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Rswlpdo Sruwirolr Doorfdwlrq

Xqghu Kljkhu Prphqwv

Hulf Mrqghdxd dqg Plfkdho Urfnlqjhue

Ghfhpehu 5335 +Uhylvhg= Mdqxdu| 5337,

d Edqtxh gh Iudqfh/ GHHU/ 74046<4 Fhqwuh gh uhfkhufkh/ 64/ uxh Furl{ ghv Shwlwv Fkdpsv/ :837<

Sdulv/ Iudqfh/ dqg HUXGLWH/ Xqlyhuvlwì Sdulv 45 Ydo0gh0Pduqh/ Iudqfh/ h0pdlo= hulf1mrqghdxCedqtxh0

iudqfh1iu1
K KHF Odxvdqqh/ Lqvwlwxwh ri Edqnlqj dqg Ilqdqfh/ Urxwh gh Fkdydqqhv 66/ FK 433: Odxvdqqh0

Ylg|/ Vzlw}huodqg1 h0pdlo= plfkdho1urfnlqjhuCkhf1xqlo1fk1 Who= .74 +3,5 49 <5 66 7;1 Plfkdho

Urfnlqjhu +wkh fruuhvsrqglqj dxwkru, lv dovr FHSU/ IDPH/ dqg vflhqwl�f frqvxowdqw dw wkh Edqtxh

gh Iudqfh1 Kh dfnqrzohgjhv khos iurp IDPH/ dv zhoo dv iurp wkh Vzlvv Qdwlrqdo Vflhqfh Irxqgd0

wlrq wkurxjk QFFU +Ilqdqfldo Ydoxdwlrq dqg Ulvn Pdqdjhphqw,1 Wkh xvxdo glvfodlphu dssolhv1 Wkh

Edqtxh gh Iudqfh grhv qrw qhfhvvdulo| hqgruvh wkh ylhzv h{suhvvhg lq wklv sdshu1
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Uìvxpì =

Qrxv ìydoxrqv gdqv fh sdslhu frpphqw od qrq0qrupdolwì ghv uhqghphqwv shxw d�hfwhu

o*doorfdwlrq g*dfwliv1 Xqh h{sdqvlrq hq vìulhv gh Wd|oru gh od irqfwlrq g*xwlolwì hvsìuìh

shuphw gh vh frqfhqwuhu vxu xq fhuwdlq qrpeuh gh prphqwv hw gh fdofxohu qxpìultxh0

phqw o*doorfdwlrq gh sruwhihxlooh rswlpdoh1 Xq dydqwdjh gìflvli gh fhwwh dssurfkh hvw

tx*hooh ghphxuh rsìudwlrqqhooh píph oruvtxh oh qrpeuh g*dfwliv ghylhqw lpsruwdqw1 Qrxv

prqwurqv tx*hq suìvhqfh gh qrq0qrupdolwì prgìuìh oh fulwëuh hvsìudqfh0yduldqfh irxuqlw

xqh erqqh dssur{lpdwlrq gh od pd{lplvdwlrq gh o*xwlolwì hvsìuìh1 Hq uhydqfkh/ hq fdv

gh qrq0qrupdolwì pdutxìh +whooh txh fhooh rewhqxh srxu fhuwdlqv wlwuhv vxu ohv pdufkìv

gìyhorssìv rx srxu fhuwdlqv lqglfhv erxuvlhuv vxu ohv pdufkìv ìphujhqwv,/ oh fulwëuh

hvsìudqfh0yduldqfh shxw frqgxluh ã xqh dssur{lpdwlrq huurqìh gh o*xwlolwì hvsìuìh1 Gdqv

gh whoohv vlwxdwlrqv/ ghv vwudwìjlhv irqgìhv vxu o*rswlplvdwlrq g*xq fulwëuh idlvdqw lqwhu0

yhqlu ohv wurlvlëph rx txdwulëph prphqwv vrqw vxvfhswleohv g*dssurfkhu fruuhfwhphqw

o*xwlolwì hvsìuìh1

Prwv0foìv = Doorfdwlrq g*dfwliv/ Uhqghphqwv erxuvlhuv/ Qrq0qrupdolwì/ Irqfwlrq g*xwlolwì1
Fodvvl�fdwlrq MHO = F55/ F84/ J451

Devwudfw=

Zh hydoxdwh krz ghsduwxuh iurp qrupdolw| pd| d�hfw wkh doorfdwlrq ri dvvhwv1 D Wd|oru

vhulhv h{sdqvlrq ri wkh h{shfwhg xwlolw| doorzv wr irfxv rq fhuwdlq prphqwv dqg wr

frpsxwh qxphulfdoo| wkh rswlpdo sruwirolr doorfdwlrq1 D ghflvlyh dgydqwdjh ri wklv

dssurdfk lv wkdw lw uhpdlqv rshudwlrqdo hyhq li d odujh qxpehu ri dvvhwv lv lqyroyhg1 Zh

vkrz wkdw xqghu prghudwh qrq0qrupdolw| wkh phdq0yduldqfh fulwhulrq surylghv d jrrg

dssur{lpdwlrq ri wkh h{shfwhg xwlolw| pd{lpl}dwlrq1 Lq frqwudvw/ xqghu odujh ghsduwxuh

iurp qrupdolw| +dv irxqg lq vrph vwrfnv lq pdwxuh pdunhwv ru lq vrph vwrfn lqglfhv lq

hphujlqj pdunhwv,/ wkh phdq0yduldqfh fulwhulrq pd| idlo wr dssur{lpdwh wkh h{shfwhg

xwlolw| fruuhfwo|1 Lq vxfk fdvhv/ wkh wkuhh0prphqw ru irxu0prphqw rswlpl}dwlrq vwudwhjlhv

pd| surylgh d jrrg dssur{lpdwlrq ri wkh h{shfwhg xwlolw|1

Nh|zrugv= Dvvhw doorfdwlrq/ Vwrfn uhwxuqv/ Qrq0qrupdolw|/ Xwlolw| ixqfwlrq1

MHO fodvvl�fdwlrq= F55/ F84/ J451
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Uìvxpì qrq whfkqltxh =

Ghsxlv orqjwhpsv/ lo d ìwì prqwuì txh ohv uhqghphqwv ghv dfwliv �qdqflhuv vrqw qrq0

qrupdx{1 Gh qrpeuhxvhv ìwxghv hpslultxhv vxjjëuhqw txh od glvwulexwlrq ghv uhqghphqwv

hvw dv|pìwultxh hw suìvhqwh ghv txhxhv ìsdlvvhv1 Sdu od vxlwh/ xqh derqgdqwh olwwìudwxuh

v*hvw lqwhuurjìh vxu o*dgìtxdwlrq gx fulwëuh hvsìudqfh0yduldqfh sursrvì sdu Pdunrzlw}

+4<85, srxu o*doorfdwlrq g*dfwliv1 Gh qrpeuhx{ dxwhxuv rqw ìwxglì frpphqw od irqfwlrq

g*xwlolwì hvsìuìh srxuudlw íwuh dssurfkìh sdu xqh irqfwlrq ghv prphqwv ìohyìv1 Wrxwh0

irlv/ ohv suhplëuhv ìydoxdwlrqv gh o*lqwìuíw gh fhv prphqwv ìoìyìv vrqw soxw÷w plwljìhv1

Fhuwdlqhv ìwxghv rqw frpsduì o*xwlolwì hvsìuìh +rewhqxh sdu xqh pd{lplvdwlrq gluhfwh, hw

o*xwlolwì dssurfkìh +rewhqxh sdu oh fulwëuh hvsìudqfh0yduldqfh,1 Gdqv od soxsduw ghv fdv/

ohv dxwhxuv q*rqw wurxyì txh gh shwlwhv gl�ìuhqfhv hqwuh ohv ghx{ vwudwìjlhv g*doorfdwlrq1

Gdqv g*dxwuhv frqwh{whv/ wrxwhirlv/ od qrq0qrupdolwì ghv uhqghphqwv srxuudlw lqwhugluh

oh fulwëuh hvsìudqfh0yduldqfh g*dssurfkhu fruuhfwhphqw o*xwlolwì hvsìuìh1

Xqh dssurfkh lqwìuhvvdqwh srxu whqlu frpswh ghv prphqwv ìohyìv gdqv o*doorfdwlrq

g*dfwliv frqvlvwh ã xwlolvhu xqh h{sdqvlrq hq vìulhv gh Wd|oru srxu gìgxluh o*dssur{lpdwlrq

gh od irqfwlrq g*xwlolwì hvsìuìh1 Doruv txh fhwwh dssurfkh d vrxyhqw ìwì xwlolvìh gdqv ohv

whvwv hpslultxhv gx Prgëoh g*Hydoxdwlrq Ghv Dfwliv Ilqdqflhuv dyhf prphqwv ìohyìv/ wuëv

shx g*ìwxghv rqw frqvlgìuì oh sureoëph gh o*doorfdwlrq g*dfwliv ã sduwlu g*xqh h{sdqvlrq

hq vìulhv gh Wd|oru1 Lo idxw qrwhu tx*lo h{lvwh soxvlhxuv fulwltxhv ã o*xwlolvdwlrq gh fhwwh

h{sdqvlrq gdqv xq fdguh g*doorfdwlrq g*dfwliv1 Hq sduwlfxolhu/ o*h{sdqvlrq hq vìulhv gh

Wd|oru shxw qh frqyhujhu yhuv o*xwlolwì hvsìuìh txh vrxv fhuwdlqhv frqglwlrqv1 Srxu fhu0

wdlqhv irqfwlrqv g*xwlolwì +frpph od irqfwlrq h{srqhqwlhooh,/ o*h{sdqvlrq frqyhujh srxu

wrxwhv ohv ydohxuv srvvleohv gh od ulfkhvvh/ doruv txh srxu g*dxwuhv +frpph od irqfwlrq

sxlvvdqfh,/ od frqyhujhqfh q*hvw rewhqxh txh srxu xq lqwhuydooh uhvwuhlqw gh ulfkhvvh1

Hq rxwuh/ od wurqfdwlrq ghv vìulhv gh Wd|oru vrxoëyh soxvlhxuv gl!fxowìv/ fdu lo q*h{lvwh

sdv gh uëjoh/ hq jìqìudo/ srxu gìwhuplqhu o*ruguh gh od wurqfdwlrq1 Sluh/ o*lqfoxvlrq g*xq

prphqw dgglwlrqqho q*dpìolruh sdv qìfhvvdluhphqw od txdolwì gh o*dssur{lpdwlrq1

Gdqv fh sdslhu/ qrxv ìwxglrqv frpphqw od qrq0qrupdolwì ghv uhqghphqwv shxw di0

ihfwhu o*doorfdwlrq gh od ulfkhvvh g*xq lqyhvwlvvhxu pd{lplvdqw vrq xwlolwì1 Srxu uìsrqguh

ã fh sureoëph/ qrxv frqvlgìurqv wrxw g*derug oh fdv g*xq lqyhvwlvvhxu dyhf xqh irqf0

wlrq g*xwlolwì h{srqhqwlhooh/ txl shuphw gh fdoleuhu oh ghjuì g*dyhuvlrq srxu oh ulvtxh gh

o*lqyhvwlvvhxu wuëv vlpsohphqw1 Qrxv dssurfkrqv doruv o*xwlolwì hvsìuìh ã sduwlu g*xqh

h{sdqvlrq hq vìulhv gh Wd|oru dyhf ghx{ prphqwv rx soxv1 Hq�q/ qrxv frpsdurqv

o*doorfdwlrq rewhqxh txdqg o*xwlolwì hvsìuìh hvw pd{lplvìh gluhfwhphqw dyhf o*doorfdwlrq

rewhqxh ã sduwlu g*xqh h{sdqvlrq mxvtx*ã xq fhuwdlq ruguh1 Qrxv xwlolvrqv soxvlhxuv

fulwëuhv srxu dssuìflhu fhv gl�ìuhqwhv vwudwìjlhv g*rswlplvdwlrq1 Hq soxv g*xqh phvxuh

gh od glvwdqfh hqwuh ohv srlgv ghv sruwhihxloohv/ qrxv hvwlprqv oh frþw g*rssruwxqlwì

g*xwlolvhu xqh vwudwìjlh vrxv0rswlpdoh/ f*hvw0ã0gluh xqh rswlplvdwlrq irqgìh vxu ohv pr0
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phqwv/ soxw÷w tx*xqh pd{lplvdwlrq gluhfwh gh od irqfwlrq g*xwlolwì hvsìuìh1

Gdqv od sduwlh hpslultxh gx sdslhu/ qrxv qrxv lqwìuhvvrqv ã wurlv w|shv gh grqqìhv

gl�ìuhqwv/ fdudfwìulvìv sdu ohv uhqghphqwv v*ìorljqdqw prgìuìphqw rx qhwwhphqw gh od

qrupdolwì1 Fhv grqqìhv frpsuhqqhqw +4, ghv uhqghphqwv khegrpdgdluhv ghv judqghv

}rqhv jìrjudskltxhv> +5, ghv uhqghphqwv khegrpdgdluhv g*dfwlrqv lvvxhv gh o*lqglfh

V)S433> +6, ghv uhqghphqwv phqvxhov gh pdufkìv ìphujhqwv1 Doruv txh fhv gl�ìuhqwv

w|shv gh uhqghphqw vrqw qrq0qrupdx{/ lov lqgxlvhqw ghv lpsolfdwlrqv wuëv gl�ìuhqwhv

srxu od txdolwì gh o*dssur{lpdwlrq gh o*xwlolwì hvsìuìv ã sduwlu g*xqh irqfwlrq ghv pr0

phqwv1 G*xq f÷wì/ gdqv oh fdv gh uhqghphqwv oìjëuhphqw qrq0qrupdx{/ qrxv rewhqrqv

txh ohv gl�ìuhqwhv vwudwìjlhv g*doorfdwlrq frqgxlvhqw hvvhqwlhoohphqw ã od píph doorfd0

wlrq/ vxjjìudqw txh oh fulwëuh hvsìudqfh0yduldqfh irxuqlw xqh dssur{lpdwlrq fruuhfwh gh

o*xwlolwì hvsìuìh1 G*xq dxwuh f÷wì/ hq fdv gh iruwh qrq0qrupdolwì/ od gl�ìuhqfh hqwuh od

pd{lplvdwlrq gh o*xwlolwì hvsìuìh hw oh fulwëuh hvsìudqfh0yduldqfh shxw íwuh wuëv lpsru0

wdqwh1 Qrxv prqwurqv txh/ gdqv gh whov fdv/ o*h{whqvlrq ã xq fulwëuh irqgì vxu wurlv

rx txdwuh prphqwv shuphw xqh dpìolrudwlrq vhqvleoh gh o*xwlolwì hvsìuìh1 Od txdolwì gh

o*dssur{lpdwlrq hvw plvh hq oxplëuh sdu o*ìydoxdwlrq gx frþw g*rssruwxqlwì txl hvw wuëv

idleoh/ gdqv wrxv ohv fdv ìwxglìv/ srxu oh fulwëuh irqgì vxu ohv txdwuh suhplhuv prphqwv

gh od glvwulexwlrq1

Qrq0whfkqlfdo vxppdu|=

Lw kdv orqj ehhq uhfrjql}hg wkdw �qdqfldo dvvhw uhwxuqv duh qrq0qrupdo1 Vwurqj

hpslulfdo hylghqfh vxjjhvwv wkdw uhwxuqv duh gulyhq e| dv|pphwulf dqg2ru idw0wdlohg

glvwulexwlrqv1 Vxevhtxhqwo|/ dq dexqgdqw olwhudwxuh hphujhg/ txhvwlrqlqj wkh dghtxdf|

ri wkh phdq0yduldqfh fulwhulrq sursrvhg e| Pdunrzlw} +4<85, iru doorfdwlqj zhdowk1

Vhyhudo dxwkruv frqvlghuhg krz wkh h{shfwhg xwlolw| ixqfwlrq pd| eh dssur{lpdwhg e|

d ixqfwlrq ri kljkhu prphqwv1 Krzhyhu/ hduo| hylghqfh rq wkh xvhixoqhvv ri dgglwlrqdo

prphqwv lq wkh doorfdwlrq surfhvv lv udwkhu pl{hg1 D qxpehu ri vwxglhv kdyh frpsduhg

wkh h{shfwhg xwlolw| +rewdlqhg iurp gluhfw rswlpl}dwlrq, zlwk wkh dssur{lpdwhg xwlolw|

rewdlqhg iurp wkh phdq0yduldqfh fulwhulrq1 Lq prvw fdvhv/ wkh dxwkruv rewdlqhg yhu|

vpdoo gl�huhqfhv ehwzhhq wkh wzr doorfdwlrq vwudwhjlhv1 Lq rwkhu frqwh{wv/ krzhyhu/ wkh

ghsduwxuh iurp qrupdolw| pd| suhyhqw wkh phdq0yduldqfh fulwhulrq wr dssur{lpdwh wkh

h{shfwhg xwlolw| dffxudwho|1

D frqyhqlhqw zd| ri ghdolqj zlwk kljkhu prphqwv lq wkh dvvhw doorfdwlrq lv wkh xvh ri

wkh Wd|oru vhulhv h{sdqvlrq wr ghulyh dq dssur{lpdwlrq ri wkh h{shfwhg xwlolw| ixqfwlrq1

Zkloh wklv dssurdfk kdv orqj ehhq xvhg lq hpslulfdo dssolfdwlrqv wr whvw wkh FDSP

zlwk kljkhu prphqwv/ yhu| ihz vwxglhv kdyh frqvlghuhg wkh dvvhw doorfdwlrq sureohp
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xvlqj Wd|oru vhulhv h{sdqvlrqv1 Wkhuh duh vhyhudo fulwlflvpv wr wkh xvh ri Wd|oru vhulhv

h{sdqvlrqv lq wkh dvvhw doorfdwlrq frqwh{w/ krzhyhu1 Lq sduwlfxodu/ wkh Wd|oru vhulhv

h{sdqvlrq pd| frqyhujh wr wkh h{shfwhg xwlolw| xqghu uhvwulfwlyh frqglwlrqv rqo|1 Iru

vrph xwlolw| ixqfwlrqv +vxfk dv wkh h{srqhqwldo rqh,/ wkh h{sdqvlrq frqyhujhv iru doo

srvvleoh ohyhov ri zhdowk/ zkloh iru rwkhuv +h1j1/ wkh srzhu ixqfwlrq,/ frqyhujhqfh lv

rewdlqhg rqo| ryhu d jlyhq udqjh ri �qdo zhdowk1 Lq dgglwlrq/ wkh wuxqfdwlrq ri wkh

