` 3=39: ^313<3` 5<7xuedq 3=388 ^31397` 3=3;7 ^31444` 5;:uxudo 3=368 ^31388` 3=467 ^313;4`_ 5::49 wr 4; 4058 shufhqwloh 3=48; ^314;9` �3=3:9 ^316<9` 5<458083 shufhqwloh 3=33: ^3153;` �3=5<4 ^31776` 5<7830433 shufhqwloh 3=356 ^314:<` �3=474 ^31673` 5<7pdoh 3=44< ^3149;` �3=3<; ^315<6` 5<7ihpdoh �3=373 ^3148<` 3=3;; ^3164:` 5<7xuedq 3=359 ^31479` �3=448 ^3164<` 5;:uxudo 3=45: ^31487` 3=43; ^31599` 5::43 wr 4; 4058 shufhqwloh 3=43< ^3138<`_ 3=494 ^313;3`W 5<658083 shufhqwloh �3=357 ^313;3` 3=37< ^31446` 5<7830433 shufhqwloh �3=3;8 ^313;9` 3=344 ^31465` 5<7pdoh 3=44: ^3138:`W 3=484 ^313:;`_ 5<7ihpdoh �3=343 ^3138:` 3=433 ^313:<` 5<7xuedq �3=343 ^3139<` 3=379 ^31446` 5;:uxudo 3=384 ^31383` 3=479 ^3139;`W 5::Vljql�fdqfh ohyhov= _ = 43( W = 8( WW = 4(
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Wdeoh <= H�hfw ri wkh MSV vfkroduvklsv rq qhw hqurophqw/ e| shu fdslwd frqvxpswlrq/ jhqghudqg xuedq2uxudo +LY hvwlpdwhv iru htxdwlrq +8,,Vfkrro ohyho Vxe jurxs ROV LYa� ^v1h1` a� ^v1h1` QSulpdu| 4058 shufhqwloh 3=347 ^31379` 3=435 ^31396` 5<658083 shufhqwloh 3=43< ^31393`_ 3=43; ^313<5` 5<7830433 shufhqwloh 3=397 ^313<9` 3=437 ^31493` 5<7pdoh 3=49< ^31386`WW 3=4:3 ^313:9`W 5<7ihpdoh 3=463 ^31386`W 3=4;< ^313:7`W 5<7xuedq 3=454 ^313::` 3=59: ^31485`_ 5;:uxudo 3=367 ^31376` 3=459 ^3138;`W 5::Mxqlru Vhfrqgdu| 4058 shufhqwloh 3=33: ^3137:` 3=366 ^313;4` 5<358083 shufhqwloh �3=45< ^31394`W �3=358 ^31439` 5<6830433 shufhqwloh �3=47; ^313;5`_ 3=345 ^31495` 5<7pdoh �3=37: ^31394` 3=37; ^313<:` 5<7ihpdoh �3=35: ^3137<` 3=336 ^313:<` 5<7xuedq �3=46: ^3139;`W �3=3:< ^31456` 5;:uxudo �3=339 ^31377` 3=364 ^3139:` 5:9Vhqlru Vhfrqgdu| 4058 shufhqwloh �3=377 ^31378` 3=383 ^31445` 5:858083 shufhqwloh �3=43< ^31395`_ �3=4:8 ^3147<` 5<5830433 shufhqwloh �3=4:5 ^31444` �3=4;5 ^31596` 5<6pdoh �3=337 ^313:3` 3=375 ^31476` 5<7ihpdoh �3=468 ^31398`W �3=364 ^3147<` 5<7xuedq �3=457 ^3143;` �3=577 ^31649` 5;9uxudo 3=353 ^3137<` 3=373 ^313<4` 5:6Vljql�fdqfh ohyhov= _ = 43( W = 8( WW = 4(
