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Qlfkrodv Eorrp�/ Vwhskhq Erqg|dqg Mrkq Ydq Uhhqhq}

Rfwrehu 5335

Devwudfw

Wklv sdshu lqyhvwljdwhv wkh hpslulfdo uhodwlrqvkls ehwzhhq lqyhvwphqw

dqg xqfhuwdlqw|/ xvlqj gdwd iru d odujh sdqho ri txrwhg XN frpsdqlhv1

Zh kljkoljkw wkh h�hfwv ri xqfhuwdlqw| rq vkruw uxq lqyhvwphqw g|qdplfv/

dqg sduwlfxoduo| rq wkh uhvsrqvh ri frpsdq| lqyhvwphqw wr ghpdqg vkrfnv1

Wklv irfxv lv prwlydwhg e| wkh uhfhqw olwhudwxuh rq sduwldo luuhyhuvlelolw| dqg

uhdo rswlrqv/ zklfk vxjjhvwv d zhdnhu uhvsrqvh ri lqyhvwphqw wr ghpdqg

vkrfnv dw kljkhu ohyhov ri xqfhuwdlqw|/ dv �upv sodfh d kljkhu ydoxh rq

wkh rswlrq wr zdlw dqg sxuvxh d pruh fdxwlrxv lqyhvwphqw vwudwhj|1 Zh

xvh vlpxodwhg gdwd iurp d prgho ri wklv w|sh wr ghprqvwudwh wkdw wklv

h�hfw fdq eh ghwhfwhg dv d zhdnhu lpsdfw h�hfw ri uhdo vdohv jurzwk rq

lqyhvwphqw iru �upv idflqj d kljkhu ohyho ri xqfhuwdlqw|1 Xvlqj d phdvxuh

ri xqfhuwdlqw| edvhg rq wkh yrodwlolw| ri wkh �up*v gdlo| vwrfn uhwxuqv/ dv

lq Ohdk| dqg Zklwhg +4<<9,/ zh �qg d vlplodu lqwhudfwlrq whup ehwzhhq

uhdo vdohv jurzwk dqg phdvxuhg xqfhuwdlqw| lq rxu hfrqrphwulf dqdo|vlv ri

lqyhvwphqw ehkdylrxu e| d sdqho ri 9:5 XN pdqxidfwxulqj �upv ehwzhhq

4<:5 dqg 4<<41 Zh ghprqvwudwh wkdw wkh hvwlpdwhg h�hfwv ri xqfhuwdlqw|

rq vkruw uxq lqyhvwphqw g|qdplfv duh txdqwlwdwlyho| vljql�fdqw dqg/ dv

lq Fdedoohur/ Hqjho dqg Kdowlzdqjhu +4<<8, dqg Frrshu/ Kdowlzdqjhu dqg

Srzhu +4<<<,/ zh �qg wkdw wkhvh h�hfwv duh prvw lpsruwdqw durxqg wxuqlqj

srlqwv ri wkh exvlqhvv f|foh1

Nh|zrugv= Lqyhvwphqw/ xqfhuwdlqw|/ uhdo rswlrqv/ sdqho gdwd

MHO Fodvvl�fdwlrq= G<5/ H55/ G;/ F561

Dfnqrzohgjphqwv= Wkh dxwkruv zrxog olnh wr wkdqn Mhurph Dggd/ Pdqxho

Duhoodqr/ Rud}lr Dwwdqdvlr/ Ulfkdug Eoxqghoo/ Mdvrq Fxpplqv/ Mdqlfh Hehuo|/

�Lqvwlwxwh iru Ilvfdo Vwxglhv dqg Xqlyhuvlw| Froohjh Orqgrq
|Lqvwlwxwh iru Ilvfdo Vwxglhv dqg Qx!hog Froohjh/ R{irug
}FHSU/ Lqvwlwxwh iru Ilvfdo Vwxglhv dqg Xqlyhuvlw| Froohjh Orqgrq



Grphqlfr Orpedugl/ Frvwdv Phjklu/ Vwhyh Qlfnhoo/ Ldq Suhvwrq/ Lvdeho Uh0

gxwr grv Uhlv/ Khohq Zhhgv dqg Iudqn Zlqgphlmhu1 Wklv uhvhdufk lv sduw

ri wkh surjudp ri uhvhdufk dw wkh HVUF Fhqwuh iru wkh Plfur0Hfrqrplf

Dqdo|vlv ri Sxeolf Srolf| dw wkh LIV1 Ilqdqfldo vxssruw ri wkh HVUF lv

judwhixoo| dfnqrzohgjhg1

Fruuhvsrqghqfh= vwhyh1erqgCqx!hog1r{1df1xn> : Ulgjprxqw Vwuhhw/ Orq0

grq ZF4H :DH/ XN1



41 Lqwurgxfwlrq

Uhfhqw wkhruhwlfdo dqdo|vhv ri lqyhvwphqw xqghu xqfhuwdlqw| kdyh kljkoljkwhg wkh

h�hfwv ri +sduwldo, luuhyhuvlelolw| ru rwkhu irupv ri qrq0frqyh{ dgmxvwphqw frvwv lq

jhqhudwlqj cuhdo rswlrqv* rq wkh lqyhvwphqw ghflvlrq1 Lq wkhvh prghov xqfhuwdlqw|

lqfuhdvhv wkh vhsdudwlrq ehwzhhq wkh pdujlqdo surgxfw ri fdslwdo wkdw mxvwl�hv d

srvlwlyh lqyhvwphqw dfwlrq dqg wkdw zklfk mxvwl�hv d glvlqyhvwphqw dfwlrq1 Wklv

lqfuhdvhv wkh udqjh ri lqdfwlrq/ zkhuh lqyhvwphqw lv }hur/ dv wkh �up suhihuv wr

czdlw dqg vhh* udwkhu wkdq xqghuwdnlqj d frvwo| dfwlrq zlwk frqvhtxhqfhv wkdw

duh wrr xqfhuwdlq1 Lq vkruw/ lqyhvwphqw ehkdylrxu ehfrphv pruh fdxwlrxv1 Wkh

rswlrq wr ghod| lv pruh ydoxdeoh dw kljkhu ohyhov ri xqfhuwdlqw|/ vxjjhvwlqj wkdw wkh

�up lv ohvv olnho| wr xqghuwdnh dq lqyhvwphqw dfwlrq lq uhvsrqvh wr d jlyhq srvlwlyh

ghpdqg vkrfn1 Wklv h�hfw lv v|pphwulf 0 iru h{dpsoh/ xqghu sduwldo luuhyhuvlelolw|/

wkh �up lv dovr ohvv olnho| wr xqghuwdnh d glvlqyhvwphqw dfwlrq lq uhvsrqvh wr d

jlyhq qhjdwlyh ghpdqg vkrfn1 Frqvhtxhqwo|/ dv hpskdvlvhg e| Deho dqg Hehuo|

+4<<<, dqg Fdedoohur +4<<<,/ wkh uhodwlrqvkls ehwzhhq wkh ohyho ri xqfhuwdlqw| dqg

wkh dyhudjh ohyho ri fdslwdo dffxpxodwhg e| �upv lq wkh orqj uxq lv wkhruhwlfdoo|

dpeljxrxv lq wklv fodvv ri prghov1 Wklv vxjjhvwv irfxvlqj hpslulfdo lqyhvwljdwlrq

rq wkh h�hfwv ri xqfhuwdlqw| rq vkruw uxq lqyhvwphqw g|qdplfv/ dqg lq sduwlfxodu

rq wkh lpsdfw h�hfw ri ghpdqg vkrfnv rq fxuuhqw lqyhvwphqw vshqglqj1

Ilup0ohyho gdwd lv dwwudfwlyh iru h{sorulqj wklv hpslulfdo uhodwlrqvkls/ vlqfh

phdvxuhv ri xqfhuwdlqw| fdq eh frqvwuxfwhg dw wkh �up ohyho edvhg rq vkduh sulfh

yrodwlolw| +fi1 Ohdk| dqg Zklwhg/ 4<<9,/ dqg frqwurov iru rwkhu lq xhqfhv rq lq0

yhvwphqw ehkdylrxu vxfk dv wkh dydlodelolw| ri lqwhuqdo �qdqfh fdq eh phdvxuhg lq

frpsdq| dffrxqwv1 Krzhyhu/ �up0ohyho gdwd suhvhqwv rqh gl!fxow| iru gluhfw whvw0
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lqj ri uhdo rswlrqv prghov ri lqyhvwphqw xqghu xqfhuwdlqw|/ zklfk lv wkh h{wuhph

udulw| ri revhuydwlrqv zlwk }hur lqyhvwphqw lq wkh dqqxdo frqvrolgdwhg dffrxqwv

ri sxeolfo| wudghg �upv1 Li zh eholhyhg wkdw wkhvh �upv pdnh d vlqjoh lqyhvwphqw

ghflvlrq lq hdfk |hdu/ wklv odfn ri }hurv zrxog uhmhfw wkh fdqrqlfdo uhdo rswlrqv

prgho zklfk vwxglhv d vlqjoh lqyhvwphqw ghflvlrq dqg suhglfwv d uhjlrq ri lqdf0

wlrq lq zklfk wkh �up fkrrvhv qhlwkhu wr lqyhvw qru wr glvlqyhvw1 Lw lv sodxvleoh/

krzhyhu/ wkdw wklv suhydohqfh ri qrq0}hur revhuydwlrqv lq �up0ohyho gdwd lv gxh wr

djjuhjdwlrq/ erwk ryhu wlph dqg ryhu pxowlsoh lqyhvwphqw ghflvlrqv lq gl�huhqw

w|shv ri fdslwdo/ gl�huhqw sodqwv/ dqg gl�huhqw vxevlgldulhv1

Suhylrxv uhvhdufk kdv vkrzq wkdw vxfk djjuhjdwlrq zrxog qrw holplqdwh wkh

lpsolfdwlrqv ri wkh oxps| qdwxuh ri lqglylgxdo lqyhvwphqw ghflvlrqv iru djjuhjdwh

lqyhvwphqw g|qdplfv> vhh/ iru h{dpsoh/ Ehuwrod dqg Fdedoohur +4<<7,/ Fdedoohur/

Hqjho dqg Kdowlzdqjhu +4<<8,/ Fdedoohur dqg Hqjho +4<<<, dqg Frrshu/ Kdowl0

zdqjhu dqg Srzhu +4<<<,1 Wklv udlvhv wkh txhvwlrq ri zkhwkhu wkh h�hfwv ri

xqfhuwdlqw| rq vkruw uxq lqyhvwphqw g|qdplfv suhglfwhg e| wkh uhdo rswlrqv ds0

surdfk fdq eh ghwhfwhg lq dq hfrqrphwulf vwxg| ri �up0ohyho lqyhvwphqw vshqglqj1

Wr lqyhvwljdwh wklv/ zh ghyhors d vlpxodwlrq prgho lq zklfk �up0ohyho lqyhvwphqw

lv rewdlqhg e| h{solflwo| djjuhjdwlqj ryhu pxowlsoh lqyhvwphqw ghflvlrqv/ hdfk vxe0

mhfw wr sduwldo luuhyhuvlelolw|1 Zh vkrz wkdw hvwlpdwlqj d g|qdplf huuru fruuhfwlrq

prgho ri lqyhvwphqw vshqglqj rq wkh vlpxodwhg gdwd grhv doorz xv wr ghwhfw d

vljql�fdqw h�hfw ri xqfhuwdlqw| rq frpsdq| lqyhvwphqw g|qdplfv1 Pruh vshfl�0

fdoo|/ iru �upv wkdw duh vxemhfw wr d kljkhu ohyho ri xqfhuwdlqw|/ zh �qg d zhdnhu

lpsdfw h�hfw ri ghpdqg vkrfnv/ phdvxuhg e| uhdo vdohv jurzwk/ rq fxuuhqw lq0

yhvwphqw lq wkh vlpxodwhg gdwd1 Wklv dssurdfk dovr suhglfwv d frqyh{ uhvsrqvh ri
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fxuuhqw lqyhvwphqw wr odujhu ghpdqg vkrfnv/ dv lqyhvwphqw lqgxfhg lq rqh w|sh

ri fdslwdo whqgv wr lqfuhdvh wkh pdujlqdo surgxfwlylw| ri rwkhu w|shv ri fdslwdo/

pdnlqj ixuwkhu dgmxvwphqwv pruh olnho|1 Wklv qrq0olqhdu uhvsrqvh ri lqyhvwphqw

wr ghpdqg vkrfnv lv dovr ghwhfwhg zkhq zh xvh wkh vlpxodwhg gdwd wr hvwlpdwh

rxu huuru fruuhfwlrq vshfl�fdwlrq1

Zh wkhq dsso| wkh vdph hfrqrphwulf dssurdfk wr vwxg| wkh lqyhvwphqw eh0

kdylrxu ri d vdpsoh ri 9:5 sxeolfo| wudghg XN pdqxidfwxulqj frpsdqlhv ryhu wkh

shulrg 4<:50<41 Iroorzlqj Ohdk| dqgZklwhg +4<<9,/ zh xvh d phdvxuh ri yrodwlolw|

lq wkhvh �upv* gdlo| vwrfn uhwxuqv dv dq lqglfdwru ri wkh ohyho ri xqfhuwdlqw| uhoh0

ydqw iru hdfk �up*v lqyhvwphqw ghflvlrqv lq hdfk |hdu1 Dv lq wkh vlpxodwhg gdwd/

zh �qg vljql�fdqw hylghqfh ri d qrq0olqhdu dqg khwhurjhqhrxv h�hfw ri uhdo vdohv

jurzwk rq fxuuhqw lqyhvwphqw/ zlwk d zhdnhu lpsdfw h�hfw ri uhdo vdohv jurzwk

rq lqyhvwphqw iru �upv idflqj d kljkhu ohyho ri xqfhuwdlqw|1 Zklovw wkhuh pd| eh

rwkhu h{sodqdwlrqv iru wklv h�hfw ri xqfhuwdlqw| rq frpsdq| lqyhvwphqw g|qdplfv/

zh frqfoxgh wkdw wkh lqyhvwphqw ehkdylrxu ri odujh XN �upv lv frqvlvwhqw zlwk

d prgho lq zklfk xqfhuwdlqw| vorzv grzq wkh surfhvv ri fdslwdo vwrfn dgmxvwphqw

iru wkh uhdvrqv kljkoljkwhg lq uhfhqw wkhuhwlfdo prghov zkhuh wkh rswlrq wr zdlw

lv ydoxdeoh1 Zh �qg qr vljql�fdqw h�hfw ri kljkhu xqfhuwdlqw| rq fdslwdo dffxpx0

odwlrq lq wkh orqj uxq/ zklfk lv dovr frqvlvwhqw zlwk wkh uhdo rswlrqv olwhudwxuh dv

qrwhg deryh1 Qhyhuwkhohvv rxu hpslulfdo hvwlpdwhv vxjjhvw wkdw  xfwxdwlrqv lq wkh

ohyho ri xqfhuwdlqw| fdq kdyh txdqwlwdwlyho| vljql�fdqw h�hfwv rq wkh ehkdylrxu ri

frpsdq| lqyhvwphqw/ sduwlfxoduo| durxqg wxuqlqj srlqwv lq wkh exvlqhvv f|foh1

Wkh uhpdlqghu ri wkh sdshu lv rujdqlvhg dv iroorzv1 Vhfwlrq 5 glvfxvvhv d edvlf

prgho ri lqyhvwphqw xqghu xqfhuwdlqw| zlwk d vlqjoh fdslwdo jrrg/ dqg suhvhqwv
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vrph hylghqfh zklfk vxjjhvwv wkdw djjuhjdwlrq ryhu pxowlsoh lqyhvwphqw ghflvlrqv

lv olnho| wr eh lpsruwdqw lq frqiurqwlqj wkh suhglfwlrqv ri wklv nlqg ri prgho zlwk

�up0ohyho gdwd1 Vhfwlrq 6 ghvfulehv dq dssurdfk zlwk udwlrqdolvhv wkh vprrwkhu

vhulhv zh vhh lq �up0ohyho lqyhvwphqw gdwd e| h{solflwo| frqvlghulqj djjuhjdwlrq

ryhu lqyhvwphqw ghflvlrqv lq pxowlsoh fdslwdo jrrgv1 Vhfwlrq 7 suhvhqwv dq hfrqr0

phwulf vshfl�fdwlrq zklfk fdq eh xvhg wr whvw iru wkh qrq0olqhdu dqg khwhurjhqhrxv

lpsdfw h�hfw ri ghpdqg vkrfnv rq fxuuhqw lqyhvwphqw wkdw zh h{shfw wr �qg lq

wklv fodvv ri prghov1 Vhfwlrq 8 uhsruwv hvwlpdwhv ri wklv hfrqrphwulf vshfl�fdwlrq

xvlqj vlpxodwhg gdwd jhqhudwhg e| d prgho ri wklv w|sh/ zklfk frq�up wkdw wklv

dssurdfk zrxog doorz xv wr ghwhfw wkhvh h�hfwv lq d vdpsoh ri wkh vl}h iru zklfk zh

kdyh uhdo lqyhvwphqw gdwd iru sxeolfo| wudghg XN frpsdqlhv1 Vhfwlrq 9 ghvfulehv

wklv gdwd lq pruh ghwdlo/ dqg glvfxvvhv rxu hpslulfdo phdvxuhv ri xqfhuwdlqw|1

Vhfwlrq : uhsruwv wkh uhvxowv ri dsso|lqj wkh vdph hfrqrphwulf dssurdfk wr wklv

frpsdq| lqyhvwphqw gdwd/ dqg hydoxdwhv wkh txdqwlwdwlyh h�hfw ri xqfhuwdlqw| rq

frpsdq| lqyhvwphqw g|qdplfv vxjjhvwhg e| rxu suhihuuhg hpslulfdo vshfl�fdwlrq1

Vhfwlrq ; frqfoxghv1

51 D prgho ri lqyhvwphqw xqghu xqfhuwdlqw|

Wkh uhfhqw wkhruhwlfdo olwhudwxuh rq lqyhvwphqw xqghu xqfhuwdlqw| suhglfwv wkuhvk0

rog lqyhvwphqw ehkdylrxu/ dqg hpskdvlvhv wkdw wkh vhsdudwlrq ehwzhhq wkh wkuhvk0

rogv iru lqyhvwphqw dqg glvlqyhvwphqw ghshqgv rq wkh ohyho ri xqfhuwdlqw|14 D ed0

vlf prgho frqvlghuv lqyhvwphqw lq d vlqjoh fdslwdo jrrg g/ zlwk d Free0Grxjodv

4Vhh/ iru h{dpsoh/ Slqg|fn +4<;;, iru wkh fdvh ri d ixoo| luuhyhuvleoh frqwlqxrxv lqyhvwphqw

ghflvlrq> Gl{lw +4<;<, iru d sduwldoo| luuhyhuvleoh glvfuhwh lqyhvwphqw ghflvlrq> Ehuwrod +4<<7, iru

d prgho zkhuh erwk ghpdqg dqg fdslwdo sulfhv duh vwrfkdvwlf> dqg Gl{lw dqg Slqg|fn +4<<7, iru

d jhqhudo vxuyh| ri wklv olwhudwxuh1
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uhyhqxh ixqfwlrq �gk/ zkhuh f 	 k 	 � dqg � lv d vwrfkdvwlf ghpdqg whup

wkdw iroorzv d Eurzqldq prwlrq/ dqg sduwldo luuhyhuvlelolw| lq wkh vhqvh wkdw wkh

sulfh dw zklfk wkh �up pd| vhoo xqlwv ri wkh fdslwdo jrrg lv ehorz wkh sulfh dw

zklfk lw fdq ex| fdslwdo15 ^QLFN 0 SOHDVH FKHFN GHWDLOV KHUH` Lq wklv

fdvh lqyhvwphqw zloo rqo| wdnh sodfh zkhq wkh �up*v pdujlqdo uhyhqxh surgxfw

ri fdslwdo k�gk3� klwv dq xsshu wkuhvkrog/ jlyhq e| wkh wudglwlrqdo xvhu frvw ri

fdslwdo uhohydqw iru ex|lqj fdslwdo +K, pxowlsolhg e| wkh rswlrq ydoxh uhohydqw iru

lqyhvwphqw +�U : �,1 Vlploduo| glvlqyhvwphqw zloo rqo| rffxu zkhq wkh pdujlqdo

uhyhqxh surgxfw klwv d orzhu wkuhvkrog/ jlyhq e| wkh xvhu frvw uhohydqw iru vhoolqj

fdslwdo +r 	 K, glylghg e| wkh rswlrq ydoxh uhohydqw iru glvlqyhvwphqw +�( : �,16