Wd|oru vhulhv udlvhv vhyhudo gl!fxowlhv/ ehfdxvh wkhuh lv qr uxoh/ lq jhqhudo/ iru vhohfwlqj

wkh rughu ri wkh wuxqfdwlrq1 Zruvh/ wkh lqfoxvlrq ri dq dgglwlrqdo prphqw grhv qrw

qhfhvvdulo| lpsuryh wkh txdolw| ri wkh dssur{lpdwlrq1

Lq wklv sdshu/ zh lqyhvwljdwh krz qrq0qrupdolw| ri uhwxuqv pd| d�hfw wkh doorfdwlrq

ri zhdowk iru xwlolw|0pd{lpl}lqj lqyhvwruv1 Wr dgguhvv wklv lvvxh/ zh �uvw frqvlghu wkh

fdvh ri dq lqyhvwru zlwk dq h{srqhqwldo xwlolw| ixqfwlrq/ wkdw fdswxuhv wkh lqyhvwru*v

ulvn dyhuvlrq lq d yhu| vlpsoh zd|1 Wkhq/ zh dssur{lpdwh wkh h{shfwhg xwlolw| e| d

Wd|oru vhulhv h{sdqvlrq zlwk wzr ru pruh prphqwv1 Wkxv/ zh frpsduh wkh doorfdwlrq

rewdlqhg zkhq wkh h{shfwhg xwlolw| lv gluhfwo| pd{lpl}hg zlwk wkh doorfdwlrq rewdlqhg

xvlqj dq h{sdqvlrq xs wr d jlyhq rughu1 Zh xvh vhyhudo fulwhuld iru jdxjlqj wkh ydulrxv

rswlpl}dwlrq vwudwhjlhv1 Lq dgglwlrq wr d glvwdqfh phdvxuh ehwzhhq sruwirolr zhljkwv/

zh hvwlpdwh wkh rssruwxqlw| frvw ri xvlqj d vxe0rswlpdo vwudwhj|/ l1h1/ dq rswlpl}dwlrq

edvhg rq prphqwv/ udwkhu wkdq rq d gluhfw qxphulfdo rswlpl}dwlrq ri wkh h{shfwhg xwlolw|

ixqfwlrq1

Lq wkh hpslulfdo sduw ri wkh sdshu/ zh frqvlghu wkuhh gl�huhqw gdwd vhwv/ frqwdlq0

lqj uhwxuqv zlwk erwk prghudwh dqg odujh ghsduwxuhv iurp qrupdolw|1 Wkhvh gdwd vhwv

frqwdlq +4, zhhno| uhwxuqv iru eurdg jhrjudsklfdo duhdv> +5, zhhno| uhwxuqv iurp vwrfnv

ri wkh V)S433 lqgh{> +6, prqwko| uhwxuqv iru hphujlqj pdunhwv1 Zkloh doo wkhvh gdwd

glvsod| ghsduwxuh iurp qrupdolw|/ wkh| wxuq rxw wr kdyh yhu| gl�huhqw lpsolfdwlrqv iru

wkh txdolw| ri wkh dssur{lpdwlrq ri wkh h{shfwhg xwlolw| e| d ixqfwlrq ri prphqwv1 Rq

rqh kdqg/ lq fdvh ri voljkw qrq0qrupdolw| ri uhwxuqv/ zh rewdlq wkdw wkh gl�huhqw doorfd0

wlrq vwudwhjlhv surylgh edvlfdoo| wkh vdph doorfdwlrq/ vxjjhvwlqj wkdw wkh phdq0yduldqfh

fulwhulrq fruuhfwo| dssur{lpdwhv wkh h{shfwhg xwlolw|1 Rq wkh rwkhu kdqg/ xqghu pruh

vhyhuh ghsduwxuh iurp qrupdolw|/ wkh gl�huhqfh ehwzhhq wkh pd{lpl}dwlrq ri wkh h{0

shfwhg xwlolw| dqg wkh phdq0yduldqfh fulwhulrq pd| eh yhu| odujh1 Zh surylgh hylghqfh

wkdw lq vxfk fdvhv wkh h{whqvlrq wr d wkuhh0prphqw ru d irxu0prphqw fulwhulrq uhvxowv

lq d jrrg dssur{lpdwlrq ri wkh h{shfwhg xwlolw|1 Wkh jrrgqhvv ri wkh dssur{lpdwlrq lv

kljkoljkwhg e| wkh rssruwxqlw| frvw zklfk lv irxqg wr eh yhu| vpdoo lq doo lqvwdqfhv iru

wkh irxu0prphqw fulwhulrq1
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4 Lqwurgxfwlrq

Lw kdv orqj ehhq uhfrjql}hg wkdw �qdqfldo dvvhw uhwxuqv duh qrq0qrupdo1 Vwurqj hpslulfdo

hylghqfh vxjjhvwv wkdw uhwxuqv duh gulyhq e| dv|pphwulf dqg2ru idw0wdlohg glvwulexwlrqv1

Rq rqh kdqg/ vhyhudo dxwkruv dujxhg wkdw h{wuhph uhwxuqv rffxu wrr riwhq wr eh frqvlv0

whqw zlwk qrupdolw| +Pdqghoeurw/ 4<96/ Idpd/ 4<96/ Eodwwehuj dqg Jrqhghv/ 4<:7/ Nrq/

4<;7/ Oruhwdq dqg Skloolsv/ 4<<7/ Orqjlq/ 4<<9,1 Rq wkh rwkhu kdqg/ fudvkhv duh irxqg

wr rffxu pruh riwhq wkdq errpv +Idpd/ 4<98/ Duglwwl/ 4<:4/ Vlpnrzlw} dqg Ehhgohv/

4<:;/ Vlqjohwrq dqg Zlqjhqghu/ 4<;9/ Shlur/ 4<<<,1

Vxevhtxhqwo|/ dq dexqgdqw olwhudwxuh hphujhg/ txhvwlrqlqj wkh dghtxdf| ri wkh

phdq0yduldqfh fulwhulrq sursrvhg e| Pdunrzlw} +4<85, iru doorfdwlqj zhdowk1 Vhyhudo

dxwkruv frqvlghuhg krz wkh h{shfwhg xwlolw| ixqfwlrq pd| eh dssur{lpdwhg e| d ixqf0

wlrq ri kljkhu prphqwv +Duglwwl/ 4<9:/ Ohy|/ 4<9</ Vdpxhovrq/ 4<:3/ Mhdq/ 4<:4/ Ohy|

dqg Vduqdw/ 4<:5,14 Krzhyhu/ hduo| hylghqfh rq wkh xvhixoqhvv ri dgglwlrqdo prphqwv

lq wkh doorfdwlrq surfhvv lv udwkhu pl{hg1 D qxpehu ri vwxglhv kdyh frpsduhg wkh

h{shfwhg xwlolw| +rewdlqhg iurp gluhfw rswlpl}dwlrq, zlwk wkh dssur{lpdwhg xwlolw| re0

wdlqhg iurp wkh phdq0yduldqfh fulwhulrq +Ohy| dqg Pdunrzlw}/ 4<:</ Sxooh|/ 4<;4/ Nuroo/

Ohy|/ dqg Pdunrzlw}/ 4<;7/ Vlpddq/ 4<<6,1 Lq prvw fdvhv/ wkh dxwkruv rewdlqhg yhu|

vpdoo gl�huhqfhv ehwzhhq wkh wzr doorfdwlrq vwudwhjlhv1 Vlpddq dovr vxjjhvwhg wkdw wkh

rssruwxqlw| frvw ri wkh phdq0yduldqfh lqyhvwphqw vwudwhj| lv hpslulfdoo| luuhohydqw zkhq

wkh rssruwxqlw| vhw lqfoxghv d ulvnohvv dvvhw/ dqg vpdoo iru xvxdo ohyhov ri ulvn dyhuvlrq

zkhq wkh ulvnohvv dvvhw lv ghqlhg1 Dq h{sodqdwlrq ri wkh jrrg shuirupdqfh ri wkh phdq0

yduldqfh fulwhulrq lq wkhvh sdshuv pd| eh wkdw/ dowkrxjk uhwxuqv duh qrq0qrupdo/ wkh|

duh gulyhq e| dq hoolswlfdo glvwulexwlrq1 Iru vxfk d glvwulexwlrq +zklfk lqfoxghv wkh

qrupdo/ Vwxghqw0w/ dqg Ohy| glvwulexwlrqv,/ Fkdpehuodlq +4<;6, kdv vkrzq wkdw wkh

phdq0yduldqfh dssur{lpdwlrq ri wkh h{shfwhg xwlolw| lv h{dfw iru doo xwlolw| ixqfwlrqv1

Pruh uhfhqwo|/ whfkqltxhv kdyh ehhq ghyhorshg wr vroyh wkh doorfdwlrq sureohp zkhq

frqfhuq iru kljkhu prphqwv lv lqfoxghg1 Odl +4<<4,/ Fkxqkdfklqgd hw do1 +4<<:,/ Sudndvk/

Fkdqj/ dqg Sdfwzd +5336, dqg Vxqk dqg \dq +5336, dssolhg wkh sro|qrpldo jrdo sur0

judpplqj +SJS, dssurdfk wr wkh sruwirolr vhohfwlrq zlwk vnhzqhvv1 Doo wkhvh vwxglhv

surylghg hylghqfh wkdw lqfrusrudwlqj vnhzqhvv lqwr wkh sruwirolr ghflvlrq fdxvhv pdmru

fkdqjhv lq wkh rswlpdo sruwirolr1 D vkruwfrplqj ri wklv dssurdfk/ krzhyhu/ lv wkdw wkh

doorfdwlrq sureohp vroyhg lq wkh SJS dssurdfk fdqqrw eh suhflvho| uhodwhg wr dq ds0

sur{lpdwlrq ri wkh h{shfwhg xwlolw|1 Lq sduwlfxodu/ wkh fkrlfh ri wkh sdudphwhuv xvhg wr

zhljk prphqw remhfwlyhv lv qrw uhodwhg wr wkh sdudphwhuv ri wkh xwlolw| ixqfwlrq1 Frq0

4Zlwklq d Fdslwdo Dvvhw Sulflqj Prgho/ lqwhuhvw lq kljkhu prphqwv jrhv edfn wr wkh wkhruhwlfdo
zrun e| Uxelqvwhlq +4<:6, dqg lwv �uvw hpslulfdo lpsohphqwdwlrq e| Nudxv dqg Olw}hqehujhu +4<:9,1
Ixuwkhu zrun lq wkdw duhd lv e| Iulhqg dqg Zhvwhu�hog +4<;3,/ Edurqh0Dghvl +4<;8,/ Vhduv dqg Zhl
+4<;8/ 4<;;,/ dqg pruh uhfhqwo| e| Idqj dqg Odl +4<<:,/ Ndq dqg ]krx +4<<<,/ Kduyh| dqg Vlggltxh
+4<<</ 5333,/ Mxuf}hqnr dqg Pdloohw +5334/ 5336,1
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vhtxhqwo|/ qr phdvxuh ri wkh txdolw| ri wkh dssur{lpdwlrq fdq eh lqihuuhg iurp vxfk

dq h{huflvh1 Dqrwkhu gudzedfn lv wkdw wkhuh lv qr qdwxudo h{whqvlrq wr dq rswlpl}dwlrq

sureohp lqfoxglqj prphqwv eh|rqg wkh wklug rqh1

Dq dowhuqdwlyh zd| ri ghdolqj zlwk kljkhu prphqwv lq wkh dvvhw doorfdwlrq lv wkh xvh ri

wkh Wd|oru vhulhv h{sdqvlrq wr ghulyh dq dssur{lpdwlrq ri wkh h{shfwhg xwlolw| ixqfwlrq1

Zkloh wklv dssurdfk kdv orqj ehhq xvhg lq hpslulfdo dssolfdwlrqv wr whvw wkh FDSP

zlwk kljkhu prphqwv/ yhu| ihz vwxglhv kdyh frqvlghuhg wkh dvvhw doorfdwlrq sureohp

xvlqj Wd|oru vhulhv h{sdqvlrqv1 Uhfhqw frqwulexwlrqv duh e| Kduyh| hw do1 +5335, dqg

Jxlgrolq dqg Wlpphupdqq +5336,1 Wkh �uvw vwxg| sursrvhg xvlqj Ed|hvldq whfkqltxhv

wr ghwhuplqh wkh rswlpdo dvvhw doorfdwlrq zkhq uhwxuqv duh gulyhq e| d vnhz qrupdo

glvwulexwlrq1 Wkh vhfrqg sdshu lqyhvwljdwhg krz wkh dssur{lpdwlrq ri wkh h{shfwhg

xwlolw| e| d Wd|oru vhulhv h{sdqvlrq fdq eh lpsohphqwhg lq wkh frqwh{w ri uhwxuqv gulyhq

e| d Pdunry0vzlwfklqj prgho zlwk frqglwlrqdoo| qrupdo lqqrydwlrqv1

Wkhuh duh vhyhudo fulwlflvpv wr wkh xvh ri Wd|oru vhulhv h{sdqvlrqv lq wkh dvvhw door0

fdwlrq frqwh{w/ krzhyhu1 Dv sxw iruzdug/ iru lqvwdqfh/ e| Okdelwdqw +4<<;,/ wkh Wd|oru

vhulhv h{sdqvlrq pd| frqyhujh wr wkh h{shfwhg xwlolw| xqghu uhvwulfwlyh frqglwlrqv rqo|1

Iru vrph xwlolw| ixqfwlrqv +vxfk dv wkh h{srqhqwldo rqh,/ wkh h{sdqvlrq frqyhujhv iru doo

srvvleoh ohyhov ri zhdowk/ zkloh iru rwkhuv +h1j1/ wkh srzhu ixqfwlrq,/ frqyhujhqfh lv re0

wdlqhg rqo| ryhu d jlyhq udqjh ri �qdo zhdowk1 Lq dgglwlrq/ wkh wuxqfdwlrq ri wkh Wd|oru

vhulhv udlvhv vhyhudo gl!fxowlhv1 Lq sduwlfxodu/ wkhuh lv qr uxoh/ lq jhqhudo/ iru vhohfwlqj

wkh rughu ri wkh wuxqfdwlrq1 Zruvh/ wkh lqfoxvlrq ri dq dgglwlrqdo prphqw grhv qrw

qhfhvvdulo| lpsuryh wkh txdolw| ri wkh dssur{lpdwlrq +vhh Eurfnhww dqg Jduyhq/ 4<<;/

Okdelwdqw/ 4<<;/ dqg Ehuìq|l/ 5334,1

Lq wklv sdshu/ zh lqyhvwljdwh krz qrq0qrupdolw| ri uhwxuqv pd| d�hfw wkh doorfdwlrq ri

zhdowk iru xwlolw|0pd{lpl}lqj lqyhvwruv1 Wr dgguhvv wklv lvvxh/ zh �uvw frqvlghu wkh fdvh

ri dq lqyhvwru zlwk dq h{srqhqwldo xwlolw| ixqfwlrq1 Wklv xwlolw| ixqfwlrq kdv ehhq zlgho|

xvhg lq wkh olwhudwxuh/ ehfdxvh lw fdswxuhv wkh lqyhvwru*v ulvn dyhuvlrq lq d yhu| vlpsoh

zd|1 Wkhq/ zh dssur{lpdwh wkh h{shfwhg xwlolw| e| d Wd|oru vhulhv h{sdqvlrq zlwk wzr ru

pruh prphqwv1 Wkxv/ zh frpsduh wkh doorfdwlrq rewdlqhg zkhq wkh h{shfwhg xwlolw| lv

gluhfwo| pd{lpl}hg zlwk wkh doorfdwlrq rewdlqhg xvlqj dq h{sdqvlrq xs wr d jlyhq rughu1

Zh xvh vhyhudo fulwhuld iru jdxjlqj wkh ydulrxv rswlpl}dwlrq vwudwhjlhv1 Lq dgglwlrq wr

d glvwdqfh phdvxuh ehwzhhq sruwirolr zhljkwv/ zh iroorz Vlpddq +4<<6,/ Ndqgho dqg

Vwdpedxjk +4<<9,/ dv zhoo dv Dqj dqg Ehndhuw +5335, dqg hvwlpdwh wkh rssruwxqlw|

frvw ri xvlqj d vxe0rswlpdo vwudwhj|/ l1h1/ dq rswlpl}dwlrq edvhg rq prphqwv/ udwkhu

wkdq rq d gluhfw qxphulfdo rswlpl}dwlrq ri wkh h{shfwhg xwlolw| ixqfwlrq1

Lq wkh hpslulfdo sduw ri wkh sdshu/ zh sd| d sduwlfxodu dwwhqwlrq wr wkh vwdwlvwl0

fdo surshuwlhv ri wkh uhwxuqv lqyhvwljdwhg1 Iluvw/ zh fduhixoo| whvw vhyhudo k|srwkhvlv rq

uhwxuqv= wkh xqlyduldwh dv zhoo dv pxowlyduldwh qrupdolw|/ dqg wkh vhuldo fruuhodwlrq ri

uhwxuqv dqg vtxduhg uhwxuqv1 Lq dgglwlrq/ zh frqvlghu wkuhh dowhuqdwlyh gdwd vhwv/ zklfk

:



duh fkdudfwhul}hg e| gl�huhqw gdwd iuhtxhqflhv dqg kljkhu0prphqw ihdwxuhv1 Wkhvh gdwd

vhwv frqwdlq +4, zhhno| uhwxuqv iru eurdg jhrjudsklfdo duhdv> +5, zhhno| uhwxuqv iurp

vwrfnv ri wkh V)S433 lqgh{> +6, prqwko| uhwxuqv iru hphujlqj pdunhwv1 Zkloh doo wkhvh

gdwd glvsod| ghsduwxuh iurp qrupdolw|/ wkh| wxuq rxw wr kdyh yhu| gl�huhqw lpsolfdwlrqv

iru wkh txdolw| ri wkh dssur{lpdwlrq ri wkh h{shfwhg xwlolw| e| d ixqfwlrq ri prphqwv1

Rq rqh kdqg/ lq fdvh ri voljkw qrq0qrupdolw| ri uhwxuqv/ wkh gl�huhqw doorfdwlrq vwudwh0

jlhv surylgh edvlfdoo| wkh vdph doorfdwlrq/ vxjjhvwlqj wkdw wkh phdq0yduldqfh fulwhulrq

fruuhfwo| dssur{lpdwhv wkh h{shfwhg xwlolw|1 Rq wkh rwkhu kdqg/ xqghu pruh vhyhuh gh0

sduwxuh iurp qrupdolw|/ wkh gl�huhqfh ehwzhhq wkh pd{lpl}dwlrq ri wkh h{shfwhg xwlolw|

dqg wkh phdq0yduldqfh fulwhulrq pd| eh yhu| odujh1 Zh surylgh hylghqfh wkdw lq vxfk

fdvhv wkh h{whqvlrq wr d wkuhh0prphqw ru d irxu0prphqw fulwhulrq uhvxowv lq d jrrg ds0

sur{lpdwlrq ri wkh h{shfwhg xwlolw|1 Wkh jrrgqhvv ri wkh dssur{lpdwlrq lv kljkoljkwhg e|

wkh rssruwxqlw| frvw zklfk lv irxqg wr eh yhu| vpdoo lq doo lqvwdqfhv iru wkh irxu0prphqw

fulwhulrq1

Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv1 Lq Vhfwlrq 5/ zh ghvfuleh wkh dvvhw

doorfdwlrq sureohp/ lwv dssur{lpdwlrq e| d Wd|oru vhulhv h{sdqvlrq/ dqg wkh sudfwlfdo

lpsohphqwdwlrq ri wklv dssur{lpdwlrq1 Lq Vhfwlrq 6/ zh suhvhqw wkh ydulrxv gdwd vhwv

lqyhvwljdwhg dqg glvfxvv wkh vwdwlvwlfdo surshuwlhv ri uhwxuqv1 Vhfwlrq 7 uholhv rq wkh dvvhw

doorfdwlrqv rewdlqhg xqghu gluhfw pd{lpl}dwlrq ri wkh h{shfwhg xwlolw| dqg xqghu Wd|oru

vhulhv h{sdqvlrq ri gl�huhqw rughuv1 Wkh txdolw| ri wkh gl�huhqw dssur{lpdwlrqv lv dovr

lqyhvwljdwhg xvlqj vhyhudo phdvxuhv1 Lq Vhfwlrq 8/ zh surylgh frqfoxglqj uhpdunv1

