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Surgxfw dqg Surfhvv Lqqrydwlrqv lq wkh Olih F|foh ri

dq Lqgxvwu|

Gduuhq Ilovrq
�

Ghsduwphqw ri Hfrqrplfv

Foduhprqw Judgxdwh Xqlyhuvlw|

Qryhpehu 7/ 5333

Devwudfw

Ilovrq +5334, xvhv lqgxvwu|0ohyho gdwd rq �up qxpehuv/ sulfh/ txdqwlw|/ dqg txdolw|

dorqj zlwk dq htxloleulxp prgho ri lqgxvwu| hyroxwlrq wr hvwlpdwh wkh qdwxuh dqg

h�hfwv ri txdolw| dqg frvw lpsuryhphqwv lq wkh shuvrqdo frpsxwhu lqgxvwu| dqg irxu

rwkhu qhz lqgxvwulhv1 Wklv sdshu vwxglhv wkh shuvrqdo frpsxwhu lqgxvwu| lq pruh ghwdlo

dqg vkrzv wkdw wkh prgho h{sodlqv vrph shfxoldu sdwwhuqv wkdw fdqqrw eh h{sodlqhg e|

suhylrxv olih0f|foh prghov1 Wkh prgho*v hvwlpdwhv duh hydoxdwhg xvlqj klvwrulfdo vwxglhv

ri wkh hyroxwlrq ri wkh shuvrqdo frpsxwhu lqgxvwu|/ dqg sdwwhuqv wkdw uhtxluh ixuwkhu

prgho ghyhorsphqw duh ghvfulehg1

MHO frghv= O43= Pdunhw Vwuxfwxuh/ Ilup Vwudwhj|/ dqg Pdunhw Shuirupdqfh/ O96=

Lqgxvwu| Vwxglhv= Plfurhohfwurqlfv/ R64= Lqqrydwlrq dqg Lqyhqwlrq1

Nh|zrugv= whfkqrorj|/ whfkqrorjlfdo fkdqjh/ lqgxvwu| g|qdplfv/ shuvrqdo frpsxwhu

pdunhw/ plfurhohfwurqlfv

�Vhqg fruuhsrqghqfh wr Gduuhq Ilovrq/ Ghsduwphqw ri Hfrqrplfv/ Foduhprqw Judgxdwh Xqlyhuvlw|/ 493
H1 Whqwk Vw1/ Foduhprqw/ FD/ <4:441 Skrqh= +<3<, 9540;:;51 Hpdlo= gduuhq1�ovrqCfjx1hgx1 Wklv zrun lv
edvhg rq p| Sk1G1 glvvhuwdwlrq dw wkh Xqlyhuvlw| ri Urfkhvwhu1 L zrxog olnh wr wkdqn Johqq PdfGrqdog/
Kxjr Krshqkd|q/ Plfkdho Jruw/ dqg Mrkq Nqrzohv iru frpphqwv rq hduolhu yhuvlrqv dqg dq dqrq|prxv
uhihuhh iru frpphqwv rq wklv yhuvlrq1 L zrxog olnh wr wkdqn Sdrod Urguljxh}/ Ihuqdqgr Ideuh/ dqg Doiuhgr
Qdyd iru uhvhdufk dvvlvwdqfh1
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41 Lqwurgxfwlrq

Dv qhz lqgxvwulhv hyroyh sulfh idoov/ txdqwlw| ulvhv/ dqg wkh qxpehu ri �upv ulvhv dqg wkhq

idoov +Jruw dqg Nohsshu/ 4<;5/ Nohsshu dqg Judgg|/ 4<<3/ dqg Djduzdo dqg Jruw/ 4<<8,1

Surgxfw txdolw| lpsuryhv ryhu wlph1 Iljxuh � vkrzv wkdw wkhvh sdwwhuqv kdyh rffxuuhg lq

wkh shuvrqdo frpsxwhu lqgxvwu| +wkh gdwd lv glvfxvvhg lq wkh qh{w vxevhfwlrq,1

Dowkrxjk hfrqrplvwv jhqhudoo| djuhh wkdw lqqrydwlrqv fdxvh wkh revhuyhg wuhqgv +Krshq0

kd|q/ 4<<7/ Mrydqrylf dqg Pdfgrqdog/ 4<<7/ dqg Nohsshu/ 4<<9,/ zh vwloo odfn nqrzohgjh

derxw wkh w|shv ri lqqrydwlrq wkdw rffxu dw gl�huhqw vwdjhv ri wkh olih f|foh dqg wkhlu h�hfwv

rq �up vl}h/ sulfhv/ dqg sur�w1 Wklv sureohp lv h{dfhuedwhg e| wkh odfn ri xvhixo phdvxuhv

ri lqqrydwlrq1 Sdwhqwv duh kdug wr ydoxh dqg qrw doo lqqrydwlrqv duh sdwhqwhg ru grfxphqwhg

lq wudgh mrxuqdov1 Lq sduwlfxodu/ frvw lqqrydwlrqv duh riwhq nhsw vhfuhw +Ohylq hw do1 4<;:,1

Sulydwh frpsdqlhv gr qrw uhsruw U)G h{shqglwxuhv/ dqg sxeolf frpsdqlhv duh w|slfdoo|

pxowlsurgxfw �upv +LEP/ iru h{dpsoh,/ pdnlqj lw gl!fxow wr ghwhuplqh U)G h{shqglwxuhv

iru dq| sduwlfxodu surgxfw14

Iljxuh 4 khuh

Ilovrq +5334, dwwhpswv wr ryhufrph wkh phdvxuhphqw sureohp e| xvlqj lqgxvwu|0ohyho

gdwd rq �up qxpehuv/ sulfh/ txdqwlw|/ dqg txdolw| dorqj zlwk dq htxloleulxp prgho ri

lqgxvwu| hyroxwlrq wr hvwlpdwh wuhqgv lq txdolw|/ yduldeoh frvwv/ dqg �{hg frvwv1 Wkh prgho

lv hvwlpdwhg xvlqj �yh lqgxvwulhv= wkh hduo| dxwrpreloh lqgxvwu|/ wkh shuvrqdo frpsxwhu

lqgxvwu|/ wkh uljlg glvn gulyh lqgxvwu|/ wkh frpsxwhu prqlwru lqgxvwu|/ dqg wkh frpsxwhu

sulqwhu lqgxvwu|1 Wkh hvwlpdwhv iru wkh hduo| dxwrpreloh lqgxvwu| pdwfk frqyhqwlrqdo zlvgrp

derxw whfkqrorjlfdo fkdqjh ryhu wkh olih f|foh +Xwwhuedfn dqg Dehuqdwk|/ 4<:8/ Nohsshu/

4<<9,= wkh udwh ri txdolw| lpsuryhphqw lv kljkhvw hduo| rq/ wkh udwh ri frvw lpsuryhphqw

lv kljkhu odwhu rq/ dqg �upv rewdlq orzhu yduldeoh frvwv dqg kljkhu �{hg frvwv ryhu wlph1

Krzhyhu/ wkh hvwlpdwhv iru wkh prghuq plfurhohfwurqlfv lqgxvwulhv ghsduw iurp wklv sdwwhuq

4Jruw dqg Nohsshu +4<;5, dqg Dehuqdwk| hw do1 +4<;6, dwwhpsw wr phdvxuh lqqrydwlrq ryhu wkh lqgxvwu|
olih f|foh1 Julolfkhv +4<<3, dqg Frkhq +4<<8, glvfxvv wkh gl!fxow| ri phdvxulqj lqqrydwlrq1 Dufklexjl hw do1
+4<<7, vkrz wkdw wkh phdvxuhphqw phwkrg d�hfwv frqfoxvlrqv derxw wkh qdwxuh ri lqqrydwlrq1
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lq vhyhudo zd|v= wkh udwh ri txdolw| lpsuryhphqw grhv qrw glplqlvk ryhu wlph/ wkh udwh ri frvw

lpsuryhphqw lv qrw dozd|v kljkhvw odwhu lq wkh olih f|foh/ dqg zkloh yduldeoh dqg �{hg frvw

wudghr�v whqg wr rffxu wkh| gr qrw dozd|v lqyroyh ghfuhdvlqj yduldeoh frvwv dqg lqfuhdvlqj