Wkh �up fkrrvhv wr zdlw dqg gr qrwklqj li lwv pdujlqdo uhyhqxh surgxfw ri fdslwdo

olhv ehwzhhq wkhvh wzr wkuhvkrogv1 Wklv lqyhvwphqw srolf| lv vxppdulvhg lq Wdeoh

5141

Wdeoh 514= Wkh Wkuhvkrog Ehkdylrxu ri Lqyhvwphqw1

Lqyhvw li= k�gk3� � K� �U

Gr qrwklqj li= r*�( 	 k�gk3� 	 K� �U

Glvlqyhvw li= k�gk3� � r*�(

Dv wkh pdujlqdo uhyhqxh surgxfw ri fdslwdo hyroyhv vwrfkdvwlfdoo| ryhu wlph/

wklv dssurdfk suhglfwv wkdw wkh �up zloo xqghuwdnh vsrudglf exuvwv ri lqyhvwphqw

ru glvlqyhvwphqw wr hqvxuh wkdw lwv fdslwdo vwrfn uhpdlqv zlwklq fruuhvsrqglqj

5Vhh Deho dqg Hehuo| +4<<9, iru d uljrurxv dqdo|vlv ri wkh nlqg ri prgho zh ghvfuleh lq

wklv vhfwlrq/ zlwk d frqwlqxrxv lqyhvwphqw ghflvlrq lq d vlqjoh fdslwdo jrrg vxemhfw wr sduwldo

luuhyhuvlelolw|1
6Qrwlfh wkdw zlwk sduwldo luuhyhuvlelolw|/ hyhq xqghu fhuwdlqw|/ wkh xvhu frvwv uhohydqw iru

ex|lqj dqg vhoolqj fdslwdo zloo qrw eh htxdo/ gxh wr wkh gl�huhqfh lq wkh sxufkdvh sulfh dqg wkh

vdoh sulfh ri fdslwdo jrrgv1

8



lqyhvwphqw dqg glvlqyhvwphqw wkuhvkrogv1 Wkhvh fdslwdo vwrfn wkuhvkrogv ghshqg

rq ydulrxv sdudphwhuv ri wkh prgho/ vxfk dv wkh ohyho ri xqfhuwdlqw| derxw ghpdqg/

wkh ghjuhh ri luuhyhuvlelolw| dqg wkh fxuuhqw vwdwh ri ghpdqg1

Dv zh glvfxvv ixuwkhu ehorz/ jhqhudo uhvxowv derxw wkh h�hfwv ri gl�huhqw ohyhov

ri xqfhuwdlqw| rq fxuuhqw lqyhvwphqw ehkdylrxu fdqqrw eh rewdlqhg lq wklv fodvv ri

prghov1 Zkdw fdq eh vkrzq lv wkdw wkh rswlrq ydoxhv �U dqg �( wkdw lq xhqfh wklv

lqyhvwphqw ghflvlrq duh lqfuhdvlqj lq wkh ohyho ri xqfhuwdlqw|/ vr wkdw wkh udqjh ri

ydoxhv iru wkh pdujlqdo uhyhqxh surgxfw ryhu zklfk wkh �up suhihuv wr gr qrwklqj

lv zlghu dw kljkhu ohyhov ri xqfhuwdlqw|17 ^RWKHU UHIV BB` Wklv vxjjhvwv wkdw

�upv idflqj d kljkhu ohyho ri xqfhuwdlqw| zloo eh ohvv olnho| wr lqyhvw +ru glvlqyhvw,

lq uhvsrqvh wr d ghpdqg vkrfn ri d jlyhq vl}h/ ru wkdw wkhlu lqyhvwphqw ehkdylrxu

ehfrphv pruh cfdxwlrxv*1

Pruh suhflvh vwdwhphqwv derxw wkh h{shfwhg lpsdfw ri d ghpdqg vkrfn rq

fxuuhqw lqyhvwphqw dw gl�huhqw ohyhov ri xqfhuwdlqw| fdqqrw eh rewdlqhg dqdo|w0

lfdoo|/ hyhq lq wkh vlqjoh fdslwdo jrrg fdvh1 Rqh gl!fxow| lv wkdw wkh h�hfw ri

ghpdqg vkrfnv lv klvwru|0ghshqghqw lq wklv iudphzrun/ ghshqglqj rq krz forvh

wkh �up lv lqlwldoo| wr rqh ri wkh wkuhvkrogv1 Wkh hujrglf glvwulexwlrq iru wkh

h{shfwhg srvlwlrq ri wkh fdslwdo vwrfn lq uhodwlrq wr wkhvh wkuhvkrogv fdqqrw do0

zd|v eh rewdlqhg dqdo|wlfdoo|1 Pruh ixqgdphqwdoo|/ krzhyhu/ dowkrxjk Deho dqg

Hehuo| +4<<9, vljq wkh h�hfw ri gl�huhqw ohyhov ri xqfhuwdlqw| rq wkh lqyhvwphqw

dqg glvlqyhvwphqw wkuhvkrogv/ wkhuh lv qr forvhg0irup vroxwlrq wkdw ghvfulehv wkhvh

wkuhvkrogv1 Khqfh zh xvh qxphulfdo vlpxodwlrqv lq vhfwlrq 8 ehorz wr looxvwudwh wklv

h�hfw ri xqfhuwdlqw| rq lqyhvwphqw g|qdplfv lq d pruh jhqhudo iudphzrun1^QLFN=

LV WKLV RNB`

7Deho dqg Hehuo| +4<<9, ghulyh wkhvh frpsdudwlyh vwdwlf uhvxowv iru wkhlu prgho1
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5141 Djjuhjdwlrq zlwklq �upv

Dqqxdo lqyhvwphqw gdwd iru sxeolfo| wudghg XN �upv gr qrw glvsod| wkh glvfuhwh

vzlwfkhv iurp }hur wr qrq0}hur lqyhvwphqw uhjlphv lqglfdwhg e| wklv edvlf prgho ri

lqyhvwphqw lq d vlqjoh w|sh ri fdslwdo1 Lq sduwlfxodu/ revhuydwlrqv zlwk }hur lqyhvw0

phqw vshqglqj duh doprvw frpsohwho| devhqw iurp wkhlu frpsdq| dffrxqwv/ dqg

wklv lv dovr dssduhqw lq sodqw0ohyho gdwd rq pdqxidfwxulqj surgxfwlrq hvwdeolvk0

phqwv1 Wkhuh duh/ krzhyhu/ sdwwhuqv lq wkhvh plfur gdwd vhwv zklfk surylgh pruh

hylghqfh ri glvfuhwh wkuhvkrog ehkdylrxu zkhq zh glvdjjuhjdwh wkh lqyhvwphqw

vhulhv/ hlwkhu e| wkh xqlw ri revhuydwlrq ru e| wkh w|shv ri lqyhvwphqw frqvlghuhg1

Wdeoh 515 uhsruwv gdwd iurp rxu vdpsoh ri 9:5 XN pdqxidfwxulqj frpsdqlhv

ryhu wkh shulrg 4<:50<4/ vhsdudwho| iru lqyhvwphqw lq odqg dqg exloglqjv dqg lq

sodqw dqg pdfklqhu|/ dv zhoo dv vlplodu dqqxdo gdwd iru vdpsohv ri XN pdqx0

idfwxulqj hvwdeolvkphqwv/ vlqjoh sodqw hvwdeolvkphqwv dqg vpdoo vlqjoh sodqw hv0

wdeolvkphqwv1 Wkhuh lv d fohdu sdwwhuq ri pruh iuhtxhqw revhuydwlrqv zlwk }hur

lqyhvwphqw zkhq zh frqvlghu ohvv djjuhjdwhg surgxfwlrq xqlwv dqg pruh qduurzo|

gh�qhg fdwhjrulhv ri fdslwdo jrrgv1 Vlploduo| Wdeoh 516 vkrzv wkdw revhuydwlrqv

zlwk erwk srvlwlyh lqyhvwphqw dqg glvlqyhvwphqw uhfrughg lq wkh vdph |hdu duh

h{wuhpho| frpprq lq wkh frpsdq| gdwd/ exw ehfrph ohvv frpprq iru wkh ohvv

djjuhjdwhg xqlwv ri revhuydwlrq1 Erwk sdwwhuqv vxjjhvw wkdw djjuhjdwlrq dfurvv

gl�huhqw w|shv ri fdslwdo jrrgv dqg surgxfwlrq orfdwlrqv lv olnho| wr eh lpsruwdqw

lq wkh �up0ohyho lqyhvwphqw gdwd/ dqg revfxuhv wkh lpsruwdqfh ri wkh }hur lqyhvw0

phqw uhjlph lq wkhvh �jxuhv1 Wkh lvvxh ri djjuhjdwlrq dovr dsshduv wr eh uhohydqw

iru wkh hvwdeolvkphqw0ohyho gdwd1
Qrwhv= Ilup0ohyho gdwd +44/3<; rev1, iurp H{who XN dqg Gdwdvwuhdp gdwd rq frp0

sdq| dffrxqwv +vhh vhfwlrq 9 ehorz,1 Hvwdeolvkphqw0ohyho gdwd +79/3;< rev1, iurp XN

:



Wdeoh 515= ]hur Lqyhvwphqw Hslvrghv= Iuhtxhqf| +(,1

Exloglqjv ) Odqg Sodqw ) Pdfklqhu| Yhklfohv Wrwdo

Ilupv 81< 314 q1d1 314

Hvwdeolvkphqwv +doo sodqwv, 791; 615 5415 41;

Vlqjoh Sodqwv 8613 716 5619 517

Vpdoo Vlqjoh Sodqwv 8:19 819 5717 615

Wdeoh 516= Vlpxowdqhrxv Lqyhvwphqw dqg Glvlqyhvwphqw= Iuhtxhqf| +(,1

Ilupv Hvwdeolvkphqwv +doo sodqwv, Vlqjoh Sodqwv Vpdoo Vlqjoh Sodqwv

<<13 7;13 5;15 5616

Fhqvxv ri Surgxfwlrq Dqqxdo Uhvsrqghqwv* Gdwdedvh +DUG> vhh Uhgxwr grv Uhlv/ 4<<<,1

Vlqjoh sodqwv +53/<3: rev1, duh wkh vxe0vdpsoh ri vlqjoh sodqw hvwdeolvkphqwv1 Vpdoo vlq0

joh sodqwv +48/5:: rev1, duh wkh vxe0vdpsoh ri vlqjoh sodqw hvwdeolvkphqwv zlwk ohvv wkdq

583 hpsor|hhv1

^ZK\ GRZH KDYH 44/3<; REVHUYDWLRQV KHUH DQG RQO\ 934</ DW

PRVW/ LQ ODWHU WDEOHVBB`

61 D prgho ri �up0ohyho lqyhvwphqw xqghu djjuhjdwlrq

Wr fkdudfwhulvh wkh ehkdylrxu ri �up0ohyho lqyhvwphqw lq wkh suhvhqfh ri sduwldo

luuhyhuvlelolw|/ zh h{solflwo| frqvlghu d iudphzrun lq zklfk �upv lqyhvw lq pxowlsoh

w|shv ri fdslwdo jrrgv/ dqg wkhuhiruh pxvw wdnh pdq| gl�huhqw lqyhvwphqw ghfl0

vlrqv dw dq| srlqw lq wlph1 Wkh edvlf lqvljkw iurp wklv w|sh ri dqdo|vlv lv wkdw

lq doprvw doo flufxpvwdqfhv zh pd| h{shfw wr vhh qrq0}hur lqyhvwphqw lq vrph

w|shv ri fdslwdo/ iru zklfk wkh ghjuhh ri sduwldo luuhyhuvlelolw| lv orz ru }hur +l1h1

wkh gl�huhqfh ehwzhhq sxufkdvh sulfh dqg vdoh sulfh lv vpdoo ru }hur,/ zklovw wkh

lqdfwlrq uhjlph uhpdlqv uhohydqw iru rwkhu w|shv ri fdslwdo iru zklfk wkh ghjuhh

ri sduwldo luuhyhuvlelolw| lv kljkhu1 Lq �up0ohyho lqyhvwphqw gdwd zklfk djjuhjdwhv
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ryhu pxowlsoh ghflvlrqv vxemhfw wr gl�huhqw ghjuhhv ri luuhyhuvlelolw|/ zh zloo uduho|

vhh wrwdo lqyhvwphqw htxdo wr }hur/ dv �upv iuhtxhqwo| dgmxvw wkrvh w|shv ri fds0

lwdo zklfk duh prvw  h{leoh1 Qhyhuwkhohvv wkh suhvhqfh ri wkuhvkrog lqyhvwphqw

ehkdylrxu iru rwkhu w|shv ri fdslwdo zloo frqwlqxh wr lq xhqfh wkh �up*v djjuhjdwh

lqyhvwphqw vshqglqj/ dqg zh vkrxog vwloo h{shfw wkh ohyho ri xqfhuwdlqw| wr d�hfw

wkh vkruw uxq g|qdplfv ri frpsdq|0ohyho lqyhvwphqw1

Iroorzlqj Eorrp +5333,/ zh dvvxph wkdw hdfk �up rshudwhv d qxpehu ri sur0

gxfwlrq sodqwv zklfk h{shulhqfh lglrv|qfudwlf sodqw0ohyho surgxfwlylw| vkrfnv dv

zhoo dv d frpprq �up0ohyho ghpdqg vkrfn1 Iru frqyhqlhqfh lq fdoleudwlqj wkh

prgho wr jhqhudwh wkh vlpxodwhg gdwd xvhg lq vhfwlrq 8 ehorz/ zh h{solflwo| frq0

vlghu sodqw0ohyho hpsor|phqw dv zhoo dv lqyhvwphqw ghflvlrqv1 Sodqwv duh dvvxphg

wr kdyh d Free0Grxjodv uhyhqxh ixqfwlrq/ �gkuq/ zkhuh � lv d ghpdqg whup/

g lv fdslwdo/ u lv oderxu dqg f 	 kn q 	 �1 Erwk idfwruv duh dvvxphg wr eh sdu0

wldoo| luuhyhuvleoh/ zklfk lq wkh fdvh ri hpsor|phqw fdq eh wkrxjkw ri dv uh hfwlqj

vxqn frvwv dvvrfldwhg zlwk klulqj dqg �ulqj/ wkdw duh sursruwlrqdo wr wkh qxpehuv

ri zrunhuv kluhg ru �uhg1 Wkh ghpdqg whup lv djdlq wuhdwhg dv vwrfkdvwlf dqg

hyroyhv dv d Eurzqldq prwlrq1 Wklv surfhvv lv eurnhq grzq lqwr wzr Eurzqldq

vxe0frpsrqhqwv1 Wkh �uvw lv d �up0ohyho vkrfn/ frpprq wr doo sodqwv zlwklq wkh

�up1 Wkh vhfrqg lv dq lglrv|qfudwlf sodqw0ohyho vkrfn/ zklfk lv lqghshqghqw dfurvv

sodqwv dqg qrupdolvhg wr kdyh }hur phdq18 ^QLFN 0 LV WKHUH D VXSHUPRG0

XODULW\ DVVXPSWLRQ PDGH WKDW VKRXOG EH GLVFXVVHG KHUHB

WKLV JLYHV WKH VLPSOHVW LQWXLWLRQ IRU WKH FRQYH[ UHVSRQVH

RI LQYHVWPHQW WR GHPDQG VKRFNV111`

8Wkh dvvxpswlrq ri lqghshqghqfh dfurvv sodqwv fdq eh zhdnhqhg wr lpshuihfw fruuhodwlrq/

dqg lv pdgh khuh rqo| wr vlpsoli| wkh vlpxodwlrq prgho xvhg lq vhfwlrq 81
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Iru wklv iudphzrun/ Hehuo| dqg Ydq Plhjkhp +4<<:, kdyh vkrzq wkdw wkh

rswlpdo lqyhvwphqw dqg hpsor|phqw ghflvlrqv iru hdfk sodqw iroorz d wkuhvkrog

srolf| vxppdulvhg lq Wdeoh 6141 Lqyhvwphqw rqo| rffxuv zkhq wkh pdujlqdo uhy0

hqxh surgxfw ri fdslwdo dw wkdw sodqw/ k�gk3�uq/ uhdfkhv d wkuhvkrog jlyhq e|

wkh xvhu frvw ri fdslwdo uhohydqw iru lqyhvwphqw dw wkdw sodqw +K, pxowlsolhg e| wkh

rswlrq ydoxh uhohydqw iru lqyhvwphqw dw wkdw sodqw +�U : �,1 Dqg glvlqyhvwphqw

rqo| rffxuv zkhq wkh pdujlqdo uhyhqxh surgxfw ri fdslwdo uhdfkhv wkh xvhu frvw

ri fdslwdo uhohydqw iru glvlqyhvwphqw +r 	 K, glylghg e| wkh rswlrq ydoxh uhohydqw

iru glvlqyhvwphqw +�( : �,1 Lq ehwzhhq wkhvh wkuhvkrogv wkh sodqw xqghuwdnhv

qhlwkhu lqyhvwphqw qru glvlqyhvwphqw1 Khwhurjhqhlw| dfurvv sodqwv lq wkh ghjuhh

ri luuhyhuvlelolw| uhohydqw iru wkh w|sh ri fdslwdo xvhg dw wkdw sodqw zloo eh uh0

 hfwhg lq wklv uhjlrq ri lqdfwlrq ehlqj pruh lpsruwdqw iru lqyhvwphqw dw vrph

sodqwv wkdq rwkhuv19 Hyhq zlwkrxw vxfk khwhurjhqhlw|/ wkh suhvhqfh ri lglrv|q0

fudwlf sodqw0ohyho vkrfnv zloo pdnh wkh suredelolw| ri vrph sodqwv dgmxvwlqj wkhlu

fdslwdo vwrfn lq uhvsrqvh wr d jlyhq �up0ohyho ghpdqg vkrfn kljkhu iru wkrvh sodqwv

wkdw duh fxuuhqwo| forvhu wr rqh ri wkh wkuhvkrogv1: ^QLFN 0 LV WKLV ULJKWB

LV WKLV WKH RQO\ PHFKDQLVP WKDW RSHUDWHV LQ WKH VLPXODWLRQ

PRGHOB` Wkxv wklv dssurdfk fdq udwlrqdolvh zk| dw dq| wlph zh pd| vhh qrq0

}hur lqyhvwphqw dw vrph sodqwv +ru iru vrph w|shv ri fdslwdo, fr0h{lvwlqj zlwk }hur

lqyhvwphqw dw rwkhu sodqwv +ru iru rwkhu w|shv ri fdslwdo, zlwklq wkh vdph �up1

Djjuhjdwh �up0ohyho lqyhvwphqw zrxog ri frxuvh eh qrq0}hur lq vxfk fdvhv/ hyhq

9Dowhuqdwlyho|/ li hdfk sodqw xvhv vhyhudo gl�huhqw w|shv ri fdslwdo jrrgv/ wkhuh pd| eh khw0

hurjhqhlw| lq wkh udwlr ri vdoh sulfh wr sxufkdvh sulfh iru hdfk ri wkhvh gl�huhqw w|shv ri fdslwdo1

Irupdoo| wklv fdvh lv vlplodu wr wkh suhvhqfh ri pxowlsoh lqsxwv/ fdslwdo dqg oderxu/ hdfk vxemhfw

wr sduwldo luuhyhuvlelolw|/ dw hdfk sodqw/ dqg vr lv qrw frqvlghuhg h{solflw| khuh1
:Lglrv|qfudwlf vkrfnv dw wkh sodqw ohyho fdq dovr h{sodlq wkh vlpxowdqhrxv suhvhqfh ri lqyhvw0

phqw dqg glvlqyhvwphqw dw gl�huhqw sodqwv zlwklq wkh vdph �up1
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wkrxjk wkh lqwhudfwlrq ri xqfhuwdlqw| dqg luuhyhuvlelolw| vwloo sod|v dq lpsruwdqw

uroh lq ghwhuplqlqj wklv djjuhjdwh ohyho ri lqyhvwphqw vshqglqj1

Wdeoh 614= Wkh Vlpxodwlrq Wkuhvkrogv iru Lqyhvwphqw dqg Klulqj1

Lqyhvw li k�gk3�uq � K� �U Kluh li q�gkuq3� � � � �M
Gr Qrwklqj r*�( 	 k�gk3�uq 	 K� �U Gr Qrwklqj s*�8 	 q�gkuq3� 	 � � �M
Glvlqyhvw li k�gk3�uq � r*�( Iluh li q�gkuq3� � s*�8

Wkh ehkdylrxu ri sodqw0ohyho hpsor|phqw kdv d vlplodu fkdudfwhulvdwlrq/ zlwk

d vhsdudwlrq ehwzhhq wkh pdujlqdo uhyhqxh surgxfwv ri oderxu wkdw mxvwli| klulqj

dqg �ulqj uh hfwlqj vxqn frvwv dvvrfldwhg zlwk wkhvh dfwlrqv/ jhqhudwlqj d uhjlrq

ri lqdfwlrq zkhuh wkh sodqw qhlwkhu kluhv qru �uhv1 Lq whupv ri Wdeoh 614 zh kdyh

� : s dqg �M c �8 : �� Djdlq wklv iudphzrun fdq udwlrqdolvh zk| wkh �up pd|

eh klulqj dw vrph sodqwv +ru iru vrph w|shv ri zrunhuv, exw qrw dw rwkhuv1

Wklv dssurdfk kdv wzr lqwhuhvwlqj lpsolfdwlrqv iru wkh vkruw uxq g|qdplfv

ri �up0ohyho lqyhvwphqw vhulhv zklfk duh wkh irfxv ri rxu hpslulfdo lqyhvwljdwlrq1