5 Wkh rswlpdo sruwirolr doorfdwlrq

Lq wklv vhfwlrq/ zh ehjlq zlwk wkh lqyhvwru*v dvvhw doorfdwlrq sureohp/ wkdw lq jhqhudo

fdqqrw eh vroyhg dqdo|wlfdoo|1 Zh wkhq ghvfuleh krz wkh Wd|oru vhulhv h{sdqvlrq fdq eh

xvhg wr dssur{lpdwh wkh doorfdwlrq sureohp1 Frqglwlrqv iru wkh h{sdqvlrq wr eh frqyhu0

jhqw duh ghwdlohg iru wkh xwlolw| ixqfwlrq xqghu vwxg|1 Odvw/ zh lqglfdwh krz sruwirolr

prphqwv duh frpsxwhg iurp dvvhw uhwxuq prphqwv1

514 Wkh lqyhvwphqw ghflvlrq lq jhqhudo

Zh frqvlghu dq lqyhvwru zkr doorfdwhv khu sruwirolr lq rughu wr pd{lpl}h wkh h{shfwhg

xwlolw| L E` � ryhu khu hqg0ri0shulrg zhdowk` 1 Wkh lqlwldo zhdowk lv duelwudulo| vhw htxdo

wr rqh1 Wkhuh duh ? ulvn| dvvhwv zlwk uhwxuq yhfwru - ' E-�c ���c -?�
� dqg mrlqw fxpxodwlyh

glvwulexwlrq ixqfwlrq 8 E-�c ���c -?�1 Hqg0ri0shulrg zhdowk lv jlyhq e| ` ' E� n oR�/

zlwk oR ' k�-/ zkhuh wkh yhfwru k ' Ek�c ���c k?�
� uhsuhvhqwv wkh iudfwlrqv ri zhdowk

doorfdwhg wr wkh ydulrxv ulvn| dvvhwv1 Zh dvvxph wkdw wkh lqyhvwru grhv qrw kdyh dffhvv

;



wr d ulvnohvv dvvhw/ lpso|lqj wkdw wkh sruwirolr zhljkwv vxp wr rqh +
S?

�'� k� ' �,15 Lq

dgglwlrq/ sruwirolr zhljkwv duh frqvwudlqhg wr eh srvlwlyh/ vr wkdw vkruw0vhoolqj lv qrw

doorzhg1

Irupdoo|/ wkh rswlpdo dvvhw doorfdwlrq lv rewdlqhg e| vroylqj wkh iroorzlqj sureohp=;?
=
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Wkh ? �uvw0rughu frqglwlrqv +IRFv, ri wkh rswlpl}dwlrq sureohp duh
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zkhuh L E�� E` � ghqrwhv wkh �wk ghulydwlyh ri L 1 Zh dvvxph wkdw wkh xwlolw| ixqfwlrq

vdwlv�hv wkh xvxdo surshuwlhv vr wkdw d vroxwlrq h{lvwv dqg lv xqltxh1 Rq rqh kdqg/ zkhq

wkh hpslulfdo glvwulexwlrq ri uhwxuqv lv xvhg/ wkh vroxwlrq wr wklv sureohp fdq eh hdvlo|

rewdlqhg +vhh/ h1j1/ Ohy| dqg Pdunrzlw}/ 4<:</ Sxooh|/ 4<;4/ Nuroo/ Ohy|/ dqg Pdunrzlw}/

4<;7,1 Rq wkh rwkhu kdqg/ zkhq d sdudphwulf mrlqw glvwulexwlrq iru uhwxuqv lv xvhg/ wkh

IRFv lq htxdwlrq +4, gr qrw kdyh d forvhg0irup vroxwlrq lq jhqhudo16 Lq vxfk fdvhv/

Wdxfkhq dqg Kxvvh| +4<<4, surylghg d qxphulfdo vroxwlrq xvlqj txdgudwxuh uxohv1 Wklv

dssurdfk kdv ehhq dssolhg wr qrupdo llg uhwxuqv e| Fdpsehoo dqg Ylfhlud +4<<<, ru wr

d uhjlph0vzlwfklqj pxowlyduldwh qrupdo glvwulexwlrq e| Dqj dqg Ehndhuw +5335,1 Wkh

gl!fxow| iru qrq0qrupdo glvwulexwlrqv dqg lq sduwlfxodu iru glvwulexwlrqv wkdw lqyroyh

dv|pphwu| dqg idw wdlov/ lv wkdw wkh uhtxluhg qxpehu ri txdgudwxuh srlqwv lv olnho| wr

lqfuhdvh h{srqhqwldoo| zlwk wkh qxpehu ri dvvhwv1 Wkhuhiruh/ vroylqj wkh rswlpl}dwlrq

sureohp xvlqj qxphulfdo lqwhjudwlrq ehfrphv wulfn| iru pruh wkdq wzr ru wkuhh dvvhwv1

Iru pruh jhqhudo glvwulexwlrqv ri uhwxuqv/ Prqwh0Fduor vlpxodwlrqv pd| eh qhfhvvdu| wr

dssur{lpdwh wkh h{shfwhg xwlolw| ixqfwlrq +Sdwwrq/ 5335,1

Vlqfh zh duh sulpdulo| lqwhuhvwhg lq phdvxulqj wkh h�hfw ri kljkhu prphqwv rq wkh

dvvhw doorfdwlrq/ zh qrz dssur{lpdwh wkh h{shfwhg xwlolw| e| d Wd|oru vhulhv h{sdqvlrq

5Dv lq Vlpddq +4<<6,/ zh irxqg lq hduo| h{shulphqwv wkdw/ zkhq wkh lqyhvwru lv doorzhg wr lqyhvw
lq d ulvnohvv dvvhw/ wkhuh lv yluwxdoo| qr gl�huhqfh ehwzhhq pd{lpl}lqj wkh h{shfwhg xwlolw| dqg xvlqj
dq rswlpl}dwlrq edvhg rq prphqwv1 Wkh sursrvhg h{sodqdwlrq lv wkdw/ vlqfh wkh zhljkw d�hfwhg wr
wkh ulvnohvv dvvhw lqfuhdvhv vkduso| zlwk wkh ghjuhh ri ulvn dyhuvlrq/ wkh ydulrxv rswlpl}dwlrq vwudwhjlhv
fdqqrw glvsod| odujh gl�huhqfhv lq sruwirolr zhljkwv wkdw zrxog eh edvhg rq kljkhu0prphqw surshuwlhv
ri uhwxuqv1 Iru orz ghjuhhv ri ulvn dyhuvlrq/ wkh lqyhvwru sxwv wkh hpskdvlv rq wkh h{shfwhg uhwxuq
ri wkh sruwirolr/ lpso|lqj wkdw vhfrqg dqg kljkhu prphqwv duh qrw wdnhq lqwr dffrxqw/ uhjdugohvv wkh
rswlpl}dwlrq vwudwhj|1

6Wkh fdvh ri qrupdo uhwxuqv lv d wulyldo h{fhswlrq1 Zkhq uhwxuqv duh gulyhq e| d Pdunry0vzlwfklqj
prgho zlwk frqglwlrqdoo| qrupdo lqqrydwlrqv/ dq dqdo|wlfdo vroxwlrq dovr h{lvwv +Udpfkdqg dqg Vxvpho/
4<<;,1 Vlpddq +4<<6, dovr sursrvhg dq h{dpsoh zlwk dq h{srqhqwldo xwlolw| ixqfwlrq dqg d Shduvrq LLL
glvwulexwlrq lq zklfk wkh h{shfwhg xwlolw| lv ghulyhg dqdo|wlfdoo|1

<



durxqg wkh h{shfwhg zhdowk1 Iru wklv sxusrvh/ wkh xwlolw| ixqfwlrq lv h{suhvvhg lq whupv

ri wkh zhdowk glvwulexwlrq/ vr wkdw

. dL E` �o '

]
L E�� s E�� _�

zkhuh s E�� lv wkh suredelolw| glvwulexwlrq ixqfwlrq ri hqg0ri0shulrg zhdowk/ wkdw ghshqgv

rq wkh pxowlyduldwh glvwulexwlrq ri uhwxuqv dqg rq wkh yhfwru ri zhljkwv k1 Khqfh/ wkh

lq�qlwh0rughu Wd|oru vhulhv h{sdqvlrq ri wkh xwlolw| ixqfwlrq lv
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zkhuh 7̀ ' . E` � ' �nk�> ghqrwhv wkh h{shfwhg hqg0ri0shulrg zhdowk zlwk > ' . E-�

wkh h{shfwhg uhwxuq yhfwru1 Xqghu udwkhu plog frqglwlrqv +vhh Okdelwdqw/ 4<<;/ dqg

ehorz,/ wkh h{shfwhg xwlolw| lv jlyhq e|
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Wkhuhiruh/ wkh h{shfwhg xwlolw| ghshqgv rq doo fhqwudo prphqwv ri wkh glvwulexwlrq ri wkh

hqg0ri0shulrg zhdowk1

Qhfhvvdu| frqglwlrqv iru wkh lq�qlwh Wd|oru vhulhv h{sdqvlrq wr frqyhujh wr wkh h{0

shfwhg xwlolw| kdyh ehhq h{soruhg e| Orlvwo +4<:9, dqg Okdelwdqw +4<<;,1 Wkh uhjlrq

ri frqyhujhqfh ri wkh vhulhv ghshqgv rq wkh xwlolw| ixqfwlrq frqvlghuhg1 Lq sduwlfxodu/

wkh h{srqhqwldo ru sro|qrpldo xwlolw| ixqfwlrqv gr qrw sxw dq| uhvwulfwlrq rq wkh zhdowk

udqjh/ zkloh wkh srzhu xwlolw| ixqfwlrq frqyhujhv iru zhdowk ohyhov lq wkh udqjh
�
fc 2 7̀

�
1

Lw lv zruwk hpskdvl}lqj wkdw vxfk d udqjh lv olnho| wr eh odujh hqrxjk iru erqgv dqg

vwrfnv zkhq vkruw0vhoolqj lv qrw dxwkrul}hg1 Lq frqwudvw/ lw pd| eh wrr vpdoo iru rswlrqv/

gxh wr wkhlu ohyhudjh h�hfw1 Wkhvh uhvxowv krog iru duelwudu| uhwxuq glvwulexwlrqv1

Qrz/ vlqfh wkh lq�qlwh Wd|oru vhulhv h{sdqvlrq lv qrw vxlwdeoh iru qxphulfdo lpsoh0

phqwdwlrq/ d vroxwlrq lv wr dssur{lpdwh wkh h{shfwhg xwlolw| e| wuxqfdwlqj wkh lq�qlwh

h{sdqvlrq dw d jlyhq ydoxh 7&1 Iru lqvwdqfh/ wkh vwdqgdug phdq0yduldqfh fulwhulrq sur0

srvhg e| Pdunrzlw} +4<85, fruuhvsrqgv wr wkh fdvh 7& ' 21 Pruh jhqhudoo|/ dq h{sdqvlrq

wuxqfdwhg dw 7& surylghv dq h{dfw vroxwlrq wr wkh h{shfwhg xwlolw| zkhq xwlolw| lv gh0

vfulehg e| d sro|qrpldo ixqfwlrq ri rughu 7&1 Wklv uhvxow krogv ehfdxvh vxfk d xwlolw|

ixqfwlrq ghshqgv rqo| rq wkh �uvw 7& prphqwv ri wkh uhwxuq glvwulexwlrq1 Wklv dyhqxh kdv

ehhq iroorzhg iru lqvwdqfh e| Ohy| +4<9<,/ Kdqrfk dqg Ohy| +4<:3,/ ru Mxuf}hqnr dqg

Pdloohw +5334, iru 7& ' � +fxelf xwlolw| ixqfwlrq, dqg e| Ehqlvkd| +4<<5, dqg Mxuf}hqnr

dqg Pdloohw +5336, iru 7& ' e1 Dv qrwhg e| Wvldqj +4<:5,/ krzhyhu/ sro|qrpldo xwlolw|

ixqfwlrqv fdq rqo| surylgh orfdo dssur{lpdwlrqv ehfdxvh wkh| fdqqrw vdwlvi| frqglwlrqv

uhtxluhg iru d zhoo0ehkdyhg xwlolw| ixqfwlrq iru doo ydoxhv ri zhdowk1
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Ixuwkhupruh/ lw lv qrw fohdu/ d sulrul/ dw zkdw ohyho wkh Wd|oru vhulhv h{sdqvlrq vkrxog

eh wuxqfdwhg1 Iru lqvwdqfh/ Kodzlwvfknd +4<<7, surylghg h{dpsohv lq zklfk/ hyhq li wkh

lq�qlwh h{sdqvlrq frqyhujhv/ dgglqj pruh whupv pd| zruvhq wkh dssur{lpdwlrq dw d

jlyhq wuxqfdwlrq ohyho1 Rq wkh rwkhu kdqg/ Okdelwdqw +4<<;, ghvfulehg dq h{dpsoh lq

zklfk rplwwhg whupv duh ri lpsruwdqfh1 Vrph dujxphqwv sxw iruzdug e| Hghulqjwrq

+4<;9, dv zhoo dv Ehuìq|l +5334, vxjjhvw wkdw lqwurgxflqj wkh irxuwk prphqw zloo jhq0

hudoo| lpsuryh wkh dssur{lpdwlrq ri wkh h{shfwhg xwlolw|1

Lw vkrxog eh qrwlfhg/ dw wklv srlqw/ wkdw wkh dssur{lpdwlrq ri wkh h{shfwhg xwlolw|

e| d Wd|oru vhulhv h{sdqvlrq lv uhodwhg wr wkh lqyhvwru*v suhihuhqfh +ru dyhuvlrq, wrzdugv

doo prphqwv ri wkh glvwulexwlrq/ wkdw duh gluhfwo| jlyhq e| ghulydwlyhv ri wkh xwlolw|

ixqfwlrq1 Vfrww dqg Kruydwk +4<;3, kdyh sxw iruzdug wkdw/ xqghu wkh dvvxpswlrqv ri

srvlwlyh pdujlqdo xwlolw|/ ghfuhdvlqj devroxwh ulvn dyhuvlrq dw doo zhdowk ohyhov wrjhwkhu

zlwk vwulfw frqvlvwhqf| iru prphqw suhihuhqfh/7 rqh kdv

L E&� E` � : f ;` li & lv rgg dqg

L E&� E` � 	 f ;` li & lv hyhq1

Ixuwkhu glvfxvvlrq rq wkh frqglwlrqv wkdw |lhog vxfk prphqw suhihuhqfhv ru dyhuvlrqv

pd| eh irxqg lq Sudww dqg ]hfnkdxvhu +4<;:,/ Nlpedoo +4<<6,/ dqg Glwwpdu +5335,1

Eurfnhww dqg Jduyhq +4<<;, surylghg h{dpsohv lqglfdwlqj wkdw h{shfwhg xwlolw| suhi0

huhqfhv gr qrw qhfhvvdulo| wudqvodwh lqwr prphqw suhihuhqfhv1 \hw/ Ehuìq|l +5334, kdv

hvwdeolvkhg frqglwlrqv xqghu zklfk wkh lqfoxvlrq ri vnhzqhvv dqg nxuwrvlv suhvhuyhv wkh

udqnlqj surshuw| ri wkh h{shfwhg xwlolw|1 Lq sduwlfxodu/ kh vkrzv wkdw/ iru glvwulexwlrqv

zlwk qhjdwlyh vnhzqhvv/ lqfoxglqj dq dgglwlrqdo kljkhu prphqw dozd|v ohdgv wr d ehw0

whu dssur{lpdwlrq ri wkh h{shfwhg xwlolw|1 Lq fdvh ri srvlwlyh vnhzqhvv/ lqfoxglqj erwk

vnhzqhvv dqg nxuwrvlv fdq lpsuryh ru zruvhq wkh dssur{lpdwlrq1

Irfxvlqj rq whupv xs wr wkh irxuwk rqh/ zh rewdlq

. dL E` �o ' L
�
7̀
�
n L E��

�
7̀
�
.
�
` � 7̀

�
n

�

2
L E2�

�
7̀
�
.
k�
` � 7̀

�2l
n
�

�-
L E��

�
7̀
�
.
k�
` � 7̀

��l
n

�

e-
L Ee�

�
7̀
�
.
k�
` � 7̀

�el
n�E` e�c

zkhuh �E` e� lv wkh Wd|oru uhpdlqghu1 Zh gh�qh wkh h{shfwhg uhwxuq/ yduldqfh/ vnhz0

7Dq lqyhvwru h{klelwv vwulfw frqvlvwhqf| iru prphqw suhihuhqfh li d jlyhq prphqw lv dozd|v dvvrfldwhg
zlwk wkh vdph suhihuhqfh gluhfwlrq uhjdugohvv ri wkh zhdowk ohyho1
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qhvv/ dqg nxuwrvlv ri wkh hqg0ri0shulrg uhwxuq dv8
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Khqfh/ wkh h{shfwhg xwlolw| lv vlpso| dssur{lpdwhg e| wkh iroorzlqj suhihuhqfh ixqfwlrq
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Xqghu frqglwlrqv hvwdeolvkhg e| Vfrww dqg Kruydwk +4<;3,/ wkh h{shfwhg xwlolw| ghshqgv

srvlwlyho| rq h{shfwhg uhwxuq dqg vnhzqhvv dqg qhjdwlyho| rq yduldqfh dqg nxuwrvlv1

515 Wkh fdvh ri wkh FDUD xwlolw| ixqfwlrq

Zh frqvlghu qrz wkh FDUD +iru Frqvwdqw Devroxwh Ulvn Dyhuvlrq, xwlolw| ixqfwlrq1 Wkh