�{hg frvwv1

Dv wkh prgho*v uhvxowv iru wkh prghuq plfurhohfwurqlfv lqgxvwulhv fkdoohqjh frqyhqwlrqdo

zlvgrp/ wklv sdshu dwwhpswv wr hydoxdwh wkh prgho*v uhvxowv iru wkrvh lqgxvwulhv xvlqj d

fdvh vwxg| ri wkh shuvrqdo frpsxwhu +SF, lqgxvwu|1 Wkhuh duh wzr uhdvrqv iru irfxvlqj

rq wkh SF lqgxvwu|1 Iluvw/ wkh SF lqgxvwu| lv d sduwlfxoduo| jrrg h{dpsoh ri dq lqgxvwu|

wkdw fdqqrw eh h{sodlqhg e| suhylrxv g|qdplf htxloleulxp olih0f|foh prghov1 Mrydqrylf dqg

PdfGrqdog +4<<7, dqg Krshqkd|q +4<<7, olplw wkhlu dwwhqwlrq wr yduldeoh0frvw lqqrydwlrqv

wkdw lqfuhdvh vfdoh> �up vl}h ulvhv ryhu wkh olih f|foh1 Iljxuh 2 vkrzv wkdw dyhudjh �up

vl}h kdv qrw frqwlqxdoo| lqfuhdvhg lq wkh SF lqgxvwu|1 Ixuwkhu/ wkh hvwlpdwhv suhvhqwhg

ehorz vxjjhvw wkdw ryhu pxfk ri wkh olih f|foh odujh �upv zhuh kljk0txdolw| �upv +wkh|

surgxfhg odujh txdqwlwlhv ehfdxvh wkh| idfhg kljkhu sulfhv wkdq rwkhu �upv,/ qrw orz0frvw

surgxfhuv1 Nohsshu +4<<9, suhvhqwv d prgho zlwk erwk txdolw| dqg frvw lpsuryhphqwv exw

frqwlqxhv wr dvvrfldwh odujh vl}h zlwk orz frvwv1 Ixuwkhu/ Nohsshu dvvxphv wkdw �upv uhfhlyh d

frqvwdqw h{rjhqrxv sd|r� iurp txdolw| lpsuryhphqw wkdw grhv qrw ydu| ryhu wlph1 Wkh sur�w

hvwlpdwhv suhvhqwhg ehorz vxjjhvw wkdw wkh sur�wdelolw| ri txdolw| lpsuryhphqw lq wkh SF

lqgxvwu| kdv ydulhg vxevwdqwldoo| ryhu wlph/ sduwo| ehfdxvh wkh udwh ri txdolw| lpsuryhphqw

kdv fkdqjhg ryhu wlph15

Iljxuh 5 khuh

Wkh vhfrqg uhdvrq iru xvlqj wkh SF lqgxvwu| lv wkdw klvwrulfdo dqdo|vhv ri wkh lqgxvwu| e|

Odqjorlv +4<<5, dqg Vwh�hqv +4<<7, dorqj zlwk lqirupdwlrq iurp wudgh mrxuqdov doorz iru d

urxjk whvw ri wkh prgho wr eh shuiruphg1 Wkh sureohpv zlwk phdvxulqj lqqrydwlrq ghvfulehg

deryh suhyhqw gluhfw frpsdulvrqv ri wkh prgho*v uhvxowv rq whfkqrorjlfdo fkdqjh zlwk gdwd1

Krzhyhu/ wkh klvwrulfdo dqdo|vhv surylgh d ulfk vhw ri dqhfgrwdo hylghqfh wkdw fdq eh xvhg

5Fkdqjhv lq wkh udwh ri txdolw| lpsuryhphqw fdq dovr h{sodlq pxfk ri wkh forvlqj ri wkh sulfh jds ehwzhhq

lqgxvwu| ohdghuv dqg iroorzhuv wkdw rffxuuhg lq wkh odwh 4<;3v dqg hduo| 4<<3v1 Wkh exvlqhvv suhvv dwwulexwhg

wklv uhgxfwlrq wr vwudwhjlf sulfh0fxwwlqj ehkdylru rq wkh sduw ri wkh ohdghuv1
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wr hydoxdwh wkh prgho*v uhvxowv rq txdolw| dqg frvw lqqrydwlrq1 Wkh odfn ri lqirupdwlrq rq

lqqrydwlrq lq wkh rwkhu plfurhohfwurqlfv lqgxvwulhv +sduwlfxoduo| frvw lqqrydwlrq, olplwv wkh

vfrsh ri wklv vwxg|1

Wkh whvw ri wkh prgho irfxvhv rq wzr nh| vhwv ri uhvxowv1 Iluvw/ wkh prgho*v h{sodqdwlrq

iru wkh sdwwhuq lq dyhudjh �up vl}h vkrzq lq Iljxuh 2 lv wkdw wkh qdwxuh ri frvw lqqrydwlrq

fkdqjhg ryhu wkh olih f|foh1 Wkh prgho*v uhvxowv vxjjhvw wkdw frvw lqqrydwlrqv lq wkh :3v dqg

odwh ;3v ghfuhdvhg yduldeoh frvwv dqg lqfuhdvhg �{hg frvwv/ zklfk ohg wr odujhu �upv/ dqg frvw

lqqrydwlrqv lq wkh plg ;3v ghfuhdvhg �{hg frvwv dqg lqfuhdvhg yduldeoh frvwv/ zklfk ohg wr

vpdoohu �upv1 Vhfrqg/ wkh hvwlpdwhv vxjjhvw wkdw wkh udwh ri txdolw| lpsuryhphqw zdv kljk

lqlwldoo|/ gursshg lq wkh plg ;3v/ dqg wkhq urvh djdlq lq wkh plg <3v1 Erwk ri wkhvh uhvxowv

duh frqvlvwhqw zlwk wkh hylghqfh ghvfulehg ehorz1

4141 Wkh Gdwd

Wkh gdwd ghvfulehv pdqxidfwxuhuv ri ghvnwrs dqg sruwdeoh frpsxwhuv dqg h{foxghv uhodwhg

frpsrqhqw dqg vriwzduh surylghuv1 Wkh gdwd ghvfulehv wkh Dphulfdq pdunhw1 Ilup qxpehuv

duh iurp Vwdylqv +4<<8, dqg wkh Wkrpdv Uhjlvwhu ri Dphulfdq Pdqxidfwxuhuv1 Sulfh dqg

txdqwlw| gdwd duh iurp wkh Lqirupdwlrq Whfkqrorj| Lqgxvwu| Gdwd Errn1 Wkh sulfh lv wkh

dyhudjh vxjjhvwhg uhwdlo olvw sulfh gh dwhg xvlqj wkh FSL1 Wkh txdolw| vhulhv lv jhqhudwhg

xvlqj wkh iroorzlqj irupxod=

�|n�

�|

�

�rE|n��

�r|

�
|n�

�
|

c +414,

zkhuh �| dqg �|n� duh wkh dfwxdo dyhudjh sulfhv/
�rE|n��

�r|
lv wkh zkdw wkh sulfh udwlr zrxog eh li

txdolw| glg qrw fkdqjh ehwzhhq shulrg | dqg |n�c dqg �
|n� dqg �

|
duh dyhudjh txdolwlhv1 Wkh

sulfh udwlr lv h{suhvvhg dv d frqvwdqw0txdolw| sulfh udwlr pxowlsolhg e| d txdolw| udwlr1 Wkh

r!fldo txdolw|0dgmxvwhg sulfh lqgh{ ri wkh Exuhdx ri Hfrqrplf Dqdo|vlv zdv xvhg wr frqvwuxfw

frqvwdqw0txdolw| sulfh udwlrv/ dqg wkhq txdolw| udwlrv zhuh frqvwuxfwhg e| glylglqj wkh dfwxdo

sulfh udwlrv e| wkh frqvwdqw0txdolw| sulfh udwlrv1 Wkh txdolw|0dgmxvwhg sulfh lqgh{ phdvxuhv

krz sulfhv fkdqjh iurp |hdu wr |hdu kroglqj prgho fkdudfwhulvwlfv vxfk dv surfhvvlqj vshhg

dqg vwrudjh fdsdelolwlhv frqvwdqw1 Phwkrgv iru frpsxwlqj txdolw|0dgmxvwhg sulfh lqgh{hv iru
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wkh shuvrqdo frpsxwhu lqgxvwu| kdyh ehhq ghvfulehg e| Ehuqgw/ Julolfkhv/ dqg Udssdsruw