Iluvw lw vxjjhvwv wkdw wkh uhvsrqvh ri frpsdq| lqyhvwphqw wr ghpdqg vkrfnv

ri gl�hulqj vl}hv lv olnho| wr eh qrq0olqhdu1 Zkhq wkh �up h{shulhqfhv d srvlwlyh

ghpdqg vkrfn/ wkhuh duh erwk h{whqvlyh dqg lqwhqvlyh pdujlqv dw zklfk lqyhvwphqw

pd| uhvsrqg1 Wkh �uvw pdujlq lv wkh ghflvlrq wr lqyhvw ru qrw dw hdfk sodqw/ ru

pruh jhqhudoo| lq hdfk w|sh ri fdslwdo1 Odujhu ghpdqg vkrfnv zloo ohdg pruh w|shv

ri fdslwdo wr uhdfk wkhlu lqyhvwphqw wkuhvkrog/ lqgxflqj pruh sodqwv zlwklq wkh

�up wr lqyhvw1 Wkh vhfrqg pdujlq lv wkh ghflvlrq derxw krz pxfk wr lqyhvw lq

wkrvh sodqwv ru w|shv ri fdslwdo wkdw gr dgmxvw1 Vxshuprgxodulw| lq wkh surgxfwlrq

whfkqrorj| 0 wkh pdujlqdo surgxfw ri rqh w|sh ri fdslwdo +ru oderxu, ghshqgv qrq0

qhjdwlyho| rq wkh ohyhov ri wkh uhpdlqlqj fdslwdo dqg oderxu lqsxwv 0 vxjjhvwv wkdw
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wkhvh wzr h�hfwv duh olnho| wr eh uhlqiruflqj1 Wkxv wkh pruh w|shv ri fdslwdo wkh

�up lv lqgxfhg wr lqyhvw lq/ wkh pruh lw zdqwv wr lqyhvw lq wkrvh w|shv ri fdslwdo

zkhuh dgmxvwphqw lv pruh  h{leoh ru wkdw duh lqlwldoo| forvhu wr wkhlu lqyhvwphqw

wkuhvkrog1 Wklv lqglfdwhv wkdw wkh uhvsrqvh ri lqyhvwphqw wr srvlwlyh ghpdqg

vkrfnv lv olnho| wr eh frqyh{ lq wkh vl}h ri wkh vkrfn/ zlwk d odujhu vkrfn lqgxflqj

pruh sodqwv ru w|shv ri fdslwdo wr dgmxvw dqg wkhuhiruh lqfuhdvlqj wkh ohyhov ri

lqyhvwphqw fkrvhq dw wkrvh sodqwv wkdw zrxog vwloo kdyh dgmxvwhg lq uhvsrqvh wr d

vpdoohu vkrfn1

Zklovw wklv vxjjhvwv d frqyh{ uhodwlrqvkls ehwzhhq ghpdqg vkrfnv dqg lqyhvw0

phqw iru �upv wkdw h{shulhqfh srvlwlyh vkrfnv dqg xqghuwdnh srvlwlyh lqyhvwphqw/

wkh vdph uhdvrqlqj vxjjhvwv wkdw wkh uhodwlrqvkls ehwzhhq ghpdqg vkrfnv dqg lq0

yhvwphqw lv olnho| wr eh frqfdyh iru �upv wkdw h{shulhqfh qhjdwlyh ghpdqg vkrfnv

dqg xqghuwdnh glvlqyhvwphqw1 Khuh d odujhu qhjdwlyh ghpdqg vkrfn lqgxfhv pruh

sodqwv ru w|shv ri fdslwdo wr dgmxvw grzqzdugv/ zklfk whqgv wr uhgxfh wkh pdujlqdo

surgxfwv ri rwkhu lqsxwv dqg surgxfhv pruh glvlqyhvwphqw dw wkrvh pdujlqv wkdw

zrxog vwloo kdyh dgmxvwhg lq uhvsrqvh wr d vpdoohu vkrfn1 Ryhudoo/ vlqfh �upv pd|

h{shulhqfh erwk srvlwlyh dqg qhjdwlyh vkrfnv/ lw lv xqfohdu zklfk ri wkhvh h�hfwv

zrxog grplqdwh lq jhqhudo1 Qhyhuwkhohvv/ lq gdwd olnh wkdw iru rxu vdpsoh ri XN

�upv lq wkh shulrg 4<:50<4/ zkhuh srvlwlyh lqyhvwphqw vshqglqj grplqdwhv glvlq0

yhvwphqw dqg erwk uhdo vdohv dqg uhdo fdslwdo vwrfnv duh jurzlqj vxevwdqwldoo| rq

dyhudjh/ zh zrxog h{shfw wkh frqyh{ uhvsrqvh ri �up0ohyho lqyhvwphqw wr srvlwlyh

ghpdqg vkrfnv wr grplqdwh wkh ryhudoo vkruw uxq g|qdplf ehkdylrxu ri revhuyhg

frpsdq| lqyhvwphqw1 Lq vhfwlrq 8 zh jhqhudwh vlpxodwhg lqyhvwphqw gdwd iru wkhvh

�upv e| wuhdwlqj wkhlu dfwxdo gdwd rq uhdo vdohv jurzwk dv uhdolvdwlrqv ri wkh �up0
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ohyho ghpdqg vkrfnv dqg xvlqj d fdoleudwhg yhuvlrq ri wklv prghoolqj iudphzrun1

Wklv frqyh{ uhodwlrqvkls ehwzhhq frpsdq| lqyhvwphqw dqg uhdo vdohv jurzwk lv

lqghhg zkdw zh �qg zkhq hvwlpdwlqj d vlpsoh hfrqrphwulf lqyhvwphqw htxdwlrq

rq wklv vlpxodwhg gdwd1

Dv zhoo dv lqglfdwlqj wklv qrq0olqhdu uhvsrqvh ri lqyhvwphqw wr ghpdqg vkrfnv

dw d jlyhq ohyho ri xqfhuwdlqw|/ wkh vhfrqg lpsolfdwlrq ri wklv iudphzrun lv wkdw wkh

uhvsrqvh ri frpsdq| lqyhvwphqw wr ghpdqg vkrfnv lv olnho| wr eh khwhurjhqhrxv

dfurvv �upv idflqj gl�huhqw ohyhov ri xqfhuwdlqw|1 Wklv lv d jhqhudolvdwlrq ri wkh

pruh cfdxwlrxv* lqyhvwphqw ehkdylrxu vxjjhvwhg e| wkh edvlf lqyhvwphqw prgho

zlwk d vlqjoh fdslwdo jrrg glvfxvvhg lq vhfwlrq 5 deryh1 Iru hdfk sodqw ru w|sh ri

fdslwdo/ wkh rswlrq wr zdlw dqg gr qrwklqj lv pruh ydoxdeoh iru �upv wkdw idfh d

kljkhu ohyho ri ghpdqg xqfhuwdlqw|1 Wklv lv uh hfwhg lq d kljkhu wkuhvkrog ohyho ri

wkh pdujlqdo uhyhqxh surgxfw ehlqj uhtxluhg wr lqgxfh srvlwlyh lqyhvwphqw/ dqg

d orzhu wkuhvkrog ohyho ehlqj uhtxluhg wr lqgxfh glvlqyhvwphqw1 Iroorzlqj d jlyhq

srvlwlyh ghpdqg vkrfn/ lqyhvwphqw lv h{shfwhg wr rffxu dw ihzhu sodqwv iru d �up

wkdw idfhv d kljkhu ohyho ri xqfhuwdlqw|/ dqg orzhu lqyhvwphqw ohyhov duh h{shfwhg

wr eh fkrvhq dw wkrvh sodqwv wkdw gr dgmxvw1 Iru erwk uhdvrqv wkh lpsdfw ri

wkh ghpdqg vkrfn rq �up0ohyho lqyhvwphqw lv h{shfwhg wr eh vpdoohu1 Vlploduo|

wkh lpsdfw ri d jlyhq qhjdwlyh ghpdqg vkrfn rq �up0ohyho glvlqyhvwphqw lv dovr

h{shfwhg wr eh vpdoohu iru �upv wkdw idfh d kljkhu ohyho ri xqfhuwdlqw|/ dv ihzhu

sodqwv duh lqgxfhg wr glvlqyhvw dqg ohvv glvlqyhvwphqw rffxuv dw wkrvh wkdw gr1 Lq

jhqhudo/ wkh lpsdfw h�hfw ri ghpdqg vkrfnv rq frpsdq| lqyhvwphqw lv h{shfwhg wr

eh zhdnhu iru �upv wkdw duh vxemhfw wr juhdwhu xqfhuwdlqw|/ uhjdugohvv ri zkhwkhu

srvlwlyh vkrfnv ru qhjdwlyh vkrfnv grplqdwh lq wkh vdpsoh ri �upv zh frqvlghu1
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Djdlq zh frq�up lq vhfwlrq 8 wkdw wklv zhdnhu lpsdfw h�hfw ri ghpdqg vkrfnv rq

frpsdq| lqyhvwphqw lv irxqg zkhq hvwlpdwlqj d vlpsoh hfrqrphwulf lqyhvwphqw

htxdwlrq rq vlpxodwhg gdwd jhqhudwhg e| d prgho ri wkh w|sh ghvfulehg lq wklv

vhfwlrq1

71 Dq hpslulfdo vshfl�fdwlrq

Wr lqyhvwljdwh wkh hpslulfdo lpsruwdqfh ri wkh qrq0olqhdu dqg khwhurjhqhrxv g|0

qdplfv vxjjhvwhg e| wkhvh prghov ri lqyhvwphqw xqghu xqfhuwdlqw|/ zh uhtxluh

dq hfrqrphwulf vshfl�fdwlrq wkdw fdq eh xvhg wr whvw iru d frqyh{ uhodwlrqvkls

ehwzhhq frpsdq| lqyhvwphqw dqg ghpdqg vkrfnv/ dqg iru d zhdnhu lpsdfw hi0

ihfw ri ghpdqg vkrfnv rq frpsdq| lqyhvwphqw dw kljkhu ohyhov ri xqfhuwdlqw|1 Vr

idu dv zh duh dzduh/ qr0rqh kdv ghulyhg d vwuxfwxudo lqyhvwphqw htxdwlrq wkdw

fdq eh hvwlpdwhg gluhfwo| dqg wkdw fdswxuhv wkhvh cuhdo rswlrqv* h�hfwv ri xqfhu0

wdlqw| rq lqyhvwphqw lq wkh sduwldo luuhyhuvlelolw| iudphzrun1; ^WRR VWURQJB

OLNHOLKRRG DSSURDFK WKDW RUD]LR ZDV ZRUNLQJ RQ111` Zh frq0

vlghu lqvwhdg d uhgxfhg irup huuru fruuhfwlrq vshfl�fdwlrq wkdw surylghv d  h{leoh

glvwlqfwlrq ehwzhhq vkruw uxq lq xhqfhv rq lqyhvwphqw ohyhov dqg orqjhu whup lq0

 xhqfhv rq fdslwdo vwrfnv/ dqg wkdw kdv ehhq zlgho| xvhg lq suhylrxv hpslulfdo

vwxglhv ri frpsdq| lqyhvwphqw ehkdylrxu1

Eorrp +5333d, vkrzv wkdw wkh dfwxdo fdslwdo vwrfn vhulhv fkrvhq e| d �up xqghu

;Deho dqg Hehuo| +4<<7/ 4<<9, ghulyh d vwuxfwxudo uhodwlrqvkls ehwzhhq lqyhvwphqw udwhv dqg

dyhudjh t wkdw doorzv iru erwk sduwldo luuhyhuvlelolw| dqg �{hg dgmxvwphqw frvwv1 Krzhyhu wkh|

dvvxph erwk shuihfw frpshwlwlrq dqg frqvwdqw uhwxuqv wr vfdoh/ zklfk lpsolhv wkdw wkh rswlrqv

wr lqyhvw ru glvlqyhvw dw d odwhu wlph duh qrw ydoxdeoh lq wkhlu prgho1

Vhyhudo dxwkruv kdyh fdoleudwhg vwuxfwxudo prghov wr lqyhvwljdwh txdqwlwdwlyho| wkh lpsdfw ri

�{hg dgmxvwphqw frvwv rq lqyhvwphqw g|qdplfv/ ru xvhg lqgluhfw lqihuhqfh wr hvwlpdwh nh| sdud0

phwhuv ri vxfk prghov1 Vhh/ iru h{dpsoh/ Fdedoohur dqg Hqjho +4<<<, dqg Frrshu/ Kdowlzdqjhu

dqg Srzhu +4<<<,1 ^RWKHU UHIV BB`
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sduwldo luuhyhuvlelolw| kdv d orqj uxq jurzwk udwh htxdo wr wkdw ri wkh k|srwkhwlfdo

fdslwdo vwrfn vhulhv wkdw wkh vdph �up zrxog fkrrvh xqghu frvwohvv uhyhuvlelolw|/

hvvhqwldoo| ehfdxvh wkh jds ehwzhhq wkhvh wzr vhulhv lv erxqghg1 Wklv lpsolhv

wkdw wkh orjv ri wkh wzr vhulhv vkrxog eh frlqwhjudwhg/ dqg wkxv surylghv rqh

prwlydwlrq iru frqvlghulqj dq huuru fruuhfwlrq prgho ri fdslwdo vwrfn dgmxvwphqw1<

Wkh h{whqvlyh olwhudwxuh rq wkh �up*v rswlpdo fdslwdo vwrfn lq d vwdwlf idfwru

ghpdqg frqwh{w zlwk frvwohvv uhyhuvlelolw| wkhq surylghv d edvlv iru irupxodwlqj

wkh orqj uxq ru wdujhw fdslwdo vwrfn ohyho lq rxu hpslulfdo huuru fruuhfwlrq prgho1

Frqvlvwhqw zlwk wkh ixqfwlrqdo irup dvvxpswlrqv xvhg lq rxu vlpxodwlrq prgho/

rxu vshfl�fdwlrq iru �up l*v wdujhw fdslwdo vwrfn +gW

�|
, lq shulrg w kdv wkh orj0olqhdu

irup

*L}gW

�|
' *L} t�| n�W

�
n�W

|
+714,

zkhuh t�| lv uhdo vdohv ri �up l lq shulrg w/ �W

�
lv dq xqrevhuyhg �up0vshfl�f

h�hfw dqg �W

|
lv d wlph0vshfl�f h�hfw/ frpprq wr doo �upv1 Li wkh orj ri wkh xvhu

frvw ri fdslwdo fdq eh ghfrpsrvhg dgglwlyho| lqwr �up0vshfl�f dqg wlph0vshfl�f

frpsrqhqwv/ wklv vshfl�fdwlrq lv frqvlvwhqw zlwk wkh rswlpdo fdslwdo vwrfn xqghu

frvwohvv uhyhuvlelolw| iru d �up zlwk d Free0Grxjodv surgxfwlrq ixqfwlrq dqg dq

lvrhodvwlf surgxfw ghpdqg fxuyh1

Wkh frlqwhjudwlrq uhvxow uhihuuhg wr deryh lqglfdwhv wkdw

*L}g�| ' *L}gW

�|
n e�|

zkhuh g�| lv wkh dfwxdo fdslwdo vwrfn iru �up l lq shulrg w dqg e�| lv d vwdwlrqdu|

huuru whup1 Wklv grhv qrw lpsrvh wkdw wkh dfwxdo fdslwdo vwrfn dqg lwv k|srwkhwl0

<Wkh uhsuhvhqwdwlrq wkhruhp ri Hqjoh dqg Judqjhu +4<;:, vkrzv wkdw wkh g|qdplf uhodwlrq0

vkls ehwzhhq wzr L+4, vhulhv wkdw duh frlqwhjudwhg fdq eh irupxodwhg dv dq huuru fruuhfwlrq

uhodwlrqvkls1
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fdo uhyhuvleoh ohyho duh htxdo rq dyhudjh/ vlqfh wkh huuru whup e�| qhhg qrw eh phdq

}hur1 Qru grhv wklv lpsrvh dq| sduwlfxodu orqj uxq uhodwlrqvkls ehwzhhq wkh ohyho

ri xqfhuwdlqw| idfhg e| d sduwlfxodu �up dqg wkh ohyho ri lwv fdslwdo vwrfn 0 e|

doorzlqj iru d �up0vshfl�f h�hfw dv d frpsrqhqw ri e�|/ zh lpsolflwo| doorz �upv

idflqj gl�huhqw ohyhov ri xqfhuwdlqw| wr fkrrvh gl�huhqw ohyhov ri wkh fdslwdo vwrfn

rq dyhudjh1 Wkh sduwldo luuhyhuvlelolw| iudphzrun lqglfdwhv wkdw wklv ghyldwlrq

whup lv olnho| wr eh vhuldoo| fruuhodwhg 0 iru h{dpsoh/ �upv wkdw duh forvh wr wkhlu

xsshu wkuhvkrog iru wkh fdslwdo vwrfn lq rqh shulrg duh olnho| wr eh lq d vlplodu

srvlwlrq lq wkh iroorzlqj shulrg/ xqohvv wkh| h{shulhqfh d odujh qhjdwlyh vkrfn1

Wklv dssurdfk dovr vxjjhvwv wkdw wklv vhuldo fruuhodwlrq lv olnho| wr kdyh d kljko|

frpsoh{ irup 0 wkh uhvsrqvh ri �up0ohyho lqyhvwphqw wr d ghpdqg vkrfn ghshqgv

rq wkh glvwulexwlrq ri sodqwv ru w|shv ri fdslwdo ehwzhhq wkhlu lqyhvwphqw dqg glv0

lqyhvwphqw wkuhvkrogv/ zklfk lq wxuq ghshqgv rq wkh sdvw klvwru| ri vkrfnv1 Dq|

sduvlprqlrxv vshfl�fdwlrq ri wkhvh g|qdplfv vkrxog eh ylhzhg dv dq dssur{lpd0

wlrq/ wkh txdolw| ri zklfk zh zloo lqyhvwljdwh xvlqj vlpxodwhg lqyhvwphqw gdwd lq

wkh qh{w vhfwlrq1

D edvlf huuru fruuhfwlrq uhsuhvhqwdwlrq ri wkh g|qdplf uhodwlrqvkls ehwzhhq

*L}g�| dqg *L}gW

�|
/ xvlqj htxdwlrq +714,/ zrxog kdyh wkh irup

REu�{ *L}g�| ' ^Eu�{ *L} t�| n wE*L} t�c|3r � *L}g�c|3r� n�� n�| n ��|

zkhuh REu� dqg ^Eu� duh sro|qrpldov lq wkh odj rshudwru uo%�| ' %�c|3o/ �� dqg

�| duh djdlq xqrevhuyhg �up0vshfl�f dqg wlph0vshfl�f h�hfwv/ uhodwhg wr vlplodu

frpsrqhqwv ri wkh orj ri wkh xvhu frvw ri fdslwdo ru ri e�|/ dqg ��| lv/ dw ohdvw

dssur{lpdwho|/ d vhuldoo| xqfruuhodwhg huuru whup1 Wkh nh| surshuw| lv wkdw wkh

frh!flhqw w rq wkh huuru fruuhfwlrq whup vkrxog eh srvlwlyh/ vr wkdw �upv zlwk
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d fdslwdo vwrfn ohyho ehorz wkhlu wdujhw zloo hyhqwxdoo| dgmxvw xszdugv/ dqg ylfh

yhuvd1

Zh xvh wkh dssur{lpdwlrq {*L}g�| � EU�|*g�c|3�� � B�/ zkhuh U�| lv jurvv lq0

yhvwphqw dqg B� lv d srvvleo| �up0vshfl�f ghsuhfldwlrq udwh/ wr uhsodfh wkh fdslwdo

vwrfn jurzwk udwhv e| gdwd rq jurvv lqyhvwphqw udwhv lq rxu hpslulfdo vshfl�fdwlrq1

Wr whvw iru wkh qrq0olqhdulw| dqg khwhurjhqhlw| vxjjhvwhg e| wkh sduwldo luuhyhuvlel0

lw| prgho/ zh frqvlghu wzr w|shv ri dgglwlrqdo whupv1 Wkh �uvw duh kljkhu rughu

whupv lq fxuuhqw uhdo vdohv jurzwk 0 iru h{dpsoh/ dq dgglwlrqdo E{ *L} t�|�
2 whup1

Srvlwlyh frh!flhqwv rq erwk {*L} t�| dqg E{ *L} t�|�
2 zrxog eh frqvlvwhqw zlwk

wkh frqyh{ uhodwlrqvkls ehwzhhq lqyhvwphqw dqg ghpdqg vkrfnv vxjjhvwhg e| rxu

glvfxvvlrq lq vhfwlrq 61 Wkh vhfrqg duh lqwhudfwlrq whupv ehwzhhq phdvxuhv ri xq0

fhuwdlqw| dqg fxuuhqw uhdo vdohv jurzwk 0 iru h{dpsoh/ dq dgglwlrqdo j� �{*L} t�|

whup/ zkhuh j� lv d phdvxuh ri wkh ohyho ri xqfhuwdlqw| idfhg e| �up l1 D qhjdwlyh

frh!flhqw rq wklv lqwhudfwlrq whup zrxog eh frqvlvwhqw zlwk wkh zhdnhu lpsdfw

h�hfw ri ghpdqg vkrfnv rq fxuuhqw lqyhvwphqw/ ru pruh fdxwlrxv lqyhvwphqw eh0

kdylrxu/ dw kljkhu ohyhov ri xqfhuwdlqw| vxjjhvwhg e| wkh uhdo rswlrqv iudphzrun1

