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Devwudfw

Zh vxuyh| uhfhqw plfurhfrqrphwulf uhvhdufk rq lqyhvwphqw dqg hpsor|0

phqw wkdw kdv xvhg sdqho gdwd rq lqglylgxdo �upv ru sodqwv1 Zh irfxv rq

prgho vshfl�fdwlrq dqg hfrqrphwulf hvwlpdwlrq lvvxhv/ exw zh dovr uhylhz

vrph ri wkh pdlq hpslulfdo �qglqjv1 Zh glvfxvv dgydqwdjhv dqg olplwdwlrqv

ri plfurhfrqrplf gdwd lq wklv frqwh{w1

Zh eulh | uhylhz wkh qhrfodvvlfdo wkhru| ri wkh ghpdqg iru fdslwdo dqg

oderxu/ rq zklfk prvw ri wkh hfrqrphwulf prghov ri lqyhvwphqw dqg hp0

sor|phqw wkdw zh frqvlghu duh edvhg1 Zh sd| sduwlfxodu dwwhqwlrq wr g|0

qdplf idfwru ghpdqg prghov/ edvhg rq wkh dvvxpswlrq wkdw wkhuh duh frvwv

ri dgmxvwphqw/ zklfk kdyh sod|hg d surplqhqw uroh hvshfldoo| lq wkh pl0

furhfrqrphwulf olwhudwxuh rq lqyhvwphqw1 Zlwk dgmxvwphqw frvwv/ fxuuhqw

fkrlfhv ghshqg rq h{shfwdwlrqv ri ixwxuh frqglwlrqv1 Zh glvfxvv wkh fkdo0

ohqjhv wkdw wklv udlvhv iru hfrqrphwulf prgho vshfl�fdwlrq/ dqg vrph ri wkh

vroxwlrqv wkdw kdyh ehhq dgrswhg1 Zh dovr glvfxvv hvwlpdwlrq lvvxhv wkdw

dulvh iru g|qdplf idfwru ghpdqg htxdwlrqv lq wkh frqwh{w ri plfur sdqho

gdwd iru �upv ru sodqwv1

Zh wkhq glvfxvv d qxpehu ri wrslfv wkdw kdyh ehhq wkh irfxv ri uhfhqw

plfurhfrqrphwulf uhvhdufk rq lqyhvwphqw dqg hpsor|phqw1 Lq sduwlfxodu/

zh uhylhz wkh olwhudwxuhv rq lqyhvwphqw dqg �qdqflqj frqvwudlqwv/ uhodwlyh

sulfh h�hfwv rq lqyhvwphqw dqg hpsor|phqw/ lqyhvwphqw dqg xqfhuwdlqw|/

lqyhvwphqw lq uhvhdufk dqg ghyhorsphqw +U)G,/ hodvwlflwlhv ri vxevwlwxwlrq

dqg frpsohphqwdulw| ehwzhhq whfkqrorj|/ fdslwdo dqg vnloohg dqg xqvnloohg

oderxu/ dqg uhfhqw zrun rq prghov zlwk qrq0frqyh{ dgmxvwphqw frvwv1
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41 Lqwurgxfwlrq

Wklv fkdswhu vxuyh|v wkh dssolfdwlrq ri hfrqrphwulf phwkrgv wr vwxg| lqyhvwphqw

dqg hpsor|phqw ghflvlrqv/ xvlqj plfurhfrqrplf gdwd dw wkh ohyho ri lqglylgxdo

�upv ru sodqwv1 Zh glvfxvv d udqjh ri prghov dqg lvvxhv wkdw kdyh ehhq dw wkh

fhqwuh ri plfurhfrqrphwulf uhvhdufk rq frpsdq| idfwru ghpdqg ehkdylrxu ryhu

wkh odvw ghfdgh1 Zh gr qrw dwwhpsw wr uhylhz wkh h{whqvlyh hfrqrphwulf uhvhdufk

rq lqyhvwphqw dqg hpsor|phqw wkdw xvhv pruh djjuhjdwhg gdwd dw wkh vhfwrudo

ru pdfurhfrqrplf ohyhov1 Fklulqnr +4<<6d, dqg Fdedoohur +4<<<, surylgh vxuyh|v

ri uhfhqw zrun rq djjuhjdwh lqyhvwphqw/ zklovw Kdphuphvk +4<<6, surylghv d

frpsuhkhqvlyh vxuyh| ri zrun rq djjuhjdwh hpsor|phqw1

Plfurhfrqrplf gdwd r�huv vhyhudo lpsruwdqw dgydqwdjhv iru wkh vwxg| ri lq0

yhvwphqw dqg hpsor|phqw ehkdylrxu1 Iluvw/ lw doorzv xv wr holplqdwh wkh lpsdfw

ri djjuhjdwlrq ryhu �upv ru sodqwv zkhq hvwlpdwlqj d sduwlfxodu prgho1 Vhf0

rqg/ wkhuh pd| eh furvv0vhfwlrqdo yduldwlrq lq h{sodqdwru| yduldeohv wkdw khosv wr

lghqwli| sdudphwhuv ri lqwhuhvw1 Shukdsv pruh lpsruwdqwo|/ wkh dydlodelolw| ri pl0

fur gdwd doorzv wkh uhvhdufkhu wr lqyhvwljdwh khwhurjhqhlw| lq ehkdylrxu ehwzhhq

gl�huhqw w|shv ri �upv ru sodqwv wkdw zrxog vlpso| qrw eh srvvleoh zlwk pruh

djjuhjdwhg gdwd1

Rq wkh rwkhu kdqg/ plfurhfrqrplf gdwd vrxufhv duh riwhq xquhsuhvhqwdwlyh lq

wkhlu fryhudjh +w|slfdoo| zlwk d eldv wrzdugv odujhu xqlwv,/ dqg vhyhuho| olplwhg

lq wkh w|sh ri lqirupdwlrq wkdw wkh| surylgh1 Wkhvh olplwdwlrqv kdyh vkdshg wkh

uhvhdufk txhvwlrqv wkdw plfur gdwd vhwv kdyh ehhq zlgho| xvhg wr dgguhvv1 D edvlf

uhdvrq iru hvwlpdwlqj prghov ri lqyhvwphqw ru oderxu ghpdqg lv wr txdqwli| krz

wkh hpsor|phqw ri fdslwdo ru oderxu lqsxwv uhvsrqgv wr fkdqjhv lq idfwru sulfhv

0 iru h{dpsoh/ wkh uhvsrqvh ri lqyhvwphqw wr lqwhuhvw udwhv ru wr dq lqyhvwphqw

wd{ fuhglw/ ru wkh uhvsrqvh ri hpsor|phqw wr plqlpxp zdjh ohjlvodwlrq1 Wkhvh

txhvwlrqv uhtxluh hodvwlflwlhv ri vxevwlwxwlrq wr eh hvwlpdwhg 0 vhulrxv lqyhvwljdwlrq
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uhtxluhv d  h{leoh uhsuhvhqwdwlrq ri vxevwlwxwlrq srvvlelolwlhv wr eh vshfl�hg/ dqg

hvwlpdwlrq uhtxluhv ghwdlohg lqirupdwlrq rq d udqjh ri idfwru lqsxwv ru frvw vkduhv/

dqg wkh fruuhvsrqglqj idfwru sulfhv1 Xqiruwxqdwho| pdq| plfur gdwd vrxufhv/

sduwlfxoduo| wkrvh rewdlqhg iurp frpsdq| dffrxqwv/ surylgh rqo| fuxgh ru sduwldo

phdvxuhv ri idfwru lqsxwv ru frvw vkduhv/ dqg olwwoh ru qr lqirupdwlrq rq wkh idfwru

sulfhv idfhg e| lqglylgxdo �upv ru sodqwv1

Odujho| iru wklv uhdvrq/ pxfk ri wkh plfurhfrqrphwulf zrun kdv irfxvhg rq

hvwlpdwlqj d vlqjoh htxdwlrq iru frpsdq| lqyhvwphqw ru frpsdq| hpsor|phqw/

udwkhu wkdq wkh pruh dpelwlrxv v|vwhpv ri lqwhuuhodwhg idfwru ghpdqg ru vkduh

htxdwlrqv wkdw duh riwhq hvwlpdwhg xvlqj djjuhjdwh ru lqgxvwu| ohyho gdwd14 Dovr/

zkhuh wklv olwhudwxuh kdv lqyhvwljdwhg hodvwlflwlhv ri vxevwlwxwlrq/ frqvlghudeoh lq0

jhqxlw| kdv riwhq ehhq uhtxluhg/ hlwkhu wr rewdlq phdvxudeoh yduldwlrq dfurvv �upv

lq idfwru sulfhv/ ru wr vshfli| prghov zklfk fdq dgguhvv vrph txhvwlrqv ri lqwhuhvw

zlwkrxw sulfh lqirupdwlrq dw doo1 H{dpsohv ri wkh iruphu lqfoxgh yduldwlrq lq wkh

frvw ri fdslwdo gxh wr d gl�huhqw pl{ ehwzhhq wd{0idyrxuhg dqg xqidyrxuhg w|shv

ri lqyhvwphqw/ ru yduldwlrq lq wkh h�hfwlyh lpsdfw ri wd{hv gxh wr dv|pphwulhv

ehwzhhq wkh wd{ wuhdwphqw ri sur�wv dqg orvvhv> h{dpsohv ri wkh odwwhu lqfoxgh

zrun rq whfkqrorj|0vnloo frpsohphqwdulw|/ zklfk zh glvfxvv lq vhfwlrq :18 ehorz1

Qrwzlwkvwdqglqj wkhvh olplwdwlrqv/ wkhuh duh d udqjh ri lqwhuhvwlqj txhvwlrqv

wkdw fdq eh dqg kdyh ehhq dgguhvvhg xvlqj plfurhfrqrplf gdwd1 Zh duh lqwhuhvwhg

qrw rqo| lq krz pxfk lqyhvwphqw ru hpsor|phqw zloo uhvsrqg wr d fkdqjh lq idfwru

sulfhv/ exw dovr lq krz txlfno|1 Rqfh zh uhfrjqlvh wkdw frpsohwh dgmxvwphqw grhv

qrw rffxu lpphgldwho|/ wkh txhvwlrq ri krz fxuuhqw lqyhvwphqw dqg hpsor|phqw

ghflvlrqv ghshqg rq h{shfwdwlrqv ri ixwxuh sulfhv dqg ghpdqg frqglwlrqv ehfrphv

lpsruwdqw/ dqg frqwuroolqj iru wkhvh xqrevhuyhg h{shfwdwlrqv suhvhqwv d sduwlfxodu

fkdoohqjh iru hfrqrphwulf prghoolqj1 Lqghhg iru vrph srolf| txhvwlrqv/ vxfk dv

wkh hydoxdwlrq ri whpsrudu| wd{ lqfhqwlyhv/ wkh fkdudfwhulvdwlrq ri dgmxvwphqw

4Vhh Ehuqgw +4<<4, iru dq h{fhoohqw lqwurgxfwlrq wr wkh lqwhuuhodwhg idfwru ghpdqg olwhudwxuh1
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g|qdplfv lv ri fuxfldo lpsruwdqfh1 Wkh uhfrjqlwlrq wkdw djjuhjdwlrq fdq glvwruw

wkh xqghuo|lqj g|qdplf uhodwlrqvkls kdv prwlydwhg wkh xvh ri plfur gdwd wr vwxg|

dgmxvwphqw surfhvvhv iru erwk fdslwdo dqg oderxu15 Pruhryhu/ dv zh glvfxvv lq

vhfwlrq 6/ prghov kdyh ehhq ghyhorshg wkdw doorz dgmxvwphqw sdudphwhuv wr eh

hvwlpdwhg zlwkrxw qhfhvvdulo| uhvwulfwlqj ru lghqwli|lqj wkh orqj0uxq hodvwlflwlhv ri

vxevwlwxwlrq1

Dqrwkhu pdmru xvh ri plfur gdwd kdv ehhq wr whvw vrph ri wkh vlpsoli|lqj

dvvxpswlrqv wkdw duh pdgh lq vshfli|lqj wudglwlrqdo idfwru ghpdqg prghov1 Ohdg0

lqj h{dpsohv lqfoxgh wkh txhvwlrq ri zkhwkhu �upv fdq �qdqfh wkhlu lqyhvwphqw

vshqglqj lq cshuihfw* fdslwdo pdunhwv/ ru zkhwkhu wkh| pd| idfh lpsruwdqw �qdqf0

lqj frqvwudlqwv> dqg wkh txhvwlrq ri zkhwkhu �upv ghwhuplqh hpsor|phqw dorqj d

oderxu ghpdqg vfkhgxoh/ ru zkhwkhu hpsor|phqw ohyhov duh vxemhfw wr edujdlqlqj

zlwk zrunhuv1 Plfur gdwd doorzv khwhurjhqhlw| dfurvv �upv 0 iru h{dpsoh/ ehwzhhq

vpdoo dqg odujh �upv/ ru ehwzhhq xqlrqlvhg dqg qrq0xqlrqlvhg sodqwv 0 wr eh h{0

sorlwhg lq whvwlqj wkhvh vshfl�fdwlrqv/ dqg wkh lpsruwdqfh ri gl�huhqfhv dprqj

vxe0vdpsohv ri �upv ru sodqwv wr eh lqyhvwljdwhg1 Djdlq wkhvh txhvwlrqv fdq eh

dgguhvvhg zlwkrxw ixoo| vshfli|lqj wkh qdwxuh ri wkh surgxfwlrq whfkqrorj|1

Wkh lqwhuhvw lq whvwlqj k|srwkhvhv derxw wkh qdwxuh ri wkh dgmxvwphqw surfhvv

ru wkh hqylurqphqw lq zklfk lqyhvwphqw dqg hpsor|phqw ghflvlrqv duh wdnhq kdv

ohg wr d irfxv rq vwuxfwxudo prghov ri lqyhvwphqw dqg hpsor|phqw g|qdplfv/ lq

zklfk wkh rswlpdo hyroxwlrq ri wkh �up*v vwrfn ri fdslwdo ru oderxu lqsxwv lv ghulyhg

iurp vrph xqghuo|lqj wkhruhwlfdo prgho ri wkh �up/ dqg wklv lv xvhg wr rewdlq dq

hfrqrphwulf prgho zkrvh sdudphwhuv uh hfw wkh �up*v whfkqrorj|1 Dv zh glvfxvv

ixuwkhu lq vhfwlrq 619/ uhgxfhg irup g|qdplf prghov ri lqyhvwphqw ru hpsor|0

phqw jhqhudoo| frpsrxqg vwuxfwxudo dgmxvwphqw sdudphwhuv zlwk wkh surfhvv e|

zklfk fxuuhqw h{shfwdwlrqv ri ixwxuh ghpdqg ru sulfhv duh iruphg/ zklfk pdnhv

5Vhh Qlfnhoo +4<:;/ 4<;9, iru d glvfxvvlrq ri djjuhjdwlrq eldvhv lq wkh frqwh{w ri g|qdplf
lqyhvwphqw dqg oderxu ghpdqg htxdwlrqv/ dqg Eoxqghoo dqg Vwrnhu +wklv yroxph, iru d vxuyh|
ri djjuhjdwlrq lvvxhv pruh jhqhudoo|1
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lw gl!fxow wr gudz �up frqfoxvlrqv derxw wkh qdwxuh ri wkh dgmxvwphqw surfhvv

ru wkh uroh ri/ vd|/ �qdqfldo yduldeohv lq dq lqyhvwphqw htxdwlrq1 Qhyhuwkhohvv/

wklv uhodwlyh glvdgydqwdjh ri uhgxfhg irup prghov frpsduhg wr dfwxdo +dv glvwlqfw

iurp lghdo, vwuxfwxudo prghov vkrxog qrw eh ryhuvwdwhg1 Dv zh zloo hpskdvlvh/ wkh

prvw frpprqo| xvhg vwuxfwxudo g|qdplf prghov ri lqyhvwphqw dqg hpsor|phqw

duh edvhg rq h{wuhph vlpsoli|lqj dvvxpswlrqv/ dqg duh iuhtxhqwo| uhmhfwhg zkhq

vxemhfwhg wr plog hpslulfdo whvwlqj1 Pruhryhu wkh uhfhqw hpslulfdo zrun rq prg0

hov zlwk qrq0frqyh{ dgmxvwphqw frvwv/ zklovw odujho| ghvfulswlyh/ kdv fdvw grxew

rq pdq| ri wkh vwuxfwxudo prghov ghyhorshg lq wkh 4<;3v1

Wzr ixuwkhu olplwdwlrqv ri frpprqo| xvhg plfurhfrqrplf gdwd vhwv vkrxog eh

qrwhg dw wkh rxwvhw1 Iluvw/ gdwd rq sxeolfo| wudghg frpsdqlhv ru pdqxidfwxu0

lqj sodqwv douhdg| uh hfw d frqvlghudeoh ghjuhh ri djjuhjdwlrq ryhu lqyhvwphqw

ghflvlrqv lq pdq| gl�huhqw w|shv ri htxlsphqw dqg vwuxfwxuhv/ dqg hpsor|phqw

ghflvlrqv ryhu pdq| gl�huhqw w|shv ri zrunhuv1 Iru odujh xqlwv/ wkhuh pd| dovr

eh djjuhjdwlrq ryhu lqsxwv xvhg lq gl�huhqw olqhv ri exvlqhvv/ dqg iru dqqxdo gdwd

wkhuh lv wkh ixuwkhu txhvwlrq ri djjuhjdwlrq ryhu wlph1 Dowkrxjk wkhvh plfur gdwd

pd| eh wkh prvw dssursuldwh ohyho ri djjuhjdwlrq iru lqyhvwljdwlqj vrph txhvwlrqv

0 vxfk dv wkh uhodwlrqvkls ehwzhhq lqyhvwphqw dqg vkduh sulfhv/ ghew vwuxfwxuhv/ ru

rwkhu dvshfwv ri frusrudwh �qdqfh dqg frusrudwh jryhuqdqfh 0 zh vkrxog uhfrjqlvh

wkdw wkh| pd| vwloo eh wrr djjuhjdwhg iru lghqwli|lqj rwkhu sdudphwhuv ri lqwhu0

hvw1 Zklovw wkhvh frqfhuqv duh dovr suhvhqw lq wkh vwxg| ri krxvhkrog ohyho gdwd/6

wkh| duh suredeo| pruh vhyhuh lq wkh fdvh ri gdwd rq odujh �upv ru odujh sodqwv1

Frqyhuvho|/ wkrxjk/ zh vkrxog dovr uhfrjqlvh wkdw li wkh remhfw ri lqwhuhvw lv krz

djjuhjdwh lqyhvwphqw ru hpsor|phqw uhvsrqgv wr vrph fkdqjh lq zdjhv ru sulfhv/

wkhq wkh dgmxvwphqw wkdw zh revhuyh zlwklq h{lvwlqj �upv ru sodqwv pd| eh rqo|

rqh frpsrqhqw ri wkh djjuhjdwh uhvsrqvh1 Lq sduwlfxodu/ dgmxvwphqw zklfk wdnhv

6Vhh/ iru h{dpsoh/ Erxujxljqrq dqg Fkldssrul +4<<5, dqg wkh glvfxvvlrq lq Eoxqghoo hw do1
+wklv yroxph,
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wkh irup ri wkh hqwu| ru h{lw ri pruh ru ohvv fdslwdo lqwhqvlyh �upv ru sodqwv lv

olnho| wr eh plvvhg zlwk frpprqo| xvhg gdwd vhwv/ dqg iru wkh vdph uhdvrq wkhuh

pd| eh qr vlpsoh uhodwlrqvkls ehwzhhq djjuhjdwh dgmxvwphqw g|qdplfv dqg wkrvh

revhuyhg dw wkh plfur ohyho17 Dowkrxjk wkhuh lv pxfk zh fdq ohduq iurp wkh vwxg|

ri lqyhvwphqw dqg hpsor|phqw dgmxvwphqw lq plfurhfrqrplf gdwd vhwv/ zh vkrxog

eh fdxwlrxv lq h{whqglqj wkhvh �qglqjv wr dgguhvv pdfurhfrqrplf txhvwlrqv1

Lq wklv fkdswhu zh frqfhqwudwh sulqflsdoo| rq wkh lvvxhv wkdw kdyh ehhq wkh

irfxv ri uhfhqw hfrqrphwulf uhvhdufk xvlqj �up ru sodqw ohyho gdwd1 Zh suhvhqw

wkh vwdwh ri wkh duw dv zh shufhlyh lw dqg zh gr qrw khvlwdwh wr srlqw rxw zkdw

zh frqvlghu wr eh lpsruwdqw zhdnqhvvhv dqg rplvvlrqv lq wklv olwhudwxuh1 Wrgd|*v

jdsv duh wrpruurz*v rssruwxqlwlhv iru lpsruwdqw surjuhvv wr eh pdgh lq uhvhdufk1

Zklovw zh uhfrjqlvh wkdw lpsruwdqw dgydqfhv kdyh ehhq pdgh lq wkh vshfl�fdwlrq

dqg hvwlpdwlrq ri plfurhfrqrphwulf lqyhvwphqw dqg hpsor|phqw prghov lq uhfhqw

|hduv/ wklv lv dq duhd zkhuh wkh ghyhorsphqw ri qhz gdwd uhvrxufhv lv suhvhqwlqj

qhz fkdoohqjhv wr wudglwlrqdo dssurdfkhv/ dv zhoo dv h{flwlqj rssruwxqlwlhv iru

ulfkhu vwuxfwxudo prghov wr eh ghyhorshg1

Wkh fkdswhu lv rujdqlvhg dv iroorzv1 Vhfwlrq 5 vhwv rxw wkh edvlf qhrfodvvlfdo

wkhru| ri idfwru ghpdqg/ rq zklfk prvw ri wkh hfrqrphwulf prghov zh frqvlghu

duh edvhg1 Vhfwlrq 514 eulh | uhylhzv wkh vwdwlf idfwru ghpdqg olwhudwxuh/ zklovw

vhfwlrq 515 lqwurgxfhv g|qdplf idfwru ghpdqg prghov edvhg rq wkh dvvxpswlrq

wkdw fkdqjlqj wkh ohyho ri idfwru lqsxwv lqyroyhv dgmxvwphqw frvwv1 Vhfwlrq 6 looxv0

wudwhv krz wklv dssurdfk kdv ehhq xvhg wr ghulyh g|qdplf hfrqrphwulf lqyhvwphqw

htxdwlrqv1 Vhfwlrqv 614 0 617 glvfxvv dowhuqdwlyh vwuxfwxudo prghov edvhg rq vwulfwo|

frqyh{ frvwv ri dgmxvwphqw/ lqfoxglqj wkh srsxodu T prgho ri lqyhvwphqw dqg wkh

Hxohu htxdwlrq dssurdfk> vhfwlrq 618 glvfxvvhv pruh uhfhqw zrun rq prghov zlwk

qrq0frqyh{ dgmxvwphqw frvwv> dqg vhfwlrq 619 glvfxvvhv wkh xvh ri uhgxfhg irup

g|qdplf prghov lq wklv frqwh{w1 Vhfwlrq 7 glvfxvvhv vrph hfrqrphwulf lvvxhv wkdw

7Vhh Fdedoohur +4<<5, dqg Fdpsehoo dqg Ilvkhu +5333, iru ixuwkhu glvfxvvlrq1

8



dulvh lq wkh vshfl�fdwlrq dqg hvwlpdwlrq ri wkhvh g|qdplf idfwru ghpdqg htxd0

wlrqv/ sduwlfxoduo| wkrvh ri vwrfkdvwlf vshfl�fdwlrq/ dqg hvwlpdwlrq xvlqj plfur

sdqho gdwd iru lqglylgxdo �upv ru sodqwv1 Vhfwlrq 8 glvfxvvhv wkh vrxufhv ri vxfk

gdwd/ dqg lwv olplwdwlrqv1 Vhfwlrq 9 glvfxvvhv vrph wrslfv lq wkh uhfhqw hpslul0

fdo olwhudwxuh rq lqyhvwphqw1 Vhfwlrq 914 suhvhqwv vrph edvlf hpslulfdo �qglqjv>

vhfwlrq 915 glvfxvvhv wkh olwhudwxuh rq whvwlqj iru �qdqflqj frqvwudlqwv> vhfwlrq

916 glvfxvvhv vrph uhfhqw uhvhdufk rq wd{hv dqg lqyhvwphqw> vhfwlrq 917 glvfxvvhv

vrph uhfhqw zrun rq xqfhuwdlqw| dqg lqyhvwphqw> dqg vhfwlrq 918 glvfxvvhv pl0

furhfrqrphwulf prghov ri uhvhdufk dqg ghyhorsphqw +U)G, lqyhvwphqw1 Vhfwlrq

: glvfxvvhv vrph wrslfv lq wkh uhfhqw hpslulfdo olwhudwxuh rq hpsor|phqw1 Vhf0

wlrq :14 frqvlghuv zdjh hodvwlflwlhv> vhfwlrq :15 glvfxvvhv prghov ri hpsor|phqw

ghwhuplqdwlrq zlwk xqlrq edujdlqlqj> vhfwlrq :16 glvfxvvhv prghov ri hpsor|phqw

g|qdplfv> vhfwlrq :17 glvfxvvhv zkhwkhu dgmxvwphqw frvwv duh lpsruwdqw iru qhw

fkdqjhv lq wkh ohyho ri hpsor|phqw ru iru jurvv  rzv ri klulqj dqg �ulqj> dqg

vhfwlrq :18 glvfxvvhv uhvhdufk rq vnloo0eldvhg whfkqlfdo fkdqjh1 Vhfwlrq ; suhvhqwv

rxu vxppdu| ri wkh pdlq wkhphv/ rplvvlrqv dqg rssruwxqlwlhv iru ixwxuh uhvhdufk

lq wklv duhd1

51 Wkhruhwlfdo iudphzrun

Zh ehjlq wklv fkdswhu zlwk d eulhi h{srvlwlrq ri wkh qhrfodvvlfdo wkhru| ri idfwru

ghpdqg1 Wkh prgho zh frqvlghu lv vlpsol�hg lq pdq| uhvshfwv1 Wkh �up*v remhf0

wlyh lv wr pd{lplvh wkh ydoxh ri wkh htxlw| rzqhg e| lwv vkduhkroghuv/ vr wkdw d

krvw ri lqwhuhvwlqj frusrudwh frqwuro lvvxhv duh dvvxphg dzd|1 Wkhvh vkduhkroghuv

duh dvvxphg wr eh ulvn qhxwudo/ vr wkdw wkh h�hfwv ri ulvn rq wkh �up*v uhtxluhg

udwh ri uhwxuq duh qrw frqvlghuhg1 Wkh �up lvvxhv qr ghew dqg sd|v qr wd{hv/ vr

wkdw frusrudwh �qdqfldo srolf| lv qrw frqvlghuhg1 Wkh �up rshudwhv lq frpshwlwlyh

pdunhwv dqg lq d zruog fkdudfwhulvhg e| v|pphwulf lqirupdwlrq/ vr wkdw vwudwhjlf

ehkdylrxu lv qrw frqvlghuhg/ dqg wkh �up lv deoh wr lvvxh dv pxfk qhz htxlw|

9



dv lw fkrrvhv dw dq h{rjhqrxvo| jlyhq uhtxluhg udwh ri uhwxuq/ ghwhuplqhg e| wkh

ulvnohvv lqwhuhvw udwh1 Khqfh lqwhuqdo �qdqfh iurp uhwdlqhg sur�wv dqg h{whuqdo

�qdqfh iurp qhz vkduh lvvxhv duh shuihfw vxevwlwxwhv/ dqg wkhuh lv vhsdudelolw|

ehwzhhq wkh �up*v uhdo dqg �qdqfldo ghflvlrqv/ dv lq wkh Prgljoldql0Ploohu +4<8;/

4<94, wkhruhpv1 Lw lv qrw rxu lqwhqwlrq wr vxjjhvw wkdw wkhvh rplwwhg frqvlghud0

wlrqv duh xqlpsruwdqw ru xqlqwhuhvwlqj1 Zh zloo wrxfk rq vrph ri wkhvh lvvxhv lq

odwhu vhfwlrqv/ exw wr gr ixoo mxvwlfh wr wkhp zrxog wdnh xv zhoo eh|rqg wkh vfrsh

ri wklv fkdswhu1

Zh glvwlqjxlvk ehwzhhq wkuhh w|shv ri idfwruv ri surgxfwlrq= fdslwdo dvvhwv/

zklfk duh rzqhg e| wkh �up dqg surylgh surgxfwlyh vhuylfhv iru vhyhudo wlph

shulrgv> oderxu lqsxwv/ zklfk duh kluhg e| wkh �up hdfk shulrg> dqg fxuuhqw lqsxwv/

zklfk duh sxufkdvhg e| wkh �up exw zklfk duh ixoo| frqvxphg lq frqwulexwlqj wr

wkh fxuuhqw shulrg*v surgxfwlrq1 Fdslwdo dvvhwv/ zklfk pd| lqfoxgh erwk wdqjleoh

dvvhwv olnh htxlsphqw dqg vwuxfwxuhv dqg lqwdqjleoh dvvhwv olnh nqrzohgjh dqg

uhsxwdwlrq/ duh gxudeoh/ zklovw oderxu dqg fxuuhqw lqsxwv duh qrw1 Krzhyhu d

pruh lpsruwdqw glvwlqfwlrq lv zkhwkhu wkh ohyho ri wkhvh lqsxwv fdq eh frvwohvvo|

dqg lpphgldwho| dgmxvwhg lq uhvsrqvh wr qhz lqirupdwlrq1 Zh �uvw h{dplqh wkh

vwdwlf fdvh zklfk devwudfwv iurp dq| dgmxvwphqw frvwv ru ghod|v1

5141 Vwdwlf idfwru ghpdqg

Lw lv xvhixo wr eulh | uhylhz vwdwlf prghov ri wkh �up*v ghpdqg iru fdslwdo dqg

oderxu/ lq rughu wr lqwurgxfh vrph lpsruwdqw frqfhswv dqg wr foduli| krz wkh vwuxf0

wxudo g|qdplf prghov zh frqvlghu odwhu jhqhudolvh wklv vwdwlf iudphzrun1 Wkhvh

vwdwlf prghov dovr irup wkh edvlv iru prvw uhgxfhg irup g|qdplf idfwru ghpdqg

htxdwlrqv/ zklfk zh glvfxvv ixuwkhu lq vhfwlrq 6191

Wkh edvlf idfwru ghpdqg prgho zh frqvlghu fdq eh fkdudfwhulvhg e| wkh iro0

orzlqj rswlplvdwlrq sureohp iru wkh �up

T|Eg|3�� '

�
4@ 

U|cu|c�|

�| Eg|c u|c�|c U|� n q|n�.| dT|n� Eg|�o

�
+514,

:



zkhuh T| lv wkh pd{lplvhg ydoxh ri wkh �up lq shulrg w/ �| E�� lv wkh �up*v qhw

uhyhqxh ixqfwlrq lq shulrg w/g| '
�
g�
| c ���cg

�
|

�
lv d yhfwru ri Q w|shv ri fdslwdo lq0

sxwv/ u| '
�
u�| c ���c u

-
|

�
lv d yhfwru ri U w|shv ri oderxu lqsxwv/�| '

�
��

| c ���c�
7
|

�
lv d yhfwru ri V w|shv ri fxuuhqw lqsxwv/ U| '

�
U�| c ���c U

�
|

�
lv d yhfwru ri jurvv lq0

yhvwphqwv lq hdfk w|sh ri fdslwdo/ q|n� ' E�n4|n��3� lv wkh �up*v glvfrxqw idfwru/

zkhuh 4|n� lv wkh ulvn0iuhh udwh ri lqwhuhvw ehwzhhq shulrg | dqg shulrg |n �/ dqg

.| d�o ghqrwhv wkh h{shfwhg ydoxh frqglwlrqdo rq lqirupdwlrq dydlodeoh lq shulrg |/

zkhuh wkh h{shfwdwlrq lv wdnhq ryhu wkh glvwulexwlrq ri ixwxuh sulfhv dqg lqwhuhvw

udwhv1

Wkh htxdwlrq ri prwlrq iru wkh fdslwdo lqsxwv lv

g�
| '

�
�� B�

�
g�
|3� n U �| iru � ' �c ���c� +515,

zkhuh B� lv wkh udwh ri ghsuhfldwlrq iru fdslwdo ri w|sh �/ dvvxphg wr eh h{rjh0

qrxv dqg �{hg1 Qrwh wkdw jurvv lqyhvwphqw pd| eh srvlwlyh ru qhjdwlyh/ vr wkdw

glvlqyhvwphqw lv dovr dvvxphg wr eh frvwohvv1

Lq wkh devhqfh ri dq| dgmxvwphqw frvwv/ wkh qhw uhyhqxh ixqfwlrq pd| wdnh wkh

irup

�| Eg|c u|c�|c U|� ' R|8 Eg|c u|c�|� � Rg| U| � �|u| � R�| �| +516,

zkhuh 8 Eg|c u|c�|� lv wkh surgxfwlrq ixqfwlrq/ R| lv wkh sulfh ri wkh �up*v rxw0

sxw/ Rg| '
�
Rgc�| c ���c Rgc�|

�
lv d yhfwru ri sulfhv iru hdfk w|sh ri fdslwdo jrrgv/

�| '
�
��
| c ���c�

-
|

�
lv d yhfwru ri zdjh udwhv iru hdfk w|sh ri oderxu dqg R�| '�

R
�c�
| c ���c R

�c7
|

�
lv d yhfwru ri sulfhv iru hdfk w|sh ri fxuuhqw lqsxwv1 Qrwh wkdw

fdslwdo lqsxwv duh dvvxphg wr eh sxufkdvhg dqg rzqhg e| wkh �up/ zklovw oderxu

lqsxwv duh dvvxphg wr eh kluhg18

Wkh vroxwlrq wr wkh rswlplvdwlrq sureohp +514, vxemhfw wr wkh frqvwudlqwv +515,

8Wkh prgho fdq ri frxuvh dffrpprgdwh fdslwdo lqsxwv wkdw duh ohdvhg> wkhvh zrxog eh wuhdwhg
lq d vlplodu zd| dv oderxu lqsxwv duh wuhdwhg khuh1

;



fdq eh fkdudfwhulvhg e| wkh �uvw0rughu frqglwlrqv

�

�
Y�|

YU�|

�
' b�| iru � ' �c ���c � +517,

b�| '

�
Y�|

Yg�
|

�
n
�
� � B�

�
q|n�.|

�
b�|n�

�
iru � ' �c ���c � +518,�

Y�|

Yu�|

�
' f iru � ' �c ���c - +519,�

Y�|

Y� �
|

�
' f iru � ' �c ���c 7 +51:,

zkhuh b�| ' �

�3B�

�
YT|

Yg�
|3�

�
lv wkh vkdgrz ydoxh ri lqkhulwlqj rqh dgglwlrqdo xqlw

ri fdslwdo ri w|sh � lq shulrg |1 Htxdwlrq +517, vkrzv wkdw wkh frvw ri dftxlulqj

dgglwlrqdo xqlwv ri hdfk w|sh ri fdslwdo lq shulrg | zloo eh htxdwhg wr wkhlu vkdgrz

ydoxhv1 Htxdwlrq +518, ghvfulehv wkh hyroxwlrq ri wkhvh vkdgrz ydoxhv dorqj wkh

rswlpdo sdwk iru wkh fdslwdo vwrfnv/ zklovw htxdwlrqv +519, dqg +51:, duh vwdqgdug

�uvw0rughu frqglwlrqv iru wkh qrq0gxudeoh idfwruv ri surgxfwlrq/ htxdwlqj wkh sulfh

ri wkhvh lqsxwv zlwk wkhlu pdujlqdo uhyhqxh surgxfwv +vhh htxdwlrq +516,,1

Iru d sulfh0wdnlqj �up/ zh kdyh �
�
Y�|
YU�|

�
' R

gc�
| dqg

�
Y�|
Yg�

|

�
' R|

�
Y8

Yg�
|

�
1

Vxevwlwxwlqj wkhvh h{suhvvlrqv lqwr +517, dqg +518, uhvshfwlyho|/ frpelqlqj wkhvh

htxdwlrqv wr holplqdwh b�| dqg .|

�
b�|n�

�
iurp +518, dqg uhduudqjlqj |lhogv�

Y8

Yg �
|

�
'
Rgc�|

R|

#
� �

�
� � B�

� n 4|n�

�
.|

%
R
gc�

|n�

R
gc�
|

&$
'

o�|
R|

iru � ' �c ���c �� +51;,

Wklv vkrzv wkdw li wkh ohyho ri fdslwdo lqsxwv fdq eh iuhho| dgmxvwhg/ wkh pdujlqdo

surgxfw ri fdslwdo ri w|sh � zloo eh htxdwhg lq hdfk shulrg zlwk wkh uhdo xvhu frvw

ri fdslwdo +
o�|
R|
, iru fdslwdo ri w|sh � +Mrujhqvrq +4<96,,1 Wkh xvhu frvw ghshqgv

rq wkh uhodwlyh sulfh ri fdslwdo jrrgv ri w|sh �/ wkh �up*v uhtxluhg udwh ri uhwxuq/

wkh ghsuhfldwlrq udwh iru fdslwdo ri w|sh �/ dqg wkh h{shfwhg udwh ri fkdqjh lq wkh

sulfh ri fdslwdo jrrgv ri w|sh �1 Wklv lv dovr wkh htxloleulxp sulfh dw zklfk fdslwdo

jrrgv ri w|sh � frxog eh uhqwhg iru xvh lq shulrg | lq d frpshwlwlyh uhqwdo pdunhw/

vr wkh xvhu frvw lv dovr nqrzq dv wkh uhqwdo sulfh ri fdslwdo19

9Wkh vwdwlf prgho lq zklfk wkh �up sxufkdvhv gxudeoh fdslwdo lqsxwv lv irupdoo| htxlydohqw wr

<



514141 Ixqfwlrqdo irupv

Wr ghulyh xvhixo idfwru ghpdqg htxdwlrqv wkdw fdq eh hvwlpdwhg/ zh wkhq qhhg wr

sdudphwhulvh wkh vwdwlf surgxfwlrq ixqfwlrq 8 Eg|c u|c�|�1 Iluvw/ zh frqvlghu wkh

srsxodu Frqvwdqw Hodvwlflw| ri Vxevwlwxwlrq +FHV, ixqfwlrqdo irup +Duurz hw do1

+4<94,,1 Wr looxvwudwh wklv zh xvh d wzr idfwru surgxfwlrq vwuxfwxuh lq zklfk wkhuh

lv d vlqjoh fdslwdo jrrg +g|,/ d vlqjoh oderxu lqsxw +u|,/ dqg qr rwkhu fxuuhqw

lqsxwv1: Dvvxplqj frqvwdqw uhwxuqv wr vfdoh/ wklv surgxfwlrq ixqfwlrq kdv wkh

irup

t| ' 8 Eg|cu|� ' E@gg
4
| n @uu

4
| �

�

4 +51<,

zkhuh 4 '
�
j3�

j

�
dqg j lv wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq fdslwdo dqg oderxu1

Wr hqvxuh wkdw wkh �up*v ydoxh pd{lplvdwlrq sureohp kdv d vroxwlrq lq wkh devhqfh

ri dgmxvwphqw frvwv/ zh dovr dvvxph wkdw wkhuh lv vrph ghjuhh ri prqrsrolvwlf

frpshwlwlrq dqg wkh �up idfhv d grzqzdug vorslqj ghpdqg fxuyh iru lwv rxwsxw

+t|, ri wkh lvrhodvwlf irup

R| ' �t
3

�

#(

| +5143,

zkhuh � lv d ghpdqg vkliw sdudphwhu dqg #( : � lv wkh sulfh hodvwlflw| ri surgxfw

ghpdqg1 Xqghu wkhvh frqglwlrqv wkh ghpdqgv iru fdslwdo dqg oderxu kdyh wkh

frqyhqlhqw irupv

g| ' @jgt|

#
o|

R|E� �
�

#(
�

$
3j

+5144,

u| ' @jut|

#
�|

R|E� �
�

#(
�

$
3j

+5145,

d vwdwlf prgho lq zklfk fdslwdo lqsxwv duh ohdvhg dw wkh uhqwdo sulfh +ulw,1 D yroxplqrxv olwhudwxuh
kdv frqvlghuhg krz ydulrxv wd{ vwuxfwxuhv lpsdfw rq wkh xvhu frvw ri fdslwdo1 Vhh/ iru h{dpsoh/
Kdoo dqg Mrujhqvrq +4<9:,/ Nlqj +4<:7,/ Nlqj dqg Ixoohuwrq +4<;7, dqg Mrujhqvrq dqg Odqgdx
+4<<6,1

:Ru pruh uhdolvwlfdoo|/ zh wuhdw I +Nw>Ow, dv d surgxfwlrq ixqfwlrq iru ydoxh0dgghg udwkhu
wkdq jurvv rxwsxw1
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jlylqj wkh orj0olqhdu htxdwlrqv

*?g| ' j *? @gE� �
�

#(
� n *?t| � j *?

�
o

R

�
|

+5146,

*?u| ' j *? @uE� �
�

#(
� n *?t| � j *?

�
�

R

�
|

+5147,

zklfk fdq eh xvhg dv d edvlv iru hvwlpdwlqj wkh hodvwlflw| ri vxevwlwxwlrq/ ru wkh

uhvsrqvlyhqhvv ri idfwru lqwhqvlwlhv wr fkdqjhv lq uhodwlyh sulfhv1 Lqwhusuhwhg dv

h{suhvvlrqv iru wkh ghvluhg ohyhov ri idfwru lqsxwv lq wkh orqj uxq/ wkhvh vwdwlf idfwru

ghpdqg htxdwlrqv irup wkh edvlv iru pdq| uhgxfhg irupprghov ri lqyhvwphqw dqg

hpsor|phqw/ dv zh glvfxvv ixuwkhu lq vhfwlrq 619 ehorz1

Qh{w/ zh frqvlghu wkh fdvh ri pruh wkdq wzr idfwruv ri surgxfwlrq1 Lw lv vlpsoh

wr h{whqg wkh edvlf FHV surgxfwlrq ixqfwlrq wr wklv fdvh/ exw wklv lpsrvhv wkh

xqdsshdolqj uhvwulfwlrq wkdw wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq doo sdluv ri lq0

sxwv lv wkh vdph1 Wr doorz gl�huhqw sdwwhuqv ri vxevwlwxwlrq +ru frpsohphqwdulw|,

ehwzhhq gl�huhqw idfwruv uhtxluhv wkh xvh ri d pruh  h{leoh ixqfwlrqdo irup1 Lq

wklv frqwh{w lw lv frqyhqlhqw wr frqvlghu wkh gxdo ri wkh �up*v sur�w pd{lplvdwlrq

sureohp/ lq zklfk wkh �up lv dvvxphg wr plqlplvh lwv frvwv wdnlqj wkh ohyho ri

rxwsxw dv jlyhq1 Wr looxvwudwh wklv gxdo dssurdfk zh zloo dvvxph wkdw wkh frvw

ixqfwlrq fdq eh zulwwhq dv d wudqvorj +Fkulvwhqvhq hw do1 +4<:4/ 4<:6,,/ zklfk lv

d vhfrqg0rughu dssur{lpdwlrq wr dq duelwudu| ixqfwlrqdo irup1;

Iru q yduldeoh idfwruv ri surgxfwlrq f| ' Ef�|c ���cf?|� 0 iru h{dpsoh/ wkh

fdslwdo/ oderxu dqg fxuuhqw lqsxwv frqvlghuhg deryh 0 dqg wkhlu dvvrfldwhg yhfwru

ri idfwru sulfhv `| ' E`�|c ���c`?|� 0 iru h{dpsoh/ wkh xvhu frvwv/ zdjh udwhv dqg

lqsxw sulfhv frqvlghuhg deryh 0 wkh wudqvorj frvw ixqfwlrq kdv wkh irup

*?�| ' *?kf n
?[
�'�

k� *?`�| n
�

2

?[
�'�

?[
�'�

��� *?`�| *?`�| +5148,

;Wklv kdv ehhq d srsxodu fkrlfh lq wkh dssolhg plfurhfrqrphwulf olwhudwxuh1 Dowhuqdwlyh
ixqfwlrqdo irupv lqfoxgh wkh wzr0ohyho FHV dqg wkh Jhqhudolvhg Ohrqwlhi +vhh Kdphuphvk +4<<6,
ru Ehuqgw +4<<4, iru d pruh h{whqghg glvfxvvlrq,1
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zkhuh wkh frh!flhqwv rq wlph +|, uhsuhvhqw whfkqlfdo fkdqjh1 Wkh �� dqg ��� frhi0

�flhqwv uh hfw idfwru0qhxwudo whfkqlfdo fkdqjh/ zklovw wkh ��`�
frh!flhqwv uh hfw

whfkqlfdo fkdqjh wkdw lv eldvhg wrzdugv idfwru �1< Wkh frvw plqlplvlqj fkrlfhv

ri lqsxw ghpdqgv +f�|, duh wkhq frqyhqlhqwo| h{suhvvhg dv orj0olqhdu frvw vkduh

htxdwlrqv1 Iurp Vkhskdug*v +4<86, Ohppd zh kdyh

Y *?�|

Y *?`�|

'
`�|

�|

Y�|

Y`�|

'
`�|f�|

�|

' k� n
?[
�'�

��� *?`�| n ��t *?t| n ��`�
| +5149,

zkhuh `�|f�|

�|
' 7�| lv wkh vkduh ri idfwru � lq wrwdo frvwv1

Wkhuh duh d vhulhv ri hfrqrplf uhvwulfwlrqv wkdw fdq eh lpsrvhg rq wkh v|vwhp ri

htxdwlrqv lq +5149,1 Lq rughu wr fruuhvsrqg wr d zhoo ehkdyhg surgxfwlrq ixqfwlrq/

d frvw ixqfwlrq vkrxog eh krprjhqhrxv ri ghjuhh rqh lq wkh yhfwru ri idfwru sulfhv1

Wkdw lv/ iru d jlyhq ohyho ri rxwsxw/ wrwdo frvw pxvw lqfuhdvh sursruwlrqdoo| zkhq

doo sulfhv lqfuhdvh sursruwlrqdoo|1 Wklv lpsolhv wkh iroorzlqj uhodwlrqvklsv dprqj

wkh sdudphwhuv

?[
�'�

k� ' �(
?[
�'�

��t ' f +514:,

?[
�'�

��� '
?[
�'�

��� '
?[
�'�

?[
�'�

��� ' f�

Wkh uhwxuqv wr vfdoh +>|, fdq eh frpsxwhg dv wkh lqyhuvh ri wkh hodvwlflw| ri

frvwv zlwk uhvshfw wr rxwsxw1 Vshfl�fdoo|

>| '

�
Y *?�|

Y *?t|

�
3�

� +514;,

<Vhh Fkdpehuv +4<;;, iru dq h{whqvlyh glvfxvvlrq/ dqg vhfwlrq :18 ehorz iru d ghwdlohg wuhdw0
phqw ri vnloo0eldvhg whfkqlfdo fkdqjh1
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Wkhuhiruh/ frqvwdqw uhwxuqv wr vfdoh lpsolhv wkdw +iru doo �,

��t ' f dqg �t t ' f +514<,

dqg khqfh wkh rxwsxw whup gursv rxw ri wkh vkduh htxdwlrqv +5149, xqghu wklv

uhvwulfwlrq1

X}dzd +4<95, kdv vkrzq wkdw wkh Doohq sduwldo hodvwlflwlhv ri vxevwlwxwlrq eh0

wzhhq wzr lqsxwv � dqg � +Doohq +4<6;,, fdq eh frpsxwhg iurp wkh frvw irupxod

j��| '
�|EY

2�|*Y`�|Y`�|�

EY�|*Y`�|�EY�|*Y`�|�
� +5153,

Iru wkh wudqvorj frvw ixqfwlrq zh kdyh

j��| '
��� n 7�|7�|

7�|7�|
c � 9' � +5154,

dqg

j��| '
��� n 72�| � 7�|

72�|
+5155,

Wkh rzq dqg furvv0sulfh idfwru ghpdqg hodvwlflwlhv duh jlyhq e| "��| ' 7�|j��|

dqg duh dovr hdvlo| fdofxodwhg iurp wkh hvwlpdwhg sdudphwhuv1 Zh glvfxvv h{dpsohv

ri wkh lpsohphqwdwlrq ri wklv vwuxfwxuh iru wkh wkuhh0idfwru fdvh zlwk fdslwdo/

vnloohg oderxu dqg xqvnloohg oderxu lq vhfwlrq :18 ehorz1 Qrwlfh wkdw wkh edvlf

FHV surgxfwlrq ixqfwlrq fruuhvsrqgv wr wkh uhvwulfwlrq wkdw j��| ' j��| ' j iru doo

idfwruv � dqg � dqg wlph shulrgv |1 Wkh Free0Grxjodv surgxfwlrq ixqfwlrq +Free

dqg Grxjodv +4<5;,, lpsrvhv wkh ixuwkhu uhvwulfwlrq wkdw j ' ��

5151 G|qdplf idfwru ghpdqg

Zh qrz lqwurgxfh dgmxvwphqw frvwv1 Wkh edvlf prwlydwlrq iru lqwurgxflqj frvwv ri

dgmxvwphqw lv wr dffrxqw iru wkh revhuydwlrq wkdw dgmxvwphqw lq wkh ohyho ri idfwru

lqsxwv wdnhv wlph wr frpsohwh/ ru pruh vshfl�fdoo| iru wkh hpslulfdo idloxuh ri

prghov zklfk dvvxph dgmxvwphqw wr eh frvwohvv dqg lpphgldwh1 Wkh dvvxpswlrq

wkdw dq dfwlylw| lv frvwo| lv d qdwxudo zd| iru dq hfrqrplvw wr udwlrqdolvh zk| pruh
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ri lw grhv qrw wdnh sodfh/ exw lw lv qrw wkh rqo| srvvlelolw|1 Dowhuqdwlyh prghov

ri lqyhvwphqw kdyh/ iru h{dpsoh/ lqwurgxfhg h{rjhqrxv ghod|v +h1j1 gholyhu| odjv,

wr h{sodlq lqyhvwphqw g|qdplfv/ ru frqvlghuhg olplwhg vxevwlwxwlrq srvvlelolwlhv

ehwzhhq lqvwdoohg fdslwdo dqg yduldeoh idfwruv ri surgxfwlrq143

Zh zloo frqwlqxh wr dvvxph wkdw fxuuhqw lqsxwv duh yduldeoh idfwruv/ lq wkh

vhqvh wkdw wkh ohyho ri wkhvh lqsxwv fdq eh ydulhg lpphgldwho| dqg zlwkrxw sd|lqj

dq| dgmxvwphqw frvwv1 Zh zloo dvvxph wkdw fdslwdo lqsxwv duh txdvl0�{hg idfwruv/

lq wkh vhqvh wkdw yduldwlrqv lq wkhlu ohyho lpsrvh frvwv ri dgmxvwphqw rq wr wkh

�up/ zklfk zloo whqg wr ghod| dqg pd| srvvleo| suhyhqw wkhlu dgmxvwphqw lq uh0

vsrqvh wr qhz lqirupdwlrq1 Wkxv dw dq| srlqw lq wlph wkh ohyho ri fdslwdo lqsxwv

pd| gl�hu iurp wkrvh zklfk vdwlvi| wkh vwdwlf �uvw0rughu frqglwlrqv +olnh wkrvh

looxvwudwhg iru d sulfh0wdnlqj �up lq htxdwlrq +51;,,> dqg li wkhuh duh dgmxvwphqw

frvwv dvvrfldwhg zlwk/ iru h{dpsoh/ uhsodfhphqw lqyhvwphqw/ wkhq wkh vwhdg|0vwdwh

ohyho ri fdslwdo lqsxwv pd| dovr gl�hu iurp wkh vroxwlrq wr wkh vwdwlf sureohp zlwk

frvwohvv dgmxvwphqw1 Zh zloo dovr doorz oderxu lqsxwv wr eh vxemhfw wr dgmxvwphqw

frvwv1 Gh�qh M| '
�
M�
| c ���cM

-
|

�
dv d yhfwru ri jurvv klulqj lq hdfk w|sh ri oderxu/

dqg wkh htxdwlrq ri prwlrq iru oderxu dv

u�| '
�
�� ��

�
u�|3� nM�

| iru � ' �c ���c - +5156,

zkhuh �� lv wkh txlw udwh iru oderxu ri w|sh l/ dovr dvvxphg wr eh h{rjhqrxv dqg

�{hg1

Wkh ydoxh pd{lplvdwlrq sureohp dqdorjrxv wr +514, lv qrz

T|Eg|3�c u|3�� '

�
4@ 

U|cM|c�|

�| Eg|c u|c�|c U|cM|� n q|n�.| dT|n� Eg|c u|�o

�
+5157,

zkhuh wkh ghshqghqfh ri qhw uhyhqxh rq jurvv lqyhvwphqw dqg jurvv klulqj qrz

uh hfwv wkh suhvhqfh ri dgmxvwphqw frvwv1 Wkh qhw uhyhqxh ixqfwlrq lv qrz vshfl�hg

43Vhh Mrujhqvrq +4<:4, dqg Qlfnhoo +4<:;, iru frpsuhkhqvlyh dffrxqwv ri wkhvh dssurdfkhv lq
wkh lqyhvwphqw frqwh{w1
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dv

�| Eg|c u|c�|c U|cM|� ' R| d8 Eg|c u|c�|��C EU|cM|cg|cu|�o�R
g
| U|��|u|�R

�
| �|

+5158,

zkhuh C EU|cM|cg|c u|� lv wkh dgmxvwphqw frvw ixqfwlrq/ zlwk dgmxvwphqw frvwv

dvvxphg wr wdnh wkh irup ri iruhjrqh surgxfwlrq dqg lqlwldoo| dvvxphg wr eh

vwulfwo| frqyh{ lq jurvv lqyhvwphqw dqg jurvv klulqj1

Jlyhq wklv vshfl�fdwlrq/ wkh vroxwlrq wr wkh �up*v ydoxh pd{lplvdwlrq sureohp

frqwlqxhv wr eh fkdudfwhulvhg e| �uvw0rughu frqglwlrqv +517,/ +518, dqg +51:,1 Wkh

qhz �uvw0rughu frqglwlrqv iru klulqj dqg oderxu duh

�

�
Y�|

YM �
|

�
' >�| iru � ' �c ���c - +5159,

>�| '

