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Devwudfw
Pdq| h{lvwlqj phdvxuhv ri yxoqhudelolw| odfn d wkhruhwlfdo edvlv1 Lq wklvsdshu zh sursrvh wr phdvxuh yxoqhudelolw| uljrurxvo| dv wkh zhoiduh ri dkrxvhkrog zklfk vroyhv dq lqwhuwhpsrudo rswlplvdwlrq prgho xqghu ulvn1Lqvxfk prghov/ lq hvvhqfh d vwrfkdvwlf yhuvlrq ri wkh Udpvh| prgho/ dq lp0sruwdqw sduw ri fkurqlf sryhuw| pd| eh fdxvhg e| wkh h{ dqwh uhvsrqvh rikrxvhkrogv wr ulvnv1 Rxu vlpxodwlrq uhvxowv lqglfdwh wkdw zkhwkhu ru qrwd krxvhkrog lv wr eh fodvvl�hg dv yxoqhudeoh ghshqgv vwurqjo| rq wkh wlphkrul}rq frqvlghuhg1 Zh xvh wkh prgho wr dvvhvv wkh dffxudf| ri h{lvwlqjuhjuhvvlrq0edvhg yxoqhudelolw| phdvxuhv1 Zh �qg wkdw wkhvh phwkrgv fdq ehydvwo| lpsuryhg e| lqfoxglqj dvvhw phdvxuhv lq wkh uhjuhvvlrq1