FDUD xwlolw| ixqfwlrq lv gh�qhg e|=

L E` � ' � i T E�b` � +6,

zkhuh b phdvxuhv wkh lqyhvwru*v frqvwdqw devroxwh ulvn dyhuvlrq1 Wklv vshfl�fdwlrq

kdv ehhq zlgho| xvhg lq wkh olwhudwxuh ehfdxvh ri wkh dsshdolqj lqwhusuhwdwlrq ri wkh

dvvrfldwhg sdudphwhu19 Wkh dssur{lpdwlrq iru wkh h{shfwhg xwlolw| lv jlyhq e|
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Diwhu vrph reylrxv vlpsol�fdwlrqv/ wkh IRFv fdq eh uhvshfwlyho| dv=
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Rswlpdo sruwirolr zhljkwv fdq eh rewdlqhg dowhuqdwlyho| e| pd{lpl}lqj h{suhvvlrq

+7, ru e| vroylqj htxdolwlhv +8,1 Lqvshfwlrq ri uhodwlrq +8, uhyhdov wkdw frpsxwlqj wklv

h{suhvvlrq zrxog eh udwkhu vlpsoh li wkh yduldqfh/ vnhzqhvv/ dqg nxuwrvlv ri wkh sruwirolr

uhwxuq dqg wkh ghulydwlyhv wkhuhri duh nqrzq1
8Wkhvh gh�qlwlrqv ri vnhzqhvv dqg nxuwrvlv/ dv fhqwudo kljkhu prphqwv/ gl�hu iurp wkh vwdwlvwlfdo

gh�qlwlrqv dv vwdqgdugl}hg fhqwudo kljkhu prphqwv H
k��

us � �s
�
@�s

�ml
iru m @ 6> 71

9Wkh FDUD xwlolw| ixqfwlrq kdv ehhq xvhg lq d qxpehu ri sdshuv rq wkh doorfdwlrq ri zhdowk/ vhh/
h1j1 Ohy| dqg Pdunrzlw} +4<:<,/ Sxooh| +4<;4,/ Nuroo/ Ohy|/ dqg Pdunrzlw} +4<;6,/ Vlpddq +4<<6,1 Dv
dq dowhuqdwlyh/ zh dovr frqvlghuhg wkh FUUD +iru Frqvwdqw Uhodwlyh Ulvn Dyhuvlrq, xwlolw| ixqfwlrq/
wkdw kdv dovr ehhq zlgho| vwxglhg lq wkh olwhudwxuh1 Wkh Wd|oru vhulhv h{sdqvlrq frqyhujhv wrzdug wkh
h{shfwhg xwlolw| iru ohyhov ri zhdowk udqjlqj ehwzhhq 3 dqg 5 �Z / dq lqwhuydo wkdw pd| dsshdu udwkhu
uhvwulfwlyh lq vrph dssolfdwlrqv1 \hw/ lw vkrxog eh qrwlfhg wkdw zh irxqg edvlfdoo| wkh vdph uhvxowv zlwk
erwk xwlolw| ixqfwlrqv/ hyhq zkhq zh frqvlghuhg yhu| qrq0qrupdo uhwxuqv/ vr wkdw zh rqo| uhsruw uhvxowv
rewdlqhg zlwk wkh FDUD xwlolw| ixqfwlrq1
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516 Vroylqj wkh dvvhw0doorfdwlrq sureohp

Qrz zh eulh | ghvfuleh krz wkh prphqwv ri d sruwirolr uhwxuq fdq eh h{suhvvhg lq d

yhu| frqyhqlhqw zd| dqg krz wkhlu ghulydwlyhv pd| eh rewdlqhg1 Wklv doorzv wr frpsxwh

htxdwlrq +8,1 Wklv dssurdfk kdv ehhq h{whqvlyho| ghvfulehg e| Dwkd|gh dqg Io÷uhv

+5334, dqg xvhg e| Kduyh| hw do1 +5335, dqg Sudndvk/ Fkdqj/ dqg Sdfwzd +5336,1

Iluvw/ zh gh�qh wkh E?c ?2� fr0vnhzqhvv pdwul{

�� ' .
�
E-� >� E-� >�� 
 E-� >��

�
' ir��&j

dqg E?c ?�� fr0nxuwrvlv pdwul{
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zlwk hohphqwv
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�c �c &c , ' �c ���c ?1

Wklv qrwdwlrq h{whqgv wkh gh�qlwlrq iru wkh fryduldqfh pdwul{/ zklfk lv ghqrwhg �21

Iru lqvwdqfh/ lq wkh fdvh ri ? ' � dvvhwv/ wkh uhvxowlqj E�c b� fr0vnhzqhvv pdwul{ lv

�� '
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zkhuh 7��& lv d vkruw qrwdwlrq iru wkh E?c ?� pdwul{ ir��&j�c&'�c2c�1 Vlploduo|/ wkh E�c 2.�

fr0nxuwrvlv pdwul{ lv

�e '
k
g��&, g�2&, g��&,

��� g2�&, g22&, g2�&,

��� g��&, g�2&, g��&,

l
zkhuh g��&, ghqrwhv wkh E?c ?� pdwul{ iV��&,j&c,'�c2c�1 Lw vkrxog eh qrwlfhg wkdw/ eh0

fdxvh ri fhuwdlq v|pphwulhv/ qrw doo wkh hohphqwv ri wkhvh pdwulfhv qhhg wr eh frp0

sxwhg1 Wkh glphqvlrq ri wkh fryduldqfh pdwul{ lv E?c ?�/ exw rqo| ? E?n �� *2 ho0

hphqwv kdyh wr eh frpsxwhg1 Vlploduo|/ wkh fr0vnhzqhvv dqg fr0nxuwrvlv pdwulfhv

kdyh glphqvlrqv E?c ?2� dqg E?c ?��/ exw lqyroyh rqo| ? E?n �� E? n 2� *S hohphqwv dqg

? E?n �� E?n 2� E? n �� *2e gl�huhqw hohphqwv uhvshfwlyho|1:

Qrz/ xvlqj wkhvh qrwdwlrqv/ prphqwv ri wkh sruwirolr uhwxuq fdq eh frpsxwhg lq

d yhu| wudfwdeoh zd|1 Iru d jlyhq sruwirolr zhljkw yhfwru k/ h{shfwhg uhwxuq/ yduldqfh/

:Iru q @ 6/ rqh kdv wr frpsxwh 9 gl�huhqw hohphqwv iru wkh fryduldqfh pdwul{/ 43 hohphqwv iru wkh
fr0vnhzqhvv pdwul{ dqg 48 hohphqwv iru wkh fr0nxuwrvlv pdwul{ +zkhuhdv wkhvh pdwulfhv kdyh </ 5:/ dqg
;4 hohphqwv/ uhvshfwlyho|,1
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vnhzqhvv/ dqg nxuwrvlv ri wkh sruwirolr uhwxuq duh/ uhvshfwlyho|=
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zkhuh 
 vwdqgv iru wkh Nurqhfnhu surgxfw1 Dowhuqdwlyho|/ prphqwv ri wkh sruwirolr

uhwxuq pd| eh h{suhvvhg dv iroorzv=
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duh wkh E?c �� yhfwruv ri fryduldqfhv/ fr0vnhzqhvv/ dqg fr0nxuwrvlv ehwzhhq wkh dvvhw

uhwxuqv dqg wkh sruwirolr uhwxuq/ uhvshfwlyho|1 Wkhvh qrwdwlrqv duh reylrxvo| htxlydohqw

wr wkh suhylrxv rqhv dqg wkh| r�hu wkh dgydqwdjh ri uhtxlulqj rqo| vpdoo0glphqvlrqdo

yhfwruv1; \hw/ wkh rswlpl}dwlrq surfhgxuh/ ghvfulehg ehorz/ lv shuiruphg ryhu wkh zhljkw

yhfwru k wkdw lv lpsolflwo| lqfrusrudwhg lq PR/ 7R/ dqg gR1 Wkhuhiruh/ lq wkh hqg/ wkh

h{solflw uhodwlrqvkls ehwzhhq prphqwv ri wkh sruwirolr uhwxuq dqg wkh zhljkw yhfwru kdv

wr eh hvwdeolvkhg/ lq sduwlfxodu li dqdo|wlf ghulydwlyhv duh wr eh frpsxwhg1

Qrwdwlrqv deryh doorz d vwudljkwiruzdug frpsxwdwlrq ri wkh ghulydwlyhv zlwk uhvshfw

wr wkh zhljkw yhfwru/ wkdw lv=
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Htxdwlrqv +8, fdq wkxv eh uhzulwwhq dv

>� B� Ek� d�2ko n B2 Ek� d�� Ek
 k�o� B� Ek� d�e Ek
 k
 k�o ' f +9,

zkhuh B�/ B2c dqg B� duh qrq0olqhdu ixqfwlrqv ri k/ vxfk wkdw B� Ek� ' b�
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be
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Ve
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;Wkh qrwdwlrqv 	s/ Vs/ dqg Ns duh gluhfwo| uhodwhg wr wkh qrwlrqv ri v|vwhpdwlf ulvn/ wkdw duh zlgho|0
xvhg lq wkh olwhudwxuh rq kljkhu0prphqw FDSP/ vhh Nudxv dqg Olw}hqehujhu +4<:9,/ Lqjhuvroo +4<;:,/
Kzdqj dqg Vdwfkhoo +4<<<,/ Ehuìq|l +5334,/ Mxuf}hqnr dqg Pdloohw +5334/ 5336,1
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Wkh ? htxdwlrqv +9, fdq eh hdvlo| vroyhg qxphulfdoo|/ xvlqj d vwdqgdug rswlpl}dwlrq

sdfndjh1 Wkh gl!fxow| wr vroyh wklv sureohp lv qrw ri wkh vdph rughu dv frpsduhg wr

sureohpv lqyroylqj qxphulfdo lqwhjudwlrq ri wkh xwlolw| ixqfwlrq1 Wklv dssurdfk sur0

ylghv dq dowhuqdwlyh zd| ri vroylqj wkh dvvhw doorfdwlrq sureohp wr wkh SJS dssurdfk

ghyhorshg e| Odl +4<<4, dqg Fkxqkdfklqgd hw do1 +4<<:,1 Wkh pdlq dgydqwdjh ri wkh

dssurdfk sursrvhg khuh lv wkdw zhljkwv dwwulexwhg wr wkh ydulrxv sruwirolr prphqwv lq

htxdwlrq +9, duh vhohfwhg rq wkh edvlv ri wkh xwlolw| ixqfwlrq/ zkloh wkh| duh duelwudulo|

fkrvhq lq wkh SJS dssurdfk1 Vroylqj htxdwlrq +9, dovr surylghv dq dowhuqdwlyh wr wkh

udwkhu wlph0frqvxplqj dssurdfk edvhg rq pd{lpl}lqj wkh h{shfwhg xwlolw| qxphulfdoo|/

dgrswhg e| Dqj dqg Ehndhuw +5335, ru Sdwwrq +5335,1 Khuh/ d yhu| dffxudwh vroxwlrq lv

rewdlqhg lq mxvw d ihz vhfrqgv/ hyhq lq wkh fdvh ri d odujh qxpehu ri dvvhwv1 Wkh sulfh

wr sd| lv wkdw wkh irfxv lv sxw rq d �qlwh qxpehu ri prphqwv rqo|1

6 Gdwd

Zh h{soruh wkuhh gdwd vhwv zlwk yhu| gl�huhqw fkdudfwhulvwlfv ri uhwxuqv1 Wkh �uvw gdwd

vhw frqwdlqv zhhno| uhwxuqv iru groodu0ghqrplqdwhg vwrfn lqglfhv iru wkh pdlq jhrjudsk0

lfdo duhdv +Qruwk Dphulfd/ Hxursh/ dqg Dvld,1 Lw frqvlvwv ri wrwdo uhwxuq lqglfhv iurp

Prujdq Vwdqoh| Fdslwdo Lqwhuqdwlrqdo +PVFL,/ iurp Mdqxdu| 4<:9 wkurxjk Ghfhpehu

53341< Wkhvh gdwd duh yhu| djjuhjdwhg uhwxuqv/ dw wkh jhrjudsklfdo ohyho/ wkhlu vwdwlvwlfdo

ehkdylru pd|/ wkhuhiruh/ eh h{shfwhg wr eh forvh wr d qrupdo glvwulexwlrq1 Wkh vhfrqg

gdwd vhw frqwdlqv zhhno| uhwxuqv iru vwrfnv lqfoxghg lq wkh V)S433/ iurp Mdqxdu| 4<:6

wkurxjk Mdqxdu| 53361 Wkh vhohfwhg vwrfnv zhuh qrw fkrvhq udqgrpo| dv lq vrph suhyl0

rxv vwxglhv/ exw dprqj wkrvh zlwk d prghudwh wr odujh ghsduwxuh iurp qrupdolw|1 Dv d

pdwwhu ri idfw/ vhyhudo vwxglhv xvhg udqgrpo| vhohfwhg X1V1 vwrfnv wr looxvwudwh wkdw wkh

phdq0yduldqfh fulwhulrq pd| eh uhohydqw lq dssur{lpdwlqj wkh h{shfwhg xwlolw| +Ohy|

dqg Pdunrzlw}/ 4<:</ Nuroo/ Ohy|/ dqg Pdunrzlw}/ 4<;7/ Vlpddq/ 4<<6,1 Khuh/ rxu dlp

lv wr vkrz wkdw/ lq vrph lqvwdqfh/ wkh zlgho|0xvhg phdq0yduldqfh fulwhulrq pd| eh lqds0

sursuldwh lq vhohfwlqj wkh rswlpdo sruwirolr zhljkwv1 Wkh odvw gdwd vhw frqwdlqv prqwko|

uhwxuqv iru wkuhh groodu0ghqrplqdwhg hphujlqj0pdunhw lqglfhv +Krqj Nrqj/ Vrxwk Nr0

uhd/ dqg Wkdlodqg,/ iurp Iheuxdu| 4<:8 wkurxjk Mxqh 53351 Hphujlqj pdunhwv kdyh

ehhq vkrzq wr glvsod| yhu| qrq0qrupdo ehkdylru +Kduyh|/ 4<<8/ Ehndhuw dqg Kduyh|/

4<<:/ Kzdqj dqg Vdwfkhoo/ 4<<</ Mrqghdx dqg Urfnlqjhu/ 5336e,1

Wkh gdwd vhwv duh ghvfulehg lq Wdeoh 4143 Ohw -�|/ | ' �c � � � c A / ghqrwh wkh orj0

<Dw wkh hqg ri 4<<</ wkh Qruwk Dphulfdq/ Hxurshdq/ dqg Dvldq pdunhwv uhsuhvhqwhg 7:15(/ 6316(/
dqg 4<17( ri wrwdo pdunhw fdslwdol}dwlrq lq wkh zruog PVFL lqgh{1

43Lw lv zruwk hpskdvl}lqj wkdw wkh iuhtxhqf| ri gdwd lv riwhq fodlphg wr d�hfw erwk ghsduwxuh iurp
qrupdolw| dqg wkh vhuldo fruuhodwlrq sdwwhuq ri uhwxuqv dqg yrodwlolwlhv1 Wkh odwwhu h�hfw lv qrw dq lvvxh
lq rxu frqwh{w/ vlqfh zh irfxv rq wkh xqfrqglwlrqdo vdpsoh glvwulexwlrq ri uhwxuqv1
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uhwxuq ri pdunhw ru dvvhw � dw gdwh |1 Dv d suholplqdu| lqyhvwljdwlrq ri wkh gdwd/ Wdeoh

5 uhsruwv xqlyduldwh dqg pxowlyduldwh vxppdu| vwdwlvwlfv rq uhwxuqv1 Iru hdfk gdwd vhw/

zh ehjlq zlwk dq hvwlpdwh ri wkh �uvw irxu prphqwv dqg d whvw ri wkh qxoo k|srwkhvlv

ri qrupdolw| ri wkh xqlyduldwh glvwulexwlrqv1 Vlqfh wkh qrupdolw| k|srwkhvlv lv fuxfldo

wr rxu dqdo|vlv/ zh sdlg d sduwlfxodu dwwhqwlrq wr wklv whvw1 Dowkrxjk d odujh qxpehu

ri whvwv kdyh ehhq sursrvhg lq wkh olwhudwxuh/ zh irfxv rq wkuhh zhoo0nqrzq surfhgxuhv/

wkdw kdyh suryhg wr eh uhohydqw lq vlplodu frqwh{wv= +4, wkh vwdwlvwlf +ME, sursrvhg

e| Mdutxh dqg Ehud +4<;3, whvwv zkhwkhu vnhzqhvv dqg h{fhvv nxuwrvlv duh mrlqwo| }hur/

xvlqj wkh dv|pswrwlf glvwulexwlrq ri wkh hvwlpdwruv1 Wklv whvw lv nqrzq wr eh vxlwdeoh iru

odujh vdpsohv rqo|/ ehfdxvh vdpsoh vnhzqhvv dqg nxuwrvlv dssurdfk qrupdolw| rqo| yhu|

vorzo|1 +5, Wkh rpqlexv vwdwlvwlf +Rpqlexv, sursrvhg e| Grruqln dqg Kdqvhq +4<<7, lv

edvhg rq wkh dssur{lpdwhg �qlwh0vdpsoh glvwulexwlrq ri vnhzqhvv dqg nxuwrvlv1 +6, Wkh

Nroprjrury0Vpluqry vwdwlvwlf +NV, frqvlvwv lq wkh frpsdulvrq ehwzhhq wkh wkhruhwlfdo

dqg wkh hpslulfdo fxpxodwlyh glvwulexwlrq ixqfwlrqv1 Vlqfh wkhvh vwdwlvwlfv duh olnho| wr

kdyh gl�huhqw �qlwh0vdpsoh surshuwlhv +vhh/ h1j1/ Grruqln dqg Kdqvhq/ 4<<7/ ru Ehndhuw

dqg Kduyh|/ 4<<:,/ zh shuiruphg Prqwh0Fduor vlpxodwlrqv wr hydoxdwh wkh fulwlfdo ydoxhv

fruuhvsrqglqj wr wkh vdpsoh vl}h ri hdfk gdwd144 Dv Wdeoh 5 +Sdqho D, frq�upv/ doo whvw

vwdwlvwlfv frqvlvwhqwo| uhmhfw wkh qrupdolw| k|srwkhvlv iru doo uhwxuq vhulhv dw wkh 4(

vljql�fdqfh ohyho +xvlqj erwk wkhruhwlfdo dqg vl}h0dgmxvwhg fulwlfdo ydoxhv,1

Zh dovr frqvlghu d whvw iru vhuldo fruuhodwlrq ri uhwxuqv1 Jlyhq wkh kljk ohyho ri

vhuldo fruuhodwlrq ri vtxduhg uhwxuqv/ zh xvh d yhuvlrq ri wkh Omxqj0Er{ vwdwlvwlf +TZ,/

fruuhfwhg iru khwhurvnhgdvwlflw|/ wr whvw iru wkh qxoolw| ri wkh �uvw irxu vhuldo fruuhodwlrqv

ri uhwxuqv1 Wklv vwdwlvwlfv lv glvwulexwhg dv d �2 Ee� xqghu wkh qxoo ri qr vhuldo fruuhodwlrq1