�
Y�|

Yu�
|

�
n
�
�� ��

�
q|n�.|

�
>�|n�

�
iru � ' �c ���c - +515:,

zkhuh >�| '
�

�3��

�
YT|

Yu�
|3�

�
lv wkh vkdgrz ydoxh ri lqkhulwlqj rqh dgglwlrqdo xqlw ri

oderxu ri w|sh l lq shulrg w1

Zh kdyh dvvxphg wkdw wkhvh frvwv ri dgmxvwphqw duh vwulfwo| frqyh{ dqg gl�hu0

hqwldeoh/ zklfk zloo whqg wr vprrwk wkh dgmxvwphqw ri txdvl0�{hg idfwruv wr qhz

lqirupdwlrq/ vlqfh d vhulhv ri vpdoo dgmxvwphqwv lv dvvxphg wr eh fkhdshu wkdq d

vlqjoh odujh fkdqjh lq wkh ohyho ri wkhvh lqsxwv1 Wklv olplwdwlrq rq wkh  h{lelolw|

ri idfwru lqsxwv dovr udwlrqdolvhv iruzdug0orrnlqj idfwru ghpdqg ehkdylrxu= vlqfh

d fkdqjh lq wkh fdslwdo vwrfn/ iru h{dpsoh/ zloo eh frvwo| wr uhyhuvh vxevhtxhqwo|/

wkh uhvsrqvh ri lqyhvwphqw wr d jlyhq fkdqjh lq wkh frvw ri fdslwdo zloo eh gl�huhqw

ghshqglqj rq zkhwkhu wkdw fkdqjh lv h{shfwhg wr eh whpsrudu| ru shupdqhqw1

Khqfh wkhvh prghov suhglfw wkdw h{shfwdwlrqv ri ixwxuh ghpdqg dqg sulfhv zloo eh

lpsruwdqw ghwhuplqdqwv ri fxuuhqw lqyhvwphqw dqg hpsor|phqw ghflvlrqv/ zklfk

suhvhqwv d sduwlfxodu fkdoohqjh iru hfrqrphwulf prghoolqj1 Lq wkh qh{w vhfwlrq

zh glvfxvv vhyhudo dssurdfkhv wr wklv sureohp wkdw kdyh ehhq xvhg lq wkh lqyhvw0
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phqw olwhudwxuh/ ehjlqqlqj zlwk wkrvh wkdw fdq eh rewdlqhg dv vshfldo fdvhv ri wkh

jhqhudo idfwru ghpdqg prgho suhvhqwhg khuh1 Vshfl�fdwlrqv ri g|qdplf oderxu

ghpdqg prghov duh glvfxvvhg pruh eulh | lq vhfwlrq :1

Zklovw prvw vwuxfwxudo prghov ri lqyhvwphqw dqg hpsor|phqw g|qdplfv wkdw

kdyh ehhq zlgho| xvhg lq prghoolqj idfwru ghpdqgv dw wkh �up ohyho lq wkh odvw

wzhqw| |hduv kdyh ehhq edvhg rq wkh dvvxpswlrq ri vwulfwo| frqyh{ dgmxvwphqw

frvwv/ lw vkrxog eh qrwhg wkdw wklv vshfl�fdwlrq zdv lqwurgxfhg lqwr wkh olwhudwxuh

sulqflsdoo| dv d pdwwhu ri dqdo|wlfdo frqyhqlhqfh1 Pruh uhfhqw prghov kdyh frq0

vlghuhg wkh lpsolfdwlrqv ri qrq0frqyh{ frvwv ri dgmxvwphqw/ hlwkhu e| dvvxplqj

+sduwldo, luuhyhuvlelolw| ri fxuuhqw lqyhvwphqw ghflvlrqv/ ru e| lqwurgxflqj d �{hg

frvw frpsrqhqw lq wkh vshfl�fdwlrq ri dgmxvwphqw frvwv1 Wkhvh prghov/ zklfk

suhglfw odujh exw lqiuhtxhqw dgmxvwphqwv/ zloo eh frqvlghuhg ixuwkhu lq vhfwlrq 618

ehorz1

61 G|qdplf lqyhvwphqw prghov

Prvw ri wkh vwuxfwxudo prghov ri lqyhvwphqw xvhg lq hpslulfdo dqdo|vlv ri �up ohyho

gdwd fdq eh rewdlqhg dv vshfldo fdvhv ri wkh jhqhudo idfwru ghpdqg prgho rxwolqhg

lq wkh suhylrxv vhfwlrq1 Prvw ri wkhvh prghov dvvxph d vlqjoh +krprjhqhrxv,

fdslwdo lqsxw/ dqg wuhdw wklv dv wkh rqo| txdvl0�{hg idfwru xvhg e| wkh �up1 Wkh

prvw srsxodu ri wkhvh prghov kdv ehhq wkh T prgho/ zklfk uhtxluhv dvvxpswlrqv

xqghu zklfk wkh xqrevhuyhg vkdgrz ydoxh ri fdslwdo lv vlpso| uhodwhg wr wkh

revhuyhg pdunhw0wr0errn ru dyhudjh t udwlr1 Vshfldolvlqj wkh dvvxpswlrq ri vwulfwo|

frqyh{ dgmxvwphqw frvwv wr d v|pphwulf/ txdgudwlf ixqfwlrqdo irup wkhq |lhogv d

frqyhqlhqw/ olqhdu htxdwlrq edvhg rq +517,/ uhodwlqj lqyhvwphqw wr revhuyhg dyhudjh

t1 Dowkrxjk vwloo zlgho| xvhg/ glvvdwlvidfwlrq zlwk wkh hpslulfdo shuirupdqfh ri

wkh T prgho kdv ohg wr lqwhuhvw lq ohvv uhvwulfwlyh lpsohphqwdwlrqv ri wkh edvlf

dgmxvwphqw frvwv prgho/ vxfk dv wkh dssurdfk sursrvhg e| Deho dqg Eodqfkdug

+4<;9, dqg wkh Hxohu htxdwlrq dssurdfk/ lqwurgxfhg lqwr wkh lqyhvwphqw olwhudwxuh
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e| Deho +4<;3,1 Zh frqvlghu hdfk ri wkhvh prghov lq wxuq1

6141 Wkh T prgho

Wr looxvwudwh wkh T prgho zh dvvxph wkdw wkh �up*v rqo| txdvl0�{hg lqsxw lv

d vlqjoh krprjhqhrxv fdslwdo jrrg1 Prvw uhdolvwlfdoo|/ wklv fdq eh wkrxjkw ri

dv d �{hg frh!flhqwv djjuhjdwh ri wkh gl�huhqw fdslwdo jrrgv xvhg e| wkh �up144

Surylghg wkhuh duh qr dgmxvwphqw frvwv dvvrfldwhg zlwk oderxu dqg fxuuhqw lqsxwv/

wkh prgho fdq vwudljkwiruzdugo| doorz iru pdq| w|shv ri wkhvh lqsxwv1 Zh frqvlghu

wkh fdvh ri pxowlsoh txdvl0�{hg idfwruv lq vhfwlrq 617 ehorz1

Edvhg rq wkh qhw uhyhqxh htxdwlrq +5158, dqg wkh dvvxpswlrq ri shuihfwo|

frpshwlwlyh pdunhwv/ zh wkhq rewdlq�
Y�|

YU|

�
' �R|

�
YC

YU|

�
� Rg| +614,

zklfk vxevwlwxwhg lqwr +517, |lhogv�
YC

YU|

�
'

�
b|

Rg|
� �

�
Rg|
R|

' E^| � ��
Rg|
R|
� +615,

Pruhryhu/ vroylqj htxdwlrq +518, iruzdug e| uhshdwhg vxevwlwxwlrq |lhogv

b| ' .|

%
"[
r'f

E�� B�r q|nr

�
Y�|nr

Yg|nr

�&
+616,

zkhuh q|nr lv wkh glvfrxqw idfwru wkdw glvfrxqwv shulrg w.v uhyhqxhv edfn wr shulrg

w1

Wr lqwhusuhw wkhvh h{suhvvlrqv/ qrwlfh wkdw wkh vkdgrz ydoxh ri dq dgglwlrqdo

xqlw ri fdslwdo +b|, lv d iruzdug0orrnlqj phdvxuh ri fxuuhqw dqg h{shfwhg ixwxuh

ydoxhv ri wkh pdujlqdo uhyhqxh surgxfw ri fdslwdo/ zkhuh wkh glvfrxqwlqj uh hfwv

wkh glplqxwlrq ri hdfk fxuuhqw xqlw ri fdslwdo ryhu wlph wkurxjk ghsuhfldwlrq/ dv

zhoo dv wkh vwdqgdug frpshqvdwlrq iru ghod|1 Lq wkh vwdwlf idfwru ghpdqg prgho/

44Iru h{dpsoh/ wkh �up*v whfkqrorj| pd| eh vxfk wkdw lw pxvw dozd|v frpelqh 5 xqlwv ri
htxlsphqw zlwk 4 xqlw ri vwuxfwxuhv/ exw lw fdq vxevwlwxwh ehwzhhq wklv fdslwdo djjuhjdwh dqg
rwkhu oderxu dqg fxuuhqw lqsxwv1
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wkh rswlpdo fdslwdo vwrfn zdv fkdudfwhulvhg e| b| ' Rg| / ru e| ^| '
b|
Rg|

' �/ zkhuh

wklv udwlr ri vkdgrz ydoxh wr sxufkdvh frvw lv nqrzq dv pdujlqdo t1 Zlwk vwulfwo|

frqyh{ frvwv ri dgmxvwphqw/ pdujlqdo dgmxvwphqw frvwv
�
YC

YU|

�
duh dq lqfuhdvlqj

ixqfwlrq ri fxuuhqw jurvv lqyhvwphqw/ vr htxdwlrq +615, vkrzv wkdw lqyhvwphqw lv

dq lqfuhdvlqj ixqfwlrq ri wkh ghyldwlrq ehwzhhq wkh dfwxdo ydoxh ri pdujlqdo t

dqg wklv ghvluhg ydoxh lq wkh devhqfh ri dgmxvwphqw frvwv1 Pruhryhu zh kdyh

wkh vwulnlqj uhvxow wkdw doo lq xhqfhv ri h{shfwhg ixwxuh sur�wdelolw| rq fxuuhqw

lqyhvwphqw duh vxppdulvhg lq pdujlqdo t/ wkurxjk wkh vkdgrz ydoxh ri fdslwdo1

Wr rewdlq dq hpslulfdo lqyhvwphqw prgho zh uhtxluh dq h{solflw irup iru pdu0

jlqdo dgmxvwphqw frvwv/ dqg d zd| ri phdvxulqj pdujlqdo t1 Sulpdulo| iru frq0

yhqlhqfh/ prvw lpsohphqwdwlrqv ri wkh T prgho kdyh dvvxphg wkdw wkh frvw ri

dgmxvwlqj wkh fdslwdo vwrfn lv v|pphwulf dqg txdgudwlf derxw vrph cqrupdo* udwh

ri lqyhvwphqw/ zklfk pd| ru pd| qrw eh uhodwhg wr wkh udwh ri ghsuhfldwlrq1 Pruh

ixqgdphqwdoo|/ wkh edvlf T prgho uhtxluhv wkh dgmxvwphqw frvw ixqfwlrq C EU|cg|�

wr eh krprjhqhrxv ri ghjuhh rqh lq EU|cg|�/ frqvlvwhqw zlwk frqvwdqw uhwxuqv

wr vfdoh1 Rqh srsxodu ixqfwlrqdo irup wkdw kdv wkhvh surshuwlhv/ vxjjhvwhg e|

Vxpphuv +4<;4,/ lv

C EU|cg|� '
K

2

��
U

g

�
|

� @

�2
g| +617,

zkhuh wkh sdudphwhu e uh hfwv wkh lpsruwdqfh ri dgmxvwphqw frvwv1 Xvlqj wklv

vshfl�fdwlrq lq +615, jlyhv wkh olqhdu prgho�
U

g

�
|

' @n
�

K

�
E^| � ��

Rg|
R|

�
� +618,

Wkh glvwlqfwlyh ihdwxuh ri wkh T prgho lv wkh htxdolw| ehwzhhq pdujlqdo t

dqg dyhudjh t hvwdeolvkhg e| Kd|dvkl +4<;5,1 Wkh edvlf uhtxluhphqw lv wkdw wkh

qhw uhyhqxh ixqfwlrq �| Eg|c u|c�|c U|� lv krprjhqhrxv ri ghjuhh rqh/ vx!flhqw

frqglwlrqv iru zklfk duh wkdw erwk wkh surgxfwlrq ixqfwlrq dqg wkh dgmxvwphqw

frvw ixqfwlrq glvsod| frqvwdqw uhwxuqv wr vfdoh/ dqg wkh �up lv d sulfh wdnhu lq doo
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pdunhwv145 Lq wklv fdvh zh fdq frpelqh htxdwlrqv +517, dqg +518, wr rewdlq
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zkhuh T| lv djdlq wkh pd{lplvhg ydoxh ri wkh �up1 Wkxv zh kdyh
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ru ^| '
T|

E� � B� Rg| g|3�

+61<,

vr wkdw pdujlqdo t lv htxdo wr wkh udwlr ri wkh pd{lplvhg ydoxh ri wkh �up lq

shulrg w wr wkh uhsodfhphqw frvw ydoxh lq shulrg w ri wkh fdslwdo vwrfn wkdw wkh

�up lqkhulwv iurp wkh suhylrxv shulrg1 Wklv udwlr/ nqrzq dv dyhudjh t ru Wrelq*v

t +Eudlqdug dqg Wrelq +4<9;,/ Wrelq +4<9<,,/ fdq lq sulqflsoh eh phdvxuhg146

Wkh xvxdo lpsohphqwdwlrq ixuwkhu uhtxluhv wkdw vkduh sulfhv duh qrw d�hfwhg e|

exeeohv ru idgv/ vr wkdw wkh cixqgdphqwdo* ydoxh ri wkh �up jlyhq lq +61;, fdq eh

phdvxuhg e| lwv vwrfn pdunhw ydoxdwlrq147

Vxevwlwxwlqj dyhudjh t iru pdujlqdo t lq +618, wkhq jlyhv wkh edvlf T lqyhvwphqw

htxdwlrq dv �
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45Wkh suhvhqfh ri vwulfwo| frqyh{ dgmxvwphqw frvwv lq wklv prgho hqvxuhv wkdw wkh ydoxh0
pd{lplvdwlrq sureohp kdv d vroxwlrq/ hyhq zlwk shuihfw frpshwlwlrq dqg frqvwdqw uhwxuqv1

46Deho dqg Hehuo| +4<<7, vkrz pruh jhqhudoo| wkdw dyhudjh t lv sursruwlrqdo wr pdujlqdo t li
wkh qhw uhyhqxh ixqfwlrq lv krprjhqhrxv ri ghjuhh n1 Wkh Kd|dvkl +4<;5, htxdolw| uhvxow lv wkh
vshfldo fdvh zlwk n @ 41

47Wkh prgho h{whqgv vwudljkwiruzdugo| wr lqfrusrudwh h{rjhqrxv ghew srolflhv/ lq zklfk fdvh
wkh qxphudwru ri dyhudjh t ehfrphv wkh pd{lplvhg ydoxh ri wkh �up*v fdslwdo dvvhwv/ dqg wkh
�up*v htxlw| pdunhw ydoxdwlrq kdv wr eh dgmxvwhg e| dq hvwlpdwh ri wkh �up*v rxwvwdqglqj ghew1
Wkh prgho fdq dovr eh h{whqghg iru ydulrxv irupv ri wd{dwlrq1 Vhh/ iru h{dpsoh/ Vxpphuv +4<;4,
dqg Kd|dvkl +4<;5,1
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Qrwlfh wkdw li vkduh sulfhv gr fruuhfwo| uh hfw ixqgdphqwdov wkhq wkh vwuxfwxuh

ri wkh T prgho lpsolhv wkdw doo uhohydqw h{shfwdwlrqv ri ixwxuh sur�wdelolw| duh

vxppdulvhg e| wkh �up*v vwrfn pdunhw ydoxdwlrq/ dqg wkh suhglfwlrq wkdw '|

gh�qhg lq +6143, vkrxog eh d vx!flhqw vwdwlvwlf iru lqyhvwphqw1

Rqh ixuwkhu srlqw wr qrwlfh lv wkdw wkh T prgho lghqwl�hv wkh sdudphwhuv +@c K,

ri wkh dgmxvwphqw frvw ixqfwlrq +617,1 Wkhvh sdudphwhuv duh lghqwl�hg zlwkrxw

uhtxlulqj dq| ixqfwlrqdo irup iru wkh jurvv surgxfwlrq ixqfwlrq wr eh vshfl�hg/

jlyhq wkh dvvxpswlrqv ri shuihfw frpshwlwlrq dqg frqvwdqw uhwxuqv wr vfdoh1 Wklv

pd| eh dq dgydqwdjh ru d glvdgydqwdjh/ ghshqglqj rq wkh frqwh{w1 Li wkh remhfwlyh

lv wr txdqwli| wkh lpsruwdqfh ri dgmxvwphqw frvwv/ ru wr whvw wklv vshfl�fdwlrq/ wkhq

wklv urexvwqhvv wr gl�huhqw ixqfwlrqdo irupv iru wkh surgxfwlrq ixqfwlrq pd| eh

dq dgydqwdjh1 Rq wkh rwkhu kdqg li wkh remhfwlyh lv wr hvwlpdwh wkh uhvsrqvh ri

lqyhvwphqw wr vrph fkdqjh lq wd{ udwhv ru rwkhu frpsrqhqw ri wkh xvhu frvw ri

fdslwdo/ wkhq lw lv qrw vx!flhqw wr nqrz wkh sdudphwhuv ri wkh dgmxvwphqw frvw

ixqfwlrq1 Vlpxodwlqj wkh h�hfwv ri d wd{ fkdqjh rq lqyhvwphqw zrxog uhtxluh

dgglwlrqdo lqirupdwlrq derxw wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq fdslwdo dqg

rwkhu idfwruv ri surgxfwlrq wkdw lv qrw lghqwl�hg e| hvwlpdwlrq ri wkh T prgho

dorqh148

Zh kdyh kljkoljkwhg wkh uhvwulfwlyh vwuxfwxuh uhtxluhg wr htxdwh pdujlqdo t

dqg dyhudjh t/ dqg wkh sduwlfxodu vwuxfwxuh ri dgmxvwphqw frvwv qhhghg wr re0

wdlq d olqhdu uhodwlrqvkls ehwzhhq lqyhvwphqw dqg pdujlqdo t1 Wkh dgydqwdjhv

ri wkh T prgho frpsduhg wr uhgxfhg irup prghov duh wkdw wkh lq xhqfh ri h{0

shfwdwlrqv rq fxuuhqw lqyhvwphqw ghflvlrqv lv h{solflwo| prghoohg/ dqg wkdw wkh

sdudphwhuv lghqwl�hg e| hvwlpdwlqj htxdwlrq +6143, duh whfkqrorjlfdo sdudphwhuv

ri wkh dgmxvwphqw frvw ixqfwlrq/ zklfk vkrxog eh lqyduldqw wr vwuxfwxudo euhdnv lq

wkh xqghuo|lqj surfhvvhv jhqhudwlqj sulfhv dqg lqwhuhvw udwhv1 Wkhvh duh lpsru0

48Vhh Vxpphuv +4<;4, dqg Vdolqjhu dqg Vxpphuv +4<;6, iru h{dpsohv ri wd{ vlpxodwlrq lq
wkh frqwh{w ri wkh T prgho1
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wdqw dgydqwdjhv lq wkh olwhudwxuh zklfk whvwv wkh qxoo k|srwkhvlv ri shuihfw fdslwdo

pdunhwv djdlqvw dq dowhuqdwlyh lq zklfk �qdqflqj frqvwudlqwv duh lpsruwdqw/ dv

zh glvfxvv lq vhfwlrq 915 ehorz1

Qhyhuwkhohvv wkhuh lv qr vkruwdjh ri uhdvrqv zk| wkh T prgho pd| eh vhul0

rxvo| plv0vshfl�hg1 Dgmxvwphqw frvwv pd| qrw eh zhoo ghvfulehg e| wkh v|pphw0

ulf/ txdgudwlf ixqfwlrqdo irup wkdw lv frpprqo| lpsrvhg 0 wkxv wkh uhodwlrqvkls

ehwzhhq lqyhvwphqw udwhv dqg '| pd| eh qrq0olqhdu dqg dv|pphwulf hyhq zlwklq

wkh frqyh{ dgmxvwphqw frvwv iudphzrun1 Shuihfw frpshwlwlrq dqg frqvwdqw uhwxuqv

wr vfdoh pd| qrw eh dghtxdwh dvvxpswlrqv/ lq zklfk fdvh dyhudjh t fhdvhv wr eh

d vx!flhqw vwdwlvwlf iru wkh lq xhqfh ri h{shfwdwlrqv dowkrxjk pdujlqdo t pd|

vwloo eh149 Vwrfn pdunhw ydoxdwlrqv pd| gl�hu iurp ixqgdphqwdo ydoxhv zlwkrxw

qhfhvvdulo| ylrodwlqj zhdnhu irupv ri wkh h!flhqw pdunhwv k|srwkhvlv +Vxpphuv

+4<;9,, 0 iru h{dpsoh/ vkduh sulfhv pd| eh d�hfwhg e| udwlrqdo exeeohv +Eodqfkdug

dqg Zdwvrq +4<;5,, ru oltxlglw| wudghuv +Fdpsehoo dqg N|oh +4<<6,,1 Wklv zrxog

lqwurgxfh vhyhuh phdvxuhphqw huuru sureohpv li wkh dyhudjh t udwlr lv frqvwuxfwhg

xvlqj vkduh sulfh gdwd/ dqg frxog xqghuplqh lghqwl�fdwlrq ri wkh dgmxvwphqw frvw

sdudphwhuv14: Qrwh dovr wkdw iru vkduh sulfhv wr phdvxuh pdujlqdo t dssursul0

dwho|/ wkh vwrfn pdunhw pxvw kdyh wkh vdph h{shfwdwlrqv dv wkh �up/ lq sduwlfxodu

derxw wkh ixwxuh sdwk ri wkh �up*v fdslwdo vwrfn1 Pruh pxqgdqh phdvxuhphqw

huuru lvvxhv pd| dovr eh lpsruwdqw 0 wkh fdslwdo vwrfn dqg ghew phdvxuhv wkdw fdq

eh frqvwuxfwhg iurp frpsdq| dffrxqwv gdwd duh olnho| wr eh vxemhfw wr vxevwdqwldo

huuruv/ dqg dffxudwho| phdvxulqj wkh +wd{0dgmxvwhg, sulfhv ri fdslwdo jrrgv uhoh0

ydqw iru lqglylgxdo �upv lv jhqhudoo| qrw srvvleoh zlwk sxeolf gdwd vhwv1 Lw pd|

eh lqdssursuldwh wr wuhdw d vlqjoh fdslwdo djjuhjdwh dv wkh rqo| txdvl0�{hg idfwru

ri surgxfwlrq/ dqg lw pd| eh qhfhvvdu| wr glvwlqjxlvk ehwzhhq lqvwdoohg fdslwdo

dqg qhz fdslwdo zkhq vshfli|lqj wkh vxevwlwxwlrq srvvlelolwlhv ehwzhhq fdslwdo dqg

49Vhh Kd|dvkl +4<;5,1
4:Vhh Hulfnvrq dqg Zklwhg +5333, dqg Erqg dqg Fxpplqv +5334, iru ixuwkhu glvfxvvlrq1
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rwkhu idfwruv ri surgxfwlrq1 Ilupv pd| rshudwh lq lpshuihfw fdslwdo pdunhwv/ dqg

wkh remhfwlyhv ri wkhlu pdqdjhuv pd| qrw dozd|v frlqflgh zlwk vkduhkroghu ydoxh

pd{lplvdwlrq1

Wkxv lw pd| qrw eh frpsohwho| vxusulvlqj wkdw wkh hpslulfdo shuirupdqfh ri

wkh T prgho kdv jhqhudoo| ehhq glvdssrlqwlqj1 Hvwlpdwhv ri htxdwlrq +6143, kdyh

jhqhudoo| |lhoghg h{wuhpho| orz ydoxhv iru wkh frh!flhqw +�
K
,/ vxjjhvwlqj h{wudru0

glqdulo| kljk pdujlqdo frvwv ri dgmxvwphqw dqg lpsodxvleo| vorz dgmxvwphqw ri

wkh dfwxdo fdslwdo vwrfn1 Wkh suhglfwlrq wkdw '| lv d vx!flhqw vwdwlvwlf iru lqyhvw0

phqw kdv jhqhudoo| ehhq uhmhfwhg lq hpslulfdo whvwv/ dqg wkh h{sodqdwru| srzhu

ri wkh '| yduldeoh lv riwhq irxqg wr eh yhu| zhdn zkhq rwkhu yduldeohv vxfk dv

vdohv dqg fdvk  rz duh dgghg wr wkh hfrqrphwulf prgho1 Prvw dwwhpswv wr frq0

wuro iru phdvxuhphqw huuru lq '| kdyh ehhq xqvxffhvvixo lq uhyhuvlqj wkhvh edvlf

uhvxowv/ dowkrxjk Fxpplqv hw do1 +4<<7, �qg wkdw wkh T prgho surylghv d pruh

vdwlvidfwru| ghvfulswlrq ri lqyhvwphqw ehkdylrxu lq shulrgv zkhq wkh yduldwlrq lq

phdvxuhg '| lv grplqdwhg e| wd{ fkdqjhv1 Uhfhqwo| Hulfnvrq dqg Zklwhg +5333,

dqg Erqg dqg Fxpplqv +5334, kdyh dovr uhsruwhg pruh idyrxudeoh uhvxowv zkhq

dffrxqwlqj iru irupv ri phdvxuhphqw huuru vxjjhvwhg e| wkh srvvlelolw| ri exe0

eohv ru idgv lq vwrfn pdunhw ydoxdwlrqv1 Wkhvh �qglqjv duh frqvlvwhqw zlwk wkh

lqwhusuhwdwlrq wkdw yduldwlrq lq '| dv qrupdoo| phdvxuhg lv grplqdwhg e| xqlq0

irupdwlyh cqrlvh* lq vkduh sulfhv/ dowkrxjk dv zh kdyh hpskdvlvhg wkhuh duh pdq|

rwkhu uhdvrqv zk| wkh T prgho pd| eh plv0vshfl�hg1

6151 Wkh Deho dqg Eodqfkdug prgho

Li wkh frqfhuq lv wkdw wkh frqglwlrqv uhtxluhg wr htxdwh pdujlqdo t dqg dyhudjh t

pd| qrw krog/ ru li phdvxuhv ri dyhudjh t edvhg rq vwrfn pdunhw ydoxdwlrqv duh

vxvshfw/ wkhq dq dowhuqdwlyh dssurdfk lv wr dwwhpsw wr phdvxuh pdujlqdo t lwvhoi/

dqg hvwlpdwh htxdwlrq +618, gluhfwo|1

Deho dqg Eodqfkdug +4<;9, vxjjhvwhg frqvwuxfwlqj dq hvwlpdwh ri wkh vkdgrz
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ydoxh ri fdslwdo xvlqj dq dx{loldu| hfrqrphwulf prgho/ edvhg rq htxdwlrq +616,1

Wklv surfhgxuh uhtxluhv d vshfl�fdwlrq iru wkh pdujlqdo uhyhqxh surgxfw ri fdsl0

wdo lq whupv ri revhuydeoh yduldeohv/ dqg d iruhfdvwlqj prgho iru wkhvh yduldeohv1

Qrwlfh wkdw wklv iruhfdvwlqj prgho grhv qrw qhhg wr |lhog dffxudwh suhglfwlrqv/

exw udwkhu qhhgv wr plplf wkh h{shfwdwlrqv ri ixwxuh pdujlqdo uhyhqxh surgxfwv

rq zklfk wkh �up*v lqyhvwphqw ghflvlrqv duh edvhg1 Krz zhoo wklv fdq eh grqh

xvlqj wkh lqirupdwlrq dydlodeoh wr wkh hfrqrphwulfldq lv qrw hqwluho| fohdu1 Jlyhq

d vhw ri iruhfdvwv ri wkh ixwxuh pdujlqdo uhyhqxh surgxfwv ri fdslwdo/ wkhvh duh

glvfrxqwhg edfn wr wkh fxuuhqw shulrg wr |lhog dq hvwlpdwh ri b|1 Wklv lv wkhq

xvhg wr frqvwuxfw dq hvwlpdwh ri pdujlqdo t/ zklfk fdq eh xvhg lq sodfh ri wkh

dyhudjh t udwlr wr hvwlpdwh wkh lqyhvwphqw htxdwlrq1

Wklv surfhgxuh dyrlgv wkh xvh ri vkduh sulfh gdwd/ dqg fdq lq sulqflsoh eh xvhg

wr uhod{ wkh dvvxpswlrqv ri shuihfw frpshwlwlrq dqg frqvwdqw uhwxuqv wr vfdoh li

d vxlwdeoh irup iru wkh pdujlqdo uhyhqxh surgxfw ri fdslwdo lv vshfl�hg1 Wkhvh

dvvxpswlrqv duh uhsodfhg e| d vshfl�fdwlrq iru wkh pdujlqdo uhyhqxh surgxfw/ dqg

wkh qhhg wr vshfli| dq dx{loldu| iruhfdvwlqj prgho1 Wkh olqhdu vshfl�fdwlrq ri wkh

lqyhvwphqw prgho vwloo uholhv khdylo| rq wkh dvvxpswlrq ri v|pphwulf/ txdgudwlf

frvwv ri dgmxvwphqw1

6161 Wkh Hxohu htxdwlrq

Wkh Hxohu htxdwlrq dssurdfk lqwurgxfhg e| Deho +4<;3, fdq dovr uhod{ wkh olqhdu

krprjhqhlw| ri wkh qhw uhyhqxh ixqfwlrq dqg dyrlg wkh xvh ri vkduh sulfh gdwd1

Shukdsv pruh lpsruwdqwo|/ wklv dssurdfk dyrlgv wkh qhhg wr sdudphwhulvh wkh

h{shfwdwlrqv0irupdwlrq surfhvv1 Wklv lv dfklhyhg e| xvlqj wkh �uvw0rughu frqgl0

wlrq iru lqyhvwphqw +517, wr holplqdwh wkh vkdgrz ydoxh ri fdslwdo iurp wkh Hxohu

htxdwlrq +518,/ dqg wkhq hvwlpdwlqj wkh Hxohu htxdwlrq lwvhoi udwkhu wkdq d prgho

edvhg rq +517,1
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Iru wkh fdvh ri d vlqjoh fdslwdo lqsxw wklv jlyhv wkh h{suhvvlrq
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Xvlqj wkh qhw uhyhqxh ixqfwlrq +5158, dqg dvvxplqj shuihfwo| frpshwlwlyh pdunhwv

wkhq jlyhv�
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lv d uhdo glvfrxqw idfwru dqg
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R

�
|
lv wkh xvhu frvw ri

fdslwdo/ dv gh�qhg lq htxdwlrq +51;,1

Frpsdulqj htxdwlrqv +6145, dqg +615, vkrzv wkdw wkh wzr whupv rq wkh uljkw

kdqg vlgh ri +6145, frqwdlq hvvhqwldoo| wkh vdph lqirupdwlrq dv pdujlqdo t1 Lq sdu0

wlfxodu/ jlyhq wkh fxuuhqw gl�huhqfh ehwzhhq wkh pdujlqdo surgxfw ri fdslwdo dqg

wkh xvhu frvw/ doo uhohydqw lqirupdwlrq derxw h{shfwhg ixwxuh sur�wdelolw| lv khuh

vxppdulvhg e| wkh rqh0vwhs dkhdg iruhfdvw ri glvfrxqwhg pdujlqdo dgmxvwphqw

frvwv1

Xvlqj wkh dgmxvwphqw frvw ixqfwlrq +617, |lhogv�
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+6146,

Wr lpsohphqw wklv prgho/ wkh rqh0vwhs dkhdg h{shfwhg ydoxhv fdq eh uhsodfhg

e| wkh uhdolvhg ydoxhv ri wkhvh yduldeohv lq shulrg w.4/ zklfk lqwurgxfhv iruh0

fdvw huuruv wkdw zloo eh ruwkrjrqdo wr lqirupdwlrq dydlodeoh lq shulrg w xqghu wkh

dvvxpswlrq ri udwlrqdo h{shfwdwlrqv1 Dvvxplqj frqvwdqw uhwxuqv wr vfdoh/ wkh pdu0

jlqdo surgxfw ri fdslwdo fdq eh vxevwlwxwhg zlwkrxw dvvxplqj d sdudphwulf irup

iru wkh surgxfwlrq ixqfwlrq/ dv lq Erqg dqg Phjklu +4<<7,1 Dowhuqdwlyho| wkh

prgho fdq eh lpsohphqwhg e| dvvxplqj vrph irup iru wkh surgxfwlrq ixqfwlrq/

dv lq Deho +4<;3,1 Zklovw wklv lv pruh uhvwulfwlyh/ lw vkrzv wkdw lq sulqflsoh vxe0

vwlwxwlrq sdudphwhuv fdq eh lghqwl�hg iurp wkh Hxohu htxdwlrq/ zklfk lv qrw wkh

fdvh iru wkh T prgho1 Wkh Hxohu htxdwlrq prgho fdq dovr eh h{whqghg wr doorz iru

lpshuihfwo| frpshwlwlyh surgxfw pdunhwv dqg2ru iru ghfuhdvlqj uhwxuqv wr vfdoh1
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6171 Pxowlsoh txdvl0�{hg idfwruv

Doo wkh prghov zh kdyh frqvlghuhg wkxv idu lq wklv vhfwlrq kdyh wuhdwhg fdslwdo

dv d vlqjoh txdvl0�{hg lqsxw/ dqg dvvxphg wkdw doo rwkhu lqsxwv fdq eh dgmxvwhg

frvwohvvo|1 Wkh pruh jhqhudo prgho rxwolqhg lq vhfwlrq 515 fdq eh xvhg wr vkrz

krz wkhvh prghov duh d�hfwhg e| wkh suhvhqfh ri pruh wkdq rqh txdvl0�{hg idfwru1

Wr looxvwudwh wklv/ zh frqvlghu wkh fdvh lq zklfk wkh �up fdq vxevwlwxwh ehwzhhq

wzr w|shv ri fdslwdo +h1j1 htxlsphqw dqg vwuxfwxuhv,/ erwk ri zklfk duh vxemhfw

wr dgmxvwphqw frvwv1 Wkh lpsolfdwlrqv ri wuhdwlqj oderxu dv d txdvl0�{hg idfwru

ri surgxfwlrq duh hvvhqwldoo| vlplodu1

Frpelqlqj htxdwlrqv +517, dqg +518, dv zh glg wr rewdlq htxdwlrq +619,/ dvvxp0
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dqg vlploduo| iru lqyhvwphqw lq wkh vhfrqg w|sh ri fdslwdo1

Wklv vkrzv wkdw wkh edvlf T prgho lv plv0vshfl�hg zkhq wkhuh lv pruh wkdq rqh

txdvl0�{hg idfwru1 Zklovw wklv v|vwhp ri htxdwlrqv frxog lq sulqflsoh eh hvwlpdwhg/

wkh olwhudwxuh kdv orrnhg lqvwhdg iru uhvwulfwlrqv rq wkh irup ri dgmxvwphqw frvwv

wkdw doorz d vlqjoh htxdwlrq iru wrwdo lqyhvwphqw wr eh hvwlpdwhg1 Lq sduwlfxodu/

Kd|dvkl dqg Lqrxh +4<<4, rewdlq frqglwlrqv xqghu zklfk wkh vwuxfwxuh ri wkh edvlf

T prgho lv suhvhuyhg/ zlwk wkh djjuhjdwh fdslwdo vwrfn phdvxuh ehlqj frqvwuxfwhg

dv d Glylvld lqgh{ ri wkh lqglylgxdo fdslwdo vwrfnv/ udwkhu wkdq dv wkhlu vxp14;

Erwk wkh Deho dqg Eodqfkdug dssurdfk dqg wkh Hxohu htxdwlrq dssurdfk h{0

whqg pruh vwudljkwiruzdugo| wr wkh fdvh ri dgglwlyho| vhsdudeoh dgmxvwphqw frvwv1

Dq h{suhvvlrq dqdorjrxv wr +616, krogv iru hdfk w|sh ri fdslwdo1 Wklv fdq eh xvhg

wr rewdlq dq hvwlpdwh ri pdujlqdo t iru hdfk w|sh ri fdslwdo/ surylghg rqh lv zloolqj

wr vshfli| wkh pdujlqdo uhyhqxh surgxfw iru hdfk w|sh ri fdslwdo1 Wklv zloo djdlq

|lhog d v|vwhp ri htxdwlrqv iru hdfk w|sh ri lqyhvwphqw1 Iru wkh Hxohu htxdwlrq

fdvh/ h{suhvvlrqv dqdorjrxv wr +6144, dqg +6145, krog iru hdfk w|sh ri fdslwdo1

Wkhvh dssurdfkhv fdq dovr dffrpprgdwh wkh fdvh ri lqwhuuhodwhg dgmxvwphqw

frvwv/ surylghg rqh lv zloolqj wr vshfli| wkh irup ri wkh dgmxvwphqw frvw ixqfwlrq1

Vhh/ iru h{dpsoh/ Vkdslur +4<;9, iru d v|vwhp ri Hxohu htxdwlrqv zlwk lqwhuuhodwhg

dgmxvwphqw frvwv1

6181 Qrq0frqyh{ dgmxvwphqw frvwv

Vhyhudo frqvlghudwlrqv kdyh prwlydwhg uhvhdufkhuv wr frqvlghu prghov zlwk qrq0

frqyh{ frvwv ri dgmxvwphqw1 Dv qrwhg hduolhu/ wkh dvvxpswlrq ri vwulfwo| frqyh{

dgmxvwphqw frvwv zdv lqwurgxfhg sulpdulo| iru dqdo|wlfdo frqyhqlhqfh1 Ghvfulswlyh

hylghqfh rq wkh wlph vhulhv ehkdylrxu ri lqyhvwphqw lq yhu| glvdjjuhjdwhg gdwd

vhwv kdv txhvwlrqhg wkh hpslulfdo ydolglw| ri wklv vlpsoli|lqj dvvxpswlrq1 Dqdo|w0

lfdo whfkqltxhv wkdw fkdudfwhulvh rswlpdo lqyhvwphqw ehkdylrxu lq wkh suhvhqfh ri

4;Vhh dovr Jdohrwwl dqg Vfkldqwduhool +4<<4, dqg Fklulqnr +4<<6e,1

59



qrq0frqyh{ dgmxvwphqw frvwv kdyh ehfrph pruh idploldu wr hfrqrplvwv1 Dqg wkh

hpslulfdo shuirupdqfh ri wkh vwuxfwxudo g|qdplf prghov edvhg rq vwulfwo| frqyh{

dgmxvwphqw frvwv kdv ehhq vx!flhqwo| sureohpdwlf wr hqfrxudjh lqyhvwljdwlrq ri

dowhuqdwlyhv1

Fhqvxv ri surgxfwlrq gdwd surylghv hylghqfh dw wkh ohyho ri pdqxidfwxulqj

hvwdeolvkphqwv +sodqwv/ ru uhodwhg jurxsv ri sodqwv,/ zklfk lv pxfk pruh glvdj0

juhjdwhg wkdq dffrxqwlqj gdwd rq frpsdqlhv1 Grpv dqg Gxqqh +4<<;, xvh gdwd

iurp wkh Orqjlwxglqdo Uhvhdufk Gdwdedvh +OUG,/ fryhulqj 45/333 XV pdqxidf0

wxulqj sodqwv ryhu wkh shulrg 4<:50;</ wr looxvwudwh vhyhudo dvshfwv ri wkh coxps|*

dgmxvwphqw ri fdslwdo1 Iru h{dpsoh/ pruh wkdq kdoi ri doo sodqwv h{shulhqfh d

|hdu lq zklfk wkh fdslwdo vwrfn lqfuhdvhv e| ryhu 68(> wkh wzr odujhvw lqyhvwphqw

cvslnhv* duh riwhq revhuyhg lq frqvhfxwlyh |hduv> dqg wkh lqflghqfh ri wkhvh lqyhvw0

phqw vslnhv lv kljko| fruuhodwhg zlwk wkh wlph vhulhv ri djjuhjdwh lqyhvwphqw iru

wkhvh hvwdeolvkphqwv1 Dqwl Qlovhq dqg Vfkldqwduhool +4<<;, uhsruw vlplodu �qglqjv

xvlqj sodqw ohyho gdwd iru Qruzd|1 Wkhlu uhvxowv dovr vkrz wkdw durxqg 63( ri

Qruzhjldq sodqwv kdyh }hur lqyhvwphqw lq dq dyhudjh |hdu/ dowkrxjk wklv sursru0

wlrq idoov wr rqo| 9( li wkh| irfxv rq pdlq surgxfwlrq sodqwv/ ru djjuhjdwh ryhu

pxowlsoh sodqwv ehorqjlqj wr wkh vdph frpsdq|1 Dowkrxjk djjuhjdwlrq ryhu sodqwv

wr wkh frpsdq| ohyho whqgv wr vprrwk vrph ri wkh glvfuhwhqhvv revhuyhg iru lq0

glylgxdo sodqwv/ Deho dqg Hehuo| +4<<9, �qg wkdw wkh glvwulexwlrq ri lqyhvwphqw

udwhv lv srvlwlyho| vnhzhg lq d odujh vdpsoh ri sxeolfo| wudghg XV frpsdqlhv iurp

wkh Frpsxvwdw gdwdedvh/ dqg wkh wzr kljkhvw lqyhvwphqw udwhv duh revhuyhg lq

frqvhfxwlyh |hduv iru derxw kdoi wkh �upv lq wkhlu vdpsoh1

Wklv hylghqfh ri lqiuhtxhqw dqg oxps| dgmxvwphqw fdq eh h{sodlqhg e| wkh

suhvhqfh ri dgmxvwphqw frvw frpsrqhqwv wkdw duh qrw vwulfwo| frqyh{ lq wkh ohyho ri

lqyhvwphqw14< Frpsohwh luuhyhuvlelolw| rffxuv zkhq jurvv lqyhvwphqw lv uhvwulfwhg

4<Wkh vdph hylghqfh frxog dovr eh h{sodlqhg e| lqglylvlelolwlhv/ uxolqj rxw vpdoo sxufkdvhv ri
fdslwdo1 Vhh Qlfnhoo +4<:;, iru ixuwkhu glvfxvvlrq1
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wr eh qrq0qhjdwlyh1 Dv Deho dqg Hehuo| +4<<9, uhsruw wkdw vrph glvlqyhvwphqw

+vdohv ri fdslwdo, rffxuv lq derxw 83( ri wkhlu revhuydwlrqv/ wklv dvvxpswlrq ds0

shduv wrr h{wuhph wr fkdudfwhulvh wkh lqyhvwphqw ehkdylrxu ri prvw frpsdqlhv153

Sduwldo luuhyhuvlelolw| rffxuv zkhq xvhg fdslwdo jrrgv fdq rqo| eh vrog iru ohvv wkdq

wkhlu wuxh uhsodfhphqw frvw ydoxh/ iru h{dpsoh dv d uhvxow ri dgyhuvh vhohfwlrq lq

vhfrqg0kdqg fdslwdo jrrgv pdunhwv +fi1 Dnhuori +4<:3,,1 Wklv zhgjh ehwzhhq wkh

sxufkdvh sulfh dqg wkh vdoh sulfh ri fdslwdo jrrgv lqwurgxfhv d slhfhzlvh olqhdu

frvw ri dgmxvwphqw/ wkdw lv nlqnhg dw wkh srlqw ri }hur jurvv lqyhvwphqw1 Wklv

nlqn lv vx!flhqw wr h{sodlq zk| }hur lqyhvwphqw pd| rffxu hyhq wkrxjk wkh �up

lv qrw dw lwv ghvluhg fdslwdo vwrfn/ exw grhv qrw h{sodlq zk| revhuyhg dgmxvwphqw

vkrxog eh oxps|1 Wkh odwwhu fdq eh h{sodlqhg e| dvvxplqj d �{hg frvw frpsrqhqw

wr dgmxvwphqw frvwv/ wkdw lv lqghshqghqw ri wkh ohyho ri lqyhvwphqw xqghuwdnhq/

dowkrxjk wkh vl}h ri wkh �{hg frvw pd| ghshqg rq zkhwkhu wkh dgmxvwphqw lv

xszdugv +srvlwlyh lqyhvwphqw, ru grzqzdugv +glvlqyhvwphqw,1

Wkhruhwlfdo prghov ri lqyhvwphqw kdyh orqj vlqfh frqvlghuhg ehkdylrxu lq wkh

suhvhqfh ri luuhyhuvlelolw| dqg olqhdu dgmxvwphqw frvwv +vhh/ iru h{dpsoh/ Duurz

+4<9;, dqg Qlfnhoo +4<:;,,1 Krzhyhu lw lv rqo| pruh uhfhqwo|/ dqg qrwdeo| wkurxjk

wkh zrun ri Gl{lw dqg Slqg|fn +4<<7, dqg Ehuwrod dqg Fdedoohur +4<<7,/ wkdw wkhvh

prghov kdyh ehjxq wr kdyh d pdmru lpsdfw rq wkh hpslulfdo olwhudwxuh1

Deho dqg Hehuo| +4<<7/ 4<<9, kdyh h{whqghg wkh T prgho ri lqyhvwphqw wr

rewdlq d vwuxfwxudo prgho ri lqyhvwphqw g|qdplfv lq wkh suhvhqfh ri qrq0frqyh{

dgmxvwphqw frvwv1 Dv lq wkh wudglwlrqdo T prgho/ wkh| dvvxph frqvwdqw uhwxuqv

wr vfdoh dqg shuihfw frpshwlwlrq lq doo pdunhwv1 Wkhlu dgmxvwphqw frvw ixqfwlrq

kdv wkh irup

C EU|cg|� ' @ng| n KnU| n Sn
�
U

g

�2
|

g| li U| : f +614;,

53Wklv lv qrw wr vxjjhvw wkdw prghov zlwk frpsohwh luuhyhuvlelolw| duh qrw xvhixo lq fkdudfwhu0
lvlqj vrph lqyhvwphqw ghflvlrqv/ iru h{dpsoh wkh ghflvlrq wr ghyhors dq r�vkruh rlo �hog1 Vhh/
iru h{dpsoh/ Shvdudq +4<<3, dqg Idyhur dqg Shvdudq +4<<7,1
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zkhuh b| lv wkh vkdgrz ydoxh ri fdslwdo/ b| lv dq xsshu wkuhvkrog ydoxh ehorz zklfk

wkh �up grhv qrw �qg lw zruwkzkloh wr xqghuwdnh srvlwlyh jurvv lqyhvwphqw/ dqg b|

lv d orzhu wkuhvkrog deryh zklfk wkh �up grhv qrw �qg lw zruwkzkloh wr xqghuwdnh

glvlqyhvwphqw1 Pruhryhu vlqfh wklv dgmxvwphqw frvw ixqfwlrq lv krprjhqhrxv ri

ghjuhh rqh lq EU|cg|�/ wkh prgho fdq eh lpsohphqwhg e| htxdwlqj pdujlqdo t zlwk

dyhudjh t lq wkh vwdqgdug zd|1 Wklv prgho vxjjhvwv d prqrwrqlf exw qrq0olqhdu

uhodwlrqvkls ehwzhhq lqyhvwphqw dqg dyhudjh t/ zlwk d uhjlrq ri lqdfwlylw| zkhuh

jurvv lqyhvwphqw lv }hur ehwzhhq wkh wzr wkuhvkrog ydoxhv1

Fdedoohur dqg Ohdk| +4<<9, kdyh fulwlflvhg wkh Deho dqg Hehuo| irupxodwlrq1

Wkh| vkrz wkdw wkh dvvxpswlrqv ri shuihfw frpshwlwlrq dqg frqvwdqw uhwxuqv wr

vfdoh wdnh rq d pruh fuxfldo uroh lq wkh suhvhqfh ri �{hg frvwv ri dgmxvwphqw1 Qrw

rqo| lv olqhdu krprjhqhlw| ri wkh qhw uhyhqxh ixqfwlrq uhtxluhg wr htxdwh pdujlqdo

dqg dyhudjh t/ exw lq wkh suhvhqfh ri �{hg dgmxvwphqw frvwv wklv uhvwulfwlrq lv dovr

qhhghg wr rewdlq d prqrwrqlf uhodwlrqvkls ehwzhhq lqyhvwphqw dqg pdujlqdo t1

Li wkh qhw uhyhqxh ixqfwlrq lv frqfdyh/ wkh| vkrz wkdw pdujlqdo t ehfrphv d

qrq0prqrwrqlf ixqfwlrq ri lqyhvwphqw dqg wkh lqyhuvh ixqfwlrq/ lqyhvwphqw dv d

ixqfwlrq ri pdujlqdo t/ grhv qrw h{lvw1 Wkxv wkh prgho ghvfulehg e| +614<, zrxog

eh ixqgdphqwdoo| plv0vshfl�hg/ krzhyhu rqh phdvxuhv wkh vkdgrz ydoxh ri fdslwdo1
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Fdedoohur dqg Ohdk| +4<<9, fohduo| uhjdug wkh frpelqdwlrq ri shuihfw frpsh0

wlwlrq dqg frqvwdqw uhwxuqv wr vfdoh dv cxqolnho|* wr eh dssursuldwh dvvxpswlrqv/

sduwlfxoduo| lq wkh frqwh{w ri odujh �upv1 Wklv lv dq lqwhuhvwlqj ghsduwxuh iurp

Oxfdv +4<9:,/ zkr ylhzhg wklv frpelqdwlrq ri dvvxpswlrqv dv d vwuhqjwk ri wkh

xqghuo|lqj t wkhru|1 Zlwkrxw olqhdu krprjhqhlw| ri wkh qhw uhyhqxh ixqfwlrq/

wkh �up kdv dq rswlpdo vl}h/ zkhuhdv zlwk olqhdu krprjhqhlw| ri wkh qhw uhyhqxh

ixqfwlrq wkh �up kdv qr rswlpdo vl}h1 Wklv uhfrqflohv wkh prgho zlwk hylghqfh

vxjjhvwlqj wkdw fkdqjhv lq �up vl}h duh gl!fxow wr suhglfw154 Uhfdoo wkdw wkhvh

dvvxpswlrqv kdyh ehhq pdgh lq wkh ydvw pdmrulw| ri vwuxfwxudo lqyhvwphqw prghov

ghulyhg lq wkh devhqfh ri �{hg frvwv1 Jlyhq wklv/ whvwlqj d prgho zklfk pdlq0

wdlqv wkhvh dvvxpswlrqv zklovw lqwurgxflqj �{hg frvwv grhv qrw vhhp wr eh dq

xquhdvrqdeoh surmhfw d sulrul1 Zklovw olqhdu krprjhqhlw| pd| qrw krog h{dfwo|/ lw

pd| surylgh d vx!flhqwo| jrrg dssur{lpdwlrq wr eh xvhixo/ dqg wkh idfw wkdw wklv

dvvxpswlrq juhdwo| vlpsol�hv wkh fkdudfwhulvdwlrq ri rswlpdo lqyhvwphqw lq wkh

suhvhqfh ri �{hg dgmxvwphqw frvwv zrxog eh qr vpdoo dgydqwdjh li wklv lv wkh fdvh1

Lq rxu ylhz/ frqfoxvlyh hylghqfh wkdw olqhdu krprjhqhlw| vkrxog eh dedqgrqhg lq

wkh lqyhvwphqw olwhudwxuh kdv qrw |hw ehhq suhvhqwhg1

Deho dqg Hehuo| +4<<9, dqg Eduqhww dqg Vdnhoodulv +4<<;, kdyh hvwlpdwhg

qrq0olqhdu prghov uhodwlqj wkh lqyhvwphqw udwh wr dyhudjh t xvlqj gdwd rq XV

sxeolfo| wudghg frpsdqlhv1 Erwk vwxglhv �qg vljql�fdqw qrq0olqhdulwlhv1 Eduqhww

dqg Vdnhoodulv +4<<;, �qg d frqfdyh uhodwlrqvkls/ zlwk d  dwwhu vorsh dw kljkhu ydo0

xhv ri dyhudjh t1 Deho dqg Hehuo| +4<<9, �qg dq V0vkdshg vljprlgdo uhodwlrqvkls/

zlwk d vwhhshu vorsh dw ydoxhv ri dyhudjh t durxqg xqlw| dqg d  dwwhu uhvsrqvh dw

erwk kljkhu dqg orzhu ydoxhv155

Dw �uvw vljkw wklv vhhpv lqfrqvlvwhqw zlwk wkh suhglfwlrqv ri wkh prgho zlwk

54Wkh sursrvlwlrq wkdw �up vl}h iroorzv d udqgrp zdon lv nqrzq dv Jleudw*v Odz/ dqg d odujh
olwhudwxuh lq hpslulfdo lqgxvwuldo rujdqlvdwlrq kdv vrxjkw wr whvw wklv k|srwkhvlv +vhh Vxwwrq
+4<<;,,1 Zklovw wkh uhvxowv duh vrphzkdw lqfrqfoxvlyh/ wkh idfw wkdw d odujh olwhudwxuh h{lvwv
vxjjhvwv wkdw wkh sursrvlwlrq lv qrw zlwkrxw lqwhuhvw/ dqg lv qrw uhmhfwhg rxw ri kdqg1