4 Lqwurgxfwlrq
Lw kdv orqj ehhq uhfrjqlvhg wkdw d vxevwdqwldo sduw ri sryhuw| lq ghyhorslqjfrxqwulhv lv wudqvlhqw udwkhu wkdq fkurqlf1 Edxofk dqg Krgglqrww +5333,vxuyh| wkluwhhq sdqho gdwd vwxglhv ri �sryhuw| g|qdplfv� 0 pryhphqwv lqdqg rxw ri sryhuw| 0 dqg frqfoxgh +s1 9, wkdw �^l`q prvw ri wkh vwxglhv/ wkhfdwhjru| ri cvrphwlphv srru* lv odujhu/ vrphwlphv e| d frqvlghudeoh dprxqw/wkdq wkh cdozd|v srru*1� Fohduo|/ lq vxfk flufxpvwdqfhv lw pd| eh yhu| plv0ohdglqj wr lghqwli| fkurqlf sryhuw| rq wkh edvlv ri rqh0r� vxuyh| gdwd1 Dkrxvhkrog zlwk d shupdqhqw lqfrph zhoo deryh wkh sryhuw| olqh pljkw ds0shdu wr eh srru li lw zdv revhuyhg mxvw diwhu h{shulhqflqj dq xqidyrxudeohvkrfn1 Frqyhuvho|/ d krxvhkrog zklfk lq prvw |hduv h{shulhqfhv sryhuw|frxog eh plvfodvvl�hg dv qrq0srru li lwv lqfrph zdv revhuyhg mxvw diwhu dsrvlwlyh vkrfn1 Hvwdeolvklqj wkh h{whqw ri wudqvlhqw sryhuw| lv lpsruwdqwvlqfh fkurqlf dqg wudqvlhqw sryhuw| kdyh/ reylrxvo|/ yhu| gl�huhqw srolf| lp0solfdwlrqv1 Wkh sureohp lv rqo| voljkwo| ohvv vhulrxv li sryhuw| phdvxuhv duhedvhg rq frqvxpswlrq udwkhu wkdq lqfrph= w|slfdoo| fdslwdo pdunhw lpshu0ihfwlrqv vhyhuho| frqvwudlq d krxvhkrog*v vfrsh iru frqvxpswlrq vprrwklqj+h1j1 Ghdwrq/ 4<<3,1Wkdw d krxvhkrog*v fxuuhqw sryhuw| pd| eh d edg jxlgh wr lwv ixwxuhsurvshfwv h{sodlqv wkh uhfhqw hpskdvlv lq wkh sryhuw| olwhudwxuh rq yxoqhud0elolw| +h1j1 Zruog Edqn/ 5334,/ d iruzdug0orrnlqj sryhuw| frqfhsw1 Yxoqhud0elolw| lv riwhq xqghuvwrrg dv wkh h{shfwhg sryhuw| ri dq lqglylgxdo/ krxvhkrogru jurxs1 +Lq wklv sdshu zh zloo uhvwulfw wkh frqfhsw wr krxvhkrogv1, Yxo0qhudelolw| lv wkhq fdofxodwhg dv sryhuw| dw vrph ixwxuh gdwh iru doo srvvleohuhdol}dwlrqv ri lqfrph ru frqvxpswlrq/ zhljkwhg e| wkh suredelolw| ri wkhvhrxwfrphv1 Iru h{dpsoh/ li sryhuw| lv phdvxuhg e| wkh khdgfrxqw wkhq wkhlqwhusuhwdwlrq ri yxoqhudelolw| dv h{shfwhg sryhuw| lpsolhv wkdw yxoqhudelolw|lv phdvxuhg dv wkh suredelolw| wkdw wkh krxvhkrog zloo �qg lwvhoi ehorz wkhsryhuw| olqh dw wkh vshfl�hg gdwh1Yxoqhudelolw| lv wkh qhw h�hfw ri wkuhh surfhvvhv1 Lw uh hfwv/ �uvw/ qrq0vwrfkdvwlf sryhuw| ghwhuplqdqwv vxfk dv wkh vrlo txdolw| ri wkh kroglqj ru wkhhgxfdwlrq ri wkh krxvhkrog*v phpehuv/ vhfrqgo|/ wkh krxvhkrog*v h{srvxuh wrvkrfnv +h1j1 xquholdeoh udlqidoo, dqg/ wklugo|/ lwv delolw| wr frsh zlwk vkrfnv+h1j1 wkurxjk lqvxudqfh,1Wr dsso| wkh frqfhsw ri yxoqhudelolw| hpslulfdoo| rqh pxvw hvwlpdwh wkhglvwulexwlrq ri wkh krxvhkrog*v frqvxpswlrq dw vrph ixwxuh gdwh1 Rqh ds0surdfk lq wkh olwhudwxuh lv wr dvvxph wkdw doo krxvhkrogv idfh wkh vdph/vwdwlrqdu| glvwulexwlrq vr wkdw wkh glvwulexwlrq fdq eh hvwlpdwhg iurp furvv0vhfwlrq gdwd1 D vhfrqg phwkrg lv wr doorz iru lqwhu0krxvhkrog khwhurjhqhlw|1
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Pdlqwdlqlqj wkh vwdwlrqdulw| dvvxpswlrq rqh fdq wkhq hvwlpdwh krxvhkrog0vshfl�f glvwulexwlrqv iurp wlph vhulhv gdwd1 Wkhvh phwkrgv kdyh wkh yluwxhri vlpsolflw| exw/ reylrxvo|/ fdq ohdg wr yhu| plvohdglqj uhvxowv li wkh vwd0wlrqdulw| dvvxpswlrq ru/ lq wkh �uvw fdvh/ wkh dvvxpswlrq ri krprjhqhlw|duh qrw vdwlv�hg1 D wklug phwkrg lv wr uhjuhvv d krxvhkrog*v frqvxpswlrqrq krxvhkrog fkdudfwhulvwlfv dqg phdvxuhv ri uhdol}hg vkrfnv +h1j1 dq looqhvvlq wkh krxvhkrog,1 Wkh hvwlpdwhg frh!flhqwv fdq wkhq eh xvhg wr suhglfwwkh krxvhkrog*v sryhuw| iru d sduwlfxodu +hvvhqwldoo| duelwudu|, uhdol}dwlrqri vkrfnv1 Krxvhkrogv zlwk kljk suhglfwhg sryhuw| duh wkhq frqvlghuhg dvyxoqhudeoh14Lq wklv sdshu zh dujxh wkdw wkhvh dwwhpswv duh xqvdwlvidfwru|= wkh h{0shfwhg sryhuw| frqfhsw kdv xqdsshdolqj fkdudfwhulvwlfv +h1j1 zkhq krxvh0krog zhoiduh lqfuhdvhv h{shfwhg sryhuw| pd| ulvh, dqg wkh uhjuhvvlrq0edvhgphwkrgv duh olnho| wr plvv d odujh sduw ri wkh lpsdfw ri ulvn rq krxvhkrog zho0iduh1 Zh sursrvh dq dowhuqdwlyh phwkrgrorj|1 Wkh nh| vwhs lv wr hvwlpdwh dvwuxfwxudo prgho ri wkh krxvhkrog*v frqvxpswlrq dqg +glv,vdylqj/ prghoohgdv wkh rxwfrph ri lqwhuwhpsrudo rswlplvdwlrq xqghu xqfhuwdlqw|1 Wklv hq0vxuhv wkdw wkh krxvhkrog*v uhvsrqvhv +erwk h{ dqwh dqg h{ srvw, wr vkrfnvduh h{solflwo| wdnhq lqwr dffrxqw1 Wkh hvwlpdwhg prgho fdq wkhq eh xvhg wrghulyh vlpxodwlrq0edvhg hvwlpdwhv ri yxoqhudelolw| rq wkh edvlv ri d surshuzhoiduh frqfhsw +h{shfwhg glvfrxqwhg xwlolw|,1 Zh looxvwudwh wklv phwkrgzlwk dq h{dpsoh/ xvlqj wkh sdudphwhu hvwlpdwhv ri Hoehuv hw do1 +5335, zkrhvwlpdwh d vwrfkdvwlf Udpvh| prgho rq sdqho gdwd iru vpdookroghu krxvh0krogv lq ]lpedezh1 Zh xvh wklv h{dpsoh wr looxvwudwh wkdw yxoqhudelolw| fdqfkdqjh gudpdwlfdoo| ryhu wlph +erwk dv d uhvxow ri vxvwdlqhg jurzwk dqg dvd uhvxow ri dgmxvwphqw wr vkrfnv, vr wkdw rxwfrphv duh txlwh vhqvlwlyh wrwkh fkrlfh ri wlph krul}rq1 Wkhvh uhvxowv vxjjhvw wkdw zlwkrxw d vwuxfwxudoprgho yxoqhudelolw| phdvxuhv fdq eh vhulrxvo| plvohdglqj1 Zh dovr vkrzwkdw pxfk ri wkh h�hfw ri ulvn rq wkh phdq ri wkh hujrglf glvwulexwlrq rifrqvxpswlrq uh hfwv wkh h{ dqwh h�hfw1 Wkh lpsolfdwlrq lv wkdw wkh xvxdolghqwl�fdwlrq ri fkurqlf sryhuw| zlwk vwuxfwxudo ghwhuplqdqwv dqg wudqvlhqwsryhuw| zlwk ulvn euhdnv grzq= d krxvhkrog fdq eh fkurqlfdoo| srru ehfdxvhlwv uhvsrqvh wr ulvn orzhuv frqvxpswlrq shupdqhqwo|1 Srolflhv zklfk duh hi0ihfwlyh lq uhgxflqj ulvn ru lpsurylqj krxvhkrogv* delolw| wr frsh zlwk ulvnzloo qrw rqo| uhgxfh wudqvlhqw sryhuw|/ wkh| pd| dovr vxffhhg lq uhgxflqjfkurqlf sryhuw|1
4Wklv phwkrg/ xvhg e| Ghufrq dqg Nulvkqdq +5333,/ grhv qrw wdnh lqwr dffrxqw wkhsuredelolw| ri wkh uhdol}dwlrq frqvlghuhg dqg wkhuhe| idlov wr fdswxuh wkh h{whqw wr zklfkwkh krxvhkrog lv h{srvhg wr vkrfnv1 Fohduo|/ wkh uhvxow fdqqrw eh lqwhusuhwhg dv d phdvxuhri h{shfwhg sryhuw| vlqfh qr lqirupdwlrq rq wkh glvwulexwlrq ri ixwxuh frqvxpswlrq lv xvhg1
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Zh dovr xvh wkh vlpxodwlrq hvwlpdwhv wr dvvhvv wkh dffxudf| ri uhjuhvvlrq0edvhg yxoqhudelolw| phdvxuhv1 Rxu nh| �qglqj lv wkdw dffxudf| fdq ehjuhdwo| lpsuryhg li dvvhw rzqhuvkls +lq rxu fdvh= olyhvwrfn, lv lqfoxghg lqwkh uhjuhvvlrq1 Uhjuhvvlrqv zklfk uhodwh frqvxpswlrq wr krxvhkrog fkdudf0whulvwlfv +vxfk dv hgxfdwlrq ru krxvhkrog vl}h, dqg +h{ srvw, vkrfn phdvxuhvexw qrw wr dvvhwv fdq eh vhulrxvo| plvohdglqj lq lghqwli|lqj yxoqhudeoh krxvh0krogv1Wkh vwuxfwxuh ri wkh sdshu lv dv iroorzv1 Lq wkh qh{w vhfwlrq zh uhylhz wkhphwkrgrorj| ri yxoqhudelolw| phdvxuhv dqg zh sursrvh d gh�qlwlrq zklfklqfrusrudwhv wkh wlph glphqvlrq1 Lq vhfwlrq 6 zh suhvhqw wkh vwrfkdvwlfUdpvh| prgho hvwlpdwhg e| Hoehuv hw do1 +5335,1 Lq vhfwlrq 7 zh frpsduhwkh yxoqhudelolw| hvwlpdwhv jhqhudwhg e| wklv prgho dqg wkh phdvxuhv ghulyhgiurp frpprqo|0xvhg uhjuhvvlrq vshfl�fdwlrqv1 Vhfwlrq 8 frqfoxghv1
5 Yxoqhudelolw| Phdvxuhv
Zkhq yxoqhudelolw| lv gh�qhg dv h{shfwhg sryhuw| +h1j1 Fkulvwldhqvhq dqgVxeedudr/ 5334, lw pd| eh phdvxuhg dv