Lqvshfwlrq ri wkh TZ vwdwlvwlfv grhv qrw uhyhdo vljql�fdqw olqhdu ghshqghqflhv ri uhwxuqv1

Qh{w/ zh whvw iru khwhurvnhgdvwlflw| e| uhjuhvvlqj vtxduhg uhwxuqv rq rqfh odjjhg vtxduhg

uhwxuqv1 Wkh vwdqgdug whvw vwdwlvwlfv sursrvhg e| Hqjoh +4<;5,/ +OP,/ lv glvwulexwhg dv

d �2 E�� xqghu wkh qxoo k|srwkhvlv ri krprvnhgdvwlflw| dqg qrupdolw|1 Zh dovr frqvlghu

d whvw iru khwhurvnhgdvwlflw| ghyhorshg e| Ohh dqg Nlqj +4<<6,/ +ON,/ wkdw grhv qrw

uhtxluh qrupdolw|1 Xqghu wkh qxoo/ wkh ON vwdwlvwlf lv glvwulexwhg dv d rqh0vlghg � Efc ��1

Wkh wdeoh surylghv hylghqfh ri vhfrqg0prphqw ghshqghqflhv iru doo gdwd vhwv/ frq�uplqj

wkdw wkhuh lv d odujh dprxqw ri khwhurvnhgdvwlflw| lq wkh gdwd145

Wkhq/ zh wxuq wr wkh pxowlyduldwh dqdo|vlv1 Lq Wdeoh 5 +Sdqho E,/ zh uhsruw doo qrq0

uhgxqgdqw hohphqwv ri wkh fruuhodwlrq/ fr0vnhzqhvv/ dqg fr0nxuwrvlv pdwulfhv/ hvwlpdwhg

44Prqwh0Fduor h{shulphqwv zhuh edvhg rq 43/333 uhsolfdwlrqv ri vdpsohv ri vl}h 483/ 683/ dqg 4833
ri dq llg Q +3> 4, yduldeoh1 Uhmhfwlrq udwhv dv zhoo dv vl}h0dgmxvwhg fulwlfdo ydoxhv ri wkh ydulrxv whvwv
xvhg lq wklv sdshu duh dydlodeoh iurp wkh dxwkruv1

45Zh rewdlqhg wkh vdph sdwwhuq ri vljql�fdqfh xvlqj gl�huhqw odjv iru wkh TZ/ OP/ dqg ON whvw
vwdwlvwlfv1
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Zh dovr uhsruwv �qlwh0vdpsoh vwdqgdug huuruv frpsxwhg zlwk wkh JPP0edvhg surfh0

gxuh ri Ehndhuw dqg Kduyh| +4<<:,1 Ilqdoo|/ zh shuirup vhyhudo pxowlyduldwh qrupdolw|

whvwv1 Dv frpsduhg zlwk wkh xqlyduldwh whvwv glvfxvvhg deryh/ wkhvh pxowlyduldwh whvwv

lqfrusrudwh k|srwkhvhv rq wkh fr0vnhzqhvv dqg fr0nxuwrvlv pdwulfhv1 Zh irfxv rq wkuhh

whvwv iru pxowlyduldwh qrupdolw|= +4, wkh rpqlexv vwdwlvwlfv ghvfulehg e| Grruqln dqg

Kdqvhq +4<<7, h{whqwv wkh xqlyduldwh whvw glvfxvvhg deryh1 Wklv whvw frpsxwhv kljkhu

prphqwv rq yduldwhv zklfk kdyh ehhq suholplqdu| wudqviruphg wr dssur{lpdwho| lq0

ghshqghqw qrupdov1 +5, Wkh vwdwlvwlfv sursrvhg e| Vpdoo +4<;3, zhljkv wkh pdujlqdo

vnhzqhvv dqg nxuwrvlv frh!flhqwv ri wkh udz yduldeohv e| wkhlu dssur{lpdwh fruuhod0

wlrqv1 +6, Wkh vwdwlvwlfv ghvfulehg e| Pdugld +4<:3, lv edvhg rq pxowlyduldwh phdvxuhv

ri vnhzqhvv dqg nxuwrvlv1 Wkhvh vwdwlvwlfv duh ghvfulehg lq Grruqln dqg Kdqvhq +4<<7,1

Wkh glvwulexwlrq ri wkh �uvw wzr vwdwlvwlfv lv nqrzq wr eh dssur{lpdwho| d fkl0vtxduh/

zkloh wkh odvw vwdwlvwlf lv glvwulexwhg rqo| dv|pswrwlfdoo| dv d fkl0vtxduh1 Prqwh0Fduor

h{shulphqwv frq�uphg wkdw wkhvh whvwv duh fruuhfwo| vl}hg hyhq lq vpdoo vdpsoh1

Lq Wdeoh 5 +Sdqho E,/ zh revhuyh yhu| frqwudvwhg sdwwhuqv ri vnhzqhvv lq wkh gdwd

vhwv xqghu vwxg|1 Lq gdwd vhw GV4/ doo fr0vnhzqhvv ehwzhhq PVFL joredo lqglfhv duh irxqg

wr eh qhjdwlyh/ prvw ri wkhp ehlqj vwdwlvwlfdoo| vljql�fdqw1 Lq gdwd vhw GV5/ prvw fr0

vnhzqhvv ehwzhhq V)S vwrfnv duh qhjdwlyh/ dowkrxjk qrw vljql�fdqwo|1 Ilqdoo|/ lq gdwd

vhw GV6/ qr fohdu sdwwhuq hphujhv ehwzhhq hphujlqj pdunhwv/ zlwk prvw fr0vnhzqhvv

ehlqj lqvljql�fdqw1

Wkh eurdg slfwxuh iru fr0nxuwrvlv lv pxfk fohduhu/ vlqfh d qxpehu ri fr0nxuwrvlv duh

vljql�fdqwo| odujhu wkdq wkhlu h{shfwhg ydoxh xqghu pxowlyduldwh qrupdolw|146 Odujhvw

ydoxhv duh irxqg iru PVFL joredo lqglfhv +GV4, dqg V)S vwrfnv +GV5,1 Wkh wkuhh

pxowlyduldwh qrupdolw| whvwv uhmhfw wkh qxoo k|srwkhvlv iru doo gdwd vhwv dw dq| xvxdo

vljql�fdqfh ohyho1

7 Sruwirolr doorfdwlrq xqghu qrq0qrupdolw|

Lq wklv vhfwlrq/ zh dgguhvv wzr uhodwhg lvvxhv krz dvvhw doorfdwlrq lv prgl�hg zkhq

uhwxuqv duh gulyhq e| d qrq0qrupdo glvwulexwlrq1 Wkh �uvw lvvxh lv krz wkh doorfdwlrq

46Lq wkh qrupdo fdvh/ doo fr0vnhzqhvv duh htxdo wr }hur/ zkloh fr0nxuwrvlv duh jlyhq e| �llll @ 6/
�llmm @ 4=458/ �lllm @ 3=:8/ dqg �llmn @ 3=6:8/ iru l 9@ m 9@ n 9@ o>vhh Nrw} hw do1 +5333,1
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lv dowhuhg zkhq wkh lqyhvwru lv frqfhuqhg e| pruh wkdq mxvw wkh �uvw wzr prphqwv ri

uhwxuqv1 Wkh vhfrqg lvvxh lv krz idu wkh doorfdwlrq edvhg rq d wuxqfdwhg h{sdqvlrq ri

xwlolw| lv iurp wkh doorfdwlrq edvhg rq d gluhfw pd{lpl}dwlrq ri wkh h{shfwhg xwlolw|1

Iru wklv sxusrvh/ zh iroorz wkh dssurdfk ri Vlpddq +4<<6, dqg frpsxwh/ iru d jlyhq

sdudphwhu vhw/ wkh rswlpdo dvvhw doorfdwlrq iru wkh h{shfwhg xwlolw| ixqfwlrq +xvlqj gl0

uhfw pd{lpl}dwlrq, dqg iru wkh Wd|oru vhulhv h{sdqvlrqv zlwk 7& ' 2/ �/ e +edvhg rq

prphqw frpsxwdwlrq,/ fruuhvsrqglqj wr wkh fdvhv zkhuh zh lqfrusrudwh lqirupdwlrq rq

yrodwlolw|/ vnhzqhvv/ dqg nxuwrvlv uhvshfwlyho|1 Iru hdfk dssur{lpdwlrq/ zh hydoxdwh wkh

rssruwxqlw| frvw1

Wdeoh 6 uhsruwv uhvxowv iru rswlpdoo| vhohfwhg sruwirolrv iru vhyhudo ydoxhv ri wkh ulvn

dyhuvlrq sdudphwhu b udqjlqj ehwzhhq 4 dqg 531 Wklv udqjh fryhuv prvw ydoxhv lqyhvwl0

jdwhg lq wkh olwhudwxuh1 Uhvxowv lqfoxgh wkh rswlpdo sruwirolr zhljkwv dqg wkh devroxwh

glvwdqfh ehwzhhq sruwirolr zhljkwv rewdlqhg zlwk wkh vwudwhjlhv edvhg rq prphqwv +	k�,

dqg wkh vwudwhj| edvhg rq wkh h{shfwhg xwlolw| +kW
� ,/ wkdw lv ?Jo6 '

S?
�'� m	k� � kW

� m1
Zh dovr uhsruw wkh �uvw irxu prphqwv ri wkh rswlpdo sruwirolr uhwxuqv dqg wkh rssruwx0

qlw| frvw +ru rswlpl}dwlrq suhplxp, ri lqyhvwphqw vwudwhjlhv edvhg rq prphqwv udwkhu

wkdq rq h{shfwhg xwlolw|1 Li zh ghqrwh oWR wkh rswlpdo sruwirolr uhwxuq rewdlqhg e| gluhfw

rswlpl}dwlrq ri wkh h{shfwhg xwlolw|/ dqg 	oR wkh rswlpdo sruwirolr uhwxuq iurp d jlyhq ds0

sur{lpdwlrq/ wkhq wkh rssruwxqlw| frvw w lv gh�qhg dv wkh uhwxuq wkdw qhhgv wr eh dgghg

wr wkh sruwirolr uhwxuq ri wkh dssur{lpdwlrq/ vr wkdw wkh lqyhvwru ehfrphv lqgl�huhqw

zlwk wkh gluhfw rswlpl}dwlrq

. dL E� n 	oR n w�o ' .
�
L
�
� n oWR

��
� +:,

Wkh uhsruwhg suhplxp w lv rewdlqhg e| vroylqj htxdwlrq +:, qxphulfdoo|1

714 PVFL uhwxuqv rq jhrjudsklfdo duhdv +GV4,

Uhvxowv iru PVFL uhwxuqv duh uhsruwhg lq Wdeoh 6d1 Yhu| vpdoo gl�huhqfhv duh irxqg lq wkh

sruwirolr zhljkwv zkhq wkh rswlpl}dwlrq lv edvhg rq wkh �uvw wzr/ wkuhh/ ru irxu prphqwv1

Dv uhsruwhg lq wkh wdeoh/ iru d jlyhq ulvn dyhuvlrq/ bc rswlpdo zhljkwv eduho| fkdqjh zkhq

wkh frqfhuq iru dq dgglwlrqdo prphqw lv lqwurgxfhg1 Wklv uhvxow/ dovr looxvwudwhg lq Iljxuh

4/ pd| eh h{sodlqhg e| wkh idfw wkdw uhwxuqv iru wkhvh odujh jhrjudsklf duhdv ghsduw rqo|

voljkwo| iurp qrupdolw|1 \hw/ lw dsshduv fohduo| wkdw fkdqjhv lq sruwirolr zhljkwv iroorz

iurp wkh ydoxhv ri vnhzqhvv dqg nxuwrvlv uhsruwhg iru uhwxuqv1 Iru lqvwdqfh/ zh revhuyh

wkdw wkh zhljkw ri Dvld lv voljkwo| kljkhu zkhq frqfhuq iru vnhzqhvv lv lqwurgxfhg lq wkh

rswlpl}dwlrq fulwhulrq1 Wklv lv uhodwhg wr wkh idfw wkdw uhwxuqv lq Qruwk Dphulfd dqg

Hxursh kdyh d uhodwlyho| odujh qhjdwlyh vnhzqhvv zkloh vnhzqhvv lq Dvld lv forvh wr 31

Lq dgglwlrq/ zh qrwlfh wkdw wkh gl�huhqfh ehwzhhq rswlpdo zhljkwv irxqg iru wkh

phdq0yduldqfh fulwhulrq dqg iru wkh h{shfwhg xwlolw| lv vpdoo iru doo ulvn dyhuvlrq ohyhov1
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Hyhq iru d yhu| odujh ghjuhh ri ulvn dyhuvlrq/ wkh gl�huhqfh ehwzhhq rswlpdo zhljkwv

grhv qrw h{fhhg 618 shufhqwdjh srlqwv1 Khqfh/ wkh qrup ehwzhhq sruwirolr zhljkwv lv

orzhu wkdq 314 iru wkh phdq0yduldqfh fulwhulrq dqg hyhq orzhu wkdq 3136 iru wkh irxu0

prphqw fulwhulrq1 Vxfk d forvhqhvv ehwzhhq sruwirolrv wudqvodwhv lq dq dssur{lpdwho|

}hur rssruwxqlw| frvw1 Lw lv orzhu wkdq 315 fhqw shu groodu lqyhvwhg/ hyhq iru wkh phdq0

yduldqfh fulwhulrq dqg d odujh ulvn dyhuvlrq1

Gdwd vhw GV4 looxvwudwhv wkdw hyhq zkhq uhwxuqv duh irxqg/ rq vwdwlvwlfdo jurxqgv/

wr eh qrq0qrupdo +zlwk d yhu| vwurqj uhmhfwlrq ri wkh qxoo k|srwkhvlv ri qrupdolw|,/ wkh

phdq0yduldqfh fulwhulrq pd| eh uhohydqw iru dssur{lpdwlqj wkh h{shfwhg xwlolw| fulwh0

ulrq1 Lq idfw/ wklv �qglqj lv frqvlvwhqw zlwk hpslulfdo hylghqfh surylghg e| Ohy| dqg

Pdunrzlw} +4<:<,/ Nuroo/ Ohy|/ dqg Pdunrzlw} +4<;7, dqg Vlpddq +4<<6, ru zlwk wkh

wkhruhwlfdo uhvxow ri Fkdpehuodlq +4<;6,/ zkr vkrzhg wkdw wkh phdq0yduldqfh fulwh0

ulrq surylghv dq h{dfw dssur{lpdwlrq ri wkh h{shfwhg xwlolw| iru wkh zkroh hoolswlfdo0

glvwulexwlrq idplo|1 Wkhuhiruh/ hyhq uhwxuqv gulyhq e| d Vwxghqw0w ru Ohy| glvwulexwlrqv

zrxog |lhog vxfk d uhvxow1

715 V)S433 vwrfn uhwxuqv +GV5,

Dv uhsruwhg lq Wdeoh 5e/ wkh ghsduwxuh iurp qrupdolw| ri wkh vhohfwhg vwrfnv lv pxfk

pruh surqrxqfhg wkdq iru PVFL lqglfhv/ uhvxowlqj iurp erwk dv|pphwu| dqg idw wdlov1

Frqvhtxhqwo|/ dv Wdeoh 6e dqg Iljxuh 5 vkrz/ wkh phdq0yduldqfh fulwhulrq surylghv d

srru dssur{lpdwlrq ri wkh rswlpdo sruwirolr zhljkwv irxqg e| wkh gluhfw pd{lpl}dwlrq

ri wkh h{shfwhg xwlolw|1 Iru yhu| orz ohyhov ri ulvn dyhuvlrq/ wkh gl�huhqfh ri zhljkwv lv

udwkhu prghudwh/ ehfdxvh erwk rswlpl}dwlrq vwudwhjlhv h{foxgh wkh �uvw vwrfn +Ghowd Dlu

Olqhv,1 \hw/ iru prghudwh wr odujh ulvn dyhuvlrq ohyhov/ wkh phdq0yduldqfh fulwhulrq sxwv

dq h{fhvvlyh zhljkw rq wkh vhfrqg vwrfn +Jloohwwh, rq wkh edvlv ri lwv odujh uhwxuq dqg

orz yduldqfh/ idlolqj wr dffrxqw iru lwv yhu| qhjdwlyh vnhzqhvv dqg odujh nxuwrvlv1 Khqfh/

wkh glvwdqfh ehwzhhq wkh sruwirolr zhljkwv rewdlqhg zlwk wkh wzr rswlpl}dwlrq vwudwhjlhv

lv odujhu wkdq f�2 iru b � �D1 Zkhq frqfhuq iru vnhzqhvv dqg nxuwrvlv lv lqwurgxfhg lq

wkh rswlpl}dwlrq/ wkh jds zlwk wkh h{shfwhg xwlolw| pd{lpl}dwlrq vljql�fdqwo| uhgxfhv1

Zlwk wkh irxu0prphqw vwudwhj|/ wkh glvwdqfh zlwk h{shfwhg xwlolw| ghfuhdvhv wr derxw

f��D1

Zh dovr revhuyh wkdw sruwirolr prphqwv rewdlqhg zlwk dq h{sdqvlrq ri wkh xwlolw|

ixqfwlrq duh udwkhu glvwdqw iurp wkrvh rewdlqhg zlwk pd{lpl}dwlrq ri wkh h{shfwhg

xwlolw|1 Wklv uhvxow fdq eh gluhfwo| uhodwhg wr wkh odujh gl�huhqfhv lq vnhzqhvv dqg nxuwrvlv

ehwzhhq wkh vhohfwhg vwrfnv1 Lq sduwlfxodu/ zkhq rqo| phdq dqg yduldqfh duh frqvlghuhg/

wkh sruwirolr vnhzqhvv lv h{fhvvlyho| qhjdwlyh zkloh sruwirolr nxuwrvlv lv h{fhvvlyho| odujh1

Lqwurgxflqj d frqfhuq iru kljkhu prphqwv sduwo| �oov wkh jds ehwzhhq sruwirolr prphqwv

rewdlqhg zlwk wkh prphqw vwudwhj| dqg h{shfwhg xwlolw| pd{lpl}dwlrq1
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Ilqdoo|/ rssruwxqlw| frvwv duh udwkhu odujh iru wkh phdq0yduldqfh vwudwhj|/ deryh 43

fhqwv shu groodu lqyhvwhg1 Wkh rswlpl}dwlrq suhplxp olhv durxqg 8 fhqwv iru wkh wkuhh0

prphqw vwudwhj| dqg rqo| 5 fhqwv iru wkh irxu0prphqw vwudwhj|1 Wkh rssruwxqlw| frvw

zh rewdlq iru wkh phdq0yduldqfh fulwhulrq lv pxfk odujhu wkdq wkh frvw uhsruwhg e|