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Wdeoh 43= H�hfw ri wkh MSV vfkroduvklsv rq hqurophqw/ frqwuroolqj iru %qr0wuhdwphqw% glvwulfwvDjh jurxs a� ^v1h1` a�qr3wuhdw ^v1h1` QROV43 wr 45 3=3:7 ^31359`WW �3=335 ^3133;` 5<746 wr 48 3=354 ^31385` �3=355 ^3134:` 5<749 wr 4; 3=3;6 ^3147:` 3=343 ^31346` 5<743 wr 4; 3=387 ^3137;` 3=335 ^3134;` 5<7LY43 wr 45 3=433 ^3136:`WW �3=333 ^3133;` 5<746 wr 48 3=439 ^313::` �3=349 ^3134:` 5<749 wr 4; 3=364 ^31594` 3=33< ^31348` 5<743 wr 4; 3=463 ^31399`_ 3=33: ^3134<` 5<7Vljql�fdqfh ohyhov= _ = 43( W = 8( WW = 4(
Wdeoh 44= H�hfw ri wkh MSV vfkroduvklsv rq hqurophqw/ frqwuroolqj iru shu fdslwd GER wudqvihuvDjh jurxs a� ^v1h1` a�GER ^v1h1` QROV43 wr 45 3=3;9 ^3135;`WW �3=334 ^31334` 5<746 wr 48 3=369 ^31386` 3=333 ^31337` 5<749 wr 4; 3=39: ^31475` �3=336 ^31337` 5<743 wr 4; 3=386 ^31384` �3=333 ^31334` 5<7LY43 wr 45 3=44: ^31373`WW �3=334 ^31334` 5<746 wr 48 3=45: ^313;4` �3=335 ^31337` 5<749 wr 4; 3=368 ^3157<` �3=336 ^31337` 5<743 wr 4; 3=473 ^313:7`_ �3=333 ^31334` 5<7Vljql�fdqfh ohyhov= _ = 43( W = 8( WW = 4(
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Wdeoh 45= Elyduldwh surelw hvwlpdwhv iru wkh h�hfw ri MSV vfkroduvklsv rq vfkrro dwwhqgdqfhdqg fklog oderxu/ frqglwlrqdo rq hqurophqw +htxdwlrqv +43d, dqg +43e,,Djh jurxs Sdudphwhu Vfkrro dwwhqgdqfh Fklog oderxuFrh!flhqw ^v1h1`� Frh!flhqw ^v1h1`�43 wr 45 � 3=89< ^31698` 3=374 ^31555`Q@7;/:<; ��32D sfwloh �3=3<5 ^31456` 3=34; ^31434`�@ 0314<:WW �2D3Df sfwloh 3=36: ^3146<` �3=499 ^31436`�ihpdoh �3=45< ^31436` 3=379 ^313::`�uxudo �3=448 ^31499` �3=666 ^31456`WW�� �3=53: ^31468` 3=546 ^31434`W�f 3=397 ^314;7` 3=538 ^3148<`Whvw mrlqw vlj1 �/ "2+8, 7149 4719<WWhvw �f @ ��/ "2+4, 41<4 3133
46 wr 48 � 3=:4< ^31683`W �3=55< ^314;:`Q@6</894 ��32D sfwloh �3=454 ^31463` �3=44: ^31397`W�@031664WW �2D3Df sfwloh 3=368 ^31474` �3=3;4 ^313:7`�ihpdoh �3=4;9 ^31439`_ �3=393 ^3138:`�uxudo 3=35: ^31465` �3=446 ^313<5`�� �3=678 ^3147;`W 3=578 ^313;6`WW�f �3=37: ^31547` 3=8:6 ^31489`WWWhvw mrlqw vlj1 �/ "2+8, 44138W 4:146WWWhvw �f @ ��/ "2+4, 517; 8189W
49 wr 4; � 3=:7< ^318<5` �3=;;6 ^315;;`WWQ@57/;5; ��32D sfwloh 3=348 ^31555` �3=468 ^31438`�@031676WW �2D3Df sfwloh �3=3;4 ^318;8` �3=3<6 ^31448`�ihpdoh 3=373 ^314::` �3=458 ^313<8`�uxudo �3=456 ^31539` 3=3;: ^31439`�� �3=56; ^31598` 3=7:3 ^3144<`WW�f �3=663 ^31696` 3=;96 ^31596`WWWhvw mrlqw vlj1 �/ "2+8, 6166 4;1<:WWWhvw �f @ ��/ "2+4, 3139 5193