Y @ ] }
f s+f> },gI +f, +4,

zkhuh } lv d sryhuw| olqh/ f frqvxpswlrq dw d vshfl�hg ixwxuh gdwh/ I +f, wkhglvwulexwlrq ri frqvxpswlrq dw wkdw wlph dqg s+f> }, d sryhuw| phdvxuh/ h1j1d phpehu ri wkh Irvwhu0Juhhu0Wkruehfnh fodvvs+f> }, @ +pd{+} � f> 3,,�}zkhuh � lv d qrq0qhjdwlyh sdudphwhu 1 Wkh glvwulexwlrq I lv wdnhq dvjlyhq dqg uh hfwv erwk wkh krxvhkrog*v h{srvxuh wr vkrfnv +lglrv|qfudwlf rufryduldqw, dqg lwv delolw| wr frsh zlwk wkhp1 Lq wkdw vhqvh I lv d uhgxfhgirup1 +Lq wkh qh{w vhfwlrq zh zloo uhod{ wkh dvvxpswlrq wkdw I lv jlyhqdqg dvvxph lqvwhdg wkdw rqo| wkh glvwulexwlrq ri vkrfnv lv h{rjhqrxv1 Wkhglvwulexwlrq I lv wkhq ghulyhg hqgrjhqrxvo|1, Qrwh wkdw iru wkh khdgfrxqwphdvxuh +� @ 3, Y @ U }f I +f,= wkh yxoqhudelolw| phdvxuh uhgxfhv wr wkhsuredelolw| wkdw wkh krxvhkrog zloo h{shulhqfh sryhuw| +lq wkh vhqvh wkdwf ? },1 Khqfh suredelolw| phdvxuhv ri yxoqhudelolw| +xvhg/ iru h{dpsoh/ e|wkh Zruog Edqn, fdq eh vhhq dv vshfldo fdvhv ri +4,15
5Wkh Zruog Edqn gh�qhv yxoqhudelolw| dv �kh ulvn wrgd| wr idoo ehorz wkh sryhuw| olqhwrpruurz� +Frxgrxho hw do1/ 5334/ s1 6:,1
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Wr dsso| +4, rqh qhhgv dq hvwlpdwh ri wkh glvwulexwlrq I= Wkhuh duhvhyhudo dssurdfkhv1 Iluvw/ rqh fdq xvh furvv0vhfwlrq vxuyh| gdwd wr hvwlpdwhwkh glvwulexwlrq ri frqvxpswlrq +dw d srlqw lq wlph, dfurvv krxvhkrogv dqgxvh wklv +iru hdfk krxvhkrog, dv I / l1h1 dv wkh glvwulexwlrq ri frqvxpswlrqdfurvv vwdwhv ri qdwxuh1 Wklv zrxog eh ydolg li frqvxpswlrq kdg uhdfkhg dqhujrglf glvwulexwlrq dqg wklv glvwulexwlrq zdv wkh vdph iru doo krxvhkrogv1Wkh krprjhqhlw| dvvxpswlrq wkdw revhuyhg frqvxpswlrq uhsuhvhqwv gudzviurp d vlqjoh glvwulexwlrq fdq eh uhod{hg e| glvdjjuhjdwlqj +Ndpdqrx dqgPrugxfk/ 5334, e| h1j1 orfdwlrq ru hgxfdwlrqdo dwwdlqphqw/ exw wklv vkliwvwkh sureohp wr d orzhu djjuhjdwlrq ohyho1Vhfrqgo|/ li sdqho gdwd duh dydlodeoh I fdq eh hvwlpdwhg dv wkh glv0wulexwlrq ri frqvxpswlrq dfurvv wlph/ iru d sduwlfxodu krxvhkrog1 Lq wklvfdvh wkh lqwhuwhpsrudo dyhudjh f @ +f� . � � � . fW ,@W lv frqvlghuhg dv wkhshupdqhqw frpsrqhqw ri frqvxpswlrq dqg doo ghyldwlrqv iurp wklv phdqdv wudqvlhqw1 Mdodq dqg Udydoolrq +5333, xvh wklv phwkrg iru Fklqd dqgPfFxoorfk dqg Edxofk +5333, gr vr iru Sdnlvwdq1 Wklv phwkrg doorzv irulqwhu0krxvhkrog khwhurjhqhlw| exw/ dv ehiruh/ lpsrvhv wkh dvvxpswlrq wkdwI lv vwdwlrqdu|1 Zkhq lq idfw wkh ghwhuplqlvwlf sduw ri frqvxpswlrq iro0orzv d qhjdwlyh wuhqg wklv phwkrgrorj| zloo xqghuhvwlpdwh yxoqhudelolw| e|wuhdwlqj orz frqvxpswlrq ohyhov dv xqolnho| ghyldwlrqv iurp wkh lqwhuwhpsr0udo phdq1 +Wklv zrxog d�hfw wkh uhvxowv ri PfFxoorfk dqg Edxofk= wkhlugdwd kdyh d qhjdwlyh wuhqg1, Frqyhuvho|/ zkhq wkhuh lv d srvlwlyh wuhqg +dvlq wkh ]lpedezh gdwd vhw dqdo|vhg e| Hoehuv hw do1 +5335, zklfk h{klelwvyhu| udslg jurzwk ru lq Vfrww*v +5333, dqdo|vlv ri Fklohdq gdwd iru wkh shulrg4<9;0;9, wkhq yxoqhudelolw| zrxog/ ri frxuvh/ eh ryhuhvwlpdwhg16D wklug phwkrg lv wr uhjuhvv fkdqjhv lq frqvxpswlrq rq krxvhkrog fkdu0dfwhulvwlfv xvlqj errwvwudsslqj wr jhqhudwh d glvwulexwlrq ri vkrfnv iurp wkhuhjuhvvlrq uhvlgxdov +Ndpdqrx dqg Prugxfk/ 5334,1 Wkh hvwlpdwhg htxd0wlrq fdq wkh eh xvhg wr suhglfw ixwxuh frqvxpswlrq dqg yxoqhudelolw| fdq ehfdofxodwhg e| xvlqj wkh glvwulexwlrq durxqg wklv phdq1Lq rxu ylhz wkhvh phwkrgv duh xqvdwlvidfwru| iru irxu uhdvrqv1 Iluvw/wkh| uho| rq vwurqj vwdwlvwlfdo dvvxpswlrqv/ h1j1 krprjhqhlw| ru vwdwlrqdulw|ri wkh glvwulexwlrq ri frqvxpswlrq1Vhfrqgo|/ wkh h{shfwhg sryhuw| frqfhsw lv xqdwwudfwlyh1 Iru h{dpsoh/ lqwkh fdvh ri wkh Irvwhu0Juhhu0Wkruehfnh fodvv ri sryhuw| phdvxuhv dq lqfuhdvh
6Udydoolrq +4<;;, grhv qrw phdvxuh yxoqhudelolw| exw kh frqvlghuv d forvho| uhodwhgtxhvwlrq= wkh zhoiduh frvw ri yduldelolw|1 Klv prqh|0phwulf iru wklv lv wkh dprxqw e| zklfklqfrph 0 zkhq vwdelolvhg dw wkh lqwhuwhpsrudo phdq 0 zrxog kdyh wr eh uhgxfhg iru sryhuw|wr eh htxdo wr lwv lqwhuwhpsrudo phdq1 Fohduo|/ wklv surfhgxuh lv yhu| vlplodu wr wkh vhfrqgphwkrg1
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lq ulvn +lq wkh vhqvh ri d phdq0suhvhuylqj vsuhdg, zloo lqfuhdvh h{shfwhgsryhuw| +frqvlvwhqw zlwk wkh uhgxfwlrq lq zhoiduh h{shulhqfhg e| d ulvn0dyhuvh krxvhkrog, rqo| iru � A 4 +Oljrq dqg Vfkhfkwhu/ 5335/ fi1 wkh hduolhuuhvxowv ri Udydoolrq 4<;;,1 Wklv uxohv rxw wkh wzr prvw srsxodu phpehuv riwkh fodvv= wkh sryhuw| jds phdvxuh +� @ 4, zrxog uhfrug qr fkdqjh zkhqulvn lqfuhdvhg zkhuhdv wkh khdgfrxqw +� @ 3, zrxog vkrz dq lpsuryhphqw/ duhgxfwlrq lq h{shfwhg sryhuw|1 Frqyhuvho|/ � A 4 lpsolhv wkdw wkh ghjuhh ridevroxwh ulvn dyhuvlrq lqfuhdvhv zlwk frqvxpswlrq/ frqwudu| wr wkh hylghqfhdydlodeoh1Wklugo|/ wkh phwkrgv duh hvvhqwldoo| vwdwlf= wkh| irfxv rq h{shfwhgsryhuw| dw d sduwlfxodu prphqw1 Wklv pdnhv vhqvh rqo| li wkh krxvhkrogkdv uhdfkhg dq hujrglf vwdwh1Ilqdoo|/ d krxvhkrog*v yxoqhudelolw| fdq eh orz hlwkhu ehfdxvh lw lv qrwh{srvhg wr odujh vkrfnv ru ehfdxvh lw lv deoh wr frsh h�hfwlyho| zlwk vkrfnv1Rqh zrxog zdqw wr glvwlqjxlvk ehwzhhq wkh wzr fdvhv1 Iru h{dpsoh/ dkrxvhkrog pd| dfklhyh frqvxpswlrq vprrwklqj wkurxjk phdqv zklfk duhxqqhfhvvdulo| frvwo| lq whupv ri jurzwk1 Wkhuh zrxog wkhq eh d fdvh irulqwhuyhqwlrq +surylglqj lqvxudqfh wr vxevwlwxwh iru frqvxpswlrq vprrwklqjwkurxjk +glv,vdylqj ri oltxlg dvvhwv, exw wkh fdvh fdq eh lghqwl�hg rqo| liwkh krxvhkrog lv fodvvl�hg dv yxoqhudeoh lq vslwh ri lwv frqvxpswlrq vprrwk0lqj1 Wkh glvwlqfwlrq fdq rqo| eh pdgh li erwk dfwxdo dqg frxqwhuidfwxdoyxoqhudelolw| fdq eh hvwlpdwhg/ wkh odwwhu iru wkh k|srwkhwlfdo fdvh zkhuhwkh krxvhkrog idfhv qr vkrfnv1 Wklv uhtxluhv d vwuxfwxudo prgho vr wkdw eh0kdylrudo uhvsrqvhv wr ulvn duh wdnhq lqwr dffrxqw17 Zlwk d vwuxfwxudo prghoyxoqhudelolw| fdq eh dvvhvvhg vhsdudwho| zlwk dqg zlwkrxw ulvn vr wkdw wkhfrvw ri wkh krxvhkrog*v frslqj phfkdqlvp fdq eh hvwlpdwhg1
6 Vlpxodwlrq0edvhg Yxoqhudelolw| Hvwlpdwhv
Rxu vwduwlqj srlqw lv d Udpvh| prgho= krxvhkrogv rswlpl}h ryhu dq lq�qlwhkrul}rq18 Wkhuh lv d vlqjoh jrrg/ xvhg iru frqvxpswlrq/ dv d surgxfwlyhdvvhw dqg dv d vwruh ri ydoxh1 Krxvhkrog k vroyhv=