Vlpddq +4<<6, iru vxfk dq rswlpl}dwlrq vwudwhj|1 Iru vlplodu ohyhov ri ulvn dyhuvlrq/ kh

irxqg rswlpl}dwlrq suhpld wkdw glg qrw h{fhhg 4 fhqw1 Lw vkrxog eh qrwlfhg/ krzhyhu/

wkdw klv gdwd lv h{shfwhg wr eh pxfk forvhu wr qrupdolw| wkdq rxuv147

716 Hphujlqj0pdunhw uhwxuqv +GV6,

Zh wxuq wr wkh fdvh ri hphujlqj pdunhwv/ wkdw duh fkdudfwhul}hg e| yhu| odujh ghsduwxuh

iurp qrupdolw|1 Dv lqglfdwhg lq Wdeoh 6f/ lq wklv frqwh{w/ wkh phdq0yduldqfh fulwhulrq

pd| |lhog lqfrqvlvwhqw sruwirolr zhljkwv/ dv frpsduhg wr wkh h{shfwhg xwlolw| pd{lpl}d0

wlrq1 Hyhq iru prghudwh ulvn dyhuvlrq ohyhov/ wkh gl�huhqfh ehwzhhq rswlpdo zhljkwv pd|

h{fhhg 8 shufhqwdjh srlqwv +vhh dovr Iljxuh 6,1 Zruvh/ iru b � �Dc wkh zhljkw doorfdwhg

wr wkh Krqj Nrqj lqgh{ +k�, lv odujhu wkdq 3176 zlwk wkh phdq0yduldqfh fulwhulrq/ exw

grhv qrw h{fhhg 3167 zlwk gluhfw pd{lpl}dwlrq ri wkh h{shfwhg xwlolw|1 Hyhq iru prghudwh

ulvn dyhuvlrq/ wkh qrup ehwzhhq wkh wzr rswlpl}dwlrq vwudwhjlhv lv odujh +pruh wkdq 314

iru b � D,1

Lqwhuhvwlqjo|/ lqwurgxflqj vnhzqhvv lq wkh prphqw fulwhulrq eduho| lpsuryhv wkh do0

orfdwlrq/ vxjjhvwlqj wkdw dv|pphwu| lv qrw wkh pdlq vrxufh ri ghsduwxuh iurp qrupdolw|

+Wklv uhvxow lv frq�uphg lq Wdeoh 5f/ wkdw uhsruwv lqvljql�fdqw fr0vnhzqhvv sdudphwhuv,1

Lq frqwudvw/ wkh irxu0prphqw fulwhulrq surylghv d yhu| jrrg dssur{lpdwlrq ri wkh h{0

shfwhg xwlolw|1 Hyhq iru odujh ulvn dyhuvlrq/ wkh wzr rswlpl}dwlrq vwudwhjlhv |lhog forvh

rswlpdo zhljkwv/ zlwk wkh qrup ehorz 3139 iru doo ydoxhv ri b1

Wkh gh�flhqf| ri wkh phdq0yduldqfh fulwhulrq dovr wudqvsluhv lq wkh prphqwv ri wkh

sruwirolr uhwxuq1 Wklv vwudwhj| lv deoh wr |lhog d voljkwo| odujhu h{shfwhg uhwxuq wkdq wkh

h{shfwhg xwlolw| pd{lpl}dwlrq/ iru doo ulvn dyhuvlrq ohyhov/ exw dw wkh sulfh ri d odujhu

yduldqfh/ orzhu vnhzqhvv/ dqg odujhu nxuwrvlv1 Dv h{shfwhg/ wkh wkuhh0prphqw vwudwhj|

grhv qrw vxffhhg lq uhgxflqj wkh idw wdlov ri wkh sruwirolr uhwxuq vljql�fdqwo|1

Ilqdoo|/ wkhvh uhvxowv wudqvodwh lqwr d odujh rssruwxqlw| frvw ri dgrswlqj vxe0rswlpdo

lqyhvwphqw vwudwhjlhv1 Wkh lqdelolw| ri wkh phdq0yduldqfh fulwhulrq wr frsh zlwk kljkhu

prphqwv lv irxqg wr frvw pruh wkdq 58 fhqwv shu groodu lqyhvwhg iru doo ulvn dyhuvlrq

ohyhov dqg dv pxfk dv 85 fhqwv iru b ' 21 Wkh rssruwxqlw| frvw ri wkh wkuhh0prphqw

vwudwhj| lv vljql�fdqwo| orzhu/ wr derxw 43 fhqwv/ zkloh wkh frvw ri wkh irxu0prphqw

vwudwhj| grhv qrw h{fhhg 518 fhqwv shu groodu lqyhvwhg1

47Klv gdwd lv vdpsohg dw wkh prqwko| iuhtxhqf|1 Lq dgglwlrq/ kh vhohfwhg udqgrpo| whq vwrfnv fkrvhq
iurp wkh FUVS gdwd vhw1
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8 Frqfoxvlrq

Lq wklv sdshu/ zh dgguhvv wzr uhodwhg lvvxhv1 Iluvw/ zh ghvfuleh krz wkh lpsdfw ri qrq0

qrupdolw| ri uhwxuqv rq wkh doorfdwlrq ri dvvhwv pd| eh hdvlo| phdvxuhg lq dq h{shfwhg

xwlolw| iudphzrun1 Lq jhqhudo/ pd{lpl}lqj wkh h{shfwhg xwlolw| uhvxowv lq udwkhu fxp0

ehuvrph frpsxwdwlrqv xqghu qrq0qrupdolw|1 Zh xvh d Wd|oru vhulhv h{sdqvlrq wr ds0

sur{lpdwh wkh h{shfwhg xwlolw| dv d ixqfwlrq ri kljkhu prphqwv1 Wkhq/ zh frpsxwh wkh

rswlpdo sruwirolr doorfdwlrq lq d yhu| h!flhqw zd|1 D ghflvlyh dgydqwdjh ri wklv dssurdfk

lv wkdw lw fdq eh yhu| hdvlo| dssolhg hyhq zkhq wkh qxpehu ri dvvhwv lv odujh1 Wklv uhvxowv

iurp wkh qxphulfdo vwdelolw| ri wkh dvvhw0doorfdwlrq sureohp uhjdugohvv ri wkh qxpehu ri

dvvhwv1

Vhfrqg/ zh frqvlghu wkh h{whqw wr zklfk ghsduwxuh iurp qrupdolw| lv olnho| wr d�hfw

wkh rswlpdo dvvhw doorfdwlrq zkhq wkh FDUD xwlolw| ixqfwlrq lv xvhg1 D qxpehu ri

vwxglhv kdyh phdvxuhg wkh txdolw| ri wkh dssur{lpdwlrq ri wkh h{shfwhg xwlolw| e| wkh

phdq0yduldqfh fulwhulrq +Ohy| dqg Pdunrzlw}/ 4<:</ Sxooh|/ 4<;4/ Nuroo/ Ohy|/ dqg

Pdunrzlw}/ 4<;7/ Vlpddq/ 4<<6,1 Rwkhu vwxglhv kdyh ghvfulehg krz kljkhu prphqwv pd|

eh lqfrusrudwhg lq wkh lqyhvwru*v dvvhw doorfdwlrq sureohp xvlqj wkh SJS dssurdfk +Odl/

4<<4/ Fkxqkdfklqgd hw do1/ 4<<</ Sudndvk/ Fkdqj/ dqg Sdfwzd/ 5336,1 Exw qr suhylrxv

vwxg| kdg phdvxuhg wkh jdlq ri xvlqj d wkuhh0prphqw ru d irxu0prphqw rswlpl}dwlrq

vwudwhj| iru dssur{lpdwlqj wkh h{shfwhg xwlolw|1 Iru wklv sxusrvh/ zh frqvlghu wkuhh

gl�huhqw gdwd vhwv/ frqwdlqlqj uhwxuqv zlwk erwk prghudwh dqg odujh ghsduwxuhv iurp

qrupdolw|1 Zh frq�up suhylrxv hpslulfdo hylghqfh +h1j1/ Nuroo/ Ohy|/ dqg Pdunrzlw}/

4<;7, dv zhoo dv wkhruhwlfdo dujxphqwv +Fkdpehuodlq/ 4<;6, wkdw/ xqghu prghudwh qrq0

qrupdolw|/ wkh phdq0yduldqfh fulwhulrq surylghv d jrrg dssur{lpdwlrq ri wkh h{shfwhg

xwlolw| pd{lpl}dwlrq1 Qhyhuwkhohvv/ xqghu odujh ghsduwxuh iurp qrupdolw| +dv irxqg

lq vrph vwrfnv lq pdwxuh pdunhwv ru lq vrph vwrfn lqglfhv lq hphujlqj pdunhwv,/ wkh

phdq0yduldqfh fulwhulrq pd| idlo wr dssur{lpdwh wkh h{shfwhg xwlolw| fruuhfwo|1 Lq vxfk

fdvhv/ wkh wkuhh0prphqw ru irxu0prphqw rswlpl}dwlrq vwudwhjlhv pd| surylgh d jrrg

dssur{lpdwlrq ri wkh h{shfwhg xwlolw|1

Dq reylrxv h{whqvlrq ri wklv zrun lv d frqglwlrqdo dvvhw doorfdwlrq1 Iru wklv sxusrvh/

d prgho iru uhwxuqv zlwk dv|pphwu| dqg idw wdlov vkrxog eh hvwlpdwhg1 Wklv pd| eh

grqh/ iru lqvwdqfh/ lq d JDUFK iudphzrun/ zlwk d vnhzhg Vwxghqw0w glvwulexwlrq iru

lqqrydwlrqv/ vxfk dv wkh prgho sursrvhg e| Kdqvhq +4<<7, dqg h{whqghg e| Mrqghdx dqg

Urfnlqjhu +5336d, iru wlph0ydu|lqj kljkhu prphqwv1 Lq dgglwlrq/ fr0prphqwv pd| eh

prghoohg xvlqj wkh dssurdfk ghyhorshg e| Vdkx/ Gh|/ dqg Eudqfr +5334, dqg Edxzhqv

dqg Odxuhqw +5335,1
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Uhihuhqfhv

^4` Dòw0Vdkdold/ \1/ dqg P1 Z1 Eudqgw +5334,/ Yduldeoh Vhohfwlrq iru Sruwirolr Fkrlfh/

Mrxuqdo ri Ilqdqfh/ 89+7,/ 45<:�46841

^5` Dqj/ D1/ dqg J1 Ehndhuw +5335,/ Lqwhuqdwlrqdo Dvvhw Doorfdwlrq zlwk Uhjlph Vkliwv/

Uhylhz ri Ilqdqfldo Vwxglhv/ 48+7,/ 446:�46;:1

^6` Duglwwl/ I1 +4<9:,/ Ulvn dqg wkh Uhtxluhg Uhwxuq rq Htxlw|/ Mrxuqdo ri Ilqdqfh/

55/ 4<�691

^7` Dwkd|gh/ J1 P1/ dqg U1 J1 Io÷uhv Mu +5334,/ Ilqglqj d Pd{lpxp Vnhzqhvv Sruwirolr

� D Jhqhudo Vroxwlrq wr Wkuhh0Prphqwv Sruwirolr Fkrlfh/ iruwkfrplqj lq Mrxuqdo
ri Hfrqrplf G|qdplfv dqg Frqwuro1

^8` Dwkd|gh/ J1 P1/ dqg U1 J1 Io÷uhv Mu +5336,/ Lqfrusrudwlqj Vnhzqhvv dqg Nxu0

wrvlv lq Sruwirolr Rswlpl}dwlrq= D Pxowlglphqvlrqdo H!flhqw Vhw/ lq V1 Vdwfkhoo

dqg D1 Vfrzfudiw +hgv1,/ Dgydqfhv lq Sruwirolr Frqvwuxfwlrq dqg Lpsohphqwdwlrq/
Exwwhuzruwk0Khlqhpdqq Ilqdqfh/ 576�58:1

^9` Edurqh0Dghvl/ J1 +4<;8,/ Duelwudjh Htxloleulxp zlwk Vnhzhg Dvvhw Uhwxuqv/ Mrxu0
qdo ri Ilqdqfldo dqg Txdqwlwdwlyh Dqdo|vlv/ 53+6,/ 5<<�6461

^:` Edxzhqv/ O1/ dqg V1 Odxuhqw +5335,/ D Qhz Fodvv ri Pxowlyduldwh Vnhz Ghqvlwlhv/

zlwk Dssolfdwlrq wr JDUFK Prghov/ FRUH Glvfxvvlrq Sdshu 53352531

^;` Ehndhuw/ J1/ dqg F1 U1 Kduyh| +4<<:,/ Hphujlqj Htxlw| Pdunhw Yrodwlolw|/ Mrxuqdo

ri Ilqdqfldo Hfrqrplfv/ 76+4,/ 5<�::1

^<` Ehqlvkd|/ K1 +4<<5,/ Wkh Sudww0Duurz Uhtxluhphqw lq d Irxuwk Ghjuhh Sro|qrpldo

Xwlolw| Ixqfwlrq/ Mrxuqdo ri Dffrxqwlqj/ Dxglwlqj dqg Ilqdqfh/ :/ <:�4481

^43` Ehuìq|l/ ]1 +5334,/ Dffrxqwlqj iru Looltxlglw| dqg Qrq0Qrupdolw| ri Uhwxuqv lq wkh

Shuirupdqfh Dvvhvvphqw/ Zrunlqj Sdshu/ Xqlyhuvlw| ri Pxqlfk1

^44` Ehuìq|l/ ]1 +5335,/ Hydoxdwlqj wkh Ulvn ri Dowhuqdwlyh Lqyhvwphqwv zlwk Pxowl0

Prphqw Glvwulexwlrqdo Ulvn Phdvxuhv/ Zrunlqj Sdshu/ Xqlyhuvlw| ri Pxqlfk1

^45` Eodwwehuj/ U1/ dqg Q1 Jrqhghv +4<:7,/ D Frpsdulvrq ri Vwdeoh dqg Vwxghqw Glvwul0

exwlrqv dv Vwdwlvwlfdo Prghov iru Vwrfn Sulfhv/ Mrxuqdo ri Exvlqhvv/ 7:+5,/ 577�5;31

^46` Eurfnhww/ S1 O1/ dqg M1 U1 Jduyhq +4<<;,/ D Uhh{dplqdwlrq ri wkh Uhodwlrqvkls

Ehwzhhq Suhihuhqfhv dqg Prphqw Rughulqjv e| Udwlrqdo Ulvn Dyhuvh Lqyhvwruv/

Jhqhyd Sdshuv rq Ulvn dqg Lqvxudqfh Wkhru|/ 56+5,/ 45:�46:1
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^47` Fdpsehoo/ M1 \1/ dqg O1 P1 Ylfhlud +4<<<,/ Frqvxpswlrq dqg Sruwirolr Ghfl0

vlrqv Zkhq H{shfwhg Uhwxuqv Duh Wlph Ydu|lqj/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/
447+5,/ 766�7<81

^48` Fkdpehuodlq/ J1 +4<;6,/ D Fkdudfwhul}dwlrq ri wkh Glvwulexwlrqv Wkdw Lpso| Phdq0

Yduldqfh Xwlolw| Ixqfwlrqv/ Mrxuqdo ri Hfrqrplf Wkhru|/ 5<+4,/ 4;8�5341

^49` Fkxqkdfklqgd/ S1/ N1 Gdqgdsdql/ V1 Kdplg/ D1 M1 Sudndvk +4<<:,/ Sruwirolr Vhohf0

wlrq dqg Vnhzqhvv= Hylghqfh iurp Lqwhuqdwlrqdo Vwrfn Pdunhwv/ Mrxuqdo ri Edqnlqj
dqg Ilqdqfh/ 54+5,/ 476�49:1

^4:` Glwwpdu/ U1 I1 +5335,/ Qrqolqhdu Sulflqj Nhuqhov/ Nxuwrvlv Suhihuhqfh/ dqg Hyl0

ghqfh iurp wkh Furvv Vhfwlrq ri Htxlw| Uhwxuqv/ Mrxuqdo ri Ilqdqfh/ 8:+4,/ 69<�
7361

^4;` Grruqln/ M1 D1/ dqg K1 Kdqvhq +4<<7,/ Dq Rpqlexv Whvw iru Xqlyduldwh dqg Pxo0

wlyduldwh Qrupdolw|/ Zrunlqj Sdshu/ Qx!hog Froohjh1

^4<` Hghulqjwrq/ O1 +4<;9,/ Phdq0Yduldqfh dv dq Dssur{lpdwlrq wr H{shfwhg Xwlolw|

Pd{lplvdwlrq/ Zrunlqj Sdshu ;908/ Zdvklqjwrq Xqlyhuvlw|1

^53` Hqjoh/ U1 I1 +4<;5,/ Dxwr0Uhjuhvvlyh Frqglwlrqdo Khwhurvnhgdvwlflw| zlwk Hvwlpdwhv

ri wkh Yduldqfh ri Xqlwhg Nlqjgrp Lq dwlrq/ Hfrqrphwulfd/ 83+7,/ <;:0433:1

^54` Idpd/ H1 +4<96,/ Pdqghoeurw dqg wkh Vwdeoh Sduhwldq K|srwkhvlv/ Mrxuqdo ri Exvl0

qhvv/ 69/ 753�75<1

^55` Idpd/ H1 +4<98,/ Wkh Ehkdylru ri Vwrfn Pdunhw Sulfhv/ Mrxuqdo ri Exvlqhvv/ 6;/
67�4381

^56` Idqj/ K1/ dqg W10\1 Odl +4<<:,/ Fr0Nxuwrvlv dqg Fdslwdo Dvvhw Sulflqj/ Ilqdqfldo
Uhylhz/ 65+5,/ 5<6�63:1

^57` Iulhqg/ L1/ dqg U1 Zhvwhu�hog +4<;3,/ Fr0Vnhzqhvv dqg Fdslwdo Dvvhw Sulflqj/ Mrxu0

qdo ri Ilqdqfh/ 68+7,/ ;<:�<461

^58` Jxlgrolq/ P1/ dqg D1 Wlpphupdqq +5336,/ Rswlpdo Sruwirolr Fkrlfh xqghu Uhjlph

Vzlwfklqj/ Vnhz dqg Nxuwrvlv Suhihuhqfhv/ Zrunlqj Sdshu/ Xqlyhuvlw| ri Fdoliruqld

Vdq Glhjr1

^59` Kdqrfk/ J1/ dqg K1 Ohy| +4<:3,/ H!flhqw Sruwirolr Vhohfwlrq zlwk Txdgudwlf dqg