D vlpsoh h{dpsoh ri wkh vshfl�fdwlrq wkdw zh hvwlpdwh xvlqj wkh vlpxodwhg

lqyhvwphqw gdwd lq wkh qh{w vhfwlrq lv wkhq jlyhq e|

U�|

g�c|3�

' q�{*L} t�|nq2E{ *L} t�|�
2nq�Ej��{*L} t�|�nwE*L} t�c|3��*L}g�c|3��n��n�|n��|�

+715,

Kljkhu rughu g|qdplfv ru pruh jhqhudo ixqfwlrqdo irupv fdq hdvlo| eh lqwurgxfhg li

vhulrxv g|qdplf plv0vshfl�fdwlrq lv vxjjhvwhg e| uhvlgxdo vhuldo fruuhodwlrq/ ru e|

whvwv ri wkh ryhulghqwli|lqj uhvwulfwlrqv h{sorlwhg zkhq zh xvh Jhqhudolvhg Phwkrg

ri Prphqwv surfhgxuhv wr hvwlpdwh wklv prgho rq rxu vlpxodwhg sdqho gdwd1
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Wr dsso| wklv prghoolqj dssurdfk wr uhdo gdwd rq frpsdq| lqyhvwphqw iru rxu

vdpsoh ri XN �upv/ zh jhqhudolvh wkh vshfl�fdwlrq wr lqfrusrudwh wzr ixuwkhu

w|shv ri whupv1 Wkh �uvw duh fxuuhqw dqg odjjhg ydoxhv ri d fdvk  rz yduldeoh

��|*g�c|3�/ zkhuh ��| lv fdvk  rz iru �up l lq shulrg w1 Wkh vljql�fdqfh ri vxfk

whupv lq uhgxfhg irup hpslulfdo lqyhvwphqw htxdwlrqv pd| eh h{sodlqhg e| d

qxpehu ri frqvlghudwlrqv wkdw duh rplwwhg iurp vwdqgdug wkhruhwlfdo prghov ri

lqyhvwphqw xqghu sduwldo luuhyhuvlelolw|= iru h{dpsoh/ wkh suhvhqfh ri �qdqflqj

frqvwudlqwv ru fdslwdo pdunhw lpshuihfwlrqv/ vwuhvvhg e| Id}}dul/ Kxeedug dqg

Shwhuvhq +4<;;,> wkh whqghqf| ri pdqdjhuv wr ryhulqyhvw iuhh fdvk  rz/ vxjjhvwhg

e| Mhqvhq +4<;9,> ru d frpsrqhqw ri wkh ghpdqg vkrfn ru rwkhu lq xhqfhv rq

ixwxuh sur�wdelolw| wkdw duh suhglfwdeoh143 Rxu frqfhuq khuh lv qrw wr glvwlqjxlvk

ehwzhhq wkhvh h{sodqdwlrqv exw vlpso| wr hqvxuh wkdw dq| hylghqfh ri qrq0olqhdu

ru khwhurjhqhrxv lpsdfw h�hfwv ri uhdo vdohv jurzwk rq frpsdq| lqyhvwphqw wkdw

zh �qg lv qrw dwwulexwdeoh wr wkh h{foxvlrq ri hpslulfdoo| uhohydqw fdvk  rz ydul0

deohv144

Wkh vhfrqg w|sh ri whupv wkdw zh dgg duh fxuuhqw dqg odjjhg ydoxhv ri wlph0

ydu|lqj phdvxuhv ri xqfhuwdlqw| +j�|,1 Yduldwlrq ryhu wlph lq wkh ohyho ri xqfhu0

wdlqw| idfhg e| dq lqglylgxdo �up lqwurgxfhv dq dgglwlrqdo vwdwh yduldeoh lqwr wkh

lqyhvwphqw sureohp/ dqg wkh gl!fxow| ri vroylqj wklv ulfkhu prgho kdv suhfoxghg

doprvw doo dqdo|vlv ri fkdqjlqj ohyhov ri xqfhuwdlqw| lq wkh wkhruhwlfdo olwhudwxuh145

Qhyhuwkhohvv wkh lpsdfw rq lqyhvwphqw ehkdylrxu ri fkdqjhv lq wkh ohyho ri xqfhu0

wdlqw| shufhlyhg e| �upv/ iru h{dpsoh iroorzlqj wkh whuurulvw dwwdfnv ri Vhswhpehu

43Vhh Fxpplqv/ Kdvvhww dqg Rolqhu +4<<<, dqg Erqg/ Nohpp/ Qhzwrq0Vplwk/ V|hg dqg

Yolhjkh +5335, iru ixuwkhu glvfxvvlrq1
44Jxlvr dqg Sduljl +4<<<, lqfoxghg fdvk  rz whupv lq wkhlu hfrqrphwulf lqyhvwphqw prgho iru

vlplodu uhdvrqv1
45Kdvvohu +4<<9, surylghv rqh h{fhswlrq lq wkh frqwh{w ri d yhu| vlpsoh +V/v, prgho1
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44/ 5334/ lv ri �uvw0rughu lpsruwdqfh iru pdfurhfrqrplf srolf|1 Khqfh lw lv lq0

whuhvwlqj wr lqyhvwljdwh zkhwkhu fkdqjhv lq ohyhov ri xqfhuwdlqw| ryhu wlph kdyh

vlplodu h�hfwv rq lqyhvwphqw g|qdplfv wr wkrvh vxjjhvwhg e| d frpsdudwlyh vwd0

wlf dqdo|vlv ri gl�huhqfhv lq ohyhov ri xqfhuwdlqw| dfurvv �upv1 Pruhryhu wkhuh lv

frqvlghudeoh wlph vhulhv yduldwlrq lq wkh vwrfn uhwxuqv phdvxuh ri xqfhuwdlqw| wkdw

zh frqvwuxfw iru rxu vdpsoh ri XN �upv +vhh vhfwlrq 9,/ wkdw zh gr qrw zdqw wr

h{foxgh iurp rxu hpslulfdo lqyhvwljdwlrq1 Lq wkh hpslulfdo zrun wklv dovr doorzv

xv wr lqyhvwljdwh zkhwkhu wkhuh lv d vljql�fdqw orqj uxq h�hfw ri d kljkhu ohyho ri

xqfhuwdlqw| rq wkh fdslwdo vwrfn ohyhov fkrvhq e| �upv/ zklfk zh frxog qrw vhsd0

udwho| lghqwli| iurp xqrevhuyhg �up0vshfl�f h�hfwv li zh zhuh wr uho| h{foxvlyho|

rq wlph0lqyduldqw phdvxuhv ri xqfhuwdlqw|1

Jhqhudolvlqj rxu hpslulfdo vshfl�fdwlrq wr lqfoxgh vkruw uxq dqg orqj uxq

h�hfwv iurp wkhvh dgglwlrqdo whupv wkhq jlyhv d prgho ri wkh irup

+716,

U�|

g�c|3�

' q�{*L} t�| n q2E{ *L} t�|�
2 n q�Ej�| �{*L} t�|� n wE*L} t�c|3� � *L}g�c|3��

n��{j�| n �2j�c|3� n ��{

#
��|

g�c|3�

$
n �2

#
��c|3�

g�c|32

$
n�� n�| n ��|�

Zh frqvlghu h{whqghg huuru fruuhfwlrq prghov ri wklv w|sh lq rxu dqdo|vlv ri XN

frpsdq| lqyhvwphqw ehkdylrxu uhsruwhg lq vhfwlrq :1

81 Uhvxowv iru vlpxodwhg gdwd

Ehiruh lpsohphqwlqj wklv dssurdfk rq lqyhvwphqw gdwd iru XN frpsdqlhv/ zh

�uvw frqvlghu krz lw shuirupv xvlqj vlpxodwhg gdwd jhqhudwhg e| d pxowlsoh sodqw

sduwldo luuhyhuvlelolw| prgho ri wkh irup ghvfulehg lq vhfwlrq 61 Wklv lqyhvwljdwlrq
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vhuyhv wkuhh sxusrvhv1 Iluvw lw looxvwudwhv wkdw wkh frqyh{ uhvsrqvh ri fxuuhqw

lqyhvwphqw wr fxuuhqw ghpdqg vkrfnv/ dqg wkh zhdnhu lpsdfw h�hfw ri ghpdqg

vkrfnv rq lqyhvwphqw vshqglqj dw kljkhu ohyhov ri xqfhuwdlqw|/ duh lqghhg irxqg

lq vlpxodwhg gdwd iurp wklv nlqg ri prgho1 Vhfrqg lw frq�upv wkdw zh fdq ghwhfw

wkhvh h�hfwv dv vljql�fdqw srvlwlyh frh!flhqwv +q2, rq d vtxduhg uhdo vdohv jurzwk

whup dqg vljql�fdqw qhjdwlyh frh!flhqwv +q�, rq dq lqwhudfwlrq whup ehwzhhq

xqfhuwdlqw| dqg uhdo vdohv jurzwk/ lq dq h{whqghg huuru fruuhfwlrq prgho ri wkh

nlqg glvfxvvhg lq wkh suhylrxv vhfwlrq1 Wklug lw vxjjhvwv wkdw d sduvlprqlrxv

huuru fruuhfwlrq vshfl�fdwlrq fdq surylgh d jrrg dssur{lpdwlrq wr wkh frpsoh{

lqyhvwphqw g|qdplfv h{shfwhg lq wkh sduwldo luuhyhuvlelolw| iudphzrun1

Rxu vlpxodwlrq prgho lv ghvfulehg lq pruh ghwdlo lq Eorrp +5333,1 Wkh sdud0

phwhuv ri wkh uhyhqxh ixqfwlrq +vhh Wdeoh 614, duh vhw dw k ' f�2D dqg q ' f�D/

frqvlvwhqw zlwk djjuhjdwh idfwru vkduhv dqg surgxfwlrq ixqfwlrq hylghqfh1 Wkh

glvfrxqw udwh dqg ghsuhfldwlrq udwh zklfk hqwhu wkh xvhu frvwv ri fdslwdo duh vhw dw

43( dqg ;( uhvshfwlyho|/ dqg wkh txlw udwh iru oderxu lv dvvxphg wr eh 43(1 Wkh

udwlr ri wkh vdoh sulfh wr wkh sxufkdvh sulfh ri fdslwdo jrrgv +r*K, lv dvvxphg wr

eh 318/ zklovw wkh fruuhvsrqglqj udwlr ri +s*�, iru hpsor|phqw frvwv lv vhw dw 31</

lq olqh zlwk wkh ylhz wkdw oderxu lv d pruh  h{leoh lqsxw wkdq fdslwdo1 Sodqw0ohyho

vkrfnv duh gudzq iurp dq l1l1g1 qrupdo glvwulexwlrq zlwk phdq }hur dqg vwdqgdug

ghyldwlrq BB1 Iru hdfk �up/ wkh dfwxdo gdwd rq uhdo vdohv jurzwk duh wuhdwhg dv

uhdolvdwlrqv ri wkh �up0ohyho ghpdqg vkrfnv/ jlylqj rq dyhudjh d guliw ri derxw

6( dqg d vwdqgdug ghyldwlrq ri derxw 48(1 Wklv doorzv iru khwhurjhqhlw| dfurvv

�upv lq wkh vwdqgdug ghyldwlrq ri wkh �up0ohyho ghpdqg vkrfnv +j�, zklfk lv uh0

 hfwhg lq wkh fdofxodwlrq ri wkh rswlrq ydoxhv +�U c �(c �M c �8 ,1 ^QLFN= WKLV LV
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GHOLEHUDWHO\ YDJXH1 \RXU GHVFULSWLRQ LQ WKH HDUOLHU GUDIW

LQGLFDWHV WKDW WKH j� XVHG WRFDOFXODWHRSWLRQYDOXHVZHUH

VFDOHG VWDQGDUG GHYLDWLRQV RI GDLO\ VKDUH UHWXUQV1 EXW

WKLV PLJKW VHHP LQFRQVLVWHQW ZLWK WUHDWLQJ UHDO VDOHV DV

UHDOLVDWLRQV RI WKH VWRFKDVWLF GHPDQG SURFHVVBBB` Wkhvh rs0

wlrq ydoxhv ghwhuplqh wkh wkuhvkrogv zklfk/ wrjhwkhu zlwk wkh vwrfkdvwlf hyroxwlrq

ri wkh pdujlqdo uhyhqxh surgxfwv/ jhqhudwh wkh sodqw0ohyho lqyhvwphqw dqg hp0

sor|phqw vhulhv1 Wkh �up0ohyho lqyhvwphqw dqg hpsor|phqw gdwd duh rewdlqhg e|

dgglqj xs dfurvv doo sodqwv zlwklq wkh vdph �up/ dvvxplqj wkdw hdfk �up rshudwhv

53 sodqwv146 Zh lqlwldolvh wkh vlpxodwlrq e| dvvxplqj wkdw hdfk �up vwduwv iurp

lwv hujrglf glvwulexwlrq ri sodqwv ehwzhhq wkhlu lqyhvwphqw/ glvlqyhvwphqw/ klulqj

dqg �ulqj wkuhvkrogv1 Lq wxuq wklv hujrglf glvwulexwlrq lv hvwlpdwhg qxphulfdoo|

e| vwduwlqj iurp duelwudu| ohyhov dqg uxqqlqj d vlplodu vlpxodwlrq ryhu d 53 |hdu

shulrg147

Wklv vlpxodwlrq surfhgxuh jhqhudwhv oxps| sodqw0ohyho lqyhvwphqw dqg hpsor|0

phqw gdwd/ exw pxfk vprrwkhu �up0ohyho vhulhv1 Eorrp +5333, vkrzv wkdw vlpx0

odwhg gdwd iurp wklv nlqg ri prgho fdq uhsolfdwh nh| wlph vhulhv dqg furvv vhfwlrq

surshuwlhv ri dfwxdo gdwd rq lqyhvwphqw dqg hpsor|phqw iru sxeolfo| wudghg XV

pdqxidfwxulqj �upv lq wkh Frpsxvwdw gdwdedvh1

Wkh vlpxodwhg fdslwdo vwrfn +g7, dqg lqyhvwphqw +U7, gdwd xvhg khuh lv edvhg

rq uhdo vdohv +t , gdwd iru wkh vdpsoh ri 9:5 sxeolfo| wudghg XN pdqxidfwxulqj

�upv lq wkh shulrg 4<:50<4 wkdw zh xvh lq vhfwlrq :/ dqg ghvfuleh lq pruh ghwdlo

46Shukdsv vxusulvlqjo|/ wkh qxpehu ri sodqwv zh dvvxph iru hdfk �up kdv olwwoh h�hfw rq wkh

hvwlpdwhv ri rxu lqyhvwphqw htxdwlrqv rq wkh vlpxodwhg sdqho gdwd1 Uhvxowv vlplodu wr wkrvh lq

Wdeoh 814 zhuh dovr rewdlqhg dvvxplqj hdfk �up rshudwhv 5 ru 533 sodqwv1
47Djdlq wkh hvwlpdwlrq uhvxowv zhuh qrw irxqg wr eh vhqvlwlyh wr wklv lqlwldolvdwlrq surfhgxuh1

^RNB`
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lq wkh qh{w vhfwlrq1 Lq Wdeoh 814 zh uhsruw wkh uhvxowv ri hvwlpdwlqj vrph vlp0

soh hfrqrphwulf lqyhvwphqw htxdwlrqv rq wklv vlpxodwhg gdwd1 Wkhvh htxdwlrqv

duh hvwlpdwhg xvlqj wkh �uvw0gl�huhqfhg Jhqhudolvhg Phwkrg ri Prphqwv +JPP,

surfhgxuh ghyhorshg e| Duhoodqr dqg Erqg +4<<4,/ wr doorz iru wkh srvvlelolw| ri

xqrevhuyhg �up0vshfl�f h�hfwv1 Wkh lqvwuxphqwv xvhg duh qrwhg lq wkh Wdeoh/

dqg wkh hvwlpdwlrq uhvxowv zhuh urexvw wr d udqjh ri dowhuqdwlyh lqvwuxphqw vhwv

wkdw zh frqvlghuhg1

Wdeoh 814= JPP Hvwlpdwhv Xvlqj Wkh Vlpxodwhg Lqyhvwphqw Gdwd1

Ghshqghqw Yduldeoh +U7
�|
*g7

�c|3�
, +4, +5, +6, +7,

Vdohv Jurzwk +{+�|� 31834 31745 3164: 31794

+3136;, +31359, +31358, +313:5,

Huuru Fruuhfwlrq Whup E+ � &7��c|3� 315:7 31596 31599

+31357, +31354, +31344,

Vdohv Jurzwk Vtxduhg E{+�|�
2 31786 31779

+31395, +31393,

Xqfhuw1�Vdohv Jurzwk Ej� �{+�|� 0313;8

+31374,

5qg rughu vhuldo fruuhodwlrq +s, 31333 31:8; 31556 31564

Vdujdq0Kdqvhq +s, 31333 31585 3145: 31547

QRWHV=0 Wkh wrwdo qxpehu ri revhuydwlrqv lq doo froxpqv lv 867:/ xvlqj dq xqedodqfhg sdqho

ri 9:5 �upv dqg dq hvwlpdwlrq shulrg ri 4<:6 wr 4<<41 D ixoo vhw ri |hdu gxpplhv lv lqfoxghg lq

hyhu| vshfl�fdwlrq1 Hvwlpdwlrq xvhv d �uvw0gl�huhqfhg JPP hvwlpdwru frpsxwhg lq GSG<; iru

Jdxvv +vhh Duhoodqr dqg Erqg/ 4<<;,1 Rqh vwhs frh!flhqwv dqg khwhurvnhgdvwlflw|0frqvlvwhqw

vwdqgdug huuruv duh uhsruwhg1 Wkh lqvwuxphqwv xvhg froxpqv duh odjv ri wkh yduldeohv=

�
U
7
�c|32

g
7
�c|3�

�
dqg

�
U
7
�c|3�

g
7
�c|3e

�
/ {+�c|32 dqg {+�c|3�/ E+� &7��c|32 dqg E+ � &��c|3�1 Lqvwuxphqw ydolglw| lv

whvwhg xvlqj d Vdujdq0Kdqvhq whvw ri wkh ryhulghqwli|lqj uhvwulfwlrqv iru wkh fruuhvsrqglqj

wzr vwhs JPP hvwlpdwru1 Wkh Duhoodqr0Erqg whvw iru qr vhfrqg0rughu vhuldo fruuhodwlrq

lq wkh �uvw0gl�huhqfhg uhvlgxdov lv dovr uhsruwhg1

Froxpq +4, uhsruwv d vlpsoh dffhohudwru prgho lq zklfk wkh jurzwk udwh ri wkh
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fdslwdo vwrfn lv uhodwhg wr wkh jurzwk udwh ri uhdo vdohv +{+�|,1
48 Wkh hvwlpdwhg

frh!flhqw rq fxuuhqw uhdo vdohv jurzwk lv srvlwlyh dqg kljko| vljql�fdqw/ exw pxfk

vpdoohu wkdq wkh ydoxh ri xqlw| wkdw lv wkh fruuhfw orqj uxq rxwsxw hodvwlflw| ri wkh

fdslwdo vwrfn lq wklv vlpxodwhg gdwd1 Lq olqh zlwk rxu h{shfwdwlrqv/ wkhuh lv kljko|

vljql�fdqw hylghqfh ri uhvlgxdo vhuldo fruuhodwlrq/ dqg frqvhtxhqwo| wkh ydolglw| ri

odjjhg hqgrjhqrxv yduldeohv dv lqvwuxphqwv khuh lv vrxqgo| uhmhfwhg e| wkh whvw ri

ryhulghqwli|lqj uhvwulfwlrqv1

Froxpq +5, dggv d odjjhg huuru fruuhfwlrq whup ++�c|3� � &r
�c|3�

,/ doorzlqj d

pruh  h{leoh g|qdplf uhodwlrqvkls ehwzhhq wkh dfwxdo fdslwdo vwrfn dqg lwv k|0

srwkhwlfdo frvwohvvo| uhyhuvleoh frxqwhusduw/ zklfk lv sursruwlrqdo wr uhdo vdohv lq

rxu vlpxodwlrq ghvljq/ zklovw lpsrvlqj wkh orqj uxq xqlw hodvwlflw|1 Wkh hvwlpdwhg

frh!flhqw rq wklv huuru fruuhfwlrq whup lv kljko| vljql�fdqw dqg fruuhfwo| vljqhg/

slfnlqj xs wkh idfw wkdw �upv zkrvh fdslwdo vwrfn ehfrphv wrr orz uhodwlyh wr wkhlu

uhdo vdohv whqg wr dgmxvw xszdugv hyhqwxdoo|/ dqg ylfh yhuvd1 Wkh lqfoxvlrq ri wklv

whup lv vx!flhqw wr uhpryh wkh lqglfdwlrq ri vljql�fdqw uhvlgxdo vhuldo fruuhodwlrq/

dqg wkh xvh ri odjjhg hqgrjhqrxv yduldeohv dv lqvwuxphqwv lv qr orqjhu uhmhfwhg

e| wkh whvw ri ryhulghqwli|lqj uhvwulfwlrqv1 Wklv vxjjhvwv wkdw wklv sduvlprqlrxv