+4<<8, dqg Ilovrq +4<<;,1 Iru ghwdlov rq wkh phwkrg wkh Exuhdx ri Hfrqrplf Dqdo|vlv xvhv/

vhh X1V1 Ghsduwphqw ri Frpphufh/ Exuhdx ri Hfrqrplf Dqdo|vlv +4<<9,1

51 Wkh Prgho

Wklv vhfwlrq vxppdul}hv wkh nh| ihdwxuhv ri wkh prgho1 Iru ixuwkhu ghwdlov vhh Ilovrq +5334,1

Wkh prgho ghvfulehv wkh hyroxwlrq ri d vlqjoh lqgxvwu| lq d iudphzrun zlwk glvfuhwh wlph/ dq

lq�qlwh krul}rq/ d frqwlqxxp ri �upv/ dqg hqgrjhqrxv hqwu| dqg h{lw1 Wkh lqgxvwu| kdv d

txdolw| odgghu dqg d frvw odgghu> wkh vkdshv ri hdfk ghwhuplqh wkh pdjqlwxgh ri wkh dydlodeoh

lqqrydwlrqv hdfk shulrg1 Wkh vkdshv ri hdfk odgghu duh nqrzq dqg �{hg1 Wklv lpsolhv wkdw

�upv fdqqrw lq xhqfh wkh gluhfwlrq ri whfkqrorjlfdo fkdqjh1 Lqvwhdg/ hdfk shulrg hdfk �up

lqyhvwv lq dq dwwhpsw wr eh d ohdghu rq hdfk odgghu/ dqg wkh suredelolw| ri vxffhvv lv d udqgrp

ixqfwlrq ri lqyhvwphqw16

Hdfk shulrg hdfk �up lq wkh lqgxvwu| lv lghqwl�hg e| lwv txdolw| �c lwv yduldeoh0frvw

sdudphwhu @c dqg lwv �{hg frvw s�7 Lwv txdolw| lv ghwhuplqhg e| lwv srvlwlrq rq wkh txdolw|

odgghu dqg lwv yduldeoh dqg �{hg frvwv duh ghwhuplqhg e| lwv srvlwlrq rq wkh frvw odgghu1

Sur�wv ZE�c @c s� duh gh�qhg dv

ZE�c @c s� ' 4@ 
^

RE��^ � SE@c ^�� sc +514,

zkhuh RE�� lv wkh sulfh wkh �up idfhv dqg ^ lv lwv rxwsxw� Lq wkh hvwlpdwlrq urxwlqh SE@c ^� '

@
^
2

2
� Wklv ixqfwlrq lv vwulfwo| lqfuhdvlqj dqg vwulfwo| frqyh{ lq ^( wklv hqvxuhv wkdw wkh qxpehu

ri �upv lq wkh pdunhw lv dozd|v srvlwlyh e| hqvxulqj wkdw d �up*v vl}h lv olplwhg e| lwv whfkqro0

rj|1 Zkhq @ ghfuhdvhv/ wkh pdujlqdo0frvw fxuyh vkliwv grzq1 Wklv lpsolhv wkdw yduldeoh0frvw

lqqrydwlrqv duh vfdoh0lqfuhdvlqj/ dv lq Krshqkd|q +4<<7,/ Mrydqrylf dqg Pdfgrqdog +4<<7,/

dqg Nohsshu +4<<9,1 Lq frqwudvw/ wkh htxloleulxp h�hfw ri �{hg0frvw lqqrydwlrq lv wkdw �upv

6Pxfk ri lqqrydwlrq lq wkh SF lqgxvwu| lv ri wklv w|sh1 Iru h{dpsoh/ vxssrvh wkdw Lqwho ghyhorsv d qhz
fkls1 Iurp d shuvrqdo frpsxwhu pdqxidfwxuhu*v srlqw ri ylhz wkh dydlodeoh lpsuryhphqw lq surfhvvlqj srzhu
lv h{rjhqrxv +lw lv ghwhuplqhg e| wkh fkls,1 SF pdqxidfwxuhuv lqyhvw lq dq dwwhpsw wr eh dprqj wkh �uvw wr
lqfrusrudwh Lqwho*v qhz fkls lqwr wkhlu pdfklqhv1

7Wkh lqwhusuhwdwlrq ri �{hg frvwv lv vwdqgdug 0 wkh| lqfoxgh sodqw dqg htxlsphqw uhqwdo frvwv dqg rwkhu
rssruwxqlw| frvwv=
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hqwhu dqg sulfh idoov> kroglqj @ frqvwdqw wkh uhgxfwlrq lq sulfh kdv wkh h�hfw ri uhgxflqj

rxwsxw0shu0�up1 Ilovrq +5334, surylghv irupdo surriv wkdw looxvwudwh wkhvh uhvxowv1 Wkh| duh

lpsruwdqw iru krz wkh prgho lghqwl�hv lqqrydwlrq lq wkh gdwd 0 shulrgv ri ulvlqj txdqwlw|

shu �up duh dvvrfldwhg zlwk lpsuryhphqwv lq yduldeoh frvwv dqg shulrgv ri idoolqj txdqwlw|

shu �up duh dvvrfldwhg zlwk lpsuryhphqwv lq �{hg frvwv1

Lq dgglwlrq wr fkrrvlqj wkhlu txdqwlwlhv/ hdfk shulrg hdfk �up fkrrvhv krz pxfk wr lqyhvw

lq txdolw| lpsuryhphqwv dqg frvw lpsuryhphqwv1 Wkhvh ghflvlrqv duh pdgh wr pd{lpl}h wkh

�up*v h{shfwhg ydoxh 0 lwv h{shfwhg qhw suhvhqw ydoxh ri lwv glvfrxqwhg ixwxuh uhwxuq vwuhdp1

Wzr dvvxpswlrqv vlpsoli| frpsxwdwlrqv1 Iluvw/ doo ri wkh iroorzhuv fdwfk xs wr wkh ohdghuv

rq hdfk odgghu dw wkh hqg ri hdfk shulrg1 Wklv dvvxpswlrq lpsolhv wkdw wkh gl�xvlrq ri

txdolw| dqg frvw fkdqjhv wdnhv rqh shulrg1 Vhfrqg/ rewdlqlqj d ohdghuvkls srvlwlrq rq d

odgghu lq rqh shulrg grhv qrw jlyh wkh �up dq dgydqwdjh lq lqqrydwlqj lq ixwxuh shulrgv=

doo �upv kdyh dffhvv wr wkh vdph suredelolw|0ri0vxffhvv ixqfwlrq uhjdugohvv ri wkhlu fxuuhqw

whfkqrorj|1 Wklv lpsolhv wkdw lq htxloleulxp doo �upv lqyhvw wkh vdph dprxqw lq hdfk w|sh ri

lqqrydwlrq hdfk shulrg dqg wkdw vrph iroorzhuv fdq ohdsiurj wkh fxuuhqw ohdghuv wr ehfrph

ohdghuv wkh iroorzlqj shulrg1 Lqyhvwphqw ohyhov duh ghqrwhg e| %^ dqg %S dqg wkh uhvxowlqj

suredelolwlhv ri vxffhvv duh ghqrwhg e| b^E%^� dqg bSE%S�� Erwk ixqfwlrqv duh lqfuhdvlqj dqg

frqfdyh 0 lq wkh hvwlpdwlrq urxwlqh

b
S
E%

S
� '

kS%
�*2
S

�n kS%
�*2
S

c +515,

dqg b^E%^� kdv wkh vdph irup dv bSE%S�/ zlwk sdudphwhu k^1

Wkh hyroxwlrq ri wkh lqgxvwu| surfhhgv dv iroorzv1 Lqlwldoo|/ doo �upv duh rq wkh �uvw uxqj

rq hdfk odgghu/ vr doo kdyh wkh vdph surgxfw txdolwlhv dqg frvw ixqfwlrqv1 Lq wkh �uvw shulrg/