55Vhh dovr Hehuo| +4<<:,1
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qrq0frqyh{ dgmxvwphqw frvwv/ zklfk lpsolhv qr uhvsrqvh ri lqyhvwphqw wr dyhudjh

t lq wkh lqwhuphgldwh udqjh ri lqdfwlrq/ dqg d uhvsrqvh ri lqyhvwphqw wr dyhudjh

t rqo| zkhq dyhudjh t pryhv rxwvlgh wklv udqjh1 Deho dqg Hehuo| +4<<9, vxjjhvw

wkdw wklv dssduhqwo| sdudgr{lfdo �qglqj fdq eh h{sodlqhg e| djjuhjdwlrq ryhu

gl�huhqw w|shv ri fdslwdo jrrgv1 Wkh edvlf lghd lv wkdw zlwk qrq0frqyh{ dgmxvwphqw

frvwv/ dgmxvwphqw rffxuv dw erwk wkh h{whqvlyh pdujlq +wkh ghflvlrq wr lqyhvw ru

qrw wr lqyhvw, dqg wkh lqwhqvlyh pdujlq +krz pxfk wr lqyhvw ru glvlqyhvw jlyhq

wkdw dq dgmxvwphqw lv zruwkzkloh,1 Dw lqwhuphgldwh ydoxhv/ d ulvh lq dyhudjh t

zloo wuljjhu dgmxvwphqw dw wkh h{whqvlyh pdujlq iru vrph w|shv ri fdslwdo/ zlwk

vshqglqj rq wkrvh w|shv ri lqyhvwphqw lqfuhdvlqj iurp }hur wr vrph ohyho wkdw lv

odujh hqrxjk wr mxvwli| sd|lqj wkh fruuhvsrqglqj �{hg frvw1 Dw kljkhu ydoxhv/ d

ixuwkhu ulvh lq dyhudjh t surgxfhv dgmxvwphqw rqo| dw wkh lqwhqvlyh pdujlq iru doo

w|shv ri fdslwdo/ vr wkdw wkh uhvsrqvh ri wrwdo lqyhvwphqw vshqglqj wr wkh fkdqjh

lq dyhudjh t pd| eh  dwwhu1

Wklv dujxphqw lv lqjhqlrxv/ exw lw vkrxog eh qrwhg wkdw wkhuh duh fhqvrulqj

dqg phdvxuhphqw huuru sureohpv wkdw fdq dovr dffrxqw iru wkh qrq0olqhdu vkdsh

irxqg e| Deho dqg Hehuo| +4<<9,/ hyhq li wkh wuxh uhodwlrqvkls lv olqhdu1 Jurvv

lqyhvwphqw lq wkhlu prgho lv doorzhg wr eh qhjdwlyh/ dqg vkrxog eh vr li dyhudjh

t lv orz hqrxjk wr mxvwli| glvlqyhvwphqw1 Krzhyhu wkh lqyhvwphqw gdwd xvhg wr

hvwlpdwh wklv uhodwlrqvkls phdvxuhv rqo| srvlwlyh fdslwdo h{shqglwxuhv/ zlwkrxw

vxewudfwlqj dq| phdvxuh ri glvlqyhvwphqw1 Wkxv wkh phdvxuh ri jurvv lqyhvwphqw

xvhg lq wkh hpslulfdo zrun lv h�hfwlyho| fhqvruhg ehorz dw }hur1 Wklv fhqvrulqj/

zklfk lv qrw dffrxqwhg iru lq wkhlu hvwlpdwlrq/ fdq srwhqwldoo| h{sodlq d  dwwhqlqj

lq wkh uhvsrqvh ri phdvxuhg lqyhvwphqw wr dyhudjh t dw orz ydoxhv ri t= rqfh wkh

ghshqghqw yduldeoh lv forvh wr }hur/ lw fdqqrw jr pxfk orzhu/ zkdwhyhu kdsshqv wr

dyhudjh t1 Phdvxuhphqw huuru lq dyhudjh t fdq dovr h{sodlq wkh  dwwhqlqj revhuyhg

dw wkh xsshu hqg ri wkh glvwulexwlrq/ sduwlfxoduo| li/ dv vhhpv olnho|/ wkh phdvxuh0

phqw huuru kdv d kljkhu yduldqfh dw kljkhu ydoxhv ri dyhudjh t 0 iru h{dpsoh/ li

64



kljk dyhudjh t udwlrv duh pruh olnho| wr eh d�hfwhg e| exeeohv ru idgv lq vkduh

sulfhv1 Pruh jhqhudoo|/ phdvxuhphqw huuru lq wkh h{sodqdwru| yduldeoh fdq fkdqjh

wkh vkdsh ri wkh xqghuo|lqj uhodwlrqvkls/ dv zhoo dv lqwurgxflqj dq dwwhqxdwlrq

eldv +vhh/ iru h{dpsoh/ Fkhvkhu +4<<4,,1 Dv qrwhg hduolhu/ phdvxuhphqw huuru lv

olnho| wr eh d vhulrxv sureohp zlwk wkh dyhudjh t udwlr1 Erqg dqg Fxpplqv +5334,

vxjjhvw wkdw qrlvh lq vkduh sulfhv fdq dffrxqw iru �qglqjv ri qrq0olqhdulw| lq wklv

frqwh{w/ zkhq dyhudjh t lv phdvxuhg xvlqj vwrfn pdunhw ydoxdwlrqv1

Wkh fhqvrulqj sureohp qrwhg khuh pd| dovr eh pruh ixqgdphqwdo wkdq lw

dsshduv1 Wkh phdvxuh ri glvlqyhvwphqw wkdw zh zrxog olnh wr vxewudfw iurp fdslwdo

h{shqglwxuhv lv wkh uhsodfhphqw frvw ydoxh ri wkh fdslwdo jrrgv wkdw duh vrog ru

glvsrvhg ri1 Wkh surfhhgv iurp vdohv ri fdslwdo jrrgv zloo xqghuhvwlpdwh wklv li

wkhuh duh dgyhuvh vhohfwlrq sureohpv lq vhfrqg0kdqg fdslwdo jrrgv pdunhwv/ dqg

wkh errn ydoxh ri glvsrvdov zloo xqghuhvwlpdwh wkhlu uhsodfhphqw frvw ydoxh e|

dq xqnqrzq dprxqw ghshqglqj rq wkh djh ri wkh jrrgv wkdw duh vrog dqg wkh

lq dwlrq udwhv wkdw kdyh ehhq h{shulhqfhg1 Wkxv zklovw lw pd| eh lpsruwdqw wr

doorz iru qrq0olqhdulwlhv lq wkh uhodwlrqvkls ehwzhhq phdvxuhg lqyhvwphqw dqg lwv

ghwhuplqdqwv/ lw lv qrw fohdu wkdw wkhvh qrq0olqhdulwlhv fdq lghqwli| wkh vkdsh ri wkh

xqghuo|lqj dgmxvwphqw frvw ixqfwlrq/ dw ohdvw ryhu wkh udqjh zkhuh glvlqyhvwphqw

lv lpsruwdqw1

Fdedoohur hw do1 +4<<8, dgrsw d vrphzkdw pruh dg krf dssurdfk wr whvw iru

wkh lpsruwdqfh ri �{hg dgmxvwphqw frvwv156 Wkhlu hpslulfdo dqdo|vlv lv prwlydwhg

e| wkh iroorzlqj revhuydwlrqv1 Lq d prgho zlwk +srvvleo| dv|pphwulf, �{hg frvwv

ri dgmxvwphqw/ exw qr olqhdu ru vwulfwo| frqyh{ frpsrqhqwv/ fdslwdo dgmxvwphqw

li lw rffxuv zloo wdnh wkh fdslwdo vwrfn wr wkh vdph wdujhw ohyho/ gW

| / zkhwkhu wklv

dgmxvwphqw rffxuv iurp deryh ru iurp ehorz1 Frqglwlrqdo rq wkh �{hg frvw ohyhov/

srvlwlyh lqyhvwphqw zloo rffxu zkhq wkh udwlr ~| '
gW

|

g|
h{fhhgv vrph fulwlfdo wkuhvk0

rog/ dqg glvlqyhvwphqw zloo rffxu zkhq ~| jrhv ehorz vrph wkuhvkrog1 Krzhyhu li

56Vhh dovr Frrshu hw do1 +4<<<, dqg Dqwl Qlovhq dqg Vfkldqwduhool +5336,1
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wkh dfwxdo �{hg frvw ohyhov duh vwrfkdvwlf dqg qrw revhuyhg e| wkh hfrqrphwulfldq/

doo zh fdq vd| lv wkdw wkh suredelolw| ri revhuylqj lqyhvwphqw ru glvlqyhvwphqw

vkrxog eh lqfuhdvlqj lq wkh devroxwh ydoxh ri 5| ' *?~|1

Fdedoohur hw do1 +4<<8, lpsohphqw wklv whvw xvlqj OUG gdwd rq XV pdqxidfwxu0

lqj sodqwv1 Wklv uhtxluhv frqvwuxfwlqj d phdvxuh ri wkh wdujhw fdslwdo vwrfn EgW

| �/

dqg khqfh wkh cjds* E5|�1 Dowkrxjk lq jhqhudo wklv wdujhw zloo qrw eh htxdo wr wkh

rswlpxp fdslwdo vwrfn wkdw wkh �up zrxog fkrrvh lq wkh devhqfh ri dgmxvwphqw

frvwv/ Fdedoohur hw do1 +4<<8, edvh wkhlu phdvxuh ri wkh wdujhw rq wkh suhglfwhg

ydoxhv iurp d vwdwlf ghpdqg iru fdslwdo htxdwlrq ri wkh irup +5146,1 Wkh| �qg

wkdw wkh suredelolw| ri revhuylqj lqyhvwphqw lv fohduo| lqfuhdvlqj zlwk srvlwlyh

ydoxhv ri 5|/ frqvlvwhqw zlwk wkh suhvhqfh ri wkh �{hg frvwv1 Wkh| dovr �qg dq

dv|pphwu|/ zlwk wkh suredelolw| ri revhuylqj glvlqyhvwphqw uhpdlqlqj orz hyhq

dw odujh qhjdwlyh ydoxhv ri 5|/ dowkrxjk dv wkh| qrwh wklv dv|pphwu| frxog uh hfw

plv0phdvxuhphqw ri glvlqyhvwphqw lq wkh gdwd1 Wklv cjds* phwkrgrorj| kdv dovr

ehhq fulwlflvhg e| Frrshu dqg Zloolv +5334,/ zkr vxjjhvw wkdw wkh �qglqjv pd| eh

vhqvlwlyh wr plv0vshfl�fdwlrq ri wkh wdujhw ohyho wr zklfk wkh dfwxdo fdslwdo vwrfn

lv dvvxphg wr dgmxvw1

Ilqdoo| lq wklv vhfwlrq zh vkrxog phqwlrq lqwhuhvwlqj uhfhqw zrun e| Frrshu

dqg Kdowlzdqjhu +5333,1 Wkh| dovr xvh XV sodqw ohyho gdwd wr lqyhvwljdwh fdsl0

wdo vwrfn dgmxvwphqw/ exw udwkhu wkdq gluhfwo| hvwlpdwlqj dq lqyhvwphqw htxdwlrq

wkh| xvh lqgluhfw lqihuhqfh wr hvwlpdwh sdudphwhuv ri d jhqhudo dgmxvwphqw frvw

ixqfwlrq1 Lq hvvhqfh/ wklv dvnv zkdw irupv ri dgmxvwphqw frvwv duh uhtxluhg wr

pdwfk wkh qrq0olqhdu uhodwlrqvkls ehwzhhq lqyhvwphqw dqg sur�wdelolw| irxqg lq

wkhlu gdwd vhw1 Shukdsv qrw vxusulvlqjo|/ wkh| �qg wkdw d jhqhudo vshfl�fdwlrq ri

dgmxvwphqw frvwv lv uhtxluhg wr �w wklv uhodwlrqvkls/ frpelqlqj erwk frqyh{ dqg

qrq0frqyh{ frpsrqhqwv zlwk luuhyhuvlelolw|1 Wklv �qglqj/ olnh wkh ghvfulswlyh hy0

lghqfh rq sodqw0ohyho lqyhvwphqw glvfxvvhg hduolhu/ fdvwv grxew rq wkh vwuxfwxudo

hfrqrphwulf lqyhvwphqw prghov wkdw kdyh pdlqwdlqhg pxfk vlpsohu dgmxvwphqw
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frvw vshfl�fdwlrqv1 Wkh fkdoohqjh uhpdlqv wr ghyhors vwuxfwxudo lqyhvwphqw htxd0

wlrqv wkdw duh frqvlvwhqw zlwk ulfkhu irupv ri dgmxvwphqw frvwv/ zlwkrxw uhtxlulqj

wkh qhw uhyhqxh ixqfwlrq wr eh krprjhqhrxv ri ghjuhh rqh1

6191 Uhgxfhg irup prghov

Wkh dfwxdo dgmxvwphqw surfhvv lv olnho| wr eh h{wuhpho| frpsoh{/ sduwlfxoduo|

zkhq zh frqvlghu wkdw wkh gdwd rq lqyhvwphqw dw wkh �up ohyho duh dq djjuhjdwh

ryhu pdq| w|shv ri fdslwdo jrrgv/ dqg srvvleo| ryhu pxowlsoh sodqwv1 Wkh vwuxf0

wxudo prghov ri lqyhvwphqw g|qdplfv wkdw kdyh ehhq sursrvhg wr gdwh kdyh qrw

ehhq frqvslfxrxvo| vxffhvvixo lq fkdudfwhulvlqj wklv dgmxvwphqw surfhvv/ srvvleo|

ehfdxvh wkh| kdyh qhjohfwhg wkhvh djjuhjdwlrq lvvxhv/ dqg2ru wkh lpsolfdwlrqv

ri vrph ri wkh qrq0frqyh{lwlhv glvfxvvhg lq wkh suhylrxv vhfwlrq1 Qhyhuwkhohvv

lw lv fohdu wkdw fdslwdo fdqqrw eh dgmxvwhg frvwohvvo| dqg lpphgldwho|/ vr lw lv

qrw dssursuldwh wr uhvruw wr vwdwlf prghov157 Dq lqwhuphgldwh srvvlelolw| lv wr

uho| rq g|qdplf hfrqrphwulf vshfl�fdwlrqv wkdw duh qrw h{solflwo| ghulyhg dv rs0

wlpdo dgmxvwphqw ehkdylrxu iru vrph sduwlfxodu vwuxfwxuh ri dgmxvwphqw frvwv1 D

idyrxudeoh lqwhusuhwdwlrq ri vxfk uhgxfhg irup prghov lv wkdw wkh| uhsuhvhqw dq

hpslulfdo dssur{lpdwlrq wr vrph frpsoh{ xqghuo|lqj surfhvv wkdw kdv jhqhudwhg

wkh gdwd1 D ohvv idyrxudeoh lqwhusuhwdwlrq lv wkdw wkh| frpsrxqg sdudphwhuv ri

wkh dgmxvwphqw surfhvv zlwk sdudphwhuv ri wkh h{shfwdwlrqv0irupdwlrq surfhvv/

dqg duh vxemhfw wr wkh Oxfdv +4<:9, fulwltxh1 Lq dq| fdvh lw lv xvhixo wr eh dzduh

ri wkh irup ri wkhvh prghov/ dqg vrph ri wkhlu olplwdwlrqv1

Rqh dssurdfk zklfk kdv ehhq zlgho| xvhg lq wkh lqyhvwphqw olwhudwxuh lv edvhg

rq �uvw0gl�huhqflqj d vwdwlf idfwru ghpdqg prgho wr rewdlq dq lqyhvwphqw htxd0

wlrq/ iru h{dpsoh �
U|

g|3�

�
� B r {&| ' {&W| +6153,

57Xqohvv shukdsv rqh lv zloolqj wr wuhdw doo yduldeohv ri lqwhuhvw dv fr0lqwhjudwhg qrq0vwdwlrqdu|
yduldeohv dqg rqh kdv vx!flhqwo| orqj wlph vhulhv wr dsshdo wr fr0lqwhjudwlrq uhvxowv +fi1 Hqjoh
dqg Judqjhu +4<;:,,1
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zkhuh &W| lv wkh orjdulwkp ri wkh rswlpdo fdslwdo vwrfn/ zklfk pd| iru h{dpsoh

eh jlyhq e| htxdwlrq +5146,1 Li &W| lv orj0olqhdu lq wkh ohyho ri rxwsxw/ wklv ohdgv

wr yhuvlrqv ri wkh srsxodu dffhohudwru prgho/ lq zklfk lqyhvwphqw lv uhodwhg wr

rxwsxw jurzwk1 Uhfrjqlvlqj wkdw wkh dfwxdo fdslwdo vwrfn grhv qrw dgmxvw ixoo| dqg

lpphgldwho| wr fkdqjhv lq wkh ghvluhg ohyho/ vr0fdoohg  h{leoh dffhohudwru prghov

lqwurgxfh glvwulexwhg odjv lq {&W|3r dqg srvvleo| {&|3r1 Wklv jlyhv d g|qdplf

vshfl�fdwlrq ri wkh irup

@Eu�{&| ' KEu�{&W| +6154,

zkhuh @Eu� dqg KEu� duh sro|qrpldov lq wkh odj rshudwru +l1h1 ur%| ' %|3r,1

Ioh{leoh dffhohudwru prghov ri wklv w|sh kdyh ehhq hvwlpdwhg xvlqj �up gdwd e|/

iru h{dpsoh/ Hlvqhu +4<::, dqg Pdluhvvh dqg Gruprqw +4<;8,1

Dq dowhuqdwlyh lv wr vshfli| d vlpsoh sduwldo dgmxvwphqw prgho iru wkh ohyho ri

wkh fdslwdo vwrfn/ vxfk dv�
U|

g|3�

�
� B r {&| ' w E&W| � &|3�� +6155,

lq zklfk vrph frqvwdqw iudfwlrq w ri wkh jds ehwzhhq wkh dfwxdo dqg ghvluhg ohyhov

ri wkh fdslwdo vwrfn lv forvhg lq hdfk shulrg1 Wklv lv reylrxvo| yhu| uhvwulfwlyh/ exw

d pruh  h{leoh g|qdplf dgmxvwphqw prgho zklfk qhvwv erwk sduwldo dgmxvwphqw

dqg dffhohudwru prghov dv vshfldo fdvhv lv dq huuru fruuhfwlrq prgho/ vxfk dv

kEu�{&| ' qEu�{&W| n w
�
&W|3r � &|3r3�

�
+6156,

zkhuh kEu� dqg qEu� duh djdlq sro|qrpldov lq wkh odj rshudwru/ wkh irup ri

zklfk fdq eh fkrvhq hpslulfdoo|158 Huuru fruuhfwlrq prghov zhuh lqwurgxfhg lqwr

wkh lqyhvwphqw olwhudwxuh e| Ehdq +4<;4,/ dqg kdyh ehhq frqvlghuhg lq wkh frqwh{w

ri �up gdwd e| Erqg hw do1 +4<<<, dqg Erqg hw do1 +5336,1

Wkh frqqhfwlrq ehwzhhq huuru fruuhfwlrq prghov dqg fr0lqwhjudwlrq whfkqltxhv

kdyh srsxodulvhg wkhvh dgmxvwphqw prghov lq wkh wlph vhulhv olwhudwxuh/ exw wkh

58Vhh Khqgu| +4<<8/ Fkdswhu :, iru ixuwkhu glvfxvvlrq ri dowhuqdwlyh g|qdplf prghov1
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huuru fruuhfwlrq prgho zdv lqwurgxfhg lqwr hfrqrphwulfv orqj ehiruh wkh olwhudwxuh

rq fr0lqwhjudwlrq ghyhorshg159 Lq idfw/ wkh huuru fruuhfwlrq prgho lv qrwklqj pruh

wkdq d sduwlfxodu sdudphwhulvdwlrq ri dq dxwruhjuhvvlyh glvwulexwhg odj +DGO,

prgho1 Iru h{dpsoh/ wkh DGO+4/4, prgho

&| ' k�&|3� n qf&
W

| n q�&
W

|3� +6157,

fdq dozd|v eh uh0sdudphwhulvhg dv

{&| ' �q�{&
W

| n E�� k�� E&
W

| � &|3�� +6158,

xqghu wkh orqj0uxq sursruwlrqdolw| uhvwulfwlrq
�
qfnq�
�3k�

�
' �15:

Lpsohphqwdwlrq ri wkh huuru fruuhfwlrq prgho zloo uhtxluh d vshfl�fdwlrq iru

wkh wdujhw ohyho ri wkh fdslwdo vwrfn1 Vxemhfw djdlq wr wkh revhuydwlrq wkdw wkh

wdujhw fdslwdo vwrfn lq wkh suhvhqfh ri dgmxvwphqw frvwv lv qrw qhfhvvdulo| htxdo

wr wkh ghvluhg fdslwdo vwrfn lq wkh devhqfh ri dgmxvwphqw frvwv/ wklv fdq eh edvhg

rq d vwdwlf idfwru ghpdqg vshfl�fdwlrq vxfk dv +5146,1 Iru h{dpsoh/ frpelqlqj

+5146, dqg +6158, jlyhv

{*?g| ' E�� k��j *? @gE� �
�

#(
�� q�{*? t| n q�j{*?

�
o

R

�
|

+6159,

nE�� k�� E*?t| � *?g|3�� � E� � k�� j *?

�
o

R

�
|

�

Qrwlfh wkdw wkhvh prghov fdq eh xvhg wr hvwlpdwh wkh orqj0uxq hodvwlflw| ri wkh

fdslwdo vwrfn zlwk uhvshfw wr wkh xvhu frvw ri fdslwdo/ zklovw doorzlqj iru wkh idfw

wkdw wklv dgmxvwphqw grhv qrw rffxu lpphgldwho|1 Lq sulqflsoh wkhvh prghov fdq

eh h{whqghg wr lqfrusrudwh qrq0olqhdu dqg dv|pphwulf g|qdplfv/ iru h{dpsoh e|

doorzlqj wkh sdudphwhuv k� dqg q� wr wdnh gl�huhqw ydoxhv ghshqglqj rq wkh vljq

ri E&W| � &|3�� dqg zkhwkhu wkh devroxwh ydoxh ri wklv jds lv odujh ru vpdoo1

59Vhh/ iru h{dpsoh/ Vdujdq +4<97, dqg Gdylgvrq hw do1 +4<:;,1
5:Wklv uhvwulfwlrq fdq eh whvwhg e| lqfoxglqj dq dgglwlrqdo whup lq hlwkhu n�w ru nw�4 rq wkh

uljkw kdqg vlgh ri +6158,1
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Vlqfh wkhvh uhgxfhg irup prghov duh hpslulfdo jhqhudolvdwlrqv ri vwdwlf idfwru

ghpdqg vshfl�fdwlrqv/ dqg wkh dgmxvwphqw frvw prghov frqvlghuhg suhylrxvo| duh

wkhruhwlfdo jhqhudolvdwlrqv ri vwdwlf idfwru ghpdqg wkhru|/ lw lv qr vxusulvh wkdw

wkh wzr dssurdfkhv duh uhodwhg1 Qlfnhoo +4<:;/ Fkdswhu 44, vkrzv wkdw iru d

v|pphwulf/ txdgudwlf dgmxvwphqw frvw ixqfwlrq/ wkh ohyho ri lqyhvwphqw fdq eh

rewdlqhg dssur{lpdwho| dv

U| � Bg|3� ' {g| r �
� eg| �g|3�

�
+615:,

zkhuh eg| ' E�� ��.|

%
"[
r'f

�rgW

|nr

&
+615;,

dqg gW

| lv wkh fdslwdo vwrfn ohyho wkdw wkh �up zrxog kdyh fkrvhq lq wkh devhqfh

ri dgmxvwphqw frvwv1 Wkxv wkh lqyhvwphqw ghflvlrq lv dssur{lpdwho| ghvfulehg e|

d sduwldo dgmxvwphqw phfkdqlvp/ lq zklfk wkh cwdujhw* ohyho ri wkh fdslwdo vwrfn lv

lwvhoi d ixqfwlrq ri erwk fxuuhqw dqg h{shfwhg ixwxuh ohyhov ri wkh vwdwlf rswlpxp15;

Qlfnhoo +4<;8, fkdudfwhulvhv uhvwulfwlyh frqglwlrqv iru wkh gW

| surfhvv xqghu zklfk

wklv jhqhudwhv hlwkhu d sduwldo dgmxvwphqw ru dq huuru fruuhfwlrq prgho uhodwlqj

lqyhvwphqw wr EgW

| �g|3��1 Zklovw wklv uhodwlrqvkls lv ri lqwhuhvw/ lw grhv qrw

surylgh d yhu| dsshdolqj prwlydwlrq iru wkh xvh ri wkhvh uhgxfhg irup hpslulfdo

prghov1 Li wklv vwuxfwxuh iru wkh dgmxvwphqw frvwv lv wdnhq vhulrxvo|/ zh kdyh vhhq

krz wklv vwuxfwxuh fdq eh lghqwl�hg dqg whvwhg pruh gluhfwo|1 Wkh dwwudfwlrq ri

wkh uhgxfhg irup prghov lv wkdw wkh| pd| surylgh dq hpslulfdo dssur{lpdwlrq wr

d pxfk pruh frpsoh{ dgmxvwphqw surfhvv/ zkrvh vwuxfwxuh zh kdyh qrw |hw ehhq

deoh wr fkdudfwhulvh vdwlvidfwrulo| dv wkh rxwfrph ri d ulfkhu g|qdplf rswlplvdwlrq

sureohp1

Wkh srwhqwldo glvdgydqwdjhv ri wkh uhgxfhg irup dssurdfk fdq qrz eh looxv0

wudwhg dv iroorzv1 Vxssrvh iru vlpsolflw| wkdw wkh vwuxfwxudo dgmxvwphqw surfhvv

5;Uhfdoo wkdw wklv ghshqghqfh ri fxuuhqw lqyhvwphqw ghflvlrqv rq h{shfwhg ixwxuh sur�wdelolw|
zdv dovr hylghqw iurp wkh �uvw0rughu frqglwlrqv +vhh htxdwlrq +616,,1
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zdv fkdudfwhulvhg e|

U| ' kg|3� n qft| n q�.| dt|n�o +615<,

zklfk lv d vshfldo fdvh ri +615:, lq zklfk zh kdyh rplwwhg h{shfwhg ydoxhv eh|rqg

shulrg w.4/ dqg dvvxphg wkdw wkh vwdwlf rswlpxp fdslwdo vwrfn lv sursruwlrqdo wr

rxwsxw1 Vxssrvh dovr wkdw h{shfwdwlrqv ri ixwxuh rxwsxw duh iruphg dffruglqj wr

.| dt|n�o ' Zft| n Z�t|3� n Z2f| +6163,

zkhuh f| lv d yhfwru frqwdlqlqj dq| dgglwlrqdo yduldeohv wkdw kdsshq wr eh xvhixo

lq iruhfdvwlqj ixwxuh rxwsxw1 Wkhq vxevwlwxwlqj +6163, lqwr +615<, zh rewdlq wkh

uhgxfhg irup lqyhvwphqw htxdwlrq

U| ' kg|3� n Eqf n q�Zf�t| n q�Z�t|3� n q�Z2f|� +6164,

Wklv vkrzv krz wkh uhgxfhg irup prghov frpsrxqg wkh sdudphwhuv ri wkh vwuxf0

wxudo dgmxvwphqw surfhvv +kc qfc q�, zlwk wkh sdudphwhuv ri wkh h{shfwdwlrqv0

irupdwlrq surfhvv +Zfc Z�c Z2,1
5< Wklv kdv wzr srwhqwldoo| lpsruwdqw frqvhtxhqfhv1

Iluvw/ li wkh sdudphwhuv ri wkh h{shfwdwlrqv0irupdwlrq surfhvv duh qrw vwdeoh/ wkhq

wkh sdudphwhuv ri wkh uhgxfhg irup lqyhvwphqw htxdwlrq zloo dovr eh xqvwdeoh/

hyhq wkrxjk wkh sdudphwhuv ri wkh vwuxfwxudo dgmxvwphqw surfhvv pd| kdyh ehhq

frqvwdqw1 Iru h{dpsoh/ li wkhuh lv d vwuxfwxudo euhdn lq wkh surfhvv jhqhudwlqj

rxwsxw/ shukdsv dv d uhvxow ri hqwu| lqwr wkh pdunhw ru vrph fkdqjh lq pdfurhfr0

qrplf srolf|/ wklv zloo lqgxfh sdudphwhu lqvwdelolw| lq wkh uhgxfhg irup lqyhvwphqw

prgho1 Wklv vlpso| looxvwudwhv wkdw wkh uhgxfhg irup prghov duh vxemhfw wr wkh

Oxfdv +4<:9, fulwltxh1 Lq sulqflsoh wklv lv qrw wkh fdvh iru wkh vwuxfwxudo lqyhvwphqw

prghov zh frqvlghuhg lq vhfwlrqv 6140616/ zkrvh sdudphwhuv duh cghhs* sdudphwhuv

ghvfulelqj wkh dgmxvwphqw frvw whfkqrorj| +vhh +6143, ru +6146,,/ dqg zklfk duh

5<Li wkh vwuxfwxudo dgmxvwphqw surfhvv zhuh uhdoo| dv vlpsoh dv htxdwlrq +615<,/ zh frxog ri
frxuvh vxevwlwxwh wkh uhdolvhg ydoxh ri ixwxuh rxwsxw iru wkh rqh0vwhs dkhdg h{shfwdwlrq1 Krzhyhu
wklv zloo qrw jhqhudoo| eh srvvleoh zkhq wkh vwuxfwxudo prgho uhodwhv fxuuhqw lqyhvwphqw wr
h{shfwdwlrqv ri rxwsxw ru sur�wdelolw| lq wkh glvwdqw ixwxuh/ dv vxjjhvwhg e| +615:, ru +616,1
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h{shfwhg wr eh lqyduldqw wr fkdqjhv lq wkh surfhvvhv jhqhudwlqj/ iru h{dpsoh/ rxw0

sxw dqg wkh xvhu frvw1 Lq sudfwlfh/ wklv fodlp uholhv rq wkhvh vwuxfwxudo prghov

ehlqj fruuhfwo| vshfl�hg/ dqg hyhq wkhq zh pd| �qg wkdw wkh sdudphwhuv ri wkh

dgmxvwphqw frvw ixqfwlrq duh qrw frqvwdqw ryhu wlph1

Wkh vhfrqg frqvhtxhqfh lv wkdw f| yduldeohv zloo dsshdu wr eh vljql�fdqw lq

uhgxfhg irup htxdwlrqv olnh +6164,/ hyhq wkrxjk wkh| sod| qr uroh lq wkh vwuxfwxudo

prgho iru lqyhvwphqw/ dqg wkhlu rqo| uroh lq wkh uhgxfhg irup htxdwlrq lv wr khos

wr iruhfdvw ixwxuh ydoxhv ri wkh ixqgdphqwdo ghwhuplqdqwv ri lqyhvwphqw1 Wklv

lv fohduo| sureohpdwlf li zh zdqw wr gudz dq| lqihuhqfhv derxw wkh qdwxuh ri wkh

xqghuo|lqj vwuxfwxudo prgho1 Iru h{dpsoh/ �qglqj wkdw �qdqfldo yduldeohv kdyh

vljql�fdqw frh!flhqwv lq d uhgxfhg irup lqyhvwphqw htxdwlrq grhv qrw lghqwli|

zkhwkhu wkhvh �qdqfldo yduldeohv duh lpsruwdqw vwuxfwxudo ghwhuplqdqwv ri lqyhvw0

phqw vshqglqj 0 shukdsv dv d uhvxow ri �qdqflqj frqvwudlqwv 0 ru zkhwkhu wkh|

vlpso| khos wr iruhfdvw ixwxuh rxwsxw ru sur�wdelolw|1 Zh glvfxvv vrph srvvleoh

vroxwlrqv wr wklv lghqwl�fdwlrq sureohp ixuwkhu lq vhfwlrq 915 ehorz1 Khuh zh qrwh

wkdw zklovw wkh sureohp lv sduwlfxoduo| wudqvsduhqw lq wkh frqwh{w ri uhgxfhg irup

prghov/ d vlplodu lvvxh zloo d�hfw vwuxfwxudo prghov wkdw duh qrw fruuhfwo| vshfl0

�hg/ dqg zklfk wkhuhiruh gr qrw ixoo| frqwuro iru doo lq xhqfhv ri h{shfwhg ixwxuh

rxwsxw ru sur�wdelolw| rq wkh ohyho ri fxuuhqw lqyhvwphqw1

71 Hfrqrphwulf lvvxhv

7141 Vwrfkdvwlf vshfl�fdwlrq dqg lghqwl�fdwlrq

Rqh lpsruwdqw lvvxh lq wkh lpsohphqwdwlrq ri hfrqrphwulf lqyhvwphqw dqg hp0

sor|phqw prghov frqfhuqv wkh vrxufhv ri vwrfkdvwlf huuru whupv1 Lq wklv vhfwlrq

zh glvfxvv lq sduwlfxodu wkh vwrfkdvwlf vshfl�fdwlrqv wkdw kdyh ehhq frqvlghuhg lq

plfurhfrqrphwulf dssolfdwlrqv ri wkh T dqg Hxohu htxdwlrq prghov ri lqyhvwphqw/

dqg wkhlu lpsolfdwlrqv iru wkh frqvlvwhqw hvwlpdwlrq ri wkhvh prghov1

Wkh T prgho ghulyhg lq htxdwlrq +6143, lv d ghwhuplqlvwlf uhodwlrqvkls eh0
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wzhhq wkh lqyhvwphqw udwh dqg wkh T yduldeoh1 Wkh lqwhufhsw lq wklv htxdwlrq lv

d sdudphwhu ri wkh dgmxvwphqw frvw ixqfwlrq/ lqwhusuhwhg dv d cqrupdo* udwh ri lq0

yhvwphqw dw zklfk frvwv ri dgmxvwphqw duh }hur1 Wkh vwdqgdug zd| ri lqwurgxflqj

vwrfkdvwlf yduldwlrq lqwr wkh T prgho lv wr wuhdw wklv sdudphwhu dv vwrfkdvwlf/ dqg

wr lqwhusuhw wkh huuru whup lq wkh T lqyhvwphqw htxdwlrq dv uh hfwlqj vkrfnv wr

wkh dgmxvwphqw frvw ixqfwlrq1 Vlpso| uhsodflqj wkh frqvwdqw @ zlwk @�| ' @n e�|

iru �up � lq wlph shulrg | jlyhv wkh hfrqrphwulf prgho�
U

g

�
�|

' @n
�

K
'�| n e�| +714,

zkhuh e�| lv dq dgglwlyh vkrfn wr wkh cqrupdo* udwh ri lqyhvwphqw/ ru htxlydohqwo|

dq dgglwlyh vkrfn wr pdujlqdo dgmxvwphqw frvwv1

Wklv dssurdfk lv frqyhqlhqw/ li vrphzkdw dg krf1 Qhyhuwkhohvv lw kdv vhyhudo

lpsolfdwlrqv zklfk vkrxog eh wdnhq vhulrxvo| zkhq hvwlpdwlqj wkh T prgho1 Shu0

kdsv prvw lpsruwdqwo|/ lw lpsolhv wkdw '�| vkrxog eh dq hqgrjhqrxv yduldeoh lq

wkh hfrqrphwulf prgho +714,1 Fxuuhqw vkrfnv wr dgmxvwphqw frvwv zloo d�hfw wkh

fxuuhqw shulrg*v qhw uhyhqxh +��|,/ dqg wkhuhiruh wkh fxuuhqw ydoxh ri wkh �up

+T�|,1
63 Wklv hqgrjhqhlw| ri '�| zloo wkhuhiruh qhhg wr eh wdnhq lqwr dffrxqw lq

rughu wr rewdlq frqvlvwhqw hvwlpdwhv ri wkh dgmxvwphqw frvw sdudphwhuv1

D vhfrqg lpsolfdwlrq lv wkdw whfkqrorjlfdo vkrfnv qhhg qrw eh vwdwlvwlfdo lq0

qrydwlrqv1 Wkhuh pd| eh shupdqhqw gl�huhqfhv dfurvv �upv lq wkhlu cqrupdo*

lqyhvwphqw udwhv/ dqg wkhuh pd| eh frpprq wuhqgv lq wkh qdwxuh ri dgmxvwphqw

frvwv wkdw d�hfw doo �upv lq wkh vdph zd|/ shukdsv dv d uhvxow ri exvlqhvv f|foh  xf0

wxdwlrqv1 Wkxv iru hvwlpdwlrq ri wkh T prgho xvlqj frpsdq| sdqho gdwd lw lv qrw

lqfrqvlvwhqw zlwk wkh xqghuo|lqj wkhru| wr lqfoxgh �up0vshfl�f dqg wlph0vshfl�f

huuru frpsrqhqwv1 Vlpso| ohwwlqj e�| ' #� n l| n 0�| jlyhv wkh huuru frpsrqhqwv

63Vhh htxdwlrq +61;,1 Dowhuqdwlyho|/ wkh fxuuhqw dgmxvwphqw frvw vkrfn d�hfwv wkh fxuuhqw
pdujlqdo uhyhqxh surgxfw ri fdslwdo/ dqg wkhuhiruh wkh fxuuhqw vkdgrz ydoxh ri fdslwdo +�lw,1
Vhh htxdwlrq +616,1
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vshfl�fdwlrq �
U

g

�
�|

' @n
�

K
'�| n #� n l| n 0�|� +715,

Pruhryhu wkhuh lv qr frpshoolqj uhdvrq iru wkh lglrv|qfudwlf/ wlph0ydu|lqj frp0

srqhqw ri dgmxvwphqw frvw vkrfnv +0�|, wr eh vhuldoo| xqfruuhodwhg1 Iru h{dpsoh/

li wkhvh vkrfnv iroorz dq �-E�� surfhvv/ 0�| ' 40�c|3�n D�|/ zlwk D�| vhuldoo| xqfru0

uhodwhg/ wkhq zh rewdlq wkh g|qdplf vshfl�fdwlrq�
U

g

�
�|

' @E��4�n4

�
U

g

�
�c|3�

n
�

K
'�|�

4

K
'�c|3�n#�E��4�nl|�4l|3�nD�|c +716,

l1h1 d g|qdplf prgho uhodwlqj wkh fxuuhqw lqyhvwphqw udwh wr erwk fxuuhqw dqg

odjjhg ' dqg wkh odjjhg ghshqghqw yduldeoh/ vxemhfw wr d qrq0olqhdu frpprq

idfwru uhvwulfwlrq1 Pruh jhqhudoo|/ wkh xqghuo|lqj wkhru| grhv qrw uxoh rxw d

g|qdplf uhodwlrqvkls ehwzhhq lqyhvwphqw udwhv dqg wkh ' yduldeoh/ surylghg wkhvh

g|qdplfv duh frqvlvwhqw zlwk vrph vhuldo fruuhodwlrq surfhvv lq wkh dgmxvwphqw frvw

vkrfnv1

D vhfrqg srwhqwldo vrxufh ri vwrfkdvwlf yduldwlrq lq wkh T prgho lv phdvxuh0

phqw huuru1 Lq ylhz ri erwk wkh dvvxpswlrqv uhtxluhg wr phdvxuh pdujlqdo t/ xvlqj

hlwkhu wkh dyhudjh t udwlr ru dq dx{loldu| hfrqrphwulf iruhfdvwlqj prgho/ dqg wkh

olplwdwlrqv ri prvw sxeolfo| dydlodeoh gdwdvhwv/64 wkh olnholkrrg ri vljql�fdqw phd0

vxuhphqw huuru lq wkh ' yduldeoh grhv lqghhg vhhp ryhuzkhoplqj1 Ghqrwlqj wkh

wuxh ydoxh ri wkh h{sodqdwru| yduldeoh rq wkh uljkw0kdqg vlgh ri +618, ru +6143, e|

'W

�|/ dqg wkh phdvxuhg ydoxh e| '�| ' 'W

�| n 6�|/ zkhuh 6�| lv dq dgglwlyh phd0

vxuhphqw huuru/ wkhq jlyhv dq hfrqrphwulf prgho ri wkh vdph irup dv +714,/ zlwk

e�| ' �
6�|

K
1 Djdlq d sulqflsdo lpsolfdwlrq lv wkdw phdvxuhg '�| zloo eh fruuhodwhg

zlwk wkh huuru whup/ dqg wklv hqgrjhqhlw| vkrxog eh doorzhg iru lq hvwlpdwlrq165

64Vhh vhfwlrq 8 ehorz1
65Wkrxjk lw lv shukdsv zruwk qrwlqj wkdw zklovw wkh wkhru| suhglfwv d srvlwlyh fruuhodwlrq

ehwzhhq fxuuhqw Tlw dqg dgmxvwphqw frvw vkrfnv lq wkh devhqfh ri phdvxuhphqw huuru/ wkh
fruuhodwlrq ehwzhhq phdvxuhg Tlw dqg �

plw

e
zloo eh qhjdwlyh1 Wkxv wkh gluhfwlrq ri wkh srwhqwldo

vlpxowdqhlw| eldv ehfrphv dpeljxrxv li erwk dgmxvwphqw frvw vkrfnv dqg phdvxuhphqw huuruv
duh suhvhqw1
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Pruhryhu wkh phdvxuhphqw huuru pd| dovr kdyh �up0vshfl�f/ wlph0vshfl�f dqg

vhuldoo| fruuhodwhg frpsrqhqwv1 Xqiruwxqdwho| wkh uhvlgxdo phdvxuhphqw huuru

frpsrqhqw pd| vwloo qrw kdyh surshuwlhv wkdw duh frqyhqlhqw iru hvwlpdwlrq/ dqg

dowhuqdwlyh whfkqltxhv vxfk dv wkrvh frqvlghuhg lq Hulfnvrq dqg Zklwhg +5333,/

ru dowhuqdwlyh phdvxuhv vxfk dv wkrvh frqvlghuhg lq Erqg dqg Fxpplqv +5334,/

pd| vwloo eh uhtxluhg wr lghqwli| wkh sdudphwhuv ri wkh xqghuo|lqj prgho1

Lq frqwudvw wr wkh T prgho/ wkh Hxohu htxdwlrq dssurdfk frqvlghuhg lq vhfwlrq

616 kdv dq lqwulqvlfdoo| vwrfkdvwlf vshfl�fdwlrq zkhq wkh rqh0vwhs dkhdg h{shfwhg

ydoxhv duh uhsodfhg e| wkhlu uhdolvhg ydoxhv1 Dvvxplqj wkh uhdo glvfrxqw idfwru �|n�

lv d frqvwdqw sdudphwhu � dqg ghqrwlqj
�
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�c|n�

' .�|
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�
�c|n�

l
n "�c|n�/ zkhuh

"�c|n� lv wkh huuru pdgh e| �up l zkhq iruhfdvwlqj lwv shulrg w.4 lqyhvwphqw udwh

xvlqj lqirupdwlrq dydlodeoh lq shulrg w/ wkh Hxohu htxdwlrq lq +6146, ehfrphv�
U
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+717,

Wkh iruhfdvw huuru "�c|n� zloo fhuwdlqo| eh fruuhodwhg zlwk
�
U

g

�
�c|n�

/ exw xqghu zhdn

udwlrqdo h{shfwdwlrqv vkrxog eh ruwkrjrqdo wr lqirupdwlrq dydlodeoh lq shulrg w1

Rqh lpsolfdwlrq lv wkdw wklv iruhfdvw huuru fdqqrw eh vhuldoo| fruuhodwhg/ dqg fdqqrw

frqwdlq d shupdqhqw �up0vshfl�f frpsrqhqw166 Rq wkh rwkhu kdqg/ vlqfh �upv

duh olnho| wr eh vxemhfw wr frpprq vkrfnv uh hfwlqj/ iru h{dpsoh/ exvlqhvv f|foh

vxusulvhv/ wkhvh iruhfdvw huuruv duh olnho| wr eh fruuhodwhg dfurvv �upv lq hdfk

shulrg1 Wklv vxjjhvwv wkdw lghqwl�fdwlrq ri wkh Hxohu htxdwlrq pd| eh sureohpdwlf

zlwkrxw orqj wlph vhulhv ri gdwd iru lqglylgxdo �upv/ vlqfh lqghshqghqfh ri wkh

huuru whupv dfurvv lqglylgxdov lv w|slfdoo| uhtxluhg iru frqvlvwhqw hvwlpdwlrq lq

sdqhov zkhq wkh qxpehu ri wlph shulrgv lv �{hg1 Wkh lqfoxvlrq ri wlph gxpplhv

zloo rqo| shuplw frqvlvwhqw hvwlpdwlrq lq wkh vshfldo fdvh zkhuh wkh h�hfwv ri

djjuhjdwh vkrfnv duh shuihfwo| fruuhodwhg dfurvv lqglylgxdo �upv1 Ri frxuvh/ wkh

66Dowkrxjk �up0vshfl�f phdvxuhphqw huuruv ru rplwwhg yduldeohv pd| udwlrqdolvh �up0vshfl�f
h�hfwv lq hpslulfdo dssolfdwlrqv ri Hxohu htxdwlrq prghov ri idfwru ghpdqg1
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dvvxpswlrq wkdw whfkqrorjlfdo vkrfnv dqg phdvxuhphqw huuruv duh lqghshqghqw

dfurvv �upv +frqglwlrqdo rq wlph gxpplhv, pd| dovr eh sureohpdwlf lq wkh frqwh{w

ri wkh T prgho dqg rwkhu idfwru ghpdqg vshfl�fdwlrqv/ exw wklv dvvxpswlrq lv

sduwlfxoduo| gl!fxow wr uhfrqfloh zlwk wkh xqghuo|lqj hfrqrplf vwuxfwxuh zkhq

wkh vwrfkdvwlf glvwxuedqfhv frqwdlq d iruhfdvw huuru167

Lw vkrxog dovr eh qrwhg wkdw xqrevhuyhg khwhurjhqhlw| lq wkh uhdo glvfrxqw

idfwru � frxog xqghuplqh wkh lghqwl�fdwlrq ri wkh Hxohu htxdwlrq1 Phdvxuhg khw0

hurjhqhlw| lq �/ uh hfwlqj iru h{dpsoh gl�huhqfhv lq wkh pl{ ri fdslwdo dvvhwv xvhg

e| gl�huhqw �upv ru gl�huhqfhv lq wkhlu uhtxluhg udwhv ri uhwxuq/ fdq eh doorzhg

iru e| lqfoxglqj vxlwdeoh lqwhudfwlrq whupv lq wkh hvwlpdwhg prgho1 Xqrevhuyhg

khwhurjhqhlw| lq � lv sureohpdwlf ehfdxvh/ dv lv fohdu iurp +717,/ wklv lqwhudfwv

zlwk wkh hqgrjhqrxv yduldeoh
�
U

g

�
�c|n�

1 Xquhvwulfwhg xqrevhuyhg khwhurjhqhlw|

+��|, zrxog wkhuhiruh ohdyh wkh Hxohu htxdwlrq xqlghqwl�hg1 Uhvwulfwlqj wkh xq0

revhuyhg khwhurjhqhlw| wr eh shupdqhqw dqg �up0vshfl�f +��| ' ��, zrxog doorz

frqvlvwhqw hvwlpdwlrq li orqj wlph vhulhv gdwd zhuh dydlodeoh/ exw hyhq wklv uhvwulf0

wlrq zrxog ohdyh dq lghqwl�fdwlrq sureohp lq sdqhov zlwk d vpdoo qxpehu ri wlph

shulrgv1 Dv kdv ehhq hpskdvlvhg e| Shvdudq dqg Vplwk +4<<8,/ khwhurjhqhrxv

vorsh frh!flhqwv zloo lqydolgdwh wkh lqvwuxphqwv w|slfdoo| xvhg wr hvwlpdwh g|0

qdplf prghov iurp vkruw sdqhov168 Djdlq zh vkrxog dfnqrzohgjh wkdw d vlplodu

lvvxh pd| dulvh lq wkh frqwh{w ri wkh T prgho li wkh dgmxvwphqw frvw sdudphwhu

+K, lv lwvhoi khwhurjhqhrxv dfurvv �upv1

Wkh srwhqwldo vrxufhv ri vwrfkdvwlf yduldwlrq lq uhgxfhg irup lqyhvwphqw htxd0

67Lqwhuhvwhg uhdghuv duh uhihuuhg wr Dowxj dqg Ploohu +4<<3/ 4<<4, dqg Eoxqghoo hw do1 +4<<9,
iru ixuwkhu glvfxvvlrq ri wklv lvvxh1

68Dowkrxjk lw lv ohvv fohdu iurp +717,/ d vlplodu lvvxh fdq dulvh li wkhuh lv xqrevhuyhg khw0
hurjhqhlw| lq wkh dgmxvwphqw frvw sdudphwhu d1 Wkh vrxufh ri wklv srwhqwldo sureohp lv wkhk�
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CNlw
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CNlw

�l
whup1 Li/ dv lq Erqg dqg Phjklu +4<<7,/ olqhdu krprjhqhlw| ri wkh surgxf0

wlrq dqg dgmxvwphqw frvw ixqfwlrqv lv xvhg wr phdvxuh wklv pdujlqdo surgxfw/ wkh h�hfw lv wr
lqwurgxfh d olqhdu whup lq d

�
L
N

�
lw
1 Lqghhg lw vkrxog eh qrwhg wkdw wklv irup ri wkh Hxohu htxd0

wlrq lv lqfrqvlvwhqw zlwk wkh suhvhqfh ri wkh nlqg ri dgmxvwphqw frvw vkrfnv wkdw duh w|slfdoo|
xvhg wr prwlydwh vwrfkdvwlfv lq wkh T prgho1
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wlrqv duh ohvv wudqvsduhqw1 Li wkhvh prghov duh uhjdughg dv hpslulfdo dssur{lpd0

wlrqv wr vrph frpsoh{ dgmxvwphqw surfhvv/ wkhq wkh uhvlgxdo fdq eh ylhzhg dv dq

dssur{lpdwlrq huuru/ exw wklv jlyhv olwwoh jxlgdqfh dv wr lwv vwdwlvwlfdo surshuwlhv1

Rqh dssurdfk lq wklv frqwh{w lv wr uhjdug fhuwdlq surshuwlhv ri wkh huuru whup +h1j1

odfn ri vhuldo fruuhodwlrq, dqg fhuwdlq surshuwlhv ri wkh prgho sdudphwhuv +h1j1

vwdelolw|, dv ihdwxuhv ri d ghvludeoh dssur{lpdwlrq wr wkh gdwd jhqhudwlrq surfhvv/

dqg wr wuhdw wkhvh surshuwlhv dv nh| remhfwlyhv ri dq hpslulfdo vshfl�fdwlrq vhdufk1

Vlqfh wklv udlvhv lvvxhv wkdw duh frpprq wr uhgxfhg irup prghov lq d zlgh udqjh ri

hfrqrphwulf dssolfdwlrqv/ zh uhihu lqwhuhvwhg uhdghuv wr Khqgu| +4<<8, iru ixuwkhu

glvfxvvlrq1

7151 Hvwlpdwlrq

Pdq| ri wkh lvvxhv wkdw dulvh lq hvwlpdwlqj g|qdplf idfwru ghpdqg htxdwlrqv

xvlqj frpsdq| sdqho gdwd fdq eh looxvwudwhg e| frqvlghulqj d prgho ri wkh irup

+�| ' k+�c|3� n q%�| n ��| iru � ' �c ���c � dqg | ' 2c ���c A +718,

��| ' #� n ��|

zkhuh � lqgh{hv �upv dqg | lqgh{hv wlph/ dqg #� lv dq xqrevhuyhg �up0vshfl�f

h�hfw169 Iru h{dpsoh/ li +�| lv wkh lqyhvwphqw udwh/ %�| lv '�| dv gh�qhg lq +6143,

dqg k ' f wkhq zh kdyh wkh edvlf T prgho/ zklovw li k 9' f dqg %�| lv d yhfwru

frqwdlqlqj erwk '�| dqg '�c|3� zh kdyh wkh T prgho zlwk dq �-E�� frpsrqhqw

wr wkh dgmxvwphqw frvw vkrfn1 Wkh Hxohu htxdwlrq prgho +717, kdv wklv irup

li zh qrupdolvh rq
�
U

g

�
�c|n�

udwkhu wkdq
�
U

g

�
�|
/6: dqg wkh uhgxfhg irup prghov

frqvlghuhg lq vhfwlrq 619 duh w|slfdoo| mxvw pruh jhqhudo g|qdplf htxdwlrqv ri wklv

w|sh1 Iru vlpsolflw|/ wklv vhfwlrq zloo irfxv rq wkh fdvh zkhuh %�| lv d vfdodu1

Vlqfh wkh dydlodeoh frpsdq| sdqhov w|slfdoo| frqwdlq d odujh qxpehu ri �upv

revhuyhg iru d uhodwlyho| vpdoo qxpehu ri wlph shulrgv/ zh zloo frqfhqwudwh rq wkh

69Vhh Duhoodqr dqg Krqruh +5334, iru d pruh ghwdlohg glvfxvvlrq ri wkh phwkrgv zh uhylhz
khuh1

6:Vlplodu hvwlpdwlrq lvvxhv zloo dulvh zklfkhyhu qrupdolvdwlrq lv dgrswhg1
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hvwlpdwlrq lvvxhv wkdw dulvh zkhq � lv odujh dqg A lv vpdoo/ dvvxplqj wkdw wkh

huuru whup ��| lv glvwulexwhg lqghshqghqwo| dfurvv �upv16; ROV zloo jlyh eldvhg

sdudphwhu hvwlpdwhv vlqfh +�c|3� lv qhfhvvdulo| fruuhodwhg zlwk #� +dqg %�| pd| eh,/

dqg wkh Zlwklq hvwlpdwru zloo jlyh eldvhg sdudphwhu hvwlpdwhv iru vpdoo A vlqfhh+�c|3� lv qhfhvvdulo| fruuhodwhg zlwk h��| +dqg h%�| pd| eh,16<c73
Li %�| lv vwulfwo| h{rjhqrxv zlwk uhvshfw wr ��r/ lq wkh vhqvh wkdw . d%�|��ro ' f

iru doo rc | +ru vrph vwulfwo| h{rjhqrxv lqvwuxphqw 5�| lv dydlodeoh,/ wkh sdudph0

whuv Ekc q� fdq eh hvwlpdwhg frqvlvwhqwo| e| xvlqj wkh yhfwru E%��c ���c %�A � 0 ru

E5��c ���c 5�A � 0 dv lqvwuxphqwdo yduldeohv iru hdfk ri wkh ohyhov htxdwlrqv lq +718,1

Li %�| lv fruuhodwhg zlwk #� exw vwulfwo| h{rjhqrxv zlwk uhvshfw wr ��r +ru vrph

lqvwuxphqw 5�| zlwk wkhvh surshuwlhv lv dydlodeoh,/ wkh sdudphwhuv Ekc q� fdq eh hv0

wlpdwhg frqvlvwhqwo| e| wdnlqj �uvw0gl�huhqfhv ri +718, dqg wkhq xvlqj wkh yhfwru

E%��c ���c %�A � 0 ru E5��c ���c 5�A � 0 dv lqvwuxphqwdo yduldeohv iru hdfk ri wkh uhvxowlqj

�uvw0gl�huhqfhg htxdwlrqv1 Pruh frpprqo|/ lq wkh devhqfh ri vwulfwo| h{rjhqrxv

lqvwuxphqwv/ lghqwl�fdwlrq ri Ekc q� uholhv rq dvvxplqj vrph olplwhg vhuldo fruuh0

odwlrq lq wkh ��| glvwxuedqfhv1

Iru h{dpsoh/ frqvlghu wkh fdvh lq zklfk %�| lv fruuhodwhg zlwk erwk #� dqg ��|1

Dvvxplqj wkdw .d+����|o ' .d%����|o ' f iru | ' 2c ���c A dqg wkdw .d��r��|o ' f iru

r 9' | |lhogv wkh prphqw frqglwlrqv

. d��c|3r{��|o ' f iru r N 2 dqg | ' �c ���c A +719,

zkhuh ��| ' E+�|c %�|�1 Wklv doorzv wkh xvh ri odjjhg ydoxhv ri hqgrjhqrxv ydul0

6;Xqohvv rwkhuzlvh lqglfdwhg/ dv|pswrwlf surshuwlhv zloo krog dv Q jrhv wr lq�qlw| iru �{hg
W 1

6<Wkh Zlwklq hvwlpdwru lv rewdlqhg dv ROV diwhu vxewudfwlqj �up0phdqv ri hdfk yduldeoh/ vr
wkdw h|lw @ |lw �

4

W�4

SW

v@5 |lv dqg h|l>w�4 @ |l>w�4 �
4

W�4

SW�4

v@4 |lv1 Wklv lv htxlydohqw wr wkh
Ohdvw Vtxduhv Gxpp| Yduldeohv +OVGY, hvwlpdwru/ rewdlqhg e| lqfoxglqj d gxpp| yduldeoh
iru hdfk �up1

73Lq wkh vshfldo fdvh zkhuh � @ 3/ zh fdq vd| wkdw wkh ROV hvwlpdwh ri � zloo eh eldvhg
xszdugv +Kvldr +4<;9,, dqg wkh Zlwklq hvwlpdwh ri � zloo eh eldvhg grzqzdugv +Qlfnhoo +4<;4,,1
Lqirupdoo| wkhvh hvwlpdwhv surylgh jxlgdqfh derxw wkh olnho| udqjh ri ydoxhv iru �/ vr wkdw
fdqglgdwh frqvlvwhqw hvwlpdwruv zklfk olh zhoo rxwvlgh wklv udqjh fdq riwhq eh uhjdughg zlwk
vxvslflrq1
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deohv gdwhg |� 2 dqg hduolhu dv lqvwuxphqwdo yduldeohv iru wkh htxdwlrqv lq �uvw0

gl�huhqfhv174 Iru A : � wkh sdudphwhuv duh ryhu0lghqwl�hg/ dqg dowhuqdwlyh Jhq0

hudolvhg Phwkrg ri Prphqwv +JPP, hvwlpdwruv duh gh�qhg e| gl�huhqw zd|v ri

zhljkwlqj wkh prphqw frqglwlrqv1 Li lqvwhdg ri dvvxplqj qr vhuldo fruuhodwlrq zh

doorz ��| wr eh ��E^�/ wkh lpsolfdwlrq lv wkdw rqo| odjjhg hqgrjhqrxv yduldeohv

gdwhg |� 2� ^ dqg hduolhu fdq eh xvhg dv lqvwuxphqwv1

Wklv �uvw0gl�huhqfhg JPP hvwlpdwru zloo surylgh frqvlvwhqw hvwlpdwhv ri wkh

sdudphwhuv Ekc q� dv wkh qxpehu ri �upv ehfrphv odujh1 Lq vrph frqwh{wv wkhvh

hvwlpdwruv kdyh jrrg �qlwh vdpsoh surshuwlhv/ exw wklv zloo qrw eh wkh fdvh zkhq

wkh odjjhg ydoxhv ri wkh vhulhv duh rqo| zhdno| fruuhodwhg zlwk vxevhtxhqw �uvw0

gl�huhqfhv1 Zkhq wkh lqvwuxphqwv dydlodeoh duh zhdn wkh JPP hvwlpdwru fdq

h{klelw odujh �qlwh vdpsoh eldvhv/ dv zhoo dv lpsuhflvlrq175 Lq wkh frqwh{w ri

htxdwlrq +718, wklv lv sduwlfxoduo| olnho| wr eh d sureohp zkhq wkh lqglylgxdo

vhulhv iru +�| dqg %�| duh kljko| shuvlvwhqw/ dqg zkhq wkh wlph vhulhv glphqvlrq ri

wkh sdqho lv yhu| vkruw176

Dowhuqdwlyh hvwlpdwruv duh dydlodeoh wkdw kdyh ehwwhu vpdoo vdpsoh surshuwlhv lq

wkhvh fdvhv/ dowkrxjk wkh| kdyh ehhq ohvv frpprqo| xvhg lq dssolhg zrun wr gdwh1

Dorqvr0Eruuhjr dqg Duhoodqr +4<<<, sursrvh d v|pphwulfdoo|0qrupdolvhg JPP

hvwlpdwru wkdw lv phgldq0xqeldvhg hyhq lq wkh fdvh ri zhdn lqvwuxphqwv1 Dkq

dqg Vfkplgw +4<<8, qrwh wkdw hvwlpdwruv edvhg rq wkh olqhdu prphqw frqglwlrqv

+719, duh qrw h!flhqw xqghu wkh vwdqgdug chuuru frpsrqhqwv* dvvxpswlrq wkdw

.E#���|� ' f/ dqg wkdw dgglwlrqdo qrq0olqhdu prphqw frqglwlrqv duh dydlodeoh lq

wklv fdvh1 Wkh uhvxowlqj qrq0olqhdu JPP hvwlpdwru lv dv|pswrwlfdoo| h!flhqw

uhodwlyh wr wkh olqhdu �uvw0gl�huhqfhg JPP hvwlpdwru/ dqg fdq eh h{shfwhg wr

74Vhh Krow}0Hdnlq hw do1 +4<;;, dqg Duhoodqr dqg Erqg +4<<4,1 {l>w�4 frxog eh xvhg dv dq
dgglwlrqdo lqvwuxphqw li {lw lv suhghwhuplqhg zlwk uhvshfw wr ylw1 Dgglwlrqdo lqvwuxphqwv duh
dydlodeoh iru wkh ohyhov htxdwlrqv li {lw +ru �{lw, lv xqfruuhodwhg zlwk �l1