�uvw rughu huuru fruuhfwlrq vshfl�fdwlrq surylghv d uhdvrqdeoh dssur{lpdwlrq wr

wkh frpsoh{ g|qdplfv h{shfwhg lq wkh suhvhqfh ri sduwldo luuhyhuvlelolwlhv1 ^KRZ

GRHV WKLV UHODWH WR FRRSHU0ZLOOLV PLQG0WKH0JDS SDSHUBB`

Froxpq +6, dggv d vtxduhg whup lq fxuuhqw uhdo vdohv jurzwk wr lqyhvwljdwh

wkh qrq0olqhdu h�hfw ri ghpdqg vkrfnv rq fxuuhqw lqyhvwphqw h{shfwhg lq wklv

iudphzrun1 Wkh srvlwlyh frh!flhqwv hvwlpdwhg rq erwk wkh ohyho dqg wkh vtxduh ri

48Orzhu fdvh urpdq ohwwhuv duh xvhg khuh wr ghqrwh qdwxudo orjdulwkpv ri wkh fruuhvsrqglqj

xsshu fdvh yduldeohv1
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uhdo vdohv jurzwk duh frqvlvwhqw zlwk wkh frqyh{ uhodwlrqvkls glvfxvvhg lq vhfwlrq

6 deryh1 Wkh vwdwlvwlfdo vljql�fdqfh ri wkhvh frh!flhqwv frq�upv wkdw zh fdq

ghwhfw wklv frqyh{lw| e| lqwurgxflqj d txdgudwlf whup lqwr d vlpsoh huuru fruuhfwlrq

prgho/ xvlqj dqqxdo frpsdq| gdwd iru d vdpsoh ri wklv vl}h1

Froxpq +7, dggv d ixuwkhu lqwhudfwlrq whup wr lqyhvwljdwh krz wkh lpsdfw hi0

ihfw ri ghpdqg vkrfnv rq fxuuhqw lqyhvwphqw gl�huv dfurvv �upv wkdw idfh gl�huhqw

ohyhov ri xqfhuwdlqw|149 Wkh qhjdwlyh frh!flhqw rq wklv lqwhudfwlrq whup lv lq olqh

zlwk rxu h{shfwdwlrq wkdw wklv lpsdfw h�hfw zloo eh zhdnhu iru �upv vxemhfw wr

d kljkhu ohyho ri xqfhuwdlqw|/ dv wkh| uhdfw pruh fdxwlrxvo| wr wkh uhdolvdwlrq ri

d jlyhq ghpdqg vkrfn1 Djdlq wklv frh!flhqw lv irxqg wr eh vwdwlvwlfdoo| vljql�0

fdqw/ zklfk srlqwv wr wkh xvhixoqhvv ri lqwurgxflqj dq lqwhudfwlrq whup ehwzhhq d

phdvxuh ri xqfhuwdlqw| dqg fxuuhqw uhdo vdohv jurzwk lqwr d edvlf huuru fruuhfwlrq

vshfl�fdwlrq lq rughu wr whvw iru wklv h�hfw ri xqfhuwdlqw| rq vkruw uxq lqyhvwphqw

g|qdplfv1

Zh frqfoxgh iurp wklv vhfwlrq wkdw li wkh frpsdq| lqyhvwphqw gdwd zhuh lq

idfw jhqhudwhg e| d sduwldo luuhyhuvlelolw| prgho/ zh vkrxog eh deoh wr uhsuhvhqw

wkh fdslwdo vwrfn dgmxvwphqw surfhvv txlwh zhoo xvlqj dq h{whqghg huuru fruuhfwlrq

prgho ri wkh w|sh glvfxvvhg lq vhfwlrq 71 Pruhryhu zh vkrxog eh deoh wr ghwhfw

hylghqfh ri wkh lpsolhg qrq0olqhdu dqg khwhurjhqhrxv lqyhvwphqw g|qdplfv e| lq0

foxglqj kljkhu rughu whupv lq fxuuhqw uhdo vdohv jurzwk dqg dq lqwhudfwlrq ehwzhhq

fxuuhqw uhdo vdohv jurzwk dqg d phdvxuh ri xqfhuwdlqw|1

49Wklv vshfl�fdwlrq fruuhvsrqgv wr wkdw jlyhq lq htxdwlrq +715, deryh1
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91 XN frpsdq| gdwd

Rxu pdlq lqwhuhvw lv wr lqyhvwljdwh zkhwkhu wkh g|qdplfv zh revhuyh lq uhdo gdwd

glvsod| vlplodu sdwwhuqv wr wkrvh vxjjhvwhg e| wklv sduwldo luuhyhuvlelolw| dssurdfk/

dqg lq sduwlfxodu zkhwkhu wkh lpsdfw h�hfw ri ghpdqg vkrfnv ghshqgv rq wkh ohyho

ri xqfhuwdlqw| lq wkh zd| ghvfulehg deryh1 Ilup0ohyho gdwd lv dwwudfwlyh uhodwlyh

wr pruh glvdjjuhjdwhg sodqw0ohyho gdwd ehfdxvh zh fdq frqvwuxfw xvhixo phdvxuhv

ri xqfhuwdlqw| xvlqj kljk iuhtxhqf| gdwd rq vwrfn uhwxuqv1 Ilup0ohyho gdwd lv

dwwudfwlyh uhodwlyh wr pruh djjuhjdwhg lqgxvwu|0ohyho ru pdfur gdwd ehfdxvh zh

revhuyh ulfk yduldwlrq dfurvv �upv lq wkh ohyho ri phdvxuhg xqfhuwdlqw|1 Ixu0

wkhupruh/ frpsdq| dffrxqwv surylgh ghwdlohg lqirupdwlrq rq �qdqfldo yduldeohv

vxfk dv fdvk  rz dqg jhdulqj/ zklfk duh qrw dydlodeoh lq hvwdeolvkphqw0ohyho ru

lqgxvwu|0ohyho gdwd1 Lq sulqflsoh/ wkrxjk/ wkh hpslulfdo dssurdfk zh dgrsw lq wklv

sdshu frxog eh dssolhg wr pruh djjuhjdwhg gdwd dw wkh lqgxvwu| ru pdfur ohyho1

Wkh qh{w vhfwlrq glvfxvvhv rxu hpslulfdo phdvxuh ri xqfhuwdlqw| dqg uhodwhv

wklv wr wkh frqfhsw ri ghpdqg xqfhuwdlqw| xvhg lq rxu vlpxodwlrq prgho1 Wkh

iroorzlqj vhfwlrq eulh | ghvfulehv wkh lqyhvwphqw/ vdohv dqg fdvk  rz gdwd wkdw

zh rewdlq iurp XN frpsdq| dffrxqwv1 D Gdwd Dsshqgl{ surylghv pruh ghwdlo

rq wkh vdpsoh dqg wkh frqvwuxfwlrq ri wkhvh vhulhv1

9141 Wkh phdvxuhphqw ri xqfhuwdlqw|

Dowkrxjk wkh prgho ghvfulehg deryh irfxvhv rq wkh h�hfwv ri ghpdqg xqfhuwdlqw|

rq �up0ohyho lqyhvwphqw/ wkh qrwlrq ri xqfhuwdlqw| wkdw zh duh lqwhuhvwhg lq hp0

slulfdoo| lv pxfk eurdghu lq vfrsh1 Lq uhdolw| �upv zloo eh xqfhuwdlq derxw ixwxuh

sulfhv/ lqwhuhvw udwhv/ zdjhv udwhv/ h{fkdqjh udwhv/ whfkqrorjlhv/ frqvxphu wdvwhv/
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wd{dwlrq dqg rwkhu jryhuqphqw srolflhv1 Lq dq dwwhpsw wr fdswxuh doo uhohydqw idf0

wruv lq rqh vfdodu phdvxuh ri �up0ohyho xqfhuwdlqw|/ zh iroorz Ohdk| dqg Zklwhg

+4<<9, lq xvlqj wkh vwdqgdug ghyldwlrq ri gdlo| vwrfn uhwxuqv/ dgmxvwhg iru jhdu0

lqj ^BB`/ iru �up l lq shulrg w/ ghqrwhg j�|1 Wkh phdvxuh ri vwrfn uhwxuqv lqfoxghv/

rq d gdlo| uhwxuq edvlv/ wkh fdslwdo jdlq rq wkh vwrfn/ glylghqg sd|phqwv/ uljkwv

lvvxhv/ dqg vwrfn gloxwlrqv1 Wkh yrodwlolw| lq wkhvh vwrfn uhwxuqv surylghv d iruzdug

orrnlqj lqglfdwru ri wkh yrodwlolw| ri wkh �up*v hqylurqphqw/ zklfk lv lpsolflwo|

zhljkwhg lq dffrugdqfh zlwk wkh lpsdfw ri gl�huhqw vrxufhv ri xqfhuwdlqw| rq wkh

�up*v ydoxh1 Wr doorz iru srvvleoh h�hfwv ri pdunhw0zlgh exeeohv ru idgv zh dovr

fdofxodwhg d vhfrqg phdvxuh ri xqfhuwdlqw|/ xvlqj wkh vwdqgdug ghyldwlrq ri wkh

�up*v gdlo| vwrfn uhwxuqv qrupdol}hg e| wkh uhwxuq rq wkh IWVH Doo0Vkduh lqgh{1

Uhvxowv xvlqj wklv qrupdol}hg phdvxuh zhuh yhu| vlplodu wr wkrvh uhsruwhg ehorz/

dqg duh dydlodeoh rq uhtxhvw iurp wkh dxwkruv1 Zh dovr rewdlqhg txdolwdwlyho|

vlplodu uhvxowv zkhwkhu zh xvhg wkh vwdqgdug ghyldwlrq ru wkh yduldqfh dv rxu

phdvxuh ri xqfhuwdlqw|/ dqg zkhwkhu ru qrw zh dgmxvwhg wkh yrodwlolw| ri gdlo|

vwrfn uhwxuqv iru gl�huhqw ohyhov ri jhdulqj1

D vwrfn uhwxuqv0edvhg phdvxuh ri xqfhuwdlqw| lv dwwudfwlyh hpslulfdoo| ehfdxvh

wkh gdwd lv uhsruwhg dffxudwho| dw d vx!flhqwo| kljk iuhtxhqf| wr xvh dq dqqxdo

phdvxuh1 Zkhq xvlqj krprvnhgdvwlf gl�xvlrq surfhvvhv wkh yduldqfh ri wkh vdpsoh

yduldqfh lv lqyhuvho| uhodwhg wr wkh vdpsolqj iuhtxhqf| +vhh/ iru h{dpsoh/ Phuwrq

+4<;3,,1 Rxu vdpsolqj iuhtxhqf| ri derxw 598 revhuydwlrqv shu |hdu wkhuhiruh

vxjjhvwv orz vdpsoh yduldqfh/ vr wkdw pryhphqwv lq wkh phdvxuhg yduldqfh vkrxog

uh hfw fkdqjhv lq wkh xqghuo|lqj surfhvv udwkhu wkdq lqglylgxdo h{wuhph gudzv14:

4:Wkh zrun e| Dqghuvhq dqg Eroohuvohy +4<<;, lv lqirupdwlyh rq wklv srlqw1 Wkh| dovr xvh

kljk iuhtxhqf| �qdqfldo gdwd +'2@\ h{fkdqjh udwh, zlwk 5;; uhfruglqjv shu shulrg dqg fdofxodwh

wkdw wkh lpsolhg phdvxuhphqw huuruv duh ohvv wkdq 518( ri wkh wuxh yrodwlolw|1
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D ixuwkhu dgydqwdjh ri xvlqj uhshdwhg revhuydwlrqv rq d wlph0ydu|lqj phdvxuh

ri xqfhuwdlqw| lv wkdw zh fdq lqyhvwljdwh zkhwkhu wkh ohyho ri xqfhuwdlqw| kdv d

vljql�fdqw h�hfw rq fdslwdo dffxpxodwlrq lq wkh orqjhu whup/ zklovw frqwuroolqj

iru wkh suhvhqfh ri xqrevhuyhg �up0vshfl�f lq xhqfhv1 D glvdgydqwdjh ri xvlqj

wklv sduwlfxodu phdvxuh lv wkdw wkh yduldelolw| lq vwrfn pdunhw uhwxuqv pd| qrw

rqo| uh hfw wkh ixqgdphqwdov ri wkh �up*v hqylurqphqw/ iru h{dpsoh/ li vkduh

sulfhv duh dovr lq xhqfhg e| exeeohv1 Jxlvr dqg Sduljl +4<<<, xvhg vxuyh| gdwd

rq pdqdjhuv* vxemhfwlyh glvwulexwlrqv ri ixwxuh ghpdqg jurzwk wr hvwlpdwh wkh

yduldqfh ri �up0ohyho ghpdqg vkrfnv pruh gluhfwo|1 Wkh uhvxowv zklfk zh uhsruw

ehorz duh txdolwdwlyho| vlplodu wr wkhluv/ hyhq wkrxjk zh xvh gl�huhqw phdvxuhv

ri xqfhuwdlqw| dqg/ xqolnh wkhp/ zh kdyh sdqho gdwd udwkhu wkdq d vlqjoh furvv

vhfwlrq1

Wkh lpsruwdqw dvvxpswlrq zh pdnh lq xvlqj wklv phdvxuh ri xqfhuwdlqw| wr

hydoxdwh wkh sduwldo luuhyhuvlelolw| prgho ghvfulehg hduolhu lv wkdw vwrfn uhwxuqv

yrodwlolw| lv prqrwrqlfdoo| uhodwhg wr xqghuo|lqj ghpdqg xqfhuwdlqw|1 Iru d vlpsoh

prgho zlwk d Free0Grxjodv uhyhqxh ixqfwlrq/ d Eurzqldq prwlrq ghpdqg surfhvv

dqg frvwohvvo| uhyhuvleoh fdslwdo/ wklv dvvxpswlrq zrxog eh ydolg/ dw ohdvw lq wkh

devhqfh ri vkduh sulfh exeeohv1 Lq wklv fdvh wkh �up*v ydoxh lv d olqhdu ixqfwlrq

ri ghpdqg/ vxfk dv T Egc� � ' �gk� / zkhuh wklv ixqfwlrqdo uhodwlrqvkls lv

lqghshqghqw ri ghpdqg1 ^L GRQ*W XQGHUVWDQG WKLV VWDWHPHQW1 LV

WKH SRLQW WKDW GHPDQG LV WKH RQO\ VRXUFH RI XQFHUWDLQW\

DQG N LV GHWHUPLQLVWLF JLYHQ GHPDQG LQ WKH IXOO\ IOH[LEOH

PRGHOBB` Lq wklv fdvh wkh yduldqfh ri wkh �up*v pdunhw ydoxh +j2
T
, zrxog eh

sursruwlrqdo wr wkh xqghuo|lqj yduldqfh ri ghpdqg vkrfnv +j2
�
,/ iru h{dpsoh j2

T
'
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�2g2kj2
�
1

Lq wkh suhvhqfh ri sduwldo luuhyhuvlelolwlhv/ krzhyhu/ wkh �up*v pdunhw ydoxh

dovr lqfoxghv rswlrq ydoxhv zklfk wkhpvhoyhv duh ixqfwlrqv ri xqfhuwdlqw|1 Dv wklv

suhfoxghv dq| jhqhudo uhvxow/ zh irfxv khuh rq wkh fdqrqlfdo prgho lq wkh wkh0

ruhwlfdo olwhudwxuh/ zlwk d vlqjoh fdslwdo jrrg vxemhfw wr sduwldo luuhyhuvlelolw|/ d

Free0Grxjodv uhyhqxh ixqfwlrq dqg d Eurzqldq prwlrq ghpdqg surfhvv14; Deho

dqg Hehuo| +4<<9, ghprqvwudwh wkdw wkh ydoxh ixqfwlrq lq wklv prgho kdv wkh

jhqhudo irup T Egc� � ' ��g
k�� q� n �2g

k2� q2 n �gq� / zklfk fdq eh vroyhg

qxphulfdoo| wr ghulyh wkh ydoxh ixqfwlrq1 ^QLFN WR DGG BB` Zh rewdlqhg

wklv ydoxh ixqfwlrq qxphulfdoo| iru d udqjh ri ydoxhv ri ghpdqg xqfhuwdlqw|14< Iru

doo wkh ydoxhv zh frqvlghuhg zh irxqg wkdw wkh yduldqfh ri wkh �up*v ydoxh zdv

prqrwrqlfdoo| uhodwhg wr wkh xqghuo|lqj yduldqfh ri wkh ghpdqg vkrfnv1 Wklv frp0

sdudwlyh vwdwlf uhvxow vxjjhvwv wkdw kljkhu ghpdqg xqfhuwdlqw| lv dvvrfldwhg zlwk

kljkhu vwrfn uhwxuqv yrodwlolw| lq wklv sduwldo luuhyhuvlelolw| prgho/ frqvlvwhqw zlwk

rxu xvh ri vwrfn uhwxuqv yrodwlolw| dv wkh phdvxuh ri xqfhuwdlqw| lq rxu hpslulfdo

dqdo|vlv1

Iljxuh 4 uhsruwv wkh dyhudjh ydoxh ri wklv phdvxuh ri xqfhuwdlqw| dfurvv wkh

�upv suhvhqw lq rxu vdpsoh iru hdfk fdohqgdu |hdu1 Lq wkh wlph vhulhv glphqvlrq

wkhuh lv d vslnh lq xqfhuwdlqw| lq 4<:8/ durxqg wkh wlph ri wkh �uvw RSHF rlo vkrfn1

Wkhuh lv dqrwkhu shdn lq 4<;;/ zkhq wkh dqqxdo phdvxuhv ri vwrfn uhwxuqv yrodwlo0

lw| duh d�hfwhg e| wkh Rfwrehu 4<;: vwrfn pdunhw fudvk1 Frqvlvwhqw zlwk Gdylv

dqg Kdowlzdqjhu +4<<5,/ krzhyhu/ zh dovr �qg wkdw wklv pdfurhfrqrplf yduldwlrq

4;Wklv lv d uhvwulfwhg yhuvlrq ri wkh vlpxodwlrq prgho zh xvhg lq vhfwlrq 7/ lq zklfk hdfk �up

rshudwhv d vlqjoh sodqw dqg oderxu dgmxvwphqw lv dvvxphg wr eh frvwohvvo| uhyhuvleoh1
4<Wklv zdv grqh xvlqj Pdwkhpdwlfd 613 iroorzlqj wkh vxjjhvwhg vroxwlrq dojrulwkp lq wkh

dsshqgl{ ri Deho dqg Hehuo| +4<<9,1 Wkh surjudp dqg uhvxowv duh dydlodeoh iurp wkh dxwkruv

rq uhtxhvw1
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lq rxu xqfhuwdlqw| phdvxuh lv pxfk ohvv lpsruwdqw wkdw �up0ohyho lglrv|qfudwlf

vkrfnv1 Rqo| 4:( ri wkh wrwdo yduldqfh lq rxu xqfhuwdlqw| phdvxuh lv dffrxqwhg

iru e| pdfur vkrfnv/ frpprq wr doo �upv lq d sduwlfxodu |hdu1 Ri wkh uhpdlq0

lqj yduldwlrq/ durxqg kdoi lv gxh wr shupdqhqw gl�huhqfhv ehwzhhq �upv lq wkh

ohyho ri phdvxuhg xqfhuwdlqw|/ dqg durxqg kdoi lv gxh wr wudqvlwru| lglrv|qfudwlf

 xfwdwlrqv1

9151 Lqyhvwphqw dqg rwkhu dffrxqwlqj gdwd

Wkh frpsdq| dffrxqwv gdwd lv rewdlqhg iurp Gdwdvwuhdp dqg frqvlvwv ri 9:5

pdqxidfwxulqj frpsdqlhv zkrvh vkduhv zhuh txrwhg rq wkh XN vwrfn pdunhw iru

dw ohdvw wkuhh frqvhfxwlyh |hduv ehwzhhq 4<:5 dqg 4<<4153 Lqyhvwphqw lq �{hg

fdslwdo dvvhwv lv phdvxuhg qhw ri uhyhqxh iurp dvvhw vdohv/ zklfk pd| qhyhuwkhohvv

xqghuuhfrug wkh ydoxh ri glvlqyhvwphqw1 Rxu fdslwdo vwrfn phdvxuh lv ehqfkpdunhg

xvlqj wkh errn ydoxh ri wkh �up*v vwrfn ri qhw �{hg dvvhwv/ dqg vxevhtxhqwo|

xsgdwhg xvlqj wkh lqyhvwphqw gdwd lq d vwdqgdug shushwxdo lqyhqwru| irupxod1

Uhdo vdohv duh rewdlqhg iurp gdwd rq qrplqdo vdohv xvlqj wkh djjuhjdwh JGS

gh dwru1 Fdvk  rz lv phdvxuhg dv uhsruwhg srvw0wd{ hduqlqjv soxv ghsuhfldwlrq

ghgxfwlrqv1 Wkh Gdwd Dsshqgl{ surylghv ixuwkhu ghwdlov dqg Wdeoh 914 uhsruwv

vrph vxppdu| vwdwlvwlfv iru wkh vdpsoh1

Dv d suholplqdu| vwhs/ Wdeoh 915 suhvhqwv vrph edvlf ghvfulswlyh uhjuhvvlrqv1

Wkhuh lv d vljql�fdqw qhjdwlyh fruuhodwlrq ehwzhhq lqyhvwphqw udwhv dqg rxu phd0

vxuh ri xqfhuwdlqw|/ zklfk lv looxvwudwhg lq froxpq +4,1 Froxpq +5, dggv wkh jurzwk

udwh ri uhdo vdohv dqg wkh lqwhudfwlrq ehwzhhq wklv yduldeoh dqg rxu phdvxuh ri xq0