�upv fdq lqyhvw lq dq dwwhpsw wr pryh xs wr wkh vhfrqg uxqj rq hdfk odgghu1 Wkrvh wkdw

duh vxffhvvixo pryh wr wkh vhfrqg uxqj lq wkh vhfrqg shulrg/ zkloh wkrvh wkdw idlo dqg qhz

hqwudqwv uhpdlq rq wkh �uvw uxqj1 Lq wkh vhfrqg shulrg/ dqg lq hdfk vxevhtxhqw shulrg/

wkhuh duh wzr uhohydqw uxqjv rq hdfk odgghu 0 d uxqj iru ohdghuv +�upv wkdw lqqrydwhg lq

wkh suhylrxv shulrg, dqg d uxqj iru iroorzhuv +�upv wkdw glg qrw lqqrydwh lq wkh suhylrxv

shulrg,1 Lq wkh vhfrqg shulrg/ �upv fdq lqyhvw lq dq dwwhpsw wr pryh xs wr wkh wklug uxqj
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rq hdfk odgghu1 Wkrvh wkdw duh vxffhvvixo duh rq wkh wklug uxqj lq wkh wklug shulrg/ zkloh

wkrvh wkdw idlo dqg qhz hqwudqwv duh rq wkh vhfrqg uxqj1 Erwk wkh ohdghu dqg wkh iroorzhu

uxqjv lqfuhdvh e| rqh hdfk shulrg +diwhu wkh �uvw,/ vr wkh iroorzhuv fdwfk xs wr wkh iruphu

ohdghuv/ exw wkh qhz ohdghuv frqwlqxh wr eh rqh uxqj dkhdg1 Lq shulrg |c ohdghuv duh rq uxqj

| dqg iroorzhuv duh rq uxqj |� ��

Ilupv wkdw vxffhvvixoo| lqqrydwh rewdlq hlwkhu d txdolw| dgydqwdjh/ d frvw dgydqwdjh/

ru erwk/ wkdw odvwv iru rqh shulrg1 Diwhu wkdw/ wkh lpsuryhphqw lv dydlodeoh wr hyhu| �up1

Wkhuhiruh/ lq hyhu| shulrg diwhu wkh �uvw wkhuh duh �yh w|shv ri �upv= �upv wkdw kdyh erwk d

txdolw| dqg frvw dgydqwdjh/ �upv wkdw rqo| kdyh rqh ru wkh rwkhu/ h{lvwlqj �upv wkdw kdyh

qr dgydqwdjh/ dqg qhz hqwudqwv/ zkr e| dvvxpswlrq kdyh qr dgydqwdjh1 Ehorz/ �upv lq wkh

�uvw wkuhh jurxsv duh fdoohg kljk0whfk �upv/ dqg �upv lq wkh odvw wzr jurxsv duh fdoohg orz0

whfk �upv1 Ehorz/ yduldeohv wkdw uhihu wr �upv zlwk erwk txdolw| dqg frvw dgydqwdjhv/ mxvw

txdolw| dgydqwdjhv/ mxvw frvw dgydqwdjhv/ dqg qr dgydqwdjh/ kdyh ^Sc ^c Sc dqg f vxshuvfulswv/

uhvshfwlyho|1 Iru h{dpsoh/ ghqrwh wkh qxpehu ri hdfk w|sh ri �up lq wkh pdunhw dw wlph |

e| ?
^S
| c ?

^
| c ?

S
|c dqg ?

f

| �

Lq wkh hvwlpdwlrq urxwlqh wkh txdolw| dqg frvw odgghuv kdyh  h{leoh ixqfwlrqdo irupv1

Wkh surfhvvhv nhhs wudfn ri wkh txdolw| dqg frvw sdudphwhuv dydlodeoh wr orz0whfk �upv hdfk

shulrg diwhu wkh �uvw +�f
|
c @f

|
/ sf

|
,1 Uhfdoo wkdw ohdghuv hdfk shulrg duh rqh uxqj dkhdg rq

wkhvh odgghuv1 Wkh iroorzlqj ixqfwlrqdo irupv duh xvhg=
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Wkh �uvw uxqj ri hdfk odgghu lv ghwhuplqhg e| wkh uhvwulfwlrqv @f
�
' @

f

2
c sf

�
' sf

2
c dqg �f

�
' �f

2
�

Wkh dprxqw ri  h{lelolw| uhtxluhg iru hdfk odgghu zdv ghwhuplqhg xvlqj olnholkrrg udwlr

whvwv zkhuh wkh jrdo zdv �wwlqj wkh wuhqgv lq �up qxpehuv/ sulfh/ txdqwlw|/ dqg txdolw|1 Wkh
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glvfxvvlrq ehorz irfxvhv rq wkh hvwlpdwhg fkdqjhv lq @
f

|
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|
c dqg �f

|
lq wkh gl�huhqw lqgxvwulhv/

dqg qrw rq wkh ydoxhv wdnhq e| wkh ydulrxv �� dqg K� sdudphwhuv1 Qrwh wkdw li hdfk �up xvhv

wkh qhzhvw whfkqrorj| dydlodeoh wr lw/ wkhq s
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orz0whfk whfkqrorj| lqvwhdg 0 wklv hqvxuhv wkdw ehlqj rq d kljkhu uxqj fdqqrw pdnh d �up

zruvh r�1
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zkhuh B lv d glvfrxqw idfwru1 Wkh rxwvlgh rswlrq kdv d ydoxh ri f� Wkh ydoxh ixqfwlrqv ri

wkh rwkhu w|shv ri �upv gl�hu rqo| e| fxuuhqw sur�wv1 Vlqfh doo �upv kdyh wkh vdph ixwxuh

rssruwxqlwlhv dqg lqyhvwphqw whfkqrorjlhv/ doo �upv lqyhvw wkh vdph dprxqwv lq hdfk w|sh

ri lqqrydwlrq1

Lq hyhu| shulrg/ pdunhw vxsso| lq whupv ri vhuylfhv lv jlyhq e|
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^
| uhsuhvhqw txdqwlwlhv1 Hdfk w|sh ri �up*v txdqwlw| lv zhljkwhg e| lwv

txdolw| ohyho1

Frqvxphuv ydoxh vhuylfhv surylghg e| jrrgv/ zkhuh wkh ohyho ri vhuylfhv surylghg e| d

txdqwlw| lv jlyhq e| r ' �^1 Jrrgv duh shuihfw vxevwlwxwhv lq surylglqj vhuylfhv/ vr ghpdqg

lv d ixqfwlrq ri sulfh shu xqlw ri txdolw|1 Wklv lpsolhv wkdw li frqvxphuv duh zloolqj wr ex|

doo txdolw| w|shv lq hyhu| shulrg wkhq
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wkh frpprq txdolw|0sulfh udwlr18 Lq wkh hvwlpdwlrq urxwlqh wkh ghpdqg ixqfwlrq iru vhuylfhv

kdv wkh irup
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5141 Htxloleulxp