75Iru jhqhudo uhvxowv/ vhh Qhovrq dqg Vwduw} +4<<3d/ 4<<3e, dqg Vwdljhu dqg Vwrfn +4<<:,1 Iru
wkh fdvh ri g|qdplf sdqho gdwd prghov/ vhh Eoxqghoo dqg Erqg +4<<;,1

76Lq wkh vshfldo fdvh zlwk � @ 3/ Eoxqghoo dqg Erqg +4<<;, vkrz wkdw wkh �uvw0gl�huhqfhg
JPP hvwlpdwru ri � kdv d vhulrxv grzqzdug eldv lq wkhvh fdvhv1
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kdyh ehwwhu vpdoo vdpsoh surshuwlhv177

Hvwlpdwruv zlwk ehwwhu surshuwlhv fdq dovr eh rewdlqhg lq vrph frqwh{wv li rqh

lv deoh wr lpsrvh pruh uhvwulfwlyh dvvxpswlrqv wkdq wkrvh frqvlghuhg deryh1 Duho0

odqr dqg Eryhu +4<<8, qrwh wkdw {%�| pd| eh xqfruuhodwhg zlwk wkh xqrevhuyhg

�up0vshfl�f h�hfwv/ hyhq zkhq wkh ohyho ri %�| lv fruuhodwhg zlwk #�1 Frpelqhg zlwk

wkh dvvxpswlrq ri olplwhg vhuldo fruuhodwlrq/ wklv doorzv vxlwdeo| odjjhg ydoxhv ri

wkh �uvw0gl�huhqfhv {%�c|3r wr eh xvhg dv dgglwlrqdo lqvwuxphqwv iru wkh htxdwlrqv

lq ohyhov1 Wkhvh dgglwlrqdo prphqw frqglwlrqv duh ryhu0lghqwli|lqj uhvwulfwlrqv

wkdw fdq eh whvwhg/ dqg zkhuh wkh| duh ydolg wkh| fdq vljql�fdqwo| lpsuryh rq

erwk wkh dv|pswrwlf dqg vpdoo vdpsoh surshuwlhv ri wkh �uvw0gl�huhqfhg JPP hv0

wlpdwru/ sduwlfxoduo| zkhq wkh sdudphwhuv Ekc q� duh rqo| zhdno| lghqwl�hg iurp

wkh �uvw0gl�huhqfhg htxdwlrqv1 Eoxqghoo dqg Erqg +4<<;/ 5333, qrwh wkdw li wkh

lqlwldo frqglwlrqv +�� dovr vdwlvi| wkh vwdwlrqdulw| uhvwulfwlrq .d{+�2#�o ' f wkhq

vxlwdeo| odjjhg ydoxhv ri {+�c|3r dv zhoo dv {%�c|3r duh dydlodeoh dv lqvwuxphqwv iru

wkh ohyhov htxdwlrqv178 Wkh uhvxowlqj olqhdu hvwlpdwru/ zklfk frpelqhv htxdwlrqv

lq ohyhov zlwk htxdwlrqv lq �uvw0gl�huhqfhv dqg zklfk wkh| odeho cv|vwhp JPP*/

lv vkrzq wr surylgh gudpdwlf jdlqv erwk lq dv|pswrwlf h!flhqf| dqg lq vpdoo

vdpsoh surshuwlhv/ frpsduhg wr erwk wkh olqhdu �uvw0gl�huhqfhg JPP hvwlpdwru

dqg wr wkh qrq0olqhdu JPP hvwlpdwru ri Dkq dqg Vfkplgw +4<<8,1

Dqrwkhu srwhqwldoo| lpsruwdqw lvvxh lq wkh frqwh{w ri sdqho gdwd rq frpsdqlhv

ru sodqwv lv wkdw ri qrq0udqgrp hqwu| dqg h{lw1 Hqwu| lqwr d sdqho ri hvwdeolvk0

phqwv pd| uh hfw wkh ghflvlrq e| d �up wr hqwhu d sduwlfxodu pdunhw/ zklovw hqwu|

lqwr d sdqho ri �upv pd| uh hfw rwkhu hfrqrplf fkrlfhv vxfk dv wkh ghflvlrq wr re0

77Djdlq iru wkh vshfldo fdvh zlwk � @ 3/ Dkq dqg Vfkplgw +4<<8, vkrz wkdw wkh jdlq lq
dv|pswrwlf h!flhqf| lv odujhvw lq wkh fdvhv zkhuh � lv rqo| zhdno| lghqwl�hg iurp wkh olqhdu
prphqw frqglwlrqv +719, 0 l1h1 zkhq � lv kljk dqg W lv vpdoo1

78Lq wkh vshfldo fdvh zlwk � @ 3/ wklv lqlwldo frqglwlrq uhvwulfwlrq uhtxluhv wkdw wkh vhulhv
+|l4> ===> |lW , kdyh d frqvwdqw �uvw prphqw iru hdfk �up1 Lq wkh pxowlyduldwh frqwh{w/ Eoxqghoo
dqg Erqg +5333, vkrz wkdw d vx!flhqw frqglwlrq lv iru wkh vhulhv +|lw> {lw, wr erwk kdyh vwdwlrqdu|
phdqv1 Krzhyhu wklv lv qrw qhfhvvdu|1 Iru h{dpsoh/ erwk |lw dqg {lw pd| kdyh qrq0vwdwlrqdu|
phdqv surylghg wkdw wkh �{lw vhulhv lv dozd|v xqfruuhodwhg zlwk �l dqg wkh frqglwlrqdo prgho
+718, kdv jhqhudwhg wkh |lw vhulhv iru d vx!flhqwo| orqj suh0vdpsoh shulrg1
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wdlq d vwrfn pdunhw olvwlqj1 H{lw iurp d sdqho ri sodqwv pd| uh hfw sodqw forvxuh ru

dftxlvlwlrq/ zklovw h{lw iurp d sdqho ri frpsdqlhv pd| uh hfw phujhuv/ wdnhryhuv

dqg edqnuxswflhv1 Pdq| ri wkhvh hfrqrplf hyhqwv duh srwhqwldoo| fruuhodwhg zlwk

vkrfnv wkdw d�hfw lqyhvwphqw dqg hpsor|phqw ghflvlrqv1

Qrq0udqgrp hqwu| lqwr wkh vdpsoh grhv qrw suhvhqw d vhulrxv hvwlpdwlrq sure0

ohp/ krzhyhu/ vlqfh wkh hqwu| ghflvlrq lv d ixqfwlrq ri yduldeohv gdwhg dw wkh wlph

ri hqwu|/ zklfk fdq eh uhjdughg dv �{hg ryhu wkh vxevhtxhqw vdpsoh shulrg1 Wkh

yduldeohv zklfk ghwhuplqh hqwu| pd| eh fruuhodwhg zlwk wkh �up0vshfl�f h�hfwv lq

idfwru ghpdqg htxdwlrqv/ exw wklv �{hg fruuhodwlrq phuho| vkliwv wkh �up0vshfl�f

h�hfwv dqg fdq eh frqwuroohg iru xvlqj wkh hvwlpdwlrq phwkrgv ghvfulehg deryh1

Wkh ghwhuplqdqwv ri hqwu| pd| dovr eh fruuhodwhg zlwk vxevhtxhqw vkrfnv wr wkh

idfwru ghpdqg htxdwlrq li wkh odwwhu duh vhuldoo| fruuhodwhg/ exw wklv fruuhodwlrq

fdq eh frqwuroohg iru e| gursslqj d olplwhg qxpehu ri lqlwldo shulrgv1

Qrq0udqgrp h{lw iurp wkh vdpsoh frxog fdxvh d srwhqwldoo| pruh vhulrxv dw0

wulwlrq eldv/ wkdw zrxog rqo| eh fruuhfwhg e| frqwuroolqj iru �up0vshfl�f h�hfwv

xqghu yhu| uhvwulfwlyh dvvxpswlrqv1 Wklv zrxog uhpdlq dq lvvxh zkhwkhu hvwlpd0

wlrq lv edvhg rq wkh cxqedodqfhg* sdqho/ lqfoxglqj wkrvh �upv zklfk h{lw/ ru wkh

cedodqfhg* sdqho frqwdlqlqj rqo| wkh vxevhw ri �upv zklfk vxuylyh wkurxjk wr wkh

hqg ri wkh vdpsoh shulrg1 Wkh ghyhorsphqw ri whvwv dqg frqwurov iru dwwulwlrq eldv

lq sdqhov ri �upv dqg sodqwv lv dq lpsruwdqw duhd iru ixwxuh uhvhdufk/ dowkrxjk lw

vkrxog eh uhfrjqlvhg wkdw wklv pd| qrw eh d sxuho| vwdwlvwlfdo lvvxh1 Iru h{dpsoh/

lq sulqflsdo0djhqw prghov ri frpsdq| ehkdylrxu zlwk lqfrpsohwh frqwudfwv/ zkhuh

pdqdjhuv uhwdlq vrph  h{lelolw| qrw wr sxuvxh vkduhkroghu ydoxh0pd{lplvdwlrq/ lw

pd| eh wkh fdvh wkdw lqyhvwphqw ghflvlrqv duh gluhfwo| lq xhqfhg e| wkh ulvn ri

ehlqj wdnhq ryhu ru jrlqj edqnuxsw/ vlqfh pdqdjhuv zkr glvolnh wkhvh hyhqwv pd|

fkrrvh dfwlrqv wr uhgxfh wkhlu ulvn1 Wkxv wkh qdwxuh ri wkh h{lw surfhvvhv pd|

d�hfw wkh vshfl�fdwlrq ri idfwru ghpdqg prghov/ dqg qrw rqo| wkh hvwlpdwlrq

phwkrgv uhtxluhg iru frqvlvwhqw hvwlpdwlrq1
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81 Gdwd

Wkh dgydqwdjhv ri plfurhfrqrplf gdwd vhwv duh wkdw gdwd lv riwhq dydlodeoh iru d

odujh qxpehu ri lqglylgxdo �upv ru sodqwv/ dqg djjuhjdwlrq sureohpv duh jhqhudoo|

uhgxfhg frpsduhg wr lqgxvwu| ohyho ru djjuhjdwh gdwd vhwv1 Pruhryhu lw lv srvvleoh

wr pryh eh|rqg d uhsuhvhqwdwlyh �up iudphzrun/ dqg wr whvw prghov wkdw lpso|

khwhurjhqhrxv ehkdylrxu dfurvv �upv/ dv iru h{dpsoh pd| rffxu lq wkh suhvhqfh

ri �qdqflqj frqvwudlqwv1 Wkh glvdgydqwdjhv duh wkdw wkh dydlodeoh phdvxuhv ri

idfwru lqsxwv dqg rxwsxwv duh riwhq fuxgh/ dqg nh| yduldeohv olnh idfwru sulfhv duh

jhqhudoo| qrw phdvxuhg dw wkh �up ru sodqw ohyho1 Wklv lv d pdmru uhdvrq zk| pxfk

ri wkh plfurhfrqrphwulf olwhudwxuh rq lqyhvwphqw dqg hpsor|phqw kdv irfxvhg rq

lvvxhv vxfk dv wkh qdwxuh ri dgmxvwphqw g|qdplfv dqg wkh suhvhqfh ri �qdqflqj

frqvwudlqwv/ zklfk fdq eh lqyhvwljdwhg zlwkrxw plfurhfrqrplf yduldwlrq lq idfwru

sulfhv1

Xqwlo yhu| uhfhqwo|/ prvw plfurhfrqrphwulf idfwru ghpdqg vwxglhv uholhg rq

sxeolfo| dydlodeoh frpsdq| gdwd vhwv/ jhqhudoo| rewdlqhg iurp frpsdq| dffrxqwv1

H{dpsohv lqfoxgh Frpsxvwdw gdwd iru XV �upv dqg Gdwdvwuhdp gdwd iru XN

�upv1 Frpsdq| dffrxqwv duh qrw surgxfhg iru wkh ehqh�w ri hfrqrphwulf uh0

vhdufk/ dqg wkh phdvxuhv wkdw duh gluhfwo| dydlodeoh duh riwhq lqdssursuldwh iru

whvwlqj hfrqrplf prghov1 Phdvxuhv edvhg rq uhfrughg fdvk  rzv duh olnho| wr eh

prvw uholdeoh/ exw hyhq wkhvh fdq suhvhqw sureohpv iru hfrqrphwulf uhvhdufk1 Iru

h{dpsoh/ zklovw gdwd rq vdohv pd| eh dffxudwh/ wkhuh pd| eh wrr olwwoh lqirupdwlrq

rq fkdqjhv lq lqyhqwrulhv wr lqihu wkh ydoxh ri surgxfwlrq1 Vlploduo| wkhuh pd| eh

lqvx!flhqw lqirupdwlrq rq wkh frvw ri fxuuhqw lqsxwv wr lqihu ydoxh0dgghg1 Krz0

hyhu  rz phdvxuhv wkdw duh edvhg rq fkdqjhv lq dffrxqwlqj ydoxdwlrqv ri dvvhwv

dqg oldelolwlhv suhvhqw pruh vhyhuh phdvxuhphqw lvvxhv/ dv grhv wkh xvh ri wkh errn

ydoxhv ri wkhvh vwrfnv wkhpvhoyhv1

Wkhvh errn ydoxhv ri dvvhwv dqg oldelolwlhv duh jhqhudoo| edvhg rq klvwrulf frvw
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ydoxdwlrqv/ zklfk pd| ghyldwh vxevwdqwldoo| iurp fxuuhqw hfrqrplf ydoxhv lq wkh

fdvh ri orqj0olyhg fdslwdo dvvhwv dqg orqj0whup ghewv1 Wkh klvwrulf frvw ydoxdwlrq

ri wkh �up*v fdslwdo vwrfn lv edvhg rq wkh sulfhv dw zklfk dvvhwv zhuh ruljlqdoo|

sxufkdvhg/ dqg vr qhjohfwv erwk jhqhudo sulfh lq dwlrq dqg uhodwlyh sulfh fkdqjhv

ryhu wkh lqwhuyhqlqj shulrg1 D uhodwhg frqfhuq d�hfwv wkh ghsuhfldwlrq ghgxfwlrqv

uhsruwhg lq frpsdq| dffrxqwv1 Hyhq lq frpphufldo dffrxqwv/ wkhvh pd| eh edvhg

rq fdxwlrxv dvvxpswlrqv derxw wkh ohqjwk ri xvhixo dvvhw olyhv/ dqg lq vrph fdvhv

wkh rqo| lqirupdwlrq dydlodeoh lv edvhg rq ghsuhfldwlrq uxohv uhtxluhg iru wd{ sxu0

srvhv1 Iru wkhvh uhdvrqv hfrqrplf uhvhdufkhuv kdyh riwhq suhihuuhg wr frqvwuxfw

wkhlu rzq fdslwdo vwrfn hvwlpdwhv/ edvhg rq fxpxodwlqj wkh revhuyhg lqyhvwphqw

 rzv lq d shushwxdo lqyhqwru| irupxod wkdw fdq doorz iru lq dwlrq dqg dowhuqdwlyh

hvwlpdwhv ri hfrqrplf ghsuhfldwlrq udwhv1 D vlplodu sureohp d�hfwv wkh ydoxdwlrq

ri lqyhqwrulhv/ dowkrxjk khuh lw lv lpsruwdqw wr nqrz wkh ydoxdwlrq phwkrg wkdw

kdv ehhq xvhg wr frqvwuxfw wkh frpsdq| dffrxqwv/ zklfk ydulhv dfurvv frxqwulhv

dqg pd| ydu| dfurvv �upv zlwklq wkh vdph frxqwu|1 Wkh klvwrulf frvw ydoxdwlrq

ri ghew lv edvhg rq wkh dprxqwv eruurzhg dqg qrw |hw uhsdlg1 Wkh pdunhw ydoxh

ri wkh �up*v rxwvwdqglqj ghew pd| eh gl�huhqw li lqwhuhvw udwhv kdyh fkdqjhg ryhu

wkh lqwhuyhqlqj shulrg1 Djdlq hfrqrplf uhvhdufkhuv kdyh vrphwlphv suhihuuhg wr

frqvwuxfw dowhuqdwlyh hvwlpdwhv ri wkh pdunhw ydoxh ri ghew/ dowkrxjk wklv lv sure0

ohpdwlf zlwkrxw nqrzohgjh ri wkh pdwxulw| vwuxfwxuh1 Pdq| ri wkhvh ydoxdwlrq

sureohpv frph wrjhwkhu lq dffrxqwlqj phdvxuhv ri sur�w/ zlwk vrph ri wkh sulq0

flsdo frqfhuqv ehlqj wkh ghgxfwlrq ri qrplqdo udwkhu wkdq uhdo lqwhuhvw sd|phqwv/

wkh lqfoxvlrq ri lq dwlrqdu| jdlqv rq kroglqjv ri lqyhqwrulhv/ dqg wkh xvh ri klv0

wrulf frvw ghsuhfldwlrq fkdujhv179 Qrw wr phqwlrq wkh srvvlelolw| wkdw wkh wlplqj

ri vrph fkdujhv djdlqvw sur�wv pd| eh pdqlsxodwhg wr pdqdjh wkh uhohdvh ri qhzv

derxw wkh frpsdq| wr wkh �qdqfldo pdunhwv1

Ri sduwlfxodu frqfhuq lq wkh idfwru ghpdqg frqwh{w lv wkh srru txdolw| ri

79Vhh Hgzdugv hw do1 +4<;:, iru d frpsuhkhqvlyh glvfxvvlrq ri dffrxqwlqj phdvxuhv ri sur�w1
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dffrxqwlqj lqirupdwlrq rq wkh xvh ri ydulrxv lqsxwv1 Iru h{dpsoh/ frpsdq| df0

frxqwv pd| uhsruw h{shqglwxuhv rq gluhfw sxufkdvhv ri �{hg fdslwdo/ exw pd|

jlyh olwwoh lqirupdwlrq rq wkh euhdngrzq ri wkhvh h{shqglwxuhv e| w|sh ri dvvhw/

ru pd| surylgh olwwoh lqirupdwlrq rq wkh ydoxh ri �{hg fdslwdo rewdlqhg wkurxjk

wkh dftxlvlwlrq ri rwkhu �upv/ ru pd| surylgh olwwoh lqirupdwlrq rq wkh ydoxh ri

�{hg fdslwdo vrog ru vfudsshg1 Wkxv wkh dydlodeoh gdwd rq lqyhvwphqw pd| eh

vxemhfw wr phdvxuhphqw huuruv zkrvh lpsruwdqfh pd| gl�hu dfurvv vhfwruv dqg

ryhu wkh exvlqhvv f|foh1 Dv zh glvfxvvhg lq vhfwlrq 618/ wkh devhqfh ri jrrg gdwd

rq glvsrvdov ri fdslwdo pd| eh sduwlfxoduo| lpsruwdqw zkhq whvwlqj iru dv|pph0

wulhv lq xszdug dqg grzqzdug dgmxvwphqwv1 Wkh dydlodeoh gdwd rq hpsor|phqw

lq frpsdq| dffrxqwv lv riwhq olplwhg wr d vqdsvkrw ri wkh qxpehu ri hpsor|hhv=

lw lv frpsdudwlyho| uduh wr kdyh lqirupdwlrq rq krxuv zrunhg/ vnloo frpsrvlwlrq

ru  rz phdvxuhv ri klulqj dqg vhsdudwlrqv/ doo ri zklfk zrxog eh ghvludeoh zkhq

lqyhvwljdwlqj wkh vwuxfwxuh ri oderxu ghpdqg1 Lq frpsdq| dffrxqwv gdwd lw lv dovr

xqxvxdo wr kdyh gdwd rq wkh xvdjh ri idfwruv rwkhu wkdq fdslwdo dqg oderxu1

D glvwlqfw vrxufh ri plfur gdwd lv surylghg e| wkh odujh hvwdeolvkphqw ohyho gdwd

vhwv wkdw duh frpslohg e| jryhuqphqw vwdwlvwlfdo djhqflhv lq rughu wr hvwlpdwh wkh

djjuhjdwh ohyhov ri surgxfwlrq/ lqyhvwphqw dqg hpsor|phqw lq gl�huhqw vhfwruv

ri wkh hfrqrp|1 W|slfdoo| wkhvh duh srsxodwlrqv ri doo hvwdeolvkphqwv deryh d

fhuwdlq vl}h wkuhvkrog/ dqg vwudwl�hg udqgrp vdpsohv ri vpdoohu hvwdeolvkphqwv1

Dq hvwdeolvkphqw pd| frpsulvh rqh ru pruh sodqwv/ zklfk pd| dffrxqw iru doo ru

sduw ri d �up*v dfwlylwlhv1 Lq wkh odvw whq |hduv/ wkhvh gdwd vrxufhv kdyh lqfuhdvlqjo|

ehhq pdgh dydlodeoh iru hpslulfdo uhvhdufk1 H{dpsohv lqfoxgh wkh Orqjlwxglqdo

Uhvhdufk Gdwdedvh +OUG, lq wkh XV> wkh Dqqxdo Uhvsrqghqwv Gdwdedvh +DUG,

lq wkh XN> wkh Qruzhjldq gdwd xvhg e| Dqwl Qlovhq dqg Vfkldqwduhool +4<<;,> dqg

wkh Iuhqfk gdwd xqghuo|lqj wkh Derzg/ Nudpdu} dqg Pdujrolv +4<<<, vwxg|17:

Wkhuh duh vhyhudo dgydqwdjhv ri wkhvh hvwdeolvkphqw gdwd vhwv ryhu frpsdq|

7:Vhh Derzg dqg Nudpdu} +4<<<, iru pruh ghwdlov1
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dffrxqwv gdwd1 Iluvw/ wkh| surylgh gdwd dw d pruh glvdjjuhjdwhg ohyho/ zlwk wkh

xqlw ri revhuydwlrq jhqhudoo| ehlqj d sodqw ru sodqwv lq wkh vdph jhrjudsklfdo

orfdwlrq1 Wkh OUG dovr surylghv txduwhuo| revhuydwlrqv1 Vhfrqgo|/ wkhvh gdwd

vrxufhv surylgh idu pruh fryhudjh ri wkh dfwlylwlhv ri vpdoohu �upv wkdq gr prvw

frpsdq| gdwdedvhv/ zklfk duh riwhq olplwhg wr sxeolfo| wudghg �upv1 Wklugo|/ wkh

hvwdeolvkphqw gdwd xvxdoo| glvdjjuhjdwh lqirupdwlrq rq idfwru lqsxwv wr d juhdwhu

ghjuhh/ doorzlqj vrph frqvlghudwlrq ri pxowlsoh w|shv ri fdslwdo dqg oderxu1 Rq

wkh rwkhu kdqg/ vrph yduldeohv pd| rqo| eh phdvxuhg dw wkh ohyho ri wkh �up/

vxfk dv vwrfn pdunhw ydoxdwlrqv dqg wd{ sd|phqwv1 Fryhudjh pd| dovr eh olplwhg

wr pdqxidfwxulqj ru surgxfwlrq lqgxvwulhv/ h{foxglqj wkh vhuylfh vhfwru zklfk

dffrxqwv iru d odujh dqg jurzlqj vkduh ri lqyhvwphqw dqg hpsor|phqw lq ghyhorshg

hfrqrplhv1

Dv zh kdyh vwuhvvhg lq wklv fkdswhu/ d pdmru sureohp idflqj plfurhfrqrphwulf

uhvhdufk rq idfwru ghpdqg lv wkh devhqfh ri frpsuhkhqvlyh plfur gdwd rq idfwru

sulfhv1 Wklv lv sduwo| d frqfhswxdo sureohp dqg qrw mxvw d gdwd olplwdwlrq= li hdfk

idfwru ri surgxfwlrq zhuh erxjkw dqg vrog lq d vlqjoh frpshwlwlyh pdunhw/ wkhq

doo �upv zrxog idfh wkh vdph sulfh iru hdfk idfwru/ dqg wkhuh zrxog eh qr furvv0

vhfwlrq yduldwlrq lq idfwru sulfhv wkdw frxog eh xvhg wr lghqwli| idfwru ghpdqg

sdudphwhuv1 Lq sudfwlfh wkhuh pd| eh uhjlrqdo dqg vhfwrudo gl�huhqfhv lq idfwru

sulfhv/ dowkrxjk wklv lv ohvv xvhixo lq wkh frqwh{w ri odujh �upv zklfk pd| rshu0

dwh lq vhyhudo orfdwlrqv dqg lqgxvwulhv1 Wkxv frqvlghudeoh lqjhqxlw| lv w|slfdoo|

uhtxluhg wr lghqwli| frpshoolqj vrxufhv ri h{rjhqrxv sulfh yduldwlrq1 H{dpsohv

iurp wkh lqyhvwphqw olwhudwxuh lqfoxgh yduldwlrq lq wkh h�hfwv ri wd{hv dfurvv gli0

ihuhqw �upv/ hlwkhu ehfdxvh wkh| xvh gl�huhqw pl{hv ri fdslwdo vxemhfw wr gl�huhqw

wd{ wuhdwphqwv/ dv lq Dxhuedfk dqg Kdvvhww +4<<5,/ Fxpplqv hw do1 +4<<7, dqg

Fklulqnr hw do1 +4<<<,> ru ehfdxvh wkh| duh d�hfwhg gl�huhqwo| e| qrq0olqhdulwlhv

lq wkh wd{ v|vwhp/ dv lq Ghyhuhx{ +4<;<, dqg Ghyhuhx{ hw do1 +4<<7,1 H{dpsohv

iurp wkh oderxu ghpdqg olwhudwxuh lqfoxgh uhjlrqdo yduldwlrq lq plqlpxp zdjh
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ohjlvodwlrq/ dqg yduldwlrq lq wkh h{whqw ri xqlrqlvdwlrq1

Rxu �qdo uhpdunv rq vrxufhv ri plfurhfrqrplf gdwd iru idfwru ghpdqg vwxglhv

frqfhuq gl�huhqw ohyhov ri djjuhjdwlrq dw zklfk gdwd lv dydlodeoh1 Odujh frpsd0

qlhv pd| rzq pdq| vxevlgldu| �upv/ vr wkdw hyhq zlwk frpsdq| dffrxqwv gdwd

wkhuh lv dq lpsruwdqw glvwlqfwlrq ehwzhhq wkh xqfrqvrolgdwhg dffrxqwv uhsruwhg

e| lqglylgxdo vxevlgldulhv/ dqg wkh frqvrolgdwhg dffrxqwv uhsruwhg e| wkh jurxs

dv d zkroh1 Lqglylgxdo �upv pd| dovr rshudwh pxowlsoh sodqwv/ hlwkhu lq gl�huhqw

orfdwlrqv ru shuiruplqj gl�huhqw dfwlylwlhv1 Gdwd dw gl�huhqw ohyhov ri djjuhjd0

wlrq pd| eh prvw vxlwdeoh iru dgguhvvlqj gl�huhqw txhvwlrqv1 Iru h{dpsoh/ li wkh

remhfwlyh lv wr xqfryhu wkh vwuxfwxuh ri wkh dgmxvwphqw frvw whfkqrorj|/ wkhq lw

vhhpv dssursuldwh wr xvh wkh prvw glvdjjuhjdwhg gdwd dydlodeoh/ wr dyrlg wkh whq0

ghqf| iru glvfuhwh dgmxvwphqwv wr eh vprrwkhg e| djjuhjdwlrq dfurvv sodqwv ru

w|shv ri fdslwdo ru oderxu17; Dv qrwhg suhylrxvo|/ frpprqo| xvhg plfur gdwd rq

frpsdqlhv ru odujh sodqwv pd| vwloo eh wrr djjuhjdwhg iru wklv sxusrvh1 Krzhyhu

li wkh remhfwlyh lv wr lqyhvwljdwh wkh lpsdfw ri �qdqflqj frqvwudlqwv/ lw pd| zhoo

eh dssursuldwh wr frqvlghu frqvrolgdwhg gdwd iru wkh frpsdq| dv d zkroh= hyhq lq

wkh suhvhqfh ri d �qdqflqj frqvwudlqw/ wkh vshqglqj e| dq lqglylgxdo vxevlgldu|

�up ru sodqw pd| qrw eh frqvwudlqhg e| lwv rzq fdvk  rz/ vlqfh wkh frpsdq|

fdq uhdoorfdwh �qdqfldo uhvrxufhv ehwzhhq gl�huhqw sduwv ri wkh jurxs1 Pruh jhq0

hudoo|/ wkh uhohydqw orfxv iru dw ohdvw vrph dvshfwv ri frusrudwh ghflvlrq pdnlqj

pd| eh dw wkh ohyho ri wkh �up udwkhu wkdq wkh sodqw/ dqg lw lv zruwk qrwlqj wkdw

ydoxh0pd{lplvlqj ehkdylrxu dw wkh ohyho ri wkh frpsdq| qhhg qrw lpso| ydoxh

pd{lplvdwlrq iru lqglylgxdo vxevlgldulhv ru sodqwv1 Wkhuh duh dovr olnho| wr eh

lpsruwdqw dgydqwdjhv iurp frpelqlqj erwk hvwdeolvkphqw dqg �up ohyho gdwd/ iru

h{dpsoh wr lqyhvwljdwh wkh lpsdfw ri djjuhjdwlrq rq lqyhvwphqw dqg hpsor|phqw

g|qdplfv1 Ilqdoo|/ dv zh qrwhg lq wkh lqwurgxfwlrq/ lpsruwdqw dvshfwv ri djjuh0

jdwh dgmxvwphqw pd| wdnh sodfh wkurxjk wkh hqwu| dqg h{lw ri lqglylgxdo �upv

7;Vhh/ iru h{dpsoh/ Kdphuphvk +4<;<, dqg Dqwl Qlovhq dqg Vfkldqwduhool +5336,1
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ru sodqwv/ vr hylghqfh iurp plfurhfrqrplf gdwd zloo qrw qhfhvvdulo| surylgh wkh

fruuhfw dqvzhuv wr pdfurhfrqrplf txhvwlrqv1

91 Wrslfv lq lqyhvwphqw

9141 Vrph edvlf �qglqjv

Pdq| vwxglhv kdyh xvhg frpsdq| sdqho gdwd wr hydoxdwh wkh T prgho ri lqyhvw0

phqw1 Wklv prgho dsshduhg sduwlfxoduo| zhoo vxlwhg wr frpsdq| gdwd vhwv/ vlqfh

vwrfn pdunhw ydoxdwlrqv duh uhdglo| dqg dffxudwho| phdvxuhg iru frpsdqlhv zlwk

sxeolfo| wudghg vkduhv/ dqg lq frqwudvw wr wkh xvhu frvw ri fdslwdo/ wkhuh lv ulfk

furvv0vhfwlrq yduldwlrq lq wkh dyhudjh t udwlr wkdw vkrxog khos wr lghqwli| wkh

prgho1 Wkhuh zdv dovr lqlwldo rswlplvp wkdw vrph ri wkh dssduhqw idlolqjv ri wkh

T prgho wkdw kdg ehhq uhsruwhg lq hduolhu vwxglhv xvlqj djjuhjdwh gdwd pd| eh

gxh wr djjuhjdwlrq sureohpv wkdw dulvh zkhq lqyhvwphqw udwhv dqg dyhudjh t/ erwk

vshfl�hg lq udwlrv/ duh frqvwuxfwhg xvlqj djjuhjdwh gdwd1

Lq idfw/ dv zh qrwhg lq vhfwlrq 614/ prvw ri wkh hpslulfdo sureohpv irxqg zlwk

wkh djjuhjdwh gdwd kdyh ehhq uhsurgxfhg lq plfurhfrqrphwulf vwxglhv1 Wkhvh lq0

foxgh yhu| orz frh!flhqwv rq wkh T yduldeoh/ vxjjhvwlqj lqfuhgleo| kljk pdujlqdo

frvwv ri dgmxvwphqw/ dqg ylrodwlrq ri wkh suhglfwlrq wkdw T vkrxog eh d vx!flhqw

vwdwlvwlf iru lqyhvwphqw1 Lq prvw plfur vwxglhv/ dgglwlrqdo yduldeohv vxfk dv fdvk

 rz ru vdohv kdyh ehhq irxqg wr eh lqirupdwlyh diwhu frqwuroolqj iru T/ dqg lq vrph

fdvhv wkh T yduldeoh ehfrphv lqvljql�fdqw zkhq wkhvh rwkhu yduldeohv duh dgghg

wr wkh hpslulfdo prgho1 Vlplodu �qglqjv kdyh ehhq uhsruwhg lqghshqghqwo| xvlqj

gdwd iru d zlgh ydulhw| ri frxqwulhv dqg wlph shulrgv/ dqg wklv kdv dovr ehhq wkh

fdvh lq wkh uhodwlyho| vpdoo qxpehu ri vwxglhv wkdw kdyh uhfrjqlvhg wkh srwhqwldo

lpsruwdqfh ri hqgrjhqhlw| dqg +wudqvlhqw, phdvxuhphqw huuru lq dyhudjh t1 Iru

h{dpsoh/ erwk Kd|dvkl dqg Lqrxh +4<<4, dqg Eoxqghoo hw do1 +4<<5, kdyh xvhg

�uvw0gl�huhqfhg JPP hvwlpdwruv ri wkh w|sh ghvfulehg lq vhfwlrq 715 wr hvwlpdwh

yhuvlrqv ri wkh T prgho/ iru sdqhov ri Mdsdqhvh dqg XN olvwhg pdqxidfwxulqj frp0
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sdqlhv uhvshfwlyho|1 Kd|dvkl dqg Lqrxh +4<<4, frqvlghu d yhuvlrq ri wkh T prgho

wkdw doorzv iru pxowlsoh fdslwdo jrrgv dv zhoo dv wkh edvlf vshfl�fdwlrq/ zklovw

Eoxqghoo hw do1 +4<<5, hvwlpdwh d yhuvlrq ri wkh T prgho wkdw doorzv iru dq �-E��

frpsrqhqw lq wkh huuru whup1 Erwk sdshuv uhsruw yhu| orz frh!flhqwv rq wkhlu

T yduldeohv/ dqg �qg hlwkhu fdvk  rz ru vdohv whupv wr eh kljko| vljql�fdqw dggl0

wlrqdo uhjuhvvruv/ hyhq doorzlqj wkhvh yduldeohv wr eh hqgrjhqrxv dqg fruuhodwhg

zlwk �up0vshfl�f h�hfwv1

Rqh srwhqwldoo| lpsruwdqw h{fhswlrq wr wklv jhqhudo sdwwhuq ri uhvxowv lv sur0

ylghg e| Fxpplqv hw do1 +4<<7,/ zkr irfxv rq shulrgv durxqg pdmru wd{ uhirupv

lq wkh XV dqg uhsruw pxfk kljkhu frh!flhqwv rq wkhlu T yduldeoh lq wkhvh |hduv1

Wklv lv frqvlvwhqw zlwk wkhlu lqwhusuhwdwlrq wkdw pdmru wd{ uhirupv surylgh txdvl0

h{shulphqwv wkdw khos wr lghqwli| wkh h�hfwv ri hfrqrplf cixqgdphqwdov* rq lqyhvw0

phqw/ vr wkdw gxulqj wkhvh shulrgv  xfwxdwlrqv lq phdvxuhg T duh grplqdwhg e|

lqirupdwlyh fkdqjhv lq wd{ sdudphwhuv udwkhu wkdq xqlqirupdwlyh phdvxuhphqw

huuruv1 Qrwlfh wkdw li wklv lqwhusuhwdwlrq lv fruuhfw/ wkh frqyhqwlrqdo �qglqjv glv0

fxvvhg lq wkh suhylrxv sdudjudsk fdq rqo| eh h{sodlqhg li wkhuh duh vxevwdqwldo dqg

kljko| shuvlvwhqw phdvxuhphqw huuruv lq dyhudjh t wkdw duh qrw hdvlo| frqwuroohg

iru e| wkh xvh ri odjjhg lqvwuxphqwv1

Wzr uhfhqw sdshuv kdyh ghyhorshg dowhuqdwlyh dssurdfkhv wr hvwlpdwlqj wkh

T prgho zklfk wdnh vhulrxvo| wklv srvvlelolw| ri shuvlvwhqw phdvxuhphqw huuru lq

dyhudjh t1 Hulfnvrq dqgZklwhg +5333, frqvlghu d JPP hvwlpdwru edvhg rq kljkhu

rughu prphqw frqglwlrqv1 Wkhlu dssurdfk fdq doorz iru shuvlvwhqw phdvxuhphqw

huuru lq wkh vwrfn pdunhw ydoxdwlrq dv d phdvxuh ri wkh �up*v ixqgdphqwdo ydoxh/

iru h{dpsoh dv d uhvxow ri dvvhw sulfh exeeohv/ surylghg wkdw wkh gl�huhqfh ehwzhhq

wkh wzr ydoxhv lv lqghshqghqw ri wkh ixqgdphqwdo ydoxh1 Wkh| �qg wkdw dgglwlrqdo

fdvk  rz yduldeohv duh qr orqjhu vljql�fdqw zkhq wklv irup ri phdvxuhphqw huuru

lv doorzhg iru lq wkhlu vdpsoh1 Erqg dqg Fxpplqv +5334, frqvlghu lghqwl�fdwlrq

ri wkh T prgho lq wkh suhvhqfh ri vkduh sulfh exeeohv1 Wkh| vkrz wkdw wkh
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sdudphwhuv pd| qrw eh lghqwl�hg/ xvlqj frqyhqwlrqdo phdvxuhv ri dyhudjh t/ lq

wkh pruh sureohpdwlf fdvh zkhuh wkh exeeoh frpsrqhqw lv lwvhoi fruuhodwhg zlwk

wkh ixqgdphqwdo ydoxh ri wkh �up1 Wr ghdo zlwk wklv fdvh/ wkh| frqvlghu xvlqj

d gluhfw hvwlpdwh ri wkh �up*v ixqgdphqwdo ydoxh/ edvhg rq iruhfdvwv ri ixwxuh

sur�wv sxeolvkhg e| vhfxulwlhv* dqdo|vwv17< Zkhq xvlqj wklv dowhuqdwlyh phdvxuh/

wkh| �qg d pxfk kljkhu frh!flhqw rq wkhlu dyhudjh t yduldeoh wkdq lv xvxdoo|

rewdlqhg/ dqg qhlwkhu fdvk  rz qru vdohv yduldeohv duh irxqg wr eh vljql�fdqw1

Jlofkulvw dqg Klpphoehuj +4<<8, hvwlpdwh d yhuvlrq ri wkh Deho dqg Eodqfkdug

+4<;9, prgho/ edvhg rq htxdwlrq +616,/ iru d sdqho ri olvwhg XV pdqxidfwxulqj

frpsdqlhv1 Xqiruwxqdwho| lw lv qrw fohdu zkhwkhu wkh prgho wkh| hvwlpdwh kdv

d vwuxfwxudo lqwhusuhwdwlrq/ vlqfh lq wkhlu vshfl�fdwlrq ri
�
Y�|
Yg|

�
wkh| dvvxph wkdw

qhw uhyhqxh �| lv krprjhqhrxv ri ghjuhh rqh lq g|/ dowkrxjk wkhlu vshfl�fdwlrq

ri dgmxvwphqw frvwv ghshqgv rq fxuuhqw lqyhvwphqw dqg lv qrw krprjhqhrxv ri

ghjuhh rqh lq g|1 Fhuwdlqo| lq wkh vwdqgdug irupxodwlrq ri wkh T prgho/ qhw

uhyhqxh lv krprjhqhrxv ri ghjuhh rqh lq wkh sdlu EU|cg|�/ dqg qrw krprjhqhrxv

ri ghjuhh rqh lq g| dorqh1
83 Qrqhwkhohvv wkhlu uhvxowv duh lqwhuhvwlqj lq wkdw wkh|

dovr �qg d pxfk odujhu frh!flhqw rq wkhlu frqvwuxfwhg phdvxuh ri pdujlqdo t

wkdq rq d vwdqgdug phdvxuh ri dyhudjh t/ dqg frqglwlrqdo rq wklv phdvxuh ri

pdujlqdo t wkh| dovr �qg vpdoohu dqg zhdnhu frh!flhqwv rq d fdvk  rz yduldeoh

iru dw ohdvw vrph vxe0vdpsohv ri wkhlu gdwd1 Wkhvh �qglqjv duh dovr vxjjhvwlyh

ri d srwhqwldoo| vhyhuh phdvxuhphqw huuru sureohp iru frqyhqwlrqdo phdvxuhv ri

dyhudjh t frqvwuxfwhg xvlqj vwrfn pdunhw ydoxdwlrqv1

Uhvxowv edvhg rq wkh Hxohu htxdwlrq dssurdfk kdyh ehhq pl{hg1 Xquhvwulfwhg

7<Vhh dovr Fxpplqv/ Kdvvhww dqg Rolqhu +4<<<, dqg Erqg dqg Fxpplqv +5333,1
83Jlofkulvw dqg Klpphoehuj +4<<8, xvh wkh vdph irup iru dgmxvwphqw frvwv dv wkdw lq htxdwlrq

+617, 0 vhh wkhlu htxdwlrq +:,1 Ri frxuvh wkh irupxodwlrq iru
�
C�w

CNw

�
edvhg rq wkh dvvxpswlrq wkdw

�w lv krprjhqhrxv ri ghjuhh rqh lq Nw pd| surylgh d jrrg dssur{lpdwlrq li dgmxvwphqw frvwv
duh vx!flhqwo| vpdoo1 Deho dqg Eodqfkdug +4<;9, dovr xvhg wklv dssur{lpdwlrq lq rqh ri wkhlu
dssolfdwlrqv wr wlph vhulhv gdwd/ exw wkh| zhuh fduhixo qrw wr fodlp wkdw wkh| zhuh lghqwli|lqj d
vwuxfwxudo dgmxvwphqw frvw ixqfwlrq1 Vhh wkhlu irrwqrwh 81
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hvwlpdwhv ri lqyhvwphqw g|qdplfv kdyh jhqhudoo| ehhq gl!fxow wr uhfrqfloh zlwk

wkh Hxohu htxdwlrq lpsolhg e| wkh v|pphwulf/ txdgudwlf dgmxvwphqw frvwv prgho/

lq wkh vhqvh wkdw hvwlpdwhg frh!flhqwv rq ohdgv ru odjv ri wkh lqyhvwphqw udwh

kdyh qrw lpsolhg sodxvleoh ydoxhv iru wkh glvfrxqw idfwru +fi1 htxdwlrq +6146,,1

Whvwv ri wkh ryhu0lghqwli|lqj uhvwulfwlrqv lpsolhg e| wkh Hxohu htxdwlrq kdyh riwhq

ehhq uhmhfwhg/ dw ohdvw iru odujh vxe0vdpsohv ri wkh gdwd1 Rq wkh rwkhu kdqg vrph

sdshuv kdyh uhsruwhg pruh uhdvrqdeoh hvwlpdwhv ri wkh vwuxfwxudo sdudphwhuv dqg

qrq0uhmhfwlrq ri wkh ryhu0lghqwli|lqj uhvwulfwlrqv iru sduwlfxodu vxe0vdpsohv/ dqg

vxjjhvwhg wkdw wkhvh uhvxowv duh frqvlvwhqw zlwk d �qdqflqj frqvwudlqwv lqwhusuhwd0

wlrq1 Vhh Jlofkulvw +4<<4,/ Zklwhg +4<<5,/ Erqg dqg Phjklu +4<<7, dqg Kxeedug

hw do1 +4<<8, iru h{dpsohv ri wklv dssurdfk1

Rqh frqfoxvlrq iurp wklv olwhudwxuh vhhpv wr eh wkdw wkh vwdqgdug lpsohphq0

wdwlrqv ri vwuxfwxudo prghov edvhg rq wkh dvvxpswlrq ri v|pphwulf/ txdgudwlf

frvwv ri dgmxvwphqw gr qrw surylgh dq dghtxdwh fkdudfwhulvdwlrq ri wkh revhuyhg

lqyhvwphqw gdwd/ dw ohdvw iru d odujh sduw ri wkh frpsdq| gdwd vhwv wkdw kdyh ehhq

xvhg1 Uhfhqw uhvhdufk lq wkh T iudphzrun vxjjhvwv wkdw phdvxuhphqw huuru lq

vwrfn pdunhw ydoxdwlrqv/ dv phdvxuhv ri wkh h{shfwdwlrqv ri ixwxuh sur�wv uhohydqw

iru lqyhvwphqw ghflvlrqv/ vkrxog eh wdnhq vhulrxvo| 0 uh hfwlqj wkh lqwulqvlf gl!0

fxow| ri frqwuroolqj iru �upv* h{shfwdwlrqv ri ixwxuh frqglwlrqv1 Krzhyhu lw zrxog

eh wrr hduo| wr frqfoxgh wkdw wklv lv wkh rqo| vrxufh ri plv0vshfl�fdwlrq1 Dv zh

hpskdvlvhg lq vhfwlrq 614/ wkhuh duh pdq| fdqglgdwh h{sodqdwlrqv iru hpslulfdo

uhmhfwlrqv ri wkhvh prghov1 Wkhvh uhvxowv kdyh prwlydwhg wkh kxjh hpslulfdo olwhu0

dwxuh rq �qdqflqj frqvwudlqwv wkdw zh frqvlghu lq wkh qh{w vhfwlrq/ dv zhoo dv wkh

pruh uhfhqw hpslulfdo zrun rq qrq0frqyh{ dgmxvwphqw frvwv wkdw zh glvfxvvhg lq

vhfwlrq 6181
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9151 Ilqdqflqj frqvwudlqwv

D pdmru wrslf ri lqwhuhvw lq uhfhqw plfurhfrqrphwulf uhvhdufk rq frpsdq| lqyhvw0

phqw kdv ehhq wr whvw iru wkh srvvlelolw| wkdw lqyhvwphqw vshqglqj lv vxemhfw wr

vljql�fdqw �qdqflqj frqvwudlqwv1 Lq hdfk ri wkh edvlf lqyhvwphqw prghov rxwolqhg

deryh/ fdslwdo pdunhwv zhuh dvvxphg wr eh shuihfw lq wkh vhqvh wkdw wkh �up fdq

udlvh dv pxfk lqyhvwphqw �qdqfh dv lw ghvluhv dw vrph uhtxluhg udwh ri uhwxuq +4|n�,

wkdw lv jlyhq h{rjhqrxvo| wr wkh �up1 Lq wklv fdvh wkh �up*v uhdo lqyhvwphqw ghfl0

vlrq lv vhsdudeoh iurp lwv �qdqfldo ghflvlrqv/ dqg lqyhvwphqw ghshqgv rqo| rq wkh

sulfh +l1h1 wkh uhtxluhg udwh ri uhwxuq, dw zklfk �qdqfh lv dydlodeoh1 Txdqwlwdwlyh

lqglfdwruv ri wkh dydlodelolw| ri lqwhuqdo �qdqfh/ vxfk dv fxuuhqw sur�wv ru fdvk

 rz/ vkrxog d�hfw lqyhvwphqw rqo| wr wkh h{whqw wkdw wkh| frqyh| qhz lqirupd0

wlrq derxw lwv olnho| ixwxuh sur�wdelolw|> dqg li wkh pdlqwdlqhg vwuxfwxuh ri wkh

T prgho zhuh fruuhfw/ wkhvh �qdqfldo yduldeohv vkrxog qrw dsshdu dv vljql�fdqw

h{sodqdwru| yduldeohv lq dq lqyhvwphqw prgho diwhu frqwuroolqj iru d phdvxuh ri

+pdujlqdo, t1

Wklv vhsdudelolw| ehwzhhq uhdo dqg �qdqfldo ghflvlrqv qr orqjhu krogv li wkh

�up idfhv clpshuihfw* fdslwdo pdunhwv/ lq zklfk lqwhuqdo dqg h{whuqdo vrxufhv ri

lqyhvwphqw �qdqfh duh qrw shuihfw vxevwlwxwhv1 Zh gh�qh d �up*v lqyhvwphqw wr eh

�qdqfldoo| frqvwudlqhg li d zlqgidoo lqfuhdvh lq wkh vxsso| ri lqwhuqdo ixqgv +l1h1

d fkdqjh zklfk frqyh|v qr qhz lqirupdwlrq derxw wkh sur�wdelolw| ri fxuuhqw

lqyhvwphqw, uhvxowv lq d kljkhu ohyho ri lqyhvwphqw vshqglqj1 Fohduo| �upv duh qrw

frqvwudlqhg lq wklv vhqvh lq wkh T prgho ri htxdwlrq +615,/ zkhuh jlyhq fxuuhqw

sulfhv dqg lqwhuhvw udwhv/ lqyhvwphqw ghshqgv rqo| rq wkh fxuuhqw dqg h{shfwhg

ixwxuh pdujlqdo uhyhqxh surgxfwv ri fdslwdo/ dv vxppdulvhg lq pdujlqdo t wkurxjk

wkh vkdgrz ydoxh ri dq dgglwlrqdo xqlw ri fdslwdo1 Krzhyhu �upv* lqyhvwphqw pd|

eh �qdqfldoo| frqvwudlqhg lq cklhudufk| ri �qdqfh* ru cshfnlqj rughu* prghov ri

frusrudwh �qdqfh/ lq zklfk h{whuqdo vrxufhv ri �qdqfh +iru h{dpsoh/ iurp qhz

vkduh lvvxhv ru eruurzlqj, duh dvvxphg wr eh pruh h{shqvlyh wkdq lqwhuqdo vrxufhv
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ri �qdqfh +iru h{dpsoh/ iurp uhwdlqhg hduqlqjv,184

915141 D vlpsoh klhudufk| ri �qdqfh prgho

Wr looxvwudwh wkh lpsolfdwlrqv ri wklv dvvxpswlrq uljrurxvo|/ exw dv vlpso| dv srv0

vleoh/ zh pdlqwdlq doo wkh dvvxpswlrqv xvhg wr rewdlq wkh T prgho/ h{fhsw wkdw

zh lqwurgxfh dq dgglwlrqdo frvw dvvrfldwhg zlwk xvlqj h{whuqdo �qdqfh1 Zh frq0

wlqxh wr dvvxph wkdw wkh �up lvvxhv qr ghew/ sd|v qr wd{hv dqg lv fkdudfwhulvhg

e| v|pphwulf lqirupdwlrq/ exw zh lqwurgxfh dq h{solflw wudqvdfwlrq frvw +s|, shu

xqlw ri qhz vkduhv lvvxhg1 Vlplodu uhvxowv fdq eh rewdlqhg lq prghov zkhuh wkh

frvw suhplxp uh hfwv dv|pphwulf lqirupdwlrq ru gl�huhqwldo wd{hv/ dqg fdq eh

h{whqghg wr prghov zlwk ghew surylghg wkdw ohqglqj wr wkh �up ehfrphv d ulvn|

sursrvlwlrq iru ohqghuv eh|rqg vrph ohyho ri ghew +l1h1 wkhuh lv vrph ulvn ri ghidxow/

doo ghew lv qrw ixoo| froodwhudol}hg/ dqg wkhuh duh cghdgzhljkw* frvwv dvvrfldwhg zlwk

ghidxowlqj rq xqvhfxuhg ghew,185

Uhfrjqlvlqj wkh glvwlqfwlrq ehwzhhq glylghqgv sdlg +(|, dqg wkh ydoxh ri qhz

vkduhv lvvxhg +�|,/ wkh ydoxh ri wkh �up*v htxlw| lv jlyhq e| wkh h{shfwhg suhvhqw

ydoxh ri qhw glvwulexwlrqv wr vkduhkroghuv/ dv

T| ' .|

%
"[
r'f

q|nr E(|nr ��|nr�

&
+914,

zklovw wkh vrxufhv dqg xvhv ri ixqgv lghqwlw| olqnv glylghqgv dqg qhz vkduh lvvxhv

wr wkh qhw uhyhqxh +�|, jhqhudwhg lq shulrg w/ dffruglqj wr

(| ' �| n E�� s|��|� +915,

Lqwurgxflqj qrq0qhjdwlylw| frqvwudlqwv rq glylghqgv dqg qhz vkduh lvvxhv/ zlwk dv0

84Vhh/ iru h{dpsoh/ P|huv +4<;7,1 Qrwlfh wkdw wklv dvvxpswlrq grhv qrw uhtxluh udwlrqlqj
wr eh suhvhqw lq dq| ri wkh h{whuqdo fdslwdo pdunhwv/ dowkrxjk lw fdq lqfrusrudwh udwlrqlqj +fi1
Vwljolw} dqg Zhlvv +4<;4,, dv d vshfldo fdvh lq zklfk wkh frvw ri h{whuqdo ixqgv ehfrphv lq�qlwho|
kljk1

85Vhh Kd|dvkl +4<;8d, dqg Erqg dqg Phjklu +4<<7, iru h{whqvlrqv wr prghov zlwk ghew1
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vrfldwhg vkdgrz ydoxhv +D(| , dqg +D
�
| ,/ wkh �up*v rswlplvdwlrq sureohp ehfrphv86

T|Eg|3�� '

;?= 4@ 
U|cu|c�|c�|

3C �| Eg|c u|c�|c U|�� s|�| n D�| �|

nD(| d�| Eg|cu|c�|c U|� n E�� s|��|o
nq|n�.| dT|n�Eg|�o

4D<@> � +916,

Wkh �uvw0rughu frqglwlrq iru rswlpdo lqyhvwphqw ehfrphv

�E� n D(| �

�
Y�|

YU|

�
' b| +917,

dqg wkh Hxohu htxdwlrq iru b| ehfrphv

b| ' E� n D(| �

�
Y�|

Yg|

�
n E�� B�q|n�.| db|n�o � +918,

Lq dgglwlrq zh qrz kdyh d �uvw0rughu frqglwlrq iru rswlpdo qhz vkduh lvvxhv/ zklfk

iru �| : f jlyhv

E� n D(| � '
�

�� s|
+919,

dqg iru (| : f jlyhv D�| ' s|1

Dvvxplqj shuihfw frpshwlwlrq dqg wkh vdph h{suhvvlrq iru qhw uhyhqxh dv lq

+5158,/ wkh �uvw0rughu frqglwlrq iru lqyhvwphqw ehfrphv�
YC

YU|

�
'