53Wkh uhsruwlqj ri lqyhvwphqw lq XN frpsdq| dffrxqwv fkdqjhv lq 4<<4/ vr wkdw zh fdqqrw

rewdlq frpsohwho| frqvlvwhqw vhulhv iru odwhu |hduv1
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Wdeoh 914= Ghvfulswlyh Vwdwlvwlfv iru 9:5 �upv/ 934< revhuydwlrqv1

phdq phgldq vwdqgdug ghyldwlrq plq1 pd{1

wrwdo zlwklq ehwzhhq

+U�|*g�c|3�� +lqyhvwphqw udwh, 3145; 313<6 3146 3144 3143 03144 4154

{+�| +uhdo vdohv jurzwk, 31364 31359 3149 3147 313< 031:< 4155

j�| +v1g1 ri vwrfn uhwxuqv, 4189 4174 319; 3186 317: 3134 8133

+��|*g�c|3�� +fdvk  rz whup, 314; 31473 3149 313< 314: 0313< 41<9

Hpsor|phqw ;/733 4/7;4 57/7<5 ;/794 4</783 59 54/533

Revhuydwlrqv shu �up 4416 44 71: 3 71: 6 53

fhuwdlqw|1 Lw lv wkh odwwhu yduldeoh zklfk lv fuxfldo iru frqvlghulqj wkh h�hfwv ri

xqfhuwdlqw| rq vkruw uxq lqyhvwphqw g|qdplfv1 Wkhuh lv d vwdqgdug dffhohudwru

h�hfw ri vdohv jurzwk exw/ pruh lpsruwdqwo|/ wkh frh!flhqw rq vdohv jurzwk lv

vljql�fdqwo| orzhu iru �upv zlwk pruh yrodwloh vwrfn uhwxuqv1 Frqvlvwhqw zlwk rxu

dqdo|vlv ri wkh sduwldo luuhyhuvlelolw| prgho/ wkh lpsdfw h�hfw ri vdohv jurzwk rq

lqyhvwphqw lv irxqg wr eh zhdnhu iru �upv wkdw idfh d kljkhu ohyho ri xqfhuwdlqw|1

Lq wkh �qdo froxpq zh frqwuro iru fdvk  rz dv dq dgglwlrqdo uhjuhvvru1 Wkh fdvk

 rz whup lv kljko| vljql�fdqw dqg lwv lqfoxvlrq uhvxowv lq wkh olqhdu xqfhuwdlqw|

whup ehfrplqj lqvljql�fdqw1 Pruh lpsruwdqwo|/ wkrxjk/ wkh lqwhudfwlrq ehwzhhq

xqfhuwdlqw| dqg vdohv jurzwk uhpdlqv qhjdwlyh dqg vljql�fdqw1 Dowkrxjk wkhvh

vlpsoh uhjuhvvlrq uhvxowv gr qrw frqwuro iru xqrevhuyhg �up0vshfl�f h�hfwv ru dq|

vrxufhv ri hqgrjhqhlw|/ lw lv lqwhuhvwlqj wr qrwh wkdw wkh pdlq lpsolfdwlrq ri wkh

sduwldo luuhyhuvlelolw| dssurdfk iru wkh h�hfw ri xqfhuwdlqw| rq lqyhvwphqw g|qdp0

lfv dsshduv wr eh frqvlvwhqw zlwk wkh udz gdwd1
QRWHV=0 Wkh wrwdo qxpehu ri revhuydwlrqv lq doo froxpqv lv 934</ xvlqj dq xqedodqfhg

sdqho ri 9:5 �upv dqg dq hvwlpdwlrq shulrg ri 4<:5 wr 4<<41 Hvwlpdwlrq e| ROV1 Khwhurvnhgdvwlflw|0

frqvlvwhqw vwdqgdug huuruv duh uhsruwhg1
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Wdeoh 915= Ghvfulswlyh Lqyhvwphqw Uhjuhvvlrqv1

Ghshqghqw Yduldeoh +U�|*g�c|3�, +4, +5, +6,

Xqfhuwdlqw| +j�|, 031348 031338 31336

+31336, +31335, +31335,

Vdohv Jurzwk +{+�|� 31786 3166;

+31358, +31356,

Xqfhuw1�Vdohv Jurzwk Ej�| �{+�|� 031366 031368

+31346, +31345,

Fdvk Iorz +��|*g�c|3�, 316;4

+31344,

:1 Uhvxowv iru XN frpsdq| gdwd

Rxu pdlq hfrqrphwulf uhvxowv duh hvwlpdwhg xvlqj wkh v|vwhp JPP surfhgxuh

ghyhorshg e| Duhoodqr dqg Eryhu +4<<8, dqg Eoxqghoo dqg Erqg +4<<;,1 Wklv

frpelqhv d v|vwhp ri htxdwlrqv lq �uvw0gl�huhqfhv zlwk vxlwdeo| odjjhg ohyhov ri

hqgrjhqrxv yduldeohv dv lqvwuxphqwv/ dv lq wkh edvlf Duhoodqr dqg Erqg +4<<4,

hvwlpdwru/ zlwk htxdwlrqv lq ohyhov iru zklfk odjjhg �uvw0gl�huhqfhv ri hqgrjhqrxv

yduldeohv duh xvhg dv lqvwuxphqwv1 Xqrevhuyhg �up0vshfl�f h�hfwv duh holplqdwhg

iurp wkh �uvw0gl�huhqfhg htxdwlrqv e| wkh wudqvirupdwlrq1 Wkh nh| uhtxluhphqw

lv wkdw wkh dgglwlrqdo lqvwuxphqwv xvhg lq wkh ohyhov htxdwlrqv vkrxog eh xqfruuh0

odwhg zlwk wkh xqrevhuyhg �up0vshfl�f h�hfwv lq wkh lqyhvwphqw htxdwlrq/ zklfk

lv whvwhg xvlqj wkh Vdujdq0Kdqvhq whvw ri ryhulghqwli|lqj uhvwulfwlrqv1 Wkh dgydq0

wdjh lv wkdw/ li wkhvh dgglwlrqdo lqvwuxphqwv duh ydolg/ wkh v|vwhp JPP hvwlpdwru

vkrxog kdyh juhdwhu h!flhqf| dqg vpdoohu �qlwh vdpsoh eldv wkdq wkh fruuhvsrqg0

lqj �uvw0gl�huhqfhg JPP hvwlpdwru1 Rxu suhihuuhg uhvxowv lq wklv vwxg| zhuh

rewdlqhg xvlqj wkh v|vwhp JPP hvwlpdwru zlwk wkh lqvwuxphqw vhw uhsruwhg lq

wkh qrwhv wr wkh Wdeohv1 Vlplodu uhvxowv zhuh irxqg xvlqj d zlgh udqjh ri dowhu0
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qdwlyh lqvwuxphqw vhwv/ dqg rxu pdlq �qglqjv frqfhuqlqj wkh vkruw uxq h�hfwv ri

vdohv jurzwk dqg xqfhuwdlqw| rq frpsdq| lqyhvwphqw zhuh dovr irxqg xvlqj wkh

�uvw0gl�huhqfhg JPP dssurdfk154

Froxpq +4, ri Wdeoh :14 uhsruwv uhvxowv iru d edvlf olqhdu huuru fruuhfwlrq vshf0

l�fdwlrq zlwk dgglwlrqdo fdvk  rz whupv1 Lq olqh zlwk suhylrxv uhvhdufk wkdw

kdv hvwlpdwhg vlplodu prghov ri frpsdq| lqyhvwphqw/ zh �qg wkdw wkh nh| frh!0

flhqw rq wkh huuru fruuhfwlrq whup lv fruuhfwo| vljqhg dqg vwdwlvwlfdoo| vljql�fdqw155

Wkhuh lv hylghqfh wkdw/ lq wkh orqj uxq/ frpsdqlhv gr dgmxvw wkhlu fdslwdo vwrfnv

wrzdugv d wdujhw wkdw lv sursruwlrqdo wr uhdo vdohv1 Zh dovr �qg dq lpsdfw h�hfw

ri uhdo vdohv jurzwk wkdw lv srvlwlyh dqg vwdwlvwlfdoo| vljql�fdqw/ dowkrxjk frqvlg0

hudeo| vpdoohu wkdq wkh orqj uxq hodvwlflw| ri xqlw|/ dqg vljql�fdqw h�hfwv iurp

wkh dgglwlrqdo fdvk  rz whupv1 Wkhuh lv pdujlqdoo| vljql�fdqw hylghqfh ri vhfrqg0

rughu vhuldo fruuhodwlrq lq wkh �uvw0gl�huhqfhg uhvlgxdov lq wklv edvlf vshfl�fdwlrq/

dowkrxjk wkh Vdujdq0Kdqvhq whvw grhv qrw uhmhfw wkh ydolglw| ri wkh ryhulghqwli|lqj

uhvwulfwlrqv156 D vlpsoh jrrgqhvv ri �w vwdwlvwlf dovr vxjjhvwv wkdw wklv prgho kdv

uhdvrqdeoh h{sodqdwru| srzhu iru �up0ohyho gdwd ri wklv nlqg157

54Erqg/ Hovwrq/ Pdluhvvh dqg Pxond| +5335, dqg Erqg/ Kdukr� dqg Ydq Uhhqhq +4<<<,

surylgh ixuwkhu glvfxvvlrq ri JPP hvwlpdwlrq lq wkh frqwh{w ri huuru fruuhfwlrq prghov ri

frpsdq| lqyhvwphqw1

Zh qrwh wkdw wkh dgglwlrqdo lqvwuxphqwv xvhg iru wkh ohyhov htxdwlrqv lq Wdeohv :14 dqg :15

zhuh qrw irxqg wr eh ydolg/ dqg khqfh zhuh qrw xvhg/ lq wkh uhvxowv suhvhqwhg iru wkh vlpxodwhg

gdwd lq Wdeoh 8141 Wklv lv olnho| wr eh uhodwhg wr wkh lqlwldolvdwlrq uhtxluhg wr jhqhudwh wkh

vlpxodwhg gdwd1
55Vhh/ iru h{dpsoh/ Erqg/ Hovwrq/ Pdluhvvh dqg Pxond| +5335, dqg Erqg/ Kdukr� dqg Ydq

Uhhqhq +4<<<,1
56Zh qrwh wkdw zh zhuh xqdeoh wr �qg ydolg lqvwuxphqwv iru vshfl�fdwlrqv zklfk glg qrw

lqfoxgh wkh fdvk  rz yduldeohv/ zklfk lv dqrwkhu uhdvrq zk| zh lqfoxgh wkhvh whupv lq wkh

uhsruwhg prghov1 Rxu pdlq uhvxowv rq wkh surshuwlhv ri vkruw uxq lqyhvwphqw g|qdplfv zhuh

urexvw wr wkh h{foxvlrq ri wkhvh fdvk  rz whupv/ dv glvfxvvhg ixuwkhu ehorz1
57Zh uhsruw wkh vtxduhg fruuhodwlrq frh!flhqw ehwzhhq dfwxdo dqg suhglfwhg ohyhov ri wkh

lqyhvwphqw udwh1 Wklv vtxduhg fruuhodwlrq phdvxuh lv htxlydohqw wr wkh vwdqgdug U5 lq dq ROV

uhjuhvvlrq/ dqg lv uhfrpphqghg dv d jrrgqhvv ri �w phdvxuh iru lqvwuxphqwdo yduldeoh uhjuhvvlrqv

e|/ iru h{dpsoh/ Zlqgphlmhu +4<<8,1
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Froxpq +5, dggv d vtxduhg whup lq fxuuhqw uhdo vdohv jurzwk wr wklv edvlf

vshfl�fdwlrq1 Lq olqh zlwk rxu uhvxowv iru wkh vlpxodwhg gdwd lq vhfwlrq 8/ zh

�qg vljql�fdqw srvlwlyh frh!flhqwv rq erwk wkh ohyho dqg wkh vtxduh ri uhdo vdohv

jurzwk1 Zh wkxv �qg hylghqfh ri wkh frqyh{ uhodwlrqvkls ehwzhhq fxuuhqw lqyhvw0

phqw dqg fxuuhqw vdohv jurzwk vxjjhvwhg e| wkh sduwldo luuhyhuvlelolw| prgho zlwk

pxowlsoh fdslwdo jrrgv/ dv glvfxvvhg lq vhfwlrq 61

Froxpq +6, dggv rxu lqwhudfwlrq whup ehwzhhq phdvxuhg xqfhuwdlqw| dqg uhdo

vdohv jurzwk wr wklv h{whqghg huuru fruuhfwlrq vshfl�fdwlrq1 Zh dovr lqyhvwljdwh

zkhwkhu wkhuh duh vkruw uxq ru orqj uxq olqhdu h�hfwv ri xqfhuwdlqw| rq fdslwdo

dffxpxodwlrq1 Wklv vshfl�fdwlrq fruuhvsrqgv wr htxdwlrq +716, lq vhfwlrq 71 Wkh

pdlq uhvxow ri lqwhuhvw khuh lv wkh vljql�fdqw qhjdwlyh frh!flhqw rq wkh lqwhudfwlrq

whup/ dv zh dovr irxqg xvlqj wkh vlpxodwhg gdwd1 Frqvlvwhqw zlwk wkh lpsolfdwlrqv

ri wkh sduwldo luuhyhuvlelolw| prgho/ zh �qg hylghqfh ri d zhdnhu lpsdfw h�hfw ri

uhdo vdohv jurzwk rq fxuuhqw lqyhvwphqw iru �upv wkdw duh vxemhfw wr d kljkhu ohyho

ri xqfhuwdlqw|1

Lq frqwudvw/ wkh olqhdu xqfhuwdlqw| whupv duh irxqg wr eh rqo| zhdno| vljqli0

lfdqw158 Zh lqfoxgh wkhvh whupv sduwo| wr hqvxuh wkdw wkh vljql�fdqw frh!flhqw

rq wkh lqwhudfwlrq whup lv qrw wkh uhvxow ri rplwwlqj uhohydqw/ olqhdu xqfhuwdlqw|

whupv/ dqg sduwo| wr lqyhvwljdwh zkhwkhu wkhuh lv vljql�fdqw hylghqfh ri d orqj uxq

h�hfw ri xqfhuwdlqw| rq fdslwdo dffxpxodwlrq1 Wkh lqvljql�fdqfh ri wkh odjjhg

ohyho ri xqfhuwdlqw| lq froxpq +6, irupdoo| uhmhfwv wkh suhvhqfh ri vxfk d orqj uxq

h�hfw/ dowkrxjk wkh lpsuhflvlrq zlwk zklfk zh hvwlpdwh wklv frh!flhqw vxjjhvwv

wkdw wklv whvw pd| qrw eh yhu| srzhuixo159 Rplwwlqj wklv whup lq froxpq +7, uh0

58D mrlqw whvw ri wkh h{foxvlrq ri wkhvh wzr whupv iurp wkh vshfl�fdwlrq lq froxpq +6, grhv

qrw uhmhfw wklv uhvwulfwlrq +s0ydoxh @ 314:,1
59Wkdw lv/ rxu uhvxowv gr qrw uxoh rxw wkh srvvlelolw| ri dq hfrqrplfdoo| vljql�fdqw qhjdwlyh
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vxowv lq dq lqvljql�fdqw frh!flhqw rq wkh vkruw uxq fkdqjh lq xqfhuwdlqw| whup/

zklfk zh dovr rplw iurp rxu suhihuuhg sduvlprqlrxv vshfl�fdwlrq lq froxpq +8,1

Wkxv wkh rqo| h�hfw ri xqfhuwdlqw| rq frpsdq| lqyhvwphqw ehkdylrxu wkdw zh

fdq ghwhfw zlwk d kljk ghjuhh ri vwdwlvwlfdo frq�ghqfh lv wkh lqwhudfwlrq zlwk wkh

lpsdfw h�hfw ri fxuuhqw uhdo vdohv jurzwk1

orqj uxq h�hfw ri xqfhuwdlqw| rq fdslwdo dffxpxodwlrq/ dowkrxjk zh fdqqrw frq�up wkh suhvhqfh

ri vxfk dq h�hfw zlwk dq| frq�ghqfh1
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Wdeoh :14= JPP Hvwlpdwhv Xvlqj XN Frpsdq| Gdwd1

Ghshqghqw Yduldeoh +U�|*g�c|3�, +4, +5, +6, +7, +8,

Vdohv Jurzwk +{+�|� 3158< 31484 316;5 31733 31746

+313:5, +3138<, +31469, +3146<, +3146<,

Fkdqjh lq Fdvk Iorz +{��|*g�c|3�, 31539 31596 31593 31588 315:5

+31468, +31465, +31457, +31459, +31458,

Odjjhg Fdvk Iorz +��c|3�*g�c|32, 31636 3159< 315:5 315;; 315:6

+313;9, +313;5, +313;6, +313;4, +313:9,

Huuru Fruuhfwlrq Whup E+ � &��c|3� 31395 31389 31387 31387 31386

+31363, +3135<, +31359, +31359, +31359,

Vdohv Jurzwk Vtug1 E{+�|�
2 317;4 31845 317<7 31833

+314:8, +31485, +31483, +31484,

Fkdqjh lq Xqfhuwdlqw| +{j�|, 031356 031345

+31345, +3133;,

Odjjhg Xqfhuwdlqw| +j�c|3�, 031348

+31344,

Xqfhuw1�Vdohv Jurzwk Ej�| �{+�|� 031495 031498 03149:

+3139:, +3139;, +3139;,

Jrrgqhvv ri Ilw 0 Fruu1+U*gc gU*g,2 3158< 315;: 315;8 35;8 3163:

5qg rughu vhuldo fruuhodwlrq +s, 3137; 31435 3139< 313:; 313<4

Vdujdq0Kdqvhq +s, 31843 31:3< 319<< 3195< 31893

QRWHV=0 Wkh wrwdo qxpehu ri revhuydwlrqv lq doo froxpqv lv 867:/ xvlqj dq xqedodqfhg

sdqho ri 9:5 �upv dqg dq hvwlpdwlrq shulrg ri 4<:6 wr 4<<41 D ixoo vhw ri |hdu gxpplhv lv lq0

foxghg lq hyhu| vshfl�fdwlrq1 Hvwlpdwlrq xvhv d v|vwhp JPP hvwlpdwru +vhh Eoxqghoo dqg Erqg/

4<<;, frpsxwhg lq GSG<; iru Jdxvv +vhh Duhoodqr dqg Erqg/ 4<<;,1 Rqh vwhs frh!flhqwv dqg

khwhurvnhgdvwlflw|0frqvlvwhqw vwdqgdug huuruv duh uhsruwhg1 Wkh lqvwuxphqwv xvhg lq froxpqv