Lq htxloleulxp �upv hqwhu ru h{lw dqg fkrrvh wkhlu txdolw|0frvw frpelqdwlrqv/ txdqwlwlhv

dqg lqyhvwphqwv rswlpdoo|/ dqg frqvxphuv fkrrvh wkhlu txdqwlwlhv rswlpdoo|1 Wkh iroorzlqj

pdunhw0fohdulqj frqglwlrq/ zklfk htxdwhv wkh ghpdqg iru vhuylfhv zlwk wkh vxsso|/ pxvw eh

vdwlv�hg=
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Rswlpdo hqwu| dqg h{lw ri orz0whfk �upv lpsolhv wkdw T f

|
' f lq hyhu| shulrg1 Li orz0

whfk �upv duh lq wkh pdunhw hyhu| shulrg/ wkhq wkh ydoxh ri rshudwlqj d orz0whfk �up lq wkh

lqgxvwu| lv htxdo wr wkh rxwvlgh dowhuqdwlyh hyhu| shulrg1 Wkh hvwlpdwlrq dojrulwkp ghvfulehg

lq wkh qh{w vxevhfwlrq dvvxphv wkdw wklv lv wkh fdvh1

5151 Hvwlpdwlrq

Wkh hvwlpdwlrq dojrulwkp shuirupv d fxuyh0�wwlqj h{huflvh1 Jlyhq wkh ixqfwlrqdo irupv dqg

d vhw ri sdudphwhu ydoxhv/ wkh h{rjhqrxv txdolw| dqg frvw odgghuv duh frqvwuxfwhg1 Wkhq wkh

prgho lv vlpxodwhg1 Wlph vhulhv iru �up qxpehuv/ sulfh/ txdqwlw|/ dqg dyhudjh txdolw| duh

rxwfrphv ri wkh htxloleulxp ri wkh prgho1 Wkh sdudphwhuv ri wkh prgho duh dgmxvwhg lq dq

lwhudwlyh surfhvv wr plqlpl}h wkh glvwdqfh ehwzhhq wkh revhuydeohv wkdw wkh prgho jhqhudwhv

dqg wkh gdwd 0 wkh �qdo hvwlpdwhg txdolw| dqg frvw odgghuv duh wkrvh wkdw surylgh wkh ehvw

�w1 Iru d pdwkhpdwlfdo ghvfulswlrq ri wkh dojrulwkp vhh Ilovrq +5334,1

Rqfh wkh �qdo txdolw| dqg frvw odgghuv duh dydlodeoh wkh prgho lv vlpxodwhg wr jhqhudwh

8Frqvxphuv fdq eh khwhurjhqhrxv1 Vxssrvh frqvxphuv vroyh pd{t3>tt X @ P � s3t3 � sttt �

�h�+�
3
t
3.�

t
t
t,> zkhuh P lv lqfrph dqg � lv d khwhurjhqhrxv wdvwh sdudphwhu1 Jlyhq sulfhv dqg txdol0

wlhv/ wkhuh lv d ydoxh ri � vxfk wkdw frqvxphuv zlwk d orzhu ydoxh ri � sxufkdvh qrwklqj1 Wkxv/ qhz pdunhw

vhjphqwv fdq hphujh dv sulfh gursv dqg txdolw| lpsuryhv1
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hvwlpdwhg txdqwlwlhv/ sur�wv/ dqg rwkhu yduldeohv ri lqwhuhvw1 Wkh hvwlpdwlrq uhvxowv ryhuvwdwh

wkh frqwulexwlrq ri txdolw| dqg yduldeoh dqg �{hg frvw fkdqjhv wr dq lqgxvwu|*v hyroxwlrq

ehfdxvh rwkhu idfwruv duh qrw lq wkh prgho +eudqg qdphv dqg qhwzrun h�hfwv duh wzr h{dp0

sohv,1 Krzhyhu/ wkh hvwlpdwlrq uhvxowv vwloo |lhog vrph eurdg wuhqgv lq lqqrydwlrq wkdw vkrxog

eh lpsruwdqw li wkh irufhv ri wkh prgho duh sduwo| uhvsrqvleoh iru wkh revhuyhg g|qdplfv1

Ehfdxvh wkh gdwd duh dqqxdo/ lq wkh dqdo|vlv ehorz d txdolw| lqqrydwlrq lv pdgh xs ri doo

wkh txdolw| lqqrydwlrqv wkdw rffxu ryhu wkh |hdu/ dqg d frvw lqqrydwlrq lv gh�qhg vlploduo|1 Lw

lv dovr dvvxphg wkdw wkh wlph lw wdnhv iru lqqrydwlrqv wr vsuhdg wr hyhu| �up lq wkh lqgxvwu|

lv rqh |hdu1

61 Lqqrydwlrq lq wkh Shuvrqdo Frpsxwhu Lqgxvwu|

Iljxuhv 6 dqg 7 judsk �up qxpehuv/ sulfh/ pdunhw txdqwlw|/ dqg txdqwlw| shu �up dorqj

zlwk wkh hvwlpdwhv jhqhudwhg e| wkh prgho1 Wkh prgho �wv wkh gdwd zhoo dqg pdwfkhv wkh

pdlq wuhqgv lq wkh lqgxvwu|0ohyho gdwd/ lqfoxglqj wkh wuhqg lq txdqwlw| shu �up1 Wkh jrrg �w

lv qrw dq hqg lq lwv rzq uljkw/ vlqfh wkh  h{leoh ixqfwlrqdo irupv hqvxuh wklv1 Lw lv lpsruwdqw/

wkrxjk/ ehfdxvh d edg �w zrxog pdnh wkh hvwlpdwhv ri txdolw| dqg frvw fkdqjh xquholdeoh1

Iljxuh 8 suhvhqwv wkh pdlq hvwlpdwlrq uhvxowv1 Iljxuh 8 judskv wkh hvwlpdwhg wuhqgv

lq txdolw|/ yduldeoh frvwv/ dqg �{hg frvwv/ dqg vkrzv wkdw vxevwdqwldo fkdqjhv lq doo wkuhh

frpsrqhqwv kdyh rffxuuhg ryhu wkh olih f|foh1 Wdnhq wrjhwkhu/ Iljxuhv 608 vkrz wkdw suhylrxv

g|qdplf htxloleulxp olih0f|foh prghov +Krshqkd|q/ 4<<7/ Mrydqrylf dqg PdfGrqdog/ 4<<7/

dqg Nohsshu/ 4<<9, wkdw ljqruh rqh ru pruh ri wkh wkuhh frpsrqhqwv fdqqrw h{sodlq wkh

wuhqgv lq wkh gdwd1 Lq sduwlfxodu/ h{sodqdwlrqv edvhg vroho| rq yduldeoh0frvw lqqrydwlrqv

+Krshqkd|q/ 4<<7/ Mrydqrylf dqg PdfGrqdog/ 4<<7, duh lqdghtxdwh ehfdxvh wkh| lpso|

wkdw �up vl}h ulvhv ryhu wlph1 D frpsdulvrq ri Iljxuhv 7 dqg 8 vkrzv wkdw zkloh shulrgv

ri ulvlqj dyhudjh �up vl}h duh dvvrfldwhg zlwk yduldeoh0frvw lpsuryhphqwv/ shulrgv ri idoolqj

�up vl}h duh dvvrfldwhg zlwk �{hg0frvw lpsuryhphqwv1 Lqwhuhvwlqjo|/ yduldeoh dqg �{hg frvw

wudghr�v rffxu ryhu wkh olih f|foh 0 fkdqjhv lq wkh wzr frvw frpsrqhqwv r�vhw hdfk rwkhu1