43 wr 4; � 3=95: ^31563`WW �3=546 ^3146:`Q@446/4;: ��32D sfwloh �3=3<5 ^313;:` �3=3:8 ^31385`�@0315<8WW �2D3Df sfwloh 3=358 ^313;:` �3=437 ^3137;`W�ihpdoh �3=455 ^31393`W �3=367 ^31376`�uxudo �3=3:4 ^313;:` �3=446 ^31393`_�� �3=578 ^313<7`WW 3=575 ^31394`WW�f �3=339 ^3145<` 3=7;6 ^31457`WWWhvw mrlqw vlj1 �/ "2+8, 441<<W 5:14;WWWhvw �f @ ��/ "2+4, 6174_ 81;3WVljql�fdqfh ohyhov= _ = 43( W = 8( WW = 4(� Errwvwudsshg vwdqgdug huuruv zlwk 433 uhsolfdwlrqv
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Wdeoh 46= Dyhudjh h�hfwv ri MSV vfkroduvklsv rq vfkrro dwwhqgdqfh dqg fklog oderxu/ frqgl0wlrqdo rq hqurophqw +htxdwlrqv +44d, dqg +44e,,Djh jurxs Vxe jurxs Vfkrro dwwhqgdqfh Fklog oderxuDWH ^v1h1`� DWH ^v1h1`�43 wr 45 Dyhudjh 3=345 ^31339`W �3=34: ^31343`_4058 shufhqwloh 3=343 ^31339` �3=34< ^31347`58083 shufhqwloh 3=347 ^31339`W �3=355 ^3133;`WW830433 shufhqwloh 3=344 ^31339`W �3=345 ^31343`Pdoh 3=346 ^31338`W �3=353 ^31345`_Ihpdoh 3=343 ^31339` �3=346 ^3133<`Xuedq 3=343 ^31338`W 3=334 ^3133:`Uxudo 3=345 ^31339`W �3=357 ^31345`W
46 wr 48 Dyhudjh 3=34; ^31338`WW �3=384 ^3134:`WW4058 shufhqwloh 3=353 ^3133:`WW �3=3:9 ^31355`WW58083 shufhqwloh 3=34< ^31338`WW �3=388 ^3134:`WW830433 shufhqwloh 3=34: ^31337`WW �3=36; ^31349`WPdoh 3=34< ^31338`WW �3=389 ^31354`WWIhpdoh 3=34: ^31339`WW �3=37: ^31347`WWXuedq 3=344 ^31336`WW �3=34: ^3133<`_Uxudo 3=355 ^31339`WW �3=39< ^31355`WW
49 wr 4; Dyhudjh 3=355 ^3134;` �3=433 ^3134;`WW4058 shufhqwloh 3=367 ^3134<`_ �3=47< ^3135:`WW58083 shufhqwloh 3=358 ^31358` �3=445 ^31353`WW830433 shufhqwloh 3=34< ^31349` �3=3;8 ^3134:`WWPdoh 3=355 ^3134:` �3=447 ^31356`WWIhpdoh 3=356 ^3134<` �3=3;9 ^31347`WWXuedq 3=348 ^31349` �3=386 ^3133<`WWUxudo 3=35< ^31354` �3=47: ^3135;`WW
43 wr 4; Dyhudjh 3=348 ^31337`WW �3=36; ^31343`WW4058 shufhqwloh 3=348 ^31338`WW �3=373 ^3133<`WW58083 shufhqwloh 3=34; ^31337`WW �3=36< ^3133;`WW830433 shufhqwloh 3=34: ^31338`WW �3=366 ^31343`WWPdoh 3=349 ^31337`WW �3=375 ^31346`WWIhpdoh 3=347 ^31337`WW �3=366 ^3133<`WWXuedq 3=344 ^31336`WW �3=347 ^31339`WUxudo 3=34: ^31338`WW �3=384 ^31346`WWVljql�fdqfh ohyhov= _ = 43( W = 8( WW = 4(Wkh fdofxodwhg dyhudjh h�hfwv duh edvhg rq hvwlpdwlrq uhvxowv uhsruwhg lq wdeoh +45,� Errwvwudsshg vwdqgdug huuruv zlwk 433 uhsolfdwlrqv