pd{fkw>nkw
"[
w'f Hw�wx+fkw,

7Wkhvh uhvsrqvhv duh olnho| wr lqgxfh shuvlvwhqfh +Prugxfk/ 4<<7/ Hoehuv hw do1/ 5335,18Wklv vhfwlrq gudzv khdylo| rq Hoehuv hw do1 +5335, zkhuh wkh prgho dqg hvwlpdwlrqphwkrg duh ghvfulehg lq ghwdlo1
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vxemhfw wr
nk>wn� @ zkw � fkwzkw @ v|kwdkwik+nkw, . vnkw�+4� �,nkwnkf @ jlyhq

zkhuh f ghqrwhv frqvxpswlrq/ n wkh fdslwdo vwrfn/ z zhdowk rq kdqg/ xwkh lqvwdqwdqhrxv xwlolw| ixqfwlrq/ � d glvfrxqw idfwru/ � d sdudphwhu zklfkfrqyhuwv dvvhwv wr lqfrph dqg � wkh ghsuhfldwlrq udwh1 Wlph shulrgv duhlghqwl�hg e| wkh vxevfulsw w1 Zh dvvxph wkdw 3 ? � ? 4/ wkdw x+f, lv dFUUD ixqfwlrq= x+f, @ f� / wkdw wkh surgxfwlrq ixqfwlrq lv ri wkh FHVw|sh=
i+n, @ +4 . #+n3� � 4,,3�@�

dqg wkdw wrwdo idfwru surgxfwlylw| lv d ixqfwlrq ri wkh krxvhkrog*v vl}h+kkvl}h, dqg wkh kljkhvw hgxfdwlrqdo dwwdlqphqw ri lwv dgxow phpehuv +hg,=
dkw @ +�f . ��kkvl}h. �2hg,h�k�kw >zkhuh � dqg � duh surgxfwlylw| vkrfnv1Xqolnh lq wkh ruljlqdo Udpvh| prgho/ wkh krxvhkrog lv h{srvhg wr ulvn=lqfrph di+n, dqg dvvhwv +4� �,n duh erwk d�hfwhg e| vkrfnv= v|/ vn1 Wkhvhvkrfnv kdyh lglrv|qfudwlf dqg fryduldqw frpsrqhqwv=

v|kw @ +%uw ,��%|kwvnkw @ +%uw ,�2%nkwZh lghqwli| wkh fryduldqw vkrfnv zlwk udlqidoo +ghqrwhg e| wkh vxshuvfulswu,1 Wkh glvwulexwlrq ri %kw @ +%|k>w> %nk>w, dqg %uw duh orjqrupdo/ lqghshqghqwri hdfk rwkhu dqg dfurvv wlph dqg oq %kw kdv fruuhodwlrq pdwul{� d2� d�e�d�e� e2� . e22
� =