Iljxuhv 608 khuh
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Wkh frqfoxvlrq wkdw �{hg frvwv ihoo lq wkh hduo| ;3v frphv iurp wkh idfw wkdw txdqwlw|

shu �up ihoo gudpdwlfdoo| dqg wkhq uhpdlqhg orz iru d orqj shulrg/ zkloh pdunhw txdqwlw|

urvh dqg hqwu| rffxuuhg1 Rwkhu h{sodqdwlrqv duh xqvdwlvidfwru|1 Ghpdqg uhgxfwlrqv fdqqrw

eh wkh fdxvh ehfdxvh pdunhw txdqwlw| ulvhv1 D vhohfwlrq h�hfw lq zklfk �upv hqwhu lq rughu

wr rewdlq d vfdoh0lqfuhdvlqj lqqrydwlrq dqg whpsrudulo| dffhsw orz rxwsxw dqg orz sur�wv lv

qrw olnho| wr eh wkh fdxvh/ dv txdqwlw| shu �up zrxog idoo rqo| eulh |/ dqg wkhq ulvh dv �upv

ehjdq wr rewdlq wkh vfdoh0lqfuhdvlqj lqqrydwlrq1

Wkh uhpdlqlqj �jxuhv vxjjhvw rwkhu zd|v wkdw suhylrxv prghov frxog eh lpsuryhg1 Iru

h{dpsoh/ Nohsshu +4<<9, doorzv iru erwk txdolw| dqg frvw lpsuryhphqwv exw frqwlqxhv wr olqn

odujh �up vl}h wr frvw dgydqwdjhv1 Iljxuh 9 judskv wkh hvwlpdwhg txdqwlw| shu �up iru hdfk

w|sh ri �up dqg vkrzv wkdw odujh vl}h lv qrw dozd|v dvvrfldwhg zlwk orz frvwv1 Ryhu pxfk ri

wkh olih f|foh odujh �upv zhuh kljk0txdolw| �upv/ qrw orz0frvw surgxfhuv1 Lq wkh prgho kljk

txdolw| lqfuhdvhv �up vl}h ehfdxvh e| htxdwlrq +51;, kljk0txdolw| �upv idfh kljkhu sulfhv/

dqg e| htxdwlrq +514, �upv wkdw idfh kljkhu sulfhv surgxfh odujhu txdqwlwlhv1

Iljxuh 9 khuh

Ixuwkhu/ Nohsshu +4<<9, dvvxphv wkdw �upv uhfhlyh d frqvwdqw h{rjhqrxv sd|r� iurp

txdolw| lpsuryhphqw wkdw grhv qrw ydu| ryhu wlph1 Wklv grhv qrw dsshdu wr eh wkh fdvh

lq wkh SF lqgxvwu| 0 sur�w ydulhv zlwk whfkqrorjlfdo rssruwxqlwlhv1 Iljxuh : judskv wkh

hvwlpdwhg udwh ri txdolw| lpsuryhphqw hdfk shulrg dqg vkrzv wkdw rssruwxqlwlhv iru txdolw|

lpsuryhphqwv ydu| ryhu wkh olih f|foh1 Wkh hvwlpdwhg udwh ri txdolw| lpsuryhphqw iroorzv d

X0vkdshg sdwwhuq/ uhdfklqj shdnv lq 4<:: dqg dw wkh hqg ri wkh vhulhv1 Iljxuh ; judskv wkh

hvwlpdwhg sur�wdelolw| ri lqqrydwlqj dqg vkrzv wkdw wkh sur�wdelolw| ri rewdlqlqj d txdolw|

dgydqwdjh ydulhv frqvlghudeo| ryhu wkh olih f|foh1 Qrwh wkdw wkh udwh ri txdolw| lpsuryhphqw

lv qrw vx!flhqw iru ghwhuplqlqj wkh sur�wdelolw| ri txdolw| dgydqwdjhv 0 wkh sur�wdelolw| ri

rewdlqlqj d txdolw| dgydqwdjh lv pxfk kljkhu odwh lq wkh olih f|foh hyhq wkrxjk wkh udwh ri

txdolw| lpsuryhphqw lv urxjko| vlplodu wr wkdw lq wkh odwh :3v1 Wkh uhdvrq zk| wklv lv wkh fdvh

lv wkdw wkh sur�wdelolw| ri lpsurylqj txdolw| ghshqgv rq wkh frvw ixqfwlrq1 Odwh lq wkh olih

f|foh �upv kdyh uhodwlyho| orz yduldeoh frvwv dqg wkxv surgxfh d odujhu rxwsxw1 Wklv lpsolhv
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wkdw dq| jlyhq txdolw| lpsuryhphqw lv lqfrusrudwhg lqwr pruh xqlwv ri rxwsxw/ uhvxowlqj lq

odujhu sur�wv iru vxffhvvixo lqqrydwruv1

Iljxuhv : dqg ; khuh

6141 Hylghqfh

Wkh uhpdlqghu ri wklv vhfwlrq hydoxdwhv wkh hvwlpdwhv ri wkh prgho xvlqj dffrxqwv ri lq0

qrydwlrqv gudzq iurp Odqjorlv +4<<5,/ Vwh�hqv +4<<7,/ dqg ydulrxv lvvxhv ri Gdwdpdwlrq/

Hohfwurqlf Exvlqhvv/ dqg Vwdqgdug ) Srru*v Lqgxvwu| Vxuyh|v1 Wkh whvw ri wkh prgho irfxvhv

rq wzr nh| vhwv ri uhvxowv rq whfkqrorjlfdo fkdqjh ghvfulehg deryh1 Iluvw/ wkh prgho*v h{0

sodqdwlrq iru wkh sdwwhuq lq dyhudjh �up vl}h lv wkdw wkh qdwxuh ri frvw lqqrydwlrq fkdqjhg

ryhu wkh olih f|foh1 Lv lw uhdvrqdeoh wr frqfoxgh wkdw frvw lqqrydwlrq lqyroyhg yduldeoh dqg

�{hg frvw wudghr�v/ dqg wkdw yduldeoh frvwv ihoo zkloh �{hg frvwv urvh gxulqj wkh odwh :3v dqg

hduo| <3v dqg wkdw �{hg frvwv ihoo dqg yduldeoh frvwv urvh gxulqj wkh plg ;3vB Vhfrqg/ wkh

hvwlpdwhv vxjjhvw wkdw wkh udwh ri txdolw| lpsuryhphqw zdv kljk lqlwldoo|/ gursshg lq wkh

plg ;3v/ dqg wkhq urvh djdlq lq wkh plg <3v1 Lv lw uhdvrqdeoh wr frqfoxgh wkdw wkh udwh ri

txdolw| lpsuryhphqw zdv uhodwlyho| orz gxulqj wkh plg ;3vB

Wkh hylghqfh suhvhqwhg lq wkh iroorzlqj sdudjudskv vxjjhvwv wkdw wkh prgho*v uhvxowv duh

uhdvrqdeoh xqghu wzr dvvxpswlrqv1 Iluvw/ dvvxph wkdw lq wkh vkruw uxq/ fdslwdo +sodqwv dqg

htxlsphqw, lv d �{hg lqsxw dqg oderu lv d yduldeoh lqsxw1 Wklv lpsolhv wkdw dq| lqfuhdvh

lq dxwrpdwlrq wkdw vdyhv oderu kdv wkh h�hfw ri lqfuhdvlqj �{hg frvwv dqg uhgxflqj ydul0

deoh frvwv1 Vhfrqg/ dvvxph wkdw dq lqfuhdvh lq yhuwlfdo lqwhjudwlrq uhsodfhv yduldeoh lqsxwv

+frpsrqhqwv, zlwk �{hg lqsxwv +pdfklqhv wkdw fdq eh xvhg wr surgxfh frpsrqhqwv,1 Wklv

lpsolhv wkdw yhuwlfdo lqwhjudwlrq uhgxfhv yduldeoh frvwv dqg lqfuhdvhv �{hg frvwv1

Iljxuh . vkrzv wkdw txdolw| lpsuryhg dw d udslg udwh lq 4<::/ dqg wkh hylghqfh vxssruwv

wklv uhvxow1 Wkh �uvw SF zdv wkh PLWV Dowdlu/ lqwurgxfhg lq 4<:81 Lw eruh doprvw qr uhodwlrq

wr prghuq SFv 0 wrjjoh vzlwfkhv dqg oljkwv zhuh wkh rqo| lqsxw dqg rxwsxw ghylfhv1 Hduo| SFv

zhuh vlplodu wr wkh Dowdlu/ exw lq 4<:: Dssoh/ Frpprgruh/ dqg Wdqg| lqwurgxfhg surgxfwv

wkdw pdgh gudpdwlf lpsuryhphqwv1 Iru h{dpsoh/ wkh Dssoh LL kdg d exlow0lq nh|erdug/ guryh

d froru prqlwru/ dqg frqqhfwhg wr d fdvvhwwh uhfrughu1
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Iljxuh D vkrzv wkdw hvwlpdwhg yduldeoh frvwv ihoo dqg �{hg frvwv urvh lq wkh shulrg 4<::0