+6, wr +8, duh= lq wkh �uvw0gl�huhqfhg htxdwlrqv/ odjv ri wkh yduldeohv=
�
U�c|32

g�c|3�

�
dqg

�
U�c|3�

g�c|3e

�
/

{+�c|32 dqg{+�c|3�/
�
��c|32

g�c|3�

�
dqg

�
��c|3�

g�c|3e

�
/ E+�&��c|32 dqg E+�&��c|3�/ dqg j�c|32/ j�c|3�

dqg j�c|3e> dqg lq wkh ohyhov htxdwlrqv {
�
U�c|3�

g�c|32

�
/ {{+�c|3�/ {

�
��c|3�

g�c|32

�
c{{E+ � &��c|3�

dqg {j�c|3�1 Froxpqv +4, dqg +5, xvh wklv lqvwuxphqw vhw exw zlwk wkh xqfhuwdlqw| ydul0

deohv h{foxghg1 Lqvwuxphqw ydolglw| lv whvwhg xvlqj d Vdujdq0Kdqvhq whvw ri wkh ryhulghqwli|lqj

uhvwulfwlrqv iru wkh fruuhvsrqglqj wzr vwhs JPP hvwlpdwru1 Wkh Duhoodqr0Erqg whvw iru qr

vhfrqg0rughu vhuldo fruuhodwlrq lq wkh �uvw0gl�huhqfhg uhvlgxdov lv dovr uhsruwhg1 Wkh jrrgqhvv

ri �w phdvxuh lv wkh vtxduhg fruuhodwlrq frh!flhqw ehwzhhq dfwxdo dqg suhglfwhg ohyhov ri wkh

ghshqghqw yduldeoh1
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Wdeoh :15 lqyhvwljdwhv wklv lqwhudfwlrq h�hfw ixuwkhu1 Khuh zh ghfrpsrvh rxu

vwrfn uhwxuqv phdvxuh ri xqfhuwdlqw| +j�|, lqwr wkuhh frpsrqhqwv 0 d pdfur0

hfrqrplf frpsrqhqw/ frpprq wr doo �upv lq d sduwlfxodu |hdu +j|,> d wlph0

lqyduldqw �up0vshfl�f frpsrqhqw +j�,> dqg dq lglrv|qfudwlf wlph0ydu|lqj frp0

srqhqw +hj�| ' j�| � j| � j�,1 Froxpqv +4,0+6, lqfoxgh lqwhudfwlrqv ehwzhhq uhdo

vdohv jurzwk dqg hdfk ri wkhvh xqfhuwdlqw| yduldeohv lqglylgxdoo|/ zklovw froxpq

+7, lqfoxghv doo wkuhh lqwhudfwlrq whupv mrlqwo|1

Wkh lqwhudfwlrq ehwzhhq wkh �up0vshfl�f phdvxuh ri xqfhuwdlqw| dqg uhdo vdohv

jurzwk lqfoxghg lq froxpq +5, lv forvhvw wr wkh dqdo|vlv ri wkh h�hfwv ri xqfhuwdlqw|

rq lqyhvwphqw dydlodeoh lq wkh wkhruhwlfdo olwhudwxuh rq sduwldo luuhyhuvlelolw|/ dqg

fruuhvsrqgv wr w|sh ri lqwhudfwlrq whup lqfoxghg xvlqj wkh vlpxodwhg gdwd lq fro0

xpq +7, ri Wdeoh 8141 Zh �qg d qhjdwlyh frh!flhqw rq wklv lqwhudfwlrq whup zklfk

lv vlplodu lq pdjqlwxgh wr wkdw irxqg iru rxu suhihuuhg hpslulfdo vshfl�fdwlrq lq

froxpq +8, ri Wdeoh :141 Krzhyhu wklv frh!flhqw lv hvwlpdwhg zlwk pxfk ohvv

suhflvlrq wkdq zkhq zh dovr h{sorlw wkh wlph yduldwlrq lq rxu hpslulfdo phdvxuh

ri xqfhuwdlqw|1 Wkh lqwhudfwlrq ehwzhhq �up0ohyho uhdo vdohv jurzwk dqg d sxuho|

pdfurhfrqrplf phdvxuh ri xqfhuwdlqw|/ lqfoxghg lq froxpq +4, ri Wdeoh :15/ lv wkh

ohdvw lqirupdwlyh ri rxu wkuhh yduldeohv15: Froxpqv +6, dqg +7, vkrz fohduo| wkdw

lw lv wkh lqirupdwlrq surylghg e| wkh lglrv|qfudwlf wlph0ydu|lqj frpsrqhqw +hj�|,
ri rxu vwrfn uhwxuqv xqfhuwdlqw| phdvxuh wkdw lv prvw xvhixo lq lghqwli|lqj wkh

zhdnhu lpsdfw h�hfw ri uhdo vdohv jurzwk rq fxuuhqw lqyhvwphqw iru �upv vxemhfw

wr kljkhu xqfhuwdlqw|1 Krzhyhu wkh frh!flhqwv rq wkh uhpdlqlqj lqwhudfwlrq whupv

lq froxpq +7, duh hvwlpdwhg vx!flhqwo| lpsuhflvho| wkdw zh fdq hdvlo| dffhsw wkh

5:Wkh olplwhg lqirupdwlrq wkdw zh �qg lq pdfurhfrqrplf dv rssrvhg wr plfurhfrqrplf ydul0

dwlrq lq rxu xqfhuwdlqw| phdvxuh pd| khos wr h{sodlq zk| wlph0vhulhv vwxglhv ri djjuhjdwh

lqyhvwphqw gdwd kdyh riwhq qrw irxqg dq| vljql�fdqw h�hfwv ri xqfhuwdlqw| yduldeohv1
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uhvwulfwlrq ri frpprq frh!flhqwv rq wkhvh wkuhh lqwhudfwlrqv/ dv lpsrvhg lq rxu

suhihuuhg hpslulfdo vshfl�fdwlrq1

Zh kdyh frqgxfwhg pdq| urexvwqhvv whvwv rq wkhvh uhvxowv/ vrph ri zklfk zh

qrz uhsruw1 Iluvw/ fdvk  rz kdv qr vwurqj wkhruhwlfdo mxvwl�fdwlrq iru ehlqj lq0

foxghg lq wkhvh prghov1 Dv qrwhg hduolhu/ rplwwlqj wkh fdvk  rz yduldeohv uhvxowhg

lq vljql�fdqw hylghqfh ri plv0vshfl�fdwlrq1 Iru h{dpsoh/ gursslqj erwk fdvk  rz

whupv iurp wkh vshfl�fdwlrq lq froxpq +8, ri Wdeoh :14 fdxvhg wkh Vdujdq0Kdqvhq

whvw wr uhmhfw wkh ryhulghqwli|lqj uhvwulfwlrqv +s0ydoxh @ 31343, dqg surgxfhg vlj0

ql�fdqw vhfrqg0rughu vhuldo fruuhodwlrq lq wkh �uvw0gl�huhqfhg uhvlgxdov +s0ydoxh

3137<,1 Qhyhuwkhohvv/ wkh lqwhudfwlrq ehwzhhq xqfhuwdlqw| dqg vdohv jurzwk zdv

vwloo irxqg wr eh qhjdwlyh dqg vljql�fdqw lq wklv vshfl�fdwlrq/ zlwk d srlqw hvwlpdwh

ri 031475 dqg d vwdqgdug huuru ri 313981

Vhfrqgo|/ zh h{shulphqwhg zlwk d udqjh ri dgglwlrqdo qrq0olqhdu dqg lqwhudf0

wlrq whupv/ qrqh ri zklfk zhuh irxqg wr eh vwdwlvwlfdoo| vljql�fdqw lq rxu vdpsoh1

Iru h{dpsoh/ zh lqfoxghg lqwhudfwlrqv ri xqfhuwdlqw| zlwk vtxduhg vdohv jurzwk/

fdvk  rz dqg wkh huuru fruuhfwlrq whup1 Wkh mrlqw Zdog whvw iru wkh h{foxvlrq ri

wkhvh wkuhh whupv jdyh d �2E�� vwdwlvwlf ri 7175/ zlwk d s0ydoxh ri 3154<1

Wklugo|/ dq lpsolfdwlrq ri uhdo rswlrqv wkhru| vwuhvvhg e| Jxlvr dqg Sduljl

+4<<<, lv wkdw wkh h�hfw ri xqfhuwdlqw| vkrxog eh vwurqjhu iru �upv zlwk pruh

pdunhw srzhu1 Zh lqyhvwljdwhg zkhwkhu wkh frh!flhqw rq rxu lqwhudfwlrq whup

zdv odujhhu ru pruh vljql�fdqw iru �upv lq lqgxvwulhv zkhuh pdunhw srzhu lv olnho|

wr eh juhdwhu +dv sur{lhg e| frqfhqwudwlrq/ wudgh eduulhuv/ hwf1,1 Zh irxqg qr

hylghqfh wkdw wklv zdv wkh fdvh/ dowkrxjk lw frxog eh wkdw rxu lqgxvwu|0ohyho sur{lhv

duh qrw jrrg phdvxuhv ri wkh �up*v pdunhw srzhu1
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Wdeoh :15= Vhsdudwlqj Wlph/ Ilup dqg Uhvlgxdo Yduldwlrq lq Xqfhuwdlqw|1

Ghshqghqw Yduldeoh +U�|*g�c|3�, +4, +5, +6, +7,

Vdohv Jurzwk +{+�|� 3145: 31474 317:7 317<<

+31385, +31386, +314;5, +314;7,

Fkdqjh lq Fdvk Iorz +{��|*g�c|3�, 315:3 31596 315;: 315;3

+31457, +3145:, +31455, +31457,

Odjjhg Fdvk Iorz +��c|3�*g�c|32, 315:4 315:7 3159< 315:6

+313:;, +313;6, +313:<, +313;4,

Huuru Fruuhfwlrq Whup E+ � &��c|3� 31387 31389 3137: 3137<

+3135:, +3135:, +31359, +31359,

Vdohv Jurzwk Vtxduhg E{+�|�
2 317<: 3183: 31867 3186:

+314:3, +3148:, +3147;, +31495,

Wlph Xqfhuw1�Vdohv Jurzwk +j|,�E{+�|� 31349 031384

+31483, +31468,

Ilup Xqfhuw1 �Vdohv Jurzwk +j�,�E{+�|� 031463 031469

+31438, +3143:,

Uhvlg1 Xqfhuw1�Vdohv Jurzwk +hj�|,�E{+�|� 031558 031563

+31435, +31436,

Jrrgqhvv ri Ilw 0 Fruu1+U*gc gU*g,2 3163: 315<; 31644 315;;

5qg rughu vhuldo fruuhodwlrq +s, 313<9 313<7 31465 31439

Vdujdq0Kdqvhq +s, 316<< 317<3 316;6 31785

QRWHV=0 Wkh wrwdo qxpehu ri revhuydwlrqv lq doo froxpqv lv 867:/ xvlqj dq xqedodqfhg sdqho

ri 9:5 �upv dqg dq hvwlpdwlrq shulrg ri 4<:6 wr 4<<41 D ixoo vhw ri |hdu gxpplhv lv lqfoxghg

lq hyhu| vshfl�fdwlrq1 Hvwlpdwlrq xvhv d v|vwhp JPP hvwlpdwru +vhh Eoxqghoo dqg Erqg/

4<<;, frpsxwhg lq GSG<; iru Jdxvv +vhh Duhoodqr dqg Erqg/ 4<<;,1 Rqh vwhs frh!flhqwv dqg

khwhurvnhgdvwlflw|0frqvlvwhqw vwdqgdug huuruv duh uhsruwhg1 Wkh lqvwuxphqwv xvhg lq doo froxpqv

duh= lq wkh �uvw0gl�huhqfhg htxdwlrqv/ odjv ri wkh yduldeohv=
�
U�c|32

g�c|3�

�
dqg

�
U�c|3�

g�c|3e

�
/{+�c|32 dqg

{+�c|3�/
�
��c|32

g�c|3�

�
dqg

�
��c|3�

g�c|3e

�
/ E+� &��c|32 dqg E+� &��c|3�/ dqg j�c|32/ j�c|3� dqg j�c|3e>

dqg lq wkh ohyhov htxdwlrqv{
�
U�c|3�

g�c|32

�
/{{+�c|3�/{

�
��c|3�

g�c|32

�
c{{E+�&��c|3� dqg{j�c|3�1

Lqvwuxphqw ydolglw| lv whvwhg xvlqj d Vdujdq0Kdqvhq whvw ri wkh ryhulghqwli|lqj uhvwulfwlrqv iru

wkh fruuhvsrqglqj wzr vwhs JPP hvwlpdwru1 Wkh Duhoodqr0Erqg whvw iru qr vhfrqg0rughu vhuldo

fruuhodwlrq lq wkh �uvw0gl�huhqfhg uhvlgxdov lv dovr uhsruwhg1 Wkh jrrgqhvv ri �w phdvxuh lv wkh

vtxduhg fruuhodwlrq frh!flhqw ehwzhhq dfwxdo dqg suhglfwhg ohyhov ri wkh ghshqghqw yduldeoh1

Ilqdoo|/ zh frqvwuxfwhg dq dowhuqdwlyh phdvxuh ri xqfhuwdlqw| diwhu qrupdolvlqj

wkh �up*v vwrfn uhwxuqv e| wkh uhwxuq rq wkh IWVH Doo0Vkduh lqgh{ iru wkh vdph
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gd|1 Wklv phdvxuh jdyh txdolwdwlyho| vlplodu exw vrphzkdw pruh suhflvh frh!flhqw

hvwlpdwhv wkdq rxu edvlf uhvxowv/ suhvxpdeo| ehfdxvh vrph ri wkh jhqhudo vwrfn

pdunhw qrlvh kdv ehhq uhpryhg iurp wklv phdvxuh ri xqfhuwdlqw|1 Iru h{dpsoh/ lq

wkh vshfl�fdwlrq fruuhvsrqglqj wr froxpq +8, ri Wdeoh :14/ wkh frh!flhqw rq wkh

xqfhuwdlqw| lqwhudfwlrq whup ulvhv wr 0314<9 zlwk d vwdqgdug huuru ri 313:71 Doo

wkhvh dgglwlrqdo uhvxowv duh dydlodeoh iurp wkh dxwkruv rq uhtxhvw1

:141 Wkh txdqwlwdwlyh lpsdfw ri xqfhuwdlqw| rq lqyhvwphqw g|qdplfv

Wkh uhvxowv suhvhqwhg lq wkh suhfhglqj vhfwlrq vxjjhvw d vwdwlvwlfdoo| vljql�fdqw

h�hfw ri kljkhu xqfhuwdlqw| lq uhwduglqj wkh uhvsrqvlyhqhvv ri frpsdq| lqyhvwphqw

wr ghpdqg vkrfnv1 Wr hydoxdwh wkh vl}h ri wklv h�hfw zh frqgxfwhg vrph vlpsoh

vlpxodwlrqv lq zklfk zh lqfuhdvhg uhdo vdohv lq wkh �up shupdqhqwo| e| 518(/ 8(

dqg 43(1 Zh wkhq wudfnhg wkh sdwk ri lqyhvwphqw dqg wkh fdslwdo vwrfn suhglfwhg

e| rxu suhihuuhg hpslulfdo vshfl�fdwlrq dv wkh �up uhvsrqgv wr wklv vkrfn1 Rxu

prgho vxjjhvwv wkdw �upv zlwk kljkhu xqfhuwdlqw| zloo uhvsrqg pruh vorzo| wr

wklv vkrfn wkdq �upv zlwk orzhu xqfhuwdlqw|1 Frqvhtxhqwo| zh h{dplqhg wkh kdoi

olih ri wkh fdslwdo vwrfn dgmxvwphqw +krz pdq| |hduv lw wdnhv wkh �up wr jhw kdoi0

zd| wrzdugv lwv qhz orqj uxq fdslwdo vwrfn ohyho, dw gl�huhqw shufhqwlohv ri wkh

hpslulfdo glvwulexwlrq ri rxu phdvxuh ri xqfhuwdlqw| +43wk/ 58wk/ 83wk/ :8wk dqg

<3wk,1 Wdeoh :16 suhvhqwv wkh uhvxowv1

Wdeoh :16= Kdoi Olyhv ri Fdslwdo Vwrfn Dgmxvwphqw wr Shupdqhqw Ghpdqg Vkrfnv/

e| Xqfhuwdlqw| Shufhqwlohv1

43|� +j@31;7, 58|� +j@413;, 83|� +j@4174, :8|� +j@41;<, <3|� +j@5179,

518( ; < 43 44 46

8( ; < 43 44 45

43( : ; < 44 45
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Wkh h{dfw vl}h ri wkh ghpdqg vkrfn pdnhv uhodwlyho| olwwoh gl�huhqfh wr wkh

uhvxowv1 Iru wkh vpdoohvw vkrfn/ prylqj iurp wkh 58wk shufhqwloh wr wkh :8wk

shufhqwloh ri wkh xqfhuwdlqw| glvwulexwlrq lqfuhdvhv wkh kdoi olih e| wzr |hduv1 Wklv

lv wkh rughu ri pdjqlwxgh e| zklfk rxu phdvxuh ri djjuhjdwh xqfhuwdlqw| lqfuhdvhg

ehwzhhq 4<:6 dqg 4<:8/ d yhu| odujh fkdqjh e| klvwrulfdo vwdqgdugv1

Wkhvh vlpxodwlrq uhvxowv duh looxvwudwhg lq pruh ghwdlo lq Iljxuhv 5 dqg 6/ zklfk

wudfn wkh suhglfwhg sdwkv ri lqyhvwphqw dqg wkh fdslwdo vwrfn ryhu d whq |hdu shulrg

iroorzlqj d shupdqhqw 518( ghpdqg vkrfn/ dw gl�huhqw ohyhov ri xqfhuwdlqw|1 Dv

h{shfwhg/ wkh odujhvw h�hfwv ri xqfhuwdlqw| rq lqyhvwphqw duh pdqlihvw lq wkh �uvw

|hdu1 Iru h{dpsoh/ prylqj iurp wkh 58wk shufhqwloh wr wkh :8wk shufhqwloh ri

wkh xqfhuwdlqw| glvwulexwlrq kdoyhv wkh vl}h ri wkh �uvw0|hdu h�hfw ri wklv ghpdqg

vkrfn rq lqyhvwphqw vshqglqj1 Zh wkxv �qg wkdw xqfhuwdlqw| fdq eh txdqwlwdwlyho|

lpsruwdqw lq uhgxflqj wkh lpsdfw h�hfw ri ghpdqg vkrfnv rq lqyhvwphqw1 Wkh

h�hfwv rq lqyhvwphqw duh pxfk vpdoohu lq vxevhtxhqw |hduv/ exw wkh h�hfwv rq

fdslwdo dffxpxodwlrq looxvwudwhg lq Iljxuh 6 uhpdlq txlwh vljql�fdqw ryhu wklv whq

|hdu krul}rq1

D vhfrqg jdxjh ri wkh lpsruwdqfh ri wkh qrq0olqhdu dqg khwhurjhqhrxv lqyhvw0

phqw g|qdplfv wkdw zh �qg lv surylghg e| frqvlghulqj wkh lpsuryhphqw lq wkh

jrrgqhvv ri �w ri rxu suhihuuhg lqyhvwphqw prgho lq froxpq +8, ri Wdeoh :14/ zklfk

lqfoxghv erwk wkh xqfhuwdlqw| lqwhudfwlrq whup dqg wkh vtxduhg vdohv jurzwk whup/

uhodwlyh wr wkh pruh vwdqgdug olqhdu vshfl�fdwlrq lq froxpq +4, ri Wdeoh :141 Wr

gr wklv zh fdofxodwh vhsdudwho| iru hdfk |hdu wkh fruuhodwlrq ehwzhhq dfwxdo dqg

suhglfwhg frpsdq| lqyhvwphqw udwhv/ xvlqj erwk rxu suhihuuhg vshfl�fdwlrq dqg

wkh vwdqgdug prgho1 Zh sorw wkh gl�huhqfh ehwzhhq wkhvh wzr jrrgqhvv ri �w
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vhulhv lq Iljxuh 7 +ohiw d{lv,/ dv d wlph0ydu|lqj lqglfdwru ri wkh lpsuryhphqw lq

�w wkdw uhvxowv iurp dffrxqwlqj iru wkh qrq0olqhdu dqg khwhurjhqhrxv g|qdplfv

vxjjhvwhg e| prghov ri lqyhvwphqw xqghu xqfhuwdlqw| lq wkh suhvhqfh ri sduwldo

luuhyhuvlelolwlhv1 Lq Iljxuh 7 +uljkw d{lv, zh dovr sorw wkh |hduo| dyhudjh udwh ri

fkdqjh ri uhdo vdohv jurzwk dv dq lqglfdwru ri wkh wxuqlqj srlqwv lq wkh exvlqhvv

f|foh1 Wxuqlqj srlqwv lq wkh exvlqhvv f|foh duh fkdudfwhulvhg e| udslg fkdqjhv lq

wkh udwh ri uhdo vdohv jurzwk/ dv jurzwk udwhv vorz grzq jrlqj lqwr uhfhvvlrq ru

vshhg xs khdglqj lqwr d errp1

Lw fdq eh vhhq iurp Iljxuh 7 wkdw wkh lpsuryhphqw lq �w wudfnv wkh srvlwlyh

wxuqlqj srlqwv ri wkh exvlqhvv f|fohv +fruuhodwlrq ri 31897,/ zlwk odujh lpsuryh0

phqwv hylghqw lq wkh odwh 4<:3v dv wkh XN zdv uhfryhulqj iurp wkh �uvw rlo vkrfn/

dqg djdlq lq wkh hduo| 4<;3v zkhq wkh XNzdv uhfryhulqj iurp wkh vhfrqg rlo vkrfn

dqg dq h{fhswlrqdoo| wljkw prqhwdu| vtxhh}h1 Lqwhuhvwlqjo| wklv �qglqj sdudoohov

wkh uhvxowv ri Fdedoohur/ Hqjho dqg Kdowlzdqjhu +4<<8, dqg Frrshu/ Kdowlzdqjhu

dqg Srzhu +4<<<,/ zkr uhsruw wkdw wdnlqj lqwr dffrxqw wkh qrq0olqhdulwlhv lqgxfhg

e| �{hg dgmxvwphqw frvwv ohdgv wr dq lpsuryhphqw lq wkhlu delolw| wr wudfn djjuh0

jdwh lqyhvwphqw prvw qrwdeo| durxqg wxuqlqj srlqwv lq wkh lqyhvwphqw f|foh15;