Zkhq wkh krxvhkrog ghflghv rq fw dqg nwn� erwk nw dqg wkh uhdol}dwlrqv+v|kw/ vnkw, duh nqrzq1 Ixwxuh vkrfnv duh/ ri frxuvh/ xqnqrzq exw wkh krxvh0krog grhv nqrz wkh glvwulexwlrqv ri wkhvh vkrfnv1Wkh surjudp fdq eh zulwwhq lq uhfxuvlyh irup dv wkh Ehoopdq htxdwlrq=
Y +z, @ pd{�n x+z � �n, . �HY +z+�n> �v|> �vn,,
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zlwk dvvrfldwhg srolf| ixqfwlrq*+z, @ dujpd{�n x+z � �n, . �HY +z+�n> �v|> �vn,,
zkhuh n dqg �n ghqrwh wkh fdslwdo vwrfnv dw wkh ehjlqqlqj dqg wkh hqg riwkh fxuuhqw shulrg dqg vlploduo| v dqg �v ghqrwh fxuuhqw dqg ixwxuh vkrfnv1Lq wklv irup wkh prgho dssolhv wr hyhu| shulrg vr wkdw wlph vxevfulswv fdqeh vxssuhvvhg1 Qrwh wkdw wkh srolf| ixqfwlrq * pdsv wkh fxuuhqw z+n> v|> vn,lqwr �n/ qh{w shulrg*v n1 Khqfh wkh srolf| ixqfwlrq fdq eh vhhq dv dq lqyhvw0phqw ixqfwlrq/ jlylqj wkh rswlpdo ydoxh ri nwn� dv d ixqfwlrq ri zw1Lq wklv vwrfkdvwlf irup ri wkh Udpvh| prgho ulvn d�hfwv krxvhkrog eh0kdylrxu lq wzr zd|v1 Iluvw/ li wkh krxvhkrog shufhlyhv d fkdqjh lq wkh glv0wulexwlrq ri vkrfnv +h1j1 dq lqfuhdvh lq udlqidoo ulvn lq wkh irup ri d phdqsuhvhuylqj vsuhdg ri wkh fryduldqw vkrfn %uw , wkhq lw zloo/ lq jhqhudo/ dgmxvwlwv srolf| ixqfwlrq * vr wkdw +iru wkh vdph ydoxhv ri wkh fdslwdo vwrfn nwdqg wkh vkrfnv v|w > vnw , lw zloo fkrrvh gl�huhqw ydoxhv ri nwn� +dqg khqfh fw,1Wklv h�hfw ri d fkdqjh lq ulvn rq wkh krxvhkrog*v srolf| ixqfwlrq zh whupwkh h{ dqwh h�hfw1 Wkhuh dovr lv dq h{ srvw h�hfw= wkh fkdqjh lq ulvn zlood�hfw wkh vl}h ri wkh uhdolvhg vkrfnv vr wkdw wkh rswlpdo ydoxhv ri nwn� dqgfw +frqwuroolqj iru nw, duh d�hfwhg/ hyhq iru dq xqfkdqjhg srolf| ixqfwlrq1Y phdvxuhv wkh krxvhkrog*v shufhlyhg zhoiduh1 Zh lqwhusuhw d orz ydoxhri Y dv yxoqhudelolw|1 Qrwh wkdw wklv phdvxuh grhv qrw vx�hu iurp wkh sure0ohpv lghqwl�hg lq wkh suhylrxv vhfwlrq= wkhuh lv qr qhhg wr dvvxph krpr0jhqhlw| ru vwdwlrqdulw| ri wkh glvwulexwlrq ri frqvxpswlrq +lqghhg zh qhhgqrw pdnh dq| dvvxpswlrq= wkh glvwulexwlrq lv ghwhuplqhg hqgrjhqrxvo|,>vlqfh Y phdvxuhv zhoiduh wkh yxoqhudelolw| phdvxuh fdqqrw eh lqfrqvlvwhqwzlwk krxvhkrog zhoiduh> wkh phdvxuh lv qrw vwdwlf exw lv edvhg rq xwlolw|ryhu dq lq�qlwh krul}rq> dqg/ �qdoo|/ wkh lpsdfw rq Y ri wkh h{ dqwh dqg h{srvw h�hfwv ri ulvn fdq hdvlo| eh lghqwl�hg1 Wklv lqyroyhv vroylqj wkh prgho+d, xqghu wkh dvvxpswlrq wkdw wkhuh lv qr ulvn> +e, xqghu wkh dvvxpswlrqwkdw wkh krxvhkrog fruuhfwo| shufhlyhv wkh glvwulexwlrq ri wkh vkrfn lw idfhvexw h{shulhqfhv qr vkrfnv +v| @ vn @ 3 wkurxjkrxw,> dqg +f, xqghu wkh dv0vxpswlrq wkdw wkh krxvhkrog h{shulhqfhv vkrfnv gudzq iurp wkh +fruuhfwo|shufhlyhg, glvwulexwlrqv1Lw lv w|slfdoo| qrw srvvleoh wr vroyh wklv prgho dqdo|wlfdoo|1 Zh vroyh wkhEhoopdq htxdwlrq e| lwhudwlrq rq d �qlwh julg ri +n> v|> vn, ydoxhv1 Wkh julglv/ ri frxuvh/ d glvfuhwh dssur{lpdwlrq1Hoehuv hw do1 +5335, hvwlpdwh wklv prgho xvlqj d svhxgr vlpxodwhg pd{0lpxp olnholkrrg whfkqltxh rq dq 4;0|hdu sdqho gdwd vhw iru 48; vpdookroghukrxvhkrogv lq ]lpedezh1 Lq wklv gdwd vhw wkhuh duh revhuydwlrqv rq olyhvwrfn
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kroglqjv dqg zh lghqwli| wklv yduldeoh zlwk wkh fdslwdo vwrfn n1 Zh xvh wkhlusdudphwhuv hvwlpdwhv/ vkrzq lq Wdeohv 4 dqg 51 Wkhvh hvwlpdwhv lpso| didluo| kljk hodvwlflw| ri idfwru vxevwlwxwlrq lq djulfxowxudo surgxfwlrq= vlqfh �lv forvh wr 0318/ wkh hodvwlflw| lv forvh wr 51 Wkh| dovr lpso| d forvh wr xqlwdu|ghjuhh ri uhodwlyh ulvn dyhuvlrq vr wkdw wkh xwlolw| ixqfwlrq lv dssur{lpdwho|x+f, @ oq f1 Wkh ]lpedezhdq krxvhkrogv zhuh h{srvhg wr pdvvlyh vkrfnv lqwkh shulrg 4<;505333/ lqfoxglqj d yhu| vhulrxv gurxjkw lq 4<<4251
Wdeoh 4= Surgxfwlrq Ixqfwlrq Hvwlpdwhvhvwlpdwh w0vfruh
�f 475< 7197�� 0<1;75 0317; krxvhkrog vl}h�2 87136; 41:8 hgxfdwlrq# 318648 6139 fdslwdo vkduh� 03186<7 03186