�
^|

� n D(|
� �

�
Rg|
R|

+91:,

zkhuh ^| '
b|
Rg|

lv pdujlqdo t/ dv ehiruh1

Wklv prgho kdv wkuhh glvwlqfw �qdqfldo uhjlphv1 Uhwdlqhg hduqlqjv duh wkh

fkhdshvw vrxufh ri �qdqfh/ vr li wkh �up kdv vx!flhqw hduqlqjv wr �qdqfh lwv

ghvluhg lqyhvwphqw/ lw zloo lvvxh qr qhz vkduhv1 Lq wklv fdvh wkh qrq0qhjdwlylw|

frqvwudlqw rq glylghqgv lv qrw elqglqj/ dqg wkh vkdgrz ydoxh ri dq dgglwlrqdo

xqlw ri lqwhuqdo �qdqfh +D(| , lv }hur1 Lq wklv uhjlph wkh edvlf T prgho jlyhq e|

htxdwlrq +615, ghvfulehv wkh �up*v lqyhvwphqw1

Li wkh �up grhv qrw kdyh vx!flhqw hduqlqjv wr �qdqfh lwv ghvluhg lqyhvwphqw/

wkh qrq0qhjdwlylw| frqvwudlqw rq glylghqgv lv elqglqj/ dqg wkh vkdgrz ydoxh ri

86Qrwlfh wkdw li iw @ 3/ wkhvh qrq0qhjdwlylw| frqvwudlqwv duh uhgxqgdqw1 Wkh sureohp +916,
uhgxfhv wr wkdw frqvlghuhg lq vhfwlrqv 515 dqg 614/ dqg wkh �up*v �qdqfldo srolf| lv lqghwhuplqdwh1
Wklv lv d pdqlihvwdwlrq ri wkh Prgljoldql0Ploohu +4<8;/ 4<94, luuhohydqfh wkhruhpv1
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lqwhuqdo ixqgv lv vwulfwo| srvlwlyh1 Lq wklv fdvh wkh �up kdv wr ghflgh zkhwkhu ru

qrw wr �qdqfh dgglwlrqdo lqyhvwphqw e| xvlqj wkh pruh h{shqvlyh h{whuqdo vrxufh

ri �qdqfh1 Li wkh lqyhvwphqw surmhfwv wkdw zrxog eh iruhjrqh e| qrw lvvxlqj vkduhv

duh vx!flhqwo| sur�wdeoh frpsduhg wr wkh kljkhu frvw ri h{whuqdo ixqgv/ wkh �up

zloo fkrrvh wr lvvxh vkduhv/ dqg xvlqj +919, lwv lqyhvwphqw lq wklv uhjlph zloo eh

ghvfulehg e| �
YC

YU|

�
' EE� � s|�^| � ��

Rg|
R|
� +91;,

Krzhyhu li wkh lqyhvwphqw surmhfwv iruhjrqh e| qrw lvvxlqj qhz vkduhv duh qrw

vx!flhqwo| sur�wdeoh wr zduudqw sd|lqj wkh kljkhu frvw ri h{whuqdo ixqgv/ wkh

�up zloo eh lq d �qdqfldoo| frqvwudlqhg srvlwlrq/ lq zklfk erwk glylghqgv dqg

qhz vkduh lvvxhv duh }hur1 Iurp wkh vrxufhv dqg xvhv ri ixqgv frqglwlrq +915, dqg

wkh qhw uhyhqxh ixqfwlrq +5158,/ wkh ohyho ri lqyhvwphqw h{shqglwxuh lv frqvwudlqhg

wr wkh ohyho ri fdvk  rz +l1h1 R| E8| �C|���|u|�R
�
| �|,1 Wkxv lq wklv frqvwudlqhg

uhjlph/ zlqgidoo fkdqjhv lq fdvk  rz kdyh d gluhfw h�hfw rq wkh ohyho ri lqyhvwphqw/

kroglqj pdujlqdo t frqvwdqw1 Doorzlqj wkh �up wr eruurz zloo whqg wr zhdnhq

wklv vhqvlwlylw| ri lqyhvwphqw wr zlqgidoo  xfwxdwlrqv lq fdvk  rz/ exw zloo rqo|

holplqdwh lw lq wkh vshfldo fdvh zkhuh ghew dfwv dv d shuihfw vxevwlwxwh iru �qdqfh

iurp uhwdlqhg hduqlqjv187

Wkhvh uhvxowv duh looxvwudwhg lq Iljxuh 4 	Iljxuh 4:/ zklfk lv dgdswhg iurp

Kd|dvkl +4<;8d,1 Lqyhvwphqw udwhv +U*g, duh vkrzq rq wkh krul}rqwdo d{lv/ dqg

pdujlqdo dgmxvwphqw frvwv duh dvvxphg wr eh olqhdu lq wkh lqyhvwphqw udwh/ dv lq

+617,1 Ydoxhv ri
�

^|

�nD(|
� �

�
Rg|
R|

duh vkrzq rq wkh yhuwlfdo d{lv/ dqg wkh gldjudp lv

gudzq iru d jlyhq ohyho ri pdujlqdo t1 Wkh �up fdq �qdqfh lqyhvwphqw udwhv xs wr

+�*g, iurp lqwhuqdo ixqgv1 Li wkh �up zlwk pdujlqdo t looxvwudwhg kdv pdujlqdo

dgmxvwphqw frvwv jlyhq e| wkh vfkhgxoh C�
U / lw zloo fkrrvh wkh lqyhvwphqw udwh

+U*g,�/ sd| vwulfwo| srvlwlyh glylghqgv dqg lvvxh qr qhz vkduhv1 Li wkh �up kdv

pxfk orzhu pdujlqdo dgmxvwphqw frvwv jlyhq e| wkh vfkhgxoh C�
U / lw zloo fkrrvh

87Vhh Kd|dvkl +4<;8d, ru Erqg dqg Phjklu +4<<7,1

94



wkh lqyhvwphqw udwh +U*g,�/ �qdqfhg sduwo| +dqg/ dw wkh pdujlq/ frpsohwho|,

e| lvvxlqj qhz vkduhv/ dqg sd| }hur glylghqgv1 Krzhyhu li wkh �up idfhv wkh

lqwhuphgldwh pdujlqdo dgmxvwphqw frvw vfkhgxoh C2
U / lw qhlwkhu lvvxhv vkduhv qru

sd|v glylghqgv/ dqg lqyhvwphqw lv frqvwudlqhg dw wkh udwh +�*g,1 Lq wklv srvlwlrq/

d zlqgidoo lqfuhdvh lq fdvk  rz wkdw doorzv wkh �up wr �qdqfh lqyhvwphqw udwhv

xs wr +� �*g, iurp lqwhuqdo ixqgv grhv lqghhg fdxvh dq lqfuhdvh lq wkh �up*v

lqyhvwphqw udwh/ kroglqj pdujlqdo t frqvwdqw188 Zklovw zh kdyh looxvwudwhg wkhvh

�qdqfldo uhjlphv e| frqvlghulqj gl�huhqw ohyhov ri dgmxvwphqw frvwv iru d jlyhq

ohyho ri pdujlqdo t/ wkh vdph frqfoxvlrqv fdq eh uhdfkhg e| frqvlghulqj gl�huhqw

ohyhov ri pdujlqdo t iru d jlyhq vfkhgxoh ri pdujlqdo dgmxvwphqw frvwv1

Wklv prgho lqglfdwhv wkdw wkh vlpsoh uhodwlrqvkls ehwzhhq lqyhvwphqw dqg

pdujlqdo t ghvfulehg e| htxdwlrq +615, ru +618, qr orqjhu krogv lq wkh suhvhqfh ri

�qdqflqj frqvwudlqwv1 Jlyhq wkh pdlqwdlqhg vwuxfwxuh ri wkh T prgho/ d vlpsoh

whvw ri wkh qxoo k|srwkhvlv wkdw wkhuh duh qr �qdqflqj frqvwudlqwv fdq eh rewdlqhg

e| lqfoxglqj dgglwlrqdo �qdqfldo yduldeohv/ vxfk dv fdvk  rz/ rq wkh uljkw kdqg

vlgh ri +6143,1 Xqghu wkh qxoo wkh hvwlpdwhg frh!flhqwv rq dgglwlrqdo �qdqfldo

yduldeohv vkrxog eh lqvljql�fdqwo| gl�huhqw iurp }hur/89 zklovw xqghu wkh dowhuqd0

wlyh �qdqfldo yduldeohv zloo eh lqirupdwlyh derxw lqyhvwphqw li vrph �upv lq wkh

vdpsoh duh lq d �qdqfldoo| frqvwudlqhg srvlwlrq1 Id}}dul hw do1 +4<;;, dqg pdq|

vxevhtxhqw sdshuv kdyh h{sorlwhg wklv surshuw| ri wkh T prgho wr ghyhors ch{fhvv

vhqvlwlylw|* whvwv iru wkh lpsruwdqfh ri �qdqflqj frqvwudlqwv rq �upv* lqyhvwphqw

vshqglqj18:

88Jlyhq rxu wlplqj frqyhqwlrq/ zlwk fxuuhqw lqyhvwphqw lpphgldwho| surgxfwlyh/ wklv h{shu0
lphqw fdq eh wkrxjkw ri dv uhvxowlqj iurp vrph h{rjhqrxv judqw ru ckholfrswhu gurs* ri prqh|
wr wkh �up> fkdqjhv lq fdvk  rz uhvxowlqj iurp fkdqjhv wr fxuuhqw sulfhv zrxog jhqhudoo| dovr
d�hfw wkh sur�wdelolw| ri fxuuhqw lqyhvwphqw1 Lq ulfkhu vshfl�fdwlrqv/ zlqgidoo fkdqjhv lq fdvk
 rz frxog dulvh iurp xquhodwhg olqhv ri exvlqhvv +Odprqw +4<<:,, ru iurp fhuwdlq wd{ fkdqjhv
+Fdorplulv dqg Kxeedug +4<<8,,1

89Dowkrxjk hyhq xqghu wkh qxoo/ fxuuhqw �qdqfldo yduldeohv duh olnho| wr eh hqgrjhqrxv +h1j1
fxuuhqw sur�wv ru fdvk  rz zrxog eh d�hfwhg e| dgmxvwphqw frvw vkrfnv,/ dqg wklv hqgrjhqhlw|
vkrxog eh doorzhg iru zkhq lpsohphqwlqj vxfk whvwv1

8:Fklulqnr +4<<:, fruuhfwo| qrwhv wkdw wkh klhudufk| ri �qdqfh prgho w|slfdoo| grhv qrw lpso|
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Lw lv zruwk vwuhvvlqj wkdw lw lv wkh vlpsoh uhodwlrqvkls ehwzhhq lqyhvwphqw

dqg pdujlqdo t wkdw euhdnv grzq lq wkh suhvhqfh ri �qdqflqj frqvwudlqwv/ qrw

qhfhvvdulo| wkh htxdolw| ehwzhhq dyhudjh dqg pdujlqdo t1 Lq wkh vlpsoh prgho zh

kdyh ghvfulehg khuh/ zh fdq vkrz wkdw wkh htxdolw| ehwzhhq dyhudjh dqg pdujlqdo

t lv pdlqwdlqhg/ ghvslwh wkh suhvhqfh ri �qdqflqj frqvwudlqwv/ dowkrxjk wklv qhhg

qrw eh wkh fdvh lq ulfkhu yhuvlrqv ri wkh klhudufk| ri �qdqfh prgho1 Frpelqlqj

wkh �uvw0rughu frqglwlrqv +917, dqg +918, dqg xvlqj wkh olqhdu krprjhqhlw| ri wkh

qhw uhyhqxh ixqfwlrq/ dv zh glg wr ghulyh htxdwlrq +61:,/ jlyhv wkh h{suhvvlrq

E� � B�b|g|3� ' E� n D(| ��| Eg|c u|c�|c U|� n q|n�.| dE�� B�b|n�g|o +91<,

' .|

%
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r'f

q|nrE� n D(|nr��|nr Eg|nrc u|nrc�|nrc U|nr�

&

zklfk ghshqgv rq fxuuhqw dqg h{shfwhg ixwxuh vkdgrz ydoxhv ri lqwhuqdo ixqgv1

Krzhyhu lw lv vwudljkwiruzdug wr vkrz wkdw wkh uhodwlrq

E� n D(| ��| ' (| ��|

krogv lq hdfk ri wkh wkuhh �qdqfldo uhjlphv/ vr xvlqj +914, zh rewdlq wkh vdph

h{suhvvlrq iru pdujlqdo t dv lq htxdwlrq +61<,/ uhjdugohvv ri zklfk uhjlph wkh �up

lv fxuuhqwo| lq ru h{shfwv wr h{shulhqfh lq wkh ixwxuh1 Wkxv lq wklv prgho wkh edvlf

dyhudjh T prgho +6143, frqwlqxhv wr fkdudfwhulvh wkh lqyhvwphqw ri wkrvh �upv

wkdw duh fxuuhqwo| sd|lqj srvlwlyh glylghqgv dqg lvvxlqj qr qhz vkduhv/ dqg lq

sulqflsoh wkh sdudphwhuv ri wkh dgmxvwphqw frvw ixqfwlrq frxog eh lghqwl�hg iurp

wklv vxe0vdpsoh1 Krzhyhu wkh olwhudwxuh kdv irfxvhg rq whvwlqj wkh qxoo k|srwkhvlv

wkdw wkhuh duh qr vljql�fdqw �qdqflqj frqvwudlqwv/ iru zklfk wklv htxdolw| ehwzhhq

dyhudjh dqg pdujlqdo t xqghu wkh dowhuqdwlyh lv qrw hvvhqwldo1

d olqhdu uhodwlrqvkls ehwzhhq lqyhvwphqw udwhv/ T dqg �qdqfldo yduldeohv/ exw wklv lv qrw qhf0
hvvdu| wr prwlydwh wkhvh h{fhvv vhqvlwlylw| whvwv1 Lw lv vx!flhqw wr vkrz wkdw wkh vlpsoh olqhdu
uhodwlrqvkls ehwzhhq lqyhvwphqw udwhv dqg T lv plv0vshfl�hg xqghu wkh �qdqflqj frqvwudlqwv
dowhuqdwlyh1
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915151 H{fhvv vhqvlwlylw| whvwv

Wkhvh whvwv duh mxvwl�hg irupdoo| ehfdxvh xqghu wkh pdlqwdlqhg vwuxfwxuh ri wkh T

prgho/ wkh T yduldeoh vxppdulvhv doo wkh lqirupdwlrq derxw h{shfwhg ixwxuh suri0

lwdelolw| wkdw lv uhohydqw iru wkh fxuuhqw lqyhvwphqw ghflvlrq1 Wklv lv dq lpsruwdqw

dgydqwdjh ri vwuxfwxudo lqyhvwphqw prghov olnh wkh T prgho ru wkh Hxohu htxdwlrq

frpsduhg wr uhgxfhg irup lqyhvwphqw htxdwlrqv lq wkh frqwh{w ri whvwlqj iru wkh

suhvhqfh ri �qdqflqj frqvwudlqwv1 Dv zh looxvwudwhg lq vhfwlrq 619/ vljql�fdqw hi0

ihfwv iurp �qdqfldo yduldeohv lq d uhgxfhg irup lqyhvwphqw htxdwlrq pd| vlpso|

uh hfw wkhlu uroh lq iruhfdvwlqj ixwxuh ghpdqg ru sur�wdelolw|1

Qhyhuwkhohvv wklv glvwlqfwlrq vkrxog qrw eh h{djjhudwhg/ vlqfh lw uholhv khdylo|

rq doo wkh dvvxpswlrqv wkdw zhuh xvhg wr ghulyh wkh T prgho/ dqg ehfrphv eoxuuhg

rqfh zh uhfrjqlvh wkdw wkhvh dvvxpswlrqv pd| eh lqydolg1 Wkxv dyhudjh T/ iru

h{dpsoh/ zrxog qrw eh d vx!flhqw vwdwlvwlf iru lqyhvwphqw li wkh �up rshudwhv lq

lpshuihfwo| frpshwlwlyh pdunhwv ru vxemhfw wr ghfuhdvlqj uhwxuqv wr vfdoh>8; vwdq0

gdug phdvxuhv ri dyhudjh T zrxog qrw eh d vx!flhqw vwdwlvwlf li vkduh sulfhv duh

vxemhfw wr exeeohv ru idgv>8< dqg wkh vlpsoh olqhdu uhodwlrq ehwzhhq lqyhvwphqw

udwhv dqg T zrxog eh plv0vshfl�hg li dgmxvwphqw frvwv duh qrw v|pphwulf dqg

txdgudwlf1 Lq doo wkhvh fdvhv/ �qdqfldo yduldeohv pd| frqwdlq dgglwlrqdo lqirupd0

wlrq wkdw khosv wr h{sodlq lqyhvwphqw diwhu frqwuroolqj iru d olqhdu T whup/ hyhq

xqghu wkh qxoo k|srwkhvlv ri qr �qdqflqj frqvwudlqwv1

Id}}dul hw do1 +4<;;, zhuh fhuwdlqo| dzduh wkdw dgglqj �qdqfldo yduldeohv wr

wkh edvlf T prgho lv d mrlqw whvw ri doo wkh pdlqwdlqhg dvvxpswlrqv ri wkh prgho/

dqg qrw vlpso| wkh dvvxpswlrq ri qr �qdqflqj frqvwudlqwv1 Iru wklv uhdvrq/ wkh|

sursrvhg d whvw wkdw h{sorlwv furvv0vhfwlrqdo gl�huhqfhv ehwzhhq �upv lq wkh uhod0

wlrqvkls ehwzhhq lqyhvwphqw dqg �qdqfldo yduldeohv1 Wkh edvlf lghd lv wkdw hyhq li

8;Vhh Kd|dvkl +4<;5,/ Vfkldqwduhool dqg Jhrujrxwvrv +4<<3, dqg Frrshu dqg Hmdutxh +5334,/
iru h{dpsoh1

8<Vhh Eodqfkdug/ Ukhh dqg Vxpphuv +4<<6,/ Jdohrwwl dqg Vfkldqwduhool +4<<7, dqg Erqg dqg
Fxpplqv +5334,/ iru h{dpsoh1
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wkh T prgho lv plv0vshfl�hg/ lw pd| eh plv0vshfl�hg iru doo �upv lq d vlplodu zd|/

vr wkdw gl�huhqfhv lq wkh hvwlpdwhg frh!flhqwv rq dgglwlrqdo �qdqfldo yduldeohv

lq dq lqyhvwphqw0T htxdwlrq pd| eh dq lqglfdwlrq ri gl�huhqfhv lq wkh lpsdfw ri

�qdqflqj frqvwudlqwv1

915161 Vdpsoh0vsolwwlqj whvwv

Irupdoo| wklv cvdpsoh0vsolwwlqj* whvw fdq eh mxvwl�hg prvw hdvlo| lq wkh iroorzlqj

frqwh{w1 Vxssrvh zh lghqwli| rqh jurxs ri �upv iru zkrp wkh frvw suhplxp iru

h{whuqdo �qdqfh lv olnho| wr eh qhjoljleoh/ dqg dqrwkhu jurxs ri �upv iru zkrp wkh

frvw suhplxp iru h{whuqdo �qdqfh pd| eh kljk1 Wkhq li doo wkh dvvxpswlrqv ri wkh

T prgho zhuh fruuhfw dsduw iurp wkh srvvlelolw| wkdw vrph �upv idfh �qdqflqj frq0

vwudlqwv/ zh vkrxog h{shfw wkdw dgglwlrqdo �qdqfldo yduldeohv duh lqvljql�fdqw iru

wkh �uvw vxe0vdpsoh> exw vxfk �qdqfldo yduldeohv pd| eh vljql�fdqw iru wkh vhfrqg

vxe0vdpsoh li vrph ri wkhvh �upv gr lqghhg idfh elqglqj �qdqflqj frqvwudlqwv1

Wklv vdpsoh0vsolwwlqj whvw lv dqdorjrxv wr wkdw irxqg lq wkh olwhudwxuh zklfk

whvwv iru wkh h�hfw ri oltxlglw| frqvwudlqwv rq krxvhkrog frqvxpswlrq e| lqyhvwl0

jdwlqj khwhurjhqhlw| lq wkh uhodwlrqvkls ehwzhhq frqvxpswlrq dqg fxuuhqw lqfrph

dfurvv kljk zhdowk dqg orz zhdowk krxvhkrogv193 Vhyhudo sureohpv zlwk wkh whvw

kdyh ehhq qrwhg lq wkh olwhudwxuh1 Wkh prvw idyrxudeoh rxwfrph zrxog eh li zh

irxqg qr hylghqfh ri plv0vshfl�fdwlrq iru wkh vxe0vdpsoh ri �upv wkdw zhuh frq0

vlghuhg rq d sulrul jurxqgv qrw wr idfh d frvw suhplxp iru h{whuqdo �qdqfh/ dqg

hylghqfh ri h{fhvv vhqvlwlylw| wr fdvk  rz94 iru wkh vxe0vdpsoh ri �upv wkdw zhuh

frqvlghuhg rq d sulrul jurxqgv wr eh srwhqwldoo| vxemhfw wr �qdqflqj frqvwudlqwv1

Hyhq lq wklv fdvh/ lw lv srvvleoh wkdw wkh uhvxow uh hfwv vrph rwkhu vrxufh ri plv0

vshfl�fdwlrq wkdw lv rqo| uhohydqw iru wkh vhfrqg jurxs ri �upv1 Iru h{dpsoh/

Id}}dul hw do1 +4<;;, xvh wkh glylghqg sd|rxw udwlr dv d vdpsoh0vsolwwlqj fulwhulrq/

93Vhh/ iru h{dpsoh/ Kd|dvkl +4<;8e, dqg ]hoghv +4<;<,1
94 l1h1 vljql�fdqw frh!flhqwv rq fdvk  rz yduldeohv frqglwlrqdo rq T/ dqg frqwuroolqj iru wkh

hqgrjhqhlw| ri fxuuhqw fdvk  rz1
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dujxlqj wkdw �upv idflqj d kljk frvw suhplxp iru h{whuqdo �qdqfh zloo whqg wr

fkrrvh d orz glylghqg sd|rxw udwlr1 Krzhyhu lw kdv ehhq qrwhg wkdw wkhlu vxe0

vdpsoh ri �upv zlwk d orz glylghqg sd|rxw udwlr dovr whqg wr eh |rxqjhu dqg

vpdoohu wkdq dyhudjh/ dqg lw pd| eh wkdw vkduh sulfhv duh vxemhfw wr juhdwhu sulf0

lqj huuruv iru wklv vxe0vdpsoh1 Li wkdw zhuh wkh fdvh/ lw frxog h{sodlq zk| dyhudjh

T lv ohvv lqirupdwlyh/ dqg dgglwlrqdo �qdqfldo yduldeohv pruh lqirupdwlyh/ iru wkdw

vxe0vdpsoh/ hyhq li wkh| duh qrw vxemhfw wr vljql�fdqw �qdqflqj frqvwudlqwv195

D vhfrqg srwhqwldo sureohp lv wkdw wkh vdpsoh0vsolwwlqj fulwhulrq xvhg pd| qrw

eh h{rjhqrxv iru wkh lqyhvwphqw htxdwlrqv hvwlpdwhg1 Li wkh doorfdwlrq ri �upv wr

d sduwlfxodu vxe0vdpsoh lv fruuhodwhg zlwk vkrfnv wr wkh lqyhvwphqw htxdwlrq/ wkhq

hvwlpdwlrq ri wkh lqyhvwphqw prgho rq wkh hqgrjhqrxvo| vhohfwhg vxe0vdpsoh zloo

eh vxemhfw wr d vdpsoh vhohfwlrq eldv ri wkh w|sh glvfxvvhg lq Khfnpdq +4<:<,1

Wklv vxjjhvwv wkdw vhohfwlrq fulwhuld edvhg rq fxuuhqw �qdqfldo fkdudfwhulvwlfv ru

fxuuhqw vl}h pd| jlyh srwhqwldoo| plvohdglqj uhvxowv xqohvv fduh lv wdnhq wr frqwuro

iru wkh hqgrjhqhlw| ri wkh vhohfwlrq196

Dq lpsruwdqw frqfhuq lq sudfwlfh kdv ehhq wkh gl!fxow| ri �qglqj dq| vxe0

vdpsohv iru zklfk wkhuh lv qr hylghqfh ri plv0vshfl�fdwlrq ri wkh edvlf vwuxfwxudo

prgho1 Wkh w|slfdo �qglqj lq vwxglhv edvhg rq wkh T prgho kdv ehhq wkdw fdvk

 rz yduldeohv kdyh vljql�fdqwo| odujhu frh!flhqwv lq wkh vxe0vdpsohv wkdw duh frq0

vlghuhg pruh olnho| wr eh �qdqfldoo| frqvwudlqhg/ exw wkdw vxfk whupv dovr kdyh

frh!flhqwv wkdw duh vljql�fdqwo| gl�huhqw iurp }hur iru wkh vxe0vdpsohv wkdw duh

frqvlghuhg ohvv olnho| wr eh �qdqfldoo| frqvwudlqhg1 Rqh lqwhusuhwdwlrq lv wkdw wkh

T prgho lv plv0vshfl�hg iru erwk vxe0vdpsohv/ exw lq gl�huhqw zd|v1 Vxssrvh

wkdw wkh T prgho lv plv0vshfl�hg hyhq iru �upv wkdw gr qrw idfh �qdqflqj frq0

95Wklv srlqw zdv qrwhg e| Mdphv Srwhued lq klv Eurrnlqjv Sdqho glvfxvvlrq ri Id}}dul hw do1
+4<;;,1 Wklv sduwlfxodu sureohp frxog eh dyrlghg e| xvlqj hlwkhu dq Deho0Eodqfkdug prgho ru
Hxohu htxdwlrq lq sodfh ri wkh dyhudjh T prgho/ exw wkh jhqhudo srlqw uhpdlqv wkdw wkh h�hfwv
ri rwkhu vrxufhv ri plv0vshfl�fdwlrq ri wkh edvlf vwuxfwxudo prgho whvwhg pd| qrw eh frpprq
dfurvv gl�huhqw vxe0vdpsohv ri �upv1

96Wklv srlqw zdv qrwhg e| Dodq Eolqghu lq klv Eurrnlqjv Sdqho glvfxvvlrq ri Id}}dul hw do1
+4<;;,1
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vwudlqwv/ shukdsv ehfdxvh wkh| kdyh pdunhw srzhu ru qrq0frqyh{ frvwv ri dgmxvw0

phqw1 Wklv dffrxqwv iru wkh vljql�fdqw h�hfw ri fdvk  rz hyhq iru wkh vxe0vdpsoh

wkdw lv pdlqwdlqhg qrw wr eh �qdqfldoo| frqvwudlqhg1 Surylghg wkh h�hfwv ri wklv

plv0vshfl�fdwlrq duh vlplodu iru wkh wzr vxe0vdpsohv/ krzhyhu/ wkh suhvhqfh ri

�qdqflqj frqvwudlqwv iru rqh jurxs ri �upv frxog sodxvleo| h{sodlq d vljql�fdqwo|

kljkhu frh!flhqw iru wklv vxe0vdpsoh1 Wkh gl!fxow| zlwk wklv lqwhusuhwdwlrq olhv

lq hvwdeolvklqj zkhwkhu wkh h�hfwv ri jhqhudo prgho plv0vshfl�fdwlrq duh lqghhg

vlplodu iru wkh wzr vxe0vdpsohv1 Rqh srvvlelolw| zrxog eh wr lqyhvwljdwh gluhfwo|

zkhwkhu wkh fxuuhqw +ru odjjhg, �qdqfldo yduldeohv lqfoxghg lq wkh lqyhvwphqw

htxdwlrq duh pruh lqirupdwlyh suhglfwruv ri ixwxuh ghpdqg ru sur�wdelolw| iru rqh

ri wkh wzr vxe0vdpsohv> li qrw/ wklv zrxog fdvw grxew rq rqh ri wkh ohdglqj dowhu0

qdwlyh h{sodqdwlrqv iru wkhlu gl�huhqwldo lpsruwdqfh lq wkh lqyhvwphqw htxdwlrq197

D gl�huhqw lqwhusuhwdwlrq ri wkh vdph �qglqj lv wkdw erwk vxe0vdpsohv duh

vxemhfw wr �qdqflqj frqvwudlqwv/ exw wr gl�hulqj ghjuhhv1 Wkxv doo �upv pd|

idfh d frvw suhplxp iru h{whuqdo �qdqfh/ exw vrph �upv pd| idfh d pxfk kljkhu

frvw suhplxp wkdq rwkhuv1 Rwkhu wklqjv ehlqj htxdo/ d eljjhu wudqvdfwlrqv frvw

rq qhz vkduh lvvxhv zrxog lqfuhdvh wkh suredelolw| wkdw d �up �qgv lwvhoi lq wkh

�qdqfldoo| frqvwudlqhg uhjlph lq wkh prgho zh rxwolqhg deryh/ dqg wklv zrxog

whqg wr lqfuhdvh wkh vhqvlwlylw| ri lqyhvwphqw wr  xfwxdwlrqv lq fdvk  rz1 Wklv

lqwhusuhwdwlrq vhhpv uhdvrqdeoh lq wkh vlpsoh prgho ri �qdqflqj frqvwudlqwv zh

kdyh frqvlghuhg/ dqg pdq| sdshuv kdyh suhvhqwhg hylghqfh ri gl�huhqwldo fdvk  rz

vhqvlwlylwlhv dv ehlqj frqvlvwhqw zlwk wkh suhvxpswlrq ri d kljkhu frvw suhplxp iru

rqh vxe0vdpsoh ri �upv1 Krzhyhu wkhuh kdv ehhq vrph uhfhqw frqwuryhuv| derxw

wklv lqwhusuhwdwlrq/ zlwk Ndsodq dqg ]lqjdohv +4<<:, fodlplqj wkdw d kljkhu frvw

suhplxp iru h{whuqdo �qdqfh pd| dfwxdoo| eh dvvrfldwhg zlwk orzhu vhqvlwlylw| ri

97Jlofkulvw dqg Klpphoehuj +4<<8, lqyhvwljdwhg wkh iruhfdvwlqj uroh ri fdvk  rz lq wkhlu vwxg|1
Qrwlfh wkdw wklv dssurdfk fdq eh dssolhg lq wkh frqwh{w ri uhgxfhg irup lqyhvwphqw htxdwlrqv/
dv zhoo dv plv0vshfl�hg vwuxfwxudo prghov1 Vhh Erqg hw do1 +4<<<, iru dq dssolfdwlrq xvlqj huuru
fruuhfwlrq prghov1
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lqyhvwphqw wr fdvk  rz198 Wr xqghuvwdqg wklv Ndsodq0]lqjdohv fulwltxh/ dqg lwv

olplwdwlrqv/ lw lv qhfhvvdu| wr eulh | frqvlghu pruh uhdolvwlf prghov ri �qdqflqj

frqvwudlqwv lq zklfk wkh �up kdv dffhvv wr h{whuqdo �qdqfh e| lvvxlqj ghew dv zhoo

dv qhz vkduhv1

915171 Wkh Ndsodq dqg ]lqjdohv fulwltxh

D vwdqgdug prgho zlwk ghew �qdqfh/ dqg wkh rqh dqdo|vhg e| Ndsodq dqg ]lq0

jdohv +4<<:,/ lv looxvwudwhg lq Iljxuh 5 	Iljxuh 5:199 Lq wkh devhqfh ri �qdqflqj

frqvwudlqwv/ wklv lv vlpso| d uhsuhvhqwdwlrq ri wkh �uvw0rughu frqglwlrq +51;, iru

d vwdwlf prgho ri lqyhvwphqw= wkh grzqzdug0vorslqj olqh uhsuhvhqwv wkh pdujlqdo

surgxfw ri fdslwdo lq wkh fxuuhqw shulrg/9: zklfk lv htxdwhg zlwk wkh xvhu frvw

ri fdslwdo1 Jlyhq wkh �up*v fxuuhqw fdvk  rz/ vxssrvh wkdw eruurzlqj surylghv

d shuihfw vxevwlwxwh iru uhwdlqhg hduqlqjv xs wr wkh ohyho ri lqyhvwphqw lqglfdwhg

e| [/ exw ehfrphv lqfuhdvlqjo| h{shqvlyh dw kljkhu ohyhov ri eruurzlqj 0 shukdsv

ehfdxvh wkhuh lv dq lqfuhdvlqj ulvn ri ghidxow dqg wkhuh duh ghdgzhljkw frvwv dv0

vrfldwhg zlwk edqnuxswf|1 Ilupv zlvklqj wr lqyhvw pruh wkdq [ zloo djdlq �qg

wkhpvhoyhv lq d �qdqfldoo| frqvwudlqhg uhjlph/ lq zklfk lqyhvwphqw lv vhqvlwlyh wr

zlqgidoo  xfwxdwlrqv lq fdvk  rz1 Lq wklv fdvh/ d zlqgidoo lqfuhdvh lq fdvk  rz

zrxog lqfuhdvh wkh ohyho ri lqyhvwphqw wkdw fdq eh �qdqfhg zlwkrxw uhvruwlqj wr

pruh h{shqvlyh ghew/ vd| iurp [ wr [*1 Wklv orzhuv wkh pdujlqdo frvw ri h{whu0

qdo �qdqfh iru doo ohyhov ri lqyhvwphqw deryh [/ dqg uhvxowv lq wkh �up rswlpdoo|

fkrrvlqj d kljkhu ohyho ri lqyhvwphqw1 Pruhryhu lw dsshduv wkdw �upv idflqj d

kljkhu ulvn suhplxp lq wkh frvw ri eruurzlqj zloo glvsod| juhdwhu vhqvlwlylw| ri

lqyhvwphqw wr fdvk  rz wkdq �upv idflqj d orzhu ulvn suhplxp lq wkh frvw ri

eruurzlqj= lq Iljxuh 5/ d jlyhq zlqgidoo lqfuhdvh lq fdvk  rz kdv d juhdwhu lpsdfw

98Vhh dovr Id}}dul/ Kxeedug dqg Shwhuvhq +5333, dqg Ndsodq dqg ]lqjdohv +5333,1
99Vhh/ iru h{dpsoh/ Kxeedug +4<<;,1 Iru uljrurxv wuhdwphqwv ri ghew �qdqfh lq wkh suhvhqfh

ri ghidxow ulvn/ vhh Kd|dvkl +4<;8d, dqg Erqg dqg Phjklu +4<<7,1
9:Jlyhq wkh fdslwdo vwrfn lqkhulwhg iurp wkh suhylrxv shulrg/ wkhuh lv d rqh0wr0rqh dvvrfldwlrq

ehwzhhq wkh fxuuhqw shulrg*v lqyhvwphqw ohyho dqg fdslwdo vwrfn1
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rq wkh ohyho ri lqyhvwphqw iru d �up idflqj wkh frvw vfkhgxoh D wkdq iru d �up

idflqj wkh frvw vfkhgxoh E1

Ndsodq dqg ]lqjdohv +4<<:, kdyh srlqwhg rxw wkdw wklv odvw frqfoxvlrq gh0

shqgv rq wkh suhvxphg olqhdulw| ri wkh pdujlqdo surgxfw ri fdslwdo vfkhgxoh/ dv

looxvwudwhg lq Iljxuh 5/ dqg qhhg qrw krog xqghu dowhuqdwlyh dvvxpswlrqv derxw

wkh surgxfwlrq ixqfwlrq1 Wr looxvwudwh wklv srvvlelolw|/ vxssrvh wkdw wkh pdujlqdo

surgxfw ri fdslwdo kdv wkh slhfhzlvh olqhdu irup vkrzq lq Iljxuh 6 	Iljxuh 6:1

Lq wklv fdvh/ wkh vhqvlwlylw| ri lqyhvwphqw wr d jlyhq zlqgidoo lqfuhdvh lq fdvk  rz

lv juhdwhu iru d �up idflqj wkh frvw vfkhgxoh E wkdq iru d �up idflqj wkh frvw

vfkhgxoh D1 Pruh jhqhudoo|/ wkh ghjuhh ri wkh �qdqflqj frqvwudlqw idfhg e| wkh

�up/ dv phdvxuhg e| wkh vorsh ri lwv frvw ri h{whuqdo ixqgv vfkhgxoh/ fdqqrw eh

lqihuuhg vlpso| iurp wkh vhqvlwlylw| ri lqyhvwphqw wr fdvk  rz1

Wklv frqfoxvlrq lv fhuwdlqo| fruuhfw lq wkh vwdwlf prgho dqdo|vhg e| Ndsodq dqg

]lqjdohv +4<<:,/ exw vhyhudo olplwdwlrqv ri wkh uhvxow vkrxog eh qrwhg1 Iluvw/ wkh

uhvxow lv rewdlqhg xqghu wkh dowhuqdwlyh k|srwkhvlv wkdw �upv duh lqghhg vxemhfw

wr lpsruwdqw �qdqflqj frqvwudlqwv/ dqg grhv qrw xqghuplqh wkh edvlf h{fhvv vhqvl0

wlylw| whvw ri wkh qxoo k|srwkhvlv ri qr �qdqflqj frqvwudlqwv1 Dv zh glvfxvv ehorz/

uhfhqw sdshuv wkdw kdyh qrw uholhg rq wkh dyhudjh T prgho dqg kdyh frqwuroohg iru

wkh hqgrjhqhlw| ri fxuuhqw fdvk  rz kdyh ehhq pruh vxffhvvixo lq �qglqj vrph

vxe0vdpsohv ri �upv iru zklfk wkhuh lv qr hylghqfh ri h{fhvv vhqvlwlylw| wr fdvk

 rz/ zklovw wkh vdph phwkrgv |lhog vljql�fdqw hylghqfh ri h{fhvv vhqvlwlylw| iru

rwkhu vxe0vdpsohv ri wkh gdwd1 Vhfrqgo|/ wkh Ndsodq0]lqjdohv uhvxow grhv qrw lwvhoi

surylgh dq| dowhuqdwlyh h{sodqdwlrq iru wkh frpprq hpslulfdo �qglqj wkdw wkhuh

duh vwurqjhu h�hfwv ri fdvk  rz rq lqyhvwphqw iru vrph w|shv ri �upv wkdq iru

rwkhuv> qru grhv wkhlu uhvxow uxoh rxw wkh srvvlelolw| wkdw wkhvh gl�huhqwldo fdvk  rz

vhqvlwlylwlhv frxog lqghhg uh hfw gl�huhqfhv lq wkh vhyhulw| ri �qdqflqj frqvwudlqwv1

Wklugo|/ wkhlu uhvxow lv rewdlqhg lq d vwdwlf prgho zlwk qr dgmxvwphqw frvwv/ dqg

ghshqgv rq wkh fxuydwxuh ri wkh pdujlqdo surgxfw ri fdslwdo vfkhgxoh1 Lw lv qrw
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fohdu wkdw wkhlu uhvxow h{whqgv wr d prgho zlwk vwulfwo| frqyh{ dgmxvwphqw frvwv/ lq

zklfk wkh �uvw0rughu frqglwlrq fkdudfwhulvlqj rswlpdo lqyhvwphqw uhodwhv pdujlqdo

dgmxvwphqw frvwv wr pdujlqdo t/ dv lq htxdwlrq +615,/ udwkhu wkdq htxdwlqj wkh

pdujlqdo surgxfw ri fdslwdo wr wkh xvhu frvw1 Lq sduwlfxodu/ lw lv qrw fohdu wkdw

wkhuh lv d vlplodu uhvxow lq wkh prgho zlwk v|pphwulf/ txdgudwlf dgmxvwphqw frvwv/

lq zklfk pdujlqdo dgmxvwphqw frvwv duh d olqhdu ixqfwlrq ri wkh lqyhvwphqw udwh1

Wklv olplwdwlrq lv srwhqwldoo| lpsruwdqw/ vlqfh pxfk ri wkh hpslulfdo zrun lq wklv

duhd/ lqfoxglqj wkdw uhsruwhg e| Ndsodq dqg ]lqjdohv +4<<:, wkhpvhoyhv/ lv edvhg

rq wkh dvvxpswlrq ri v|pphwulf/ txdgudwlf dgmxvwphqw frvwv/ dqg qrw rq d vwdwlf

lqyhvwphqw prgho1 Ilqdoo|/ wkhlu uhvxow lv rewdlqhg lq d prgho zkhuh wkh frvw ri

h{whuqdo ixqgv lv lqfuhdvlqj dw wkh pdujlq1 Wklv pd| eh d uhdvrqdeoh dvvxpswlrq

li ghew lv wkh rqo| vrxufh ri h{whuqdo �qdqfh1 Krzhyhu lq prghov zkhuh wkh �up

fdq lvvxh qhz htxlw| dv zhoo dv ghew/ dqg lq zklfk wkh frvw ri qhz htxlw| �qdqfh lv

deryh wkh frvw ri lqwhuqdo �qdqfh exw lv qrw lqfuhdvlqj dw wkh pdujlq/ wkh sured0

elolw| ri wkh �up �qglqj lwvhoi lq wkh �qdqfldoo| frqvwudlqhg uhjlph djdlq ghshqgv

rq wkh frvw suhplxp iru xvlqj qhz htxlw| �qdqfh 0 dv zdv wkh fdvh lq wkh vlpsoh

prgho zh glvfxvvhg lq vhfwlrq 91514 deryh19; Lq wkhvh prghov/ d kljkhu vhqvlwlylw|

ri lqyhvwphqw wr fdvk  rz pd| uh hfw d kljkhu frvw suhplxp iru xvlqj qhz htxlw|

�qdqfh vlpso| ehfdxvh wkh �up lv pruh olnho| wr eh lq wkh �qdqfldoo| frqvwudlqhg

uhjlph/ zkhwkhu ru qrw lqyhvwphqw dovr uhvsrqgv pruh wr d jlyhq fkdqjh lq fdvk

 rz zlwklq wkdw uhjlph1

Lq vxppdu|/ wkh Ndsodq dqg ]lqjdohv +4<<:, fulwltxh lv olplwhg wr wkh fodlp

wkdw gl�hulqj fdvk  rz vhqvlwlylwlhv uhyhdo gl�huhqw ghjuhhv ri �qdqflqj frqvwudlqwv

xqghu wkh dowhuqdwlyh k|srwkhvlv wkdw wkhvh w|shv ri �upv duh erwk vxemhfw wr

vljql�fdqw �qdqflqj frqvwudlqwv> dqg zklovw wkh| suhvhqw rqh prgho lq zklfk d

juhdwhu vhqvlwlylw| ri lqyhvwphqw wr fdvk  rz frxog eh dvvrfldwhg zlwk d orzhu

9;Vhh Kd|dvkl +4<;8d,/ Id}}dul hw do1 +4<;;, dqg Erqg dqg Phjklu +4<<7, iru h{dpsohv ri
prghov ri wklv w|sh1
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frvw suhplxp iru h{whuqdo �qdqfh/ lw lv qrw fohdu zkhwkhu wklv uhvxow jhqhudolvhv wr

prghov zlwk dgmxvwphqw frvwv ru d ulfkhu vshfl�fdwlrq ri wkh �up*v �qdqfldo srolf|1

Qhyhuwkhohvv/ hyhq lq wkh prvw idyrxudeoh vfhqdulr 0 iru h{dpsoh/ lq vwxglhv zklfk

�qg qr h{fhvv vhqvlwlylw| wr fdvk  rz iru rqh vxe0vdpsoh dqg vljql�fdqw h{fhvv

vhqvlwlylw| iru dqrwkhu 0 wklv vdpsoh0vsolwwlqj whvw zrxog qrw hvwdeolvk wkdw khwhur0

jhqhlw| lq wkh frvw suhplxp iru h{whuqdo �qdqfh lv wkh fruuhfw h{sodqdwlrq iru wklv

gl�huhqfh1 Dv zh vwuhvvhg lq wkh suhylrxv vhfwlrq/ lw uhpdlqv txlwh srvvleoh wkdw

wkh gl�huhqw uhodwlrqvkls ehwzhhq fdvk  rz dqg lqyhvwphqw dprqj vxe0vdpsohv ri

�upv fdq eh h{sodlqhg e| rwkhu vrxufhv ri plv0vshfl�fdwlrq lq wkh edvlf vwuxfwxudo

prghov wkdw kdyh ehhq xvhg dv wkh edvlv iru wkhvh whvwv1

915181 Hpslulfdo uhvxowv

Frpsuhkhqvlyh vxuyh|v ri uhfhqw hpslulfdo zrun lqyhvwljdwlqj wkh lpsdfw ri �0

qdqflqj frqvwudlqwv rq frpsdq| lqyhvwphqw fdq eh irxqg lq Kxeedug +4<<;, dqg

Vfkldqwduhool +4<<9,1 Dv zh kdyh glvfxvvhg/ pxfk ri wklv olwhudwxuh kdv iroorzhg

Id}}dul hw do1 +4<;;, lq frqvlghulqj h{fhvv vhqvlwlylw| whvwv edvhg rq dgglqj �0

qdqfldo yduldeohv wr wkh dyhudjh T prgho/ dqg kdv whvwhg iru gl�huhqfhv lq wkh

vhqvlwlylw| ri lqyhvwphqw wr �qdqfldo yduldeohv ehwzhhq vxe0vdpsohv ri �upv wkdw

duh frqvlghuhg pruh olnho| ru ohvv olnho| wr eh d�hfwhg e| vljql�fdqw �qdqflqj

frqvwudlqwv d sulrul1 Vdpsoh0vsolwwlqj fulwhuld wkdw kdyh ehhq frqvlghuhg lqfoxgh

glylghqg sd|rxw udwlrv +Id}}dul hw do1 +4<;;,,> �up vl}h/ djh ru jurzwk +Ghyhuhx{

dqg Vfkldqwduhool +4<<3,,> wkh �up*v fuhglw udwlqj +Zklwhg +4<<5,,> wkh glvshuvlrq

lq wkh �up*v vkduh rzqhuvkls +Vfkdoohu +4<<6,,> zkhwkhu wkh �up lv d!oldwhg wr

d odujhu frusrudwh jurxslqj +Krvkl hw do1 +4<<4,,> dqg zkhwkhu wkh �up kdv d

uhodwlrqvkls zlwk d sduwlfxodu edqn +Hovwrq +4<<6,,1 Zh gr qrw dwwhpsw wr uhylhz

wklv h{whqvlyh olwhudwxuh khuh/ exw udwkhu irfxv rq d vhohfwlrq ri uhfhqw sdshuv wkdw

kdyh h{whqghg wklv edvlf phwkrgrorj|1

Jlofkulvw dqg Klpphoehuj +4<<8, suhvhqw uhvxowv edvhg rq d yhuvlrq ri wkh
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Deho0Eodqfkdug +4<;9, prgho/ dv zhoo dv uhvxowv iru dq dyhudjh T prgho1 Wkh|

dovr frqvlghu d udqjh ri srvvleoh vdpsoh0vsolwwlqj fulwhuld/ lqfoxglqj �up vl}h/ gly0

lghqgv dqg fuhglw udwlqjv1 Wkhlu uhvxowv duh iru d vdpsoh ri sxeolfo| wudghg XV

pdqxidfwxulqj frpsdqlhv iurp Vwdqgdug ) Srru*v Frpsxvwdw gdwdedvh/ ryhu wkh

shulrg 4<:<0;<1 Wkh| dovr xvh d �uvw0gl�huhqfhg JPP hvwlpdwru ri wkh nlqg gh0

vfulehg lq vhfwlrq 715 deryh/ wr doorz iru wkh suhvhqfh ri xqrevhuyhg �up0vshfl�f

h�hfwv dqg wkh hqgrjhqhlw| ri erwk fxuuhqw T dqg fdvk  rz yduldeohv1 Lqwhuhvw0

lqjo|/ zkhq wkh| xvh wkhlu phdvxuh ri pdujlqdo t/ wkh| �qg qr vljql�fdqw h�hfwv

iurp fdvk  rz iru wkhlu vxe0vdpsohv ri odujh �upv/ dqg �upv zlwk hlwkhu d erqg

udwlqj ru d frpphufldo sdshu udwlqj> zklovw iru wkhlu vxe0vdpsohv ri vpdoo �upv/

dqg �upv zlwk qr erqg ru frpphufldo sdshu udwlqjv/ wkh| �qg vljql�fdqw h�hfwv

iurp fdvk  rz frqglwlrqdo rq wkhlu phdvxuh ri pdujlqdo t +dqg dovr frqglwlrqdo

rq dyhudjh t,1 Pruhryhu/ Jlofkulvw dqg Klpphoehuj +4<<8, frq�up wkdw wkhvh

gl�huhqfhv lq wkh frh!flhqwv rq fdvk  rz lq wkhlu lqyhvwphqw htxdwlrqv fdqqrw

eh dffrxqwhg iru vlpso| e| fxuuhqw fdvk  rz ehlqj d ehwwhu suhglfwru ri ixwxuh

sur�wdelolw| lq vrph vxe0vdpsohv wkdq lq rwkhuv> lq frqwudvw/ wkh| vkrz wkdw wkh

uhodwlrqvkls ehwzhhq fxuuhqw fdvk  rz dqg ixwxuh fdvk  rz lv yhu| vlplodu dfurvv

wkh gl�huhqw vdpsohv1 Dowkrxjk zh qrwhg deryh wkdw wkhlu prgho pd| qrw kdyh d

vwuxfwxudo lqwhusuhwdwlrq/ wkhlu sdshu grhv surylgh vrph yhu| lqwhuhvwlqj hylghqfh

rq wkh uhodwlrqvkls ehwzhhq lqyhvwphqw dqg fdvk  rz iru gl�huhqw jurxsv ri XV

�upv1

Erqg hw do1 +4<<<, suhvhqw uhvxowv edvhg rq d uhgxfhg irup huuru fruuhfwlrq

prgho/ iru vdpsohv ri Eulwlvk dqg Jhupdq pdqxidfwxulqj frpsdqlhv1 Wkh| xvh

d v|vwhp JPP hvwlpdwru +Eoxqghoo dqg Erqg +4<<;,,/ zklfk djdlq doorzv iru

erwk �up0vshfl�f h�hfwv dqg wkh hqgrjhqhlw| ri wkhlu fxuuhqw vdohv dqg fdvk  rz

yduldeohv1 Wkh| dovr �qg qr vljql�fdqw h�hfwv zkhq fdvk  rz whupv duh dgghg

wr wkhlu edvlf huuru fruuhfwlrq vshfl�fdwlrq iru lqyhvwphqw e| Jhupdq frpsdqlhv/

dowkrxjk wkh| gr �qg vljql�fdqw fdvk  rz h�hfwv lq wkh vdph vshfl�fdwlrq iru
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lqyhvwphqw e| Eulwlvk frpsdqlhv19< Djdlq wkh| frq�up wkdw wklv gl�huhqfh grhv

qrw uh hfw fxuuhqw fdvk  rz ehlqj d ehwwhu suhglfwru ri ixwxuh fdvk  rz ru ixwxuh

vdohv iru wkh Eulwlvk vdpsoh1 Erqg hw do1 +4<<<, dovr �qg wkdw/ zlwklq wkhlu vdpsoh

ri XN frpsdqlhv/ wkhuh lv vljql�fdqwo| ohvv vhqvlwlylw| ri lqyhvwphqw wr fdvk  rz

iru wkh vxe0vdpsoh ri �upv wkdw shuirup U)G1 Wkh| vxjjhvw wkdw wklv �qglqj lv

frqvlvwhqw zlwk d cghhs srfnhwv* h{sodqdwlrq iru zklfk �upv sduwlflsdwh lq U)G/

vr wkdw wkh U)G0shuiruplqj �upv duh d vhoi0vhohfwhg vxe0vdpsoh zkhuh �qdqflqj

frqvwudlqwv dvvrfldwhg zlwk wkh frvw ri h{whuqdo �qdqfh pd| eh ohvv vljql�fdqw1

Erqg dqg Phjklu +4<<7, suhvhqw d pruh gluhfw whvw ri wkh hpslulfdo lpsolfd0

wlrqv ri wkh klhudufk| ri �qdqfh prgho1 Wkh| qrwh wkdw wklv prgho suhglfwv wkdw

wkh vdph �up pd| eh �qdqfldoo| frqvwudlqhg lq vrph shulrgv dqg qrw lq rwkhuv>

dqg wkdw wkh �up*v fxuuhqw glylghqg dqg qhz vkduh lvvxlqj ehkdylrxu vkrxog vlj0

qdo zklfk �qdqfldo uhjlph wkh �up lv fxuuhqwo| lq1 Wkxv lq Iljxuh 4/ iru h{dpsoh/

wkh �upv lq wkh �qdqfldoo|0frqvwudlqhg uhjlph vkrxog eh sd|lqj }hur glylghqgv

dqg lvvxlqj qr qhz vkduhv> zklovw wkh �upv lq wkh xqfrqvwudlqhg uhjlphv vkrxog

eh hlwkhu sd|lqj srvlwlyh glylghqgv ru lvvxlqj qhz vkduhv1:3 Xvlqj dq Hxohu htxd0

wlrq vshfl�fdwlrq iru sxeolfo| wudghg XN pdqxidfwxulqj frpsdqlhv/ dqg d JPP

hvwlpdwru wkdw doorzv iru wkh hqgrjhqhlw| ri fxuuhqw �qdqfldo fkrlfhv/ Erqg dqg

Phjklu +4<<7, �qg wkdw h{fhvv vhqvlwlylw| wr �qdqfldo yduldeohv lv frqfhqwudwhg lq

shulrgv zkhq �upv sd| xqxvxdoo| orz glylghqgv +uhodwlyh wr wkhlu dyhudjh sd|rxw

udwlrv,/ dqg lvvxh qr qhz vkduhv1:4

Zklovw prvw ri wkh uhvxowv lq wklv olwhudwxuh dsshdu wr eh frqvlvwhqw zlwk wkh

9<Rwkhu furvv0frxqwu| frpsdulvrqv ri plfurhfrqrphwulf lqyhvwphqw htxdwlrqv lqfoxgh Kdoo hw
do1 +4<<<, dqg Erqg hw do1 +5336,1

:3Pruh jhqhudoo|/ zklovw prvw ri wkh vdpsoh0vsolwv wkdw kdyh ehhq xvhg lq wkh olwhudwxuh duh
lqwhusuhwhg dv lqglfdwlqj zkhwkhu ru qrw d sduwlfxodu vxe0vdpsoh ri �upv idfhv d vljql�fdqw frvw
suhplxp iru h{whuqdo �qdqfh/ wkrvh edvhg rq fxuuhqw +ru dyhudjh, glylghqg sd|rxw ehkdylrxu
fdq eh lqwhusuhwhg dv lqglfdwlqj zkhwkhu d sduwlfxodu vxe0vdpsoh ri �upv lv fxuuhqwo| +ru suh0
grplqdqwo|, lq d �qdqfldoo|0frqvwudlqhg srvlwlrq1 Wkh odwwhu whvwv zrxog frqwlqxh wr kdyh srzhu
hyhq li doo �upv idfhg srwhqwldoo| vljql�fdqw �qdqflqj frqvwudlqwv1