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Wdeoh 47= Elyduldwh surelw hvwlpdwhv iru wkh h�hfw ri MSV vfkroduvklsv rq vfkrro dwwhqgdqfhdqg fklog oderxu/ frqglwlrqdo rq qhw hqurophqw +htxdwlrqv +43d, dqg +43e,,Ohyho Sdudphwhu Vfkrro dwwhqgdqfh Fklog oderxuFrh!flhqw ^v1h1`� Frh!flhqw ^v1h1`�Sulpdu| � 3=::< ^3193<` �3=344 ^315:<`Q@79/586 ��32D sfwloh �3=438 ^31473` �3=354 ^3143:`�@ 0314<3WW �2D3Df sfwloh 3=3<8 ^31494` �3=4;7 ^31445`�ihpdoh �3=39: ^3144;` 3=34: ^313:5`�uxudo �3=5;: ^31837` �3=5:5 ^31459`W�� �3=588 ^31483`_ 3=56< ^31449`W�f 3=376 ^314<7` 3=553 ^314;6`Whvw mrlqw vlj1 �/ "2+8, 918: 431;9_Whvw �f @ ��/ "2+4, 515: 3134
Mxqlru Vhfrqgdu| � 4=37< ^31764`WW �3=885 ^31576`WQ@5:/;73 ��32D sfwloh �3=48: ^3149<` �3=397 ^313;<`�@031659WW �2D3Df sfwloh �3=357 ^31497` �3=379 ^313<3`�ihpdoh �3=3<: ^31469` �3=437 ^313:4`�uxudo 3=445 ^3148;` �3=457 ^313;7`�� �3=874 ^314;6`WW 3=754 ^31444`WW�f �3=778 ^31584`_ 3=9;; ^314;8`WWWhvw mrlqw vlj1 �/ "2+8, 46198W 56185WWWhvw �f @ ��/ "2+4, 3148 517;_
Vhqlru Vhfrqgdu| � 3=:;; ^41643` �4=46; ^31874`WQ@4:/<44 ��32D sfwloh 3=3:< ^41478` 3=3<3 ^314;7`�@031594WW �2D3Df sfwloh 3=399 ^31:3<` �3=3<7 ^31485`�ihpdoh �3=635 ^3187<` �3=4<5 ^31473`�uxudo 3=384 ^31;<;` 3=553 ^31495`�� �3=483 ^31743` 3=845 ^31557`W�f �4=9:3 ^3199;`W 4=:6; ^31757`WWWhvw mrlqw vlj1 �/ "2+8, 6138 4516<WWhvw �f @ ��/ "2+4, 9146W <1<9WWVljql�fdqfh ohyhov= _ = 43( W = 8( WW = 4(� Errwvwudsshg vwdqgdug huuruv zlwk 433 uhsolfdwlrqv
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Wdeoh 48= Dyhudjh h�hfwv ri MSV vfkroduvklsv rq vfkrro dwwhqgdqfh dqg fklog oderxu/ frqgl0wlrqdo rq qhw hqurophqw +htxdwlrqv +44d, dqg +44e,,Ohyho Vxe jurxs Vfkrro dwwhqgdqfh Fklog oderxuDWH ^v1h1`� DWH ^v1h1`�Sulpdu| Dyhudjh 3=346 ^31338`WW �3=34; ^31346`4058 shufhqwloh 3=344 ^31339`_ �3=355 ^31349`58083 shufhqwloh 3=34: ^31339`WW �3=356 ^31343`W830433 shufhqwloh 3=346 ^31338`W �3=345 ^31346`Pdoh 3=347 ^31338`WW �3=355 ^31348`Ihpdoh 3=345 ^31338`W �3=348 ^31344`Xuedq 3=345 ^31336`WW �3=334 ^3133;`Uxudo 3=347 ^31339`W �3=358 ^31348`_