Wdeoh 5= Rwkhu SdudphwhuvSdudphwhu Hvwlpdwh Vwdqgdughuuru� 3133;5 3158<; forvh wr orj xwlolw|� 31:7<3 31333: glvfrxqw udwh 67(� 314<9< 313339 frqyhuvlrq sdudphwhu� 314663 31333; ghsuhfldwlrq udwh�� 31365: 313694 udlq hodvwlflw|�2 313754 3136<: ��> �2 fruuhodwhgd� 315894 313339 � ri oq %|e� 315633 313346e2 314647 3135654 . � 4136<; 3133;9 � udwh ri whfk1 surjuhvv
Iljxuh 4 vkrzv irxu 830|hdu sdwkv ri dvvhw rzqhuvkls +N@Oh= olyhvwrfnshu oderxu lq h!flhqf| xqlwv,1 Wkh vdpsoh sdwk uhsuhvhqwv d sduwlfxodu+udqgrpo| gudzq, vhulhv ri vkrfnv iru rqh ri wkh krxvhkrogv1 Qrwh wkdw wkhvkrfnv duh yhu| odujh= iru pxfk ri wkh shulrg dvvhw rzqhuvklsv fkdqjhv e|83( lq rqh ru wzr |hduv1 Wkh sdwk ghqrwhg �dyhudjh� uhsuhvhqwv wkh phdqryhu 433/333 vxfk sdwkv1 Wklv vkrzv wkdw lq wklv dyhudjh vhqvh wkh krxvhkrog
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Iljxuh 4= Jurzwk dqg Ulvn1 Vhh wh{w iru h{sodqdwlrq1
<



jurzv yhu| udslgo|/ vwduwlqj dw 3158 dqg uhdfklqj d ohyho yhu| forvh wr wkhvwhdg| vwdwh ydoxh +415, diwhu derxw 58 |hduv1 Wkh uhpdlqlqj wzr sdwkvvkrz wkh h�hfw ri ulvn1 Wklv lv pdvvlyh= ulvn uhgxfhv wkh phdq lq wkh hujrglfvwdwh iurp 41< +lq wkh ghwhuplqlvwlf fdvh, wr 4151 Wzr0wklugv ri wklv lv wkhh{ dqwh h�hfw1 Yxoqhudelolw| phwkrgv zklfk wuhdw wkh phdq ryhu wlph ri dkrxvhkrog*v frqvxpswlrq dv wkh ulvnohvv frxqwhuidfwxdo +h1j1 Udydoolrq/ 4<;;,zrxog lq wklv fdvh plvv prvw ri wkh vwru|= wkh| zrxog huurqhrxvo| wuhdw wkh�h{ dqwh rqo|� orqj uxq ydoxh +derxw 417, dv wkh ghwhuplqlvwlf ydoxh +ri 41<,1Li phdvxuhv ri fkurqlf sryhuw| duh edvhg rq phdq frqvxpswlrq ryhu wlphwkhq d odujh sduw ri fkurqlf sryhuw| frxog lq idfw uh hfw ulvn1
7 Frpsdulqj Yxoqhudelolw| Phdvxuhv
Wkhru| 0 dv h{hpsol�hg e| wkh vwrfkdvwlf Udpvh| prgho ri wkh suhylrxvvhfwlrq 0 lpsolhv d pdsslqj iurp dvvhwv +n,/ vkrfnv +v,/ surgxfwlylw| ghwhu0plqdqwv +{,/ dqg fkdudfwhulvwlfv ri wkh glvwulexwlrq ri vkrfnv +�, wr frq0vxpswlrq +f,= flw @ �+nlw> vlw> {lw> �, +5,dqg iurp wklv pdsslqj rqh fdq ghulyh dssursuldwh yxoqhudelolw| phdvxuhv/h1j1 wkh krxvhkrog*v h{shfwhg glvfrxqwhg xwlolw|1 Krzhyhu/ lq sudfwlfh yxo0qhudelolw| phdvxuhv duh qrw edvhg rq htxdwlrq +5, exw w|slfdoo| rq uhjuhvvlrqvri flw rq {lw dqg srvvleo| rq vlw=Wklv dssurdfk lv sureohpdwlf lq vhyhudo zd|v1Iluvw/ ixqfwlrqdo irup uhvwulfwlrqv kdyh wr eh lpsrvhg dqg wkhvh duh riwhqkljko| uhvwulfwlyh1 Iru h{dpsoh/ zlwkrxw lqwhudfwlrq whupv d olqhdu vshfl�0fdwlrq pdnhv wkh h�hfw ri v rq f lqghshqghqw ri {1 Wkhuh lv qr wkhruhwlfdomxvwl�fdwlrq iru vxfk lqghshqghqfh1Vhfrqgo|/ e| ohdylqj rxw dvvhwv +n, wkh uhjuhvvlrq vx�huv iurp rplwwhgyduldeoh eldv1 Wklv lv olnho| wr eh vhulrxv= li wzr krxvhkrogv duh revhuyhgdiwhu ehlqj klw e| d qhjdwlyh vkrfn dqg li wkh| duh lghqwlfdo lq doo uhvshfwvh{fhsw iru wkh ohyho ri dvvhwv wkhq wkhlu frqvxpswlrq ghflvlrqv pd| zhoo ehyhu| gl�huhqw= wkh krxvhkrog zlwk wkh kljkhu n fdq ehwwhu d�rug wr vprrwkfrqvxpswlrq e| xvlqj lwv dvvhwv1Wklugo|/ rplwwhg yduldeoh eldv lv dovr lqwurgxfhg e| wkh h{foxvlrq iurpwkh uhjuhvvlrq ri wkh vkrfn fkdudfwhulvwlfv �1 Uhfdoo wkdw d fkdqjh lq ulvnd�hfwv krxvhkrog ehkdylrxu erwk h{ dqwh +wkh srolf| ixqfwlrq * zloo ehd�hfwhg/ l1h1 wkh krxvhkrog zloo iru wkh vdph ydoxhv ri +n> v|> vn, ghflgh rq dgl�huhqw ohyho ri lqyhvwphqw dqg frqvxpswlrq, dqg h{ srvw + vlqfh wkh vkrfnv+v|> vn, duh qrz gudzq iurp gl�huhqw glvwulexwlrqv,1 Li v lv lqfoxghg lq wkhuhjuhvvlrq exw � lv qrw wkhq wklv h{ srvw h�hfw fdq lq sulqflsoh eh lghqwl�hg
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exw wkh h{ dqwh h�hfw zloo eh plvvhg1 Wklv lv srwhqwldoo| vhulrxv= li rqhzrxog olnh wr hvwlpdwh krz pxfk d srolf|0lqgxfhg uhgxfwlrq lq ulvn zrxogfrqwulexwh wr zhoiduh rqh qhhgv erwk h�hfwv1Ilqdoo|/ lpsolflwo| wkh uhjuhvvlrq wuhdwv wkh glvwulexwlrq ri f dfurvv krxvh0krogv +frqglwlrqdo rq wkh uhjuhvvruv, dv wkh glvwulexwlrq ri vkrfnv1 Wklv lvdssursuldwh rqo| li wkh krxvhkrogv duh revhuyhg lq dq hujrglf vwdwh/ dq dv0vxpswlrq zklfk lv xqolnho| wr eh dssursuldwh1 +Lw fhuwdlqo| lv qrw dssursuldwhlq rxu fdvh1 Wkh uxudo krxvhkrogv lq rxu ]lpedezhdq vdpsoh zhuh lq 4<;60 vkruwo| diwhu wkh| zhuh uhvhwwohg 0 yhu| idu iurp wkh hujrglf vwdwh1 Iruh{dpsoh/ iru wkh vdpsoh krxvhkrog ri Iljxuh 4/ olyhvwrfn rzqhuvkls zdv rqo|derxw 53( ri lwv hujrglf phdq1,Iru doo wkhvh uhdvrqv/ yxoqhudelolw| phdvxuhv edvhg rq wkh xvxdo frqvxps0wlrq uhjuhvvlrqv pd| eh zurqj1 Krzhyhu/ wkh huuru qhhg qrw eh vhulrxv1 Zhlqyhvwljdwh wklv zlwk d vhulhv ri h{shulphqwv1 Zh wdnh wkh hvwlpdwhg vwrfkdv0wlf Udpvh| prgho dv wkh fruuhfw prgho dqg xvh lw dv wkh gdwd jhqhudwlqjsurfhvv iru d vhulhv ri uhjuhvvlrqv +Wdeoh 6,1 Lq hdfk fdvh wkh gdwd jhqhudwhgduh iru 4<;41Wkh �uvw uhjuhvvlrq uhodwhv frqvxpswlrq rqo| wr krxvhkrog0vshfl�f wr0wdo idfwru surgxfwlylw|19 Wkh shuirupdqfh ri wklv uhjuhvvlrq lv yhu| srru1Fohduo| lw fdqqrw vhuyh dv d edvlv iru lghqwli|lqj yxoqhudeoh krxvhkrogv1 Wkhvhfrqg uhjuhvvlrq lqfoxghv lqlwldo0|hdu olyhvwrfn rzqhuvkls dv dq dgglwlrqdouhjuhvvru1 Wkh lpsuryhphqw ri wkh �w lv vshfwdfxodu1 Ilqdoo|/ lq wkh odvw uh0juhvvlrq zh dovr lqfoxgh wkh vkrfnv h{shulhqfhg lq wkdw |hdu1: Wklv ixuwkhulpsuryhv wkh �w1
9 Lq sudfwlfh wis lv qrw revhuyhg dqg sur{lhg e| krxvhkrog fkdudfwhulvwlfv1 Lq rxu prghowis lv ghwhuplqhg e| krxvhkrog vl}h dqg hgxfdwlrq1 Wr dyrlg duwl�fldo huuruv iurp fkrrvlqjwkh zurqj ixqfwlrqdo irup lq wkh uhjuhvvlrq zh kdyh xvhg wis dv uhjuhvvru1:Fohduo|/ lq sudfwlfh wkh uhvhdufkhu zrxog kdyh dw ehvw sduwldo lqirupdwlrq rq wkhvhvkrfnv1