:4Rwkhu plfurhfrqrphwulf vwxglhv edvhg rq wkh Hxohu htxdwlrq dssurdfk lqfoxgh Jlofkulvw
+4<<4,/ Zklwhg +4<<5, dqg Kxeedug hw do1 +4<<8,1
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srvvlelolw| ri vljql�fdqw �qdqflqj frqvwudlqwv/ dw ohdvw iru vrph w|shv ri �upv lq

vrph shulrgv/ zh kdyh hpskdvlvhg wkdw wkhvh whvwv frxog dovr eh ghwhfwlqj rwkhu

vrxufhv ri plv0vshfl�fdwlrq lq wkh xqghuo|lqj lqyhvwphqw prghov1:5 Lw vkrxog

dovr eh qrwhg wkdw wkhuh duh dowhuqdwlyh prghov lq frusrudwh �qdqfh/ vxfk dv

Mhqvhq*v +4<;9, ciuhh fdvk  rz* wkhru|/ wkdw frxog srwhqwldoo| dffrxqw iru wkh

h{fhvv vhqvlwlylw| ri lqyhvwphqw wr fdvk  rz dqg rwkhu �qdqfldo yduldeohv1:6 Dq

lpsruwdqw olplwdwlrq ri wklv olwhudwxuh lv wkdw lw kdv qrw |hw ghyhorshg d frqylqflqj

vwuxfwxudo vshfl�fdwlrq iru frpsdq| lqyhvwphqw xqghu wkh dowhuqdwlyh k|srwkhvlv

wkdw vrph irup ri �qdqflqj frqvwudlqwv lv lpsruwdqw1 Wklv lv qr hdv| wdvn/ vlqfh

lw zrxog uhtxluh erwk d prgho wr doorfdwh �upv wr gl�huhqw �qdqfldo uhjlphv/

dqg d uljrurxv fkdudfwhulvdwlrq ri rswlpdo �qdqfldo ehkdylrxu lq wkh suhvhqfh

ri edqnuxswf| frvwv dqg srvvleo| dv|pphwulf lqirupdwlrq1 Qhyhuwkhohvv wkhvh

ghyhorsphqwv zloo eh lpsruwdqw li zh duh wr rewdlq pruh frpshoolqj hylghqfh lq

idyrxu ri wkh �qdqflqj frqvwudlqwv k|srwkhvlv/ dqg wr rewdlq xvhixo prghov iru

srolf| vlpxodwlrq dqdo|vlv lq wkh suhvhqfh ri �qdqflqj frqvwudlqwv1

9161 Wd{hv dqg wkh xvhu frvw ri fdslwdo

Frpsduhg wr wkh yroxplqrxv olwhudwxuh rq �qdqflqj frqvwudlqwv dqg lqyhvwphqw/

wkhuh kdv ehhq d ghduwk ri plfurhfrqrphwulf vwxglhv wkdw irfxv rq hvwlpdwlqj wkh

vhqvlwlylw| ri lqyhvwphqw wr fkdqjhv lq wd{hv/ lqwhuhvw udwhv ru rwkhu frpsrqhqwv ri

wkh xvhu frvw ri fdslwdo1 Wklv grhv qrw uh hfw dq| odfn ri lqwhuhvw lq wkh wrslf 0 wkh

uhodwlrqvkls ehwzhhq lqyhvwphqw dqg lqwhuhvw udwhv lv fuxfldo wr xqghuvwdqglqj wkh

wudqvplvvlrq phfkdqlvp ri prqhwdu| srolf|/ dqg wkh h�hfwv ri wd{hv dqg vxevlglhv

:5D gl�huhqw srvvlelolw|/ vwuhvvhg e| Jrphv +5334,/ lv wkdw fdvk  rz yduldeohv pd| frqwulexwh
olwwoh dgglwlrqdo h{sodqdwru| srzhu lq dq lqyhvwphqw htxdwlrq/ hyhq lq wkh suhvhqfh ri �qdqflqj
frqvwudlqwv1 Dowkrxjk dffrxqwlqj iru wkh lqvljql�fdqfh ri fdvk  rz yduldeohv kdv qrw ehhq wkh
sulpdu| frqfhuq ri wklv hpslulfdo olwhudwxuh wr gdwh/ wkh srvvlelolw| wkdw wkhvh whvwv kdyh yhu|
orz srzhu grhv vhhp wr eh suhvhqw lq wkh vlpxodwlrq prgho xvhg e| Jrphv +5334,1

:6Lq wkh iuhh fdvk  rz dssurdfk/ pdqdjhuv kdyh qrq0ydoxh pd{lplvlqj remhfwlyhv +zklfk pd|
lqfoxgh ryhu0lqyhvwphqw, dqg duh vxemhfw wr ohvv h�hfwlyh prqlwrulqj zkhq vshqglqj lqwhuqdo
ixqgv wkdq h{whuqdo ixqgv1
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rq lqyhvwphqw duh fuxfldo iru wkh hydoxdwlrq ri wd{ srolflhv dqg srwhqwldo wd{

uhirupv1 Wkh iuhtxhqf| ri wd{ fkdqjhv wkdw duh lqwhqghg wr lq xhqfh lqyhvwphqw

ehkdylrxu vxjjhvwv wkdw srolf| pdnhuv eholhyh lq wkh h�hfwlyhqhvv ri wklv srolf|/

exw wklv ylhz kdv qrw uhfhlyhg ryhuzkhoplqj vxssruw iurp ghfdghv ri hfrqrphwulf

uhvhdufk edvhg rq djjuhjdwh wlph vhulhv gdwd1:7

Wkh olplwhg frqwulexwlrq ri plfurhfrqrphwulf uhvhdufk wr gdwh udwkhu uh hfwv

wkh gl!fxow| ri phdvxulqj uhohydqw furvv0vhfwlrq yduldwlrq lq wkh xvhu frvw ri fds0

lwdo1 Wkh ulvn0iuhh qrplqdo lqwhuhvw udwh lv frpprq wr doo �upv lq wkh vdph frxq0

wu|1 Ilupv surgxflqj gl�huhqw surgxfwv pd| h{shulhqfh yduldwlrq lq wkh rzq0sulfh

uhdo lqwhuhvw udwh/ exw phdvxulqj wklv yduldwlrq uhtxluhv wlph vhulhv rq wkh sulfhv

fkdujhg e| lqglylgxdo �upv zklfk duh qrw zlgho| dydlodeoh1 Wkhuh lv pruh srwhq0

wldo iru phdvxulqj gl�huhqfhv lq ulvn0suhpld dfurvv �upv/ dw ohdvw wr wkh h{whqw wkdw

wkh uhohydqw ulvn0suhpld duh zhoo fkdudfwhulvhg e| vwdqgdug dvvhw sulflqj prghov1

Wklv lv rqh duhd zkhuh wkh lqfuhdvlqj dydlodelolw| ri kljk0iuhtxhqf| gdwd rq vwrfn

uhwxuqv iru lqglylgxdo �upv pd| surylgh d surplvlqj gluhfwlrq iru ixwxuh uhvhdufk1

Vlploduo| lw pd| eh srvvleoh wr h{sorlw gl�huhqfhv dfurvv �upv lq ghsuhfldwlrq

udwhv/ dowkrxjk wkh dffxudf| ri phdvxuhg gl�huhqfhv lq dffrxqwlqj gdwd pd| eh

txhvwlrqdeoh1

Wkh irfxv lq h{lvwlqj plfur vwxglhv kdv jhqhudoo| ehhq rq phdvxulqj gl�huhqfhv

lq wkh h�hfwv ri wd{hv rq wkh xvhu frvw ri fdslwdo iru gl�huhqw �upv1 Rqh vrxufh ri

wklv yduldwlrq lv wkh dv|pphwu| lq prvw frusrudwh wd{ v|vwhpv ehwzhhq wkh wuhdw0

phqw ri sur�wv dqg orvvhv1 Wkh h�hfwlyh ydoxh ri wd{ doorzdqfhv lv uhgxfhg iru

�upv lq d orvv0pdnlqj ru cwd{0h{kdxvwhg* srvlwlrq e| wkh ghod| ehwzhhq lqfxuulqj

h{shqvhv dqg ehlqj deoh wr fodlp wd{ ghgxfwlrqv1 Xqiruwxqdwho| lw lv qrw vwudljkw0

iruzdug wr lghqwli| zklfk �upv duh fxuuhqwo| lq d wd{0h{kdxvwhg srvlwlrq iurp

prvw sxeolfo| dydlodeoh gdwd vrxufhv/ dqg lw lv vwloo kdughu wr iruhfdvw zkhq wkhvh

:7Vhh Fklulqnr +4<<6d,/ Kdvvhww dqg Kxeedug +4<<9, dqg Fdedoohur +4<<<, iru uhfhqw uhylhzv
ri wklv hylghqfh1
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�upv zloo uhvxph sd|lqj wd{hv1 Ghyhuhx{ +4<;<, dqg Ghyhuhx{ hw do1 +4<<7, kdyh

lqyhvwljdwhg wkh lpsdfw ri wklv w|sh ri wd{ yduldwlrq rq wkh lqyhvwphqw ehkdylrxu

ri XN �upv1

Yduldwlrq dovr dulvhv ehfdxvh �upv xvh d gl�huhqw pl{ ri fdslwdo lqsxwv/ vrph

ri zklfk uhfhlyh d pruh idyrxudeoh wd{ wuhdwphqw wkdq rwkhuv1 Wkxv �upv zklfk

whqg wr xvh wd{0idyrxuhg w|shv ri fdslwdo idfh d uhodwlyho| orz xvhu frvw ri fdslwdo1

Lghdoo| zh zrxog zdqw wr xvh lqyhvwphqw gdwd glvdjjuhjdwhg e| w|sh ri dvvhw/ exw

hyhq li wklv lv qrw dydlodeoh lw pd| eh srvvleoh wr h{sorlw wkh uhvxowlqj yduldwlrq

dfurvv �upv ru lqgxvwulhv lq wkh xvhu frvw ri fdslwdo1 Dxhuedfk dqg Kdvvhww +4<<5,/

Fxpplqv hw do1 +4<<7, dqg Fklulqnr hw do1 +4<<<, kdyh h{sorlwhg gl�huhqfhv lq

wkh frpsrvlwlrq ri lqyhvwphqw dfurvv XV lqgxvwulhv wr phdvxuh yduldwlrq lq wd{0

uhodwhg frpsrqhqwv ri erwk wd{0dgmxvwhg T yduldeohv dqg wkh xvhu frvw ri fdslwdo1:8

Fxpplqv hw do1 +4<<7, hvwlpdwh vljql�fdqw h�hfwv iurp wkh furvv0vhfwlrq yduldwlrq

wkdw rffxuv lq wklv phdvxuh ri wkh xvhu frvw lq shulrgv ri pdmru wd{ uhirupv/ zlwk

dq lpsolhg orqj0uxq hodvwlflw| ri wkh fdslwdo vwrfn zlwk uhvshfw wr wkh xvhu frvw

ehwzhhq 0318 dqg 0413 +Kdvvhww dqg Kxeedug +4<<9,,1 Fklulqnr hw do1 +4<<<,

uhsruw vwdwlvwlfdoo| vljql�fdqw exw vpdoohu hvwlpdwhv/ durxqg 03158/ dowkrxjk wkh

hvwlpdwhg uhwxuqv wr vfdoh lpsolhg e| wkhlu uhgxfhg irup prghov vxjjhvw vrph

grxew derxw wkhvh �qglqjv1

Fdedoohur hw do1 +4<<8, dovr h{sorlw wklv vrxufh ri wd{ yduldwlrq wr hvwlpdwh

orqj0uxq hodvwlflwlhv ri wkh fdslwdo vwrfn zlwk uhvshfw wr wkh xvhu frvw1 Wkhlu hfrqr0

phwulf dssurdfk lv txlwh gl�huhqw/ lq wkdw wkh| uho| rq fr0lqwhjudwlrq phwkrgv wr

hvwlpdwh d orqj0uxq uhodwlrqvkls ehwzhhq wkh fdslwdo0rxwsxw udwlr dqg wkh xvhu

frvw ri fdslwdo/ erwk lq orjdulwkpv/ dv lq htxdwlrq +5146, deryh1 Wklv lv hvwlpdwhg

xvlqj wlph vhulhv gdwd iru lqglylgxdo XV sodqwv lq wkh Orqjlwxglqdo Uhvhdufk Gdwd0

edvh/ lpsrvlqj wkh uhvwulfwlrq wkdw wkh hodvwlflw| lv htxdo iru doo sodqwv zlwklq hdfk

wzr0gljlw lqgxvwu|1 Fdedoohur hw do1 +4<<8, uhsruw hvwlpdwhv udqjlqj iurp 03134 wr

:8Vhh dovr Fxpplqv hw do1 +4<<9,1
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0513 dfurvv gl�huhqw vhfwruv/ zlwk wkh dyhudjh ehlqj derxw 04131 Wklv hvwlpdwh lv

vlplodu wr wkdw irxqg xvlqj fr0lqwhjudwlrq phwkrgv rq djjuhjdwh pdqxidfwxulqj

gdwd e| Ehuwrod dqg Fdedoohur +4<<7, dqg Fdedoohur +4<<7,1

Zklovw lw lv fhuwdlqo| wkh fdvh wkdw wkhvh plfur vwxglhv kdyh irxqg hylghqfh

frqvlvwhqw zlwk wd{hv dqg wkh xvhu frvw ri fdslwdo kdylqj dq hfrqrplfdoo| vljql�0

fdqw h�hfw rq fdslwdo lqwhqvlwlhv lq wkh orqj uxq/ lw lv shukdsv d olwwoh hduo| wr djuhh

zlwk Kdvvhww dqg Kxeedug +4<<9, wkdw wkhuh lv d qhz cfrqvhqvxv* rq wkh vl}h dqg

urexvwqhvv ri wklv h�hfw1

9171 Xqfhuwdlqw|

Wkh uhodwlrqvkls ehwzhhq lqyhvwphqw dqg xqfhuwdlqw| kdv dwwudfwhg frqvlghudeoh

lqwhuhvw lq uhfhqw wkhruhwlfdo uhvhdufk/ dqg kdv ehhq lqyhvwljdwhg lq vrph uhfhqw

plfurhfrqrphwulf vwxglhv1 Uhqhzhg lqwhuhvw lq wklv wrslf kdv iroorzhg iurp wkh

ghyhorsphqw ri wkh olwhudwxuh rq cuhdo rswlrqv*/ zklfk vwuhvvhv wkdw wkh rswlrq

ri zdlwlqj wr lqyhvw xqwlo pruh lqirupdwlrq kdv ehhq uhyhdohg fdq eh ydoxdeoh1:9

Li vr/ wkhq h{wlqjxlvklqj wklv rswlrq e| lqyhvwlqj wrgd| vkrxog eh ylhzhg dv d

frvw1 Pruhryhu wkh ydoxh ri wklv iruhjrqh rswlrq zloo eh juhdwhu dw kljkhu ohyhov

ri xqfhuwdlqw|/ vr wkdw fxuuhqw lqyhvwphqw pd| eh ghwhuuhg e| d kljkhu ohyho ri

xqfhuwdlqw|1

Wklv lqwxlwlyh suhglfwlrq frqwudvwv zlwk hduolhu uhvxowv rq wkh uhodwlrqvkls eh0

wzhhq xqfhuwdlqw| dqg lqyhvwphqw lq wkh frqwh{w ri wkh T prgho1 Deho +4<;6,

vkrzhg wkdw d kljkhu ohyho ri xqfhuwdlqw| zrxog eh dvvrfldwhg zlwk kljkhu lqyhvw0

phqw lq wkh T prgho/ dowkrxjk wklv h�hfw zrxog ri frxuvh eh ixoo| uh hfwhg lq

wkh ehkdylrxu ri t/ vr wkdw lq wklv fdvh wkhuh vkrxog eh qr dgglwlrqdo h�hfw ri

xqfhuwdlqw| yduldeohv diwhu frqglwlrqlqj rq t1 Fdedoohur +4<<4, uhfrqflohv wkhvh

wkhruhwlfdo uhvxowv e| vkrzlqj wkdw pxfk ghshqgv rq wkh qdwxuh ri wkh qhw uhy0

hqxh ixqfwlrq dqg wkh dgmxvwphqw frvwv idflqj wkh �up1 E| pdlqwdlqlqj vwulfwo|

:9Vhh Gl{lw dqg Slqg|fn +4<<7, iru dq h{fhoohqw lqwurgxfwlrq wr wklv olwhudwxuh1
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frqyh{ dgmxvwphqw frvwv dqg d olqhdu krprjhqhrxv qhw uhyhqxh ixqfwlrq/ wkh T

prgho uxohv rxw dq| ydoxh dvvrfldwhg zlwk wkh rswlrq ri ghod|lqj lqyhvwphqw1 Lq

frqwudvw/ uhdo rswlrqv ehfrph ydoxdeoh zkhq wkhuh duh erwk qrq0frqyh{ frvwv ri

dgmxvwphqw/ vxfk dv +sduwldo, luuhyhuvlelolw|/ dqg d frqfdyh qhw uhyhqxh ixqfwlrq1

Hyhq wkhq/ wkh h�hfwv ri d kljkhu ohyho ri xqfhuwdlqw| rq wkh dyhudjh ohyho ri wkh

fdslwdo vwrfn lq wkh orqj uxq duh irxqg wr eh dpeljxrxv +Deho dqg Hehuo| +4<<<,>

Fdedoohur +4<<<,,/ hvvhqwldoo| ehfdxvh erwk lqyhvwphqw dqg glvlqyhvwphqw dfwlrqv

pd| eh ghwhuuhg e| wkhvh uhdo rswlrq h�hfwv1 Dv vwuhvvhg e| Eorrp ho do1 +5334,/

krzhyhu/ d ohvv dpeljxrxv suhglfwlrq lv wkdw d kljkhu ohyho ri xqfhuwdlqw| zloo eh

dvvrfldwhg zlwk vorzhu dgmxvwphqw ri wkh fdslwdo vwrfn/ dqg lq sduwlfxodu zlwk d

vpdoohu lpsdfw h�hfw ri ghpdqg vkrfnv rq fxuuhqw lqyhvwphqw1

Hpslulfdo zrun kdv ehhq olplwhg e| wkh gl!fxow| ri �qglqj frqylqflqj hp0

slulfdo frxwhusduwv wr wkh frqfhswv ri cxqfhuwdlqw|* xvhg lq wklv wkhruhwlfdo olwhud0

wxuh1 Ohdk| dqg Zklwhg +4<<9, frqvlghuhg phdvxuhv ri xqfhuwdlqw| edvhg rq wkh

yrodwlolw| lq vwrfn pdunhw uhwxuqv iru sxeolfo| wudghg XV �upv1 Wkh| irxqg wkdw

lqyhvwphqw udwhv zhuh qhjdwlyho| uhodwhg wr wkhvh xqfhuwdlqw| phdvxuhv lq vlp0

soh vshfl�fdwlrqv/ exw wkdw wklv h�hfw ehfdph lqvljql�fdqw zkhq wkh| frqglwlrqhg

rq d vwdqgdug phdvxuh ri dyhudjh t1 Rqh frqfhuq zlwk wklv nlqg ri phdvxuh lv

wkdw vwrfn pdunhw uhwxuqv pd| eh vxemhfw wr ch{fhvv yrodwlolw|*/ li vkduh sulfhv duh

lqghhg vxemhfw wr exeeohv/ idgv ru rwkhu lq xhqfhv ryhu dqg deryh �upv* ixqgd0

phqwdo ydoxdwlrqv1 Qhyhuwkhohvv/ Eorrp hw do1 +5334, irxqg d vpdoohu lpsdfw h�hfw

ri vdohv jurzwk rq fxuuhqw lqyhvwphqw iru sxeolfo| wudghg XN �upv idflqj kljkhu

yrodwlolw| lq vwrfn uhwxuqv/ dowkrxjk wklv lv lq wkh frqwh{w ri d uhgxfhg irup/ huuru

fruuhfwlrq prgho ri lqyhvwphqw zlwk qr h{solflw frqwurov iru wkh h�hfw ri h{shfwhg

ixwxuh ohyhov ri sur�wdelolw|1 D frqfhuq lq wklv frqwh{w lv wkdw orzhu xqfhuwdlqw|

+vwrfn pdunhw yrodwlolw|, pd| eh dvvrfldwhg zlwk juhdwhu rswlplvp derxw wkh �up*v

ixwxuh survshfwv1 Jxlvr dqg Sduljl +4<<<, dgguhvv erwk wkhvh frqfhuqv xvlqj gdwd

iurp d vshfldoo| frqgxfwhg vxuyh| ri Lwdoldq �upv/ zklfk dvnhg �upv erwk derxw
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h{shfwhg ohyhov dqg shufhlyhg glvshuvlrq lq ixwxuh ghpdqg1 Wkh| dovr irxqg d

zhdnhu h�hfw ri h{shfwhg ghpdqg rq fxuuhqw lqyhvwphqw iru �upv wkdw shufhlyhg

juhdwhu xqfhuwdlqw| derxw wklv ixwxuh ghpdqg/ dowkrxjk wkhlu uhvxowv duh edvhg

rq d vlqjoh furvv0vhfwlrq ri �upv/ dqg wkh wlph krul}rq ri wkhvh h{shfwdwlrqdo

yduldeohv lv txlwh vkruw1

Zklovw wkhvh sdshuv suhvhqw �qglqjv wkdw dsshdu wr eh frqvlvwhqw zlwk wkh

suhglfwhg h�hfwv ri uhdo rswlrqv/ wkh ghyhorsphqw ri pruh frqylqflqj phdvxuhv ri

xqfhuwdlqw| dqg pruh uljrurxv whvwlqj vwudwhjlhv zloo eh uhtxluhg ehiruh zh fdq eh

frq�ghqw wkdw wkhvh h�hfwv duh vwdwlvwlfdoo| ru hfrqrplfdoo| vljql�fdqw1 Lq ylhz ri

wkh frqvlghudeoh wkhruhwlfdo dqg srolf| lqwhuhvw lq wklv wrslf/ wklv zrxog vhhp wr

eh d surplvlqj duhd iru ixuwkhu uhvhdufk1

9181 U)G lqyhvwphqw

Lq prghuq hfrqrplhv d odujh sursruwlrq ri �upv* lqyhvwphqw lv lq lqwdqjleoh dv0

vhwv1 Rqh ri wkh prvw lpsruwdqw ri wkhvh duh uhvhdufk dqg ghyhorsphqw +U)G,

h{shqglwxuhv1 Hfrqrplvwv kdyh orqj uhjdughg whfkqlfdo fkdqjh dv wkh prvw lp0

sruwdqw gulyhu ri hfrqrplf jurzwk/ vr pxfk ri wkh hduo| plfurhfrqrphwulf zrun

rq �up ohyho U)G qdwxudoo| irfxvhg rq dqdo|vlqj wkh h�hfw ri U)G rq phdvxuhv

ri �up shuirupdqfh +vxfk dv surgxfwlylw|/ �up pdunhw ydoxh ru sdwhqwlqj dfwly0

lw|,1:: U)G lv jhqhudoo| fxpxodwhg lqwr d cnqrzohgjh vwrfn* dqg wkhq wuhdwhg dv

rqh w|sh ri fdslwdo lqsxw dprqjvw rwkhuv1 Pruh uhfhqwo| wkhuh kdv ehhq uhqhzhg

lqwhuhvw lq xqghuvwdqglqj wkh ghwhuplqdqwv ri �upv* U)G ghflvlrqv/ dv jurzwk

wkhru| uh0irfxvhg rq wkh hqgrjhqrxv ghflvlrqv ri �upv wr lqyhvw lq U)G +h1j1

Urphu +4<;9,> Djklrq dqg Krzlww +4<<5,,1 Wkhuh duh uhodwlyho| ihz sdshuv zklfk

orrn dw wkh ghpdqg iru U)G xvlqj wkh g|qdplf vwuxfwxudo prghov glvfxvvhg lq

vhfwlrq 6/:; dowkrxjk fohduo| wkh uhvxowv fdq eh h{whqghg li zh duh suhsduhg wr

::Vhh/ iru h{dpsoh/ wkh froohfwlrq ri sdshuv lq Julolfkhv +4<;7,1
:;Kdoo +4<<5/ 4<<6,/ Kdukr� +4<<;,/ Nohwwh dqg Prhq +4<<<, uhsruw vrph uhvxowv iru wkh Hxohu

htxdwlrq iru U)G1 Klpphoehuj dqg Shwhuvrq +4<<7, kdyh d qrq0vwuxfwxudo yhuvlrq ri wkh T
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wuhdw U)G v|pphwulfdoo| zlwk sk|vlfdo lqyhvwphqw1 Iru h{dpsoh/ htxdwlrq +614:,

zrxog kdyh furvv whupv lq wkh wdqjleoh dqg U)G fdslwdo vwrfnv lq dgglwlrq wr T

lq wkh U)G htxdwlrq1

D nh| lvvxh khuh lv zkhwkhu pdq| ri wkh sureohpv lqkhuhqw zlwk prghoolqj

�{hg fdslwdo duh mxvw h{dfhuedwhg lq wkh fdvh ri U)G fdslwdo ru zkhwkhu wkh| duh

txdolwdwlyho| gl�huhqw1 Iru h{dpsoh/ U)G lv w|slfdoo| d kljko| ulvn| dqg xqfhuwdlq

lqyhvwphqw/ kdv odujh dgmxvwphqw frvwv/ hqmr|v pdq| jryhuqphqw vxevlglhv +h1j1

wd{ sulylohjhv dqg gluhfw judqwv,/ dqg lv vxemhfw wr vwudwhjlf jdplqj +h1j1 sdwhqw

udfhv,1 Exw doo wkhvh lvvxhv dovr dulvh zlwk �{hg fdslwdo1 Shukdsv dowrjhwkhu wkh|

dgg xs wr d gl�huhqfh lq nlqg/ exw wklv lv xqfohdu d sulrul1

Wkh pdlq gl�huhqfh ehwzhhq �{hg fdslwdo dqg U)G fdslwdo lv suredeo| lq

uhjdug wr h{whuqdolwlhv1 U)G fuhdwhv nqrzohgjh zklfk lv gl!fxow wr ixoo| dssur0

suldwh e| wkh �up pdnlqj wkh lqyhvwphqw1 Wkh cnqrzohgjh vslooryhuv* wr rwkhu

�upv fuhdwh wkh ixqgdphqwdo sxeolf jrrgv sureohp zklfk jlyhv d udwlrqdoh iru

jryhuqphqwv wr vxevlglvh U)G1 Pxfk ri wkh olwhudwxuh rq U)G dqg surgxfwlylw|

lv prwlydwhg e| wkh lghd wkdw wkh vrfldo uhwxuqv wr U)G h{fhhg wkh sulydwh uh0

wxuqv dqg wkhuh lv d odujh erg| ri zrun rq wkh hpslulfdo vhdufk iru vslooryhuv +vhh

Julolfkhv +4<<;, iru d vxppdu|,1

Dqrwkhu sureohp zlwk frpsdulqj U)G wr �{hg fdslwdo lv phdvxuhphqw1 Iluvw/

lq exloglqj xs d uhsodfhphqw frvw fdslwdo vwrfn phdvxuh wkhuh lv w|slfdoo| d ehqfk0

pdun |hdu zkhq hlwkhu +l, wkhuh zdv d vxuyh| ri uhsodfhphqw frvwv +h1j1 �uh lqvxu0

dqfh ydoxhv, ru/ pruh w|slfdoo|/ +ll, klvwrulf frvw vwrfn gdwd fdq eh xvhg1 Wkhuh

lv qr htxlydohqw iru U)G vr uhvhdufkhuv duh irufhg wr pdnh dvvxpswlrqv derxw

wkh suh0vdpsoh jurzwk ri U)G dorqj zlwk dq dvvxphg cnqrzohgjh ghsuhfldwlrq*

udwh1 D vhfrqg sureohp lv wkdw glvforvxuh ri U)G lq frpsdq| dffrxqwv lv idu

pruh olplwhg wkdq lqyhvwphqw/ hvshfldoo| rxwvlgh wkh XV1 W|slfdoo|/ uhvhdufkhuv

kdyh wr ghdo zlwk wkh idfw wkdw lq pdq| frxqwulhv U)G lv d yroxqwdulo| glvforvhg

prgho1
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lwhp lq frpsdq| dffrxqwv/ dqg wkhuhiruh vxemhfw wr vhulrxv vhohfwlylw| eldvhv1 Il0

qdoo|/ zkdw frxqwv dv U)G lv ohvv fohdu wkdq sk|vlfdo lqyhvwphqw dv derxw <3( ri

uhsruwhg rxwod|v duh fxuuhqw frvwv dqg 83( duh zdjhv dqg vdodulhv1

Wkhuh duh odujh hpslulfdo olwhudwxuhv rq wkh h�hfwv ri �up vl}h/ surgxfw pdunhw

vwuxfwxuh dqg oderxu pdunhw lqvwlwxwlrqv rq U)G1 Vlqfh wkhvh kdyh ehhq vxuyh|hg

hovhzkhuh:< zh irfxv rq wkuhh lvvxhv khuh 0 YDU dssurdfkhv/ �qdqfldo frqvwudlqwv

dqg wd{hv1

918141 YDU dssurdfkhv

Lq oljkw ri wkhvh prgholqj dqg gdwd gl!fxowlhv/ vhyhudo dxwkruv wdnh d yhfwru dx0

wruhjuhvvlrq +YDU, dssurdfk wr h{dplqlqj U)G1 Odfk dqg Vfkdqnhupdq +4<;<,

irfxv rq xqudyholqj wkh sdwwhuq ri Judqjhu fdxvdolw| ehwzhhq U)G dqg �{hg

lqyhvwphqw e| surmhfwlqj wkh orj ri erwk fxuuhqw U)G dqg fxuuhqw lqyhvwphqw

djdlqvw odjjhg lqyhvwphqw/ vdohv/ U)G dqg rwkhu yduldeohv1 Wkh| �qg wkdw lqyhvw0

phqw grhv qrw cJudqjhu0fdxvh* U)G/ exw U)G grhv Judqjhu0fdxvh lqyhvwphqw1

Dowkrxjk wkh| �qg fruurerudwlqj hylghqfh dw wkh lqgxvwu| ohyho lq Odfk dqg Uree

+4<<9,/ rwkhuv �qg yhu| gl�huhqw uhvxowv1 Xvlqj Eulwlvk gdwd/ Qlfnhoo dqg Qlfrolw0

vdv +4<<9, �qg wkdw lqgxvwu| U)G +udwkhu wkdq �up U)G, suhglfwv lqyhvwphqw1

Wrlydqhq dqg Vwrqhpdq +4<<;, �qg wkh h{dfw rssrvlwh uhvxow +lqyhvwphqw suhglfwv

U)G dqg qrw ylfh yhuvd,1 Wkh dwkhruhwlfdo vwuxfwxuh ri wkh YDU lv sureohpdwlf

khuh dqg wkh lqwhusuhwdwlrq ri wkh fruuhodwlrq sdwwhuq +hyhq li lw zhuh urexvw, lv

gl!fxow1 Lq wklv frqwh{w wkh sdshu e| Sdnhv +4<;8, lv pruh vdwlvidfwru| dv klv

dssolfdwlrq ri g|qdplf idfwru ghpdqg wkhru| grhv sodfh pruh uhvwulfwlrqv rq wkh

gdwd +d wkuhh htxdwlrq v|vwhp iru U)G/ sdwhqwv dqg pdunhw ydoxh,1 Hyhq wkrxjk

wkh uhvwulfwlrqv duh qrw uhmhfwhg e| wkh gdwd/ lw kdv suryhg kdughu wr sxvk wkh wkh0

ru| pxfk ixuwkhu lq wklv gluhfwlrq +h1j1 Julolfkhv hw do1 +4<<4,, dv wkh iudphzrun

lv ixqgdphqwdoo| gulyhq e| xqrevhuyhg vwrfkdvwlf vkrfnv zklfk duh rqo| srruo|

:<Vhh Frkhq dqg Ohylq +4<;<, dqg Phqh}hv0Ilokr hw do1 +4<<;,
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wudfnhg e| wkh revhuydeohv lq wkh v|vwhp1

918151 Ilqdqflqj frqvwudlqwv dqg U)G

D nh| duhd ri lqwhuhvw iru U)G prghov lv wkh uroh ri �qdqflqj frqvwudlqwv1 Lw

kdv orqj ehhq uhfrjqlvhg wkdw wkh dv|pphwulf lqirupdwlrq sureohpv wkdw olh dw

wkh khduw ri fuhglw frqvwudlqwv pd| eh pruh lpsruwdqw iru U)G lqyhvwphqwv1

Xqfhuwdlqw|/ odfn ri froodwhudo dqg wkh gdqjhu ri orvlqj rqh*v lghdv wr frpshwlwruv

pdnh lw olnho| wkdw �upv zloo uho| rq lqwhuqdo vrxufhv ri �qdqfh iru U)G pruh wkdq

iru rwkhu w|shv ri lqyhvwphqw1 Rq wkh rwkhu kdqg/ wkh odujhu dgmxvwphqw frvwv iru

U)G pdnh lw xqolnho| wkdw wudqvlwru| fdvk  rz vkrfnv zloo kdyh d yhu| odujh

lpsdfw rq �upv* U)G ghflvlrqv1 Lqghhg/ wr wkh h{whqw wkdw �upv rqo| sduwlflsdwh

lq shuiruplqj dq| U)G li wkh| fdq eh uhdvrqdeo| vxuh ri qrw hqfrxqwhulqj �qdqfldo

frqvwudlqwv/ zh pd| vhh ohvv vhqvlwlylw| wr fdvk  rz e| U)G shuiruplqj �upv wkdq

qrq0U)G shuiruplqj �upv1

Kdoo +4<<5, dqdo|vhv d sdqho ri odujh XV pdqxidfwxulqj �upv dqg �qgv wkdw

U)G lv vljql�fdqwo| fruuhodwhg zlwk fdvk  rz xvlqj d ydulhw| ri prgho vshfl�fd0

wlrqv +uhgxfhg irup dqg Hxohu htxdwlrqv,1 Klpphoehuj dqg Shwhuvrq +4<<7, �qg

hylghqfh wkdw U)G lv vhqvlwlyh wr fdvk  rz iru vpdoo XV �upv lq wkh kljk whfk

vhfwru1 Wkh hylghqfh rxwvlgh wkh XV lv ohvv fohdu1 Kdoo hw do1 +4<<<, xvh d el0

yduldwh YDU dssurdfk wr h{dplqh cfdxvdolw|* sdwwhuqv lq vdpsohv ri XV/ Mdsdqhvh

dqg Iuhqfk �upv lq kljk whfk vhfwruv1 Wkh| �qg wkdw wkh fdvk  rz fruuhodwlrq lv

idu vwurqjhu lq wkh XV wkdq lq wkh rwkhu frxqwulhv1 Pxond| hw do1 +5334, dovr �qg

wkdw wkh U)G0fdvk  rz fruuhodwlrq lv vwurqjhu lq wkh XV wkdq lq Iudqfh1 Erqg

hw do1 +4<<<, �qg qr h�hfw ri fdvk  rz rq U)G lq wkhlu vdpsohv ri Eulwlvk dqg

Jhupdq �upv1 Wkh| gr �qg/ krzhyhu/ hylghqfh wkdw lq Eulwdlq fdvk  rz vhhpv

wr pdwwhu iru wkh ghflvlrq wr sduwlflsdwh lq U)G/ zkhuhdv lw kdv qr h�hfw lq wkh

Jhupdq vdpsoh1 Vr wkh xsvkrw ri wkhvh vwxglhv lv wkdw wkh lq xhqfh ri fdvk  rz

rq U)G dsshduv vwurqjhu lq wkh Dqjor0Dphulfdq frxqwulhv wkdq lq Frqwlqhqwdo
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Hxursh ru Mdsdq/ vxemhfw wr wkh frqfhuqv zh glvfxvvhg lq vhfwlrq 915 deryh1

918161 Wd{0sulfh ri U)G

Wkhuh lv d zlgh yduldwlrq ryhu wlph dqg dfurvv frxqwulhv lq wkh xvhu frvw ri U)G

fdslwdo1 Wklv lv gulyhq e| wkh vshfldo wuhdwphqw ri U)G iru wd{ sxusrvhv 0 pdq|

frxqwulhv kdyh wd{ fuhglwv iru U)G/ vxshu0ghgxfwlrqv dqg dffhohudwhg ghsuhfldwlrq

vfkhgxohv +vhh Eorrp hw do1 +4<<;, iru d vxuyh|,1 Vlqfh wkh wd{ uxohv iru fodlplqj

wkhvh ehqh�wv riwhq gl�hu ghshqglqj rq frusrudwlrq wd{ oldelolwlhv/ vl}h ri �up/

fxuuhqw dqg sdvw U)G vshqglqj/ uhjlrq dqg lqgxvwu|/ wkhvh wd{ uxohv lpso| wkdw

wkhuh lv d furvv vhfwlrqdo glvwulexwlrq ri xvhu frvwv idflqj �upv lq d jlyhq |hdu1

Kdoo +4<<6, dqg Klqhv +4<<7, xvh XV �up sdqho gdwd wr lqyhvwljdwh wkh lpsdfw

ri fkdqjhv lq wkh xvhu frvw rq U)G1 Gdjhqdlv hw ho1 +4<<:, lpsohphqw d vlplodu

phwkrgrorj| xvlqj Fdqdgldq frpsdq| gdwd1 Wkhvh dxwkruv xqfryhu vljql�fdqw

h�hfwv ri wkh wd{ sulfh rq U)G/ zlwk d sulfh hodvwlflw| ri durxqg xqlw| lq wkh orqj

uxq1;3

D prwlydwlrq iru wkhvh vwxglhv lv wkdw fkdqjhv lq wd{ srolf| pd| fdxvh vrph

h{rjhqrxv yduldwlrq lq wkh sulfh ri U)G1 Xqiruwxqdwho|/ d sureohp zlwk wkhvh

vwxglhv lv wkdw wkh xvhu frvw fdqqrw eh wdnhq dv wuxo| h{rjhqrxv dv wkh wd{ srvlwlrq

ri lqglylgxdo �upv zloo ghshqg rq fxuuhqw vkrfnv zklfk frxog dovr lq xhqfh wkhlu

U)G ghflvlrqv1 Wkxv/ rqh vwloo kdv wr xvh vrph nlqg ri lqvwuxphqwdo yduldeoh

surfhgxuh ri wkh nlqg glvfxvvhg lq vhfwlrq 7151

:1 Wrslfv lq hpsor|phqw

Wkh ghpdqg iru oderxu lv d sduwlfxodu fdvh ri wkh jhqhudo prgho rxwolqhg lq vhfwlrq

5 deryh1 Oderxu ghpdqg lv sduwlfxoduo| lqwhuhvwlqj iurp d srolf| shuvshfwlyh 0

wkh vrfldo dqg srolwlfdo frqvhtxhqfhv ri d 53( idoo lq wkh uhodwlyh ghpdqg iru ohvv

;3Kdoo +4<<6, �qgv odujhu orqj0uxq hodvwlflflhv wkdq Gdjhqdlv hw do1 +4<<:,1 Eorrp hw do1
+5335, dovr �qg orqj0uxq hodvwlflwlhv ri durxqg xqlw| xvlqj pdfur gdwd dfurvv hljkw frxqwulhv1
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vnloohg zrunhuv zloo kdyh juhdwhu lqwhuhvw wkdq d 53( idoo lq wkh uhodwhyh ghpdqg

iru ohvv vrsklvwlfdwhg fdslwdo htxlsphqw1

D srsxodu dssurdfk khuh lv d yhuvlrq ri wkh cuhgxfhg irup* prghov glvfxvvhg

lq vhfwlrq 6191 Iru h{dpsoh/ dqdorjrxvo| wr +6157,

,| ' ku
�
,|3� n qu

f
,W| n qu

�
,W|3�� +:14,

Xvlqj +5147, zh kdyh

,| ' kuf n ku� ,|3� n quf +| n qu� +|3� � quf jE� � R�| � qu� jE� � R�|3� +:15,

zkhuh kuf ' E��ku� �j *? @uE��
�

#(
�� Wklv fdq dovr eh uh0zulwwhq +dvvxplqj frqvwdqw

uhwxuqv, lq huuru fruuhfwlrq irup

{,| ' kuf n quf{+| � quf j{E� � R�| +:16,

n
�
�� ku�

� �
E+ � ,�|3� � jE� � R�|3�

�
�

Djdlq/ htxdwlrqv ri wklv irup fdq eh mxvwl�hg h{solflwo| lq d g|qdplf rswlplv0

lqj iudphzrun xqghu txdgudwlf dgmxvwphqw frvwv +Qlfnhoo +4<;8/ 4<;9,> Euhvvrq

hw do1 +4<<5,,1 Riwhq/ uhvhdufkhuv +hvshfldoo| lq wkh XN, kdyh dvvxphg d Free

Grxjodv surgxfwlrq ixqfwlrq dqg vxevwlwxwhg rxw rxwsxw iru fdslwdo1 Wklv kdv wkh

dgydqwdjh wkdw lw lv pruh uhdvrqdeoh wr wuhdw fdslwdo dv suhghwhuplqhg lq oderxu

ghpdqg htxdwlrqv wkdq rxwsxw zklfk/ lq jhqhudo/ pxvw eh wuhdwhg dv hqgrjhqrxv1

Yhuvlrqv ri wkh Hxohu htxdwlrq dqdorjrxv wr +6144, kdyh dovr ehhq hvwlpdwhg/ do0

wkrxjk wkhvh duh ohvv frpprq wkdq lq wkh lqyhvwphqw olwhudwxuh1;4

Wkhuh duh vhyhudo h{lvwlqj vxuyh|v rq oderxu ghpdqg1 Zh h{dplqh vrph wrslfv

ri sduwlfxodu lqwhuhvw dulvlqj vlqfh wkh sxeolfdwlrq ri Qlfnhoo +4<;9,/ Kdphuphvk

+4<<6, dqg Kdphuphvk dqg Sidqq +4<<9,/ zklfk jlyh d vxppdu| ri wkh olwhud0

wxuh dv lw vwrrg dw wkh ehjlqqlqj ri wkh 4<<3v1;5 Wkh lvvxhv ri h{rjhqrxv idfwru

;4Vhh/ iru h{dpsoh/ Pdfklq hw do1 +4<<6,/ Phjklu hw do1 +4<<9, dqg Dorqvr0Eruuhjr +4<<;,1
;5Zh gr qrw dwwhpsw wr vxuyh| wkh olwhudwxuh zklfk irfxvhv rq wkh dghtxdf| ri jhqhudo htxlole0

ulxp prghov ri wkh ghpdqg iru vnloov1 Lqwhuhvwhg uhdghuv duh uhihuuhg wr Khfnpdq dqg Vhgodfhn
+4<;8, iru dq h{dpsoh zklfk h{dplqhv wkh vhohfwlrq eldv lqkhuhqw lq djjuhjdwh vwxglhv ri zdjhv
dqg oderxu ghpdqg1
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sulfh yduldwlrq/ xqlrq edujdlqlqj/ dgmxvwphqw g|qdplfv/ jurvv dqg qhw  rzv/ dqg

khwhurjhqhlw| e| vnloo duh glvfxvvhg lq wxuq1

:141 Yduldwlrq lq zdjhv

Rqh lpsruwdqw gl�huhqfh ehwzhhq wkh �up ohyho vwxg| ri lqyhvwphqw dqg hpsor|0

phqw lv wkdw �up ohyho gdwd riwhq kdv vrph lqirupdwlrq rq zdjhv1 W|slfdoo|/

wkhvh duh txlwh fuxgh phdvxuhv vxfk dv wkh dyhudjh zdjh +zdjh eloo glylghg e|

qxpehu ri zrunhuv, exw wklv lv d pdmru dgydqwdjh ryhu fdslwdo zkhuh yduldwlrq lq

wkh frvw ri fdslwdo ehwzhhq �upv kdv wr eh frqvwuxfwhg e| wkh hfrqrphwulfldq dv lw

lv devhqw iurp �up dffrxqwv1 Ri frxuvh/ vrph ri wkh yduldwlrq lq wkh dyhudjh �up

frpshqvdwlrq frvw zloo eh yduldwlrq lq wkh txdolw| pl{ ri zrunhuv lq wkh �up +h1j1

e| vnloo/ jhqghu ru hwkqlf jurxsv, zklfk lv frq dwhg zlwk jhqxlqh fkdqjhv lq wkh

sulfh ri oderxu idflqj wkh �up1 Lqfuhdvlqjo| wkrxjk/ wkh dydlodelolw| ri pdwfkhg

zrunhu0�up sdqhov lv hqdeolqj uhvhdufkhuv wr lpsuryh wkhlu phdvxuhphqw ri �up

ohyho zdjh udwhv1

Zkdw duh wkh h{rjhqrxv vrxufhv ri yduldwlrq lq wkh sulfh ri oderxu idflqj

�upvB Lq pdq| frqwh{wv fkdqjhv lq wkh lqvwlwxwlrqdo vwuxfwxuh vxuurxqglqj zdjh

ghwhuplqdwlrq r�hu vfrsh iru lqvwuxphqwlqj �up ohyho zdjhv1 Xqlrq srzhu/ plql0

pxp zdjh fkdqjhv dqg uhjlrqdo yduldwlrq +gxh wr sduwldo oderxu lpprelolw|, r�hu

d pxfk zlghu udqjh ri srvvlelolwlhv wkdq zlwk lqyhvwphqw1 Xqiruwxqdwho|/ zkhq

vrph ri wkhvh lqvwlwxwlrqdoo| ghwhuplqhg yduldwlrqv lq wkh sulfh ri oderxu duh xvhg

wr h{dplqh oderxu ghpdqg/ wkh uhvxowv kdyh ehhq pl{hg1 Wkh vxuyh| lq Fdug dqg

Nuxhjhu +4<<8,/ iru h{dpsoh/ looxvwudwhv wkdw lw lv yhu| gl!fxow wr dvfhuwdlq dq|

fohdu hylghqfh ri vljql�fdqw zdjh hodvwlflwlhv lq plqlpxp zdjh vwxglhv1

:151 Xqlrq edujdlqlqj

D odujh vxe0olwhudwxuh kdv ghyhorshg lq hvwlpdwlqj hpsor|phqw htxdwlrqv wr h{0

dplqh gl�huhqw prghov ri xqlrq ehkdylrxu1 Wkh wudglwlrqdo prgho ri xqlrqlvdwlrq
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nhhsv wr wkh qhrfodvvlfdo iudphzrun zkhuh wkh �up fkrrvhv hpsor|phqw xqlodw0

hudoo|1 Wkh xqlrq/ krzhyhu/ kdv vrph lq xhqfh ryhu krz wkh zdjh lv vhw1 Wkh

prqrsro| xqlrq prgho doorzv wkh xqlrq frpsohwh srzhu wr vhw wkh zdjh zkhuhdv

wkh pruh jhqhudo culjkw wr pdqdjh* prgho doorzv iru jhqxlqh edujdlqlqj ryhu wkh

zdjh udwh +vhh Shqfdyho +4<<4, ru Errwk +4<<8, iru dq h{whqvlyh glvfxvvlrq ri wkhvh

prghov,1 Wkhvh prghov kdyh wkh frqyhqlhqw surshuw| wkdw wkh edvlf vwuxfwxuh ri

wkh vwdwlf oderxu ghpdqg prgho vwloo krogv/ exw wkh zdjh zloo kdyh vrph �up ohyho

yduldwlrq gxh wr gl�huhqfhv lq xqlrq srzhu ehwzhhq �upv1

Lw lv zhoo nqrzq wkdw wkhvh prghov duh qrw Sduhwr h!flhqw dqg d vhw0xs doorzlqj

wkh �up dqg xqlrq wr edujdlq ryhu erwk zdjhv dqg hpsor|phqw fdq ohdg wr xwlo0

lw| jdlqv iru erwk vlghv +Ohrqwlhi +4<79,,1 D vhfrqg fodvv ri ch!flhqw edujdlqlqj*

prghov doorzv h{solflwo| iru vxfk frqwudfwv1 Dvkhqihowhu dqg Eurzq +4<;9, srlqwhg

rxw wkdw lq wklv fdvh hpsor|phqw zloo/ lq jhqhudo/ ghshqg erwk rq wkh edujdlqhg

zdjh dqg wkh crxwvlgh* zdjh +wkh lqfrph uhfhlyhg lq wkh hyhqw ri d euhdngrzq lq

edujdlqlqj,1 Wkxv wkh suhvhqfh ri wkh rxwvlgh zdjh lq dq hpsor|phqw htxdwlrq lv

srwhqwldoo| d whvw ri ch!flhqw edujdlqlqj*1 Ixuwkhu jhqhudolvdwlrqv ri wkhvh prghov

duh srvvleoh wr doorz iru gl�huhqwldo ghjuhhv ri edujdlqlqj srzhu lq wkh zdjh ghfl0

vlrq dqg wkh hpsor|phqw ghflvlrq +Pdqqlqj +4<;:,, 0 wklv hvvhqwldoo| phdqv dovr

lqfoxglqj dq h{wud whup lq xqlrq srzhu lq wkh hpsor|phqw htxdwlrq +Dorjrvnrx�v

dqg Pdqqlqj +4<<4,,1

Wkhuh duh ydulrxv fulwlflvpv ri wkhvh dssurdfkhv1 Iru rqh wkh suhvhqfh ri wkh

rxwvlgh zdjh lq wkh hpsor|phqw htxdwlrq frxog eh gxh wr pdq| uhdvrqv rwkhu

wkdq h!flhqw edujdlqlqj/ vxfk dv h!flhqf| zdjhv +Qlfnhoo dqg Zdgkzdql +4<<4,

dwwhpsw wr whvw ehwzhhq wkh jhqhudo edujdlqlqj prgho dqg h!flhqf| zdjhv,1

Dqrwkhu fulwlflvp lv wkdw wkh whvwlqj surfhgxuh euhdnv grzq rqfh zh doorz iru

iruzdug0orrnlqj ehkdylrxu lq wkh suhvhqfh ri dgmxvwphqw frvwv/ dv wkh dowhuqdwlyh

zdjh fdq hqwhu wkh g|qdplf hpsor|phqw ghflvlrq uxoh +Pdfklq hw do1 +4<<6,,1

Prvw vhulrxv/ krzhyhu/ lv wkdw lw lv yhu| gl!fxow wr phdvxuh zkdw lv dfwxdoo| wkh
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wuxh dowhuqdwlyh zdjh idflqj xqlrq edujdlqhuv1 Lw lv txlwh olnho| wkdw wkh dyhudjh

uhjlrqdo ru lqgxvwu| zdjh lv dq h{wuhpho| srru phdvxuh ri wklv +vhh PdFxug| dqg

Shqfdyho +4<;9,,1 Wklv dssolhv hyhq pruh wr phdvxuhv ri xqlrq srzhu1 Wkh udwkhu

lqfrqfoxvlyh dqg iudjloh uhvxowv lq wklv olwhudwxuh duh olnho| wr vwhp iurp wklv edvlf

sureohp1;6

D vpdoo/ forvho| uhodwhg olwhudwxuh vhhnv wr whvw wkh dghtxdf| ri wkh qhrfodvvlfdo

prgho ri hpsor|phqw ghwhuplqdwlrq e| dqdo|vlqj ehkdylrxu dfurvv gl�huhqw rzq0

huvkls vwuxfwxuhv1 Suredeo| wkh ehvw h{dpsoh ri wklv lv Fudlj dqg Shqfdyho +4<<7,

zkr h{dplqh wkh gl�huhqfhv ehwzhhq fr0rshudwlyhv dqg frqyhqwlrqdo �upv zlwklq

d vlqjoh lqgxvwu| 0 wkh Sdfl�f Qruwkzhvw So|zrrg lqgxvwu|1 Wkh| irxqg wkdw wkh

vwdqgdug vwdwlf prgho edvhg rq sur�w pd{lplvdwlrq zdv d uhdvrqdeoh ghvfulswlrq

ri hpsor|phqw ehkdylrxu iru wkh frqyhqwlrqdo �upv/ exw zdv txlwh lqdghtxdwh iru

wkh fr0rshudwlyhv +iru h{dpsoh/ wkhuh zdv qr h�hfw ri zdjhv rq hpsor|phqw lq wkh

odwwhu jurxs,1

:161 G|qdplfv ri dgmxvwphqw

Dv|pphwulhv lq dgmxvwphqw frvwv kdyh ehhq pruh ri dq lvvxh lq wkh oderxu frqwh{w

ehfdxvh ri ydulrxv uhjxodwlrqv dlphg dw lqfuhdvlqj �ulqj frvwv +h1j1 Sidqq dqg

Sdop +4<<6,> Sidqq dqg Yhuvsdjhq +4<;<,> Exujhvv dqg Grodgr +4<;<,,1 Prvw

Hxurshdq frxqwulhv sodfh d odujh qxpehu ri uhvwulfwlrqv rq wkh delolw| ri �upv

wr vkhg oderxu1 Sidqq dqg Yhuvsdjhq +4<;<, dujxhg iru nhhslqj wkh dvvxpswlrq

ri frqyh{ dgmxvwphqw frvwv exw doorzlqj iru dv|pphwulhv1 Wkh| vxjjhvwhg dq

dgmxvwphqw frvw ixqfwlrq ri wkh irup=

CE{u� '
�

2
KE{u�2 � S{un eS{u � � +:17,

;6Vhh Fdug +4<;9,/ Derzg +4<;<,/ Fkulvwr�ghv dqg Rvzdog +4<<4, dqg Erdo dqg Shqfdyho
+4<<7, iru jrrg h{dpsohv ri dwwhpswv wr h{dplqh gl�huhqw prghov ri xqlrq ehkdylrxu1 Dqrwkhu
edvlf sureohp lv wkdw yhu| gl�huhqw prghov pd| dsso| lq gl�huhqw lqgxvwulhv dqg edujdlqlqj
frqwh{wv1

;:



zkhuh K dqg S duh sdudphwhuv lq wkh dgmxvwphqw frvw ixqfwlrq1 Li frvwv duh v|p0

phwulf wkhq f @ 31 Li wkh pdujlqdo frvw ri d srvlwlyh dgmxvwphqw lv juhdwhu wkdq wkh

pdujlqdo frvw ri d qhjdwlyh dgmxvwphqw wkhq S : f1 Vxevwlwxwlrq ri wklv dgmxvwphqw

frvw ixqfwlrq lqwr wkh qhw uhyhqxh ixqfwlrq +5158, ohdgv wr d qrq0olqhdu Hxohu htxd0

wlrq1 Wklv fdq hlwkhu eh hvwlpdwhg gluhfwo| +Vfkldqwduhool dqg Vhpehqhool +4<<6,>

Mdudploor hw do1 +4<<6,, ru zlwk dssur{lpdwlrq phwkrgv +h1j1 Sidqq dqg Sdop

+4<<6,,1 Vwxglhv xvlqj wklv dssurdfk kdyh irxqg hylghqfh iru dv|pphwulhv +vhh

Kdphuphvk dqg Sidqq +4<<9,,1

Lq dq lq xhqwldo sdshu/ Kdphuphvk +4<;<, h{dplqhg prqwko| gdwd rq : pdq0

xidfwxulqj sodqwv1 Dowkrxjk wkh djjuhjdwh vhulhv dsshduhg vprrwk/ lqglylgxdo

sodqw ohyho hpsor|phqw dgmxvwphqw zdv h{wuhpho| oxps|1 Gdylv dqg Kdowlzdqjhu

+4<<5, surgxfhg wkh �uvw odujh vfdoh dqdo|vlv ri sodqw ohyho hpsor|phqw fkdqjhv

lq wkh XV1 Wkh| hpskdvlvhg wkh idfw wkdw gxulqj wlphv ri qhw hpsor|phqw h{0

sdqvlrq wkhuh zhuh yhu| odujh qxpehuv ri �upv zkr zhuh fxwwlqj hpsor|phqw/

dqg ylfh yhuvd lq uhfhvvlrqv1 Dv zlwk Kdphuphvk +4<;<,/ pxfk ri wkh sodqw ohyho

hpsor|phqw fkdqjhv rffxuuhg ryhu vkruw shulrgv1

Rqh eudqfk ri wkh olwhudwxuh kdv jrqh rq wr irfxv rq qrq0frqyh{ dgmxvwphqw

frvwv dv d uhdvrq iru wklv khwhurjhqhlw| +vhh vhfwlrq 618 deryh,1 Fdedoohur hw do1