4<;41 Wzr wuhqgv duh frqvlvwhqw zlwk wkh hvwlpdwhv1 Iluvw/ Dssoh/ Frpprgruh/ Wdqg|/ dqg

rwkhu hqwudqwv gxulqj wklv shulrg lqwurgxfhg yroxph pdqxidfwxulqj phwkrgv wkdw lpsuryhg

rq wkh hduo| edwfk surfhvvhv xvhg e| PLWV e| vxevwlwxwlqj fdslwdo iru oderu1 Vhfrqg/ prvw

hqwudqwv lq wkh odwh 4<:3v zhuh sduwldoo| yhuwlfdoo| lqwhjudwhg dqg surgxfhg plfursurfhvvruv/

sulqwhg flufxlw erdugv ru shulskhudov lq krxvh1

Iljxuh D vkrzv wkdw iroorzlqj 4<;4 wkh qdwxuh ri frvw lqqrydwlrq fkdqjhg 0 �{hg frvwv

ihoo dqg yduldeoh frvwv urvh1 Wklv sdwwhuq fdq eh dwwulexwhg wr hyhqwv wkdw iroorzhg wkh hqwu|

ri LEP lq 4<;41 LEP dgrswhg dq rshq vwdqgdug> prvw ri lwv SF*v ghvljq zdv qrw surwhfwhg

wkurxjk sdwhqwv ru rwkhu phdqv1 Wklug sduwlhv zhuh hqfrxudjhg wr pdqxidfwxuh frpsrqhqwv

dqg vriwzduh/ dqg dv d uhvxow qhz �upv hqwhuhg wkh pdunhw dqg forqhg LEP*v SF1 E| wkh plg

;3v wkh ydvw pdmrulw| ri �upv zhuh vpdoo forqh surgxfhuv wkdw zhuh qrw yhuwlfdoo| lqwhjudwhg

0 wkh| erxjkw sduwv r� wkh vkhoi dqg dvvhpeohg SFv1 Wkh fkdqjhv vsdunhg e| LEP*v hqwu|

d�hfwhg doo �upv/ qrw mxvw vpdoo forqh �upv 0 wkh odujhu �upv dovr ehjdq wr ex| pruh sduwv

lqvwhdg ri surgxflqj wkhp lq krxvh1

Iljxuh . vkrzv wkdw wkrxjk txdolw| frqwlqxhg wr lpsuryh lq wkh plg ;3v/ wkh udwh zdv

uhodwlyho| orz frpsduhg wr wkh :3v dqg <3v1 Diwhu LEP*v hqwu| txdolw| lpsuryhphqwv rffxuuhg

zlwklq LEP*v vwdqgdug1 Wkh lpsuryhphqwv zhuh qrw dv gudpdwlf dv wkh lpsuryhphqwv gxulqj

wkh odwh :3v zkhq SFv zhqw iurp ehlqj nlwv iru kree|lvwv wr prghuq frpsxwhuv1 Gxulqj wkh

;3v wkh SF ehfdph lqfuhdvlqjo| frpprglwl}hg/ dqg e| 4<;9 Frpsdt/ d forqh pdqxidfwxuhu/

ehdw LEP wr pdunhw e| lqwurgxflqj wkh �uvw SF xvlqj Lqwho*v 6;9 fkls1

Iljxuh D vkrzv wkdw lq wkh odwh ;3v wkh gluhfwlrq ri frvw lqqrydwlrq fkdqjhg djdlq/ dqg

yduldeoh frvwv ihoo dqg �{hg frvwv urvh1 Vhyhudo idfwv duh frqvlvwhqw zlwk wkh prghov uhvxowv1

Lq wkh odwh ;3v frpsdqlhv lqfoxglqj Dfhu/ Ghoo/ Jdwhzd|/ Jrogvwdu/ K|xqgdl/ dqg Sdfndug

Ehoo ghyhorshg orz0frvw pdqxidfwxulqj dqg glvwulexwlrq phwkrgv wkdw uhgxfhg yduldeoh frvwv1

Surfhvv lqqrydwlrqv ehjdq wr lqyroyh ohvv rxwvrxuflqj dqg oderu dqg pruh dxwrpdwlrq1 Iru

h{dpsoh/ dssur{lpdwho| 93( ri wkh ydoxh ri wkh LEP SV25 olqh/ lqwurgxfhg lq 4<;:/ kdg d

vrxufh zlwklq LEP1 Wkh ruljlqdo LEP SF/ lq frqwudvw/ kdg dq h{whuqdo vrxufh iru dssur{l0

pdwho| <7( ri wkh ydoxh1 Wkh SV25 kdg ihzhu frpsrqhqwv shu pdfklqh/ dqg zdv hdvlhu wr

dvvhpeoh 0 oderu xvdjh zdv uhgxfhg 57063(1 Frpsdt/ LEP/ dqg vhyhudo Mdsdqhvh �upv eh0
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jdq xvlqj vxuidfh0prxqw whfkqrorj|/ dq h{wuhpho| fdslwdo0lqwhqvlyh whfkqrorj| wkdw uhtxluhg

pxowlploolrq0groodu htxlsphqw lqyhvwphqwv/ dqg xvdjh h{sdqghg ryhu wlph19 Lq 4<<3 Frpsdt

ehjdq wr lqyhvw lq wdsh dxwrpdwhg erqglqj/ dqrwkhu kljko| dxwrpdwhg dqg fdslwdo lqwhqvlyh

whfkqrorj|1:

Wkh uhpdlqlqj wuhqg lv wkh lqfuhdvhg udwh ri txdolw| lpsuryhphqw lq wkh 4<<3v vkrzq lq

Iljxuh .1 Wkh h{sodqdwlrq iru wklv wuhqg lv wkdw lq wkh <3v gudpdwlf lpsuryhphqwv lq vl}h/

zhljkw/ vwrudjh fdsdflw|/ dqg edwwhu| olih rffxuuhg lq sruwdeoh frpsxwhuv/ zkloh surfhvvru

vshhgv dqg vwrudjh fdsdflwlhv iru ghvnwrsv frqwlqxhg wr lpsuryh dw xqglplqlvkhg udwhv1 Wkh

pryh wrzdugv plqldwxul}dwlrq dqg sruwdelolw| dorqj zlwk xqglplqlvkhg lpsuryhphqwv lq

rwkhu fkdudfwhulvwlfv ohg wr dq lqfuhdvhg udwh ri txdolw| lpsuryhphqw uhodwlyh wr wkh plg ;3v1

Lq vxp/ wkh sdwwhuqv wkdw duh frqvlvwhqw zlwk wkh prgho*v uhvxowv duh dv iroorzv= 4, Wkh

kljk udwh ri txdolw| lpsuryhphqw lq wkh odwh :3v zdv gxh wr gudpdwlf lpsuryhphqwv ryhu wkh

�uvw SFv> 5, idoolqj yduldeoh frvwv dqg ulvlqj �{hg frvwv gxulqj wklv shulrg zhuh gxh wr wkh

lqfuhdvhg xvh ri yroxph pdqxidfwxulqj dqg yhuwlfdo lqwhjudwlrq> 6, wkh uhodwlyho| orz udwh

ri txdolw| lpsuryhphqw gxulqj wkh plg ;3v zdv gxh wr lqfuhphqwdo lpsuryhphqwv wr LEP*v

rshq vwdqgdug> 7, idoolqj �{hg frvwv dqg ulvlqj yduldeoh frvwv gxulqj wkh plg ;3v zhuh gxh wr

yhuwlfdo glvlqwhjudwlrq wkdw rffxuuhg rqfh vshfldol}hg frpsrqhqw pdqxidfwxuhuv hphujhg> 8,

idoolqj yduldeoh frvwv dqg ulvlqj �{hg frvwv lq wkh odwh ;3v dqg <3v zhuh gxh wr ohvv rxwvrxuflqj

dqg oderu xvh dqg pruh dxwrpdwlrq> 9, wkh lqfuhdvlqj udwh ri txdolw| lpsuryhphqw lq wkh

odwh <3v zdv gxh wr lpsuryhphqwv lq plqldwxul}dwlrq/ vshhg/ dqg vwrudjh1

71 Frqfoxvlrq

Wkh prgho hvwlpdwhg khuh h{whqgv suhylrxv zrun rq lqgxvwu| olih f|fohv e| frqvlghulqj txdo0

lw| dqg yduldeoh dqg �{hg frvw lpsuryhphqwv vlpxowdqhrxvo| lq d  h{leoh iudphzrun1 Wkh