44



Wdeoh 6Frqvxpswlrq uhjuhvvlrqv rq vlpxodwhg gdwdwis rqo| wis dqg fdwwoh wis/ fdwwoh/ vkrfnvFrhi1 v1h1 Frhi1 v1h1 Frhi1 v1h1
Frqvwdqw 04<158 4:13; 0417<6 31:8 0717<7 317:wis ;1658 :137 318<44 3148 3183:5 313<wis2 031:7:4 31:5Fdwwoh 61968 3145 61766 313:v| 61496 316:vn 314<38 3168
U2 31383 31;8; 31<84Ghshqghqw yduldeoh lv vlpxodwhg diwhu0vkrfn 4<;4 frqvxpswlrqZh qrz frqvlghu krz vxfk uhjuhvvlrqv fdq eh xvhg wr lghqwli| yxoqhudeohkrxvhkrogv1 Iljxuh 5 vkrzv krz wkh vdpsoh krxvhkrogv duh lqlwldoo| glv0wulexwhg ryhu wkh +fdwwoh/wis, sodqh1 Wkh frqwrxu olqhv vkrz frpelqdwlrqvri surgxfwlylw| dqg fdwwoh iru zklfk krxvhkrog zhoiduh +Y , lv wkh vdph1 Wkherog olqh vhsdudwhv wkh 83( zruvw r� iurp iurp 83( ehvw r�1 Zh duelwudulo|frqvlghu wkh erwwrp 83( dv �yxoqhudeoh�1 Qrwh wkdw wkh lqgl�huhqfh fxuyhvduh yhu| vwhhs= zhoiduh lv yhu| vhqvlwlyh wr fkdqjhv lq lqlwldo dvvhw rzqhuvkls1Wklv uh hfwv wkh vkruw krul}rq xvhg lq wkh suhvhqw h{huflvh1 Li zh wdnh dorqjhu krul}rq +vd| 8 |hduv, wkh lqgl�huhqfh fxuyhv zrxog ehfrph  dwwhu1Lq wkh olplw/ zkhq lqlwldo frqglwlrqv duh qr orqjhu uhohydqw/ wkh fxuyhv duhkrul}rqwdo1Iljxuh 6 vkrzv wkh krul}rqwdo olqh zklfk zrxog eh xvhg wr lghqwli| wkherwwrp 83( rq wkh edvlv ri wkh �uvw uhjuhvvlrq lq Wdeoh 61 Fohduo| pdq|yxoqhudeoh krxvhkrogv zrxog qrw eh lghqwl�hg dv vxfk dqg ylfh yhuvd1 Wklvlv vkrzq lq Wdeoh 7 zklfk vkrzv wkdw 73( ri wkh krxvhkrogv duh plvfodvvl�hge| wklv uhjuhvvlrq1Iljxuh 7Lq Iljxuh 7 wkh vhsdudwlqj olqh iru wkh �qdo uhjuhvvlrq lv vkrzq1 Qrwhwkdw wklv olqh lv yhu| forvh wr wkh cwuxh* 83( lqgl�huhqfh fxuyh1 Lqghhg/ yhu|ihz krxvhkrogv duh plvfodvvl�hg zkhq wklv uhjuhvvlrq lv xvhg1 Wkh idfw wkdwwkh lqgl�huhqfh fxuyh fruuhvsrqglqj wr wkh uhjuhvvlrq lv vwhhshu wkdq wkhwuxh lqgl�huhqfh fxuyhv uh hfw wkh idfw wkdw wkh Udpvh| surjudp dovr wdnhvlqwr dffrxqw wkh orqj0uxq h�hfwv ri wrwdo idfwru surgxfwlylw|1
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�7)3 &RQWRXU OLQHV (9