Mxqlru Vhfrqgdu| Dyhudjh 3=356 ^31337`WW �3=3:: ^31349`WW4058 shufhqwloh 3=35; ^3133:`WW �3=439 ^31355`WW58083 shufhqwloh 3=359 ^31338`WW �3=3;8 ^3134;`WW830433 shufhqwloh 3=354 ^31337`WW �3=396 ^31348`WWPdoh 3=356 ^31337`WW �3=3;8 ^31353`WWIhpdoh 3=357 ^31338`WW �3=39< ^31346`WWXuedq 3=346 ^31336`WW �3=363 ^3133;`WWUxudo 3=363 ^31338`WW �3=439 ^31355`WW
Vhqlru Vhfrqgdu| Dyhudjh 3=355 ^3137;` �3=434 ^3135;`WW4058 shufhqwloh 3=36; ^31369` �3=463 ^31376`WW58083 shufhqwloh 3=35; ^3137;` �3=454 ^31363`WW830433 shufhqwloh 3=34; ^31384` �3=3<4 ^3135:`WWPdoh 3=357 ^31365` �3=445 ^31367`WWIhpdoh 3=354 ^31398` �3=3<3 ^31356`WWXuedq 3=349 ^31385` �3=395 ^31349`WWUxudo 3=363 ^31378` �3=484 ^31379`WW
Vljql�fdqfh ohyhov= _ = 43( W = 8( WW = 4(Wkh fdofxodwhg dyhudjh h�hfwv duh edvhg rq hvwlpdwlrq uhvxowv uhsruwhg lq wdeoh +47,� Errwvwudsshg vwdqgdug huuruv zlwk 433 uhsolfdwlrqv
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Iljxuh 5= Frqfhqwudwlrq fxuyhv iru vfkroduvkls doorfdwlrq/ e| hqurophqw ohyho1
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Iljxuh 6= Fruuhodwlrq ehwzhhq MSV<9m dqg vfkroduvkls fryhudjh +W m,1
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Iljxuh 7= Fruuhodwlrq ehwzhhq MSV<9m dqg hqurophqw +4<<; glvwulfw phdqv,1
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coef = −.0831049, se = .08717567, t = −.95
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Iljxuh 8= Fruuhodwlrq ehwzhhq a}m dqg hqurophqw +4<<; glvwulfw phdqv,1
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Iljxuh 9= Fruuhodwlrq ehwzhhq MSV<9m dqg vfkrro dwwhqgdqfh +4<<; glvwulfw phdqv,1
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coef = −.00361005, se = .01926243, t = −.19
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Iljxuh := Fruuhodwlrq ehwzhhq a}m dqg vfkrro dwwhqgdqfh +4<<; glvwulfw phdqv,1
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Iljxuh ;= Fruuhodwlrq ehwzhhq MSV<9m dqg fklog oderxu +4<<; glvwulfw phdqv,1
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coef = .04635338, se = .06244836, t = .74
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Iljxuh <= Fruuhodwlrq ehwzhhq a}m dqg fklog oderxu +4<<; glvwulfw phdqv,1
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Iljxuh 43= Sduwldo uhjuhvvlrq ohyhudjh sorw iru a}m lq �uvw vwdjh uhjuhvvlrq ri ryhudoohquroophqw1
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