;1 Frqfoxvlrqv

Lq wklv sdshu zh kdyh lqyhvwljdwhg wkh lpsolfdwlrqv ri d prgho ri lqyhvwphqw zlwk

sduwldo luuhyhuvlelolw| iru �up0ohyho lqyhvwphqw g|qdplfv1 Sdwwhuqv wkdw zh �qg lq

plfur gdwdvhwv iru pruh glvdjjuhjdwhg surgxfwlrq xqlwv dqgpruh qduurzo| gh�qhg

w|shv ri fdslwdo prwlydwh dq h{solflw wuhdwphqw ri �up0ohyho lqyhvwphqw vshqglqj

5;Wkh hvwlpdwlrq dssurdfk ri erwk sdshuv gl�huv iurp rxuv lq wkdw wkh| hvwlpdwh lqyhvwphqw

prghov dw wkh sodqw ohyho dqg wudfn wkh furvv0vhfwlrqdo glvwulexwlrq ri sodqw0ohyho lqyhvwphqw wr

prgho djjuhjdwh lqyhvwphqw1
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dv dq djjuhjdwh ryhu pxowlsoh lqyhvwphqw ghflvlrqv lq gl�huhqw sodqwv ru gl�huhqw

w|shv ri fdslwdo jrrgv1 Wklv dssurdfk ohdgv xv wr h{shfw d frqyh{ uhodwlrqvkls

ehwzhhq fxuuhqw ghpdqg vkrfnv dqg fxuuhqw lqyhvwphqw vshqglqj/ dqg d zhdnhu

lpsdfw h�hfw ri ghpdqg vkrfnv rq fxuuhqw lqyhvwphqw iru �upv wkdw duh vxemhfw

wr d kljkhu ohyho ri xqfhuwdlqw|1 Zh sursrvh d vlpsoh hfrqrphwulf dssurdfk wr

whvw iru wkh suhvhqfh ri vxfk qrq0olqhdu dqg khwhurjhqhrxv lqyhvwhqw g|qdplfv/ e|

dgglqj kljkhu rughu dqg lqwhudfwlrq whupv wr d vwdqgdug huuru fruuhfwlrq prgho ri

fdslwdo vwrfn dgmxvwphqw g|qdplfv/ lq zklfk wkh fdslwdo vwrfn dqg uhdo vdohv duh

frlqwhjudwhg lq wkh orqj uxq1 E| hvwlpdwlqj wklv prgho xvlqj vlpxodwhg gdwd/ zh

frq�up wkdw wklv dssurdfk fdq ghwhfw d frqyh{ uhodwlrqvkls ehwzhhq lqyhvwphqw

dqg uhdo vdohv jurzwk/ dqg d zhdnhu lpsdfw h�hfw dw kljkhu ohyhov ri xqfhuwdlqw|/

zkhq wkh lqyhvwphqw gdwd duh jhqhudwhg e| d pxowlsoh sodqw sduwldo luuhyhuvlelolw|

prgho1

Lq rxu hpslulfdo dqdo|vlv zh hvwlpdwh dq h{whqghg huuru fruuhfwlrq vshfl�fdwlrq

xvlqj gdwd rq lqyhvwphqw dqg uhdo vdohv iru d sdqho ri 9:5 sxeolfo| wudghg XN

pdqxidfwxulqj frpsdqlhv ehwzhhq 4<:5 dqg 4<<41 Dv lq wkh vlpxodwhg gdwd/ zh

�qg hylghqfh wkdw kljkhu ohyhov ri xqfhuwdlqw| uhgxfh wkh lpsdfw h�hfw ri uhdo

vdohv jurzwk rq frpsdq| lqyhvwphqw/ dqg wkdw wkhuh lv d frqyh{ uhodwlrqvkls

ehwzhhq fxuuhqw lqyhvwphqw dqg uhdo vdohv jurzwk1 Wkhvh h�hfwv duh vkrzq wr eh

txdqwlwdwlyho| dv zhoo dv vwdwlvwlfdoo| vljql�fdqw1 Dffrxqwlqj iru wklv qrq0olqhdulw|

dqg khwhurjhqhlw| lq vkruw uxq lqyhvwphqw g|qdplfv lv vkrzq wr eh sduwlfxoduo|

lpsruwdqw durxqg wxuqlqj srlqwv lq wkh exvlqhvv f|foh1

Wkhuh pd| ri frxuvh eh uhdvrqv rwkhu wkdq wkh uhdo rswlrqv vwuhvvhg lq wkh

sduwldo luuhyhuvlelolw| dssurdfk zk| frpsdq| lqyhvwphqw vkrxog uhvsrqg pruh
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fdxwlrxvo| wr ghpdqg vkrfnv dw kljkhu ohyhov ri xqfhuwdlqw|1 Ilupv vxemhfw wr

kljkhu xqfhuwdlqw| pd| xvh kljkhu glvfrxqw udwhv/ sduwlfxoduo| li wkhlu rzqhuv ru

pdqdjhuv duh rqo| lpshuihfwo| glyhuvl�hg15< Wkh| pd| sodfh ohvv zhljkw rq wkh

fxuuhqw vwdwh ri ghpdqg lq iruplqj h{shfwdwlrqv ri ixwxuh ohyhov ri ghpdqg ru

sur�wdelolw|1 Kljkhu xqfhuwdlqw| pd| lwvhoi pdnh �upv pruh shvvlplvwlf derxw

wkh olnho| udwh ri ixwxuh ghpdqg jurzwk1 Qlfnhoo +4<:;d/ 4<:;e, rewdlqv d vlplodu

suhglfwlrq iurp d gl�huhqw prgho wkdw hpskdvlvhv dgmxvwphqw odjv1 Wkh ghyhors0

phqw ri whvwv wkdw fdq glvfulplqdwh ehwzhhq vrph ri wkhvh dowhuqdwlyh h{sodqdwlrqv

lv dq lpsruwdqw duhd iru ixwxuh uhvhdufk1 Lq wklv sdshu/ zh krsh wr kdyh hvwdeolvkhg

wkdw uhdo vdohv jurzwk grhv kdyh d zhdnhu lpsdfw h�hfw rq lqyhvwphqw dw kljkhu

ohyhov ri xqfhuwdlqw|/ dqg wkdw wkh ehkdylrxu ri frpsdq| lqyhvwphqw g|qdplfv lv

vwulnlqjo| vlplodu wr wkdw suhglfwhg e| wkhruhwlfdo prghov wkdw hpskdvlvh sduwldo

luuhyhuvlelolw| dqg uhdo rswlrqv1

5<Vhh Klpphoehuj/ Kxeedug dqg Oryh +5335, iru dq lqwhuhvwlqj prgho lq zklfk lqfhqwlyh

frqwudfwlqj frqvlghudwlrqv suhyhqw wkh ulvn0vsuhdglqj ehqh�wv ri glyhuvl�fdwlrq iurp ehlqj ixoo|

h{sorlwhg1
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<1 Gdwd Dsshqgl{

Wkh XN gdwd lv wdnhq iurp wkh sxeolvkhg dffrxqwv ri pdqxidfwxulqj �upv olvwhg

rq wkh XN vwrfn pdunhw1 Zh ghohwhg �upv zlwk ohvv wkdq wkuhh frqvhfxwlyh revhu0

ydwlrqv/ eurnh wkh vhulhv iru �upv zkrvh dffrxqwlqj shulrg ihoo rxwvlgh 633 wr 733

gd|v gxh wr fkdqjhv lq |hdu hqg wlplqj/ dqg h{foxghg wkh revhuydwlrqv iru �upv

zkhuh wkhuh duh mxpsv ri juhdwhu wkdq 483( lq dq| ri wkh yduldeohv1 Wklv gdwd lv

rewdlqhg iurp wkh Gdwdvwuhdp rq0olqh vhuylfh1

Lqyhvwphqw +U,1 Wrwdo qhz �{hg dvvhwv ohvv �{hg dvvhw vdohv= GV7680GV7561

Fdslwdo Vwrfn +g,= Frqvwuxfwhg e| dsso|lqj d shushwxdo lqyhqwru| surfhgxuh

zlwk d ghsuhfldwlrq udwh ri ;(1 Wkh vwduwlqj ydoxh zdv edvhg rq wkh qhw errn

ydoxh ri wdqjleoh �{hg fdslwdo dvvhwv lq wkh �uvw revhuydwlrq zlwklq rxu vdpsoh

shulrg/ dgmxvwhg iru suhylrxv |hduv lq dwlrq1 Vxevhtxhqw ydoxhv zhuh rewdlqhg

xvlqj dffrxqwv gdwd rq lqyhvwphqw dqg dvvhw vdohv/ dqg dq djjuhjdwh vhulhv iru

lqyhvwphqw jrrgv sulfhv1

Vdohv +t ,= Wrwdo vdohv/ GV437/ gh dwhg e| wkh djjuhjdwh JGS gh dwru1

Fdvk Iorz +�,= Qhw sur�wv +hduqhg iru ruglqdu|,/ GV4;5/ soxv ghsuhfldwlrq/

GV4691

Xqfhuwdlqw| +j,1 Wkh frpsxwdwlrq ri wklv yduldeoh lv ghvfulehg lq wkh wh{w1

Iru d frpsdq| zh wdnh wkh gdlo| vwrfn pdunhw uhwxuq +Gdwdvwuhdp Uhwxuqv Lq0

gh{/ UL,1 Wklv phdvxuh lqfoxghv rq d gdlo| uhwxuqv edvlv wkh fdslwdo jdlq rq wkh

vwrfn/ glylghqg sd|phqwv/ wkh ydoxh ri uljkwv lvvxhv/ vshfldo glylghqgv/ dqg vwrfn

gloxwlrqv1 Zh wkhq frpsxwh wkh vwdqgdug ghyldwlrq ri wkhvh gdlo| uhwxuqv rq d

|hdu e| |hdu edvlv pdwfkhg suhflvho| wr wkh dffrxqwlqj |hdu/ dqg dgmxvw iru wkh

�up*v ghew0htxlw| udwlr dv lq Ohdk| dqg Zklwhg +4<<;,1 Zh wulp wkh yduldeoh vr
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wkdw ydoxhv deryh �yh duh vhw htxdo wr �yh1 Wkh uhvxowv duh urexvw wr gursslqj

wkhvh whq revhuydwlrqv1

78



����������
DEHO/ D1 dqg HEHUO\/ M1 +4<<7,/ �D xql�hg prgho ri lqyhvwphqw xqghu

xqfhuwdlqw|�/ Dphulfdq Hfrqrplf Uhylhz/ ;7/ 469<046;71

DEHO/ D1 dqg HEHUO\/ M1 +4<<8,/ �Wkh H�hfwv ri Luuhyhuvlelolw| dqg Xqfhu0

wdlqw| rq Fdslwdo Dffxpxodwlrq�/ QEHU Zrunlqj Sdshu qr1 86961

DEHO/ D1 dqg HEHUO\/ M1 +4<<9,/ �Rswlpdo Lqyhvwphqw zlwk Frvwo| Uh0

yhuvlelolw|�/ Uhylhz ri Hfrqrplf Vwxglhv/ 96/ 8;408<61

DQGHUVHQ/ W1 dqg EROOHUVOHY/ W1 +4<<;,/ �Dqvzhulqj wkh Vnhswlfv=

\hv/ Vwdqgdug Yrodwlolw| Prghov gr Surylgh Dffxudwh Iruhfdvwv�/ Lqwhuqdwlrqdo

Hfrqrplf Uhylhz/ 6</ ;;80<381

DQWL0QLHOVHQ/ R1 dqg VFKLDQWDUHOOL/ I1 +4<<<,/ �]hurhv dqg Oxpsv lq

Lqyhvwphqw= Hpslulfdo Hylghqfh rq Luuhyhuvlelolwlhv dqg Qrq0frqyh{lwlhv�/ Zrun0

lqj Sdshu lq Hfrqrplfv Qr1 44<;/ Xqlyhuvlw| ri Ehujhq1

DUHOODQR/ P1 dqg ERQG/ V1 +4<<4,/ �Vrph Whvwv ri Vshfl�fdwlrq iru Sdqho

Gdwd= Prqwh Fduor Hylghqfh dqg dq Dssolfdwlrq wr Hpsor|phqw Htxdwlrqv�/

Uhylhz ri Hfrqrplf Vwxglhv/ 8;/ 5::05<:1

DUHOODQR/ P1 dqg ERQG/ V1 +4<<;,/ �GSG iru Jdxvv= d Jxlgh iru Xvhuv�/

kwws=2zzz1liv1ruj1xn2vwd�2vwhyhbe1vkwpo1

DWWDQDVLR/ R1 UHGXWR GRV UHLV/ L1 dqg SDFHOOL/ O1 +5333,/ �Dj0

juhjdwh Lpsolfdwlrqv ri sodqw ohyho lqyhvwphqw ehkdylrxu= Hylghqfh iurp wkh XN

DUG�/ Lqvwlwxwh iru Ilvfdo Vwxglhv plphr1

DWWDQDVLR/ R1 dqg SDFHOOL/ O1 +5333,/ �D Vhpl0Vwuxfwxudo Prgho ri Pl0

fur Lqyhvwphqw Ehkdylrxu�/ LIV plphr1

DWWDQDVLR/ R1 +5333,/ �Frqvxphu Gxudeohv dqg Lqhuwldo Ehkdylru= Hvwlpd0
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wlrq dqg Djjuhjdwlrq ri Vv Uxohv iru Dxwrprelohv�/ Uhylhz ri Hfrqrplf Vwxglhv/

9:/ 98<09::1

EDUWOH/ U1 +4<99,/ Wkh hohphqwv ri lqwhjudwlrq dqg Ohehvjxh phdvxuh/ Zloh|

Sxeolvkhuv/ Qhz \run1

EHDQ/ F1 +4<;4,/ �Dq hfrqrphwulf prgho ri pdqxidfwxulqj lqyhvwphqw lq wkh

XN�/ Hfrqrplf Mrxuqdo/ <4/ 43904541

EHUWROD/ J1 +4<;;,/ �Luuhyhuvleoh Lqyhvwphqw�/ Pdvvdfkxvhwwv Lqvwlwxwh ri

Whfkqrorj| grfwrudo wkhvlv/ uh0sulqwhg lq Uhvhdufk lq Hfrqrplfv +4<<;,/ 85/ 606:1

EHUWROD/ J1 dqg FDEDOOHUR/ U1 +4<<7,/ �Luuhyhuvlelolw| dqg Djjuhjdwh

Lqyhvwphqw�/ Uhylhz ri Hfrqrplf Vwxglhv/ 94/ 55605791

EORRP/ Q1 +5333d,/ �Wkh Uhdo Rswlrqv H�hfw ri Xqfhuwdlqw| rq Lqyhvwphqw

dqg Oderxu Ghpdqg�/ Lqvwlwxwh iru Ilvfdo Vwxglhv zrunlqj sdshu Z332481

EORRP/ Q1 +5333e,/ �Wkh G|qdplf Ghpdqg iru Fdslwdo dqg Oderxu 0 prg0

hoolqj Uhdo Rswlrqv dqg Luuhyhuvlelolw|�/ Lqvwlwxwh iru Ilvfdo Vwxglhv plphr1

EORRP/ Q1/ ERQG/ V1 DQG YDQ UHHQHQ/ M1+5335, �Wkh G|qdplfv ri

Lqyhvwphqw xqghu xqfhuwdlqw|�/ Lqvwlwxwh iru Ilvfdo Vwxglhv plphr

EOXQGHOO/ U1 dqg ERQG/ V1 +4<<;,/ �Lqlwldo Frqglwlrqv dqg Prphqw Uh0

vwulfwlrqv lq G|qdplf Sdqho Gdwd Prghov�/ Mrxuqdo ri Hfrqrphwulfv/ ;:/ 44804761

ERQG/ V1/ KDUKRII/ G1 dqg YDQ UHHQHQ/ M1 +4<<<,/ �Lqyhvwphqw/ U)G

dqg �qdqflqj frqvwudlqwv lq Eulwdlq dqg Jhupdq|�/ LIVZrunlqj Sdshu qr1 Z<<281

ERQG/V1 DQG YDQ UHHQHQ/ M1 +5335, �Plfur0hfrqrphwulf prghov ri lq0

yhvwphqw dqg hpsor|phqw� iruwkfrplqj lq Khfnpdq/ M1 dqg Ohdphu/ H1 Wkh

Kdqgerrn ri Hfrqrphwulfv Yroxpq YL

FDEDOOHUR/ U1 +4<<<,/ �Djjuhjdwh lqyhvwphqw�/ lq= M1E1 Wd|oru dqg P1
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Zrrgirug/ Hgv1/ Kdqgerrn ri Pdfurhfrqrplfv/ yro1 4E +Qruwk0Kroodqg/ Dpvwhu0

gdp,1

FDEDOOHUR/ U1/ HQJHO/ H1 dqg KDOWLZDQJHU/ M1 +4<<8,/ �Sodqw0ohyho

dgmxvwphqw dqg djjuhjdwh lqyhvwphqw g|qdplfv�/ Eurrnlqjv Sdshuv rq Hfrqrplf

Dfwlylw|/ <8+5,/ 40871

FRRSHU/ U1/ KDOWLZDQJHU/ M1 dqg SRZHU/ O1 +4<<<,/ �Pdfklqh Uh0

sodfhphqw dqg wkh Exvlqhvv F|foh= Oxpsv dqg Expsv�/ Dphulfdq Hfrqrplf Uh0

ylhz/ ;9/ <540<791

GDYLV/ V1 dqg KDOWLZDQJHU/ M1 +4<<5,/ �Jurvv Mre Fuhdwlrq/ Jurvv Mre

Ghvwuxfwlrq/ dqg Hpsor|phqw Uhdoorfdwlrq�/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/

43:/ ;4<0;961

GL[LW/ D1 +4<;<,/ �Hqwu| dqg H{lw Ghflvlrqv xqghu Xqfhuwdlqw|�1 Mrxuqdo ri

Srolwlfdo Hfrqrp|/ <:/ 953096;1

GL[LW/ D1/ dqg SLQG\FN/ U1 +4<<7,/ Lqyhvwphqw Xqghu Xqfhuwdlqw|/ Sulqfh0

wrq Xqlyhuvlw| Suhvv/ Sulqfhwrq/ Qhz Mhuvh|1

GL[LW/ D1 +4<<:,/ �Lqyhvwphqw dqg Hpsor|phqw G|qdplfv lq wkh Vkruw Uxq

dqg wkh Orqj Uxq�/ R{irug Hfrqrplf Sdshuv/ 7</ 40531

GRPV/ P1 dqg GXQQH/ W1/ +4<<;,/ �Fdslwdo Dgmxvwphqw Sdwwhuqv lq Pdqx0

idfwxulqj Sodqwv�/ Uhylhz ri Hfrqrplf G|qdplfv/ 4/ 73<075<1

HEHUO\/ M1 dqg YDQ PLHJKHP/ M1 +4<<:,/ �Pxowl0Idfwru G|qdplf Lqyhvw0

phqw xqghu Xqfhuwdlqw|�/ Mrxuqdo ri Hfrqrplf Wkhru|/ :8/ 67806;:1

ID]]DUL/ V1/ KXEEDUG/ U1 dqg SHWHUVHQ/ E1 +4<;;,/ �Ilqdqflqj frq0

vwudlqwv dqg frusrudwh lqyhvwphqw�/ Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw|/ 4740

4<81
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JXLVR/ O1 dqg SDULJL/ J1 +4<<<,/ �Lqyhvwphqw dqg Ghpdqg Xqfhuwdlqw|�/

Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 447/ 4;8055:1

KDVVOHU/ M1 +4<<9,/ �Yduldwlrqv lq Ulvn dqg Ioxfwxdwlrqv lq Ghpdqg�/ Mrxu0

qdo ri Hfrqrplf G|qdplfv dqg Frqwuro/ 53/ 4448044761

MHQVHQ/ P1 +4<;9,/ �Djhqf| frvwv ri iuhh fdvk  rz/ frusrudwh �qdqfh/ dqg

wdnhryhuv�/ Dphulfdq Hfrqrplf Uhylhz/ :9/ 656065<1

OHDK\/ M1 dqg ZKLWHG/ W1 +4<<;,/ �Wkh H�hfwv ri Xqfhuwdlqw| rq Lqyhvw0

phqw= Vrph Vw|ol}hg Idfwv�/ Mrxuqdo ri Prqh| Fuhglw dqg Edqnlqj/ 5;/ 970;61

PHUWRQ/ U1 +4<;3,/ �Rq Hvwlpdwlqj wkh H{shfwhg Uhwxuq rq wkh Pdunhw�/

Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ ;/ 65606941

QLFNHOO/ V1 +4<::d,/ �Xqfhuwdlqw| dqg Odjv lq wkh Lqyhvwphqw Ghflvlrqv ri

Ilupv�/ Uhylhz ri Hfrqrplf Vwxglhv/ 77/ 57<05961

QLFNHOO/ V1 +4<::e,/ Wkh Lqyhvwphqw Ghflvlrq ri Ilupv/ Fdpeulgjh Hfr0

qrplf Kdqgerrnv/ Fdpeulgjh Xqlyhuvlw| Suhvv/ Fdpeulgjh1

QLFNHOO/ V1 +4<;9,/ �G|qdplf prghov ri oderu ghpdqg�/ lq= R1 Dvkhqiho0

whu dqg U1 Od|dug/ Hgv1/ Kdqgerrn ri Oderu Hfrqrplfv/ yro14 +Qruwk0Kroodqg/

Dpvwhugdp,1

SLQG\FN/ U1 +4<;;,/ �Luuhyhuvleoh Lqyhvwphqw/ Fdsdflw| Fkrlfh/ dqg wkh Ydo0

xdwlrq ri wkh Ilup�/ Dphulfdq Hfrqrplf Uhylhz/ :;/ <9<0<;81

UHGXWRGRVUHLV/ L1 +4<<<,/ �Luuhyhuvleoh Lqyhvwphqw dqg Il{hg Frvwv1 Hy0

lghqfh iurp DUG Hvwdeolvkphqw Ohyho Gdwd�/ Xqlyhuvlw| Froohjh Orqgrq plphr1

URWKVFKLOG/ P1 dqg VWLJOLW]/ M1 +4<:3,/ �Lqfuhdvlqj ulvn L= D gh�qlwlrq�/

Mrxuqdo ri Hfrqrplf Wkhru|/ 5/ 55805761

VXPPHUV/ O1 +4<;:,/ Lqyhvwphqw Lqfhqwlyhv dqg wkh Glvfrxqwlqj ri Ghsuhfl0
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dwlrq Doorzdqfhv/ Lq Wkh H�hfwv ri Wd{dwlrq ri Fdslwdo Dffxpxodwlrq/ hg1 Pduwlq

Ilhogvwhlq1 Fklfdjr/ LO= Fklfdjr Xqlyhuvlw| Suhvv1

ZLQGPHLMHU/ I1 +4<<8, �D Qrwh rq U2 lq wkh Lqvwuxphqwdo Yduldeohv Prg0

ho�/ Mrxuqdo ri Txdqwlwdwlyh Hfrqrplfv/ 44/ 58:05941
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