Fxelf Xwlolw|/ Mrxuqdo ri Exvlqhvv/ 76+5,/ 4;4�4;<1

^5:` Kdqvhq/ E1 H1 +4<<7,/ Dxwruhjuhvvlyh Frqglwlrqdo Ghqvlw| Hvwlpdwlrq/ Lqwhuqdwlrqdo
Hfrqrplf Uhylhz/ 68+6,/ :38�:631
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^5;` Kduyh|/ F1 U1 +4<<8,/ Suhglfwdeoh Ulvn dqg Uhwxuqv lq Hphujlqj Pdunhwv/ Uhylhz

ri Ilqdqfldo Vwxglhv/ ;+6,/ ::6�;491

^5<` Kduyh|/ F1 U1/ M1 F1 Olhfkw|/ P1Z1 Olhfkw|/ dqg S1 P oohu +5335,/ Sruwirolr Vhohfwlrq

zlwk Kljkhu Prphqwv/ Zrunlqj Sdshu/ Gxnh Xqlyhuvlw| Gxukdp1

^63` Kduyh|/ F1 U1/ dqg D1 Vlggltxh +4<<<,/ Dxwruhjuhvvlyh Frqglwlrqdo Vnhzqhvv/ Mrxu0

qdo ri Ilqdqfldo dqg Txdqwlwdwlyh Dqdo|vlv/ 67+7,/ 798�7;:1

^64` Kduyh|/ F1 U1/ dqg D1 Vlggltxh +5333,/ Frqglwlrqdo Vnhzqhvv lq Dvvhw Sulflqj Whvwv/

Mrxuqdo ri Ilqdqfh/ 88+6,/ 4596�45<81

^65` Kodzlwvfknd/ Z1 +4<<7,/ Wkh Hpslulfdo Qdwxuh ri Wd|oru Vhulhv Dssur{lpdwlrqv wr

H{shfwhg Xwlolw|/ Dphulfdq Hfrqrplf Uhylhz/ ;7+6,/ :46�:4<1

^66` Kzdqj/ V1/ dqg V1 H1 Vdwfkhoo +4<<<,/ Prghoolqj Hphujlqj Pdunhw Ulvn Suhpld

Xvlqj Kljkhu Prphqwv/ Mrxuqdo ri Ilqdqfh dqg Hfrqrplfv/ 7+7,/ 5:4�5<91

^67` Lqjhuvroo/ M1 +4<;:,/ Wkhru| ri Ilqdqfldo Ghflvlrq Pdnlqj/ Urzpdq dqg Olwwoh�hog/
Wrwrzd1

^68` Mdutxh/ F1 P1/ dqg D1 N1 Ehud +4<;3,/ H!flhqw Whvwv iru Qrupdolw|/ Krprvfhgdvwlf0

lw| dqg Vhuldo Lqghshqghqfh ri Uhjuhvvlrq Uhvlgxdov/ Hfrqrplfv Ohwwhuv/ 9/ 588�58<1

^69` Mhdq/ Z1 K1 +4<:4,/ Wkh H{whqvlrq ri Sruwirolr Dqdo|vlv wr Wkuhh ru Pruh Sdudp0

hwhuv/ Mrxuqdo ri Ilqdqfldo dqg Txdqwlwdwlyh Dqdo|vlv/ 9+4,/ 838�8481

^6:` Mrqghdx/ H1/ dqg P1 Urfnlqjhu +5336d,/ Frqglwlrqdo Yrodwlolw|/ Vnhzqhvv/ dqg Nxu0

wrvlv= H{lvwhqfh/ Shuvlvwhqfh/ dqg Frpryhphqwv/ Mrxuqdo ri Hfrqrplf G|qdplf dqg

Frqwuro/ 5:+43,/ 49<<�4:6:1

^6;` Mrqghdx/ H1/ dqg P1 Urfnlqjhu +5336e,/ Whvwlqj iru Gl�huhqfhv lq wkh Wdlov ri

Vwrfn0Pdunhw Uhwxuqv/ Mrxuqdo ri Hpslulfdo Ilqdqfh/ 43+8,/ 88<�8;41

^6<` Mxuf}hqnr/ H1/ dqg E1 Pdloohw +5334,/ Wkh 60FDSP= Wkhruhwlfdo Irxqgdwlrqv dqg dq

Dvvhw Sulflqj Prgho Frpsdulvrq lq d Xql�hg Iudphzrun/ lq F1 Gxqlv/ D1 Wlpphu0

pdqq/ dqg M1 Prrg| +hgv1,/ Ghyhorsphqwv lq Iruhfdvw Frpelqdwlrq dqg Sruwirolr

Fkrlfh/ Mrkq Zloh| ) Vrqv/ 56<�5:61

^73` Mxuf}hqnr/ H1/ dqg E1 Pdloohw +5336,/ Wkh Irxu0Prphqw Fdslwdo Dvvhw Sulflqj

Prgho= Vrph Edvlf Uhvxowv/ Fdklhu gh Uhfkhufkh H1V1F1S1 q� 360487�

^74` Ndq/ U1/ dqg J1 ]krx +4<<<,/ D Fulwltxh ri Vwrfkdvwlf Glvfrxqw Idfwru Phwkrg0

rorj|/ Mrxuqdo ri Ilqdqfh/ 87+7,/ 4554�457;1
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^75` Ndqgho/ V1/ dqg U1 I1 Vwdpedxjk +4<<9,/ Rq wkh Suhglfwdelolw| ri Vwrfn Uhwxuqv=

Dq Dvvhw0Doorfdwlrq Shuvshfwlyh/ Mrxuqdo ri Ilqdqfh/ 84+5,/ 6;8�7571

^76` Nlpedoo/ P1 V1 +4<<6,/ Vwdqgdug Ulvn Dyhuvlrq/ Hfrqrphwulfd/ 94+6,/ 8;<�9441

^77` Nrq/ V1 +4<;7,/ Prghov ri Vwrfn Uhwxuqv � D Frpsdulvrq/ Mrxuqdo ri Ilqdqfh/
6<+4,/ 47:�4981

^78` Nrw}/ V1/ Q1 Edodnulvkqdq/ dqg Q1 O1 Mrkqvrq +5333,/ Frqwlqxrxv Pxowlyduldwh
Glvwulexwlrqv/ Yroxph 4= Prghov dqg Dssolfdwlrqv/ Mrkq Zloh|/ Qhz \run1

^79` Nudxv/ D1/ dqg U1 K1 Olw}hqehujhu +4<:9,/ Vnhzqhvv Suhihuhqfh dqg wkh Ydoxdwlrq

ri Ulvn Dvvhwv/ Mrxuqdo ri Ilqdqfh/ 64+7,/ 43;8�44331

^7:` Nuroo/ \1/ K1 Ohy|/ dqg K1 P1 Pdunrzlw} +4<;7,/ Phdq0Yduldqfh Yhuvxv Gluhfw

Xwlolw| Pd{lpl}dwlrq/ Mrxuqdo ri Ilqdqfh/ 69+4,/ 7:�941

^7;` Odl/ W1 \1 +4<<4,/ Sruwirolr Vhohfwlrq zlwk Vnhzqhvv= D Pxowlsoh0Remhfwlyh Ds0

surfk/ Uhylhz ri Txdqwlwdwlyh Ilqdqfh dqg Dffrxqwlqj/ 4/ 5<6�6381

^7<` Ohh/ M1 K1 K1/ dqg P1 O1 Nlqj +4<<6,/ D Orfdoo| Prvw Phdq Srzhuixo Edvhg Vfruh

Whvw iru DUFK dqg JDUFK Uhjuhvvlrq Glvwuxedqfhv/ Mrxuqdo ri Exvlqhvv dqg
Hfrqrplf Vwdwlvwlfv/ 44+4,/ 4:�5:1

^83` Ohy|/ K1 +4<9<,/ DXwlolw| Ixqfwlrq Ghshqglqj rq wkh Iluvw WkuhhPrphqwv/ Mrxuqdo
ri Ilqdqfh/ 57+7,/ :48�:4<1

^84` Ohy|/ K1/ dqg K1 P1 Pdunrzlw} +4<:<, Dssur{lpdwlqj H{shfwhg Xwlolw| e| d Ixqf0

wlrq ri Phdq dqg Yduldqfh/ Dphulfdq Hfrqrplf Uhylhz/ 9</ 63;�64:1

^85` Ohy|/ K1/ dqg P1 Vduqdw +4<:5,/ Lqyhvwphqw dqg Sruwirolr Dqdo|vlv/ Zloh|/ Qhz

\run1

^86` Okdelwdqw/ I1 V1 +4<<;,/ Rq wkh +de,xvh ri Wd|oru Vhulhv Dssur{lpdwlrqv iru Sruw0

irolr Vhohfwlrq/ Sruwirolr Shuirupdqfh dqg Ulvn Pdqdjhphqw/ Zrunlqj Sdshu/ Xql0

yhuvlw| ri Odxvdqqh1

^87` Orlvwo/ R1 +4<:9,/ Wkh Huurqhrxv Dssur{lpdwlrq ri H{shfwhg Xwlolw| e| Phdqv

ri d Wd|oru*v Vhulhv H{sdqvlrq= Dqdo|wlf dqg Frpsxwdwlrqdo Uhvxowv/ Dphulfdq
Hfrqrplf Uhylhz/ 99+8,/ <37�<431

^88` Orqjlq/ I1P1 +4<<9,/ Wkh Dv|pswrwlf Glvwulexwlrq ri H{wuhph Vwrfn Pdunhw Uh0

wxuqv/ Mrxuqdo ri Exvlqhvv/ 9<+6,/ 6;6073;1
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^89` Oruhwdq/ P1/ dqg S1 F1 E1 Skloolsv +4<<7,/ Whvwlqj wkh Fryduldqfh Vwdwlrqdulw| ri

Khdy|0Wdlohg Wlph Vhulhv/ Mrxuqdo ri Hpslulfdo Ilqdqfh/ 4/ 544�57;1

^8:` Pdqghoeurw/ E1 +4<96,/ Wkh Yduldwlrq ri Fhuwdlq Vshfxodwlyh Sulfhv/ Mrxuqdo ri

Exvlqhvv/ 68/ 6<7�74<1

^8;` Pdugld/ N1 Y1 +4<:3,/ Phdvxuhv ri Pxowlyduldwh Vnhzqhvv dqg Nxuwrvlv zlwk Ds0

solfdwlrqv/ Elrphwulnd/ 8:/ 84<�8631

^8<` Pdunrzlw}/ K1 P1 +4<85,/ Sruwirolr Vhohfwlrq/ Mrxuqdo ri Ilqdqfh/ :/ ::�<41

^93` Sdwwrq/ D1 +5335,/ Vnhzqhvv/ Dv|pphwulf Ghshqghqfh/ dqg Sruwirolrv/ Zrunlqj

Sdshu/ Xqlyhuvlw| ri Fdoliruqld/ Vdq Glhjr1

^94` Shlur/ D1 +4<<<,/ Vnhzqhvv lq Ilqdqfldo Uhwxuqv/ Mrxuqdo ri Edqnlqj dqg Ilqdqfh/
56+9,/ ;7:�;951

^95` Sudndvk/ D1/ F1 Fkdqj/ dqg W1 Sdfwzd +5336,/ Vhohfwlqj d Sruwirolr zlwk Vnhzqhvv=

Uhfhqw Hylghqfh iurp XV/ Hxurshdq/ dqg Odwlq Dphulfdq Htxlw| Pdunhwv/ Mrxuqdo
ri Edqnlqj dqg Ilqdqfh/ 5:+:,/ 46:8�46<31

^96` Sudww/ M1 Z1/ dqg U1 M1 ]hfnkdxvhu +4<;:,/ Surshu Ulvn Dyhuvlrq/ Hfrqrphwulfd/
88+4,/ 476�4871

^97` Sxooh|/ O1 E1 +4<;4,/ D Jhqhudo Phdq0Yduldqfh Dssur{lpdwlrq wr H{shfwhg Xwlolw|

iru Vkruw Kroglqj Shulrg/ Mrxuqdo ri Ilqdqfldo dqg Txdqwlwdwlyh Dqdo|vlv/ 49+6,/

694�6:61

^98` Udpfkdqg/ O1/ dqg U1 Vxvpho +4<<;,/ Yrodwlolw| dqg Furvv Fruuhodwlrq dfurvv Pdmru

Vwrfn Pdunhwv/ Mrxuqdo ri Hpslulfdo Ilqdqfh/ 8+7,/ 6<:�7491

^99` Uxelqvwhlq/ P1 H1 +4<:6,/ Wkh Ixqgdphqwdo Wkhruhp ri Sdudphwhu0Suhihuhqfh Vh0

fxulw| Ydoxdwlrq/ Mrxuqdo ri Ilqdqfldo dqg Txdqwlwdwlyh Dqdo|vlv/ ;+4,/ 94�9<1

^9:` Vdkx/ V1 N1/ G1 N1 Gh|/ dqg P1 G1 Eudqfr +5334,/ D Qhz Fodvv ri Pxowlyduldwh Vnhz

Glvwulexwlrqv zlwk Dssolfdwlrqv wr Ed|hvldq Uhjuhvvlrq Prghov/ Zrunlqj Sdshu/

Ghsduwphqw ri Vwdwlvwlfv/ Xqlyhuvlw| ri Vær Sdxor1

^9;` Vdpxhovrq/ S1 +4<:3,/ Wkh Ixqgdphqwdo Dssur{lpdwlrq Wkhruhp ri Sruwirolr Dqdo0

|vlv lq Whupv ri Phdqv/ Yduldqfhv dqg Kljkhu Prphqwv/ Uhylhz ri Hfrqrplf Vwxg0
lhv/ 6:+7,/ 86:�8751

^9<` Vfrww/ U1 F1/ dqg S1 D1 Kruydwk +4<;3,/ Rq wkh Gluhfwlrq ri Suhihuhqfh iru Prphqwv

ri Kljkhu Rughu wkdq wkh Yduldqfh/ Mrxuqdo ri Ilqdqfh/ 68+7,/ <48�<4<1
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^:3` Vhduv/ U1 V1/ dqg N1 F1 M1 Zhl +4<;8,/ Dvvhw Sulflqj/ Kljkhu Prphqwv/ dqg wkh

Pdunhw Ulvn Suhplxp= D Qrwh/ Mrxuqdo ri Ilqdqfh/ 73+7,/ 4584�45861

^:4` Vhduv/ U1 V1/ dqg N1 F1 M1 Zhl +4<;;,/ Wkh Vwuxfwxuh ri Vnhzqhvv Suhihuhqfhv lq

Dvvhw Sulflqj Prghov zlwk Kljkhu Prphqwv= Dq Hpslulfdo Whvw/ Ilqdqfldo Uhylhz/
56+4,/ 58�6;1

^:5` Vlpddq/ \1 +4<<6,/ Sruwirolr Vhohfwlrq dqg Dvvhw Sulflqj � Wkuhh0Sdudphwhu Iudph0

zrun/ Pdqdjhphqw Vflhqfh/ 6<+8,/ 89;�8::1

^:6` Vlpnrzlw}/ P1 D1/ dqg Z1 O1 Ehhgohv +4<:;,/ Glyhuvl�fdwlrq lq d Wkuhh0Prphqw

Zruog/ Mrxuqdo ri Ilqdqfldo dqg Txdqwlwdwlyh Dqdo|vlv/ 46+8,/ <5:�<741

^:7` Vlqjohwrq/ M1 F1/ dqg M1 Zlqjhqghu +4<;9,/ Vnhzqhvv Shuvlvwhqfh lq Frpprq Vwrfn

Uhwxuqv/ Mrxuqdo ri Ilqdqfldo dqg Txdqwlwdwlyh Dqdo|vlv/ 54+6,/ 668�6741

^:8` Vpdoo/ Q1 M1 K1 +4<;3,/ Pdujlqdo Vnhzqhvv dqg Nxuwrvlv lq Whvwlqj Pxowlyduldwh

Qrupdolw|/ Dssolhg Vwdwlvwlfv/ 5</ ;8�;:1

^:9` Vxqk/ T1/ dqg \1 \dq +5336,/ Vnhzqhvv Shuvlvwhqfh zlwk Rswlpdo Sruwirolr Vhohf0

wlrq/ Mrxuqdo ri Edqnlqj dqg Ilqdqfh/ 5:/ 4444�44541

^::` Wdxfkhq/ J1/ dqg U1 Kxvvh| +4<<4,/ Txdgudwxuh0Edvhg Phwkrgv iru Rewdlqlqj

Dssur{lpdwh Vroxwlrqv wr Qrqolqhdu Dvvhw Sulflqj Prghov/ Hfrqrphwulfd/ 8<+5,/
6:4�6<91

^:;` Wvldqj/ V1 +4<:5,/ Wkh Udwlrqdoh ri wkh Phdq0Vwdqgdug Ghyldwlrq Dqdo|vlv Vnhz0

qhvv Suhihuhqfh/ dqg wkh Ghpdqg iru Prqh|/ Dphulfdq Hfrqrplf Uhylhz/ 95+6,/

687�6:41

5:



Fdswlrqv

Wdeoh 4= Wklv wdeoh ghvfulehv wkh gdwd vhwv xvhg wr lqyhvwljdwh wkh h�hfw ri kljkhu

prphqwv rq wkh rswlpdo dvvhw doorfdwlrq1

Wdeoh 5= Sdqho D ri wklv wdeoh uhsruwv xqlyduldwh vxppdu| vwdwlvwlfv rq uhwxuqv1

Phdq/ Vwg/ Vn/ dqg [Nx ghqrwh wkh phdq/ wkh vwdqgdug ghyldwlrq/ wkh vnhzqhvv/ dqg

wkh h{fhvv nxuwrvlv ri uhwxuqv/ uhvshfwlyho|1 Vwdqgdug huuruv duh frpsxwhg zlwk wkh

JPP0edvhg surfhgxuh sursrvhg e| Ehndhuw dqg Kduyh| +4<<:,1 ME/ Rpqlexv/ dqg

NV vwdqg iru wkh Mdutxh0Ehud vwdwlvwlf +Mdutxh dqg Ehud/ 4<;3,/ wkh rpqlexv vwdwlvwlf

+Grruqln dqg Kdqvhq/ 4<<7,/ dqg wkh Nroprjrury0Vpluqry vwdwlvwlf iru wkh whvw ri wkh

qxoo k|srwkhvlv ri d qrupdo glvwulexwlrq1 TZEe� lv wkh Er{0Omxqj vwdwlvwlf iru vhuldo

fruuhodwlrq/ fruuhfwhg iru khwhurvnhgdvwlflw|/ frpsxwhg zlwk 7 odjv1 Xqghu wkh qxoo ri

qr vhuldo fruuhodwlrq/ lw lv glvwulexwhg dv d �2 Ee�1 OPE�� dqg ONE�� duh wkh Hqjoh

+4<;5, dqg Ohh dqg Nlqj +4<<6, vwdwlvwlfv iru khwhurvnhgdvwlflw|1 Xqghu wkh qxoo ri

qr vhuldo fruuhodwlrq ri vtxduhg uhwxuqv/ wkh vwdwlvwlfv duh glvwulexwhg dv d �2 E�� dqg

d � Efc �� uhvshfwlyho|1 Sdqho E ri wkh wdeoh uhsruwv pxowlyduldwh vxppdu| vwdwlvwlfv

rq uhwxuqv1 Zh suhvhqw wkh qrq0uhgxqgdqw hohphqwv ri fruuhodwlrq/ fr0vnhzqhvv/ dqg

fr0nxuwrvlv pdwulfhv1 Vwdqgdug huuruv duh frpsxwhg zlwk d JPP0edvhg surfhgxuh ri

Ehndhuw dqg Kduyh| +4<<:,1 Rpqlexv/ Vpdoo/ dqg Pdugld vwdqg iru wkh pxowlyduldwh

rpqlexv vwdwlvwlf +Grruqln dqg Kdqvhq/ 4<<7,/ dqg wkh vwdwlvwlfv sursrvhg e| Vpdoo

+4<;3, dqg Pdugld +4<:3, uhvshfwlyho|1 Xqghu wkh qxoo ri pxowlyduldwh qrupdolw|/ wkh

vwdwlvwlfv duh glvwulexwhg dv �2 zlwk 2?/ 2?/ dqg ?E?n��E?n2�*Sn� ghjuhhv ri iuhhgrp/

uhvshfwlyho|1

Wdeoh 6= Wklv wdeoh uhsruwv vwdwlvwlfv iru rswlpdo sruwirolrv iru vhyhudo ydoxhv ri wkh
ulvn0dyhuvlrq sdudphwhu b udqjlqj iurp 4 wr 531 Zh uhsruw wkh rswlpdo zhljkwv +k�/

� ' �/ 2/ �,> wkh devroxwh glvwdqfh ehwzhhq sruwirolr zhljkwv rewdlqhg zlwk prphqw0

edvhg vwudwhjlhv +	k�, dqg zlwk h{shfwhg0xwlolw| pd{lpl}dwlrq +kW
� ,/ gh�qhg dv ?Jo6 'S?