Iljxuh 5= H{shfwhg rqh0|hdu dkhdg surjudp ydoxh +htxdwlrq 4,1 Erog olqhvhsdudwhv 83( ri vdpsoh1 Grwv lqglfdwh vdpsoh srlqwv1
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�7)3 &RQWRXU OLQHV (9

Iljxuh 6= Vhh dovr �jxuh 51 Wkh erog krul}rqwdo olqh vhsdudwhv 83( ri wkhvdpsoh dffruglqj wr wis gl�huhqfhv rqo|1 +Wklv fruuhvsrqgv wr wkh �uvwuhjuhvvlrq lq Wdeoh 61,
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�7)3 &RQWRXU OLQHV (9

Iljxuh 7= Vhh dovr �jxuh 51 Wkh vwhhshu erog olqh vhsdudwhv 83( ri wkhvdpsoh dffruglqj wr wis/ fdwwoh/ dqg vkrfn gl�huhqfhv1 +Wklv fruuhvsrqgvwr wkh wklug uhjuhvvlrq lq Wdeoh 61,
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Wdeoh 7Fodvvli|lqj wkh 83( srruhvw krxvhkrogv1Vwrfkdvwlf Udpvh| yv1 uhjuhvvlrq prghovPrgho wis rqo| wis dqg Fdwwoh wis/ Fdwwoh dqg vkrfnv
Fruuhfw srru 7; :; :;Fruuhfw qrq0srru 7; :; :;Idovh srru 64 4 4Idovh qrq0srru 64 4 4Wrwdo 48; 48; 48;cSrru* gh�qhg dv ehorz phgldq dffruglqj wr wkh ydulrxv prghovcFruuhfw* uhihuv wr fodvvl�fdwlrq dffruglqj wr wkh vwrfkdvwlf Udpvh| prgho18 Frqfoxvlrq
Lw kdv orqj ehhq uhfrjqlvhg wkdw sryhuw| phdvxuhv edvhg rq furvv0vhfwlrqgdwd pd| eh plvohdglqj lqglfdwruv ri krxvhkrog zhoiduh li wkhuh lv vxevwdq0wldo xqrevhuyhg khwhurjhqhlw| lq wkh vdpsoh/ li krxvhkrogv duh qrw revhuyhglq dq hujrglf vwdwh dqg/ shukdsv prvw lpsruwdqwo|/ li wkh| idfh ulvn1 H{lvw0lqj yxoqhudelolw| phdvxuhv wu| wr lqfrusrudwh wkh h�hfw ri ulvn rq zhoiduh1Zkloh hdv| wr dsso| wkh| odfn d wkhruhwlfdo edvlv1 Zh kdyh dujxhg wkdw yxo0qhudelolw| fdq eh phdvxuhg uljrurxvo| dv wkh zhoiduh ri d krxvhkrog zklfkvroyhv dq lqwhuwhpsrudo rswlplvdwlrq prgho xqghu ulvn1 Xvlqj vxfk d prgho+d vwrfkdvwlf Udpvh| prgho hvwlpdwhg rq sdqho gdwd iru vpdookroghuv lq]lpedezh, zh vkrzhg wkdw idlolqj wr glvwlqjxlvk ehwzhhq wkh h{ dqwh dqgh{ srvw h�hfwv ri ulvn pd| ohdg wr odujh huuruv lq hvwlpdwhv ri fkurqlf dqgwudqvlhqw sryhuw|1Rxu dqdo|vlv pdnhv fohdu wkdw yxoqhudelolw| ghshqgv rq wkh wlph krul}rqfrqvlghuhg1 Lq sduwlfxodu/ li rqh wdnhv d orqjhu whup shuvshfwlyh/ yxoqhud0elolw| lv ohvv vhqvlwlyh wr lqlwldo frqglwlrqv dqg/ frqyhuvho|/ pruh vhqvlwlyh wrshupdqhqw surgxfwlylw| gl�huhqwldov1Zh xvhg wkh hvwlpdwhg prgho wr dvvhvv wkh dffxudf| ri h{lvwlqj phwkrgvlq lghqwli|lqj yxoqhudeoh krxvhkrogv1 Uhjuhvvlrq0edvhg phwkrgv xvlqj sur{0lhv iru wrwdo idfwru surgxfwlylw| +h1j1 hgxfdwlrq ru vrlo txdolw|, ru phdvxuhvri vkrfnv h{shulhqfhg e| wkh krxvhkrog dv uhjuhvvruv fdq eh yhu| plvohdglqj1Rxu uhvxowv vkrz wkdw d ydvw lpsuryhphqw fdq eh rewdlqhg e| lqfoxglqj dvvhwphdvxuhv lq wkh uhjuhvvlrq1 Zlwk wklv dphqgphqw vlpsoh/ uhjuhvvlrq0edvhgphwkrgv fdq forvho| dssur{lpdwh wkh wuxh prgho1
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^46` Sulwfkhww/ Odqw/ Dvhs Vxu|dkdgl dqg Vxgduqr Vxpduwr +5333,/ cTxdqwl0i|lqj Yxoqhudelolw| wr Sryhuw|= d Sursrvhg Phdvxuh/ Dssolhg wr Lqgrqh0vld*/ plphr/ Vrfldo Prqlwrulqj dqg Hduo| Uhvsrqvh Xqlw +VPHUX,/Mdnduwd1^47` Udydoolrq/ Pduwlq +4<;;,/ cH{shfwhg Sryhuw| xqghu Ulvn0Lqgxfhg Zho0iduh Yduldelolw|*/ Hfrqrplf Mrxuqdo/ yro1 <;/ ss1 44:4044;51^48` Vfrww/ Fkulvwrskhu G1 +5333,/ cPl{hg Iruwxqhv= d Vwxg| ri Sryhuw|Prelolw| dprqj Vpdoo Idup Krxvhkrogv lq Fkloh/ 4<9;0;9*/ Mrxuqdo riGhyhorsphqw Vwxglhv/ yro1 69/ ss1 48804;31^49` Zruog Edqn +5334,/ Zruog Ghyhorsphqw Uhsruw 533325334= DwwdfnlqjSryhuw|/ Zdvklqjwrq/ GF= Zruog Edqn1
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