9Vxuidfh0prxqw whfkqrorj| lqyroyhv prxqwlqj fklsv uljkw rq wkh erdug udwkhu wkdq xvlqj d soxj ru d

vrfnhw1 Lw uhgxfhv zlulqj dqg doorzv iru pruh fklsv wr eh sdfnhg rq hdfk erdug 0 wklv zdv fuxfldo iru exloglqj

vpdoohu dqg pruh sruwdeoh frpsxwhuv1 Wkhuh duh rwkhu dgydqwdjhv wr xvlqj vxuidfh0prxqw whfkqrorj|/ rqh

ehlqj wkdw wkh erdug fdq glvvlsdwh khdw ehwwhu wkdq d soxj1 Iru ixuwkhu glvfxvvlrq ri wkh hphujhqfh ri vxuidfh

prxqw whfkqrorj| lq 4<;: dqg 4<;; dqg lwv vsuhdg lq wkh hduo| <3*v vhh Vwdqgdug dqg Srru*v Lqgxvwu| Vxuyh|/

Mxqh </ 4<<7/ s1 H671
:Vhh Frpsdt*v 4<<3 dqqxdo uhsruw1 Wdsh dxwrpdwhg erqglqj hqdeohg juhdwhu plqlwldul}dwlrq ri frpsr0

qhqwv rq sulqwhg flufxlw erdugv1 Lw frqwulexwhg wr juhdwhu uholdelolw|/ idvwhu frpsxwlqj vshhgv/ dqg vpdoohu

surgxfwv1
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hvwlpdwlrq uhvxowv vkrz wkdw doo wkuhh frpsrqhqwv duh qhfhvvdu| wr h{sodlq wkh hyroxwlrq ri

wkh SF lqgxvwu|/ dqg wkh klvwrulfdo dqdo|vlv vkrzv wkdw wkh hvwlpdwhv ri whfkqrorjlfdo fkdqjh

jhqhudwhg e| wkh prgho duh frqvlvwhqw zlwk lqgxvwu| idfwv1

Dowkrxjk wkh prgho lpsuryhv rq wkh suhylrxv olwhudwxuh/ wkhuh duh vwloo vhyhudo srvvleoh

dyhqxhv iru ixuwkhu lpsuryhphqw1 Ulfkhu hqylurqphqwv zlwk khwhurjhqhrxv fkrlfhv ghvhuyh

ixuwkhu vwxg|1 Wkh prgho khuh kdv irxu w|shv ri �upv/ exw irfxvhv hqwluho| rq ohdghu0iroorzhu

uhodwlrqvklsv1 Lq uhdolw| pdq| lqqrydwlrqv duh rqo| sxuvxhg dqg lplwdwhg e| d vxevhw ri �upv/

vxffhvvixo �upv ehfrph pxfk odujhu wkdq qhz hqwudqwv/ dqg sdwk0ghshqghqfh lv uhohydqw1

Hhfnkrxw dqg Mrydqrylf +4<<;, lqwurgxfh d prgho wkdw doorzv vrph �upv wr eh shuvlvwhqw

lplwdwruv1

Ixuwkhu/ d pruh frpsohwh h{sodqdwlrq ri lqqrydwlrq lq wkh SF lqgxvwu| uhtxluhv vhyhudo

dgglwlrqdo idfwruv1 Vwh�hqv +4<<7, hpskdvl}hv gl�huhqw vwdjhv lq SF lqgxvwu|*v olih f|foh

dvvrfldwhg zlwk gl�huhqw vwdqgdugv dqg prghv ri frpshwlwlrq1 Wudqvlwlrqv rffxuuhg lq wkh

qdwxuh ri wkh frqvxphuv/ iurp kree|lvwv hduo| rq wr exvlqhvvhv/ hgxfdwruv/ dqg krxvhkrogv

odwhu rq1 Gl�huhqw w|shv ri frqvxphuv pd| ydoxh gl�huhqw surgxfw fkdudfwhulvwlfv dqg kdyh

gl�huhqw ylhzv rq zkdw ghwhuplqhv kljk �txdolw|1� Iru h{dpsoh/ kree|lvwv hqmr| dvvhpeolqj

SFv wkhpvhoyhv dqg wkxv gr qrw uhtxluh d frpsohwhg surgxfw/ zkhuhdv rwkhu xvhuv sodfh d

kljk ydoxh rq qrw kdylqj wr exlog wkhlu rzq SF1 Wudqvlwlrqv dovr rffxuuhg lq wkh rshudwlqj

v|vwhpv/ iurp FS2P hduo| rq/ wr Dssoh*v/ Frpprgruh*v/ dqg Wdqg|*v rshudwlqj v|vwhpv/

dqg wkhq wr Plfurvriw*v1 Qhwzrun h�hfwv dqg eudqg qdph h�hfwv kdyh ehhq lpsruwdqw1

Lw lv gl!fxow wr hydoxdwh wkh urexvwqhvv ri wkh uhvxowv wr wkh lqfoxvlrq ri qhwzrun dqg

eudqg h�hfwv1 Vrph idfwv fdqqrw eh h{sodlqhg zlwkrxw qhwzrun h�hfwv> Dssoh*v shuvlvwhqfh

dqg jurzwk lv rqh h{dpsoh1 Wkh frpelqdwlrq ri wkh prgho*v uhvxowv dqg wkh klvwrulfdo

dqdo|vlv suhvhqwhg deryh vxjjhvw wkdw olqnv ehwzhhq qhwzrun h�hfwv dqg frvw ixqfwlrqv kdyh

ehhq lpsruwdqw1 Iru h{dpsoh/ wkh ulvh ri lqghshqghqw vxssolhuv iroorzlqj LEP*v hqwu| zlwk

dq rshq vwdqgdug doorzhg forqh frpsdqlhv wr hqwhu dv qrq0yhuwlfdoo|0lqwhjudwhg �upv> wklv

orzhuhg �{hg frvwv dqg ohg wr vpdoohu �upv1 Dv dqrwkhu h{dpsoh/ wkh frqvrolgdwlrq ri Lqwho

dqg Plfurvriw*v grplqdqfh lq wkh ;3v frqwulexwhg wr wkh frpprglwl}dwlrq ri wkh SF1 Wklv lv

fdswxuhg lq wkh prgho dv dq h{rjhqrxv ghfolqh lq rssruwxqlwlhv iru txdolw| lpsuryhphqw dqg

dq lqfuhdvh lq rssruwxqlwlhv iru frvw uhgxfwlrq/ exw lw zrxog eh lqwhuhvwlqj wr hqgrjhql}h wkh
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hyhqwv1

Lq vxp/ lw zrxog eh xvhixo wr frqvlghu khwhurjhqhrxv fkrlfhv/ wudqvlwlrqv ehwzhhq vwdjhv/

qhwzrun h�hfwv/ eudqg h�hfwv/ dqg rwkhu vrxufhv ri shuvlvwhqw pdunhw srzhu dorqj zlwk wkh

wkuhh w|shv ri whfkqrorjlfdo fkdqjh1 Krzhyhu/ lw vkrxog eh qrwhg wkdw lqwurgxflqj wkhvh idf0

wruv zrxog frpsolfdwh wkh dqdo|vlv frqvlghudeo| dqg uhtxluh dgglwlrqdo gdwd1 Rqh wkhruhwlfdo

lvvxh lv wkdw wkh prgho khuh kdv d xqltxh htxloleulxp/ dqg zkloh vxfk d prgho lv pxfk hdvlhu

wr hvwlpdwh wkdq pxowlsoh0htxloleuld ru hyroxwlrqdu| prghov +iru zklfk zh odfn gdwd rq doo

sdwkv exw wkh rqh revhuyhg,/ wkh odwwhu duh uhtxluhg wr prgho qhwzrun h�hfwv1
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