+4<<:, wdnh d vlplodu dssurdfk wr dqdo|vlqj sodqw ohyho hpsor|phqw fkdqjhv dv

wkh| gr iru lqyhvwphqw +wkh gdwdvhw wkh| xvh lv hvvhqwldoo| wkh vdph/ wkh Orqjl0

wxglqdo Uhvhdufk Gdwdedvh,1 D fuxfldo lvvxh lv krz hpslulfdoo| wr phdvxuh wkh

cjds* +ru oderxu vkruwdjh, whup> wkdw lv/ wkh gl�huhqfh ehwzhhq wkh dfwxdo ohyho

ri hpsor|phqw dqg wkh wdujhw2ghvluhg ohyho ri hpsor|phqw1 Wkh| dvvxph wkdw

krxuv shu zrunhu fdq eh xvhg wr lqihu d uholdeoh phdvxuh ri wklv jds/ ru udwkhu wkh

gl�huhqfh ehwzhhq krxuv lqwhqvlw| lq wkh fxuuhqw txduwhu dqg wkh sodqw*v phdq

krxuv shu zrunhu ryhu wkh vdpsoh shulrg1;7 Iru d jlyhq wdujhw ohyho ri hpsor|0

;7Dq dowhuqdwlyh phwkrg lv wr zulwh grzq h{solflwo| wkh �up*v g|qdplf rswlplvdwlrq sureohp
dqg xvh wklv wr fdofxodwh wkh jds1 Wklv uhtxluhv pdq| dvvxpswlrqv derxw wkh sdudphwhuv wr
fdoleudwh wkh rswlplvdwlrq sureohp1 Vhh Fdedoohur dqg Hqjho +4<<6/ 4<<<, iru h{dpsohv ri wklv
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phqw/ d odujh fkdqjh lq hpsor|phqw zloo orzhu wkh vl}h ri wkh jds dqg wkhuhiruh

wkh ghyldwlrq ri krxuv shu zrunhu iurp lwv orqj0uxq phdq1 Wkh| wkhuhiruh xvh

wkh frh!flhqw iurp d uhjuhvvlrq ri wkh fkdqjh lq hpsor|phqw rq wkh fkdqjh lq

krxuv wr exlog d phdvxuh ri wkh jds dqg wkhq fkdudfwhulvh wkh ghjuhh wr zklfk d

sodqw dfwxdoo| dgmxvwv wrzdugv wkh rswlpdo ohyho ri hpsor|phqw dv d ixqfwlrq ri

wkh vl}h ri wklv jds1 Wkh| �qg wkdw wkh cdgmxvwphqw kd}dug* lv qrw frqvwdqw dv wkh

sduwldo dgmxvwphqw prgho zrxog suhglfw exw udwkhu lqfuhdvhv zlwk wkh jds1 Wkdw

lv/ wkh suredelolw| +dqg sursruwlrqdwh vl}h, ri wkh dgmxvwphqw lqfuhdvhv zlwk wkh

vfdoh ri wkh vkruwdjh1 Wkh| dovr �qg wzr prghv ri wkh glvwulexwlrq ri hpsor|phqw

fkdqjhv/ rqh dw +sudfwlfdoo|, }hur dgmxvwphqw dqg dqrwkhu dw ixoo dgmxvwphqw1

Wkh| frqfoxgh wkdw wklv lv frqvlvwhqw zlwk +V/v, w|shv ri dgmxvwphqw ehkdylrxu1

Rqh sureohp zlwk wklv dssurdfk lv wkdw wkh ROV uhjuhvvlrq ri hpsor|phqw

fkdqjhv rq krxuv fkdqjhv/ zklfk lv fulwlfdo lq gh�qlqj wkh jds whup/ lv vxemhfw

wr hqgrjhqhlw|1 Surgxfwlylw| vkrfnv zloo lqfuhdvh wkh wdujhw ohyho ri hpsor|phqw

dqg ohdg wr vlpxowdqhrxv lqfuhdvhv lq mrev dqg krxuv/ ohdglqj wr d vwurqj xszdugv

eldv lq wkh uhohydqw sdudphwhu1 Fdedoohur hw do1 +4<<:, dwwhpsw wr ghdo zlwk wklv

e| frqglwlrqlqj wkhlu uhjuhvvlrq vdpsoh rqo| rq revhuydwlrqv zkhuh wkhuh kdyh

ehhq yhu| odujh fkdqjhv lq erwk hpsor|phqw dqg krxuv1 Wkh| dujxh wkdw lq wkhvh

shulrgv/ wkh fkdqjhv lq hpsor|phqw wdujhwv zloo eh vzdpshg e| wkh h�hfwv ri odujh

fkdqjhv lq krxuv dqg hpsor|phqw1 Frrshu dqg Zloolv +5334, vxjjhvw wkdw wklv

dssurdfk pd| eh plvohdglqj e| dqdo|vlqj vrph vlpxodwhg gdwd jhqhudwhg iurp

d sxuho| frqyh{ dgmxvwphqw frvw prgho lq d vwrfkdvwlf hqylurqphqw1 Lq vxfk dq

hqylurqphqw/ wkh rqo| shulrgv ri odujh hpsor|phqw dqg krxuv fkdqjhv duh h{dfwo|

wkrvh lq zklfk wkhuh duh odujh fkdqjhv lq wkh hpsor|phqw wdujhw ohyhov1 Frrshu

dqg Zloolv +5334, dovr vxjjhvw wkdw +plv,phdvxulqj wkh jds xvlqj wkh Fdedoohur

hw do1 +4<<:, phwkrgrorj| rq wkhlu vlpxodwhg gdwd surgxfhv wkh nlqg ri qrq0

olqhdulwlhv lq wkh djjuhjdwh gdwd wkdw Fdedoohur hw do1 lqwhusuhwhg dv hylghqfh

dssurdfk1
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ri qrq0frqyh{lwlhv1 Krzhyhu wkhlu vlpxodwlrq uhvxowv duh edvhg rq vdpsohv wkdw

fryhu pruh wlph shulrgv wkdq wkrvh xvhg lq hpslulfdo zrun/ dqg wkh ghjuhh wr

zklfk plv0vshfl�fdwlrq ri wkh jds fdq uhvxow lq wkh dsshdudqfh ri txdqwlwdwlyho|

vljql�fdqw qrq0olqhdulwlhv uhpdlqv frqwuryhuvldo1

Frrshu dqg Zloolv +5334, dujxh iru d pruh h{solflw vwuxfwxudo dssurdfk wr dg0

guhvv wkh lvvxhv ri qrq0frqyh{ dgmxvwphqw frvwv1 Dq h{dpsoh ri wklv lv frqwdlqhg

lq Urwd +4<<;, zkr xvhv gdwd rq Lwdoldq �upv1 Wkhvh �upv duh rq dyhudjh vpdoohu

wkdq wkh sodqwv vwxglhg lq Fdedoohur hw do1 +4<<:,1 Wkhuh lv d odujh prgh dw +de0

vroxwho|, }hur dgmxvwphqw dqg Urwd +4<<;, xvhv wklv wr gh�qh wkuhh uhjlphv +dgmxvw

xs/ dgmxvw grzq dqg grq*w dgmxvw,1 Wkh dgmxvwphqw uhjlphv duh fkdudfwhulvhg e|

dq Hxohu htxdwlrq dqdorjrxv wr wkdw ghvfulehg lq Vhfwlrq 616 deryh dqg wkh vh0

ohfwlrq uxoh lqwr uhjlphv lv ghwhuplqhg e| dq rughuhg surelw1 Hvwlpdwlrq ri wkh

Hxohu htxdwlrqv uhtxluhv xvlqj wkh hvwlpdwhg sdudphwhuv iurp wkh rughuhg surelw

wr fruuhfw iru wkh hqgrjhqrxv vhohfwlrq lqwr dgmxvwphqw uhjlphv1 Dsduw iurp wkh

xvxdo sureohpv glvfxvvhg deryh/ khu vwxg| udlvhv vhyhudo dgglwlrqdo lvvxhv1 Rqh

zruu| lv krz wkh uhjlph vhohfwlrq uxoh lv vhsdudwho| lghqwl�hg iurp wkh hpsor|0

phqw uxoh +wklv sureohp dovr dulvhv lq Kdphuphvk +4<;<,,1 D vhfrqg +dqg uhodwhg,

lvvxh lv wkh idfw wkdw wkh prgho lv vlohqw rq wkh vwuxfwxudo irup ri wkh vhohfwlrq

uxoh zklfk ghwhuplqhv zkhq dq dgmxvwphqw wdnhv sodfh1 Dq dwwhpsw wr h{solflwo|

lpsohphqw d g|qdplf glvfuhwh prgho ri hpsor|phqw dgmxvwphqw lv Djxluuhjdeluld

dqg Dorqvr0Eruuhjr +4<<<,/;8 zkr frqvlghu d prgho zlwk olqhdu +exw qrw �{hg,

dgmxvwphqw frvwv1 Wkh dgmxvwphqw frvwv duh dpsol�hg e| wkh �ulqj frvwv gxh wr

Vsdqlvk oderxu uhjxodwlrqv dqg wkh dxwkruv h{dplqh wkh lpsdfw ri d uhgxfwlrq lq

wkhvh iru zrunhuv rq whpsrudu| frqwudfwv1 Wkh| hvwlpdwh wkh surgxfwlylw| vkrfn

wkurxjk d �uvw vwdjh surgxfwlrq ixqfwlrq dqg wkhq xvh wklv h{solflwo| lq wkh g|0

qdplf rswlplvdwlrq sureohp iru wkh hpsor|phqw ghflvlrq lq d vhfrqg vwdjh1 Wkh|

irxqg lpsruwdqw h�hfwv ri wkh uhirup lq lpsurylqj hpsor|phqw dqg mre prelo0

;8Vhh dovr Djxluuhjdeluld +4<<:,1
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lw|1 Dowkrxjk wklv dssurdfk lv dq dgydqfh lw grhv klqjh fulwlfdoo| rq wkh fruuhfw

vshfl�fdwlrq dqg hvwlpdwlrq ri d surgxfwlrq ixqfwlrq wr lghqwli| wkh whfkqrorj|

vkrfn1;9

:171 Jurvv yv1 qhw  rzv

Kdphuphvk dqg Sidqq +4<<9, hpskdvlvh wkdw prvw vwxglhv ri dgmxvwphqw frvwv

frqvlghu qhw udwkhu wkdq jurvv hpsor|phqw  rzv1 D �uppljkw kdyh qr qhw fkdqjh

lq hpsor|phqw exw kluh 4333 zrunhuv dqg vdfn 4333 zrunhuv1 Lw lv olnho| wkdw wklv

�up zloo ehdu pruh dgmxvwphqw frvwv wkdq rqh zklfk kdg qr jurvv fkdqjhv lq

hpsor|phqw dw doo1;:

Lqirupdwlrq rq wxuqryhu lv uduh lq prvw plfur gdwdvhwv/ exw d ihz vwxglhv kdyh

vwduwhg wr h{dplqh wkh lvvxh lq pruh ghwdlo1 Kdphuphvk hw do1 +4<<9, dqdo|vhg d

odujh vdpsoh ri Gxwfk sodqwv dqg ghfrpsrvhg djjuhjdwh jurvv  rzv1 Wkh| irxqg

wkdw �up ohyho jurvv  rzv dffrxqwhg iru d vxevwdqwldo sursruwlrq ri wkh wrwdo1

Derzg hw do1 +4<<<, h{dplqhg Iuhqfk gdwd rq wkh hqwu| dqg h{lw ri zrunhuv iurp

�upv dqg dwwhpswhg wr xvh lqirupdwlrq rq wkh vl}h ri frvwv dvvrfldwhg zlwk wkh

pryhphqwv ri zrunhuv1 Wkh| irxqg wkdw wkhuh zhuh yhu| kljk �{hg frvwv dvvrfldwhg

zlwk �ulqj zrunhuv dqg prvw dgmxvwphqw zdv wkurxjk ydu|lqj wkh klulqj udwh1

:181 Khwhurjhqhrxv oderxu dqg vnloo0eldvhg whfkqlfdo fkdqjh

Prvw �up ohyho gdwdvhwv rqo| kdyh lqirupdwlrq rq wrwdo hpsor|phqw1 Djjuhjdwlrq

ryhu gl�huhqw w|shv ri oderxu fdq fdxvh pdq| sureohpv/ iru h{dpsoh wkh dsshdu0

dqfh ri vsxulrxv g|qdplfv +Qlfnhoo +4<;9,,1 Li wkhuh lv dffhvv wr gdwd glvdjjuhjdwhg

e| vnloo w|sh/ iru h{dpsoh/ d zkroh udqjh ri lpsruwdqw txhvwlrqv duh rshqhg xs1

Prvw reylrxvo| wkhuh lv wkh txhvwlrq ri krz wkh zdjh hodvwlflw| ri oderxu ghpdqg

gl�huv ehwzhhq gl�huhqw jurxsv ri zrunhuv1 Euhvvrq hw do1 +4<<5,/ iru h{dpsoh/

;9Iru glvfxvvlrqv ri vrph ri wkh pdq| sureohpv zlwk hvwlpdwlqj surgxfwlrq ixqfwlrqv zlwk
�up ohyho gdwd/ vhh Julolfkhv dqg Pdluhvvh +4<<;, dqg Eoxqghoo dqg Erqg +5333,1

;:Qrwh wkdw wklv lv d gl�huhqw phdqlqj ri jurvv mre  rzv wkdq wkdw irxqg lq wkh mre fuhdwlrq
dqg ghvwuxfwlrq olwhudwxuh glvfxvvhg deryh1
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hvwlpdwhg hpsor|phqw htxdwlrqv iru 6 gl�huhqw w|shv ri oderxu lq 8;9 Iuhqfk

pdqxidfwxulqj �upv 0 wkh| irxqg wkdw wkh zdjh hodvwlflwlhv zhuh juhdwhvw iru wkh

ohdvw vnloohg zrunhuv1

Zh kdyh glvfxvvhg wkh lvvxh ri pxowlsoh txdvl0�{hg idfwruv lq vhfwlrq 617 deryh

dqg wkh dqdo|vlv h{whqgv lq d vwudljkwiruzdug pdqqhu wr pxowlsoh w|shv ri oderxu1

Pdq| dxwkruv kdyh ehhq lqwhuhvwhg lq krz dgmxvwphqw frvwv pljkw gl�hu iru gl�hu0

hqw jurxsv ri zrunhuv= iru h{dpsoh/ duh wkh| kljkhu iru vnloohg wkdq iru xqvnloohg

zrunhuvB Wkh lvvxh ri g|qdplf frpsohphqwdulw| dqg vxevwlwxwdelolw| kdv ehhq

frqvlghuhg +Qdglul dqg Urvhq +4<9<,,1

Wkh ghedwh ryhu wkh +vwdwlf, hodvwlflwlhv ri frpsohphqwdulw| dqg vxevwlwxwlrq

ehwzhhq khwhurjhqhrxv oderxu/ fdslwdo dqg whfkqrorj| kdv ehhq d wrslf ri orqj

vwdqglqj lqwhuhvw wr hfrqrplvwv1 Glvfxvvlrqv kdyh ehhq hqolyhqhg lq uhfhqw |hduv

e| wkh udslg lqfuhdvh lq wkh froohjh0kljk vfkrro suhplxp lq wkh Xqlwhg Vwdwhv/

Juhdw Eulwdlq dqg pdq| rwkhu frxqwulhv1 Pdq| uhvhdufkhuv kdyh dujxhg wkdw wklv

lv sulpdulo| gxh wr vnloo0eldvhg whfkqrorjlfdo fkdqjh1 Zh gr qrw lqwhqg wr uhylhz

doo wkh dujxphqwv khuh +vhh Dxwru dqg Ndw} +4<<<, iru d vxuyh|, exw zh zloo irfxv

rq d pruh qduurz vhw ri txhvwlrqv1 Iluvw zh frqvlghu vrph ri wkh phdqlqjv ri

whfkqrorj|0vnloo frpsohphqwdulw|1 Vhfrqg/ zh fulwlfdoo| frqvlghu phwkrgrorjlhv

iru whvwlqj lwv vl}h dqg h{lvwhqfh1 Ilqdoo| zh uhylhz vrph ri wkh hpslulfdo uhvxowv/

sduwlfxoduo| wkrvh edvhg rq plfur gdwd1

Zh h{dplqh wkh qhrfodvvlfdo dqdo|vlv ri vnloo0eldvhg whfkqlfdo fkdqjh lqlwldoo|

lq wkh frqwh{w ri wkh vwdwlf idfwru ghpdqg prgho ghvfulehg lq vhfwlrq 5141 D

forvho| uhodwhg lvvxh lv fdslwdo0vnloo frpsohphqwdulw|1;; Dw lvvxh khuh lv wkh Klfnv0

Doohq sduwldo hodvwlflw| ri vxevwlwxwlrq glvfxvvhg deryh1 Rqh frxog fohduo| wdnh

wkh vdph dssurdfk wr whfkqrorj|/ ylhzlqj lw dv d irup ri +sduwldoo| dssursuldeoh,

cnqrzohgjh fdslwdo* +Julolfkhv +4<<;,, dqg prghoolqj lw dv vlpso| dqrwkhu irup ri

;;Julolfkhv +4<9<, lv wkh slrqhhulqj sdshu khuh �qglqj hylghqfh lq idyrxu1 Zhlvv +4<::,/ e|
frqwudvw/ glg qrw �qg frqvlvwhqw hylghqfh dfurvv vhfwruv xvlqj pruh glvdjjuhjdwhg gdwd e| vnloo
w|sh1
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fdslwdo lqsxw1 Wkh dowhuqdwlyh dssurdfk lv pruh wudglwlrqdo/ wuhdwlqj whfkqrorj|

dv d iuhh jrrg dydlodeoh wr doo �upv lq wkh hfrqrp|1 Qrwh wkdw wkh nh| gl�huhqfh

lv wkdw lq wkh �uvw dssurdfk whfkqrorj| lv hvvhqwldoo| d fkrlfh yduldeoh iru wkh

�up= rqh idfwru dprqj rwkhuv1 Lw pd| kdyh vshfldo ihdwxuhv +vxfk dv qrq0ulydou|

dv hpskdvlvhg lq wkh hqgrjhqrxv jurzwk olwhudwxuh, exw fdq eh frqvlghuhg dv d

fkrlfh yduldeoh iru wkh �up1 Lq wkh vhfrqg dssurdfk whfkqrorj| lv cpdqqd iurp

khdyhq*1 Lw lv h{rjhqrxv dqg grhv qrw fkdqjh zlwk hfrqrplf frqglwlrqv +ru dw

ohdvw lv wuhdwhg dv vxfk,1;< Erwk wkhvh qrwlrqv duh glvfxvvhg lq wkh iroorzlqj

vlpsoh prgho1

Frqvlghu d surgxfwlrq ixqfwlrq iru ydoxh0dgghg +t , zlwk wkuhh idfwruv +vnloohg

oderxu +7,/ xqvnloohg oderxu +L, dqg fdslwdo +g,,1 Xvlqj wkh uhvxowv iurp vhfwlrq

51414 wkh vkduh htxdwlrqv ghulyhg iurp wkh wudqvorj frvw ixqfwlrq +htxdwlrq +5148,,

duh

77 ' k7 n �77 *?`7 n �7L *?`L n �7g *?`g n �7t *?t n ��`7
|

7L ' kL n �L7 *?`7 n �LL *?`L n �Lg *?`g n �Lt *?t n ��`L
| +:18,

7g ' kg n �g7 *?`7 n �gL *?`L n �gg *?`g n �gt *?t n ��`g
|�

Wkh uhvwulfwlrqv wkdw fdq eh sodfhg rq wkh sdudphwhuv ri wkh vkduh htxdwlrqv

duh dv iroorzv1 V|pphwu| zloo phdq ��� ' ���� Krprjhqhlw| phdqv zh dovr kdyhS
�'7cLcg ��� ' f iru doo � idfwruv/

S
�'7cLcg ��t ' fc

S
�'7cLcg ��`�

' f dqgS
�'7cLcg

k� ' f� Frxsohg zlwk wkh idfw wkdw wkh vkduhv dgg xs wr xqlw|/ rqh

htxdwlrq ehfrphv uhgxqgdqw dqg zh qhhg rqo| hvwlpdwh wkh v|vwhp

77 ' k7 n �77 *?E`7*`L � n �7g *?E`g*`L � n �7t *? t n ��`7
| +:19,

7g ' kg n �g7 *?E`7*`L � n �gg *?E`g*`L � n �gt *? t n ��`g
|�

;<Wkh h{rjhqrxv whfkqrorj| dssurdfk lv zkhuh wkh whup cvnloo0eldvhg whfkqlfdo fkdqjh* rulj0
lqdwhg iurp1 Wkh hqgrjhqrxv whfkqrorj| dssurdfk lv forvhu wr wkh lghd ri frpsohphqwdulw|
surshu1
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Frqvwdqw uhwxuqv wr vfdoh lpsolhv wkh uhvwulfwlrq wkdw �7t ' �gt ' f� V|pphwu|

+�7g ' �g7� lpsolhv d ixuwkhu furvv htxdwlrq uhvwulfwlrq1 Jlyhq hvwlpdwhv ri wkh

sdudphwhuv zh fdq fdofxodwh doo wkh hodvwlflwlhv ri vxevwlwxwlrq iurp wkh irupxodh

lq vhfwlrq 514141

D srvlwlyh frh!flhqw �7g lpsolhv vxevwlwxwdelolw|/ exw frpsohphqwdulw| eh0

wzhhq wzr idfwruv uhtxluhv qrw rqo| wkdw wkh frh!flhqw �7g eh qhjdwlyh/ exw dovr

pruh qhjdwlyh +lq devroxwh ydoxh, wkdq wkh surgxfw ri wkh idfwru vkduhv1<3 Wkh

eldv ri whfkqlfdo fkdqjh ghshqgv rq wkh ydoxhv ri wkh ��` sdudphwhuv1 Wkh sulfh

hodvwlflwlhv duh 7�j�� dqg duh dovr hdvlo| fdofxodwhg iurp wkh hvwlpdwhg sdudphwhuv

+dqg wkh suhglfwhg vkduhv,1

Wkhuh duh ydulrxv zd|v wr eulqj g|qdplf frqvlghudwlrqv lqwr wklv htxdwlrq1 D

vlpsoh zd| lv wr wuhdw fdslwdo dv txdvl0�{hg1<4 Wkxv/ lqvwhdg ri wkh orqj0uxq frvw

ixqfwlrq pdq| uhvhdufkhuv zrxog frqvlghu d vkruw0uxq yduldeoh frvw ixqfwlrq +h1j1

Eurzq dqg Fkulvwhqvhq +4<;4,,1 Wklv uhfrjqlvhv wkdw wkh txdvl0�{hg idfwruv duh

qrw dw wkhlu orqj0uxq rswlpdo ydoxhv +zlwkrxw ehlqj h{solflw ryhu wkh dgmxvwphqw

g|qdplfv,1 Lq frpsdulvrq wr htxdwlrq +5148, zh uhsodfh wkh frvw ri fdslwdo zlwk

wkh txdqwlw| ri fdslwdo

*?T � ' *?kf n
?[
�'�

k� *?`� n
�

2

?[
�'�

?[
�'�

��� *?`� *?`� +:1:,

nkt *? t n
�

2
�t t E*?t �

2 n
?[
�'�

��t *?`� *? t n �gt *?g *?t

n�g *?g n
�

2
�ggE*?g�2 n

?[
�'�

��g *?`� *?g

n�� |n
�

2
��� |

2 n ��t | *? t n

?[
�'�

��`�
| *?`� n ��g| *?g

zkhuh l @ 5 cN +q@5,1 Xvlqj wkh vdph orjlf dv ehiruh/ xvlqj Vkhskdug*v +4<86,

<3Vhh htxdwlrq +5154,1 Hyhq li doo idfwruv zhuh vxevwlwxwhv/ rqh pljkw vwloo eh lqwhuhvwhg lq
zkhwkhu wkh hodvwlflw| ri vxevwlwxwlrq zlwk fdslwdo zdv juhdwhu iru xqvnloohg zrunhuv wkdq iru
vnloohg zrunhuv1

<4Wklv dovr kdv wkh sudfwlfdo dgydqwdjh wkdw/ dv zh glvfxvvhg lq vhfwlrq 916/ phdvxulqj h{rjh0
qrxv yduldwlrq lq wkh xvhu frvw ri fdslwdo lv h{wuhpho| gl!fxow1
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Ohppd iru wkh yduldeoh idfwruv dqg lpsrvlqj krprjhqhlw| dqg v|pphwu|/ zh hqg

xs zlwk d vlqjoh +yduldeoh frvw, vkduh htxdwlrq

77 ' k7 n �77 *?E`7*`L� n �7g *?g n �7t *? t n ��`7
| +:1;,

zkhuh 77 lv qrz wkh vkduh ri vnloohg zrunhuv lq yduldeoh frvwv +wkh zdjh eloo,1 Li

zh zdqw wr lpsrvh frqvwdqw uhwxuqv khuh �7g ' ��7t � Dvvxplqj wkdw wklv lv wuxh/

zh fdq zulwh wkh zdjh eloo vkduh htxdwlrq dv

77 ' k7 n ��`7
|n �77 *?E`7*`L� n �7g *?Eg*t �� +:1<,

Dv ehiruh/ wkh Doohq sduwldo hodvwlflw| ri vxevwlwxwlrq ehwzhhq vnloohg dqg xq0

vnloohg oderxu lv juhdwhu +ohvv, wkdq xqlw| dv �77 : E	� f� Wkh frh!flhqw rq wkh

fdslwdo lqwhqvlw| yduldeoh vkrxog eh srvlwlyh wr eh frqvlvwhqw zlwk fdslwdo0vnloo

frpsohphqwdulw|1 H{solflw fdofxodwlrq ri wkh vl}h ri wkh hodvwlflw| ri vxevwlwx0

wlrq2frpsohphqwdulw| uhtxluhv dgglwlrqdo lqirupdwlrq/ vxfk dv gluhfw hvwlpdwhv ri

wkh frvw ixqfwlrq sdudphwhuv1 Li wkh vljq ri ��`7
+hvvhqwldoo| wkh wlph wuhqg, lv

srvlwlyh/ wklv lv frqvlvwhqw zlwk vnloo0eldvhg whfkqlfdo fkdqjh1

Wkhuh duh wzr pdmru sureohpv zlwk xvlqj wklv phwkrg dv d zd| iru h{dplqlqj

vnloo0eldvhg whfkqlfdo fkdqjh1 Iluvw/ wkh wlph wuhqg frxog eh slfnlqj xs pdq| rwkhu

dvshfwv ri wkh hfrqrplf hqylurqphqw udwkhu wkdq mxvw whfkqlfdo fkdqjh1 Wklv lv

wkh vwdqgdug sureohp ri wuhdwlqj whfkqrorj| dv d uhvlgxdo1 D qdwxudo uhvsrqvh wr

wklv lv wr �qg pruh gluhfw sur{lhv iru whfkqrorj|1 Fohduo| doo wkh xvxdo sureohpv

dulvh lq wkdw wkhuh lv qr shuihfw phdvxuh ri whfkqlfdo fkdqjh/ exw vrph revhuydeoh

phdvxuh +U)G/ sdwhqwv/ hwf1, vhhpv suhihudeoh wr dvvxplqj wkh uhvlgxdo wuhqg lv

doo whfkqrorj|1 Rqfh zh gr xvh h{solflw phdvxuhv ri whfkqlfdo fkdqjh/ krzhyhu/

zh uxq lqwr wkh vhfrqg sureohp wkdw �upv kdyh lq xhqfh ryhu whfkqlfdo surjuhvv1

U)G iru h{dpsoh/ dv glvfxvvhg lq vhfwlrq 918/ lv dovr d fkrlfh yduldeoh1 Rqh frxog

vhw wkh sureohp xs dv d prgho zkhuh zh frqvlghu wzr fdslwdo vwrfnv/ nqrzohgjh

fdslwdo +C, dqg sk|vlfdo fdslwdo +g,/ lq wkh yduldeoh frvw ixqfwlrq1<5 Wklv zrxog

<5Wkh glvwlqfwlrq ehwzhhq vnloo0eldvhg whfkqlfdo fkdqjh dqg fdslwdo0vnloo frpsohphqwdulw| fdq
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lpso| dgglqj dq h{wud whup *?EC*t � wr +:1<,/ jlylqj<6

77 ' k7 n ��`r|n �77 *?E`7*`L� n �7g *?Eg*t � n �7C *?EC*t �� +:143,

Zh kdyh qrw glvfxvvhg wkh phwkrg ri lqfoxglqj whfkqrorj| yduldeohv lq hduqlqjv

htxdwlrqv dv d zd| ri h{dplqlqj vnloo eldvhv +h1j1 Nuxhjhu +4<<6,,1 Wkh rplvvlrq

lv gholehudwh +vhh Fkhqqhoov dqg Ydq Uhhqhq +4<<:, iru d orqjhu glvfxvvlrq,1 Wkh

wkhruhwlfdo edvlv ri vxfk dq htxdwlrq lv xqfohdu1 Lq wkh qhrfodvvlfdo prgho whfk0

qrorj| vkrfnv fdq d�hfw wkh ghpdqg iru oderxu/ exw wkh zdjh lv h{rjhqrxv wr wkh

�up dv lw lv ghwhuplqhg lq wkh djjuhjdwh oderxu pdunhw +wklv lv lpsolflw lq wkh

vwuxfwxuh glvfxvvhg deryh,1 Xqghu wklv ylhz wkh vljql�fdqfh ri whfkqrorj| lqgl0

fdwruv lq lqglylgxdo hduqlqjv htxdwlrqv lv olnho| wr fdswxuh xqrevhuyhg delolw| ri

lqglylgxdov zklfk lv fruuhodwhg zlwk erwk zdjhv dqg wkh xvh ri qhz whfkqrorjlhv1

Wkhuh lv hylghqfh wkdw wklv lv lqghhg wkh fdvh +h1j1 GlQdugr dqg Slvfknh +4<<:,,1

Dowkrxjk lw xvhv lqgxvwu| gdwd/ d nh| sdshu lq wklv duhd lv Ehupdq hw do1 +4<<7,/

zkr hvwlpdwh yhuvlrqv ri htxdwlrqv +:1<, dqg +:143, rq 7 gljlw XV pdqxidfwxulqj

gdwd lq orqj gl�huhqfhv1<7 Wkh| xvh U)G h{shqglwxuhv dqg frpsxwhu lqyhvwphqw

dv wkhlu phdvxuhv ri whfkqlfdo fkdqjh1 Wkhvh sur{lhv iru whfkqrorj| duh irxqg wr

kdyh d srvlwlyh dqg vljql�fdqw dvvrfldwlrq zlwk wkh jurzwk lq wkh zdjh eloo vkduh

ri qrq0surgxfwlrq zrunhuv/ wkh frpsxwhu yduldeoh dffrxqwlqj iru derxw d wklug

ri wkh lqfuhdvh lq wkh vkduh1 Dxwru hw do1 +4<<;, h{whqg wklv vwxg| ryhu d orqjhu

wlph shulrg +iurp wkh 4<73v wr hduo| 4<<3v, dqg wr qrq0pdqxidfwxulqj lqgxvwulhv1

Wkh| fruurerudwhg wkh lpsruwdqfh ri whfkqlfdo fkdqjh +hvshfldoo| frpsxwhu xvh,

ehfrph pxun|1 Lq wkh vwdqgdug dssurdfk whfkqrorj| lv h{rjhqrxv dqg fdslwdo lv fkrvhq e| wkh
�up1 Fdslwdo0vnloo frpsohphqwdulw| lv d frqmhfwxuh derxw wkh vkdsh ri lvrtxdqwv kroglqj rxwsxw
frqvwdqw1 Whfkqlfdo fkdqjh/ krzhyhu/ fdxvhv d pryh wr d qhz lvrtxdqw1 Hperglhg whfkqlfdo
fkdqjh pdnhv wkh glvwlqfwlrq hyhq ohvv fohdu1

<6Fdofxodwlrq ri wkh hodvwlflwlhv ri vxevwlwxwlrq2frpsohphqwdulw| zlwk wzr txdvl0�{hg idfwruv
lv frpsoh{1 Wkh vljq ri wkh furvv0hodvwlflw| zloo ghshqg rq erwk �VN dqg �VJ +vhh Eurzq dqg
Fkulvwhqvhq +4<;4,,1

<7Dowkrxjk +olnh pxfk ri wkh vxevhtxhqw olwhudwxuh, wkh| uhsodfh zdjhv zlwk wlph gxpplhv
gxh wr wkh sureohp wkdw lqgxvwu| zdjh fkdqjhv uh hfw d pl{ ri jhqxlqh fkdqjh lq wkh sulfh ri
oderxu dqg fkdqjhv lq wkh vnloo pl{1
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lq dffrxqwlqj iru wkh lqfuhdvh lq vnloohg zrunhuv dv d sursruwlrq ri wkh zdjh eloo1

Pdfklq dqg Ydq Uhhqhq +4<<;, frpsduh wkh XV wr 9 rwkhu frxqwulhv +Ghqpdun/

Iudqfh/ Jhupdq|/ Mdsdq/ Vzhghq dqg wkh XN,1 Wkh| �qg uhvxowv zklfk eurdgo|

vxssruw wkh lpsruwdqfh ri vnloo eldv xvlqj wkhlu phdvxuh ri U)G lqwhqvlw|1 Rwkhu

sdshuv zlwk frxqwu|0vshfl�f dqdo|vhv kdyh dovr whqghg wr �qg hylghqfh ri vnloo0

eldvhg whfkqlfdo fkdqjh +h1j1 Kdqvvrq +4<<:, iru Vzhghq dqg Jhud hw do1 +4<<<,

iru Fdqdgd,/ exw Jrx{ dqgPdxulq +4<<8, duh pruh vfhswlfdo derxw lwv lpsruwdqfh

lq Iudqfh1

Djjuhjdwlrq pd| eh d vhulrxv sureohp iru wkhvh lqgxvwu| vwxglhv1 Wkh Orqjlwx0

glqdo Uhvhdufk Gdwdedvh +OUG,/ d pdqxidfwxulqj sdqho gdwdvhw iru wkh srsxodwlrq

ri odujhu sodqwv/ kdv ehhq d sulph uhvrxufh lq wkh XVD1 Grpv hw do1 +4<<:, dqg

Gxqqh hw do1 +4<<:, erwk �qg hylghqfh ri vnloo eldv/ exw Grpv hw do1 +4<<:, vwuhvv

wkdw wkh| fdqqrw �qg hylghqfh iru vljql�fdqw h�hfwv lq wkh wlph vhulhv glphqvlrq

ri wkhlu gdwd1 Wklv lv d zruu|lqj uhvxow/ ehfdxvh lw grhv vxjjhvw wkdw vrph rwkhu

xqphdvxuhg idfwru pd| eh gulylqj erwk vnloov dqg whfkqrorj|1 Rq wkh rwkhu kdqg/

phdvxuhphqw huuru lvvxhv dqg wkh idfw wkdw wkh| xvh frxqwv ri surgxfwlrq whfkqror0

jlhv +udwkhu wkdq frpsxwhu xvdjh, pljkw dffrxqw iru wkhlu uhvxowv1 Lqghhg/ zkhq

wkh| xvh phdvxuhv ri frpsxwhu fdslwdo lqvwhdg ri wkh frxqw0edvhg phdvxuh wkh|

�qg hylghqfh ri vljql�fdqw vnloo eldv hyhq lq wkh wlph vhulhv glphqvlrq1 Dgdpv

+4<<<, irfxvhv rq �upv pdlqo| rshudwlqj lq wkh fkhplfdo lqgxvwu|1 Kh �qgv wkdw

�up U)G lq wkh vdph surgxfw �hog dv wkdw surgxfhg e| wkh sodqw lv dvvrfldwhg

zlwk vnloo eldv1

Gxjxhw dqg Juhhqdq +4<<:, xvh dq lqqrydwlrqv vxuyh| wr hvwlpdwh frvw vkduh

htxdwlrqv iru d sdqho ri Iuhqfk pdqxidfwxulqj �upv/ 4<;904<<4/ lq orqj gl�hu0

hqfhv1 Wkh| �qg hylghqfh iru vnloo eldv dqg dujxh wkdw lw frphv sulpdulo| iurp

wkh lqwurgxfwlrq ri qhz surgxfwv/ dowkrxjk wkhlu uhvxowv khuh duh pl{hg1 Rqh

sureohp zlwk vxemhfwlyh lqqrydwlrqv vxuyh|v lv wkh frpsdudelolw| ri wkh qrwlrq ri

lqqrydwlrq dfurvv gl�huhqw �upv1 Dq lqwhuhvwlqj h{whqvlrq/ jlyhq wkh lqfuhdvlqj
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dydlodelolw| ri wklv w|sh ri lqqrydwlrq vxuyh|/ zrxog eh wr xvh wkh orqjlwxglqdo

dvshfw ri wkh sdqho zkhq wkh lqqrydwlrq txhvwlrqv duh dvnhg wr wkh vdph �upv

lq ixwxuh1 Pdfklq +4<<9, xvhv wkh Eulwlvk Zrunsodfh Lqgxvwuldo Uhodwlrqv Vxuyh|

+ZLUV, sdqho 4<;704<<3/ zklfk frqwdlqv lqirupdwlrq rq wkh lqwurgxfwlrq ri frp0

sxwhuv dqg dovr �qgv hylghqfh iru vnloo eldv1 Kdvnho dqg Khghq +4<<<, xvh gdwd rq

derxw 43/333 Eulwlvk pdqxidfwxulqj hvwdeolvkphqwv iurp wkh Dqqxdo Uhvsrqghqwv

Gdwdedvh +DUG, sdqho wr hvwlpdwh +:143,1 Wkh| dovr �qg wkdw fkdqjhv lq wkh zdjh

eloo vkduh ri qrq0surgxfwlrq zrunhuv duh fruuhodwhg vljql�fdqwo| zlwk wkh lqwhq0

vlw| ri lqyhvwphqw lq frpsxwhu whfkqrorj|1 Djxluuhjdeluld dqg Dorqvr0Eruuhjr

+4<<;, xvh �up ohyho Vsdqlvk sdqho gdwd dqg dwwhpsw wr frqwuro iru vrph ri wkh

qrq0frqyh{lwlhv glvfxvvhg deryh1 Wkh| �qg h�hfwv iurp wkh �uvw lqwurgxfwlrq ri

cwhfkqrorjlfdo fdslwdo*/ exw wkh| �qg qr h�hfwv iurp vxevhtxhqw lqfuhdvhv lq wkh

vwrfn ri wklv fdslwdo ru iurp U)G1

Wdnhq dv d zkroh zh gudz wkuhh frqfoxvlrqv iurp wklv erg| ri hpslulfdo zrun1

Iluvw/ wkhuh grhv dsshdu wr eh frqvlghudeoh vxssruw iru wkh qrwlrq ri vnloo0eldvhg

whfkqlfdo fkdqjh dfurvv d udqjh ri vwxglhv/ dqg wkhvh duh xvxdoo| +exw qrw dozd|v,

urexvw wr frqwuroolqj iru �{hg h�hfwv1 Vhfrqgo|/ wkhuh kdyh ehhq ihz dwwhpswv wr

�qg lqvwuxphqwdo yduldeohv wr ghdo zlwk wkh srwhqwldo hqgrjhqhlw| ri whfkqrorj|1

Fdqglgdwh lqvwuxphqwv frxog lqfoxgh jryhuqphqw0lqgxfhg vfkhphv wr dowhu wkh

lqfhqwlyhv wr dffxpxodwh whfkqrorjlfdo fdslwdo +vxfk dv U)G wd{ fuhglwv/ jryhuq0

phqw judqwv/ hwf1,1 Wklugo|/ wkhuh duh vxusulvlqjo| ihz vwxglhv zklfk wu| wr dqdo|vh

wkh phfkdqlvpv e| zklfk whfkqrorjlfdo fkdqjh wudqvodwhv lqwr kljkhu ghpdqg iru

vnloov<81 Rqh phfkdqlvp lv wkurxjk rujdqlvdwlrqdo fkdqjhv vxfk dv ghod|hulqj/

ghfhqwudolvdwlrq dqg jlylqj juhdwhu dxwrqrp| wr zrunhuv1 Wkhvh rujdqlvdwlrqdo

idfwruv kdyh ehhq irxqg wr eh lpsruwdqw lq wkh fdvh vwxg| hylghqfh dqg lq wkh

olwhudwxuh rq wkh surgxfwlylw| sdudgr{ +lqyhvwljdwlqj zk| frpsxwhuv kdyh qrw

<8Iru d uhfhqw h{fhswlrq vhh Dxwru/ Ohy| dqg Pxuqdqh +5336, zkr dujxh wkdw LW vxevwlwxwhv
iru erwk pdqxdo dqg qrq0pdqxdo curxwlqh* wdvnv1
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udlvhg phdvxuhg surgxfwlylw| e| dv pxfk dv pljkw kdyh ehhq h{shfwhg,1 Vrph

suholplqdu| zrun vxjjhvwv wkdw wklv rujdqlvdwlrqdo uhvwuxfwxulqj frxog eh wkh olqn

ehwzhhq whfkqrorj| dqg oderxu ghpdqg +Euhvqdkdq hw do1 +5335,> Fdurol dqg Ydq

Uhhqhq +5334,,1

;1 Frqfoxvlrqv

Zh fdq vxppdulvh wkh pdlq wkhphv iurp wklv fkdswhu dv iroorzv1 Vwuxfwxudo

plfurhfrqrphwulf prghov ri lqyhvwphqw dqg hpsor|phqw duh xvhixo iru whvwlqj

k|srwkhvhv derxw wkh hqylurqphqw lq zklfk �upvpdnh ghflvlrqv derxw wkhlu idfwru

lqsxwv= lv lqyhvwphqw vshqglqj vxemhfw wr �qdqflqj frqvwudlqwvB duh hpsor|phqw

ohyhov vxemhfw wr xqlrq edujdlqlqjB Jlyhq wkdw frpsohwh dgmxvwphqw ri fdslwdo

vwrfn dqg hpsor|phqw ohyhov grhv qrw rffxu lpphgldwho|/ wkhvh vwuxfwxudo prghov

qhhg wr eh g|qdplf lq qdwxuh1 Wklv suhvhqwv d pdmru fkdoohqjh iru hfrqrphwulf

prghoolqj/ vlqfh fxuuhqw ghflvlrqv ghshqg rq xqrevhuyhg h{shfwdwlrqv ri ixwxuh

ghpdqg frqglwlrqv dqg idfwru sulfhv1

Vwuxfwxudo g|qdplf prghov ghyhorshg lq wkh 4<;3v jhqhudoo| dvvxphg wkdw

�upv idfh vwulfwo| frqyh{ frvwv ri dgmxvwphqw1 Wkhvh prghov udwlrqdolvh vorz

dgmxvwphqw/ dqg doorz vwuxfwxudo hfrqrphwulf vshfl�fdwlrqv wr eh ghulyhg wkdw

frqwuro iru wkh uroh ri xqrevhuyhg h{shfwdwlrqv1 H{dpsohv lqfoxgh wkh T prgho

ri lqyhvwphqw/ dqg wkh Hxohu htxdwlrq prghov wkdw kdyh ehhq xvhg lq erwk wkh

lqyhvwphqw dqg hpsor|phqw olwhudwxuhv1 Krzhyhu wkhvh prghov suhglfw d vprrwk/

judgxdo sdwwhuq ri dgmxvwphqw1 Uhfhqw zrun/ sduwlfxoduo| wkdw zklfk xvhv sodqw

ohyho gdwd/ kdv vxjjhvwhg wkdw d sdwwhuq ri lqiuhtxhqw/ odujh dgmxvwphqwv pd|

eh pruh uhohydqw iru erwk fdslwdo dqg oderxu1 Pruhryhu wkh vwuxfwxudo g|qdplf

prghov edvhg rq vwulfwo| frqyh{ dgmxvwphqw frvwv kdyh jhqhudoo| ehhq uhmhfwhg lq

plfurhfrqrphwulf whvwv1 Lqlwldo rswlplvp wkdw wkh uhmhfwlrq ri wkhvh prghov zlwk

pruh djjuhjdwhg gdwd pd| eh dwwulexwhg wr djjuhjdwlrq eldvhv grhv qrw dsshdu

wr kdyh ehhq zhoo irxqghg1
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Zklovw wkhuh lv qrz d eurdg frqvhqvxv wkdw wkhvh wudglwlrqdo vwuxfwxudo prg0

hov dsshdu wr eh lqdghtxdwh/ wkhuh lv ohvv djuhhphqw rq zklfk vrxufhv ri srwhqwldo

plv0vshfl�fdwlrq duh prvw lpsruwdqw1 Grhv wklv uh hfw wkh lpsruwdqfh ri fdslwdo

pdunhw lpshuihfwlrqv/ ru qrq0frqyh{ frpsrqhqwv ri dgmxvwphqw frvwv/ ru vrph0

wklqj hovhB Krz lpsruwdqw lv wkh phdvxuhphqw huuru lqwurgxfhg e| gl�huhqw

dssurdfkhv wr frqwuroolqj iru �upv* h{shfwdwlrqv ri ixwxuh frqglwlrqv/ sduwlfxoduo|

zkhq vwrfn pdunhw ydoxdwlrqv duh xvhgB Krz lpsruwdqw duh wkh vlpsoli|lqj dv0

vxpswlrqv w|slfdoo| pdgh frqfhuqlqj pdunhw vwuxfwxuhB Zklovw d orw ri uhvhdufk

lq wkh odvw ghfdgh kdv lpsohphqwhg uljrurxv whvwv ri uhodwlyho| vlpsoh vwuxfwxudo

vshfl�fdwlrqv djdlqvw vshfl�f dowhuqdwlyhv/ vxusulvlqjo| olwwoh surjuhvv kdv ehhq

pdgh lq ghyhorslqj ulfkhu vwuxfwxudo prghov wkdw lqfrusrudwh wkhvh ihdwxuhv1 Wklv

edodqfh zloo qhhg wr eh uhguhvvhg li zh duh wr surylgh pruh frqylqflqj hylghqfh

wkdw sduwlfxodu ihdwxuhv ri wkh �up*v whfkqrorj| dqg hqylurqphqw duh lpsruwdqw

iru xqghuvwdqglqj lqyhvwphqw dqg hpsor|phqw ehkdylrxu1

Dv lq rwkhu duhdv ri plfurhfrqrphwulf uhvhdufk/ vxfk dv krxvhkrog frqvxpswlrq

dqg oderxu vxsso| ehkdylrxu/ lw lv lpsruwdqw wr uhfrjqlvh wkdw doo djjuhjdwlrq

sureohpv duh qrw flufxpyhqwhg e| wkh xvh ri gdwd rq plfurhfrqrplf xqlwv1 Dqqxdo

lqyhvwphqw vshqglqj e| d odujh/ sxeolfo| wudghg frpsdq| lv fohduo| djjuhjdwhg

erwk ryhu wlph dqg ryhu gl�huhqw w|shv ri fdslwdo jrrgv/ dqg pd| eh djjuhjdwhg

ryhu pxowlsoh sodqwv ru vxevlgldu| �upv1 Wrwdo hpsor|phqw lv dovr djjuhjdwhg ryhu

khwhurjhqhrxv w|shv ri zrunhuv/ dqg d frqvwdqw ohyho ri hpsor|phqw pd| glvjxlvh

vljql�fdqw lq rzv dqg rxw rzv1 Lghqwl�fdwlrq ri vwuxfwxudo prghov ri lqyhvwphqw

dqg hpsor|phqw g|qdplfv pd| uhtxluh pruh vhulrxv dwwhqwlrq wr eh sdlg wr wkhvh

djjuhjdwlrq lvvxhv wkdq kdv jhqhudoo| ehhq wkh fdvh lq suhylrxv uhvhdufk1

Dqrwkhu vwulnlqj ihdwxuh ri wklv olwhudwxuh lv wkh olplwhg dwwhqwlrq wkdw kdv ehhq

sdlg wr gluhfwo| hvwlpdwlqj orqj0uxq sulfh hodvwlflwlhv ri ghpdqg iru fdslwdo dqg

oderxu lqsxwv1 Wklv lv odujho| h{sodlqhg e| wkh sdxflw| ri plfurhfrqrplf gdwd rq

idfwru sulfhv1 Qhz gdwd vrxufhv pd| doorz vljql�fdqw surjuhvv wr eh pdgh lq wklv
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duhd1 Lq wkh hpsor|phqw frqwh{w/ wkh ghyhorsphqw ri pdwfkhg sdqhov fryhulqj

erwk lqglylgxdo zrunhuv dqg lqglylgxdo �upv vkrxog surylgh pruh dffxudwh lqiru0

pdwlrq rq zdjh udwhv sdlg e| lqglylgxdo �upv wkdq kdv ehhq dydlodeoh klwkhuwr1

Rq wkh lqyhvwphqw vlgh/ kljk iuhtxhqf| gdwd rq vwrfn uhwxuqv pd| doorz furvv0

�up yduldwlrq lq wkh ulvn suhplxp frpsrqhqw ri wkh xvhu frvw ri fdslwdo wr eh

h{sorlwhg1

Dqrwkhu pdmru duhd ri lqwhuhvw wkdw phulwv ixuwkhu uhvhdufk lv wkh lpsdfw ri

whfkqrorjlfdo dqg rujdqlvdwlrqdo fkdqjh rq wkh ghpdqg iru fdslwdo dqg oderxu1

Rq wkh hpsor|phqw vlgh/ wkhuh kdv ehhq frqvlghudeoh uhvhdufk lqwr wkh lpsdfw ri

vnloo0eldvhg whfkqlfdo fkdqjh/ exw vxusulvlqjo| olwwoh plfur uhvhdufk kdv dgguhvvhg

wkh uhodwlrqvkls ehwzhhq whfkqrorjlfdo rssruwxqlwlhv dqg lqyhvwphqw1 Jlyhq wkh

hqruprxv srolf| lqwhuhvw lq wkh h�hfwv ri whfkqlfdo surjuhvv/ dgglwlrqdo zrun lv

uhtxluhg rq wkh qdwxuh ri wkhvh h�hfwv dqg wkh wudqvplvvlrq phfkdqlvpv wkurxjk

zklfk whfkqlfdo fkdqjh d�hfwv lqyhvwphqw dqg hpsor|phqw1

Ilqdoo| zh qrwh wkdw zklovw wkh ydvw pdmrulw| ri plfurhfrqrphwulf uhvhdufk

kdv xvhg gdwd iru �upv dqg sodqwv lq wkh pdqxidfwxulqj vhfwru/ pdqxidfwxulqj

lqgxvwu| qrz dffrxqwv iru d frpsdudwlyho| vpdoo dqg ghfolqlqj vkduh ri djjuh0

jdwh lqyhvwphqw/ hpsor|phqw dqg JGS lq prvw ghyhorshg hfrqrplhv1 Vlploduo|

wkh joredolvdwlrq ri exvlqhvv dfwlylwlhv kdv phdqw wkdw pxowlqdwlrqdo frusrudwlrqv

qrz dffrxqw iru d vljql�fdqw dqg jurzlqj vkduh ri wrwdo grphvwlf lqyhvwphqw dqg

hpsor|phqw lq pdq| frxqwulhv1 Pxowlqdwlrqdo �upv kdyh rssruwxqlwlhv wr vxevwl0

wxwh ehwzhhq grphvwlf dqg iruhljq idfwruv ri surgxfwlrq/ zklfk pd| pdnh wkhlu

lqyhvwphqw dqg hpsor|phqw ehkdylrxu txdolwdwlyho| gl�huhqw iurp wkdw ri sxuho|

grphvwlf �upv1 Juhdwhu hpskdvlv rq wkh ehkdylrxu ri pxowlqdwlrqdo frpsdqlhv

dqg �upv lq vhuylfh vhfwruv lv olnho| wr eh uhtxluhg li wkhvh plfurhfrqrphwulf vwxg0

lhv duh wr surylgh xvhixo lqvljkwv lqwr wkh eurdghu ehkdylrxu ri lqyhvwphqw dqg

hpsor|phqw1
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Dfnqrzohgjhphqwv=

Zh wkdqn Pdqxho Duhoodqr/ Qlfn Eorrp/ Mh�uh| Fdpsehoo/ Mdvrq Fxpplqv/

Mdq Hehuo|/ Hgxdugr Hqjho/ Gdq Kdphuphvk/ Oduv Kdqvhq/ Mlp Khfnpdq/ Vwhyh

Qlfnhoo/ Mrkq Shqfdyho dqg Iudqn Zrodn iru khosixo frpphqwv dqg glvfxvvlrqv1

Zh wkdqn wkh HVUF Fhqwuh iru wkh Plfurhfrqrplf Dqdo|vlv ri Ilvfdo Srolf| dw

wkh Lqvwlwxwh iru Ilvfdo Vwxglhv iru �qdqfldo vxssruw1 Doo huuruv duh rxu rzq1
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fhuwdlqw| rq fdslwdo dffxpxodwlrq�/ Mrxuqdo ri Prqhwdu| Hfrqrplfv 77=66<0

6::1

^:` Derzg/ M1P1 +4<;<,/ �Wkh h�hfw ri zdjh edujdlqv rq wkh vwrfn pdunhw ydoxh

ri wkh �up�/ Dphulfdq Hfrqrplf Uhylhz :<+7,=::70;3<1
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zrunhuv dqg wkh jurzwk ri hpsor|phqw= dq dqdo|vlv ri Iuhqfk hvwdeolvk0

phqwv�/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv ;4+5,=4:304;:1

^<` Derzg/ M1P1 dqg I1 Nudpdu} +4<<<,/ �Wkh dqdo|vlv ri oderu pdunhwv xvlqj

pdwfkhg hpsor|hu0hpsor|hh gdwd�/ lq= R1 Dvkhqihowhu dqg G1 Fdug/ hgv1/

Kdqgerrn ri Oderu Hfrqrplfv/ yro1 6E +Qruwk0Kroodqg/ Dpvwhugdp,1

436



^43` Derzg/ M1P1/ I1 Nudpdu} dqg G1Q1 Pdujrolv +4<<<,/ �Kljk zdjh zrunhuv
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^53` Dorqvr0Eruuhjr/ F1 +4<<;,/ �Ghpdqg iru oderxu lqsxwv dqg dgmxvwphqw
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frxqwulhv�/ lq= K1 Odzwrq0Vplwk/ hg1/ Wkh Hfrqrplfv ri Uhjxodwlrq ri Kljk