�'� m	k� � kW
� m> wkh �uvw irxu prphqwv ri sruwirolr uhwxuqv> dqg wkh rssruwxqlw| frvw w/

gh�qhg e| . dL E� n 	oR n w�o ' .
�
L
�
� n oWR

��
�

Iljxuh 4= Wklv �jxuh glvsod|v wkh rswlpdo zhljkwv rewdlqhg zlwk wkh gl�huhqw rswl0

pl}dwlrq vwudwhjlhv dv d ixqfwlrq ri wkh ulvn0dyhuvlrq sdudphwhu b1 Khuh wkh gdwd frqvlvwv

lq wkuhh PVFL lqglfhv1

Iljxuh 5= Wklv �jxuh glvsod|v wkh rswlpdo zhljkwv rewdlqhg zlwk wkh gl�huhqw rswl0

pl}dwlrq vwudwhjlhv dv d ixqfwlrq ri wkh ulvn0dyhuvlrq sdudphwhu b1 Khuh wkh gdwd frqvlvwv

lq wkuhh frpsrqhqwv ri wkh V)S4331

Iljxuh 6= Wklv �jxuh glvsod|v wkh rswlpdo zhljkwv rewdlqhg zlwk wkh gl�huhqw rswl0

pl}dwlrq vwudwhjlhv dv d ixqfwlrq ri wkh ulvn0dyhuvlrq sdudphwhu b1 Khuh wkh gdwd frqvlvwv

lq wkuhh hphujlqj pdunhwv lqglfhv1

5;



Data Description of variables Period Frequency
Number of 
observations

DS1 Returns for dollar-denominated MSCI stock-
market indices for the main geographical areas
(North America, Europe, and Asia)

From 1/1976 
to 12/2001

Weekly 1354

DS2 Returns for stocks included in the S&P100
(Delta Air Lines, Gillette, and Southern)

From 1/1973 
to 1/2003

Weekly 1568

DS3 Returns for emerging stock-market indices
(Hang Seng index for Hong Kong, KOSPI index
for South Korea, and S.E.T. index for Thailand)

From 2/1975 
to 6/2002

Monthly 336

Table 1: Description of data sets under investigation



T =1355

Moments stat. s.e. stat. s.e. stat. s.e.
Mean 0.251 (0.055) 0.246 (0.058) 0.195 (0.083)
Std 2.094 (0.099) 2.031 (0.086) 2.595 (0.100)
SK -0.660 (0.342) -0.604 (0.316) -0.038 (0.123)
XKu 3.873 (2.137) 2.984 (1.819) 1.488 (0.292)
Normality tests stat. p-val. stat. p-val. stat. p-val.
JB 945.239 (0.000) 585.198 (0.000) 125.404 (0.000)
Omnibus 258.956 (0.000) 181.404 (0.000) 89.080 (0.000)
KS 1.529 a 1.759 a 1.710 a

Serial correlation
QW(4) 1.854 (0.763) 2.320 (0.677) 10.412 (0.034)
LM(1) 104.460 (0.000) 135.093 (0.000) 20.620 (0.000)
LK(1) 10.215 (0.000) 11.627 (0.000) 4.542 (0.000)

Correlation matrix stat. s.e. stat. s.e. stat. s.e. stat. s.e.
x 1 x 2 x 3

x 1 1 0.526 (0.036) 0.327 (0.035)
x 2 0.526 (0.036) 1 0.478 (0.025)
x 3 0.327 (0.035) 0.478 (0.025) 1

Co-skewness matrix
x 1

2 x 2
2 x 3

2 x 1x 2

x 1 -0.660 (0.342) -0.523 (0.329) -0.264 (0.128)

x 2 -0.585 (0.338) -0.604 (0.316) -0.231 (0.117)

x 3 -0.231 (0.207) -0.348 (0.168) -0.038 (0.123) -0.265 (0.189)

Co-kurtosis matrix
x 1

3 x 2
3 x 3

3

x 1 6.873 (2.137) 4.376 (2.008) 1.716 (0.482)
x 2 4.712 (2.164) 5.984 (1.819) 2.217 (0.393)
x 3 2.956 (1.326) 3.027 (0.957) 4.488 (0.292)

x 1x 2
2 x 1x 3

2 x 2x 3
2 x 1

2x 2

x 1 4.449 (2.075) 2.645 (0.717)

x 2 1.960 (0.668) 2.516 (0.561)

x 3 2.404 (1.101) 2.540 (1.199)

Multivariate Normality test stat. s.e.
Omnibus 309.812 (0.000)
Small 287.877 (0.000)
Mardia 1229.963 (0.000)

Table 2a: Statistics on weekly MSCI returns (DS1)

Panel B: Multivariate statistics

North America Europe Asia

Panel A: Univariate statistics



T =1568

Moments stat. s.e. stat. s.e. stat. s.e.
Mean -0.021 (0.123) 0.175 (0.098) 0.097 (0.061)
Std 5.032 (0.272) 4.188 (0.263) 2.776 (0.116)
SK -0.888 (0.506) -1.347 (0.925) 0.197 (0.227)
XKu 8.240 (4.234) 16.875 (10.519) 4.264 (0.904)
Normality tests stat. p-val. stat. p-val. stat. p-val.
JB 4641.44 (0.000) 19077.67 (0.000) 1198.07 (0.000)
Omnibus 801.032 (0.000) 1674.067 (0.000) 503.176 (0.000)
KS 2.019 a 2.386 a 2.622 a

Serial correlation
QW(4) 4.554 (0.336) 5.574 (0.233) 4.425 (0.352)
LM(1) 13.340 (0.000) 0.152 (0.697) 21.910 (0.000)
LK(1) 3.645 (0.000) 0.391 (0.348) 4.685 (0.000)

Correlation matrix stat. s.e. stat. s.e. stat. s.e. stat. s.e.
x 1 x 2 x 3

x 1 1 0.147 (0.033) 0.283 (0.035)
x 2 0.282 (0.034) 1.000 0.234 (0.036)
x 3 0.147 (0.033) 0.234 (0.036) 1.000

Co-skewness matrix
x 1

2 x 2
2 x 3

2 x 1x 2

x 1 -0.888 (0.506) -0.472 (0.407) -0.130 (0.109)

x 2 -0.237 (0.167) -1.347 (0.925) -0.179 (0.200)

x 3 0.002 (0.100) -0.457 (0.446) 0.197 (0.227) -0.217 (0.185)

Co-kurtosis matrix
x 1

3 x 2
3 x 3

3

x 1 11.240 (4.234) 6.687 (4.788) 0.984 (0.587)
x 2 1.980 (0.809) 19.875 (10.519) 1.947 (0.946)
x 3 0.256 (0.644) 6.459 (5.054) 7.264 (0.904)

x 1x 2
2 x 1x 3

2 x 2x 3
2 x 1

2x 2

x 1 3.320 (1.970) 1.696 (0.397)

x 2 1.361 (0.928) 3.673 (2.122)

x 3 2.721 (2.119) 1.231 (0.899)

Multivariate Normality test stat. s.e.
Omnibus 2900.84 (0.000)
Small 2876.56 (0.000)
Mardia 14997.99 (0.000)

Table 2b: Statistics on weekly S&P100 stock returns (DS2)

Panel A: Univariate statistics

Panel B: Multivariate statistics

Delta Air Lines Gillette Southern



T =336

Moments stat. s.e. stat. s.e. stat. s.e.
Mean 1.078 (0.438) 0.737 (0.497) 0.898 (0.602)
Std 8.698 (0.657) 7.861 (0.756) 9.834 (0.872)
SK -0.684 (0.304) 0.052 (0.380) 0.339 (0.194)
XKu 2.856 (1.066) 2.522 (1.159) 1.473 (0.391)
Normality tests stat. p-val. stat. p-val. stat. p-val.
JB 140.425 (0.000) 89.217 (0.000) 36.805 (0.000)
Omnibus 44.593 (0.000) 58.333 (0.000) 22.465 (0.000)
KS 1.300 a 1.126 a 1.214 a

Serial correlation
QW(4) 4.732 (0.316) 0.525 (0.971) 3.341 (0.503)
LM(1) 3.449 (0.063) 32.935 (0.000) 36.903 (0.000)
LK(1) 1.868 (0.031) 5.748 (0.000) 5.956 (0.000)

Correlation matrix stat. s.e. stat. s.e. stat. s.e. stat. s.e.
x 1 x 2 x 3

x 1 1 0.254 (0.064) 0.271 (0.067)
x 2 0.254 (0.064) 1 0.228 (0.060)
x 3 0.271 (0.067) 0.228 (0.060) 1

Co-skewness matrix
x 1

2 x 2
2 x 3

2 x 1x 2

x 1 -0.684 (0.304) 0.088 (0.157) -0.097 (0.095)

x 2 0.056 (0.166) 0.052 (0.380) 0.014 (0.079)

x 3 -0.184 (0.152) 0.017 (0.091) 0.339 (0.194) -0.008 (0.085)

Co-kurtosis matrix
x 1

3 x 2
3 x 3

3

x 1 5.856 (1.066) 0.776 (0.781) 0.855 (0.303)
x 2 1.469 (0.427) 5.522 (1.159) 0.495 (0.249)
x 3 1.826 (0.524) 0.298 (0.532) 4.473 (0.391)

x 1x 2
2 x 1x 3

2 x 2x 3
2 x 1

2x 2

x 1 1.967 (0.360) 1.355 (0.247)

x 2 0.446 (0.170) 1.227 (0.161)

x 3 0.867 (0.243) 0.690 (0.196)

Multivariate Normality test stat. s.e.
Omnibus 151.654 (0.000)
Small 151.643 (0.000)
Mardia 307.998 (0.000)

Table 2c: Statistics on monthly emerging stock-market returns (DS3)

Panel A: Univariate statistics

Panel B: Multivariate statistics

Hong Kong South Korea Thailand



Norm
λ α 1 α 2 α 3 µ p σ p

2 s p
3 κ p

4 cost

Panel A: Direct optimization

1 0.607 0.393 0.000 - 0.249 1.822 -0.858 8.166 -
2 0.537 0.463 0.000 - 0.249 1.806 -0.863 8.184 -
5 0.489 0.498 0.013 - 0.248 1.794 -0.858 8.158 -
10 0.443 0.440 0.117 - 0.242 1.751 -0.824 8.076 -
15 0.421 0.418 0.161 - 0.240 1.744 -0.800 7.944 -
20 0.401 0.406 0.194 - 0.238 1.742 -0.778 7.802 -

Panel B: Taylor expansion up to order 2

1 0.608 0.392 0.000 0.002 0.249 1.822 -0.858 8.165 0.000
2 0.538 0.462 0.000 0.003 0.249 1.806 -0.863 8.185 0.000
5 0.495 0.502 0.003 0.020 0.248 1.800 -0.860 8.153 0.002
10 0.455 0.448 0.098 0.039 0.243 1.757 -0.833 8.120 0.002
15 0.441 0.430 0.129 0.064 0.242 1.749 -0.819 8.054 0.002
20 0.435 0.421 0.144 0.099 0.241 1.746 -0.810 8.011 0.002

Panel C: Taylor expansion up to order 3

1 0.607 0.393 0.000 0.000 0.249 1.822 -0.858 8.166 0.000
2 0.537 0.463 0.000 0.000 0.249 1.806 -0.863 8.184 0.000
5 0.491 0.498 0.011 0.004 0.248 1.795 -0.859 8.158 0.001
10 0.448 0.441 0.111 0.012 0.243 1.753 -0.827 8.093 0.001
15 0.433 0.420 0.148 0.027 0.241 1.745 -0.808 8.000 0.001
20 0.424 0.408 0.168 0.051 0.240 1.743 -0.796 7.932 0.001

Panel D: Taylor expansion up to order 4

1 0.607 0.393 0.000 0.000 0.249 1.822 -0.858 8.166 0.000
2 0.537 0.463 0.000 0.000 0.249 1.806 -0.863 8.184 0.000
5 0.490 0.498 0.013 0.000 0.248 1.794 -0.858 8.158 0.000
10 0.445 0.440 0.116 0.003 0.242 1.752 -0.825 8.081 0.000
15 0.426 0.419 0.156 0.011 0.240 1.744 -0.803 7.968 0.000
20 0.413 0.407 0.180 0.028 0.239 1.742 -0.788 7.874 0.000

Table 3a: Optimal allocation for weekly MSCI returns (DS1)

Portfolio weights Moments of portfolio return Opportunity



Norm
λ α 1 α 2 α 3 µ p σ p

2 s p
3 κ p

4 cost

Panel A: Direct optimization

1 0.000 0.635 0.365 - 0.146 3.059 -1.271 19.121 -
2 0.000 0.434 0.567 - 0.131 2.666 -0.887 14.614 -
5 0.016 0.291 0.694 - 0.118 2.528 -0.488 10.814 -
10 0.081 0.187 0.733 - 0.102 2.466 -0.294 9.034 -
15 0.107 0.120 0.773 - 0.094 2.479 -0.155 7.971 -
20 0.126 0.067 0.808 - 0.087 2.513 -0.058 7.331 -

Panel B: Taylor expansion up to order 2

1 0.000 0.647 0.354 0.023 0.147 3.088 -1.283 19.274 0.233
2 0.000 0.449 0.551 0.032 0.132 2.688 -0.929 15.070 0.129
5 0.013 0.325 0.661 0.069 0.121 2.548 -0.593 11.718 0.117
10 0.074 0.259 0.667 0.146 0.108 2.473 -0.509 10.716 0.140
15 0.093 0.238 0.669 0.235 0.104 2.459 -0.478 10.307 0.154
20 0.103 0.228 0.670 0.323 0.103 2.454 -0.463 10.103 0.149

Panel C: Taylor expansion up to order 3

1 0.000 0.636 0.364 0.003 0.147 3.063 -1.272 19.141 0.029
2 0.000 0.436 0.564 0.006 0.131 2.670 -0.894 14.695 0.022
5 0.013 0.302 0.685 0.022 0.119 2.536 -0.516 11.059 0.033
10 0.072 0.221 0.708 0.068 0.106 2.468 -0.381 9.719 0.052
15 0.089 0.185 0.726 0.130 0.101 2.461 -0.305 9.047 0.056
20 0.095 0.162 0.743 0.191 0.098 2.464 -0.249 8.622 0.043

Panel D: Taylor expansion up to order 4

1 0.000 0.635 0.365 0.000 0.146 3.059 -1.271 19.122 0.002
2 0.000 0.434 0.566 0.001 0.131 2.666 -0.888 14.625 0.003
5 0.016 0.294 0.691 0.007 0.118 2.530 -0.497 10.894 0.010
10 0.079 0.203 0.718 0.034 0.103 2.464 -0.341 9.376 0.024
15 0.102 0.160 0.738 0.079 0.097 2.461 -0.255 8.600 0.029
20 0.117 0.131 0.752 0.130 0.093 2.467 -0.200 8.136 0.021

Table 3b: Optimal allocation for monthly S&P100 stock returns (DS2)

Portfolio weights Moments of portfolio return Opportunity



Norm
λ α 1 α 2 α 3 µ p σ p

2 s p
3 κ p

4 cost

Panel A: Direct optimization

1 1.000 0.000 0.000 - 0.416 8.106 -0.652 5.526 -
2 0.757 0.000 0.243 - 0.264 6.792 -0.441 4.802 -
5 0.532 0.024 0.445 - 0.112 6.114 -0.133 3.724 -
10 0.393 0.129 0.479 - -0.022 5.846 -0.070 3.139 -
15 0.334 0.170 0.497 - -0.077 5.815 -0.034 2.959 -
20 0.300 0.194 0.506 - -0.108 5.818 -0.015 2.883 -

Panel B: Taylor expansion up to order 2

1 1.000 0.000 0.000 0.000 0.416 8.106 -0.652 5.526 0.000
2 0.787 0.000 0.213 0.060 0.282 6.924 -0.478 4.933 0.516
5 0.580 0.026 0.394 0.101 0.141 6.196 -0.217 3.950 0.385
10 0.476 0.114 0.410 0.168 0.037 5.914 -0.179 3.460 0.328
15 0.448 0.138 0.414 0.229 0.009 5.864 -0.164 3.332 0.298
20 0.439 0.146 0.415 0.277 0.000 5.850 -0.158 3.291 0.276

Panel C: Taylor expansion up to order 3

1 1.000 0.000 0.000 0.000 0.416 8.106 -0.652 5.526 0.000
2 0.763 0.000 0.237 0.013 0.268 6.819 -0.449 4.831 0.107
5 0.554 0.006 0.440 0.044 0.134 6.182 -0.139 3.822 0.150
10 0.434 0.089 0.477 0.083 0.022 5.912 -0.081 3.305 0.122
15 0.393 0.101 0.505 0.136 -0.009 5.888 -0.038 3.171 0.099
20 0.376 0.087 0.537 0.213 -0.014 5.922 0.003 3.151 0.091

Panel D: Taylor expansion up to order 4

1 1.000 0.000 0.000 0.000 0.416 8.106 -0.652 5.526 0.000
2 0.758 0.000 0.242 0.001 0.264 6.794 -0.442 4.804 0.009
5 0.534 0.024 0.442 0.006 0.114 6.118 -0.138 3.736 0.019
10 0.402 0.128 0.470 0.019 -0.015 5.847 -0.083 3.168 0.025
15 0.353 0.167 0.480 0.038 -0.064 5.808 -0.056 3.001 0.022
20 0.329 0.187 0.484 0.057 -0.088 5.801 -0.043 2.934 0.012

Table 3c: Optimal allocation for monthly emerging stock-market returns (DS3)

Portfolio weights Moments of portfolio return Opportunity
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