Whfkqrorj| Lqgxvwulhv +R{irug Xqlyhuvlw| Suhvv/ R{irug,1

^77` Eorrp/ Q1/ U1 Jul!wk dqg M1 Ydq Uhhqhq +5335,/ �Gr U)G wd{ fuhglwv

zrun= hylghqfh iurp dq lqwhuqdwlrqdo sdqho ri frxqwulhv 4<:<0<:�/ Mrxuqdo

ri Sxeolf Hfrqrplfv/ ;8=40641

^78` Eoxqghoo/ U1Z1 dqg V1U1 Erqg +4<<;,/ �Lqlwldo frqglwlrqv dqg prphqw uh0

vwulfwlrqv lq g|qdplf sdqho gdwd prghov�/ Mrxuqdo ri Hfrqrphwulfv ;:=4480

4761
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^79` Eoxqghoo/ U1Z1 dqg V1U1 Erqg +5333, �JPP hvwlpdwlrq zlwk shuvlvwhqw

sdqho gdwd= dq dssolfdwlrq wr surgxfwlrq ixqfwlrqv�/ Hfrqrphwulf Uhylhzv

4<=65406731

^7:` Eoxqghoo/ U1Z1/ V1U1 Erqg/ P1S1 Ghyhuhx{ dqg I1 Vfkldqwduhool +4<<5,/ �Lq0

yhvwphqw dqg Wrelq*v T= hylghqfh iurp frpsdq| sdqho gdwd�/ Mrxuqdo ri

Hfrqrphwulfv 84=566058:1

^7;` Eoxqghoo/ U1Z1/ V1U1 Erqg dqg F1 Phjklu +4<<9,/ �Hfrqrphwulf prghov ri

frpsdq| lqyhvwphqw�/ lq= O1 Pdw|dv dqg S1 Vhyhvwuh/ hgv1/ Wkh Hfrqrphw0

ulfv ri Sdqho Gdwd +Noxzhu Dfdghplf Sxeolvkhuv/ Gruguhfkw,1

^7<` Eoxqghoo/ U1Z1/ W1H1 PdFxug| dqg F1 Phjklu +wklv yroxph,/ �Hvwlpd0

wlrq dqg vshfl�fdwlrq lq oderu vxsso| prghov�/ lq= M1M1 Khfnpdq dqg H1H1

Ohdphu/ hgv1/ Kdqgerrn ri Hfrqrphwulfv/ yro1 9 +Qruwk0Kroodqg/ Dpvwhu0

gdp,1

^83` Eoxqghoo/ U1Z1 dqg W1 Vwrnhu +wklv yroxph,/ �Prghov ri djjuhjdwh hfrqrplf

uhodwlrqvklsv wkdw dffrxqw iru khwhurjhqhlw|�/ lq= M1M1 Khfnpdq dqg H1H1

Ohdphu/ hgv1/ Kdqgerrn ri Hfrqrphwulfv/ yro1 9 +Qruwk0Kroodqg/ Dpvwhu0

gdp,1

^84` Erdo/ Z1P1 dqg M1 Shqfdyho +4<<7,/ �Wkh h�hfw ri oderu xqlrqv rq hp0

sor|phqw/ zdjhv/ dqg gd|v ri rshudwlrq= frdo plqlqj lq Zhvw Ylujlqld�/

Txduwhuo| Mrxuqdo ri Hfrqrplfv 43<=59:05<;1

^85` Erqg/ V1U1 dqg M1J1 Fxpplqv +5333,/ �Wkh vwrfn pdunhw dqg lqyhvwphqw

lq wkh qhz hfrqrp|= vrph wdqjleoh idfwv dqg lqwdqjleoh �fwlrqv�/ Eurrnlqjv

Sdshuv rq Hfrqrplf Dfwlylw| 5333+4,=9404571
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^86` Erqg/ V1U1 dqg M1J1 Fxpplqv +5334,/ �Qrlv| vkduh sulfhv dqg wkh T prgho

ri lqyhvwphqw�/ Zrunlqj Sdshu qr1 Z34255/ Wkh Lqvwlwxwh iru Ilvfdo Vwxglhv/

Orqgrq1

^87` Erqg/ V1U1/ M1 Hovwrq/ M1 Pdluhvvh dqg E1 Pxond| +5336,/ �Ilqdqfldo idfwruv

dqg lqyhvwphqw lq Ehojlxp/ Iudqfh/ Jhupdq| dqg wkh XN= d frpsdulvrq

xvlqj frpsdq| sdqho gdwd�/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv ;8+4,=4860

4981

^88` Erqg/ V1U1/ G1 Kdukr� dqg M1 Ydq Uhhqhq +4<<<,/ �Lqyhvwphqw/ U)G dqg

�qdqflqj frqvwudlqwv lq Eulwdlq dqg Jhupdq|�/ Zrunlqj Sdshu qr1 Z<<28/

Wkh Lqvwlwxwh iru Ilvfdo Vwxglhv/ Orqgrq1

^89` Erqg/ V1U1 dqg F1 Phjklu +4<<7,/ �G|qdplf lqyhvwphqw prghov dqg wkh

�up*v �qdqfldo srolf|�/ Uhylhz ri Hfrqrplf Vwxglhv 94=4<:05551

^8:` Errwk/ D1 +4<<8,/ Wkh Hfrqrplfv ri wkh Wudgh Xqlrq +Fdpeulgjh Xqlyhuvlw|

Suhvv/ Fdpeulgjh,1

^8;` Erxujxljqrq/ I1 dqg S1D1 Fkldssrul +4<<5,/ �Froohfwlyh prghov ri krxvhkrog

ehkdylrxu= dq lqwurgxfwlrq�/ Hxurshdq Hfrqrplf Uhylhz 69= 68806981

^8<` Eudlqdug/ Z1 dqg M1 Wrelq +4<9;,/ �Slwidoov lq �qdqfldo prgho exloglqj�/

Dphulfdq Hfrqrplf Uhylhz 8;+5,= <<04551

^93` Euhvqdkdq/ W1I1/ H1 Eu|qmroivvrq dqg O1P1 Klww +5335,/ �Lqirupdwlrq whfk0

qrorj|/ zrunsodfh rujdqlvdwlrq dqg wkh ghpdqg iru vnloohg oderu= �up0ohyho

hylghqfh�/ Txduwhuo| Mrxuqdo ri Hfrqrplfv 44:=66<06:91

^94` Euhvvrq/ J1/ I1 Nudpdu} dqg S1 Vhyhvwuh +4<<5,/ �Khwhurjhqhrxv oderxu dqg

wkh g|qdplfv ri djjuhjdwh oderxu ghpdqg= vrph hvwlpdwlrqv xvlqj sdqho

gdwd�/ Hpslulfdo Hfrqrplfv 4:=486049;1
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^95` Eurzq/ U1 dqg O1 Fkulvwhqvhq +4<;4,/ �Hvwlpdwlqj hodvwlflwlhv ri vxevwlwx0

wlrq lq d prgho ri sduwldo vwdwlf htxloleulxp= dq dssolfdwlrq wr XV djulfxo0

wxuh 4<7:0:7�/ lq= F1 Ilhog dqg H1 Ehuqgw/ hgv1/ Prghoolqj dqg Phdvxulqj

Qdwxudo Uhvrxufh Vxevwlwxwlrq +PLW Suhvv/ Fdpeulgjh,1

^96` Exujhvv/ V1 dqg M1 Grodgr +4<;<,/ �Lqwhuwhpsrudo uxohv zlwk yduldeoh vshhgv

ri dgmxvwphqw= dq dssolfdwlrq wr XN pdqxidfwxulqj hpsor|phqw�/ Hfr0

qrplf Mrxuqdo <<=67:06981

^97` Fdedoohur/ U1M1 +4<<4,/ �Rq wkh vljq ri wkh lqyhvwphqw0xqfhuwdlqw| uhodwlrq0

vkls�/ Dphulfdq Hfrqrplf Uhylhz ;4=5:<05;;1

^98` Fdedoohur/ U1M1 +4<<5,/ �D idoodf| ri frpsrvlwlrq�/ Dphulfdq Hfrqrplf

Uhylhz ;5=45:<045<51

^99` Fdedoohur/ U1M1 +4<<7,/ �Vpdoo vdpsoh eldv dqg dgmxvwphqw frvwv�/ Uhylhz

ri Hfrqrplfv dqg Vwdwlvwlfv :9+4,=8508;1

^9:` Fdedoohur/ U1M1 +4<<<,/ �Djjuhjdwh lqyhvwphqw�/ lq= M1E1 Wd|oru dqg P1

Zrrgirug/ hgv1/ Kdqgerrn ri Pdfurhfrqrplfv/ yro1 4E +Qruwk0Kroodqg/

Dpvwhugdp,1

^9;` Fdedoohur/ U1M1 dqg H1 Hqjho +4<<6,/ �Plfurhfrqrplf dgmxvwphqw kd}dugv

dqg djjuhjdwh g|qdplfv�/ Txduwhuo| Mrxuqdo ri Hfrqrplfv 43;=646068;1

^9<` Fdedoohur/ U1M1 dqg H1 Hqjho +4<<<,/ �H{sodlqlqj lqyhvwphqw g|qdplfv lq

X1V1 pdqxidfwxulqj= d jhqhudol}hg +V/v, vssurdfk�/ Hfrqrphwulfd 9:=:;60

;591

^:3` Fdedoohur/ U1M1/ H1 Hqjho dqg M1 Kdowlzdqjhu +4<<8,/ �Sodqw0ohyho dgmxvw0

phqw dqg djjuhjdwh lqyhvwphqw g|qdplfv�/ Eurrnlqjv Sdshuv rq Hfrqrplf

Dfwlylw| 4<<8+5,=40871
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^:4` Fdedoohur/ U1M1/ H1 Hqjho dqg M1 Kdowlzdqjhu +4<<:,/ �Djjuhjdwh hpsor|0

phqw g|qdplfv= exloglqj iurp plfurhfrqrplf hylghqfh�/ Dphulfdq Hfr0

qrplf Uhylhz ;:=448046:1

^:5` Fdedoohur/ U1M1 dqg M1Y1 Ohdk| +4<<9,/ �Il{hg frvwv= wkh ghplvh ri pdujlqdo

t�/ Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk Zrunlqj Sdshu qr1 883;1

^:6` Fdorplulv/ F1Z1 dqg U1J1 Kxeedug +4<<8,/ �Lqwhuqdo �qdqfh dqg �up0ohyho

lqyhvwphqw= hylghqfh iurp wkh xqglvwulexwhg sur�wv wd{ ri 4<6906:�/ Mrxuqdo

ri Exvlqhvv 9;=77607;51

^:7` Fdpsehoo/ M1U1 dqg M1G1P1 Ilvkhu +5333,/ �Djjuhjdwh hpsor|phqw  xf0

wxdwlrqv zlwk plfurhfrqrplf dv|pphwulhv�/ Dphulfdq Hfrqrplf Uhylhz

<3=4656046581

^:8` Fdpsehoo/ M1\1 dqg D1V1 N|oh +4<<6,/ �Vpduw prqh|/ qrlvh wudglqj dqg

vwrfn0sulfh ehkdylrxu�/ Uhylhz ri Hfrqrplf Vwxglhv 93=40671

^:9` Fdug/ G1 +4<;9,/ �H!flhqfw frqwudfwv zlwk frvwo| dgmxvwphqw�/ Dphulfdq

Hfrqrplf Uhylhz :9=4378043:41

^::` Fdug/ G1 dqg D1 Nuxhjhu +4<<8,/ P|wk dqg Phdvxuhphqw +Sulqfhwrq Xql0

yhuvlw| Suhvv/ Sulqfhwrq,1

^:;` Fdurol/ H1 dqg M1 Ydq Uhhqhq +5334,/ �Vnloo0eldvhg rujdqlvdwlrqdo fkdqjhB

Hylghqfh iurp d sdqho ri Eulwlvk dqg Iuhqfk hvwdeolvkphqwv�/ Txduwhuo|

Mrxuqdo ri Hfrqrplfv 449=477<047<51

^:<` Fkdpehuv/ U1 +4<;;,/ Dssolhg Surgxfwlrq Dqdo|vlv +Fdpeulgjh Xqlyhuvlw|

Suhvv/ Fdpeulgjh,1

^;3` Fkhqqhoov/ O1 dqg M1 Ydq Uhhqhq +4<<:,/ �Whfkqlfdo fkdqjh dqg hduqlqjv lq

Eulwlvk hvwdeolvkphqwv�/ Hfrqrplfd 97=8;:09371
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^;4` Fkhvkhu/ D1 +4<<4,/ �Wkh h�hfw ri d phdvxuhphqw huuru�/ Elrphwulnd :;=7840

7951

^;5` Fklulqnr/ U1V1 +4<<6d,/ �Exvlqhvv �{hg lqyhvwphqw vshqglqj= prghoolqj

vwudwhjlhv/ hpslulfdo uhvxowv dqg srolf| lpsolfdwlrqv�/ Mrxuqdo ri Hfrqrplf

Olwhudwxuh 64=4;:804<441

^;6` Fklulqnr/ U1V1 +4<<6e,/ �Pxowlsoh fdslwdo jrrgv/ T dqg lqyhvwphqw vshqg0

lqj�/ Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro 4:=<3:0<5;1

^;7` Fklulqnr/ U1V1 +4<<:,/ �Ilqdqfh frqvwudlqwv/ oltxlglw|/ dqg lqyhvwphqw

vshqglqj= wkhruhwlfdo uhvwulfwlrqv dqg lqwhuqdwlrqdo hylghqfh�/ Mrxuqdo ri

wkh Mdsdqhvh dqg Lqwhuqdwlrqdo Hfrqrplhv/ 44=4;8053:1

^;8` Fklulqnr/ U1V1/ V1P1 Id}}dul dqg D1S1 Ph|hu +4<<<,/ �Krz uhvsrqvlyh lv

exvlqhvv fdslwdo irupdwlrq wr lwv xvhu frvwB Dq h{sorudwlrq zlwk plfur gdwd�/

Mrxuqdo ri Sxeolf Hfrqrplfv :7= 860;31

^;9` Fkulvwhqvhq/ O1U1/ G1Z1 Mrujhqvrq dqg O1M1 Odx +4<:4,/ �Frqmxjdwh gxdo0

lw| dqg wkh wudqvfhqghqwdo orjdulwkplf surgxfwlrq ixqfwlrq�/ Hfrqrphwulfd

6<=58805891

^;:` Fkulvwhqvhq/ O1U1/ G1Z1 Mrujhqvrq dqg O1M1 Odx +4<:6,/ �Wudqvfhqghqwdo

orjdulwkplf surgxfwlrq iurqwlhuv�/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv 88=5;0

781

^;;` Fkulvwr�ghv/ O1 dqg D1 Rvzdog +4<<4,/ �H!flhqw dqg lqh!flhqw hpsor|phqw

rxwfrphv= d vwxg| edvhg rq Fdqdgldq frqwudfw gdwd�/ Uhvhdufk lq Oderu

Hfrqrplfv 45=4:604<31

^;<` Free/ F1 dqg S1K1 Grxjodv +4<5;,/ �D wkhru| ri surgxfwlrq�/ Dphulfdq

Hfrqrplf Uhylhz 4;=46<04981
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^<3` Frkhq/ Z1 dqg U1 Ohylq +4<;<,/ �Hpslulfdo vwxglhv ri lqqrydwlrq dqg pdu0

nhw vwuxfwxuh�/ lq= U1 Vfkpdohqvhh dqg U1 Zloolj/ hgv1/ Wkh Kdqgerrn ri

Lqgxvwuldo Rujdqlvdwlrq/ yro14 +Qruwk0Kroodqg/ Dpvwhugdp,1

^<4` Frrshu/ U1Z1 dqg M1 Hmdutxh +5334,/ �H{kxplqj T= pdunhw srzhu yv1 fdsl0

wdo pdunhw lpshuihfwlrqv�/ Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk Zrunlqj

Sdshu qr1 ;4;51

^<5` Frrshu/ U1Z1 dqg M1F1 Kdowlzdqjhu +5333,/ �Rq wkh qdwxuh ri fdslwdo dg0

mxvwphqw frvwv�/ Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk Zrunlqj Sdshu qr1

:<581

^<6` Frrshu/ U1Z1/ M1F1 Kdowlzdqjhu dqg O1 Srzhu +4<<<,/ �Pdfklqh uhsodfh0

phqw dqg wkh exvlqhvv f|foh= oxpsv dqg expsv�/ Dphulfdq Hfrqrplf Uh0

ylhz ;7=<540<791

^<7` Frrshu/ U1Z1 dqg M1O1 Zloolv +5334,/ �Wkh hfrqrplfv ri oderu dgmxvwphqw=

plqg wkh jds�/ Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk Zrunlqj Sdshu qr1

;85:/ iruwkfrplqj lq Dphulfdq Hfrqrplf Uhylhz1

^<8` Fudlj/ E1 dqg M1 Shqfdyho +4<<7,/ �Wkh hpslulfdo shuirupdqfh ri ruwkrgr{

prghov ri wkh �up= frqyhqwlrqdo �upv dqg zrunhu fr0rshudwlyhv�/ Mrxuqdo

ri Srolwlfdo Hfrqrp| 435=:4;0:771

^<9` Fxpplqv/ M1J/ N1D1 Kdvvhww dqg U1J1 Kxeedug +4<<7,/ �D uhfrqvlghud0

wlrq ri lqyhvwphqw ehkdylrxu xvlqj wd{ uhirupv dv qdwxudo h{shulphqwv�/

Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw| 4<<7+5,=408<1

^<:` Fxpplqv/ M1J/ N1D1 Kdvvhww dqg U1J1 Kxeedug +4<<9,/ �Wd{ uhirupv dqg

lqyhvwphqw= d furvv0frxqwu| frpsdulvrq�/ Mrxuqdo ri Sxeolf Hfrqrplfv

95=56:05:61
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^<;` Fxpplqv/ M1J1/ N1D1 Kdvvhww dqg V1G1 Rolqhu +4<<<,/ �Lqyhvwphqw ehkdylru/

revhuydeoh h{shfwdwlrqv/ dqg lqwhuqdo ixqgv �/ Qhz \run Xqlyhuvlw|/ plphr1

^<<` Gdjhqdlv/ P1/ S1 Prkqhq dqg S1 Wkhuulhq +4<<:,/ �Gr Fdqdgldq �upv uh0

vsrqg wr �vfdo lqfhqwlyhv wr uhvhdufk dqg ghyhorsphqwB�/ JUHTDPZrun0

lqj Sdshu <:e381

^433` Gdylgvrq/ M1H1K1/ G1I1 Khqgu|/ I1 Vued dqg V1 \hr +4<:;,/ �Hfrqrphw0

ulf prghoolqj ri wkh djjuhjdwh wlph0vhulhv uhodwlrqvklsv ehwzhhq frqvxphuv*

h{shqglwxuh dqg lqfrph lq wkh Xqlwhg Nlqjgrp�/ Hfrqrplf Mrxuqdo ;;=9940

9<51

^434` Gdylv/ V1 dqg M1 Kdowlzdqjhu +4<<5,/ �Jurvv mre fuhdwlrq/ jurvv mre gh0

vwuxfwlrq dqg hpsor|phqw uhdoorfdwlrq�/ Txduwhuo| Mrxuqdo ri Hfrqrplfv

43:=;4<0;961

^435` Ghyhuhx{/ P1S1 +4<;<,/ �Wd{ dv|pphwulhv/ wkh frvw ri fdslwdo dqg lq0

yhvwphqw= vrph hylghqfh iurp XN sdqho gdwd�/ Hfrqrplf Mrxuqdo

<<+vxssohphqw,=43604451

^436` Ghyhuhx{/ P1S1/ P1M1 Nhhq dqg I1 Vfkldqwduhool +4<<7,/ �Frusrudwlrq wd{

dv|pphwulhv dqg lqyhvwphqw= hylghqfh iurp XN sdqho gdwd�/ Mrxuqdo ri

Sxeolf Hfrqrplfv 86=6<8074;1

^437` Ghyhuhx{/ P1S1 dqg I1 Vfkldqwduhool +4<<3,/ �Lqyhvwphqw/ �qdqfldo idfwruv

dqg fdvk  rz= hylghqfh iurp XN sdqho gdwd�/ lq= U1J1 Kxeedug/ hg1/

Dv|pphwulf Lqirupdwlrq/ Frusrudwh Ilqdqfh dqg Lqyhvwphqw +Xqlyhuvlw| ri

Fklfdjr Suhvv,1

^438` GlQdugr/ M1 dqg M1V1 Slvfknh +4<<:,/ �Wkh uhwxuqv wr frpsxwhu xvh uhylv0

lwhg= kdyh shqflov fkdqjhg wkh zdjh vwuxfwxuh wrrB�/ Txduwhuo| Mrxuqdo ri

Hfrqrplfv 445=5<406361
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^439` Gl{lw/ D1N1 dqg U1V1 Slqg|fn +4<<7,/ Lqyhvwphqw xqghu Xqfhuwdlqw| +Sulqfh0

wrq Xqlyhuvlw| Suhvv,1

^43:` Grpv/ P1 dqg W1 Gxqqh +4<<;,/ �Fdslwdo dgmxvwphqw sdwwhuqv lq pdqxidf0

wxulqj sodqwv�/ Uhylhz ri Hfrqrplf G|qdplfv 4+5,=73<075<1

^43;` Grpv/ P1/ W1 Gxqqh dqg N1 Wurvnh +4<<:,/ �Zrunhuv/ zdjhv dqg whfkqror0

j|�/ Txduwhuo| Mrxuqdo ri Hfrqrplfv 445=58605;<1

^43<` Gxjxhw/ H1 dqg Q1 Juhhqdq +4<<:,/ �Vnloo eldvhg whfkqrorjlfdo fkdqjh= dq

hfrqrphwulf vwxg| dw wkh �up ohyho�/ FUHVW Zrunlqj Sdshu1

^443` Gxqqh/ W1/ M1 Kdowlzdqjhu dqg N1 Wurvnh +4<<:,/ �Whfkqrorj| dqg mrev= vhf0

xodu fkdqjhv dqg f|folfdo g|qdplfv�/ Fduqhjlh0Urfkhvwhu Frqihuhqfh Vhulhv

rq Sxeolf Srolf| 79=43:04:;1

^444` Hehuo|/ M1F1 +4<<:,/ �Lqwhuqdwlrqdo hylghqfh rq lqyhvwphqw dqg ixqgdphq0

wdov�/ Hxurshdq Hfrqrplf Uhylhz 74=4388043:;1

^445` Hgzdugv/ M1V1V1/ M1D1 Nd| dqg F1S1 Pd|hu +4<;:,/ Wkh Hfrqrplf Dqdo|vlv

ri Dffrxqwlqj Sur�wdelolw| +R{irug Xqlyhuvlw| Suhvv,1

^446` Hlvqhu/ U1 +4<::, �Furvv vhfwlrq dqg wlph vhulhv hvwlpdwhv ri lqyhvwphqw

ixqfwlrqv�/ Dqqdohv gh o*Lqvhh 63264=<<045<1

^447` Hovwrq/ M1 +4<<6,/ �Ilup rzqhuvkls vwuxfwxuh dqg lqyhvwphqw= wkhru| dqg

hylghqfh iurp Jhupdq pdqxidfwxulqj�/ Z]E Glvfxvvlrq Sdshu qr1 IV LY

<605;/ Ehuolq1

^448` Hqjoh/ U1I1 dqg F1Z1M1 Judqjhu +4<;:,/ �Frlqwhjudwlrq dqg huuru fruuhf0

wlrq= uhsuhvhqwdwlrq/ hvwlpdwlrq/ dqg whvwlqj�/ Hfrqrphwulfd 88=58405:91
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^449` Hulfnvrq/ W1 dqg W1P1Zklwhg +5333,/ �Phdvxuhphqw huuru dqg wkh uhodwlrq0

vkls ehwzhhq lqyhvwphqw dqg t �/ Mrxuqdo ri Srolwlfdo Hfrqrp| 43;=435:0

438:1

^44:` Idyhur/ F1D1 dqg P1K1 Shvdudq +4<<7,/ �Rlo lqyhvwphqw lq wkh Qruwk Vhd�/

Hfrqrplf Prghoolqj 44=63;065<1

^44;` Id}}dul/ V1P1/ U1J1 Kxeedug dqg E1F1 Shwhuvhq +4<;;,/ �Ilqdqflqj frq0

vwudlqwv dqg frusrudwh lqyhvwphqw�/ Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw|

4<;;+4,=47404<81

^44<` Id}}dul/ V1P1/ U1J1 Kxeedug dqg E1F1 Shwhuvhq +5333,/ �Lqyhvwphqw0fdvk

 rz vhqvlwlylwlhv duh xvhixo= d frpphqw rq Ndsodq dqg ]lqjdohv�/ Txduwhuo|

Mrxuqdo ri Hfrqrplfv 448+5,=9<80:381

^453` Jdohrwwl/ P1 dqg I1 Vfkldqwduhool +4<<4,/ �Jhqhudolvhg T prghov iru lqyhvw0

phqw�/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv :6=6;606<51

^454` Jdohrwwl/ P1 dqg I1 Vfkldqwduhool +4<<7,/ �Vwrfn pdunhw yrodwlolw| dqg lq0

yhvwphqw= gr rqo| ixqgdphqwdov pdwwhuB�/ Hfrqrplfd 94=47:04981

^455` Jhud/ V1/ Z1 Jx dqg ]1 Olq +4<<<,/ �Whfkqrorj| dqg wkh ghpdqg iru vnloov=

dq lqgxvwu|0ohyho dqdo|vlv�/ Vwdwlvwlfv Fdqdgd Zrunlqj Sdshu qr1 5;1

^456` Jlofkulvw/ V1 +4<<4,/ �Dq hpslulfdo dqdo|vlv ri frusrudwh lqyhvwphqw dqg �0

qdqflqj klhudufklhv xvlqj �up0ohyho sdqho gdwd�/ plphr/ Erdug ri Jhyhuqruv

ri wkh Ihghudo Uhvhuyh V|vwhp1

^457` Jlofkulvw/ V1 dqg F1S1 Klpphoehuj +4<<8,/ �Hylghqfh rq wkh uroh ri fdvk

 rz iru lqyhvwphqw�/ Mrxuqdo ri Prqhwdu| Hfrqrplfv 69=87408:51

^458` Jrphv/ M1I1 +5334,/ �Ilqdqflqj lqyhvwphqw�/ Dphulfdq Hfrqrplf Uhylhz

<4=4596045;81
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^459` Jrx{/ Q1 dqg H1 Pdxulq +4<<8,/ �Wkh ghfolqh lq ghpdqg iru xqvnloohg

oderxu= dq hpslulfdo dqdo|vlv phwkrg dqg lwv dssolfdwlrq wr Iudqfh�/

FUHVW plphr1

^45:` Julolfkhv/ ]1 +4<9<,/ �Fdslwdo0vnloo frpsohphqwdulw|�/ Uhylhz ri Hfrqrplfv

dqg Vwdwlvwlfv 84=798079;1

^45;` Julolfkhv/ ]1+4<;7,/ U)G/ Sdwhqwv dqg Surgxfwlylw| +Fklfdjr Xqlyhuvlw|

Suhvv/ Fklfdjr,1

^45<` Julolfkhv/ ]1 +4<<9,/ �Surgxfwlylw|/ U)G dqg edvlf uhvhdufk dw wkh �up ohyho

lq wkh 4<:3v�/ Dphulfdq Hfrqrplf Uhylhz :9+4,=4740871

^463` Julolfkhv/ ]1 +4<<;, U)G dqg Surgxfwlylw|= Wkh Hfrqrphwulf Hylghqfh

+Fklfdjr Xqlyhuvlw| Suhvv/ Fklfdjr,1

^464` Julolfkhv/ ]1/ E1K1 Kdoo dqg D1 Sdnhv +4<<4,/ �U)G/ sdwhqwv dqg pdunhw

ydoxh uhylvlwhg= lv wkhuh d whfkqrorjlfdo rssruwxqlw| idfwruB�/ Hfrqrplfv ri

Lqqrydwlrq dqg Qhz Whfkqrorj| 4=4;605341

^465` Julolfkhv/ ]1 dqg M1 Pdluhvvh +4<<;,/ �Surgxfwlrq ixqfwlrqv= wkh vhdufk iru

lghqwl�fdwlrq�/ lq V1 Vwuûp/ hg1/ Hfrqrphwulfv dqg Hfrqrplf Wkhru| lq wkh

53wk Fhqwxu| +Fdpeulgjh Xqlyhuvlw| Suhvv/ Fdpeulgjh,1

^466` Jxlvr/ O1 dqg J1 Sduljl +4<<<,/ �Lqyhvwphqw dqg ghpdqg xqfhuwdlqw|�/

Txduwhuo| Mrxuqdo ri Hfrqrplfv 447+4,=4;8055:1

^467` Kdoo/ E1K1 +4<<5,/ �Lqyhvwphqw dqg uhvhdufk dqg ghyhorsphqw dw wkh �up

ohyho= grhv wkh vrxufh ri �qdqflqj pdwwhuB�/ Zrunlqj Sdshu qr1 <504<7/

Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Fdoliruqld/ Ehunhoh|1

^468` Kdoo/ E1K1 +4<<6,/ �U)G wd{ srolf| gxulqj wkh 4<;3v= vxffhvv ru idloxuh�/

Wd{ Srolf| dqg wkh Hfrqrp| :=40691
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^469` Kdoo/ E1K1/ M1 Pdluhvvh/ O1 Eudqvwhwwhu dqg E1 Fuhsrq +4<<<,/ �Grhv fdvk

 rz fdxvh lqyhvwphqw dqg U)G= dq h{sorudwlrq xvlqj sdqho gdwd iru Iuhqfk/

Mdsdqhvh dqg Xqlwhg Vwdwhv �upv lq wkh vflhqwl�f vhfwru�/ lq G1 Dxguhwvfk

dqg D1U1 Wkxuln/ hgv1/ Lqqrydwlrq/ Lqgxvwu| Hyroxwlrq dqg Hpsor|phqw

+Fdpeulgjh Xqlyhuvlw| Suhvv/ Fdpeulgjh,1

^46:` Kdoo/ U1H dqg G1Z1 Mrujhqvrq +4<9:,/ �Wd{ srolf| dqg lqyhvwphqw ehkdy0

lrxu�/ Dphulfdq Hfrqrplf Uhylhz 8:=6<407471

^46;` Kdphuphvk/ G1 +4<;<,/ �Oderu ghpdqg dqg wkh vwuxfwxuh ri dgmxvwphqw

frvwv�/ Dphulfdq Hfrqrplf Uhylhz :<=9:709;<1

^46<` Kdphuphvk/ G1 +4<<6,/ Oderu Ghpdqg +Sulqfhwrq Dfdghplf Suhvv,1

^473` Kdphuphvk/ G/ Z1 Kdvvlqn dqg M1 Ydq Rxuv +4<<9,/ �Mre wxuqryhu dqg

oderu wxuqryhu= d wd{rqrp| ri hpsor|phqw g|qdplfv�/ Dqqdohv g*Ìfrqrplh

hw gh Vwdwlvwltxh 74275=540731

^474` Kdphuphvk/ G1 dqg J1 Sidqq +4<<9,/ �Dgmxvwphqw frvwv lq idfwru ghpdqg�/

Mrxuqdo ri Hfrqrplf Olwhudwxuh 67=4597045<51

^475` Kdqvvrq/ S1 +4<<:,/ �Wudgh/ whfkqrorj| dqg fkdqjhv lq hpsor|phqw ri

vnloohg oderu lq Vzhglvk pdqxidfwxulqj�/ lq= M1 Idjhuehuj/ S1 Kdqvvrq/ O1

Oxqgehuj dqg D1 Phofklru/ hgv1/ Whfkqrorj| dqg Lqwhuqdwlrqdo Wudgh +Fkho0

whqkdp= Hgzdug Hojdu,1

^476` Kdukr�/ G1 +4<<;,/ �Duh wkhuh �qdqflqj frqvwudlqwv iru lqqrydwlrq dqg lq0

yhvwphqw lq Jhupdq pdqxidfwxulqj �upvB�/ Dqqdohv g*Ìfrqrplh hw gh Vwd0

wlvwltxh 7<283=75407891

^477` Kdvnho/ M1H1 dqg Khghq/ \1 +4<<<,/ �Frpsxwhuv dqg wkh ghpdqg iru vnloohg

oderxu= lqgxvwu| dqg hvwdeolvkphqw sdqho hylghqfh iru wkh XN�/ Hfrqrplf

Mrxuqdo 43<=F9;0F:<1
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^478` Kdvvhww/ N1D1 dqg U1J1 Kxeedug +4<<9,/ �Wd{ srolf| dqg lqyhvwphqw�/ Qd0

wlrqdo Exuhdx ri Hfrqrplf Uhvhdufk Zrunlqj Sdshu qr1 89;61

^479` Kd|dvkl/ I1 +4<;5,/ �Wrelq*v dyhudjh t dqg pdujlqdo t= d qhrfodvvlfdo lqwhu0

suhwdwlrq�/ Hfrqrphwulfd 83=54605571

^47:` Kd|dvkl/ I1 +4<;8d,/ �Frusrudwh �qdqfh vlgh ri wkh T wkhru| ri lqyhvwphqw�/

Mrxuqdo ri Sxeolf Hfrqrplfv 5:=59405;31

^47;` Kd|dvkl/ I1 +4<;8e,/ �Whvwv ri oltxlglw| frqvwudlqwv= d fulwlfdo vxuyh|�/ lq=

W1 Ehzoh|/ hg1/ Dgydqfhv lq Hfrqrphwulfv/ Yro1 LL/ +Fdpeulgjh Xqlyhuvlw|

Suhvv,1

^47<` Kd|dvkl/ I1 dqg W1 Lqrxh +4<<4,/ �Wkh uhodwlrq ehwzhhq �up jurzwk dqg

t zlwk pxowlsoh fdslwdo jrrgv= wkhru| dqg hylghqfh iurp Mdsdqhvh sdqho

gdwd�/ Hfrqrphwulfd 8<+6,=:640:871

^483` Khfnpdq/ M1M1 +4<:<,/ �Vdpsoh vhohfwlrq eldv dv d vshfl�fdwlrq huuru�/

Hfrqrphwulfd 7:=48604941

^484` Khfnpdq/ M1M1 dqg J1 Vhgodfhn +4<;8,/ �Khwhurjhqhlw|/ djjuhjdwlrq/ dqg

pdunhw zdjh ixqfwlrqv= dq hpslulfdo prgho ri vhoi0vhohfwlrq lq wkh oderu

pdunhw�/ Mrxuqdo ri Srolwlfdo Hfrqrp| <6=43::044581

^485` Khqgu|/ G1I1 +4<<8,/ G|qdplf Hfrqrphwulfv +R{irug Xqlyhuvlw| Suhvv,1

^486` Klpphoehuj/ F1 dqg E1 Shwhuvrq +4<<7,/ �U)G dqg lqwhuqdo �qdqfh= d sdqho

gdwd vwxg| ri vpdoo �upv lq kljk whfk lqgxvwulhv�/ Uhylhz ri Hfrqrplfv dqg

Vwdwlvwlfv :9+4,=6;0841

^487` Krow}0Hdnlq/ G1/ Z1 Qhzh| dqg K1V1 Urvhq +4<;;,/ �Hvwlpdwlqj yhfwru dx0

wruhjuhvvlrqv zlwk sdqho gdwd�/ Hfrqrphwulfd 89=46:4046<81
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^488` Krvkl/ W1/ D1N1 Ndvk|ds dqg G1 Vfkduivwhlq +4<<4,/ �Frusrudwh vwuxfwxuh/

oltxlglw| dqg lqyhvwphqw= hylghqfh iurp Mdsdqhvh lqgxvwuldo jurxsv�/ Txdu0

whuo| Mrxuqdo ri Hfrqrplfv FYL=660931

^489` Klqhv/ M1 +4<<7,/ �Qr sodfh olnh krph= wd{ lqfhqwlyhv dqg wkh orfdwlrq ri

U)G e| Dphulfdq pxowlqdwlrqdov�/ Wd{ Srolf| dqg wkh Hfrqrp| ;=9804371

^48:` Kvldr/ F1 +4<;9, Dqdo|vlv ri Sdqho Gdwd +Fdpeulgjh Xqlyhuvlw| Suhvv,1

^48;` Kxeedug/ U1J1 +4<<;,/ �Fdslwdo0pdunhw lpshuihfwlrqv dqg lqyhvwphqw�/

Mrxuqdo ri Hfrqrplf Olwhudwxuh 69=4<605581

^48<` Kxeedug/ U1J1/ D1N1 Ndvk|ds dqg W1P1 Zklwhg +4<<8,/ �Lqwhuqdo �qdqfh

dqg �up lqyhvwphqw�/ Mrxuqdo ri Prqh|/ Fuhglw dqg Edqnlqj 5:=9;60:341

^493` Mdudploor/ I1/ I1 Vfkldqwduhool dqg D1 Vhpehqhool +4<<6,/ �Duh dgmxvwphqw

frvwv iru oderxu dv|pphwulfB Dq hfrqrphwulf whvw rq sdqho gdwd iru Lwdo|�/

Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv :8=973097;1

^494` Mhqvhq/ P1 +4<;9,/ �Djhqf| frvwv ri iuhh fdvk  rz/ frusrudwh �qdqfh/ dqg

wdnhryhuv�/ Dphulfdq Hfrqrplf Uhylhz :9=656065<1

^495` Mrujhqvrq/ G1Z1 +4<96,/ �Fdslwdo wkhru| dqg lqyhvwphqw ehkdylrxu�/ Dphu0

lfdq Hfrqrplf Uhylhz 86=57:058<1

^496` Mrujhqvrq/ G1Z1 +4<:4,/ �Hfrqrphwulf vwxglhv ri lqyhvwphqw ehkdylrxu�/

Mrxuqdo ri Hfrqrplf Olwhudwxuh <=44440447:1

^497` Mrujhqvrq/ G1Z1 dqg U1 Odqgdx +4<<6,/ Wd{ Uhirup dqg wkh Frvw ri Fdslwdo

+Eurrnlqjv Lqvwlwxwlrq/ Zdvklqjwrq GF,1

^498` Ndsodq/ V1Q1 dqg O1 ]lqjdohv +4<<:,/ �Gr lqyhvwphqw0fdvk  rz vhqvlwlylhv

surylgh xvhixo phdvxuhv ri �qdqflqj frqvwudlqwvB�/ Txduwhuo| Mrxuqdo ri

Hfrqrplfv 445+4,=49<05491
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^499` Ndsodq/ V1Q1 dqg O1 ]lqjdohv +5333,/ �Lqyhvwphqw0fdvk  rz vhqvlwlylwlhv duh

qrw ydolg phdvxuhv ri �qdqflqj frqvwudlqwv�/ Txduwhuo| Mrxuqdo ri Hfrqrplfv

448+5,=:3:0:451

^49:` Nlqj/ P1D1 +4<:7,/ �Wd{dwlrq dqg wkh frvw ri fdslwdo�/ Uhylhz ri Hfrqrplf

Vwxglhv 74=540681

^49;` Nlqj/ P1D1 dqg G1 Ixoohuwrq +4<;7,/ Wkh Wd{dwlrq ri Lqfrph iurp Fdslwdo

+Xqlyhuvlw| ri Fklfdjr Suhvv,1

^49<` Nohwwh/ W1M1 dqg M1 Prhq +4<<<,/ �Iurp jurzwk wkhru| wr whfkqrorj| srolf|=

frruglqdwlrq sureohpv lq wkhru| dqg sudfwlfh�/ Qruglf Mrxuqdo ri Srolwlfdo

Hfrqrp| 58=860:71

^4:3` Nuxhjhu/ D1 +4<<6,/ �Krz kdyh frpsxwhuv fkdqjhg wkh zdjh vwuxfwxuh= hyl0

ghqfh iurpplfur gdwd/ 4<;70;<�/ Txduwhuo| Mrxuqdo ri Hfrqrplfv 43;=660931

^4:4` Odfk/ V1 dqg U1 Ure +4<<9,/ �U)G/ lqyhvwphqw dqg lqgxvwu| g|qdplfv�/

Mrxuqdo ri Hfrqrplfv dqg Pdqdjhphqw Vwudwhj| 8+5,=54:057<1

^4:5` Odfk/ V1 dqg P1 Vfkdqnhupdq +4<;<,/ �Wkh g|qdplfv ri U)G lqyhvwphqw

lq wkh vflhqwl�f vhfwru�/ Mrxuqdo ri Srolwlfdo Hfrqrp| <:=;;30<371

^4:6` Odprqw/ R1D1 +4<<:,/ �Fdvk  rz dqg lqyhvwphqw= hylghqfh iurp lqwhuqdo

fdslwdo pdunhwv�/ Mrxuqdo ri Ilqdqfh 85=;6043<1

^4:7` Ohdk|/ M1Y1 dqg W1P1 Zklwhg +4<<9,/ �Wkh h�hfw ri xqfhuwdlqw| rq lqyhvw0

phqw= vrph vw|olvhg idfwv�/ Mrxuqdo ri Prqh|/ Fuhglw dqg Edqnlqj 5;=970;61

^4:8` Ohrqwlhi/ Z1 +4<79,/ �Wkh sxuh wkhru| ri wkh jxdudqwhhg dqqxdo zdjh frq0

wudfw�/ Mrxuqdo ri Srolwlfdo Hfrqrp| 87=:90:<1

^4:9` Oxfdv/ U1H1 +4<9:,/ �Dgmxvwphqw frvwv dqg wkh wkhru| ri vxsso|�/ Mrxuqdo

ri Srolwlfdo Hfrqrp| :8=65406671
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^4::` Oxfdv/ U1H1 +4<:9,/ �Hfrqrphwulf srolf| hydoxdwlrq= d fulwltxh�/ lq= N1

Euxqqhu dqg D1 Phow}hu/ hgv1/ Wkh Skloolsv Fxuyh dqg Oderxu Pdunhwv/

Fduqhjlh0Urfkhvwhu Frqihuhqfh Vhulhv 4=4<0791

^4:;` Pdfklq/ V1 +4<<9,/ �Fkdqjhv lq wkh uhodwlyh ghpdqg iru vnloov lq wkh XN

oderxu pdunhw�/ lq= D1 Errwk dqg G1 Vqrzhu/ hgv1/ Dftxlulqj Vnloov +Fdp0

eulgjh Xqlyhuvlw| Suhvv/ Fdpeulgjh,1

^4:<` Pdfklq/ V1 dqg M1 Ydq Uhhqhq +4<<;,/ �Whfkqrorj| dqg fkdqjhv lq wkh

vnloo vwuxfwxuh= hylghqfh iurp vhyhq RHFG frxqwulhv�/ Txduwhuo| Mrxuqdo ri

Hfrqrplfv 446=4548045771

^4;3` Pdfklq1 V1/ D1 Pdqqlqj dqg F1 Phjklu +4<<6,/ �G|qdplf prghov ri hp0

sor|phqw edvhg rq �up ohyho sdqho gdwd�/ lq= M1 Ydq Rxuv/ J1 Sidqq dqg

J1 Ulgghu/ hgv1/ Oderu Ghpdqg dqg Htxloleulxp Zdjh Irupdwlrq +Hovhylhu

Vflhqfh Sxeolvkhuv/ Dpvwhugdp,1

^4;4` PdFxug|/ W1 dqg M1 Shqfdyho +4<;9,/ �Whvwlqj ehwzhhq frpshwlqj prghov ri

zdjh dqg hpsor|phqw ghwhuplqdwlrq�/ Mrxuqdo ri Srolwlfdo Hfrqrp| <7=V40

V6<1

^4;5` Pdluhvvh/ M1 dqg E1 Gruprqw +4<;8,/ �Oderu dqg lqyhvwphqw ghpdqg dw

wkh �up ohyho= d frpsdulvrq ri Iuhqfk/ Jhupdq dqg XV pdqxidfwxulqj/

4<:30:<�/ Hxurshdq Hfrqrplf Uhylhz 5;=53405641

^4;6` Pdqqlqj/ D1 +4<;:,/ �Dq lqwhjudwlrq ri wudgh0xqlrq prghov lq d vhtxhqwldo

edujdlqlqj iudphzrun�/ Hfrqrplf Mrxuqdo <:=454046<1

^4;7` Phjklu/ F1/ D1 U|dq dqg M1 Ydq Uhhqhq +4<<9,/ �Mre fuhdwlrq/ whfkqrorjlfdo

lqqrydwlrq dqg dgmxvwphqw frvwv�/ Dqqdohv g*Ìfrqrplh hw gh Vwdwlvwltxh/

74275/ 58805:71
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^4;8` Phqh}hv0Ilokr/ Q1/ G1 Xosk dqg M1 Ydq Uhhqhq +4<<;,/ �U)G lqyhvw0

phqw dqg xqlrq edujdlqlqj= hylghqfh iurp Eulwlvk frpsdqlhv dqg hvwde0

olvkphqwv�/ Lqgxvwuldo dqg Oderu Uhodwlrqv Uhylhz 85+4,=78096 1

^4;9` Ploohu/ P1K1 dqg I1 Prgljoldql +4<94,/ �Glylghqg srolf|/ jurzwk dqg wkh

ydoxdwlrq ri vkduhv�/ Mrxuqdo ri Exvlqhvv 77=74407661

^4;:` Prgljoldql/ I1 dqg P1K1 Ploohu +4<8;,/ �Wkh frvw ri fdslwdo/ frusrudwlrq

�qdqfh/ dqg wkh wkhru| ri lqyhvwphqw�/ Dphulfdo Hfrqrplf Uhylhz 7;=5940

5<:1

^4;;` Pxond|/ E1/ E1K1 Kdoo dqg M1 Pdluhvvh +5334,/ �Lqyhvwphqw dqg U)G lq

Iudqfh dqg wkh Xqlwhg Vwdwhv�/ lq K1 Khlq} dqg U1 Vwudxfk/ hgv1/ Lqyhvwlqj

Wrgd| iru wkh Zruog ri Wrpruurz +Vsulqjhu Yhuodj,1

^4;<` P|huv/ V1F1 +4<;7,/ �Wkh fdslwdo vwuxfwxuh sx}}oh�/ Mrxuqdo ri Ilqdqfh

6<=8:808<51

^4<3` Qdglul/ P1 dqg V1 Urvhq +4<9<,/ �Lqwhuuhodwhg idfwru ghpdqg ixqfwlrqv�/

Dphulfdq Hfrqrplf Uhylhz 8<=87:08:41

^4<4` Qhovrq/ F1U1 dqg U1 Vwduw} +4<<3d,/ �Vrph ixuwkhu uhvxowv rq wkh h{dfw vpdoo

vdpsoh surshuwlhv ri wkh lqvwuxphqwdo yduldeoh hvwlpdwru�/ Hfrqrphwulfd

8;=<9:0<:91

^4<5` Qhovrq/ F1U1 dqg U1 Vwduw} +4<<3e,/ �Wkh glvwulexwlrq ri wkh lqvwuxphq0

wdo yduldeoh hvwlpdwru dqg lwv w0udwlr zkhq wkh lqvwuxphqw lv d srru rqh�/

Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv 96=8458084731

^4<6` Qlfnhoo/ V1M1 +4<:;,/ Wkh Lqyhvwphqw Ghflvlrqv ri Ilupv +Fdpeulgjh Xqlyhu0

vlw| Suhvv/ Fdpeulgjh,1

^4<7` Qlfnhoo/ V1M1 +4<;4,/ �Eldvhv lq g|qdplf prghov zlwk �{hg h�hfwv�/ Hfrqr0

phwulfd 7<=474:047591
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^4<8` Qlfnhoo/ V1M1 +4<;8,/ �Huuru fruuhfwlrq/ sduwldo dgmxvwphqw dqg doo wkdw= dq

h{srvlwru| qrwh�/ R{irug Exoohwlq ri Hfrqrplfv dqg Vwdwlvwlfv 7:+5,=44<0

45<1

^4<9` Qlfnhoo/ V1M1 +4<;9,/ �G|qdplf prghov ri oderu ghpdqg�/ lq= R1 Dvkhqihowhu

dqg U1 Od|dug/ hgv1/ Kdqgerrn ri Oderu Hfrqrplfv/ yro14 +Qruwk0Kroodqg/

Dpvwhugdp,1

^4<:` Qlfnhoo/ V1M1 dqg G1 Qlfrolwvdv +4<<9,/ �Grhv lqqrydwlrq hqfrxudjh lqyhvw0

phqw lq �{hg fdslwdoB�/ Fhqwuh iru Hfrqrplf Shuirupdqfh Glvfxvvlrq Sdshu

Qr1 63</ Orqgrq Vfkrro ri Hfrqrplfv1

^4<;` Qlfnhoo/ V1M1dqg V1 Zdgkzdql +4<<4,/ �Hpsor|phqw ghwhuplqdwlrq lq Eulwlvk

lqgxvwu|= lqyhvwljdwlrqv xvlqj plfur0gdwd�/ Uhylhz ri Hfrqrplf Vwxglhv

8;=<880<:31

^4<<` Sdnhv/ D1 +4<;8,/ �Rq sdwhqwv/ U)G dqg wkh vwrfn pdunhw udwh ri uhwxuq�/

Mrxuqdo ri Srolwlfdo Hfrqrp| <6=6<3073<1

^533` Shqfdyho/ M1 +4<<4,/ Oderu Pdunhwv Xqghu Wudgh Xqlrqlvp +R{irug Xqlyhu0

vlw| Suhvv/ R{irug,1

^534` Shvdudq/ P1K1 +4<<3,/ �Dq hfrqrphwulf dqdo|vlv ri h{sorudwlrq dqg h{wudf0

wlrq ri rlo lq wkh XN frqwlqhqwdo vkhoi�/ Hfrqrplf Mrxuqdo 433=69:06<31

^535` Shvdudq/ P1K1 dqg U1 Vplwk +4<<8,/ �Hvwlpdwlqj orqj0uxq uhodwlrqvklsv

iurp g|qdplf khwhurjhqhrxv sdqhov�/ Mrxuqdo ri Hfrqrphwulfv 9;=:<04461

^536` Sidqq/ J1 dqg I1 Sdop +4<<6,/ �Dv|pphwulf dgmxvwphqw frvwv lq qrq0olqhdu

oderxu ghpdqg prghov ri wkh Qhwkhuodqgv dqg XN pdqxidfwxulqj vhfwruv�/

Uhylhz ri Hfrqrplf Vwxglhv 93=6<:07451

^537` Sidqq/ J1 dqg E1 Yhuvsdjhq +4<;<,/ �Wkh vwuxfwxuh ri dgmxvwphqw frvwv iru

oderxu lq wkh Gxwfk pdqxidfwxulqj vhfwru�/ Hfrqrplfv Ohwwhuv 5<=69806:41
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^538` Urphu/ S1P1 +4<;9,/ �Lqfuhdvlqj uhwxuqv dqg orqj uxq jurzwk�/ Mrxuqdo ri

Srolwlfdo Hfrqrp| <7+8,=43350436:1

^539` Urwd/ S1 +4<<;,/ �G|qdplf oderxu ghpdqg zlwk �{hg frvwv ri dgmxvwphqw�/

plphr/ Xqlyhuvlw| Froohjh Orqgrq1

^53:` Uxl}0Duudq}/ P1 +5335,/ �Zdjh lqhtxdolw| lq wkh X1V1= Fdslwdo0vnloo frpsoh0

phqwdulw| yv1 vnloo0eldvhg whfkqrorjlfdo fkdqjh�/ Kduydug Xqlyhuvlw| plphr1

^53;` Vdolqjhu/ P1D1 dqg O1K1 Vxpphuv +4<;6,/ �Wd{ uhirup dqg frusrudwh lqyhvw0

phqw= d plfurhfrqrphwulf vlpxodwlrq vwxg|�/ lq= P1 Ihogvwhlq/ hg1/ Ehkdy0

lrxudo Vlpxodwlrq Phwkrgv lq Wd{ Srolf| Dqdo|vlv +Xqlyhuvlw| ri Fklfdjr

Suhvv,1

^53<` Vdujdq/ M1G1 +4<97,/ �Zdjhv dqg sulfhv lq wkh XN= d vwxg| lq hfrqrphwulf

phwkrgrorj|�/ lq= S1H1 Kduw/ J1 Ploov dqg M1N1 Zklwdnhu/ hgv1/ Hfrqrphwulf

Dqdo|vlv iru Qdwlrqdo Hfrqrplf Sodqqlqj +Exwwhuzruwkv/ Orqgrq,1

^543` Vfkdoohu/ K1 +4<<6,/ �Dv|pphwulf lqirupdwlrq/ oltxlglw| frqvwudlqwv dqg

Fdqdgldq lqyhvwphqw�/ Fdqdgldq Mrxuqdo ri Hfrqrplfv 59=88508:71

^544` Vfkldqwduhool/ I1 +4<<9,/ �Ilqdqfldo frqvwudlqwv dqg lqyhvwphqw= d fulwlfdo

vxuyh| ri wkh lqwhuqdwlrqdo hylghqfh�/ R{irug Uhylhz ri Hfrqrplf Srolf|

45+5,=:30;<1

^545` Vfkldqwduhool/ I1 dqg G1 Jhrujrxwvrv +4<<3,/ �Lpshuihfw frpshwlwlrq/ Wr0

elq*v t dqg lqyhvwphqw= hylghqfh iurp djjuhjdwh XN gdwd�/ Hxurshdq Hfr0

qrplf Uhylhz 67=4394043:;1

^546` Vfkldqwduhool/ I1 dqg D1 Vhpehqhool +4<<6,/ �Hvwlpdwlrq ri Hxohu htxdwlrqv

iru hpsor|phqw zkhq dgmxvwphqw frvwv duh dv|pphwulf= hylghqfh iurp sdqho
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gdwd iru XN frpsdqlhv�/ lq= M1 Ydq Rxuv/ J1 Sidqq dqg J1 Ulgghu/ hgv1/ Od0

eru Ghpdqg dqg HtxloleulxpZdjh Irupdwlrq +Hovhylhu Vflhqfh Sxeolvkhuv/

Dpvwhugdp,1

^547` Vkdslur/ P1G1 +4<;9,/ �Wkh g|qdplf ghpdqg iru fdslwdo dqg oderu�/ Txdu0

whuo| Mrxuqdo ri Hfrqrplfv FL=84608751

^548` Vkhskdug/ U1 +4<86, Frvw dqg Surgxfwlrq Ixqfwlrqv +Sulqfhwrq Xqlyhuvlw|

Suhvv,1

^549` Vwdljhu/ G1 dqg M1K1 Vwrfn +4<<:,/ �Lqvwuxphqwdo yduldeohv uhjuhvvlrq zlwk

zhdn lqvwuxphqwv�/ Hfrqrphwulfd 98=88:08;91

^54:` Vwljolw}/ M1H1 dqg D1 Zhlvv +4<;4,/ �Fuhglw udwlrqlqj lq pdunhwv zlwk lpshu0

ihfw lqirupdwlrq�/ Dphulfdq Hfrqrplf Uhylhz :4=6<607431

^54;` Vxpphuv/ O1K1 +4<;4,/ �Wd{dwlrq dqg frusrudwh lqyhvwphqw 0 d T0wkhru|

dssurdfk�/ Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw| 4<;4+4,=9:04731

^54<` Vxpphuv/ O1K1 +4<;9,/ �Grhv wkh vwrfn pdunhw udwlrqdoo| uh hfw ixqgdphq0

wdo ydoxhvB�/ Mrxuqdo ri Ilqdqfh 74=8<409331

^553` Vxwwrq/ M1 +4<<;,/ Whfkqrorj| dqg Pdunhw Vwuxfwxuh +PLW Suhvv/ Fdp0

eulgjh,1

^554` Wrelq/ M1 +4<9<,/ �D jhqhudo htxloleulxp dssurdfk wr prqhwdu| wkhru|�/

Mrxuqdo ri Prqh|/ Fuhglw dqg Edqnlqj 4=4805<1

^555` Wrlydqhq/ R1 dqg S1 Vwrqhpdq +4<<;,/ �G|qdplfv ri U)G dqg lqyhvwphqw=

XN hylghqfh�/ Hfrqrplf Ohwwhuv 8;=44<04591

^556` X}dzd/ K1 +4<95,/ �Surgxfwlrq ixqfwlrqv zlwk frqvwdqw hodvwlflwlhv ri vxe0

vwlwxwlrq�/ Uhylhz ri Hfrqrplf Vwxglhv 5<=5<405<<1
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^557` Zhlvv/ U1 +4<::, �Hodvwlflwlhv ri vxevwlwxwlrq dfurvv fdslwdo dqg rffxsd0

wlrqv lq XV pdqxidfwxulqj�/ Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq

:5=:970::41

^558` Zklwhg/ W1P1 +4<<5,/ �Ghew/ oltxlglw| frqvwudlqwv dqg frusrudwh lqyhvwphqw=

hylghqfh iurp sdqho gdwd�/ Mrxuqdo ri Ilqdqfh 7:=4758047931

^559` ]hoghv/ V1S1 +4<;<,/ �Frqvxpswlrq dqg oltxlglw| frqvwudlqwv= dq hpslulfdo

lqyhvwljdwlrq�/ Mrxuqdo ri Srolwlfdo Hfrqrp| <:=63806791
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